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BACKGROUND
Patients with early gastric cancers that are limited to gastric mucosa or submucosa 
usually have an advanced loss of mucosal glandular tissue (glandular atrophy) and 
are at high risk for subsequent (metachronous) development of new gastric cancer. 
The long-term effects of treatment to eradicate Helicobacter pylori on histologic im-
provement and the prevention of metachronous gastric cancer remain unclear.

METHODS
In this prospective, double-blind, placebo-controlled, randomized trial, we assigned 
470 patients who had undergone endoscopic resection of early gastric cancer or high-
grade adenoma to receive either H. pylori eradication therapy with antibiotics or 
placebo. Two primary outcomes were the incidence of metachronous gastric cancer 
detected on endoscopy performed at the 1-year follow-up or later and improvement 
from baseline in the grade of glandular atrophy in the gastric corpus lesser curvature 
at the 3-year follow-up.

RESULTS
A total of 396 patients were included in the modified intention-to-treat analysis 
population (194 in the treatment group and 202 in placebo group). During a median 
follow-up of 5.9 years, metachronous gastric cancer developed in 14 patients (7.2%) 
in the treatment group and in 27 patients (13.4%) in the placebo group (hazard ratio 
in the treatment group, 0.50; 95% confidence interval, 0.26 to 0.94; P = 0.03). Among 
the 327 patients in the subgroup that underwent histologic analysis, improvement 
from baseline in the atrophy grade at the gastric corpus lesser curvature was ob-
served in 48.4% of the patients in the treatment group and in 15.0% of those in the 
placebo group (P<0.001). There were no serious adverse events; mild adverse events 
were more common in the treatment group (42.0% vs. 10.2%, P<0.001).

CONCLUSIONS
Patients with early gastric cancer who received H. pylori treatment had lower rates of 
metachronous gastric cancer and more improvement from baseline in the grade of 
gastric corpus atrophy than patients who received placebo. (Funded by the National 
Cancer Center, South Korea; ClinicalTrials.gov number, NCT02407119.)
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The World Health Organization 
(WHO) categorized Helicobacter pylori as a 
group I carcinogen for gastric cancer in 

1994 on the basis of observational studies.1-3 
In 2000, a study showed a preventive effect of 
H. pylori treatment on gastric cancer in Mongo-
lian gerbils.4 However, the level of evidence 
that H. pylori eradication reduces the risk of 
gastric cancer is considered to be low, and 
screening and treatment of asymptomatic per-
sons who test positive for H. pylori is not yet rec-
ommended,5,6 possibly owing to a lack of evidence 
from large studies and to limited long-term fol-
low‑up.7-9

In South Korea, a screening program for gas-
tric cancer (which has been the most prevalent 
malignant neoplasm in the country) has allowed 
for early detection and has reduced mortality 
from this disease.10 Endoscopic resection is indi-
cated for early gastric cancers that are not at risk 
for lymph-node metastasis.11-13 Because endoscopic 
resection preserves the stomach, metachronous 
gastric cancers can develop, with an incidence of 
approximately 3% per year.14 In a nonrandomized 
study, Uemura et al.15 suggested that H. pylori 
eradication inhibits new cancer development af-
ter endoscopic treatment of early gastric cancer. 
However, two subsequent open-label trials re-
ported inconsistent conclusions in this popula-
tion.16,17 Although meta-analyses, including ret-
rospective studies, have suggested preventive 
effects of H. pylori treatment,18 long-term obser-
vational studies have shown a high incidence of 
metachronous cancer even after H. pylori eradi-
cation.14,19

Patients with gastric cancer usually have ad-
vanced precancerous changes in gastric mucosa, 
including glandular atrophy and intestinal meta-
plasia, on histologic analysis.20 The “point of no 
return” concept suggests that new gastric can-
cers can occur after eradication of H. pylori if 
histologic changes are already advanced.21,22 
However, there are conflicting results from ran-
domized trials regarding the effectiveness of 
H. pylori treatment in healthy persons without 
precancerous changes9 and in older persons with 
advanced histologic changes.23

Our trial was designed to evaluate whether 
H. pylori treatment prevents metachronous cancer 
and decreases histologic changes in patients with 
early gastric cancer.

Me thods

Trial Oversight

We conducted a single-center, double-blind, ran-
domized, placebo-controlled trial at the National 
Cancer Center in South Korea. All the patients 
provided written informed consent before enroll-
ment. The trial was approved by the institu-
tional review board at the National Cancer Cen-
ter and was conducted in accordance with the 
provisions of the Declaration of Helsinki.24 An 
independent data and safety monitoring board 
reviewed the progress of the trial.

The trial was designed by the lead author and 
supported by grants provided by the National 
Cancer Center. The trial investigators collected 
and analyzed the data. All the authors vouch for 
the accuracy and completeness of the data and 
analyses and for the adherence of the trial to the 
protocol (available with the full text of this article 
at NEJM.org). The first draft of the manuscript 
was written by the first author with assistance 
from the coauthors; all the authors made the de-
cision to submit the manuscript for publication. 
The trial was not registered until all the patients 
had been enrolled because registration was not 
mandated until after the trial had started.

Patients

Patients between the ages of 18 and 75 years 
were eligible if they had histologically differenti-
ated early gastric cancer or high-grade adenoma, 
as confirmed on endoscopic biopsy, and were 
scheduled for endoscopic resection. Major inclu-
sion criteria included current H. pylori infection, 
endoscopic localization of a mucosal tumor with-
out ulceration, and no lymph-node or distant-
organ metastasis on computed tomography. Ex-
clusion criteria included recurrent gastric cancer, 
previous H. pylori eradication treatment, histologic 
types of poorly differentiated tubular adenocar-
cinoma or signet-ring-cell carcinoma, a history 
of serious side effects associated with antibiotic 
therapy, the need for additional surgical resec-
tion after endoscopic resection,11 and cancer of 
another organ within 5 years before enrollment.

Trial Design and Treatment

Before endoscopic resection, patients were ran-
domly assigned in a 1:1 ratio to receive either 
H. pylori eradication therapy or placebo. The strati-
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fication factor was the severity of the baseline 
grade of histologic atrophy at the antrum. Com-
puter-generated randomization was performed 
in a blinded manner, with status concealed from 
all the patients and the primary physician, endos-
copist, pathologist, and statistician. After ran-
domization, endoscopic resection was performed 
as described previously.25 The patients started 
the assigned trial medication within 1 week after 
endoscopic resection.

In the treatment group, amoxicillin (1000 mg), 
clarithromycin (500 mg), and the proton-pump 
inhibitor rabeprazole (10 mg) were given twice 
daily for 7 days. In the placebo group, rabeprazole 
(10 mg) and placebo pills were administered. 
The proton-pump inhibitor was maintained in 
both groups for an additional 4 weeks to pro-
mote ulcer healing.

Participants underwent endoscopic evaluation 
at 3 months, 6 months, 1 year, and then every 
6 months or 12 months until the last enrolled 
patient reached the 3-year follow-up. Data were 
censored at the last endoscopic examination for 
patients who were lost to follow-up or withdrew 
from the trial. For ethical reasons, quadruple 
therapy with a proton-pump inhibitor, bismuth, 
metronidazole, and tetracycline was provided 
for 10 days if H. pylori infection was detected at 
the closeout endoscopic examination, starting in 
September 2015.

Assessments

Endoscopic biopsy specimens for histologic eval-
uation of glandular atrophy and intestinal meta-
plasia were obtained from the gastric antrum 
lesser, corpus lesser, and corpus greater curva-
ture at baseline, at 3 months, and at 36 months 
after randomization. According to criteria of the 
updated Sydney System for the classification of 
gastritis,26 glandular atrophy and intestinal meta-
plasia were scored as absent, mild, moderate, or 
marked (0, 1, 2, or 3, respectively).

H. pylori infection status was determined by a 
rapid urease test on samples obtained from the 
corpus greater curvature and by Wright–Giemsa 
staining of biopsy specimens from the three pre-
defined sites. Any positive result defined H. pylori 
infection, except in the initial eligibility evalua-
tion, which required at least two positive results.

The WHO classification system was used for 
histologic classification of gastric cancer.27 Diag-

nostic criteria for adenoma and cancer were ad-
opted from the Vienna classification,28 which di-
vides gastrointestinal epithelial lesions into five 
categories (with additional subcategories) as fol-
lows: category 1, no neoplasia or dysplasia; cat-
egory 2, indefinite for neoplasia or dysplasia; 
category 3, noninvasive low-grade neoplasm; 
category 4, high-grade neoplasm; and category 5, 
invasive neoplasm (Table S1 in the Supplemen-
tary Appendix, available at NEJM.org). In our trial, 
category 4.3 (suspicion of invasive carcinoma) or 
higher was considered to be indicative of defi-
nite gastric cancer and categories 3 to 4.2 (car-
cinoma in situ) were considered to be adenomas.

Outcomes

The trial had two primary outcomes: the inci-
dence of metachronous gastric cancer, which 
was defined as a gastric cancer detected on en-
doscopy at the 1-year follow-up or later, and the 
improvement from baseline of at least one grade 
of glandular atrophy at the corpus lesser curva-
ture at the 3-year follow-up. Biopsy samples were 
evaluated by the study pathologist in a blinded 
manner.

Secondary outcomes included the incidence of 
metachronous adenoma and the overall survival 
rate. Overall survival was defined as the interval 
between the initiation of a trial medication and 
the date of death from any cause or June 30, 2016.

Statistical Analysis

We calculated the sample size using two pri-
mary outcome variables. For the first primary 
outcome of metachronous gastric cancer, we 
assumed that the annual incidence of this condi-
tion was 3%. We calculated that 180 patients in 
each trial group would provide a power of 80% 
to detect a hazard ratio of 0.50 in the treatment 
group, as compared with the placebo group, allow-
ing for a 9-year accrual period and 3-year follow-
up after the completion of enrollment. For the 
second primary outcome of histologic assess-
ment, we calculated that 157 patients in each 
trial group would provide a power of 80% to 
determine a higher proportion of patients show-
ing improvement of at least one grade of atrophy 
at the gastric corpus lesser curvature in the treat-
ment group than in the placebo group (20% vs. 
10%). We tested the two primary outcomes se-
quentially, as follows: the first primary outcome 
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was tested at a two-sided significance level of 
0.05; if the between-group difference was signifi-
cant, then the second primary outcome was 
tested at a two-sided significance level of 0.05. 
From the calculations for both primary outcomes, 
we chose the larger sample size of 180 patients 
in each group for the trial population. We allowed 
for a 15% initial dropout rate, owing to the re-
quirement of an additional surgery for noncura-
tive endoscopic resection, and a further 10% loss 
to follow-up, resulting in the enrollment of 235 
patients in each group. An interim analysis was 
not planned.

All the analyses were performed on a modi-
fied intention-to-treat principle. To evaluate the 
first primary outcome, we used the Kaplan–Meier 
method to estimate the incidence curve for meta-
chronous cancer and Cox proportional-hazard 
models to estimate hazard ratios and 95% con-
fidence intervals. To investigate the second pri-
mary outcome, we used a binary logistic-regression 
model to calculate the odds ratio for histologic 
improvement from baseline. In addition, we used 
a z-test statistic to compare the number of cases 
of metachronous cancer divided by the total 
person-time accumulated. All statistical analyses 
were performed with the use of SAS software 
(version 9.4) and R software (version 3.3.0).

R esult s

Patients

Of the 1350 patients who were screened from 
August 2003 through March 2013, a total of 470 
patients underwent randomization (Fig. 1). Of 
these patients, 396 were included in the modified 
intention-to-treat population (194 in the treat-
ment group and 202 in the placebo group) after 
the exclusion of 74 patients, including 60 who 
underwent additional surgery after endoscopic 
resection, 9 who did not receive a trial medica-
tion, and 5 who did not meet other eligibility 
requirements. Demographic and tumor charac-
teristics were similar in the two groups (Table 1, 
and Table S2 in the Supplementary Appendix). 
We included 327 patients who had undergone 
endoscopic biopsy at the 3-year follow-up in the 
histologic analysis.

The closeout time for primary outcome fol-
low-up was from September 2015 through June 
2016. The median duration of follow-up was 

5.9 years (interquartile range, 4.0 to 8.2 years; 
maximum, 12.9 years).

Primary Outcomes

The two primary outcomes were sequentially 
analyzed. In the first primary outcome analysis, 
during a median follow-up of 5.9 years, meta-
chronous gastric cancer developed in 14 of 194 
patients (7.2%) in the treatment group and in 
27 of 202 patients (13.4%) in the placebo group 
(hazard ratio in the treatment group, 0.50; 95% 
confidence interval [CI], 0.26 to 0.94; P = 0.03) 
(Fig. 2). A comparison of the characteristics of 
the patients with metachronous gastric cancer 
showed that the mean age of the patient at diag-
nosis was younger and surgical treatment was 
more commonly performed in the placebo group 
than in the treatment group (Table S3 in the 
Supplementary Appendix).

Because the between-group difference for the 
first primary outcome was significant, the second 
primary outcome was analyzed in the 327 pa-
tients who had biopsy specimens at the 3-year 
follow-up (Fig. 1). The proportion of patients who 
had an improved grade of atrophy in the corpus 
lesser curvature was higher in the treatment 
group than in the  placebo group (48.4% vs. 
15.0%, P<0.001) (Table  2). The odds ratio for 
such improvement was 5.30 (95% CI, 3.08 to 
9.13) in the treatment group as compared with 
the placebo group.

In addition, the proportion of patients who 
had an improved grade of intestinal metaplasia 
at the same site was also higher in the treatment 
group than in the  placebo group (36.6% vs. 
18.3%, P<0.001). However, no significant differ-
ence in grade was found for either glandular 
atrophy or intestinal metaplasia at the antrum. 
These results were similar in the analysis of the 
worst-case scenario performed in the 396 patients 
in the modified intention-to-treat population in 
which those with missing values were considered 
to have no improvement (Table S4 in the Supple-
mentary Appendix).

Secondary Outcomes

During follow-up, metachronous gastric adenomas 
developed in 16 patients in the treatment group 
and in 17 in the placebo group, so H. pylori treat-
ment did not reduce the incidence of metachro-
nous adenoma (Fig. S1 in the Supplementary 
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Appendix). Characteristics of the metachronous 
adenomas are provided in Table S5 in the Sup-
plementary Appendix.

Death from any cause was reported in 11 
patients in the treatment group and in 6 in the 
placebo group (hazard ratio, 1.95; 95% CI, 0.72 
to 5.27; P = 0.19) (Fig. S2 in the Supplementary 

Appendix). In the treatment group, 1 patient died 
from gastric cancer, 6 from other organ cancers, 
and 4 from causes other than cancer. In the 
placebo group, 1 patient died from gastric can-
cer, 1 from colon cancer, and 4 from causes 
other than cancer (Table S6 in the Supplemen-
tary Appendix).

Figure 1. Enrollment, Randomization, and Follow-up.

The incidence of metachronous gastric cancer at the 1-year follow-up or later (the first primary outcome) was evalu-
ated in the modified intention-to-treat population. For the second primary outcome of improvement from baseline 
in the grade of glandular atrophy in the gastric corpus lesser curvature at the 3-year follow-up, only patients with 
biopsy specimens obtained at the 3-year follow-up were included in the histologic analysis.

470 Underwent randomization

1350 Patients were assessed for eligibility

880 Were excluded
663 Did not meet inclusion criteria
217 Declined to participate

236 Were assigned to receive
Helicobacter pylori treatment

234 Were assigned to receive
placebo

42 Were excluded
36 Underwent additional

surgery after endoscopic
resection

3 Did not receive assigned
treatment

3 Did not have high-grade
adenoma or cancer on
final pathological analysis
after endoscopic resection

32 Were excluded
24 Underwent additional

surgery after endoscopic
resection

6 Did not receive assigned
treatment

2 Did not have high-grade
adenoma or cancer on
final pathological analysis
after endoscopic resection

194 Were included in the modified 
intention-to-treat analysis

202 Were included in the modified 
intention-to-treat analysis

32 Were excluded
1 Withdrew consent within

3 yr
17 Were lost to follow-up

within 3 yr
10 Did not undergo biopsy

at 3-yr visit
1 Underwent gastrectomy

for metachronous cancer
within 3 yr

3 Died within 3 yr

37 Were excluded
6 Withdrew consent within

3 yr
18 Were lost to follow-up

within 3 yr
9 Did not undergo biopsy

at 3-yr visit
3 Underwent gastrectomy

for metachronous cancer
within 3 yr

1 Died within 3 yr

162 Were included in the histologic
analysis

165 Were included in the histologic
analysis
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Characteristic Modified Intention-to-Treat Population Histologic-Analysis Population

H. pylori Treatment 
(N = 194)

Placebo 
(N = 202)

H. pylori Treatment 
(N = 162)

Placebo 
(N = 165)

Age — yr 59.7±8.9 59.9±8.6 59.7±8.6 59.3±8.6

Male sex — no. (%) 141 (72.7) 157 (77.7) 118 (72.8) 128 (77.6)

Family history of gastric cancer — no. (%)† 38 (19.6) 39 (19.3) 34 (21.0) 35 (21.2)

Alcohol drinker — no. (%) 107 (55.2) 128 (63.4) 89 (54.9) 106 (64.2)

Smoker — no. (%) 80 (41.2) 76 (37.6) 65 (40.1) 67 (40.6)

Symptoms at presentation — no. (%)‡ 35 (18.0) 45 (22.3) 33 (20.4) 37 (22.4)

Tumor size — cm 1.7±1.0 1.6±0.8 1.7±1.0 1.6±0.8

Tumor location — no. (%)§

Upper 9 (4.6) 9 (4.5) 8 (4.9) 7 (4.2)

Middle 25 (12.9) 27 (13.4) 21 (13.0) 22 (13.3)

Lower 160 (82.5) 166 (82.2) 133 (82.1) 136 (82.4)

Tumor histologic classification — no. (%)¶

High-grade adenoma 14 (7.2) 14 (6.9) 5 (3.1) 5 (3.0)

Papillary adenocarcinoma 1 (0.5) 1 (0.5) 1 (0.6) 1 (0.6)

Well-differentiated tubular adenocarcinoma 128 (66.0) 139 (68.8) 111 (68.5) 120 (72.7)

Moderately differentiated tubular adenocarci-
noma

51 (26.3) 48 (23.8) 45 (27.8) 39 (23.6)

Tumor depth — no. (%)

Mucosa 174 (89.7) 189 (93.6) 145 (89.5) 153 (92.7)

Submucosa 20 (10.3) 13 (6.4) 17 (10.5) 12 (7.3)

Initial synchronous tumor — no. (%)‖ 14 (7.2) 13 (6.4) 11 (6.8) 12 (7.3)

Atrophy at corpus lesser curvature — no./total no. 
(%)**

Absent 22/187 (11.8) 30/194 (15.5) 19/158 (12.0) 26/158 (16.5)

Mild 15/187 (8.0) 14/194 (7.2) 13/158 (8.2) 10/158 (6.3)

Moderate 20/187 (10.7) 14/194 (7.2) 18/158 (11.4) 12/158 (7.6)

Marked 130/187 (69.5) 136/194 (70.1) 108/158 (68.4) 110/158 (69.6)

Intestinal metaplasia at corpus lesser curvature — 
no./total no. (%)**

Absent 47/192 (24.5) 51/201 (25.4) 41/161 (25.5) 40/164 (24.4)

Mild 40/192 (20.8) 41/201 (20.4) 34/161 (21.1) 35/164 (21.3)

Moderate 26/192 (13.5) 31/201 (15.4) 21/161 (13.0) 26/164 (15.9)

Marked 79/192 (41.1) 78/201 (38.8) 65/161 (40.4) 63/164 (38.4)

*	� Plus–minus values are means ±SD.
†	� A family history of gastric cancer was positive if the disease had been diagnosed in a first-degree relative.
‡	� Symptoms included those associated with gastroesophageal reflux disease or mild dyspepsia not caused by an ulcer.
§	� The tumor location was classified according to the Japanese classification of gastric carcinoma.
¶	� The tumor histologic classification was determined according to the criteria of the World Health Organization.
‖	� For the patients who had initial synchronous tumors, only the main tumor characteristics are listed. Priorities for the selection of the main 

tumor were tumor depth (submucosa invasion), tumor histologic classification (adenocarcinoma), and tumor size.
**	� Atrophy and intestinal metaplasia were evaluated with the use of the updated Sydney System. In some patients, the grade of atrophy or 

intestinal metaplasia could not be evaluated.

Table 1. Characteristics of the Patients and Tumors at Baseline.*
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Analysis According to H. pylori Eradication 
Status

Three months after the receipt of a trial medica-
tion, H. pylori had been successfully eradicated in 
167 patients: 156 of 194 patients (80.4%) in the 
treatment group and in 11 of 202 patients (5.4%) 
in the placebo group. H. pylori infection was per-
sistent in the remaining 228 patients (Table S7 
in the Supplementary Appendix).

Of 41 cases of metachronous gastric cancer, 
32 cases developed in 228 patients with persistent 
infection (14.0%) and 9 cases in 167 patients 
with eradicated infection (5.4%) at a median of 
5.9 years of follow-up. The hazard ratio for the 
development of metachronous cancer in patients 
with eradicated infection was 0.32 (95% CI, 0.15 
to 0.66; P = 0.002) (Fig. 3). In addition, the inci-
dence of metachronous gastric cancer was sig-
nificantly lower in the group with eradicated 
infection than in the group with persistent in-
fection (9.1 cases vs. 27.9 cases per 1000 person-
years, P = 0.003). A combined analysis of the 
development of metachronous gastric cancer ac-
cording to the assigned trial group and H. pylori 
eradication status is shown in Figure S3 in the 
Supplementary Appendix.

Adverse Events

The safety analysis included the 427 patients who 
had undergone randomization and received at 
least one dose of a trial medication. Mild drug-
related adverse events, including taste alteration, 
diarrhea, and dizziness, were more common in 
the treatment group than in the placebo group 
(42.0% vs. 10.2%, P<0.001) (Table S8 in the Sup-
plementary Appendix). No serious adverse events 
were reported. There were no significant between-
group differences in the number of patients for 
whom medications were prescribed to treat gas-
trointestinal symptoms during the follow-up pe-
riod (Table S9 in the Supplementary Appendix).

Discussion

In this prospective trial, the incidence of meta-
chronous gastric cancer was approximately 50% 
lower among patients who had received treat-
ment for H. pylori infection than among those 
who had received placebo. In addition, the pro-
portion of patients with improvement in the grade 

of gastric corpus atrophy from baseline was sig-
nificantly higher in the treatment group than in 
the placebo group at the 3-year follow-up. How-
ever, H. pylori treatment did not affect the inci-
dence of adenoma or overall survival rates.

In a systematic review of articles involving 
high-risk groups of patients with gastric cancer, 
including those who had undergone endoscopic 
treatment, investigators based their findings 
mainly on retrospective cohort studies, with data 
showing a risk reduction of approximately 54% 
with H. pylori treatment.29 In an open-label, ran-
domized trial, Fukase et al.16 reported signifi-
cant risk reduction, with an odds ratio of 0.353 
after H. pylori treatment. Choi et al.17 (who are not 
part of our research group) also suggested the 
possibility of risk reduction with eradication 
therapy (17 metachronous cancers in the obser-
vation group vs. 10 in the eradication group), 
despite a negative conclusion due to lack of sta-
tistical significance (P = 0.15). In our trial, the 
incidence of metachronous cancer was approxi-
mately 50% lower in the treatment group than 
in the placebo group, a finding that was consis-

Figure 2. Kaplan–Meier Analysis of the Incidence of Metachronous Gastric 
Cancer.

Shown is the cumulative incidence of metachronous gastric cancer starting 
1 year after endoscopic resection in the two trial groups. During a median 
follow-up of 5.9 years, metachronous gastric cancer developed in 14 of 194 
patients (7.2%) in the treatment group and in 27 of 202 patients (13.4%) in 
the placebo group.
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tent with the results of previous systemic reviews 
and open-label trials.16,17,29 An important advan-
tage in our trial was a longer median follow-up 
duration than in the previous trials (5.9 years vs. 
≤3 years). A retrospective cohort study showed 
that the preventive effect of H. pylori treatment 
on metachronous cancer disappeared after a 
follow-up duration of more than 5 years.19 Our 
Kaplan–Meier plots for the incidence of meta-
chronous cancer emphasize the importance of 
long-term follow-up, because incidence plots 
began to diverge 3 years after randomization.

Unlike previous trials,16,17 we excluded patients 
with synchronous gastric cancers that were ini-
tially missed but detected within 1 year after 
treatment.14 Kaplan–Meier plots in previous trials 
suggested that the overall differences in inci-
dence may have been due to differences in the 
detection of synchronous cancers.16,17 Although 
there is a possibility that small synchronous 
cancers grow slowly or regress after H. pylori 
treatment,30 the hypotheses need to be tested. By 
comparing the characteristics of the metachro-
nous cancers in our trial, we found that the 
cancers developed at a younger age and surgery 
was more frequently needed in the placebo group 
than in the treatment group. We speculate that 
persistent inflammation of gastric mucosa with 
H. pylori infection promotes carcinogenesis and 
also increases tumor growth or invasiveness.31 
H. pylori eradication reduces, but cannot com-
pletely abolish, the risk of metachronous gastric 
cancer. Thus, molecular markers, including ab-
errant methylation at specific genes, might help 
to identify high-risk patients even after success-
ful eradication.32

Meta-analyses of histologic changes have 
shown that H. pylori eradication is correlated 
with improvements in the grade of glandular 
atrophy at the corpus, findings that are consis-
tent with our results.33,34 Our data also suggest 
possible improvement in the grade of intestinal 
metaplasia at the corpus. However, such improve-
ment was not consistent with the findings of 
previous studies, possibly because of different 
observation periods or different levels of base-
line histologic severity.33-35

H. pylori treatment did not affect the subse-
quent incidence of gastric adenoma or overall 
survival. In a small retrospective study, patients 
who received H. pylori eradication had a signifi-
cantly lower risk of metachronous adenoma than 

those who did not receive such therapy (4.7% vs. 
11.4%).36 A meta-analysis of studies involving 
asymptomatic persons showed a risk of death 
that was 9% higher among the patients who had 
received H. pylori treatment than among those 
who had not.37 The data suggest that an in-
creased rate of death from causes not related to 
gastric cancer might overshadow reduced mor-
tality from gastric cancer among patients receiv-
ing H. pylori treatment. However, in our trial, we 
did not find a significant between-group differ-
ence in the risk of death. In a previous trial, we 
found that H. pylori eradication in patients who 
had undergone subtotal gastrectomy for gastric 
cancer did not affect overall mortality.38

The hazard ratio for the incidence of meta-
chronous gastric cancer in our trial (0.50) was 
higher than that in a previous trial (0.339).16 One 
possible explanation is that our trial did not 
confirm H. pylori eradication and did not provide 
salvage treatment to patients in whom eradica-
tion had failed, for reasons of trial feasibility and 
maintenance of blinding. The treatment regimen 
in our trial was suboptimal because of prevalent 
resistance to clarithromycin in South Korea (20% 
or higher).39 Our trial design, which anticipated 

Figure 3. Kaplan–Meier Analysis of the Incidence of Metachronous Gastric 
Cancer, According to H. pylori Status after the Receipt of Trial Medication.

Shown is the cumulative incidence of metachronous gastric cancer starting 
1 year after endoscopic resection, according to H. pylori status after the re-
ceipt of trial medication. At a median follow-up of 5.9 years, metachronous 
gastric cancer had developed in 32 of 228 patients (14.0%) with persistent 
H. pylori infection and in 9 of 167 patents (5.4%) with eradicated infection.
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that H. pylori eradication would fail in 20% of the 
patients in the treatment group, might not have 
affected our conclusions, because the hazard 
ratio shifted to the null hypothesis that H. pylori 
therapy would not reduce the incidence of gas-
tric cancer. Additional analysis regarding H. pylori 
status after treatment yielded a much lower haz-
ard ratio (0.32). This hazard ratio may better re-
flect real-world situations, because salvage treat-
ments are recommended in cases of eradication 
failure.5,6

Our trial has several limitations. First, it was 
conducted in a single center because endoscopic 
resection is a technically demanding procedure. 
However, our conclusions are related to the 
prevention of gastric cancer and may have impli-
cations for East Asian countries and other high-
incidence regions. Second, patients with high-
grade adenoma were included in our trial, because 
discrimination from well-differentiated tubular 
adenocarcinoma on endoscopic biopsy is diffi-
cult.28 However, our primary outcome variable 
was limited to gastric adenocarcinomas. Finally, 
an ethical issue can be raised because our trial 
design included a placebo group. In South Korea, 
the National Health Insurance System was not 
providing coverage for H. pylori eradication after 

endoscopic treatment for early gastric cancer at 
the time that our trial was completed. In our 
trial, we evaluated H. pylori infection status at 
the last follow-up and provided salvage eradica-
tion therapy to patients who were still infected.

In conclusion, patients with early gastric can-
cer who received H. pylori treatment had a lower 
incidence of metachronous gastric cancer and 
more improvement from baseline in the grade of 
gastric glandular atrophy at the corpus than did 
patients who received placebo.
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