
ORIGINAL ARTICLE—ALIMENTARY TRACT

Seventeen-year effects of eradicating Helicobacter pylori
on the prevention of gastric cancer in patients with peptic
ulcer; a prospective cohort study

Susumu Take • Motowo Mizuno • Kuniharu Ishiki •

Fumihiro Hamada • Tomowo Yoshida •

Kenji Yokota • Hiroyuki Okada • Kazuhide Yamamoto

Received: 21 April 2014 / Accepted: 3 October 2014 / Published online: 29 October 2014

� Springer Japan 2014

Abstract

Background We previously reported that eradication of

Helicobacter pylori in our cohort of patients with peptic

ulcer disease reduced their risk of developing gastric can-

cer to approximately one–third after a mean follow-up

period of 3.4 years (up to 8.6 years). We have now fol-

lowed these patients for a longer period.

Methods A total of 1,222 consecutive patients with peptic

ulcer diseases who completed more than 1-year follow-up

after receiving H. pylori eradication therapy were followed

with annual endoscopic surveillance for a mean of

9.9 years (as long as 17.4 years).

Results H. pylori infection was judged cured in 1,030

patients (eradication-success group) but persisted in 192

(eradication-failure group) after initial eradication therapy. In

the eradication-failure group, 114 patients received re-treat-

ment at a mean of 4.4 years after the start of follow-up, and

105 of these were cured of infection. Gastric cancer devel-

oped in 21 of the 1,030 patients in the eradication-success

group and in nine of the 192 in the failure group (p = 0.04).

The risk of developing gastric cancer in the eradication-suc-

cess group (0.21 %/year) was significantly lower than that in

the failure group (0.45 %, p = 0.049). The longest interval

between the initialH. pylori eradication and the occurrence of

gastric cancer was 14.5 years in the eradication-success group

and 13.7 years in the eradication-failure group.

Conclusions A prophylactic effect for gastric cancer

persists for more than 10 years after H. pylori eradication

therapy, but we should be aware that cancer can develop

even after that interval.

Keywords Helicobacter pylori � Eradication therapy �
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Introduction

Helicobacter pylori is a causative bacterium for gastric

cancer [1, 2]. The possible prophylactic effect of H. pylori

eradication on the development of gastric cancer is

important and being evaluated. A randomized controlled

study in Japan showed that eradication therapy reduced the

risk of developing metachronous gastric cancer after

endoscopic mucosal resection of early gastric cancer [3].

However, in people with H. pylori infection in whom the

cancer is not yet established, a meta-analysis of random-

ized controlled trials failed to show a significant
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prophylactic effect of eradication therapy [4, 5]. Recently,

analysis of extended follow-up of the original randomized

controlled trial [6], which was included in the meta-ana-

lysis, revealed a significant reduction of gastric cancer

incidence 14.7 years after the eradication therapy [7].

We have been following a cohort of patients who had

received H. pylori eradication therapy and have reported

outcomes of several important medical issues in these

patients [8–14]. We showed that the eradication of H. pylori

in patients with peptic ulcer disease reduced their risk of

developing gastric cancer to approximately one-third after a

follow-up period as long as 8.6 years (mean, 3.4 years) [10].

We have now followed our cohort for as long as 17.4 years,

and herein report their incidence of gastric cancer.

Patients and methods

We enrolled 1,342 consecutive patients (152 women and

1,190 men, a mean age of 50 years, range, 17–83 years) with

peptic ulcer disease who had received H. pylori eradication

therapy in the outpatient clinic of Nippon Kokan Fukuyama

Hospital from June 1995 to March 2003. The patients were

mostly male factory workers at JFE Steel Corporation, West

Japan Works. The patients underwent endoscopic exami-

nation at enrollment to evaluate peptic ulcer, background

gastric mucosal histology including grade of atrophy, and H.

pylori infection; we documented that none of the patients

had gastric cancer. A total of 776 patients had gastric ulcer;

495 had duodenal ulcer, and 71 had both. Gastric mucosal

atrophy was evaluated according to the endoscopic-

atrophic-border scale described by Kimura and Takemoto

[15, 16], which correlates with the results of histological

evaluation [17, 18]. Atrophy was classified according to

three grades of severity: mild (C-1 and C-2 patterns), mod-

erate (C-3 and O-1 patterns), or severe (O-2 and O-3 pat-

terns). We excluded patients who had previously undergone

gastrectomy or received endoscopic therapy (endoscopic

mucosal resection or endoscopic submucosal dissection) for

gastric neoplasms (early gastric cancer or gastric adenoma);

those who were pregnant; those who were allergic to peni-

cillin, clarithromycin, or metronidazole; those who were

taking anticoagulants; and those who had used a proton

pump inhibitor, H2 receptor antagonist, adrenocortical ste-

roids, or non-steroidal anti-inflammatory drugs within the

month preceding the eradication therapy.

Eradication therapy and post-eradication schedule

H. pylori infection was defined as a positive bacterial cul-

ture from endoscopic biopsy specimens taken before erad-

ication therapy was started. The specimens were obtained

from the greater curvature of the body and the antrum of the

stomach, and cultured using Brucella agar with 7 % horse

blood and antibiotics. Urease activity of the specimens was

tested with a modified rapid urease test (MR UREA S;

Institute of Immunology Co., Tokyo, Japan). Patients

received H. pylori eradication therapy as described [10].

Treatment regimens consisted of a proton-pump inhibitor

together with amoxicillin or with two of the following three

drugs: amoxicillin, clarithromycin, or metronidazole. One to

two months after completion of therapy, including the ces-

sation of maintenance therapy with acid secretion inhibitors,

a 13C-urea breath test and endoscopy were carried out in

each patient to determine H. pylori status and to determine

again if gastric cancer had developed. H. pylori infection

was considered cured when the bacterial culture, rapid

urease test, and urea breath test (cut-off value, 3.5 per mil)

[19] all were negative. Thereafter, endoscopy (throughout

the follow-up period) and urea breath test (until March

2008) were carried out yearly. Patients who were judged at

the first evaluation to have had unsuccessful eradication or

patients who were judged to have had successful eradication

but had positive urea breath tests or bacterial culture during

follow-up evaluation received additional eradication therapy

when they wished. Gastric cancer was classified according

to Lauren as intestinal or diffuse type [20]. The biopsy

specimens obtained from the greater curvature of the body

and the antrum of the stomach were stained with hema-

toxylin and eosin (H&E), and the degree of inflammatory

cell infiltration was classified according to the updated

Sydney system [21]. The pathologists were not aware of the

clinical data, including patients’ H. pylori status.

The study was conducted according to the guidelines of

the Declaration of Helsinki. A local ethics committee

approved the study protocol. The objective of the study was

explained to all patients before their participation, and

written informed consent was obtained from each of them.

Statistical analysis

Statistical differences were calculated using the Mann–

Whitney U test, the v2 test, and Fisher’s exact test. Survival

curves were constructed with the Kaplan–Meier method,

and statistically significant differences between curves

were tested with the log-rank test. Factors associated with a

preventive effect against gastric cancer were assessed with

Cox’s proportional-hazards models.

Results

A flow chart of the follow-up results is presented in Fig. 1.

Among the 1,342 patients, 1,135 were cured of infection,
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and 207 had persistent infection at the time of the first

evaluation of H. pylori. One hundred five of the patients

who were cured of infection and 15 with persistent infec-

tion were dropped from the study because they failed to

complete the 1-year follow-up. A total of 1,222 patients

(135 women and 1,087 men, with a mean age of 50 years)

completed more than 1-year follow-up and were followed

up for as long as 17.4 years (mean, 9.9 years) after

receiving the initial eradication therapy. Among them, H.

pylori infection was judged cured in 1,030 (eradication-

success group) and persisted in 192 patients (eradication-

failure group) at the initial evaluation. The patients’

demographic characteristics are presented in Table 1.

There was no significant difference between the eradica-

tion-success group and the eradication-failure group with

respect to gender, alcohol consumption, location of peptic

ulcers, and background gastric mucosal atrophy. In the

eradication-failure group, mean age was less (p = 0.03),

smokers were more frequent (p = 0.04), and the duration

of follow-up was longer (10.4 vs. 9.8 years, p = 0.01) than

in the eradication-success group.

When it became evident that eradication of H. pylori had

a significant preventive effect on gastric cancer (as we

reported in Ref. [10]), we recommended re-treatment for

patients in the eradication-failure group. One hundred

fourteen patients received re-treatment 4.4 ± 3.9 (mean ±

standard deviation) years after the start of follow-up. One

hundred five of them were cured of infection, 94 by a

single additional treatment, ten by two additional treat-

ments, and one by four additional treatments. H. pylori

infection was not cured in the other nine patients; thus H.

pylori infection persisted in a total of 87 patients in the

eradication-failure group throughout the follow-up period.

In the eradication-success group, urea breath tests or bac-

terial culture were positive in 25 patients 5.5 ± 3.7 years

after the start of follow-up, and all these patients received

additional therapy. Twenty-three of them were cured of

infection, 22 by a single additional treatment and one by

two additional treatments; two were not cured of infection

(Fig. 1).

Gastric cancer developed in 30 of the 1,222 patients; 21

were among the 1,030 patients in the eradication-success

group and nine among the 192 in the eradication-failure

group (p = 0.04, Fisher’s exact test) (Fig. 1; Table 1). In

three of the nine patients in the eradication-failure group,

gastric cancer developed after cure of infection by addi-

tional treatments. Most gastric cancers were in early TNM

stages (stage 0 or IA, n = 26; stage IB, n = 2; stage IIB,

Fig. 1 Follow-up flow chart. Of the 1,342 patients originally

enrolled, 120 dropped out and 1,222 completed more than 1-year

follow-up and were followed for up to 17.4 years (mean, 9.9 years)

after receiving the initial eradication therapy. H. pylori infection was

judged cured in 1,030 (eradication-success group) and persisted in

192 patients (eradication-failure group) at the initial evaluation.

Gastric cancer developed in 21 of the 1,030 patients in the

eradication-success group and nine in total of the 192 in the failure

group (p = 0.04, Fisher’s exact test). Asterisk indicates 23 were cured

of infection; 22 with additional therapy, one with further additional

therapies, and two were not cured of infection. Dagger indicates 94

patients were cured of infection by single additional therapy (one

patient had a repeat positive urea breath test, suggesting possible re-

infection with H. pylori after the additional therapy; his infection was

cured after another course of therapy), ten required the additional

therapy twice, and one required it four times
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n = 1; and stage IIIA, n = 1). Histologically, 11 of the

gastric cancers were the diffuse-type or mixed-type, and 19

were the intestinal-type. Ten of the 11 diffuse-type or

mixed-type gastric cancers developed in the eradication-

success group, and one in the eradication-failure group.

Eleven of the 19 intestinal-type gastric cancers developed

in the eradication-success group, and eight in the eradica-

tion-failure group (p = 0.10, Fisher’s exact test).

By Kaplan–Meier analysis, the risk of developing gas-

tric cancer among patients in the eradication-success group

(0.21 %/year) was significantly lower than among patients

in the eradication-failure group (0.45 %, p = 0.049, log-

rank test) (Fig. 2). The longest interval between the initial

H. pylori eradication therapy and the occurrence of gastric

cancer was 14.5 years in patients of the eradication-success

group and 13.7 years in those of the eradication-failure

group (Fig. 2).

When we compared the gastric cancer incidence

between groups based on their final H. pylori status during

the follow-up period, the gastric cancer incidence was

0.21 %/year in the patients cured of infection (n = 1133)

and 0.74 %/year in the patients with persistent infection

(n = 89; 87 from the eradication-failure group and two

from the eradication-success group who became re-positive

for H. pylori during follow-up) by Kaplan–Meier analysis

(p = 0.003, log-rank test) (Fig. 3).

Analysis with the Cox’s proportional-hazards model

identified three significant factors for the prophylactic

effect of eradication therapy against gastric cancer: suc-

cessful result at the initial treatment (hazard ratio, 0.4;

95 % confidence interval, 0.2–0.9, p = 0.03); younger age

(per 10-years decline) (0.6; 0.4–0.9, p = 0.02); and mild

baseline gastric mucosal atrophy: mild (0.2; 0.1–0.7 vs.

severe, p = 0.01) (Table 2).

Discussion

In the present study with extended follow-up, we confirmed

our previous findings [10, 11] that H. pylori eradication

reduced the risk of developing gastric cancer in patients

with peptic ulcer disease. In addition, we showed that the

prophylactic effect for gastric cancer persisted for more

than 10 years after the cure of H. pylori infection.

Analysis with the Cox’s proportional-hazards model

identified successful initial treatment as a significant factor

for the prophylactic effect against gastric cancer. As shown

in the follow-up flow chart (Fig. 1), approximately two-

thirds of patients in the eradication-failure group received

additional treatment, and most of them achieved cure of

infection. Still, the incidence of gastric cancer in the

patients in the eradication-success group, defined by the

result at initial treatment, was significantly lower than that

in the patients in the eradication-failure group. When we

analyzed the gastric cancer incidence according to the final

H. pylori status, the prophylactic effect of curing H. pylori

infection against gastric cancer was more impressive.

In the eradication-failure group, gastric cancer developed

in three patients cured of infection by additional treatments.

Additional treatment in initial treatment-failure patients was

Table 1 Patients’ demographic characteristics

All patients n = 1,222 Eradication success Eradication failure p value

n = 1,030 n = 192

Gender (male/female) 1,087/135 912/118 175/17 0.32d

Age (years) 49.9 ± 8.3 50.0 ± 8.3 48.9 ± 7.8 0.03e

Smoking 852 (70 %) 706 (69 %) 146 (76 %) 0.04d

Drinking 779 (64 %) 650 (63 %) 129 (67 %) 0.29d

GU/GDU/DUa 708/66/448 602/50/378 106/16/70 0.14f

Atrophy (mild/moderate/severe)b 350/528/344 291/447/292 59/81/52 0.78f

Re-positive H. pylori 25 25

Re-treatment 139 25 114

Duration of follow-up (years) 9.9 ± 4.5 9.8 ± 4.4 10.4 ± 4.8 0.01e

Development of gastric cancer 30 (2.5 %) 21 (2.0 %) 9c (4.7 %) 0.04d

a Endoscopic diagnosis of peptic ulcer
b Gastric mucosal atrophy was evaluated according to the endoscopic-atrophic-border scale and was classified by degree into three grades: mild

(C-1 and C-2 patterns), moderate (C-3 and O-1 patterns), or severe (O-2 and O-3 patterns) at enrollment as described in the text
c In three of the nine patients, gastric cancer developed after cure of infection by additional treatments
d Fisher’s exact test
e Mann–Whitney U test
f Chi-square test

GU gastric ulcer, GDU gastric and duodenal ulcer, DU duodenal ulcer
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carried out a mean of 4.5 years after the initial treatment.

Ideally, the treatment would have been given sooner because

early eradication may be important in achieving a more

protective effect against gastric cancer. As we found in our

previous studies [11, 13], in this study we identified younger

age and mild baseline gastric mucosal atrophy as the other

significant factors for the prophylactic effect of eradication

therapy against gastric cancer. H. pylori infection induces

gastritis, leading to atrophic change in the gastric mucosa.

The longer H. pylori infection persists, the more severe and

extensive the gastric mucosal atrophy becomes. Our findings

suggest that eradication of H. pylori is maximally effective

in preventing gastric cancer if it is achieved before signifi-

cant gastric atrophy has developed. Thus, therapy should be

prescribed as early as possible, especially in young people,

when their gastric mucosal atrophy is still mild. Our findings

are in accordance with the report from Taiwan by Wu et al.

[22], in which they retrospectively investigated the Taiwan

National Health Insurance Database and found that early H.

pylori eradication was associated with decreased risk of

gastric cancer in patients with peptic ulcer diseases. Our

study complemented their study in being a prospective

study, with longer-term observation, in a different (Japa-

nese) population.

Another important reason for eradicating H. pylori in the

young generation is that of reducing the reservoir for H.

pylori infection. H. pylori is transmitted per oral route

mainly during early childhood. In Japan, intra-familial

transmission, especially mother-to-child transmission, is

the predominant route of H. pylori transmission [23].

Eradication of H. pylori in the young generation before

they bear children should prevent the transmission of H.

pylori to the next generation, and the decline in the pop-

ulation of H. pylori-infected persons will be accelerated. If

effective, comprehensive eradication can be accomplished,

the entire nation will be populated with people free of H.

pylori infection and thus have little or no risk of gastric

cancer [2].

In the present study, we showed also that the preventive

effect against gastric cancer of H. pylori eradication per-

sisted for more than 10 years. However, it is important to

recognize that cure of H. pylori infection did not com-

pletely prevent the development of gastric cancer, and that

cancer developed in some patients even more than 10 years

after the cure of infection. Further studies are needed to

clarify how patients who have had H. pylori eradication

should be followed, i.e., how often, how long, and by

which methods to find gastric cancer at its early stage.

Our study has limitations. First, only Japanese patients

were studied, and they were mostly male with peptic ulcer

diseases. The results obtained here need extended evalua-

tions with other races, female subjects, and people who are

positive for H. pylori but without peptic ulcer diseases.

Second, there was a significant difference between the

eradication-success group and the eradication-failure group

with respect to age, smoking, and the duration of follow-

up. We cannot explain the difference. Nevertheless, ana-

lysis with these factors included in the Cox’s proportional-

hazards model identified successful results at the initial

treatment, younger age, and mild baseline gastric mucosal

atrophy as the significant and independent factors for the

prophylactic effect of eradication therapy against gastric

Fig. 2 Kaplan–Meier analysis of the proportion of patients in the

eradication-success group and patients in the eradication-failure group

who remained free of gastric cancer. The risk of developing gastric

cancer among patients in the eradication-success group (0.21 %/year)

was significantly lower than in patients in the eradication-failure

group (0.45 %/year, p = 0.049, log-rank test). The longest intervals

between the initial H. pylori eradication and the occurrence of gastric

cancer were 14.5 years in the patients in the eradication-success

group and 13.7 years in those in the failure group

Fig. 3 Kaplan–Meier analysis of the proportion of patients cured of

infection and patients with persistent infection at the final assessment

who remained free of gastric cancer. When we compared the gastric

cancer incidence between groups based on their final H. pylori status

during the follow-up period, the gastric cancer incidence was 0.21 %/

year in patients cured of infection (n = 1,133) and significantly lower

than in patients with persistent infection (n = 89) (0.74 %/year,

p = 0.003, log-rank test)
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cancer (Table 2). Third, although our study is prospective,

it is nonetheless an observational cohort study, so hidden

confounders could not be excluded. To raise the level of

evidence, randomized control studies are necessary. How-

ever, we observed our cohort for as long as 17.4 years (a

mean of 9.9 years). To obtain comparable outcomes, more

than 10 years of follow-up will be required.

As shown in our study as well as the study of Wu et al.

[22], eradication of H. pylori in younger patients and early

eradication is most effective in preventing gastric cancer.

In addition, the most recent meta-analysis showed that

searching for and eradicating H. pylori reduced the inci-

dence of gastric cancer in healthy asymptomatic infected

Asian individuals [24]. Thus, H. pylori should be eradi-

cated now [25]. In Japan, if we treat H. pylori-associated

gastritis, i.e., H. pylori eradication therapy, especially in

young generations, taking advantage of national health

insurance coverage of this therapy, deaths from gastric

cancer should decrease dramatically after 10–20 years, as

stated in a recent review by Asaka et al. [26].
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