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Abstract
Background and Aim: To date, no randomized trials have compared the efficacy of
7-day vonoprazan, amoxicillin, and metronidazole triple therapy (VAM) versus 7-day
vonoprazan, amoxicillin, and clarithromycin triple therapy (VAC) as a first-line treat-
ment for Helicobacter pylori eradication. This study was performed to compare the
efficacy of VAM and VAC as first-line treatments.
Methods: This prospective multicenter randomized trial was performed in Japan and
involved 124 H. pylori-positive patients without a history of eradication. Patients
without antibiotic resistance testing of H. pylori were eligible. The patients were ran-
domized to receive either VAC (vonoprazan 20 mg + amoxicillin 750 mg
+ clarithromycin 200 or 400 mg twice a day) or VAM (vonoprazan 20 mg
+ amoxicillin 750 mg + metronidazole 250 mg twice a day) for 7 days, with stratifi-
cation by age and sex. Eradication success was evaluated using the 13C-urea breath
test. We evaluated safety using patient questionnaires (UMIN000025773).
Results: The intention-to-treat and per-protocol eradication rates of VAM were
91.3% (95% confidence interval [CI], 82.0–96.7%) and 92.6% (95% CI, 83.7–
97.6%), respectively, and those of VAC were 89.1% (95% CI, 77.8–95.9%) and
96.1% (95% CI, 86.5–99.5%), respectively. No significant difference was observed
between VAM and VAC in either analysis (P = 0.76 and P = 0.70, respectively).
Abdominal fullness was more frequent in patients who received VAM than VAC.
Conclusions: These findings suggest that VAM as a first-line treatment in Japan can
be categorized as grade B (intention-to-treat cure rate of 90–95%) and have potential
as a first-line national insurance -approved regimen.
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Introduction
Signaling pathways triggered by Helicobacter pylori (H. pylori)
play a role in the development of gastric carcinogenesis.1

H. pylori eradication therapy reduces the incidence of gastric
cancer, and eradication is recommended for all H. pylori-infected
patients.2–6 Since 2013, the eradication of H. pylori for
H. pylori-associated chronic gastritis has been included in the
coverage of national insurance in Japan. Vonoprazan, a type of
potassium-competitive acid blocker, has been commonly
employed for eradication purposes since 2015.7 Japanese insur-
ance coverage is limited to clarithromycin-based first-line triple
therapy with amoxicillin and vonoprazan or proton pump inhibi-
tors (PPIs), as well as metronidazole-based second-line triple
therapy with amoxicillin and vonoprazan or PPIs.8 About the
duration, only 7 days is approved in Japan. As for PPI-based tri-
ple therapy with amoxicillin and clarithromycin (PPI-AC), meta-
analysis showed eradication rate is higher in the order of 14, 10,
and 7 days.9 On the other hand, RCT comparing 7-day triple
therapy with vonoprazan, amoxicillin, and clarithromycin (VAC)
and 14-day PPI-AC showed no significant difference: 98.3%
with 7-day VAC versus 93.1% with 14-day PPI-AC
(P = 0.159).10 Seven-day duration may be sufficient for VAC.
The preference for VAC as a first-line treatment is due to its
avoidance of extensive use of metronidazole, as per the permitted
guidelines for the treatment of Trichomonas infection in Japan.11

Although the mean clarithromycin resistance rate of H. pylori in
Japan was 21%, in average, from 1990 to 2020,12 it has
increased to 33.8%, in average, from 2017 to 2019.13 The mean
metronidazole resistance rate of H. pylori in Japan was 11%, in
average, from 1990 to 2020,12 and trends in metronidazole resis-
tance was reported to remain unchanged.14 Metronidazole-based
triple-therapy approval in Japan was based on public notice
application method without interventional trial. Thus, randomized
controlled trial of VAM as first line is important for the first-line
approval of VAM.

A meta-analysis of randomized controlled trials (RCTs)
indicated that VAC may be superior to PPI-AC as a first-line reg-
imen in populations exhibiting approximately 30%
clarithromycin resistance,13 whereas no RCT comparing VAC
and 7-day triple therapy with vonoprazan, amoxicillin, and met-
ronidazole (VAM) as first line was reported. The superiority of
VAC compared with PPI-AC in approximately 30%
clarithromycin resistance setting can be evaluated by the combi-
nation of VAC versus PPI-AC for clarithromycin-resistant
H. pylori and VAC versus PPI-AC for clarithromycin-susceptible
H. pylori. Based on the review, VAC is superior to PPI-AC for
clarithromycin-resistant H. pylori, whereas VAC is not superior
to PPI-AC for clarithromycin-susceptible H. pylori. Thus, the
total superiority is based on superiority for clarithromycin-
resistant H. pylori. Importantly, the eradication rate of
clarithromycin-resistant H. pylori using VAC triple therapy
remains unacceptably low. The evidence for VAM triple therapy
versus triple therapy with PPI, amoxicillin, and metronidazole
(PPI-AM) as a second-line regimen is almost entirely based on
retrospective cohort trials; no RCTs have been performed to
date.13 A recent meta-analysis of non-RCTs showed slight
(approximately 2.6%) superiority of VAM over PPI-AM as
second-line eradication, but the result was unreliable because of

several biases.13 We conducted a prospective study of first-line
VAM for clarithromycin-resistant H. pylori to investigate the use
of VAM as a first-line regimen, and we confirmed VAM (100%,
95% CI, 90–100%, n = 35, both intention-to-treat [ITT] and per-
protocol [PP]) was superior to VAC (76.5%, 95% CI, 66.9–
84.5%, n = 98 in ITT) (77.3%, 95% CI, 67.7–85.2%, n = 97 in
PP) for clarithromycin-resistant H. pylori (P = 0.00052 in ITT,
P = 0.00095 in PP).15 In addition, a recent study showed that
dual therapy with vonoprazan and amoxicillin as a first-line regi-
men produced an eradication rate of 84.5% in ITT analysis and
87.1% in the PP analysis.16 Therefore, we consider that VAM
has the potential to be the standard first-line regimen when infor-
mation on antibiotic resistance is unavailable.

Our hypothesis in the present study was that VAM is
superior to VAC in the clinical setting in Japan. Because we con-
cluded in our prior studies that VAC should not be used as a
first-line regimen for clarithromycin-resistant H. pylori17 and that
VAM should be used for clarithromycin-resistant H. pylori,15 we
needed to exclude patients in whom the antibiotic resistance sta-
tus of H. pylori was known.

In the present RCT, therefore, the efficacy and safety of
VAM triple therapy as a first-line regimen were compared with
those of VAC triple therapy as a first-line regimen in patients
with no available antibiotic resistance or susceptibility
information.

Methods

Study design and ethical issues. This RCT was carried
out across multiple centers and conducted in compliance with
both the Declaration of Helsinki and the Ethical Guidelines for
Medical and Health Research Involving Human Subjects outlined
by the Japanese Ministry of Health, Labour and Welfare. The
study was conducted by Yokohama City University Hospital,
Yokohama Minami Kyosai Hospital, Yokohama Ekisaikai Hos-
pital, Yokosuka City Hospital, and Kanagawa Prefectural
Ashigarakami Hospital. The research received approval from the
institutional review board at each participating hospital and was
registered in the University Hospital Medical Information Net-
work (UMIN) Clinical Trial Registry (www.umin.ac.jp/ctr/)
(UMIN000025773, January 2017). The institutional review board
of Yokohama City University Hospital granted approval for the
protocol on 16 December 2016 (no. B161201004).

Participants. The inclusion criteria for this study were age of
>20 years, current H. pylori infection, no history of H. pylori
eradication, no H. pylori susceptibility test results, and the ability
to perform a urea breath test (UBT) 8 weeks after treatment com-
pletion. The exclusion criteria for this study were a history of
allergy to the drugs used in the study, pregnancy, lactation,
severe renal dysfunction, severe liver dysfunction, severe heart
dysfunction, infectious mononucleosis, brain and spinal cord dis-
ease, and disqualification by the physicians. All patients provided
written informed consent.

Assessment of H. pylori infection. H. pylori infection
was confirmed by a UBT,18 detection of anti-H. pylori
antibody,19 a rapid urease test,20 pathology (histology),21 or
H. pylori culture22 (same procedure as in our previous
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studies15,17) (Table 1). Latex agglutination immunoturbidimetry
kit was used with 10 U/mL cutoff for anti-H. pylori antibody
test, which was reported with sufficient sensitivity and specificity
for diagnosis.23 The anti-H. pylori test was performed by external
agency. Endoscopy was also performed in all patients within
1 year, and H. pylori infection was suspected based on endo-
scopic gastritis in all patients (Table 1). These diagnostic
methods are stated in the Japanese Helicobacter guideline and
generally used as national insurance covered medical examina-
tion in Japan.

Randomization and treatment. Eligible patients were
randomly assigned to receive one of the following two regimens:
VAM (triple therapy, administered twice daily for a duration of
7 days, the combination consisted of 20 mg of vonoprazan,
750 mg of amoxicillin, and 250 mg of metronidazole.) or VAC
(triple therapy, administered twice daily for a duration of 7 days,
the combination consist of 20 mg of vonoprazan, 750 mg of amox-
icillin, and 200 mg or 400 mg clarithromycin). Clarithromycin
200 mg twice daily and 400 mg twice daily are both national insur-
ance covered and double-blind RCT showed no difference between
200 mg and 400 mg.7 Amoxicillin 750 mg twice daily and metro-
nidazole 250 mg twice daily is the Japanese national insurance
covered doses for H. pylori eradication, and commonly used in
Japan. These dose settings are based on previous studies in Japan,
especially vonoprazan phase III double-blind RCT.7 Randomiza-
tion was performed using the minimization method with reference
to age (20–39, 40–64, 65–75, or >75 years) and sex (male or
female). The detail of minimization method is indeterministic type,
in which random assignment was performed while adjusting to
increase the probability of being assigned to a setting. Compared
with deterministic type minimization method, indeterministic type
retains unpredictability, but does not converge to a 1:1 ratio. We
used the easily accessible web-based allocation system “QMinim”:
online version of MinimPy, as in our previous studies.15,21 Mini-
mPy is a free, open source, minimization program, with which
nearly all aspects of a minimization model can be configured. This
was an open-label trial because the primary endpoint (the eradica-
tion rate) was an objective parameter.

Outcome. We tested the following hypothesis: VAM is supe-
rior to VAC as a first-line regimen for eradication of H. pylori.

The primary endpoint of this study was the eradication
success rate of H. pylori with first-line therapy, assessed using
the 13C-UBT at least 8 weeks after the end of eradication ther-
apy. All patients were instructed not to take PPIs or vonoprazan
from eradication until completion of the UBT. This is settled to
prevent false negative of UBT. All UBTs were performed by an
external agency or inspection department that was independent
from the researchers’ institution.

The primary analysis was established based on both the
ITT and PP analyses. The ITT analysis included all patients who
began the eradication therapy. In the ITT analysis, patients
who were lost to follow-up or did not undergo the UBT after
eradication were considered to have experienced treatment fail-
ure. Eradication success was defined as a UBT result of <2.5‰.

Safety. The safety assessment for the secondary endpoint
involved the completion of an adverse events questionnaire
(AEQ) by each patient during the course of therapy. We used the
same AEQ as in our previous studies.8,15,17,24–26 The AEQ con-
tained questions regarding fatigue, vomiting, eructation, abdomi-
nal fullness, headache, urticaria, heartburn, abdominal pain,
anorexia, nausea, dysgeusia, diarrhea, and other symptoms.
These were categorized as none, weak, moderate, or strong,
corresponding to AEQ scores of 0, 1, 2, and 3, respectively. All
adverse events questionnaires (AEQs) were gathered at the com-
mencement of the clinical examination, ensuring the absence of
reporting bias.

Sample size calculation. The sample size was planned
with reference to vonoprazan phase III data revealing a second-
line VAM eradication rate of 98% (95% confidence interval [CI],
89.4–99.9%; n = 50). When designing this study, we expected
the eradication rate of first-line VAM to be 98% because the
first-line eradication rate is higher than the second-line eradica-
tion rate. We also estimated the eradication rate of VAC to be
85% based on our previous prospective observational study,
which showed an eradication rate of 84.9% (95% CI, 81.9–

Table 1 Baseline characteristics

VAM triple therapy (n = 69) VAC triple therapy (n = 55) P

Age, years 65.3 � 12.3 63.1 � 10.7
Male 38 (55.1) 33 (60.0) 0.59
CAM 400 mg/day NA 41 (74.5) NA
Endoscopic findings
Gastroduodenal ulcer 8 (11.6) 8 (14.5)
Gastritis only 61 (88.4) 47 (85.5) 0.79

Diagnosis of infection
Anti-H. pylori antibody 35 (50.7) 24 (43.6)
H. pylori culture (without susceptibility test) 16 (23.2) 14 (25.5)
Urea breath test 11 (15.9) 11 (20.0) 0.46
Rapid urease test 4 (5.8) 6 (10.9)
Pathology (histology) 3 (4.3) 0 (0.0)

Data are presented as the mean � SD or n (%).
CAM, clarithromycin; H. pylori, Helicobacter pylori; IgG, immunoglobulin G; NA, not applicable; VAC triple therapy, vonoprazan + amoxicillin +

clarithromycin 1-week eradication therapy; VAM triple therapy, vonoprazan + amoxicillin + metronidazole 1-week eradication therapy.
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87.6%; n = 623).8 The number of patients needed to achieve a
power of 80% with a type I error of 0.05 was 56 in each group
(112 in total). We estimated a dropout rate of about 10%, and the
sample size was thus calculated as 62 patients in each group
(124 in total). We preplanned an interim analysis at 124 cases, at
which time we would determine whether statistical significance
existed. If the VAM eradication rate was around 97% and no sig-
nificant difference was observed, we planned to continue the
study to 190 cases. Based on the 97% expected eradication rate
of VAM and 85% estimated eradication rate of VAC, we
achieved a power of 80% with a type I error of 0.05, allowing
for an approximately 10% dropout rate.

Statistical analyses. Fisher’s exact test was applied for the
analysis of categorical data, while Student’s t-test was utilized to
analyze continuous data, presented as the mean � SD.

The primary endpoints’ 95% CIs were computed. In both
the ITT and PP analyses, the disparity in eradication rates
between VAM and VAC was assessed using Fisher’s exact test,
accompanied by two-sided 95% CIs. Statistical significance was
defined as a P value of less than 0.05. We performed all statisti-
cal analyses using SPSS ver. 24 (IBM Corp., Armonk,
NY, USA).

Results

Recruitment and follow-up periods. We registered this
study in the UMIN registry in January 2017. Patient enrollment
began in January 2017, and the last follow-up occurred in
February 2019.

As shown in Figure 1, 124 patients with H. pylori infec-
tion without an eradication history were enrolled in this study,
and they were randomly assigned using the minimization method
with respect to age and sex. Sixty-nine patients were assigned to
VAM, and 55 were assigned to VAC. In the VAM arm, one
patient was not included in the PP analysis due to loss of follow-
up. In the VAC arm, four patients were excluded from the PP
analysis due to loss to follow-up.

Baseline characteristics. The patients’ baseline character-
istics are summarized in Table 1. The patients in both groups
were similar in age, sex, endoscopic findings, and diagnostic
technique. There were no statistically significant differences in
any characteristics between the two groups.

Efficacy. In the ITT analysis, the eradication rates were 91.3%
(95% CI, 82.0–96.7%, n = 69) with VAM and 89.1% (95% CI,
77.8–95.9%, n = 55) with VAC. In the PP analysis, the eradica-
tion rates were 92.6% (95% CI, 83.7–97.6%, n = 68) with VAM
and 96.1% (95% CI, 86.5–99.5%, n = 51) with VAC. No signifi-
cant differences were observed between VAM and VAC in either
the ITT analysis (P = 0.76) or PP analysis (P = 0.70) (Fig. 2).

Adverse events. The frequencies of adverse events during
therapy are shown in Table 2. The frequency of any grade (score
of 1, 2, or 3) of abdominal fullness was significantly higher in
the VAM than VAC arm (56% vs 14%, respectively). The fre-
quency of any grade of anorexia was also significantly higher in
the VAM than VAC arm (23% vs 5%, respectively). The fre-
quencies of any grade of other symptoms (diarrhea, dysgeusia,

Figure 1 Flowchart of patient enrollment. In total, 124 patients were randomized and treated with either VAM triple therapy or VAC triple therapy.
Five patients dropped out or interrupted their therapy. VAC triple therapy: vonoprazan + amoxicillin + clarithromycin 1-week eradication therapy;
VAM triple therapy: vonoprazan + amoxicillin + metronidazole 1-week eradication therapy.
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nausea, abdominal pain, heartburn, hives, headache, belching,
vomiting, general malaise, and others) were not significantly dif-
ferent between the groups. Moreover, there were no significant
differences in strong symptoms (score of 3) between the groups.
All adverse events resolved spontaneously without any interven-
tion, and no patients required hospitalization due to these events.

Discussion
To our knowledge, this is the first RCT to compare the efficacy
of VAM versus VAC triple therapy as a first-line regimen for
H. pylori eradication. This study showed no significant difference
in the eradication rates of VAM and VAC as first-line therapy in
both the ITT and PP analyses. In addition, based on the point
estimate of the ITT results, VAM as first-line therapy was cate-
gorized as good (cure rate of 90–95%), and VAC as first-line
therapy was categorized as fair (cure rate of 85–89%).27

As in our previous studies, we used an AEQ to avoid eval-
uator bias in the comparison of adverse events. The rates of
abdominal fullness and anorexia of any severity were higher in
VAM than VAC therapy, but the symptoms were cured and com-
pliance was good. There were no significant differences in score
3 symptoms between the groups. We believe that the use of
VAM as a first-line regimen is as safe as the use of VAM as a
second-line regimen.

This result is consistent with previous studies of VAM as
a second-line therapy, which showed a slightly higher eradication
rate than that of PPI-AM,28,29 as well as a recent study of dual
therapy with vonoprazan and amoxicillin as a first-line regi-
men.16 First, the eradication rate of VAM as a first-line therapy
in the present study was higher than that of dual VPZ and AMPC
therapy: 84.5% in the ITT analysis and 87.1% in the PP analysis.

Second, a meta-analysis showed that PPI-AC and PPI-AM as
first-line therapies were equivalent worldwide, and PPI-AM ther-
apy has the potential to reach an eradication success rate of
>90% in geographical areas of low metronidazole resistance.
Possible explanation for lower-than-expected eradication rate of
VAM is metronidazole resistance rate in this study.

By contrast, the VAC eradication rate of 89.1% (95% CI,
77.8–95.9%) in the ITT analysis and that of 96.1% (95%
CI, 86.5–99.5%) in the PP analysis were higher than expected.
We previously reported a VAC eradication rate of 87.3% (95%
CI, 75.5–94.7%) in the ITT analysis and 88.9% (95% CI, 77.4–
95.8%) in the PP analysis for CAM-susceptible H. pylori.17 We
also reported a VAC eradication rate of 82.9% (95% CI, 67.9–
92.8%) for clarithromycin-resistant H. pylori.17 A possible expla-
nation for this difference is the MIC of amoxicillin. In the previ-
ous study, we set the amoxicillin-resistance cutoff at ≥0.5 mg/L,
and no cases were resistant.17,25 However, a recent study of
VAC as a first-line therapy showed a difference in the eradication
rate between the MIC levels of amoxicillin in the non-resistance
category: 92.7% (n = 151) for an MIC of <0.03, 77.8% (n = 9)
for an MIC of 0.03, and 25.0% (n = 4) for an MIC of 0.06.16

Thus, not only clarithromycin susceptibility or resistance but also
the MIC of amoxicillin is important in the treatment of H. pylori
with very low amoxicillin resistance.

The present study has three main limitations. First, this
study was conducted as superiority study and non-inferiority of
VAM to VAC was not proved. Further RCT with non-inferiority
design is needed. Second, the patients who did not have amoxi-
cillin, clarithromycin, or metronidazole susceptibility testing
result were recruited. Susceptibility testing was not conducted
after recruitment due to ethical concerns arising from randomiz-
ing patients to an unacceptably low regimen. For clarithromycin-

Figure 2 Eradication rates of VAM triple therapy and VAC triple therapy in ITT and PP analyses. No significant differences were observed between
VAM and VAC in either the ITT or PP analyses. ITT, intention-to-treat; PP, per-protocol; VAC triple therapy: vonoprazan + amoxicillin + clarithromycin
1-week eradication therapy; VAM triple therapy: vonoprazan + amoxicillin + metronidazole 1-week eradication therapy.

S Sue et al. Metronidazole vs clarithromycin in H. pylori therapy

JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e13069

© 2024 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

5 of 7



resistant H. pylori, we showed VAM is superior to VAC, and
VAC showed unacceptably low eradication rate for
clarithromycin-resistant H. pylori.15 Third, this multicenter RCT
was conducted only in Japan, limiting the generalization of its
results beyond Japanese patients with H. pylori.

Conclusions
The present registered prospective RCT showed efficacy of
VAM triple therapy as a first-line H. pylori eradication therapy in
Japan. No significant difference in the eradication rate was
observed between VAM triple therapy and standard VAC triple
therapy as a first-line treatment. We suggest that, similar to VAC

triple therapy, VAM triple therapy has potential to become a
standard first-line regimen without information regarding antibi-
otic resistance in Japanese patients, and further non-inferiority
RCT of first-line VAM is desirable.

Informed consent statement. All participants provided
written informed consent before study enrollment.

Data availability statement. The data are not available
for public access because of ethical restrictions, but are
available from the corresponding author on reasonable request.

Table 2 Adverse events based on a questionnaire

Any (score of 1, 2, or 3) VAM triple therapy VAC triple therapy P

Diarrhea 33% 37% 0.82
Dysgeusia 21% 17% 1
Nausea 14% 2% 0.11
Anorexia 23% 5% 0.03

Abdominal pain 23% 23% 1
Heartburn 16% 12% 0.76
Hives 0% 5% 0.49
Headache 16% 16% 1
Abdominal fullness 56% 14% <0.001

Belching 21% 12% 0.38
Vomiting 0% 0% 1
General malaise 16% 9% 0.52
Other 2% 5% 1
Any (score of 2 or 3)
Diarrhea 16% 7% 0.31
Dysgeusia 21% 12% 0.38
Nausea 7% 0% 0.24
Anorexia 9% 0% 0.12
Abdominal pain 7% 2% 0.62
Heartburn 5% 2% 1
Hives 0% 2% 1
Headache 5% 2% 1
Abdominal fullness 28% 2% 0.007

Belching 9% 2% 0.36
Vomiting 0% 0% 1
General malaise 2% 0% 1
Other 0% 0% 1

Score of 3
Diarrhea 5% 5% 1
Dysgeusia 2% 9% 0.36
Nausea 0% 0% 1
Anorexia 2% 0% 1
Abdominal pain 2% 0% 1
Heartburn 0% 0% 1
Hives 0% 2% 1
Headache 2% 2% 1
Abdominal fullness 7% 2% 0.62
Belching 0% 0% 1
Vomiting 0% 0% 1
General malaise 0% 0% 1
Other 0% 0% 1

VAC triple therapy, vonoprazan + amoxicillin + clarithromycin 1-week eradication therapy; VAM triple therapy: vonoprazan + amoxicillin + metronida-
zole 1-week eradication therapy. The bold showes less than 0.05.
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