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Abstract

Background FEradication therapies for Helicobacter pylori
infection are advancing as new acid inhibitory reagents
approved. The aim of this study was to assess the efficacy
and safety of vonoprazan-based triple treatment.
Materials and Methods Triple therapy with vonoprazan
and two antibiotics (amoxicillin and clarithromycin or
metronidazole) received focus in this analysis. We per-
formed a multicenter retrospective study of patients who
received vonoprazan-based eradication therapy between
February 2015 and February 2016 and conducted a review
of the literature.

Results The eradication rate among the 799 patients in our
multicenter study was 94.4% (95% confidence interval [CI]
92.6-96.2%) in the per-protocol analysis for first-line
treatment (with vonoprazan 20 mg, amoxicillin 750 mg,
and clarithromycin 200 or 400 mg, twice a day for 7 days)
and 97.1% (95% CI 93.0-101.1%) for second-line treat-
ment (with vonoprazan 20 mg, amoxicillin 750 mg, and
metronidazole 250 mg, twice a day for 7 days). The overall
incidence of adverse events was 4.4% in an intention-to-
treat analysis with no patients hospitalized. In a literature
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review, six reports, in which 1380 patients received
vonoprazan-based first-line eradication therapy, were
included and were all reported by Japanese researchers.
The eradication success rates in per-protocol analysis were
between 85 and 93%, which was roughly the same among
the studies.

Conclusions Vonoprazan-based triple therapy was effec-
tive and safe for Helicobacter pylori eradication in real-
world experience, confirmed by a multicenter study and a
review of the pertinent literature.

Keywords Triple therapy - Vonoprazan - P-CAB

Introduction

East Asian countries such as China, South Korea, and
Japan are high-risk countries for gastric cancer due to the
high prevalence of Helicobacter pylori (H. pylori) infection
[1]. The eradication of H. pylori is one of the strategies for
preventing gastric carcinogenesis. Guidelines for the
management of H. pylori infection in Japan (2009 revised
edition) recommend the elimination of H. pylori in all
infected subjects [2]. The Ministry of Health, Labour and
Welfare of Japan has announced that the Japanese national
health insurance system covers the H. pylori eradication
with a proton pump inhibitor (PPI)-based triple regimen.
For first-line therapy, a regimen composed of a double dose
of a PPI, amoxicillin, and clarithromycin for 7 days was
first approved. For second-line therapy, a regimen com-
posed of a double dose of PPI, amoxicillin, and metron-
idazole was approved. The Japanese national health
insurance system did not cover any regimens other than
these two. The Japanese Society of Helicobacter Research
published a revised guideline in 2013 recommending third-
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line salvage therapy of high-dose amoxicillin with a PPI,
and quinolone with amoxicillin and a PPI [3]. Neither of
those regimens, nor any sequential or concomitant thera-
pies, are covered at by the Japanese health insurance sys-
tem for H. pylori eradication.

A novel potassium-competitive acid blocker (P-CAB),
vonoprazan was recently approved in Japan in 2014.
Vonoprazan inhibits gastric HT, KT-ATPase, and it is an
enzyme that catalyzes the final step in the gastric secretion
pathway and inhibits gastric secretion almost equally
among various patients [4]. One phase III randomized
controlled trial (RCT) of vonoprazan-based eradication
therapy was performed as a double-blind, multicenter,
parallel-group comparative study by Takeda Pharmaceuti-
cal Company, and vonoprazan-based triple therapy was
shown to be as effective as PPI-based triple therapy and
well tolerated [5]. The first-line eradication rate was 92.6%
when vonoprazan plus amoxicillin and clarithromycin was
administered for 7 days. The second-line eradication rate
was 98.0% using vonoprazan plus amoxicillin and
metronidazole. Some researchers have confirmed this high
eradication rate of vonoprazan-based therapy retrospec-
tively in clinical use [6—10]. We performed a multicenter
study with a larger number of the patients treated with
vonoprazan-based triple therapy and conducted a review of
the pertinent literature.

Methods
Multicenter Study
Study Design

This was a retrospective multicenter study designed to
investigate the usefulness of the vonoprazan-based regimen
in clinical practice. The efficacy and safety were evaluated
for vonoprazan-based triple therapy. This study was con-
ducted in accordance with the Declaration of Helsinki. The
Institutional Review Board of Asahikawa Kousei Hospital
approved the study protocol (#2868).

Patients

The four institutes included in this study were Asahikawa
Kousei Hospital, Asahikawa Medical University, Interna-
tional University of Health and Welfare Hospital, and
Hokkaido Cancer Society Asahikawa. The patients who
underwent H. pylori eradication therapy between February
2015 and February 2016 were included in the H. pylori
eradication databases. The medical records were reviewed,
and we collected the patients’ information, including their
gender, age, endoscopic diagnosis, eradication therapy,
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adverse events, and success in eradication. A total of 799
consecutive patients received vonoprazan-based treatment,
including 694 patients for whom it was a first-line therapy,
73 for whom it was a second-line therapy, 30 who received
vonoprazan—amoxicillin-metronidazole as a primary ther-
apy, and 2 who received vonoprazan—clarithromycin—
metronidazole as a primary therapy. The 694 who received
vonoprazan-based triple therapy in combination with
amoxicillin and clarithromycin as the first-line therapy were
retrospectively analyzed. Seventy-three patients who had a
history of previous eradication therapy and received vono-
prazan with amoxicillin and metronidazole were defined as
the second-line eradication group. These antibiotics could be
substituted for generic drugs in our multicenter study.

H. pylori Eradication Success Rate and Adverse Events

The presence of H. pylori was diagnosed, according to the
Japanese guideline (3), by at least one of the following
methods: rapid urease test, 3C-urease breath test, H. pylori
immunoglobulin G serological test, H. pylori stool antigen
test. All patients were treated with vonoprazan-based
treatment. The eradication treatment consisted of 20 mg of
vonoprazan twice a day, 750 mg of amoxicillin twice a
day, and 200 mg or 400 mg of clarithromycin twice a day
for a week for first line. For the second-line treatment,
20 mg of vonoprazan twice a day, 750 mg of amoxicillin
twice a day, and 250 mg of metronidazole twice a day were
administered. From four weeks after the end of the treat-
ment, the eradication success was assessed based on the
results of the '*C-urea breath test (<0.25%) or the stool
antigen test (negative). The first object of this study was to
elucidate the eradication rate, as determined by intention-
to-treat (ITT) and per-protocol (PP) analyses.

The second goal of this study was to determine the rate
of adverse events related to the eradication therapy.
Physicians asked about the presence or absence of adverse
events during consultation hours and then evaluated the
success of the eradication treatment.

Literature Review

A literature review was carried out according to the general
principles of systematic reviewing methodology [11]. The
eligibility criteria were included as follows; studies of adult
patients infected with H. pylori and treated with vono-
prazan-based first-line regimens that reported the eradica-
tion rates with detailed methods and results.

Search Strategy

MEDLINE and the Cochrane Library were searched in
September 2016. The keywords “pylori” and
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“vonoprazan” were used to develop an appropriate search
strategy. First, the titles and abstracts of all retrieved
studies were reviewed for the identification of potential
reviews. The full texts of studies deemed relevant were
then obtained and reviewed in detail. Studies were exclu-
ded if they focused on pharmacokinetics, if they were
reviews, or if they were not full papers. Conference
abstracts or letters were excluded due to a lack of details
for data extraction. The reference lists from the reviewed
studies were also checked to identify other potentially
relevant studies that had not been identified by the elec-
tronic search.

Data Collection

From the reviewed studies, the following data were
extracted: first author, publication year, journals, number of
included patients, study design, patient’s characteristics,
eradication protocols, eradication rates, and adverse events.
The total eradication rates and adverse event rates were
calculated.

Results

Patient Characteristics

The patient characteristics are shown in Table 1. A total of
694 patients were enrolled as the first-line H. pylori

Table 1 Patient characteristics

Total® First line Second line
Number of patients 799 694 73
Age mean (SD) 60 (12) 59 (12) 66 (12)
Gender male (%) 405 (50.7) 357 (51.4) 33 (45.2)
Endoscopic diagnosis (%)
Gastric ulcer/scar 80 (10.0) 72 (10.4) 8 (11.0)
Duodenal ulcer/scar 56 (7.0) 50 (7.2) 341
Gastroduodenal ulcer/scar 4 (0.5) 0 0
Gastric cancer 34 (4.3) 25 (3.6) 8 (11.0)
Chronic gastritis 622 (77.8) 537 (77.4) 54 (74.0)
AGDML 1(0.1) 0 0
MALT lymphoma 1 (0.1) 0 0
No significant findings 1 (0.1) 0 0

AGDML acute gastroduodenal mucosal lesion, MALT mucosa-asso-
ciated lymphoid tissue

# Total includes 694 patients for whom it is first line, 73 for whom it
is second-line therapy, 30 who received vonoprazan—amoxicillin—
metronidazole as a primary therapy, and 2 who received vonoprazan—
clarithromycin—metronidazole as a primary therapy

eradication treatment group; a total of 641 subjects com-
pleted the first-line eradication triple therapy. Fifty-three
patients dropped out and did not undergo subsequent urea
breath tests or stool tests. Seventy-three patients who had
failed H. pylori eradication therapy before were enrolled as
the second-line treatment group. The previous eradication
therapies were PPI-based treatment in 60 patients and
vonoprazan-based in 13. A total of 68 subjects completed
second-line eradication therapy, with 5 patients dropping
out.

Treatment QOutcome

The eradication rates in first-line and second-line therapy
are shown in Table 2. The overall outcomes for first-line
eradication therapy were 87.2% (95% confidence interval
[CI] 84.7-89.2%) in the ITT analysis and 94.4% (95% CI
92.6-96.2%) in the PP analysis. Of those failing first-line
therapies, 25 subjects further received and completed sec-
ond-line vonoprazan-based triple therapy. Some of these
cases were included in this second-line eradication group.
The total eradication rate for the second-line therapy was
90.4% (95% CI 83.7-97.2%) in the ITT analysis and 97.1%
(95% CI 93.0-101.1%) in the PP analysis, with five
patients dropping out from the assessment.

Adverse Events

The adverse events of all patients are shown in Table 3.
The overall incidence of adverse events was 4.4% in an
ITT analysis, and five patients (0.6%) who had adverse
events discontinued the eradication therapy. The incidence
of adverse events was 4.6% during the first-line eradication
phase and 0% during second-line eradication. All adverse
events were cured without intervention. No patients were
hospitalized because of adverse events.

Literature Review

The PRISMA guidelines for systematic reviews were fol-
lowed [11]. A flowchart outlining the selection of the

Table 2 Successful eradication of Helicobacter pylori

Number of patients First line Second line
694 73
Intention to treat 605/694 66/73
% (95% CI) 82.7% (84.7-89.7) 90.4% (83.7-97.2)
Per protocol (%) 605/641 66/68

% (95% CI) 94.4% (92.6-96.2) 97.1% (93.0-101.1)

CI confidence interval
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Table 3 Adverse events n (%)

Number of patients Total® First line Second line
799 694 73
Eruption 16 (2.0) 14 (2.0) 0
Taste disorder 6 (0.8) 6 (0.9) 0
Diarrhea 5 (0.6) 5(0.7) 0
Flatulence 2 (0.3) 1(0.1) 0
Stomatitis 2 (0.3) 2 (0.3) 0
Stomach pain 1(0.1) 1(0.1) 0
Others 304 304 0

4 Total includes 694 patients for whom it is first line, 73 for whom it
is second-line therapy, 30 who received vonoprazan—amoxicillin—
metronidazole as a primary therapy, and 2 who received vonoprazan—
clarithromycin—metronidazole as a primary therapy

papers for our literature review is shown in Fig. 1. A total
of 24 reports were initially retrieved. After screening the
titles and abstracts, eight records were excluded. Sixteen
records were fully reviewed, and abstracts, letters, a
review, and a pharmacokinetic study were excluded.

Six full-text articles with a total of 5165 patients who
received first-line H. pylori eradication therapy were
included. The characteristics of the subjects, study designs,
and outcomes are shown in Table 4. One randomized
controlled trial (RCT), four retrospective studies, and one
prospective study all originated from Japan. Among them,
a total of 1380 patients received vonoprazan-based eradi-
cation therapy. The eradication regimen approved and
covered under the Japanese health insurance is 20 mg of
vonoprazan, 750 mg of amoxicillin, and 200 or 400 mg of
clarithromycin, twice a day for 7 days. One RCT was a
phase III clinical study that Murakami et al. published in

2015 showed an H. pylori eradication rate of 92.6% using
this regimen. In addition, retrospective studies showed
first-line eradication rates of 85-91.5% according to PP
analyses.

Discussions

The primary aim of the present study was to confirm the
usefulness of vonoprazan-based eradication therapy in the
real-world setting. In comparison with previous literatures
(Table 4), this multicenter study involved a larger number
of patients resulting in very high success rates and low
rates of adverse events. This was a retrospective and
observational study of first- and second-line therapies with
no comparator group, and there was a shortage of clinical
information (e.g., the patient characteristics and bacterial
natures).

The findings from this multicenter study and literature
review suggested that vonoprazan-based eradication ther-
apy has satisfactory efficacy because the eradication rates
are around 90%. Vonoprazan demonstrated a more rapid
and sustained acid inhibitory effect than esomeprazole and
then increased the intragastric pH [4], resulting in
improved eradication rates. It is stable in acid, dissolves in
the stomach, moves to the small intestine, and is not
influenced by gastric emptying [12]. Regarding the phar-
macokinetics, triple therapy with vonoprazan, amoxicillin,
and clarithromycin increases the vonoprazan and clar-
ithromycin exposure. Cytochrome P450 (CYP) 3A4, which
metabolizes both clarithromycin and vonoprazan, is most
likely involved in the mechanism of pharmacological
interaction [13]. The rate of adverse events in a Phase III
study in Japan was 30.4% [5]. We were afraid that a strong
acid inhibitor might increase severe adverse events.

Fig. 1 Flowchart describing the
process of selecting manuscripts
for the literature review

Identified from database;
Pub Med, Cochran library
(n=24)

Records removed after
title and abstract review
(n=8)

Removed after full text

Records related to H. pylori
eradication (n=16)

review (n=10)
- 2 abstracts
- 6 letters

}—)

-1 review article
- 1 pharmacokinetics study

Included in systematic
review (n=6)
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Adverse
events

Per

Eradication rate
Intention to

treat

Control

Eradication
Intervention

Disease

Study design

Table 4 continued

Reference

@ Springer

(Withdrawal
rates)

protocol

NA

NA

89.7% (95% CI
87.9-91.3%)
vs. 73.9%

PPI (standard dose of omeprazole,

Vonoprazan 20 mg,

146 patients for retrospective, 1305 for

Prospective and

Noda et al.

lansoprazole, rabeprazole, or

amoxicillin 750 mg,
clarithromycin

retrospective H. pylori-positive patients with a
history of gastric ulcer, duodenal ulcer,

retrospective,

[9]

esomeprazole), amoxicillin 750 mg,

single institute
cohort study

(66.0-80.8%)

clarithromycin 200 or 400 mg, twice a
day

400 mg, twice a day

(n = 146)

gastroduodenal ulcer, gastric tumor, or gastritis

(n = 1305)
PPI (esomeprazole 20 mg, lansoprazole

Overall

89.6% (95%

89.6% (95% CI

Vonoprazan 20 mg,

420 patients H. pylori-positive patients

Retrospective

Matsumoto

incidence

CI

84-95%) vs.
71.9%

30 mg or rabeprazole 10 mg),

amoxicillin 750 mg,
clarithromycin

single institute

study

et al. [10]

was 11.9%
vs. 10.7%
(0/125 vs.

84-95%)
vs. 73.1

amoxicillin 750 mg, clarithromycin

200 mg, twice a day

(n = 295)

(67-77%)

200 mg, twice a day

(n = 125)

(68-78%)

5/295)

ESD endoscopic submucosal dissection, MALT mucosa-associated lymphoid tissue, /TP idiopathic thrombocytopenic purpura, PPI proton pump inhibitor, NA not available, CI confidence

interval, TEAE treatment-emergent adverse event

However, very few problematic adverse events were seen
in our clinical study and other retrospective studies.

Some eradication-failure patients remained following
the first-line vonoprazan-based treatment. A number of
clinical variables have been suggested to play a role in the
failure of eradication therapy [14]. With regard to host-
related factors, adherence, polymorphism of CYP2C109,
cigarette smoking, and diabetes mellitus were associated
with treatment failure [14]. With regard to the H. pylori-
related factors, antibiotic sensitivity has emerged as the
single most important predictor of treatment success [15].
According to a multivariate analysis, clarithromycin
resistance was the only significant factor for treatment
failure [16]. Our high eradication rate in the second-line
therapy (97.1% in PP analysis) may support their
conclusion.

At present, standard triple therapy using amoxicillin,
clarithromycin, and a PPI is recommended for first-line
treatment in China, South Korea, and Japan [1]. Triple
therapy proposed at the first Maastricht conference [17]
has become popular around the world. However, the
eradication rate of this traditional therapy is decreasing, as
the prevalence of antibiotic-resistant strains of H. pylori is
increasing. The most recent data show only a maximum
success rate of 70% with clarithromycin resistance
observed in more than 20% of patients in Europe and
North America [14]. The latest Maastricht IV/Florence
Consensus Report recommends prior susceptibility testing
before PPI-clarithromycin-containing triple therapy [18].
In regions of high clarithromycin resistance, bismuth-
containing quadruple therapies are the first choice. How-
ever, bismuth drugs may not be available in some areas.
Sequential or concomitant treatment may be an option.
The Maastricht IV Consensus Report stated that “While no
new drug has been developed ...”. However, a new drug
has just appeared. A very recent statement developed by
the Canadian Association of Gastroenterology has men-
tioned the agent [15]. One potential method of improving
acid inhibition would be to use newer anti-secretory
agents, such as P-CABs.

Vonoprazan was developed because the effects of PPIs
are insufficient for patients with gastroduodenal ulcer and
gastroesophageal reflux disease. For first-line eradication,
vonoprazan is prescribed with amoxicillin and clar-
ithromycin twice daily for 7 days. Because the clinical
efficacy has not been fully demonstrated, we conducted a
multicenter study and a review of the literature. The
reported eradication rates are 83-89% in ITT analyses and
95-92% in PP analyses (Table 4). Some authors have
considered the issue of clarithromycin resistance. For
clarithromycin-sensitive and clarithromycin-resistant H.
pylori, the respective success rates of the vonoprazan-
based triple therapy are 97.6 and 82.0% according to
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Murakami [5], 100 and 87.5% according to Noda [9], 100
and 76.1% according to Matsumoto [10]; the respective
rates of resistance of clarithromycin are 30.4, 42.1, and
44.7%. Our clinical observation showed 87.2% in an ITT
analysis and 94.4% in a PP analysis. The rate of clar-
ithromycin resistance is 27% in our region of Japan (un-
published data), which is not as high as the resistance rates
mentioned above.

For second-line eradication, vonoprazan, amoxicillin,
and metronidazole were used in our study, because this
combination is covered by the national health insurance
system in Japan. Murakami and Matsumoto reported
eradication rate as 98.0% [5] and 100% [10], respectively.
These rates are very high; therefore, details of the reports in
the former eradication regimen and data analysis should be
carefully considered. The four other studies selected in our
review do not mention the success rate for second-line
treatment. However, three of the letters, excluded through
the selection process for our review, reported the efficacy
of vonoprazan-based second-line therapy. One report
investigated the eradication rate of a vonoprazan-based
regimen with amoxicillin and clarithromycin as a second-
line treatment in patients who failed the first-line treatment
with a PPI, amoxicillin, and clarithromycin [19]. Two other
brief reports described the eradication rate when vono-
prazan with amoxicillin and metronidazole was used as a
second-line regimen [20, 21]. One of those two reports
cited an eradication rate for H. pylori of 87.0% (20/23) in
patients who failed vonoprazan-based first-line treatment
[20]. In another letter with 151 patients who received
second-line therapy, 95 patients retested for H. pylori
infection after the therapy was successfully eradicated
(100% in a PP analysis) [21]. This letter does not describe
the details of the former first-line treatment. Our 73
patients in second-line therapy were a mixture of the PPI-
failure and vonoprazan-failure patients and were success-
fully eradicated at a rate of 90.4% in an ITT analysis and
97.1% in a PP analysis. Murakami also examined a mixture
of first-line-failed patients at 98% (49/50) in a PP analysis
[5]. Since these reports were based on a single-arm study,
more detailed studies comparing PPI and P-CAB are nee-
ded in order to clarify the optimum second-line treatment
for PPI-failure or vonoprazan-failure patients.

The eradication rate with vonoprazan-based therapy is
also expected to decrease with increasing resistance to
antibiotics among H. pylori strains. The cure rate with
vonoprazan among populations with clarithromycin resis-
tance is estimated at 82% [22]. Therefore, regional
antibiotic resistance patterns should be considered when
choosing a first-line therapy [18]. A vonoprazan-based
triple regimen with metronidazole instead of clar-
ithromycin for first-line treatment may result in a better
success rate and bring economical benefits as well. For

populations with high clarithromycin resistance, such as
Europe or North America [14, 15, 18], other strategies
should be considered, such as vonoprazan-containing bis-
muth quadruple therapy, concomitant therapy, or sequen-
tial therapy [23].

One principal limitation of our study and review is that
vonoprazan is currently approved by no countries other
than Japan. Since only one RCT has been reported thus far,
we conducted a literature review instead of a meta-analy-
sis. More clinical trials are needed to determine the efficacy
and safety of vonoprazan in many areas. The eventual
inclusion of vonoprazan in other regimens around the
world is expected.

In conclusion, this multicenter study and review con-
firmed the high efficacy and safety of first- and second-line
vonoprazan-based triple therapy. The future direction of
vonoprazan-based therapy is the modification of this regi-
men worldwide.
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