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Abstract: Stable suppression of gastric acid secretion is a crucial factor in Helicobacter pylori
eradication. Vonoprazan is a potassium-competitive acid blocker recently approved for use in
Japan. As vonoprazan has a long duration of action and causes rapid and strong inhibition of
gastric acid secretion, it has gained clinical attention for treating erosive oesophagitis, peptic
ulcers, and H. pylori infection. In this review, we discuss the recent knowledge regarding the
safety and efficacy of vonoprazan, focusing on its use in H. pylori eradication. The latest literature
and our clinical experience have shown that vonoprazan-based therapies have satisfactory
eradication rates. Additionally, vonoprazan-based therapies are associated with similar rates
of adverse events as standard triple therapies with conventional proton-pump inhibitors.
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Helicobacter pylori eradication: current

status and problems

Helicobacter pylori infection is the most common
infectious disease, affecting half of the world pop-
ulation and causing peptic ulcers. In addition, the
World Health Organization classified H. pylori as
a group 1 carcinogen [Park et al. 2014]. In 2012,
H. pylori infection was estimated as the cause of
approximately 774,000 new cases of gastric can-
cer worldwide [Arikawa et al. 2012; Ferlay er al.
2014; Forman et al. 2014]. Eradication of H.
pylori reduced the incidence of gastric cancer by
over 30% in China since 2000 [Ma ez al. 2012].
In Japan, H. pylori eradication was found to sig-
nificantly decrease the incidence of secondary
cancers after endoscopic resection of early gastric
cancer [Fukase er al. 2008]. H. pylori eradication
also leads to a favourable long-term outcome of
gastric mucosa-associated lymphoid tissue lym-
phoma [Nakamura et al. 2014] and idiopathic
thrombocytopenic purpura [Satake er al. 2007].
Using economic models and based on a threshold
of US$50,000 per life year saved, H. pylori screen-
ing and treatment strategies were found to be cost
effective [Park ez al. 2014]. The Japanese govern-
ment approved H. pylori eradication for the treat-
ment of peptic ulcers and for patients with

endoscopically proven gastritis in 2013, a meas-
ure expected to save lives and reduce medical
costs due to gastric cancers [Asaka, 2014].

For over 20 years, the first-line therapy for H.
pylori infection has comprised a combination of a
proton-pump inhibitor (PPI) and two antibiotics,
usually amoxicillin and clarithromycin. The com-
monly used PPIs include lansoprazole, omepra-
zole, rabeprazole, and esomeprazole (S-isomer of
omeprazole), which are called ‘conventional PPIs’
in this review [Asaka et al. 2010; Megraud, 2012].
Recently, the eradication rates of H. pylori infec-
tion with first-line treatment have fallen below
80% in many countries, reaching less than 70% in
some regions [Figura er al. 2016; Shinozaki ez al.
2016]. One cause of the eradication failure is the
growing resistance of H. pylori to the antibiotics
used in the treatment regimens [Broutet et al.
2003; Graham et al. 2010; Megraud, 2012]. A
clarithromycin-resistant strain of H. pylori has
been reported in Japan and southern Europe,
accounting for 30% and 20%, respectively, of the
H. pylori eradication failures in those areas
[Megraud, 2007]. In some regions, H. pylor:
strains resistant to other antibiotics have increased
significantly. For example, in Singapore, H. pylor:

Ther Adv Gastroenterol
2016, Vol. 9(6) 845-852

DOI: 10.1177/
1756283X16668093

© The Authorl(s), 2016.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Correspondence to:
Yuko Akazawa, MD, PhD
Department of
Gastroenterology and
Hepatology, Nagasaki
University Hospital, 1-7-1
Sakamoto, Nagasaki
852-8501, Japan
akazawayf@nagasaki-u.
ac.jp

Daisuke Fukuda, MD
Yutaka Fukuda, MD, PhD
Fukuda Yutaka Surgery
Clinic, Nagasaki, Japan

http://tag.sagepub.com

845


http://www.sagepub.co.uk/journalsPermissions.nav
http://www.sagepub.co.uk/journalsPermissions.nav
mailto:akazaway@nagasaki-u.ac.jp
mailto:akazaway@nagasaki-u.ac.jp

Therapeutic Advances in Gastroenterology 9(6)

resistance to metronidazole has increased from
24.8% to 48.2% in the last 15 years [Ang er al.
2016]. Efforts to overcome H. pylori eradication
failure include treatment with various antibiotics.
For instance, a 14-day quadruple therapy with
bismuth, rabeprazole, minocycline, and amoxicil-
lin as first-line therapy has resulted in an H. pylor:
eradication rate of over 90% [Song ez al. 2016]. In
addition, sequential treatment has been proposed,
involving a two-step therapy, starting with a PPI
and amoxicillin or clarithromycin for 5 days,
followed by triple therapy with a PPI, clarithro-
mycin, and a nitroimidazole, for an additional
5 days [Graham ez al. 2010].

Another critical problem in H. pylori eradication
is maintaining the pH of the gastric mucosa to
preserve antibiotic function [Sugimoto er al.
2007]. The 24 h gastric pH ranges of 5.0-7.6 and
2.2-6.2 have been reported in patients with suc-
cessful and failed H. pylori eradication, respec-
tively, indicating that a relatively high gastric pH
is optimal for successful H. pylori eradication
[Sugimoto ez al. 2007]. The membrane-bound
H*/K*-ATPase (proton pump) maintains the
acidity in the stomach. H*/K*-ATPase belongs to
a P-type ATPase family and surfaces from the
cytosol to the secretory membrane of the parietal
cells when food is present in the stomach, pump-
ing H* ions out of the cells and into the canali-
culi in exchange for K* ions [Scott ez al. 2015]
[Figure 1(a)]. Conventional PPIs have been used
to suppress intragastric acid secretion during
H. pylori eradication for decades. Conventional
PPIs are prodrugs, which are activated by acid
and covalently bind to the H*/K*-ATPase [Abelo
et al. 2000; Hunt ez al. 2015] [Figure 1(a)].
Activated PPIs are not stable in acidic condition,
whereas HY/K*-ATPase surfacing is stimulated
by every food intake. Thus repeated PPI adminis-
tration for several days is required to attain the
maximum effect [Figure 1(a)] [Hunt ez al. 2015].
Furthermore, conventional PPIs, especially lan-
soprazole and omeprazole, are extensively metab-
olized in the liver by cytochrome P450 2C19
(CYP2C19) genotype [Miki er al. 2003; Furuta
et al. 2010]. It has been reported that H. pylor:
eradication rates of different PPIs vary signifi-
cantly owing to CYP2C19 polymorphism: the
rate of eradication tends to decrease in ‘rapid
metabolizers’ because such individuals cannot
achieve sufficiently high plasma concentration of
PPIs to maintain high gastric pH during the
therapy [Sugimoto ez al. 2007].

Vonoprazan, a new H*/K+-ATPase inhibitor
Potassium-competitive acid blockers (PCABs)
inhibit acid secretion in gastric parietal cells by
competitively inhibiting the binding of potassium
ion to H*/K*-ATPase [Parsons er al. 2005].
PCABEs, including SCH280801, have been devel-
oped since the 1990s and have been clinically
tested [Mendlein ez al. 1990; Dent ez al. 2008].
However, in clinical trials, PCABs were shown to
be hepatotoxic and did not exhibit significant
superiority in acid suppression compared with
PPIs [Berg et al. 2008; Dent et al. 2008].

Vonoprazan (1-[5-(2-fluorophenyl)-1-(pyridin-
3-ylsulfonyl)-1H-pyrrol-3-yl]-N-methylmethan-
amin monofumarate, initially called TAK-438) is
a new PCAB that has been clinically available
since 2015 in Japan [Arikawa et al. 2012; Garnock-
Jones, 2015; Sakurai ez al. 2016a]. Vonoprazan is
a basic compound with pKa 9.06-9.3, which is
significantly higher than the pKas of conventional
PPIs (lansoprazole, pKa 3.8) and previously
developed PCABs (SCH280801, pKa 5.6) [Roche,
2006; Shin ez al. 2011; Scott et al. 2015; Takeda
Ltd, 2016]. The higher basicity of vonoprazan
compared with that of conventional PPIs enables
its concentration in low pH-secretory canaliculi.
In addition, vonoprazan dissociates slowly from
the H*/K*-ATPase [Hori et al. 2010; Scott ez al.
2015]. Other advantages of vonoprazan are that it
does not require acid activation [Hori ez al. 2010],
is rapidly absorbed in the intestine, and leads to
fast inhibition of acid secretion [Scott ez al. 2015]
[Figure 1(b)]. In addition, vonoprazan is more
stable at neutral pH compared with conventional
PPIs: the half maximal inhibitory concentration
(IC50) values at pH 7.5 were 66 and 0.028 uM for
a conventional PPI and vonoprazan, respectively,
in a study employing porcine H*/K*-ATPase
[Hori et al. 2010]. Plasma half life of 5.7 and 7 h
was reported for vonoprazan (20 mg) after a single
dose and on the seventh day of administration in
humans, respectively [Jenkins ez al. 2015; Takeda
Ltd, 2016], longer than the half life of conven-
tional PPIs (<2 h). Importantly, as vonoprazan is
mainly metabolized by CYP3A4, its acid inhibi-
tory effect is least influenced by CYP2C19 haplo-
types [Sakurai ez al. 2015]. These features allow
vonoprazan to exert rapid, strong, and stable inhi-
bition of H*/K*-ATPase. Vonoprazan increased
intragastric pH to over 4.0 within 4 h after the
first administration in humans [Jenkins ez al.
2015], creating conditions in which amoxicillin
and clarithromycin are stable [Erah ez al. 1997]. In
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(a) Conventional PPI
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Figure 1. Simplified schematic description: differences between ‘conventional’ proton-pump inhibitors
(PPIs) (a) and vonoprazan (b). (a) The H*/K*-ATPase is located on the secretary membrane of parietal cells
and maintains the acidity in the stomach. The enzyme is responsible for pumping H* ions out of the cells

into the canaliculi, in exchange for K*ions. Conventional PPIs are absorbed in the small intestine and
subsequently reach the gastric parietal cells where they are converted to their active forms upon acid
exposure, and covalently bind to the H*/K*-ATPase. Since conventional PPIs are unstable in canaliculi and are
rapidly degraded, they are not able to inhibit new proton pumps (PPs] that surface after administration of the
drug. Thus they require a few days to reach their maximum effect. (b) Vonoprazan, a potassium-competitive
acid blocker, does not require acid activation. Vonoprazan is rapidly absorbed in the small intestine and
accumulates in the canalicular membranes of parietal cells, binding to H*/K*-ATPase in a K*-competitive
manner. Vonoprazan is more stable than conventional PPIs in the canaliculi, allowing fast and stable inhibition

of gastric acid secretion.

addition, amoxicillin and clarithromycin are
growth-dependent antibiotics, exerting optimal
effects against H. pylori at pH 6-7. However,
lower pH values suppresses growth of H. pylori,
leading to antibiotic resistance [Hassan ez al. 1999;
Scott er al. 2015]. A recent study in humans
showed that intragastric pH greater than 5 holding
time ratio was 99% with vonoprazan at 20 mg
twice daily and 84% with esomeprazole at 20 mg
twice daily when administered for 7 days [Kagami

et al. 2016]. In the same study, the acid inhibitory
effect of vonoprazan was superior to that of esome-
prazole. As expected, the effect of vonoprazan was
not influenced by the CP2C19 genotype. Further,
a single administration of vonoprazan raised the
gastric pH to over 6 for several hours [Jenkins
et al. 2015]. Similar pharmacodynamics of vono-
prazan were reported in studies from Japan and
the UK [Jenkins et al. 2015]. Taken together,
these observations imply the improved potential
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of vonoprazan for eradicating H. pylori compared
with that of conventional PPIs, as discussed in the
next section.

Helicobacter pylori treatment with

vonoprazan

Published data on the efficacy and safety of vono-
prazan in treating H. pylori infection are still lim-
ited. An eradication regimen of 20 mg vonoprazan
+ 750 mg amoxicillin + 200 or 400 mg clarithro-
mycin, twice daily for 7 days, has been approved
and has been covered under health insurance for
first-line therapy in Japan since 2015. In a phase
III clinical study, Murakami and colleagues
observed an H. pylori eradication rate of 92.6%
with vonoprazan against a 75.9% rate with lanso-
prazole, as part of first-line therapy [Murakami
et al. 2016]. In addition, a retrospective study
showed that the eradication rate with vono-
prazan-based therapy was significantly higher
than the rate obtained with a lansoprazole-based
therapy in both an intention-to-treat analysis
(89.1% wersus 70.9%) and a per protocol analysis
(92.1% wersus 71.7%) [Suzuki er al. 2016].
Another study that retrospectively reviewed
the medical records of 573 patients with triple
therapy employing either rabeprazole (10 mg),
lansoprazole (30 mg), esomeprazole (20 mg),
or vonoprazan (20 mg) showed a superior eradi-
cation rate of vonoprazan compared with lanso-
prazole and rabeprazole (vonoprazan 83%,
lansoprazol 66%, and rabeprazole 67%; p <
0.01) [Shinozaki ez al. 2016]. However, in this
study, the eradication rates using esomeprazole
and vonoprazan did not differ significantly.
Nevertheless, vonoprazan showed better eradica-
tion rates in patients with gastric atrophy, a con-
dition with high risk for gastric cancer. As severe
gastric atrophy leads to decreased acid secretion,
the stability of vonoprazan at high pH might have
contributed to higher eradication rates in these
patients. Further clinical studies are required to
elucidate this point. In our single-centre study
involving 669 patients, H. pylor: eradication was
achieved in 614 patients (91.4%) [Fukuda ez al.
2016] using the vonoprazan-based triple regi-
men, a result comparable to previously reported
rates [Murakami er al. 2016]. Other recent
reports from Japan have also indicated H. pylor:
eradication rates ranging from 88% to 94% with
the government approved vonoprazan-based
first-line triple therapy [Matsumoto ez al. 2016;
Murayama ez al. 2016; Sue er al. 2016].

The efficacy of vonoprazan after H. pylori eradi-
cation failure with first-line treatment is largely
unknown. However, in the study by Murakami
and colleagues second-line triple therapy with
250 mg metronidazole + 750 mg amoxicillin
+ 20 mg vonoprazan, twice daily for 7 days
(approved and covered under health insurance in
Japan as second-line therapy), resulted in an
eradication rate of 98% (n = 50). Similarly, in our
latest study, a 100% eradication rate was achieved
using this second-line therapy (z = 95, 100%)
[Akazawa er al. in press]. Inaba and colleagues
investigated the effects of a 1-week treatment
with amoxicillin, clarithromycin, and vonoprazan,
following the failure of a first-line 1-week treat-
ment with amoxicillin, clarithromycin, and rabe-
prazole. The results of the study showed that, for
70.2% of the cases in which the rabeprazole-
based therapy had failed, eradication was achieved
with the vonoprazan-based therapy [Inaba ez al.
2016]. Interestingly, Murakami and colleagues
reported that, in Japanese patients carrying
clarithromycin-resistant H. pylor: strains, an 82%
eradication rate was achieved with first-line treat-
ment using clarithromycin, amoxicillin, and
vonoprazan compared with a 42% eradication
rate with clarithromycin, amoxicillin, and lanso-
prazole [Murakami ez al. 2016]. Why did the
vonoprazan-based treatment show a relatively
high eradication rate against clarithromycin-
resistant H. pylori? A plausible explanation is that,
since vonoprazan, amoxicillin, and clarithromy-
cin are metabolized by CYP3A4, a combined
treatment with these three drugs can delay their
clearance. In addition, the strong and fast-acting
acid inhibitory effect of vonoprazan allowed the
antibiotics, especially amoxicillin, to eradicate the
H. pylori. These possibilities raise a question: is
dual therapy with amoxicillin and vonoprazan
sufficient for H. pylori eradication? A very recent
1-week study with a small number of patients
implied this possibility. In the study, eradication
rates of 95% (n = 19/20) and 90% (n = 18/20)
were achieved with the dual therapy as first- and
second-line treatment, respectively. The regimen
used was 20 mg vonoprazan twice daily + 500 mg
amoxicillin three times a day [Furuta ez al. 2016].
Although this regimen required a higher dosing
frequency for amoxicillin, the three doses per day
exerted a sufficient effect. Further, administering
the dual treatment for longer periods (10 or 14
days) might result in even better H. pylori eradi-
cation outcomes [Graham, 2016]. Low H. pylor:
resistance to amoxicillin makes the suggested
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treatments promising. In addition, amoxicillin is
available worldwide and has been proven to be
relatively safe [Furuta er al. 2010]. Excluding
clarithromycin from H. pylori treatment regimens
would attenuate newly developing clarithromy-
cin-resistant H. pylori strains. This paradigm
should be examined carefully in a larger number
of patients and the effects of ethnicity should be
investigated.

According to literature and our experience with
1118 patients, adverse effects of vonoprazan
include erythema and gastrointestinal symptoms,
without any life-threatening events reported so far
[Jenkins ez al. 2015; Sakurai ez al. 2016b; Kamiya
et al. 2016]. During a randomized study on
erosive oesophagitis by Ashida and colleagues
treatment-emergent adverse events (TEAEs)
associated with a dose of up to 20 mg vonoprazan
which led to discontinuation of the drug were
comparable to those associated with 30 mg lanso-
prazole [Ashida ez al. 2016]. In addition, the
report by Murakami and colleagues showed a
comparable rate of overall TEAEs between lanso-
prazole and vonoprazan. The most frequent
adverse event was diarrhoea [Murakami ez al.
2016]. In our studies on H. pylori eradication in
the Japanese population using vonoprazan-based
therapies, the overall rate of grade 2 adverse
events was 2.1%. The side effects included diar-
rhoea, nausea and vomiting, constipation,
abdominal pain, skin rash, and heartburn
[Akazawa er al. in press]. One case of erythema
multiforme, which required oral steroid treat-
ment, has been reported during first-line treat-
ment with vonoprazan [Kamiya er al. 2016].
Another study reported a slightly higher rate of
skin rash in vonoprazan-treated patients com-
pared with patients treated with conventional
PPIs [Suzuki er al. 2016]. Nonetheless, caution
should be exercised when drugs metabolized by
CYP3A4 are coadministered with vonoprazan in
patients with liver diseases. Vonoprazan has been
reported to induce higher serum gastrin concen-
trations compared with conventional PPIs, with a
stronger feedback mechanism triggered by the
hypoacidity it causes reported as a possible cause
[Murakami ez al. 2016]. This phenomenon may
be more concerning in patients with endocrine
tumours who require long-term treatment [Jianu
et al. 2012]. In fact, serum gastrin levels after 8
weeks of therapy were not statistically different
between patients treated with vonoprazan and
conventional PPIs [Murayama ez al. 2016]. Taken
together, the data from our studies and other

reports show that the adverse effects of
vonoprazan-based therapies are comparable to
conventional PPI-based therapies. However,
long-term studies on the effects of vonoprazan are
required.

Conclusion

Although various strategies for eradicating H.
pylori focus on overcoming the increasing antibi-
otic resistance, studies have indicated that eradi-
cation failure can be largely overcome by
maintaining high pH levels in the stomach, which
can be achieved by the use of an efficient acid
blocker such as vonoprazan. Thus far, the data
available from various studies have shown vono-
prazan-based therapies to be efficient and safe for
the treatment of H. pylori infection.
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