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Abstract

Treatment for the eradication of Helicobacter pylori infection, a leading cause of peptic ulcer disease and an important risk
factor for gastric cancer and mucosa-associated lymphoid tissue lymphoma, is indicated whenever infection is identified.
However, treatment success rates with current guideline-recommended proton-pump inhibitor (PPI)-based regimens remain
suboptimal, with one potential factor associated with treatment failure being inadequate acid suppression. Vonoprazan
(Voquezna®) is a first-in-class potassium-competitive acid blocker with the potential to provide potent and sustained acid
suppression. Following clinical trials conducted mainly in Asia (supported by post-marketing experience from Asia) and
the phase III PHALCON-HP trial conducted in the USA and Europe, vonoprazan is now approved in the USA for use in
combination with amoxicillin (dual therapy) or amoxicillin and clarithromycin (triple therapy) for the treatment of H. pylori
infection in adults. The vonoprazan-based dual and triple therapy regimens were generally well tolerated in PHALCON-HP.
In addition, vonoprazan has advantages including a rapid onset of action and no food effect, making vonoprazan-based dual
and triple therapy regimens valuable alternatives to standard PPI-based triple therapy in the treatment of H. pylori infection.

Plain Language Summary

Infection with the bacterium Helicobacter pylori is a leading cause of peptic ulcer disease and has been identified as an
important risk factor for gastric cancer. Current recommended treatments for H. pylori infection generally involve a combina-
tion of antibiotics together with an acid suppressant, such as a proton-pump inhibitor (PPI). However, treatment success rates
with current guideline-recommended PPI-based regimens remain suboptimal. Vonoprazan (Voquezna®), from a new class
of drugs known as potassium-competitive acid blockers, has the potential to provide potent and sustained acid suppression.
Based on the findings of a pivotal trial (PHALCON-HP) conducted in the USA and Europe, vonoprazan is now approved
in the USA for the treatment of H. pylori infection in adults when used in combination with amoxicillin, or amoxicillin and
clarithromycin. Alongside the demonstrated efficacy and tolerability of the vonoprazan-based regimens, vonoprazan has a
rapid onset of action and can be taken with or without food. Thus, vonoprazan-based dual and triple therapy regimens present
valuable alternatives to standard PPI-based triple therapy in the treatment of H. pylori infection.
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1 Introduction

Helicobacter pylori infection, one of the most common
chronic bacterial infections worldwide, is a leading cause
of peptic ulcer disease [1, 2]. Furthermore, with H. pylori
infection being recognized as an important risk factor for
gastric cancer and mucosa-associated lymphoid tissue
(MALT) lymphoma, it is recommended that H. pylori be
eradicated whenever infection is identified [1, 2]. Recom-
mended first-line treatment options are bismuth-based
quadruple therapy [typically consisting of a proton-pump
inhibitor (PPI), bismuth, tetracycline, and metronidazole] for
10-14 days or triple therapy consisting of a PPI, clarithro-
mycin, and amoxicillin or metronidazole for 14 days [1, 2].
However, treatment success rates remain suboptimal, with
these regimens (particularly the triple therapy regimens)
commonly associated with eradication rates in the USA of
< 80% [3]. While antibiotic resistance and patient nonadher-
ence to treatment are the most common reasons for H. pylori
eradication failure [1, 3, 4], inadequate acid suppression has
also been associated with treatment failure [4]. In particular,
nocturnal acid breakthrough is a concern, with the duration
of nocturnal acid breakthrough found to significantly influ-
ence H. pylori eradication rates [5].

Studies investigating the role of acid suppression in the
treatment of H. pylori infection have indicated that profound
and sustained acid suppression is critical for successful treat-
ment [6, 7]. One study found that the time intragastric pH
was above pH 4 and the achievement of prolonged (con-
tinuous) periods with pH > 6 were significantly associated
with higher eradication rates [6]. Another study, in patients
treated with a PPI-based triple therapy regimen, found that
the median 24-h pH was significantly higher in patients with
successful eradication than in patients without eradication
[7]. Given these findings, more effective acid suppression
has been targeted as a potential way to improve eradication
rates in the treatment of H. pylori infection [8, 9]. Within
this context has come the development of potassium-com-
petitive acid blockers (PCABs) and evidence that agents in
this drug class are associated with more potent and sustained
acid suppression relative to PPIs [9—12].

Vonoprazan (Voquezna®), the first-in-class PCAB, has
been evaluated as part of combination regimens for the treat-
ment of H. pylori infection and received its first approval
in 2014, in Japan [13]. Based on the findings of the ran-
domized, active-controlled, phase III trial PHALCON-HP
trial conducted in the USA and Europe [14], and following
a reformulation to address an issue concerning trace levels of
nitrosamine impurities detected in early commercial batches,
vonoprazan is now approved in the USA for use in combina-
tion with amoxicillin, or amoxicillin and clarithromycin, for
the treatment of H. pylori infection in adults [15, 16]. This
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article reviews data on the efficacy, safety, and tolerability
of these vonoprazan-based triple and dual therapy regimens
in the treatment of H. pylori infection in adults, with a focus
on the US label. Pharmacologic data for vonoprazan are also
summarized. Vonoprazan has also been approved in the USA
for use (as monotherapy) for healing and maintenance of
healing and relief of heartburn associated with all grades of
erosive esophagitis in adults [16] and in other parts of the
world for other acid-related disorders; however, discussion
of the use of vonoprazan in these other indications is beyond
the scope of this article.

2 Pharmacodynamic Properties
of Vonoprazan

Vonoprazan is a potent inhibitor of the gastric proton pump
H*/K*-ATPase [16, 17]. It binds to H*/K*-ATPase in a non-
covalent and reversible manner, blocking potassium binding
through competitive inhibition. Through this action, vono-
prazan causes rapid, profound, and sustained suppression of
gastric acid secretion, resulting in an elevation in intragas-
tric pH [18]. The increase in intragastric pH improves the
stability of antibacterials used in the treatment of H. pylori
infection [8, 15]. In addition, the elevated intragastric pH
helps to promote H. pylori bacterial replication, increas-
ing the susceptibility of the bacteria to antibacterial agents
which require active bacterial growth for optimal effective-
ness [15, 19]. Of note, there is evidence that an external pH
in the narrow range of pH 6 to pH 7 is required for optimal
sensitivity of H. pylori to growth-dependent antibiotics such
as amoxicillin, clarithromycin, and tetracycline [20].
Vonoprazan binds H*/K*-ATPase with high affinity,
with reported K; values of 10 nmol/L [17] and 3 nmol/L
[21] at pH 7 and pH 6.5, respectively. Furthermore, vono-
prazan is able to bind the H*/K™-ATPase both when the
enzyme is in an active or inactive state [22]. Acid suppres-
sion caused by vonoprazan is dose-dependent, based on two
randomized, double-blind, placebo-controlled phase I trials
conducted in Japan and in the UK in healthy male subjects
who received vonoprazan 10-40 mg once daily for 7 days
[18]. Pharmacodynamic data were similar in the Japanese
and UK trials. Elevations in intragastric pH had a rapid onset
(occurring within 2-3 h after the first dose) and were main-
tained through the 24-h dosing interval. On day 7, mean
24-h intragastric pH > 5 holding time ratios (HTRs) with
vonoprazan 20 mg and 40 mg, respectively, were 73.2% and
98.6% in the Japanese study and 78.6% and 85.0% in the
UK study. Furthermore, mean night-time pH > 5 HTRs on
day 7 with the respective doses were 55.9% and 97.2% in the
Japanese study and 66.9% and 77.5% in the UK study [18].
In a separate study in healthy US subjects, the 24-h intra-
gastric pH > 6 HTR on day 7 was significantly (p < 0.0001)
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higher with vonoprazan 20 mg once daily (62.5%) than with
lansoprazole 30 mg once daily (16.4%) [12].

3 Pharmacokinetic Properties
of Vonoprazan

Vonoprazan has time-independent pharmacokinetics [16,
18]. Following oral administration, vonoprazan is rap-
idly absorbed, reaching maximum plasma concentrations
approximately 1-3 h post dosing. Based on clinical trials
with once-daily dosing in healthy subjects, vonoprazan
exposure is approximately dose-proportional over the dose
range of 10—40 mg, with steady-state concentrations reached
by day 3—4 [16, 18]. There is no clinically relevant food
effect on vonoprazan pharmacokinetics [23], and the drug
can be taken without regard to food [15, 16]. With twice-
daily dosing of vonoprazan 20 mg, mean steady-state plasma
exposure is approximately 1.8-fold higher than at day 1 [16].
At steady state with twice daily dosing, vonoprazan has an
apparent oral volume of distribution of 782.7 L. Plasma pro-
tein binding of vonoprazan is approximately 85-88% [16].

Vonoprazan undergoes extensive metabolism, with the
resulting metabolites having no pharmacologic activity
[16]. Based on in vitro studies, vonoprazan metabolism is
primarily mediated by CYP3A4, with CYP2B6, CYP2C9,
CYP2C19, CYP2D6, and sulfo- and glucuronosyl-trans-
ferases also involved [16, 24]. Vonoprazan has an elimi-
nation half-life of approximately 7 h [16]. Apparent oral
clearance at steady state with twice-daily dosing is 81.3 L/h.
Following oral administration of a radiolabeled dose of
vonoprazan, approximately 67% and 31% of the dose was
recovered in urine and feces, respectively, mostly as metabo-
lites [16].

There were no clinically significant differences in
vonoprazan pharmacokinetics based on sex, age (< 65 vs
> 65 years), race (Asian vs non-Asian), or CYP2C19 metab-
olizer status [16, 18, 25, 26].

3.1 Potential Drug Interactions

In an open-label, randomized, four-way crossover phase I
study in healthy male Japanese subjects, twice-daily admin-
istration of vonoprazan 20 mg with amoxicillin 750 mg and
clarithromycin 400 mg was associated with an 85% increase
in vonoprazan exposure and a 45% increase in clarithromy-
cin exposure [based on area under the plasma concentration-
time curve (AUC) from time 0 to 12 h (AUC,,,), but with no
effect on amoxicillin exposure, compared with administra-
tion of each component alone [27].

Noting the metabolism of vonoprazan by CYP3A4
(Sect. 3 above), strong or moderate CYP3A inducers may
decrease exposure of vonoprazan, potentially reducing its
efficacy [15, 16], with modeling suggesting an approxi-
mately 80% lower vonoprazan exposure when co-adminis-
tered with a strong CYP3A4 inducer (e.g., rifampicin) and
an approximately 50% lower vonoprazan exposure when
administered with a moderate CYP3A4 inducer (e.g., efa-
virenz) [28]; it is thus recommended that concomitant use
of strong or moderate CYP3A inducers with vonoprazan
be avoided [16]. Additionally, co-administration of CYP3A
inhibitors and vonoprazan has the potential to increase vono-
prazan exposure [15], as was observed in the phase I study
discussed above with co-administration of vonoprazan with
amoxicillin and clarithromycin (a strong CYP3A inhibitor)
[27]. Similarly, in an open-label, sequential design phase I
study in healthy male subjects, a single dose of vonoprazan
40 mg administered with clarithromycin 500 mg twice daily
for 7 days was associated with a 58% increase in vonoprazan
AUC from time 0 to infinity (AUC_ ) compared with vono-
prazan administered alone [29].

As a weak inhibitor of CYP3A, vonoprazan may also
increase the exposure of drugs metabolized by CYP3A4,
potentially increasing the risk of adverse events associated
with these drugs [15, 16, 30]. Furthermore, the potential
significance of this interaction is likely to be heightened with
co-administration of clarithromycin (a strong CYP3A inhibi-
tor), for example with use of vonoprazan, amoxicillin, and
clarithromycin triple therapy [15].

Based on in vitro studies, vonoprazan is a CYP2C19
inhibitor [15, 16]. Concomitant use of vonoprazan with
drugs that are substrates of CYP2C19 may affect the expo-
sure of the co-administered drugs [15, 16]. For example,
co-administration of vonoprazan with clopidogrel, which is
metabolized to its active metabolite in part by CYP2C19,
may reduce plasma concentrations of the clopidogrel active
metabolite, reducing its efficacy in platelet inhibition. Simi-
larly, co-administration with vonoprazan may increase expo-
sure of drugs that are substrates of CYP2C19 (e.g., citalo-
pram, cilostazol) [15, 16].

Due to its effects on intragastric pH (Sect. 2), vono-
prazan may cause alterations in the exposure of drugs that
are dependent on gastric pH for absorption (e.g., rilpiv-
irine, atazanavir, nelfinavir, erlotinib, dasatinib, nilotinib,
mycophenolate mofetil, ketoconazole, itraconazole), poten-
tially affecting their safety and/or effectiveness [15, 16]. The
reduction in intragastric acidity caused by vonoprazan also
leads to increases in chromogranin A levels, which could
cause false positive results in diagnostic tests for neuroen-
docrine tumors [15, 16].
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4 Therapeutic Efficacy of Vonoprazan

Early clinical trial data supporting the efficacy of vono-
prazan-based regimens in the treatment of H. pylori infec-
tion were derived from trials performed in Japan [31-36],
including a randomized, double-blind, phase III trial which
assessed the efficacy of a vonoprazan, amoxicillin, and
clarithromycin regimen versus lansoprazole, amoxicillin,
and clarithromycin triple therapy in 650 H. pylori-positive
patients with a history of gastric or duodenal ulcers [32]. To
support regulatory assessment by the US FDA, the efficacy
of vonoprazan-based dual and triple therapy regimens in the
treatment of H. pylori infection was subsequently evaluated
in the randomized, active-controlled, phase III PHALCON-
HP trial, conducted in the USA and Europe [14]. Given the
focus of this article on the use of vonoprazan according to
the US label (including use with the approved drug combina-
tions, doses, and treatment duration) (Sect. 6), this section
focuses on the PHALCON-HP trial.

4.1 PHALCON-HP Trial

The PHALCON-HP trial design is summarized in Fig. 1. In
the trial, 1046 treatment-naive adults with H. pylori infec-
tion were randomized 1:1:1 to open-label vonoprazan
dual therapy (vonoprazan 20 mg twice daily plus amoxi-
cillin 1000 mg three times daily), or double-blind vono-
prazan or lansoprazole triple therapy (vonoprazan 20 mg or

lansoprazole 30 mg, plus amoxicillin 1000 mg and clarithro-
mycin 500 mg) twice daily, with all study drugs adminis-
tered orally for 14 days [14]. Eligible patients had at least
one of the following clinical conditions: dyspepsia lasting
> 2 weeks; functional dyspepsia; a recent/new diagnosis of
nonbleeding peptic ulcer; history of peptic ulcer not pre-
viously treated for H. pylori infection; or requirement for
long-term, nonsteroidal, anti-inflammatory drug treatment
at a stable dose. The presence of H. pylori infection was
confirmed at screening by a positive '*C-urea breath test
(UBT). Exclusion criteria included: gastric cancer; gastric
or duodenal ulcer with current or recent bleeding; or clini-
cally significant gastrointestinal bleeding within the 4 weeks
preceding randomization [14].

In total, 992 patients (94.8% of all randomized patients)
were included in the full analysis set (FAS), composed
of all randomized patients who had H. pylori infection
confirmed by histology and/or culture from a biopsy
taken at baseline after a positive '>’C-UBT at screening
[14]. Demographics and baseline characteristics were
well balanced across the three treatment groups. In the
FAS, 41.5% of patients were from the USA and 58.5%
were from Europe (Bulgaria, Czech Republic, Hungary,
Poland, and the UK). For the vast majority (98.0%) of
patients, the qualifying clinical condition was dyspepsia
(either dyspepsia lasting > 2 weeks or confirmed func-
tional dyspepsia). Antibiotic resistance data were avail-
able for 293, 308, and 306 patients in the vonoprazan dual

Treatment-naive Primary and
} adults with H. pylori secondary

infection assessed Eligible pts randomized (n = 1046) to receive open-label vonoprazan dual therapy endpoints

for eligibility or double-blind triple therapy with vonoprazan or lansoprazole aSenach

(n = 3385) (week 6%)

|
Screening Randomized Treatment Period (14 days)
- - -
Vonoprazan + amoxicillin (n = 349) Primary endpoint:
H. pylori eradication
rate (% of pts)**
PHALCON-HP Vonoprazan + amoxicillin + clarithromycin (n = 349)

Fig.1 Trial design of the randomized, active-controlled, multi-
center, phase IIl PHALCON-HP trial in treatment-naive adults with
H. pylori infection [14] with further information available in Table 1.
Efficacy results are reported in the animated figure (available online).
BGD between-group difference, pts patients *Primary and second-
ary endpoints assessed at week 6 (4 weeks after the last dose of study
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Lansoprazole + amoxicillin + clarithromycin (n = 348)

Secondary endpoints (assessed
hierarchically in order shown):
H. pylori eradication rate in pts with
clarithromycin-resistant strains (% of pts)
H. pylori eradication rate in pts in the full

analysis set (% of pts)

drug), although due to operational challenges caused by the Covid-
19 pandemic, results obtained between 27 and 141 days after the last
dose were permitted to be included in the full analysis set. **Among
patients who, at baseline, were infected with H. pylori strains that
were not resistant to clarithromycin or amoxicillin
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Table 1 Efficacy of vonoprazan dual and triple therapy regimens in the treatment of Helicobacter pylori infection in the PHALCON-HP

trial [ ]

Patient population

Vonoprazan dual therapy

FAS patients without clarithromycin- or amoxicillin-
resistant strains®

FAS patients with a clarithromycin-resistant strain
All FAS patients

208/265 (78.5)°

39/56 (69.6)**
250/324 (77.2)*

H. pylori eradication rate [n/N (%)]

Vonoprazan triple therapy Lansoprazole

triple therapy

222/262 (84.7)° 201/255 (78.8)

48/73 (65.8)**
273/338 (80.8)**

23/72 (31.9)
226/330 (68.5)

See text for regimen details; the FAS included all randomized patients who had H. pylori infection confirmed by histology and/or culture

BGD between-group difference, FAS full analysis set
*p < 0.05, ¥*p < 0.001 vs lansoprazole triple therapy
*Primary endpoint analysis set

®BGD vs lansoprazole triple therapy = — 0.3% (95% CI — 7.4 to 6.8); non-inferiority demonstrated (p = 0.007)
“BGD vs lansoprazole triple therapy = 5.9% (95% CI — 0.8 to 12.6); non-inferiority demonstrated (p < 0.001)

therapy, triple therapy, and lansoprazole triple therapy
groups, respectively. Across the three groups, 19.1-23.7%
of patients had H. pylori strains that were resistant to
clarithromycin, 1.0-1.6% had strains that were resistant to
amoxicillin, and 67.2-71.2% had strains that were resist-
ant to metronidazole (with some patients having strains
that were resistant to more than one antibiotic). For effi-
cacy analyses, patients without antibiotic resistance data
were classed as having strains that were not resistant to
clarithromycin and amoxicillin [14].

Efficacy endpoints in PHALCON-HP centered on the
H. pylori eradication rate [14]. Eradication was based on a
negative I3C_UBT at test-of cure, with different endpoints
evaluating the treatment effect in different analysis popula-
tions. Under the original protocol, the test-of-cure visit was
set to be at week 6 (i.e., 4 weeks after the last dose of study
drugs). However, due to extensive operational challenges
caused by the COVID-19 global pandemic, the test-of-cure
visit window was modified, with data from 27-141 days
after the last dose of study drugs permitted for inclusion in
the efficacy analyses. Patients without a test-of-cure '*C-
UBT result were considered to be treatment failures (i.e.,
H. pylori infection not eradicated). Primary and secondary
endpoints in PHALCON-HP were analyzed hierarchically.
The primary endpoint was the H. pylori eradication rate
among patients infected with H. pylori strains at baseline
that were not resistant to clarithromycin or amoxicillin, with
assessment of the non-inferiority of the vonoprazan regi-
mens to lansoprazole triple therapy with a non-inferiority
margin of 10%. Predefined secondary endpoints evalu-
ated the H. pylori eradication rate firstly in patients with a
clarithromycin-resistant strain at baseline and secondly in
the overall (FAS) population, with assessment of the supe-
riority of the vonoprazan regimens to lansoprazole triple
therapy [14].

The primary endpoint was met in the PHALCON-HP
trial, with the vonoprazan dual and triple therapy regimens
both being non-inferior to lansoprazole triple therapy with
regard to H. pylori eradication rates in patients with strains
that were not resistant to clarithromycin or amoxicillin
(Table 1) [14]. In these patients, H. pylori eradication rates
with vonoprazan dual therapy, vonoprazan triple therapy,
and lansoprazole triple therapy, respectively, were 78.5%,
84.7%, and 78.8%; corresponding rates for the subset of
patients at US sites were 76.1%, 79.6%, and 78.4%. In the
secondary endpoint analyses, the vonoprazan dual and triple
therapy regimens were both superior to lansoprazole triple
therapy based on H. pylori eradication rates, both in patients
who had a clarithromycin-resistant H. pylori strain and in
the overall (FAS) population (Table 1). In addition, analy-
ses were performed where the primary and secondary end-
points were evaluated using the corresponding populations
in the per-protocol set, with criteria for the per-protocol set
including having taken > 75% of each study drug and hav-
ing a ">C-UBT result from a test-of -cure visit between 28
and 56 days after the end of treatment. The findings from
these per-protocol analyses were consistent with the findings
based on the FAS populations [14].

5 Tolerability of Vonoprazan

Vonoprazan, used in combination with amoxicillin with
or without clarithromycin, is generally well tolerated in
adults with H. pylori infection. In the PHALCON-HP trial
(Sect. 4), treatment-emergent adverse events (TEAEs)
were reported in 29.9%, 34.1%, and 34.5% of patients
in the vonoprazan dual therapy, vonoprazan triple ther-
apy, and lansoprazole triple therapy groups, respectively
[14]. In all groups, most TEAEs were mild to moderate
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in severity. TEAESs occurring in > 2% of patients in either
of the vonoprazan-based therapy groups included diar-
rhea, dysgeusia, headache, mycotic vulvovaginal infection,
SAR-CoV-2 infection, hypertension, and nasopharyngitis
(Fig. 2). Serious TEAEs were uncommon, occurring in
1.4%, 1.7%, and 0.9% of patients in the vonoprazan dual
therapy, vonoprazan triple therapy, and lansoprazole triple
therapy groups, respectively; no serious TEAEs were con-
sidered to be treatment related. In the respective groups,
three (0.9%), eight (2.3%), and four (1.2%) patients experi-
enced TEAEs leading to treatment discontinuation. Three
patients died during the trial, one in each of the vonoprazan
and lansoprazole triple therapy groups due to COVID-19,
and one in the vonoprazan triple therapy group from sudden
cardiac arrest [14].

Acute tubulointerstitial nephritis has also been reported
during treatment with vonoprazan [16]. Other adverse
events that have been reported in post-marketing surveil-
lance in patients receiving vonoprazan (outside of the
USA) include anaphylactic shock, urticaria, drug eruption,
hepatic injury, hepatic failure, jaundice, erythema multi-
forme, Stevens-Johnson syndrome, and toxic epidermal
necrolysis; however the frequency of such events or any
causal relationship to vonoprazan has not been established
[15].

Diarrhea

I
Dysgeusia __‘

Headache

Mycotic vulvovaginal

infection
SARS-CoV-2 infection |:| Vonoprazan dual therapy
(n=348)
Hypertension [l Vonoprazan triple therapy
(n =346)
- Lansoprazole triple therapy

Nasopharyngitis

phanvne (n = 345)
Nausea
Abdominal pain upper
Vomiting

0 2 4 6 8 10

Incidence (% of patients)

Fig.2 Treatment-emergent adverse events occurring in >2% of
patients in any treatment group in the phase III PHALCON-HP trial
[14].
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6 Dosage and Administration
of Vonoprazan

Vonoprazan is approved in the USA for use in combina-
tion with amoxicillin, or amoxicillin and clarithromycin,
for the treatment of H. pylori infection in adults [15, 16].
The recommended dosage for the dual therapy regimen is
vonoprazan 20 mg twice daily and amoxicillin 1000 mg
three times daily for 14 days. The recommended dosage
for the triple therapy regimen is vonoprazan 20 mg, amoxi-
cillin 1000 mg, and clarithromycin 500 mg, each given
twice daily for 14 days. Both the dual and triple therapy
regimens are also available as US FDA-approved co-pack-
aged products (Voquezna® Dual Pak® and Voquezna® Tri-
ple Pak®, respectively), with the drugs supplied with the
recommended dosages [15]. For both regimens, all com-
ponents are to be taken orally and can be taken with or
without food [15, 16]. No dosage adjustments are recom-
mended for either regimen in patients with mild to mod-
erate renal impairment (estimated GFR > 30 mL/min)
or mild hepatic impairment (Child-Pugh Class A). Nei-
ther regimen should be used in patients with severe renal
impairment (estimated GFR < 30 mL/min) or with mod-
erate to severe hepatic impairment (Child-Pugh Class B
or C). Breastfeeding is not recommended during treatment
with either of the vonoprazan-based regimens [15, 16],
although breast milk can be pumped and discarded during
and for 2 days after treatment with either regimen [15].

Both regimens are contraindicated with concomitant use
of rilpivirine-containing products, and in patients with a
known hypersensitivity to vonoprazan, amoxicillin, or other
B-lactam antibacterials; the triple therapy regimen is addi-
tionally contraindicated in patients with a known hypersen-
sitivity to clarithromycin or other macrolide antibacterials
[15, 16].

Local prescribing information should be consulted for full
details on the administration of the vonoprazan-based dual
and triple therapy regimens, including further information
on warnings and precautions, potential adverse reactions,
potential drug interactions, use in specific populations, and
contraindications associated with the antibacterial compo-
nents of the regimens.

7 Place of Vonoprazan in the Management
of H. pylori Infection

Noting the established association of H. pylori infection
with serious disease (including gastric cancer and MALT
lymphoma), there is consensus that treatment targeting
H. pylori eradication is indicated in all patients in whom
active H. pylori infection is identified (Sect. 1) [1, 2].
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The efficacy of vonoprazan-based regimens in the treatment
of H. pylori infection has been demonstrated across a range of
clinical trials conducted in Japan [31-36] and other parts of
Asia [37-41]. Furthermore, several meta-analyses have been
performed (primarily based on data from studies in Asia),
generally showing favorable eradication rates for vonoprazan-
based over PPI-based regimens [42—47]. The PHALCON-HP
trial (Sect. 4.1) was conducted to further evaluate the effi-
cacy of two vonoprazan-based regimens in the treatment of
H. pylori infection in Western populations, with the aim to
support regulatory assessment by the US FDA, in particular
noting that factors such as differences in antibiotic resistance
rates across geographic areas as well as potential differences
in drug pharmacokinetics across different populations have
the potential to influence trial findings and risk-benefit assess-
ments [1, 2]. In the PHALCON-HP trial, both the vonoprazan-
based dual and triple therapy regimens were non-inferior to
PPI-based triple therapy in patients infected with H. pylori
strains that were not resistant to clarithromycin or amoxicillin
and were superior to PPI-based triple therapy in patients with
clarithromycin-resistant strains and in the overall study popu-
lation [14]. Although superior to the PPI-based triple therapy
regimen in the overall population, the eradication rates with
the vonoprazan-based regimens remained below 90% [14], a
threshold which is considered a target for empirical treatment
[48]. Indeed, one limitation of the PHALCON-HP trial was
that the comparator regimen (i.e., lansoprazole-based triple
therapy) is not considered the standard-of-care when suscepti-
bility information is unavailable or when clarithromycin resist-
ance has been identified, with a bismuth-based quadruple ther-
apy regimen generally recommended in these circumstances
[2, 49]. Despite this limitation, and accepting that the trial was
primarily designed to assess the impact of the acid suppression
component of the regimen (i.e., vonoprazan versus the PPI lan-
soprazole), the superiority of the vonoprazan-based regimens
over the PPI-based triple therapy regimen in the overall trial
population supports the proposition that the enhanced gastric
acid suppression provided by vonoprazan can improve the
effectiveness of antibiotics used for H. pylori eradication [14].

While noting that the PHALCON-HP trial was not
designed to compare the vonoprazan-based dual and triple
therapy regimens with each other, the two vonoprazan-
based regimens displayed similar eradication rates in all
key efficacy outcomes investigated in the trial (Table 1),
suggesting that using dual therapy (with high-dose amoxi-
cillin) over triple therapy may be appropriate in some situ-
ations. Further study will be required to more precisely
determine the relative roles of the vonoprazan-based dual
and triple therapy regimens, although a dual therapy regi-
men (with high-dose amoxicillin) does have some poten-
tial advantages over triple (or quadruple) therapy regi-
mens, including greater simplicity for patients, a lower
potential for drug interactions and/or adverse events, and

benefits in terms of antibiotic stewardship [36]. Indeed,
one of the key potential benefits that the more effective
acid suppression of PCABs over PPIs could provide is the
possibility to achieve high eradication rates with simpler
regimens (e.g., dual rather than triple therapy regimens)
[9]. Further study in this area will be of interest.

Both of the US FDA-approved vonoprazan-based regimens
for the treatment of H. pylori infection in adults (i.e., as were
used in the PHALCON-HP trial) are 14-day regimens [15, 16],
aligning with guideline recommendations supporting 14-day
regimens over shorter courses, with evidence that longer
courses are associated with higher treatment success rates [1,
2, 4]. The vonoprazan dual and triple therapy regimens were
generally well tolerated in the PHALCON-HP trial (Sect. 5),
with most TEAEs reported with the regimens being of mild to
moderate severity [14]. There were no treatment-related seri-
ous TEAEs reported during the trial.

In summary, the demonstrated superiority of the vono-
prazan-based regimens over the PPI-based triple therapy
regimen in the overall (FAS) population in PHALCON-HP
provides good support for a role for vonoprazan-based regi-
mens in the treatment of H. pylori infection. Alongside the
demonstrated efficacy and tolerability of the vonoprazan-based
dual and triple therapy regimens, vonoprazan has several
advantageous pharmacodynamic (Sect. 2) and/or pharma-
cokinetic (Sect. 3) properties. Vonoprazan has a rapid onset
of action and provides potent and sustained acid suppression;
its pharmacokinetics are not affected to any clinically relevant
extent by CYP2C19 polymorphisms; and it can be taken with-
out regard to food. In conclusion, collectively these findings
suggest that vonoprazan-based dual and triple therapy regi-
mens present valuable alternatives to standard PPI-based triple
therapy in the treatment of H. pylori infection in adults.

Data Selection Vonoprazan: 291 records identified

Duplicates removed 4

Excluded during initial screening (e.g., press releases; 150
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g., reviews; duplicate data; 88
small patient number; nonrandomized/phase I/II trials)

Cited efficacy/tolerability articles 17
Cited articles not efficacy/tolerability 32

Search Strategy: EMBASE, MEDLINE and PubMed from 1946
to present. Clinical trial registries/databases and websites were
also searched for relevant data. Key words were: Vonoprazan,
Takecab, TAK-438, Vonopion, Vonosap, Voquezna, Helicobac-
ter pylori. Records were limited to those in English language.
Searches last updated 18 Dec 2023.
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40265-023-01991-5.
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