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ORIGINAL ARTICLE

Vonoprazan, a novel potassium-competitive acid
blocker, as a component of first-line and second-line
triple therapy for Helicobacter pylori eradication:

a phase lll, randomised, double-blind study

Kazunari Murakami," Yuuichi Sakurai,> Madoka Shiino,? Nobuo Funao,?

Akira Nishimura,? Masahiro Asaka®

ABSTRACT

Objective The objective of this study was to assess the
efficacy, safety and tolerability of vonoprazan, a novel
potassium-competitive acid blocker, as a component of
Helicobacter pylori eradication therapy.

Design A randomised, double-blind, multicentre,
parallel-group study was conducted to verify the non-
inferiority of vonoprazan 20 mg to lansoprazole 30 mg
as part of first-line triple therapy (with amoxicillin

750 mg and clarithromycin 200 or 400 mg) in H pylori-
positive patients with gastric or duodenal ulcer history.
The first 50 patients failing first-line therapy with good
compliance also received second-line vonoprazan-based
triple therapy (with amoxicillin 750 mg and
metronidazole 250 mg) as an open-label treatment.
Results Of the 650 subjects randomly allocated to
either first-line triple therapy, 641 subjects completed
first-line therapy and 50 subjects completed second-line
therapy. The first-line eradication rate (primary end
point) was 92.6% (95% Cl 89.2% to 95.2%) with
vonoprazan versus 75.9% (95% Cl 70.9% to 80.5%)
with lansoprazole, with the difference being 16.7%
(95% CI 11.2% to 22.1%) in favour of vonoprazan,
thus confirming the non-inferiority of vonoprazan
(p<0.0001). The second-line eradication rate (secondary
end point) was also high (98.0%; 95% Cl 89.4% to
99.9%) in those who received second-line therapy
(n=50). Both first-line triple therapies were well tolerated
with no notable differences. Second-line triple therapy
was also well tolerated.

Conclusion Vonoprazan is effective as part of first-line
triple therapy and as part of second-line triple therapy in
H pylori-positive patients with a history of gastric or
duodenal ulcer.

Trial registration number NCT01505127.

INTRODUCTION
Helicobacter pylori are shown to be present in
approximately 50% of the adult population and
associated with a variety of upper GI diseases,
including chronic gastritis, peptic ulcer disease,
gastric mucosa-associated lymphoid tissue lymph-
oma and gastric cancer,' which place an enor-
mous cost burden on healthcare resources due to
their high prevalence and chronic nature.*

For H pylori eradication, the most widely pre-
scribed regimen comprises triple therapy with a

Significance of this study

What is already known on this subject?

» Helicobacter pylori, which are shown to be
present in approximately 50% of the adult
population, are associated with a wide array of
Gl diseases, including peptic ulcer, gastric
mucosa-associated lymphoid tissue lymphoma
and gastric cancer, thus placing an enormous
burden on the healthcare resources.

» Proton pump inhibitor (PPI)-based triple therapy
has remained the mainstay of therapy for H
pylori eradication. However, the H pylori
eradication rate with PPIl-based triple therapy has
fallen from >90% in the 1990s to current levels
of <70% partly due to the increasing resistance
to the antimicrobials used, suggesting the need
for new options and approaches for H pylori
eradication.

What are the new findings?

» Vonoprazan, a novel potassium-competitive acid
blocker, has been shown in this phase IlI
randomised, double-blind study to be
non-inferior to the PPI lansoprazole (H pylori
eradication rate: vonoprazan, 92.6%;
lansoprazole, 75.9%) as a component of
first-line triple therapy with amoxicillin and
clarithromycin for H pylori eradication.

» Vonoprazan has also been shown to be highly
effective as a component of second-line triple
therapy with amoxicillin and metronidazole in
patients failing vonoprazan-based or
lansoprazole-based first-line triple therapy (H
pylori eradication rate, 98.0%)

How might it impact on clinical practice in

the foreseeable future?

» Given the increasing resistance to clarithromycin
and/or metronidazole and the declining rates of
clinical response to PPI-based triple therapy that
have become a globally compelling issue,
vonoprazan may represent a novel option as a
component of triple therapy for H pylori
eradication.

» Vonoprazan-based triple therapy may be more
effective for H pylori eradication than sequential,
quadruple or long-term therapy.
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proton pump inhibitor (PPI) plus amoxicillin (AMX) and clari-
thromycin (CLR) or metronidazole (MTZ), which is recom-
mended by most consensus guidelines.”® However, the H
pylori eradication rate with triple therapy has fallen from >90%
in the 1990s to current levels of <70%, which may be
accounted for in part by the increasing resistance of H pylori to
CLR and/or MTZ.”™'! In Japan, a S-year nationwide surveil-
lance programme conducted in 2002 reported an increasing
prevalence of CLR-resistant strains of H pylori,'*> suggesting
that this is a major factor contributing to the decline in H pylori
eradication rates with triple therapy.'

Vonoprazan is a novel oral potassium-competitive acid
blocker which, like PPIs, inhibits gastric H", K*-ATPase, an
enzyme that catalyses the final step in the gastric acid secretion
pathway.'* However, unlike the PPIs, vonoprazan inhibits the
enzyme in a K'-competitive and reversible manner.'®
Furthermore, vonoprazan (pKa 9.4) is shown to accumulate in
parietal cells'® '” with its acid-inhibitory effect largely
unaffected by ambient pH. In preclinical studies, vonoprazan
produced more potent and sustained acid-inhibitory effects as
well as greater increases in gastric pH than lansoprazole as it
accumulated in high concentrations and became slowly cleared
from gastric glands."*™'” In healthy volunteers, single doses of
vonoprazan (1-120 mg) were well tolerated and produced
rapid, profound and dose-related 24 h acid-inhibitory effects,'®
with these effects maintained with multiple dosing (10-40 mg/
day) over 7 days.'"” Again, in a phase II dose-ranging study,
vonoprazan (5-40 mg/day) produced healing rates comparable
with those of lansoprazole (30 mg/day) in subjects with endo-
scopically confirmed erosive esophagitis over an 8-week
period.?°

Given its stronger acid-inhibitory effects, vonoprazan is thus
expected to be at least as effective as PPIs as part of H pylori
eradication regimens. This study was therefore conducted to
determine whether triple therapy with vonoprazan (in combin-
ation with AMX and CLR) was as effective as one of the
approved first-line triple therapies (lansoprazole/AMX/CLR) for
H pylori eradication.

METHODS
Study design
This was a phase III, randomised, double-blind, multicentre,
parallel-group comparative study designed to verify the non-
inferiority of vonoprazan/AMX/CLR (hereafter vonoprazan-
based first-line triple therapy) to lansoprazole/AMX/CLR (here-
after lansoprazole-based first-line triple therapy) as first-line
triple-therapy for H pylori-positive patients with gastric or duo-
denal ulcer history. Both first-line triple therapies were evaluated
for safety, and second-line triple therapy with vonoprazan/
AMX/MTZ (hereafter vonoprazan-based second-line triple
therapy) as an open-label treatment was evaluated for efficacy
and safety in the first 50 subjects who failed their allocated
vonoprazan-based or lansoprazole-based first-line triple therapy.
The study was conducted at 46 sites in Japan between
February 2012 and June 2013 in accordance with the
Declaration of Helsinki, the ICH Harmonized Tripartite
Guideline for Good Clinical Practice and all Japanese regulatory
requirements and was registered at ClinicalTrials.gov with the
identifier NCT01505127. The protocol was approved by the
institutional review board at each study site.

Subjects
Male or female H pylori-positive patients aged >20 years with
gastric or duodenal ulcer history were eligible for inclusion in

the study. The presence of H pylori was confirmed by one or
more of the following methodologies before treatment: the
rapid urease test, culture, the '*C-urea breath test and/or the
stool H pylori antigen test. The main exclusion criteria included
acute upper GI bleeding, active gastric or duodenal ulcers, acute
gastric or duodenal mucosal lesions, previous H pylori eradica-
tion therapy, surgery which might affect gastric acid secretion
(upper GI resection or vagotomy), Zollinger-Ellison syndrome
or other gastric acid hypersecretion disorders, serious neuro-
logical, cardiovascular, pulmonary, hepatic, renal, metabolic, GI,
urological, endocrinological or haematological disorders, need
for surgery, history of drug (including alcohol) abuse, history of
malignancy and female subjects who were pregnant or lactating.
Any sexually active female of childbearing potential was
required to use adequate contraceptive measures. All subjects
provided written informed consent prior to study participation.

Treatment

Subjects were randomised in a 1:1:1:1 ratio to receive first-line
triple therapy with vonoprazan 20 mg or lansoprazole 30 mg in
combination with AMX 750 mg plus CLR 200 or 400 mg. The
four treatments were compared in the analyses as two treatment
groups (the vonoprazan group vs the lansoprazole group),
where subjects randomly allocated to either of the two approved
doses of CLR (200 and 400 mg) available in Japan were com-
bined, because the CLR dosage has been shown not to affect
the H pylori eradication rate.*' Independent randomisation per-
sonnel generated the randomisation table and managed the ran-
domisation process. A double-dummy method involving
matched vonoprazan placebo tablets and lansoprazole placebo
capsules was employed to ensure that the double-blind condi-
tions were maintained in the study to avoid potential bias. The
first 50 subjects who failed their allocated vonoprazan-based or
lansoprazole-based first-line triple therapy but who also had
good compliance received second-line triple therapy with vono-
prazan 20 mg (in combination with AMX 750 mg and MTZ
250 mg) as an open-label treatment. All treatments were admi-
nistered orally twice daily for 7 days and the subjects were then
followed up for an additional >4 weeks and evaluated for H
pylori status (figure 1).

Treatment duration and antimicrobial dosages were deter-
mined according to the approved indication in Japan for triple
therapy involving PPIs for first-line and second-line H pylori
eradication.

Procedures

At the start of the study, the demographics and characteristics of
the subjects were recorded, including medication history, con-
comitant medications and pretreatment adverse events. Subject
eligibility was also confirmed. In addition, physical examina-
tions, vital signs assessments, clinical laboratory tests (haematol-
ogy, serum chemistry and urinalysis), electrocardiogram and
endoscopy were performed to determine the status of gastric or
duodenal ulceration; antimicrobial susceptibility testing (stand-
ard agar plate dilution method) was also conducted to investi-
gate levels of resistance of H pylori to the antimicrobial drugs
being administered.

At the end of the first-line eradication therapy, physical exami-
nations, vital signs assessments, electrocardiogram, clinical
laboratory tests and cytochrome P450 (CYP) 2C19 genotyping
tests were performed. H pylori eradication was determined by
13C-urea breath tests with UBIT 100 mg tablets (Otsuka
Pharmaceutical Co., Ltd.) wusing a cut-off of 2.5%.
Treatment-emergent adverse events (TEAEs) and concomitant
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First-line Eradication Phase Second-line Eradication Phase
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(7 days) (at least 28 days) (7 days) (at least 28 days)
VISIT 1 VISIT 2 VISIT 3
[ visiTAL | VISIT A-2 VISIT A3
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[ A A
(within 28 days)
_ Eradication Eradication
Randomisation
Assessment Assessment

Figure 1

Flow diagram showing the study design. ®As part of triple therapy in combination with AMX and CLR. PAs part of triple therapy in

combination with AMX and MTZ. AMX, amoxicillin; CLR, clarithromycin; LPZ, lansoprazole; MTZ, metronidazole; VPZ, vonoprazan.

medications were monitored throughout the study. All TEAEs
including their severity and causality, as well as those leading to
study drug discontinuation and serious TEAEs were descrip-
tively summarised and categorised in terms of System Organ
Class and Preferred Term by treatment group in the safety ana-
lysis set (all subjects who received at least one dose of the study
drug). Treatment compliance was assessed using patient diaries.
All assessments except for the CYP2C19 genotyping test were
also performed in those receiving second-line eradication
therapy.

The primary end point for the study was the first-line H
pylori eradication rate. The secondary end point was the
second-line H pylori eradication rate among those who failed
first-line eradication therapy. Given that the acid-inhibitory
effect of lansoprazole is affected by CYP2C19,%* and the success
of eradication therapy is affected by the susceptibility of H
pylori to the antimicrobials used,*® pre-planned subgroup ana-
lyses were performed by CYP2C19 genotype and by minimum
inhibitory concentration (MIC) of CLR and AMX to compare
the relative effects of vonoprazan and lansoprazole.

Sample size, statistical analyses and interim analysis

While no data on H pylori eradication rates with first-line triple
therapy with vonoprazan were available at the time that this
study was started, preclinical testing demonstrated that vonopra-
zan produced more potent acid-inhibitory effects than lansopra-
zole,’>17 suggesting that vonoprazan-based first-line triple
therapy should be as effective as lansoprazole-based first-line
triple therapy for H pylori eradication. Indeed, it was agreed
during consultation with the regulatory authorities that this
study, whose primary objective was to demonstrate non-
inferiority between the two treatments, was sufficient to support
the new drug application for vonoprazan treatment for H pylori
eradication in Japan. The sample size was therefore calculated
relative to that in a previous phase III study of lansoprazole-
based triple therapy®! conducted by Takeda Pharmaceutical
Company Ltd. To ensure an eradication rate of 90%, the
protocol-defined sample size was determined as 200 subjects per
treatment group (the vonoprazan group and the lansoprazole
group) to have a >90% power to detect the non-inferiority of
vonoprazan to lansoprazole with a non-inferiority margin of
10% using the Farrington and Manning test.** Taking into
account possible dropouts (approximately 10% of subjects) after
randomisation, a total of 220 subjects were targeted for recruit-
ment for each treatment group. However, at the time that the

study was initiated, it was clear that the H pylori eradication
rates with first-line triple therapy were declining, particularly
due to the increasing prevalence of CLR-resistant strains in
Japan, which had risen to around 30%.% ' Consequently, to
ensure that the statistical power of the study was maintained, a
blinded interim analysis was included in the protocol to ascer-
tain the pooled first-line H pylori eradication rate with *C-urea
breath tests performed in approximately 200 consecutive sub-
jects before unblinding of the treatment. According to the
interim estimate of the first-line H pylori eradication rate,
81.6%, the target number of subjects required for the primary
end point was determined to be 318 per treatment group, and
the target number of subjects to be randomised was increased to
324 per treatment group (allowing for a 2% dropout rate). The
sample size was recalculated in a blinded fashion and was
thought unlikely to impact on the type I error rate.”® With an
assumed pooled eradication rate of 90% and the original sample
size of 440, it was estimated that there would be at least 44 sub-
jects failing their allocated vonoprazan-based or lansoprazole-
based first-line triple therapy. Thus, in the protocol, 50 subjects
were targeted for the second-line eradication phase.

For the primary and secondary end points, frequency, point
estimates and two-sided 95% Cls were calculated by treatment
group for the full analysis set (FAS; all randomised subjects who
received at least one dose of the study drug). The non-
inferiority of vonoprazan-based first-line triple therapy to
lansoprazole-based first-line triple therapy was evaluated for the
primary end point using the Farrington and Manning test with a
non-inferiority margin of 10%.>* A x> test (with Yates’s continu-
ity correction) of the difference between treatments was also
performed as a post hoc analysis for the primary end point
including subgroup analyses. A multivariate logistic regression
analysis was also performed. The dependent variable was H
pylori eradication rate, and the independent variables were age,
gender, CLR dose, CYP2C19 genotype, CLR resistance and
AMX resistance.

RESULTS

Baseline characteristics

Of the 826 subjects who gave written informed consent, 650
eligible subjects were randomly allocated to receive triple
therapy with vonoprazan (n=329) or lansoprazole (n=321)
(figure 2). A total of 641 subjects completed first-line eradica-
tion triple therapy. Of all subjects failing first-line therapy, the
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Figure 2 CONSORT flow diagram
showing progression through trial. AE,
adverse event; CLR, clarithromycin;
LPZ, lansoprazole; VPZ, vonoprazan.

} Assessed for eligibility (n = 826) ‘

Excluded (n =176)

¢ Loss to follow-up (n=1)

#Voluntary withdrawals (n = 19)

# Failure to meet entrance criteria (n = 151)
#Other (n=5)

Randomised (n = 650)

Allocated to VPZ (n = 329)
¢ Allocated to CLR 200 mg (n = 168)
¢ Allocated to CLR 400 mg (n = 161)

Allocated to LPZ (n = 321)
¢ Allocated to CLR 200 mg (n = 164)
¢ Allocated to CLR 400 mg (n = 157)

Withdrawals (n = 6)
®AEs (n=3)

Completed first-line eradication therapy (n = 323)

# Protocol deviation (n = 2)
¢ Abnormal laboratory test values (n =1)

Completed first-line eradication therapy (n = 318)
Withdrawals (n = 3)

®AEs (n=2)

#Protocol deviation (n=1)

Analysed first-line eradication rate (n = 324)
Excluded from analysis (n = 5)
# Missing urea breath test data (n =5)

Analysed first-line eradication rate (n = 320)
Excluded from analysis (n = 1)
¢ Missing urea breath test data (n=1)

therapy (n = 14)
Excluded (n = 307)

Subjects receiving second-line eradication

# Successful eradication (n =299)
# Excess of accrual goals (n = 8)

Subjects receiving second-line eradication
therapy (n = 36)

Excluded (n = 281)

#Successful eradication (n = 241)

# Excess of accrual goals (n = 39)
#Voluntary withdrawals (n = 1)

Analysed second-line eradication rate (n = 14)
Excluded from analysis (n = 0)

Analysed second-line eradication rate (n = 36)
Excluded from analysis (n = 0)

first consecutive 50 subjects received and completed second-line
triple therapy (figure 2).

Demographic and other baseline characteristics in the vono-
prazan and lansoprazole groups are summarised in table 1. No
major differences were found between the treatment groups.
Treatment compliance was high (>98%) during first-line and
second-line eradication therapies.

Efficacy

The first-line eradication rate (primary end point) was 92.6%
in the vonoprazan group vs 75.9% in the lansoprazole group
(figure 3), with the difference between the treatment groups
(vonoprazan—lansoprazole) being 16.7% (95% CI 11.2% to
22.1%). Thus, vonoprazan was shown to be non-inferior to lan-
soprazole in the FAS with a non-inferiority margin of 10%
(p<0.0001). The 95% CI suggested a statistically significant dif-
ference in favour of vonoprazan. A post hoc statistical test was
also performed and the result (p<0.0001) corroborated the
findings drawn from the 95% CI in the primary analysis. The
second-line eradication rate (secondary end point) was also high
(98.0%) (figure 3).

Post hoc analyses performed without adjustment for multipli-
city demonstrated that first-line eradication rates were signifi-
cantly higher with vonoprazan than those with lansoprazole in
the following subgroups: those aged <635 years; men; women;
those who received CLR 200 mg; those who received CLR
400 mg; CYP2C19 extensive metabolisers; those infected with

AMX-susceptible strains (MIC <0.03 pg/mL); those infected
with AMX-resistant strains (MIC >0.03 ug/mL) and those
infected with CLR-resistant strains (MIC >1 pg/mL)*® (figure 4).
The H pylori eradication rate was lower in those patients
infected with CLR-resistant strains compared with those infected
with CLR-susceptible or CLR-intermediate strains (MIC
<0.5 pg/mL) in both groups.>® However, the eradication rate was
significantly higher with vonoprazan compared with lansopra-
zole in those patients infected with CLR-resistant strains (82.0%
vs 40.0%; p<0.0001; see also online supplementary table S1).

Additionally, multivariate logistic regression analysis showed
that gender, CLR dose and CYP2C19 genotype had no signifi-
cant effect on the eradication rate; CLR resistance has a signifi-
cant negative impact (OR, 0.04; 95% CI 0.02 to 0.07) and
AMX resistance had a slight but significant negative impact
(OR, 0.49; 95% CI 0.27 to 0.89) on the eradication rate, while
advancing age had a slight but significant positive impact (OR,
2.26;95% CI 1.18 to 4.34) on the eradication rate.

Safety

During the first-line eradication phase, the overall incidence of
TEAEs was 34.0% in the vonoprazan group compared with
41.1% in the lansoprazole group (20.4% vs 24.6% for
drug-related TEAEs, respectively). The incidence of TEAEs,
drug-related TEAEs, TEAEs leading to study drug discontinu-
ation and serious TEAEs were comparable between the treat-
ment groups (table 2). TEAEs occurring in >2% of subjects
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Table 1 Demographic and baseline characteristics (randomised
set)
First-line triple therapy frei;?emtil;trr‘:py
VPZ/AMX/CLR  LPZ/AMX/CLR  VPZ/AMX/MTZ

Characteristic (n=329) (n=321)* (n=50)t
Age (years) 55.2+12.3 53.9+12.9 53.0+11.9
Gender

Male 196 (59.6) 194 (60.4) 25 (50.0)

Female 133 (40.4) 127 (39.6) 25 (50.0)
Height (cm) 163.5+8.8 164.8+9.1 162.4+9.4
Weight (kg) 62.2+12.4 61.5+11.5 60.7+11.2
AMX susceptibility

Susceptible 237 (72.0) 228 (71.3) 29 (59.2)

(MIC<0.03 pg/mL)

Resistant 72 (21.9) 73 (22.8) 20 (40.8)

(MIC>0.03 pg/mL)

Not applicable 20 (6.1) 19 (5.9) 0 (0.0)
CLR susceptibility

Susceptible 203 (61.7) 178 (55.6) 6(12.2)

(MIC<0.25 pg/mL)

Intermediate 6 (1.8) 8 (2.5) 1(2.0)

(MIC=0.5 pg/mL)

Resistant 100 (30.4) 115 (35.9) 42 (85.7)

(MIC>1 pg/mL)

Not applicable 20 (6.1) 19 (5.9) 0 (0.0)
MTZ susceptibility

Susceptible 283 (86.0) 276 (86.3) 45 (91.8)

(MIC<8 pug/mL)

Resistant 26 (7.9) 25 (7.8) 4(8.2)

(MIC>8 pg/mL)

Not applicable 20 (6.1) 19 (5.9) 0 (0.0)
CLR dose

200 mg twice daily 168 (51.1) 164 (51.1) 24 (48.0)

400 mg twice daily 161 (48.9) 157 (48.9) 26 (52.0)
CYP2C19 genotype test

Extensive metabolisers 274 (83.3) 273 (85.0) 43 (86.0)

Poor metabolisers 55 (16.7) 48 (15.0) 7 (14.0)

Data are expressed as mean+SD or as number of subjects with percentage in
parentheses.

*Missing antimicrobial susceptibility testing data (n=1).

tMissing antimicrobial susceptibility testing data (n=1).

AMX, amoxicillin; CLR, clarithromycin; CYP, cytochrome P450; LPZ, lansoprazole;
MIC, minimum inhibitory concentration; MTZ, metronidazole; VPZ, vonoprazan.

were diarrhoea, nasopharyngitis and dysgeusia (table 3). The
incidence of dysgeusia was higher for those receiving high-dose
CLR (data not shown). No marked differences were observed in
TEAEs between vonoprazan-based and lansoprazole-based first-
line triple therapies. Four and two serious TEAEs were reported
in those receiving vonoprazan-based and lansoprazole-based
first-line triple therapies, respectively. Three and two subjects
discontinued treatment due to TEAEs among those receiving
vonoprazan-based and lansoprazole-based first-line triple therap-
ies, respectively.

During second-line eradication phase, the overall incidence of
TEAEs was 30.0% (16.0% for drug-related TEAEs) (table 2).
TEAEs occurring in >2% of subjects were diarrhoea, flatulence,
nasopharyngitis, increased alanine aminotransferase and
increased aspartate aminotransferase (table 3). Two serious
TEAEs were reported but no TEAEs led to discontinuation of
treatment.

No significant changes were observed in mean laboratory test
values, vital signs or electrocardiogram findings during the

A P<.0001 B
100 - 1 98.0
926 100
L 80+ 75.9 < 80+
° Py
T ©
X g0 X 60+
S 5
53 ©
Q o
40 A 5 4
3 5 40
i i
20 A 20 -
0 0
VPZ/AMX/CLR  LPZ/AMX/CLR VPZIAMX/MTZ
(n=324) (n=320)° (n=50)
[89.2, 95.2] [70.9, 80.5] [89.4, 99.9]

Figure 3  Helicobacter pylori eradication rates (full analysis set) in (A)
first-line triple therapy and (B) second-line triple therapy (95% Cls
shown in brackets) are shown. ®Missing urea breath test data (n=>5);
Pmissing urea breath test data (n=1); p values for both non-inferiority
and superiority tests are also provided. AMX, amoxicillin; CLR,
clarithromycin; LPZ, lansoprazole; MTZ, metronidazole; VPZ,
vonoprazan.

study. In both first-line and second-line eradication phases,
serum gastrin levels increased after administration of the study
drug, with these increases being significantly greater for those
receiving vonoprazan-based first-line triple therapy. However,
the gastrin levels returned to pre-administration levels after com-
pletion of either first-line triple therapy or second-line triple
therapy (see online supplementary figure S1A,B).

DISCUSSION

Study results demonstrated the non-inferiority of vonoprazan-
based first-line triple therapy to lansoprazole-based first-line
triple therapy with a non-inferiority margin of 10%
(p<0.0001). Furthermore, the eradication rate was shown to be
16.7% higher with vonoprazan-based first-line triple therapy
than with lansoprazole-based first-line triple therapy and the
95% CI at the lower limit showed that the eradication rate was
11.2% better with vonoprazan-based first-line triple therapy,
suggesting a statistically significant difference in favour of vono-
prazan. A high eradication rate was also observed with
vonoprazan-based second-line triple therapy (98.0%).

In post hoc analyses, H pylori eradication rates were signifi-
cantly higher among CYP2C19 extensive metabolisers and those
infected with CLR-resistant strains who received vonoprazan-
based first-line triple therapy compared with those who received
lansoprazole-based first-line triple therapy (p<0.0001).

All treatments were well tolerated, with 641 of the 650 sub-
jects completing eradication triple therapy and with three and
two subjects discontinuing vonoprazan-based and lansoprazole-
based first-line triple therapies due to TEAEs, respectively. The
safety outcomes of this study were consistent with those of an
earlier phase I study*” and no new safety signals were identified.

The relatively large sample size of this study allowed explora-
tory analysis of factors which could impact clinical outcome.
However, the subgroup results should be interpreted as
hypothesis-generating, given the smaller size of some subgroups
and the exploratory nature of the subgroup analyses.

Moreover, the study had some potential limitations. First,
individuals with active or bleeding ulcers were excluded and
therefore the study results cannot be generalised to these
patients, even though PPI-based triple therapy has been shown
to produce comparable eradication of H pylori in patients with
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Figure 4 First-line Helicobacter pylori eradication rates in various subgroups (full analysis set) are shown. Six randomised subjects in whom the
urea breath test had not been performed were excluded from these analyses; p values for superiority tests are provided. AMX, amoxicillin; CLR,
clarithromycin; EM, extensive metabolisers; LPZ, lansoprazole; MIC, minimum inhibitory concentration; N.S., not significant; PM, poor metabolisers;

VPZ, vonoprazan.

active ulcer and those with ulcer scars alike.”” Also, as no H
pylori efficacy data for vonoprazan were available when the
study was planned and H pylori eradication rates with triple
therapy were known to be declining, there was some loss of pre-
cision when determining the original sample size. However, a
pre-planned blinded interim analysis was included in the proto-
col to ensure that a sufficient number of subjects were recruited
in the study to achieve the desired statistical power, so that the
efficacy of the two regimens could be accurately compared.
Additionally, the post hoc statistical analysis testing for the
superiority of vonoprazan compared with lansoprazole was not
pre-planned. However, the pre-planned calculation of 95% CIs
in the primary analysis suggested a statistically significant differ-
ence in favour of vonoprazan, thus corroborating the post hoc
analysis testing. Furthermore, the observed sizable clinical treat-
ment difference in the eradication rate favouring vonoprazan,
together with consistently favourable outcomes across a number
of subgroups with vonoprazan, also provides evidence for the

hypothesis of greater efficacy of vonoprazan compared with lan-
soprazole for the treatment of H pylori eradication.

CLR resistance is becoming a global clinical concern for H
pylori eradication, especially in Japan where the drug has been
available for the longest time.® '® As a consequence, the loss of
efficacy of traditional PPI-based triple therapy has become a
compelling issue, and a number of treatment approaches have
been advocated to help improve H pylori eradication.®
Eradication rates were reported to be higher with high-dose
PPI-based triple therapy or with 10-day to 14-day treatment
regimens.® Due to the importance of this issue, a potentially
important post hoc finding in our study was that the H pylori
eradication rate among those infected with CLR-resistant strains
was significantly higher with vonoprazan-based first-line triple
therapy compared with lansoprazole-based first-line triple
therapy (p<0.0001) and also appears to be higher than the
eradication rate reported with increased dose or length of treat-
ment with PPl-based therapy. Nevertheless, the efficacy of
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Table 2 Summary of TEAEs in first-line VPZ-based and LPZ-based triple therapy (in combination with AMX and CLR) and in second-line
VPZ-based triple-therapy (in combination with AMX and MTZ) (safety analysis set)

First-line triple therapy

Second-line triple therapy

VPZ/AMX/CLR (n=329)

LPZ/AMX/CLR (n=321) VPZ/AMX/IMTZ (n=50)

Events Subjects Events Subjects Events Subjects

TEAEs 153 112 (34.0) 178 132 (41.1) 26 15 (30.0)

Related 85 67 (20.4) 93 79 (24.6) 1" 8 (16.0)

Not related 68 45 (13.7) 85 53 (16.5) 15 7 (14.0)

Mild 145 104 (31.6) 168 124 (38.6) 22 14 (28.0)
Moderate 7 7 (2.1) 8 6(1.9) 2 0 (0.0)
Severe 1 1(0.3) 2 2 (0.6) 2 1(2.0)
Leading to study drug discontinuation 3 3 (0.9) 2 2 (0.6) 0 0 (0.0)
Serious TEAEs 4 4(1.2) 2 2 (0.6) 2 1(2.0
Related 1 1(0.3) 0 0 (0.0) 0 0 (0.0)
Not related 3 3(0.9) 2 2 (0.6) 2 1(2.0)
Deaths 0 0 (0.0) 0 0 (0.0) 0 0 (0.0)

Data are expressed as number of events or as number of subjects with percentage in parentheses.
AMX, amoxicillin; CLR, clarithromycin; LPZ, lansoprazole; MTZ, metronidazole; TEAE, treatment-emergent adverse event; VPZ, vonoprazan.

vonoprazan shown in CLR-resistant strains should be viewed
cautiously, given the cross-study nature of the analyses.
Additionally, the relatively lighter mean body weight of the
Japanese subjects may have favourably affected the study results.
A high second-line eradication rate was another important
finding in our study, though the sample size was small.

While the mechanism for a high eradication rate with vono-
prazan observed in those infected with CLR-resistant strains
remains unclear, it may be accounted for in part by the potential
synergy between vonoprazan and the antimicrobials used. H
pylori is more susceptible to antimicrobials when it restores its
replicative capability at a pH higher than 6.'° Vonoprazan has a
highly potent gastric acid-inhibitory effect as it accumulates in
high concentrations and becomes slowly cleared from gastric

Table 3 TEAEs occurring in >2% of subjects during first-line
VPZ-based and LPZ-based triple-therapy (in combination with AMX
and CLR) and during second-line VPZ-based triple therapy (in
combination with AMX and MTZ) (safety analysis set)

TEAEs occurring in >2% of subjects during first-line triple therapy

VPZ/AMX/CLR LPZ/AMX/CLR
Preferred term* (n=329) (n=321)
Diarrhoea 41 (12.5) 49 (15.3)
Nasopharyngitis 18 (5.5) 15 (4.7)
Dysgeusia 13 (4.0) 10 (3.1)

TEAEs occurring in >2% of subjects during second-line triple therapy

Preferred term* VPZ/AMX/MTZ (n=50)

Diarrhoea 2 (4.0)
Flatulence 2 (4.0)
Nasopharyngitis 2 (4.0)
Alanine aminotransferase 2 (4.0)
increased

Aspartate aminotransferase 2 (4.0)
increased

Data are expressed as number of subjects with percentage in parentheses.
*MedDRA (V.16.0).

AMX, amoxicillin; CLR, clarithromycin; LPZ, lansoprazole; MTZ, metronidazole; TEAE,
treatment-emergent adverse event; VPZ, vonoprazan.

glands,** and consequently potentially provides an environ-

ment in which antimicrobials can have greater efficacy. In add-
ition, co-administration of omeprazole, a PPL, has been shown
to increase the chemical stability of AMX and CLR in gastric
juice, thus preventing the antimicrobials, which are fragile at
lower pH levels, from degradation.?® ?°

The International Agency for Research on Cancer Working
Group recommend that all countries explore the possibility of
introducing population-based H pylori screening and treatment
programmes, adjusted to local healthcare environments and
needs. This is based on findings from randomised clinical trials,
which demonstrated the effectiveness of H pylori eradication in
preventing gastric cancer, which is considered a global health
problem, as well as on health-economic models which have
shown that H pylori screening and treatment may prove to be
cost-effective.>”

Given the increasing resistance to antimicrobials and the
declining clinical response rates observed with current treat-
ments, vonoprazan-based triple therapy may represent a new
treatment option for H pylori-positive patients and has the
potential to reduce gastric cancer.

In conclusion, vonoprazan-based triple therapy was shown to
be effective as first-line and second-line treatments, and was well
tolerated. As a promising new treatment option, vonoprazan
may also be considered for additional therapeutic approaches,
such as sequential, quadruple and long-term therapy for H
pylori eradication.
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