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BACKGROUND AND AIMS: Effective acid suppression is a crucial
component ofHelicobacter pylori (H. pylori) eradication regimens.
Approved treatments includedual, triple, andquadruple therapies
composed of certain antibiotics in combination with proton pump
inhibitors (PPIs). Vonoprazan, a potassium-competitive acid
blocker, provides more potent and durable acid suppression than
PPIs. We compared the efficacy of vonoprazan-based therapies vs
approved standard regimensusing newevidence from the phase3
pHalconHP trial in North America and Europe.METHODS: Studies
reporting first-line H. pylori eradication rates from empiric
treatment with Food and Drug Administration–approved thera-
pies and vonoprazan-containing therapies were identified via
bibliographic searches of systematic literature reviews and a
subsequent MEDLINE/Embase search using index terms for
H. pylori and eradication. Randomized controlled trials
comparing 2 or more relevant comparators were included in
Bayesian network meta-analyses for grouped and distinct ther-
apies. RESULTS: Twenty-three distinct regimens from 42 trials
including 12,773 patients were identified. Vonoprazan-based
triple therapy showed the highest relative efficacy (odds ratio:
2.73, 95% credible interval 2.11, 3.54) and 72.1% probability of
being the best. North American, Western, and global scenarios
were largely consistent. Vonoprazan-based therapies demon-
strated higher odds of H. pylori eradication than each PPI-based
triple therapy. Furthermore, vonoprazan-based triple therapy
was superior to bismuth subcitrate quadruple therapy (odds
ratio: 1.60, 95% credible interval: 1.07, 2.38). CONCLUSION:
Vonoprazan-based eradication regimens represent novel treat-
ments for H. pylori infection on a global scale, offering efficacy
that, in this analysis, is superior to PPI-based triple therapy and
comparable or better than bismuth quadruple therapy.

Keywords: First-Line Regimens; Empiric Therapy; Network
Meta-Analysis
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Introduction
elicobacter pylori (H. pylori) is the major cause of
2772-5723
https://doi.org/10.1016/j.gastha.2022.06.009
Hchronic gastritis and severe gastroduodenal
pathologies, including peptic ulcer disease, gastric cancer,
and mucosa-associated lymphoid tissue lymphoma.1–3

H. pylori gastritis is an infectious disease, recognized as a
distinct nosological entity, included in the New International
Classification of Disease (ICD 11).4 Current clinical guidelines
recommend eradication therapy for any diagnosed H. pylori
infection, even in the absence of clinical symptoms.5–7 Given
the high prevalence of H. pylori infection and that treatment is
required, careful selection of first-line eradication therapy to
guarantee high efficacy is warranted to minimize the risk of
antibiotic resistance development. Current Food and Drug
Administration (FDA)-approved regimens for first-line treat-
ment of H. pylori infection include proton pump inhibitor
(PPI)-based triple therapy (ie, PPI [omeprazole, lansoprazole,
esomeprazole, rabeprazole], clarithromycin, and amoxicillin
or metronidazole), bismuth quadruple therapy (BiQT; ie,
bismuth, PPI, tetracycline, and a nitroimidazole). In addition,
in the United States, a rifabutin-containing triple therapy
(omeprazole, amoxicillin, and rifabutin delayed release) has
been added to first-line H. pylori eradication options. Outside
the United States, rifabutin-containing regimens are typically
used as rescue therapy.

Acid suppression is a fundamental component of H. pylori
treatment regimens. Raising intragastric pH enables bacterial
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replication, renderingH. pylorimore susceptible to antibiotics.
Increased intragastric pH also increases the stability of
selected antibiotics, including amoxicillin and clari-
thromycin.8,9 This is particularly true for amoxicillin, which is
highly acid sensitive and therefore requires concomitant
administration of acid suppressive therapy.

Vonoprazan is a potassium-competitive acid blocker
providing more potent and durable acid suppression when
compared with PPIs.10 This is advantageous when used in
combination with amoxicillin (vonoprazan dual therapy) or
amoxicillin plus clarithromycin (vonoprazan-based triple
therapy) for H. pylori eradication. Vonoprazan-based triple
therapy is approved for H. pylori eradication in Japan and a
number of other Asian and non-Western countries. The ef-
ficacy of vonoprazan-based triple and dual eradication regi-
mens in Western countries vs lansoprazole-based triple
therapy was recently established in the phase 3 pHalconHP

trial in Europe and North America, which supported the FDA
approval of both vonoprazan-based regimens in the United
States for the treatment of H. pylori infection in adults.11,12

Head-to-head trials are the gold standard for establish-
ing comparative efficacy; however, in the absence of head-
to-head trials, including relevant comparators for H. pylori
eradication, network meta-analyses (NMAs) have been used
to estimate the relative efficacy of vonoprazan-based erad-
ication regimens. A recent meta-analysis by Rokkas et al13

found that vonoprazan-based triple therapy ranked best
for first-line empiric therapy. Since then, new important
data from the phase 3 European and North American study
of vonoprazan have become available.11 In our present
study, we conducted an NMA including recent data from the
phase 3 pHalconHP trial to evaluate the comparative efficacy
of eradication therapies for H. pylori.
Methods
Study Identification, Selection, and Data
Collection

To identify prospective randomized controlled studies
reporting H. pylori eradication rates achieved with approved
therapies in treatment-naïve patients, we performed biblio-
graphic searches of 3 contemporary systematic literature re-
views by Rokkas et al, Xin et al, and Pharmaceutical Services
Division13–15 to identify studies that met the population,
intervention and comparators, outcomes measures, and study
design (PICOS) criteria (Table 1). Because of the focus on
exploring comparative efficacy in North America, we tailored
the predetermined PICOS criteria to interventions that were
approved by the FDA and had studies with treatment-naïve
patients. In addition, we also included studies that included
vonoprazan. Concomitant therapy was not included as they are
not FDA approved, and there have been no randomized
controlled trials assessing them in North America. Patients or
the public were not involved in the design, conduct, reporting,
or dissemination plans of our research.

Additional studies were identified via a ProQuest search of
Embase and MEDLINE from database inception to search date
of May 2021 with the following Medical Subject Heading terms:
“H. Pylori” OR “H Pylori” or “Helicobacter Pylori” AND “eradi-
cation.” The complete search strategy is provided in Table A1.
This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
extension statement.16 Eligibility was assessed by a single
reviewer through an initial title-abstract screening, followed by
a full-text screening according to the defined PICOS criteria.
Studies were retained provided 2 study arms met the PICOS
criteria. Nonstandard doses or interventions/comparators that
did not meet the PICOS criteria were excluded. For all selected
studies, available data, including study year, design, study
location, intervention with dosage and duration, patient popu-
lation, clarithromycin susceptibility information, and H. pylori
eradication rates (intention-to-treat and per protocol), was
extracted. A full listing of excluded studies including reasons
for exclusion is provided in Table A2.

There were a large number of distinct regimens because
studies used regimens that differed on the basis of the
following:

1. PPIs (lansoprazole, omeprazole, rabeprazole,
esomeprazole)

2. Antibiotic backbones (amoxicillin þ clarithromycin,
metronidazole þ clarithromycin)

3. Number of components (dual, triple, or quadruple
therapy)

4. Bismuth types (bismuth subcitrate, bismuth
subsalicylate)

5. Duration of treatment

To accommodate these variables, 2 treatment groupings
were used (Table A3): distinct therapies, which did not assume
similarity between PPIs; and grouped therapies, which
assumed similarity between PPIs.

Statistical Analysis
For this NMA, we used the intention-to-treat H. pylori

eradication rates of each trial. We conducted the analyses using
3 scenarios: all countries (global, base case), Western countries,
and North American studies. The key base comparator was PPI-
clarithromycin-based triple therapy. The classical assumptions
of NMA (similarity, homogeneity, and consistency) were
assessed by comparing the patient populations, interventions,
comparators, outcomes, and study designs. Furthermore, we
evaluated consistency using node splitting when closed loops
were present, and heterogeneity was inspected using a funnel
plot (Figure A1) and I2 based on a threshold of 70%, indicating
significant heterogeneity for pairwise comparisons.

Frequentist meta-analysis was used to summarize H. pylori
eradication rates by treatment type within each analysis sce-
nario. Pooled proportions by treatment grouping were esti-
mated with 95% confidence intervals based on a random
effects model due to significant heterogeneity in H. pylori
eradication rates.

The NMA was conducted using a Bayesian framework with
a noninformative prior probability distribution. Model conver-
gence was evaluated using Gelman-Rubin-Brooks plots and a
potential scale reduction factor threshold of <1.05. The
Markov-Chain Monte Carlo simulation was performed using the
“gemtc” and “rjags” packages in R Studio with 8000 burn-in
iterations and 50,000 actual iterations. Fixed effects and
random effects models were constructed for each model



Table 1. PICOS Criteria

PICOS Exclusion

Patient population H. pylori positive

Intervention and
comparators

FDA-approved regimens for eradication: � Studies not including at least 2 of the
interventions listed in the inclusion criteria

PPI-based triple therapies � Studies evaluating different dosages, durations,
and/or sequences (hybrid, sequential, and
standard)

� Omeprazole þ clarithromycin þ amoxicillin or
metronidazole

� Non-FDA-approved treatments: Non-bismuth
quadruple therapies, LOAD, ranitidine

� Lansoprazole þ clarithromycin þ amoxicillin or
metronidazole

� Non-standard antibiotics: Tinidazole, omidazole,
levofloxacin, doxycycline, roxythromycin,
moxifloxacin, furazolidone, which are not
recommended for use by the ACG guidelines

� Rabeprazole þ clarithromycin þ amoxicillin or
metronidazole

� Esomeprazole þ clarithromycin þ amoxicillin or
metronidazole

� Omeprazole þ rifabutin þ amoxicillin delayed
release

Bismuth therapies

� Bismuth subcitrate potassium, metronidazole,
and tetracycline hydrochloride

� Bismuth subsalicylate, metronidazole,
tetracycline hydrochloride

Other

� High-dose amoxicillin dual

Outcomes measures � First-line H. pylori eradication rate � Studies not including the outcomes listed in the
inclusion criteria

Study design � Randomized clinical trials (including extension
studies)

� Non-human/pre-clinical studies

� Systematic reviews and meta-analyses (for cross-
checking only)

� Single arm and non-randomized or un-controlled
studies

� Non-interventional studies

� Retrospective studies

� Observational studies

� Case reports/series

Restrictions � English language � Non-English language studies

� Year limit: None Abstract only

ACG, American College of Gastroenterology; FDA, Food and Drug Administration; PPI, proton pump inhibitor.
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scenario, and an optimal model was selected based on model fit
statistics, I2, consistency, and convergence.

Reporting was conducted according to the International
Society for Pharmacoeconomics and Outcomes Research ITC
Good Research Practices Task Force guidance.17 Indirect odds
ratios (ORs) were estimated with 95% credible intervals (CrI).
Treatment rankings were summarized with Surface Under the
Cumulative Ranking scores and estimated probability of being
the best treatment. Significance was defined as P < .05 for all
measures except heterogeneity.
Results
Based on the literature review, 23 distinct regimens

were identified from 42 trials including empiric (ie, without
knowledge of antibiotic susceptibility) therapy
(Figure 1).18–59 A full listing of included studies is provided
in Table A3. Studies were performed in East Asia
(n ¼ 23),18,23–25,28–30,32,33,36,38–46,48,52,53,58,59 South Asia
(n ¼ 3),19,49,55 Other (n ¼ 1),51 and Western countries
(n ¼ 15),20,21,26,27,31,34,35,37,47,50,51,54–57,60 among which 5
included North American study sites.26,31,47,56,57 Overall,
identified studies included a total of 12,773 patients who
received first-line eradication therapy.
Pooled Eradication Rates
The mean H. pylori eradication rates achieved with the

interventions (grouped therapy and distinct therapies) are
presented in Table 2. Based on the results of the all-
countries scenario, vonoprazan-based triple therapy
demonstrated the highest H. pylori eradication rates.



Figure 1. PRISMA diagram of studies included in the meta-
analysis. PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-analyses; SLR, systematic literature
review.

2022 Comparative efficacy of H. pylori treatments 827
Distinct PPI-based triple therapies (ie, omeprazole-based
triple, esomeprazole-based triple, etc) did not differ signif-
icantly based on studies from all countries, which supports
the validity of grouped therapy.

NMA Results
Grouped Therapy. The literature review identified

16 studies with 33 treatment arms meeting the inclusion
criteria for the grouped
analysis.19,21,22,26,29,31,34–36,43,47,49,52,53,55 The resulting evi-
dence network is presented in Figure 2.

The base comparator for the NMAs was PPI-
clarithromycin triple therapy. The network forest plot in
Figure 2 shows the ORs (95% CrIs) for all grouped in-
terventions vs PPI-based triple therapy. According to the
global scenario, vonoprazan-based triple therapy showed
the highest relative efficacy (OR: 2.73; 95% CrI 2.11, 3.54).
Vonoprazan-based triple therapy had a 72.1% probability of
being the best. Rifabutin triple therapy delayed release (RT-
DR; OR: 2.17, 95% CrI 1.08, 4.35) was second best, with a
probability of being best of 27.1%. Vonoprazan-based triple
therapy also showed higher efficacy relative to BiQT (OR:
1.48; 95% CrI 1.06, 2.07). Full pairwise comparisons are
provided in Table A4.

In addition to the base-case global scenario, a sensitivity
analysis was undertaken by restricting the analysis to
studies conducted in Western countries (Canada, Czech
Republic, Germany, Greece, Hungary, Iceland, Ireland, Italy,
the Netherlands, Poland, Spain, the United Kingdom, and the
United States)20–22,26,27,31,34,35,37,47,54,56,57 and North
America (the United States and Canada) as a distinct
entity.31,47,56,57 The Western countries evidence network
was composed of 17 treatment arms from 8 distinct studies
(Figure A2).21,22,26,31,34,35,47 Vonoprazan-based triple ther-
apy had the highest relative efficacy with a probability of
being the best of 59.6% and BiQT was second with 24.4%.
ORs for vonoprazan-based triple therapy vs BiQT and RT-DR
were 1.13 (95% CrI 0.73, 1.77) and 2.50 (0.61, 13.34),
respectively. Full pairwise comparisons are provided in
Table A5.

For the North American scenario, the evidence network
was composed of 9 treatment arms from 4 distinct studies
(Figure A3).26,31,47 Among the included regimens,
vonoprazan-based triple therapy had the highest relative
efficacy. Compared with BiQT and RT-DR, vonoprazan-based
triple therapy had an OR of 1.35 (95% CrI 0.62, 2.90) and
2.50 (0.62, 13.41), respectively. The probability of being the
best for vonoprazan-based triple therapy was 63.3%, fol-
lowed by BiQT (19.8%). Full pairwise comparisons for the
North American scenario are provided in Table A6.

The results of both the Western countries and North
American scenarios were largely consistent with the global
scenario (Figure 3); however, the relative efficacy of RT-DR
therapy was strongly influenced by the uncertainty of PPI þ
high-dose amoxicillin relative to PPI-based triple therapy.
Overall, in both base-case and sensitivity scenarios,
vonoprazan-based triple therapy was numerically favored
vs all treatments and significantly better than grouped PPI-
based triple therapy and BiQT.

Distinct Therapies. The evidence network is
composed of 78 treatment arms from 37 studies that met
the inclusion criteria and were included in the NMA for
distinct therapies (Figure 4 and
Table A3).18,20,23,25,27,28,30,32,33,37–42,44–46,48,50,51,54,56–59 Of
note, 2 treatment arms with BiQT (bismuth subcitrate
potassium þ metronidazole þ tetracycline and bismuth
subsalicylate þ metronidazole þ tetracycline hydrochlo-
ride) included lansoprazole, whereas the other study arms
used omeprazole. Because of the limited number of treat-
ment arms for these 2 BiQT regimens with lansoprazole,
they were pooled with the majority of omeprazole treat-
ment arms.

Among PPI-based triple therapies, lansoprazole-based
regimens demonstrated the highest relative efficacy; how-
ever, the differences between PPI-based triple therapies
were not significant. Vonoprazan-based triple therapy was
numerically favored to all treatments and significantly bet-
ter than PPI-based triple therapy and bismuth subcitrate
quadruple therapy (Figure 4). Vonoprazan-based therapies
demonstrated higher odds of H. pylori eradication than each
PPI-based triple therapy; vonoprazan-based triple and
vonoprazan dual therapy had 2.5 (95% CrI: 1.93, 3.35) and
1.7 (1.26, 2.37) times higher odds of H. pylori eradication
than lansoprazole-based triple therapy, respectively.
Vonoprazan-based triple therapy was superior to bismuth
subcitrate quadruple therapy (OR: 1.60, 95% CrI: 1.07,



Table 2. Pooled Eradication Rates From Selected Studies

Grouped therapies

Treatment

All countries Western countries North America

Na Pooledb, % (95% CI) Na Pooledb, % (95% CI) Na Pooledb, % (95% CI)

Vonoprazan-based triple therapy 5 89.6 (84.1, 93.3) 1 80.1 (76.2, 84.6) 1 80.1 (76.2, 84.6)

Vonoprazan dual therapy 2 80.3 (74.5, 85.1) 1 77.2 (72.3, 81.4) 1 77.2 (72.3, 81.4)

PPI-based triple therapy 14 73.2 (64.5, 80.3) 7 80 (68.9, 87.5) 3 82.3 (67.2, 91.8)

PPI þ high-dose amoxicillin 3 65.6 (56.1, 74.0) 2 65.7 (51.0, 77.8) 2 65.7 (51.0, 77.8)

BiQT 8 78.4 (68.1, 86.1) 5 82 (74.1, 87.8) 1 87.7 (81.1, 92.2)

RT-DR 1 83.8 (78.4, 88.0) 1 83.4 (78.4, 88.0) 1 83.4 (78.4, 88.0)

Distinct therapies

Treatment

All countries Western countries

Na Pooledb, % (95% CI) Na Pooledb, % (95% CI)

Vonoprazan-based triple therapy 3 88.2 (81.4, 92.8) 1 80.8 (76.2, 84.6)

Vonoprazan dual therapy 2 80.3 (74.5, 85.1) 1 77.2 (72.3, 81.4)

Esomeprazole triple 12 83.3 (78.1, 87.5) 5 87.8 (80.6, 92.6)

Omeprazole triple 23 78.4 (74.6, 81.8) 11 77.4 (71.1, 82.7)

Lansoprazole triple 17 78.7 (71.8, 84.3) 4 83.2 (78.4, 88.0)

Rabeprazole triple 15 83.7 (79.3, 87.3) 1 76.8 (69.8, 82.7)

PPI þ high-dose amoxicillin 3 65.6 (56.1, 74.0) 2 65.7 (51.0, 77.8)

BiQT (subsalicylate) 1 70.0 (61.2, 77.5) N/A

BiQT (subcitrate) 7 79.6 (68.2, 87.6) 5 82 (74.1, 87.8)

RT-DR 1 83.8 (78.4, 88.0) 1 83.7 (79.3, 87.3)

BiQT, bismuth quadruple therapy with bismuth subcitrate or bismuth subsalicylate; CI, confidence interval; PPI, proton pump
inhibitor; RT-DR, rifabutin-amoxicillin-omeprazole delayed-release triple therapy.
aStudy arms.
bPooled (weighted) proportion meta-analysis was performed.
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2.38). Vonoprazan-based triple therapy had the highest
relative efficacy and probability of being the best (88.1%);
bismuth subsalicylate quadruple therapy ranked second
(10.5%). Full pairwise comparisons are provided in
Table A7.

An additional sensitivity analysis was performed using
studies from Western countries only. The Western country
evidence network was composed of 32 treatment arms from
13 distinct studies (Figure 4B).20–22,27,31,34,35,37,50,54,56,57 It
demonstrated similar overall trends to the global analysis.
According to this analysis, vonoprazan-based triple therapy
had the highest relative efficacy and probability of being the
best at 85.21% (Figure 4; full pairwise comparisons
Table A8). Vonoprazan dual therapy ranked second with
12.26% probability of being best, followed by bismuth sub-
citrate quadruple therapy with 2.32%. Although we explored
a North American scenario with the distinct therapies
grouping, it was not possible due to limited available data.
Discussion
H. pylori poses a significant threat to human health

globally,2,61 necessitating a highly effective first-line eradi-
cation regimen. This is especially important in the context of
rising rates of resistance to key antibiotics, such as clari-
thromycin. Worldwide data demonstrate H. pylori eradica-
tion rates are declining5,6,62; however, there is a paucity of
contemporary evidence regarding the efficacy of approved
eradication regimens in North America specifically. Eradi-
cation rates with current regimens have yet to consistently
exceed 90%; therefore, increased access to routine suscep-
tibility testing is needed to support efforts to transition from
empiric therapy to susceptibility-based therapeutic selec-
tion. Presently, such testing is little used in clinical practice,
particularly when physicians use noninvasive H. pylori
testing. As such, thorough characterization of the relative
efficacy of available eradication regimens is critical to
ensure optimal patient management while also considering
the importance of antibiotic stewardship.

The results of the NMA support vonoprazan-based triple
therapy as having a favorable efficacy profile to comparators
used as first-line eradication regimens globally. These
include PPI-based triple therapies and BiQT, as well as RT-
DR, which is approved for first-line use in the United States
only (rifabutin-containing regimens are restricted as rescue
therapy in the rest of the world).

According to our NMA, vonoprazan was consistently
superior to PPI-based triple therapy in all scenarios.



Figure 2. Evidence network and NMA results for the all-countries grouped scenario. BiQT, bismuth quadruple therapy (either
bismuth subcitrate or bismuth subsalicylate þ metronidazole þ tetracycline þ omeprazole/lansoprazole); CrI, credible interval;
PPI, proton pump inhibitor; RT-DR, rifabutin triple therapy delayed released; SUCRA, surface under the cumulative ranking;
Vono dual, vonoprazan dual therapy; Vono triple, vonoprazan-based triple therapy. Note: reference PPI-based triple
therapy ¼ 1.
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Vonoprazan-based triple therapy ranked better than other
regimens in the pairwise comparisons; however, the dif-
ference was not significant vs BiQT for the Western coun-
tries and North American grouped therapies scenarios and
vs RT-DR grouped scenarios, for which there was no direct,
extended network, which led to increased uncertainty.

As a potassium-competitive acid blocker, vonoprazan
binds to both active and inactive Hþ, Kþ-ATPase in parietal
cells and does not depend on acid for activation.10,63 Its
antisecretory effect occurs within 2–3 hours of administra-
tion and is sustained over 24 hours with its Cmax and AUC
Figure 3. Grouped therapy NMA results for Western country
SUCRA, surface under the cumulative ranking. Note: reference
unaffected by food.64,65 As such, vonoprazan exhibits
enhanced and durable acid inhibition compared with
traditional PPIs. Acid suppression, with particular emphasis
also on nocturnal acid suppression, is required to achieve
the intragastric pH range, ideally 6–8 when H. pylori is most
susceptible to antibiotics, thereby ensuring the efficacy of all
antibiotics, especially amoxicillin.8,9

Although there are no direct trials comparing
vonoprazan-based therapy to BiQT, several analysis sce-
narios suggested vonoprazan-based triple therapy was su-
perior to BiQT. Moreover, vonoprazan dual therapy was
and North American scenarios. PPI, proton pump inhibitor;
PPI-based triple therapy ¼ 1.



Figure 4. Distinct therapies evidence networks and NMA results. (A) All countries scenario; (B) Western countries scenario.
BiQT, bismuth quadruple therapy (either bismuth subcitrate or bismuth subsalicylate þ metronidazole þ tetracycline þ
omeprazole/lansoprazole); PPI, proton pump inhibitor; SUCRA, surface under the cumulative ranking; Vono dual, vonoprazan
dual therapy; Vono triple, vonoprazan-based triple therapy. Note: reference lansoprazole-based triple therapy ¼ 1.
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similar to BiQT. Although vonoprazan-based therapies were
superior or comparable to BiQT in our analysis, as they are
triple or dual regimens, they also may be easier for patient
adherence compared with quadruple therapies. Patient
nonadherence is an important factor that may lead to
treatment failure.5–7 Because eradication therapy typically
consists of complex multidrug regimens that are associated
with side effects, patients often miss doses or discontinue
treatment early.5,7,66 The simplicity of vonoprazan-based
triple or dual therapy has the potential to achieve higher
patient (and physician) acceptance and improved adher-
ence, which may further contribute to eradication success.
This is particularly important in routine clinical practice
where health care providers are not able to monitor patients
in the same manner as in clinical trials, and a sizable pro-
portion of patients may be lost to follow-up.67–69

Unlike BiQT, RT-DR is generally reserved for salvage
therapy worldwide. As rifabutin is an important antibiotic
used to treat serious infections, including those caused by
mycobacteria, concerns have been raised regarding its use
as first-line therapy. However, as it is approved for first-line
treatment of H. pylori infection in the United States and the
ERADICATE-HP2 trial included only treatment-naïve pa-
tients,26 the trial met the inclusion criteria, and we included
this regimen in the NMA.

In the all-countries grouped therapies scenario,
vonoprazan-based triple therapy was 3 times as likely as
RT-DR to be the best of all therapies evaluated. Comparison
to RT-DR was challenging because the network required a
3-chain linkage, the ERADICATE-HP2 trial had small sample
sizes, and the high-dose amoxicillin control arm demon-
strated lower than expected efficacy. These factors limited
our ability to draw meaningful conclusions regarding the
comparative efficacy of RT-DR relative to vonoprazan-based
triple and dual therapy as well as to PPI-based triple therapy.
Limitations
This NMA relies on data from 3 trials of vonoprazan-

based regimens, including 2 that included a PPI as a
comparator. Because of limited available data, we were
unable to perform several subgroup and sensitivity ana-
lyses. An NMA of patients with clarithromycin-resistant
strains was proposed but could not be performed because
of the limited reporting of subgroup outcomes according to
resistance rates. Although some trials provided suscepti-
bility data, regimens were not adjusted based on that data;
therefore, eradication rates and the resulting outcomes of
our analysis constitute relative efficacy based on empiric
therapy.

In addition, there was variability in the duration of
treatment in identified studies, with many reporting 7 days
vs the 10–14 days recommended by North American
guidelines.5 We were not able to examine the impact of
treatment duration in these meta-analyses due to limited
data to form networks.
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North American guidelines as well as the European H.
pylori management consensus recommend against using
PPI-based triple therapy containing clarithromycin as a
first-line empiric treatment because of increasing resistance
rates.5–7 Instead, clarithromycin-containing regimens are
limited to those patients with individually documented
antibiotic susceptibility or when the prevalence of clari-
thromycin resistance is known to be less than 15%.70 As a
result, it has been argued that PPI-based triple therapy is
not an appropriate comparator for inclusion in an NMA.71

However, we included PPI-based triple therapy because
recent reports from the United States suggest that
clarithromycin-based PPI-triple therapy remains the most
commonly prescribed therapy.68,69,72,73 In addition,
concomitant therapy, a quadruple clarithromycin-containing
therapy has been shown to have acceptable efficacy in
clarithromycin-resistant strains74,75; however, this regimen
was not included, as it is not FDA-approved, and no ran-
domized controlled trials have been conducted in North
America.

There is some evidence that second-generation PPIs (ie,
rabeprazole and esomeprazole) demonstrate slightly better
effectiveness than first-generation PPIs (eg, lansoprazole),
particularly in CYP2C19 extensive metabolizers.76 Although
we did not observe this in the results of this NMA, the dif-
ference may potentially be because of the more frequent use
of lansoprazole in studies in Asia. Of note, a recent study by
Scarpignato et al, which explored Asian vs non-Asian race as
a covariate for the pharmacokinetic profile of vonoprazan,
demonstrated that race had a limited impact on exposure
and that pharmacokinetic parameters were similar among
individuals of non-Asian and Asian race.77 Further study of
this issue is warranted.

Among all included studies, it is notable that only 11
were published in the last 10 years.19,26,29,33,34,36,43,45,46,52,53

Factors such as rising rates of antibiotic resistance may
cause relative efficacy of treatments to change over time.
The paucity of contemporary trials of PPI-based triple
therapies may contribute to a lack of generalizability in the
current treatment landscape. Residual confounding caused
by effect modification in relative efficacy rates due to time
and geographical effects may occur. NMAs incorporate
anchored comparisons to mitigate these effects; however,
confounding is still possible if the efficacy of PPI-based tri-
ple is changing relative to comparators such as PPI þ high-
dose amoxicillin. In addition, few studies were conducted in
North America, and contemporary trials of PPI-based triple
therapies have not been conducted in Western countries. As
a result, the NMA relied on studies conducted in East Asia
and historical studies in Western countries. Furthermore,
studies were seldom conducted exclusively in North
America; therefore, North American studies were defined as
trials that included North American sites.

Strengths
This is the first NMA for vonoprazan to include data

from North American and European patients; prior studies
relied solely on evidence from Asia. The NMA included a
number of different groupings, scenarios, and analyses to
assess the relative efficacy of vonoprazan-based eradication
regimens. Vonoprazan-based regimens consistently
demonstrated the highest relative efficacy, probability of
being best, and rank regardless of geography and treatment
grouping. Furthermore, across comparisons, the efficacy of
vonoprazan dual therapy did not vary significantly from
BiQT.

Conclusion
According to the indirect treatment comparisons we

conducted, vonoprazan-based triple therapy was numeri-
cally favored to all other therapies compared, had the
highest probability of being the best therapy, and ranked
first in each analysis scenario. Vonoprazan’s potent and
durable acid suppression is reflected in greater efficacy of
vonoprazan-based therapy than PPI-based therapies.

Vonoprazan-based eradication regimens provide a po-
tential new treatment option for the treatment of H. pylori
infection in Western countries and North America with ef-
ficacy that has been shown in this analysis to be superior to
PPI-based triple therapy and comparable or better than
BiQT. The results of this analysis strengthen the body of
evidence supporting the favored position of vonoprazan-
based therapies for empiric, first-line treatment of
H. pylori infection.
Supplementary Materials
Material associated with this article can be found in the

online version at https://doi.org/10.1016/j.gastha.2022.06.
009.
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