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H I G H L I G H T S

� The efficacy of P-CAB-based triple therapy is superior to that of PPI-based triple therapy as a first-line approach to H. pylori eradication, particularly in Japanese

patients.

� P-CABs were not superior to PPIs as a salvage triple eradication therapy.

� The safety and tolerability of P-CAB are comparable to PPI in H. pylori triple eradication therapies.

� Further large RCTs conducted in multiple regions and countries are necessary.

A R T I C L E I N F O A B S T R A C T

Background and aims: Potassium-Competitive Acid Blockers (P-CABs) have been used in Helicobacter pylori (H.

pylori) eradication therapies in recent years. However, the efficacy and safety of P-CABs compared to Proton-

Pump Inhibitors (PPIs) in this setting remain controversial.

Methods: The efficacy and safety of P-CABs and PPIs for H. pylori eradication were compared in a meta-analysis based

on a systematic literature search of major electronic databases for relevant Randomized Controlled Trials (RCTs).

Results: Seven studies and 1,168 patients were included. The pooled eradication rate determined by Intention-To-

Treat (ITT) analysis was 90.2% for P-CAB-based and 75.5% for PPI-based triple therapy (pooled RR

[95% CI] = 1.17 [1.08−1.28], p < 0.001). The Per-Protocol (PP) analysis also demonstrated significant superior-

ity of P-CABs (pooled eradication rate = 92.4% vs. 77.8%; pooled RR [95% CI] = 1.14 [1.03−1.26], p < 0.01).

In a subgroup evaluation, P-CABs were significantly better than PPIs as a first-line eradication therapy, in both

the ITT analysis (pooled eradication rate = 91.8% vs. 76.4%; pooled RR [95% CI] = 1.18 [1.10−1.28], p <

0.0001) and the PP analysis (pooled eradication rate = 93.0% vs. 78.6%; pooled RR [95% CI] = 1.13 [1.02

−1.26], p < 0.05). However, P-CABs were not superior to PPIs when administered as salvage therapy, as deter-

mined in the ITT (75.0% vs. 66.0%, pooled RR [95% CI] = 1.11 [0.69−1.78], p = 0.66) and PP

(85.7% vs. 70.0%, pooled RR [95% CI] = 1.20 [0.82−1.75], p = 0.34) analyses. In a subgroup analysis limited to

Japanese patients, both the ITT analysis (pooled eradication rate = 89.6% vs. 73.9%; RR [95% CI] = 1.21 [1.14

−1.29], p < 0.01) and the PP analysis (pooled eradication rate = 92.0% vs. 75.7%; RR [95% CI] = 1.18 [1.06

−1.32], p < 0.01) showed that P-CABs were significantly superior compared to PPIs as triple eradication therapy.

However, in the subgroup analysis of patients from other countries, there was no significant difference in either

the ITT analysis (pooled eradication rate = 93.8% vs. 85.2%; RR [95% CI] = 1.10 [0.99−1.22], p = 0.07) or PP

analysis (pooled eradication rate = 95.0% vs. 90.8%; RR [95% CI] = 1.05 [0.98−1.14], p = 0.17). The incidence

of adverse events associated with the two regimens did not significantly differ (P-CABs vs. PPIs: 33.6% vs. 40.0%;

RR [95% CI] = 0.84 [0.71‒1.00], p = 0.05). The incidence of serious adverse events and dropout rate due to

adverse events also did not differ (p = 0.44 and p = 0.67, respectively).

Conclusions: The efficacy of P-CAB-based triple therapy is superior to that of PPI-based triple therapy as a first-line

approach to H. pylori eradication, particularly in Japanese patients. As salvage therapy, the efficacy of the two

treatments did not significantly differ. The tolerability of P-CAB-based and PPI-based triple therapy was compara-

ble, as was the incidence of adverse events.
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Introduction

Helicobacter pylori (H. pylori) infection is one of the most common

infectious diseases worldwide, affecting approximately half of the global

population1 and playing a causative role in a number of gastrointestinal

diseases, including asymptomatic chronic gastritis, peptic ulcer disease,

atrophic gastritis, intestinal metaplasia, gastric mucosa-associated lym-

phoid tissue lymphoma, and gastric adenocarcinoma.2-4 Both the Maas-

tricht V Consensus Report and Kyoto Global Consensus Report recognize

H. pylori-associated gastritis as an infectious disease, while the World

Health Organization has designated H. pylori as a carcinogen. There is

also accumulating evidence that H. pylori eradication can reduce the

incidence of gastric cancer.5-8

Proton-Pump Inhibitor (PPI) regimens are the most common first-

line and salvage therapies for H. pylori eradication. However, in recent

years, the success rate of PPI-containing regimens has declined, due to

the increased antibiotic resistance of H. pylori.9,10 A combination of

effective antibiotics and acid suppression is needed for successful eradi-

cation, but the optimal treatment regimen has yet to be determined.

Potassium-Competitive Acid Blockers (P-CABs) inhibit gastric acid

secretion via selective and reversible inhibition of H+/K+-ATPase.

Since P-CABs compete with K+, their activity is dose-dependent. More-

over, the onset of P-CAB activity is faster than that of PPI activity; more-

over, acid suppression by P-CABs is of longer duration, making the latter

group of drugs more potent therapies for H. pylori eradication.11,12 Fur-

thermore, because P-CABs are acid-stable and less impaired by the

CYP2C19 system than PPIs,13,14 their use in anti-H. pylori regimens have

garnered considerable interest.14,15

P-CABs are currently mainly approved in Asia. Vonoprazan (VPZ) is a

first-in-class P-CAB available in Japan since 2015, which has also been

introduced in a small number of other Asian countries,16-19 mainly for

gastroesophageal reflux disease and H. pylori treatment. Other P-CABs

include revaprazan, tegoprazan, linaprazan, YH4808, DWP14012, KFP-

H008, and SCH28080. Several recent meta-analyses have shown the

superiority of P-CAB-containing therapies over PPI-containing thera-

pies,20-23 although they mostly included retrospective studies with low

levels of evidence, which limited the accuracy and reliability of the

results. In addition, the conclusions were inconsistent with those of

other studies.20,24-26 Therefore, the authors performed a meta-analysis

that included only Randomized Controlled Trials (RCTs) to assess the

efficacy and safety of P-CAB-based therapy for H. pylori eradication.

Methods

Search strategy

The PubMed, Embase, and Cochrane Library databases were system-

atically searched for relevant RCTs up to November 10, 2021. The fol-

lowing search string was used: (“potassium-competitive acid blocker” or

“vonoprazan” or “takecab” or “TAK438”) and (“Helicobacter pylori” or

“H. pylori” or “Hp”). Related articles and citations were also considered

to broaden the search. All human studies published in English were ini-

tially included. The search was conducted by two independent reviewers

(Zhang Mengran and Zhang Mei); a third author (Pang Mingge) was con-

sulted whenever disagreements arose.

Study selection

Two reviewers (ZMR and ZM) independently reviewed the full-text

versions of all articles retrieved in the literature search to identify eligi-

ble studies. The inclusion criteria were as follows: clinical RCT compar-

ing P-CAB- and PPI-based therapy as the primary or salvage regimen for

H. pylori eradication; H. pylori infection confirmed (with one or more

confirmatory tests) by a Urea Breath Test (UBT), rapid urease test, cul-

ture, or stool H. pylori antigen; eradication rate assessed by Intention-To-

Treat (ITT) and Per-Protocol (PP) analyses at least 4-weeks after the

completion of treatment; and confirmation of H. pylori eradication,

either by UBT or stool antigen test.

The exclusion criteria were as follows: non-RCT; inadequate or

unavailable data; abstract-only publications or unpublished; language

other than English; and eradication rate not assessed.

Study quality assessment

Two reviewers (ZMR and ZM) independently assessed the risk of bias

of included RCTs using the Cochrane Risk of Bias assessment tool. The

following items of each RCT were evaluated: (i) Methods of random allo-

cation; (ii) How patient allocation was concealed; (iii) Blinding of the

patients and researchers; (iv) Blinding of outcome assessment;

(v) Whether there were incomplete outcome data; (vi) Whether there

was selective outcome reporting; and (vii) Other potential biases.

Data extraction

Data extraction was undertaken by two investigators, independently.

For each eligible study, the following data were extracted: first author,

year of publication, study design, country, study period, eradication reg-

imens, confirmative test for eradication, eradication rate, dropout rate,

and adverse events.

Statistical analysis

Meta-analysis was performed to calculate the pooled Risk Ratios

(RRs) with a 95% Confidence Interval (CI) by using Review Manager 5.3

(provided by the Cochrane Collaboration, 2014). The Chi-Square test

and Higgins I2 statistic were used to estimate the heterogeneity between

different studies. When p > 0.1 and I2 < 50%, it was considered that

there was no heterogeneity existed, and the fixed-effect model was used.

Otherwise, heterogeneity was considered to exist, and subgroup analysis

or a randomized effect model was used. All p-values were two-tailed,

and p < 0.05 were considered statistically significant in all tests (except

for the heterogeneity test).

Results

Study selection and characteristics

Figure 1 shows a flow diagram of the present literature search. Ini-

tially, 180 studies were identified. After screening the titles and

abstracts, 7 duplicate and 144 irrelevant articles were discarded. After

reviewing the full-length articles, 22 were excluded based on the exclu-

sion criteria. Ultimately, seven studies, comprising 1,168 patients

and meeting all eligibility criteria, were included in the present meta-

analysis.24-30

The characteristics of the seven studies are summarized in Table 1.

The studies were published between 2016 and 2021, and their enroll-

ment periods ranged from 2012 to 2021. All of the included studies

were performed in Asia, including one study conducted in Korea and

one in Thailand; the others were all conducted in Japan.

Among the 1,168 patients included in this meta-analysis,

593 received P-CAB-based eradication therapy (YH4804 administered

to 20 patients in one study; the remainder received VPZ) and

575 patients received PPI-based therapy. The 1,059 patients in five stud-

ies were treatment-naïve; in the other studies, primary treatment had

failed. P-CAB-based triple therapy, as first-line therapy, consisted

of 20 mg VPZ or 200 mg YH4804, 750 or 1,000 mg amoxicillin, and

200 or 400 mg clarithromycin, twice daily for 7-days. P-CAB-based tri-

ple salvage therapy consisted of 20 mg VPZ, 750 mg amoxicillin, and

250 mg metronidazole or 100 mg sitafloxacin, twice daily for 7-days.

In PPI-based triple first-line or salvage therapy, a standard dose of a PPI

(20 mg omeprazole, 20 mg esomeprazole, 30 mg lansoprazole,

or 10 or 20 mg rabeprazole) was administered. In all seven studies,
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eradication success was determined based on a UBT conducted at least 4-

weeks after treatment completion.

Risk of bias

The risk of bias was assessed using the Cochrane Collaboration tool;

the results are presented in Figure 2. Generally, the included studies had

a low risk of bias, but three studies had a high risk of bias.

Comparative eradication success rate

The pooled eradication rate determined by ITT analysis was 90.2%

for P-CAB-based triple therapy and 75.5% for PPI-based triple therapy.

As shown in Figure 3, a higher H. pylori eradication rate was achieved

with P-CAB-based triple therapy than with PPI-based triple therapy

(pooled RR [95% CI] = 1.17 [1.08−1.28], p < 0.001). No significant

heterogeneity was identified (I2 = 43%). A similar tendency was deter-

mined in the PP analysis (pooled eradication rate = 92.4% vs. 77.8%;

Figure 2. Assessment of bias risk.

Figure 1. Flowchart for study selection.

Table 1

Characteristics of studies included in the meta-analysis.

First author Year of publication Country Study period Dosage of P-CAB Dosage of antibiotics and PPI

Bunchorntavakul24 2021 Thailand 2019‒2021 VPZ 20 mg, bd, 7 days A1000 mg bd, C 500 mg

OPZ 20 mg, bd, 14 days bd, 7 days or 14 days

Hojo25 2020 Japan 2015‒2017 VPZ 20 mg, bd, 7 days A 750 mg bd, M 250 mg

RPZ 10 mg, bd, 7 days bd, 7 days

Park26 2020 Korea 2013 YH4808 200 mg, bd, 7 days A1000 mg bd, C 500 mg

ESO 20 mg, bd, 7 days bd, 7 days

Murakami27 2016 Japan 2012‒2013 VPZ 20 mg, bd, 7 days A 750 mg bd, C

LPZ 30 mg, bd, 7 days 200 or 400 mg, bd, 7 days

Maruyama28 2017 Japan 2015‒2016 VPZ 20 mg, bd, 7 days A 750 mg bd, C 200

RPZ 20 mg or LPZ 30 mg or 400 mg, bd, 7 days

bd, 7 days

Sue29 2019 Japan 2015‒2017 VPZ 20 mg, bd, 7 days A 750 mg bd, S 100 mg

ESO 20 mg, RPZ 10 mg or bd, 7 days LPZ 30 mg, bd, 7 days

Sue30 2018 Japan 2015‒2016 VPZ 20 mg, bd, 7 days A 750 mg bd, C 200

ESO 20 mg, RPZ 10 mg or 400 mg, bd, 7 days LPZ 30 mg, bd, 7 days

VPZ, Vonoprazan; OPZ, Omeprazole; RPZ, Rabeprazole; ESO, Esomeprazole; LPZ, Lansoprazole; A, Amoxicillin; C, Clarithromycin; M, Metroni-

dazole; S, Sitafloxcin.
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pooled RR [95% CI] = 1.14 [1.03−1.26], p < 0.01), as shown in

Figure 4, but significant heterogeneity was identified (I2 = 68%).

Subgroup analysis of patients receiving primary (first-line) or salvage

(second- or third-line) therapy

A subgroup analysis was performed according to therapy type (first-

line or salvage eradication therapy); (Figs. 3 and 4). In the first-line ther-

apy subgroup, the eradication efficacy of P-CAB-based triple therapy

was superior to that of PPI-based triple therapy, according to both the

ITT analysis (pooled eradication rate = 91.8% vs. 76.4%; pooled RR

[95% CI] = 1.18 [1.10−1.28], p < 0.0001) and the PP analysis (pooled

eradication rate = 93.0% vs. 78.6%; pooled RR [95% CI] = 1.13 [1.02

−1.26], p < 0.05). Significant heterogeneity was identified in the PP

analysis (I2 = 75%) but not in the ITT analysis (I2 = 39%). Among

patients who received P-CAB-based and PPI-based salvage therapy, the

pooled eradication rate, as determined by ITT analysis, was 75.0%

and 66.0%, respectively (pooled RR [95% CI] = 1.11 [0.69−1.78],

p = 0.66) whereas in the PP analysis it was 85.7% and 70.0% (pooled

RR [95% CI] = 1.20 [0.82−1.75], p = 0.34). Although P-CAB-based sal-

vage therapy tended to be superior to PPI-based salvage therapy with

respect to eradication efficacy, the difference was not statistically signifi-

cant in either the ITT or PP analysis, although in both analyses the het-

erogeneity was significant (I2 = 73% and 69%, respectively).

Figure 3. Forest plot of P-CABs versus PPIs for H. pylori eradication rate in intention-to-treat analysis.

Figure 4. Forest plot of P-CABs versus PPIs for H. pylori eradication rate in per-protocol analysis.
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Subgroup analysis according to country

A subgroup analysis was performed according to whether the study

was conducted in Japan or in other countries (Figs. 5 and 6). In the sub-

group of Japanese studies, the forest plot analysis showed significant

superiority of P-CAB- over PPI-based regimens in terms of the overall

success of H. pylori eradication, in both the ITT analysis (pooled eradica-

tion rate = 89.6% vs. 73.9%; RR [95% CI] = 1.21 [1.14−1.29], p <

0.01) and PP analysis (pooled eradication rate = 92.0% vs. 75.7%; RR

[95% CI] = 1.18 [1.06−1.32], p < 0.01). Significant heterogeneity was

identified in the PP analysis (I2 = 57%) but not in the ITT analysis

(I2 = 45%). However, in the subgroup consisting of studies from other

countries, the eradication efficacy of P-CAB-based therapy was not supe-

rior to that of PPI-based therapy, in either the ITT analysis (pooled

eradication rate = 93.8% vs. 85.2%; RR [95% CI] = 1.10 [0.99−1.22],

p = 0.07) or PP analysis (pooled eradication rate = 95.0% vs. 90.8%;

RR [95% CI] = 1.05 [0.98−1.14], p = 0.17). There was also no signifi-

cant heterogeneity (I2 = 0%).

Adverse events

All included studies provided detailed information regarding adverse

events, but only four reported the overall incidence thereof, which

was 33.6% for P-CAB-based therapy and 40.0% for PPI-based therapy.

There was no difference in the rate of adverse events between the two

regimens (RR [95% CI] = 0.84 [0.71−1.00], p = 0.05), nor was there

significant heterogeneity (I2 = 7%), as shown in Figure 7. Among the

included studies, four reported that adverse events caused seven and

Figure 5. Forest plot of P-CABs versus PPIs for H. pylori eradication rate in Japan/other countries subgroup according to intention-to-treat analysis.

Figure 6. Forest plot of P-CABs versus PPIs for H. pylori eradication rate in Japan/other countries subgroup according to per-protocol analysis.
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four patients receiving P-CAB- and PPI-based regimens to stop treat-

ment, respectively. One of the four studies reported that four serious

adverse events occurred in patients receiving P-CAB-based therapy, and

two in those receiving PPI-based therapy. In the other three studies, no

patient experienced a serious adverse event or side effect leading to

treatment discontinuation. The overall incidence of serious adverse

events was 0.67% among patients in the P-CAB-based therapy group

and 0.35% among those in the PPI-based therapy group; the difference

was not significant (p = 0.44); (Fig. S1). The pooled dropout rate due to

adverse events was 1.2% in P-CAB-treated patients and 0.7% in PPI-

treated patients. There was no significant difference in the dropout rate

between the two regimens, nor was there significant heterogeneity (RR

[95% CI] = 1.53 [0.51‒4.63], p = 0.67, I2 = 0%); (Fig. S2). The most

common adverse events were diarrhea, dysgeusia, abdominal fullness,

abdominal pain, anorexia, nausea, headache, and belching.

Discussion

The current regimen approved for H. pylori eradication combines a

PPI and two antibiotics, with or without bismuth. However, the success

of this regimen has been limited, mostly due to antibiotic resistance and

insufficient gastric acid suppression. The advantages of a P-CAB-contain-

ing eradication regimen include rapid onset of action, long-duration acid

suppression, less interindividual variation in acid suppression, and a

minimal influence of diet on its action. Thus, with P-CAB-based thera-

pies, the eradication rate is expected to be higher than that achieved by

conventional regimens using a standard dose of a PPI. To date, the most

commonly used P-CAB has been VPZ, administered in Japanese popula-

tions, although other P-CABs have been tested in other Asian countries.

The present study’s meta-analysis revealed a higher eradication rate

with P-CAB- than with PPI-based triple therapy, as determined in an ITT

analysis (89.0% vs. 74.2%) and PP analysis (89.0% vs. 74.2%). These

results are consistent with a previous meta-analysis that reported eradi-

cation rates of 87.9% for VPZ-based therapy and 72.8% for PPI-based

therapy.21 The superiority of VPZ was demonstrated in a subgroup anal-

ysis of treatment-naïve patients. The results showed that this P-CAB was

superior to PPIs when administered to treatment-naive patients as first-

line triple therapy (eradication rate = 91.8% vs. 76.4% in the ITT analy-

sis and 93.0% vs. 78.6% in the PP analysis). Specifically, the eradication

rate of P-CAB-containing first-line therapy was > 90%, which implies

high efficacy and accords with the recommendations of currently avail-

able guidelines. By contrast, the eradication rate of PPI-based therapy

is < 80%, which is considered unacceptable. The potent acid-inhibitory

effect of P-CABs may explain its high efficacy. In a previous meta-analy-

sis, high-dose PPIs were shown to be more effective than standard-dose

PPPIs for eradicating H. pylori infection,31 because the increased gastric

pH may drive H. pylori to re-enter the replicative state and thus become

susceptible to antibiotics.32,33 However, in salvage therapy, clarithromy-

cin is replaced by metronidazole or sitafloxacin. With this regimen, there

was no significant difference in eradication rate between P-CAB-contain-

ing and PPI-containing triple therapy, either in the ITT analysis

(75.0% vs. 66.0%, p = 0.66) or PP analysis (85.7% vs. 70.0%,

p = 0.34). These findings are consistent with a previous study,20 in

which the efficacy of P-CABs (VPZ) was superior to that of PPIs as first-

line H. pylori eradication therapy in patients infected with either clari-

thromycin-susceptible or clarithromycin-resistant strains. However, VPZ

was not superior to PPIs as second-line triple eradication therapy. This

lack of a difference may be due to the fact that the efficacy of acid inhibi-

tors is an important factor in the context of clarithromycin therapy, but

not metronidazole or sitafloxacin therapy. Contrary findings were pre-

sented in a previous meta-analysis of retrospective studies,23 in which

VPZ-based regimens were shown to be significantly superior to PPI-

based regimens as second-line H. pylori eradication therapy. In the pres-

ent study’s salvage therapy subgroup, the small number and significant

heterogeneity of the included studies limited the level of evidence.

P-CABs for H. pylori eradication is mainly used in Japan, such that

most studies included Japanese patients. Therefore, to examine the effi-

cacy of P-CABs in patients from other countries, the authors conducted

another subgroup analysis according to country. In the subgroup of

patients from Japan, a higher H. pylori eradication rate was obtained

with the P-CAB- than the PPI-based regimen, in both the ITT analysis

(89.6% vs. 93.9%) and PP analysis (92.0% vs. 75.7%). However, this was

not the case in the subgroup of patients from countries other than Japan,

as the difference between the two treatment groups was not significant

either in the ITT analysis (p = 0.07) or PP analysis (p = 0.17). How-

ever, because the two studies in this subgroup had small sample sizes,

the results need to be interpreted with caution.

In the present meta-analysis, the safety of P-CABs and PPIs as H.

pylori eradication therapies was also assessed. There was no significant

difference between the two groups in terms of the incidence of adverse

or serious adverse events. Nonetheless, the dropout rate related to

adverse events was lower in the P-CAB than the PPI group. Therefore,

the safety and tolerance of P-CAB-containing H. pylori eradication thera-

pies are acceptable.

Although the present study’s meta-analysis demonstrated the benefit

of P-CAB-based eradication therapy, it had several limitations. First, all

of the included studies were performed in Asian countries; the lack of

data from European and American countries may have led to selection

bias, given that regional differences in diets and genetics influence gas-

tric pH. Second, the number of studies and sample sizes used to analyze

the difference between P-CABs and PPIs as salvage therapy, and in coun-

tries other than Japan, was limited. Third, the role of antibiotic (e.g.,

clarithromycin) resistance was not assessed. Fourth, different antibiotics

were used for salvage therapy. Lastly, only conventional triple therapies

provided for 7-days were compared in the meta-analysis; alternative

therapeutic strategies were not considered. Large RCTs conducted in

multiple regions and countries are necessary to confirm the authors’

findings.

Conclusion

In summary, a comparison of the efficacy of first-line H. pylori triple

eradication therapies showed that P-CABs were superior to PPI. The

present meta-analysis also highlighted that the superiority of P-CABs

Figure 7. Forest plot of adverse events between P-CABs versus PPIs.
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was mainly driven by studies conducted in Japan. However, P-CABs

were not superior to PPIs as a salvage triple eradication therapy. In addi-

tion, the present study showed that the safety of P-CABs for H. pylori

eradication is comparable to PPIs. Nevertheless, as some of the authors’

conclusions were based on small samples with significant heterogeneity,

they should be interpreted with caution. Further large-scale RCTs are

needed to validate the present findings.
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