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Introduction

Abstract

Background and Aim: Potassium-competitive acid blocker (PCAB) is a recent alternative
to proton pump inhibitor (PPI) for potent acid suppression. The current systematic review
and meta-analysis aimed to compare the efficacy and safety of PCAB versus PPI in treating
gastric acid-related diseases.

Methods: We searched up to June 5, 2022, for randomized controlled trials of gastric
acid-related diseases that included erosive esophagitis, symptomatic gastroesophageal re-
flux disease (GERD), peptic ulcers, and Helicobacter pylori infection. The pooled risk ratio
(RR) was evaluated for the efficacy outcome and treatment-emergent adverse events
(TEAES) as the safety outcome. Sensitivity analyses were performed to test the robustness
of the study findings.

Results: Of the 710 screened studies, 19 studies including 7023 participants were ana-
lyzed. The RRs for the healing of erosive esophagitis with Vonoprazan versus PPI were
1.09 (95% confidence interval [CI] 1.03—1.14), 1.03 (95% CI 1.00-1.07), and 1.02 (95%
CI 1.00-1.05) in Weeks 2, 4, and 8, respectively. There were no differences in the improve-
ment of GERD symptoms and healing of gastric and duodenal ulcers between PCAB and
PPI. The pooled eradication rates of H. pylori were significantly higher in Vonoprazan ver-
sus PPI first-line treatment (RR 1.13; 95% CI 1.04—1.22). The overall RR of TEAEs with
Vonoprazan versus PPI was 1.08 (95% CI 0.89—1.31). Overall, the risk of bias was low to
some concerns. Furthermore, sensitivity analyses confirmed the robustness of the study’s
conclusion.

Conclusion: Vonoprazan is superior to PPI in first-line H. pylori eradication and erosive
esophagitis but non-inferior in other gastric acid-related diseases. Likewise, short-term
safety is comparable in both treatment groups.

ulcers, and Helicobacter pylori infection.*> However, despite

The preferred treatment for many gastric diseases, especially gas-
tric acid-related diseases, has been the proton pump inhibitor
(PPI).' Such gastric acid-related conditions are not limited to
symptomatic gastroesophageal reflux disease (GERD), erosive
esophagitis, dyspepsia, chronic gastritis, gastric and duodenal
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being an effective acid suppression and only 1-3% of short-term
adverse events, a recent umbrella review indicated more
longer-term risks with PPI use, especially fractures and kidney
disease in the elderly, and a more severe COVID-19 disease.®’
Furthermore, an estimated 10-40% of GERD patients have an
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Vonoprazan in acid-related disorders

incomplete or no response to standard doses of PPI, otherwise
termed refractory GERD.® Thus, the aforementioned limitations
warrant an alternative acid-suppressive drug superior to or at least
similar in efficacy to PPL

Potassium-competitive acid blocker (PCAB) could be the poten-
tial alternative to PPI. PCABs are reversible, competitive antago-
nists of the H+/K+ ATPase and have more potent, rapid-acting,
and sustained acid suppression.” Vonoprazan, probably the
best-known PCAB, received its first approval for use in Japan in
2015. Previous meta-analyses have confirmed the benefits of
Vonoprazan alone (no other PCABs) and only in several disorders,
including GERD, H. pylori eradication, and post-endoscopic sub-
mucosal dissection ulcers.'® !> Furthermore, non-randomized
studies were included in previous meta-analyses, prone to biases
and heterogeneity, among other limitations. Therefore, the current
systematic review and meta-analysis included only robust random-
ized controlled trials (RCTs) of all studied PCABs. The aims were
to assess the efficacy (superiority or non-inferiority) and safety of
PCAB compared with PPI in treating gastric acid-related diseases.

Methods

Before writing this systematic review and meta-analysis, a proto-
col was prospectively designed and registered in the International
Prospective Register of Systematic Reviews (PROSPERO
CRD42022307265)."* We have followed the reporting guidelines
of the Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA; Table S1)."*

Search strategy and selection criteria. Only RCTs of
gastric acid-related diseases randomized to either PCABs or PPIs
were searched and selected if the inclusion criteria were satisfied.
Gastric acid-related disorders included erosive esophagitis,
H. pylori infection, gastric and duodenal ulcers, and symptomatic
GERD. All studied PCABs were included, that is, Vonoprazan,
Soraprazan, Revaprazan, Tegoprazan, Keverprazan, and
Linaprazan. Meanwhile, any PPIs as the comparator were Omep-
razole, Esomeprazole, Lansoprazole, Rabeprazole, Pantoprazole,
Dexlansoprazole, and Ilaprazole. For H. pylori studies, only RCTs
that compared therapies (regardless of dual or triple, or quadruple
therapies and their durations) with the exact dosages and drugs,
aside from the PCAB or PPI, were included. Hence, studies that
compared different numbers of regimens were excluded (i.e. dual
vs triple or dual vs quadruple or triple vs quadruple). From incep-
tion to June 5, 2022, studies published in English were searched
using the following electronic databases: Ovid MEDLINE, Ovid
EMBASE, SCOPUS, and the Cochrane Library. The search terms
are presented in Figure S1 and include the following keywords:
gastric acid-related diseases, PCAB, PPI, and clinical trials. Addi-
tional studies were also identified through manual hand-searching,
from relevant systematic reviews or meta-analyses and the refer-
ence lists of included studies.

Data collection and risk of bias assessment. All re-
trieved articles were imported into the Endnote 20 (Clarivate,
Boston, USA) software, and duplicates were removed. Subse-
quently, two independent authors (D. M. S. and A. E. S.) screened
the titles and abstracts, reviewed the full texts, performed data
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extraction, and assessed the risk of bias. The following details
were extracted: study identifier, publication date, recruitment
period, study location, study design, baseline characteristics of
the participants (number of participants, age, and gender), types
of gastric acid-related disease, treatment regimen given, outcome
measurement, and the treatment outcome. To rate the risk of bias,
the Cochrane’s Risk of Bias (RoB) tool 2.0 was used to assess the
risk of bias in included studies."” The tool evaluated five major do-
mains, which were (i) randomization process, (ii) deviations from
intended interventions, (iii) missing outcome data, (iv) measure-
ment of the outcome, and (v) the selection of the reported result.
For any disagreement, the reviewers would reconcile until a mu-
tual agreement was achieved.

Outcomes. The primary outcomes of interest for this review
were the endoscopic healing rates of erosive esophagitis and gas-
trointestinal (GI) ulcers, the eradication rate of H. pylori (as
assessed by urea breath test), and the improvement of any GI
symptoms experienced by symptomatic GERD patients (as re-
ported by patients). Only intention-to-treat (ITT) and full analysis
set (FAS) outcome data were extracted and included in the analysis
for efficacy outcomes. ITT outcomes were defined as data avail-
able for all randomization patients; however, many studies had mi-
nor variations concerning the definition of FAS outcome, which
ultimately is, as described by the European Medicines Agency
Guidance on Statistical Principles for Clinical Trials, as complete
and close as possible to the ITT analysis of including all random-
ized subjects.'® The ITT outcome data would be used for analysis
where the study presented the ITT and FAS data. In addition, the
pooled healing and eradication rates and the calculated risk ratio
(RR) were determined from extracted data. The secondary out-
come was the treatment-emergent adverse events (TEAEs), where
we calculated the RRs from the available data. Only ITT and safety
analysis set (SAS) outcome data were extracted and included in
the analysis for safety outcomes. ITT data would be used if studies
reported both datasets. SAS outcome data included all randomized
patients with at least one safety assessment after randomization.
Additionally, for studies that reported different doses of PCAB
(such as Vonoprazan 20 mg, Linaprazan 75 mg, and/or Tegoprazan
50 mg), their inclusion in the meta-analysis would be based on
clinical judgment. However, due to different efficacy and safety
of individual PCAB, pooling of studies in a meta-analysis would
be performed only if two or more studies had used the same type
of PCAB.

Data analysis. Data were presented in narrative form, and
findings were summarized in tables. Due to the study’s paucity
and the heterogeneity of the improvement of GI symptoms in
symptomatic GERD, we did not perform a meta-analysis for that
particular outcome of interest. Quantitative synthesis and statisti-
cal analyses of the remaining outcomes were performed using
the R program v.4.1.2 (Vienna, Austria).'” To summarize the
pooled effect size, the random-effects model was used. For data
with dichotomized outcomes, we presented the data as proportion.
We used the Mantel-Haenszel method to calculate the pooled RRs
and 95% confidence interval (CI) of healing rates, eradication
rates, and TEAEs. The heterogeneity of included studies was cal-
culated using the Cochrane y> and /. All statistical analyses were
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two-tailed and considered significant with P < 0.05, except for the
Cochrane x* heterogeneity significance level, which was set to
P < 0.10.

Due to study paucity (k < 10), we did not perform a publication
bias assessment qualitatively using the funnel plot or quantita-
tively using Egger’s linear regression and Begg’s rank tests. Sen-
sitivity analysis using the leave-one-out analysis was used to
assess the robustness of the results. Furthermore, subgroup analy-
ses (if k > 2 in both subgroups) were performed to analyze the ef-
fect estimate based on the study location, the publication type, the
study’s risk of bias, and the specific intervention—comparator
combination or type of PCAB as the comparator. Differences in
subgroup analyses were considered significant if the interaction
was P < 0.10.

Results

Study selection and baseline characteristics. From
a total of 686 potential studies screened, 19 studies with 7023 pa-
tients were included in the final analysis (Fig. 1). Of the gastric
acid-related diseases, six were erosive esophagitis,'® % two were
symptomatic GERD,**** nine were H. pylori infection,”® ** three

. 3 S
were gastric ulcers,”* >® and the remaining two were duodenal

Records identified through peer-
reviewed database searching

Vonoprazan in acid-related disorders

ulcers®®? (Table 1). All studies were peer-reviewed published

clinical trials except for two unpublished clinical trials.**** Nine
of the 19 studies were from Japan,'?2%242673035 ejoht were from
other parts of Asia,>’ 2> 3¢ and only two were from the West-
ern countries'®* (European countries and the USA). The most
common drug—drug comparison was Vonoprazan
20 mg—Lansoprazole 30 mg (8/19 studies; 42.1%). Overall, the
risk of bias was generally low-to-some concerns; 10 studies
(52.6%) had low risks of bias. We did not identify any studies with
a high risk of bias. The overall risk of bias and the individual
study’s risk of bias are presented in Figure S2. Of the 7023 pa-
tients, 4271 (60.8%) received PCAB therapy, and 2752 (39.2%)
received PPI therapy. The duration of treatment for PCAB and
PPI ranged from 7 days (in H. pylori eradication) to 8 weeks (in
erosive esophagitis and peptic ulcers). Study participants’ baseline
characteristics (age and gender) did not differ between the two
treatment groups (Table 1).

Erosive esophagitis. Overall, six studies investigated the
use of PCAB versus PPI for healing of erosive esophagitis; three
of which used Vonoprazan, while the remaining three used
Linaprazan (AZD0865), Keverprazan, and Tegoprazan. The six
studies reported three different endpoints (healing rates at Weeks
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Summary of study search and study selection process (flow chart).

2219

© 2022 The Authors. Journal of Gastroenterology and Hepatology published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



DM Simadibrata et al.

Vonoprazan in acid-related disorders

(Senuiuo))
(€6) 7L 98 Fgee Gl shep v| Bw 0g 741
- (€6) vl 6'97F87¢¢ Gl Shep 7| Bw 0z zdA 2810 (1202) unH
(19) Le €el F89g 19 shep v| Buw 0z ZWO
¢ (ev) 9z €TLF TV 19 shep £ Bw 0z zdA puejieyl (1Z02) InyeAejuloyoung
(19) L vyl F LG ford shep £ Bw QL 7dY
¢ (za) zL 6'0L F09G €z shep £ Bw 0z zdA ueder (0202) oloH
Buw 0z 0S3 1o
(09) G1 €CLF0V9 0¢ shep /£ Buw 0L zdY 10 Bw 0g 7d1
- (ga) 81 L'yl F¥'29 €€ shep £ Bw 0z zdA ueder (6L02) ng
Buw 0z 0S3 1o
(69) g€ €eLF6'19 LG shep £ Bu 0L zdYy 10 Bw 0g 741
- (89) L€ €CLFEY9 i} shep /£ Bw 0z ZdA uedep (8L02) ens
(83) v (££-9€) 09 69 shep £ Buw 0g zd1 40 Bw 0z 7dY
¢ (£S) Ly (08-2¢) 85 zL shep /£ Bw 0z ZdA uedep (£102) eweAniep|
(09) ¥61 6'CL F6'€S Lze shep £ Buw 0g zd1
- (09) 961 €¢CLF29S 62¢ shep /£ Bw 0z zdA ueder (9102) IwexeIn|y LojAd ue1oeqooljeH
(vv) 88 6'€L F6ES 98 S3oOM ¥ Buw ov 0S3
(ov) ve L'yl F81G g8 S3eOM ¥ Bw 0z zdA NN 8y} pue ‘puejod ‘eluois3 ‘olgndey yoez)
- (8¢) ¢¢ Lyl F0CS g8 SHOOM 17 Bw ot ZdA ‘elieb|ng ‘wnibjeg ul s1e1ued g¢ 6Y6E7LZ0LON
(ov) 0L TELFLYS °14 SHOOM 17 Bw 0z 053
¢ (L2) 9 8¢l ¥ 083 144 S3eOM ¥ Bw 0z zdA ueder (6102) teanxes ay3an
(9) 16 €CLF88Y 6LL S3oOM 8 Buw 0g zd1
- (€8) 66 L'ZL F L6y 6LL S3oOM 8 Bui 0z ZdM euly) Ul salis i (¢20z) ueyd
(92) 6L1L G'ZL F8¢€S LET S3oOM 8 Bw 0g 741 eisAeje|\ pue ‘uemie]
¢ (¢L)9LL ZELF LY 474 SyeeMm g8 Bw 0z zdA 'e8103 YINOS ‘euly) Ul S181USD 9G (0Z02) oeixX
(79) €9 (G/-12) ¥'0G 66 SyeeM g8 Bw or 053
(€9) 29 (w/-12) LTS 66 S3oOM 8 Bw 0G zd1L
- (59) 99 (7£-02) 8'2G Zol SyeeM g8 Bw 00l zdL 2810} UYINOS (6102) @97
(92) ¥S1L zeELFYLS 20z SyeoM g8 Bw 0g zd1
- (99) LEL 8¢l F €83 10T SyeeM g8 Bw 0z zdA ueder (9102) epiysy
(LL) 66 6'€l 845 ovlL S3oOM 8 Bw 0g 7d1
(7L)OLL 0€LF6.G 8yl SyeeMm g8 Bw G 7dA
(8L €LL 0€LF€/G Gyl SyeoMm g8 Bw QL zdA
(G2) GLL 6l F£8g 5l S3oOM 8 Bw 0z zdA
¢ (8L) Ll 8ZL F9/G arlL S3oOM 8 Bw ot ZdA ueder (GL02) epiysy
(59) £vZ TELF GOV 9/€ S3oeM 8 Buw 0¥ 0S3
(09) €€2 L'ZLF €LY 98¢e SyeoM g8 Bw Gz 9980A7V Jlewus pue ‘uspams
(99) GvC TCLFYLY LLE SyeeM g Bw 06 98007V ‘Aley “puejuig YN oy ‘Aemion ‘Aueulion
¢ (€9) 9gC L'EL F 86y GLE S3oOM 8 Bw 6/ 98007V ‘@douel ‘epeue) 'ySN 8y} Ul s1e1usd ggl (£002) selyey sibeydose aAlsoi]
(eBuey)
(%) N /ds ¥ uesw (Idd/dvod) oseasip palejel
290y ETEN ‘(sJeaA ul) eby N uoneing juswieal | Aiuno) Jaiyiuspl Apnig -pIoe ou1sen

soseasip pajejal-pioe ouiseb ul |dd pue gydd 1o Alejes pue Aoeoie eyl BuiieBbiisaAul saipnis papnjoul Jo solisualoeley)

L ajqeL

Journal of Gastroenterology and Hepatology 37 (2022) 2217-2228

2220

© 2022 The Authors. Journal of Gastroenterology and Hepatology published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



Vonoprazan in acid-related disorders

DM Simadibrata et al.

‘gvdd ‘peuodal jou ‘YN ‘ejozeidosue ‘747 ‘uezeidionsy ‘zdy ‘esesesip xnjjel |eabeydoseonseb ‘qyio ‘ejozeidewosy ‘QS3J "SEIQ JO NSU SWOS SOIeJIpUl § ISBIQ JO S MO| Seiedlpul -

‘uezeldouop ‘ZdA ‘uezeidoBe| ‘7d] ‘ejozeidegey ‘ZdY (|00} Z Seig j0 ¥siy S,8Ueiyo0)) ‘zgoy Jougiyul dwnd uoloid ‘|dd ‘1e300]q pioe aAiiedwoo-wnisseiod

"Apnis swes,

(99) 9/1 6CZLFVLY 892 S3oOM 9 Bw 0g zd1
- (€9) 991 TTLFOLY 59z S3o9M 9 Bw 0z ZdA uemie] pue 'ealoy Yinos ‘eulyd ui sjendsoy zg ,(¢z02) noH
(#9) 0Z1 8L F 204 881 S3oOM 9 Buw 0g zd1
¢ (89) Gzl 9l F 661 781 S3oOM 9 Bw 0z zdA ueder ,(2102) eMIN J8o|n |euspon(
(LL) 26 '€l ¥ GEG 6Ll SyeeM g8 Buw 0g zd1
- (/) 98 LELFOVS GLL SyeoM g8 Bw 0z ZdA ueMIe| pue ‘esioy ‘Buly) Ul SI8IUSD 09 LOE0SOE0LON
(S9) L¥ A g8 SyeoM g8 Buw 0g zd1
(99) 85 6€'€S 88 S3oOM 8 Bw 0G 7d1L
¢ (99) 19 7] €6 SyeeMm g8 Bw 00l zdL 28103 YINos (0202) 04D
(L) oLL g€l F98G 8€C SyeoM g8 Buw 0g zd1
¢ (£9) €91 zeLFz8s 474 SyeoM g Bw 0z zdA ueder ,(£102) BMIN 18ojn ouysen
6LL
HN 4N S3oeM 8 Buw 0g zd1
- 4N
GlLL Buw 0z
4N S3oeMm g ZdA uemie| pue ‘eaioy ‘eUly) Ul SI8IUSD 09 L0E0S0E0.LON
4N 4N 62C S3oOM 9 Bw 0g 741 uemie] pue
- 4N 4N 9ze S3oOM 9 Bw 0z ZdA ‘8810 YINOS ‘euly) ul sjendsoy zg ,(¢z02) noH
(abuey)
(%) N /as ¥ uesw (Idd/avod) aseasip paje|al
z90Yy TN !(s1edA ul) aby N uoneing ljusuileal | Ajuno) Jaiynuapl Apnis -pioe ouisen
(penuiuoD) L @jqeL

2221

© 2022 The Authors. Journal of Gastroenterology and Hepatology published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

Journal of Gastroenterology and Hepatology 37 (2022) 2217-2228



Vonoprazan in acid-related disorders

2, 4, and 8). The pooled healing rates of erosive esophagitis were
higher in the Vonoprazan group than in the PPI group for all the
three different endpoints (Fig. 2a; Week 2: 84.81% vs 77.36%;
Week 4: 91.48% vs 88.95%; Week 8: 95.74% vs 93.76%). How-
ever, the pooled RRs showed better healing rates in the
Vonoprazan group only in Week 2 (RR 1.09; 95% CI 1.03-1.14)
compared with Week 4 (RR 1.03; 95% CI 1.00—1.07) and Week
8 (RR 1.02; 95% CI 1.00-1.05) (Fig. 3). Sensitivity analysis did
not show any significant changes to the pooled RR, and the con-
clusion of the findings for healing rates at Weeks 2, 4, and 8
(Fig. S3).

At Week 4, there were no differences in the healing rates of ero-
sive esophagitis between PPI, and Linaprazan (RR 1.00; 95% CI
0.93-1.07), Tegoprazan (RR 1.00; 95% CI 0.90-1.11), and
Keverprazan (RR 1.01; 95% CI 0.90—1.14). Non-inferiority was
also shown at Week 8 between PPI, and Tegoprazan (RR 1.03;
95% CI 0.96-1.10) and Keverprazan (RR 1.07; 95% CI
0.99-1.14).

Gastroesophageal reflux disease. The two included
studies have used different endpoints to improve GI symptoms,
and, due to the heterogeneity between studies, these were not
pooled into the meta-analysis (Table S2). In the first study, Sakurai
et al** reported no significant differences in symptom relief at
4 weeks between patients receiving Vonoprazan 20 mg and
Esomeprazole 20 mg (sufficient relief 81.8% wvs 88.0% and

DM Simadibrata et al.

complete resolution 50% vs 64%). Furthermore, the numerical
change in the Frequency Scale for the Symptoms of GERD
(FSSG) between the Vonoprazan group and the Esomeprazole
group (71.9% vs 72.8%) was not statistically different.
Likewise, in the second unpublished clinical trial
(NCT02743949) comparing Vonoprazan 40 mg or Vonoprazan
20 mg with Esomeprazole 40 mg, the 24-h heartburn-free periods
(Vonoprazan 40 mg 38.4% or 20 mg 36.7% vs Esomeprazole
40 mg 36.5%) were not significantly different between the groups.
Similarly, the percentage of participants with > 1 sustained resolu-
tion of heartburn (Vonoprazan 40 mg 31.8% or 20 mg 30.6% vs
Esomeprazole 32.6%) was not significantly different between the
groups.

Helicobacter pylori eradication. A total of 869 and 846
patients from nine studies were randomized to PCAB-based and
PPI-based therapy, respectively. Seven of the nine studies investi-
gated first-line treatment for H. pylori, while one study investi-
gated second-line and third-line treatment. The pooled
eradication rate of H. pylori for first-line treatment was 91.89%
in the PCAB-based group and 79.95% in the PPl-based group
(Fig. 2b). The overall RR comparing the two groups was 1.13
(95% CI 1.04-1.22) in first-line treatment, 0.89 (95% CI
0.66—1.22) in second-line treatment, and 1.42 (95% CI
0.97-2.09) in third-line treatment (Fig. 4). There was significant
heterogeneity among studies exploring first-line treatment of

a b
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Figure 2 Bar graphs denoting (a) the crude/pooled healing rate of erosive esophagitis in patients receiving Vonoprazan and PPl and (b) the crude/

pooled eradication rate of Helicobacter pylori infection in patients receiving first-line treatment of (-) Vonoprazan (PCAB) and (

) PPI. The healing

rate and eradication rate are presented in % with its 95% confidence interval. PCAB, potassium-competitive acid blocker; PPI, proton pump inhibitor.
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a
PCAB PPI
Study Events Total Events Total Risk ratio RR 95% ClI Weight
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Figure 3 Forest plots comparing the healing rates of erosive esophagitis in patients receiving Vonoprazan and PPl at (a) Week 2, (b) Week 4, and (c)
Week 8. The RR and 95% Cl for each study are presented in logarithmic scale. The pooled RRs are derived from the random-effects model. Cl, con-
fidence interval; PCAB, potassium-competitive acid blocker; PPI, proton pump inhibitor; RR, risk ratio.
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Heterogeneity: /° = 69%, t° = 0.0070, P < 0.01 :
Second-line treatment
Hojo (2020) 177 23 19 23 —— 0.89 [0.66;1.22] 5.0%
Third-line treatment :
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Figure 4 Forest plots comparing the eradication rates of Helicobacter pyloriin patients receiving Vonoprazan and PPl as first-line, second-line, and
third-line treatment. The RR and 95% ClI for each study are presented in logarithmic scale. The pooled RRs are derived from the random-effects model.
Cl, confidence interval; PCAB, potassium-competitive acid blocker; PPI, proton pump inhibitor; RR, risk ratio.
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H. pylori (P < 0.01; I = 69%). Sensitivity analysis comparing the
eradication rate of H. pylori did not yield any substantial changes
to the primary analysis for first-line treatment (Fig. S4A). Sub-
group analyses for first-line treatment by drug—drug comparison
and risk of bias of included studies did not show any significant
subgroup differences (Fig. S4B). However, studies from Japan
were shown to have a significantly higher RR than those con-
ducted outside of Japan (1.24; 95% CI 1.14-1.34 vs 1.06; 95%
CI 1.01-1.12; subgroup interaction P < 0.01). Additionally,
restricting the analysis to studies that compared only triple thera-
pies with the same treatment duration in both the PCAB and PPI
groups showed a greater pooled RR of 1.24 (95% CI 1.14-1.34)
(Fig. S5).

DM Simadibrata et al.

Gastric and duodenal ulcers. Of four studies, two were
gastric ulcers, one was duodenal ulcer, and one analyzed both gas-
tric and duodenal ulcers. All studies investigated Vonoprazan as
the PCAB, while only one study by Cho ef al. used Tegoprazan
and thus was not included in the pooled analysis. The healing rates
of GI ulcers were assessed at Weeks 2, 4, and 6 for duodenal ulcers
but at Week 8 for gastric ulcers. In Week 2, for the Vonoprazan
group, the healing rates of gastric ulcers and duodenal ulcers were
29.9% and 66.3%, respectively, compared with the PPI group,
32.4% and 63.9%, respectively. At Weeks 4 and 8, the healing
rates of gastric and duodenal ulcers did not differ between the
two groups (Fig. 5). The healing rates of gastric ulcers at Weeks
4 and 8 also did not differ in those receiving Tegoprazan and PPI.

a
PCAB PPI
Study Events Total Events Total Risk ratio RR 95% ClI Weight
Miwa (2017) 169 231 170 225 —H— 0.97 [0.87;1.08] 61.4%
NCT03050307 83 109 92 112 —E"—— 0.93 [0.81;1.06] 38.6%
Random-effects model 252 340 262 337 | -F;* I0.95 [0.88; 1.04] 100.0%
Heterogeneity: /> = 0%, ©>= 0, P = 0.62 038 09 1 11 12
Favors PPl Favors PCAB
b
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Miwa (2017) 216 231 211 225 1.00 [0.95;1.05] 69.6%
NCT03050307 102 112 108 114 0.96 [0.89;1.03] 30.4%
Random-effects model 318 343 319 339 | | l I0.99 [0.95; 1.03] 100.0%
Heterogeneity: /1> = 0%, ©>= 0, P=0.41 038 0.9 1 11 12
Favors PPl Favors PCAB
[+
PCAB PPI
Study Events Total Events Total Risk ratio RR 95% Cl Weight
Miwa (2017) 167 178 170 180 —_—— 0.99 [0.94;1.05] 59.1%
Hou (2022) 222 249 222 251 | 1.01 [0.95;1.07] 40.9%
Random-effects model 389 427 392 431 ( -iI::* I1.00 [0.96; 1.04] 100.0%
Heterogeneity: 1> = 0%, ©>= 0, P=0.71 0.9 1 11
Favors PPl Favors PCAB
d
PCAB PPI
Study Events Total Events Total Risk ratio RR 95% ClI Weight
Miwa (2017) 170 178 177 180 0.97 [0.94;1.01] 46.0%
Hou (2022) 246 254 246 255 1.00 [0.97;1.04] 54.0%
Random-effects model 416 432 423 435 | | I0.99 [0.96; 1.02] 100.0%
Heterogeneity: I° = 43%, 1° = 0.0002, P = 0.19 0.9 1 1.1
Favors PPl Favors PCAB

Figure 5 Forest plots comparing the healing rates of gastrointestinal ulcers in patients receiving Vonoprazan and PPl at (a) GU - Week 4, (b) GU -
Week 8, (c) DU - Week 4, and (d) DU - Week 8. The RR and 95% ClI for each study are presented in logarithmic scale. The pooled RRs are derived from
the random-effects model. Cl, confidence interval; DU, duodenal ulcer; GU, gastric ulcer; PCAB, potassium-competitive acid blocker; PPI, proton pump

inhibitor; RR, risk ratio.
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Safety of potassium-competitive acid blocker ver-
sus proton pump inhibitor. Fifteen studies reported
TEAESs in 4519 patients receiving PCABs and PPIs, two and one
studies of which reported safety endpoints on Tegoprazan and
Keverprazan, respectively, while the remainder was done with
Vonoprazan. The prevalence of TEAEs for the Vonoprazan and
PPI groups was 35.7% and 32.9%, respectively. The RRs of
TEAEs comparing the Vonoprazan group versus the PPI group
were 1.05 (95% CI 0.90-1.22), 0.20 (95% CI 0.01-4.15), 0.84
(95% CI 0.69—-1.02), 1.47 (95% CI 0.43-5.05), and 1.37 (95%
CI 1.19-1.59) for erosive esophagitis, symptomatic GERD,
H. pylori eradication, gastric ulcer, and duodenal ulcers, respec-
tively (Fig. 6). The overall RR for all Vonoprazan studies reporting
TEAEs was 1.08 (95% CI 0.89—1.31). There was significant het-
erogeneity between studies (P < 0.01; I* = 75). Sensitivity analy-
sis did not change the conclusion (Fig. S6A). Furthermore,
subgroup analyses by drug—drug comparison, study location, pub-
lication type, and risk of bias showed no significant difference in
the RRs (interaction P > 0.10) (Fig. S6B). The overall RR for
all Tegoprazan and Keverprazan studies reporting TEAEs was
0.84 (95% CI 0.60—1.17) and 1.37 (95% CI 0.92-2.03), respec-
tively (Fig. S7).

PCAB PPI
Study Events Total Events Total
Erosive esophagitis
Ashida (2015) 73 154 61 139
Ashida (2016) 46 207 45 202
Xiao (2020) 93 244 86 235

Random-effects model 212 605 192 576
Heterogeneity: = 0%, = 0, P=0.94

Symptomatic GERD

Sakurai (2019) 0 22 0 25
NCT02743949 0 85 2 86
Helicobacter pylori

Murakami (2016) 112 329 132 321
Maruyama (2017) 19 72 26 69
Hojo (2020) 11 23 7 23
Huh (2021) 8 15 10 15

Random-effects model 150 439 175 428
Heterogeneity: /% = 8%, 1> = 0.0044, P= 0.36

Gastric ulcer

Miwa (2017) 65 244 79 238
NCT03050307 46 115 17 119
Random-effects model 111 359 96 357
Heterogeneity: /1 = 95%, 1> = 0.7495, P< 0.01

Duodenal ulcer

Miwa (2017) 63 183 53 185
Hou (2022) 163 263 116 268
Random-effects model 226 446 169 453
Heterogeneity: /> = 1%, t° = 0.0002, P= 0.31

Random-effects model 699
Heterogeneity: /2 = 75%, ©° = 0.0707, P< 0.01

Test for subgroup differences: li =17.81,df=4(P<0.01)0.2

Figure 6
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Discussion

There are several key findings in the current systematic review and
meta-analysis. First, the comparative efficacy of Vonoprazan (most
studied PCAB) versus PPI seems to vary among different gastric
acid-related diseases. On the one hand, superiority in the eradica-
tion rate of H. pylori was demonstrated with Vonoprazan-based
versus PPl-based first-line therapy (approximately 13% greater
eradication rate). On the other hand, non-inferiority of PCAB over
PPI was shown in the healing rates of erosive esophagitis, GERD,
and gastric and duodenal ulcers. Second, the short-term safety
rates based on TEAEs were comparable between the two treatment
groups. Third, the sensitivity and subgroup analyses further con-
firmed the aforementioned observations.

The variations in comparative efficacy between PCAB and PPI
in different disorders might not be all surprising. PCABs are faster
in onset and more potent than PPIs. These properties likely impact
therapy efficacy, as demonstrated in the current review. Further-
more, pH targets for healing of ulcers (pH > 3 for 12 h/day) are
comparatively different from erosive esophagitis (pH > 4 for
18 h/day), as is time to response for gastric versus duodenal
ulcers.” As such, PCABs may provide better responses to certain
gastric acid-related diseases than others.

Risk ratio RR 95% ClI Weight

.08 [0.84;1.39] 10.9%
.00 [0.69;1.43] 9.0%
.04 [0.83;1.31] 11.2%
.0

3
3
1
1.05 [0.90; 1.22] 31.0%

0.0%

1956 634 1925I

0.20 [0.01;4.15] 0.4%

=i 0.83 [0.68;1.01] 11.7%
0.70 [0.43;1.14] 7.1%

157 [0.74,333] 43%

—— 0.80 [0.44;1.45] 58%
T 0.84 [0.69; 1.02] 28.9%
-E- 0.80 [0.61;1.06] 10.5%

—F— 280 [1.71;459] 7.1%
1.47 [0.43; 5.05] 17.5%

1.20 [0.89;1.63] 10.0%

143 [1.21;169] 12.1%

1.37 [1.19; 1.59] 22.1%
: <+ : 1,08 [0.89; 1.31] 100.0%
05 1 2 5

Favors PPl Favors PCAB

Forest plots comparing the treatment-emergent adverse events in patients receiving Vonoprazan and PPIl. The RR and 95% CI for each

study are presented in logarithmic scale. The pooled RRs are derived from the random-effects model. Subgroup analysis was performed based on
the specific gastric acid-related disease. Cl, confidence interval; GERD, gastroesophageal reflux disease; PCAB, potassium-competitive acid blocker;

PPI, proton pump inhibitor; RR, risk ratio.
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There are other interesting findings. Of note, despite showing
higher healing rates of erosive esophagitis in the Vonoprazan
group compared with the PPI group across Weeks 2, 4, and 8,
however, there was only substantial evidence to demonstrate supe-
riority in Week 2. PCAB needed only 1 day to reach maximal acid
suppression compared with 3—5 days with PPL.”*” Furthermore,
PCAB does not require acid and proton pump activation to achieve
the desired effect; thus, it has a faster acid-suppressive effect.’’*
These pharmacokinetic characteristics of PCAB could explain the
better and quicker healing of erosive esophagitis being evident by
Week 2 over PPI. However, PPI was able to catch up with recov-
ery over time, as evident from healing rates in Weeks 4 and 8.

In addition, PCAB showed comparable efficacy over PPI in
treating and maintaining erosive esophagitis. For example, a
follow-up study by Ashida et al. showed that Vonoprazan 20 mg
was significantly more effective than Lansoprazole 15 mg in
preventing erosive esophagitis recurrence at 24 weeks of mainte-
nance period.*® Despite the effectiveness in erosive esophagitis,
the rate of symptom relief in GERD patients receiving PCAB versus
PPI was similar or non-inferior. Sakurai ef a/. and an unpublished
clinical trial failed to demonstrate any statistical significance of
GERD symptoms in PCAB over PP1.>> However, in smaller studies
on PPI-resistant or refractory GERD patients, vonoprazan showed a
more potent gastric suppression and better symptom improvement
than PPL*%*! PCAB is probably the better choice because of the
limitations of PPIs, such as short half-lives, requiring acid activa-
tion and inhibiting only activated proton pumps, and clinical vari-
ability of CYP2C19 polymorphism.*' PCAB might be a suitable
replacement for PPI in a subset of patients where refractory GERD
is due to the extensive metabolism of the CYP2C19.%° It can be con-
cluded that while PPI remains effective for symptom relief of
GERD, PCAB could be the alternative in cases where GERD is re-
sistant or refractory to PPI because of its limitations.

A key finding in the current meta-analysis is the more effective
eradication of H. pylori with Vonoprazan-based versus PPI-based
first-line therapy. Effective acid suppression is an essential compo-
nent of H. pylori eradication. More potent and quicker acid inhibi-
tion stimulates the growth of H. pylori, which in turn enhances the
bactericidal effects of growth-dependent antibiotics such as
amoxicillin.*** In addition, our analysis suggested that
Vonoprazan was similar or non-inferior to PPI for second-line
and third-line treatment. The choice of antibiotics may explain
the identical rates; however, we recognized that limited data were
available for second-line and third-line therapy. Although amoxi-
cillin is a known growth-dependent antibiotic, metronidazole, on
the other hand, does not depend on the growth or stationary phase
of H. pylori. Hence, the efficacy of metronidazole is unaffected by
intragastric pH, which explains why acid suppression with PCAB
could not improve the already high eradication rate of second-line
therapy in Hojo et al.*°

The healing rates of gastric and duodenal ulcers in patients re-
ceiving Vonoprazan versus PPl were similar for all weeks (Weeks
2, 4, and 6 for duodenal ulcers or Week 8 for gastric ulcers). How-
ever, the studies have combined both H. pylori-positive and
H. pylori-negative ulcers. From the subgroup analyses focusing
only on H. pylori-positive patients, PCAB was superior to PPI in
the ulcer healing rates.
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Vonoprazan was generally well tolerated; the overall prevalence
of TEAE was 35.7% and 32.9% for PCAB and PPI, respectively,
and did not significantly differ between the groups. TEAEs
were substantially more significant in patients with duodenal
ulcers receiving Vonoprazan than PPI. The RCTs in the current
meta-analysis only reported short-term adverse events as the
longest duration of PCAB use included in this study was 8 weeks.
There is increasing safety concern associated with the long-term
use of PPIs, especially the risk of osteoporotic fractures and
kidney disease among the elderly and a likely more severe course
of COVID-19 infection.® Unfortunately, the same cannot be
inferred for the safety concerns related to long-term Vonoprazan
use as the safety data are minimal. A profound gastric
inhibition and hypergastrinemia associated with PCAB may
result in longer-term issues, which have yet to be elucidated.
However, from the present data, we may conclude that Vonoprazan
is generally safe for short-term use in gastric acid-related diseases.
Still, caution is needed if used for duodenal ulcer patients.

There are limitations to the current meta-analysis. First, studies
published in a language other than English were excluded, which
could result in potential geographical bias as other studies could
be missed. Second, there were limited studies for erosive esopha-
gitis, GERD, and GI ulcers, which could cause our results to be
overestimated. However, compared with previous meta-analyses,
which only included Vonoprazan as the only type of PCAB, other
PCABs such as Linaprazan, Keverprazan, and Tegoprazan, which
are available in markets outside of Japan, were also analyzed de-
spite the limited studies available. Thus, more studies are needed
to further establish the comparative efficacy and safety for other
PCABs aside from Vonoprazan. Additionally, this meta-analysis
utilized sensitivity analysis to confirm the robustness of the
analysis. Third, analysis of efficacy of PPIs affected by CYP2C19
genotypes was not performed; furthermore, PCABs were
generally not affected by CYP2C19 genotypes.*® Finally,
non-gastric acid-related disorders, including aspirin-induced or
non-steroidal anti-inflammatory drug-induced gastric ulcers, and
functional GI disorders were not included in the current meta-
analysis.

Conclusion

Vonoprazan is not inferior to PPI in healing erosive esophagitis
and gastric and duodenal ulcers and improving GERD symptoms.
Still, Vonoprazan is superior to PPI in the eradication rate of
H. pylori infection using first-line treatment. Vonoprazan is also
relatively safe compared with PPI; however, only short-term ef-
fects were evaluated. Further RCTs with larger samples, in differ-
ent populations, and more variable use of PCABs (other than
Vonoprazan) are needed to confirm findings of PCAB being the
more potent and quicker acid suppressant and the alternative to
PPIs in PPI-refractory conditions. Likewise, long-term safety data
of PCABs are greatly needed.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. Search strategy.

Figure S2. Cochrane Risk of Bias 2 (RoB2) tool assessment for
included studies.

Figure S3. Leave-one-out analysis for studies comparing the
healing rates of erosive esophagitis in patients receiving
Vonoprazan and PPI at (A) Week 2, (B) Week 4 and (C) Week 8.
Figure S4. (A) Leave-one-out analysis for studies comparing the
eradication rates of Helicobacter pylori in patients receiving
first-line treatment Vonoprazan and PPI. (B) Subgroup analysis
for the eradication rates of Helicobacter pylori in patients receiv-
ing first-line Vonoprazan and PPI by the drug—drug comparison,
study location, and risk of bias.

Figure S5. Forrest plots showing the eradication rates of
Helicobacter pylori in patients receiving first-line treatment of
Vonoprazan and PPl. Analysis was restricted to studies which
compared only triple therapies with the same treatment duration
in both groups.

Figure S6. (A) Leave-one-out analysis for studies reporting the
TEAE:s in patients receiving PCAB and PPI. (B) Subgroup analy-
sis for TEAESs in patients receiving PCAB and PPI by the drug—-
drug comparison, study location, publication type, and risk of bias.
Figure S7. Forrest plots comparing the TEAEs in patients receiv-
ing Tegoprazan and PPL

Table S1. PRISMA Checklist.

Table S2. Summary of included studies in the systematic review.
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