Washington University School of Medicine

Digital Commons@Becker

2020-Current year OA Pubs Open Access Publications

7-30-2024

Treatment response with potassium-competitive acid blockers
based on clinical phenotypes of gastroesophageal reflux disease:
A systematic literature review and meta-analysis

Seungyeon Seo
Ewha Womans University

Hye-Kyung Jung
Ewha Womans University

C Prakash Gyawali
Washington University School of Medicine in St. Louis

Hye Ah Lee
Ewha Womans University

Hyung Seok Lim
Ewha Womans University

See next page for additional authors

Follow this and additional works at: https://digitalcommons.wustl.edu/oa_4

Cf Part of the Medicine and Health Sciences Commons

Please let us know how this document benefits you.

Recommended Citation

Seo, Seungyeon; Jung, Hye-Kyung; Gyawali, C Prakash; Lee, Hye Ah; Lim, Hyung Seok; Jeong, Eui Sun; Kim,
Seong Eun; and Moon, Chang Mo, "Treatment response with potassium-competitive acid blockers based
on clinical phenotypes of gastroesophageal reflux disease: A systematic literature review and meta-
analysis." Journal of Neurogastroenterology and Motility. 30, 3. 259 - 271. (2024).
https://digitalcommons.wustl.edu/oa_4/3927

This Open Access Publication is brought to you for free and open access by the Open Access Publications at
Digital Commons@Becker. It has been accepted for inclusion in 2020-Current year OA Pubs by an authorized
administrator of Digital Commons@Becker. For more information, please contact vanam@wustl.edu.


https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/oa_4
https://digitalcommons.wustl.edu/open_access_publications
https://digitalcommons.wustl.edu/oa_4?utm_source=digitalcommons.wustl.edu%2Foa_4%2F3927&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/648?utm_source=digitalcommons.wustl.edu%2Foa_4%2F3927&utm_medium=PDF&utm_campaign=PDFCoverPages
https://becker.wustl.edu/digital-commons-becker-survey/?dclink=https://digitalcommons.wustl.edu/oa_4/3927
mailto:vanam@wustl.edu

Authors

Seungyeon Seo, Hye-Kyung Jung, C Prakash Gyawali, Hye Ah Lee, Hyung Seok Lim, Eui Sun Jeong, Seong
Eun Kim, and Chang Mo Moon

This open access publication is available at Digital Commons@Becker: https://digitalcommons.wustl.edu/oa_4/3927


https://digitalcommons.wustl.edu/oa_4/3927

Check for
updates

J Neurogastroenterol Motil, Vol. 30 No. 3 July, 2024

pISSN: 2093-0879 elSSN: 2093-0887

https://doi.org/10.5056/jnm24024

Joumnal of Neurogastioenterology and Motility Systematic Review and Meta-analysis

Treatment Response With Potassium-competitive
Acid Blockers Based on Clinical Phenotypes of
Gastroesophageal Reflux Disease: A Systematic
Literature Review and Meta-analysis

Seungyeon Seo,' Hye-Kyung Jung,'* C Prakash Gyawali,” Hye Ah Lee,’ Hyung Seok Lim,' Eui Sun Jeong," Seong Eun Kim,’'
and Chang Mo Moon'

'Department of Internal Medicine, College of Medicine, Ewha Womans University, Seoul, Korea; “Division of Gastroenterology, Washington
University School of Medicine, St. Louis, MO, USA; and *Clinical Trial Center, Mokdong Hospital, Ewha Womans University, Seoul, Korea

Background/Aims

Gastroesophageal reflux disease (GERD) is typically managed based on the clinical phenotype. We evaluated the efficacy and safety of
potassium-competitive acid blockers (PCABs) in patients with various clinical GERD phenotypes.

Methods

Core databases were searched for studies comparing PCABs and proton pump inhibitors (PPIs) in clinical GERD phenotypes of
erosive reflux disease (ERD), non-erosive reflux disease (NERD), PPIl-resistant GERD and night-time heartburn. Additional analysis was
performed based on disease severity and drug dosage, and pooled efficacy was calculated.

Results

In 9 randomized controlled trials (RCTs) evaluating the initial treatment of ERD, the risk ratio for healing with PCABs versus PPls was
1.09 (95% CI, 1.04-1.13) at 2 weeks and 1.03 (95% CI, 1.00-1.07) at 8 weeks, respectively. PCABs exhibited a significant increase
in both initial and sustained healing of ERD compared to PPIs in RCTs, driven particularly in severe ERD (Los Angeles grade C/D).
In 3 NERD RCTs, PCAB was superior to placebo in proportion of days without heartburn. Observational studies on PPI-resistant
symptomatic GERD reported symptom frequency improvement in 86.3% of patients, while 90.7% showed improvement in PPI-
resistant ERD across 5 observational studies. Two RCTs for night-time heartburn had different endpoints, limiting meta-analysis.
Pronounced hypergastrinemia was observed in patients treated with PCABs.

Conclusions

Compared to PPIs, PCABs have superior efficacy and faster therapeutic effect in the initial and maintenance therapy of ERD, particularly
severe ERD. While PCABs may be an alternative treatment option in NERD and PPI-resistant GERD, findings were inconclusive in
patients with night-time heartburn.

(J Neurogastroenterol Motil 2024;30:259-271)

Key Words
Gastroesophageal reflux; Meta-analysis; Potassium-competitive acid blocker; Proton pump inhibitors

Received: February 16, 2024 Revised: March 30, 2024 Accepted: April 10, 2024
® This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.
*Correspondence: Hye-Kyung Jung, MD, PhD
Department of Internal Medicine, College of Medicine, Ewha Womans University, 1071 Anyangcheon-ro, Yangcheon-gu, Seoul
07985, Korea
Tel: +82-2-2650-2945, E-mail: junghk@ewha.ac.kr

(¢) 2024 The Korean Society of Neurogastroenterology and Motility

J Neurogastroenterol Motil, Vol. 30 No. 3 July, 2024 259
www.jnmjournal.org


http://crossmark.crossref.org/dialog/?doi=10.5056/jnm24024&domain=pdf&date_stamp=2024-07-30

Seungyeon Seo, et al

Introduction

Gastroesophageal reflux disease (GERD) is a chronic condi-
tion characterized by the reflux of stomach contents into the esopha-
gus. The severity of esophageal inflammation varies depending on
the degree of dysfunction of the lower esophageal sphincter and dis-
ruption of the esophagogastric junction. GERD has various clinical
phenotypes. Erosive reflux disease (ERD) and Barrett’s esophagus
are characterized by high reflux burden, whereas non-erosive reflux
disease (NERD) is characterized by symptoms in the absence of
visible mucosal damage on endoscopy.' In clinical practice, NERD
can be confirmed as “true NERD” when pathologic acid reflux is
demonstrated on ambulatory reflux monitoring.” When esophageal
acid exposure times are within normal range, symptoms may associ-
ate with physiologic reflux events, termed reflux hypersensitivity.’
Distinguishing GERD from reflux hypersensitivity and functional
heartburn, which are associated with abnormal peripheral and/or
central sensory processing without pathologic acid reflux, requires
esophageal physiological tests. These various clinical phenotypes
need to be taken into consideration along with pathophysiologic fea-
tures in managing GERD. In other words, GERD requires a per-
sonalized patient-tailored approach which balances the use of acid-
suppressing agents to control inflammation caused by acid reflux
and down-regulates enhanced esophageal sensitivity.

Proton pump inhibitors (PPIs) are the mainstay of GERD
management because of their anti-secretory effects in healing ERD,
controlling GERD symptoms, and preventing complications such
as esophageal ulcers, peptic strictures, and cancer progression in
Barrett’s esophagus. Despite this, PPIs provide only 50-60% re-
lief from heartburn after 4 weeks of treatment in NERD patients,
which is lower than in ERD.* Moreover, as many as 40% of pa-
tients with heartburn have either partial response or complete lack
of response to once-daily PPI therapy.” This incomplete response
might be related to the short-half-lives of PPIs and irreversible
binding to H"/K"-ATPase, which in turn may result in night-time
acid breakthrough, causing night-time heartburn, affecting sleep
quality and contributing to daytime dysfunction.”

Potassium-competitive acid blockers (PCABs) such as vono-
prazoan, fexuprazan, tegoprazan, and keverprazan, known for their
potent acid suppression, have emerged as effective alternatives to
PPIs. PCABs reversibly inhibit H' /K -ATPase by competitively
binding to the K*-binding domain. Unlike PPIs, PCABs do not
require activation and rapidly suppress gastric acid secretion. While

PPIs irreversibly bind to proton pumps and lose efficacy against

newly generated pumps, PCABs can reversibly block newly synthe-
sised pumps, leading to sustained duration of action.

This systematic review and meta-analysis aim to compare the
efficacy and safety of PCABs and PPIs in various clinical GERD
phenotypes, including ERD, NERD, PPI-resistant GERD, and
night-time heartburn. Subgroup analysis based on disease severity,
duration of drug use and dosage was performed. Additionally, the
pooled efficacy of each treatment was calculated, and adverse drug

events were evaluated.

Materials and Methods

Literature Search and Study Selection

This meta-analysis was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines. We searched electronic databases including
Ovid MEDLINE, Ovid EMBASE, SCOPUS, and Cochrane
Library for English-language articles published between January
1, 1946 and Oct 29, 2023. The search was conducted on Oct 29,
2023. We specifically searched for randomized controlled trials
(RCTS) that evaluated the efficacy of PCABs and PPIs in various
GERD phenotypes, including ERD, NERD, and night-time
heartburn. However, considering the lack of RCTs on PPI-resistant
GERD, we searched for single-arm cohort studies using PCABs
in this phenotype. The PCABs investigated in the included studies
consisted of vonoprazan, fexuprazan, tegoprazan, and keverprazan.
The following search terms were included: PCAB, GERD or acid
related disease (Supplementary Material). Additional literature was
included through manual searching, incorporating further research,
relevant systematic reviews, or meta-analyses.

Initially, we reviewed the titles and abstracts of papers retrieved
through keyword searches and excluded irrelevant as well as du-
plicate reports. Subsequently, the full texts of the selected articles
were reviewed. The first author extracted data elements from all
selected studies into a Microsoft Excel spreadsheet. These elements
included author names, publication year, study populations based
on GERD phenotypes, types of studies, names of medications
used, drug dosages, duration of use, and outcomes. The data were
crosschecked and confirmed by a second reviewer. Based on these
processes, inclusion eligibility and data consistency were re-assessed,
and disagreements were resolved by discussion with a third author.
Institutional review board approval was waived because all data

analyzed was obtained from published literature.
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Inclusion and Exclusion Criteria

Studies fulfilling the following inclusion criteria were selected:
(1) Study type: RCTs within ERD, NERD, and night-time heart-
burn, except for PPI-resistant GERD, where observational studies
were selected due to the absence of RCT5. (2) Study population:
adult men and women presenting with typical symptoms were se-
lected as the focus of the study. For ERD research, the study target-
ed patients with observed endoscopic esophagitis. In NERD stud-
ies, emphasis was placed on subjects without endoscopic esophagitis
who had experienced heartburn or regurgitation in the week prior
to randomization. (3) PPI-resistant GERD was categorized into 2
clinical phenotypes, and due to the absence of RCTs, observational
studies were chosen. Firstly;, observational studies were selected for
meta-analysis, targeting patients with PPI-resistant symptomatic
GERD who had not experienced symptom improvement despite at
least 8 weeks of standard or double-dose PPI administration, and
showed improvement with PCAB administration based on similar
symptom assessments. Secondly, for PPI-resistant ERD, patients
who did not show improvement on endoscopy despite standard-
dose PPI usage were included in the meta-analysis based on interim
results from another study.”” (4) For night-time heartburn, studies
of patients with GERD-related sleep disturbances or those expe-
riencing night-time heartburn were selected. (5) RCTs comparing
PCABs to PPIs, however, in NERD studies, we included papers
that compared PCABs to a placebo. (6) Outcome measures were
selected based on suitability for clinical phenotypes, and detailed
definitions were provided separately.

Exclusion criteria consisted of studies that did not meet criteria
described above for the type of study, participants, and intervention,
studies with outcomes that prevented conducting a meta-analysis,
animal studies, narrative reviews, and conference abstracts. Studies
conducted on PPI-resistant GERD that included groups using
PPIs at doses below standard levels were excluded.” Additionally,
studies with differing methods of patient evaluation at interim as-

sessments were excluded as they precluded meta-analysis.""*

Data Extraction for Outcome Measurement

The primary ERD outcome evaluated was the endoscopic
healing rate 8 weeks after the initiation of treatment with standard
dose of PCAB."" The secondary ERD end points included the
-16

and 4

as well as proportions of patients with baseline Los

proportion of patients with endoscopic healing at 2 weeks"
weeks. 15171
Angeles (LLA) grade C/D esophagitis with healing at 2 weeks,"”'* 4

13-15,17

weeks, and 8 weeks.""" The primary endpoint in maintenance

PCABs in GERD Phenotypes

therapy for ERD was the proportion of patients who remained heal-
ing upon endoscopic confirmation after 24 weeks of therapy with
maintenance dose (half dosage of standard dose) of PCAB.'****
Subgroup analysis based on treatment duration (12 weeks vs 24
weeks) and drug dosage (maintenance dose vs standard dose) was
also performed. The primary NERD outcome was the proportion
of symptom-free days during the treatment period.”** Studies on
PPI-resistant GERD with consistent outcomes and confirmed
patient improvement were analysed using frequency scale for the
symptoms of GERD (FSSG) scores as an indicator.***** Further-
more, an analysis was conducted on patients with PPI-resistant
GERD who used standard-dose PCABs for more than 4 weeks
to assess improvement in ERD.***"* The outcome for night-time
heartburn aimed to analyze the improvement rate of night-time
symptoms, and although 2 studies were identified, the differing
study designs limited a meta-analysis."””" The secondary outcome
was the treatment-emergent adverse events (TEAESs), where we
calculated the risk ratios (RRs) from the available data. Because the
dosages and treatment durations of PCABs varied across studies,
meta-analyses were conducted for each phenotype. For hypergas-
trinemia, meta-analyses were performed based on clinical judgment,

considering dosages and treatment durations.

Risk of Bias Assessment

All RCTs were evaluated for bias using the Cochrane risk-of-
bias tool.” This evaluation encompassed various biases, including
selective outcome data (reporting bias), incomplete outcome data
(attrition bias), blinding of outcome assessment (detection bias),
blinding of participants and personnel (performance bias), alloca-
tion concealment (selection bias), and random sequence generation
(selection bias). In the case of PPI-resistant GERD, where there
was no control group and only an intervention group in observa-
tional studies, we utilized the Quality Assessment for Before-After
(Pre-Post) Studies with No Control Group to assess the quality of
the studies.” Two authors assessed the quality of the included stud-

1€8.

Data Analysis

Data synthesis and statistical analyses were performed using
R software version 4.3.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria) to generate a meta-analysis, except for night-
time heartburn, which did not align with the other outcomes.”"
To summarize the pooled effect size, continuous outcomes were
expressed as mean with standard deviation, and binary outcomes

were expressed as number of subject with cases and total sub-
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jects. To determine heterogeneity of included studies, we used the
Cochrane Q and I’: I > 75%, considerable heterogeneity; I =
50-90%, substantial heterogeneity; and I’ < 30-60%, moderate
heterogeneity.” If heterogeneity was evident, a random-effect model
was used to generate pooled effect size. Pooled proportion for the
binary outcomes in each group was estimated using the metaprop
function from the meta package in R. Pooled RRs were also calcu-
lated using the Mantel-Haenszel model with a 95% CI of healing
rate and TEAFEs. For the meta-analysis of NERD, we converted
values presented as median * quartile into mean =+ standard devia-
tion in 2 vonoprazan studies according to formulas in the Cochrane
Handbook.”** In PPI-resistant GERD, pooled prevalence rates
were analyzed only for studies with consistent outcomes. In the
analysis of TEAES, serum gastrin levels were presented graphically
on a continuous scale. We extracted data from graphs published
with eligible studies when required data was not available in the
text or tables and the original authors could not provide the data.”
For some data, the authors were contacted directly to obtain raw
data."*' Continuous outcomes measured on different instruments
across studies were pooled using the standardized mean difference
method.13,14,l6,19-23,36

Funnel plots and Egger’s tests for publication bias were appro-
priate for more than 10 studies, but did not meet this condition and
were therefore not assessed.”” All statistical analyses were two-tailed
and considered significant with P < (.05, except for the Cochrane
Q heterogeneity significance level, which was set to P < 0.1.

Results

Characteristics of Included Studies

Of the 1155 studies retrieved from the electronic databases,
684 studies remained after eliminating duplicates and non-English
language publications. Screening of titles and abstracts led to the
exclusion of 651 articles. Upon reviewing the 33 remaining studies,
we identified RCTs that utilized PPIs as a control, and observa-
tional studies evaluating PPI-resistant GERD. Eventually, 21 were
included in the final analysis (Fig. 1): 9 studies on ERD,"* 3 on
NERD,”*" 7 on PPI-resistant GERD,"”** and 2 on night-time
heartburn.”" All RCTs showed a low bias in their risk-of-bias as-
sessments (Supplementary Fig. 1). Furthermore, all observational
studies also demonstrated a tendency of fair or higher quality in the
quality assessment (Supplementary Fig. 2).

The characteristics of the selected studies are summarized in
Table 1. A total of 5633 patients with GERD were included. Ex-
cept for 6 observational studies on PPI-resistant GERD,""******
all remaining studies were RCTs. Of the 21 included papers, only
1 was conducted in a Western country (United States [US]),"
whereas all the others were conducted in Asian countries. The initial
treatment duration for ERD was 2-8 weeks, whereas maintenance
therapy lasted for 12 and 24 weeks. The US study by Laine et al'®
provided results for the 2- and 8-week initial treatment periods
and the 24-week maintenance period. The outcome measured for

NERD was the proportion of days without heartburn or the pro-

Records identified (N = 1155)

Ovid MEDLINE (n = 204)

Ovid EMBASE (n = 348)
SCOPUS (n = 435)

The Cochrane Library (n = 468)

Identification

l

| Records screened (n = 684)

l

| Reports sought for retrieval (n = 36)

Screening

l

| Reports assessed for eligibility (n = 33)

l

Studies included (n = 21)
9 Erosive reflux disease
3 Non-erosive reflux disease
7 PPl-resistant GERD
2 Nighttime heartburn

Included

262

A4

|

Records removed before screening:
Duplicate records removed (n = 457)
Removed not English paper (n = 14)

Records excluded (n = 648)

Records not retrieved (n = 3)

Reports excluded:
Not relevant study (n = 9)
Different outcomes (n = 7)

Journal of Neurogastroenterology and Motility

Figure 1. Chart of the research selec-
tion process. GERD, gastroesophageal

reflux disease.
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portion of patients with symptom relief. We confirmed these results
based on the most prevalent outcome (ie, proportion of days with-
out heartburn) in the included studies. For PPI-resistant GERD,
we investigated studies with consistent outcomes of symptom im-

. 8,25,26
provement using FSSG scores

and the rate of endoscopic heal-
ing of ERD.*"*? For the 2 studies on night-time heartburn, the
outcomes reported did not align; therefore, a meta-analysis was not

conducted for this specific outcome.””!

Erosive Reflux Disease

Initial treatment for erosive reflux disease

Seven RCTs compared the efficacy of PCABs vs PPIs in the
initial treatment of ERD. Each study reported healing rates at

weeks 2, 4, and 8. The PCABs used in these studies were 20 mg
vonoprazan, 40 mg fexuprazan, 20 mg keverprazan, and 50 mg
tegoprazan. In the initial treatment of ERD, the RR for healing
with the use of a standard dose of PCABs compared to PPIs was
1.03 (95% CI, 1.00-1.07) at week 8, and the pooled proportion
of healed patients were 95.2% and 92.5% in the PCAB and PPI
groups, respectively. The RRs for PCABs vs PPIs in the initial
treatment of ERD were 1.09 (95% CI, 1.04-1.13) and 1.03 (95%
CI, 0.99-1.06) at weeks 2 and 4, respectively (Fig. 2). PCABs
consistently demonstrated higher healing rates than PPIs at all
time points, and statistical significance was observed at the 2-week
marks. The pooled healing rate of PCABs was significantly higher
than that of PPIs at week 2 (85.1% vs 77.3%), however, there was
no difference at week 4 (89.3% vs 87.2%).

A PCABs PPIs Weight Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2015 135 144 117 132 ——-—5— 1.06 [0.98; 1.14] 15.4% 31.4%
Ashida 2016 185 204 163 199 —=— 1.11 [1.02; 1.20] 20.8% 27.9%
Xiao 2020 177 238 154 230 +———  1.11[0.99; 1.25] 19.8% 12.5%
Laine 2023 381 514 347 510 _— 1.09 [1.01; 1.18] 44.0% 28.1%

1
Common effect model 1000 1071 = 1.09 [1.04; 1.14] 100.0% --
Random effects model - 1.09 [1.04; 1.13] - 100.0%
Heterogeneity: I = 0%, t° = 0, P = 0.83 )
0.9 1.0 11

B PCABs PPIs Weight Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2015 136 144 123 132 —-—'-— 1.01 [0.95; 1.08] 16.3% 24.4%
Ashida 2016 198 205 184 199 —'—-— 1.04 [1.00; 1.10] 23.7% 40.4%
Lee 2019 87 99 87 99 1.00 [0.90; 1.11] 11.1% 8.4%
Xiao 2020 203 238 192 230 1.02 [0.95; 1.10] 24.8% 14.9%
Chen 2022 98 119 97 119 1.01 [0.90: 1.14] 12.3% 6.4%
Lee 2022 93 116 92 115 1.00 [0.88: 1.14] 11.7% 5.5%
Common effect model 921 894 1.02 [0.99; 1.06] 100.0% -
Random effects model 1.03 [0.99; 1.06] - 100.0%
Heterogeneity: I = 0%, t° = 0, P = 0.95 o

C PCABs PPIs Weight Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2015 139 144 126 132 b 1.01 [0.96; 1.06] 103%  15.6%
Ashida 2016 203 205 190 199 —-—:— 1.04 [1.00; 1.07] 15.1% 19.3%
Lee 2019 95 99 92 99 — 1.03 [0.96; 1.10] 7.2% 11.6%
Xiao 2020 220 238 210 230 —_——— 1.01 [0.96; 1.07] 16.7% 14.3%
Chen 2022 114 119 107 119 ——:-— 1.07 [0.99; 1.14] 8.4% 11.0%
Lee 2022 106 116 110 115 —_— 0.96 [0.89; 1.02] 8.6% 11.5%
Laine 2023 478 514 431 510 f————  1.10[1.05; 1.15] 33.8% 16.6%

1
I
Common effect model 1435 1404 = 1.05 [1.02; 1.07] 100.0% --
Random effects model e 1.03 [1.00; 1.07] - 100.0%
Heterogeneity: /> = 60%, t° = 0.0011, P = 0.02 o o A

Figure 2. Forest plot depicting the relative efficacies of potassium-competitive acid blockers (PCABs) and proton pump inhibitors (PPIs) in the

initial treatment of erosive reflux disease, showing the healing rates at weeks 2 (A), 4 (B), and 8 (C). RR, risk ratio.
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Maintenance therapy for healing in erosive reflux disease

Three RCTs reported healing rates after 12 weeks and 24
weeks of maintenance therapy for ERD. The results included the
use of vonoprazan 10 mg, vonoprazan 20 mg, and tegoprazan 25
mg. In the maintenance therapy of ERD, the RR for maintenance
dose PCABs vs PPIs was 1.04 (95% CI, 0.90-1.19) and 1.09 (95%
Cl, 1.03-1.16) at week 12 week 24, respectively (Fig. 3). PCABs
showed higher healing rates than PPIs at weeks 12 and 24, but the
difference was statistically significant only at week 24. When both
maintenance and standard doses were used, the RR were 1.04 (95%
CI, 0.90-1.19) and 1.09 (95% CI, 1.03-1.16) at weeks 12 and 24,
respectively with statistical significance observed only at 24 weeks.
The RR for 10 mg vonoprazan vs 20 mg vonoprazan at week 24
was 0.97 (95% CI, 0.93-1.01), indicating that there was no differ-
ence between 20 mg vonoprazan and 10 mg vonoprazan at weeks

24. The pooled proportion for 10 mg vonoprazan and 25 mg tego-

PCABs in GERD Phenotypes

prazan at week 24 was 86.7%, whereas that for 20 mg vonoprazan
was 90.3%.

Non-erosive Reflux Esophagitis

In 3 RCTs with consistent outcomes, the number of symptom-
free days during a 4-week period was compared between PCABs
(10 mg vonoprazan, 20 mg vonoprazan, 50 mg tegoprazan, and
100 mg tegoprazan) and placebo. The mean difference for PCABs
vs placebo in NERD was 7.94 (95% CI, 3.80-12.08) (Fig. 4). In
sensitivity analyses conducted by combining different drug types
and dosages in 3 NERD studies, PCAB consistently demonstrated
a statistically significant effect compared to a placebo with no het-
erogeneity (Supplementary Fig. 3).

The tegoprazan study, which analyzed the percentage of
patients experiencing complete relief from heartburn and reflux
symptoms as the primary endpoint, showed that PCAB had a sig-
nificantly higher symptom relief rate compared to placebo (tegopra-

A PCABs PPIs Weight Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2018 192 202 172 201 4:—-— 1.11 [1.04; 1.19] 54.1% 49.2%
Cho 2023 143 154 145 151 — ! 0.97 [0.92; 1.02] 45.9% 50.8%

H
ol
Common effect model 356 352 <> 1.04 [1.00; 1.09] 100.0% -
Random effects model 1.04 [0.90; 1.19] - 100.0%
Heterogeneity: I* = 90%, t° = 0.0087, P < 0.01 f
0.9 1.0 1.1

B PCABs PPIs Weight Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2018 187 202 163 201 —i—-— 1.14 [1.06; 1.23] 32.5% 38.9%
Cho 2023 133 154 127 151 —_— 1.03 [0.94; 1.13] 25.5% 30.2%
Laine 2023 232 293 212 294 —— 1.10 [1.00; 1.20] 42.1% 30.8%

)
1
Common effect model 649 646 —— 1.09 [1.04; 1.15] 100.0% -
Random effects model _ 1.09 [1.03; 1.16] - 100.0%
Heterogeneity: /* = 32%, ©° = 0.0010, P = 0.23 0.9—0—.
. 1. 1.1

Figure 3. Forest plot depicting the relative efficacies of potassium-competitive acid blockers and proton pump inhibitors in the maintenance thera-

py of healing erosive oesophagitis, showing the healing rates at weeks 12 (A) and 24 (B). RR, risk ratio.

PCABs Placebo Weight Weight
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl (common) (random)
Kinoshita 2016 549 22.49 4196 298 15.57 29.29 — 6.92 [2.00; 11.84] 48.4% 48.4%
Kinoshita 2019 238 68.72 38.93 245 60.97 31.92 7.75 [1.39; 14.11] 29.0% 29.0%
Kim 2021 205 67.07 29.40 99 56.70 30.30 ——4—— 10.37 [3.17; 17.57] 22.6% 22.6%
)
1
Common effect model 992 622 ) 7.94 [4.52; 11.36] 100.0% -
Random effects model _ 7.94 [3.80; 12.08] -- 100.0%
Heterogeneity: F=0%1=0P=074 T

-15-10 -5 0 5

10 15

Figure 4. Forest plot depicting the proportion of symptom-free days during the treatment period between potassium-competitive acid blockers

(PCABs) and placebo in patients with non-erosive reflux disease. PPIs, proton pump inhibitors; RR, risk ratio; MD, mean difference.
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zan 50 mg vs placebo, 42.5% vs 24.2%, P = 0.0058; tegoprazan
100 mg vs placebo, 48.9% vs 24.2%, P = 0.0004).”*

Proton Pump Inhibitor-resistant Gastroesophageal
Reflux Disease

In the absence of RCTs, 3 observational studies on PPI-
resistant GERD, all of which examined symptom improvement
using FSSG scores, had consistent outcomes.”** All 3 studies
utilised vonoprazan 20 mg, with 2 studies reported use for 4 weeks
8, 26 and 1 study investigated patients who used this agent for at
least 4 weeks.” Defining the effects of PCABs when FSSG scores
were less than 8 points and decreased by at least 2 points compared
with the baseline, the pooled proportion of patients with an effective
response was 86.3% (95% CI, 0.46-0.98). This finding indicated
that PCABs were effective in patients with PPI-resistant GERD.
Additionally, in cases where standard or higher doses of PPI were

used but ERD was observed via endoscopy, a study found that
when patients were switched to vonoprazan 20 mg for 4 weeks or
more, endoscopic improvement was observed in 90.7% (95% Cl,
0.82-0.96) (Supplementary Fig. 4).

Night-time Heartburn

Twwvo RCTs were identified. In the first study, time duration till
the first day without night-time heartburn was investigated over a
2-week period using 50 mg tegoprazan.” The PCAB group had a
time duration of 1.5 days, whereas the PPI group had a duration of
3.0 days, indicating that the PCAB group showed a faster onset of
the effect compared to the PPI group, although the difference was
not statistically significant. In the second study, the proportions of
patients with no night-time heartburn on the first day, and on 7 con-
secutive days after taking vonoprazan 20 mg or PPIs for 2 weeks

were compared.” In patients with night-time heartburn at the start

A Week 2 PCABs PPIs Weight  Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2015 48 50 38 46 —'—-E— 1.16 [1.01; 1.34] 18.3% 38.9%
Ashida 2016 66 75 46 72 —:—-— 1.38 [1.14; 1.67] 21.7% 22.5%
Xiao 2020 47 76 35 68 —_—r 1.20 [0.90; 1.61] 17.1% 10.1%
Laine 2023 124 177 92 174 —-:—-— 1.32 [1.12; 1.57] 42.9% 28.5%

H
Common effect model 378 360 = 1.29 [1.16; 1.42] 100.0% --
Random effects model - 1.26 [1.15; 1.38] - 100.0%
Heterogeneity: I = 0%, t° = 0.0004, P = 0.48 " )
0.75 1.0 1.5

B Week4 PCABs PPIs Weight  Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2015 50 50 40 46 —-— 1.15[1.03; 1.28] 25.5% 46.6%
Ashida 2016 72 75 58 72 —:—-— 1.19 [1.05; 1.35] 35.7% 38.0%
Xiao 2020 56 76 46 68 o 1.09 [0.88; 1.35] 29.3% 12.6%
Chen 2022 14 24 16 25 : 0.91 [0.58; 1.43] 9.5% 2.8%

"
Common effect model 225 21 —_ 1.12 [1.03; 1.23] 100.0% -
Random effects model e~ 1.15 [1.07; 1.24] - 100.0%
Heterogeneity: F = 0%, 1 =0,P=0.66 T 1
0.75 1.0 1.5

C Weeks PCABs PPIs Weight  Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (common) (random)
Ashida 2015 50 50 43 46 —-—-—i 1.07 [0.99; 1.15] 14.4% 28.1%
Ashida 2016 75 75 63 72 —-—:— 1.14 [1.05; 1.25] 20.6% 25.8%
Xiao 2020 64 76 55 68 —_—— 1.04 [0.90; 1.21] 18.5% 15.2%
Chen 2022 22 24 20 25 — >+ 1.15[0.91; 1.44] 6.2% 8.4%
Laine 2023 162 177 125 174 -I—-— 1.27 [1.15; 1.41] 40.2% 22.5%

i
Common effect model 402 385 e 1.17 [1.10; 1.23] 100.0% -
Random effects model _ 1.13 [1.05; 1.22] - 100.0%
Heterogeneity: /* = 53%, ©° = 0.0037, P = 0.08 o'ﬁﬁ%

Figure 5. Forest plot depicting the comparison of potassium-competitive acid blockers (PCABs) and proton pump inhibitors (PPIs) in the im-
provement rate of erosive reflux disease of Los Angeles grade C/D based on severity at weeks 2 (A), 4 (B), and 8 (C). RR, risk ratio.
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of the study, vonoprazan showed a significantly higher complete
relief of night-time heartburn than lansoprazole during days 1-7 of
treatment (hazard ratio, 6.22; 95% CI, 1.72-22.52; P < 0.01).

Healing Rate Using Potassium-competitive Acid
Blockers vs Proton Pump Inhibitors Based on Erosive
Reflux Disease Severity

The secondary outcome examined was the healing rates using
PCABs and PPIs based on ERD severity (Fig. $). In the initial
treatment, the RR for PCABs vs PPIs in LA grade A/B was 1.02
(95% CI, 0.97-1.07) at week 2, 0.98 (95% CI, 0.95-1.01) at week
4,and 1.00 (95% CI, 0.98-1.02) at week 8, indicating that PCABs
did not show a distinct advantage over PPIs. The pooled ratios
for LA-A/B grades at weeks 2, 4, and 8 were 89.1%, 92.3%, and
96.1%, respectively. However, in LA grade C/D, the RR was 1.26
(95% CI, 1.15-1.38) at week 2, 1.15 (95% CI, 1.07-1.24) at week 4,
and 1.13 (95% CI, 1.05-1.22) at week 8, demonstrating the superi-

PCABs in GERD Phenotypes

ority of PCAB:s at all time-points. The pooled ratios for PCABs in
the LA grade C/D group were 82.2%, 91.5%, and 96.7% at weeks
2, 4, and 8, respectively. These results are consistent with mainte-
nance therapy for erosive esophagitis. In LA grade C/D, the RR
was 1.32 (95% CI, 1.13-1.55) at weeks 24, indicating the greater
effectiveness of PCABs than PPIs. Assuming equivalent dosages of
10 mg vonoprazan and 25 mg tegoprazan, the RR for these main-
tenance dosages alone was 1.28 (95% CI, 1.10-1.50) at weeks 24.

Safety and Tolerability

TEAESs were reported in 13 studies of patients receiving
PCABs (Table 2). The RRs of TEAFESs between the ERD patients
in the PCAB and PPI groups were 1.06 (95% CI, 0.96-1.17) and
1.07 (95% CI, 0.99-1.16) in the initial treatment and maintenance
therapy, respectively, showing no statistically significant difference
between the 2 groups. In the NERD group, the RR of TEAESs
compared with the placebo group was 0.91 (95% CI, 0.78-1.05).

Table 2. Relative Ratio of Adverse Events Associated With Potassium-competitive Acid Blockers and Proton Pump Inhibitors

Variables Dosage of PCAB Control

Adverse events

Severe adverse events

Serious adverse events

Hepatotoxicity

20 mg vonoprazan

20 mg keverprazan

40 mg fexuprazan
50/100 mg tegoprazan
10/20 mg vonoprazan
25 mg tegoprazan
10/20 mg vonoprazan
50/100 mg tegoprazan
50 mg tegoprazan

20 mg vonoprazan
10/20 mg vonoprazan
20 mg vonoprazan

40 mg fexuprazan
50/100 mg tegoprazan
10/20 mg vonoprazan
25 mg tegoprazan
10/20 mg vonoprazan
50/100 mg tegoprazan
20 mg vonoprazan

20 mg keverprazan

40 mg fexuprazan

10 mg vonoprazan

25 mg tegoprazan

20 mg vonoprazan

30 mg lansoprazole
40 mg esomeprazole
15 mg lansoprazole
Placebo

40 mg esomeprazole
30 mg lansoprazole
15 mg lansoprazole
30 mg lansoprazole
40 mg esomeprazole
15 mg lansoprazole

Placebo

30 mg lansoprazole
40 mg esomeprazole

15 mg lansoprazole

E No. E No.
Phenotypes of Duration ® VterlltN O) (tV:I;tN O) Risk ratio
otal No. otal No.
ERD 1 k Il
G HWEERS W PCAB  in control (95% C1)
ERD 8§ 519(1570) 487 (1534) 1.06 (0.96-1.17)
ERD 24 605(1171)  572(1170) 1.07 (0.99-1.16)
NERD 4 254(1003) 283 (1015) 0.91 (0.78-1.05)
Night-time 2 1(22) 1(24)  1.09(0.07-16.41)
heartburn
ERD 8 5(877) 8 (864)  0.67(0.22-2.10)
ERD 24 25(592)  16(594)  1.53 (0.73-3.18)
ERD 8 10 (1207) 9(1180) 1.22(0.46-3.22)
ERD 24 35(1171)  32(1170) 1.09 (0.56-2.12)
NERD 4 5(1003)  3(1015) 1.24 (0.32-4.85)
ERD 8 8(1369)  4(1336) 1.25(0.21-7.56)
ERD 24 11(1171)  16(1170) 072 (0.27-1.95)

PCAB, potassium-competitive acid blocker; GERD, gastroesophageal reflux disease; ERD, erosive reflux disease; NERD, non-erosive reflux gastritis.
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Figure 6. Comparison of changes in serum gastrin levels between
potassium-competitive acid blockers (PCABs) and proton pump in-
hibitors (PPIs) based on drug use duration. Graph shows statistically
significant differences in the mean *P < 0.01.

In the initial treatment of ERD, the comparison of elevated liver
function test (LFT) results between the PCAB and PPI groups
showed an RR of 1.25 (95% CI, 0.21-7.56), indicating no statisti-
cally significant difference. Similarly, no significant differences in
LFT abnormalities were found among patients undergoing main-
tenance therapy for ERD.

As shown in Figure 6, serum gastrin levels were higher in the
PCAB group than those in the PPI group, and the increase in
serum gastrin levels was proportional to the dosage and duration.
The standardized mean difference for serum gastrin levels between
the PCAB and PPI groups was 0.61 (95% CI, 0.10-1.13) at week
8 when the standard dose was administered and 0.95 (95% CI,
0.06-1.83) at week 24. Thus, PCABs significantly increased serum
gastrin levels compared to PPIs. The studies using vonoprazan in
Japan showed a dose- and duration-dependent increase in serum

13,20,22,23

gastrin levels, whereas the study conducted in the US ex-

hibited a comparatively smaller increase in serum gastrin levels."
Additionally, studies on fexuprazan and tegoprazan reported only

. . . - 19,21
marginal increases in serum gastrin levels.

Discussion

In this meta-analysis, we demonstrate that PCAB effects vary
across different GERD phenotypes. PCABs showed a faster effect
in the initial treatment of ERD than PPIs, but the initial and main-
tenance therapies for mild ERD showed no significant difference
in efficacy. However, PCABs exhibited significantly higher healing
rates in LA-C/D than in LA-A/B esophagitis. Additionally, PCABs

demonstrated potential effectiveness in PPI-resistant GERD and
NERD, whereas inconclusive results were found in patients with
night-time heartburn because of limited studies. While occurrence
of hypergastrinemia significantly increased after 24 weeks of PCAB
treatment, there were no significant difference in overall TEAFEs,
including hepatotoxicity, between PCABs and PPIs.

The Seoul consensus on GERD in 2020 concluded that
PCABs and PPIs exert similar therapeutic efficacies and thus both
have been recommended as first-line GERD treatment.” However,
Japanese guidelines based on domestic data suggested that PCABs
are more effective than PPIs, prompting the recommendation to
reduce the initial treatment duration from 8 weeks to 4 weeks.” In
the present study, all investigated PCABs demonstrated significant
healing of ERD at 2 weeks after initiation of treatment. However,
4 weeks of PCAB therapy results in a healing rate of 89.9% on
initial therapy, which is more effective than PPIs but still not suf-
ficient. When extended to 8 weeks, PCABs exhibited a high heal-
ing rate of 95.2%. Particularly in LA C/D esophagitis, PCABs
were statistically more effective than PPIs. Our meta-analysis thus
demonstrates that PCABs significantly improve the success rate of
the initial ERD treatment, even in cases of severe ERD, but do not
necessarily shorten the duration of initial therapy.

In the maintenance therapy of ERD for 12 and 24 weeks,
PCABs showed a higher healing rate than PPIs, but the difference
was statistically significant only at week 24. PCABs demonstrated
greater effectiveness in patients with ERD after 24 weeks of main-
tenance therapy, showing that a lower dosage can be used for main-
tenance. Similar to initial treatment, subgroup analysis based on dis-
ease severity showed that PCABs were more effective in LLA-C/D
esophagitis, but not in LA-A/B esophagitis during the maintenance
phase. At 24 weeks, low-dosage vonoprazan (10 mg) and tegopra-
zan (25 mg) alone proved to be more effective than PPIs. Thus,
PCABs are recommended for maintenance therapy of patients with
severe ERD (ILA-C/D), and low dosages are adequate for mainte-
nance therapy.

In patients with NERD, the effects of PCABs were signifi-
cantly higher compared to placebo. However, the limited number
of studies, and heterogenous data-reporting requiring data con-
version for meta-analysis, necessitates caution in interpreting our
results. Appropriate conversion or estimation can increase accuracy
and reduce the risk of bias from incomplete reporting.” Conversely,
skewed results may bias estimates, and observed differences may be
further influenced by expansion of the size of the intervention group
and when standard deviation is underestimated during conversion,

potentially affecting the outcomes. To overcome this, sensitivity
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analysis was conducted with combinations of drug types and all
doses, and the same results were obtained, with a heterogeneity of
0%, indicating low inter-study variability. Further accumulation of
research results and thorough data analysis in the future are war-
ranted to better understand and validate these findings.

According to Mermelstein et al,” approximately 40% of pa-
tients with NERD do not achieve symptom control with standard
PPI therapy. Similarly, approximately 10-15% of patients with
ERD fail to achieve complete resolution of symptoms even after
8 weeks of PPI treatment. Proven GERD patients with persis-
tent symptoms despite PPI therapy, accounting for approximately
30% of patients with GERD, are classified as having refractory
GERD."" PPIs suppress gastric acid secretion, which may result
in more frequent weakly acidic or weakly alkaline reflux events
rather than persisting acid reflux. Reflux events with a pH of 4-§
are major triggers of GERD symptoms.” According to impedance-
pH monitoring studies, acidic reflux is associated with 7-28% of
persistent symptoms, whereas weakly acidic reflux is associated with
30-40% of symptoms.”’ In the study by Abe et al,” the proportion
of pH < § was 25.7% in the group, where vonoprazan showed ef-
fectiveness, while it was 50.9% in the group where vonoprazan did
not show effectiveness. In the present study, PCAB treatment for
GERD patients who did not respond to PPI therapy demonstrated
a therapeutic response rate of 86.3% for symptom improvement
based on FSSG scores and 90.7% for improvement in ERD con-
firmed by endoscopy. These findings suggest that PCABs may
serve as a new alternative to PPIs in refractory GERDj; however,
RCTs are needed to firmly establish this.

The period until the first day without night-time heartburn was
shorter in the PCAB group than that in the PPI group, indicat-
ing that PCABs may provide early symptom relief in patients with
night-time heartburn. Furthermore, the proportion of patients who
remained symptom-free for at least 7 days was higher in the PCAB
group than that in the PPI group. This result suggests that PCABs
may be more effective than PPIs in achieving sustained symptom
relief] although this difference was not statistically significant. In
patients with night-time heartburn, PCABs could potentially be
considered a treatment option.

In terms of overall safety, PCABs did not show any significant
differences compared with PPIs, including severe TEAESs and
LFT abnormalities, across all clinical phenotypes of GERD. PPIs
are metabolized in the liver by CYP2.19, and CYP2.19 polymor-
phism is one of the factors that can influence the efficacy of PPIs.
However, PCABs are less affected by CYP2.19 genotypes since
they are primarily metabolised by CYP3,4, along with CYP2,6,

PCABs in GERD Phenotypes

CYP2.19, and CYP2,,6." GERD is a common condition, and
many patients with this disease require long-term maintenance of
acid-suppressive medications. Hypergastrinemia is a consequence
of acid suppression but long-term consequences remain unclear.
Moderate gastrin elevations (approximately 200-400 pg/ml.) have
been observed with the long-term use of PPIs, and no association
with serious pathology has been reported.” In the present study,
serum gastrin levels increased proportionally to the dosage and
duration of PCAB administration. Overall, the PCAB group had
higher serum gastrin levels than the PPI group. However, clinically
significant symptoms associated with this increase have not yet been
reported. In the 24-week maintenance therapy for GERD using
PCABEs, no clinically relevant impact on the gastric mucosa was
observed despite the increase in serum gastrin levels. Nevertheless,
certain studies conducted with vonoprazan in Japan have indicated
elevated gastrin levels of 500 pg/ml. or more, suggesting the po-
tential occurrence of hypergastrinemia in some individuals.””’ Re-
cently, in a 3-year long-term study of vonoprazan, hypergastrinemia
was observed, but clinically significant neoplastic changes were not
found. Additional long-term follow-up observations are necessary.”

This meta-analysis has some limitations. First, of the 17 avail-
able studies, only 1 was conducted in a Western country, whereas
the rest were conducted in Asia. Thus, geographical and genetic
differences inherent in GERD may have influenced our results.
Second, most studies have focused on vonoprazan, and evidence
regarding the effects of other PCABs is limited. Third, only a few
studies have specifically evaluated the outcomes of PPI-resistant
GERD, NERD, and night-time heartburn. Fourth, a consensus
among study designs was lacking in the night-time heartburn
group, resulting in a reduced accuracy of the results. Finally, in cas-
es where obtaining raw data for serum gastrin levels was challeng-
ing, values were estimated and calculated from the graphs provided
in the paper, and this includes conducting data transformation for
meta-analysis in NERD. However, this meta-analysis was applied
within an appropriate context based on the evidence.**”

In conclusion, PCABs may serve as therapeutic alternatives to
PPIs in patients with ERD, NERD and PPI-resistant GERD.
PCABs demonstrated superior efficacy to PPIs in the initial treat-
ment and maintenance therapy for ERD, especially for severe ERD
(LA-C/D subgroup). They can also be considered a therapeutic
option for patients with night-time heartburn. Moreover, PCABs
had comparable safety to PPIs. However, long-term follow-up is
required to understand the potential consequences of hypergastrin-
emia in patients. Additionally, accumulation and analysis of further
high quality data is essential as novel PCABs beyond vonoprazan
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continue to be developed.
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