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a b s t r a c t 

Background: Although proton-pump inhibitors (PPIs) have long been the mainstay of therapy for 

endoscopy-negative reflux disease (ENRD), their therapeutic limitations have become apparent. 

Aim: This study aimed to evaluate the efficacy and safety of potassium-competitive acid blockers (PCABs) 

compared to PPIs/placebos in treating ENRD. 

Methods: Only randomized controlled trials (RCTs) comparing PCABs with PPIs/placebos in ENRD and in- 

dexed in MEDLINE, EMBASE, and CENTRAL until May 20, 2024, were included. A random-effects model 

meta-analysis was performed to pool the primary efficacy outcomes (heartburn resolution and mean 

heartburn severity at week four) and safety data (any treatment-emergent adverse event or TEAE). The 

risk of bias was assessed using the Cochrane’s Risk of Bias 2 (RoB2) tool. 

Results: Four RCTs comparing PCABs and placebos with a total of 2387 participants, were included. All 

the trials had a low risk of bias. Compared with placebos, PCABs significantly increased the likelihood 

of heartburn resolution (risk ratio[RR]:1.43;95 %CI:1.22–1.68). The severity of heartburn was significantly 

reduced by PCABs (standardized mean difference[SMD]:0.19;95 %CI:0.35 to -0.02). TEAEs were comparable 

between the PCABs and placebos (odds ratio[OR]:1.06;95 %CI:0.82–1.37). 

Conclusions: PCABs are superior to placebos in enhancing heartburn resolution and reducing heartburn 

severity in patients with ENRD, and their safety profile is comparable to that of placebos. 

© 2025 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights are reserved, 

including those for text and data mining, AI training, and similar technologies. 
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. Introduction 

Gastroesophageal reflux disease (GERD) is estimated to affect 

ore than one-third of the Western adult population. In the United 

tates, the prevalence of GERD has been reported to be between 

8.1 % and 27.1 % [ 1 ]. GERD is comprised of three phenotypes: Bar-

ett’s esophagus (BE), non-erosive reflux disease (NERD), and ero- 

ive esophagitis (EE). Of these three phenotypes, NERD is the most 

revalent (60–70 %), followed by EE (30 %) and BE (6–12 %) [ 1 , 2 ]. 

In Asia, NERD may account for up to 90 % of GERD cases. 

n addition, it can affect up to 17.9 % of the adult population 

 3 ]. It is distinguished by typical reflux symptoms such as heart- 

urn and regurgitation, without any visible esophageal mucosal 
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njury identified on endoscopy. It is now recognized that NERD 

s not merely a milder form of GERD, but rather a distinct en- 

ity with unique pathophysiological mechanisms, response to treat- 

ent, natural course, and prognosis [ 4 , 5 ]. The increasing incidence 

f NERD, particularly in regions undergoing rapid lifestyle changes, 

as therefore highlighted the need for a deeper understanding of 

ts underlying mechanisms and the development of more targeted 

anagement strategies [ 6 ]. 

Proton pump inhibitors (PPIs) are the most commonly used 

rugs for the treatment of NERD. However, the effectiveness of 

PIs in NERD is lower than that for EE. Previous studies have re- 

ealed that between 30 and 55 percent of patients with NERD re- 

eiving PPI therapy did not fully respond to treatment [ 7 ]. Thus, 

ERD remains an area of unmet need, despite the availability of 

PIs. Potassium-competitive acid blockers (PCABs), such as vono- 

razan, are a new class of drugs demonstrating a more potent and 

urable control of acid secretion than PPIs [ 8 ]. The introduction of 
rights are reserved, including those for text and data mining, AI training, and 
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CABs into the global market has resulted in the hope of better ad- 

ressing NERD symptoms due to their unique pharmacological ad- 

antages [ 9 , 10 ], and thus reducing treatment failure in this GERD 

henotype [ 11 , 12 ]. 

Unlike PPIs, which require activation in an acidic environment 

nd irreversibly bind to the H+ /K+ -ATPase enzyme, PCABs directly 

nd reversibly inhibit this enzyme by competing with potassium 

ons, resulting in faster onset and more consistent acid suppres- 

ion [ 13 ]. Their acid-stable nature allows for their administration 

ithout regard to meal timing, thus improving patient compliance 

 12 ]. A previous clinical trial has shown that vonoprazan 10 mg 

nd 20 mg daily increased the percentage of 24-hour symptom- 

ree days in NERD compared to placebo (4 4.8 % and 4 4.4 % vs.

7.7 %, respectively) [ 14 ]. Notably, approximately 10 % of the differ- 

nce between vonoprazan and placebo occurred at one dose and 

0 % at the second dose, indicating a rapid therapeutic effect [ 14 ].

n a phase 2 study, vonoprazan provided complete and sustained 

elief of heartburn episodes within three hours in 56 % (10 mg), 

0.6 % (20 mg), and 70 % (40 mg) of cases compared to 27.3 %

ith placebo [ 15 ]. The rapid action of PCABs makes them suitable 

or on-demand therapy, which is particularly beneficial for patients 

ith NERD who experience episodic heartburn. 

A recent meta-analysis by Bandyopadhyay et al. [ 16 ] provides 

ignificant original evidence supporting the use of vonoprazan for 

he treatment of NERD. The study found that vonoprazan sig- 

ificantly improved NERD symptom scores compared to PPIs or 

lacebo (mean difference [MD]: −3.88; 95 % CI: −5.48, −2.28), 

long with significant reductions in both epigastric pain (MD 

3.02, 95 % CI, −5.41, −0.63) and postprandial distress (MD −2.82, 

5 % CI: −3.51, −2.12), indicating broader efficacy for upper gas- 

rointestinal (GI) discomfort commonly seen in NERD patients [ 16 ]. 

hese findings collectively suggest that vonoprazan may be a more 

ffective and equally safe alternative to PPIs, particularly for pa- 

ients who remain symptomatic on standard therapy, and mark 

 meaningful step forward in refining the therapeutic options for 

ERD. 

The current systematic review and meta-analysis included ran- 

omized controlled trials (RCTs) using PCABs in patients with 

ERD. This study aimed to compare the efficacy of PCABs with 

PIs or placebos in improving the symptoms of NERD. Safety was 

ssessed as a secondary outcome for PCABs compared to PPIs or 

lacebos. 

. Materials and methods 

The a priori protocol was created and listed under the PROS- 

ERO CRD42024545544 of the International Prospective Register 

f Systematic Reviews. The present systematic review and meta- 

nalysis were conducted using a protocol consistent with the 

uidelines described in the Cochrane Handbook for Systematic 

eviews of Interventions [ 17 ] and the Preferred Reporting Items 

or Systematic Review and Meta-Analysis (PRISMA) statement [ 18 ] 

Table S1). 

.1. Eligibility criteria 

The eligibility criteria for this meta-analysis included adults 

ged 18 and older with a prior diagnosis of NERD (irrespective of 

aseline severity), defined by the presence of typical reflux symp- 

oms (e.g., heartburn and regurgitation) and the absence of visible 

sophageal mucosal injury on upper gastrointestinal endoscopy, as 

eported in the original RCTs, along with successful initial treat- 

ent evidenced by complete resolution of symptoms. Additionally, 

nly RCTs comparing PCABs with PPIs or placebos were included, 

ithout restrictions on the type or dose. Articles involving EE, RE, 

r GERD in non-phenotyped population groups were excluded. 
1753
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.2. Search strategy and study selection 

From conception to May 20, 2024, the authors searched for 

eer-reviewed papers and conference/abstract proceedings in three 

lectronic databases: MEDLINE (Ovid interface), EMBASE (Ovid in- 

erface), and CENTRAL (Cochrane Library). The authors also manu- 

lly searched primary registries for relevant RCTs, namely Clinical- 

rials.gov, EU Clinical Trials Registers, and the WHO International 

linical Trials Registry Platform. The references and citations of the 

ublished papers were screened for additional studies. There were 

o language restrictions, and search strategies (Table S2) were de- 

eloped using keywords, their synonyms, abbreviations, and MeSH 

erms for “Proton-Pump Inhibitors,’’ “Potassium-Competitive Acid 

lockers,’’ “Non-Erosive Reflux Disease,’’ and “Clinical Trials.” It was 

ost appropriate for the RCTs to be retrieved using search fil- 

ers endorsed by the Cochrane Collaboration or through a librar- 

an. All publications retrieved during the pilot review phase were 

nitially imported into EndNote 20 (Clarivate, 2013, United States 

f America) [ 19 ] for preliminary deduplication. After the full text 

nd supporting materials were retrieved, two independent review- 

rs (THK and RF) independently assessed the titles and abstracts 

sing Rayyan Software (Ouzzani et al., 2016, United States of Amer- 

ca) [ 20 ] in compliance with the specified eligibility standards. The 

uthors of the retrieved articles were contacted via e-mail to re- 

uest for any missing data. Only accessible full-text publications 

ere included in this meta-analysis. 

.3. Study outcomes 

The primary outcomes of this meta-analysis were centered on 

he efficacy of PCABs in achieving complete resolution of heart- 

urn at week four and in reducing the mean severity of heartburn 

ymptoms at week four. 

Complete resolution of heartburn was assessed using patient- 

eported outcomes, with resolution defined as the absence of 

eartburn symptoms during the last seven days of treatment. 

epending on the study protocol, patients recorded their symp- 

oms daily using structured symptom diaries or validated ques- 

ionnaires to provide a daily log of symptom occurrence across 

ll included studies to ensure consistent data collection. It is pri- 

arily conducted using tools such as the Reflux Disease Ques- 

ionnaire (RDQ) [ 21 ], administered at baseline and during follow- 

p visits, along with a daily diary in which patients graded the 

everity of heartburn and regurgitation using a 5-point Likert scale 

 22 ]. A twice-daily electronic symptom diary based on a 0–4 scale, 

omplemented by additional validated patient-reported outcome 

ools, including the Patient Assessment of Upper Gastrointesti- 

al Disorders–Symptom Severity Index (PAGI- SYM ) [ 23 ], the PAGI–

uality of Life questionnaire (PAGI-QoL) [ 24 ], the Nocturnal Gas- 

roesophageal Reflux Disease Symptom Severity and Impact Ques- 

ionnaire (N-GSSIQ) [ 25 ], the Pittsburgh Sleep Quality Index (PSQI) 

 26 ], and the EuroQol 5-Dimension 5-Level (EQ-5D-5 L) question- 

aire [ 27 ], was also adopted. In addition, a binary patient-reported 

ymptom diary, in which participants documented the presence or 

bsence of heartburn each day throughout the treatment period, 

as conducted to evaluate the complete resolution of heartburn. 

The severity of heartburn symptoms was evaluated using 

ikert-type scales that were consistent across studies [ 22 ], with 

umerical ratings indicating symptom intensity. Higher scores cor- 

esponded to more severe symptoms, ranging from “no symptoms”

o “very severe symptoms, which interfered with daily functioning 

r sleep. This standardized approach allowed for the quantification 

f symptom burden and facilitated the pooling of symptom sever- 

ty outcomes across trials. 

The secondary outcome was the incidence of treatment- 

mergent adverse events (TEAEs), defined according to the Medi- 
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



T.H. Koo and R. Fass Digestive and Liver Disease 57 (2025) 1752–1760

c

r

p

d

t

i

l

a

a

fl

a

c

i

p

c

w

t

a

t

s

c

b

2

p

A

a

t

a

c

t

m

t

i

a

v

b  

s

c

w

2

c

a

p

h

T

b

c

v

e

v

e

t

o

s

u

s

a

t

g

a

(  

s

w

f

N

m

s

[

s

d

t

t

b

a  

t

e

5

i

o

t

N

m

s

[

3

3

o

i

t

s

m

b

P

R

v

r

t

p

s

fi

m

N

s

t

c

r

e

3

i

d

s

o

c

al Dictionary for Regulatory Activities (MedDRA) [ 28 ]. TEAEs were 

ecorded as any adverse event that occurred during the treatment 

eriod, with specific attention paid to those that led to treatment 

iscontinuation or were classified as serious or severe. 

For efficacy (primary) outcomes, data were analyzed according 

o the intention-to-treat (ITT) principle, ensuring that all random- 

zed participants were included in the analysis as originally al- 

ocated. The ITT approach was employed across the included tri- 

ls and is consistent with the current best practices for system- 

tic reviews, as it preserves the benefits of randomization and re- 

ects real-world clinical effectiveness. Although per-protocol (PP) 

nalyses can provide complementary insights into treatment effi- 

acy under ideal adherence conditions, this meta-analysis did not 

nclude PP analyses because of the lack of consistent and com- 

lete reporting of per-protocol populations and outcomes in the in- 

luded studies. Reconstructing a pooled PP analysis in this context 

ould introduce methodological inconsistency and potential selec- 

ion bias. Therefore, to ensure internal validity and comparability 

cross trials, we based our analyses on the ITT data, as reported in 

he primary publications. 

For safety (secondary) outcomes, data were analyzed using the 

afety analysis set (SAS), which included all participants who re- 

eived at least one dose of the study drug and had any post- 

aseline safety data available. 

.4. Data extraction and risk of bias assessment 

Duplicates were eliminated from the retrieved articles by im- 

orting them into EndNote 20 (Clarivate, 2013, United States of 

merica) [ 19 ]. Two independent authors (THK and RF) extracted 

nd evaluated the entire text, and checked the titles and abstracts 

o determine the risk of bias. Each researcher also extracted the 

rticle’s identifier, publication date, trial registration number, re- 

ruitment period, study location, study design, and baseline par- 

icipant characteristics (sample size, mean age, and percentage of 

ales). Study characteristics, such as therapy length, primary and 

reatment outcomes, and types and doses of PCAB/PPI/placebo reg- 

mens, were also considered. 

The Cochrane’s Risk of Bias (RoB) 2.0 tool was used to evalu- 

te bias resulting from the randomization process, intended inter- 

ention deviations, missing outcome data, outcome measurement, 

ias in choosing the reported result, and overall RoB [ 29 ]. The re-

earchers considered the articles based on “high risk,’’ “some con- 

erns,’’ or “low risk’’ of bias using ROB tool 2.0. These differences 

ere resolved to reach mutually acceptable conclusions. 

.5. Statistical analysis 

RevMan software (version 5.3) [ 30 ] was used for all statisti- 

al analyses. The inverse variance-weighted random-effects meta- 

nalysis of risk ratios (RR) and odds ratios (ORs) was primarily 

erformed to calculate dichotomous outcomes, including pooled 

eartburn resolutions at week four and safety outcomes (TEAEs). 

his model reflects the assumption that the “true effect size’’ varies 

etween studies owing to the underlying clinical and methodologi- 

al heterogeneity, including variations in patient populations, inter- 

ention protocols, and outcome measurement tools. The random- 

ffects model accounts for both within-study and between-study 

ariability and provides a more conservative estimate of the pooled 

ffect with wider confidence intervals that better reflect uncer- 

ainty in the presence of heterogeneity [ 31 ]. In addition, continu- 

us outcomes, including the mean severity of heartburn, were as- 

essed using standardized mean differences (SMDs) with 95 % CIs 

sing the inverse variance-weighted random effects method. Sen- 

itivity analysis was also conducted using a random-effects model 

nd leave-one-out analysis to assess the robustness of the results. 
1754
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Heterogeneity among the included studies was assessed using 

he I ² statistic, and three analysis methods were applied: n-1 de- 

rees of freedom χ2 test, 5 % α error for statistical significance, 

nd I ² test. Of the three categories of I2 values, low (25 %), medium 

50 %), and high (75 %), an I2 value of > 50 % was considered sub-

tantially heterogeneous [ 32 ]. All statistical tests were two-tailed, 

ith a P-value of < 0.05 considered statistically significant, except 

or tests of heterogeneity, where a P-value of < 0.10 was used. 

o formal assessment of publication bias (e.g., funnel plot asym- 

etry) was performed because of the small number of included 

tudies ( n < 10), which limits the interpretability of such methods 

 33 ]. 

Statistical heterogeneity among the included studies was as- 

essed using Cochran’s Q test ( χ ² test) and the I ² statistic in accor- 

ance with the Cochrane Handbook for Systematic Reviews of In- 

erventions, Version 6.2 (2019) [ 32 ]. The Q test evaluates whether 

he observed variability in effect estimates is greater than would 

e expected by chance alone, with statistical significance defined 

t P < 0.10, owing to the low power of the test. The I ² statis-

ic quantifies the proportion of total variability attributable to het- 

rogeneity rather than to sampling error, with thresholds of 25 %, 

0 %, and 75 % representing low, moderate, and high heterogene- 

ty, respectively. An I ² value of > 50 % was considered indicative 

f substantial heterogeneity. All other statistical tests were two- 

ailed, with a P-value of < 0.05 considered statistically significant. 

o formal assessment of publication bias (e.g., funnel plot asym- 

etry) was performed because of the limited number of included 

tudies ( n < 10), which restricts the reliability of such analyses 

 33 ]. 

. Results 

.1. Included studies 

The systematic search strategy generated a complete database 

f 2817 articles. The search process and selection results are shown 

n Fig. 1 . In addition, a rigorous screening process was employed 

o eliminate 1258 duplications and 1335 articles irrelevant to our 

tudy. Twenty-four studies were excluded because they did not 

eet the predetermined inclusion criteria. We reviewed four eligi- 

le RCTs based on the eligibility criteria, with only RCTs comparing 

CABs and placebos. 

The current systematic review and meta-analysis included four 

CTs that enrolled patients with typical reflux symptoms but no 

isible mucosal injury on upper endoscopy. Although these RCTs 

efer to this population as having NERD, it is important to note 

hat no functional testing (such as 24-hour pH-metry, impedance- 

H monitoring, or esophageal manometry) was performed in these 

tudies to further phenotype patients. All four included RCTs con- 

rmed the use of endoscopy to exclude EE before patient enroll- 

ent, which is consistent with the standard clinical definition of 

ERD used in the included studies. Thus, this population may con- 

ist of patients with true NERD, reflux hypersensitivity, and func- 

ional heartburn. To maintain scientific precision while preserving 

onsistency with the terminology used in the source studies, we 

efer to this population as having endoscopy-negative reflux dis- 

ase (ENRD) throughout this manuscript. 

.2. Study characterization 

Table 1 presents the characteristic features of the RCTs included 

n the meta-analysis. The studies for this meta-analysis were con- 

ucted in the United States (1), Japan (2), and South Korea (1). The 

ample sizes across these studies varied significantly, with a total 

f 2387 participants enrolled. Of these, 1507 and 880 were allo- 

ated to the medical and control groups, respectively. The patients 
th and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
ión. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 1 

Summary of potassium-competitive acid blockers (PCABs)’ treatment trials in patients with non-erosive reflux disease (NERD). 

Clinical 
Trials.gov 

Author, year, 
country 

Type of 
Study 

Patients Age (in 
years); mean 
± SD / (range) 

Total (n) Male: 
female 

PCAB 
treatment 
dosing (per 
day) 

PCAB 
treatment 
duration 

Comparator 
medicine(s) 
(PPI/Placebo) 

Primary 
outcome 

Secondary 
outcomes 

Result 
(Primary 
outcome) 

TEAE rates, 
n (%) 

Risk of 
Bias 
Assess- 
ment 

NCT05195528 Laine et al., 
2024, United 
States of 
America 

Phase III, 
double- 
blind, 
placebo- 
controlled, 
multicenter 
study, 
randomized 
controlled 
trial 

Patients 
aged ≥18 
who had a 
diagnosis of 
symp- 
tomatic 
GERD with 
heartburn as 
their pre- 
dominant 
symptom 

51 ± 14.4; 
VPZ 10 mg 
(51.0 ± 14.0), 
VPZ 20 mg 
(50.4 ± 14.4), 
Placebo 
(51.5 ± 14.7) 

772; 
VPZ 
10 mg 
( n = 257), 
VPZ 
20 mg 
( n = 257), 
Placebo 
( n = 258) 

245:527 
VPZ 
10 mg 
(75:182), 
VPZ 
20 mg 
(91:166), 
Placebo 
(79:179) 

VPZ 10 and 
20 mg 

20 weeks Placebo Percentage 
of days 
without 
daytime or 
nighttime 
heartburn 
(24-hour 
heartburn- 
free 
days) 

Percentage 
of days 
without 
rescue 
antacid use 

All doses of 
VPZ are 
superior to 
placebo 
VPZ 10 mg: 
44.8 %, VPZ 
20 mg: 
44.4 %, 
placebo: 
27.7 % 

Significant 
difference; 
VPZ 10 mg: 
56 (21.6), 
VPZ 20 mg: 
67 (26.1), 
Placebo: 41 
(16.0) 

Low risk 

NCT02556021 Kim et al., 
2021, South 
Korea 

Phase III, 
double- 
blind, 
placebo- 
controlled, 
multicenter 
study, 
randomized 
controlled 
trial 

Patients 
aged ≥20 
who had 
recurrent 
typical 
GERD 

symptoms 
(heartburn 
and regurgi- 
tation) 

45 ± 12.9; 
TPZ 50 mg 
(45.4 ± 12.2), 
TPZ 100 mg 
(44.1 ± 13.3), 
Placebo 
(45.6 ± 13.3) 

304; 
TPZ 
50 mg 
( n = 106), 
TPZ 
100 mg 
( n = 99), 
Placebo 
( n = 99) 

99:225 
TPZ 
50 mg 
(31:75), 
TPZ 
100 mg 
(37:62), 
Placebo 
(31:68) 

TPZ 50, and 
100 mg 

4 weeks Placebo Proportion 
of patients 
with 
complete 
resolution of 
major 
symptoms 
(both 
heartburn 
and regurgi- 
tation) 

RDQ-based 
complete 
resolution of 
the major 
symptoms 
and of 
heartburn; 
Proportions 
of days 
without 
heartburn 

All doses of 
TPZ are 
superior to 
placebo 
TPZ 50 mg: 
42.5 % 
TPZ 100 mg: 
48.5 % 
Placebo: 
24.2 % 

No 
significant 
difference; 
TPZ 50 mg: 
21 (19.4), 
TPZ 100 mg: 
24 (22.2), 
Placebo: 22 
(20.6) 

Low risk 

NCT02954 84 8 Kinoshita, 
et al., 2019, 
Japan 

Phase III, 
double- 
blind, 
placebo- 
controlled, 
multicenter 
study, 
randomized 
controlled 
trial 

Patients 
aged ≥20 
with an 
endoscopic 
diagnosis of 
NERD grade 
N (normal 
mucosa) or 
M (minimal 
changes to 
the mucosa) 
and 
recurrent 
heartburn 

52.3 ± 14.9; 
VPZ 10 mg 
(52.8 ± 14.37), 
Placebo 
(51.8 ± 15.38) 

484; 
VPZ 
10 mg 
( n = 239), 
Placebo 
( n = 245) 

183:301 
VPZ 
10 mg 
(78:161), 
Placebo 
(105,140:) 

VPZ 10 mg 4 weeks Placebo Proportion 
of days 
without 
heartburn 

Cumulative 
improve- 
ment rates 
of 
heartburn; 
Proportion 
of days 
without 
heartburn in 
patient 
subgroups 

All doses of 
VPZ are 
non- 
superior to 
placebo 
VPZ 10 mg: 
72.55 % 
Placebo: 
61.50 % 

No 
significant 
difference; 
VPZ 10 mg: 
56 (23.5), 
Placebo: 57 
(23.3) 

Low risk 

NCT01474369 Kinoshita, 
et al., 2016, 
Japan 

Phase III, 
double- 
blind, 
placebo- 
controlled, 
multicenter 
study, 
randomized 
controlled 
trial 

Patients ≥20 
who had a 
diagnosis of 
Grade M or 
N NERD by 
endoscopy 
and had 
recurrent 
acid reflux 
symptoms 

52.6 ± 14.3; 
VPZ 10 mg 
(52.9 ± 14.07), 
VPZ 20 mg 
(52.4 ± 14.35), 
Placebo 
(52.4 ± 14.57) 

827; 
VPZ 
10 mg 
( n = 278), 
VPZ 
20 mg 
( n = 271), 
Placebo 
( n = 278) 

323:504 
VPZ 
10 mg 
(78:161), 
Placebo 
(105,140:) 

VPZ 10 and 
20 mg 

4 weeks Placebo Proportion 
of days 
without 
heartburn 

Cumulative 
improve- 
ment rate of 
heartburn; 
Mean 
severity of 
heartburn 

All doses of 
VPZ are not 
non- 
superior to 
placebo 
VPZ 10 mg: 
10.3 % 
VPZ 20 mg: 
12.0 % 
Placebo: 
7.4 % 

Significant 
difference; 
VPZ 10 mg: 
77 (27.7), 
VPZ 20 mg: 
76 (28.0), 
Placebo: 91 
(32.7) 

Low risk 

GERD, gastroesophageal reflux disease; NERD, non-erosive reflux disease; PCAB, potassium-competitive acid blocker; TPZ, tegoprazan; VPZ, vonoprazan; LPZ, linaprazan; TEAE, treatment-emergent adverse events; RDQ, reflux 

disease questionnaire. 
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Fig. 1. Study search and selection process summary using PRISMA flow diagram (2020 version). This flow diagram of the study search and selection process for the random- 

ized controlled trials details the progression from the original PubMed, EMBASE, MEDLINE, and other source research ( n = 2817) through duplication removal ( n = 1258), 

eligibility screening ( n = 29), and finally to study inclusion ( n = 4). n = number of studies. 
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ere randomized to receive PCABs and placebos; however, none of 

he included RCTs were randomized to PPIs because the eligibil- 

ty criteria were not fulfilled. In the included studies, the dosage 

f vonoprazan varied between 10 and 20 mg, and the duration of 

dministration was between 1 and 5 months. The dosage of tego- 

razan was 50–100 mg, and the duration of administration was 

ne month. Treatment responses were assessed at 4 and 20 weeks. 

his meta-analysis evaluated the efficacy and safety outcomes of 

CAB, mainly focusing on heartburn resolution, mean severity of 

eartburn, and incidence of TEAEs. 

.3. Quality evaluation 

All four studies were RCTs and thus utilized randomization 

ethods. The studies also reported methods for concealing alloca- 

ion, provided details about missing visits and dropouts, and con- 

ucted intention-to-treat analyses. The studies also used blinding 

nd reported complete data. None of the reported results were se- 
1756
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ective for any other source of bias. All included studies were as- 

essed to have a low risk of bias ( Fig. 2 A and 2 B). 

.4. Meta-Analyses of outcomes 

.4.1. Efficacy rates 

.4.1.1. Proportion of patients with complete resolution of heartburn 

t week 4. In this meta-analysis, the proportion of patients achiev- 

ng complete resolution of heartburn by week four was evaluated 

cross two RCTs: Kinoshita et al. [ 34 ] and Kim et al. [ 3 ]. The com-

ined data from these studies, which included 443 patients in the 

xperimental group and 344 patients in the control group, subse- 

uently demonstrated a significant advantage of PCABs over place- 

os. The pooled RR was 1.43 (95 % CI: 1.22–1.68), indicating that 

atients treated with PCABs were 43 % more likely to achieve com- 

lete heartburn resolution at week four compared to those re- 

eiving placebos ( Fig. 3 A). The consistency of the treatment effect 
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Fig. 2. Quality assessment of included studies using the Cochrane Risk of Bias 2 (RoB2) tool for included studies. (A) Overall risk of bias; (B) Individual risk of bias. 
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cross studies was notable, with an I ² value of 0 %, suggesting no 

ignificant heterogeneity. 

Specifically, Kinoshita et al. [ 34 ] reported an RR of 1.40 (95 %

I: 1.13–1.73), while Kim et al. [ 3 ] reported an RR of 1.47 (95 % CI:

.15–1.88). Both studies individually contributed to a highly signif- 

cant overall effect, with a test for overall effect yielding a Z-score 

f 4.34 ( P < 0.0 0 01). 

.4.1.2. Mean severity of heartburn at week 4. The forest plot pre- 

ented in Fig. 3 B analyzes the mean severity of heartburn at week 

, which compared PCABs with placebos across two RCTs (Ki- 

oshita et al. [ 35 ] and Laine et al. [ 36 ]). The analysis included

ata from 1063 and 536 patients in the experimental and control 

roups, respectively. The pooled SMD was −0.19 (95 % CI: −0.35 to 

0.02), which favored the use of PCABs over placebos in reducing 

eartburn severity by the end of the fourth week. The heterogene- 

ty among the included studies was moderate (I ² = 60 %), indicat- 

ng some variability in the observed treatment effects, which could 

e attributed to differences in the study populations or interven- 

ions. 

Kinoshita et al. [ 35 ] reported an SMD of −0.27 (95 % CI: −0.42 

o −0.13), which indicated a significantly more pronounced effect 

n reducing heartburn severity, whereas Laine et al. [ 36 ] showed 
1757
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 smaller effect with an SMD of −0.10 (95 % CI: −0.25 to 0.05), 

hich did not reach statistical significance. The statistical signif- 

cance of the overall effect ( Z = 2.24, P = 0.03) underscores the 

linical relevance of these findings, suggesting that PCABs may be 

 more effective therapeutic option for patients with persistent or 

evere symptoms. 

.4.2. Incidence of adverse events 

.4.2.1. Treatment-emergent adverse events. Fig. 4 shows the forest 

lot presented to evaluate the incidence of TEAE among patients 

reated with PCABs versus placebos, which included data from four 

CTs (Kinoshita et al. [ 34 , 35 ]; Kim et al. [ 3 ]; Laine et al. [ 36 ]) com-

rising 1519 patients in the PCABs group and 886 in the placebo 

roup. None of the studies included a PPI comparator arm in the 

afety analysis. 

The pooled RR for TEAEs was 1.06 (95 % CI: 0.82–1.37); there- 

ore, there was no significant difference in the likelihood of expe- 

iencing adverse events between the PCABs and placebo groups. 

he results demonstrated a wide confidence interval crossing the 

ull value (RR = 1), suggesting that the risk of adverse events was 

omparable between the two treatment groups. Heterogeneity was 

oderate (I ² = 63 %), likely due to differences in study popula- 
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
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Fig. 3. Forest plots for the primary outcomes. (A) Proportion of patients with complete resolution of heartburn at week 4 following treatment with PCABs versus placebos. 

The treatment effect is the risk ratio (RR) for achieving complete resolution of heartburn by week 4; (B) Mean severity of heartburn at week 4 following treatment with 

PCABs versus placebos. The treatment effect is the standardized mean difference (SMD) in heartburn severity at week 4. CI = confidence interval. NERD = Non-Erosive Reflux 

Disease, as defined by symptom-based diagnosis and negative endoscopy; no functional testing was conducted in included trials. This population may include individuals 

with reflux hypersensitivity or functional heartburn. 

Fig. 4. Forest plots for the secondary outcome - Incidence of treatment-emergent adverse events (TEAEs) following treatment with PCABs versus placebos. The treatment 

effect is the odds ratio (OR) for experiencing TEAEs. CI = confidence interval. NERD = Non-Erosive Reflux Disease, as defined by symptom-based diagnosis and negative 

endoscopy; no functional testing was conducted in included trials. This population may include individuals with reflux hypersensitivity or functional heartburn. 
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ions, treatment regimens, or definitions of adverse events across 

he included studies. 

Although it did not reach statistical significance, Kinoshita et al. 

 35 ] reported a lower RR of 0.85 (95 % CI: 0.69–1.06), which sug-

ested a trend toward fewer adverse events with PCABs. On the 

ther hand, Laine et al. [ 36 ] demonstrated a higher OR of 1.49

95 % CI: 1.08–2.05), indicating a potentially increased risk of ad- 

erse events with PCABs in their study cohort. The overall effect, 

ith a Z-score of 0.41 ( P = 0.68), further confirmed the lack of 

 statistically significant difference in the incidence of TEAEs be- 

ween the treatment groups. 

.5. Sensitivity analysis 

Sensitivity analyses were conducted separately for each primary 

utcome in order to assess the robustness of the pooled effect es- 

imates. Among the included studies, two (Kinoshita et al. [ 34 ]; 

inoshita et al. [ 35 ]) were designed as non-superiority trials to 

emonstrate that PCABs, such as Vonoprazan, are non-superior to 

lacebo in the treatment of ENRD. However, as only two stud- 

es contributed to each outcome, specifically, the proportion of 

atients achieving complete heartburn resolution at week 4 (Ki- 

oshita et al. 34; Kim et al. 35) and the mean severity of heart-

urn at week 4 (Kinoshita et al. [ 34 ]; Laine et al. [ 35 ])—the scope

f these analyses is inherently limited. 
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For both outcomes, we evaluated the effects of excluding indi- 

idual studies to determine whether any single trial disproportion- 

tely influenced the pooled estimates. Sensitivity analyses showed 

hat the exclusion of any individual study, regardless of its design 

superiority vs. non-superiority), did not show significant changes 

n the overall pooled effect sizes of these key outcomes. This con- 

istency suggests that the observed benefits of PCABs are robust 

nd are not unduly influenced by the inclusion or exclusion of 

tudies with different design frameworks. 

Given the limited number of studies per outcome, we recognize 

hat sensitivity analyses are inherently underpowered and may be 

rone to Type II errors, particularly in limiting the ability to detect 

eterogeneity or instability in the pooled effect estimates when the 

ata are sparse. As such, the findings from these analyses should 

e interpreted cautiously, and we have included this caveat in the 

iscussion section. Despite the various study designs, the consis- 

ency across sensitivity analyses reinforces the reliability of the 

onclusions of the meta-analysis. These results support the clini- 

al efficacy and safety of PCABs in managing ENRD, regardless of 

hether the studies were designed to establish superiority or non- 

nferiority. 

. Discussion 

This systematic review and meta-analysis evaluated the effi- 

acy and safety of PCABs compared to placebo in the treatment of 
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 07, 
ación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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NRD. Despite no RCTs studying PPIs that were eligible for inclu- 

ion, our findings significantly favored the use of PCABs over place- 

os across multiple efficacy outcomes, including heartburn resolu- 

ion and severity of heartburn symptoms. 

The meta-analysis revealed that patients treated with PCABs 

ere significantly more likely to achieve complete resolution of 

eartburn by week four compared to those receiving a placebo. 

he pooled RR for heartburn resolution at week 4 was specifically 

.43 (95 % CI: 1.22–1.68), which indicated that PCABs increased the 

ikelihood of heartburn resolution by 43 % ( Fig. 3 A). This effect was

onsistent across the two included studies (Kinoshita et al. [ 34 ]; 

im et al. [ 3 ]), both of which individually showed statistically sig- 

ificant results with RRs of 1.40 and 1.47, respectively. The absence 

f heterogeneity (I ² = 0 %) suggested a robust and consistent effect 

f PCABs across different patient populations and study designs. 

Analysis of heartburn severity at week 4 revealed that PCABs 

ere effective in reducing the severity of the heartburn symptoms. 

he pooled SMD favored PCABs over placebos ( Fig. 3 B), with an 

MD of −0.19 (95 % CI: −0.35 to −0.02). This reduction in symp- 

om severity was more pronounced in the study by Kinoshita [ 35 ], 

hich reported an SMD of −0.27 (95 % CI: −0.42 to −0.13), com- 

ared to Laine et al. [ 36 ], which showed a smaller, non-significant 

ffect (SMD = −0.10, 95 % CI: −0.25 to 0.05). The moderate het- 

rogeneity (I ² = 60 %) observed in this analysis suggests some vari- 

bility in treatment effects, potentially due to differences in patient 

haracteristics or study interventions. 

The incidence of TEAEs was comparable between the PCABs and 

he placebo groups. The pooled OR for TEAEs was 1.06 (95 % CI: 

.82–1.37), indicating no significant difference in the likelihood of 

xperiencing adverse events between the two groups ( Fig. 4 ). Al- 

hough Kinoshita et al. [ 35 ] reported a trend toward fewer ad- 

erse events with PCABs (RR = 0.85, 95 % CI: 0.69–1.06), this did 

ot reach statistical significance. Conversely, Laine et al. [ 36 ] ob- 

erved a potentially increased risk of adverse events with PCABs 

RR = 1.49, 95 % CI: 1.08–2.05), although the overall analysis 

id not confirm a statistically significant difference between the 

roups. The moderate heterogeneity (I ² = 63 %) in this analysis re- 

ects the variability in the reporting and classification of adverse 

vents across studies. 

The results of our meta-analysis are consistent with those of 

revious studies that demonstrated the non-inferior efficacy of 

CABs, particularly vonoprazan and tegoprazan, in managing ENRD. 

owever, in the first RCT by Kinoshita et al. [ 35 ] in 2016, the au-

hors concluded that vonoprazan at doses of 10 mg and 20 mg 

as not superior to placebo with respect to the proportion of days 

ithout heartburn. However, Kinoshita et al. [ 35 ] reported that 

onoprazan was particularly effective in patients with Grade M 

ERD, significantly reducing the severity of heartburn compared 

o placebo ( P = 0.0155 for vonoprazan 20 mg) [ 35 ]. This finding

uggests that vonoprazan may be more effective in patients with 

ERD and minimal mucosal changes. Similarly, in the second RCT 

y Kinoshita et al. [ 34 ] in 2019, although vonoprazan 10 mg was

ot superior to placebo with respect to the proportion of days 

ithout heartburn in Japanese patients with NERD, Kinoshita et al. 

 34 ] reported that the cumulative rate of heartburn resolution was 

ignificantly higher in the vonoprazan group, which was also well 

olerated compared to the placebo group ( P = 0.0 0 03), demon- 

trating an early and sustained response to vonoprazan over the 

reatment period [ 34 ]. 

Similarly, Kim et al. [ 3 ] found that the cumulative rate 

f heartburn relief was significantly higher in the tegoprazan 

roup than in the placebo group, consistent with our meta- 

nalysis findings showing substantially lower symptom sever- 

ty with PCABs than with placebo. Furthermore, Laine et al. 

 36 ] observed that vonoprazan-treated patients had significantly 

etter outcomes in terms of heartburn resolution than those 
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reated with PPIs. This consistency across different patient popu- 

ations further validates the clinical utility of PCABs in managing 

ERD [ 36 ]. 

The strengths of this systematic review and meta-analysis in- 

lude rigorous methodology, the use of high-quality RCTs, and the 

pplication of robust statistical techniques to assess the efficacy 

nd safety of PCABs. Including studies from diverse geographic re- 

ions further enhances the generalizability of the findings. How- 

ver, the analysis also has limitations, including the moderate het- 

rogeneity observed in assessing heartburn severity and adverse 

vents, which may reflect differences in study populations or treat- 

ent protocols. Another major limitation of our study was that 

nly four eligible RCTs were included in this meta-analysis. How- 

ver, the exact number of RCTs comparing PCABs with placebos 

s greater than that from the databases. The main limitation of 

hese four RCTs is that the ENRD patients enrolled may include 

hose with functional esophageal disorders (functional heartburn 

r reflux hypersensitivity) and disorders not related to acidic re- 

ux (such as weakly/non-acidic reflux or supragastric belching), 

hus affecting the efficacy of these PCABs. Furthermore, the small 

umber of studies per outcome limited the statistical power of the 

ensitivity analyses and restricted our ability to detect potential 

ources of heterogeneity or instability in the effect estimates. 

A significant limitation of our analysis is the lack of func- 

ional diagnostic testing in the included RCTs, such as 24-hour pH- 

mpedance monitoring or esophageal manometry. As a result, the 

nrolled patients cannot be definitively classified as having true 

ERD, which is characterized by pathological acid exposure and 

 positive symptom association. Instead, these patients had typi- 

al reflux symptoms in the absence of EE, and may have included 

ndividuals with functional heartburn or reflux hypersensitivity. To 

eflect this limitation, we adopted the term ENRD, even though the 

riginal studies used “NERD.” Finally, the relatively short follow-up 

uration in the included studies may have limited the ability to 

ssess the long-term safety and efficacy of PCABs. 

Future studies should focus on the long-term assessment of 

he sustained efficacy and safety of PCABs in managing ENRD, 

articularly in diverse patient populations. In addition, exploring 

he potential of PCABs in other GERD phenotypes, such as EE 

nd BE, could provide valuable insights into their broader clini- 

al utility [ 3 ]. Given the complexity of ENRD and its overlap with

ther esophageal syndromes, future studies should consider ad- 

anced diagnostic tools that could be performed during endoscopy, 

uch as mucosal impedance, to further refine patient selection and 

reatment strategies [ 5 ]. Future studies should incorporate func- 

ional evaluations to better phenotype patients and tailor the acid- 

uppressive therapy. 

In conclusion, this meta-analysis provides robust evidence sup- 

orting the use of PCABs as an effective and safe treatment 

or ENRD. Significant improvements in heartburn resolution and 

ymptom severity underscore the potential of PCABs to address un- 

et needs in ENRD management. However, further studies with 

xtended follow-up periods are warranted to confirm these find- 

ngs and to explore the long-term clinical outcomes associated 

ith PCAB therapy. 
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