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Abstract:
Objective The use of a proton pump inhibitor (PPI) reduces rebleeding and mortality in patients with upper

gastrointestinal bleeding (UGIB). Vonoprazan is a novel oral agent with strong and sustained acid-inhibitory

activity. We clarified the effect of vonoprazan compared with oral PPIs in such patients.

Methods We analyzed the Diagnosis Procedure Combination database. The primary outcome was rebleed-

ing, and secondary outcomes were in-hospital mortality and in-hospital mortality after rebleeding. Propensity

score matching was performed to balance the comparison groups, and logistic regression analyses were used

to compare the outcomes between vonoprazan and oral PPIs.

Patients Patients on vonoprazan or oral PPIs who underwent endoscopic hemostasis for UGIB between

2014 and 2019 were included.

Results We enrolled 78,964 patients, of whom 27,101 and 51,863 were prescribed vonoprazan and a PPI,

respectively. After propensity score matching, the rebleeding rate of vonoprazan did not significantly differ

from that of oral PPIs [6.4% vs. 6.1%; odds ratio (OR), 1.05; 95% confidence interval (CI), 0.98-1.13]; simi-

larly, the in-hospital mortality rate (1.4% vs. 1.5%; OR, 0.91; 95% CI, 0.79-1.05) and in-hospital mortality

after rebleeding (0.3% vs. 0.2%; OR, 1.09; 95% CI, 0.78-1.54) also did not significantly differ between the

groups. The acquired findings were robust across dose-restricted analyses and several sensitivity analyses.

Conclusion Rebleeding and in-hospital mortality risks in patients on vonoprazan were similar to those in

patients on oral PPIs. Considering the higher cost of vonoprazan, oral PPIs might be an optimal oral agent as

an acid-suppressive therapy in such patients.

Key words: upper gastrointestinal bleeding, vonoprazan; proton pump inhibitor, rebleeding, in-hospital

mortality

(Intern Med Advance Publication)
(DOI: 10.2169/internalmedicine.2211-23)

Introduction

Upper gastrointestinal bleeding (UGIB) is a common

emergency disease with an incidence of 61-78 per 100,000

persons (1-3) and a mortality rate of 2%-10% (3, 4). Ac-

cording to the guidelines (5, 6), patients with UGIB should

undergo endoscopy with endoscopic treatment of the sites

with active bleeding. However, despite the increasing avail-

ability of effective endoscopic modalities and high-quality

endoscopic intervention, the rate of rebleeding has remained

high at a reported 3.4%-14.6% (7-9). Furthermore, rebleed-
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ing is a risk factor for mortality (10, 11). Thus, the preven-

tion of rebleeding is an important issue to be resolved in the

management of patients with UGIB.

The use of proton pump inhibitors (PPIs) is a cornerstone

in the management of nonvariceal UGIB (12). According to

the update of the Cochrane systematic review, the use of

PPIs reduces the rebleeding rate from 13.2% to 6.9% and

mortality from 3.5% to 2.0% (13). Another systematic re-

view showed that PPIs significantly decreased the rebleeding

rate compared with histamine-2-receptor antagonists (H2

RAs) (14). Therefore, stronger acid inhibition might further

decrease rebleeding and mortality in patients with UGIB.

Vonoprazan (Takeda Pharmaceutical Co., Tokyo, Japan) is

a new oral potassium-competitive acid blocker with strong

and sustained acid-inhibitory activity (15). Compared with

oral PPIs, vonoprazan has shown superiority for the eradica-

tion of Helicobacter pylori (16) and no inferiority for the

healing rate of erosive esophagitis (17). Recently, we re-

vealed that vonoprazan had a reduced effect on delayed

bleeding compared with oral PPIs in gastroduodenal endo-

scopic submucosal dissection (ESD) (18). However, whether

or not vonoprazan is more effective for preventing rebleed-

ing than oral PPIs in patients with UGIB remains unclear.

The present study therefore investigated the effect of

vonoprazan in such patients.

Methods

Study design and data source

We used the Diagnosis Procedure Combination (DPC) da-

tabase to extract patient data. This database was obtained

from over 1,000 acute-care hospitals throughout Japan, cov-

ering approximately 90% of all tertiary hospitals and 50%

of all acute-care hospitalizations (7 million per year). The

database includes the following data: patient’s main charac-

teristics; diagnoses, comorbidities present at admission and

complications during hospitalization coded with the Interna-

tional Classification of Diseases and Related Health Prob-

lems Tenth Revision (ICD-10) (19) and text data in Japa-

nese; procedures coded with Medical Intervention Classifica-

tion master code (20) (treatment code); discharge status;

medications including drugs administered daily. The use of

DPC data to identify diagnoses and procedure records has

been previously validated (21).

This study was approved by the Ethics Committee of To-

hoku University Graduate School of Medicine, and informed

consent was waived because of the anonymity of the data.

Study population

We extracted the data of adult patients (�20 years old)

who underwent upper gastrointestinal endoscopic hemostasis

on the day of hospitalization and were prescribed vono-

prazan or a PPI between April 2014 and March 2019. The

exclusion criteria were patients 1) who were prescribed both

vonoprazan and a PPI before rebleeding; 2) who were pre-

scribed vonoprazan or a PPI only after rebleeding; 3) who

were prescribed or injected with a H2RA before rebleeding;

4) who had bleeding from the lower gastrointestinal tract; 5)

who underwent surgery or transcatheter arterial embolization

after initial endoscopic hemostasis for UGIB because this

study evaluated rebleeding after endoscopic hemostasis as a

primary outcome for UGIB; 6) who underwent endoscopic

treatment procedures, such as ESD, before the development

of UGIB; and 7) who had missing data.

Vonoprazan and oral PPIs

The doses of vonoprazan and oral PPIs varied among pa-

tients, which might have affected the rebleeding rate. To re-

duce the dose-selection bias, the doses of vonoprazan and

oral PPIs were categorized into standard/high and low. The

standard daily dose of vonoprazan is 20 mg, which was set

as the cutoff value of vonoprazan. The standard daily doses

of lansoprazole, rabeprazole, esomeprazole, and omeprazole

are 30, 10, 20, and 20 mg, respectively, in Japan; therefore,

these were set as the cutoff values of PPIs.

Data collection and covariates

We extracted data on the age, sex, body mass index

(BMI), comorbidities, concurrent medications, annual hospi-

tal volume, bleeding outcome, and discharge status. Comor-

bidities were assessed using the Charlson comorbidity in-

dex (22). Regarding medication, we assessed drugs associ-

ated with bleeding. Antiplatelet agents (aspirin, P2Y12 re-

ceptor antagonist, cilostazol, and other antiplatelet agents),

anticoagulants (warfarin, direct oral anticoagulant, heparin,

and other anticoagulants), nonsteroidal anti-inflammatory

drugs, corticosteroids, and mucosal protective agents were

assessed. We also assessed the data of intravenous PPIs, in-

cluding the period of administration after endoscopic hemo-

stasis. The annual hospital volume was categorized into

quartiles according to the number of upper gastrointestinal

treatment cases, as follows: low (<81 cases/year), intermedi-

ate (81-144 cases/year), high (145-242 cases/year), and very

high (>242 cases/year).

Exposures

The primary exposure was vonoprazan or oral PPIs, re-

gardless of the dose (Fig. 1). To reduce the dose-selection

bias for the outcomes, the following groups were compared

separately as the secondary exposures: 1) standard/high-dose

vonoprazan or standard high-dose oral PPIs and 2) low-dose

vonoprazan or standard/high-dose oral PPIs (Fig. 1).

Outcomes

Rebleeding and mortality are the two major clinical out-

comes in patients with UGIB. The primary outcome was

rebleeding after the initial endoscopic hemostasis. Rebleed-

ing was defined as overt bleeding that required endoscopic

hemostasis and/or transfusion at �2 days after the initial en-

doscopic hemostasis. The secondary outcome was in-

hospital mortality. We also evaluated in-hospital mortality
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Figure　1.　Flow diagram of the enrollment of patients. PPI: proton pump inhibitor, H2RA: hista-
mine-2 receptor antagonist

after rebleeding as another secondary outcome.

Statistical analyses

Continuous variables are expressed as the median and in-

terquartile range, and categorical variables are expressed as

the number and proportion.

We conducted 1:1 propensity score (PS) matching analy-

ses between the comparison groups in primary and secon-

dary exposures using the PS of each patient. The PSs were

estimated by multivariate logistic regression with covariates,

including the age, sex, BMI, comorbidities, current medica-

tions, annual hospital volume, and period of PPI injection.

Each patient in the vonoprazan group was matched to each

patient in the PPI group using a caliper width of 0.2 of the

standard deviation of the logit of the PSs. The balance of

the baseline characteristics between the two groups was

evaluated using the standardized difference (SD); SD �0.1

denotes a good balance of covariates (23). After each PS

matching, we compared the rebleeding outcomes, in-hospital

mortality outcomes, and those after rebleeding between the

two groups using a logistic regression analysis. P <0.05 was

considered to be statistically significant.

All statistical data were analyzed using the software pro-

grams SPSS version 25.0 for Windows (IBM Corps., Ar-

monk, NY, USA) and R version 3.6.1 for Windows (The R

Foundation for Statistical Computing, Vienna, Austria).

Subgroup and sensitivity analyses

We conducted subgroup and sensitivity analyses to con-

firm the robustness of the acquired results. First, we per-

formed subgroup analyses based on age, sex, hemodialysis,

and antithrombotic agents. We investigated whether or not

the acquired odds ratios (ORs) were consistent across the

subgroups by the significance of an interaction term between

the two comparison groups. Second, to reveal the risk of se-

vere rebleeding, we compared the risk of rebleeding be-

tween vonoprazan and oral PPIs when rebleeding was re-

stricted to both endoscopic hemostasis and transfusion.

Third, to remove the effect of intravenous PPIs on rebleed-

ing to some extent, we compared the risk of rebleeding be-

tween vonoprazan and oral PPIs when patients with rebleed-

ing within three days were excluded. Three days was set

based on the median time of using intravenous PPI and that

of rebleeding from the initial hemostasis. Fourth, an addi-

tional PS matching and evaluation of three clinical outcomes

were performed in patients with no use of intravenous PPI

before rebleeding (i.e. those who used only vonoprazan or

oral PPIs as acid-suppressive therapy after the initial endo-

scopic hemostasis procedure for UGIB). Finally, two addi-

tional PS matchings were performed to compare the two

groups when restricted to patients with gastric ulcers and

those with duodenal ulcers to clarify the effect of vono-

prazan on peptic ulcer bleeding.

Results

Patient characteristics

We identified a total of 288,584 patients who underwent

endoscopic hemostasis on the day of hospitalization. Among

them, 78,964 patients (27,101 patients in the vonoprazan

group and 51,863 patients in the PPI group) were prescribed

vonoprazan or a PPI after the initial endoscopic hemostasis.

We conducted 1:1 PS matching and selected 27,098 pairs of

vonoprazan and oral PPI users. Among them, rebleeding, in-

hospital mortality, and in-hospital mortality after rebleeding
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Table　1.　Baseline Characteristics of the Enrolled Patients.

Before PS matching After PS matching

Vonoprazan 
(n=27,101)

Oral PPI 
(n=51,863)

SD 
(%)

Vonoprazan 
(n=27,098)

Oral PPI 
(n=27,098)

SD 
(%)

Age (y), median (IQR) 71 (61-81) 71 (61-81) 0.2 71 (61-81) 71 (61-81) 1.6

Sex, n(%)

Male 18,726 (69.1) 35,280 (68.0) 1.9 18,724 (69,1) 18,679 (69.0) 0.2

Female 8,375 (30.9) 16,583 (32.0) 1.9 8,374 (30.9) 8,409 (31.0) 0.2

BMI (kg/m2), median (IQR) 21.9 (19.5-24.5) 21.8 (19.5-24.3) 3.8 21.9 (19.5-24.5) 22.0 (19.6-24.5) 0.6

CCI, median (IQR) 0 (0-1) 0 (0-1) 3.0 0 (0-1) 0 (0-1) 0.0

Hemodialysis,n(%) 638 (2.4) 1,352 (2.6) 1.0 638 (2.4) 630 (2.3) 0.5

Hospital volume, n(%)

Low (0-80) 7,420 (27.4) 14,551 (28.1) 1.3 7,416 (27.4) 7,253 (27.1) 0.6

Intermediate (81-144) 6,880 (25.4) 13,575 (26.2) 1.5 6,880 (25.4) 7,047 (26.0) 1.1

High (145-242) 7,243 (26.7) 13,283 (25.6) 2.0 7,242 (26.7) 7,107 (25.9) 1.5

Very high (>242) 5,558 (20.5) 10,454 (20.2) 0.6 5,557 (20.5) 5,681 (21.0) 1.0

Drug use, n(%)

Aspirin 3,658 (13.5) 6,129 (11.8) 4.2 3,656 (13.5) 3,638 (13.4) 0.2

Cilostazol 489 (1.8) 833 (1.6) 1.3 488 (1.8) 485 (1.8) 0.0

P2Y12RA 1,373 (5.1) 2,261 (4.4) 2.7 1,371 (5.1) 1,384 (5.1) 0.0

Other antiplatelet drugs 435 (1.6) 683 (1.3) 2.1 434 (1.6) 404 (1.5) 0.7

Warfarin 1,114 (4.1) 2,454 (4.7) 2.4 1,113 (4.1) 1,106 (4.1) 0.0

DOAC 1,372 (5.1) 1,820 (3.5) 6.6 1,371 (5.1) 1,279 (4.7) 1.5

Heparin 1,414 (5.2) 2,478 (4.8) 1.5 1,414 (5.2) 1,485 (5.5) 1.1

Other anticoagulants 16 (0.1) 43 (0.1) 0.0 16 (0.1) 20 (0.1) 0.0

NSAIDs 1,454 (5.4) 2,998 (5.8) 1.1 1,454 (5.4) 1,463 (5.4) 0.0

Mucosal protective agents 13,091 (48.3) 25,168 (48.5) 0.3 13,089 (48.3) 13,162 (48.6) 0.5

Corticosteroids 637 (2.4) 1,812 (3.5) 5.2 637 (2.4) 620 (2.3) 0.5

PPI injection period (day), median (IQR) 3 (2-4) 3 (2-4) 21.1 3 (2-4) 3 (2-4) 0.0

PS: propensity score, PPI: proton pump inhibitor, SD: standardized difference, IQR: interquartile range, BMI: body mass index, CCI: Charlson comorbidi-

ty index, P2Y12RA: P2Y12 receptor antagonist, DOAC: direct oral anticoagulant, NSAIDs: non-steroidal anti-inflammatory drugs. 

were observed in 3,409, 791, and 134 patients, respectively.

The details of the baseline characteristics before and after

PS matching in the primary exposure are shown in Table 1.

The characteristics were well balanced after PS matching. In

addition, for secondary exposures, a good balance of covari-

ates after PS matching was demonstrated.

Primary exposure

In the all-dose analysis, the rebleeding rates in the vono-

prazan and oral PPI groups were 6.4% and 6.1%, respec-

tively (Fig. 2). The OR [95% confidence interval (CI)] of

vonoprazan for rebleeding, with reference to oral PPIs, was

1.05 (0.98-1.13) (Fig. 3). The in-hospital mortality rate of

vonoprazan did not significantly differ from that of oral

PPIs (1.4% vs. 1.5%; OR, 0.91; 95% CI, 0.79-1.05)

(Fig. 2, 3). The effect of vonoprazan on in-hospital mortality

after rebleeding also showed similar results (0.3% vs. 0.2%;

OR, 1.09; 95% CI, 0.78-1.54) (Fig. 2, 3).

Secondary exposures

When vonoprazan and oral PPIs were restricted to the

standard/high dose, the risk of vonoprazan for rebleeding

(OR, 1.05; 95% CI, 0.98-1.13), in-hospital mortality (OR,

0.93; 95% CI, 0.80-1.17), and in-hospital mortality after

rebleeding (OR, 0.92; 95% CI, 0.65-1.28) did not signifi-

cantly differ from that of oral PPIs (Fig. 4). Similar results

were acquired in the comparison of low-dose vonoprazan

with standard/high-dose PPI for rebleeding (OR, 1.07; 95%

CI, 0.77-1.48), in-hospital mortality (OR, 0.96; 95% CI,

0.54-1.71), and after rebleeding (OR, 1.25; 95% CI, 0.34-

4.67).

Subgroup and sensitivity analyses

We confirmed that three clinical outcomes in vonoprazan

or oral PPIs had no significant interaction across the groups

stratified by age, sex, hemodialysis, and antithrombotic

agent status in most subgroup analyses; however, significant

interaction was observed in the subgroup analysis concern-

ing in-hospital mortality risk in antithrombotic agent status

(Table 2).

When rebleeding was limited to both endoscopic hemo-

stasis and transfusion, the results of rebleeding (OR, 1.01;

95% CI, 0.92-1.10) were consistent. When patients with

rebleeding �3 days were excluded, the results of rebleeding

(OR, 0.97; 95% CI, 0.88-1.07) were also not significant.

The baseline characteristics after three additional PS match-

ings in the sensitivity analyses were well balanced, and the

results concerning the three clinical outcomes after these PS
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Figure　2.　The rates of rebleeding and in-hospital mortality and in-hospital mortality after rebleed-
ing in patients on vonoprazan and oral PPIs after PS matching. PPI: proton pump inhibitor, PS: 
propensity score

Figure 3. Risk of rebleeding, in-hospital mortality, and in-hospital mortality after rebleeding for a 
primary exposure. PPI: proton pump inhibitor, OR: odds ratio, CI: confidence interval

methods are shown in Fig. 5. In patients restricted to no use

of intravenous PPIs, the risk of rebleeding, in-hospital mor-

tality, and in-hospital mortality after rebleeding with vono-

prazan did not significantly differ from that with oral PPIs.

When patients were restricted to those with gastric ulcers,

similar results were obtained. In addition, in patients with

duodenal ulcers, no significant results were shown concern-

ing the three clinical outcomes.

Discussion

Acid-suppressive therapy using PPIs is recommended for

patients who undergo endoscopic hemostasis for UGIB in

the guidelines (5, 6, 13) because of its effect of reducing

rebleeding and mortality compared with placebo or H2

RAs (13). Vonoprazan is a novel oral acid-suppressive agent

with strong and sustained acid-inhibitory activity compared

with PPIs (15). Our prior study revealed that vonoprazan

had a lower risk for bleeding after gastroduodenal ESD than

oral PPIs (18). Thus, we conducted this comparative study

based on the hypothesis that vonoprazan has a lower risk of

rebleeding after endoscopic hemostasis for UGIB than oral

PPIs.

Contrary to our hypothesis, however, this study revealed

that the rebleeding risk of vonoprazan was similar to that of

oral PPIs. The risks of in-hospital mortality and in-hospital

mortality after rebleeding were also similar between the two

agents. When restricted to standard/high-dose vonoprazan
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Figure　4.　Risk of rebleeding and in-hospital mortality and in-hospital mortality after rebleeding for 
a secondary exposure (standard/high-dose vonoprazan vs. standard/high-dose oral PPI). PPI: proton 
pump inhibitor, OR: odds ratio, CI: confidence interval

Table　2.　Subgroup Analyses for Risk of Rebleeding, In-hospital Mortality, and That 
after Rebleeding, according to Age, Sex, Hemodialysis, and Antithrombotic Agent 
Status (vonoprazan Vs. Oral PPI).

Rebleeding risk
In-hospital 

mortality risk

In-hospital 
mortality risk 

after rebleeding

OR 95% CI OR 95% CI OR 95% CI

Vonoprazan vs. oral PPI

Age (years) p†=0.292 p†=0.948 p†=0.640

≤ 64 0.98 0.85-1.13 0.97 0.74-1.28 1.25 0.67-2.35

65-74 1.07 0.94-1.21 0.80 0.62-1.04 1.07 0.58-2.00

≥ 75 1.08 0.98-1.20 0.95 0.77-1.17 1.02 0.60-1.74

Sex p†=0.180 p†=0.504 p†=0.588

Male 1.09 0.99-1.19 0.88 0.74-1.04 1.02 0.67-1.56

Female 0.98 0.87-1.11 0.97 0.76-1.24 1.24 0.70-2.21

Hemodialysis p†=0.818 p†=0.276 p†=0.850

Yes 1.09 0.80-1.49 0.64 0.33-1.23 1.24 0.33-4.63

No 1.05 0.98-1.13 0.93 0.33-1.09 1.08 0.76-1.54

Antithrombotic agents p†=0.750 p†=0.030 p†=0.201

Yes 1.03 0.89-1.19 1.21 0.90-1.63 1.60 0.81-3.19

No 1.06 0.98-1.15 0.84 0.71-0.98 0.96 0.65-1.42

† p for interaction.

PPI: proton pump inhibitor, OR: odds ratio, CI: confidence interval

and oral PPI, similar results were also obtained. In addition,

the risk of three clinical outcomes with low-dose vono-

prazan did not significantly differ from that with standard/

high-dose oral PPIs. Furthermore, the study results were

consistent across a range of sensitivity analyses.

The study results have important clinical implications.

Based on these results, oral PPIs might have a sufficient

acid-inhibitory effect for controlling rebleeding after endo-

scopic hemostasis for UGIB. The update of the Cochrane

systematic review partially supports our results from the

viewpoint of intense acid suppression (13). According to the

review, no significant differences were found in the risk of

rebleeding and mortality between high-dose and nonhigh-

dose PPIs, with ORs of 1.25 and 1.02 for rebleeding and

mortality, respectively, in high-dose PPI (13). Oral PPIs are

less expensive than vonoprazan ($0.82-$1.11 vs. $1.85 in

the standard daily dose in Japan). Considering the similar

effect on treatment outcome and lower cost of oral PPIs,

these agents might be ideal acid-suppressive oral agents for

improving clinical outcomes after endoscopic hemostasis for

UGIB.

Our previous study showed that vonoprazan reduced

bleeding after gastroduodenal ESD compared with oral

PPIs (18), which is in contrast with the similar preventive



Intern Med Advance Publication DOI: 10.2169/internalmedicine.2211-23

7

Figure　5.　Sensitivity analyses for risk of rebleeding, in-hospital mortality, and in-hospital mortality 
after rebleeding. † Severe rebleeding was defined as rebleeding restricted to both endoscopic hemo-
stasis and blood transfusion. PPI: proton pump inhibitor, OR: odds ratio, CI: confidence interval

effect between the two agents noted in the present study.

The reason for the discrepancy in the effect of vonoprazan

for preventing bleeding between gastroduodenal ESD and

UGIB is unclear. One possible explanation is a weaker ef-

fect of vonoprazan and oral PPIs than with intravenous PPIs

as an initial treatment. Since intravenous vonoprazan is not

commercially available, intravenous PPIs are generally used

during fasting periods, and vonoprazan or oral PPI intake is

started after the commencement of meals. Indeed, over 90%

of the enrolled patients had been administered intravenous

PPIs before the use of oral agents in both treatment arms.

Thus, vonoprazan or oral PPIs following intravenous PPI

might show a small effect on the clinical outcomes. In addi-

tion, we also analyzed the effect of vonoprazan in patients

restricted from using intravenous PPIs, and no significant re-

sults were obtained. However, the number of patients evalu-

ated in this analysis accounted for <10% of the enrolled pa-

tients, so caution is required for the interpretation of the

findings.

Another possible explanation is the differences in the na-

ture of artificial ulcers in gastroduodenal ESD and peptic ul-

cers in UGIB. Regarding the effect of PPIs on preventing

bleeding compared with H2RA, previous meta-analyses in

gastric ESD and UGIB showed similar positive re-

sults (14, 24). However, some characteristics differ between

the two types of ulcers. For instance, the risk factors for

bleeding or rebleeding in patients with gastric ESD differed

from those for rebleeding in patients with peptic ulcer

bleeding (25-28); in particular, the effect of an antithrom-

botic agent on rebleeding was quite different between the

two. Therefore, although the details of this issue remain un-

clear, the differences in the natures between the two types of

ulcers might have led to different effects of vonoprazan.

We conducted PS matching using 18 covariates to balance

the background characteristics of the two treatment arms.

Although randomized controlled trials are the gold standard

for evaluating pharmaceutical efficacy, they are frequently

underpowered for identifying differences in rare events, such

as rebleeding and mortality in patients with UGIB. In the

present study, we initially enrolled 78,964 patients with

4,538 rebleeding and 1,284 in-hospital mortality events, and

pairwise comparisons were performed after PS matching. In

addition, we conducted subgroup analyses using several

variables to decrease bias by characteristics related to both

treatment selection and risk for rebleeding, i.e. confounding

by indication. Furthermore, several sensitivity analyses

showed consistent results. We believe that the large number

of patients, methodology, and acquired findings in the sensi-

tivity analyses increase the robustness of our primary find-

ings.

However, the present study also has several limitations.

First, this was an observational study; thus, it is susceptible

to unmeasured confounding owing to the lack of randomiza-

tion. For instance, we did not include several potential con-

founders, such as the location of UGIB or hemodynamic in-

stability, as reported in previous meta-analyses (27, 28).

Second, we used the initially prescribed dose of the agents,

and a change in the dose after the initial prescription was

not considered in this study. Third, the effect of intravenous

PPIs on our main results cannot be fully removed, although

some sensitivity analyses confirmed the robustness of similar

bleeding risk between vonoprazan and oral PPIs. Fourth, a

significant interaction was shown only in the subgroup

analysis of antithrombotic agents for in-hospital mortality.

Why this result was obtained is unclear, but we at least feel

confident that it may not be related to confounding of the

more frequent use of vonoprazan in patients with antithrom-

botic agents than in patients without antithrombotic agents

(48.6% vs. 49.6%). Fifth, we did not evaluate adverse events

owing to vonoprazan or PPIs. Finally, this study has a risk
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of misclassification bias.

In conclusion, this large-scale population-based study first

found that vonoprazan had a similar risk of rebleeding and

in-hospital mortality to oral PPIs in patients who underwent

endoscopic hemostasis for UGIB. Considering the higher

cost of vonoprazan, PPIs might be ideal acid-suppressive

oral agents in such patients.

The authors state that they have no Conflict of Interest (COI).
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