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Background/Aims: Tegoprazan is a novel potassium-competitive acid blocker that has benefi-
cial effects on acid-related disorders such as gastroesophageal reflux and peptic ulcer diseases. 
This study aimed to validate the effect of tegoprazan on endoscopic submucosal dissection 
(ESD)-induced artificial ulcers.
Methods: Patients from 16 centers in Korea who underwent ESD for gastric neoplasia were 
enrolled. After ESD, pantoprazole was administered intravenously for 48 hours. The patients 
were randomly allocated to either the tegoprazan or esomeprazole group. Tegoprazan 50 mg or 
esomeprazole 40 mg were administered for 4 weeks, after which gastroscopic evaluation was 
performed. If the artificial ulcer had not healed, the same dose of tegoprazan or esomeprazole 
was administered for an additional 4 weeks, and a gastroscopic evaluation was performed.
Results: One hundred sixty patients were enrolled in this study. The healing rates of artificial 
ulcers at 4 weeks were 30.3% (23/76) and 22.1% (15/68) in the tegoprazan and esomeprazole 
groups, respectively (p=0.006). At 8 weeks after ESD, the cumulative ulcer healing rates were 
73.7% (56/76) and 77.9% (53/68) in the tegoprazan and esomeprazole groups, respectively 
(p=0.210). Delayed bleeding occurred in two patients in the tegoprazan group (2.6%) and in one 
patient in the esomeprazole group (1.5%). Other adverse events were negligible in both groups.
Conclusions: Tegoprazan showed similar effects on post-ESD artificial ulcer healing in compari-
son with esomeprazole. (Gut Liver 2024;18:257-264)
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INTRODUCTION

Acid-reducing agents, such as proton pump inhibitors 
(PPIs), are administered after endoscopic submucosal dis-
section (ESD) for gastric neoplasia and non-ampullary 
duodenal tumors to avoid adverse events such as delayed 
bleeding.1-3 PPIs should be administered before meal; 
however, approximately half the patients do not take PPIs 
before breakfast,4 thus limiting their effects. Potassium-
competitive acid blockers (P-CABs), which are novel acid-
reducing agents, have been introduced to overcome the 
limitations of PPIs. P-CABs can be taken regardless of the 
meal times.

Vonoprazan, one of the P-CABs developed in Japan, 
has shown some benefits over PPIs in Helicobacter pylori 
eradication and the treatment of peptic ulcer diseases and 
gastroesophageal reflux diseases.5-7 Vonoprazan was also 
as effective as PPIs in preventing bleeding after ESD and 
healing of artificial ulcers after ESD for gastric neoplasia.8,9 
Tegoprazan is a novel P-CAB developed in Korea that 
suppresses gastric acid secretion faster and more potently 
than PPIs.10 It is as effective as PPIs in the treatment of 
gastric ulcers and in H. pylori eradication.11,12 Tegoprazan 
is also effective in the treatment of gastroesophageal reflux 
diseases.13,14 However, the effect of tegoprazan in healing 
artificial ulcers after ESD is yet to be elucidated. This study 
aimed to evaluate the efficacy and safety of tegoprazan in 
the treatment of artificial ulcers after ESD in comparison 
to those of PPIs.

MATERIALS AND METHODS

1. Study design and data management
This study was a multicenter, randomized, double-

blind, active-controlled, non-inferiority trial comparing 
tegoprazan (50 mg/day) and esomeprazole (40 mg/day). 
The study protocol was approved by the Korean Ministry 
of Food and Drug Safety (Registration number 32524) 
and the institutional review boards of each institution  
including Korea University Guro Hospital (IRB number: 
2020GR0069). This study followed the Declaration of Hel-
sinki and the International Council for Harmonization of 
Technical Requirements for Pharmaceuticals for Human 
Use‐Good Clinical Practice guidelines. Informed consent 
was obtained from all patients prior to enrollment. This 
study was registered at the Korean Disease Control and 
Prevention Agency registration site, Clinical Research In-
formation Service (KCT0005470).

Drug distribution was determined according to the drug 
randomization number generated by an interactive web re-

sponse system (cubeIWRS; CRScube Inc., Seoul, Korea). A 
double‐dummy method, using matching tegoprazan 50 mg 
and esomeprazole 40 mg, was employed to ensure that the 
study was double-blinded with key codes kept off-site by 
an external data manager. All medications were provided 
in sealed boxes and supplied by the medication supervisor 
to ensure blinded allocation. Blinded data were securely 
stored and could only be accessed by authorized personnel. 
All authors had access to the study data and reviewed and 
approved the final manuscript.

2. Patients
This study was performed at 16 centers in Korea. Inclu-

sion criteria were as follows: patients aged 20 to 75 years 
who were diagnosed histologically and endoscopically 
with (1) gastric adenoma; (2) differentiated type gastric ad-
enocarcinoma without ulcer; (3) differentiated type gastric 
adenocarcinoma with ulcer not involving submucosa less 
than 3.0 cm; (4) differentiated type gastric adenocarcino-
ma infiltrating submucosa less than 500 μm without ulcer 
less than 3.0 cm; and (5) undifferentiated type gastric ad-
enocarcinoma not involving the submucosa without ulcer 
less than 2.0 cm. Exclusion criteria were as follows: (1) the 
size of artificial ulcer after ESD was over 4.0 cm; (2) overt 
bleeding or perforation after ESD; (3) past history of upper 
gastrointestinal tract surgery; (4) esophageal stricture, gas-
tric outlet obstruction, or active peptic ulcer; (5) follow-up 
gastroscopy not available; (6) past history of adverse events 
to tegoprazan, PPI, or benzimidazole; (7) patients who 
were taking atazanavir, nelfinavir, rilpivirine, terfenadine, 
cisapride, pimozide, or astemizole; (8) pregnant or nursing 
women; (9) patients with uncontrolled cardiopulmonary 
diseases, renal diseases, liver diseases, neurologic diseases, 
or endocrine diseases including diabetes; (10) patients with 
cognition disorder or mental retardation; (11) patients who 
were taking anti-depressants, anxiolytics, or anti-psychot-
ics; (12) patients who took PPI or H2 receptor antagonists 
within 2 weeks before ESD; (13) patients who were taking 
steroids, nonsteroidal anti-inflammatory drugs, aspirin, 
anti-platelet agents, or anticoagulants during the study pe-
riod; (14) patients with aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase, gamma-glutamyl 
transferase, or bilirubin over 2 times the reference value; or 
(15) patients with blood urea nitrogen or creatinine over 1.5 
times the reference value. Fasting serum gastrin level was 
checked on day zero and 4 and 8 weeks after ESD.

3. Endoscopic submucosal dissection
ESD was performed under conscious sedation. Seda-

tive drugs were chosen by each endoscopist’s preference. 
A mixture of 0.001% epinephrine, 0.1% indigo carmine, 
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and normal saline was injected into submucosal layer and 
mucosal cutting followed by submucosal dissection was 
performed using each endoscopist’s preference of knives. 
Hemorrhage during the procedure was controlled with he-
mostatic forceps. After ESD, the size of artificial ulcer was 
measured using biopsy forceps.

4. Administration of tegoprazan or esomeprazole
Immediately after ESD, a bolus of 80 mg pantoprazole 

was administered intravenously, followed by 8 mg per hour 
for 48 hours. Eligible patients were randomly assigned in 
a 1:1 ratio to receive either tegoprazan or esomeprazole 
during this period. Two days after ESD, the patients were 
instructed to take one tablet of 50 mg tegoprazan with one 
placebo esomeprazole tablet (tegoprazan group) or one 
placebo tegoprazan tablet with one tablet of 40 mg esome-
prazole (esomeprazole group) once daily before breakfast 
for 4 weeks. Gastroscopic evaluation was performed 4 
weeks after ESD. When an artificial ulcer was found in the 
active or healing stage according to Sakita-Miwa’s classifi-
cation on gastroscopy 4 weeks after ESD, 50 mg tegoprazan 
with placebo or 40 mg esomeprazole with placebo was 
administered 4 weeks more. In these patients, gastroscopic 
evaluation was performed again 8 weeks after ESD. The 
study process is illustrated in Fig. 1.

5. Outcomes
The primary endpoint of this study was the healing 

rates of ESD-induced artificial ulcers at 4 and 8 weeks. 
The secondary endpoints were as follows: (1) healing rates 
of ESD-induced artificial ulcers at 4 weeks and 8 weeks; 
(2) change in ulcer size; and (3) the incidence of delayed 

bleeding. Healing of ESD-induced artificial ulcer was de-
fined as the complete closure of the mucosal defect. The 
ulcer size was measured as follows: the mucosal defect 
after ESD was considered elliptical, and the area was cal-
culated by multiplying the long axis radius and the short 
axis radius, followed by multiplying π, and expressed in 
mm2. The shrinkage rates of the artificial ulcers at 4 and 8 
weeks were also compared as an exploratory endpoint. The 
shrinkage rate of artificial ulcers was calculated as the ratio 
of ulcer size at 4 and 8 weeks to the ulcer size immediately 
after ESD. The size of the artificial ulcer was measured us-
ing opening biopsy forceps. Delayed bleeding was defined 
by overt hemorrhage signs such as hematemesis or melena 
over 24 hours after initiating either tegoprazan or esome-
prazole along with a decrease in hemoglobin level of over 
2.0 g/dL.

Safety was evaluated using vital signs (blood pressure, 
heart rate, and body temperature), physical examination, 
serum gastrin level, and incidence of treatment-emergent 
adverse events (TEAEs). A TEAE was defined as an ad-
verse event that occurred after the participant received 
the study drug. TEAEs were categorized by severity and 
relativity and compared between the treatment groups. 
Adverse events were analyzed in the safety set.

6. Statistical analysis
For sample size calculation, the healing rate of artificial 

ulcers at 8 weeks was assumed to be 95.5% for tegoprazan 
and esomeprazole, with a non-inferiority margin of –10% 
and a power of 80% at a significant level of 2.5% (one-sid-
ed).15 While a direct comparison between vonoprazan and 
tegoprazan for artificial ulcer healing is lacking, an indirect 

Day 28 Day 2 Day 1

Visit 1

Day 0

Visit 2

Day 28 5 day

Visit 3

Day 56 5 day

Visit 4

If not healed

Screening

ESD Gastroscopy Gastroscopy

Randomization

Pantoprazole IV
(48 hr)

Treatment 1
(4 wk)

Treatment 2
(4 wk)

Tegoprazan 50 mg
+placebo

Esomeprazole 40 mg
+placebo

Tegoprazan 50 mg
+placebo

Esomeprazole 40 mg
+placebo

Fig. 1.Fig. 1. A diagram indicating the progression of the study. IV, intravenous; ESD, endoscopic submucosal dissection.



Gut and Liver, Vol. 18, No. 2, March 2024

260  www.gutnliver.org

comparison was conducted using data from reports. Spe-
cifically, it was found that vonoprazan exhibited compa-
rable effectiveness to lansoprazole in healing gastric ulcers 
(93.5% for vonoprazan and 93.8% for lansoprazole), and 
similarly, tegoprazan demonstrated comparable efficacy to 
lansoprazole in gastric ulcer healing (95.0% for tegoprazan 
and 95.7% for lansoprazole).6,11 The total sample size was 
160 subjects, with 80 patients per treatment group, consid-
ering a 15% drop-out.

For continuous variables, the values are provided as the 
number of subjects, mean, standard deviation, median, 
minimum and maximum. For categorical variables, the 
values are presented as frequencies and percentages. The 
non-inferiority test of tegoprazan versus esomeprazole in 
healing rate was to be declared if the lower bound of the 
two-sided 95% confidence interval for the difference be-
tween the two arms was greater than the non-inferiority 
margin, –10%. Continuous variables were compared by 
the Student t-test or Wilcoxon rank-sum test depending 
on whether the normality assumption was satisfied. Cat-
egorical variables were compared by the chi-square test or 
Fisher exact test depending on whether 20% or more of 
cells with an expected frequency of 5 or less were found.

All two-sided statistical tests were performed at a sig-
nificance level of 5% unless otherwise specified. Statistical 
analyses were performed using SAS 9.4 (SAS Institution 
Inc., Cary, NC, USA).

RESULTS

1. Baseline characteristics
Among the 167 patients with an artificial ulcer after 

ESD who were screened, three were ineligible based on the 
inclusion/exclusion criteria, and four withdrew their con-
sent. These participants were considered to have screening 
failure, and the remaining 160 patients were randomized 
in a 1:1 ratio to one of the two treatment arms: tegoprazan 
or esomeprazole. Among the 160 randomized patients, 16 
(10.0%) were discontinued from the study due to the lack 
of viable data (n=10, 6.3%), violation of an inclusion/exclu-
sion criteria (n=5, 3.1%), or withdrawal of consent before 
exposure to the study drug (n=1, 0.6%) (Fig. 2). The base-
line characteristics of the patients are summarized in Table 
1. No significant differences in baseline characteristics 
were observed between the treatment groups.

2. Ulcer healing
The healing rates of artificial ulcers at 4 weeks were 

30.3% (23/76) and 22.1% (15/68) in tegoprazan group 
and in esomeprazole group, respectively. The percentage 
difference between the tegoprazan group and esomepra-
zole group was <–10% (95% confidence interval, –6.07 to 
22.48), which confirmed the non-inferiority of the tego-
prazan group in comparison to the esomeprazole group. At 
8 weeks after ESD, the cumulative healing rates of artificial 
ulcers were 73.7% (56/76) and 77.9% (53/68) in tegoprazan 

Enrolled
(n=167)

Randomized
(n=160)

Withdrawal of informed consent (n=4)
Inclusion/exclusion violation (n=3)

Tegoprazan 50 mg
(n=80)

Esomeprazole 40 mg
(n=80)

Completed
(n=76)

Discontinuation
(n=4)

Discontinuation
(n=12)

Completed
(n=68)

No efficacy data collection (n=3)
Inclusion/exclusion criteria

violation (n=1)

No efficacy data collection (n=7)
Inclusion/exclusion

(n=4)
Withwal before receiving drug (n=1)

violation Fig. 2.Fig. 2. Disposition of patients in-
cluded in this study.
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and esomeprazole groups, respectively (95% confidence in-
terval, –18.23 to 9.71). The results are summarized in Table 
2. Immediately after ESD, the ulcer size was 508.18±274.10 
mm2 and 585.63±309.72 mm2 in tegoprazan group 
and esomeprazole groups, respectively (p=0.180). Four 
weeks after ESD, the ulcer size was 51.63±75.06 mm2 and 
60.26±79.51 mm2 in tegoprazan and esomeprazole groups, 
respectively (p=0.400). Eight weeks after ESD, the ulcer 
size was 2.64±7.93 mm2 and 8.19±41.68 mm2 in tegopra-
zan and esomeprazole groups, respectively (p=0.761). The 
two groups showed no difference in changes in ulcer stag-
es. A summary of the changes in ulcer stages can be found 
in Table 3.

At 4 weeks after ESD, the shrinkage rates of artificial ul-
cers were 85.6% in tegoprazan group and 85.0% in esome-
prazole group, respectively (p=0.897). At 8 weeks after 
ESD, the shrinkage rates of artificial ulcers were 94.9% and 
94.2% in the tegoprazan and esomeprazole groups, respec-
tively (p=0.842).

3. Delayed bleeding and safety
Delayed bleeding occurred in two patients (2.6%) from 

the tegoprazan group and in one patient (1.5%) from the 
esomeprazole group (p=1.000). In all cases, melena was the 
first sign of delayed bleeding. One patient from the tego-
prazan group experienced melena 9 days after ESD, and 
another patient from the same group had melena 14 days 
after ESD. One patient from the esomeprazole group had 
melena 10 days after ESD. Gastroscopy confirmed bleed-
ing from the ESD site, with Forrest Ib observed in one pa-
tient from the esomeprazole group and Forrest IIa in two 
patients from the tegoprazan group. Delayed bleeding was 
successfully managed using endoscopic hemostasis in all 
the patients. Hemoglobin levels dropped from 2.1 g/dL to 
3.2 g/dL.

Safety analysis was performed in 159 patients who re-
ceived ≥1 dose of the study drug and underwent ≥1 safety 
assessment in this clinical trial. Among the 159 patients, 15 
cases of TEAEs were reported in 12 patients. In the esome-
prazole group only, one nausea, urticarial, and skin rash 
were reported as drug-related TEAEs (n=1, 1.28%).

4. Serum gastrin level
The baseline serum gastrin levels were 94.99±105.78 

pg/mL and 100.81±119.89 pg/mL for the tegoprazan and 
esomeprazole groups, respectively (Fig. 3). The serum gas-
trin levels were 82.14±70.5 pg/mL and 86.52±72.57 pg/mL 
at 4 weeks and 99.22±86.24 pg/mL and 96.21±81.65 pg/mL 
at 8 weeks for the tegoprazan and esomeprazole groups, re-

Table 1.Table 1. Baseline Characteristic of Patients in the Full Analysis Set

Characteristic
Tegoprazan  
group (n=76)

Esomeprazole  
group (n=68)

Sex, No. (%)
Male 57 (75.0) 46 (67.7)
Female 19 (25.0) 22 (32.3)

Age, mean±SD, yr 62.0±7.4 63.0±7.8
Social history, No. (%)

Smoking 16 (21.1)   9 (13.2)
Alcohol 29 (38.2) 18 (26.5)

Pre-procedural histology, No. (%)
Adenoma, low grade dysplasia 41 (54.0) 37 (54.4)
Adenoma, high grade dysplasia 13 (17.1) 13 (19.1)
Differentiated adenocarcinoma 17 (22.4) 17 (25.0)
Undifferentiated adenocarcinoma 2 (2.6) 1 (1.5)
Mixed 3 (4.0) 0

Ulcer size immediately after ESD, 
mean±SD, mm2

507.1±277.7 562.9±324.8

ESD, endoscopic submucosal dissection.

Table 2.Table 2. Cumulative Healing Rates of Artificial Ulcers

Variable Healing of the artificial ulcer (%) Difference, % (95% CI) p-value

4 wk   8.20 (–6.07 to 22.48) 0.006
Tegoprazan group 30.3 (23/76)
Esomeprazole group 22.1 (15/68)

8 wk –4.20 (–18.23 to 9.71) 0.210
Tegoprazan group 73.7 (56/76)
Esomeprazole group 77.9 (53/68)

Data are presented as percentages with number of subjects in parentheses, confidence interval (CI), non-inferiority margin –10%.

Table 3.Table 3. Changes in Ulcer Stages at 4 and 8 Weeks after ESD

Tegoprazan  
group (n=74)

Esomeprazole  
group (n=67)

4 wk after ESD
A1/A2 8 (10.8) 10 (14.9)
H1/H2 43 (58.1) 42 (62.7)
S1/S2 23 (31.1) 15 (22.4)

8 wk after ESD
A1/A2 1 (1.4) 2 (3.0)
H1/H2 17 (23.0) 12 (17.9)
S1/S2 56 (75.7) 53 (79.1)

Data are presented as number (%).
ESD, endoscopic submucosal dissection.



Gut and Liver, Vol. 18, No. 2, March 2024

262  www.gutnliver.org

spectively. The changes in serum gastrin levels did not dif-
fer significantly between the tegoprazan and esomeprazole 
groups.

DISCUSSION

In this study, we found that 50 mg of tegoprazan was 
not inferior to 40 mg of esomeprazole in treating artificial 
ulcers after ESD for gastric neoplasia. The healing rate of 
artificial ulcers at 4 weeks after ESD was higher in the tego-
prazan group than in the esomeprazole group, whereas cu-
mulative healing rate at 8 weeks after ESD did not show a 
significant difference between the two groups. From these 
results, it is plausible that tegoprazan has a more potent 
acid-suppressive effect than esomeprazole; therefore, the 
healing process after ESD progressed rapidly in the tego-
prazan group. Some studies have observed that vonopra-
zan, another P-CAB, was superior to PPIs in the healing of 
artificial ulcers after ESD for gastric neoplasia, indicating 
similarities with our study.9,16 However, it is still uncertain 
whether P-CAB is superior to PPI in the healing of artifi-
cial ulcers after ESD for gastric neoplasia. A systematic re-
view and meta-analysis showed that vonoprazan was supe-
rior to PPI at 4 weeks after ESD,17 whereas another recent 
systematic review and meta-analysis showed that there was 
no difference between vonoprazan and PPI.18

The healing rate of artificial ulcers at 4 weeks after 
administration of P-CABs or PPIs was reported to range 
from less than 10% to over 90% in various studies.16,19,20 
This large variation among the studies might result from 
interpretation of H3 stage ulcers according to the Sakita-
Miwa classification.21 In this study, the healing rates of arti-
ficial ulcers were 30.3% in the tegoprazan group and 22.1% 
in the esomeprazole group at 4 weeks after ESD. This result 
was similar to a recent study comparing the efficacy of vo-

noprazan and lansoprazole treatment for artificial ulcers.19 
We strictly interpreted the ulcer stages and even minute 
ulcer bases were classified as healing stages. Additionally, 
the shrinkage rates of artificial ulcers should not be mis-
interpreted as complete healing. At 8 weeks after ESD, the 
artificial ulcers healed by more than 70% in both groups in 
this study. Considering these results, acid-reducing agents 
should be administered at least 8 weeks after ESD. Since 
cumulative ulcer healing rates at 8 weeks after ESD were 
not 100% in both groups, an adequate duration of acid-
reducing agents used after ESD for gastric neoplasia should 
be elucidated in further studies.

Our study did not show any difference in delayed bleed-
ing rates between the tegoprazan and esomeprazole groups. 
Delayed bleeding was not the main outcome of our study, 
and the number of patients enrolled in this study might 
not have been sufficient. Considering that most delayed 
bleeding occurs within a week after ESD,22 delayed bleed-
ing may be preventable with more potent acid suppression. 
A large-scale prospective study is needed to elucidate the 
effect of tegoprazan on delayed bleeding.

Although P-CABs can overcome some of the unmet 
needs of PPIs, they still have some limitations in clinical 
practice. It is well known that serum gastrin levels might 
increase after administration of P-CABs.23 Tegoprazan has 
a different chemical structure than vonoprazan and revap-
razan. There were no changes in the serum gastrin levels in 
either group in this study. This was similar to the results of 
previous studies.11,24 Therefore, tegoprazan might be safely 
administered for up to 8 weeks. Further studies with large 
numbers of patients are warranted.

The strength of this study is that it is a multicenter, ran-
domized, double-blind, active-controlled study. Despite 
this strength, this is a non-inferiority study, and it cannot 
be concluded that 50 mg of tegoprazan is superior to 40 mg 
of esomeprazole in the healing of artificial ulcers after ESD 
for gastric neoplasia. Another limitation is that intravenous 
pantoprazole was administered for 48 hours before starting 
oral tegoprazan or esomeprazole because tegoprazan can-
not be administered intravenously. Therefore, the immedi-
ate effect of tegoprazan after ESD was not evaluated in this 
study. Hemoglobin levels were not checked within 2 weeks 
after ESD, which may lead to underestimation of delayed 
bleeding occurrences.

In conclusion, this is the first study to investigate the 
effect of tegoprazan on the healing of artificial ulcers after 
ESD for gastric neoplasia. Tegoprazan showed a similar ef-
fect on post-ESD artificial ulcer healing in comparison to 
esomeprazole, constituting that tegoprazan can be a new 
option for the treatment of ESD-induced artificial ulcers.
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and esomeprazole administration.
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