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Background/Aims: Revaprazan, a novel acid-pump 
antagonist, and proton-pump inhibitors (PPIs) have 
pH-independent effects on ulcer healing. The addition 
of a PPI promotes the cell restitution rate as well as 
vessel regeneration and maturation for ulcer repair. 
Revaprazan is known to protect the mucosa by in-
creasing the prostaglandin concentration. Methods: 
We reviewed the medical records of patients who un-
derwent endoscopic submucosal dissection (ESD) for 
gastric neoplasia at Yeungnam University Hospital be-
tween January 2008 and May 2009. We conducted a 
matched case-control study to compare the healing 
rates effected by revaprazan and rabeprazole. 
Results: Each group consisted of 30 patients. The 
baseline characteristics did not differ significantly be-
tween the two groups. Stage S1 disease was ob-
served in 97% and 100% of patients after 8 weeks of 
treatment in the revaprazan and rabeprazole groups, 
respectively. In the revaprazan group, only one patient 
had stage H2 disease: a 54-year-old man with a 
5.5-cm lesion after ESD of the ulcer, type IIa early 
gastric cancer, and adenocarcinoma. No serious ad-
verse effects occurred during the treatment period in 
either group. Conclusions: The safety and efficacy 
profiles of revaprazan and rabeprazole are similar for 
the treatment of ESD-induced ulcers. (Gut Liver 2010; 
4:25-30)
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INTRODUCTION

  Proton pump inhibitors (PPIs), which are specific for 
H＋/K+-ATPase, impede the function of the proton pump 
responsible for the terminal step in gastric acid secretion; 
they are currently the most widely used drugs for acid-re-
lated diseases including peptic ulcer disease, gastroeso-
phageal reflux disease and Zollinger-Ellison syndrome.1 
Reversible acid pump antagonists (APAs), another class 
of proton pump inhibitors, act by K＋-competitive and re-
versible binding to the gastric proton pump.2

  APAs and PPIs have pH-independent effects on ulcer 
healing. The addition of PPIs to treatment promotes the 
cell restitution rate as well as vessel regeneration and ma-
turation during wound healing.3 Rabeprazole demon-
strates the significant protection of the gastric-mucosa of 
PPIs by increasing the prostaglandin E2 production and 
reducing the leukotriene B4 production.4 Revaprazan, a 
new drug, protects the mucosa by inhibiting secretion of 
pepsinogen and increasing the prostaglandin concentrat-
ion.5 In previous study that compared revaprazan with a 
PPI for the treatment of gastric ulcers, the ulcer healing 
rates did not differ.
  After the introduction of endoscopic submucosal dis-
section (ESD) in the late 1990s, ESD has become widely 
used as an alternative to surgical resection in patients 
with early-stage gastric cancer or for adenomas.6 However, 
EST causes artificial ulcers. It is unknown whether the 
healing of ESD induced ulcers differ from peptic ulcers 
with regard to healing rate and the factors that affect 
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Fig. 1. After initial incision of the mucosa with the needle knife to allow insertion of tip of insulation-tipped diathermic (IT) knife,
complete incision is made by IT knife circumferentially. (D) En bloc dissection of the submucosal tissue was performed. (E) EGC 
was resected completely. (F) Hemostasis was achieved with hemoclips and cauterization.

healing. Furthermore, the efficacy of APA for ESD in-
duced ulcers has not been previously studied. Therefore, 
the aim of this study was to compare the efficacy of re-
vaprazan with rabeprazole for treatment of ESD-induced 
ulcers.

MATERIALS AND METHODS

1. Endoscopic submucosal dissection

  All ESD procedures were performed by a single endo-
scopist. ESD was performed by the endoscopic sub-
mucosal dissection method using a flex knife for en bloc 
resection (Fig. 1). If bleeding or visible vessels were 
found during the ESD, thermal coagulation or endoscopic 
hemoclipping was performed as required (Fig. 1).

2. Study design

  We reviewed the medical records of patients that un-
derwent ESD for gastric neoplasm at Yeungnam 
University hospital from January 2008 to May 2009. 
Demographic and clinical characteristics, including age 
and gender, were investigated. Location, size, and histo-
pathological type of lesions were also investigated. 
Location was divided by antrum, proximal body, 

mid-body, distal body, angle and pre-pylorus. Histopatho-
logical types included adenomas (with low grade dyspla-
sia, moderate dysplasia and severe dysplasia) and ad-
enocarcinomas (well differentiated, moderated and poorly 
differentiated). Patients were evaluated for Helicobacter py-
lori infection by rapid urease test (CLO test) and endo-
scopic biopsy specimens by Giemsa staining.
  Loading dose of pantoprazole 80 mg was given intra-
venously 2 hours before the ESD, and 8 mg/hr of intra-
venous pantoprazole was given continuously for the first 
48 hours as maintenance. Starting three days after the 
ESD, oral acid suppressing agents were administered for 
8 weeks. In the revaprazan group, revaprazan 200 mg was 
administered orally for 8 weeks, and in the rabeprazole 
group, rabeprazole 20 mg was given orally for the same 
period.
  Bleeding encountered during the ESD was defined as 
immediate, and bleeding after the ESD as delayed. After 
the ESD, the patients were observed for their vital signs 
and complete blood counts. Delayed bleeding was sus-
pected in patients with one or more of the following 
bleeding signs: fresh hematemesis, hematochezia, in-
stability of vital signs (tachycardia or hypotension), or a 
reduction of hemoglobin by more than 2 g/dL after the 
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Table 1. Gastric Ulcer Stages Using a Six-Stage System

Stage Finding

A1 (active stage 1) Ulcer that contains mucus coating, with marginal elevation because of edema 
A2 (active stage 2) Mucus-coated ulcer with discrete margin and less edema than active stage 1 
H1 (healing stage 1) Unhealed ulcer covered by regenerating epithelium ＜50%, with or without converging folds 
H2 (healing stage 2) Ulcer with a mucosal break but almost covered with regenerating epithelium 
S1 (scar stage 1) Red scar with rough epithelization without mucosal break 
S2 (scar stage 2) White scar with complete re-epithelization

English version of ulcer stages as classified by Sakita and Fukutomi.
7

ESD. When delayed bleeding was suspected, immediate 
endoscopy was performed.
  Follow-up endoscopy was performed the next day, 56 
days and 5-months after the ESD. The ulcer size was 
measured the day after the ESD. Ulcer stages were as-
sessed using a six-stage system as proposed by Sakita and 
Fukutomi (Table 1) at 56 days after the ESD.7

3. Patients

  This study included 193 patients that underwent ESD 
for a gastric neoplasm between January 2008 to May 
2009. Among them, 54 patients had received revaprazan 
therapy and 139 patients were treated with rabeprazole. 
The indications for ESD were as follows: gastric adenoma 
and early gastric adenocarcinoma (well or moderately dif-
ferentiated; no ulceration; and no lymph node involve-
ment or metastasis by CT). Patients were excluded if they 
had a previous history of upper gastrointestinal surgery or 
vagotomy; known hypersensitivity to revaprazan or rabe-
prazole; current use of aspirin, non-steroidal anti-in-
flammatory drugs, corticosteroids, PPIs, prostaglandins, or 
muco-protecting agents, or had surgery for vertical mar-
gin-positive adenocarcinoma in the resection specimen. 
The patients that had delayed bleeding or gastric perfo-
ration the day after the ESD and required rapid treatment 
with IV PPIs (duration of taking acid suppressing agents 
influences gastric ulcer healing)8 were also excluded.

4. Case control study

  All matching were performed with the Statistical 
Analysis Systems software package (Release 9.1.3; SAS 
Institute, Cary, NC, USA). The matching variables were 
age, gender, histology and initial ulcer size. The patients 
were matched on gender and histology by exact match, 
and matched on age intervals (plus or minus 5 years). 
The matched patients were divided into three categories 
based on initial ulcer size according to the medical liter-
ature:9 ≤30 mm, between 31 mm and 40 mm, and ＞40 
mm. Then, thirty patients were randomly selected for 
each group using SAS program.

5. Statistical analysis

  Continuous data are summarized as the mean (95% 
confidence interval [CI]). The Student t-test was used to 
compare the mean values of continuous variables. The 
Pearson’s chi-square test with Yates’ correction for con-
tinuity and the Fisher’s exact test were used as appro-
priate for comparison of the categorical variables. The 
analysis was performed with the statistical software pack-
age (SPSS 17.0 version for Windows; SPSS, Chicago, IL, 
USA). A p value less than 0.05 was accepted as statisti-
cally significant.

RESULTS

  Data regarding the clinical and endoscopic features of 
the patients are outlined in Table 2. There were no sig-
nificant differences between the two groups with respect 
to age, gender, ulcer size, location of ulcer, tissue size, 
histopathology (included histopathology of subgroup) and 
positive H. pylori.
  Ninety seven percent and 100% of the patients had S1 
stage disease after eight weeks of treatment in the re-
vaprazan and rabeprazole group, respectively. In the re-
vaprazan group, only one patient had H2 stage disease 
(Fig. 2); a 54-year-old man with a 5.5 cm post ESD ulcer 
on the lesser curvature of the proximal body the day after 
the ESD, type IIa EGCA and well differentiated adeno-
carcinoma. The endoscopic findings revealed a 0.5 cm ul-
cer almost completely covered with regenerating epi-
thelium, eight weeks after the ESD and a red scar with 
rough epithelialization without mucosal breaks at five 
months after the ESD (Fig. 2).
  During follow-up, no significant side effects were asso-
ciated with the medications in either treatment group. 
There were no cases of delayed gastric perforation or 
bleeding after discharge.
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Fig. 2. A patient with stage H2 disease 8 weeks after endoscopic submucosal dissection (ESD). (A) At the lesser-curvature side of
the proximal body, an ulcer of about 5.5 cm with several reddish spots was noted 1 day post-ESD. (B-D) An ulcer of about 0.5 cm 
that was almost completely covered with regenerating epithelium was noted at 8 weeks post-ESD. (E, F) A red scar with rough 
epithelialization without mucosal breaks was noted at 5 months post-ESD.

Table 2. Baseline Characteristics of Patients

Revaprazan 
(n=30)

Rabeprazole 
(n=30)

p-value

Age, yr 61.0±9.5  63.1±10.1 0.414
Gender, M/F   21/9 21/9 1.0
Histology (Subgroup) 1.0 (0.494)
  Adenoma    21 21
  Adenocarcinoma     9  9
Location 0.487
  Antrum    16 19
  Proximal body     0  1
  Mid-body     1  5
  Distal body     6  4
  Angle     3  2
  Prepylorus     1  1
H. pylori (＋)     4  7 0.333
Ulcer size
  Mean, mm 24.7±13.4  28.5±10.5 0.223
  Median, mm 22 (10-81) 26.5 (11-49)
Tissue size
  Mean, mm 31.9±13.6 27.7±9.4 0.372
  Median, mm 28 (12-75) 28 (12-63)

Continuous data are expressed as mean±standard deviation 
and median (minimum-maximum).

DISCUSSION

  The use of endoscopic mucosal resection (EMR) proce-
dures for early gastric cancer has been increasing. This is 
a preferred procedure because the patient quality of life 
after an EMR is superior to that of patients after a surgi-
cal gastrectomy. After the introduction of the endoscopic 
submucosal dissection (ESD), in the late 1990s, EMR has 
become more technically feasible for all tumors, regard-
less of size. Currently, ESD is most widely used as an al-
ternative to surgical resection in patients with early-stage 
gastric cancer or adenomas.6

  ESD induces the development of ulcers. It is unclear 
whether these ESD induced ulcers differ from peptic ul-
cers with regard to the healing rate or the factors that in-
fluence healing. EMR-induced ulcers have been reported 
to heal faster and to recur less often than non-iatrogenic 
gastric ulcers.10 Increased healing has been associated 
with preserved contractility of the proper muscle layer, 
which is usually damaged in patients with peptic ulcers,11 
and the increased blood supply at the margin of EMR-in-
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duced ulcers resulting from increased levels of nitric ox-
ide, epidermal growth factor and endogenous prostag-
landins.12,13 The healing process of ESD-induced ulcers 
may be similar to EMR-induced ulcers. A recent study 
comparing the healing rate of EMR-induced ulcers with 
regard to the duration of treatment with omeprazole sug-
gested that one week of treatment may be sufficient.14 In 
addition, an observational study showed that gastric ul-
cers caused by ESD procedures healed within eight weeks 
regardless of the size and location.11 However, Oh et al.9 
reported that the degree of healing of ESD-induced ulcers 
was dependent on the initial ulcer size, indicating that 
the duration of treatment with PPI should take into con-
sideration the initial size of the ulcer.
  Gastric H＋/K＋-ATPase is a proton pump located at the 
apical membrane of the parietal cells; it transports H＋ in-
to the canaliculus of parietal cells in exchange for K＋. 
Substituted benzimidazoles, such as omeprazole, lansopra-
zole and rabeprazole, inactivate the H＋/K＋-ATPase by co-
valent binding to the sulfohydryl group of H＋/K＋- 
ATPase, resulting in the long lasting inhibition of gastric 
acid secretion.15 PPIs also have pH-independent effects on 
ulcer healing. PPIs attenuate leukocyte-endothelial cell ad-
hesion by inhibiting the expression of cellular adhesion 
molecules.16 PPIs have been reported to directly inhibit 
inflammation by suppressing neutrophil activity17,18 as 
well as by relaxing vascular smooth muscle.19 Thus, PPIs 
have multiple functions during gastric mucosal repair. In 
recent studies, PPIs were shown to promote the healing 
of injured gastric mucosal cells following injury by en-
hancing cell proliferation and migration;20 rabeprazole in-
creased the expression of CXCR4 mRNA. Thus, it pro-
moted vessel regeneration and maturation, facilitating ul-
cer healing.3

  Revaprazan,5,6-dimethyl-2-(4-fluorophenylamino)-4-(1- 
methyl-1,2,3,4-tetrahydroisoquinoline-2-yl) pyrimidine hy-
drochloride, is a novel APA that is currently approved by 
Korean Food and Drug Administration (KFDA) as a new 
drug for the treatment of gastric diseases including peptic 
ulcer disease.21-23 This APA has a reversible mode of ac-
tion against H＋/K＋-ATPase, which is distinct from PPIs 
that perform irreversible inhibition. The drug causes in-
hibition of gastric acid secretion rapidly and effectively 
without sustained hypergastrinemia. This inhibitor is 
competitive with the luminal K＋ ions, and has a highly 
selective affinity for H＋/K＋-ATPase, and low affinity for 
Na＋/K＋-ATPase.24 Interestingly, Revaprazan, like pan-
toprazole, plays a regulatory role in MAPK ERK1/2 
signaling. MAPK is an executive critical enzyme that is 
active during inflammatory response signaling as well as 
cell proliferation. In addition, revaprazan has been shown 

to provide cyto-protection of the gastric epithelium.5 In 
the present study, the ulcer healing effect of revaprazan 
for ESD-induced ulcers was similar to that of rabeprazole. 
  PPIs are generally considered to be extremely safe with 
little or no risk of serious adverse events. However, con-
cerns continue to be expressed about existing and poten-
tial adverse effects of these drugs, especially with long- 
term use. In animal studies, in the K＋ channel mutated 
mouse model, in beta subunit gastric H＋/K＋-ATPase defi-
cient mice, and in the alpha subunit of the gastric H＋/K＋- 
ATPase deficient mice achlorhydria and vacuolization of 
the gastric parietal cells were described.25,26 Since the beta 
subunit of the gastric H＋/K＋-ATPase and gastrin double 
deficient mice did not exhibit such hyperplasia,27 it is 
speculated that such vacuolization might be attributed to 
secondary hypergastrinemia.28 Driman et al.29 reported en-
larged parietal cells with luminal bulges of cytoplasm, ex-
panded tubulovesicles, and poorly developed secretory ca-
naliculi after omeprazole treatment for longer than 12 
months in a human study. Bajaj et al.30 reported that PPI 
use during just more than 1 week was associated with a 
higher risk of SBP. These results suggest that PPI usage 
leads to hypergastrinemia,28 and hypergastrinemia leads to 
impaired intestinal permeability in humans.30 However, 
APA had a weaker effect on the serum gastrin concen-
tration and antral gastrin content than PPIs.5,31 Therefore, 
APA would be beneficial for clinical use.
  This is the first study to demonstrate the efficacy of 
APA for the treatment of ESD-induced ulcers. In con-
clusion, Revaprazan showed a similar safety and efficacy 
profile to rabeprazole for the treatment of ESD-induced 
ulcers. Further prospective studies are needed to explore 
the pathophysiology of this novel acid pump antagonist 
and proton pump inhibitors for the treatment of ESD-in-
duced ulcers.
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