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Abstract
AIM: To prospectively compare the healing rates of 
endoscopic submucosal dissection (ESD)-induced ulcers 
treated with either a proton-pump inhibitor (PPI) or re-
bamipide.

METHODS: We examined 90 patients with early gas-
tric cancer who had undergone ESD. All patients were 
administered an intravenous infusion of the PPI lan-
soprazole (20 mg) every 12 h for 2 d, followed by oral 
administration of lansoprazole (30 mg/d, 5 d). After 
7-d treatment, the patients were randomly assigned 
to 2 groups and received either lansoprazole (30 mg/d 
orally, n  = 45; PPI group) or rebamipide (300 mg oral-
ly, three times a day; n  = 45; rebamipide group). At 4 
and 8 wk after ESD, the ulcer outcomes in the 2 groups 
were compared. 

RESULTS: No significant differences were noted 
in patient age, underlying disease, tumor location, 
Helicobacter pylori  infection rate, or ESD-induced ulcer 

size between the 2 groups. At both 4 and 8 wk, the 
healing rates of ESD-induced ulcers were similar in the 
PPI-treated and the rebamipide-treated patients (4 wk: 
PPI, 27.2%; rebamipide, 33.3%; P  = 0.5341; 8 wk: 
PPI, 90.9%; rebamipide, 93.3%; P  = 0.6710). At 8 wk, 
the rates of granulation lesions following ulcer heal-
ing were significantly higher in the PPI-treated group 
(13.6%) than in the rebamipide-treated group (0.0%; P  
= 0.0103). Ulcer-related symptoms were similar in the 
2 treatment groups at 8 wk. The medication cost of 8-wk 
treatment with the PPI was 10945 yen vs  4889 yen for 
rebamipide. No ulcer bleeding or complications due to 
the drugs were observed in either treatment group.

CONCLUSION: The healing rate of ESD-induced ulcers 
was similar with rebamipide or PPI treatment; however, 
rebamipide treatment is more cost-effective and pre-
vents granulation lesions following ulcer healing.

© 2013 Baishideng. All rights reserved.

Key words: Early gastric cancer; Rebamipide; Endo-
scopic submucosal dissection; Gastric ulcer; Proton-
pump inhibitor

Core tip: In this prospective randomized, parallel-con-
trolled study, we demonstrated that rebamipide mono-
therapy was as effective as proton-pump inhibitor (PPI) 
in the healing of endoscopic submucosal dissection-in-
duced ulcers, regardless of the location of the resected 
cancer, the degree of atrophic gastritis, or the presence 
of Helicobacter pylori  infection. In addition, rebamipide 
treatment is more cost-effective and results in a better 
quality of ulcer healing compared with the PPI lanso-
prazole. 
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INTRODUCTION
Endoscopic mucosal resection (EMR) is a well-estab-
lished curative treatment for gastric neoplasms, such as 
early gastric cancer confined to the mucosa. However, 
EMR, performed using conventional techniques such as 
strip biopsy or cap EMR, does not always achieve en bloc 
resection. Thus, endoscopic submucosal dissection (ESD) 
has become the preferred treatment method. Compared 
with EMR, ESD facilitates the collection of  larger speci-
mens, regardless of  lesion size or location, resulting in a 
higher rate of  en bloc and histologically complete resec-
tion. Moreover, the rate of  local recurrence of  tumors 
after ESD may be lower than that after conventional 
EMR[1]. However, the iatrogenic ulcer that develops as a 
result of  ESD is large, and requires a considerably longer 
healing time compared to that resulting from conven-
tional EMR. 

Proton-pump inhibitors (PPIs) are the most effective 
medications for the treatment of  ESD-induced ulcers. 
However, studies have shown that PPI monotherapy 
does not heal the ESD-induced ulcers sufficiently within 
4 wk[2-6]. Increased understanding of  the mucosal defense 
system has prompted the development of  mucopro-
tective agents for clinical use in Japan. The efficacy of  
combination treatment involving PPIs and the mucopro-
tective agent rebamipide in the early treatment of  ESD-
induced ulcers and in the prevention of  relapse of  such 
disorders has been clearly indicated[2-5].

Rebamipide [2-(4-chlorobenzoylamino)-3-[2-(1H)-
quinolinon-4-yl]-propionic acid), a novel mucosal-
protective and ulcer-healing drug, is widely prescribed in 
East Asia. Previous studies have indicated that rebamip-
ide is effective in the treatment of  gastric ulcers as well 
as decreasing the recurrence rate, without affecting the 
Helicobacter pylori infection status of  the patients[7-12]. In 
addition, previous randomized-controlled studies have 
also found that rebamipide can prevent the formation of  
peptic ulcers induced by the administration of  nonsteroi-
dal anti-inflammatory drugs (NSAIDs) and can suppress 
the mucosal inflammation associated with chronic erosive 
gastritis[13,14]. However, to our knowledge, no reports on 
the use of  rebamipide for the treatment of  ESD-induced 
ulcers have been published.

In the present study, we have prospectively evaluated 
the efficacy of  rebamipide monotherapy in comparison 
to PPI monotherapy for the treatment of  iatrogenic ul-
cers resulting from ESD for early gastric cancers.

MATERIALS AND METHODS
Patients
We examined 90 consecutive patients with early gastric 
cancer who had been treated with ESD at Kinki Univer-
sity Hospital between February 2011 and January 2013. 

The study protocol was approved by the Kinki University 
Ethics Committee, and all participants provided written 
informed consent before undergoing ESD. In addition, 
the study was registered at the University Hospital Medi-
cal Information Network 000005134. All patients with 
early gastric cancer, including well-differentiated or mod-
erately differentiated adenocarcinoma, were included in 
the study. The exclusion criteria were as follows: (1) cur-
rent use of  other anti-ulcer drugs, aspirin, NSAIDs, or 
prednisolone; (2) treatment with anti-coagulative agents; 
or (3) previous endoscopic treatment or surgery.

ESD procedure
ESD was performed with an insulation-tipped knife 
(KD-610L; Olympus Medical Systems, Tokyo, Japan) 
and a flush knife (BTDK2618JB; Fujifilm Medical Sys-
tem, Tokyo, Japan). The electrosurgical unit used was A 
VIO-300D (ERBE). The injection solutions contained 
glycerin with 1% indigo carmine dye and, depending on 
the tumor location, hyaluronic acid sodium (0.4%) was 
also added. The ulcers that developed after ESD were 
carefully examined endoscopically, and any visible vessels 
were heat-coagulated by using hot biopsy forceps (KD-
410LR; Olympus Medical Systems). Thereafter, the re-
sected specimens were stretched, pinned flat on a rubber 
plate, and measured. 

Study design
The design of  this single-center, open-label, prospective, 
randomized, parallel-controlled study is illustrated in Fig-
ure 1.

After ESD, all patients were administered an intrave-
nous infusion of  lansoprazole (20 mg; Takepron; Takeda 
Pharmaceutical, Osaka, Japan) every 12 h for 2 d, and 
received oral lansoprazole (30 mg/d) for 5 d. On post-
operative day 7, the patients were randomly assigned to 2 
groups and received either lansoprazole at a dose of  30 
mg/d orally (PPI group; n = 45), or rebamipide (Mucosta; 
Otsuka Pharmaceutical Co., Tokyo, Japan) at a dose of  
300 mg orally, 3 times a day (n = 45) for 8 wk. The pri-
mary endpoint was endoscopically documented ulcer 
healing; complete healing was defined as regression to 
the S-stage on the Sakita and Miwa scale[23]. Moreover, we 
evaluated the healing rates of  atrophic gastritis based on 
the Kimura and Takemoto classification[24], in the pres-
ence or absence of  Helicobacter pylori (H. pylori) infection. 
We also compared the response of  ulcers in relation to 
their locations in the stomach (lower, middle, or upper).

The secondary endpoint was the ulcer reduction ratio, 
which was compared according to the ulcer location. For 
calculation of  the ratio, we determined the maximum 
diameters of  the ulcers and the diameters perpendicular 
to the maximum diameters, which were measured using 
a bendable endoscopic measuring device (M2-3; Olym-
pus Corp., Tokyo, Japan). Moreover, we determined the 
ulcer size (maximal diameter × diameter perpendicular 
to the maximal diameter). At 4 and 8 wk after ESD, the 
healing and reduction rates for the ulcers were compared 
between the 2 groups. In addition, at 8 wk after ESD, we 
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evaluated the scar status of  the ESD-induced ulcers ac-
cording to the Quality of  Ulcer Healing (QOUH).

Statistical analysis
Patient baseline characteristics and ulcer reduction ratios 

were compared using Pearson’s χ 2 test or Student’s t-test. 
Pearson’s χ 2 test was also used to compare the healing 
rates of  the ESD-induced ulcers and for the evaluation 
of  the scar status of  the ESD-induced ulcers according to 
the QOUH. Statistical significance was defined as P < 0.05.

RESULTS
Table 1 shows the patient characteristics of  the 2 treat-
ment groups. No significant differences were noted be-
tween the groups with regard to age; gender; tumor loca-
tion; tumor size; histologic classification; ESD-induced 
ulcer size; glandular atrophy; history of  disease; and the 
rates of  H. pylori infection, smoking, drinking alcohol, or 
the presence of  complicated disease or intestinal meta-
plasia. One patient was excluded from the PPI group 
because histologic examination of  the resected specimen 

5708 September 14, 2013|Volume 19|Issue 34|WJG|www.wjgnet.com

POD                       0    1    2        7                                                                                  56/d
2
8
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Figure 1  Study design. After ESD, all patients were administered an intravenous infusion of lansoprazole (20 mg; Takepron; Takeda Pharmaceutical, Osaka, Japan) 
every 12 h for 2 d, and received oral lansoprazole (30 mg/d) for 5 d. On postoperative day 7, the patients were randomly assigned to 2 groups and received either 
lansoprazole at a dose of 30 mg/d orally (PPI group; n = 45), or rebamipide (Mucosta; Otsuka Pharmaceutical Co., Tokyo, Japan) at a dose of 300 mg orally, 3 times a 
day (n = 45) for 8 wk. ESD: Endoscopic submucosal dissection; PPIs: Proton-pump inhibitors; div.: Drip intravenous infusion; POD: Postoperative days. 

Table 1  Patient characteristics

Lansoprazole group 
(n  = 45)

Rebamipide group 
(n  = 45)

P -value

Age (yr)
(mean ± SD, median)

70 ± 7.8, 72 67 ± 8.0, 67   0.0930

Gender (M/F) 36/9 31/14   0.2269
H. pylori-infection  86.7% 84.4%   0.7643
Smoker 31.1% 33.3%   0.8215
Drinking alcohol 46.7% 42.2%   0.6714
History of disease 46.7% 31.1%   0.1301
Complicated disease 71.1% 71.1%   1.0000
Location of tumors   0.1620
   Low 23 16
   Middle 17 26
   Upper   5   3
Tumor size   0.4986
   > 20 (mm) 13 16
   ≤ 20 (mm) 32 29
Histologic classification   0.6939
   Tub1 41 42
   Tub2   4   3
Dissected size 
(mean ± SD, mm)

30.5 ± 7.8 30.6 ± 6.4   0.9413

Dissected area 
(mean ± SD, mm2)

     687.9 ± 393.1.7   712.3 ± 298.6   0.7417

Glandular atrophy   0.3167
   C-1   0   0
   C-2   3   2
   C-3 11 14
   O-1 19 13
   O-2 12 13
   O-3   0   3
CandO   0.6547
   C 14 16
   O 31 29
Intestinal metaplasia 71.1% 68.9%   0.8181

Figure 2  Flow chart of study participants. ESD: Endoscopic submucosal 
dissection. 
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H. pylori: Helicobacter pylori; M/F: Male/female. 
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respectively) and in the PPI group (97.2% and 99.9%, re-
spectively) (Figure 4). These ratios were not influenced by 
the locations of  the ulcers in the stomach (low, middle, 
and upper). 

Quality of ulcer healing and adverse events
Six patients in the PPI group developed unusual gastric 
lesions, which comprised an overgrowth of  granulation 
tissue at the ulcer site. At 8 wk, the proportion of  pa-
tients who developed a flat scar in the rebamipide group 
(100%) was found to be significantly higher than that in 
the PPI group (86.3%; P = 0.0103) (Figure 5). No ulcer 
bleeding or complications related to the drugs used after 
ESD were observed in any of  the study subjects.

DISCUSSION
Some authors have reported that the combination 
therapy involving PPI and rebamipide is superior to PPI 
monotherapy in the healing of  ESD-induced ulcers[2-5]; 
however, to our knowledge, no reports on the efficacy 
of  rebamipide for the treatment of  ESD-induced ulcers 

indicated deep submucosal invasion (depth ≥ 500 μm; 
SM2 invasion). Hence, 44 patients in the PPI group and 
45 in the rebamipide group constituted the final study 
cohort (Figure 2). 

Ulcer responses
The rates of  ulcer healing (regression to S-stage) were 
not significantly different between the PPI group (27.2%) 
and the rebamipide group (33.3%) at 4 wk (P = 0.5341) 
or at 8 wk (90.9% for the PPI group and 93.3% for the 
rebamipide group; P = 0.6710) (Figure 3A). Moreover, at 
4 and 8 wk, the healing rates were not significantly differ-
ent between the treatment groups with regard to ulcer lo-
cation (low, middle, or upper stomach; Figure 3B) or with 
regard to the presence of  absence of  H. pylori infection 
(Figure 3C). In addition, at 4 and 8 wk, the healing rates 
of  atrophic gastritis (closed or open type) were similar in 
the 2 treatment groups (Figure 3D).

Reduction ratios of ESD-induced ulcers
The reduction ratios of  ESD-induced ulcers were similar 
at 4 and 8 wk in the rebamipide group (98.0% and 99.9%, 
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Figure 3  Rates of healing in both groups. A: The rates of healing to S stage in both groups; B: The rates of healing to S stage in both groups according to resected 
location. L: Low stomach, M: Middle stomach; U: Upper stomach. C: The rates of healing to S stage in both groups. 1Helicobacter pylori (H. pylori) positive 2H. pylori 
negative. D: The rates of healing to S stage in both groups in atrophic gastritis. 3Closed type; 4Open type. RM: Rebamipide.
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have been published. In this prospective randomized, 
parallel-controlled study, we demonstrated that rebamip-
ide monotherapy was as effective as PPI in the healing 
of  ESD-induced ulcers, regardless of  the location of  the 
resected cancer, the degree of  atrophic gastritis, or the 
presence of  H. pylori infection.

Although the response of  post-ESD ulcers to PPIs 
and rebamipide may be similar, the mechanisms of  ac-
tion of  these drugs are different. PPIs decrease gastric 
acid production, whereas rebamipide stimulates the 
production of  prostaglandins[19], epidermal growth fac-
tor[12,20], and nitric oxide[21], and decreases the level of  
oxygen-free radicals[22]. These mucosal protective actions 
of  rebamipide appear to promote ulcer healing. Fujiwara 
et al[3] showed that 8 wk of  PPI and rebamipide treat-
ment was particularly effective for patients with severe 
atrophic gastritis, classified as O-3. Severe atrophic gas-
tritis may result in the formation of  a low-acid environ-
ment in the stomach; therefore, acid-suppressive agents 
such as PPI alone may have a limited effect. However, 
rebamipide can be effective in this environment because 
of  its different mechanism of  action. We believe that 
this is a contributing factor to the similar efficacies ob-

served between PPIs and rebamipide regardless of  the 
degree of  atrophic gastritis.

Previous studies have reported that various mecha-
nisms are involved in the effects of  rebamipide on H. 
pylori-positive atrophic gastritis; these include prevention 
of  adhesion of  the bacteria to gastric epithelial cells, and 
inhibition of  H. pylori-induced secretion of  prostaglan-
din E2 from neutrophils and interleukin-8 expression in 
gastric epithelial cells[25-28]. Terano et al[15] indicated that 
the treatment of  gastric ulcers with rebamipide promotes 
ulcer healing regardless of  the success or failure of  H. 
pylori eradication therapy, and Higuchi et al showed that 
rebamipide prevents the recurrence of  gastric ulcers 
without affecting the H. pylori infection status[10]. In the 
present study, PPI and rebamipide appeared to aid in ul-
cer healing without affecting the H. pylori infection status.

Moreover, we noted that the proportion of  patients 
who developed a flat scar at the ulcer site was significant-
ly higher in the rebamipide group than in the PPI group. 
Thus, rebamipide appears to be more effective than PPIs 
in improving the QOUH. In animal studies, rebamipide 
was found to improve the QOUH by increasing the level 
of  prostaglandin E2 and decreasing the levels of  malo-
ndialdehyde and interleukin-8 in the gastric mucosa[16]. 
In the present study, the unusual elevated gastric lesions 
that were observed following ulcer healing could not be 
easily characterized as benign granulation tissue or a ma-
lignant recurrence without performing a biopsy (Figure 
6). Therefore, we believe that improvement in QOUH is 
essential for preventing the occurrence of  mucosal pro-
trusion due to the growth of  granulation tissue.

The most frequent complication that occurs after en-
doscopic therapy is bleeding, and the rate of  intraopera-
tive bleeding is significantly higher with ESD than with 
EMR. Jeong et al[17] reported that PPIs may be more effec-
tive than histamine H2 inhibitors in preventing bleeding 
after ESD by promoting a more rapid healing of  these 
large iatrogenic ulcers[17]. Moreover, Uedo et al[18] indicated 
that therapy with PPI was more effective than treatment 
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Figure 4  Reduction ratio of the endoscopic submucosal dissection-
induced ulcers in both groups. PPI: Proton-pump inhibitor; RM: Rebamipide.
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Figure 5  Proportion of patients who developed a flat scar after ulcer heal-
ing in both groups. PPI: Proton-pump inhibitor; RM: Rebamipide.

Figure 6  At 8 wk, granulation lesions following ulcer healing in the pro-
ton-pump inhibitors treated group. 
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with histamine H2 inhibitors in preventing delayed bleed-
ing from ulcers induced by ESD. However, in the present 
study, no post-ESD bleeding or complications related to 
the drugs used were noted in the patients receiving re-
bamipide or PPI treatment; moreover, the ratio of  ulcer 
reduction was at least 90% in both groups at 8 wk after 
initiation of  therapy. Thus, our findings indicated that the 
rate of  intraoperative bleeding was not significantly dif-
ferent between both the groups.

In addition, in the present study, we found that treat-
ment with rebamipide was more cost-effective than treat-
ment with the PPI lansoprazole. The cost of  the 56-d 
treatment course was 4889 yen for rebamipide and 10945 
yen for lansoprazole, which is a difference of  44.7%. This 
high difference in cost may be a factor in determining 
which medication to prescribe in the treatment of  ESD-
induced ulcers. 

In conclusion, rebamipide monotherapy was equiva-
lent to treatment with a PPI (lansoprazole) in the healing 
of  ulcers induced by ESD for early gastric cancer. The 
similarity in the treatment efficacy was observed irrespec-
tive of  the presence of  H. pylori infection, the severity 
of  atrophic gastritis, or the locations of  the ulcers in the 
stomach. However, rebamipide therapy also resulted in 
a more favorable QOUH compared with that obtained 
by PPI treatment. Moreover, the treatment involving 
rebamipide was more cost-effective compared to the 
treatment with the PPI lansoprazole for the treatment of  
ESD-induced ulcers. 
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