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OBJECTIVES: To evaluate the healing efficacy of rebamipide and lansoprazole combination therapy with lansoprazole

alone for endoscopic submucosal dissection (ESD)–induced ulcers and clarify the ulcer healing-

associated factors.

METHODS: Three hundred patients were randomized into control and experimental groups after they underwent

ESD. The patients received intravenous pantoprazole (30mg) every 12 hours and oral rebamipide (100

mg, experimental group) or placebo (control group) 3 times daily on days 1–3. On days 4–56, patients

received oral lansoprazole (30mgdaily) and rebamipide (100mg) or placebo 3 times daily. Endoscopic

evaluations were performed at postoperative weeks 4 and 8.

RESULTS: At week 4, the ulcer reduction rate was significantly higher in the experimental than in the control

group (0.976 0.034 vs. 0.946 0.078; P < 0.001). The ulcer healing (18.2% vs 20.3%; P5 0.669)

and ulcer improvement rates (94.2% vs 88.7%; P5 0.109) in the 2 groups were not significantly

different. At week 8, the ulcer healing and ulcer improvement rates were 90.6%and 100%, respectively,

in both groups. Multivariate analysis showed that the combination treatment was an independent factor

associatedwith ulcer area reduction after ESD. Themaximumdiameter of the initial ulcer ($35.5mmvs

<35.5 mm) was an independent factor associated with the ulcer improvement rate after ESD.

CONCLUSIONS: The rebamipide and lansoprazole combination therapy can help accelerate the reduction rate of post-

ESD ulcer compared with the lansoprazole monotherapy at 4 weeks of therapy.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A4
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INTRODUCTION
Endoscopic submucosal dissection (ESD), developed in Japan
in the 1990s, is currently a widely accepted treatment for early
gastric mucosal lesions because it is minimally invasive and
enables the en bloc resection of mucosal lesions (3). Because of
the widespread use of endoscopy and the higher rate of early
lesion detection, the application of ESD has become in-
creasingly common. This trend has been accompanied by the
increasing concern about ESD complications. These proce-
dures sometimes lead to deep and large gastrointestinal ulcers,
resulting in an increased risk of perforation, bleeding, and ab-
dominal pain. The management of large ulcers induced by ESD

is a challenge and, hence, has become a focus of clinical
research.

Currently, there is no standardized regimen for the treatment
of gastric large ulcers induced by ESD, but proton pump inhib-
itors (PPIs) are still commonly used for 8 weeks for this purpose.
Nevertheless, rebamipide has been evaluated for the treatment of
post-ESD ulcers, and its clinical efficacy has been verified by
numerous investigators (8). Effective treatment regimens for
post-ESD ulcers might involve rebamipide alone or in combi-
nation with PPIs. Some studies have indicated that the clinical
efficacy of rebamipide alone is similar, or even superior, to that of
PPIs alone (9). Others have shown that rebamipide combined
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with PPIs can accelerate the healing of ulcers compared to
monotherapy using PPIs (10–12). Given this, the present study
was to determine whether PPIs combinedwith rebamipide would
promote post-ESD ulcer healing more effectively than PPIs alone
and explore the ulcer healing-associated factors.

METHODS

Experimental design

We performed a multicenter, prospective, randomized, double-
blind, parallel-group, positive-controlled trial at 6 participating
medical institutions (all AAA hospitals). The study was approved
by the Ethical Review Committee of the Chinese PLA General
Hospital and entered in the Chinese Clinical Trial Registry
(registration number, ChiCTR-TRC-13003032). Each center
recruited 50 patients (300 patients in total) admitted between
May 2013 andDecember 2014. Patients were recruited if they had
one of the following indications for ESD: (i) a gastric adenoma
with low-grade to high-grade intraepithelial neoplasia (LIN and
HIN, respectively) that was difficult to remove using conventional
methods (e.g., endoscopic mucosal resection); (ii) a well-
differentiated or moderately differentiated intramucosal carci-
noma; (iii) a well-differentiated or moderately differentiated
superficial gastric carcinoma without ulceration or with ulcers
(the diameter,3 cm); (iv) an undifferentiated carcinoma,2 cm,
without ulceration. All diagnoses were confirmed by gastroscopy
and histopathology. Additional inclusion criteria included (i) age

18–80 years, (ii) absence of major cardiopulmonary disease and
no history of hepatobiliary or other gastrointestinal disease or
surgery, (iii) normal blood coagulation, and (iv) no use of antacids
or mucosal protective agents within 2 weeks before enrollment.
We excluded patients (i) who required additional antiulcer
medications after enrollment; (ii) a well-differentiated or mod-
erately differentiated superficial gastric carcinoma (invasion
depth $500 mm) which further needs additional surgical treat-
ment; (iii) who were pregnant, breastfeeding, or might become
pregnant during the trial period; (iv) with severe intraoperative
complications; (v) patients who needed antiplatelet medications.
All patients voluntarily participated in the study and signed in-
formed consent.

ESD operation procedures

Enrolled patients (n5 300) underwent endoscopic examinations
and ESD procedures performed by experts with much experience
in ESD. ESD knives and electrocautery settings are DualKnife
(KD-650L; Olympus, Tokyo, Japan), ITknife2 (KD-611L;
Olympus), Coagrasper (FD-410LR; Olympus), and Gastroscope
(GIF-Q260J; Olympus). The margin of resection was marked
using electrocoagulation and included approximately 0.5 cm of
normal mucosal tissue around the lesion. We injected normal
saline into the submucosa to lift the lesion and separate the
submucosa from themuscular layer. Themucosa and submucosa
on the outer edge of the lesion were incised along the previously

Figure 1. Flow chart of research procedure through the clinical trial. PPI, proton pump inhibitor.
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marked margin. Then, the submucosa was dissected until the
mucosal lesion had been completely resected. Electrocoagulation
was applied to exposed blood vessels in the post-ESD resection
defects. The resected specimen was sent for pathologic exami-
nation. The measurements of the resected lesion and mucosal
defects were recorded.

Patient grouping and drug administration

Enrolled patients were randomized into the experimental group
(n5 150) or the control group (n5 150) by Statistical software.
Patients in the control group received intravenous pantoprazole
(30 mg every 12 hours; Nycomed Pharmaceutical Consultancy,
Shanghai, China) and a placebo (3 times daily) on postoperative
days 1–3. On postoperative days 4–56, they received oral lanso-
prazole (disintegrating tablets, 30 mg daily; Tianjin Takeda
Pharmaceutical, Tianjin, China) and placebo (3 times daily).
Patients in the experimental group received intravenous pan-
toprazole (30 mg every 12 hours) and oral rebamipide (100 mg 3
times daily; Zhejiang Yuan Li Jian Pharmaceutical, Hangzhou,
China) on postoperative days 1–3. On postoperative days 4–56,
they received oral lansoprazole (disintegrating tablets, 30 mg
daily) and rebamipide (100 mg 3 times daily). Concurrent use of
the following drugs was prohibited during the trial period: other
PPIs, H2-receptor antagonists (H2RA), and gastric mucosal
protective agents, as well as nonsteroidal anti-inflammatory
drugs, anticoagulants, and antiplatelet drugs.

Specimen measurement and surgical site evaluations

Endoscopic measurement of ulcer size. The resected specimen
was spread out in vitro and fixed in place using pins. Calipers were
used to directly measure the maximum diameter and the per-
pendicular line of the maximum diameter.
Endoscopic follow-up evaluations. Enrolled patients underwent
follow-up endoscopy at 4 and 8 weeks postoperatively to evaluate
ulcer healing. Four weeks postoperatively, a 5mmdiameter white
paper disk (produced using a hole puncher) was positioned at the
edge of the ulcer site using biopsy forceps placed through the
endoscope biopsy channel. The ulcers were photographed using
the paper disk as a reference. The photographic images were
uploaded to a computer and measured using the Amedicom
software system. The maximum diameter and perpendicular line
of the maximum diameter were recorded (Supplementary Fig-
ure 1, Supplemental Digital Content, http://links.lww.com/
CTG/A4).
Ulcer size and rate of reduction. The ulcer size and rate of re-
duction were calculated as follows: Ulcer area5 ulcer maximum
diameter 3 perpendicular line of maximum diameter (mm2).
Ulcer reduction rate at 4 weeks5 (initial ulcer area2 ulcer area
at 4 weeks) 3 100%/initial ulcer area. Ulcer reduction rate at
8 weeks 5 (initial ulcer area 2 ulcer area at 8 weeks) 3 100%/
initial ulcer area.
Endoscopic ulcer classification and healing evaluation. We
staged each ulcer according to the classification system developed

Table 1. Characteristics of subjects and lesions

Characteristics Control group, n 5 150 Experimental group, n 5 150 P-value

Gender (male/female) 106/44 103/47 0.706

Age (mean 6 SD) 59.95 6 10.10 59.80 6 10.09 0.900

BMI (mean 6 SD) 23.26 6 2.94 23.24 6 3.18 0.954

Pathological grade, n (%) 0.567

Cancer 9 (6.0) 14 (9.3)

HIN 81 (54.0) 75 (50.0)

LIN 36 (24) 32 (21.3)

Others 24 (16.0) 29 (19.3)

Lesion site, n (%) 0.944

Gastric antrum 77(51.3) 80(53.3)

Angular incisure 27(18.0) 28(18.7)

Distal gastric body 10(6.7) 11(7.3)

Proximal gastric body 10(6.7) 6(4.0)

Gastric fundus 6(4.0) 5(3.3)

Gastric cardia 20(13.3) 20(13.3)

Underlying disease (yes/No) 69/81 70/80 0.908

HP infection (yes/No) 31/59 26/63 0.453

Initial maximum diameter (mm) 35.05 6 12.82 36.13 6 13.63 0.483

Perpendicular line of maximum diameter

(mm)

26.82 6 10.57 27.77 6 10.87 0.442

Ulcer area (mm2) 1,058.79 6 834.47 1,127.04 6 851.57 0.452

Postoperative bleeding, n 10 6 0.304

BMI, body mass index; HIN, high-grade intraepithelial neoplasia; HP, Helicobacter pylori; LIN, low-grade intraepithelial neoplasia.
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by Sakita (13). Based on the endoscopic presentations, the ulcers
were classified into 6 stages: active (A1 and A2), healing (H1 and
H2), and scarring (S1 and S2).We classified treatment as effective
(H-stage ulcers with$50% reduction in maximum diameter and
S-stage ulcers) or not effective (H-stage ulcers with ,50% re-
duction in maximum diameter and A-stage ulcers). The ulcer
healing rate was calculated as the number of S-stage ulcers/total
number of cases 3 100%. The ulcer improvement rate was cal-
culated as the number of effective cases/total number of cases3
100%. A team of 5 endoscopic experts blinded to patient groups
performed the endoscopic staging of ulcer healing. The healing
stages were assigned based on the consensus of 3 or more
evaluators.

Statistical analysis

Independent third parties were responsible for performing the
statistical analyses, participating in the experimental design and
implementation, conducting sample blinding, managing the data,
and completing the summary statistical report. SPSS forWindows,
Version 13.0 (SPSS, Chicago, IL), was used for our statistical
analyses. Quantitative variables were analyzed using theWilcoxon
signed-rank or Student’s t test and are reported as mean 6 s.d.
Categorical variables were analyzed using the Pearson chi-squared
test and are reported as the number of cases and percentages. All
statistical analyses were 2-tailed tests and a P value ,0.05 was
considered statistically significant. Logistic regression analyses
were performed to analyze factors influencing post-ESD ulcer re-
duction, ulcer healing, and ulcer improvement, respectively.

RESULTS

Characteristics of research subjects

Among the 300 subjects, 318 lesions were removed by ESD (due
to statistical requirements, if a patient had multiple resected
lesions, the healing of only one was assessed). We evaluated 133
control group patients at the 4-week follow-up. Four control cases
were excluded because they required additional surgery to treat
residual marginal disease, 10 were excluded because of bleeding

that required repeat endoscopic treatment, and 3 cases were lost
to follow-up. We assessed 137 experimental group patients at the
4-week follow-up. Three cases were excluded because they re-
quired additional surgery, 6 were excluded because of bleeding
that required repeat endoscopic treatment, and 4 were lost to
follow-up. In each group (experimental and control), 127 patients
completed 8 weeks of treatment observation (6 control group and
10 experimental group cases were lost to follow-up). Details of the
experimental procedure are shown in Figure 1. The character-
istics of the research subjects in both groups were shown in
Table 1. Our analysis demonstrated no statistically significant
differences in the gender, age, body mass index (BMI), comor-
bidities, presence of Helicobacter pylori (Hp) infection, lesion
pathological features or anatomical location, initial size of the
post-ESD ulcer, or maximum or perpendicular diameter of the
ulcer between the groups.

Outcomes of ulcer healing after combination therapy

and monotherapy

The primary outcomes of ulcer healing after combination therapy
and monotherapy were the ulcer reduction rates at 4 weeks of
treatment. As shown in Table 2, the ulcer reduction rate was
significantly higher in the experimental group than that in the
control group after 4 weeks of treatment (97% vs 94%, P, 0.001).
The secondary outcomes were the healing rate, the improvement
rate, ulcer area, maximum diameter, and perpendicular diameter
after 4 weeks of treatment or 8 weeks of treatment, which were
also summarized in Table 2. After 4 weeks of treatment, the ex-
perimental group showed a post-ESD ulcer healing rate of 18.2%
and an improvement rate of 94.2% whereas the control group
showed a post-ESD ulcer healing rate of 20.3% and an im-
provement rate of 88.7%. The healing rate and improvement rate
of post-ESD ulcers did not show statistically significant differ-
ences between the 2 drug regimens (P . 0.05). Moreover, at 4
weeks of treatment, the differences between the experimental
group and control group in terms of ulcer area (36.356 51.36mm2

vs 55.04 6 67.56 mm2), maximum diameter (6.30 6 5.04 mm vs

Table 2. Healing of ulcer postendoscopic submucosal dissection in the experimental and control groups

Factors Control group, n5 133 Experimental group, n 5 137 P-value

Ulcer maximum diameter, mm

Initial 34.57 6 12.43 36.40 6 13.60 0.250

4 wk postoperatively 7.80 6 5.96 6.30 6 5.04 0.027a

Perpendicular line ofmaximumdiameter,mm

Initial 26.68 6 10.68 27.88 6 10.61 0.353

4 wk postoperatively 4.75 6 3.64 3.55 6 3.18 0.004a

Ulcer area, mm2

Initial 1,033.52 6 840.04 1,133.90 6 832.61 0.325

4 wk postoperatively 55.04 6 67.56 36.35 6 51.36 0.011a

Ulcer reduction rate at 4 wk, % 0.94 6 0.078 0.97 6 0.034 ,0.001a

Ulcer healing rate at 4 wk, % 27/133 (20.3%) 25/137 (18.2%) 0.669

Ulcer improvement rate at 4 wk, % 118/133 (88.7%) 129/137 (94.2%) 0.109

Ulcer reduction rate at 8 wk, % 115/127 (90.6%) 115/127 (90.6%) 1

aP , 0.05, difference was statistically significant.
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7.806 5.96mm), and perpendicular diameter (3.556 3.18mm vs
4.74 6 3.64 mm) were statistically significant (P 5 0.011, P 5
0.027, P5 0.004, respectively). At 8 weeks, the ulcer healing rate in
both groups was 90.6%, and the ulcer improvement rate in both
groups was 100% (Table 2).

Subgroup analysis of factors influencing ulcer reduction post-ESD

Subgroup analysis was performed to investigate the factors af-
fecting the efficacy of rebamipide plus lansoprazole for post-ESD
ulcer reduction at 4 weeks (Table 3). For factors recorded as
numerical data, the group’s mean value was used to determine
thresholds for age (60 years), BMI (23.22), initial ulcer area
(1,084.45 mm2), initial maximum diameter (35.50 mm), and
initial perpendicular diameter (27.29 mm) that defined 2 factor-
based subgroups. For qualitative factors, patients were divided
into subgroups based on existing categories or the presence or
absence of the factor. The results indicated that the subgroup
factors related to ulcer healing included patient age and BMI;
initial ulcer area, maximum diameter, and perpendicular di-
ameter; lesion site and pathological grade; and the presence of
underlying disease or Hp infection.

Logistic regression analysis of factors influencing post-ESD

ulcer reduction

Univariate and multivariate logistic regression models were used
to analyze the factors influencing ulcer reduction at 4 weeks. The
results are shown in Table 4. The dependent variable was a post-
ESD ulcer reduction. Moreover, the mean ulcer reduction rate
defines the cutoff value of the variable ($95% vs ,95%). The
independent variables were the relevant variables determined by
our subgroup analysis. Univariate analysis revealed that lesion
site (gastric antrum vs others), patient sex, and the use of com-
bination therapy (PPI 1 rebamipide vs PPI monotherapy) were
associated with ulcer reduction. Multivariate analysis indicated
that combination therapy (PPI1 rebamipidevsPPImonotherapy)
and lesion site (gastric antrum vs others) were independent factors
associated with greater post-ESD ulcer reduction. The adjusted
odds ratios (ORs) were 4.31 (2.51–7.39) and 0.47 (0.28–0.80),
respectively.

Logistic regression analysis of factors influencing post-ESD

ulcer healing

Univariate and multivariate logistic regression models were used
to analyze the factors affecting post-ESD ulcer healing at 4 weeks.
The results are shown in Table 5. The dependent variable was
post-ESD ulcer healing. The independent variables were the rel-
evant variables determined by our subgroup analysis. Our uni-
variate analysis revealed that pathological grade (cancer1HINvs
LIN 1 others), initial ulcer area ($1,084.45 mm2 vs ,1,084.45
mm2), initial maximumdiameter ($35.5mmvs,35.5mm), and
perpendicular diameter ($27.29 mm vs ,27.29 mm) were re-
lated to ulcer healing. The multivariate analysis indicated that
pathological grade (cancer 1 HIN vs LIN 1 others) and initial
maximumdiameter ($35.5mmvs,35.5mm)were independent
factors that influenced post-ESD ulcer reduction. The adjusted
ORs were 0.33 (0.17–0.62) and 0.36 (0.17–0.75), respectively.

Logistic regression analysis of factors influencing post-ESD

ulcer improvement

Univariate and multivariate logistic regression models were
used to analyze the factors that affect post-ESD ulcer

improvement at 4 weeks. The results are shown in Table 6. The
dependent variable was whether the post-ESD ulcer improved.
The independent variables were the relevant variables de-
termined by our subgroup analysis. Univariate analysis revealed
that the initial ulcer area ($1,084.45 mm2 vs ,1,084.45 mm2),
initial maximum diameter ($35.5 mm vs ,35.5 mm), and
perpendicular diameter ($27.29 mm vs ,27.29 mm) were re-
lated to ulcer improvement. Multivariate analysis indicated the
initial maximum diameter ($35.5 vs ,35.5) was an in-
dependent factor that influenced post-ESD ulcer reduction. The
adjusted OR was 0.34 (0.14–0.81, P 5 0.015).

Table 3. Subgroup analysis of ulcer reduction postendoscopic

submucosal dissection in the experimental and control groups

Factors Control group,

n 5 133

(average

reduction

rate)

Experimental

group, n5 137

(average

reduction rate)

P-value

Initial maximum diameter,

mm

,35.50 79 (93.4) 79 (97.6) ,0.001a

$35.50 54 (94.7) 58 (96.3) 0.065

Initial perpendicular line of

maximum diameter, mm

,27.29 75 (92.6) 76 (97.3) ,0.001a

$27.29 58 (95.6) 61 (96.7) 0.116

Initial ulcer area, mm2

,1,084.45 86 (93.1) 85 (97.6) ,0.001a

$1,084.45 47 (95.5) 52 (96.2) 0.373

Age, yr

,60 66 (93.4) 64 (97.4) 0.003a

$60 67 (94.4) 73 (96.8) 0.001a

BMI

,23.22 65 (94.4) 83 (97.4) 0.007a

$23.22 68 (93.5) 54 (96.5) 0.003a

Lesion site

Gastric antrum 66 (94.3) 72 (97.6) 0.002a

Others 67 (93.5) 65 (96.4) 0.008a

Pathological grade

Cancer 1 HIN 56 (93.5) 55 (97.8) 0.001a

LIN1 others 77 (94.2) 82 (96.5) 0.008a

Underlying disease

No 60 (93.1) 64 (97.6) ,0.001a

Yes 73 (94.6) 73 (96.6) 0.029a

HP infection n 5 81 n 5 85

No 54 (93.1) 61 (96.8) 0.007a

Yes 27 (92.2) 24 (97.5) 0.003a

BMI, body mass index; HIN, high-grade intraepithelial neoplasia; Helicobacter
pylori; LIN, low-grade intraepithelial neoplasia.
aP, 0.05, difference was statistically significant.
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DISCUSSION
The PPI treatment of 8 weeks is the standard therapy for the
common gastric ulcer.However, there is no standardized regimen
for the treatment of gastric large iatrogenic ulcers induced by
ESD. Previous medical therapy contained the PPI alone, mucosa
protectant alone, as well as the combination of these 2 drugs, and
the course for the treatment is 4 to 8 weeks. Previous studies

showed that with PPI alone or mucosa protectant alone for 4
weeks, the ulcer healing rate was 11.5%–36%; however, the ulcer
healing rate in the combination therapy group was 9.5%–68%,
indicating that the combination therapy was better. In our study,
we performed a large-scale, multicenter, prospective, random-
ized, double-blind, parallel-group, positive-controlled trial to
evaluate optimal treatment for post-ESD ulcer.

Table 4. Logistic regression analysis of factors influencing ulcer reduction postendoscopic submucosal dissection

Factors Univariate analysis (n 5 270) Multivariate analysis (n5 270)

Ulcer reduction

rate <95.5%
Ulcer reduction

rate $95.5%

P-value OR 95% CI P-value OR 95% CI

Age, $60/,60 58/44 82/86 0.199 0.72 0.44–1.19

BMI, $23.25/,23.25 56/46 66/102 0.012 0.53 0.32–0.88

HP infection, yes/no 25/45 26/70 0.234 0.67 0.34–1.30

Lesion site, gastric antrum/others 61/41 71/97 0.005a 0.49 0.30–0.81 0.006a 0.47 0.28–0.80

Pathological grade, cancer 1 HIN/LIN 1

others

67/35 92/76 0.077 0.63 0.38–1.05

Initial maximum diameter, $35.5/,35.5 48/54 64/104 0.147 0.69 0.42–1.14

Initial perpendicular line of maximum

diameter, $27.29/,27.29

43/59 76/92 0.621 1.13 0.69–1.86

Initial ulcer area, $1,084.45/,1,084.45 42/60 57/111 0.231 0.73 0.44–1.22

Underlying disease, yes/no 56/46 90/78 0.832 0.95 0.58–1.55

Gender, male/female 78/24 109/59 0.045a 1.76 1.01–3.07

(PPI 1 rebamipide)/PPI 30/72 107/61 ,0.001a 4.21 2.48–7.15 ,0.001a 4.31 2.51–7.39

n 5 270 (excluding 30 patients lost to follow-up).
CI, confidence interval; HIN, high-grade intraepithelial neoplasia; HP, Helicobacter pylori; LIN, low-grade intraepithelial neoplasia; OR, odds ratio; PPI, proton pump
inhibitor.
aP , 0.05, difference was statistically significant.

Table 5. Logistic regression analysis of factors influencing ulcer healing postendoscopic submucosal dissection

Factors Univariate analysis (n 5 270) Multivariate analysis (n5 270)

Ulcer not healed Ulcer healed P-value OR 95% CI P-value OR 95% CI

Age, $60/,60 119/99 21/31 0.066 0.56 0.31–1.04

BMI, $23.25/,23.25 100/118 22/30 0.643 0.87 0.47–1.60

HP infection, yes/no 46.95 5/20 0.207 0.52 0.18–1.46

Lesion site, gastric antrum/others 111/107 21/31 0.172 0.65 0.35–1.21

Pathological grade, cancer 1 HIN/LIN 1

others

141/77 18/34 ,0.001a 0.29 0.15–0.55 0.001a 0.33 0.17–0.62

Initial maximum diameter, $35.5/,35.5 101/117 11/41 0.001a 0.31 0.15–0.64 0.006a 0.36 0.17–0.75

Initial perpendicular line of maximum

diameter, $27.29/,27.29

10/115 16/36 0.032a 0.50 0.26–0.95

Initial ulcer area, $1,084.45/,1,084.45 88/130 11/41 0.010a 0.40 0.19–0.81

Underlying disease, yes/no 113/105 33/19 0.131 1.61 0.87–3.01

Gender, male/female 156/62 31/21 0.093 1.70 0.91–3.19

(PPI 1 rebamipide)/PPI 112/106 25/27 0.669 0.88 0.48–1.61

n 5 270 (excluding 30 patients lost to follow-up).
BMI, body mass index; CI, confidence interval; HIN, high-grade intraepithelial neoplasia; HP,Helicobacter pylori; LIN, low-grade intraepithelial neoplasia; OR, odds ratio;
PPI, proton pump inhibitor.
aP , 0.05, difference was statistically significant.
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At 4 weeks, the ulcer improvement rates in the experimental
and control groups were 94.2% and 88.7%, respectively. However,
the rates of ulcer area reduction were 0.97 6 0.034 and 0.94 6
0.078 in the experimental and control groups, respectively, and
this difference between the 2 groups was statistically significant.
Therefore, combination therapy promoted ulcer healing more
successfully than monotherapy. This conclusion is consistent
with the results of previous studies. The ulcer healing at week 4
was less than 21%, indicating that the course for therapy should be
longer than 4 weeks. The ulcer healing rates for initial maximum
diameter $35.5 mm and ,35.5 mm at week 8 were 84.6% and
94.7% (P , 0.007), indicating that initial maximum diameter of
ulcer is an important factor for healing of post-ESD ulcer and 8
weeks’ treatment is recommended. Whether the conventional
ulcer classification system proposed by Sakita (13) was suitable to
be employed in this study needs discussion. This classification
system is a valuable guide for the clinical treatment and prognosis
of ulcers, but it is not objective or continuous. Moreover, the
distinction between A- and H-stage ulcers is not clear. Therefore,
a new method is required to improve the evaluation of post-ESD
ulcers, particularly giant iatrogenic ulcers.

Numerous factors may influence post-ESD ulcer healing, in-
cluding ulcer area, ulcer site, pathological grade, blood coagulation
status, Hp infection, and other comorbidities. However, studies
investigating post-ESD ulcer healing have not achieved consensus
regarding the importance of these factors. Our study showed that
the combination therapy and lesions located in the gastric antrum
were both positively associatedwith the ulcer healing. Oh et al. (18)
showed that the degree of ulcer healing within 4 weeks was de-
termined by the initial size of the ulcer. Similarly, Nakamura et al.
(15) also suggested that the initial size of the ulcer and the location
of lesion could affect healing of post-ESDulcer, which supports our
results. Therefore, the longer course of treatment should be taken
for the bigger initial size of the post-ESD ulcer.

The most significant complication that occurs during post-
ESD ulcer healing is bleeding. In our study, the overall incidence
of bleeding was 5.33%, which was far lower than the results
reported in the foreign literature (13%–38%) (19). Themost likely
explanation for this is the significant reduction in the incidence of
bleeding that has occurred in recent years as endoscopy instru-
ments have improved allowing the coagulation of blood vessels
using hot biopsy forceps. In this study, the overall incidences of
bleeding in control and experimental groups were 7.14% and
4.17% with no significant difference.

The reasons for choosing to evaluate rebamipide and the PPI
lansoprazole were as follows. First, antacids are still the most ef-
fective treatment for post-ESD ulcers (20), and several studies have
shown that the clinical efficacy of PPIs is superior to that of H2RAs.
Second, PPIs combined with a mucosal protective agent is better
able to promote ulcer healing compared to PPI monotherapy. A
meta-analysis that included 11 randomized controlled trials in-
dicated that the clinical efficacy of combination therapy is superior
to PPI monotherapy (16). Finally, rebamipide has more significant
effects on the healing of post-ESD ulcers than other mucosal pro-
tective agents (16). Itmay act by promoting the expression of gastric
mucosal protective factors (ProstaglandinEandCyclooxygenase 2),
promoting the synthesis of various growth factors (epidermal
growth factor [EGF], EGF receptor, and vascular endothelial
growth factor), inhibiting gastric mucosal injury factors, inhibiting
Hp adherence to endothelial cells, inhibiting the production of in-
terleukin 8/leukotriene B4, or inhibiting the expression of adhesion
molecules CD11b/CD18 and intercellular cell adhesionmolecule-1.

In the preliminary stages of this trial, we tested 3 methods for
ulcer diameter measurement: direct measurement through the en-
doscope biopsy channel using an endoscopicmeasuring instrument
(Olympus, Tokyo, Japan); measurement by comparison with a vi-
sual reference (a paper disk) using Amedicom System image anal-
ysis software for imagedistancemeasurements; directmeasurement

Table 6. Logistic regression analysis of factors influencing ulcer improvement postendoscopic submucosal dissection

Factors Univariate analysis (n5 270) Multivariate analysis (n5 270)

Ulcer not

improved

Ulcer

improved

P-value OR 95% CI P-value OR 95% CI

Age, $60/,60 10/13 130/117 0.401 1.44 0.61–3.42

BMI, $23.25/,23.25 11/12 111/136 0.790 0.89 0.38–2.10

HP infection, yes/no 4/11 47/104 0.721 1.24 0.38–4.11

Lesion site, gastric antrum/others 14/9 118/129 0.229 0.59 0.25–1.41

Pathological grade, cancer 1 HIN/LIN 1

others

16/7 143/104 0.277 0.60 0.24–1.52

Initial maximum diameter,$35.5/,35.5 15/8 97/150 0.016a 0.35 0.14–0.84 0.015a 0.34 0.14–0.81

Initial perpendicular line of maximum

diameter, $27.29/,27.29

15/8 104/143 0.033a 0.39 0.16–0.95

Initial ulcer area, $1,084.45/,1,084.45 14/9 85/162 0.012a 0.34 0.14–0.81

Underlying disease, yes/no 12/11 134/113 0.848 1.09 0.46–2.56

Gender, male/female 19/4 168/79 0.147 2.23 0.74–6.78

(PPI 1 rebamipide)/PPI 8/15 129/118 0.109 2.05 0.84–5.01

n 5 270 (excluding 30 patients lost to follow-up).
BMI, body mass index; CI, confidence interval; HP, HIN, high-grade intraepithelial neoplasia; Helicobacter pylori; LIN, low-grade intraepithelial neoplasia; OR, odds ratio;
PPI, proton pump inhibitor.
aP, 0.05, difference was statistically significant.
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of the post-ESD specimens. Similar studies from abroad commonly
apply the first method of measurement (17). However, during the
resection operation, the large size of the post-ESD ulcers made it
difficult to visualize themwithin a single field. Moreover, the ulcers
were not located in the same plane. Hence, the first 2 methods
lacked the accuracy required for the measurement of such ulcers.
Therefore, we chose to use the resected specimen measurement as
a surrogate for the measurement of the corresponding post-ESD
ulcer. However, because of the drastically reduced sizes of the ulcers
4 and 8 weeks postoperatively, we were able to employ the second
method and obtain relatively accurate measurements.

In conclusion, both the PPI monotherapy and the PPI plus
rebamipide treatments ended up with low post-ESD ulcer healing
rates in thefirst 4weeks of postoperative treatment. After 8weeks of
treatment, over 90% of ulcers were in the healing or scarring stage.
Compared with lansoprazole alone, rebamipide combined with
lansoprazole significantly accelerated the rate of ulcer reduction but
did not improve the rate of ulcer healing at 4 weeks of therapy.
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Study Highlights

WHAT IS KNOWN

3 ESD induced deep and large gastrointestinal ulcers, resulted in
an increased risk of perforation, bleeding, and abdominal pain.

3 The optimal treatment for ESD-induced ulcers is unknown.

WHAT IS NEW HERE

3 The rebamipide and lansoprazole combination therapy
accelerates the reduction rate of post-ESD ulcer compared
with the lansoprazole monotherapy at 4 weeks of therapy.

TRANSLATIONAL IMPACT

3 Our data provide the evidence that rebamipide can
significantly promote the reduction rate of post-ESD ulcer at
4 weeks of therapy.
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