Digestive Diseases and Sciences (2018) 63:1250-1260
https://doi.org/10.1007/5s10620-017-4871-9

ORIGINAL ARTICLE

@ CrossMark

Efficacy of Rebamipide in Organic and Functional Dyspepsia:
A Systematic Review and Meta-Analysis

Mohamed Hasif Jaafar’ - Sher Zaman Safi'® - Maw-Pin Tan' - Sanjay Rampal? - Sanjiv Mahadeva'

Received: 9 June 2017 / Accepted: 24 November 2017 / Published online: 1 December 2017
© Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract

Objective The role of gastritis in dyspepsia remains controversial. We aimed to examine the efficacy of rebamipide, a gastric
mucosal protective agent, in both organic and functional dyspepsia.

Design A systematic review and meta-analysis was performed. The following databases were searched using the keywords
(“rebamipide” OR “gastroprotective agent*” OR “mucosta”) AND (“dyspepsia” OR “indigestion” OR “gastrointestinal
symptoms”): PubMed, Wed of Science, Embase, CINAHL, Cochrane Clinical Trials Register. The primary outcome was
dyspepsia or upper GI symptom score improvement. Pooled analysis of the main outcome data were presented as risk ratio
(RR) for dichotomous data and standardized mean difference (SMD) for continuous data.

Results From an initial 248 records, 17 randomised controlled trial (RCT) publications involving 2170 subjects (1224
rebamipide, 946 placebo/control) were included in the final analysis. Twelve RCTs were conducted in subjects with organic
dyspepsia (peptic ulcer disease, reflux esophagitis or NSAID-induced gastropathy) and five RCTs were conducted in patients
with functional dyspepsia (FD). Overall, dyspepsia symptom improvement was significantly better with rebamipide com-
pared to placebo/control drug (RR 0.77, 95% CI = 0.64-0.93; SMD —0.46, 95% CI = —0.83 to —0.09). Significant symptom
improvement was observed both in pooled RR and SMD in subjects with organic dyspepsia (RR 0.72, 95% CI = 0.61-0.86;
SMD —-0.23,95% CI = —0.4 to —0.07), while symptom improvement in FD was observed in pooled SMD but not RR (SMD
—0.62,95% CI = —1.16 to —0.08; RR 1.01, 95% CI = 0.71-1.45).

Conclusion Rebamipide is effective in organic dyspepsia and may improve symptoms in functional dyspepsia.

Keywords Rebamipide - Gastritis - Dyspepsia - NSAID gastropathy - Meta-analysis

Introduction a common condition with a prevalence rate of 21% in the

global population [1, 2] and is broadly categorised as either

Dyspepsia refers to a collection of upper gastrointestinal
(UGI) symptoms including abdominal pain/discomfort,
nausea, and early satiety, which are chronic in nature. It is
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organic (due to structural diseases such as peptic ulcer dis-
ease, reflux esophagitis, gastro-esophageal malignancy) or
functional (absence of structural lesions in the UGI tract)
dyspepsia, usually following endoscopic investigation.
Although organic causes of dyspepsia are infrequent in both
the West [3] and the East [4], differences in the epidemiol-
ogy and clinical characteristics of organic dyspepsia between
populations have been observed [5]. Similarly, clinical and
epidemiological differences in functional dyspepsia (FD)
have been reported between Western and Eastern popula-
tions [6], suggesting that certain pathophysiological mecha-
nisms of FD may vary between populations.

Gastric mucosal inflammation or gastritis has been shown
to relate to several pathophysiological aspects of FD, par-
ticularly in relation to altered gastro-duodenal motility. In a
previous Japanese study of 198 patients with FD, the severity
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of histological gastritis was shown to correlate with a reduc-
tion in gastric motility [7]. Previous studies have demon-
strated that specific patterns of gastritis appeared to correlate
with dyspepsia sub-types, regardless of H. Pylori infection
status, in patients with FD, [8—10]. Chronic gastritis might
also affect a variety of endocrine functions of the stomach,
such as the production of the GI hormones and neurotrans-
mitters somatostatin, gastrin, and ghrelin, which influence
the severity and frequency of symptoms in FD [11]. A recent
review article highlighted that symptom improvement with
H. pylori eradication appears to have a larger magnitude in
Eastern compared to Western patients with FD [6]. A greater
degree of gastric inflammation (gastritis) in Eastern patients
with FD compared to their Western counterparts [12] may
be one explanation for greater symptom resolution with H.
pylori eradication in the former.

Rebamipide, a mucosal protective agent, is widely used
in East Asia for the relief of various UGI disorders [13].
Preclinical and animal studies have demonstrated that
rebamipide enhances mucosal protection by increasing
gastric mucosal prostaglandin and mucus secretion, whilst
additionally reducing mucosal inflammation in the stomach
by inhibiting inflammatory cytokines such as IL-8, impeding
neutrophil activation and adhesion of vascular endothelium
[14—17]. The efficacy of rebamipide in improving symptoms
of dyspepsia has not been comprehensively and systemati-
cally evaluated. A few studies in FD, largely from the West,
have produced negative results [18, 19]. However, several
recent un-controlled studies in Asian patients with chronic
gastritis [20] and type 2 diabetes mellitus [21] have sug-
gested a benefit for UGI symptoms using rebamipide. This
systematic review and meta-analysis, pooling data from both
the East and the West, aims to summarize the efficacy of
rebamipide in both organic and functional dyspepsia and
to explore differences in efficacy between the two types of
dyspepsia.

Methods
Search Strategy

Relevant peer-reviewed articles were identified by searching
the following databases until 9 November 2016: PubMed,
Web of Science, EMBASE, CINAHL, and the Cochrane
Library. Where possible, medical subject heading (MESH)
terms were employed. Articles with titles, abstracts, key-
words, or text words containing the keywords [“rebamipide”
OR “gastroprotective agent*” OR “mucosta (trade name of
rebamipide)”’] AND (“dyspepsia” OR “indigestion” OR
“gastrointestinal symptoms”) were selected for title search.
We also hand-searched reference lists of relevant studies,
electronic theses, review articles, and abstracts published in

international conferences on this topic in both English and
non-English languages. Articles were excluded at this stage
if they did not fulfill the title search criteria as above. This
process was completed by three of the authors (SZS, MPT,
and SM). Full-text articles were then retrieved for further
screening and data extraction by the three authors. Disagree-
ments were resolved by consensus.

Study Selection

This study was conducted according to the PRISMA state-
ment for the reporting of systematic reviews and meta-
analysis [22]. We included all RCTs comparing rebamipide
with placebo or other treatments, involving human adults
aged 18 years or over. All articles were required to con-
tain rebamipide as their intervention while the control arms
could employ placebo or standard treatment. The articles
were required to report symptom change or the presence
of symptom improvement, over any duration of treatment.

Definition of Organic and Functional Dyspepsia

Organic dyspepsia was defined as dyspepsia due to recog-
nized structural diseases in the upper GI tract—i.e. peptic
ulcer disease, reflux esophagitis, or nonsteroidal anti-inflam-
matory drug (NSAID)-induced gastropathy [4]. Functional
dyspepsia was defined as the absence of any such structural
lesions upon endoscopy, which included “chronic gastritis”
not associated with NSAIDs. The latter was included in the
“Functional Dyspepsia” category due to a lack of evidence
for symptom association with chronic gastritis [23-25].

Data Extraction and Risk of Bias

Three authors (SZS, MPT, and SM) independently extracted
data from the selected articles including the baseline demo-
graphics, sample size, duration of rebamipide treatment,
dose of rebamipide, and key outcome data. Outcome data
were recorded as either: (1) proportion of subjects with
symptom improvement; or (2) changes in GI symptom
scores. The Cochrane Collaboration’s tool for assessing risk
of biases was used to assess the methodological quality of
each study [26].

Statistical Analysis

The primary outcome for this review was UGI symptom
improvement. A cumulative score of various UGI symp-
toms or specific UGI symptom scores was used in most
studies. The association between rebamipide therapy and
UGI symptom improvement was estimated using pooled
risk ratio (RR) with 95% confidence intervals (CIs) for
dichotomous data and standardized mean difference
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(SMD) with 95% ClIs for continuous data. The pooled
estimate was computed by weighting each estimate by the
inverse variance method using a random effects model.
We used the forest plot to illustrate pooled estimates and
Cochran Q and /? statistics to evaluate statistical heteroge-
neity between studies and by type of lesion, age, duration,
and study quality. Publication bias was assessed using a
funnel plot. We attempted to obtain missing data from
authors and assumed missing data to be completely at
random when the outcomes were not available. The meta-
analyses were conducted using RevMan 5.3.

Results
Literature Search

Our search strategy resulted in 248 articles. A total of 17
articles remained for this systematic review and meta-anal-
ysis after excluding duplicate and irrelevant articles (Fig. 1).
Sixteen articles were published in the English language and
one article was published in Korean [27]. All articles were
full-text papers, but one study was only published as an
abstract. The studies were carried out in Japan [14, 28-33],
Korea [27, 34, 35], China [36, 37], Thailand [38], Brazil
[39], and USA [18]. Pertinent details of the 17 studies have
been highlighted in Table 1.

Fig. 1 Flow diagram of litera-
ture search

2438 articles identified

68 excluded due to duplicate
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Study Characteristics

Of the 17 RCT studies on subjects with dyspepsia, 8
studies compared rebamipide to placebo [18, 19, 28,
30, 33, 34, 37, 39], 5 studies compared rebamipide to
controlled/comparator medication [32, 35, 36, 40, 41],
1 study compared rebamipide to no treatment [29], and
3 studies compared rebamipide + anti-secretory therapy
versus placebo + anti-secretory therapy [31, 38, 42]. The
efficacy of rebamipide in subjects with organic dyspepsia
(NSAID-induced gastropathy/ulcers, reflux esophagitis,
and H. pylori-associated peptic ulcers) was examined in
12 RCTs [27-35, 39-43], whilst the effect of rebamipide
in subjects with functional dyspepsia was evaluated in
5 RCTs [18, 19, 36-38]. Rebamipide was administered
at a dose of mostly 300 mg daily, for a median period
of 7 weeks (range 1-48 weeks). Symptoms of dyspepsia
were scored using (1) Likert scales of individual UGI
symptoms in 12 studies, (2) Gastrointestinal Symptom
Rating Scale (GSRS) in 3 studies, and (3) global UGI
symptoms in 2 studies (Table 1). A total of 2170 sub-
jects were included, of whom 1224 received rebamipide
(57 with rebamipide and anti-secretory therapy), and 946
received placebo/control drugs.

Meta-Analysis

The relative risk of dyspepsia improvement was pooled ini-
tially among studies which reported dichotomous outcomes
of symptom improvement. Rebamipide therapy was asso-
ciated with a 23% improvement in dyspepsia (RR = 0.77;
95% CI = 0.64-0.93; P < 0.001; I> = 21%) compared to
placebo/control medication (Fig. 2). Rebamipide therapy
significantly improved dyspepsia in those with organic dys-
pepsia (RR =0.72;95% C10.61-0.86; P < 0.001; P =8%),
but not in those with functional dyspepsia (RR = 1.01; 95%
Cl10.71-1.45;: P = 0.94; I> = 0%). There was suggestive
evidence that the efficacy of rebamipide varied between the
two types of dyspepsia (between-group P = 0.09). From
the funnel plot, there was slight asymmetry in studies with
smaller-size samples (Fig. 3). Sensitivity analyses (not
shown) excluding these smaller-sized studies did not sig-
nificantly change our findings.

For studies which reported outcomes as continuous
data, the SMDs of UGI symptom scores in studies were
pooled for meta-analysis (Fig. 4). Rebamipide therapy was
associated with a 0.46 standard deviation (SD) reduction
in UGI symptom scores (SMD = —0.46; 95% CI —0.83
to —=0.09; P = 0.02; I> = 86%). The mean reduction in
UGI symptom scores associated with rebamipide therapy
for those with organic dyspepsia (SMD = —0.23; 95% CI

Rebamipide Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Organic Dyspepsia

Adachi 2012 12 25 14 27 9.4% 0.93 [0.54, 1.60) SR R
Gagliano 2016 3 12 5 12 2.4% 0.60[0.18,1.97) —w
Hasegawa 2012 15 N 16 34 105% 1.03[0.62,1.71) e
Kawai 2009 1 9 7 10  1.0% 0.16[0.02,1.05] ¢
Kim 2007 5 10 9 10 7.0% 0.56 [0.29,1.07) 5o
Mizukami 2012 2 12 8 12 1.9% 0.25([0.07,0.94)
Naito 2008 7 12 9 12 8.5% 0.78[0.44,1.39) e P
Park 2007 125 207 172 203 38.4% 0.71[0.63,0.81) =
Song 2011 0 65 1 63 0.3% 0.32[0.01,7.79) ¢
Subtotal (95% Cl) 383 383 79.3% 0.72[0.61, 0.86] ¢
Total events 170 241

Heterogeneity: Tau*=0.01; Chi*=8.73, df=8 (P=0.37), F= 8%
Test for overall effect: Z=3.77 (P = 0.0002)

Functional Dyspepsia

Miwa 2006 11 38 10 33 59%
Seearamroongruang 2009 1 14 3 10 0.8%
Talley 2001 3 89 28 88 14.0%
Subtotal (95% Cl) 141 131 20.7%
Total events 43 41

Heterogeneity: Tau®= 0.00; Chi*=1.98, df=2 (P=0.37); F=0%
Test for overall effect: Z=0.08 (P = 0.94)

Total (95% CI) 524

Total events 213 282
Heterogeneity: Tau®=0.02; Chi*=13.84, df=11 (P=0.24), F=21%
Test for overall effect: Z=2.70 (P = 0.007)

Test for subaroup differences: Chi*=2.81, df=1 (P=0.09), F=64.4%

514 100.0%

0.96[0.47,1.96)
0.24[0.03,1.97)

1.08[0.72, 1.66) —
1.01[0.71, 1.45] <
0.77 [0.64, 0.93] L 4

0.05 0.2 5 20

Favours Rehamipide Favours Control

Fig.2 Forest plot demonstrating improvement in symptoms in RCT studies with dichotomous outcomes for dyspepsia
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Studies with Dichotomous Data

Studies with Continuous Data
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Fig. 3 Funnel plot demonstrating publication bias in studies reporting both categorical and continuous data

Rebamipide Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Organic Dyspepsia
Adachi 2012 27 86 25 302 118 27 121% -0.30 [-0.85,0.24) —
Kim 2014 044 105 236 067 1.24 218 158% -0.20 [-0.39,-0.02) =
Rew 2000 1.7 24 31 32 31 21 11.9% -0.55[1.11,0.02) =
Tozawa 2014 1.33 0.39 8 1.33 059 8 77% 0.00[-0.98, 0.98)
Subtotal (95% CI) 300 274  47.6% -0.23[-0.40, -0.07] @
Heterogeneity: Tau®= 0.00; Chi*=1.59, df= 3 (P = 0.66), = 0%
Test for overall effect: Z= 2.78 (P = 0.005)
Functional Dyspepsia
Du 2008 249 054 318 311 047 97 15.4% -1.18[-1.42,-0.94) sl
Han 2015 1.29 1.25 89 231 1.38 88 14.8% -0.77 [-1.08,-0.47) S T
Miwa 2006 6 417 38 567 46 33 131% 0.07 [-0.39, 0.54) |
Seearamroongruang 2009 45 418 14 71 714 10 9.1% -0.45[1.27,0.37) ™
Subtotal (95% CI) 459 228 52.4% -0.62[-1.16, -0.08]
Heterogeneity: Tau*= 0.25; Chi*= 23.43, df= 3 (P < 0.0001); F=87%
Test for overall effect: Z=2.23 (P = 0.03)
Total (95% Cl) 759 502 100.0% -0.46 [-0.83, -0.09] <
Heterogeneity: Tau®= 0.22; Chi*= 50.79, df= 7 (P < 0.00001); F= 86% =2 ?1 3 15 é

Test for overall effect. Z=2.43 (P =0.02)

Test for subaroup differences: Chi*=1.77, df=1 (P=0.18), F= 43.6%

Favours Rehamipide Favours Control

Fig.4 Forest plot demonstrating improvement in symptoms in RCT studies with symptom score outcomes for dyspepsia

—0.40 to —0.07; P = 0.005; I?> = 0%) and functional dys-
pepsia (SMD = —0.62; 95% CI —1.16 to —0.08; P = 0.03;
I? = 87%) was not significantly different (between-group
P = 0.18). The funnel plots for the published studies was

symmetrical (Fig. 3).

Due to the heterogeneity of RCT studies included in the
meta-analysis, we performed additional sensitivity analy-

ses as follows:

@ Springer

(i) Duration of rebamipide therapy

Pooled data for symptom improvement was analysed based
on treatment duration of < 4 weeks versus > 4 weeks. A
greater improvement of dyspepsia symptoms was observed
in studies which had > 4 weeks of therapy (SMD = —0.65;
95% CI —0.12 to —0.18; P = 0.007; I = 90%), in contrast
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to studies which had < 4 weeks of rebamipide therapy
(Supplementary Fig. 6).

(i) Studies using different UGI symptom scales

Pooled data for symptom improvement was analysed based
on studies which used the GSRS (n = 3), an individual
UGI symptom Likert scale (n = 15), and a global/overall
scale (n = 2). Pooled analysis revealed that improvement
of dyspepsia was observed in studies which used individual
and global UGI symptoms, but not in those which used the
GSRS (Supplementary Fig. 7).

(iii) Studies with placebo versus active drug as controls

Pooled data for symptom improvement was analysed for
studies which had placebo compared with active drug (e.g.
ranitidine or misoprostol) as controls. No significant dif-
ference in symptom improvement was observed in studies
which reported either placebo or an active drug as controls
(Supplementary Fig. 8).

Assessment of Bias Due to Methods

The methodological quality and risk of bias of the 17
RCT studies are presented in Fig. 2. Overall, all 17 RCTs
were judged to have lower risk of attrition and reporting
bias, 3 studies were at risk of bias because blinding was
not employed, and the risk of selection, performance, and
detection biases for the remaining 14 studies was unclear
(Fig. 5). Computer-generated number sequences and sealed
envelopes were used for eight and three studies, respectively.

Discussion

In the current meta-analysis, treatment with rebamipide in
17 RCTs has demonstrated a 23% improvement of dyspepsia
symptoms compared to placebo or a control drug (either
anti-secretory or misoprostol). Fifteen of the 17 studies were
conducted in East Asia (Korea, Japan, and China), whilst 2
studies were conducted in Western patients [18, 39]. The
improvement in symptoms was present for both categorical
and continuous symptom outcomes in organic dyspepsia,
naturally due to a resolution of structural lesions in the upper
GI tract. Interestingly, the pooled analysis demonstrated
benefit in FD studies which reported continuous symptom
outcomes but not in FD studies which reported categorical
outcomes. The latter was heavily weighted by a single large
study in Western patients [18], which may have influenced
the pooled analysis.

Previous studies conducted among mainly Caucasian
populations with dyspepsia have shown a poor correlation
between chronic gastritis and dyspepsia symptoms [23-25].
However, recent reports have indicated that the clinical
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Fig.5 Summary of the risk of bias in the studies included, based on
the Cochrane Collaboration tool

significance of chronic gastritis in Asians may be different
to that of Western patients [6]. In a study comparing age and
symptom-matched adults from Japan and the UK, Naylor
et al. were able to demonstrate a greater severity of histologi-
cal gastritis in Japanese adults with dyspepsia compared to
their British counterparts [12]. Furthermore, a meta-analysis
of RCTs in China of H. pylori eradication in adults with FD
(which had only been published in the Chinese literature)
demonstrated a threefold (OR 3.61) chance of symptom
improvement following H. pylori eradication [44], which is

@ Springer



1258

Digestive Diseases and Sciences (2018) 63:1250-1260

a significantly greater magnitude of symptom improvement
than that reported in Western FD patients with H. pylori
eradication [45].

A previous nationwide, endoscopic survey of 8892 adults
with a label of FD in China reported that chronic gastritis
was the commonest endoscopic finding. However, when
compared to histology, endoscopy had a lower diagnostic
validity [47]. This suggests that many patients labelled as FD
may have underlying chronic gastritis. This review suggests
that rebamipide therapy may improve symptoms in Asians
with FD, as many of them may have chronic gastritis as well.

This systematic review and meta-analysis has several
limitations. First, the subjects included in the meta-analy-
sis had a variety of UGI diseases and were therefore quite
heterogeneous. However, as the primary outcome measure
of symptom improvement is not known to differ between
various causes of dyspepsia [47], the inclusion of these
studies is valid in this meta-analysis. Second, the methods
of assessing dyspepsia symptoms were not identical in all
studies but were based on similar domains—i.e. individual
components of dyspepsia. The improvement of symptoms
were pooled using risk ratios (dichotomous outcome) and/
or SMD (continuous outcomes) to account for the differ-
ent assessment methods. Third, three studies included anti-
secretory acid suppressants (either proton pump inhibitor or
H2-receptor antagonist) with rebamipide in the treatment
arm—two studies with organic dyspepsia [27, 31] and one
study with FD [38]. Although anti-secretory acid suppres-
sants are a recognised proven therapy in organic dyspepsia
[48], their efficacy in FD is less established [49]. Further-
more, the combination of rebamipide and anti-secretory
acid suppressants was found to be superior to anti-secretory
acid suppressants alone in these three studies, demonstrat-
ing the added benefit of rebamipide in these cases. Fourth,
the duration of rebamipide therapy varied between studies
considerably. Nevertheless, we have performed additional
sensitivity analyses for these factors accounting for heteroge-
neity and found no significant difference apart from duration
of therapy—i.e. a longer duration of therapy was associated
with better symptom improvement. However, more studies
are needed to explore whether the efficacy of rebamipide in
the different types of dyspepsia is associated with duration
of therapy. Last, the studies from which we have based this
systematic review were of moderate quality. However, the
studies were carried out in various populations across three
continents, which suggests wide representation of the data.

In summary, rebamipide is associated with improvement
of symptoms in organic dyspepsia. The evidence for its effi-
cacy is less consistent in FD. The mechanism of symptom
improvement is probably related to a resolution of chronic
gastritis, which is not easily diagnosed in routine clinical
practice with endoscopy. With a growing concern over the
safety of proton pump inhibitors lately [50], rebamipide

@ Springer

therapy may offer an alternative treatment option for patients
with FD or those at risk of recurrent NSAID-induced pep-
tic ulcers. Further large, multi-center, clinical trials in such
patients are warranted to confirm the findings from this
meta-analysis.
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