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Abstract

AIM: To evaluate the efficacy of adding irsogladine
maleate (IM) to proton-pump inhibitor (PPI) therapy in
non-erosive reflux disease (NERD) treatment.

METHODS: One hundred patients with NERD were
recruited and randomized to receive rabeprazole plus
IM (group I) or rabeprazole plus placebo (group P).
The efficacy of the treatment was assessed using the
Frequency Scale for the Symptoms of Gastroesophageal
Reflux Disease (FSSG) and the short form (SF)-36
quality of life questionnaires after four weeks of
treatment. We also assessed whether patients with
NERD with minimal changes (grade M) had different
responses to the therapies compared with patients who
did not have minimal changes (grade N).

RESULTS: Group I and group P showed significant
improvements in their FSSG scores after the treatment
(from 17.9 £ 7.9 to 9.0 = 7.6, and from 17.7 + 7.3
to 11.2 £ 7.9, respectively, # = 0.0001), but there
was no statistically significant difference between the
FSSG scores in group I and those in group P. Subgroup
analysis showed that significant improvements in the
FSSG scores occurred in the patients in group I who
had NERD grade N (modified Los Angeles classification)
(7.8 £ 74 vs 12.5 £ 9.8, P = 0.041). The SF-36 scores
for patients with NERD grade N who had received IM
and rabeprazole were significantly improved in relation
to their vitality and mental health scores.

CONCLUSION: The addition of IM to rabeprazole
significantly improves gastroesophageal reflux disease
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symptoms and the quality of the lives of patients with
NERD grade N.
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Core tip: Proton pump inhibitor (PPI) therapy is con-
sidered the mainstay for the treatment of non-erosive
reflux disease (NERD). However, it is less effective
in NERD than it is in reflux esophagitis. This study
evaluated the efficacy of adding irsogladine maleate (IM)
to PPI therapy in the treatment of NERD. Adding IM to
rabeprazole improved both the gastroesophageal reflux
disease symptoms and the quality of the lives of patients
with NERD showing no endoscopic abnormalities, a
categorization that was based on the modified Los
Angeles classification.

Suzuki T, Matsushima M, Masui A, Tsuda S, Imai J, Nakamura
J, Tsukune Y, Uchida T, Yuhara H, Igarashi M, Koike J, Mine T.
Irsogladine maleate and rabeprazole in non-erosive reflux disease:
A double-blind, placebo-controlled study. World J Gastroenterol
2015; 21(16): 5023-5031 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i16/5023.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.116.5023

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a chronic
disorder characterized by unpleasant reflux symp-
toms that include heartburn, sore throat, belching,
nausea, voice changes, chest pain, cough, and acid
regurgitation™. GERD includes both reflux esophagitis
(RE) and non-erosive reflux disease (NERD). Accor-
ding to the Montreal consensus conference!®, RE is
characterized by mucosal damage within the esophagus
that can be visualized during endoscopy, whereas
mucosal breaks are not seen in NERD. Endoscopic
examinations indicate that about two-thirds of patients
with GERD symptoms have no erosive changes™. The
detailed endoscopic findings from patients with NERD
can be divided into two groups that can be defined using
a maodification of the Los Angeles classification, with
one group showing no endoscopic abnormalities (grade
N), and the other group showing minimal endoscopic
changes, for example, whitish or reddish edematous
changes (grade M), However, little is known about
clinical utility of endoscopic classification in NERD.

Most GERD patients are treated with proton pump
inhibitors (PPI) to control their symptoms. Reports
have suggested that compared with patients with RE,
those with NERD had lower response rates to acid
suppression therapy, and about half of the patients with
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NERD did not show adequate improvements in their
reflux symptoms when a standard dose of PPI was
administered™®. Nevertheless, the initial management
of NERD is the same as that of RE, and it comprises PPI
mono-therapy.

However, recent studies revealed that these en-
doscopy-negative patients with reflux symptoms
include different pathophysiological mechanisms. On
the basis of esophageal 24-h multichannel intraluminal
impedance combined with pH measurements, NERD
patients can be classified into three groups, as follows:
(1) patients with abnormal distal esophageal acid
exposure; (2) patients with normal distal esophageal
acid exposure and positive symptom associations
for either acid and/or non-acid reflux (hypersensitive
esophagus); and (3) patients with normal distal
esophageal acid exposure and negative symptom
associations (functional heartburn)®”, Furthermore,
a meta-analysis emphasized that well-defined NERD
patients, including those in the aforementioned groups
(1) and (2), have responses to PPI therapy that are
similar to those seen in patients with RE, and that
patients with functional heartburn do not respond to
PPI therapy™. However, NERD that is diagnosed on the
basis of endoscopic findings alone cannot exclude some
patients who have functional heartburn.

Although the pathophysiology of NERD remains
unclear, electron microscopy and light microscopy
have revealed esophageal mucosal dilated inter-
cellular spaces (DIS) in patients with NERD. Exposure
to excessive amounts of acid could cause the de-
velopment of DIS, which correlates well with the
symptom of heartburn, and DIS could be useful
markers for the breaks in the epithelial barrier that
reflect an increase in paracellular permeability™*.

Irsogladine maleate (IM) activates gap junctional
intercellular communication, and it has been widely
used as an anti-ulcer treatment in Japan, Korea, and
China; however, little is known about its effects on
patients with NERD. This study aimed to evaluate the
efficacy of adding IM to PPI therapy in the treatment
of patients with NERD in a prospective, randomized,
double-blind, placebo-controlled trial.

MATERIALS AND METHODS

Patients who presented to Tokai University Hospital
from August 2008 to July 2012 with persistent GERD
symptoms were enrolled to participate in the study if
they did not have mucosal breaks in their esophagi,
and if they had Frequency Scale for the Symptoms
of GERD (FSSG) scores of = 8. The FSSG is used to
diagnose GERD and to determine the efficacy of GERD
treatment. The FSSG questionnaire consists of seven
questions that relate to reflux (questions 1, 4, 6, 7, 9,
10, 12) and five questions that relate to acid-related
dysmotility symptoms (questions 2, 3, 5, 8, 11) that
were generated by Kusano et ai™, and it was used in
several clinical studies of GERD™ ™,
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Table 1 Clinical features of patients receiving rabeprazole

plus irsogladine maleate (group I) or rabeprazole plus placebo
(group P)

Group I Group P P value

n = 49) (n = 48)
Age (yr), mean + SD 51.1+16.4 51.1+14.8 0.77
Sex, male/female 13/36 19/29 0.17
BMI (kg/m’) 224+43 21.8+3.1 0.59
Height (cm) 159+7.3 161.5+8.7 0.24
Weight (kg), mean + SD 57.1+£12.2 56.7 8.6 0.63
NERD grade (N/M) 21/28 20/28 0.91
Hiatal hernia (+/-) 11/38 10/38 0.85
Drinking (+/-) 16/33 20/28 0.36
Smoking (+/-) 2/47 9/39 0.05

NERD: Non-erosive reflux disease; BMI: Body mass index.

Patients were excluded from the study if they were
younger than 20 years, were allergic to rabeprazole
or IM, had any level of esophagitis determined by
gastrointestinal endoscopy, were pregnant, were taking
atazanavir sulfate, or anti-coagulant, anti-platelet, or
pro-kinetic agents, had a history of gastrointestinal
malignancy, peptic ulcers, or gastrointestinal tract
surgery, or if they had used any PPI therapy within
four weeks of enrolling in the study.

After providing written informed consent, the patients
were asked to complete a short form (SF)-36 quality of
life (QOL) questionnaire. They were randomized by an
independent investigator who used a random number
generated by a computer to assign the patients to one
of two groups, as follows: those who were to receive
rabeprazole and IM (group I) and those who were
to receive rabeprazole and placebo (group P). At the
end of the four-week study period, the patients were
asked to complete post-treatment FSSG and SF-36
QOL questionnaires. The FSSG results were considered
in terms of the total score and each symptom score.
Patients were asked whether they had experienced any
adverse events at the end of the study.

The primary endpoint of this study was an im-
provement in the FSSG score, and determining whether
patients with NERD with minimal changes (grade M)
had different response to the therapies compared with
those without minimal changes (grade N). The study’
s secondary endpoints included the SF-36 scores and
the occurrence of side effects. The university’s ethics
committee approved the study protocol. This study was
performed in accordance with the principles laid down in
the Declaration of Helsinki. The study was registered in
the UMIN Clinical Trials Registry (Registry ID Number:
UMINO00015731).

The sample size was estimated based on the
statistical analysis of the improvements in the FSSG
scores in each group. Previous data have shown that
about half of the patients with NERD have adequate
improvements in their reflux symptoms when they
are treated with a standard PPI dose. In this study,
the predicted improvements in the FSSG scores were
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estimated to be 75% in group I and 50% in group P.
As a result, 45 patients were required in each group to
detect a significant difference between the groups with
an a value of 0.05 and a power (1-B) of 0.8.

Statistical analysis

We compared the two groups in relation to the pro-
portions of the sexes, smoking habits, the presence
of hiatal hernias, alcohol consumption, and the endo-
scopic grades using the »° test. Continuous variables
are presented as the means £ SD. Differences in
the continuous variables, including age, the FSSG
scores, and the body mass indices, were analyzed
using the Mann-Whitney U-test. A P value of < 0.05
was considered statistically significant. The SF-36
QOL questionnaire scores were evaluated using the
Wilcoxon signed-rank test.

RESULTS

One hundred patients with NERD were randomized
to one of the two groups, but three patients were
excluded from the study because some of their data
were missing. Consequently, 97 patients were included
in the analysis. Group I comprised 49 individuals,
which included 13 men, and their mean + SD age was
51.1 £ 16.4 years. Group P comprised 48 individuals,
which included 19 men, and their mean £+ SD age was
51.1 + 14.8 years. The baseline characteristics of the
patients were comparable (Table 1).

The mean * SD pre-treatment FSSG scores for
group I and group P were 179 £ 79 and 17.7 £ 7.3
years, respectively. The mean £ SD post-treatment
FSSG scores for group I and group P were 9.0 £
7.6 and 11.2 £ 7.9 years, respectively. Although
significant improvements in the FSSG scores were
observed within both groups after treatment (P =
0.0001), there was no statistically significant difference
between the groups with respect to the FSSG scores
after four weeks of treatment (P = 0.15) (Figure 1).
Of the seven subscale scores for reflux, the scores for
question 10 (Do you get bitter liquid coming up into
your throat?) and question 12 (Do you get heartburn
if you bend over?) of the FSSG were significantly
lower in group I compared with group P. There were
no significant differences in the five subscale scores
for acid-related dysmotility symptoms between the
groups (Figure 2). Next, we assessed whether patients
with NERD who had minimal changes (grade M)
had different responses to the therapies compared
with those without minimal changes (grade N). The
clinical characteristics of the patients assigned to
the modified Los Angeles classification grades N and
M are shown in Table 2. The data indicate that the
characteristics associated with NERD grade N were a
shorter stature and a lower frequency of esophageal
hiatal hernias. Subgroup analysis showed that the
FSSG scores for the patients with NERD grade N in
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Figure 1 Total Frequency Scale for the Symptoms of Gastroesophageal reflux disease scores for groups I and P before and after four weeks of treatment.
Values are expressed as the mean + SD. FSSG: Frequency Scale for the Symptoms of Gastroesophageal reflux disease; NS: Not significant.
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Figure 2 Changes in the Frequency Scale for the Symptoms of Gastroesophageal reflux disease scores for groups | and P after four weeks of treatment.
Values are expressed as the mean * standard deviations. Significant differences were found between the groups. °P = 0.03 and °P = 0.01. FSSG: Frequency Scale
for the Symptoms of Gastroesophageal reflux disease.

group I were significantly lower than the FSSG scores

Table 2 Clinical features of non-erosive reflux disease Grade

N and M for the patients with NERD grade N in group P after
four weeks of treatment (7.8 £ 7.4 vs 12.5 £ 9.8,

Grade N Grade M P value P = 0.041), but there was no statistically significant

(n = 56) (n = 41) difference between the study groups in relation to the

Age (yr)lr ;nfeanTSD 49-8/ t167 53-3; 13.7 032 FSSG scores for patients with NERD grade M (Figure 3).

Sex, male/female 14/42 18/23 0.05 PR .

BMI (kg/m?) -y e R . The. SF-36 scores for group I §|gn|ﬁcantly improved

Height (cm) 1586473 162.9+83 0.02 in relation to general health, vitality, and mental health

Weight (kg) 56.7+12.1 572484 0.50 after treatment, whereas the SF-36 scores for group

Hiatal hernia (+/-) 7/49 14/27 0.02 P improved in relation to general health and mental
Drinking (+/-) 17/39 18/23 0.10 : ;

Smoking (+/-) 7/49 8/23 030 health after treatment (Figure 4). Su.bgroup. analysis

showed that the SF-36 scores for patients with NERD

BMI: Body mass index. grade N in group I significantly improved in relation
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Figure 3 Comparisons of the total Frequency Scale for the Symptoms of Gastroesophageal reflux disease scores between the study groups in relation
to the non-erosive reflux disease grades N and M after four weeks of treatment. Values are expressed as the mean + SD. FSSG: Frequency Scale for the
Symptoms of Gastroesophageal reflux disease; NS: Not significant; NERD: Non-erosive reflux disease.
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Figure 4 Quality of life assessment of patients in groups | and P before and after treatment using the Short Form-36 questionnaire. PF: Physical functioning;

RP: Role limitation-physical; BP: bodily pain; GH: General health; VT: Vitality; SF: Social functioning; RE: Role limitation-emotional; MH: Mental health; NS: Not
significant.

to vitality and mental health after treatment, but any improvements in the SF-36 scores in group P after
there were no statistically significant differences in treatment, with the exception of the mental health
the SF-36 scores for patients with NERD grade M in scores for the patients with NERD grade M.

group I after treatment (Figure 5). We did not detect Patient compliance was determined by counting
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Figure 5 Quality of life assessment of patients in groups | and P before and after treatment using the Short Form-36 questionnaire for non-erosive reflux
disease grades N and M. NERD: Non-erosive reflux disease; PF: Physical functioning; RP: Role limitation-physical; BP: bodily pain; GH: General health; VT: Vitality;
SF: Social functioning; RE: Role limitation-emotional; MH: Mental health; NS: Not significant.

the remaining units of medication at the end of the
four-week study period. All of the patients took more
than 90% of the prescribed medication. No serious
adverse events occurred, and none of the participants
terminated the study because of adverse events.

DISCUSSION

The inhibition of acid secretion within the stomach
using PPI or histamine 2 receptor blockers is the main
approach for the treatment of NERD!™*'"), However,
approximately half of the patients with NERD are
resistant to therapy!®. Many factors are associated
with the pathogenesis of acid-suppression therapy-
refractory NERD, including gas or bile acid reflux,
mucosal hypersensitivity, delayed gastric emptying,
and psychological disorders®?', An appropriate
therapeutic approach for patients with NERD has
yet to be established if they fail to respond to acid
suppression therapy. Therefore, determining the
efficacy of therapeutic agents added to PPI therapy
in patients with NERD has been anticipated for a long
time. Sakata et al'*? reported that rikkunshito, which
acts as a prokinetic agent and improves gastric empting
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and gastric accommaodation, improved GERD symptoms
in patients with PPI-refractory NERD. However, adding
mosapride, which is another prokinetic agent, to PPI
therapy did not significantly improve GERD symptoms
compared with PPI therapy administered alone to
patients with NERD™®?\. Rebamipide, a cytoprotective
anti-ulcer agent, also failed to effectively control reflux
symptoms in patients with PPI-refractory NERD™?. In
the present study, we evaluated the efficacy of adding
IM to rabeprazole in the treatment of patients with
NERD in a prospective, randomized, double-blind,
placebo-controlled trial. The impact of the therapy on
the quality of the patients’ lives was evaluated as a
secondary endpoint.

The results showed that using the PPI alone and
in combination with IM significantly improved the
FSSG scores after four weeks of treatment (P =
0.0001); however, there was no statistically significant
difference between the groups. These data suggest
that controlling acid secretion in the stomach is quite
important for the treatment of NERD. Comparisons of
the groups in relation to each FSSG score showed that
the scores for two reflux-related questions significantly
improved in the patients who received combination
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therapy compared with those who received mono-
therapy, which suggests that IM may play a greater
preventive role in relation to reflux compared with
acid-related dysmotility symptoms. These results
appear to be reasonable, given that IM could affect the
epithelial cell connections or communications in the
esophagus.

The Montreal consensus conference defined NERD
as the presence of troublesome reflux-associated
symptoms in the absence of mucosal breaks on
endoscopy!?. Recently, the endoscopic findings
associated with NERD were classified into two groups,
grades N and M. However, the clinical differences
between the groups are not clear. In this study, the
group of patients classified as having NERD grade
N was characterized by shorter statures and lower
frequencies of esophageal hiatal hernias. Joh et a/f*¥
reported that NERD grade M patients tended to show
a higher frequency of esophageal hiatal hernias, and
they suggested that the minimal changes are most
likely attributable to gastric acid reflux, which was
based on their ambulatory 24-h esophageal monitoring
data. Our study showed that in patients with NERD
grade N, the addition of IM to PPI therapy significantly
improved the FSSG scores compared with PPI mono-
therapy, but this was not seen in patients with NERD
grade M. These data suggest that factors that affect
intercellular communication as well as reflux acid may
be associated with the development of NERD grade N,
whereas gastric acid reflux may play a major role in
the development of NERD grade M.

IM facilitates intercellular communication through
the gap junctions in the gastrointestinal tract, including
the esophagus. Oyamada et al***' demonstrated the
existence of connexins 26 and 43 in human esophageal
tissue. Several investigators have suggested that
connexin-mediated intercellular communication could
affect the formation of functional tight junctions®2®,
A microscopic study found that esophageal mucosal
DIS are present in patients with NERD, they are
produced as a consequence of exposure to excess
acid, and that esophageal mucosal DIS are associated
with the symptom of heartburn'®. A more recent
study has shown that hypersensitive esophagus,
which is associated with normal acid exposure and
positive symptom associations for either acid and/or
non-acid reflux, was related to DIS as well as basal
cell hyperplasia and papillae elongation!. Taken
together, these data suggest that the facilitation of
gap junctional intercellular communication by IM may
relieve NERD symptoms by ameliorating esophageal
mucosal hypersensitivity to non-acid reflux'’*°>%, We
could easily speculate based on the current study’s
results that NERD grade N includes more patients with
hypersensitive esophagi than NERD grade M. Further
investigations are required to elucidate the precise
therapeutic mechanisms of IM.

Patients with GERD symptoms tend to have a
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lower QOL compared with the general population®".

Recently, the SF-36 questionnaire has been used to
screen for GERD and to assess QOL before and after
treatment®., In the present study, the patients who
received combination therapy showed significant
improvements in three subscale scores, namely,
general health, vitality, and mental health, whereas
patients who received mono-therapy only showed
improvements in two subscale scores. Subgroup
analysis showed significant improvements in the
vitality and mental health scores for patients with
NERD grade N who received combination therapy,
whereas no statistically significant improvements were
observed for the patients with NERD grade M who
received combination therapy. Given that the QOL data
corresponded with the improvements in the GERD
symptoms after the patients had been treated with IM
and PPI, these results are acceptable.

Our study has some limitations that are described
next. The main limitation of this study relates to the
fact that NERD was diagnosed on the basis of the
endoscopic findings alone. An accurate and reliable
definition of NERD is needed to appropriately inform
the discussion about the treatment of NERD. The
second limitation relates to the study being a single-
center investigation with a relatively small sample
size. Hence, further trials employing larger numbers
of subjects are necessary to verify our findings, and in
these trials the pathological mechanisms underlying
NERD should be investigated. The third limitation
associated with this study relates to the controversy
that surrounds the diagnostic and clinical relevance
of the modified Los Angeles Classification for NERD.
The fourth limitation of this study relates to the effects
that IM metabolites or drug interactions among IM,
rabeprazole, and other medicines might have had on
the results of this study.

In conclusion, this is the first randomized controlled
trial that has demonstrated that adding IM to PPI
therapy improves patients” GERD symptoms as well as
the quality of their lives, particularly in NERD grade N
patients. We consider that combination therapy may
be an appropriate therapeutic option for patients with
NERD.

COMMENTS

Background

Proton pump inhibitor (PPI) therapy is considered the mainstay for the treatment
of non-erosive reflux disease (NERD). Some reports have suggested that
compared with patients with reflux esophagitis, those with NERD have lower
response rates to acid suppression therapy. However, a recent meta-analysis
emphasized that well-defined NERD patients, including those with abnormal
distal esophageal acid exposure and those with hypersensitive esophagi, have
responses to PPI therapy that are similar to those seen in patients with RE.
Innovations and breakthroughs

Although the pathophysiology of NERD remains unclear, electron microscopy
and light microscopy have demonstrated the presence of esophageal mucosal
dilated intercellular spaces (DIS) in patients with NERD. Irsogladine maleate (IM)
activates gap junctional intercellular communication and affects the mucosal
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DIS; however, little is known about the effects of IM on patients with NERD.

Applications

This double-blind, placebo-controlled study showed that adding IM to
rabeprazole improved gastroesophageal reflux disease (GERD) symptoms
and the quality of the lives of patients categorized as having NERD who did
not have minimal changes (grade N), which was based on the modified Los
Angeles classification.

Peer-review

This prospective, double-blind, placebo-controlled trial was designed to evaluate
the efficacy of adding IM to PPI therapy in endoscopy-negative Japanese
patients with reflux symptoms. The study’s main finding was that there was
no statistically significant difference between group | (IM + PPI) and group
P (placebo + PPI) with respect to the Frequency Scale for the Symptoms of
GERD (FSSG) scores. Moreover, a subgroup analysis showed that significant
improvements in the FSSG scores had occurred in the patients in group | who
had NERD grade N, which was defined based on endoscopic assessments.
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