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Abstract The effects of rebamipide on dry mouth and

salivary secretion in Sjögren’s syndrome patients were

investigated in a double-blind placebo-controlled study.

Rebamipide (100 mg TID) or placebo was administered for

eight weeks and patient-assessed improvement of dry

mouth and increase in salivary secretion measured by the

Saxon test were evaluated. At two, four, and eight weeks,

dry mouth improvement rates were, respectively, 26.0,

44.0, and 46.9% for rebamipide and 20.0, 27.1, and 39.1%

for placebo, and mean increases in salivary secretion were,

respectively, 0.14, 0.24, and 0.35 g for rebamipide and

0.03, 0.09, and 0.17 g for placebo, indicating higher values

in the rebamipide group for both parameters at all time-

points but no significant differences between the two
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groups. Analysis by baseline characteristics suggested a

statistically significant salivary secretion increasing effect

of rebamipide in cases of primary Sjögren’s syndrome. No

difference in the incidence of adverse events was seen

between the two groups, confirming the safety of reb-

amipide. As a salivary secretion increasing effect was

strongly suggested in cases of primary Sjögren’s syndrome,

further study on the administration of rebamipide for the

treatment of dry mouth in patients with Sjögren’s syn-

drome is required.

Keywords Dry mouth � Rebamipide � Saxon test �
Sjögren’s syndrome

Introduction

Sjögren’s syndrome is an autoimmune disease involving

chronic inflammation of exocrine glands such as the sali-

vary and lacrimal glands and in some cases also systemic

organ lesions, and its etiology is not yet known. The

prevalence of Sjögren’s syndrome is estimated to be

between 0.5% and 1.5%, and approximately 90% of

patients are women. Sjögren’s syndrome occurring in

association with connective tissue diseases such as rheu-

matoid arthritis or systemic lupus erythematosus is referred

to as secondary Sjögren’s syndrome, and occurrence

without these diseases is classified as primary Sjögren’s

syndrome. The major symptoms of Sjögren’s syndrome are

dry mouth and dry eye, and the primary cause is considered

to be impaired function of the salivary and lacrimal glands

resulting from damage to acini by periductal infiltration of

lymphocytes [1]. Persistent dryness of the mouth not only

causes oral pain and discomfort, but also markedly

decreases patient quality of life due to such problems as

sleep disturbance, difficulties with eating, and difficulties

with speaking [2].

Currently the first-choice treatment for dry mouth in

Sjögren’s syndrome is sialogogic drugs such as cevimeline

hydrochloride and pilocarpine hydrochloride, which stim-

ulate the sialogogic M3 muscarinic receptors on the cell

surfaces of exocrine glands [3, 4]. However, as these drugs

only provide symptomatic therapy, there is a strong need

for the development of a therapeutic method that will

directly address the pathophysiology of Sjögren’s syn-

drome. In recent years, attention has focused on treatment

using anti-CD20 antibody [5], while anti-BAFF therapy [6]

and the immunosuppressive agent mizoribine [7, 8] have

also shown some efficacy, but none of these has entered

practical use.

Rebamipide (Mucosta�) has been in clinical use in

Japan and various other Asian countries since 1990 as a

drug for the treatment of gastritis and gastric ulcer. Reb-

amipide has a mucosa-protective effect based on its

promotion of endogenous prostaglandin biosynthesis and

other actions, and recent studies have also shown it to have

various inflammation inhibitory effects, including inhibi-

tion of neutrophilic leukocyte activation and suppression of

inflammatory cytokine production by monocytes and gas-

tric mucosal cells [9, 10]. In a preclinical study, saliva

volume was increased following oral administration of

rebamipide in an NFS/sld mouse model of Sjögren’s syn-

drome, and histopathological examination revealed

inhibition of TUNEL-positive apoptosis of the salivary and

lacrimal gland excretory duct cells and suppression of

CD4? T-cell activation and Th1 cytokine (IL-2 and IFN-c)

production [11]. In a clinical study, Oka et al. reported that

when rebamipide was administered orally at 300 mg/day

for eight weeks to 21 patients with Sjögren’s syndrome,

subjective symptoms related to dry mouth were signifi-

cantly improved in comparison with the pretreatment

baseline, and a significant increase in salivary secretion

versus the baseline was also observed [12]. Based on the

results of these preclinical and clinical studies, we con-

ducted a double-blind placebo-controlled comparative

study to investigate rebamipide for the treatment of dry

mouth symptoms in patients with Sjögren’s syndrome.

Materials and methods

This study was conducted as a prospective, double-blind,

placebo-controlled, multicenter trial.

Study subjects

Inclusion criteria

Sjögren’s syndrome patients with dry mouth symptoms

who met all of the following inclusion criteria were eligible

for enrollment in this study:

(1) Age was 20 years or older at the time that informed

consent was obtained

(2) Severity of dry mouth symptoms was ‘‘mild’’ or

greater at both the start and end of the run-in

observation period, with any difference between the

start and end of the run-in observation period limited

to one grade or less

(3) Difference in the Saxon test results between the start

and end of the run-in observation period was 1 g or

less and a result of 3 g or less was obtained for the

Saxon test performed at the end of the run-in

observation period
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Exclusion criteria

Patients to whom any of the following criteria applied were

excluded from participation in this study:

(1) Patients with dry mouth symptoms that were clearly

attributable to a cause other than Sjögren’s syndrome

(2) Patients in whom the Saxon test could not be

performed (patients with dentures, post crowns, etc.)

(3) Patients who had received rebamipide within three -

months prior to obtaining informed consent

(4) Female patients who were pregnant, possibly preg-

nant, or lactating, or who desired to become pregnant

(5) Patients with hypersensitivity to rebamipide

(6) Patients who had received another investigational

drug within three months prior to obtaining informed

consent

Study design and schedule

A run-in observation period of 2–4 weeks was set for

patients from whom informed consent to participate in the

study was obtained. Only those patients who satisfied all of

the inclusion and exclusion criteria described above based

on the examinations performed at the start and end of the

run-in observation period were allocated at a ratio of 1:1 to

the rebamipide and placebo groups and allowed to advance

to the administration period. The dose and dosing regimen

for rebamipide were 100 mg administered orally three

times a day (100 mg TID) for eight weeks. After the start

of administration, subjects were required to visit the study

site at two, four, and eight weeks, and the examinations

specified below were performed to evaluate efficacy and

safety.

Throughout the study period, cevimeline hydrochloride,

anethole trithione, and other treatments administered to

improve dry mouth symptoms were prohibited. Although

there were no general restrictions on the use of locally

applied formulations (synthetic saliva and various oral

care products) for temporary alleviation of dry mouth

symptoms, their use was prohibited prior to examination

on the specified examination days. There were no

restrictions regarding drugs that had been used since

before the start of the study for the treatment of underlying

diseases and complications, but the doses and dosing

regimens of such drugs had to remain unchanged during

the study period.

The rebamipide tablets and placebo tablets used in this

study were indistinguishable in appearance. With the

exception that the placebo tablets contained no rebamipide,

the composition of the placebo tablets was the same as that

of the rebamipide tablets.

Overall improvement in dry mouth symptoms

During visits to the study site at the start and end of the

run-in observation period, subjects self-assessed the overall

severity of their dry mouth symptoms on the following

four-grade scale:

(1) None (almost no discomfort or inconvenience due to

dryness of the mouth)

(2) Mild (occasional discomfort or inconvenience due to

dryness of the mouth; almost no impediment to daily

living)

(3) Moderate (discomfort or inconvenience due to dry-

ness of the mouth felt on a daily basis; some

impediment to daily living)

(4) Severe (discomfort or inconvenience due to dryness

of the mouth strongly felt on a daily basis; consid-

erable impediment to daily living)

At visits to the study site at two, four, and eight weeks

after the start of administration, subjects self-assessed the

overall change in their dry mouth symptoms in comparison

with their symptoms before the start of treatment on the

following four-grade scale:

(1) Markedly improved (clearly better)

(2) Improved (better)

(3) Unchanged (almost no difference)

(4) Aggravated (worse)

The improvement rate was calculated by defining

improvement as an assessment of either (1) markedly

improved or (2) improved.

Volume of salivary secretion

During visits of the subject to the study site at the start and

end of the run-in observation period, and at two, four, and

eight weeks after the start of administration, the Saxon test

was performed according to the method reported by Koh-

len and Winter [13], and the volume increase and the rate

of increase in salivary secretion were calculated in refer-

ence to the value obtained at the start of administration.

Various symptoms accompanying dry mouth

At visits to the study site at the start of administration and

at two, four, and eight weeks, subjects self-assessed the

severity of their various symptoms accompanying dry

mouth using a 100-mm visual analog scale (VAS). The

following six items were assessed as symptoms: feeling of

dryness in the mouth (inside of the mouth feels parched),

saliva abnormality (inside of the mouth feels sticky), thirst

(desire to drink water because mouth feels dry), difficulty
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eating (dry foods such as crackers and bread become stuck

in the mouth or throat), difficulty speaking (difficult to

continue speaking without drinking water), and sleep dis-

turbance (awakening during sleep due to dryness of the

mouth). The change (D mm) for each item was calculated

in comparison with the value at the start of administration.

Objective findings of dry mouth

At subject visits to the study site at the start of adminis-

tration and at two, four, and eight weeks, based on the

findings of the investigator’s examination, the four items of

dryness of the lingual surface, dryness of the oral mucosa,

angular stomatitis, and decrease in sublingual saliva

retention were each assessed on the following four-grade

scale:

(1) None

(2) Mild

(3) Moderate

(4) Severe

Safety

At visits to the study site at the start of administration and

at two, four, and eight weeks, subjects were questioned

regarding any abnormal findings observed since the pre-

vious visit. Laboratory tests (hematology, biochemistry,

and urinalysis) were performed at the start of administra-

tion and at four and eight weeks. Any abnormal findings

observed in either subject interviews or laboratory tests

were defined as adverse events, and any adverse event for

which a causal relationship of the study drug could not be

denied was handled as an adverse drug reaction.

Size of study population

The improvement rate in the primary assessment parameter

was expected to be 30% for the placebo group and 60% for

the rebamipide group. Based on those estimates, the

number of subjects necessary to detect a significant dif-

ference between the two groups by chi-square test (two-

sided significance level of 5% and power of 80%) was

calculated to be 42 per group. Considering the possibility

of some withdrawals, the size of the study population was

set at 50 subjects per group for a total of 100 subjects.

Statistical analysis

All analyses were performed using SAS Ver. 8.2 (SAS

Institute Japan, Ltd., Tokyo, Japan). Comparisons between

the two groups were made by Wilcoxon signed rank sum test

or chi-square test for baseline characteristics, by chi-square

test for overall improvement rates in dry mouth symptoms,

and by t-test for volume of salivary secretion. As this was an

exploratory study, P values were not adjusted for multi-

plicity. Results for 95% confidence intervals are displayed

as two-sided 95% confidence intervals calculated by normal

approximation.

Results

This study was conducted between April 2005 and January

2006 through the cooperation of 12 medical institutions

located throughout Japan. The institutional review board of

each medical institution approved the study beforehand.

Written informed consent was obtained from each study

subject prior to the start of the run-in observation period.

Subjects included in the analysis and their baseline

characteristics

Informed consent to participate in the study was obtained

from 128 subjects. During the run-in observation period,

24 subjects were withdrawn due to withdrawal of consent,

failure to satisfy the inclusion or exclusion criteria, or

deviation of the study protocol, and the remaining 104

subjects were randomized to the two groups (53 to the

rebamipide group and 51 to the placebo group). Of the

randomized subjects, 50 in the rebamipide group and 46 in

the placebo group completed the eight weeks of treatment.

Reasons for withdrawal during the administration period

were one case of discontinuation at the subject’s request,

one case of discontinuation due to an adverse event and

one case of discontinuation due to aggravation of an

underlying complication in the rebamipide group, and one

case of discontinuation at the subject’s request, two cases

of discontinuation due to an adverse event and two cases

of discontinuation due to insufficient efficacy in the pla-

cebo group (see Fig. 1). Of the 104 randomized subjects,

excluding one case of protocol deviation in the rebamipide

group, and two cases in the rebamipide group and one

case in the placebo group with missing data on the pri-

mary assessment parameter, 50 subjects in the rebamipide

group and 50 subjects in the placebo group were included

in the per protocol set (PPS) analysis population. The

efficacy analyses of rebamipide were performed for the

PPS.

The baseline characteristics of the subjects in the PPS

are shown in Table 1. No differences were seen between

the two groups in gender, age, Sjögren’s syndrome diag-

nosis (primary or secondary), duration of Sjögren’s

syndrome, type of connective tissue disease, or history of

cevimeline hydrochloride use. Nor were any differences

observed between the two groups regarding the severity of
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dry mouth symptoms or volume of salivary secretion at the

start of administration.

Overall improvement in dry mouth symptoms

Overall improvement rates for dry mouth symptoms are

shown in Table 2. Improvement rates (rebamipide group

vs. placebo group) were 26.0% vs. 20.0% (P = 0.48) at

two weeks, 44.0% vs. 27.1% (P = 0.08) at four weeks,

and 46.9% vs. 39.1% (P = 0.44) at eight weeks. Higher

improvement rates were seen for the rebamipide group at

all timepoints, with the greatest difference seen after

four weeks of treatment. However, no statistically signifi-

cant differences were seen between the two groups.

Volume of salivary secretion

Increases in salivary secretion volume and the rates of

increase in comparison with the baseline values obtained

before the start of administration are shown in Fig. 2.

Group mean increases in salivary secretion volume (g)

(rebamipide group vs. placebo group) were 0.14 ± 0.40 vs.

0.03 ± 0.47 (P = 0.21) at two weeks, 0.24 ± 0.46 vs.

0.09 ± 0.52 (P = 0.14) at four weeks, and 0.35 ± 0.54 vs.

0.17 ± 0.58 (P = 0.11) at eight weeks. Mean increase

rates (ratio vs. value of 1 for the baseline) (rebamipide

group vs. placebo group) were 1.16 ± 0.38 vs. 1.12 ± 0.56

(P = 0.68) at two weeks, 1.28 ± 0.53 vs. 1.19 ± 0.64

(P = 0.48) at four weeks, and 1.43 ± 0.56 vs. 1.22 ± 0.62

(P = 0.08) at eight weeks. Although no statistically

significant differences between the two groups were seen in

either the volume increase or rate of increase, the reb-

amipide group showed a tendency towards an increase in

salivary secretion with continuation of treatment.

Various symptoms accompanying dry mouth

Mean changes (decreasing values corresponding to an

improvement in symptoms) from the start of administration

in a 100-mm VAS for the six items of feeling of dryness in

the mouth, saliva abnormality, thirst, difficulty eating, dif-

ficulty speaking, and sleep disturbance are shown in Fig. 3.

Of the six items, feeling of dryness in the mouth and diffi-

culty speaking showed a tendency to improve with

continuation of treatment in the rebamipide group in com-

parison with the placebo group, although no statistically

significant differences were seen between the two groups.

Saliva abnormality (the inside of the mouth feels sticky) was

the only item to show a tendency for a lack of improvement.

Objective findings of dry mouth

Changes in score (improvement of one grade for the four

grades of none, mild, moderate, and severe tabulated as a

change of -1) from the pretreatment baseline after

eight weeks of administration are shown in Fig. 4 as the

distribution of the number of subjects with each change in

score. The rebamipide group showed a tendency for a

larger number of subjects distributed toward greater

improvement for all four items of dryness of the lingual

Informed consent
and screening

n = 128

Withdrawals n = 24
Withdrawn consent (n = 6)
Inclusion/exclusion criteria
(n = 17)
Protocol violation (n = 1)

Randomized
n = 104

Rebamipide
n = 53

Placebo
n = 51

Withdrawals n = 3 Withdrawals n = 5 
Subject’s request (n = 1) Subject’s request (n = 1)
Adverse event (n = 1) Adverse event (n = 2) 
Aggravation of

complication (n = 1)
Lack of efficacy (n = 3)

Completed study
n = 50

Completed study
n = 46

Fig. 1 Disposition of subjects
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surface, dryness of the oral mucosa, angular stomatitis, and

decrease in sublingual saliva retention. However, the dif-

ferences between the two groups were small and not

statistically significant.

Safety

Safety was evaluated in all subjects allocated to either the

rebamipide group or the placebo group. Adverse events

were observed in 32 of 53 subjects (60.4%) in the reb-

amipide group and 34 of 51 subjects (66.7%) in the placebo

group. The most frequently observed adverse events were

gastrointestinal disorders in both groups. Withdrawal from

the study due to an adverse event occurred in one subject

(blood creatinine increased) in the rebamipide group and

two subjects (pneumonia and genital pruritus) in the pla-

cebo group. Adverse drug reactions (adverse events for

which a causal relationship of the study drug could not be

denied) were observed in 11 of 53 subjects (20.8%) in the

rebamipide group and 18 of 51 subjects (35.3%) in the

placebo group. There were no significant differences

between the rebamipide group and the placebo group in the

incidences or types of adverse events and adverse drug

reactions. Therefore, the preferable safety profile of reb-

amipide was confirmed.

Discussion

There is currently no therapeutic method that directly

addresses the pathophysiology of Sjögren’s syndrome, and

available therapy primarily consists of symptomatic treat-

ment of dry mouth and dry eye. As an example of a

symptomatic treatment, cyclosporine A ophthalmic solution

has been approved in the United States for dry eye [14]. For

the treatment of dry mouth, a low dose of interferon a by the

oromucosal route has been reported to have a salivary

secretion increasing effect and is expected to provide

effective therapy [15], and as the mechanism of action, data

suggesting upregulation of the gene expression of aquaporin

5 has also been reported [16]. Oral administration of

hydroxychloroquine has been used as a systemic method of

Table 1 Baseline characteristics (PPS)

Characteristic Rebamipide Placebo P value

Gender

Male 1 2 0.56a

Female 49 48

Age (y)

B64 33 33 1.00a

C65 17 17

Mean ± SD 58.8 ± 12.4 58.0 ± 12.8 0.96b

Body weight (kg)

Mean ± SD 50.1 ± 6.4 51.3 ± 6.3 0.34b

Sjögren’s syndrome diagnosis

Primary 37 35 0.66a

Secondary 13 15

Duration of Sjögren’s syndrome (y)

\1 6 4 0.57b

1–4 19 27

5–9 11 6

C10 14 13

Type of connective tissue disease

RA 3 8 0.11a

SLE 4 2 0.40a

SSc 4 5 0.73a

History of cevimeline use

Yes 28 25 0.74a

No 21 23

Unknown 1 2

Severity of dry mouth symptoms

Mild 23 18 0.33b

Moderate 19 22

Severe 8 10

Salivary secretion (Saxon test) (g)

B0.2 7 6 0.55b

[0.2, B2.0 32 37

[2.0, B3.0 11 7

Mean ± SD 1.09 ± 0.85 0.94 ± 0.79 0.44b

PPS per protocol set, RA rheumatoid arthritis, SLE systemic lupus

erythematosus, SSc systemic sclerosis
a Chi-square test
b Wilcoxon signed rank sum test

Table 2 Overall improvement

rates for dry mouth symptoms

(PPS)

CI confidence interval, PPS per

protocol set

P values calculated by chi-

square test

Treatment group Week 2 Week 4 Week 8

Rebamipide (n) 26.0% (50) 44.0% (50) 46.9% (49)

Placebo (n) 20.0% (50) 27.1% (48) 39.1% (46)

Absolute difference between

groups (%) (95% CI)

-10.5 to 22.5 -1.7 to 35.6 -12.0 to 27.7

P value 0.48 0.08 0.44
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therapy in the United States, but while it is considered

effective against some systemic symptoms such as arthral-

gia and rash, it does not have a potent effect on salivary

secretion [17, 18]. Adrenal corticosteroid hormones are also

occasionally used as a systemic therapy, and they are con-

sidered effective at increasing salivary secretion and in

treating histological abnormalities [19, 20], but as the

majority of Sjögren’s syndrome patients are middle-aged
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p=0.14 

p=0.11 p=0.48 
p=0.08 

Fig. 2 Changes in salivary secretion (PPS). For the Saxon tests

performed at two, four, and eight weeks after the start of adminis-

tration, the volume increase (value at each measurement point -

baseline value) (g) and the rate of increase (value at each measure-

ment point/baseline value) in salivary secretion were calculated for

each subject using the value obtained at the start of administration as

the baseline value, and the group mean ± SD values were deter-

mined. The significance of the difference between groups was

determined by t-test
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Fig. 3 Mean change in VAS

for each symptom

accompanying dry mouth (PPS).

The severities of six symptoms

were self-assessed by subjects at

the start of administration and at

two, four, and eight weeks

using a 100-mm VAS (left edge:

none; right edge: very severe),

and the length (mm) of the

subject’s evaluation from the

left edge was measured.

Changes from the start of

administration at two, four, and

eight weeks were calculated for

each subject, and the group

mean ± SD values were

determined. The significance of

the difference between groups

was determined by t-test
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women, adverse drug reactions—including osteoporosis,

diabetes, cardiovascular effects, periodontal disease, and

oral candidiasis—are major issues, so that hormonal treat-

ment is not generally recommended.

Muscarinic receptor agonists such as cevimeline

hydrochloride and pilocarpine hydrochloride are used as

the first choice treatment for dry mouth symptoms, but

some patients do not show satisfactory improvement with

these drugs. In addition, nausea, vomiting, excessive per-

spiration, and other adverse drug reactions due to the

pharmacological action of muscarinic receptor agonists are

often seen, and these drugs are also contraindicated in

patients with serious heart disease, bronchial asthma, and

other disorders. For these reasons there is a need for the

development of a safer, more effective drug with a mech-

anism of action that is different from that of muscarinic

receptor agonists. In recent years, attention has focused on

using anti-CD20 antibody [5] as a therapy for Sjögren’s

syndrome, while anti-BAFF therapy [6] and the immuno-

suppressive agent mizoribine [7, 8] have also been reported

to show efficacy, but the establishment of an actual ther-

apeutic method has not yet been realized.

Previous studies have demonstrated rebamipide to have

various inflammation inhibitory effects, including sup-

pression of inflammatory cytokine production by

monocytes [21] and free radical scavenging activity [22].

Thus, as rebamipide possesses an anti-inflammatory action

and various other effects in addition to its mucosa-protec-

tive activity, it is considered that it would also show

efficacy against other disorders as well as gastrointestinal

disorders. As one example, since rebamipide has been

reported to increase the amount of mucin-like substances in

the conjunctiva and cornea in an N-acetylcysteine-treated

in vivo model [23], and also to increase the proliferation of

cultured rat conjunctival goblet cells [24], the compound is

currently being evaluated for the treatment of dry eye by

topical ophthalmological administration.

Based on the above background, the present study was

conducted to exploratively evaluate the efficacy of reb-

amipide in treating dry mouth symptoms in patients with

Sjögren’s syndrome, which is characterized by inflamma-

tion of the salivary glands due to lymphocytic infiltration

and impairment of the glands’ salivary secretion function.

From the results of this study, the overall improvement in

dry mouth symptoms, which was the primary assessment

parameter, was higher in the rebamipide group than in the

placebo group at all measurement timepoints, although the

differences between the two groups were not statistically

significant. Because the overall improvement of dry mouth

symptoms is a subjective index that depends on the study

subjects’ self-assessment of ‘‘a feeling of dryness’’ in

comparison with a subjective memory of their condition

prior to the start of treatment, it cannot be denied that with

the passage of time the subjects’ memory of their pre-

treatment symptoms may dim and their criteria for judging

the improvement of their subjective symptoms upon

treatment may become quite vague. In comparison with

subjective symptoms, salivary secretion volume is an

objective index. The rebamipide group showed a tendency

for increased salivary secretion with continuation of
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Fig. 4 Changes in objective

findings of dry mouth at

eight weeks (PPS). At each

subject visit to the study site, the

investigator assessed the four

items of dryness of the lingual

surface, dryness of the oral

mucosa, angular stomatitis, and

decrease in sublingual saliva

retention on a four-grade scale

of (1) none, (2) mild, (3)

moderate, and (4) severe. The

change in score for each item at

eight weeks from that before the

start of administration was

calculated, and the distribution

of the number of subjects with

each change in score was

determined. Assessments that

were graded (1) none at both

timepoints were excluded from

tabulation. The significance of

the difference between groups

was determined by Wilcoxon

signed rank sum test
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treatment, although the differences between the groups

were not statistically significant. A crucial point from an

exploratory point of view was that analysis by subject

baseline characteristics showed a clear difference in the

effect of rebamipide on salivary secretion between cases of

primary and secondary Sjögren’s syndrome. While the

rebamipide group showed a statistically significant increase

in salivary secretion in comparison with the placebo group

in cases of primary Sjögren’s syndrome, no increase in

salivary secretion was seen in the rebamipide group for

cases of secondary Sjögren’s syndrome (see Fig. 5). In

analysis by other baseline characteristics, rebamipide

showed a marked salivary secretion increasing effect in

non-elderly subjects younger than 65 years (increase in

salivary secretion volume at eight weeks: 0.42 ± 0.61 g in

the rebamipide group vs. 0.17 ± 0.44 g in the placebo

group; P = 0.07) and in subjects in whom the baseline

Saxon test result was 2–3 g, indicating mildly decreased

salivary secretion (increase in salivary secretion volume at

eight weeks: 0.79 ± 0.79 g in the rebamipide group vs.

0.28 ± 0.34 g in the placebo group; P = 0.16).

Similar to salivary secretion, dry mouth symptoms also

tended to show higher rates of improvement by reb-

amipide in cases of primary Sjögren’s syndrome, in non-

elderly subjects, and in subjects with mildly decreased

salivary secretion. In cases of primary Sjögren’s syn-

drome, the overall improvement rates for dry mouth

symptoms (rebamipide group vs. placebo group) were

27.0% vs. 11.4% (P = 0.10) at two weeks, 48.6% vs.

23.5% (P = 0.03) at four weeks, and 48.6% vs. 37.5%

(P = 0.35) at eight weeks, with a statistically significant

difference seen at four weeks. There were no differences

in baseline characteristics between the rebamipide and

placebo groups for subjects with primary Sjögren’s syn-

drome (see Table 3).

The biggest difference between cases of primary and

secondary Sjögren’s syndrome is the higher frequency of

concomitantly administered corticosteroids, immunosup-

pressants, and anti-inflammatory agents for treatment of the

various connective tissue disease complications accompa-

nying secondary Sjögren’s syndrome. In this study,

corticosteroids were concomitantly administered in 13 of

28 subjects (46%) with secondary Sjögren’s syndrome,

versus only 8 of 72 subjects (11%) with primary Sjögren’s

syndrome. Corticosteroids have been reported to have an

improving effect on Sjögren’s syndrome [19, 20]. Further

evidence suggesting that these concomitantly administered

drugs may have influenced the results of the study was that

in the placebo group, while almost no increase in salivary

secretion was seen in subjects with primary Sjögren’s

syndrome, a marked salivary secretion increasing effect

was observed in subjects with secondary Sjögren’s

syndrome.

In future studies, it is considered that the efficacy of

rebamipide could be better clarified by selecting subjects

that are more suitable for evaluation, such as by limiting

enrollment to patients with primary Sjögren’s syndrome.

Kohashi et al. reported rebamipide’s mechanism of

action for promoting salivary secretion in the NFS/sld

mouse [11]. They found that the development of autoim-

mune sialoadenitis is prevented by rebamipide’s

suppression of T-cell activation and inhibition of apoptosis

of salivary and lacrimal gland excretory duct epithelial

cells, suggesting that these actions may also promote

increased salivary secretion. There are also data from

unpublished animal studies suggesting that rebamipide has

a direct salivary secretion stimulating action. Because

rebamipide does not have an M3 muscarinic receptor

stimulating action, further study is needed to clarify the

compound’s mechanism of action for promoting salivary

secretion.

Unlike sialogogic drugs, which are muscarinic receptor

agonists, rebamipide’s effects on increasing salivary

secretion and on dry mouth symptoms are not observed in a

short period of time. Rebamipide will be an agent that is

used to supplement sialogogic drugs rather than to replace

sialogogic drugs, with the objective of protecting the oral

mucosa and inhibiting secretory gland disorders via a
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Fig. 5 Changes in salivary

secretion (PPS). The increases

(mean ± SD) in salivary

secretion volume at two, four,

and eight weeks are shown

separately for subjects with

primary and secondary

Sjögren’s syndrome. The

significance of differences

between groups was determined

by t-test
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mechanism of action that is different from that of a mus-

carinic receptor agonist. Further studies are necessary to

demonstrate that potential by evaluating rebamipide’s

long-term therapeutic effects, such as whether or not it

actually improves salivary gland hypofunction and histo-

logical disorders.
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syndrome (PPS)

Characteristic Rebamipide Placebo P value

Gender

Male 1 2 0.52a

Female 36 33

Age (y)

B64 24 20 0.50a

C65 13 15

Mean ± SD 58.0 ± 13.2 60.3 ± 12.5 0.36b

Body weight (kg)

Mean ± SD 51.1 ± 6.2 50.5 ± 6.5 0.66b
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