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Background/Aims

To assess the effects and safety of DA-9701 (Motilitone) in patients with constipation-type irritable bowel syndrome (IBS-C) which
frequently accompany functional dyspepsia (FD).

Methods

FD and IBS-C were diagnosed based on the Rome Il criteria. Randomized subjects were administered 30 mg of DA-9701 or placebo 3
times a day for 4 weeks. The study endpoints were evaluated the percentage of responders in the overall symptom evaluation of IBS-C
and FD.

Results

Thirty IBS-C patients and 30 placebos were prospectively enrolled. The proportion of responders with improvement in overall
symptoms of IBS-C was 53.33% in the DA-9701 group and 40.00% in the placebo group (P = 0.301). Compared to the placebo
group, the decrease of abdominal pain score in the DA-9701 group was significantly higher at week 3 in the DA-9701 group (0.96 =+
0.77 vs 0.55 = 0.79, P = 0.042) but no significance at week 4. There was no significant difference in total IBS quality of life score at
week 4 between the 2 groups (P = 0.897). Among patients with IBS-C accompanied by FD, the proportion of responders in the DA-
9701 group was 50.00% (15/30), which was higher than 31.03% (9/29) of the placebo group (P = 0.138).

Conclusions

DA-9701 showed trend of treatment efficacy in patients with IBS-C and FD overlap including overall improvement, and safety,
compared to placebo but without significance probably due to small numbers. It is suggested the need for a large-scale clinical trial to
confirm this preliminary effect of DA-9701.
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Introduction

Irritable bowel syndrome (IBS) is defined as abdominal pain or
abdominal discomfort associated with changes in bowel habits." It is
a very common disease in the Western countries, showing a preva-
lence rate of 7-10% of the total population,” and a Korean study also
showed a prevalence rate similar to that of the Western countries at
8.0-9.6%.* Due to recurring symptoms, quality of life (QoL.) is
greatly reduced,” and medical expenses are increasing.”* There-
fore, it is very important to improve symptoms with appropriate
treatment. However, there are many difficulties in treatment as the
symptoms are diverse, and the pathophysiology are not accurately
known. Abnormal intestinal motility, visceral hypersensitivity, and
psychosocial factors are suggested as important pathophysiological
mechanisms of IBS.’

Recently, as mechanisms and mediators related to the move-
ment, sensory, and secretory functions of the intestine have been
revealed in more detail, various neurotransmitters and therapeutic
agents targeting their receptors have been developed. A typical
example is drugs that target 5-hydroxytryptamine (5-HT, sero-
tonin) receptors. Among various drugs targeting 5-HT receptors,
S-HT, receptor agonists promote release of neurotransmitters such
as acetylcholine and calcitonin gene-related peptide involved in
gastrointestinal (GI) motility. It is known to be helpful in treatment
of patients with constipation-type IBS (IBS-C) by controlling intes-
tinal afferent sensation and promoting GI movement and secretory
function."” On the other hand, psychosocial factors are also thought
to cause IBS, and many studies have reported that anti-depressants
are effective in IBS." For this reason, buspirone, a 5S-HT,, agonist
mainly used as an anti-anxiety agent was considered as a treatment
option for IBS, and there have been attempts to combine 5-HT, re-
ceptor antagonist with a S-HT,, receptor agonist to treat IBS." In
other words, it was to gain anti-anxiety effects in the central nervous
system through the 5-HT, receptor agonist and control the move-
ment of the peripheral GI tract through the 5-H'T, receptor antag-
onist to increase the therapeutic effects in IBS. Therefore, 5-HT,
receptor agonist may be a treatment option for patients with IBS.

DA-9701 (Motilitone tablet; Dong-A ST, Seoul, Korea) is a
medicine made using natural substances extracted from seeds of
Pharbitis Semen and root of Corydalis Tuber, which is a medicinal
herb."™" Tt was reported that DA-9701 has effects through high
affinity for the S-HT, receptor and 5-HT, receptor and that its
effects are exerted through the action of both receptors.” Therefore,
considering the function of DA-9701 as an agonist of 5-HT, and

S-HT,, receptor, it may promote motor and secretory functions,
regulate intestinal afferent sensation, and bring anti-anxiety ef-
fects. Then, DA-9701 may be an option for patients with IBS-C.
Furthermore, in an experiment with interstitial cells of Cajal (ICC)
extracted from the small intestine of mice, DA-9701 was reported
to induce pacemaker current of ICC, suggesting that DA-9701
may restore the reduced function of ICC." From this background
we made a hypothesis that DA-9701 could be an useful in the treat-
ment of IBS-C, even though the indication of DA-9701 is func-
tional dyspepsia (FD).

Moreover; many studies have suggested that FD is accompa-
nied by a high rate with IBS, and a recently published meta-analysis
study reported that the prevalence of IBS in patients diagnosed with
FD is significantly higher with a relative risk of 8.0 (95% CI, 5.74-
11.16) compared to those patients without FD."” A study conduct-
ed in Korea also showed that there is a correlation between FD and
IBS with a relative risk of 4.4 (95% CI, 1.21-15.71)." From this
background the aim of this study is to evaluate the effects and safety
of DA-9701 in patients with IBS-C which is frequently overlapped
with FD.

Materials and Methods

Study Design and Intervention

After screening for patients who meet the inclusion/exclusion
criteria, 1-week observation period during which no treatment was
provided and drugs that may have affect the effects of the test drug
were stopped at least 3 days before the observation period. After as-
sessing the symptom score during the observation period, subjects
who met the criteria for transition to the treatment period were
randomly assigned to DA-9701 or placebo groups and received
the respective intervention for 4 weeks. The clinical study plan and

design of the observation and treatment periods were as follows.
Patients

Inclusion criteria

Patients with IBS-C who met all of the following criteria were
enrolled. (1) men and women aged 20 years to 75 years, (2) IBS
was defined by the Rome II1 diagnostic criteria' as patients who had
abdominal pain or discomfort accompanied by more than 2 symp-
toms [1] symptoms improve after defecating, [2] when symptoms
are present, there is a change in the number of defecations, and [3]

when symptoms are present, there are changes in stool shape or
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condition) for 3 days every month in the last 3 months and whose
symptoms started at least 6 months ago. (3) Patients who had con-
stipation based on the Rome IIT IBS subtype criteria (Bristol stool
form scale 1-2 stool form is 25% or more and Bristol stool form
scale 6-7 stool form is less than 25%). (4) Patients who underwent
the following tests according to the patient’s age after the onset of
IBS symptoms or within 5 years and had no organic diseases [1]
under 50 years old at the time of screening: sigmoidoscopy or colo-
nography; [2] over 50 years of age at the time of screening: full
colonoscopy or colonography; and [3] even when the patient was
under the age of 50 at the time of screening, full colonoscopy or
colonography could be performed at the discretion of the investiga-
tor). After selecting patients who met the IBS-C diagnostic criteria,
FD was diagnosed by conducting an FD questionnaire. FD was
diagnosed based the Rome I1I criteria that had at least 1 of the fol-
lowing symptoms: bothersome postprandial fullness, early satiation,

. . . . . 19
eplgastnc pain, and eplgastrlc SOreness.

Criteria for proceeding to the treatment period

Patients who satisfied the above screening selection criteria per-
formed necessary tests during the 2 weeks of screening, underwent
a wash out period, and had 1-week of observation period. At the
end of the observation period, those who met all the following crite-
ria were able to proceed to the treatment period: (1) patients whose
IBS patient diary has been recorded for more than 5 days during
the observation period, (2) patients who had at least 2 incidences of
abdominal pain or discomfort during the 1 week of observation pe-
riod and had visual analogue scale = 30 mm of average abdominal
pain or discomfort for 1 week, (3) patients who did not have Bristol
stool form scale 6-7 stool form during the observation period, and
(4) those who defecated less than 3 times for the 1-week observation
period. All of the enrolled subjects were underwent colonoscopy

and there were no significant diseases such as colitis present except

polyps.

Exclusion criteria

Patients with any of the following were not eligible to partici-
pate in the study: (1) intolerant or hypersensitive to clinical study
drugs, (2) abnormal findings in colonoscopy or colonography
(results within the last § years can be used), (3) the following condi-
tions within 6 months of screening; esophagitis, gastritis, duodenitis
or ulcer, gastroesophageal reflux disease, bleeding in the GI tract,
stricture or obstruction of the GI tract, infectious diarrhea, inflam-
matory bowel disease (Crohn’s disease, ulcerative colitis, sensitive

enteritis, ischemic colitis, and etc), pancreatic insufficiency, biliary
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tract disease, bile absorption disorders, (4) uncontrolled diabetes,
uncontrolled high blood pressure, and thyroid dysfunction, (5)
psychotic disorders, (6) history of malignant tumors (except for GI
cancer, participation was possible if it did not recur within 5 years
after treatment), (7) anemia, glaucoma, enlarged prostate, and col-
lapsed patients, (8) history of major GI surgery or GI surgery with
complications, (9) liver or renal dysfunction, (10) lactose intoler-
ance not controlled by diet, (11) pregnancy, lactation, or fertile with
no intention to use contraception during the study period, (12)
expected to take prohibited drugs during the study period, (13) his-
tory of drug or medication and alcohol abuse, and (14) participated
in other clinical studies within 30 days of screening.

Written informed consent was obtained from all patients before
participation. All of the patients were informed of the study aims
and methods, as well as the possible side effects. The Institutional
Review Board of Seoul National University Bundang Hospital
approved the study protocol (IRB No. B-1211-177-004), and the
study was approved by the Korean Food and Drug Administration
(20130027676).

Randomization and Treatment

SAS version 9.2 (SAS Institute, Cary, NC, USA) was used by
a statistical expert who had no direct relationship with the clinical
trial institution to randomly allocate the patients into the treatment
group and placebo group in a 1:1 ratio following the block random-
ization method. The statistical expert delivered the randomization
code to the code manager before the start of the clinical trial, so that
a randomization envelope could be distributed. To maintain blinded
conditions, only a minimal number of persons who did not have
a direct relationship with the clinical trial institution was asked to
check the randomization table and code before the end of the study.
A placebo that has the same appearance as DA-9701 was used
in this study to maintain the blinded conditions. Therefore, since
both the treatment and placebo groups received that looked identi-
cal, it was not possible to distinguish which group the subject was
assigned to unless the randomization number was disclosed. Ran-
domized subjects were administered 30 mg of DA-9701 or 1 tablet

of placebo 3 times a day before each meal for 4 weeks.

Safety Assessment

Safety profiles were assessed by using review of systems and
physical examination at screening and at each outpatient clinic visit.
Laboratory tests including a complete blood count, biochemistry

and electrolytes were performed before and after treatment.
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Quality of Life

Fach participant completed the IBS-QoL. questionnaire initial-
ly developed by Patrick et al.”’ The Korean version of this question-
naire has been cross-culturally validated and used in a subsequent
study by Park et al.”"* This scale includes 34 items, each with a
S-point Likert-type response scale ranging from 1 to 5 (I = not at
all, 2 = slightly, 3 = moderately, 4 = quite a bit, and 5 = extremely
or a great deal). The individual responses to the 34 items were
summed and averaged for a total score and then transformed to a
0-100 scale for ease of interpretation, with higher scores indicating
better IBS specific QoL. There are also 8 domain (dysphoria, inter-
ference with activities, body image, health worry, food avoidance, so-
cial reaction, sexual function, and relationships) scores, with the total
score of each also summed and transformed to a 0-100 scale. If a
patient responded with “not at all” for all 34 items, the overall score
of IBS-QoL. would be 100. If a patient responded with “slightly,”
a score of 4, for all items, the overall IBS-QolL. score would be 80.
Therefore, if a score was more than 80, the subscale was not consid-
ered to be associated with bowel problems. Moderate to severe IBS
had an approximate score of 60-65 by the IBS-Qol..*’

Study Endpoint

Intention-to-treat (ITT) set was intended for those subjects
who received the investigational drug after randomization and
whose data on primary efficacy endpoints after baseline could be
obtained. Per protocol (PP) set was intended for subjects who
completed the clinical trial and did not have a major deviation in the
procedure of the clinical trial protocol. Reasons for PP set exclusion
included dropout, violation of inclusion/exclusion criteria, and use
of contraindicated drugs. Endpoint was analysed using both ITT
set and PP set, and the main analysis target group was I'TT set
safety was analyzed using the safety set.

The primary endpoint was evaluated in terms of the percent-
age of responders in the overall symptom evaluation of IBS-C (re-
sponders: those who answered “Yes/No” to the question “Did last
week’s treatment adequately improve your symptoms” and whose
number of weeks in which symptoms were adequately improved in
75% of the total treatment period). The secondary endpoint was the
quantity of changes in abdominal pain and discomfort, stool consis-
tency, bowel movement at weeks 1, 2, 3, and 4 compared the base-
line and the quantity of changes in IBS-QoL. at week 4 compared
to the baseline. In patients with FD, the secondary endpoint was
the percentage of responders in the evaluation of overall symptoms

of FD, the quantity of changes in epigastric pain or soreness, early

satiety, postprandial fullness after meals at weeks 1, 2, 3, and 4 com-
pared to the baseline.

Statistical Methods

A pilot study comparing DA-9701 with placebo was first at-
tempted as the basis for calculating the appropriate number of
subjects in large-scale clinical trials using DA-9701. As the recom-
mended number of subjects in pilot studies is at least 30 per group,
this study also intended to include 30 subjects per group.”**

Mean = standard deviation, and median value (minimum
and maximum) were presented as continuous variables. Frequency
and percentage were presented as categorical variables. Normality
test was performed for all continuous variables, and 2 sample ¢ test,
paired ¢ test or Wilcoxon’s rank sum test, or Wilcoxon’s signed rank
test were performed depending on whether the normality assumption
was satisfied. Categorical variables were analyzed by Pearson’s chi-
square test or Fisher’s exact test, depending on whether 80% or more
of the cells with an expected frequency of 5 or more were found. The
significance level of the analysis was set to 5% and 2-sided tests were
conducted. P-value of less than 0.05 was considered significant. All
statistical analysis was performed using SAS version 9.2.

Screening
N = 69

Exclusionn =9
Not meet inclusion/exclusion criteria, n = 5
Consent withdraw, n = 4

Randomization (n = 60)

DA-9701 Placebo
n =30 n =230
[ [
Safety set (n = 60)

DA-9701 Placebo
n =30 n =230
[ [
ITT set (n = 60)

DA-9701 Placebo
n =30 n =230
[ [

Completion of clinical trial (n = 60)

DA-9701 Placebo
n =30 n =230
[ [

PP set (n = 60)
DA-9701 Placebo
n =30 n =230

Figure 1. Subject disposition and analysis population of the study.
ITT, intention-to-treat; PP set, per protocol set.
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the inclusion/exclusion criteria and withdrew their consent, respec-
tively. All 60 subjects (30 subjects each in the DA-9701 group and

Results the placebo group) who were randomly assigned were included in

the safety set by receiving the investigational drug. In addition, all

Baseline Characteristics of the Study Subjects 60 subjects were included in the ITT set and PP set without drop-
Among the 69 subjects who were screened, 60 subjects were outs or serious violation of the protocol (Fig. 1).

enrolled in the study, excluding 5 and 4 subjects who did not meet Analysis of demographic information and other basic informa-

Table. Baseline Characteristics of the Study Subjects

DA-9701 Placebo
Baseline characteristics P-value
n =30 n =30
Age (yr) 47.97 £ 14.71 49.83 * 14.94 0.836"
20-29 2(6.67) 5(16.67) 0.285"
30-39 10 (33.33) 3 (10.00)
40-49 3 (10.00) 4(13.33)
50-59 7(23.33) 10 (33.33)
60-69 7(23.33) 6(20.00)
Over 70 1(3.33) 2 (6.67)
Sex
Men 8 (26.67) 5(16.67) 0.347°
Women 22 (73.33) 25 (83.33)
Height (cm) 161.53 = 8.47 159.57 = 6.29 0.755"
Weight (kg) 58.56 + 11.25 59.60 * 10.35 0.455°
BMI (kg/m?) 2229 + 2.63 2333 + 327 0.181¢
Smoking
History
Not identified 0(0.00) 0 (0.00) 0.418°
None 26 (86.67) 29 (96.67)
Past 2(6.67) 0 (0.00)
Current 2(6.67) 1(3.33)
Amount 0.75 £ 0.35 1.00 NA 1.000°
Alcohol
History
Not identified 0 (0.00) 0 (0.00) 1.000°
None 23 (76.67) 24 (80.00)
Past 1(3.33) 0 (0.00)
Current 6(20.00) 6(20.00)
Amount 5.17 £ 7.94 13.00 = 9.88 0.072*
Concurrent FD
Yes 30 (100.00) 29 (96.67) 1.000°
No 0(0.00) 1(3.33)
IBS symptom duration (mo) 42.83 £ 35.29 37.60 £ 31.75 0.298°
Abdominal pain VAS score (mm) 48.13 = 14.67 47.13 = 7.52 0.741°
Abdominal discomfort VAS score (mm) 56.07 = 15.45 50.57 = 8.64 0.216"

“Wilcoxon’s rank sum test.

"Fisher’s exact test.

‘Pearson’s chi-square test.

“Two sample t test.

BMI, body mass index; FD, functional dyspepsia; VAS, visual analogue scale.
Data are expressed as mean = SD or n (%).
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tion of the I'TT set participating in the study showed that the mean
age of the DA-9701 group and the placebo group was 47.97 =
14.71 and 49.83 = 14.94 years old, respectively (Table). In both
groups, 73.33% (DA-9701 group, 22/30) and 83.33% (placebo
group, 25/30) were women. The mean BMI was 22.29 * 2.63 and
23.33 = 3.27 kg/m’ in the DA-9701 group and placebo groups,
respectively. There was also no significant difference between the 2
groups in smoking history and alcohol consumption. Assessment
of FD in both groups showed that 100.00% (30/30) and 96.67%
(29/30) of the subjects were in the DA-9701 and placebo group,
respectively, had FD except 1 subject without FD in the placebo
group (Table). The IBS symptom duration (DA-9701 group:
42.83 = 35.29 months, placebo group: 37.60 * 31.75 months),
abdominal pain and abdominal discomfort score were not signifi-
cant different between the 2 groups. In addition, there were no sig-
nificant differences between the 2 groups in past disease, comorbid

conditions, preceding drugs, concomitant drug, and medication

compliance (Table).
A Abdominal pain
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g . —
o 063 -0.60
S -0.6 1 048 ~0.50 -0.55
£
2 -0.4 1
(o))
c
S -02-
(@]
0 T T T 1
Change 1 Change 2 Change 3 Change 4
C Stool consistency 3 Placeb
acebo
> 25 [ DA-9701
c
% 2.02 2,01 2
3 2.0 1 — —
8 1.55 1,53 Rl
< 1571 137 136
[e]
®
£ 1.0
[%]
(]
(o))
S 0.5
ey
o
0 T T T 1
Change 1 Change 2 Change 3 Change 4

80 1 [ Placebo
[ DA-9701
60.00
= 60
S 53.33
2 46.67
g 40.00
Q40 A
e
o
(o}
[%]
(0]
& g
0 T 1
Responder Non-responder

Figure 2. Evaluation of constipation-type irritable bowel syndrome
(IBS-C) symptoms. The proportion of responders with improvement
in overall symptoms of IBS-C was 53.33% in the DA-9701 group and
40.00% in the placebo group (P = 0.301). Responder, the patients
whose number of weeks in which symptoms were adequately im-
proved in 75% of the total treatment period.

B Abdominal discomfort
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Figure 3. Changes in abdominal pain (A) and discomfort (B), stool consistency (C), and bowel movement (D) at weeks 1, 2, 3, and 4 compared
to the baseline. Compared to the placebo group, the decrease abdominal pain score in the DA-9701 group tended to be higher, and the decrease at
week 3 was significantly higher in the DA-9701 group (P = 0.042). Change 1 = 1 week — baseline; Change 2 = 2 weeks — baseline; Change 3 =

3 weeks — baseline; Change 4 = 4 weeks - baseline. *P < 0.05.
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Evaluation of Improvement in Overall Symptom of
Constipation-type Irritable Bowel Syndrome

The proportion of responders with appropriate improvement
in overall symptoms of IBS-C was 53.33% in the DA-9701 group
(16/30) and 40.00% in the placebo group (12/30). Although the
difference did not reach statistical significance the response rate was
higher in the DA-9701 group than in the placebo group (P = 0.301)
(Fig. 2).

Changes in Abdominal Pain and Abdominal
Discomfort, Stool Consistency, and Bowel Movement

Comparison of abdominal pain reduction results showed DA-
9701/placebo group 0.50 * 0.87/0.48 = 0.79 (P = 0.951) at week
1, DA-9701/placebo group 0.80 = 0.74/0.63 = 0.84 (P = 0.394)
at week 2, DA-9701/placebo group 0.96 = 0.77/0.55 %= 0.79
(P = 0.042) at week 3, and week 4 DA-9701/placebo group 0.87 *+
0.77/0.60 = 0.76 (P = 0.161) at week 3 (Fig. 3A). Compared to
the placebo group, the decrease in the DA-9701 group tended to
be higher, and the decrease at week 3 was significantly higher in the
DA-9701 group (Fig. 3A).

Abdominal discomfort gradually decreased until the fourth
week of administration of the investigational drug, and the decrease
in the DA-9701 group and the placebo group at week 4 was 0.97 =
0.88 and 0.66 = 0.87 points, respectively (Fig. 3B). Although the
differences between the 2 groups were not significant, the decrease
in the DA-9701 group was higher than that of the placebo group
(P = 0.167) (Fig. 3B).

Changes in the stool consistency during the administration of

the investigational drug were compared to the baseline in the DA-

-10 1
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9701 and placebo groups. Up to week 4 of administration of the
investigational drug, the stool consistency gradually became thinner,
and the decrease in the DA-9701 and placebo groups at week 4 was
2.14 = 1.38 points and 1.64 £ 1.94 points, respectively. Although
the difference did not reach statistical significance, the stool con-
sistency of subjects receiving DA-9701 was thinner compared to
subjects receiving placebo (P = 0.110) (Fig. 3C).

The change in the number of bowel movements up to week 4
of administration of the investigational drug was DA-9701/placebo:
0.43 = 0.41 times/0.43 = 0.57 times (P = 0.6044) at week 1, DA-
9701/placebo: 0.46 = 0.36 times/0.38 =+ 0.42 times (P = 0.4264)
at week 2, DA-9701/placebo: 0.43 = 0.30 times/0.32 = 0.40
times (P = 0.2363) at week 3, and DA-9701/placebo: 0.45 = 0.42
times/0.36 % 0.45 times at week 4. The differences were not sig-
nificant; however, the increase in the number of bowel movements
was higher in the DA-9701 group than in the placebo group (P =
0.449) (Fig. 3D).

Changes in Irritable Bowel Syndrome-Quality of Life
As a result of comparing the total IBS-QoL. score at week

4 of administration of the investigational drug to the baseline,
the DA-9701 group decreased by 3.85 = 19.99 points while
the placebo group decreased by 4.53 = 20.77 points without
significance (P = 0.897). The quantity of changes in 8 domains
of QoL showed that QoL. was improved in 7 domains including
dysphoria (DA-9701/placebo: —=5.10 = 25.15/5.31 ® 22.52,
P = 0.876), body image (DA-9701/placebo: —1.88 =+ 25.06/
—5.63 = 28.49, P = 0.5904), health worry (DA-9701/placebo:
0.56 = 30.32/-3.61 %= 30.46, P = 0.597), food avoidance (DA-
9701/placebo: —8.06 * 21.38/~8.61 * 23.42, P = 0.924), social

a1 [ Placebo
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., T84 -1.26 ]
o -6.25
f/?) =61 -531-5.10 A -5.00
m -4.53 -
= -4 -3.85 .
o -2.62
<) -1.88 -2.22
% -9 H 1.67_1-25
<
o
0 T |_, T T T 1
0.56
9 1.25
o R R S 0&6 'zy(\& é\o‘\ a\\o(\ \{\\Q% Figure 4. Changes in irritable bowel
0@% o*%&\ & &\@ o« & & R syndrome (IBS)—quality of life (QoL.) at
< \é{& ol \2\‘2}’ Oé’b oé’& o Qg}q’ week 4 compared to the baseline. There
& «© @ < was no significant difference in total
& g
Qg@‘ IBS-QoL score at week 4 between the 2
& groups (P = 0.897).
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reaction (DA-9701/placebo: —1.25 = 23.18/~1.67 £ 25.05, P =
0.929), sexual function (DA-9701/placebo: 1.25 + 3.67/-6.25 +
17.29, P = 0.0981), and relationships (DA-9701/placebo: —2.22 =
23.97/-5.00 = 20.83, P = 0.818) in the placebo group compared
to the DA-9701 group without significant differences. In interfer-
ence with activities domain of Qol., the quantity of change in the
DA-9701 group was —7.26 = 18.17 points, which improved com-
pared to —2.62 = 20.42 points in the placebo group (P = 0.356)
without significant difference (Fig. 4).

Subgroup Analysis of Functional Dyspepsia

Among patients with IBS-C accompanied by FD, there were
no significant differences between the 2 groups in the evaluation
of overall symptoms of FD. However, the proportion of respond-
ers in the DA-9701 group was 50.00% (15/30), which was higher
than 31.03% (9/29) in the placebo group (P = 0.138) (Fig. SA).
In addition, in terms of changes in the severity of symptoms in-
cluding epigastric pain or soreness, early satiety, and postprandial

fullness the improvement of symptoms was higher in the DA-9701
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group than in the placebo group, but without significant difference
between the 2 groups (the quantity of change at week 4 compared
to baseline in epigastric pain or soreness, DA-9701: —=0.17 = 0.77
points, placebo: 0.16 = 0.76 points [P = 0.112]; early satiety, DA-
9701: —0.73 = 0.89 points, placebo: —0.45 = 0.96 points [P =
0.261]; and postprandial fullness, DA-9701: =0.73 % 0.87 points,
placebo: —0.34 =+ 1.16 points, [P = 0.157]) (Fig. $B-D).

Safety Assessment

During the study period, 1 adverse reaction occurred before
the administration of the investigational drug and the incidence
rate of the treatment-emergent adverse event after administration of
the investigational drug was 6.67% (2/30, 2 cases) in both the DA-
9701 group and the placebo group. Among these, the incidence rate
of adverse drug reaction (ADR) was 3.33% in both the DA-9701
group and the placebo group (1/30, 1 case), respectively (in the
DA-9701 group, arthralgia was observed once in 1 subject while in
the placebo group, somnolence was observed once in one subject).

There were no serious adverse reactions or adverse reactions that
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Figure 5. Subgroup analysis of functional dyspepsia. (A) The proportion of responders in the DA-9701 group was 50.00%, which was higher than
31.03% in the placebo group (P = 0.138). (B-D) Changes in the severity of symptoms including epigastric pain or soreness, early satiety, and post-
prandial fullness were not significantly different between the 2 groups. Change 1 = 1 week — baseline; Change 2 = 2 weeks — baseline; Change 3

= 3 weeks — baseline; Change 4 = 4 weeks — baseline.
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led to withdrawal from the study. There were items with differences
within the groups for the results of analysis of clinical laboratory,
vital signs, and urine test results between the baseline and final visit.
However, there were no changes that violated safety of the study,
considering the clinical normal range, direction of changes, and

amount of changes.

Discussion

This clinical trial study was conducted to evaluate the efficacy
and safety of DA-9701 in patients with IBS-C and FD overlap by
observing changes in the symptoms. The proportion of women was
73.33% and 83.33% in the DA-9701 group and placebo group, re-
spectively, and the number of women were 3 to 5 times higher than
the number of men, which was similar to the findings of previous
studies.”” Characteristics such as demographic information and
medical history of the 2 treatment groups were distributed in a com-
paratively equal manner between the 2 groups. Moreover, 100.00%
(30/30) and 96.67% (29/30) of subjects in the DA-9701 group and
placebo group, respectively, also had FD, which was consistent with
previous studies showing that many patients with IBS are accompa-
nied by FD.”"*

As a result of efficacy evaluation, there was no statistically sig-
nificant difference in the proportion of responders with appropriate
improvement in overall symptoms of IBS-C. However, the propor-
tion of responders was higher with 53.33% (16/30) in the DA-9701
group than in the placebo group with 40.00% (12/30). This finding
is considered similar to a previous study comparing the effects of
tegaserod in patients with IBS where the response rates of the DA-
9701 group and placebo group were 43.3-46.8% and 28.3-28.9%,
respectively.””" However, in the current study, no significant dif-
ference was found between the 2 treatment groups, mainly due to
small number of enrollments, just 60 subjects. As this study was
undertaken with a format of pilot study the enrollment was signifi-
cantly less than 314 of the statistically considered minimum number
of subjects.”

Moreover, the evaluation of symptoms of IBS-C (abdominal
pain and abdominal discomfort, stool consistency, and number of
bowl movements per day) showed slightly greater tendency of im-
provement than that of the placebo group as the period of DA-9701
administration increased. On the other hand, in IBS QoL survey,
the DA-9701 group did not show a superior tendency compared
to the placebo group except for interference with activities. It looks
like that the symptom improvement observed in this study did not

directly affect the Qol., and even in previous studies, symptom im-
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provement was not directly related to the improvement of QolL.*

When the response rate to the overall symptoms of FD and
quantity of changes in individual symptoms (epigastric pain or sore-
ness, early satiety, and postprandial fullness) were compared, signifi-
cant differences were not observed. However, improvement effects
in the DA-9701 group was higher than that in the placebo group.
This is also thought to be caused by the lack of statistical power
from the limited number of subjects, similar to the improvement in
symptoms of IBS.

DA-9701 has an affinity for dopamine D,, 5-HT,, 5-HT,,,
and 5-HT,; receptors. It brings antagonistic effects on the dopa-
mine D, receptor and agonistic effects on the S-HT,, 5-HT A,
and 5-HT,B receptors, resulting in various pharmacological ef-

14,15,33,34
fects.

DA-9701 acts on the upper GI tract to improve gastric
emptying and accommodation, helping to alleviate the symptoms
of FD."* In addition, DA-9701 also acts on the lower GI tract.
For example, it has been reported that DA-9701 stimulates the
ICC of murine small intestine,® and it significantly increased the
contraction and motility of the guinea pig GI tract and improved
the lower GI tract transit in the opioid bowel dysfunction model.”
Clinical studies also showed the effects of DA-9701 on the lower
GI tract. Kim et al reported that DA-9701 accelerated colon transit
and improved symptoms in patients with functional constipation
by measuring colonic transit time (CTT).” In other words, in
patients with constipation, CT'T decreased by 32% after treatment
with DA-9701 compared before treatment.” This is consistent with
the results of the study on prucalopride, a 5-HT, receptor agonist,
where CTT decreased by 20-40%.*" Thus, these findings suggest
that DA-9701 has effects on the 5-HT, receptor.

DA-9701 also improved stress-induced delay in gastric empty-
ing and suppressed changes in plasma ACTH levels."” Moreover,
DA-9701 is also involved in the central corticotrophin-releasing
factor pathway and was suggested to treat postoperative ileus.* It
improved GI transit delay in guinea pig experiments and reduced
plasma ACTH levels and hypothalamic corticotrophin-releasing
factor expression induced by abdominal surgery." Recently, several
studies suggested that ICCs, which are distributed throughout
the GI tract regulating GI smooth muscle movement by regularly
emitting slow waves, may be involved in the pathophysiology of
IBS."** In patients with IBS-C the interval between the migratory
motor complex cycles is long and it could be due to a decrease in the
number of ICC which leads to a decrease in nitric oxide delivery.
In addition, plasma concentration of 5-HT is decreased in patients
with IBS-C. However, the 5-HT,; receptor is expressed in ICC,

and the activation of the 5-HT,j receptor is known to mediate
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the proliferation of ICC."* Taken together, the activity of ICC is
inhibited in patients with IBS-C, leading to decreased GI motility.
ICCs are also thought to contribute to the pathophysiology of IBS
by maintaining cholinergic neurotransmitters and controlling GI
hormones and intestinal hypersensitivity. As in patients with IBS-C,
decreased number or deterioration of the function of ICC is mostly
observed. If the function of ICC is promoted through drugs such
DA 9701 then it may contribute to improvement of symptoms.

In safety assessment, there were no significant differences in
the incidence rate of adverse reactions and ADR between the DA-
9701 and placebo groups. In the DA-9701 group, increased blood
creatine phosphokinase and arthralgia were observed once each
(3.33%) as adverse events, and arthralgia was reported as ADR. In
particular; no adverse cardiovascular reactions such as myocardial
infarction, stroke, and angina, which were the reasons for with-
drawal of tegaserod, were not reported in DA-9701 that are 5-HT,
receptor and 5-H'T', receptor agonist. Moreover, no changes lead-
ing to consideration of safety were observed in clinical laboratory
tests (hematological, chemical, and urine test) and vital signs (blood
pressure, pulse, and body temperature).

This study has several limitations. First, this is a pilot study
conducted with 30 subjects per group. Pilot studies may have poor
verification power due to the limited number of subjects. However,
even though significant differences in treatment effects were not
observed, it is thought that examining the treatment response rates
between the DA-9701 group and placebo group allowed to evaluate
whether a large-scale clinical trial would be feasible in the future,
and also assess the approximate number of subjects required if such
clinical trial studies are possible. Second, the 4-week treatment
period can be short to calculate the exact sample size for the large-
scale clinical trial. However, in a previous study in which tegaserod,
a 5-HT, receptor agonist, was administered to patients with IBS-C,
the response rates of 4-week treatment in the tegaserod group and
the placebo group were reported as 43.3% and 28.9%, respectively.”'
In other literatures, the primary treatment response rate was evalu-
ated at 4 weeks.""*" Therefore, We think that 4 weeks is adequate to
observe the primary therapeutic effects of the drug.

In conclusion, this clinical study was a pilot study, and statistical
significance verification was not possible due to the small number of
subjects. However, it was possible to explore the clinical efficacy of
DA-9701 in patients with IBS-C and FD overlap, including overall
improvement, and safety, compared to placebo. In the future, evalu-
ation of the efficacy and safety of DA-9701 through large-scale

confirmatory clinical trials is necessary.
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