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Abstract

Background—In experimental animal models of irritable bowel syndrome (IBS) and human
studies, peripheral kappa opioid agonists have been demonstrated to decrease sensation to colonic
distention.

Aims—To compare the effects of the kappa opioid agonist, asimadoline, and placebo on episodes
of abdominal pain in patients with IBS.

Methods—~Following a two-week run—in period, 100 patients with IBS were randomized (3:2 ratio)
to receive asimadoline, up to 1 mg four times daily, or placebo for four weeks under double-blind.
Pain was scored by daily diary using a 100 mm visual analog scale. During pain episodes, patients
recorded the pain severity, took study medication, and recorded pain score 2 hours later. Primary
endpoint was the average reduction in pain severity 2 hours after treatment.

Results—The average pain reduction 2 hours post-treatment was not significantly different between
the groups. Post-hoc analyses suggest asimadoline was effective in mixed IBS (p=0.003, unadjusted),
but may be worse in diarrhea-predominant IBS (p=0.065 unadjusted). Anxiety score was modestly
reduced by asimadoline (p=0.053). No significant adverse effects were noted.

Conclusions—An on-demand dosing schedule of asimadoline was not effective in reducing
severity of abdominal pain in IBS. Further studies in visceral pain and IBS appear warranted.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a commonly occurring functional gastrointestinal disorder
affecting approximately 14% of the general population (1) and is associated with high health
care costs and decreased quality of life (2). Effective treatment for abdominal pain in IBS has
remained elusive. Although the pathophysiology of IBS is incompletely understood, visceral
hypersensitivity is thought to have an important role (3,4). The neurotransmitters involved in
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control of visceral sensation include: norepinephrine, serotonin, tachykinins, calcitonin gene
related peptide and opiates.

Three major opioid receptors, y, 6 and k, are known to modulate visceral nociception (5).
Opioid agonists that are approved by regulatory agencies for use in routine patient management
are predominantly active on p receptors. They are, however, addictive and have peripheral and
central adverse effects that make them inappropriate for medium or long term clinical use in
patients with IBS. In contrast, asimadoline is a diarylacetamide kappa opioid receptor agonist
that binds preferentially to k-opioid receptors (6), which are involved in the perception of
visceral pain (7). This compound has a very low distribution to the brain (8). In animal studies,
CNS-mediated adverse reactions were seen at doses 50 to 600 times higher than doses
associated with analgesia, and no opiate-like physical dependence has been observed in
treatment for up to 8 weeks with asimadoline in humans (9). In animal models, asimadoline
has been shown to reduce sensation responses to gastric and colon distention (10).

In previous pharmacodynamic studies conducted in healthy human volunteers, we have shown
that asimadoline has a good safety profile. Asimadoline decreased colonic tone during fasting
and gas perception to colonic distention particularly at moderate distension pressures (between
~18 and 28 mmHg); however, asimadoline did not inhibit colonic compliance, postprandial
colonic contraction, or transit (11). In the same study, asimadoline also increased nutrient drink
intake, suggesting a reduction in upper gut sensation without affecting upper gut transit.
Separately, Delgado-Aros et al. also demonstrated that a single 1.5 mg dose of asimadoline
decreased satiation and postprandial fullness without affecting gastric volume in females
(12). In patients with irritable bowel syndrome, acute dosing of 0.5 mg asimadoline was
associated with decreased pain perception over a range of distending pressures in the colon
without affecting the colonic compliance (13). These effects suggest that this k-opioid agonist
may have arole in treatment of pain associated with functional gut disorders without significant
effects on bowel function, given the absence of any significant effects on small bowel or colonic
transit.

In the present study, we investigated the effects of asimadoline on abdominal pain and
discomfort and other symptoms in female IBS patients during a four week trial with an on-
demand dosing schedule. The on-demand schedule was selected in view of the recognition that
abdominal symptoms in IBS, including pain and discomfort, are not present continuously and
that there are substantial symptom free periods (13) when patients may prefer not receiving
any treatment.

MATERIALS AND METHODS
Study Population

The study was conducted between January 2005 and April 2006. A total of 155 patients with
irritable bowel syndrome were recruited from the local referral population. Inclusion criteria
included non-pregnant, non breast-feeding females between the ages of 18 and 65; diagnosis
of IBS by Rome |1 criteria; absence of alarm symptoms; acceptable method of contraception;
and abdominal pain or discomfort of at least 40 mm on a 100 mm visual analog scale (VAS)
for at least 4 of the 14 days in the run-in period, but no more than 60 mm on the VAS on more
than 10 days of the 14-day run-in period. Exclusion criteria included hypersensitivity to
asimadoline or opioid agonists; alcoholics or substance abuse, previous gastrointestinal surgery
(except cholecystectomy, appendectomy or hysterectomy); structural or metabolic conditions
that affect the gastrointestinal system; clinically significant abnormal laboratory values at
screening visit; unable to withdraw medications that alter gastrointestinal transit, that inhibit
CYP 3A4 and 2D6, benzodiazepines or any analgesics.
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The protocol was approved by the Mayo Institutional Review Board, and written informed
consent was obtained from all participants prior to enrollment in the study.

Study Design

This was a randomized, parallel group, double-blind, placebo controlled study evaluating the
effects of a flexible dose of asimadoline (0.5 mg p.r.n. up to 1.0 mg q.i.d. for four weeks) or
identical appearing placebo on improvement of pain and gastrointestinal symptoms in
participants with IBS. Sixty subjects were randomized to on-demand treatment with
asimadoline, and forty subjects were randomized to placebo.

Study Medication

Asimadoline is a highly selective, peripherally active « agonist. The medication (in 0.5mg dose
per tablet) and identical matching placebo were provided by Merck kGaA, Darmstadt,
Germany. After oral administration of asimadoline, the pharmacokinetics suggest a Tpax Of
approximately one hour, and a Thgs Of approximately 2—-3 hours (21).

Study Protocol

At the screening visit, an interview, physical examination, EKG, standard laboratory tests,
Bowel Disease Questionnaire [BDQ (14)], Hospital Anxiety and Depression Scale [HADS
(15)] and Quality of Life questionnaire [IBS QoL (16)] were obtained, and patients received
diaries to record daily pain and other IBS symptoms. After a 2-week run-in period to establish
symptoms at baseline, patients meeting all entry criteria were randomized and received study
medication or placebo for the double blind treatment period of four weeks’ duration. Allocation
of treatment was concealed. Participants returned to the study center after two weeks of
treatment and underwent EKG and standard clinical laboratory tests. The patients returned after
four weeks of treatment and underwent EKG, standard clinical laboratory tests, filled BDQ,
HADS and IBS QoL questionnaires, and returned daily diaries recording pain and bowel
function were collected.

During the double-blind treatment period, patients were instructed to fill in the rating of pain
severity on the VAS in the diary whenever they felt pain of at least moderate intensity the first
time during a day, before taking the first dose of study medication for that day. Two hours after
the intake of the medication, the pain severity was rated again on the 100 mm VAS. If the pain
was adequately controlled for the rest of the day, this was recorded in the diary. If the pain was
not adequately controlled, the patients were allowed to re-medicate (up to two 0.5mg tablets),
but not earlier than four hours after the previous dose. Patients were allowed to take up to two
tablets at a time, up to four times a day.

Bowel movement frequency, consistency [Bristol Stool Form Scale (17)], daily ease of passage
[7 point adjectival scale (18)], and daily adequate relief (19) of IBS pain and discomfort (a
binary global endpoint) were also collected.

Safety Monitoring

Adverse effects were monitored at the study site daily, and patients were given telephone
numbers to contact the study investigators to report any side effects. A follow-up visit was held
2 weeks after the end of the double-blind treatment period to follow-up any abnormalities
observed in the previous visits and to undergo a physical examination and repeat BDQ.

Experimental Protocol
The experimental protocol is shown in Figure 1.
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Data Analysis

The primary endpoint for analysis was the average reduction in pain severity 2 hours after first
dose on each day that the participant experienced at least moderate pain. In essence, we assessed
the change in pain intensity before versus two hours after the first dose on each day the subject
recorded a pain level of at least 30 mm on the VAS and took medication. For each of these
days, the pain reduction of the first dose was calculated: Pain Intensity Difference (PID) =
Paingp, — Painyp. The average pain reduction on these days was calculated by: first summing
up all the PIDs over the treatment period and dividing this result by the number of days with
pain when medication was used. Secondary endpoints were daily frequency of bowel
movements (number), daily consistency of bowel movements (Bristol stool scale), daily ease
of passage (7 point adjectival scale), daily adequate relief of IBS pain and discomfort (global
endpoint, analyzed as both a continuous proportion of days per subject and as a discrete nominal
response, >50% of days with adequate relief), and also the BDQ, HADS, and irritable bowel
syndrome quality of life (IBS-QoL) scores were assessed at the beginning and end of the study.

Statistical Analysis

The treatment effects on the primary and secondary endpoints were assessed using an analysis
of covariance (ANCOVA) incorporating relevant covariates (e.g. age, baseline pain severity
VAS score, baseline proportion of days with pain and baseline HAD anxiety score for the
analysis of pain intensity differences). Secondary analyses were also examined incorporating
the IBS subtype according to predominant bowel function as a covariate along with a treatment
by subtype interaction term in the ANCOVA model. For the primary analysis endpoints an
intent-to-treat (ITT) paradigm was followed imputing missing values for an endpoint using the
corresponding overall (subjects with non-missing values) mean value. A consequent
adjustment in the error degrees of freedom for the ANCOVA model was made by subtracting
one degree of freedom for each missing value imputed in order to obtain an appropriate residual
error variance for testing treatment effects. Summary values are reported as median (IQR) or
mean (xSE) as indicated.

RESULTS

Demographics and Baseline Characteristics
The trial flow is shown in Figure 2.

Table 1 summarizes characteristics of the subjects entering the four week active part of the
trial. The treatment group and the placebo group were comparable for age, IBS subtype,
gastrointestinal symptoms, anxiety and depression scores and IBS-related quality of life scores.
Based on the baseline BDQ characterization of symptoms and patient history, there were 39
with mixed bowel pattern (IBS-M), 27 with constipation-predominant (IBS-C), and 33 with
diarrhea-predominant (IBS-D), and one subject could not be classified. Patients were
approximately equally randomized to the different treatments, except that there were somewhat
more IBS-D randomized to asimadoline relative to placebo.

Characteristics of Pain and Intake of Treatment during the 4-Week Trial

Table 2 shows that, for the asimadoline and placebo groups respectively, the median (IQR)
proportionate number of days with pain was 40% (24%-58%) and 36% (23%-50%), and the
proportion of days with pain when medication was used was 97% (87%-100%) and 100%
(82%-100%). The number of tablets used during the first episode of pain on days with pain
was 1.62 (1.18-1.83) for asimadoline and 1.43 (1.08-1.88) for the placebo group.

The baseline pain severity score was used as a covariate in the analysis of the delta pain scores
and was not significant. On the other hand, the proportion of days with pain was significant,
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such that higher proportions of days with pain tended to be associated overall with smaller
changes in pain scores during treatment.

Effect of Treatment on Episodes of IBS Pain

The assessment of the effect of treatment on episodes of pain reflects the primary endpoint in
the study. The average reduction in pain severity on 100 mm VVAS within two hours after first
dose was not significantly different between the two treatment groups (Table 3). In addition,
the proportion of days with adequate relief was not significantly different between treatment
groups. Also, the proportion of subjects in each group reporting adequate relief on greater than
50% of days with pain was similar (32.5% on placebo vs. 33.3% on Asimadoline). Other effects
of treatment on stool consistency, HAD scores and QoL are summarized in Table 3.

Effect of On-Demand Study Medication on Abdominal Pain in IBS Subgroups According to
Predominant Bowel Pattern (Table 4a, b, and c)

The IBS-C subgroup appeared to have the higher pain scores. There were no significant
differences in the change in pain intensity (p=0.538) or proportion of days with adequate relief
of symptoms (p=0.86) between treatment groups overall when adjusting for predominant bowel
pattern.

However a significant treatment by IBS subtype interaction was detected (p=0.004) for delta
pain intensity scores. In IBS-D subjects, the delta pain scores (pre-post) were greater for
subjects assigned to placebo than in those assigned to asimadoline, suggesting greater pain
relief on placebo. This post-hoc analysis suggested a worse response to asimadoline compared
to placebo (unadjusted p=0.065) in IBS-D. In IBS-C, the changes in pain scores on placebo
and asimadoline were similar. In contrast, there were larger changes in pain scores for IBS-M
subjects assigned to asimadoline relative to placebo treatment. The unadjusted pair-wise
comparison indicated a significant difference for IBS-M subjects (p=0.003) indicating
asimadoline was significantly better in reducing pain scores than placebo in IBS-M.

Days with Adequate Relief of Pain in IBS Subtypes

Overall (i.e. pooled across both treatments), IBS-C subjects had substantially smaller
proportions of days with adequate relief than the other two subtypes. Thus, an overall main
effect of IBS subgroup on the proportion of days with relief was detected (p=0.001). However,
there were no treatment effects, and no treatment by IBS subgroup interactions were detected
for the proportion of days with adequate relief.

Effect of Asimadoline Based on Number of Tablets Ingested On-Demand by Patients

The overall median number of tablets used during the treatment period (both treatment groups)
was 14.5 (IQR=8.0 to 24.5): placebo median 13.5 (IQR=9.5 to 19.5), asimadoline median 16.5
(IQR=8.0 to 25.5). Splitting the data at the median (i.e. >14.5), the median (IQR) delta pain
score was 23.4 (14.8-34.3) in placebo patients taking <14.5 tabs and 26.2 (11.1-35.1) in
placebo patients taking >14.5 tabs. The mean (£SE) proportions (%) of days with adequate
relief in placebo patients were 34.7 (£7.3) and 34.6 (£9.3) respectively.

The corresponding mean delta pain scores in patients taking asimadoline were 30.8 (18.0-46.3)
and 26.4 (16.4-37.9), and the mean (£SE) proportion (%) adequate relief days were 38.5 (+8.1)
vs. 34.8 (£6.1).

Figure 3a illustrates the mean (per day during treatment) proportion of subjects reporting
moderate or worse pain and the mean number of tablets taken for the initial pain episode on
each day by subjects in each treatment arm. Similarly, Figure 3b illustrates the mean delta pain
intensity scores per day in those subjects reporting pain on each day by treatment group and,
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again, the corresponding mean number of tablets taken. Note that the specific subjects reporting
pain on each day vary and, thus, the broken lines are not intended to represent the same subjects
over the course of the treatment period, but merely to illustrate that these responses did not
change appreciably over the course of the treatment period.

Anxiety and Depression Response

Anxiety score (Table 3B) was modestly affected by asimadoline treatment (p=0.053), but the
numerical differences are small. There was no significant difference in depression scores.

Quality of Life

Tables 3B and 5 summarize baseline and post-treatment overall quality of life scores for the
entire treatment group as well as the groups subdivided by predominant bowel function. There
were no significant effects of treatment on quality of life in the whole IBS group or the
subgroups based on predominant bowel function.

Adverse Events

There were no serious clinical or laboratory adverse events. Adverse events reported more than
three times were grouped into the categories shown in Table 6 and were similar in each group,
except for the larger number of gastrointestinal events reported in the placebo group.

DISCUSSION

In this phase 11b study, on-demand administration of the selective kappa-opioid agonist,
asimadoline, did not significantly alter average reduction in severity of abdominal pain, or any
of the secondary endpoints related to bowel patterns, compared to placebo treatment. However,
stool frequency and consistency were essentially within what would be considered the normal
range for each treatment group and an effect would, therefore, not be anticipated if asimadoline
serves to “normalize” abnormal bowel function. The study design was novel and therefore
there is no track record for on-demand drug treatment for irritable bowel syndrome or the
primary endpoint as measured here using a VAS based on a diary (change in pain severity).
As such, the sample size is primarily conducive to exploratory observations or hypothesis
generation, rather than hypothesis testing. Nevertheless, there are a number of interesting
findings in the post-hoc analyses related to subgroups based on predominant bowel function,
as discussed below. These data suggest there may also be a beneficial effect overall, but this
was not associated with a greater proportion treated with asimadoline reporting either adequate
relief on a daily basis or improved quality of life over the 4-week treatment period.

The novel design of on-demand treatment was chosen because it was considered that, in the
absence of a treatment that definitively corrects the mechanism or natural history of IBS (20),
the study should focus on targeting the relief of symptoms. It is known that IBS symptoms wax
and wane, and each pain episode may be exacerbated only for a few days (14). Therefore, it
seemed appropriate to attempt to develop a treatment for the relief of IBS pain that does not
require persistent treatment, since this requires intake of treatment at times when the patient is
relatively or completely pain-free.

The study was performed on a group of patients with a relatively homogenous and moderate
severity of abdominal pain, between 40 and 60 mm on a 100 mm visual analog scale for at
least 4 of 14 days at baseline. This level of pain severity was pre-specified and included in the
eligibility criteria to ensure that participants had sufficient pain symptoms to be able to
demonstrate an effect and to avoid excessively high baseline pain levels, which could have led
to subsequent confounding by regression to the mean. Conversely, excessively low baseline
levels could have potentially confounded the study interpretation by a floor effect.
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Heterogeneity of participants was also reduced by studying only female subjects because data
available from animal studies indicates that there are gender related differences in the analgesic
effect of asimadoline (21). The dose of 0.5 mg asimadoline, 1-2 tablets gid prn, was chosen
based on previous studies of the effects of asimadoline on the gastrointestinal tract in healthy
volunteers (11). In the study by Delgado-Aros et al., asimadoline was administered at doses of
0.15,0.5and 1.5 mg bid for 9 days. It was found that gas scores in response to colonic distention
of moderate intensity (8 and 16 mmHg above baseline operating pressures that averaged 12
mmHg) were decreased with the 0.5 mg dose (11). In contrast, in the same pharmacodynamic
study, the higher dose of asimadoline tested (1.5 mg) was associated with increased gas and
pain perception (12). The hyperalgesia associated with high doses of asimadoline has been
previously observed in animals and humans (21). This hyperalgesia effect is thought to be
consistent with the dual modulatory mechanisms of opioids proposed by Crain and Shen
(22). In the present study, however, patients self-administered less medication on average than
was used in the Delgado-Aros et al. study [(11) 1 mg per day versus 0.7-0.8 mg in current
study], and this may have potentially impacted efficacy of the medication.

The number of tablets taken in the two treatment arms was similar; moreover, the response
was not significantly different based on intake of more than or less than 14.5 tablets. In contrast,
there was some suggestion that there is less relief with increasing medication use in asimadoline
treated subjects, but about the same relief (or slightly better) with increasing medication in
placebo subjects. However, this requires further study in future trials.

The post-hoc analysis showed greater change in pain score with asimadoline versus placebo
in IBS patients with mixed bowel function. This observation is of interest and contrasts with
the lack of effect in IBS-D in IBS-C. The numerical improvement in anxiety scores with
asimadoline is also hypothesis generating and requires confirmation.

The experimental design used here does not exclude the potential benefit of this agent or class
of compound if administered daily over the medium or longer term. We performed a post-hoc
analysis to determine whether there was a difference in reported outcomes, such as days with
adequate relief of IBS symptoms as a function of the number of days with treatment, or the
number of tablets actually taken. It was intended for such an analysis to reflect, in part, the
potential of chronic treatment in these patients. Those analyses also did not show a clear effect
of asimadoline relative to placebo. Clearly, a formal study of chronic treatment is essential to
address the longer term effects and potential of asimadoline to relieve pain in IBS.

Consistent with the reports on the lack of deleterious effect of asimadoline on gastrointestinal
or colonic transit or postprandial motility and tone (11), there were no significant effects on
bowel function or adverse effects to suggest motor effects of asimadoline, at least in individuals
with bowel function in the normal range. It is also important to note that the questionnaire data
and history review concurred with the information on bowel function collected in the run-in
period using the daily diaries, suggesting that the categorization of patients in subgroups by
responses on the baseline BDQ was appropriate based on actual run-in observations.

Previous trials of another selective kappa receptor agonist, fedotozine, in IBS showed that, at
the highest dose tested, fedotozine was marginally effective in relieving maximal daily pain
and abdominal bloating compared to placebo (23). However, the study had a high drop-out
rate, and further development of fedotozine in the United States seems to have been halted due
to inconsistent clinical response (24). It is possible that peripheral kappa opioid antagonists
may be more effective in the presence of pain associated with inflammation, because there is
evidence to suggest that kappa opioid receptors may have their most significant role in
modulating nociception associated with inflammation (25). In general, inflammation is not a
major component in IBS, though subclinical inflammation may be evident in some patients.
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Itis also possible that the pain symptoms are predominately mediated by the central rather than
the peripheral nervous system, and therefore exclusively targeting peripheral receptors, as with
asimadoline which penetrates the CNS poorly, may be unsatisfactory (26). Despite the results
in IBS with kappa opioid receptor agonists, it remains important to better elucidate the
mechanisms of visceral pain in IBS in order to provide better treatment for IBS pain, given the
impact of pain on overall well-being and quality of life in IBS.

In summary, the present study provides interesting experience on study design with on-demand
therapy for abdominal pain in IBS. Though the drug, asimadoline, appears ineffective for relief
of abdominal pain episodes in IBS, the post-hoc data analysis showing apparent efficacy
(p=0.003, unadjusted) in IBS with mixed bowel function and, possibly, anxiety suggests that
this medication or class deserves further study in treatment of IBS, either in on-demand or
consistent treatment.
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Figure 3A Plots of the number of tablets taken in each treatment group and the change in pain
score reported each day for those experiencing pain. Note there is no trend to change the number
of tablets taken in this on demand study, nor any trend on the change in efficacy as measured

by the change in pain score each day.

Figure 3B Plots of the number of tablets taken in each treatment group and the proportion of
patients with significant pain on each day of the treatment phase. Note there is no trend to
change the number of tablets taken in this on demand study, nor any trend on the proportion

experiencing significant pain on each day.
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Table 1

A. Demographics of participants

Overall (n=100)

Asimadoline (n=60)

Placebo (n=40)

Age (y), mean + SE

38 + 1 range 18-67

39 + 2 range 18-67

36 + 2 range 18-66

IBS subtype

Constipation-predominant 27(27%) 14(24%) 13(32%)

Diarrhea-predominant 33(33%) 22(37%) 11(28%)

Mixed bowel pattern 39(39%) 23(39%) 16(40%)
B. Baseline symptoms (median and IQR or mean + SEM)

Overall Asimadoline Placebo

Bowel movement frequency 1.68+0.11 166+0.13 1.70+0.20
Stool consistency 3.92+0.12 4.06 £0.15 3.71+0.20
Pain (VAS 100mm) 37.2(27.1-49.5) 37.2(29.6-51.5) 37.7(23.8-44.6)
Bloating (VAS 100mm) 35.3(26.1-49.1) 34.8 (27.2-49.7) 40.7 (22.8-47.5)

Flatulence (VAS 100mm)

31.0(21.7-45.7)

31.8 (25.2-43.4)

28.6 (17.9-47.2)

Urgency (VAS 100mm)

25.1 (15.0-38.4)

26.1 (16.2-40.4)

22.2 (14.0-38.2)

7LOne subject could not be classified.

Severity of most intense pain episode of day (0-4)

1.6 (1.3-2.0)

1.6 (1.4-2.0)

1.6 (1.0-2.0)
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Table 2
Pain Characteristics during Treatment (median, IQR)
Asimadoline Placebo

Days with pain 10.5 (6.0-15.0) 9.5 (6.5-14.0)
Proportion of days with pain 40% (24%-58%) 36% (23%-50%)
Proportion of days with pain when medication was used| 97% (87%-100%) 100% (82%-100%)
Number of tablets used per day with pain 1.62(1.18-1.83) 1.43 (1.08-1.88)
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Table 6
Adverse events (%)
Asimadolineg] Placebo)

Musculoskeletal 6.67% 5.00%
Central and peripheral nervous system 48.33% 50.00%
Psychiatric 15.00% 12.50%
Gastrointestinal 16.67% 30.00%
Genitourinary 1.67% 5.00%
Respiratory 33.33% 37.50%
Body as a whole 15.00% 5.00%
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