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Abstract

Background—Synthetic human ghrelin accelerates gastric emptying, reduces gastric
accommodation, and results in numerical increases in postprandial symptom scores. The ghrelin
receptor agonist, relamorelin, accelerates gastric emptying in patients with diabetic gastroparesis.

Aim—To measure pharmacological effects of relamorelin on gastric accommodation, distal antral
motility, and satiation in healthy volunteers.

Methods—In a placebo-controlled, double-blind, randomized study of 16 healthy volunteers, we
compared effects of 30ug subcutaneous (SQ) relamorelin to placebo on: 1) gastric volumes
measured by SPECT, 2) 1-hour postprandial distal antral motility index (M) by 15-lumen
perfusion gastroduodenal manometry, and 3) satiation tested by Ensure nutrient drink test. Primary
endpoints were: fasting and postprandial gastric volumes, distal antral phasic pressure activity
(number of contractions, mean amplitude, and MI), and maximum tolerated volume. Results were
normally distributed and the two treatment groups were compared using t-test.

Key Results—Relamorelin, 30ug SQ, significantly increased the number of contractions in the
distal antrum during 0-60 minutes post-meal when compared to placebo (p=0.022); this was also
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observed in the first two 15minute periods (p=0.005 and 0.015 for number of contractions 15
and 15_30). There was borderline increase in Mly_15 (p=0.055) and numerically increased Mlgy_gg
(p=0.139) and Ml4g_3g (p=0.116). The amplitude of contractions was not significantly increased.
Relamorelin did not significantly alter fasting or postprandial gastric volumes, gastric
accommodation, or satiation volumes and symptoms.

Conclusions & Inferences—Relamorelin increases frequency of distal antral motility
contractions without significant effects on amplitude of contractions. The lack of inhibition of
accommodation and absence of increase in satiation symptoms support relamorelin for the
treatment of symptomatic gastroparesis (ClinicalTrials.gov NCT02466711).

Abbreviated abstract

Placebo Relamerelin

Body 1 S sl sy 3

] TTRTH TN (NI NT TR YA

ostosenns [ L Ly ITTTHT 1T
e M ok

o [T e
weens [T

AL

TOOMMHE 10 minutes

In 16 healthy volunteers, we compared effects of 30ug subcutaneous (SQ) relamorelin to placebo
on: 1) gastric volumes measured by SPECT, 2) 1-hour postprandial distal antral motility index
(M1) by 15-lumen perfusion gastroduodenal manometry, and 3) satiation tested by Ensure nutrient
drink test. Relamorelin, 30ug SQ, significantly increased the number of contractions in the distal
antrum during 0-60 minutes post-meal when compared to placebo (p=0.022); this was also
observed in the first two 15 minute periods (p=0.005 and 0.015 for number of contractions 0-15
and 16-30). Relamorelin increases frequency of distal antral motility contractions without
significant effects on amplitude of contractions. The lack of inhibition of accommodation and
absence of increase in satiation symptoms support relamorelin for the treatment of symptomatic
gastroparesis.
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INTRODUCTION

Disorders of gastrointestinal motility such as gastroparesis, post-operative ileus, and chronic
constipation are significant sources of morbidity. Development of effective pharmacologic
therapies for such disorders is desirable, as these conditions represent a significant unmet
medical need.

Neurogastroenterol Motil. Author manuscript; available in PMC 2017 November 01.


http://ClinicalTrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nelson et al.

Page 3

Ghrelin is a 28-amino acid peptide produced in the stomach. It has been recognized as an
endogenous ligand for the growth hormone secretagogue receptor in the oxyntic glands of
the stomach (1). In rodents, centrally or peripherally administered ghrelin stimulated gastric
contraction and emptying (2) and showed prokinetic effects in a post-operative ileus model
in rats (3). Gastrokinetic properties of ghrelin in rats may be mediated by vagal pathways
(4). Administration of ghrelin has been shown to promote gastric motility in mice, rats, dogs
and humans(3, 5, 6).

Pharmacological doses of synthetic human ghrelin induced premature onset of phase 11 of
the migrating motor complex and increased proximal gastric tone in healthy volunteers (7).
On the other hand, intravenous ghrelin at doses that produced physiological levels of
circulating growth hormone resulted in only a slight reduction in fasting gastric volumes and
no significant effect on the gastric emptying of solids or gastric accommodation volumes (8).
Several studies in the literature have documented the pharmacological stimulation of gastric
emptying by ghrelin (reviewed elsewhere) (9).

More recent studies have reported acceleration of gastric emptying, but there was
concomitant reduction in gastric accommodation and numerical increases in postprandial
symptom scores (10). If there was increase in postprandial symptoms along with a decrease
in gastric accommaodation, ghrelin receptor agonists might be less effective in clinical
practice. The pentapeptide ghrelin agonist, relamorelin, has similar characteristics to native
ghrelin, but with improved stability, a longer plasma half-life and greater potency than
ghrelin in reversing gastric ileus in animal models. Its pharmacological characteristics have
been reported elsewhere (11, 12). Relamorelin accelerates gastric emptying in patients with
type 1 and 2 diabetes mellitus in whom there was evidence in the prior medical records of
delayed gastric emptying (13, 14). Relamorelin was also efficacious in accelerating gastric
emptying in patients with diabetic gastroparesis (15). The dose of relamorelin tested in prior
studies ranged from 10ug once daily to 10ug twice daily (b.i.d.) (15) to a 100ug single dose
(13, 14). The clinical trial data suggested that the 20 g total daily dose was more efficacious
than the 10 ug dose. In other studies, we have shown that the 100ug dose of relamorelin
causes increased frequency of colonic HAPC (16) and also increased the number of
spontaneous bowel movements, and accelerated the time to first bowel movement after the
first dose was given compared with placebo (17). In the current study, we elected to test a
30pg dose, which is a half-log lower than the dose that we had previously shown to
significantly accelerate gastric emptying (13, 14). Our objective was to appraise a dose that
would be potentially applicable in the treatment of gastroparesis. Thus, given the prior
observation that the 100 pg dose causes a >50% reduction in median gastric emptying Ty,
for solids in type 1 or 2 diabetics (13, 14), and the fact that the 100 ug dose may cause bowel
dysfunction, we selected 30ug relamorelin as a relevant dose to appraise the
pharmacological effects of the drug, as it is likely to be close to the dose selected for clinical
application. Indeed, the current multicenter clinical trial of relamorelin in the treatment for
gastroparesis explores effects of three BID doses: 10, 30 and 100 ug for 12 weeks
(ClinicalTrials.gov Identifier: NCT02357420; https://clinicaltrials.gov/ct2/show/
NCT02357420). Since our study explored effects of relamorelin over a period of <4 hours
on each of the treatment days, we were interested in understanding the acute effects of a
single dose of 30 pug.
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The effects of relamorelin on postprandial pressure activity of the stomach are unknown. In
addition, the effects on gastric accommodation and satiation of doses that stimulate distal
gastric motility are relevant to appraise the potential risk to increase postprandial symptoms;
this requires clarification, given the observation that postprandial symptom scores of
fullness, bloating, satiety and cramps increase at least 30% on average with doses of ghrelin
that reduce gastric accommodation (10).

Our aim was to measure the pharmacological effects of relamorelin on gastric
accommodation, distal antral motility, and satiation in healthy volunteers.

MATERIALS AND METHODS

Study Design

We conducted a placebo-controlled, single-dose administration, double-blinded, parallel-
group design, randomized to either the study drug or matching placebo study of fasting
gastric volume, gastric accommodation and distal antral motility index in 16 healthy
volunteers. The 3 tests were performed in random sequence. The minimum interval to
complete all 3 tests is within a 2-week time period from the day of the first test.

Participants

We studied 16 healthy, male or female participants, aged 18-65 years, with body mass index
of 18-35kg/m2. All participants completed a validated bowel disease questionnaire to screen
for bowel symptoms (18). Female subjects were required to have negative urine pregnancy
test (unless there was record of tubal ligation, hysterectomy, or post-menopausal state) and
could not be lactating prior to receiving study medication or the radiation exposure.

The study protocol was submitted to and approved by Mayo Clinic Institutional Review
Board.

Exclusion criteria were: prior diagnosis of gastrointestinal diseases, structural or metabolic
diseases that affect the gastrointestinal system, use of excessive alcohol or substance abuse,
or use of medications that alter gastrointestinal transit including laxatives, magnesium and

aluminum containing antacids, prokinetics, erythromycin, and analgesic drugs.

Study Medications — Relamorelin and Placebo

All study drug (including matching placebo) was supplied by Rhythm Pharmaceuticals
(Boston, Massachusetts, USA). Relamorelin was formulated as an isotonic solution in 4.5%
mannitol, USP and 0.5% phenol, USP. Relamorelin (30g) and placebo (4.5% mannitol,
USP and 0.5% phenol, USP for injection) were delivered with a consistent 300uL volume in
a pre-filled syringe provided by Rhythm Pharmaceuticals. Study drug or matching placebo
was administered subcutaneously to each subject once on each of three treatment days,
corresponding to the studies on separate days of: 1) fasting and postprandial gastric volumes
and gastric accommodation using validated single photon emission computed tomography
(SPECT); 2) 1-hour distal antral motility following a 511 calorie mixed solid-liquid meal
using 15-lumen perfusion gastroduodenal manometry; and 3) satiation using Ensure (Abbott
Nutrition, Columbus, Ohio, USA) nutrient drink test, with measurement of volume to
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fullness (indicating comfortable fullness), maximum tolerated volume, and postprandial
symptoms 30 minutes after maximum tolerated volume. Each of these three tests were
performed independently (not in a sequence) within a 2-week time period from the day of
the first test.

Gastroduodenal Manometry

Tube Placement—After an overnight (8-hour) fast, a trained technologist (DB) and staff
physician (MC) performed the manometry tube placement. The tube placement was done
using a transnasal approach with the participant in the sitting position. A 4-meter long
Teflon guidewire was placed trans-nasally and advanced into the duodenum in order to
facilitate placing the manometry tube into the distal duodenum or proximal jejunum. The
position of the manometry tube was verified using fluoroscopy to ensure that at least 5
manometric sensors that are 1cm apart were located across the antropyloroduodenal
junction. The 15-lumen manometric tube was custom-built for these studies by MUI
Scientific, Inc. (Mississauga, Ontario, Canada) using polyvinyl chloride with an outer
diameter of 4mm and inner lumen diameter of each manometric tube was 0.3mm. The multi-
lumen manometric tube has 13 sensors that are 1cm apart, with two sensors that are 10 and
20cm beyond the last of the closely placed sensors.

Each of the channels of the multi-lumen manometric tube was perfused with distilled water
via a pneumohydraulic pump (perfusion rate 0.5mL/minute, perfusion pressure 14psi) and
attached to a strain gauge transducer (Model PX-MK099, Edwards Lifesciences, Irvine,
California, USA).

Procedure—After recording fasting motility for 15 minutes, participants received the
subcutaneous injection, and 15 minutes later, they ingested a 511kcal solid-liquid meal
(chicken, potato, butter, pudding, and 190mL of water); motility was then monitored for 60
minutes after the meal. During the entire test, the manometric recording was monitored by a
technologist to keep the manometric sensors in the antropyloroduodenal junction. At the end
of the recordings, the manometric tube was withdrawn by gentle traction.

Analysis—Phasic pressure activity in the distal antrum recorded on the manometric tracing
was identified in the two recordings proximal to the manometrically-identified pyloric
recordings. The mean amplitude and the number of contractions were measured using
computer software developed by Medical Measurement and Systems (Medical Measurement
Systems B.V., Enschede, The Netherlands); in order to obtain a representative assessment of
the distal antral phasic pressure activity, we analyzed statistically the average of the three
most distal antral recordings; in addition, we provided the information for the immediate
pre-pyloric pressure recording. Thus, most distal antral recording was identified as a
recording up to three waves per minute, which was: a) just proximal (1cm) to recording of
duodenal-type waves; or b) just proximal to a site exhibiting a mixture of antral-type and
duodenal-type waves associated with baseline elevation (pyloric-type activity).

For each sequential 15-minute period and for the entire 1-hour postprandial period, a
motility index (MI) was calculated using the formula:
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MI = loge ([sum of amplitude x number of contractions] + 1).

We focused on the motility of the first postprandial hour, since this is the time during which
the most prominent effects on gastric emptying were observed during the first hour in
patients with type 1 or 2 diabetes (13, 14).

Single Photon Emission Computed Tomography (SPECT)

SPECT is a validated, noninvasive method to measure gastric volume (19). Intravenous
injection of 99MT¢ sodium-pertechnetate, which is taken up by the parietal and non-parietal
cells of the gastric mucosa, allows visualization of the stomach wall. Tomographic images
were obtained throughout the long axis of the stomach using a SPECT gamma camera
(General Electric Millennium MG, Milwaukee, Wisconsin, USA) that rotates around the
body with the subject in the supine position. The duration of each scan was 8 minutes (20);
we have previously published data (20 and 21) showing that two postprandial volume
estimates within 20 minutes of the end of the standard meal (300mL Ensure®) were very
similar (<5% difference) and, therefore, only one postprandial scan was needed,
immediately after the meal was ingested. Using the AVW 3.0 (Biomedical Imaging, Mayo
Foundation, Rochester, Minnesota, USA) image processing libraries, a three-dimensional
rendering of the stomach was obtained and its volume (mL) calculated. Intra- and inter-
individual coefficients of variation (at average 9 months) are ~12% (21). We have previously
demonstrated (using barostat measurements) that the gastric accommodation response to
maximal within 10 minutes of meal ingestion (22) and gastric accommodation during first
and second 15minute epochs after meal ingestion are not significantly different (20).

Procedure—Fifteen minutes prior to the fasting SPECT scan, participants received a dose
of relamorelin, 30ug, subcutaneous, or matching placebo, followed by a dose of i.v. 9MTc-
pertechnetate a minimum of 10 minutes prior to the first fasting scan. Participants ingested
300mL Ensure meal (316kcal). A second scan was obtained during16 minutes after
ingestion of the Ensure meal.

Satiation Testing—Participants received study medication. Fifteen minutes after dosing
of study medication, they started to ingest Ensure nutrient drink (1kcal/mL) at a rate of
120mL every 4 minutes (30mL/min) to measure volume to fullness and maximal tolerated
volume. Thirty minutes later (45 minutes after study drug injection), participants reported on
the severity of their symptoms (nausea, fullness, bloating and pain) using a 100mm visual
analog scale.

Endpoints for Analysis

Primary endpoints for analysis between relamorelin and placebo were: first hour
postprandial distal antral motility index studied by gastroduodenal manometry (averaged
over the three most distal antral recording sites); fasting gastric and accommodation volume
by SPECT; volume to fullness (mL) by satiation test.

Secondary endpoints for analysis were: frequency and amplitude of antral activity during
first postprandial hour; absolute postprandial gastric volume ratio (postprandial/fasting
gastric volume); maximum tolerated volume; aggregate symptoms score 30 minutes after
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maximum tolerated volume; and individual symptom scores (nausea, bloating, fullness,
pain) on satiation test.

Statistical Power and Analysis

RESULTS

Sample size planned for the study [11.5+0.6 (SD)] was based on the results of primary
endpoints in prior studies of distal antral pressure activity in healthy volunteers in the
absence of any treatment (23-25). Effect size detectable is the difference in mean distal
antral motility index between the two treatment groups (shown in Table 1, with 80% power,
a=0.05). Estimated effect sizes are based on unpaired t-test, with expected difference in
mean of 0.9 motility index units in distal antral activity or 8% change in the antral motility
index in relamorelin compared to placebo.

It is to be noted that this is on a logarithmic scale and, therefore, an 8% change constitutes a
clinically relevant difference.

Additionally, effect size differences for relamorelin compared to placebo is 44% in the mean
fasting gastric volume and 29.8% in the gastric accommodation volume, based on the
coefficients of variation observed from our laboratory in prior studies, as shown in Table 1
(22).

The sample size of 8 participants receiving relamorelin was anticipated to have sufficient
power to detect drug-associated differences in distal antral motility index of 0.9 units, fasting
gastric volume of 98mL, and gastric accommodation of 151mL.

Unpaired student t test was used to assess associations of treatment status (relamorelin vs.
placebo), as the data for both treatment groups were normally distributed. Participants,
technicians, and investigators were blinded during the study until all data analyzed had been
locked.

The participant demographics in the two treatment groups were similar (Table 2).

Distal Antral Motility

In two participants randomized to placebo and one to relamorelin, the manometric sensors
were not optimally positioned to consistently analyze the postprandial phasic pressure
activity. Table 3 shows the data that was submitted to analysis statistically, that is based on
the average of the three most distal antral recordings; Table 4 shows the information for the
immediate pre-pyloric pressure recording.

Relamorelin, 30pg, significantly increased the number of contractions in the distal antrum
during 0-60 minutes post-meal when compared to placebo (Table 3 and Figure 1; p=0.022);
this was also observed in the first two 15minute periods (p=0.005 and 0.015 for number of
contractions g_15 and 1g_3p)- There was borderline increase in Mlg_15 (p=0.055) and
numerical increases in Mlg_gp and Mlyg_30. The amplitude of contractions was not
significantly different between the two treatment groups (Table 3). In addition, the effect on
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frequency of contractions was not significant during the 30—60 minute period postprandially
(Table 3).

The site of origin of detectable antral waves proximal to the pyloric antrum increased with
relamorelin and showed statistical significance when compared to placebo (p=0.012) (shown
in the examples in Figure 1, and analyzed for the two treatment arms for each participant in
Figure 2). Relamorelin was associated with a longer distance from the manometrically-
identified pylorus where gastric phasic pressure waves were recorded in the first 30 minutes
postprandially.

In the duodenum, there were no specific patterns of motility identified other than typical fed
patterns, irregular contractile activity. There were no phase Il MMC-like activity fronts.

Gastric Accommodation and Satiation

Relamorelin did not significantly alter fasting or postprandial gastric volumes, gastric
accommodation (Table 2 and Figure 3), or satiation volumes and symptoms (aggregate and
nausea, fullness, bloating, pain, Table 2).

DISCUSSION

Our study shows that relamorelin increases motor activity in the distal antrum by increasing
the number of contractions and does not inhibit gastric accommodation or induce satiation,
supporting the potential of relamorelin for the treatment of symptomatic patients with
decreased antral motor function, such as in gastroparesis.

This investigation provides an explanation for the observed acceleration of gastric emptying
in patients with diabetes mellitus(13, 14) and in those with established diabetic
gastroparesis(15). In healthy subjects who have normal amplitude of antral contractions, it
was not expected that the ghrelin receptor agonist would increase the amplitude of
contractions. However, this is the first demonstration in humans that the ghrelin receptor
agonist, relamorelin, results in an increase in the frequency of contractions during the first
postprandial hour.

Ghrelin-induced gastrointestinal motility has been shown to occur through two main
mechanisms (4): first, activation of vagal afferent nerve terminals and second, direct
activation of ghrelin receptors in the enteric nerves of stomach and duodenum. The latter
was convincingly demonstrated by the stimulation of gastric motility in response to
peripherally administered intravenous ghrelin in vagally-denervated rats (26). A previous
study in vagotomized patients showed that intravenous administration of ghrelin caused a
significant increase in plasma growth hormone in patients, which was not significantly
different from normal subjects(27). In our prior study in patients with type 1 diabetes!3,
relamorelin, 100ug, subcutaneous, appeared to be efficacious, even in patients with
cardiovagal neuropathy [which is highly suggestive of abdominal vagal dysfunction (28)],
suggesting that it may function at the stomach neuromuscular apparatus rather than through
direct activation of the vagal nerve.
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The dual mechanisms whereby relamorelin stimulates antral motility are potentially relevant
for clinical application as therapy for gastroparesis, since they suggest that this medication
would be efficacious in patients with either extrinsic vagal or intrinsic enteric neuropathy
causing gastroparesis. This would simplify the management of patients with symptoms and
documented retardation of gastric emptying, which remains a condition with unmet need in
clinical practice (29).

Another advantage of this medication is the lack of inhibition of gastric accommodation or
induction of satiation symptoms. This contrasts with the effects of the hormones, ghrelin
(10) and motilin (30), which increase fasting gastric tone and reduce postprandial gastric
accommodation at pharmacological doses, though infusion of synthetic human ghrelin to
mimic physiological circulating levels of ghrelin did not significantly inhibit the gastric
accommodation response measured by SPECT (8). Motilin definitely increases postprandial
symptoms and increases satiety after meal ingestion. The effects of the hormone, ghrelin, on
postprandial symptoms require further study, given observations by Ang et al. that several
symptom scores increase (albeit, non-significantly) by 30-50%, such as fullness, bloating,
satiety and cramps (10). This combination of effects on the function of the stomach suggests
that relamorelin may be efficacious in the treatment of patients with gastroparesis, although
clinical trials focused on patient response outcomes are necessary. The first trial of the
effects of 10ug b.i.d. relamorelin in diabetic gastroparesis has documented significant effects
on gastric emptying, as well as improvement in vomiting symptoms in patients with high
baseline vomiting frequency, though not in the entire study cohort (15). The best example of
the potential of such pharmacodynamic effects to predict clinical efficacy is provided by past
experience with cisapride which stimulated antral motility (31) in addition to accelerating
gastric emptying, enhancing gastric accommodation, (32) and reducing symptoms in
patients with upper Gl motility disorders. (33-35)

The sample size in our study was appropriate from a statistical power perspective for the
gastric physiology and motility endpoints, for which the coefficient of variation had been
thoroughly characterized in the prior literature from our laboratory. Thus, although the
sample size is relatively small, the results are clinically relevant, and there is only small
chance of a type Il error in the observed lack of negative effects on accommodation and
symptoms of satiation. The relamorelin-induced increase in the frequency of contractions of
the distal antrum in the postprandal period is relevant in patients with neuropathic forms of
antral hypomotility. Thus, Thumshirn et al. (36) showed an average of less than 1
contraction per minute postprandially is a simple estimate of significant neuropathic
hypomotility, and our data shows that in healthy participants, relamorelin was associated
with an average 2.7 contractions per minute in the first postprandial hour. Further replication
studies are required in patients with demonstrated gastroparesis to appraise the prokinetics
effects of relamorelin on postprandial antral contractility.

A limitation of our study is that it was conducted in healthy volunteers whose antral
amplitude is presumably normal. Hence, we did not expect to observe an increase in
amplitude of antral contractions, but treatment with relamorelin was associated with an
increase in antral contraction frequency, particularly in the first 30 minutes. We do not know
what would be observed in patients with myopathic disorders whose contraction amplitude
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is typically lower than 40mmHg (37). It also appears that relamorelin was associated with
induction of recordable phasic pressure activity over a longer segment of the antrum and
body of the stomach.

Other prokinetic agents that activate cholinergic mechanisms are also typically associated
with increased frequency of antral contractions. For example, cisapride increased frequency
of antral contractions in healthy beagles with electrodes implanted into the stomach wall
(38), and low dose (40mg) erythromycin (acting through a cholinergic pathway) stimulated
antral contractions to induce a propagated MMC-like complex during fasting (39).
Unfortunately, effects of 40mg erythromycin on postprandial motility were not reported in
the same study and, therefore, it is unclear whether this cholinergic activation in the healthy
human stomach would induce increases in both amplitude and frequency (39).

In conclusion, these data build on the reports from our laboratory of the acceleration of
gastric emptying with relamorelin in patients with type 1 or 2 diabetes (13, 14) and support
the efficacy demonstrated in patients with prominent baseline vomiting frequency in a phase
Il clinical trial of 10ug b.i.d. relamorelin in diabetic gastroparesis (15). At present, a multi-
center trial of the dose-related effects of relamorelin 10, 30 and 100ug b.i.d. is being
conducted, and will provide evidence of the relative efficacy of these three doses in patients
with gastroparesis. The current results demonstrating significant increases in antral
contractile frequency with relamorelin suggest that relamorelin is promising for the
treatment of gastroparesis.
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Key Points

- In a randomized controlled study of 16 healthy volunteers, we compared
effects of relamorelin to placebo on antral motor function measured with
manometry.

- Relamorelin increases frequency of distal antral motility contractions
without significant effects on amplitude of contractions in healthy
volunteers.

- Relamorelin did not inhibit gastric accommodation or induce symptoms of
satiation. Overall, these data support the potential of relamorelin in the
treatment of gastroparesis.
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Figure 1.
Gastroduodenal manometry in healthy subjects who were randomized to relamorelin (right

panel) or placebo (left panel) showing manometric tracings in the postprandial period from
the gastric body to the duodenum. Note the normal amplitude of contractions, with the
marked increase in the frequency of contractions and the greater extent (relative to the
pylorus) where antral contractions are recorded with relamorelin treatment.
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Figure2.
Postprandial site of origin of detectable waves proximal to the pyloric antrum for placebo

and relamorelin groups.
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Placebo Relamorelin

Fast

Fed

Figure 3.
Examples of gastric volumes measured by SPECT. Note the similarity in the measured

fasting and postprandial gastric volumes in the two examples treated with relamorelin or
placebo.
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Table 1

Power Calculation: Effect Size for Measured Responses

Response Mean | SD | Effect size detectable, n=8/group
Postprandial distal antral, mL * 11.5 0.6 0.9
Fasting gastric volume, mL > 225 65 98
Gastric accommodation, mL - 507 100 151

Data obtained from *(Camilleri, Brown, et al. 1986, ref. 23); and ** (Breen, Camilleri, et al. 2011, ref. 21)
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Effects of Relamorelin on Satiation, Gastric Volume and Gastric Accommodation

Table 2

Placebo Relamoréelin p
value

Age, years 39.3+54 404+34 ns
Body mass index, kg/m? 269+14 265+1.6 ns
Volume to fullness, mL 563.3+111.4 488.6 + 55.8 ns
Maximum tolerated volume, mL 1145.3+ 1425 | 1011.4 £100.2 ns
Aggregate symptoms 30 minutes 160.4 +22.4 133.3+27.0 ns
post-maximum tolerated volume
Nausea, mm (on 100mm visual analog scale) 254+8.9 18.0+11.1 ns
Bloating, mm (on 100mm visual analog scale) 453+8.3 32.6+10.9 ns
Fullness, mm (on 100mm visual analog scale) 71.1+6.8 68.3+8.7 ns
Pain, mm (on 100mm visual analog scale) 18.6 +8.7 144+8.1 ns
Fasting gastric volume, mL 195.4+15.8 210.5 + 40.6 ns
Postprandial gastric volume, mL 672.4 +36.7 698.9 + 28.1 ns
Gastric accommodation ratio 3.6+0.3 3.9+05 ns

Data are mean = SEM; ns=not significant
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Table 3

Effects of Relamorelin and Placebo on Distal Antral Pressure Activity based on average of three distal antral
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(pre-pyloric) sensors

Time Interval Placebo Relamorelin | Pvalue
(mins) # of contractions
0-15 3132407 | 448+16™ | 0.005"
16-30 321437% | 445+16” | 0015
31-45 306+43 363+45 | 0373
46-60 28.6£3.6 36.9+26 | 0.089
0-60 122.6+13.3" | 167.0£9.07 | 0.022"
Mean Amplitude, mmHg
0-15 841+105 | 69.8+101 | 0383
16-30 89.1+21.3 | 632+90 | 0313
31-45 82.7+9.2 586+7.0 | 0.059
46-60 76.6 £6.9 596+95 | 0.162
0-60 68.3+9.5 767+78 | 0519
Moatility Index post meal
0-15 11.2+0.2 | 11.8+02¢ | 0.055
16-30 112402 11.7+02 | 0116
31-45 111404 11.1+03 | 0981
46-60 10.9+0.3 111402 | 0504
0-60 11.1+0.2 115402 | 0.139

(data show mean + SEM; *significant)
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Effects of Relamorelin and Placebo on distal antral phasic pressure activity, based on the immediate pre-
pyloric antral sensor (data show median and IQR)

TimelInterval (mins) | Placebo Relamorelin
# of contractions
0-15 28 (24-37) 45 (37-49)
16-30 29 (25-37) 44 (31-46)
31-45 30 (16-38) 37 (25-46)
46-60 28 (18-40) 32 (31-39)
0-60 105 (84-138) | 152 (126-174)

Mean Amplitude, mmHg

0-15 61 (53-74) 56 (39-75)
16-30 52 (45-64) 57 (34-69)
31-45 67 (55-97) 51 (41-63)
46-60 54 (49-79) 44 (32-63)
0-60 60 (50-77) 52 (45-74)
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