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Summary

Background: Relamorelin, a pentapeptide ghrelin receptor agonist, accelerated gas-
tric emptying significantly and improved symptoms in adults with diabetic gastropa-
resis in phase 2 trials.

Aim: To assess the safety and tolerability of relamorelin across phase 2 trials.
Methods: Safety assessments in patients aged 18-75 years (weight, adverse events
[AEs] and laboratory tests) from two randomised, double-blind phase 2 trials
(NCT01571297, NCT02357420; results published previously) were reviewed de-
scriptively. Analysis of covariance assessed treatment effect on glycated haemo-
globin (HbA1c) and blood glucose post hoc. Phase 2a and 2b trial durations were,
respectively, 4 weeks (relamorelin 10 pg once or twice daily [b.d.] or placebo b.d.) and
12 weeks (relamorelin 10, 30 or 100 pg or placebo b.d.) with 1- and 2-week, single-
blind placebo run-ins.

Results: Among 204 phase 2a and 393 phase 2b patients, respectively, 67% and
62% were female, and 88% and 89% had type 2 diabetes. Proportions of patients
reporting serious AEs were similar across treatment groups, as were those with 21
treatment-emergent AE (TEAE). TEAE-related discontinuations were proportion-
ally higher in relamorelin groups than placebo. Of 12 serious TEAEs in phase 2a,
none occurred in >1 patient. In phase 2b, five serious TEAEs were reported in >1
patient, and one (100 ug) died (urosepsis), all unrelated to relamorelin. In phase 2b,
increased HbA1c and fasting blood glucose levels were dose-related (P < 0.0001 and
P = 0.0043, respectively).

Conclusions: Relamorelin showed acceptable safety and tolerability in phase 2 tri-
als. Relamorelin may elevate blood glucose: this should be managed proactively in

relamorelin-treated patients.

The Handling Editor for this article was Professor Colin Howden, and it was accepted for publication after full peer-review.
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1 | INTRODUCTION

Gastroparesis is defined as delayed gastric emptying in the ab-
sence of mechanical obstruction. Symptoms include early satiety,
nausea, abdominal pain, bloating, post-prandial fullness and vom-
iting, which affect 20-40% of diabetic patients and can become
debilitating with increased symptom frequency.l’2 Gastroparesis
can lead to malnutrition and can impair glycaemic control in dia-
betic patients.> An earlier meta-regression study suggested that
the severity of symptoms does not necessarily correlate with gas-
tric emptying time,* although more recent systematic reviews and
meta-analyses of studies using optimised measurements of gastric
emptying of solids over at least 3 hours show significant correla-
tion of gastric emptying and upper gastrointestinal symptoms.>¢
Hence, improvement in delayed gastric emptying rates in patients
with diabetic gastroparesis can provide a clinically meaningful
treatment approach.

Currently available treatment options for diabetic gastropare-
sis are very limited. Metoclopramide, the sole treatment currently
approved for diabetic gastroparesis by the US Food and Drug
Administration (FDA), is a dopamine D, receptor antagonist as well
as a serotonin type 4 (5-HT,) receptor agonist. It acts centrally as
an antiemetic (by inhibition of 5-HT; receptors as well as D, recep-
tors in the chemoreceptor trigger zone) and promotes gut motility by
three mechanisms: inhibition of pre- and post-synaptic D, receptors,
stimulation of pre-synaptic excitatory 5-HT, receptors and antago-
nism of pre-synaptic inhibition of muscarinic receptors.” It carries a
black box warning due to the risk of irreversible tardive dyskinesia,
and current FDA guidelines recommend limiting chronic treatment
to 12 weeks where possible. Antiemetics are relied on for symptom
relief or reduction in nausea and vomiting, while domperidone and
erythromycin are used off-label for their prokinetic properties, which
can lead to some symptom relief. However, there are reports of an
association between domperidone (also a dopamine D, receptor
antagonist) and cardiovascular safety concerns,® and erythromycin
is associated with tachyphylaxis and prolongation of the QTc inter-
val? 1t Centrally acting antidepressants, specifically tricyclic agents
such as nortriptyline, are also used off-label but have not shown
efficacy in a randomised controlled trial in patients with gastropa-
resis.!? The surgical option of gastric electrical stimulation (which
works as a centrally acting antiemetic) was approved by the FDA
on a humanitarian device exemption for severe cases, refractory
to all standard treatments®® and a combination of gastric electrical
stimulation with pyloroplasty has shown promising results in a sin-
gle-arm trial.* Treatments based on per-oral endoscopic myotomy
are also reported to be efficacious; however, these are based on un-
controlled studies.'® Therefore, an unmet need remains for safe and
effective treatment options for patients with diabetic gastroparesis.

Relamorelin is a pentapeptide ghrelin receptor agonist with
pro-kinetic properties, which significantly accelerated gastric emp-
tying and improved symptoms in patients with diabetic gastroparesis
in phase 2 trials.*®'” Ghrelin receptor agonists may stimulate gastric

contractions®® and enhance gastric emptying. However, they may
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19,20

also increase glycaemia, in part by reducing insulin secretion,

stimulating growth hormone release or enhancing carbohydrate
absorption.?23

Compared with native ghrelin, relamorelin has been shown
to exhibit enhanced potency and plasma stability, with a terminal
half-life in humans of approximately 4.5 hours.*”?* Toxicological
studies show a >750-fold safety margin compared with clinical trial
dose exposures.t”?* In a small phase 1 study in diabetic patients
with delayed gastric emptying (single dose, 100 pg subcutaneous
relamorelin), relamorelin significantly accelerated gastric emptying
time compared with placebo, and the pharmacokinetics of relamo-
relin were similar in diabetic patients with delayed gastric emptying

and healthy volunteers (C__ ~ 4 ng/mL in both groups).25 Despite a

max
higher prevalence of adverse events (AEs) in the relamorelin group,
no safety concerns were highlighted, although blood glucose values
measured at 120 minutes were numerically higher with relamorelin
treatment compared with placebo (P = 0.07).%°

In addition to AEs relating to diabetic control, an analysis of the
safety of relamorelin should also appraise major adverse cardiovas-
cular events relating to ischaemic coronary disorders and long-term
cardiovascular safety.

The aim of this analysis was to assess the overall safety and toler-
ability of relamorelin in adults with diabetic gastroparesis across two
phase 2 trials. Given the current unmet need for an effective diabetic
gastroparesis treatment with a favourable safety profile, the safety
of any new treatment in this therapy area is of particular importance.
Following on from the original clinical trial publications, this article
presents additional safety data from both clinical trials side by side,
and explores the AE profile of relamorelin in greater depth and in

the context of its mechanism of action as a ghrelin receptor agonist.

2 | MATERIALS AND METHODS
2.1 | Trial designs

Randomised, double-blind, placebo-controlled phase 2a and 2b
clinical trials of subcutaneous relamorelin (NCT01571297 and
NCT02357420, respectively) were conducted in patients aged
18-75 years with diabetic gastroparesis and have been described
previously.*®'” Trial designs are shown in Figure 1. In each trial, pa-
tients were required to have 23 months’ history of gastroparesis
symptoms as well as confirmed delayed gastric emptying via the gas-
tric emptying breath test (GEBT), with vomiting (or nausea for phase
2a) in the 2-week pre-screening period and a glycated haemoglobin
(HbA1c) value of <11%, among other previously described criteria.

The phase 2a trial followed an adaptive design consisting of two
parts. In Part A, the optimum dose regimens and cohort size to be
used in Part B were determined. Part B comprised 204 patients, of
whom 69 received placebo twice daily (b.d.), 67 received relamorelin
10 pg once daily in the evening (g.d. pm) and 68 received relamorelin
10 pg b.d. The safety results presented are for Part B only (no partic-
ular safety concerns were noted in Part A).
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Phase 2a (Part B only)

N =204
Randomisation

Placebo
n=69

Single-blind placebo
run-in period

4 weeks

Study duration

Discontinuation for Placebo
any reason n=6

Discontinuation due Placebo
to AEs n=2
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Phase 2b
N =393

RLM
100 pg b.d.
n=_82

Placebo
n=104

2 weeks

12 weeks

RLM
100 pg b.d.
n=19

Placebo
n=12

RLM
100 pg b.d.
n=9

Placebo
n=3

FIGURE 1 Phase 2aand 2b trial designs. AE, adverse event; b.d., twice daily; g.d. pm, once daily in the evening; RLM, relamorelin

Of 393 randomised patients in the phase 2b trial, 104 received
placebo b.d., 98 received relamorelin 10 pg b.d., 109 received relam-
orelin 30 pg b.d. and 82 received relamorelin 100 pg b.d.

Both studies were conducted in accordance with the Declaration
of Helsinki and were approved by the institutional review board. All
participants in each trial gave written, informed consent. Further de-

tails of the trial designs are published elsewhere.*®'”

2.2 | Safety assessments

Adverse events were recorded from the first screening visit through
to the final study visit. Treatment-emergent AEs (TEAEs) were de-
fined as AEs that started on or after the first injection of double-
blind study drug, or AEs that occurred prior to the first injection but
worsened in severity after the first injection. All AEs were coded
using the Medical Dictionary for Regulatory Activities (MedDRA)
version 15.0, summarised by system organ class and preferred term.
An event was considered serious if it resulted in death or immediate
risk of death, hospitalisation, congenital anomaly or disability, or if
it required medical or surgical intervention to prevent any of those
outcomes, in the opinion of the investigator or sponsor. The inten-
sity of AEs was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events. The relationship
to study drug was categorised into ‘none’, ‘unlikely’, ‘possible’ or
‘probable’ by the investigator; any AEs in the latter two categories
were considered treatment related.

A complete physical examination was performed at the first and
final visits. Injection sites were assessed at each clinic visit. Weight
was recorded at each visit; the weighing took place at approximately
the same time of day, when patients were fasting, were without
shoes and had empty bladders. Vital signs were measured at each

visit, obtained in the sitting position following at least 5 minutes of

rest. Twelve-lead supine electrocardiograms (ECGs) were performed
at all visits, following 5 minutes of rest. Measurements included QT,
QTc calculated using Fridericia's formula (QTcF), QRS and PR inter-
vals, and ventricular rate. Although the definition of ‘normal’ QTcF
interval can be subjective,26 current guidelines recommend 450 ms
for men and 460 ms for women as an upper threshold for a normal
range?’; in this study, thresholds of >450 ms and >500 ms were pre-
defined as clinically notable, regardless of gender.

Clinical laboratory testing was performed at a central laboratory
facility. Tests included blood glucose and insulin measurements,
collected during the GEBT assessment days, both before the meal
(fasting) and at 60, 90, 120, 180 and 240 minutes after the meal, to
monitor changes in glycaemic response in the phase 2a trial. Post-
meal samples were frozen and were retained to be analysed (only
if necessary) to aid in glucose homeostasis evaluation. HbA1c was
measured at baseline and Day 28 in the phase 2a trial, and at screen-
ing (Day -45 to -15), Visit 7 (Day 56) and Visit 8 (Day 84) as part of
the phase 2b trial.

2.3 | Glycaemic monitoring

Although blood glucose was measured in both trials, proactive blood
glucose monitoring and management was not routinely carried out.
Any individual value that exceeded a predefined ‘potentially clini-
cally significant’ threshold triggered a laboratory alert. For fasting
blood glucose, the predefined threshold was >1.2 x upper limit of
normal (ULN; ‘normal’ is patient specific in the setting of an indi-
vidual patient with diabetes). However, there was no predefined
threshold mandating that the value be recorded as an AE; this was
at the discretion of the investigator. According to MedDRA version
15.0, ‘hyperglycaemia’ and ‘blood glucose increased’ are classified

as separate terms, leading to different system organ classifications
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(‘metabolism and nutrition disorders’ and ‘investigations’, respec-
tively), dependent on the language used in the investigator's report.
Therefore, AEs coded as ‘blood glucose increased’ and ‘hyperglycae-
mia’ cannot be definitively distinguished. In addition, the reported
term ‘worsening gastroparesis’ was coded using the MedDRA term
‘impaired gastric emptying’ (as the nearest match); this term did not
indicate documented evidence of delayed gastric emptying, which
was an inclusion criterion for participation in the study.

2.4 | Statistical analysis

The safety analysis set for each trial comprised all patients who
received 21 dose of the study drug (excluding Part A of the phase
2a trial). Descriptive statistics were used to summarise the safety
data, using SAS statistical software version 9.3 (SAS Institute Inc).
MedDRA version 15.0 was used to code medical history and AEs.
Analysis of covariance was used post hoc to assess the effect of
relamorelin treatment on HbA1c and glucose. A linear trend test was
also performed on these data.

3 | RESULTS

3.1 | Patient demographics and healthcare
characteristics

The demographics and healthcare characteristics of the phase 2a

and phase 2b trial participants are presented in Table 1.

3.2 | Prevalence of TEAEs

The proportion of patients experiencing 21 TEAE was generally similar
across treatment groups (Figure 2), with slightly higher proportions in
the relamorelin 30 pg and 100 pug groups in the phase 2b trial compared
with the 10 pg and placebo groups. The most commonly reported TEAEs
in relamorelin-treated patients (25% in any treatment group) were head-
ache and worsening diabetes mellitus in the phase 2a trial, and hypergly-

caemia (and increased blood glucose), urinary tract infection, headache,

TABLE 1 Demographics and healthcare characteristics

Demographics and healthcare Phase 2a Phase 2b
characteristics (N =204) (N =393)
Mean age, y 55 57
Female, % 67 62
Diabetes type, n (%)

Type 1 24 (11.8) 39(9.9)

Type 2 180 (88.2) 351(89.3)

Type 1 and type 2 0 3(0.8)
BMI, kg/m?, mean (range) 33 (19-52) 32 (18-60)

Abbreviation: BMI, body mass index.
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dizziness and diarrhoea in the phase 2b trial (Table 2). No clinically im-
portant injection site reactions were reported in either study.

3.3 | Serious TEAEs

The incidence of serious TEAEs was generally similar between treat-
ment groups (Table 3), although the proportion of cases was slightly
higher in the 12-week phase 2b study compared with the 4-week
phase 2a study. There were 12 serious TEAEs overall in the phase 2a
trial, reported in seven patients. None of these serious TEAEs was ex-
perienced by >1 patient, and there were no discernible trends. In the
phase 2b trial, there were five serious TEAEs that were experienced
by >1 patient: worsening gastroparesis, which was reported in four pa-
tients (two in the placebo group and one each in the relamorelin 10 pg
and 100 pg groups); unstable angina, reported in two patients in the
30 ug group; chronic obstructive pulmonary disease, reported in two
patients (placebo and relamorelin 30 pg groups); diabetic ketoacidosis,
reported in two patients (relamorelin 10 pg and 30 pg groups) and
acute renal failure, reported in two patients (relamorelin 30 pug and
100 pg groups). None of these events was assessed as related to the
study drug by the investigator. One patient in the phase 2b relamorelin
100 ug treatment group died. The death was attributed to urosepsis
and was assessed by the investigator as unrelated to study drug.

3.4 | TEAEs leading to discontinuation

Overall, six relamorelin-treated (4.4%) and two placebo-treated
(2.9%) patients in the phase 2a trial discontinued the study drug
due to TEAEs (Table 3). Each reason for discontinuation occurred
only once, although each patient could cite multiple reasons. For the
placebo-treated patients, the reasons cited were fatigue, pneumo-
nia, hyperhidrosis and dizziness. For relamorelin-treated patients,
reasons for discontinuation included acute myocardial infarction,
vomiting, worsening diabetes, depression, nervousness, blister,
nephrolithiasis and obstructive uropathy. Of 23 (5.9%) patients in
the phase 2b trial who discontinued due to TEAEs, three (2.9%)
were in the placebo group, and three (3.1%), eight (7.3%) and nine
(11.0%) were in the relamorelin 10, 30 and 100 ug groups, respec-
tively (Table 3); of the 20 patients who discontinued while receiving
relamorelin treatment, eight discontinued due to TEAEs related to
glycaemic control (zero in the placebo group).

3.5 | TEAEs related to diabetic control

The proportion of patients experiencing hyperglycaemia (or in-
creased blood glucose) or worsening of diabetes during the trials
generally increased with increasing relamorelin dosage. During the
phase 2b trial, the mean change from baseline to Week 12 in HbAlc
levels also generally increased with relamorelin dose (P < 0.0001;
Figure 3). Mean baseline HbA1c values were 7.77%, 7.44%, 7.65%
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FIGURE 2 Proportion of patients

in each treatment group with 21 TEAE.

b.d., twice daily; q.d. pm, once daily in
the evening; RLM, relamorelin; TEAE,
treatment-emergent adverse event

TEAEs 25% in any treatment group in

either study, n (%)
Constipation
Diarrhoea
Dizziness
Headache

Urinary tract infection

TEAES related to glycaemic control

Hyperglycaemia
Increased blood glucose

Diabetes mellitus

Proportion of patients
with 21 TEAE (%)

70 —
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TABLE 3 Serious TEAEs or those leading to discontinuation

TEAE summary

Total serious TEAEs,
n (%)

Placebo RLM 10 yg RLM Placebo RLM RLM RLM
b.d. q.d.pm 10 pg b.d. b.d. 10 pg b.d. 30 pg b.d. 100 pg b.d.
n =69 n=67 n =68 n=104 n=98 n=109 n=_82
Phase 2a Phase 2b
TABLE 2 Most common TEAEs occurring in the phase 2a and phase 2b trials
Phase 2a Phase 2b
Placebo Relamorelin Placebo Relamorelin
100 pg
10 pg q.d. 10 pg b.d. 10 ugb.d. 30 pgb.d. b.d.
b.d. (n = 69) pM (n = 67) (n=68) b.d. (n = 104) (n=98) (n =109) (n=282)
4(5.8) 1(1.5) 1(1.5) 3(2.9) 0 3(2.8) 0
2(2.9) 3(4.5) 1(1.5) 0 4(4.1) 7 (6.4) 6(7.3)
4(5.8) 1(1.5) 1(1.5) 1(1.0) 0 1(0.9) 5(6.1)
2(2.9) 2(3.0) 5(7.4) 3(2.9) 4(4.1) 6(5.5) 2(2.4)
4(5.8) 2(3.0) 2(2.9) 7(6.7) 7(7.1) 8(7.3) 7 (8.5)
1(1.4) 2(3.0) 0 2(1.9) 5(5.1) 10 (9.2) 10 (12.2)
1(1.4) 0 1(1.5) 1(1.0) 3(3.1) 4(3.7) 6(7.3)
2(2.9) 1(1.5) 4(5.9) 0 2(2.0) 1(0.9) 3(3.7)
Abbreviations: b.d., twice daily; q.d. pm, once daily in the evening; TEAE, treatment-emergent adverse event.
Phase 2a Phase 2b
Placebo Relamorelin Placebo Relamorelin
10 ugg.d.pm 10 pghb.d. 10 pg b.d. 30 pg b.d. 100 pg b.d.
b.d. (n = 69) (n=67) (n=68) b.d. (n = 104) (n=98) (n =109) (n=82)
2(2.9) 1(1.5) 4(5.9) 8(7.7) 7(7.1) 10(9.2) 6(7.3)
2(2.9) 5(7.5) 1(1.5) 3(2.9) 3(3.1) 8(7.3) 9(11.0)

TEAEs leading to study
drug discontinuation,
n (%)

Abbreviations: b.d., twice daily; g.d. pm, once daily in the evening; TEAE, treatment-emergent adverse event.

and 8.15%, and mean end of study values were 7.80%, 7.94%, 8.54%
and 8.84% for the placebo, relamorelin 10, 30 and 100 pg treatment

groups respectively. The mean change in fasting blood glucose also

increased with relamorelin dose over the study period (linear trend:
P = 0.0043; Figure 4). A similar proportion of patients in each treat-

ment group experienced a fasting blood glucose level >1.2 x ULN
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1.0 — FIGURE 3 Mean change from baseline
in percentage HbA1c values for each
é‘ 08— treatment group in the phase 2b trial.
E HbA1c values were measured in %. b.d.,
L(.IS twice daily; CFB, change from baseline;
= 0.6 — HbA1c, glycated haemoglobin; RLM,
g relamorelin; SD, standard deviation
% 0.4 —
g
‘g 0.2 —
o
S 00 —
= -0.03
—02 ] (0.86)
Placebo RLM RLM RLM
b.d. 10 pg b.d. 30 pg b.d. 100 pg b.d.
n=104 n=98 n=109 n=_82
3.5— FIGURE 4 Change from baseline of
fasting blood glucose values for each
3.0 — treatment group in the phase 2a and
. phase 2b trials. To convert blood glucose
o 9) 25 values from units of mmol/L to units of
§ ;,’ mg/dL, multiply by 18.0. In phase 2a, CFB
) _g 2.0 — values were 4.14, 17.48 and 10.99 mg/dL
§ IS for the placebo, relamorelin 10 pg g.d. pm
e} E" 1.5 —| and 10 ug b.d. groups. In phase 2b, CFB
20 values were 25.04, 32.61, 43.24 and
E § 1.0 56.39 mg/dL for the placebo, relamorelin
€ 10, 30 and 100 pg groups, respectively.
0.5 | 0.23 b.d., twice daily; CFB, change from
(4.5) baseline; q.d. pm, once daily in the evening;
RLM, relamorelin; SD, standard deviation

Placebo RLM 10 pg RLM

Placebo RLM

RLM RLM

b.d. g.d.pm 10 pg b.d. b.d. 10 pg b.d. 30 pg b.d. 100 pg b.d.
n =69 n=67 n =068 n=104 n=98 n=109 n =82
Phase 2a Phase 2b

during the study (83.5%, 81.1%, 81.4% and 82.6% in the placebo and
relamorelin 10, 30 and 100 pg groups respectively).
Discontinuations related to glycaemic control were carefully ap-
praised. One phase 2a patient in the relamorelin 10 ug g.d. pm group
discontinued due to worsening diabetes mellitus; this was considered
to be related to the study drug by the investigator. In phase 2b, eight
patients discontinued due to AEs relating to glycaemic control: none
in the placebo or relamorelin 10 pg groups; one due to increased
blood glucose and one due to worsening diabetes mellitus in the
relamorelin 30 pg group; and three due to hyperglycaemia, two due
to increased blood glucose and one due to worsening diabetes melli-
tus in the relamorelin 100 pg group. The terminology used here con-
forms with the specific MedDRA terms used in the case report forms.
Diabetic ketoacidosis was reported in three relamorelin-treated
patients, one in each phase 2b relamorelin treatment arm. All three
cases were assessed by the investigator to be associated with
accepted risk factors for diabetic ketoacidosis, and unrelated to

study drug. The case in the 10 pg group occurred 11 days after

cessation of study drug, and the case in the 100 pg group was mild
(not classed as a serious TEAE) and did not result in hospitalisation.
The final case (in the 30 pg group) was attributed to incorrect in-
sulin administration. Diabetic ketoacidosis was also documented in
one phase 2a patient during the single-blind placebo run-in period;
therefore, it was not considered to be treatment emergent.

The mean change in weight from baseline ranged from -0.07 kg
to 0.59 kg across all treatment groups (Table 4); these small changes
were not considered clinically relevant.

3.6 | TEAEs related to cardiovascular safety

Aside from the unstable angina reported in two phase 2b patients in
the relamorelin 30 pg treatment group, no cardiac TEAEs occurred
in 22% of any relamorelin treatment group. One patient in the phase
2a trial (relamorelin 10 pg q.d. pm) discontinued medication due to

acute myocardial infarction (which was considered unrelated to
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TABLE 4 Mean change from baseline in weight
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Phase 2a Phase 2b
Placebo Relamorelin Placebo Relamorelin
10 pg q.d. pm 10 pg b.d. 10 pg b.d. 30 pug b.d. 100 pg b.d.
b.d. (n = 69) (n=67) (n=68) b.d. (n = 104) (n=98) (n=109) (n=82)
Weight CFB?, kg, -0.01 (1.6) 0.2 (1.6) 0.17(2.0) 0.25(2.6) -0.07 (2.7) 0.59 (3.0) 0.46(2.2)

mean (SD)

Abbreviations: b.d., twice daily; CFB, change from baseline; g.d. pm, once daily in the evening; SD, standard deviation.

aStudy duration was 4 weeks for the phase 2a trial and 12 weeks for phase 2b.

study drug). This patient had a history of coronary artery disease,
peripheral artery disease, hypertension and hyperlipidaemia. In
the phase 2b trial, five relamorelin-treated patients experienced
serious cardiovascular events overall, of whom three discontinued
study participation: unstable angina (30 pg group), in a patient with
previous hypertension; cardio-respiratory arrest (30 pg group), in a
patient with a history of coronary artery disease, myocardial infarc-
tion and coronary artery bypass grafting (the patient was success-
fully resuscitated); and worsening atherosclerosis of the coronary
artery (10 ug group), in a patient who had previously undergone
coronary artery stent implantation. Events where the patient did
not discontinue included a further case of unstable angina (30 pg
group) and worsening of congestive heart failure (10 ug group). Of
the five events, four were classed as unrelated or unlikely to be re-
lated to study drug, and one (worsening of congestive heart failure)
was classed as possibly related.

No clinically significant changes were identified in ECGs of pa-
tients with data available at both baseline and end of study (178
phase 2a and 369 phase 2b patients). In the phase 2a trial, six (10.3%)
and two (3.4%) patients who were receiving relamorelin 10 pg g.d.
pM and b.d., respectively, and seven (11.5%) patients in the placebo
group had a QTcF interval >450 ms on 21 post-dosing time point
during the study; however, no patient had a QTcF interval exceeding
500 ms at any study time point post-dosing. In the phase 2b trial,
four (4.2%), two (1.9%) and one (1.4%) patients receiving relamore-
lin 10, 30 or 100 ug b.d., respectively, and two (2.1%) patients in
the placebo group had a QTcF interval >450 ms; one patient in the
relamorelin 10 pg group and one in the relamorelin 30 pg group had
a QTcF interval that exceeded 500 ms. Neither of these studies had
a pre-specified exclusion criterion relating to prolonged QTc inter-
val. No patient in any group had a prolonged QTc interval that was
reported as a TEAE and no patient with a prolonged QTc interval at
either entry to or exit from the studies experienced a cardiovascular
TEAE that was considered related to prolonged QTc interval.

4 | DISCUSSION

These data from phase 2 trials show that relamorelin 10-100 ug
was generally well tolerated in adults with diabetic gastroparesis.
The proportions of patients with TEAEs in the phase 2a trial were

low and generally comparable with placebo. However, in the longer

phase 2b trial, in which higher doses of relamorelin were adminis-
tered, more TEAEs were observed in relamorelin-treated patients,
especially TEAEs relating to glycaemic control. Taken together with
the dose-dependent relationships observed between relamorelin
and HbA1c levels or increased blood glucose, these findings sug-
gest that the 10 pg b.d. dose is best tolerated. Importantly, this dose
maintains the efficacy of relamorelin in increasing gastric emptying
and improving symptoms.*¢”

Symptoms of gastric motor dysfunction are prevalent among di-
abetic patients.! Diabetic neuropathy, loss of interstitial cells of Cajal
within the walls of the stomach, blood glucose fluctuations and psy-
chosomatic factors may all contribute to gastric motor dysfunction
by disturbing the functions of smooth muscle and enteric and ex-
trinsic autonomic nerves, which control gastric emptying.?® Ghrelin,
the natural ligand for the growth hormone secretagogue receptor, is
produced in the stomach?? and may mediate gastric contractions and
emptying through stimulation of the vagal nuclei and vagus nerve,
and has been shown to promote gastric emptying in human and an-
imal studies. It also increases appetite via the stimulating effects of
ghrelin on growth hormone receptor centres in the hypothalamus.
Relamorelin, with its longer plasma circulating half-life and stability,
is sixfold more potent than native human ghrelin at activating the
ghrelin receptor,?* and has been shown to accelerate gastric empty-
ing and increase gastric antral contractility without impeding gastric
accommodation or altering satiation in healthy volunteers.'®
hyperglycaemia (blood glucose approximately
>15 mmol/L [>270 mg/dL])*® is one of the known risk factors for

Acute

delayed gastric emptying in diabetic patients. While no evidence
has been found that improving glycaemic control leads to acceler-

ation of gastric emptying,31’32

one goal of treatment for patients
with diabetes is to stabilise glucose fluctuations by improving gas-
tric emptying, leading to better synchronisation with post-prandial
or pre-prandial insulin dosing. Acceleration of gastric emptying—
from the pro-kinetic effects of ghrelin or an increase in post-pran-
dial glucose levels due to increased food intake caused by larger
appetite induced by the ghrelin receptor agonist—may worsen hy-
perglycaemia. The effect of gastric pro-kinetics on increased early
post-prandial blood glucose has also been observed with cisapride
and erythromycin®3®% however, these may also stimulate insulin
secretion if there is a normal reserve of islet beta cells.®> Other po-
tential mechanisms affecting hyperglycaemia in patients treated

with ghrelin agonists are inhibition of insulin secretion from islet
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cells of the pancreas, or enhanced insulin resistance via elevation
of growth hormone levels. Long-term treatment with oral ghrelin
mimetic agents has been reported to be associated with increases
in both fasting plasma glucose and HbA1c values within elderly
populations.3¢%7

Therefore, hyperglycaemia might be expected given the mech-
anisms of action of relamorelin, consistent with our finding that
TEAESs relating to diabetic control increased with increasing relam-
orelin dose. Although there is evidence in healthy rodents that pro-
longed treatment with ghrelin for 21 days regulates plasma glucose
and restores insulin to normal levels,®® the current data suggest that
proactive steps (eg self-monitoring of blood glucose levels) should
be instituted to enhance glycaemic control in the management of
patients receiving treatment with ghrelin receptor agonists, and
this strategy has been implemented in the ongoing phase 3 trials of
relamorelin (NCT03285308; NCT03426345).

While a comparatively high proportion of patients experienced
headache and urinary tract infection, the incidence of these AEs
was generally similar across relamorelin and placebo treatment
groups and did not generally increase with relamorelin dose. In
addition, a high incidence of urinary tract infection is consistent
with a diabetic, predominantly female population.®’ It is also
not surprising that diarrhoea was commonly reported, as this is
consistent with the pro-kinetic effects of relamorelin, which can
extend beyond gastric emptying to include the small bowel and
colon.*® This could indicate clinical applications for patients with
other gastrointestinal motility disorders.*' Although relamorelin
has been shown to induce feeding and weight gain in multiple an-

imal studies,*>*°

weight changes in the phase 2 trials were small
and not considered clinically relevant. To date, it remains unclear
whether the 10 pug dose of relamorelin increases appetite in dia-
betic gastroparesis patients.

Due to unpredictable gastric emptying in patients with diabetic
gastroparesis, subcutaneous administration of medication may be
considered more appropriate than oral delivery, as it is considered
more likely that a predictable plasma level for the medication can
be achieved. No clinically important injection site reactions were
observed, which suggests that the subcutaneous delivery of relam-
orelin is well tolerated.

As there is a link between ghrelin and the cardiovascular sys-

tem 4647

cardiovascular safety was of particular interest in the phase
2 trials, especially given the large proportion of obese study patients
(mean body mass index >30 kg/m2 for each trial).*® In all, there were
very few serious cardiovascular TEAEs and comparatively few over-
all cardiovascular TEAEs, with a small number of findings of QTc pro-
longation on ECG. However, there is a need for careful assessment
of cardiovascular risks given inconclusive findings from experimen-
tal studies.*”>° Ghrelin acting through the growth hormone secre-
tagogue receptor may regulate energy homeostasis by burning fat

to generate heat.*’

Peripheral tissue effects of ghrelin on interstitial
levels of glucose, glycerol and lactate have been reported, conclud-
ing that ghrelin increased insulin sensitivity.>® There is also evidence

of protective effects on the heart, such as protection against cardiac
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ischaemia and cardiac fibrosis, improvement in cardiac function and
decreased peripheral resistance after myocardial infarction in ani-
mals and humans.>! On the other hand, short-term administration of
ghrelin exerts direct peripheral effects on lipid metabolism, includ-
ing increases in white adipose tissue mass and stimulation of lipo-
genesis in the liver. Ghrelin itself may increase appetite and promote
adiposity by the activation of hypothalamic orexigenic neurons and
stimulation of the expression of fat storage-related proteins in ad-
ipocytes.” There is also evidence that ghrelin actually attenuates
vascular calcification in diabetic patients who have previously un-
dergone foot amputation.®® Taken together, this evidence indicates
that, on balance, ghrelin and its agonists would be expected to re-
duce the overall risk of vascular or cardiac disease. Therefore, the
cardiovascular effects of relamorelin will be evaluated further in the
longer-term phase 3 trials.

There is a theoretical risk of ghrelin or ghrelin agonists having in-
volvement in autocrine and paracrine processes, resulting in cancer
progression®*; however, no evidence of this has been observed in
human studies® and no cancer-related TEAEs were associated with
relamorelin in either phase 2 trial.

In contrast to 5-HT, and dopamine D, receptor agonists, ghrelin
receptor agonists are not associated with central nervous system-
induced movement disorders, and do not appear to carry an in-
creased risk in terms of cardiovascular safety based on currently
available data. Therefore, as long as patients’ diabetic control is mon-
itored and appropriately managed, relamorelin may fill the unmet
need for a new effective diabetic gastroparesis treatment with an
acceptable safety profile.

In summary, these data demonstrate the favourable safety
and tolerability profile of relamorelin 10-100 ug in adults with di-
abetic gastroparesis. Given that ghrelin agonists may stimulate hy-
perglycaemia and that elevated blood glucose and HbAlc levels
were observed in relamorelin-treated patients with evidence of a
dose-dependent relationship, the phase 3 trials (NCT03426345,
NCT03285308, NCT03383146 and NCT03420781), which will
assess relamorelin 10 pug b.d. and placebo doses only, will involve
closer monitoring of glycaemic parameters and proactive glycaemic
management.
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