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CLINICAL—ALIMENTARY TRACT
Relamorelin Reduces Vomiting Frequency and Severity
and Accelerates Gastric Emptying in Adults With
Diabetic Gastroparesis
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BACKGROUND & AIMS: Gastroparesis is an important compli-
cation of diabetes. We investigated the effects of relamorelin (a
pentapeptide-selective agonist of the ghrelin receptor that
speeds gastric emptying in patients with diabetes) in patients
with diabetic gastroparesis.METHODS:We performed a double-
blind trial of 204 patients (78% Caucasian; 67% female; mean
age, 55 y; 88% with type 2 diabetes) with diabetic gastroparesis
with moderate to severe symptoms and delayed gastric emptying
at 27 clinical centers, from June 2012 until August 2013. Patients
were assigned randomly (1:1:1) to groups given placebo or
subcutaneous relamorelin 10 mg once or twice daily. The primary
end point was the half-time of gastric emptying. Secondary end
points included nausea, abdominal pain, bloating, early satiety, as
well as the composite score of these 4 subjective symptoms and
vomiting frequency and severity. RESULTS: Twice-daily rela-
morelin significantly accelerated gastric emptying (P < .03) and
reduced vomiting frequency (by w60%) and severity vs placebo
(P � .033). Compared with placebo, relamorelin did not improve
other gastrointestinal symptoms, such as abdominal pain and
satiety. In the 119 patients (58.3%) with baseline vomiting,
twice-daily relamorelin significantly reduced the half-time of
gastric emptying and vomiting, as well as nausea, abdominal pain,
bloating, and early satiety compared with placebo (composite
score, P ¼ .043). No overall safety concerns were identified.
CONCLUSIONS: In a clinical trial of patients with diabetic gas-
troparesis, relamorelin (10 mg twice daily) significantly acceler-
ated gastric emptying and significantly reduced vomiting,
compared with placebo. Among patients with baseline vomiting,
relamorelin had prokinetic effects and significantly reduced
vomiting and also improved other symptoms of diabetic gastro-
paresis compared with placebo. ClincialTrials.gov number:
NCT01571297.

Keywords: RM-131; Phase 2 Trial; Gastrointestinal Motility;
Dose Comparison.

iabetic gastroparesis, a disorder of gastrointestinal
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D(GI) motility, is associated with significant
morbidity and increased mortality.1,2 Diabetic gastroparesis
symptoms include nausea, vomiting, early satiety, bloating,
and postprandial pain or discomfort. These symptoms
typically are chronic and do not always correlate with ab-
normalities in gastric emptying.3 Vomiting, a cardinal
symptom of diabetic gastroparesis, estimated to affect
approximately 40%–60% of patients, is associated with
moderate to severe disease, and is often the symptom
resulting in hospitalizations for diabetic gastroparesis.
Vomiting also causes significant difficulties in adjusting
medications to achieve glucose control in affected diabetic
patients. In the National Institutes of Health Gastroparesis
Consortium database, symptoms that more often prompted
evaluation included vomiting for the 137 patients with
diabetic gastroparesis and abdominal pain for the 254 pa-
tients with idiopathic gastroparesis (IG). Moreover, patients
with diabetic gastroparesis had more severe retching and
vomiting than patients with IG, whereas patients with IG
had more severe early satiety and postprandial fullness
subscores.4 Therefore, among patients with diabetic gas-
troparesis, vomiting is a very relevant symptom.

The goals of treatment for patients with diabetic gas-
troparesis are 3-fold: (1) improve nutritional and hydration
status, which often is poor4; (2) relieve GI symptoms, which
are debilitating, limit daily functioning, and frequently lead
to hospitalization in patients with severe diabetic gastro-
paresis; and (3) optimize glycemic control. These goals
rarely are accomplished with current therapies, which often
are limited by adverse events; thus, the development of
new, effective pharmacologic therapies is critical.

Synthetic ghrelin agonists, predominantly small mole-
cules, have been developed as prokinetic (promotility)
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agents that may prove useful in the treatment of diabetic
gastroparesis.5 The actions and therapeutic pathways of
ghrelin for GI disorders have been reviewed elsewhere.6

Relamorelin (RM-131) is a novel synthetic pentapeptide
amide that acts as a potent ghrelin-receptor agonist,7 with
similar characteristics to native ghrelin, but with enhanced
potency, plasma stability, and circulating half-life. In initial
clinical studies, the terminal half-life of relamorelin was
effectively approximately 4.5 hours, suggesting the need to
study a twice-daily dosing regimen. However, at the highest
doses, at which it was possible to measure the terminal half-
life more accurately over 72 hours, the terminal half-life was
19.4 hours, supporting a potential once-daily regimen.

Relamorelin has potent prokinetic effects. In nonclinical
studies, the effects of relamorelin on gastric emptying were
15- to 130-fold more potent than natural ghrelin. The
clinical activity of relamorelin, as evidenced by acceleration
of gastric emptying, was shown in phase 1 studies in
healthy subjects and in diabetic patients (type 1 and type
2).8–11 Toxicologic studies with relamorelin provide very
large (>750-fold) safety margins compared with clinical
exposures. Given these promising results, we conducted a
clinical trial to assess the safety and effectiveness of rela-
morelin on vomiting and other symptoms of gastroparesis,
as well as gastric emptying, in patients with diabetic
gastroparesis.

Materials and Methods
We performed a 28-day, randomized, double-blind, placebo-

controlled, multiple-dose trial in patients with diabetic gastro-
paresis at 27 clinical centers in the United States. Patients were
enrolled between June 6, 2012, and August 9, 2013. This trial
was conducted in accordance with the ethical principles of
Good Clinical Practice, according to the International Confer-
ence on Harmonisation Harmonized Tripartite Guideline. The
trial (RM-131-004) received Institutional Review Board
approval. All patients provided written informed consent
before the performance of any trial-specific procedures. All
authors had access to the study data and reviewed and
approved this manuscript.

This trial consisted of 2 parts, a small part A and a larger
part B, in an adaptive design.

Assessments
The primary end point was the evaluation of the effects of

relamorelin on gastric emptying half-time (t1/2), as determined
by the 13C-spirulina gastric emptying breath test (GEBT) (AB
Diagnostics, LLC, Brentwood, TN). Secondary end points
included assessments of daily individual symptoms of diabetic
gastroparesis (vomiting episodes, vomiting severity, nausea,
bloating, abdominal pain, and early satiety) using a patient-
reported outcome instrument completed via an interactive
voice response system, the Diabetic Gastroparesis Symptom
Severity Diary (DGSSD). The pilot DGSSD was developed in a
manner consistent with the US Food and Drug Administration
patient-reported outcome guidance document.12 The patients’
assessment of their worst severity of bloating, abdominal pain,
nausea, and vomiting were rated daily from 0 (no symptom) to
10 (worst possible symptom). Early satiety was rated on the
following scale for meal tolerance: only 1 or 2 bites, 10; a small
snack or portion of a normal-sized meal, 7.5; about half of a
normal-sized meal, 5.0; most of a normal-sized meal, 2.5; and all
of a normal-sized meal, 0. A composite of the 4 more subjective
symptoms (nausea, bloating, abdominal pain, and early satiety)
also was evaluated. Safety and tolerability also were secondary
objectives. Exploratory measures included the effects of rela-
morelin on symptoms of diabetic gastroparesis, as assessed with
the Gastroparesis Cardinal Symptom Index–Daily Diary (GCSI-
DD), Patient Assessment of Upper Gastrointestinal (PAGI)
Symptom Instrument, PAGI Quality of Life Questionnaire, and
Global Treatment Assessments. Effects on weight and glucose
levels also were assessed.

Trial Design
The trial consisted of a screening period (days -60 to -8),

with 2 visits to establish patient eligibility for the trial; followed
by a 7-day, single-blind, placebo-controlled, run-in period to
collect baseline symptoms and assess compliance with in-
jections; then a 28-day, double-blind treatment period; and,
finally, a 7-day, post-treatment, follow-up period. During
treatment, patients attended clinic visits on days 1, 10, and 28.
An overnight fast was required before all clinic visits. Between
days 2 and 9 and days 11 and 27, patients were contacted via
telephone to assess adverse events (AEs), injection site issues,
compliance, and to re-inforce fasting requirements. (The trial
design is summarized in Supplementary Figure 1.)

Patient Population
Male and female patients aged 18 to 75 years with type 1 or

type 2 diabetes mellitus, with a body mass index of 18 kg/m2 or
greater were eligible. Patients were required to have a 3-month
or longer history of diabetic gastroparesis, with ongoing
symptoms suggestive of gastroparesis (eg, postprandial
nausea/vomiting, postprandial fullness, early satiety, bloating,
epigastric/abdominal pain); nausea and/or vomiting (by his-
tory, at least once a week during the 2 weeks before screening);
glycosylated hemoglobin levels of 11% or less; average GCSI-
DD score of 2.6 or greater (ie, moderate to severe diabetic
gastroparesis)13; and delayed gastric emptying confirmed by
abnormal 13C-GEBT, defined as a gastric emptying t1/2 of 79
minutes or more (80th percentile of normative data14) during
screening. At least 50% of patients were to have a baseline
gastric emptying t1/2 of 101 minutes or more (95th percentile
of normative data).

Patients with persistent daily vomiting or with clinical
suspicion of upper GI obstruction, receiving parenteral feeding
or with a nasogastric or other enteral/feeding tube, or
currently taking opiates or glucagon-like peptide-1 (exenatide,
liraglutide) or amylin (pramlintide) were excluded. Concurrent
use of metoclopramide, macrolide antibiotics (eg, azithromycin,
clarithromycin, erythromycin), or anti-emetics was prohibited
during the trial. Patients who experienced severe diabetic
gastroparesis symptoms were allowed to receive rescue treat-
ment with an anti-emetic drug 1 day per week, but were to
avoid such treatment, if possible, on the day before and the day
of the clinic visits. Patients who required additional rescue
treatment were discontinued. Few patients requested or
received protocol-approved rescue medication (N ¼ 4) for
gastroparesis symptoms, and no patient was discontinued for
this reason.
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Treatment
All patients received single-blind placebo for 7 days (run-in

period) followed by double-blind relamorelin or placebo for 28
days (treatment period). Patients were randomized on a 1:1:1
basis to 1 of 3 treatment groups, as follows: (1) placebo
(morning) and relamorelin 10-mg once daily (evening); (2)
relamorelin 10-mg twice daily; or (3) placebo twice daily. All
patients received 2 study drug injections/day.

Blinded study drug was supplied by the sponsor to each
study site. Relamorelin is formulated as an isotonic solution in
5% mannitol. All relamorelin doses and placebo (5% mannitol
for injection) were delivered by subcutaneous injection with a
consistent 300-mL volume in a prefilled syringe.

Study drug was self-injected by the patient in the morning
(between 6:00 and 9:00 am) and evening (between 5:00 and
8:00 pm), approximately 30 minutes before a meal. Although
more than half (w60%) of patients were receiving subcu-
taneous insulin, extensive training in subcutaneous injection
was provided during screening.

Gastric Emptying
Gastric emptying was determined via GEBT during

screening and on day 28. GEBT t1/2 is a continuous measure-
ment representing the calculated time to emptying half of a C13-
labeled test meal (w230 calories, 16.9 g carbohydrates, 14.4 g
protein, and 11.2 g fat with 180 mL water) from the stomach
into the small intestine. GEBT t1/2 could be calculated from
values of 13CO2-enriched exhaled breath collected for up to 240
minutes, the last time point used in the studies for GEBT vali-
dation.14 In the validation studies, the mean GEBT t1/2 was 67.8
minutes and the 95th percentile was 101 minutes.

Safety
Safety assessments included safety laboratory tests (com-

plete blood count, chemistry panel, urinalysis, glucose, and in-
sulin levels), insulin-like growth factor-1, prolactin, 12-lead
electrocardiograms (ECGs), physical examination, vital signs,
weight, and injection site examination. All AEs were
documented.

Relamorelin Antibodies
Samples collected predose, on day 10, and at the final visit

(day 35 or upon early termination) were analyzed for the
presence of antirelamorelin antibodies (antidrug antibody
[ADA]) using a validated qualitative enzyme-linked immuno-
sorbent assay. Samples were considered positive if the post-
dose titer exceeded the predose titer and the signal was specific
for relamorelin ADA.

Statistical Methodology
Power analysis. This trial consisted of 2 parts, a small

part A and a larger part B, in an adaptive design. Trial pro-
cedures in parts A and B were identical. An interim analysis
was conducted in the small subset of patients who completed
part A; the primary goal of the interim was to power part B of
the trial for symptom end points. The total sample size initially
planned (parts A and B combined) of N ¼ 35 per treatment
group (assuming no increase at the interim analysis) had 80%
power (1-sided a ¼ .015, applying the Dunnett test for each
comparison, or a ¼ .05 overall) to yield a statistically significant
difference between treatments for GEBT t1/2 if the true un-
derlying difference was 21 minutes, based on an assumed SD of
29 minutes, which was the largest estimate among individual
time points from the RM-131-002 trial (a multiple-dose trial in
healthy volunteers). For symptoms, the only data available in
the literature were based on different instruments; the pre-
liminary power estimates were that a total sample size of N ¼
35 per group had 80% power (a ¼ .05, 1-sided) if the true
underlying standardized effect size (SD, 1) for the key symptom
was 0.71, based on computations similar to that for GEBT t1/2.
Sample size assessment was planned as part of the prospec-
tively planned interim analysis, if the results of the interim
analysis of part A suggested the planned sample size (N ¼ 25/
arm for part B, ie, N ¼ 35/arm total for part A and part B doses
combined) was insufficient to support statistical conclusions of
the drug effect (ie, power < 80%), or if a larger cohort was
needed for safety assessment. Conditional power was the basis
for these computations, that is, assuming the observed results
from the part A interim analysis represented the true under-
lying mean and SD. Based on the interim results of part A, 3
treatment groups from part A were continued in part B, and a
final sample size of approximately 185 patients was selected. It
prospectively was planned that data from identical dose groups
evaluated in both parts A and B would be pooled in the primary
analysis. The results of this pooled primary analysis are pre-
sented in this article.

Analysis populations. Primary analyses were per-
formed for 2 populations: (1) the modified intent-to-treat
(mITT) population; and (2) the safety population. The mITT
population (also referred to as the full analysis set), which
prospectively was planned as the primary population, included
all patients who received at least 1 dose of double-blind study
drug and had at least 1 baseline and 1 postbaseline observation
for any efficacy parameter. For symptom end points, the mITT
population essentially was an ITT population. In contrast,
because the GEBT was performed at only 1 time point after
baseline (day 28), patients were required to have day 28 GEBT
results included in the analysis of GE, and hence the mITT
analysis for the GEBT parameters was essentially a completers
analysis. Safety analyses were performed using the safety
analysis set, defined as all patients who received at least 1 dose
of double-blind study drug.

A second efficacy analysis was conducted in a prospectively
planned subgroup of patients with documented vomiting
symptoms at baseline (VS subgroup) (ie, patients with a vom-
iting severity score greater than 0 during the 1-week, baseline,
single-blind placebo run-in period). This prespecified subgroup
represented approximately 60% of patients, but was not one of
the primary populations specified in the statistical plan.

Statistical methods. Formal statistical hypothesis
testing was performed on primary, secondary, and exploratory
end points, with all tests conducted at the 1-sided, 0.05 level of
significance; no adjustment was made for multiple com-
parisons. Summary statistics, including confidence intervals,
were presented. Randomization was stratified by screening
GEBT t1/2 (79–100 vs �101 min).

The primary efficacy analysis tested for differences in the
mean change from baseline in gastric emptying t1/2 at day 28
between the active treatment groups and the placebo group.
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Data were analyzed using an analysis of covariance (ANCOVA)
model with day 28 GEBT change from baseline as the depen-
dent variable and treatment as a factor and with baseline GEBT
as a covariate. Change from baseline was assessed by pre-
senting estimates of least-squares means and associated SEs
from the ANCOVA model. In addition, differences in least-
squares means between each dose group and placebo and
between dose groups were presented.

For the assessment of symptom scores (including vom-
iting severity), daily DGSSD scores were averaged to weekly
scores. Composite (summed) scores were computed for each
week based on the weekly average responses to the 4 DGSSD
items pertaining to the severity of bloating, early satiety,
abdominal pain, and nausea (each item was scored 0–10).
Composite scores ranged from 0 to 40. Change from baseline
for each weekly average (for each individual symptom as
well as the composite score) was assessed as described for
gastric emptying t1/2, except that baseline values were
similar between groups and thus were not included as a
covariate.

The weekly number of vomiting episodes and change from
baseline in weekly vomiting episodes were summarized using
descriptive statistics and a repeated-measures ANCOVA
model with treatment, baseline number of vomiting episodes,
gastric emptying t1/2 (continuous), time point, and the
interaction of treatment and time point as factors. Because
baseline values differed between groups for vomiting epi-
sodes, baseline values were included as a covariate. Weekly
vomiting scores were normalized as follows: normalized
sum ¼ sum (daily responses) � 7 / (number of days with
nonmissing values).

For DGSSD items, baseline was established based on the
average for each individual component reported during the 7-
day, single-blind, placebo-controlled, run-in period. For GEBT
t1/2 and the percentage dose excreted time-weighted average,
baseline was the predose value. For other parameters, baseline
was the last measurement taken before the first double-blind
study drug dose.

Safety data were summarized descriptively.
Results
Participants and Demographics

The CONSORT flow diagram is presented in
Supplementary Figure 2. For the 3 treatment groups, 68
patients received relamorelin 10 mg twice daily (twice-daily
group), 67 patients received relamorelin 10 mg once daily in
the evening (once-daily evening group), and 69 patients
received placebo. All patients who received at least 1 dose of
double-blind study drug and had at least 1 baseline and 1
postbaseline observation for symptom parameters were
included in the mITT population and safety analysis set. For
the gastric emptying end point, because the only postdose
gastric emptying measurement was on day 28, the mITT
population was more similar to a completer’s analysis, and
included 61, 58, and 59 patients in the 3 groups, respectively.

Demographics are summarized in Table 1. Overall,
most patients were white (78%) and female (67%). Mean
age ranged from 54 to 56 years across dose groups.
Furthermore, most patients (88%) had type 2 diabetes
mellitus, with a median duration ranging from 7 to 10 years
across dose groups. Among the 12% of patients with type 1
diabetes mellitus, the median duration of diabetes mellitus
ranged from 17 to 28 years. The patient population as a
whole was obese, with a mean and median body mass index
greater than 30 kg/m2 in each group (Table 1). Approxi-
mately 50%–60% of patients were receiving insulin at
baseline.
Baseline Gastric Emptying and Symptoms
Mean baseline gastric emptying t1/2 was similar in each

of the 3 treatment groups, with mean values ranging from
126.1 to 128.9 minutes; 26% had values between 79 and
100 minutes and 74% had values of 101 minutes or longer
(Table 1).

The weekly normalized sum of vomiting episodes was
similar in the relamorelin twice-daily and placebo groups
(3.2 and 3.4, respectively), and higher in the relamorelin
once-daily evening group (8.1). The mean 4-symptom
composite score was similar in each group, ranging from
17.2 to 17.8.

The demographics in the VS subgroup (w60% of pa-
tients) were similar to those in the mITT population.
Efficacy
Gastric emptying. Compared with placebo, the mean

change from baseline in gastric emptying t1/2 in patients
treated with relamorelin once daily and twice daily was 1.6
± 6.4 minutes (P ¼ .954) and -15.4 ± 6.3 minutes (P ¼
.031), respectively (Table 2). The mean gastric emptying t1/2
change from baseline in patients treated with relamorelin
once daily and twice daily was -5.9 ± 4.5 minutes (P ¼ .198)
and -22.9 ± 4.5 minutes (P < .001), respectively, compared
with -7.5 ± 4.5 minutes for placebo (P ¼ .093). The primary
end point (gastric emptying) was met in the mITT popula-
tion, showing significant effects on gastric emptying for the
relamorelin twice-daily dosing group, both in change from
baseline (P < .001) and difference from placebo (P ¼ .031)
(Table 2). In the VS subgroup, relamorelin twice daily also
significantly improved gastric emptying, both change from
baseline (P < .001) and difference from placebo (P ¼ .019)
(Table 2).

Vomiting end points. Compared with placebo, rela-
morelin 10 mg twice daily significantly decreased the vom-
iting severity score and the mean number of weekly
vomiting episodes, with a decrease in symptoms of 58% and
63%, respectively (P � .033) (Table 3). In the VS subgroup,
relamorelin 10 mg twice daily also had important, clinically
relevant, and statistically significant effects on vomiting
symptom severity and weekly vomiting episodes at week 4,
with a mean percentage improvement over placebo of 59%
and 63%, respectively (P � .041) (Table 3).

Individual symptoms and 4-symptom composite
score. In the mITT population, the 4 individual subjective
symptoms included in the 4-symptom composite score
(bloating, abdominal pain, early satiety, and nausea)
(Supplementary Figure 3), as well as the 4-symptom com-
posite score (Supplementary Figure 4), both improved in



Table 1.Demographics and Baseline Characteristics in the mITT Population and Subgroup of Patients With Vomiting
Symptoms at Baseline

Parameter/statistic

mITT Population
Subgroup of patients with

vomiting symptoms at baseline

Placebo
(N ¼ 69)

Relamorelin
once daily

evening (N ¼ 67)

Relamorelin
twice daily
(N ¼ 68)

Placebo
(N ¼ 36)

Relamorelin
once daily

evening (N ¼ 33)

Relamorelin
twice daily
(N ¼ 30)

Age, mean (±SD), y 55.2 (11.12) 56.2 (10.74) 53.5 (10.71) 55.4 (10.29) 55.9 (10.40) 52.7 (11.70)
Female, n (%) 47 (68.1) 45 (67.2) 45 (66.2) 26 (72.2) 24 (72.7) 20 (66.7)
White, n (%) 57 (82.6) 53 (79.1) 50 (73.5) 27 (75.0) 28 (84.8) 23 (76.7)
BMI, mean (±SD), kg/m2 32.9 (7.01) 31.4 (6.39) 33.2 (6.57) 32.3 (7.95) 31.0 (5.88) 32.2 (6.36)
Type of diabetes mellitus, n (%)

Type 1 10 (14.5) 7 (10.4) 7 (10.3) 4 (11.1) 5 (15.2) 3 (10.0)
Median duration, y 16.8 26.0 28.0 15.0 27.0 17.0

Type 2 59 (85.5) 60 (89.6) 61 (89.7) 32 (88.9) 28 (84.8) 27 (90.0)
Median duration, y 7.0 8.5 10.0 7.0 8.5 13.0

Baseline gastric emptying t1/2,
mean (±SD), min

126.1 (36.79) 128.9 (39.12) 126.8 (34.57) 130.7 (37.22) 125.8 (41.69) 123.2 (39.46)

Normalized sum of weekly vomiting
episodes at baseline

3.4 8.1 3.2 6.3 7.2 5.6

Four-symptom composite score
at baseline

17.2 17.8 17.3 18.6 17.7 20.9

BMI, body mass index.
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patients receiving relamorelin and placebo, with small
numeric, but not statistically significant, differences from
placebo for the twice-daily group (Supplementary Figures 3
and 4). No important changes were seen in the once-daily
dosing group and the results from this group are not dis-
cussed further (Supplementary Table 1).

In the VS subgroup, significant improvement was seen in
the 4 individual subjective symptoms of bloating, abdominal
pain, early satiety, and nausea with relamorelin twice
daily vs placebo (Figure 1). Similarly, there was significant
improvement in the key secondary composite end point
with relamorelin twice daily vs placebo (P ¼ .043)
(Figure 2).
Table 2.GEBT t1/2 Change From Baseline (min) and Compariso
With Vomiting Symptoms at Baseline

Treatment N Baseline mean (SE

mITT population
Placebo 61 126.8
Relamorelin 10 mg once daily evening 58 126.0
Relamorelin 10 mg twice daily 59 126.8

Vomiting subgroup
Placebo 36 130.7 (6.2)
Relamorelin 10 mg once daily evening 33 125.8 (7.3)
Relamorelin 10 mg twice daily 30 123.2 (7.2)

NOTE. The GEBT test was performed in the morning, after p
placebo group, placebo for the 10 mg once-daily evening grou
expected in the once daily evening group because the GEBT w
dose for the once-daily evening group.
CI, confidence interval; LS mean, least-squares mean.
Of particular interest was the exploration of the associ-
ation of gastric emptying and symptoms, and an extensive
analysis was performed to assess correlations between
baseline GEBT and symptoms, end-of-treatment GEBT and
symptoms, and change in GEBT compared with change in
symptom scores. These analyses were performed in the
mITT population, the vomiting subgroup, and also in the
vomiting subgroup of patients in the higher GEBT stratum
as baseline. Overall, there were only neutral to slight posi-
tive correlations between the DGSSD individual, or com-
posite symptoms, and GEBT, and there were no consistent
patterns (Supplementary Figure 5 shows an example of in-
dividual GEBT data vs symptoms).
n With Placebo: mITT Population and Subgroup of Patients

)

Change from baseline Difference from placebo

LS mean P value LS mean (95% CI) P value

-7.5 .0925 - -
-5.9 NS 1.6 (-10.9 to 14.2) NS

-22.9 <.001 -15.4 (-27.9 to -2.9) .0307

-5.6 - - -
-2.2 NS 3.4 (-15.0 to 21.7) NS

-30.6 <.001 -25.0 (-43.9 to -6.1) .019

atients had taken their morning study drug (placebo for the
p, and active for the 10 mg twice-daily group). No effect was
as performed approximately 16–18 hours after the last active



Table 3.Vomiting End Points for the Relamorelin 10 mg Twice-Daily Group Versus Placebo: mITT Population and Subgroup of
Patients With Vomiting Symptoms at Baseline

Population/end point Na Baseline
LS mean difference

from placebo to week 4b
% Difference from
placebo to week 4c P valued

mITT
Vomiting severitye 62 1.2 0.69 -58% .005
Vomiting episodesf 62 3.2 -2.0 -63% .033

Vomiting subgroup
Vomiting severitye 30 2.0 -1.18 -59% .006
Vomiting episodesf 30 5.6 -3.5 -63% .041

LS means, least-square means.
aAll patients were included in the longitudinal analysis; N listed reflects the number of patients with data at Day 28.
bLeast-squares mean data for change from baseline difference from placebo from the repeated measures model.
cArithmetic mean percent difference.
dP values for mean difference from placebo to Week 4 from longitudinal covariate model.
eVomiting severity score rated on a 10-point scale.
fNormalized weekly vomiting episodes.
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Exploratory measures. GCSI-DD was assessed at
baseline and on day 28. The results for the GCSI-DD were
similar to those for the DGSSD. When comparing the DGSSD
and the GCSI-DD, each DGSSD item was correlated more
strongly with the GCSI-DD item describing matching content
and less correlated with items referring to less similar
content. For example, DGSSD vomiting episodes were
correlated more strongly with the GCSI-DD vomiting (r ¼
0.61) than with GCSI-DD items addressing other symptoms.
Correlations ranged from 0.45 to 0.72 for the individual
symptoms and scales (data not shown). In the mITT popu-
lation, no clear effect of relamorelin relative to placebo was
evident using the Global Treatment Assessment, PAGI
Quality of Life, or PAGI Symptom instrument.
Safety
Adverse events. In this trial, relamorelin was well

tolerated, with no imbalances relative to placebo in
treatment-emergent adverse events (TEAEs) or serious
adverse events (SAEs), and no deaths occurred in the trial
(Table 4 and Supplementary Table 2). The number of TEAEs
was low overall considering the demographics of this pop-
ulation of patients with type 1 or type 2 diabetes mellitus of
long-standing duration.

The most common TEAEs (ie, those seen in �5% of
relamorelin-treated patients) (Table 4) were headache and
worsening of pre-existing diabetes mellitus (as determined
by the investigator based on treatment-emergent glucose
changes). All other TEAEs occurred in 3 or fewer
relamorelin-treated patients. The most common TEAEs
(�5%) seen in the placebo group included constipation,
dizziness, and urinary tract infection.

Most TEAEs were assessed as mild or moderate in in-
tensity, nonserious, and unrelated to the study drug.
Overall, a total of 7 patients, 5 treated with relamorelin
and 2 treated with placebo, experienced at least 1
treatment-emergent SAE, all of which were considered
unrelated to study drug. Treatment-emergent SAEs
reported among these 5 relamorelin-treated patients
included acute myocardial infarction and congestive car-
diac failure in 1 patient with long-standing coronary artery
disease, severe hypertension, and hyperlipidemia; bile
duct stone, cholecystitis, and pancreatitis in a second pa-
tient (who had no signs and symptoms during the study
treatment, but only noted at a post-study visit); neph-
rolithiasis, obstructive uropathy, and urosepsis in a third
patient; exacerbation of diabetic gastroparesis (very early
in treatment, leading to hospitalization); and limb abscess
(from stepping on a nail) in the remaining patient. Eight
patients discontinued because of a TEAE, 2 in the placebo
group, 5 in the relamorelin once-daily evening group, and
1 in the relamorelin twice-daily group. Of the of 6
relamorelin-treated patients who discontinued study drug
because of a TEAE, at least 1 event leading to discontin-
uation was considered study drug–related for 3 patients,
including vomiting in 1 patient, worsening of diabetes
mellitus in a second patient, and depression and
nervousness in a third patient.
Other Safety Measures
Overall, there were no imbalances or concerns raised by

assessment of physical examination findings, ECGs
(including QTc intervals), vital signs, hematology, clinical
chemistries, or liver function tests. In addition, there were
no clinically relevant injection site reactions or clinically
relevant changes in weight (Supplementary Table 3) or in
fasting glucose (Supplementary Table 4).

Antidrug antibodies. No patient in this study had
increases in ADA titers after treatment with relamorelin. Of
the patients with both predose and postdose samples
collected for antibody testing (219 samples), 6 patients had
a postdose titer that exceeded the predose titer. However,
after the specificity assay, no samples were determined to
be specifically positive for antirelamorelin antibodies, and
therefore it was concluded that there were no increases in
antibody titers in this study.



Figure 1. Least-squares mean (±SE) change from baseline by treatment and time point for the 4 individual subjective
symptoms (A, abdominal pain; B, nausea; C, bloating; D, early satiety): subgroup of patients with vomiting symptoms at
baseline. Baseline scores for placebo and relamorelin 10 mg twice daily, respectively: bloating, 4.9 and 6.3; abdominal pain, 4.3
and 5.1; early satiety, 5.3 and 4.7; and nausea, 4.2 and 4.9, respectively. *P value< .05 active vs placebo. #.05 < P value < .10.
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Discussion

In this 4-week randomized, double-blind, phase 2 trial in
patients with type 1 or type 2 diabetes mellitus and gas-
troparesis, compared with placebo, relamorelin 10 mg twice
daily, significantly improved gastric emptying and vomiting,
a key and often debilitating symptom of diabetic gastro-
paresis. In the subgroup of patients with vomiting during
the baseline period (w60% of the patients), the effects of
relamorelin extended beyond significantly improving gastric
emptying and vomiting to include significantly improving
nausea, abdominal pain, bloating, and early satiety. Impor-
tantly, relamorelin was well tolerated, with a safety profile
similar to placebo.

Vomiting results in significant morbidity and particu-
larly is problematic in patients with diabetes mellitus
because it causes dehydration, and difficulties in adjusting
medications to achieve glucose control. Increased serum
glucose levels can exacerbate gastric dysmotility, leading
to worsening gastroparesis.15 Compared with patients
with idiopathic gastroparesis, vomiting symptoms are
more severe in patients with diabetic gastroparesis16 and
are correlated significantly with a reduced quality of life.
In the prespecified, primary population (mITT), relamor-
elin 10 mg twice daily had important, clinically relevant,
and statistically significant effects on the important
symptom of vomiting, including vomiting severity
score and weekly vomiting episodes, with approximately
58%–63% improvement overall in the vomiting end points
(P � .033). In addition, in the subgroup of patients with
vomiting at baseline, significant improvement in vomiting



Figure 2. Least-squares mean (±SE) change from baseline
by treatment and time point for the 4 subjective symptoms
composite score: subgroup of patients with vomiting
symptoms at baseline. Baseline scores for placebo and
relamorelin 10 mg twice daily, respectively: 18.6 and 20.9.
Overall P value change from baseline to week 4 (relamorelin
twice daily vs placebo) was .043. *P value < .05 (active vs
placebo).
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also was seen with relamorelin 10 mg once daily and twice
daily.

The ghrelin agonist relamorelin also showed potent
prokinetic effects, as seen by the significant reduction in
gastric emptying in patients treated with relamorelin 10 mg
twice daily. In addition, in the vomiting subgroup, patients
treated with relamorelin 10 mg twice daily had significant
improvements in gastric emptying. Because of the trial
design, the effects of relamorelin once daily (dosed before
the evening meal) on gastric emptying were not expected
(with gastric emptying measured at w16 hours after
last active dose of relamorelin). Relamorelin’s prokinetic
effects also have been shown by acceleration of gastric
emptying in earlier studies in healthy subjects and in dia-
betic gastroparesis.8–10 A recent trial of relamorelin in
Table 4.Treatment-Emergent Adverse Events With an Incidenc

Patients with at least 1 Placebo (N ¼ 69), n (%)

TEAE 30 (44)
Constipation 4 (6)
Urinary tract infection 4 (6)
Change in status of
Diabetes mellitusa 2 (3)
Headache 2 (3)
Dizziness 4 (6)

aChange in status of pre-existing diabetes mellitus, as determ
levels.
patients with chronic idiopathic constipation showed not
only acceleration of gastric emptying, but also of colonic
transit.17

In the VS subgroup, relamorelin was effective in
improving other diabetic gastroparesis symptoms (nausea,
bloating, early satiety, and abdominal pain), whereas in the
mITT population only small numeric, but not statistically
significant, differences from placebo were seen with rela-
morelin 10 mg twice daily. In part, this may be explained by
the robust placebo effect seen in the mITT population.
Similarly robust placebo responses have been noted in other
trials in diabetic gastroparesis patients.18–22 In contrast, the
VS subgroup had a lower placebo response and showed
clear improvement in the other (nonvomiting) diabetic
gastroparesis subjective symptoms (nausea, bloating, early
satiety, and abdominal pain), with significant improvement
seen in the key secondary composite end point of these 4
symptoms (P ¼ .043). We hypothesize that placebo re-
sponses are better anchored in patients with vomiting,
owing to the more obvious and objective symptoms of
vomiting; it also is possible that vomiting is a marker for
more severe diabetic gastroparesis manifestations.

Safe and effective therapies for diabetic gastroparesis
are needed. Metoclopramide is the only currently Food and
Drug Administration–approved treatment of diabetic gas-
troparesis. A recent trial with nasal spray metoclopramide
10–14 mg before meals and before bedtime for 28 days
resulted in significant improvement in diabetic gastro-
paresis symptoms in women, but not men.23 The most
common treatment-related side effects in this study were
dysgeusia, headache, and fatigue. Although not seen in the
recent trial, metoclopramide is associated with a particu-
larly disturbing, but rare, side effect of tardive dyskinesia. In
contrast, although it is early in the drug development pro-
cess, the safety profile observed with relamorelin was not
substantially different from placebo with regard to AEs,
ECGs, laboratory values (including glucose and liver func-
tion tests), weight, and injection site reactions.

Overall, previous data from patients with type 1 or type
2 diabetes mellitus showed that relamorelin is associated
with a significant effect on gastric emptying, as assessed by
e �5% in Any Treatment Group: Safety Population

Dose group

Relamorelin once-daily
evening (N ¼ 67), n (%)

Relamorelin twice-daily
(N ¼ 68), n (%)

32 (48) 25 (37)
1 (1) 1 (1)
2 (3) 2 (3)

1 (1) 4 (6)
2 (3) 5 (7)
1 (1) 1 (1)

ined by the investigator based on changes in blood glucose
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scintigraphy.8,9 The results from this randomized, double-
blind, phase 2 trial continue to support that relamorelin is
a potent prokinetic agent, as evidenced by significant effects
on gastric emptying and important clinically relevant and
statistically significant effects on the objective symptom of
vomiting. Placebo effects may have obscured the impact of
relamorelin on nonvomiting symptoms of diabetic gastro-
paresis in the larger mITT population, but clear improve-
ment was noted in the VS subgroup in these other
symptoms of diabetic gastroparesis (nausea, bloating,
abdominal pain, and possibly satiety). A larger trial to
investigate the effects of relamorelin on vomiting episodes
as well as 4 key subjective symptoms of diabetic gastro-
paresis (nausea, early satiety, bloating, and abdominal pain)
is underway to further document the efficacy of this exciting
new pharmacologic addition to gastroparesis therapy.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j.gastro.2016.03.038.
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Supplementary Figure 1. Trial design. BID, twice daily; PRO, patient-reported outcome; QD, once daily.

Supplementary
Figure 2. CONSORT flow
diagram.
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Supplementary Figure 3. Least-squares mean (±SE). Change from baseline by treatment (placebo and relamorelin 10 mg
twice daily) and time point for the 4 individual subjective symptoms for the mITT population (A, abdominal pain; B, nausea; C,
bloating; D, early satiety). Baseline scores for placebo and relamorelin 10 mg twice daily, respectively: bloating, 4.9 and 5.2;
abdominal pain, 4.1 and 4.1; early satiety, 4.5 and 4.4; and nausea, 3.9 and 3.9. BID, twice daily.
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Supplementary Figure 4. Least-squares mean (±SE).
Change from baseline by treatment (placebo and relamorelin
10 mg twice daily) and time point for the 4 subjective symp-
toms composite scores for the mITT population. Overall
baseline scores for placebo and relamorelin 10 mg twice daily,
respectively: 17.4 and 17.5. BID, twice daily.

Supplementary Figure 5. A representative example of the
lack of correlation of improvement in symptom scores
compared with improvements in GEBT values. Individual day
28 composite symptom scores change from baseline vs
change from baseline in GEBT values for the subgroup of
patients with vomiting symptoms at baseline. Circles repre-
sent patients receiving placebo, diamonds represent patients
receiving relamorelin twice daily, and squares represent pa-
tients receiving relamorelin once daily.
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Supplementary Table 1.Least-Squares Mean (±SE) Change from Baseline to Day 28 in Gastroparesis Symptoms, by
Treatment (Placebo and Relamorelin 10 mg Twice Daily and 10 mg Once Daily): mITT Population and
Subgroup of Patients with Vomiting Symptoms at Baseline

Parameter/statistic

Analysis population/dose group

mITT population VS subgroup

Placebo
(N ¼ 69)

Relamorelin
once daily

evening (N ¼ 67)

Relamorelin
twice daily
(N ¼ 68)

Placebo
(N ¼ 36)

Relamorelin
once daily

evening (N ¼ 33)

Relamorelin
twice daily
(N ¼ 30)

Composite score
Na 59 57 58 33 32 28
Baseline 17.4 17.8 17.5 18.6 17.6 20.9
LS mean change from baseline (±SE) -4.57 (0.700) -4.65 (0.711) -5.25 (0.713) -3.62 (0.905) -4.09 (0.936) -6.36 (0.988)

Bloating
Na 61 63 62 35 33 30
Baseline 4.9 5.2 5.2 4.9 4/9 6.3
LS mean change from baseline (±SE) -1.61 (0.239) -1.37 (0.240) -1.72 (0.240) -1.13 (0.331) -1.13 (0.344) -1.81 (0.361)

Abdominal pain
Na 61 63 62 35 33 30
Baseline 4.1 4.3 4.1 4.3 4.4 5.1
LS mean change from baseline (±SE) -1.19 (0.225) -1.43 (0.226) -1.56 (0.226) -0.83 (0.304) -1.32 (0.316) -2.03 (0.332)

Early satiety
Na 61 63 62 35 33 30
Baseline 4.5 4.7 4.4 5.3 4.8 4.7
LS mean change from baseline (±SE) -0.20 (0.226) -0.28 (0.227) -0.45 (0.227) -0.26 (0.295) -0.06 (0.307) -0.62 (0.322)

Nausea
Na 61 63 62 35 33 30
Baseline 3.9 3.6 3.9 4.2 3.6 4.9
LS mean change from baseline (±SE) -1.53 (0.245) -1.37 (0.246) -1.75 (0.246) -1.39 (0.312) -1.54 (0.324) -2.18 (0.340)

Vomiting severity
Na 61 63 62 35 33 30
Baseline 0.9 1.2 1.2 1.7 1.7 2.0
LS mean change from baseline (±SE) -0.12 (0.174) -0.37 (0.175) -0.81 (0.175) -0.22 (0.282) -0.74 (0.293) -1.40 (0.308)

Vomiting episodes
Na 61 63 62 35 33 30
Baseline 3.4 8.1 3.2 6.4 7.2 5.6
LS mean change from baseline (±SE) -1.4 (0.67) -2.3 (0.68) -3.5 (0.68) -0.8 (1.14) -2.0 (1.19) -4.3 (1.25)

LS, least-squares.
aNumber of patients with data on day 28.
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Supplementary Table 2.Summary of TEAEs: Safety Population

Patients with at least 1

Dose group

Placebo
(N ¼ 69), n (%)

Relamorelin once daily
evening (N ¼ 67), n (%)

Relamorelin twice
daily (N ¼ 68), n (%)

TEAE 30 (44) 32 (48) 25 (37)
TEAE, by maximum severity

Mild 17 (25) 20 (30) 17 (25)
Moderate 10 (15) 11 (16) 3 (4)
Severe 1 (1) 0 3 (4)
Life-threatening 2 (3) 1 (2) 2 (3)

Study drug–related TEAE, by maximum severity
Mild 8 (12) 8 (12) 7 (10)
Moderate 3 (4) 6 (9) 1 (2)
Severe 0 0 1 (2)
Life-threatening 0 0 0

Treatment-emergent SAE 2 (3) 1 (2) 4 (6)
TEAE leading to study

drug discontinuation
2 (3) 5 (8) 1 (2)

Supplementary Table 3.Weight Change (kg) From Baseline: mITT Population

Parameter/statistic

Dose group

Placebo
(N ¼ 69)

Relamorelin once
daily evening (N ¼ 67)

Relamorelin twice daily
(N ¼ 68)

Change from baseline to day 10
N 67 64 64
Mean (±SD) 0.10 (1.179) 0.06 (1.211) 0.00 (1.334)
Median 0.10 0.08 0.00

Change from baseline to day 28
N 68 67 68
Mean (±SD) -0.01 (1.634) 0.20 (1.649) 0.17 (2.030)
Median 0.18 0.00 0.10

NOTE. Weight change is shown in kilograms.
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Supplementary Table 4.Fasting Glucose Change From Baseline: Safety Analysis Set

Parameter/statistic

Dose group

Placebo
(N ¼ 69)

Relamorelin once daily
evening (N ¼ 67)

Relamorelin twice daily
(N ¼ 68)

Glucose day 28, mg/dL
N 68 65 67
Mean (±SD) 163.7 (50.3) 155.3 (58.7) 157.3 (58.1)

Change from predose day 1
baselinea to day 28
Mean (±SD) 4.1 (81.12) 17.4 (60.23) 11.0 (51.45)

Change from screening day -7
baselineb to day 28
Mean (±SD) 13.8 (84.91) 13.7 (83.03) 2.6 (85.51)

NOTE. All glucose measurements were performed while patients were fasting.
aPredose day 1 was prespecified as the primary baseline for glucose/insulin efficacy analysis.
bScreening day -7 was prespecified as the primary baseline for safety laboratory (including glucose) analysis.
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