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BACKGROUND & AIMS: Gastroparesis is a complication of
diabetes with few treatment options. Relamorelin (also
referred to as RM-131) is a selective, prokinetic agonist of
ghrelin. We aimed to evaluate the efficacy of relamorelin on
symptoms and gastric emptying (GE) in a 12-week, phase 2B
study of diabetic patients with moderate to severe gastro-
paresis symptoms (DG). METHODS: We performed a study of
393 patients with DG (37.7% male; 9.9% with type 1 diabetes;
median age, 58.2 years [range 20–76]; median body mass in-
dex, 31.4 kg/m2 [range, 18.2–60.1]; HbA1c level, 7.6%, [range,
5.2–11.0]). All participants had 13C-spirulina GE breath test
T1/2 values of 79 minutes or more (with 89.8% delayed
relative to 90th %ile of normal, 85.75 minutes), recent vom-
iting, and gastroparesis cardinal symptom index-daily diary
scores of 2.6 or more. Patients were randomly assigned to
groups given placebo (n¼104) or relamorelin (10 mg [n¼98],
30 mg [n¼109], or 100 mg [n¼82] twice daily) for 12 weeks,
following a 2-week, single-blind, placebo run-in period.
Patient-reported outcomes were determined from DG Symp-
tom Severity daily e-diaries, in which patients recorded
vomiting frequency and symptom scores (nausea, abdominal
pain, postprandial fullness, and bloating) on a 0–10 scale.
Endpoints were change from baseline in vomiting frequency,
composite DG Symptom Severity score, GE, and safety. We
performed longitudinal, mixed-effects model analysis using
repeated measures, with baseline and baseline-by-week
interaction values as covariates. RESULTS: Patients given
relamorelin had a 75% reduction in vomiting frequency
compared with baseline, but this difference was not significant
compared with the placebo group. All 4 symptoms of DG
(composite or individual symptoms) were significantly
reduced over the 12-week study period in all 3 relamorelin
dose groups compared with the placebo group (all P < .05,
based on longitudinal analysis over 12 weeks). Relamorelin
significantly accelerated GE from baseline compared with
placebo (by 12%, P < .05 for the 10 mg and 30 mg groups; P ¼
.051 for the 100 mg group). Dose-related worsening of glyce-
mic control was noted in 14.5% of patients who received
relamorelin; some required insulin or other diabetes drug
dosage adjustments. CONCLUSIONS: In a phase 2B random-
ized trial of patients with moderate to severe DG, relamorelin
significantly reduced core symptoms of DG and overall com-
posite score compared with placebo, accelerated GE, and was
generally safe and well tolerated. ClinicalTrials.gov Identifier:
NCT02357420.
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astroparesis is defined as delayed gastric emptying
Gwith associated symptoms in the absence of me-
chanical obstruction.1 The cardinal symptoms are upper
abdominal pain, postprandial fullness, bloating, early
satiety, and nausea and vomiting. Weight loss, malnutrition,
dehydration, electrolyte imbalance, bezoar formation, and
aspiration pneumonia may occur in advanced cases.2,3

Gastroparesis is a clinically important complication of
diabetes mellitus. Maleki et al4 documented upper gastro-
intestinal symptoms such as nausea and vomiting in
approximately 15% of patients with type 1 or 2 diabetes
mellitus in a population-based questionnaire study in
southeastern Minnesota. Similarly, epidemiologic studies
conducted in Australia5 showed that diabetes mellitus is
associated with an increased prevalence of upper and lower
gastrointestinal symptoms, including vomiting (odds ratio,
2.51; 95% confidence interval, 1.12–5.66), which were
linked to poor glycemic control, but not to duration of dia-
betes or type of treatment. In contrast, based on the medical
records of people in the same community (Olmsted County,
MN), the population-based incidence of definite gastro-
paresis (based on objective measurement of gastric
emptying by scintigraphy using a 320 kcal, 30% fat solid-
liquid meal) ranged from 6.3 to 17.2 cases per 100,000
person-years when adjusted for age and sex.6 In that anal-
ysis, the prevalence of gastroparesis was estimated to be 5%
among patients with type 1 diabetes mellitus, 1% among
patients with type 2 diabetes mellitus, and 0.2% in non-
diabetic controls.7

Besides suffering from similar gastrointestinal symp-
toms and other associated complications as described
above, patients with established diabetic gastroparesis also
face challenges in managing diabetic glycemic control. Gas-
troparesis has a significant impact on patients’ perceived
ability to self-manage and control their diabetes.8 Delayed
gastric transit and vomiting can exacerbate efforts to match
caloric intake with insulin or other therapies for diabetes,
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EDITOR’S NOTES

BACKGROUND AND CONTEXT

Gastroparesis is a complication of diabetes with few
treatment options.

NEW FINDINGS

Relamorelin significantly reduced core symptoms of
gastroparesis symptoms and overall composite
symptom scores compared to placebo, accelerated
gastric emptying, and was generally safe.

LIMITATIONS

Vomiting frequency was not significantly improved by
relamorelin relative to placebo. However, significant
effects on the composite endpoint, a validated patient
reported outcome, suggest the medication provides
clinically relevant benefit.

IMPACT

Relamorelin is a promising medication for the relief of
symptoms and delayed gastric emptying due to
gastroparesis in patients with diabetes mellitus.
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frequently leading to increased hypo- and hyperglycemic
excursions as a consequence. Many patients with diabetic
gastroparesis, particularly patients with underlying type 1
diabetes mellitus or insulin-treated type 2 diabetes mellitus,
are less motivated to achieve HbA1c target levels if the
occurrence of hypoglycemia is a concern. Thus, overall
glycemic control is suboptimal and further hyperglycemic
complications can continue to confound the management of
patients with diabetic gastroparesis who have long-standing
type 1 diabetes mellitus or type 2 diabetes mellitus. Indeed,
it has also been shown that, among 78 patients with type 1
diabetes mellitus followed for 20 years, delayed gastric
emptying was associated with early and long-term hyper-
glycemia.9 Moreover, gastric emptying can impact glycemic
control; for example, in patients with type 2 diabetes not on
insulin, delayed gastric emptying in the absence of symp-
toms may potentially be advantageous in relation to post-
prandial glycemic control,10 and this is the basis for
treatment with amylin analogs or GLP-1 receptor agonists in
patients with type 2 diabetes.

Unfortunately, there are few approved or efficacious
treatment options for diabetic gastroparesis. The 5-HT4
receptor agonist, cisapride, has been withdrawn from the
prescription markets in most countries. In a prior system-
atic analysis of prokinetics in gastroparesis, erythromycin
was the most efficacious in stimulating gastric emptying,
while both erythromycin and domperidone were noted to
improve overall symptoms of gastroparesis.11 However, this
analysis did not consider the tachyphylaxis associated with
longer term use of motilin receptor agonists, including
erythromycin.12 Tachyphylaxis resulted in failed therapy or
drop-outs beyond 4 weeks of treatment with erythro-
mycin.13 Domperidone, a dopamine receptor antagonist, is
not approved by the US Food and Drug Administration
(FDA) for treatment of gastroparesis. Another dopamine
receptor antagonist, metoclopramide, is currently the only
prokinetic approved by the FDA for diabetic gastroparesis.
Metoclopramide targets both D1 and D2 dopamine re-
ceptors with a peripheral gastrointestinal prokinetic effect
(predominantly in the stomach) and central antiemetic ac-
tion in the chemoreceptor trigger zone on the floor of the 4th

ventricle.14 Metoclopramide, administered in a nasal spray,
decreased symptoms of gastroparesis in women (not in
men) with diabetic gastroparesis.15 The side effects of
metoclopramide include akathisia, restlessness, insomnia
and agitation (usually occurring 1-2 weeks into therapy),
depression, tardive dyskinesia (FDA boxed warning), and
prolongation of the corrected QT interval.16 The FDA
warning also advises against prescribing metoclopramide
for longer than 3 months, unless therapeutic benefits
outweigh the potential risks.

Relamorelin, a pentapeptide ghrelin receptor agonist,
has potent prokinetic effects. In nonclinical studies, the
effects of relamorelin on gastric emptying were 15- to 130-
fold more potent than natural ghrelin.17 Relamorelin,
administered at a dose of 100 mg subcutaneous (s.c.),
accelerated gastric half-emptying time of solids in type 1
and type 2 diabetes mellitus with prior documentation of
delayed gastric emptying,18,19 and, at a single dose of 30 mg,
it increased frequency of distal antral motor contractions
without inhibiting gastric accommodation or inducing
satiation.20 In a large phase 2A, randomized, 4-week,
controlled trial in patients with diabetic gastroparesis, rela-
morelin, at a dose of 10 mg twice daily (b.i.d.), significantly
accelerated gastric emptying and decreased vomiting by
approximately 60%; in the subgroup of patients with vom-
iting during the 1-week run-in period, it decreased other
symptoms such as nausea, abdominal pain, bloating, and
early satiety.21 Thus, the range of efficacy of relamorelin
spans from 10 mg to 100 mg, which was the dose range
selected for this study.

The aims of the current study were to evaluate the safety
and efficacy of relamorelin on disease symptoms and gastric
emptying across a 10-fold dose range (10 to 100 mg, b.i.d.)
over 12 weeks in diabetic patients with moderate to severe
symptoms of gastroparesis with evidence of vomiting at
baseline.

Methods
Study Design

We conducted a 12-week, randomized, double-blind, pla-
cebo-controlled, parallel-group study with a 2-week, single-
blind, placebo run-in (Figure 1A). The study was conducted
at clinical sites in the United States, Israel, and Europe. The
allocation ratio across treatment groups is shown in
Figure 1B.

Patients
Eligible patients with diabetic gastroparesis had type 1 or

type 2 diabetes mellitus with HbA1c �11%, �3-month history
of ongoing gastroparesis symptoms, a history of vomiting with
�2 episodes during the 2 weeks prior to screening, and at
least 1 episode of vomiting reported during the single-blind
placebo run-in period, 13C-spirulina gastric emptying breath



Figure 1. (A) Experimental design. Sx, symptom; Rx, treatment; QD, once daily; BID, twice daily. (B) CONSORT flow chart.
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test (GEBT) T1/2 values �79 minutes (which was the 75th

percentile of GE T1/2 of healthy volunteers in prior validation
studies), and a Gastroparesis Cardinal Symptom Index-Daily
Diary (GCSI-DD) score �2.6 based on the recorded symp-
toms during the 2-week baseline period. The 75th percentile
was selected to exclude patients with accelerated gastric
emptying who may also present with similar upper gastroin-
testinal symptoms, as seen in patients with gastroparesis.
Thus, to define an accurate diabetic gastroparesis population
to treat safely with a prokinetic agent in this trial, patients
who had accelerated GE T1/2 were excluded. The plan for
enrollment [NCT02357420] required at least 50% of patients
with GE T1/2 �97 minutes (ie, the 95th percentile of normal
range based on 38 healthy volunteers).22 The percentage of
patients with delayed GE T1/2 (>85.75 minutes, that is the
90th percentile of normal controls)22 in each treatment groups
was estimated and reported (Table 1). Patients on renal
dialysis were excluded, though no specific cut-offs of serum
creatinine or creatinine clearance were used for eligibility. In
prior pharmacokinetic studies, it was estimated that only 8%
of relamorelin is excreted in urine, and pharmacokinetics of
relamorelin appears similar in healthy volunteers and patients
with diabetes mellitus.

Symptoms were rated by the patients using the choices:
none (0), very mild (1), mild (2), moderate (3), severe (4), and
very severe (5). The GCSI-DD total score equals the sum of the
nausea ⁄ vomiting, bloating, and fullness ⁄ early satiety subscales
divided by 3.23

The exclusion criteria were upper gastrointestinal obstruc-
tion, prior gastric surgery, HbA1c>11.0%, use of opiates, and use
of metoclopramide, domperidone, erythromycin, or antiemetics
�2 weeks before randomization and throughout the study.

Medication
Relamorelin is a novel synthetic pentapeptide amide with

potent ghrelin-receptor agonist activity and with similar char-
acteristics to native ghrelin, but with enhanced potency, plasma
stability, and circulating half-life. Pharmacokinetic studies in
humans have shown a terminal half-life of approximately 4.5
hours, although at highest doses the terminal half-life was 19.4
hours.21 Toxicologic studies with relamorelin provide >750-
fold safety margins compared with dose exposures reported
in clinical trials. In prior pharmacokinetic studies, it was esti-
mated that only 8% of relamorelin is excreted in urine, and
pharmacokinetics of relamorelin appears similar in healthy
volunteers and patients with diabetes mellitus.

Randomization
Patients were randomized to b.i.d., s.c. injections of placebo

or 1 of 3 doses of relamorelin (10 mg, 30 mg, or 100 mg);
interventions had similar appearance. Study drug was



Table 1.Baseline Demographics and Data on Gastric Emptying and Symptoms at Baseline (Data Show % or Mean Values)

Placebo 10 mg b.i.d. 30 mg b.i.d. 100 mg b.i.d. P value

Number of patients 104 98 109 82
Age (y) 55.7 59.3 56.0 57.1 ns
Female, % 61.5 60.2 59.6 69.5 ns
Race (% Caucasian) 81 81 80 75 ns
Diabetes mellitus

Type 1 (%) 13 6 9 12
Type 2 (%) 87 94 91 88 ns
Diabetes duration (y) 12.7 13.0 14.0 14.9 ns
Current insulin use (%) 43 31 37 46 ns
Baseline HbA1c (%) 7.8 7.4 7.7 8.1 ns

Body Mass Index (kg/m2) 33.2 31.7 32.5 32.2 ns
GEBT T1/2 (min) 127 127 129 134 ns
% (n) with delayed GE T1/2 (>85.8 min) 88.5 (92) 88.8 (87) 89.9 (98) 96.3 (79) ns
Baseline symptoms

Weekly vomiting episodes 5.9 7.9 6.2 5.4 ns
4-symptom composite score 21.4 21.6 20.9 21.9 ns

ns, not significant.
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recommended to be administered approximately 30 minutes
before breakfast and dinner, or during typical breakfast and
dinner meal times (eg, 6–9 AM and 5–8 PM) if a patient did not
regularly eat breakfast or dinner. The planned sample sizes
were 105 patients each in the placebo and relamorelin 10-mg
and 30-mg groups, and 80 patients in the relamorelin 100-mg
group (Figure 1). Randomization was concealed. A computer-
generated randomization schedule was produced and study
medication was provided to each clinical trial site for patients
according to the central randomization.
Patient-Reported Outcome Measurements
Key endpoints were reported using the Diabetic Gastro-

paresis Symptom Severity Diary (DGSSD), a daily e-diary
designed to collect patient-reported vomiting frequency and
symptoms of nausea, abdominal pain, early satiety, post-
prandial fullness, bloating, and vomiting severity using a 0–10
scale. Qualitative research has been conducted in 41 patients
with diabetic gastroparesis to validate the DGSSD-PRO.24 The
results showed validity of a 6-item instrument addressing
severity of nausea, vomiting, abdominal pain, early satiety, and
bloating, as well as frequency of vomiting. Measurement
properties were generally strong for weekly averages of daily
item and composite scores, with intra-class correlation co-
efficients for individual items ranging from 0.79 to 0.97, and
Cronbach’s alpha for various 3- and 4-item composites ranging
from 0.85 to 0.93. Whereas measurement properties of the
vomiting frequency were highly skewed, 3 effect size methods
demonstrated the responsiveness of the item level and
composite measures.

Within this study, we also used the data to validate the
symptom-based patient-reported outcome (PRO), and we
collected information to appraise the context as well as content
validity of the DGSSD by gathering data using the GCSI-DD,25

by Global Assessment of Symptoms (“Overall, how would
you rate your symptoms in the past 7 days?”), and using the
Patient Assessment of Upper Gastrointestinal Symptom
Severity Index.26
Gastric Emptying
Gastric emptying was determined via GEBT during baseline

(screening) and at 12 weeks using an FDA-approved method
(https://www.fda.gov/newsevents/newsroom/pressannounce
ments/ucm441370.htm). GEBT T1/2 is a continuous measure-
ment representing the calculated time to empty from the
stomach into the small intestine half of a 13C-labeled, 230 kcal
test meal (27 grams of rehydrated, pasteurized scrambled egg
mix containing a dose of 43 mg of 13C [provided by approxi-
mately 100 mg of 13C-Spirulina], 6 saltine crackers, 180 mL
water, and consisting of 29.9% kcal as carbohydrates, 25.5% as
protein, and 44.6% as fat).

GEBT T1/2 was calculated from values of 13CO2-enriched
exhaled breath collected for up to 240 minutes after ingestion
of the test meal, which is the last time point used in the studies
for GEBT validation.22 In previous validation studies in 38
healthy volunteers, the mean GEBT T1/2 was 67.8 minutes, the
75th percentile was 79 minutes, and the 90th percentile (used
to define upper limit of normal in the current study) was 85.75
minutes.22
Endpoints
All participants and study personnel (care providers and

those assessing outcomes) were blinded to treatment assign-
ment throughout the study. The pre-specified primary endpoint
was vomiting frequency. Vomiting frequency was selected for
the primary endpoint as a result of the observations in a phase
2A study with relamorelin, which showed significant benefit in
patients with vomiting severity rated >0 at baseline.21 The
change from baseline through week 12 was also analyzed using
a 4-symptom composite of DGSSD symptoms based on weekly
normalized scores for nausea, abdominal pain, postprandial
fullness, and bloating.

Other secondary and exploratory endpoints were vomiting
severity, gastric emptying T1/2 measured by GEBT, individual
symptoms, GCSI-DD score, and safety.

Safety was evaluated by vital signs, adverse events, and
laboratory measured parameters including blood glucose and

https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm441370.htm
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm441370.htm


1244 Camilleri et al Gastroenterology Vol. 153, No. 5

CLINICAL
AT
HbA1c levels, which were monitored throughout the 12-week
treatment period. In addition, there was a 30-day follow-up
period after stopping study treatments to assess safety in
accordance with clinical trial practice. Blood glucose moni-
toring was not routine in most patients, but patients were
advised to monitor their blood glucose more frequently if they
or the study centers detected significant increases in blood
glucose compared with the individual’s norms.
Statistical Power
With 105 patients randomized to the placebo and to the 2

lower relamorelin dose groups, this study was expected to have
approximately 90% or greater power for the comparison of
relamorelin treatment with placebo. Furthermore, assuming an
approximately similar effect size for the relamorelin high-dose
group as for the 2 lower relamorelin dose groups, and with
approximately 80 patients randomized to the 100-mg b.i.d.
group, the comparison of the 100-mg b.i.d. dose group with
placebo would have greater than 80% power. The highest dose
of relamorelin, 100 mg b.i.d., was included to determine
whether it provides significant advantage over lower doses in
this dose-ranging phase 2B trial, or could be excluded in the
phase 3 trials.
Statistical Analysis
Statistical analysis to assess treatment effects at each

treatment week was based on a longitudinal, mixed-effects
model with repeated measures, with baseline and baseline-
by-week interaction values as covariates and unstructured
variance-covariance matrix. The longitudinal analysis cumu-
lated over the 12 weeks the severity of symptoms of nausea,
abdominal pain, postprandial fullness, and bloating using a
0–10 scale or the mean score for all those symptoms for the
composite symptom score. The unit for this analysis was arbi-
trary area under the curve units expressed with a positive
number that described the area of reduction in symptom scores
below the baseline values for each individual symptom and the
4-symptom composite score. Thus, the increase in area under
the curve (higher positive values) reflects reductions of
symptom scores over the 12 weeks of treatment in this clinical
trial.

All authors had access to the study data and reviewed and
approved the final manuscript.
Results
Baseline Demographics

A total of 393 patients with diabetic gastroparesis (male
37.7%; median age, 58.2 years [range, 20–76]; median BMI,
31.4 kg/m2 [range, 18.2–60.1]; median HbA1c, 7.6% [range,
5.2–11.0]; those with type 1 diabetes mellitus 9.9%) were
randomized at clinical sites in the United States, Israel, and
Europe. The study start date was January 2015 and the
completion date was July 2016 after all patient visits were
completed, in accordance with the experimental design
(Figure 1A, NCT #02357420). Table 1 compares the baseline
data for the 4 treatment groups; there were no differences
in the baseline parameters (demographics, type of diabetes,
treatment of diabetes, delay in gastric emptying, and
symptoms). Figure 1B shows the CONSORT flow chart
describing trial evolution.

Symptom Endpoints
1o Endpoint: change from baseline to week 12 in

weekly vomiting episodes. Table 2 shows there was no
significant difference in the treatment groups for the change
from baseline to week 12 in weekly vomiting episodes. The
10-, 30-, and 100-mg relamorelin treatments induced
approximately 75% reduction in vomiting episodes, with a
remarkable placebo response reduction of approximately
70%.

Composite endpoints. Table 2 shows the change from
baseline to week 12 in the DGSSD 4-symptom composite
score, and Table 3 shows the longitudinal analysis over 12
weeks of the composite and individual symptom scores.
While the change from baseline to week 12 shows border-
line effects in the 30- and 100-mg treatment groups, the
longitudinal analysis (Table 3) shows highly significant
effects with all 3 relamorelin treatment groups compared
with placebo for the DGSSD 4-symptom composite score.
Improvements were also evident for each of the individual
symptoms comprising the composite score, namely, nausea,
postprandial fullness, abdominal pain, and bloating
(Figures 2A and 2B). Finally, the magnitude of response and
separation of the relamorelin treatment arms from placebo
are apparent after 4 weeks of dosing and remain consistent
relative to placebo between 4 and 12 weeks (Figure 2A).

Other Symptom-Related Observations
For all doses, there were also improvements in GCSI-DD

at week 12 relative to baseline (Supplementary Figure 1),
changes from baseline over 12 weeks for the Global
Assessment of Symptoms (“Overall, how would you rate your
symptoms in the past 7 days?” [Supplementary Figure 2]).

Gastric Emptying
Relamorelin accelerated gastric emptying T1/2 at all 3

doses compared with placebo (Table 2), with approximately
10% acceleration from baseline (shortened T1/2 by 12 to 13
minutes overall) for the relamorelin treatment groups and
<1% change in the placebo group (Supplementary
Figure 3). The difference in gastric emptying with rela-
morelin compared with placebo was significant (P < .05) for
the fully powered 10- and 30-mg relamorelin dose arms.

Safety, Completion, and Adverse Events
Relamorelin was safe and well tolerated with high

compliance (98.8% based on syringe/kit reconciliations
during the double-blind period) and study completion rates
(85% overall: 88.5, 87.8, 85.3, and 76.8% for placebo, and
10, 30, and 100 mg relamorelin, respectively). Subcutaneous
injections were well tolerated with no clinically important
injection site reactions. Adverse events reported are shown
in Table 4.



Table 2.Change from Baseline to Week 12 in DGSSD (4-Symptom Composite Scorea) and GEBT

Parameter
Placebo b.i.d.

(n¼88)
RM 10 mg b.i.d.

(n¼86)
RM 30 mg b.i.d.

(n¼91)
RM 100 mg b.i.d.

(n¼63)

Weekly vomiting episodes n¼85 n¼81 n¼86 n¼66
Baseline, mean ± SD 5.7 ± 6.0 7.7 ± 17.2 6.9 ± 10.3 4.8 ± 5.2
Week 12, mean ± SD 2.8 ± 5.9 3.9 ± 17.1 3.1 ± 9.1 3.8 ± 13.7
Change from baseline, mean ± SD -2.9 ± 5.8 -3.7 ± 12.5 -3.8 ± 7.6 -1.1 ± 13.5
Percent change from baselinea -70.5 -74.9 -75.8 -73.4
P valueb (difference from placebo) .36 .25 .59

DGSSD 4-symptom composite scorec

Baseline, mean ± SD 22.7 ± 7.3 22.7 ± 7.9 22.4 ± 6.7 24.0 ± 7.5
Week 12, mean ± SD 17.1 ± 8.8 14.0 ± 10.3 13.8 ± 9.6 14.2 ± 9.5
Change from baseline, mean ± SD -5.6 ± 8.8 -8.7 ± 9.0 -8.7 ± 9.0 -9.7 ± 8.8
Change from baselined -6.07 -7.91 -8.41 -8.64
LS mean difference vs placebo -1.85 -2.34 -2.57
P value (difference from placebo) .134 .053 .052

GEBT (T1/2 in min)
Baseline, mean ± SD 127.1 ± 36.5 126.8 ± 37.6 128.6 ± 35.9 133.6 ± 35.4
Week 12, mean ± SD 126.3 ± 39.8 112.8 ± 43.5 115.8 ± 45.7 118.0 ± 49.5
Change from baseline, mean ± SD -0.0 ± 38.5 -12.7 ± 38.1 -12.8 ± 36.5 -13.6 ± 40.5
Change from baseline -0.43 -13.36 -12.55 -12.47
LS mean difference vs placebo -12.93 -12.12 -12.04
95% CI of difference -24.04; -1.82 -22.92; -1.33 -24.11; 0.04
P value (difference from placebo)b .023 .028 .051

b.i.d., twice daily; CI, confidence interval; LS, least squares; RM, relamorelin; SD, standard deviation.
aAnalysis was done on log-transformed change-from-baseline of weekly least square means for vomiting data, and reported
as percent change from baseline.
bTwo-sided P-value from longitudinal, mixed-effects model with repeated measures, including fixed effects for treatment,
week, treatment-by-week interaction, as well as baseline and baseline-by-week interaction values as the covariates with
unstructured variance-covariance correlation matrix being common to all subjects for the repeated measures over treatment
weeks.
cNausea, post-prandial fullness, abdominal pain, bloating; composite score in total numeric points.
dAnalysis done on change-from-baseline data for sum of weekly averages of 4 individual symptom scores (nausea, abdominal
pain, post-prandial fullness, and bloating).

Table 3.Composite and Individual Symptom Scores over 12 Weeks: Longitudinal Analysis of Reduction from Baseline in
Arbitrary AUC (AUC Relative to Baseline Expressed as Positive Values) Units

Symptom Mean þ SD Placebo, n¼88 10 mg RM, n¼86 30 mg RM, n¼91 100 mg RM, n¼63

DGSSD 4-Symptom
composite

318.1 ± 546.9 501.0 ± 402.4 544.0 ± 577.5 554.3 ± 541.4
LS mean D from Pbo 183.51 231.77 209.48
95% CI of difference 24.11; 342.92 74.58; 388.96 35.68; 383.27
P value .02 <.01 <.02

Nausea 94.9 ± 161.2 128.0 ± 145.6 149.9 ± 157.8 152.0 ± 157.6
LS mean D from Pbo 34.32 57.01 50.38
95% CI of difference -9.19; 77.83 14.11; 99.92 2.98; 97.77
P value .12 <.01 .04

Post-prandial fullness 67.3 ± 139.9 118.2 ± 142.0 124.1 ± 150.3 126.7 ± 143.9
LS mean D from Pbo 53.72 57.28 54.44
95% CI of difference 11.64; 95.80 15.81; 98.75 8.60; 100.29
P value <.01 <.01 .02

Abdominal pain 81.7 ± 148.3 127.4 ± 141.1 133.3 ± 151.9 145.2 ± 140.1
LS mean D from Pbo 43.09 54.42 56.47
95% CI of difference 1.18; 84.99 13.09; 95.74 10.79; 102.15
P value .04 <.01 .02

Bloating 74.2 ± 148.4 127.4 ±139.0 136.6 ± 150.0 130.3 ± 142.5
LS mean D from Pbo 52.18 63.21 48.39
95% CI of difference 10.51; 93.86 22.12; 104.31 2.94; 93.84
P value <.01 <.01 .04

CI, confidence interval; Pbo, placebo.
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Figure 2. (A) Change from
baseline through week 12
in DGSSD (4-symptom
[nausea, postprandial full-
ness, abdominal pain,
bloating] composite score
in total numeric points; full
analysis set). (B) Change
from baseline through
week 12 for each individ-
ual symptom. Note that
the * and † symbols reflect
differences relative to
placebo treatment.
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Table 4.Treatment Emergent Serious Adverse Effects,
Discontinuations, and Adverse Effects of Special
Interest

Placebo
10 mg
b.i.d.

30 mg
b.i.d.

100 mg
b.i.d.

No. of patients 104 98 109 82
Completed (%) 92 (88) 86 (88) 93 (85) 63 (77)
TE SAEs (%) 8 (7.7) 7 (7.1) 10 (9.2) 6 (7.3)
Reasons for discontinuation

Discontinued (%) 15 (14) 13 (13) 17 (16) 19 (23)
TE AEs (%) 3 (2.9) 3 (3.1) 8 (7.3) 9 (11.0)
Withdrew consent (%) 4 (3.8) 0 (0.0) 7 (6.4) 6 (7.3)
Lost to follow-up (%) 3 (2.9) 2 (2.0) 2 (1.8) 3 (3.7)
Other (%) 1 (1.0) 0 (0.0) 0 (0.0)

TEAEs of special interest
Hyperglycemia AEs (%) 2 (1.9) 5 (5.1) 10 (9.2) 10 (12.2)
DKA (serious AE) (%) 0 (0.0) 1 (1.0) 1 (0.9) 1 (1.2)
LFT AEs (%) 1 (1.0) 2 (2.0) 4 (3.7) 2 (2.4)
GI disorders (%) 13 (12.5) 6 (6.1) 18 (16.5) 13 (15.9)
Diarrhea (%) 0 (0.0) 4 (4.1) 7 (6.4) 6 (7.3)

AE, adverse effect; DKA, diabetic ketoacidosis; GI, gastroin-
testinal; LFT, liver function test; SAE, serious adverse effect;
TE, treatment emergent.
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Worsening of glycemic control early after treatment
initiation was noted in some patients. A total of 27 hyper-
glycemia events were reported during the 12 weeks of
treatment or during the 30-day safety follow-up period.
More hyperglycemia events were observed with relamorelin
treatment compared with placebo (2 on placebo, and 5 on
10 mg, 10 on 30 mg, and 10 on 100 mg relamorelin).
Many hyperglycemia events represented random glucose
laboratory abnormalities, with some patients withdrawing
without having undergone adjustments in insulin or oral
hypoglycemic drug dose, or other attempts to manage
hyperglycemia.

As with random and postprandial blood glucose values,
there were increases in HbA1c values noted during the
first 8 weeks of treatment (the median increase compared
with baseline in the relamorelin treatment groups was
þ0.20%, þ0.60%, and þ0.35% for the 10-, 30-, and 100-mg
doses, respectively); no further rise in group median HbA1c
was observed over the last 4 weeks of treatment at any dose
level of relamorelin compared with placebo.

Serious adverse events associated with hyperglycemia in
relamorelin-treated patients were 3 events of diabetic
ketoacidosis (one of which was observed at follow-up at 12
days after relamorelin 10 mg, b.i.d. had been stopped) and 2
hyperglycemia events leading to hospitalizations. All 5
serious adverse events were associated with concurrent
factors including infections (2 urinary tract infections and 1
pneumonia). Lapses in antidiabetic treatment (insulin or
metformin) also coincided with 4 of these 5 events.
Discussion
This dose-ranging, phase 2B trial of the effects of rela-

morelin over a 10-fold dose range in patients with diabetic
gastroparesis and vomiting has demonstrated that this
ghrelin receptor agonist is efficacious in the improvement of
individual and composite symptom scores. Although there
was no significant treatment effect on the number of vom-
iting episodes per week, which was the pre-specified pri-
mary endpoint, it is relevant to note that there was an
average 75% reduction in vomiting episodes with rela-
morelin treatment, and there was an unusually high (70%)
placebo response. The reason for this high placebo response
rate is unclear, though it questions the use of number of
vomiting episodes as a primary endpoint in studies of dia-
betic gastroparesis. There was a very wide range in the
number of vomiting episodes in all groups, both at baseline
and during the treatment phases, especially evident by the
large standard deviation in the number of vomiting episodes
in the 10- and 1000mg, b.i.d. dose groups. In addition, among
the primary symptoms of gastroparesis evaluated in DGSSD,
vomiting frequency proved to be the least valid PRO on
formal psychometric evaluation.24

Relamorelin demonstrated substantial efficacy at all 3
doses tested, with reductions in critical diabetic gastro-
paresis symptoms of nausea, postprandial fullness, abdom-
inal pain, and bloating, measured as a key composite
endpoint. These are very relevant symptoms of patients with
diabetic gastroparesis as documented in prior studies,
including the large database from the NIH Gastroparesis
Consortium.27 Therefore, this study shows that relamorelin
relieves relevant symptoms, as was also documented in
evaluation of individual symptoms that overlap with another
PRO, the GCSI-DD.25 Improvements in diabetic gastroparesis
symptoms were apparent for all individual symptoms and
became greater or at least remained stable by 12 weeks of
treatment. In general, the magnitude of the effect of rela-
morelin over the effect of placebo represented decreases by
approximately 33-50% from the baseline symptom scores
(least square means, data in Table 3 and Supplementary
Figure 1) for all symptoms other than vomiting. We
excluded patients on renal dialysis and therefore our study
results cannot be generalized to patients with diabetic gas-
troparesis who are receiving dialysis treatment.

Relamorelin demonstrated prokinetic pharmacodynamic
properties, with acceleration of slow gastric emptying which
is characteristic of gastroparesis. This effect was quantified
by the decrease in GEBT T1/2 , with results similar to find-
ings evident after 4 weeks of relamorelin treatment in a
prior diabetic gastroparesis clinical trial.21 The difference of
>10% over placebo needs to be considered in relation to
the relatively low calorie content of the test meal (230 kcal).
The robust effects of relamorelin on some diabetic gastro-
paresis symptoms (particularly nausea, postprandial full-
ness, bloating, and abdominal pain) are consistent with the
prokinetic action of relamorelin on gastric emptying. There
was no correlation of acceleration of gastric emptying and
diabetic gastroparesis symptom improvements across this
moderate to severe diabetic gastroparesis population. This
finding is consistent with analyses of other studies that used
diverse methods for assessing gastric emptying and symp-
toms, and a wide range of pharmacologic treatments.28

However, there is documented association of delayed
gastric emptying and symptoms,29–31 and other studies
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using effective prokinetic agents (eg, cisapride) have
demonstrated a positive correlation between gastric
emptying and symptom improvement.32,33 Overall, individ-
ual patients may demonstrate meaningful symptomatic im-
provements, in part, because of shortened gastric emptying
time resulting from the prokinetic effects of relamorelin.
Vomiting and related symptoms, in contrast, could arguably
respond more to an antiemetic approach, especially if they
are incessant and refractory in nature.

The current trial also showed that relamorelin was
efficacious in the relief of individual symptoms such as
nausea, fullness, bloating, and abdominal pain as measured
by composite scores made up of these 4 symptoms and
other patient global-response outcomes, including the GCSI-
DD, Global Assessment of Symptoms (“Overall, how would
you rate your symptoms in the past 7 days?”), and Patient
Assessment of Upper Gastrointestinal Symptom Severity
Index. These improvements consolidate the observations
with the DGSSD.

A second important result from this study is that rela-
morelin appears to be safe and well tolerated in patients
with diabetic gastroparesis, with no tolerability problems
with s.c. injections. The results also suggest that there is no
dose-response relationship between the 3 doses tested and
that future trials of relamorelin might not need to include
the 100-mg b.i.d. dose.

Important adverse effects were the increased frequency
of hyperglycemic episodes and the propensity to experi-
ence diarrhea observed with relamorelin compared with
placebo. Given the normal small intestinal absorption in
patients with diabetes, it follows that enhanced emptying of
nutrients from the stomach could contribute to hypergly-
cemia, if there is no adjustment in the dose or timing of
treatment for hyperglycemia. Indeed, in type 1 diabetes
mellitus, pharmacologically mediated acceleration of
gastric emptying increases postprandial levels of glucose
assessed accurately with continuous glucose monitoring.34

Considering the difficulty of achieving glycemic control in
this diabetic gastroparesis population, the number of re-
ported episodes of hyperglycemia was not unexpected.
Optimized glycemic management should be considered in
future clinical trials.

It is theoretically conceivable that the ghrelin receptor
agonist might have other diverse endocrine effects (eg,
stimulation of pituitary growth hormone release, contrib-
uting to glucose counter-regulatory effects, impairment of
insulin sensitivity, or an insulinostatic effect), which may
contribute to the hyperglycemia. Relamorelin stimulated
pituitary growth hormone release only modestly and
attenuated rapidly over time, with measured growth hor-
mone levels returning to normal after 2 weeks of treatment
in prior studies.17,18,21 The insulinostatic effect of ghrelin
has been demonstrated predominantly in pancreatic islet
beta cell preparations from rodents and in fasting human
volunteers or in conditions that mimic ghrelin levels
observed in starvation35–37 or result from effects of ghrelin
produced by pancreatic islet cells. However, the doses used
in rats to reduce insulin are extremely high (eg, 10 nmol/L)
relative to the dose of synthetic human ghrelin administered
systemically in patients to induce physiological increases in
growth hormone levels, which is 0.33 mg/kg.38 This is
equivalent to 7 nmol ghrelin, or 0.167 nmol/L assuming a
volume of distribution over the entire body of 42 L. Like-
wise, the effect of ghrelin infusion in healthy fasting humans
to suppress insulin release may be overridden by hyper-
glycemia in the setting of diabetic gastroparesis.36,37

Therefore, it is deemed highly unlikely that the adminis-
tration of the pentapeptide ghrelin receptor agonist, rela-
morelin, had an inhibitory effect on insulin production to
induce hyperglycemia.

There was a higher prevalence of diarrhea with rela-
morelin (4–7.5% more in the relamorelin treatment groups
compared with placebo), but there were no drop-outs
because of diarrhea in the trial. This finding of mild diar-
rhea is not surprising, given prior observations of the
presence of ghrelin receptors in the enteric neural control of
the colon,39 as well as the relief of constipation and accel-
eration of colonic transit with relamorelin in patients with
chronic constipation.40

While the first goal of our study was not met, in that
there was no significant treatment effect compared with
placebo on vomiting frequency, this is counter-balanced by
the effects of relamorelin on individual symptoms and
composite symptom scores, which had the highest level of
validation in a study of the psychometric performance of the
PROs in the DGSSD instrument.24 It is also worth noting that
vomiting frequency had the most highly skewed measure-
ment properties in the psychometric validation study24 and,
therefore, the greatest potential for error in the estimate of
treatment effects of relamorelin compared with placebo.

One limitation of this study was the finding that the
primary endpoint of vomiting frequency was not signifi-
cantly impacted by the relamorelin treatment relative to
placebo. Nonetheless, the significant effects on the com-
posite endpoint, as well as on individual symptoms of
gastroparesis measured with a validated PRO instrument,
suggest the medication provides clinically relevant benefit.
In addition, there was significant effect on gastric emptying
T1/2 and GCSI-DD scores.

The study was strengthened by its generalizability,
having enrolled a DG patient population with typical
symptoms of diabetic gastroparesis with a predominance of
type 2 diabetes and consistency of baseline demographics
and other measurements across the 4 treatment groups.

In conclusion, the prokinetic ghrelin receptor agonist,
relamorelin, demonstrated substantially improved core
diabetic gastroparesis symptoms individually and using a
composite total score, and it was generally safe and well
tolerated. Relamorelin also demonstrated efficacy and safety
that should be further assessed in pivotal phase 3 trials; the
results showed no additional benefit in PROs with the
highest dose of relamorelin, 100 mg b.i.d., suggesting that it
could be excluded in the phase 3 trials. The infrequent
occurrence of postprandial hyperglycemia, which may result
from the acceleration of gastric emptying, and enhanced
nutritional intake achievable with relamorelin, can be
monitored and managed with additional attention to
glycemic control in future trials.
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Supplementary Figure 2. Change from Baseline over 12 Weeks for Global Assessment of Symptoms: “Overall, how would
you rate your symptoms in the past 7 days?”

Supplementary Figure 1. Improvements in GCSI-DD at week
12 (p comparisons vs. placebo).
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Supplementary Figure 3. Decrease in gastric emptying T1/2
at end of treatment period compared to baseline in each
group.
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