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Abstract
Background & Aims—RM-131, a synthetic ghrelin agonist, greatly accelerates gastric
emptying of solids in patients with type 2 diabetes and delayed gastric emptying (DGE). We
investigated the safety and effects of a single dose of RM-131 on gastric emptying and upper
gastrointestinal (GI) symptoms in patients with type 1 diabetes and previously documented DGE.

Methods—In a double-blind cross-over study, 10 patients with type 1 diabetes (age, 45.7 ± 4.4 y;
body mass index, 24.1 ± 1.1 kg/m2) and previously documented DGE were assigned in random
order to receive a single dose of RM-131 (100 μg, subcutaneously) or placebo. Thirty minutes
later, they ate a radiolabeled solid–liquid meal containing EggBeaters (ConAgra Foods, Omaha,
NE), and then underwent 4 hours of gastric emptying and 6 hours of colonic filling analyses by
scintigraphy. Upper GI symptoms were assessed using a daily diary, gastroparesis cardinal
symptom index (total GCSI-DD) and a combination of nausea, vomiting, fullness, and pain
(NVFP) scores (each rated on a 0–5 scale).

Results—At screening, participants' mean level of hemoglobin A1c was 9.1% ± 0.5%; their total
GCSI-DD score was 1.66 ± 0.38 (median, 1.71), and their total NVFP score was 1.73 ± 0.39
(median, 1.9). The t1/2 of solid gastric emptying was 84.9 ± 31.6 minutes when subjects were
given RM-131 and 118.7 ± 26.7 when they were given a placebo. The median difference (Δ) was
33.9 minutes (interquartile range [IQR] −12, −49), or -54.7% (IQR, −21%, 110%). RM-131
decreased gastric retention of solids at 1 hour (P = .005) and 2 hours (P = .019). Numeric
differences in t1/2 for gastric emptying of liquids, solid gastric emptying lag time, and colonic
filling at 6 hours were not significant. Total GCSI-DD scores were 0.79 on placebo (IQR, 0.75,
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2.08) and 0.17 on RM-131 (IQR, 0.00, 0.67; P = .026); NVFP scores were lower on RM-131 (P = .
041). There were no significant adverse effects.

Conclusions—RM-131 significantly accelerates of gastric emptying of solids and reduces upper
GI symptoms in patients with type 1 diabetes and documented DGE.
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Gastroparesis is a clinical syndrome defined as delayed gastric emptying (DGE) in the
absence of mechanical obstruction and the presence of upper gastrointestinal (GI) symptoms
including nausea and/vomiting, postprandial fullness (early satiety), bloating, and epigastric
pain.1,2 Approximately one third of cases at referral centers are caused by diabetes (diabetic
gastroparesis).3 Although the cumulative 10-year incidence of gastroparesis in the
community is estimated at 5.2% in type 1 diabetes and at 1% in type 2 diabetes,4 the impact
of this disease is significant. It is associated with higher morbidity and mortality relative to
US matched controls,5 as well as with impaired quality-of-life scores. These adverse
statistics are independent of factors such as age, sex, smoking, alcohol use, and type of
diabetes.6 Once diagnosed, patients often require multiple medications (such as prokinetics
and anti-emetics) for several years and have much higher rates of hospitalizations, days in
the hospital, and emergency room and office visits.7 The evidence for use of currently
available agents is summarized in the Supplementary Materials and Methods.

In recent years, several new prokinetic medications have come under investigation,
including several motilin agonists (eg, GSK962040 and RQ-00-20194)8,9 and the ghrelin
analogs, TZP-101 (ulimorelin, an intravenous preparation),10,11 which showed only a slight
improvement of GE t1/2 of solids by approximately 20% and TZP-102,12 (an oral
preparation) which showed a lack of effect on GE in patients with diabetic gastroparesis.
Ghrelin is the endogenous ligand for the growth hormone secretagogue-1a receptor and is a
potential target for treatment of impaired gastric motility and energy balance.13

Recombinant human ghrelin accelerated GE of liquids in diabetic patients14 and GE of
solids when administered at pharmacologic doses (reviewed by Camilleri et al13).

RM-131 is a synthetic ghrelin agonist with similar characteristics as native ghrelin, but with
a 100-fold greater potency in reversing gastricileus in animal models and longer plasma t1/2
(Rhythm Pharmaceuticals, data on file). Pharmacokinetic information is included in the
Supplementary Materials and Methods section. In a recent randomized controlled study of
RM-131, we showed that single-dose administration of RM-131 was effective in greatly
accelerating GE in patients with type 2 diabetes (T2DM) and DGE.15

The primary aim of this study was to investigate the effects on GE rate of a single dose of
RM-131 in type 1 diabetes mellitus (T1DM) patients with prior documentation of DGE.
Secondary aims included investigation of effects of RM-131 on upper GI symptoms, safety,
and tolerability. The dose of 100 μg RM-131 was chosen based on the safety,
pharmacokinetic, and pharmacodynamic profiles established in the single ascending dose
study of healthy volunteers.

Materials and Methods
Trial Design

We conducted a randomized, double-blind, placebo-controlled, single-dose, 2-period, cross-
over study with a 7-day washout, during the period from June 1 to November 30, 2012, in
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10 patients with T1DM and prior documentation of DGE. Eligibility and identification of
patients is included in Supplementary Materials and Methods.

Patients were randomized by a computer-generated allocation schedule to receive either
subcutaneous injection of RM-131 or placebo (5% mannitol) with an identical appearance
during period 1. Allocation was communicated to the research pharmacist in the Mayo
Clinic Clinical Research Unit (CRU), and allocation was concealed from all investigators
until completion of the entire study, at which time the randomization code was revealed to
the study statistician.

After a 7-day washout period, patients crossed over to receive the alternative therapy in
period 2. Consistent with the ethical review that patients should not be withdrawn from
medication that may have been contributing to their health, patients were allowed to
continue on antiemetics and prokinetics (eg, metoclopramide, erythromycin) when
indicated, except on the day of testing. Doses of these drugs had to be stable for at least 2
weeks before randomization and throughout the study of both periods. The study was
conducted on an outpatient basis in the CRU at a single tertiary referral center: Mayo Clinic
in Rochester, Minnesota. All participants and members of the research team were blinded to
the interventions.

Experimental Protocol
Details of the protocol are provided in the Supplementary Materials and Methods section.

Measurement of Gastric Emptying of Solids and Liquids and Small-Bowel Transit
Validated scintigraphy was used to assess GE of solids and colonic filling at 6 hours (CF6)
after a standardized meal. Patients underwent dual-phase (solid and liquid) GE scintigraphy
on the days the study drug was administered (day 1 of periods 1 and 2). The method has
been described in detail elsewhere.16,17

Symptoms
Patients were asked to recall symptoms over the preceding 24 hours and fill out the
gastroparesis cardinal symptom index daily diary (GCSI-DD)18 at screening and on day 2 of
each period, 24 hours after each study visit, to assess their upper GI symptoms19 and return
the completed form to the CRU.

The GCSI-DD is a patient-reported symptom questionnaire that covers 9 symptom severity
items rated on a numeric scale from 0 (none) to 5 (very severe), including nausea/vomiting
(3 items), fullness/early satiety (4 items), and bloating (2 items). Also included are 2
symptom severity items for upper abdominal pain, 2 items for vomiting/retching frequency,
and an overall rating for the severity of gastroparesis. Patients are asked to recall symptoms
over the past 24 hours. The total GCSI-DD score was calculated as the mean of the 3
subscale scores for severity of nausea/vomiting, postprandial fullness/early satiety, and
bloating. The GCSI-DD was completed by participants at screening for baseline assessment
and also at 24 hours after each treatment period. Patients were required to return the GCSI-
DD to the clinic upon completion. A secondary composite score based on nausea, vomiting,
fullness, and pain (NVFP) was derived post hoc in consideration of communications from
the Food and Drug Administration to representatives of the American
Neurogastroenterology and Motility Society regarding the requirement for assessment of
pain in patients with gastroparesis. We perceive that this information foreshadows what will
be required in clinical trials in gastroparesis and, therefore, we added it to the current article.
The scores of NVFP symptoms were obtained based on GCSI-DD responses. Both total
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GCSI-DD and the post hoc NVFP scores were analyzed to compare symptom scores
between the 2 treatment groups for descriptive purposes only.

Safety and Tolerability
Safety and tolerability were assessed by evaluation of adverse events (AEs), vital signs,
physical examination, clinical laboratory tests (including blood glucose level), and an
electrocardiogram. Each patient was monitored for the development of any AEs during
study visits and by telephone follow-up evaluation on day 2 of both periods. Vital signs
were assessed before the study dose, then after the study dose every 30 minutes for 6 hours.
Blood glucose level was measured before the study dose, 2 and 4 hours after the study dose,
and when clinically indicated.

Statistical Considerations: Outcomes, Power, and Analysis
Data are summarized predominantly as median and interquartile range (IQR) because most
end points were not normally distributed, with the exception of GE at 1 and 2 hours and
GCSI-DD and NVFP scores.

The primary end point of the study was the GE t1/2 for solids. The percentage difference in
GE t1/2 for solids between treatments was defined as follows:

Secondary end points included the following: (1) GE of solids at 1, 2, and 4 hours, GE solid
lag time, GE t1/2 for liquids, and CF6 (solids); (2) total GCSI-DD score18 and average score
based on a scale of 0 to 5 for NVFP as documented in the GCSI-DD; and (3) AEs.

The intra-individual coefficient of variation of GE t1/2 of solids was 24%, justifying the
sample size of 10 patients.20

Details of the statistical analysis are included in the Supplementary Materials and Methods
section, including the correction method21 used to account for 2 composite symptoms
scores. All co-authors had access to the study data, and reviewed and approved the final
manuscript.

Results
Patient Characteristics at Study Entry and Disposition

Table 1 shows the clinical features of the 10 patients. Patient disposition is shown in Figure
1. All participants completed all studies after randomization. One patient was receiving
treatment for GI dysmotility during the cross-over study (pyridostigmine for chronic
constipation that was stopped beginning 48 hours before day 1).

Effects of RM-131 on Transit
Most transit data are presented as median (IQR, range) values because of the presence of
several outliers. All outliers were included in the data analysis. The 10 participants'
individual data for GE t1/2 on RM-131 and placebo are shown in Figure 2. In general, 8 of
10 participants had faster GE on RM-131 relative to placebo treatment; 1 patient (patient 7)
had slightly delayed GE on RM-131, and 1 patient (patient 9) was an outlier with greatly
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delayed GE with RM-131 relative to placebo. There were no significant order effects
detected.

A summary of the effects of RM-131 on main transit parameters is shown in Figure 3.
RM-131 was associated with an accelerated mean solid GE t1/2; the estimated treatment
effect mean difference was −33.8 ±31.0 (SEM) minutes (P = NS). Similarly, the median
solid GE t1/2 was faster with a median difference of −33.9 minutes (IQR, −12 to −49),
equivalent to a −54.7% (IQR, −21 to −110) decrease relative to the overall mean (P = NS).
RM-131 significantly increased GE of solids at 1 (P = .005) and 2 (P = .019) hours, with a
mean difference of 24.7% ± 14.7% (SEM) relative to the overall mean at 2 hours. Figure 4
shows actual results of an abdominal scintigraphy in 1 patient with improvement in GE with
RM-131 compared with placebo.

The presence of cardiovagal dysfunction did not modulate the effect of RM-131; thus, the
drug-placebo differences were not different in those with or without cardiovagal dysfunction
(data not shown).

There were numeric accelerations of liquid GE t1/2, GE solid lag time, and small-bowel
transit (CF6), with mean percentage differences relative to the corresponding overall mean
values of 30%, 41%, and 76%, respectively; however, these differences were not statistically
significant.

Average Symptom Scores
Although patients participating in the study generally had lower symptom scores than at
screening, clinically important treatment effects (Table 2) were observed with a significant
reduction in total GCSI-DD (Hochberg adjusted P = .041, P =.026 by paired t test) and
NVFP scores (Hochberg adjusted P =.041, P = .041 by paired t test) with RM-131 when
compared with placebo.

Glucose Levels
The median fasting blood glucose level before GE assessment was 165.0 mg/dL (IQR, 126–
198) for placebo and 147.0 mg/dL (IQR, 133.0–167.0) for RM-131. Blood glucose levels at
120 minutes after the meal are shown in Table 2, and show no clinically important
differences.

Safety and Tolerability of Single-Dose RM-131
RM-131 was generally well tolerated. A summary of all AEs is shown in Supplemental
Table 1. No AEs were serious or significant. Only hunger was noted to be of borderline
significance (P = .063) and was observed more frequently with RM-131. All AEs resolved
spontaneously. No clinically important effects on physical examination, electrocardiogram,
vital signs, or routine clinical laboratory tests were observed.

Discussion
The current study expands on our previous findings15 in which we showed that a single
subcutaneous injection of RM-131 significantly accelerated GE t1/2 of solids by 66%
compared with placebo in patients with T2DM and documented DGE. In the current study,
we showed a 54.7% improvement in GE t1/2 solid in T1DM. RM-131 also significantly
accelerated GE at 1 and 2 hours. A recent investigation of the ghrelin-receptor agonist,
TZP-102,12 showed a lack of effect on GE in diabetic gastroparesis patients. TZP-101
showed improvement of GE T1/2 of solids by approximately 20%10 in diabetic patients with
moderate to severe upper GI symptoms and confirmed DGE by baseline scintigraphy.
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Interestingly, 4 of 10 patients in the latter study had GE t1/2 values within the normal
range10 with placebo treatment, similar to observations with placebo treatment in the current
study. RM-131 was optimized based on the peptide characteristics of native ghrelin in
contrast to TZP, which was optimized for binding of the growth hormone secretagogue-1a
receptor.22

Assessment of symptoms with the use of a validated instrument showed significant
improvement in total GCSI-DD and NVFP scores with RM-131. Most patients had mild to
moderate symptoms at baseline and symptoms were generally fewer during study
participation, potentially limiting our ability to assess effects of RM-131 on symptoms.
Although it may be hypothesized that this improvement may reflect a time-dependent
change in symptoms, symptom improvement may have resulted from treatment with either
RM-131 or placebo. There was a 50% improvement in symptoms from baseline to placebo
treatment observed in a study of TZP-101.23 Furthermore, the excellent test-retest reliability
of GCSI-DD scores among gastroparesis patients has been shown previously,19 suggesting
that the improvement in symptoms is a true treatment effect rather than a time-dependent
change. The magnitude of effect on the main symptoms and the GCSI-DD observed in this
study is consistent with the effect sizes observed in a prior study validating the response
elements of the GCSI-DD and its individual components.19 This study was not specifically
powered for assessment of symptoms scores, which was a secondary end point. Further
investigation in patients with moderate to severe symptoms is needed; however, these data
provide preliminary evidence in support of the clinical effectiveness of RM-131 in the
treatment of diabetic gastroparesis.

We were unable to show significant change in our primary end point, GE t1/2, with RM-131.
However, the ability to observe a statistically significant effect may have been attenuated by
the relatively normal GE t1/2 observed in a number of the participants. We did not assess
baseline GE by scintigraphy predominantly because of the radiation exposure that would
have been necessitated by 3 procedures in a relatively short period. Only 3 patients had GE
t1/2 solids of longer than 110 minutes during the placebo treatment after consuming the low-
fat test meal, illustrating the potential impact of placebo in studies of gastric motor
functions24 as well as the significant variability in GE rate on replicate studies.20 However,
even with this wide range of GE t1/2, RM-131 accelerated GE at 1 and 2 hours. Acceleration
of GE at 1 hour was significant even with correction for 5 primary and secondary end points
(Hochberg21 adjusted P = .025). The fact that acceleration of GE was greatest in patients
with the highest GE t1/2 on placebo is not surprising and likely reflects a floor effect in those
with normal or fast GE t1/2. Such a floor effect with the relatively fast GE of solids of a low-
fat meal likely contributed to a lack of detectable differences in GE at 4 hours because 4
patients emptied 100% of the test meal by 4 hours during both treatments. In retrospect,
given the mode of action of pharmacologic doses of ghrelin, which induced a premature
phase III of the migrating motor complex,25 and effects of ghrelin on decreasing gastric
accommodation,13 we should have used the GE at 1 hour as the primary end point of our
study.

Future investigations in patients with moderate to severe DGE will be needed to better
characterize effects of RM-131 on all phases of GE. In this study, a fasting blood glucose
value of less than 275 mg/dL before study drug administration and GE assessment was
achieved in all participants except one; thus, effects of hyperglycemia were not studied in
the present protocol. Significant hyperglycemia, reflecting poorly controlled diabetes, may
attenuate effects of RM-131 on GE, as has been shown with erythromycin in healthy
volunteers.26
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In summary, RM-131 significantly accelerates early GE of solids and reduces upper GI
symptoms in patients with T1DM and DGE. The magnitude of the effect in T1DM is in the
range observed in T2DM and does not appear to be dependent on normal vagal function. A
limitation of the study was the small sample size, and statistical inferences should be
interpreted with caution. A larger sample size will be required to assess the generalizability
of the data. These data suggest that RM-131 deserves further study of its medium- and
longer-term efficacy in diabetic patients with upper GI symptoms and DGE of solids, given
the shown efficacy, lack of significant AEs, or increase in post-prandial blood glucose
levels, and unmet need in the treatment of diabetic gastroparesis.2

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used in this paper

AE adverse event

CF colonic filling

CRU Clinical Research Unit

DGE delayed gastric emptying

GCSI-DD daily diary of gastroparesis cardinal symptom index

GI gastrointestinal

IQR interquartile range

NVFP nausea, vomiting fullness, pain
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t1/2 the calculated time point at which 50% of the radio-labeled meal has emptied
from the stomach

T1DM type 1 diabetes mellitus

T2DM type 2 diabetes mellitus
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Figure 1.
Patient disposition using the consolidated standards of reporting trials (CONSORT)
approach. All participants completed all studies, and data were analyzed using intention-to-
treat principles.
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Figure 2.
Changes in GE t1/2 solids by treatment period for each patient (GE, minutes for solids for all
10 patients by treatment period: placebo and RM-131). Data are individual observations for
each patient. The published median (83 min) and IQR (64–103 min) from 123 healthy
volunteers using the identical radiolabeled meal are presented.16
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Figure 3.
Effect of RM-131 on main transit measurements in all 10 participants (GE, minutes for
solids and liquids [upper panel]; percentage GE at 1, 2, and 4 hours, and CF6 at 6 hours
[lower panel]). Gray, placebo; white, RM-131 100 μg. Data are median (IQR and range); P
values by Wilcoxon signed rank test or paired t test (for GE 1 hour and 2 hour) comparing
RM-131 versus placebo. Δ, median percentage difference for each end point. Data were not
available for 1 participant for GE 1 hour.
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Figure 4.
Assessment of GE of solids by scintigraphy in 1 patient showing delayed GE with placebo
and normal GE with RM-131 (left panel). GE is shown as the percentage emptied over time
for placebo and RM-131 in the same individual (right panel).
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Table 2
Summary of Main Transit, Symptoms, and Glycemic Indicators in All 10 Patients in the
Randomized, Cross-Over Study

Placebo RM-131 P value % Differencea

GE t1/2 solid, min 75.7 (66.4–188.6) 58.2 (40.4–86.6) NS −54.7

GE solid lag time (t10% GE), min 9.0 (5.0–20.0) 5.9 (2.8–21.4) NS −12.6

GE at 1 h (%) 40.3 (21.0–44.4) 55.6 (40.5–73.1) .005b 60.0

GE at 2 h (%) 74.6 (38.5–79.4) 88.7 (72.2–97.4) .019b 19.4

GE at 4 h (%) 97.1 (57.2–100) 100 (92.9–100) NS 0

GE t1/2 liquid, min 26.4 (12.7–51.92) 13.0 (10.4–32.6) NS −36.4

CF6 solid, % 19.0 (0.0–41.0) 28.5 (10.0–45.0) NS 72.3

Total GCSI-DD average score 0.79 (0.75–2.08) 0.17 (0.00–0.67) .041c −125.0

Average score of combined NVFP 1.00 (0.50–2.00) 0.25 (0.00–0.50) .041c −141.8

Blood glucose level at 120 min, mg/dL 248 (182–273) 231 (152–290) NS −11.4

NOTE. Data show median (IQR).

NS, not significant.

a
Median percentage difference among all participants for RM-131 minus placebo (within patient) relative to overall means (within patient); 100×

([within subject delta] / [within subject mean]). Data were compared using the Wilcoxon signed rank test unless otherwise noted.

b
Data were compared using the paired t test.

c
Data were compared using the paired t test with Hochberg21 step-up correction; 1 participant had missing 1-hour GE data at both study visits.
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