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ABSTRACT
Introduction To evaluate the effects of efpeglenatide, a long- 
acting glucagon- like peptide-1 receptor agonist (GLP-1 RA), 
on gastric emptying, glucose metabolism, and islet beta- cell 
function versus liraglutide and placebo in people with type 2 
diabetes.
Research design and methods This phase Ib study  
( ClinicalTrials. gov identifier: NCT02059564) randomized 
participants (n=47) to three cohorts. Within the first 
two cohorts, participants were randomized to placebo, 
efpeglenatide 6 mg weekly (QW; first cohort), or efpeglenatide 
16 mg monthly (QM; second cohort). The third cohort received 
liraglutide 1.8 mg daily (QD). Gastric emptying was assessed 
through the pharmacokinetic (PK) profile of acetaminophen at 
baseline and steady state. Glucose metabolism and beta- cell 
function were assessed based on mixed- meal tolerance testing 
and a graded glucose infusion procedure.
Results Treatment duration was approximately 3 months for 
efpeglenatide 16 mg QM and 1 month for efpeglenatide 6 mg 
QW and liraglutide. At peak drug concentrations, efpeglenatide 
6 mg QW was non- inferior to liraglutide 1.8 mg QD in delaying 
gastric emptying, as assessed by acetaminophen PK (lower 
bound of 90% CI for the efpeglenatide:liraglutide ratio >0.8 
for area under the curve (AUC)0–120, AUC0–180, AUC0–360 and 
maximum concentration (Cmax)). Efpeglenatide 16 mg QM did 
not decrease the rate of gastric emptying to as great an extent 
as liraglutide (ie, non- inferiority was not shown). Compared with 
liraglutide, both efpeglenatide dosing regimens demonstrated 
comparable or more favorable glucometabolic effects and 
improved beta- cell function. All gastrointestinal adverse events 
reported with efpeglenatide were mild or moderate in severity 
and transient over treatment and follow- up.
Conclusions The glucometabolic effects of efpeglenatide 6 mg 
QW and 16 mg QM were comparable to liraglutide. Additional 
studies are necessary to further examine these benefits of 
efpeglenatide.
Trial registration number NCT02059564.

INTRODUCTION
Glucagon- like peptide-1 receptor agonists 
(GLP-1 RAs) are an established treatment 
option for improving glycemic control in 
people with type 2 diabetes (T2D).1 2 GLP-1 

RAs differ in their duration of action, 
frequency of administration and clinical 
profile.2 3 Dosing frequencies of GLP-1 
RAs range from twice daily to once weekly 
(QW).2 3 A less- frequent dosing regimen 
reduces injection burden and may, therefore, 
improve treatment adherence.2 Some studies 
have also reported that treatment with GLP-1 
RAs may have additional benefits including a 
decreased risk of cardiovascular events.2–4

Significance of this study

What is already known about this subject?
 ► Glucagon- like peptide-1 receptor agonists (GLP-1 
RAs) are an established treatment option for improv-
ing glycemic control in people with type 2 diabetes 
(T2D).

 ► Delayed gastric emptying is observed throughout the 
GLP-1 RA class, with greater effects observed with 
short- acting agents than with long- acting agents.

What are the new findings?
 ► In this evaluation of the effects of efpeglenatide 6 
mg weekly (QW) and 16 mg monthly (QM) doses on 
gastric emptying versus those of liraglutide 1.8 mg 
daily (QD), efpeglenatide 6 mg QW was non- inferior 
to liraglutide QD in delaying gastric emptying at 
peak drug concentrations based on acetaminophen 
pharmacokinetics.

 ► Efpeglenatide 16 mg QM did not decrease the rate of 
gastric emptying to as great an extent as liraglutide.

 ► Both efpeglenatide dosing regimens demonstrated 
comparable glucometabolic effects and improved 
beta- cell function compared with liraglutide.

How might these results change the focus of 
research or clinical practice?

 ► Longer- term studies of efpeglenatide in larger pop-
ulations are needed to examine the implications of 
these findings in clinical practice.

http://drc.bmj.com/
http://orcid.org/0000-0001-5867-2131
http://dx.doi.org/10.1136/bmjdrc-2021-002208
http://dx.doi.org/10.1136/bmjdrc-2021-002208
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2021-002208&domain=pdf&date_stamp=2021-06-25
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Delayed gastric emptying is observed throughout 
the GLP-1 RA class, with greater effects observed with 
short- acting agents than with long- acting agents.5 6 This 
difference may be due to greater activation of the GLP-1 
receptor, with long- acting agents promoting tachyphy-
laxis to the effects on gastric motility.5 GLP-1 RAs with 
an extended duration of action have also been associated 
with less nausea than short- acting agents.5 7 Although it 
has been hypothesized that this reduction in nausea is 
due to reduced effects on gastric motility,8 a direct asso-
ciation between gastric emptying and gastrointestinal 
(GI) adverse events (AEs) has not been demonstrated.6 9 
One alternative suggestion is that the decreased nausea 
observed may be due to the lower peak concentrations 
achieved with long- acting agents.5

Efpeglenatide is a long- acting GLP-1 RA currently in 
development to improve glycemic control in people with 
T2D by subcutaneous QW administration. It is composed 
of a single amino acid–modified exendin conjugated to 
a fragment crystallizable (Fc) region of human immuno-
globulin G4 (IgG4) via a 3.4 kDa mini- polyethylene glycol 
linker using long- acting peptide/protein (LAPS) tech-
nology.10–12 Conjugation of the human IgG Fc fragment 
using LAPS technology leads to an extended duration of 
action13 and may also contribute to the low immunoge-
nicity seen with efpeglenatide.13 14 Efpeglenatide also has 
unique receptor properties that may explain the greater 
maximal GLP-1 receptor signaling and reduced desensi-
tization seen with efpeglenatide versus other GLP-1 RAs 
following chronic exposure in biochemical and preclin-
ical studies.15 16

Three phase II studies that examined efpeglenatide in 
both people with T2D13 14 and people with obesity without 
T2D17 found that efpeglenatide was associated with 
significant decreases in glycated hemoglobin (HbA1c) 
and body weight. With weekly dosing, efpeglenatide was 
generally well tolerated; the most common AEs were GI 
disorders, which is consistent with the safety profile of the 
GLP-1 RA class.

Liraglutide once daily (QD) was selected as a compar-
ator for this study as it is a member of the same GLP-1 
RA class, has been well characterized and is recognized 
as a clinically effective GLP-1 RA.18 In mouse models of 
diabetes and diet- induced obesity, efpeglenatide led to 
greater or comparable glycemic improvements and body 
weight loss compared with liraglutide or dulaglutide.16 
The effect of efpeglenatide 4 mg QW in reducing HbA1c 
was non- inferior to that of liraglutide 1.8 mg QD in a 
phase II clinical trial in T2D.13

The primary objective of this phase Ib clinical trial was 
to evaluate the effects of efpeglenatide QW and once- 
monthly (QM) doses on gastric emptying compared 
with those of liraglutide QD. Secondary objectives 
included assessing the effects on glucose metabolism 
and islet beta- cell function, as well as evaluating safety 
and tolerability.

MATERIALS AND METHODS
This randomized, parallel- group, exploratory study ( Clin-
icalTrials. gov identifier: NCT02059564) was conducted at 
a single center in the USA. The overall study design is 
described in online supplemental figure S1.

Participants were men and women ≥18 and ≤70 years of 
age who had T2D treated with a stable dose of metformin 
for ≥3 months, alone or in combination with a sulfonylurea.  
To be eligible for inclusion, participants were required 
to have a fasting C- peptide ≥0.8 ng/mL, HbA1c between 
≥6.5% and ≤10%, and body mass index (BMI) ≥18 kg/m2 
and ≤45 kg/m2 at the screening visit. Before randomiza-
tion, all participants underwent a 14- day washout period, 
during which all oral antidiabetic drugs were discon-
tinued, with the exception of metformin.

Eligible participants were randomized to one of three 
cohorts:

 ► Participants in cohort A were randomized 3:1 to 
receive efpeglenatide 6 mg QW or placebo, on days 
1, 8, 15 and 22.

 ► Participants in cohort B were randomized 3:1 to receive 
efpeglenatide 16 mg QM or placebo; the efpeglenatide 
dose was escalated from 4 mg on day 1 to 8 mg on day 
15 and up to 16 mg on days 29, 57 and 85 (with placebo 
injections on the same study days).

 ► Participants in cohort C received liraglutide QD on 
days 1–26. The liraglutide dose was escalated from 
0.6 mg/day from days 1–8, to 1.2 mg/day from days 
9–15, to 1.8 mg/day from day 16 until the end of the 
study.

 ► All study treatments were administered by subcuta-
neous injection.

Participants in cohorts A and B were blinded with 
regard to treatment. However, those in cohort C received 
open- label liraglutide as a fully double- blinded study 
design was not feasible due to differences in the required 
dosing schedules of efpeglenatide and liraglutide.

Pharmacodynamic assessments
The effects of treatment on pharmacokinetic (PK) and 
pharmacodynamic (PD) parameters in cohorts A, B 
and C were evaluated at baseline and steady- state/peak 
concentrations; the effects in cohort B (efpeglenatide 
QM) were also evaluated at trough concentrations.

Gastric emptying
The effects of efpeglenatide on gastric emptying were 
assessed based on the PK profile of acetaminophen given 
as part of a mixed- meal tolerance test (MMTT) on day 
2 of the in- house period. Participants fasted overnight 
for ≥10 hours before consuming a standardized break-
fast, which contained 60% carbohydrates, 20% protein, 
20% fat, and was approximately 480 kcal. The meal was 
consumed within 15 min, after which 1000 mg of liquid 
acetaminophen was administered orally. The PK profile 
of acetaminophen included measures of area under the 
curve (AUC) from 0 to 60 min (AUC0–60), 0 to 120 min 

https://dx.doi.org/10.1136/bmjdrc-2021-002208
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(AUC0–120), 0 to 180 min (AUC0–180) and 0 to 360 min 
(AUC0–360) and maximum concentration (Cmax).

Glucose metabolism and hormone responses
Glucose metabolism was also assessed during the MMTT 
through fasting plasma glucose (FPG), postprandial 
plasma glucose (PPG), HbA1c, insulin response, C- peptide 
response and glucagon. Glucagon was measured using 
Mercodia Glucagon ELISA (Mercodia AB, Sweden).

Beta-cell function
Islet beta- cell function was assessed using a graded glucose 
infusion (GGI) test on day 3 of the in- house period. 
Participants fasted overnight before a variable- rate 
insulin infusion was started to maintain a venous plasma 
glucose level at 120±10 mg/dL. The insulin infusion was 
stopped 60 min before the GGI test, during which glucose 
was infused for a total of 2.5 hours at sequential rates of 
2, 4, 6, 8 and 12 mg/kg/min. Each rate was maintained 
for a 30- minute infusion period. Blood samples were 
obtained 0, 10, 20 and 30 min into each infusion period 
to measure plasma glucose, insulin and C- peptide. Pre- 
hepatic insulin secretion rate (ISR) was calculated based 
on deconvolution of the peripheral C- peptide concentra-
tions during the GGI.19 Change in beta- cell responsive-
ness was assessed by comparing the slopes of the change 
in insulin concentration against plasma glucose pretreat-
ment and post- treatment with the study drug.

Safety assessments
Safety assessments included incidence and severity of AEs, 
assessment of injection site, physical examination, vital 
signs, 12- lead ECG and clinical laboratory abnormalities.

Statistical methods
The primary hypothesis was that efpeglenatide was 
non- inferior to liraglutide (ie, had no greater delay) on 
gastric emptying. Statistical non- inferiority was defined 
as the lower bound of the 90% CI for the ratio between 
efpeglenatide and liraglutide of >0.8. For clarity, when 
the criteria for non- inferiority were met, the text will state 
that the endpoint is not less for efpeglenatide.

Least squares (LS) means were calculated using log- 
transformed data, and LS mean ratios were calculated by 
exponential transformation of the mean differences for 
PK parameters, including AUC0–60, AUC0–120, AUC0–180 and 
AUC0–360, and Cmax. The associated 90% CI and one- sided 
p values were obtained by analysis of variance (ANOVA). 
ANOVA was used to compare efpeglenatide 6 mg QW at 
day 24, efpeglenatide 16 mg QM at day 89 and liraglutide 
1.8 mg QD at day 23 (ie, when all three cohorts were at 
peak or steady- state drug concentration). Because cohort 
B was sampled at both peak and trough drug concentra-
tions, a separate ANOVA was used to examine trough 
concentrations of efpeglenatide 16 mg QM (at day 82) 
versus efpeglenatide 6 mg QW and liraglutide 1.8 mg QD 
at peak or steady state (at days 24 and 23, respectively). 
For comparisons to placebo, the placebo groups from 
cohort A and cohort B were pooled. One- sided p values 

were generated for comparisons between efpeglenatide 
and liraglutide; two- sided p values were generated for 
comparisons between efpeglenatide and placebo. It 
should be noted that these studies were designed to be 
exploratory rather than to confirm statistical hypotheses; 
thus, all statistical analyses are exploratory.

The PD populations included all randomized partic-
ipants who received ≥1 dose of study drug and had ≥1 
post- dose PD assessment. PD populations were defined 
separately for the MMTT and GGI. The PK population 
included all randomized participants who received 
≥1 dose of study drug and had ≥1 post- dose PK assess-
ment. The safety population included all randomized 
participants who received ≥1 dose of study drug.

As this was an exploratory study, the sample size was 
empirically determined and is comparable to other 
studies of this nature.

RESULTS
In total, 47 participants were enrolled and random-
ized to cohort A (n=17), cohort B (n=17) or cohort C 
(n=13). In both cohorts A and B, 13 participants were 
randomized to efpeglenatide and 4 were randomized to 
placebo (online supplemental figure S2). Across groups, 
mean age ranged from 50.1 to 56.8 years, weight ranged 
from 77.45 to 98.58 kg, and BMI ranged from 28.93 to 
34.28 kg/m2 (table 1).

Pharmacodynamic assessments
Gastric emptying
Baseline differences in acetaminophen PK parameters 
were identified in cohort A prior to dosing. These differ-
ences were addressed by the use of baseline- adjusted 
PK parameters for analysis. Figure 1A shows baseline- 
adjusted acetaminophen concentrations over time.

Efpeglenatide 6 mg QW was non- inferior to liraglutide 
1.8 mg QD in delaying gastric emptying as assessed by 
AUC0–120, AUC0–180, AUC0–360 and Cmax; these PK endpoints 
for plasma acetaminophen concentrations assessed at 
peak drug concentrations were not less for efpeglenatide 
compared with liraglutide (online supplemental table S1, 
figure 1B–D). Statistical non- inferiority was not demon-
strated for efpeglenatide 16 mg QM versus liraglutide on 
any acetaminophen PK endpoint.

Compared with placebo, AUC0–60 for plasma  
acetaminophen concentration at peak drug concentra-
tions was significantly lower for efpeglenatide 6 mg QW 
(p=0.0408), but did not differ significantly for the other 
plasma acetaminophen AUC endpoints calculated, or for 
Cmax. AUC0–60, AUC0–120, AUC0–180 and Cmax plasma acetamino-
phen PK endpoints were lower for efpeglenatide 16 mg QM 
versus placebo (p<0.05 for all) (online supplemental table 
S1). Compared with placebo, AUC0–60, AUC0–120, AUC0–180 
and Cmax of plasma acetaminophen were lower for liraglu-
tide (p<0.05 for all). There were no significant differences 
between any of the GLP-1 RA groups versus placebo for the 
AUC0–360 endpoint.

https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
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LS mean and LS mean ratios for acetaminophen  
AUC0–60, AUC0–180, AUC0–360 and Cmax at trough concentrations 
of efpeglenatide 16 mg QM versus placebo and liraglutide 
(at peak/steady- state concentrations) are shown in online 
supplemental table S2. The gastric emptying PK parameters 
associated with the trough concentration of efpeglenatide 
16 mg QM were not less than those seen with liraglutide at 
peak/steady state (non- inferior).

Glucose metabolism and hormone responses
LS mean Cmax for FPG (figure 2A; online supplemental 
table S1) was significantly lower with efpeglenatide 6 mg 
QW (p=0.0002) and 16 mg QM (p<0.0001) compared 
with placebo. FPG Cmax was similar for efpeglenatide 6 mg 

QW versus liraglutide, but slightly lower for efpeglenatide 
16 mg QM (p=0.049).

PPG levels (figure 2B) were significantly reduced with  
efpeglenatide 6 mg QW and 16 mg QM compared with 
placebo (p<0.0001 for all PK parameters) (online supple-
mental table S1). Similar reductions in PPG were gener-
ally observed with efpeglenatide 6 mg QW and 16 mg QM 
compared with liraglutide, although AUC0–360 was signifi-
cantly lower for efpeglenatide 6 mg QW than for liraglutide 
(p=0.0377).

HbA1c levels decreased from baseline in the efpeglenatide 
6 mg QW (LS mean change from baseline: –1.12 %) and 
efpeglenatide 16 mg QM (LS mean change from baseline: 

Table 1 Baseline characteristics (safety population)

Cohort A Cohort B Cohort C

Efpeglenatide
6 mg QW
(n=13)

Placebo
(n=4)

Efpeglenatide
16 mg QM
(n=13)

Placebo
(n=4)

Liraglutide
(n=13)

Sex, n (%)

  Male 9 (69.2) 3 (75) 6 (46.2) 2 (50) 7 (53.8)

  Female 4 (30.8) 1 (25) 7 (53.8) 2 (50) 6 (46.2)

Baseline characteristics, mean (SD)

  Age, years 52.8 (6.09) 51.3 (5.44) 50.1 (11.68) 56.8 (5.38) 54.9 (9.58)

  Weight, kg 98.58 (15.714) 87.98 (20.025) 84.48 (17.567) 77.45 (7.539) 81.71 (17.413)

  BMI, kg/m2 34.28 (4.269) 30.33 (3.974) 31.59 (5.981) 28.93 (3.132) 29.40 (5.132)

  HbA1c (%) 8.38 (1.125) 9.28 (0.369) 8.11 (1.135) 7.93 (1.218) 8.02 (0.727)

BMI, body mass index; HbA1c, glycated hemoglobin; QM, once monthly; QW, once weekly; SD, standard deviation.

Figure 1 (A) Baseline- adjusted acetaminophen concentrations over time (PK population). Data are LS geometric mean 
(calculated using SAS procedure GLM (general linear model)) adjusted for baseline concentration at the corresponding time 
point, separately by treatment. Blood acetaminophen concentrations were determined at –0.25, 0.25, 0.5, 0.75, 1, 1.5, 2, 
2.5, 3, 3.5, 4, 5 and 6 hours after the meal. To account for the pre- study drug differences for PK/PD parameters, baseline- 
adjusted PK parameters were used; these are post hoc analyses. Acetaminophen (B) AUC0–180, (C) AUC0–360 and (D) Cmax at peak 
concentrations adjusted for baseline values (PK population). The placebo groups from cohort A and cohort B were pooled. 
AUC, area under the curve; Cmax, maximum concentration; LS, least squares; PD, pharmacodynamic; PK, pharmacokinetic; 
QM, once monthly; QW, once weekly.

https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208


5BMJ Open Diab Res Care 2021;9:e002208. doi:10.1136/bmjdrc-2021-002208

Immunology and transplantation

–1.61 %) groups. Liraglutide also improved HbA1c (LS mean 
change from baseline: –0.78 %). Observed HbA1c reductions 
were significantly greater with efpeglenatide 6 mg QW (LS 
mean difference: –0.77, p=0.0310) and 16 mg QM (LS mean 
difference: –1.26, p=0.0015) compared with placebo.

Plasma glucagon (figure 2C) concentrations were slightly, 
but significantly, lower with efpeglenatide 6 mg QW and 
16 mg QM vs placebo (p<0.05 for all), with the exception of 
Cmax for efpeglenatide 6 mg QW (online supplemental table 
S1). Compared with liraglutide, plasma glucagon concentra-
tions were similar or lower in the efpeglenatide groups, with 
significant differences between efpeglenatide 16 mg QM and  
liraglutide for all AUC measures and Cmax (p<0.05 for all).

LS means for all C- peptide AUC measures and Cmax 
were numerically greater with efpeglenatide 6 mg QW 
and 16 mg QM compared with placebo, although the 
differences were not statistically significant (figure 2D; 
online supplemental table S2). C- peptide response with 
efpeglenatide 6 mg QW and 16 mg QM was consistently 
greater than with liraglutide, with statistically signif-
icant differences in AUC0–120, AUC0–180 and Cmax, for 

efpeglenatide 6 mg QW versus liraglutide, and AUC0–180 
and Cmax for efpeglenatide 16 mg QM versus liraglutide 
(online supplemental table S1).

Plasma insulin concentration results are shown in 
figure 2E and online supplemental table S3. Glucose metab-
olism endpoints were also measured when efpeglenatide 
16 mg QM was at trough concentrations. Results are shown 
in online supplemental table S2.

Beta-cell function
ISR as a function of plasma glucose concentration when 
assessed by means of the GGI increased during treat-
ment in the efpeglenatide 6 mg QW group (pre- dose vs 
post- dose: 0.0241 vs 0.1126), in the efpeglenatide 16 mg 
QM group at peak concentration (0.024 vs 0.1279) and 
at trough concentration (0.024 vs 0.0409), as well as 
in the liraglutide group (0.0248 vs 0.094) (figure 3). 
At peak/steady- state drug concentration, the slope of 
the ISR/plasma glucose curve, indicative of beta- cell 
responsiveness, was greater for participants treated with 

Figure 2 Post- MMTT (A) FPG concentrations, (B) PPG levels, (C) plasma glucagon concentrations, (D) C- peptide 
concentrations and (E) plasma insulin levels (PK population). Plasma glucose levels were measured at −0.25, 0, 0.25, 0.5, 0.75, 
1, 1.5, 2, 2.5, 3, 3.5, 4, 5 and 6 hours after the meal. Insulin and C- peptide levels were measured at −0.25, 0.25, 0.5, 0.75, 1, 
1.5, 2, 2.5, 3, 3.5, 4, 5 and 6 hours after the meal. Glucagon levels were measured at −0.25, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5 and 
6 hours after the meal. The placebo groups from cohort A and cohort B were pooled. FPG, fasting plasma glucose; LS, least 
squares; MMTT, mixed- meal tolerance test; PK, pharmacokinetic; PPG, postprandial plasma glucose; QM, once monthly; QW, 
once weekly.

https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
https://dx.doi.org/10.1136/bmjdrc-2021-002208
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efpeglenatide 6 mg QW and 16 mg QM than for those 
treated with liraglutide.

Safety assessments
In the weekly cohort, the incidence of participants 
reporting AEs was 84.6% (n=11/13) with efpeglenatide 
6 mg QW and 50% (n=2/4) with placebo. In the monthly 
cohort, the incidence of participants reporting AEs 
was 92.3% (n=12/13) with efpeglenatide 16 mg QM 
and 100% (n=4/4) with placebo. AEs were reported by 
61.5% (8/13) of participants who received liraglutide. 
Rates of AEs considered related to study drug are shown 

in table 2. The majority of these AEs were considered 
mild (see online supplemental table S4). No serious 
AEs were reported. Only one AE led to study discontin-
uation: a participant receiving efpeglenatide 16 mg QM 
discontinued due to an AE of increased eructation that 
was considered mild. All GI AEs (nausea, vomiting and 
diarrhea) were mild with efpeglenatide 6 mg QW and 
mild or moderate with efpeglenatide 16 mg QM and  
liraglutide. Post hoc analysis indicated that the GI- related 
AEs observed were generally transient and intermit-
tent (data not shown). It should be noted that no dose 

Figure 3 ISR as a function of plasma glucose levels by treatment and timepoint: (A) baseline (day −2), (B) steady state (day 
25 or day 90) or (C) trough (day 83) (PD population). The placebo groups from cohort A and cohort B were pooled. ISR, insulin 
secretion rate; PD, pharmacodynamic; PG, plasma glucose; QM, once monthly; QW, once weekly.

Table 2 Number (%) of patients with adverse events related to study drug (n>1 in any group)

Cohort A Cohort B Cohort C

Efpeglenatide
6 mg QW Placebo

Efpeglenatide
16 mg QM Placebo Liraglutide

Gastrointestinal disorders, n (%)

  Diarrhea 5 (38.5) 1 (25.0) 7 (53.8) – 2 (15.4)

  Nausea 5 (38.5) – 8 (61.5) 1 (25.0) 4 (30.8)

  Vomiting 3 (23.1) – 6 (46.2) – 2 (15.4)

  Flatulence 1 (7.7) – 4 (30.8) – –

  Abdominal distension 1 (7.7) – 3 (23.1) – 2 (15.4)

  Abdominal pain – – 2 (15.4) – –

  Eructation – – 1 (7.7) – 2 (15.4)

General disorders and administration site conditions, n (%)

  Injection site pain 2 (15.4) – 1 (7.7) 1 (25.0) –

  Early satiety 1 (7.7) – 3 (23.1) – –

Metabolism and nutrition disorders, n (%)

  Decreased appetite 4 (30.8) – 4 (30.8) – 2 (15.4)

  Hypoglycemia 7 (53.8) – 5 (38.5) – 1 (7.7)

QM, once monthly; QW, once weekly.

https://dx.doi.org/10.1136/bmjdrc-2021-002208
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titration was performed in the efpeglenatide 6 mg QW 
group, while efpeglenatide 16 mg QM and liraglutide 
were titrated as indicated in the Materials and methods 
section.

In total, injection site reactions were reported by six 
participants; three participants receiving efpeglenatide 
6 mg QW, one participant receiving efpeglenatide 16 mg 
QM, one participant receiving placebo (QM cohort) and 
one participant receiving liraglutide. All injection site 
reactions were considered ‘very slight’ or ‘slight’, and 
none were characterized by pain on palpitation, itching, 
erythema, odema or induration.

None of the treatments were associated with clini-
cally significant vital sign changes or abnormal 12- lead 
ECG results at the follow- up visit. None of the abnormal 
physical examination findings were considered clinically 
significant. Heart rate (HR) was increased from baseline 
in participants receiving efpeglenatide 6 mg QW (mean 
daytime HR: from 74.1 beats per minute (bpm) to 84.1 
bpm; mean night- time HR: from 71.9 bpm to 83.4 bpm). 
No effect of efpeglenatide 6 mg QW was observed on 
either systolic or diastolic blood pressure. Slight increases 
in HR (from 74.0 bpm at baseline to 84.4 bpm at trough 
concentration and 90.2 bpm at peak concentration for 
daytime and 73.5 bpm at baseline to 82.0 bpm at trough 
and 88.9 bpm at peak for night- time) were also observed 
with efpeglenatide 16 mg QM. Liraglutide- treated partic-
ipants showed similarly increased daytime (76.7 bpm vs 
84.7 bpm) and night- time HR (75.9 bpm vs 83.4 bpm) 
from baseline, respectively, but the sample size was insuf-
ficient to conduct a robust statistical analysis. None of the 
treatments were associated with clinically significant labo-
ratory abnormalities.

DISCUSSION
In this single- center, exploratory trial, efpeglenatide 6 mg 
QW overall was non- inferior to liraglutide 1.8 mg QD in 
delaying gastric emptying at peak drug concentrations 
based on acetaminophen PK. Non- inferiority was not 
established for efpeglenatide 16 mg QM at peak/steady 
state, indicating less of an effect on gastric emptying 
compared with liraglutide. However, the trough concen-
tration of efpeglenatide 16 mg QM was non- inferior to 
liraglutide 1.8 mg QD in delaying gastric emptying. In the 
MMTT, efpeglenatide 6 mg QW and 16 mg QM showed 
significantly improved glucometabolic outcomes versus 
placebo. Results from the GGI test suggested benefits for 
efpeglenatide on beta- cell function, with increases in ISR 
versus placebo as well as liraglutide.

Delayed gastric emptying is thought to be the primary 
mechanism by which short- acting GLP-1 RAs reduce 
PPG.2 6 20 21 Long- acting GLP-1 RAs, such as efpeglenatide 
and liraglutide, have less impact on gastric emptying 
and are thought to reduce FPG and PPG by increasing 
insulin and by reducing glucagon secretion.2 20–22 This 
phenomenon is also observed in the Japanese population 
with T2D,23 despite the fact that the diabetes phenotype 

in Asian populations is defined by marked beta- cell 
dysfunction, lower insulin resistance, and lower adiposity 
compared with the Western diabetes phenotype.24 The 
positive effects of efpeglenatide on FPG, PPG and HbA1c 
seen in this study, despite the mixed results of the QM 
dose on gastric emptying, are aligned with this idea and 
with the classification of efpeglenatide as a long- acting 
GLP-1 RA. Therefore little, if any, impact on the absorp-
tion of concomitantly used drugs is expected during ther-
apeutic use of efpeglenatide.

Results from the GGI test suggested benefits of  
efpeglenatide over liraglutide on beta- cell function. The 
presence of greater effects on beta- cell function, and 
similar glucometabolic outcomes with efpeglenatide versus  
liraglutide, suggest that the glucose- lowering effect of efpe-
glenatide is independent of its effect on gastric emptying.

The reductions in FPG and HbA1c observed in this study 
with efpeglenatide treatment compared with placebo are 
consistent with those observed in three previous phase II 
studies: the EXCEED 203 and LIBERATE 204 studies (both 
in T2D), and the BALANCE 205 study (in obesity without 
T2D).13 14 17 In EXCEED, the effect of efpeglenatide 4 mg 
QW in reducing HbA1c was non- inferior to that of liraglutide, 
whereas in the current study, the effects of efpeglenatide 
appeared greater than those of liraglutide. However, it should 
be noted that neither the present nor the EXCEED study 
was sufficiently powered to allow for definite conclusions 
regarding the efficacy of efpeglenatide versus liraglutide.13 
It is interesting to note that the FPG and HbA1c reductions 
with efpeglenatide versus placebo were not accompanied by 
differences in C- peptide or insulin response, although this is 
also consistent with results from the LIBERATE study.14

Hypoglycemia was reported by 54%, 39% and 8% in the 
efpeglenatide 6 mg QW, efpeglenatide 16 mg QM, and 
liraglutide 1.8 mg QD groups, respectively. Only one of 
these events, in the liraglutide group, was considered to 
be related to study drug. Of the 16 hypoglycemic events in 
the study, 10 occurred post GGI. Therefore, these events 
may reflect exaggerated insulin responses following the 
GGI, which are typical following this procedure.25

At similar efpeglenatide doses, the rates of nausea, 
vomiting and diarrhea in this study were comparable 
to or higher than in other studies. 13 14 17 Of note, no 
titration was done in the 6 mg QW efpeglenatide group. 
A 4 mg QW dose of efpeglenatide without titration was 
included in the EXCEED study, and the rates of these AEs 
were 33%, 22% and 5% for nausea, vomiting and diar-
rhea, respectively,13 compared with 38.5%, 23.1% and 
38.5% for efpeglenatide 6 mg QW in this study without 
initial titration. Similarly, the efpeglenatide 16 mg QM 
group (escalated from 4 mg QW for 4 weeks, then 8 mg 
dose for 1 week) in the LIBERATE study reported rates 
of 43.4%, 32.1% and 20.8%, while rates in the 16 mg 
QM group in this study were 61.5%, 46.2% and 53.8%, 
respectively.14 The reasons for these variations are not 
known but are likely to include study design differ-
ences, particularly the lower participant numbers in the 
current study.
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It has been suggested that the difference between 
short- acting and long- acting GLP-1 RAs on gastric 
emptying may be due to tachyphylaxis.2 As a long- 
acting GLP-1 RA, efpeglenatide might therefore be 
expected to have negligible effects on gastric emptying. 
However, in a study quantifying gastric emptying based 
on the time taken for half of a radiolabeled meal to 
leave the stomach, the long- acting GLP-1 RA, liraglu-
tide, was associated with delays in gastric emptying 
of up to 70 min.26 This could indicate that the effects 
of long- acting and short- acting GLP-1 RA on gastric 
emptying may differ depending on whether the liquid 
or the solid phase contents of the stomach are assessed. 
Therefore, it may be of interest to further assess the 
impact of efpeglenatide on the gastric emptying 
of solids. The present study suggests that while  
efpeglenatide 6 mg QW was associated with a delay in 
gastric emptying versus placebo, it did not lead to an 
increased delay in gastric emptying versus liraglutide. 
However, the effects of efpeglenatide 16 mg QM on 
gastric emptying were mixed compared with placebo, 
suggesting that further studies are needed to establish 
the effects of the QM dose on gastric emptying and 
how they might relate to the effects of efpeglenatide 
observed in clinical studies in T2D. One possibility is 
that higher peak and trough values of efpeglenatide 
with QM versus QW dosing may impact GI tolerability.14

Limitations of the present exploratory study include 
partial blinding due to the differences between  
efpeglenatide and liraglutide dosing schedules (QW/QM vs 
QD). Furthermore, it is important to highlight that compar-
isons of efpeglenatide versus liraglutide and placebo were 
exploratory in nature; the study was small, with low sample 
sizes, and therefore may not have been powered to detect 
differences between the groups. The use of acetaminophen 
to estimate gastric emptying time may not provide a full 
picture. Acetaminophen dissolves and empties in the liquid 
phase of the stomach, hence this method does not provide 
any information about gastric emptying of solids, which 
may be different as discussed above. In addition, the AUC 
values for the later timepoints may be affected by differences 
in the rate of absorption of acetaminophen over the whole 
time period.22 Finally, as the analyses were mainly focused on 
peak concentrations, differences in treatment time course 
could be a potential confounding factor in interpreting the 
observed results.

In this study, both dosing regimens of efpeglenatide 
(QW and QM) had beneficial glucometabolic effects. 
Efpeglenatide 6 mg QW also significantly improved beta- 
cell function compared with liraglutide and had similar 
effects on gastric emptying. All of the GI AEs reported 
with efpeglenatide were mild or moderate in severity and 
were transient over treatment and follow- up periods. No 
safety signals were noted in vital signs, ECG or physical 
examination findings with efpeglenatide. Longer- term 
studies of efpeglenatide in larger populations are needed 
to examine the implications of these findings in clinical 
practice.
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