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Summary
Diabetes mellitus is a chronic disease in which the body pres-
ents with numerous pathophysiological defects, some of which 
have to do with glucagon-like peptide 1 (GLP-1). GLP-1 is a gas-
trointestinal peptide that stimulates glucose-dependent insu-
lin release from pancreatic islets, slows gastric emptying time, 
inhibits inappropriate post-meal glucagon release, and ulti-
mately reduces food intake. These mechanisms together allow 
for significant blood glucose control and meaningful weight 
loss. GLP-1 receptor agonists (GLP-1RAs) are a class of medica-
tions that are currently approved for the treatment of diabetes 
mellitus and obesity. Efpeglenatide is a novel investigational 
GLP-1RA that is currently being studied in phase III clinical 
trials. Efpeglenatide’s extended duration of action is its most 
promising advantage above the other GLP-1RAs, which is due 
to the unique composition of the compound. Efpeglenatide is 
chemically conjugated to recombinant human immunoglobu-
lin G4 Fc fragment through a nonpeptidyl linker to CA-Exendin-4 
and has the potential for once-monthly dosing, which would 
be advantageous over the currently available twice-daily, 
once-daily and once-weekly GLP-1RAs on the market.

Key words: Diabetes – Efpeglenatide – HM-11260C – LAPS-
Exd4 – LAPS-Exendin – LAPS-exendin-4 analogue – LAPS- 
Exendin4 – LAPS-CA-Exendin-4 –  SAR-439977 – GLP-1 receptor  
agonist – Antidiabetic agents

Background
The prevalence of diabetes mellitus (DM) worldwide is 
drastically rising, with a predicted 366 million diagnosed 
in the year 2030 due to contributing factors such as obe-
sity, inactivity, aging and hormonal disorders (1-3). Over 
the last 9 years, the Ominous Octet theory has detailed 
the various pathophysiological defects of DM, including 
increased hepatic glucose production, neurotransmitter  
dysfunction, increased glucagon secretion by the islet 
alpha cells, impaired insulin secretion by the islet beta cells, 
decreased incretin effect, increased lipolysis, decreased 
glucose uptake and increased glucose reabsorption (4). 
While there are many available treatment regimens for 
type 2 DM (T2DM), some of the older therapies present with 
undesirable adverse events (AEs), including hypoglycemia, 
hunger and weight gain. The latter is particularly problem-
atic as insulin resistance is strongly correlated with obesity, 
having numerous metabolic complications such as T2DM, 
cardiovascular disease and dyslipidemia, all resulting in an 
increased risk of mortality (2, 5).
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potential of once-monthly s.c. dosing (6). Efpeglenatide, or 
LAPS-Exendin-4, is a novel long-acting form of CA-Exendin-4 
which has decreased renal clearance and slow vascu-
lar endothelial clearance (21). In addition, efpeglenatide 
has a single amino acid modification which decreases its 
degradation by dipeptidyl peptidase 4 (DPP-4) (6). The 
long-acting protein/peptide discovery platform technology 
(LAPSCOVERY) allows the molecule to have an extended 
half-life, which also potentially decreases the loss of activity 
as a result of antidrug antibodies (6). Furthermore, due to 
conjugation, the increased size of the molecule decreases 
renal clearance and has resulted in decreased GLP-1 recep-
tor internalization and degradation (6).

Pharmacokinetics and Metabolism
A preclinical study in male Sprague-Dawley rats, exam-
ined a single s.c. injection of efpeglenatide 2.1 nmol/kg at 
a target dose level of 24 nmol/kg. In this study, the greatest 
maximum concentration (Cmax) was observed in the kidney 
cortex (Cmax = 1246 nMeq), with the second and third highest  
Cmax demonstrated in the lungs and blood (Cmax = 66 and  
58 nMeq, respectively). Park et al. determined the time to Cmax  
(tmax) was 48 h in the liver, intestinal content, lung, myocar-
dium, pancreas, pituitary and the spleen, while the blood 
and kidney cortex had a tmax of 24 and 144 h, respectively. 
Furthermore, the area under the curve (AUC) was highest 
in the kidney cortex and the lungs, with below quantifi-
able levels found in the intestines, cerebellum and cere-
brum (10).

LAPSCOVERY technology developed by Hanmi Pharma-
ceutical introduced efpeglenatide as a new long-acting 
GLP-1RA. The technology allowed decreased structural 
hindrance and increased pharmacological activity of the 
exendin-4 analogue which is conjugated to a nonglyco-
sylated human Fc fragment through a nonpeptidyl linker 
(11). Efpeglenatide plasma concentrations demonstrated a 
half-life of 153-171 h at all doses (6).

Clinical Studies
A phase Ib, randomized, placebo- and open-label con-
trolled study evaluated the effect of efpeglenatide on 
the insulin secretion rate (ISR) and beta-cell responsive-
ness in subjects with T2DM, aged 18-70 years, on a stable 
dose of metformin (no changes for > 3 months) and HbA1c 
between 6.5% and 10% compared to placebo and liraglu-
tide. Subjects were divided into three cohorts: cohort A 
(efpeglenatide 6 mg s.c. weekly [n = 13]), cohort B (efpe-
glenatide 16 mg s.c. monthly [n = 13]) and cohort C (liraglu-
tide 1.8 mg s.c. daily [n = 13]). Subjects in cohorts A and B 
were randomized 3:1 to receive efpeglenatide or placebo. 
Islet beta-cell function was assessed after a mixed meal 
tolerance test, during an intravenous graded glucose infu-
sion (GGI), which consisted of infusion steps with 2, 4, 6, 8,  

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are 
a preferred treatment option in T2DM due to their ability 
to decrease blood glucose levels while having a neutral 
effect on weight or resulting in weight loss. These agents 
function by delaying gastric emptying time, which slows 
carbohydrate absorption consumed with meals, leading 
to increased satiety, reduced food intake and ultimately 
potential weight reduction (5, 6). Furthermore, since these 
medications are subcutaneous injections, they have the 
ability to bypass the first-pass effect allowing a greater con-
centration of drug to reach systemic circulation instead of 
being reduced by absorption into the liver or gut wall (7).

When assessing GLP-1RAs, one can see that some require 
daily subcutaneous injections, while others only require 
once-weekly subcutaneous injections. Although these 
injections are typically painless, daily injections can be 
burdensome which may affect patient compliance. A 
long-acting weekly or monthly injection has the potential to 
improve patient adherence and compliance by decreasing 
injection burden especially for those patients who are also 
on insulin therapy (6, 8). When added to standard of care, 
GLP-1RAs have been shown to reduce HbA1c in the range of 
1-1.5% and to reduce body weight in the range of 2-3.5 kg  
(6). U.S. Food and Drug Administration (FDA)-approved 
medications in this drug class include exenatide twice-
daily (Byetta), exenatide once-weekly (Bydureon), liraglu-
tide once-daily (Victoza, Saxenda), lixisenatide once-daily 
(Adlyxin), albiglutide once-weekly (Tanzeum), dulaglu-
tide once-weekly (Trulicity) and semaglutide once-weekly 
(Ozempic) (Table I) (6, 9-16). Furthermore, Sanofi and 
Hanmi Pharmaceutical are currently conducting clinical 
trials on efpeglenatide, a GLP-1RA being studied as a once-
weekly or once-monthly treatment option for patients with 
T2DM (6).

This article aims to discuss the role of GLP-1RAs in T2DM 
and obesity, while evaluating the efficacy and safety of 
efpeglenatide, a novel drug within the class of GLP-1RAs.

Preclinical Pharmacology
In patients with poorly controlled T2DM, it was recognized 
that a single exogenous infusion of GLP-1 increased insulin 
levels in a glucose-dependent manner. This in turn normal-
ized fasting hyperglycemia which led to current therapeutic 
approaches with GLP-1 (17). The mechanism of GLP-1RAs 
was also identified with a deletion of the GLP-1 receptor in 
mice that presented with impaired glucose tolerance (5). 
Furthermore, through central nervous system-mediated 
mechanisms, it was demonstrated that GLP-1 also has the 
ability to suppress food intake (18, 19). In rodents, monkeys 
and humans, GLP-1RAs have been found to improve glu-
cose homeostasis and promote weight loss (5, 20).

Compared to other GLP-1RAs, efpeglenatide has sev-
eral modifications that increase its half-life and allow the 
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12 mg/kg/min of 20% i.v. glucose for 30 min each. At each 
GGI step, ISR, plasma glucose response and C-peptide levels 
were measured. Cohorts A and C were evaluated at baseline 
and steady state while cohort B was evaluated at trough 
and peak drug concentration. All active treatments showed 
increased ISR compared to placebo. Mean ISR by C-peptide 
convolution for cohort A reached about 18 pmol/kg/min at 
150 min versus about 24 pmol/kg/min on day 90 at 150 min 
and about 9 pmol/kg/min on day 83 at 150 min for cohort B  
(21). During the GGI, the AUC-insulin and AUC-C-peptide 
were statistically larger in cohort A compared to cohort C 
(P < 0.05) showing improved measures of beta-cell function 
compared to placebo. Mean insulin concentrations reached 
about 210 mU/L for cohort B at 150 min on day 90, about 
50 mU/L at 150 min on day 83 and 190 mU/L at 150 min for 
cohort A. Insulin secretion for all efpeglenatide treatment 
arms was increased significantly compared to placebo over 
the range of blood glucose concentrations (P < 0.0001) (21). 
The monthly efpeglenatide dose showed a significant dimi-
nution of effect on ISR at PK trough (day 82). However, there 
was a significant treatment effect relative to placebo/base-
line in a comparison of the relationship between plasma 
glucose and ISR using mixed effects modeling (P < 0.0001), 
which was not different among the treatment groups (21).

A phase II, randomized, double-blind, open-label, placebo- 
and active-controlled study evaluated the efficacy, safety 
and tolerability of once-weekly doses of efpeglenatide 
compared to once-daily liraglutide. In this 12-week dose- 
ranging study, 254 adults with T2DM on diet and exercise 
or metformin ≥ 1500 mg daily were randomized to either 
placebo, liraglutide s.c. daily (titrated to 1.8 mg), or efpe-
glenatide 0.3, 1, 2, 3 or 4 mg s.c. weekly. The subjects were 
18 to 75 years of age with an HbA1c of 7.0% to 10.0% and a 
body mass index (BMI) < 40 kg/m2. At the end of the trial 
(week 13), all subjects randomized to an efpeglenatide arm 
had statistically significant reductions in HbA1c from base-
line. The reductions for placebo s.c. weekly, liraglutide s.c. 
daily (titrated to 1.8 mg), efpeglenatide 0.3, 1, 2, 3 or 4 mg 
s.c. weekly were −0.40%, −1.38%, −0.56%, −0.95%, −1.19%, 
−1.41% and −1.61%, respectively; (P < 0.05). In addition, 
efpeglenatide 0.3, 1, 2, 3 or 4 mg s.c. weekly demonstrated 
reductions in mean fasting plasma glucose (FPG) of −0.48, 
−1.31, −1.27, −2.19 and −2.44 mg/dL, respectively (P < 0.05) 
with reduction of −0.49 mg/dL in placebo and −1.46 mg/dL 
in the liraglutide arm, from baseline to week 13. Regarding  
the effects on weight, efpeglenatide 3 mg (2.73 kg;  
P < 0.05), efpeglenatide 4 mg (3.31 kg; P < 0.05) and liraglu-
tide (3.21 kg; P < 0.05) all showed statistically significant 
weight reduction compared to the placebo group (1.29 kg; 
P < 0.05), demonstrating the lower doses of efpeglenatide 
(0.3, 1 and 2 mg) did not have a significant impact on body 
weight reduction (6, 22).

Pratley et al. conducted a phase II randomized, double- 
blind, placebo-controlled, parallel-group study that 

evaluated the efficacy, safety and tolerability of efpe-
glenatide (23). This study examined 297 obese subjects 
without DM who were between 18 to 65 years of age, with a 
stable body weight (< 5% change) for at least 3 months, and 
with a BMI ≥ 30 kg/m2 or a BMI of ≥ 27 kg/m2 with treated 
or untreated comorbidities (23). In this 20-week study, efpe-
glenatide 4 mg s.c. weekly, efpeglenatide 6 mg s.c. weekly, 
efpeglenatide 6 mg s.c. every other week, and efpeglenatide 
8 mg s.c. every other week all showed significant reductions 
in body weight and BMI at follow-up (20 weeks) compared 
to placebo s.c. weekly (P value < 0.0001) with changes in 
body weight of −6.6, −7.3, −6.4, −7.1 and 0 kg, respectively, 
and changes in BMI from baseline of −2.4, −2.6, −2.3, −2.6 
and 0.0, respectively (6, 23). Furthermore, in an analysis of 
waist circumference, efpeglenatide 4 mg s.c. weekly, efpe-
glenatide 6 mg s.c. weekly, efpeglenatide 6 mg s.c. every 
other week, efpeglenatide 8 mg s.c. every other week, and 
placebo s.c. weekly showed reductions from baseline of 
−5.2 cm (P < 0.01), −6.7 cm (P < 0.0001), −6.2 cm (P < 0.01), 
−8.3 cm (P < 0.0001) and −0.9 cm, respectively (23).

A phase II, randomized, double-blind, parallel-group,  
placebo-controlled study completed by Kang et al. evaluated 
the tolerability, pharmacokinetics, and pharmacodynamics 
of efpeglenatide compared to placebo. Seventy-two adults 
with T2DM on stable metformin monotherapy (for at least 3 
months) with baseline HbA1c values of 7% to 10% were ran-
domized to 8 efpeglenatide weekly doses of 1, 2 and 4 mg 
or 3 efpeglenatide monthly doses of 8, 12 and 16 mg (24). 
The three weekly dosing regimens of efpeglenatide 1 mg  
(P < 0.05) and efpeglenatide 2 and 4 mg (P < 0.01) and the 
two lower doses of the monthly regimen (efpeglenatide  
8 mg [P < 0.05] and 12 mg [P < 0.01]) showed significant 
reductions in HbA1c at follow-up compared to placebo (6). 
The weekly efpeglenatide groups showed reductions in 
HbA1c from baseline of −0.92 (P < 0.05), −1.02 (P < 0.01) and 
−1.24 (P < 0.01) for the 1-, 2- and 4-mg arms, respectively. The 
8-, 12- and 16-mg monthly efpeglenatide groups resulted 
in HbA1c changes from baseline of −1.36 (P < 0.01), −1.07  
(P < 0.05) and −0.99, respectively (24). Change from baseline 
in FPG was −2.01 mmol/L (P < 0.05), −1.47 mmol/L and −3.65 
mmol/L (P < 0.001) for the weekly efpeglenatide doses of 1, 
2 and 4 mg, respectively, versus 0.09 mmol/L in the placebo 
weekly group. In the monthly dosed efpeglenatide groups 
of 8, 12 and 16 mg, there were FPG changes of −1.75 mmol/L 
(P < 0.05), −1.09 mmol/L and −1.90 mmol/L (P < 0.05) from 
baseline, respectively, versus −0.10 mmol/L in the placebo 
monthly group. Compared with placebo, a statistically sig-
nificant change in body weight was seen in patients receiv-
ing the highest dose of each efpeglenatide weekly and 
monthly regimen, 4 and 16 mg with −2.38 kg (P = 0.029) and 
−2.68 kg (P = 0.031), respectively (24). While the monthly 
doses showed extended half-lives and tmax values compared 
with the weekly doses of efpeglenatide, the accumulation 
ratio for plasma concentrations was reduced in the monthly 
doses (24).
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Sanofi is currently conducting phase III clinical trials 
worldwide. One study currently enrolling patients is a 
56-week, multicenter, double-blind, placebo-controlled, 
randomized study to evaluate the efficacy and safety of 
efpeglenatide once weekly in patients with T2DM inade-
quately controlled with diet and exercise (AMPLITUDE-M). 
This study plans to evaluate the safety of once-weekly efpe-
glenatide injections in addition to demonstrating supe-
riority in comparison to placebo on glycemic control and 
body weight in patients with T2DM treated with diet and 
exercise and HbA1c between 7.0% and 10.0% (25). Another 
study currently being conducted is a randomized, double- 
blind, placebo-controlled, parallel-group, multicenter 
study to evaluate the effect of efpeglenatide on cardiovas-
cular outcomes in T2DM patients at high cardiovascular 
risk (AMPLITUDE-O) (26). This trial intends to demonstrate 
that efpeglenatide at two different doses is noninferior to 
placebo on 3-point major adverse cardiac event (MACE) 
in patients with HbA1c greater than 7% and age 18 years 
or older with established cardiovascular disease or age 50 
years (male), 55 years (female) or older with estimated glo-
merular filtration rate ≥ 25 and < 60 mL/min and at least 
one cardiovascular risk factor (26).

Sanofi released plans to conduct a trial studying the effi-
cacy and safety of efpeglenatide versus dulaglutide in 
patients with T2DM inadequately controlled with metformin 
(AMPLITUDE-D) (27). This study will enroll patients with 
T2DM on stable dose of at least 1500 mg/day of metformin 
or maximum tolerated dose for at least 3 months and HbA1c 
between 7.0% and 10.0% to evaluate change from baseline 
to week 56 in HbA1c (27). In addition, a study of the efficacy 
and safety of efpeglenatide versus placebo in patients with 
T2DM inadequately controlled with basal insulin alone or in 
combination with oral antidiabetic drug(s) (AMPLITUDE-L) 
will begin in the near future (28). This trial will enroll patients 
with T2DM on basal insulin regimen alone or in combina-
tion with oral antidiabetic drugs for at least 6 months with 
HbA1c between 7.0% and 10.0% to evaluate change in HbA1c 
from baseline to week 30 (28).

Safety
Among the GLP-1RA drug class, the most noted AE is gastro-
intestinal (GI) events, which has been consistent with efpe-
glenatide. Throughout the efpeglenatide trials, it was noted 
that GI events occur most frequently early in therapy initia-
tion and improve over time (6). These GI events (i.e., nausea, 
vomiting and diarrhea) are presumed to occur due to the 
mechanism of the medication, including the delay of gas-
tric emptying or involving the central nervous system (17). 
Since these potential AEs are well known, it is important 
to counsel patients at the time of therapy initiation about 
the potential effects of the medication, such as decreased 
appetite, weight loss and GI symptoms, to reduce discontin-
uation rates of the medication (17).

In a 16-week study evaluating 209 patients with efpe-
glenatide 8, 12 and 16 mg monthly, the most reported 
AEs were GI disorders (mild to moderate in severity) 
and some recurrence of GI events was observed during 
monthly dosing. Both blood pressure and heart rate (HR) 
profiles remained within the expected range and no spe-
cific findings in clinical laboratory results (amylase, lipase, 
calcitonin, AST and ALT) were found (29). In the 12-week 
dose-ranging study, injection-site reactions occurred in 
3-24% of the subjects in the efpeglenatide arms compared 
to 36% of subjects in the liraglutide arm. An AE occurred 
in 51-73% of subjects in the efpeglenatide groups, com-
pared to 81% in the liraglutide group and 62% in placebo 
(6, 22). Of the GI AEs reported, the highest occurrence was 
in the efpeglenatide groups, with the 3-mg dose at 53% 
compared with 44% in the liraglutide group and 30% in 
placebo (22).

In a 20-week study with obese patients without diabetes, 
GI disorders were reported as 64.4% to 83.1% in the var-
ious efpeglenatide groups compared to 46.7% in placebo 
groups. Most of the reported nausea and vomiting occurred 
with the first few injections and subsided over time (23). In 
addition, injection-site reactions were reported in 21.7% 
of patients on placebo compared to 8.5% to 18.6% in efpe-
glenatide groups. Most importantly, treatment-emergent 
AEs leading to discontinuation of therapy consisted of 4 
patients in the placebo arm, 3 patients in the efpeglenatide 
4 mg weekly arm, 11 patients in the efpeglenatide 6 mg 
weekly arm, 7 patients in the efpeglenatide 6 mg every 
2 weeks group, and 10 patients on the efpeglenatide  
8 mg every 2 weeks dose (23). At week 21 (during the post- 
treatment follow-up visit), HR and blood pressure change 
from baseline were calculated showing statistically signif-
icant increases in HR with values of 4.7, 6.2, 5.2, 3.6 and  
0.5 bpm, respectively, which are within the expected range 
for GLP-1RAs (23). Treatment-emergent anti-efpeglenatide 
antibodies were detected in 20.0% of the subjects taking 
efpeglenatide (47 out of 235 patients) with the highest 
occurrence with the 8-mg biweekly dose. However, it is 
important to note that none of the patients with positive 
drug antibodies showed neutralizing antibody against 
efpeglenatide and there was no effect on efpeglenatide 
efficacy (23).

Conclusions
Efpeglenatide, a novel investigational GLP-1RA, has demon-
strated positive effects on beta-cell function, HbA1c, FPG 
and weight throughout completed clinical trials. Its effects 
on numerous components of the Ominous Octet secure its 
value in decreasing blood glucose concentrations, aiding in 
the management of DM. Efpeglenatide’s long-acting effect 
through the LAPSCOVERY technology presents an advan-
tage of once-weekly or once-monthly dosing compared to 
other medications in the GLP-1 class. The extended half-life 
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establishes a benefit to patient adherence and quality of 
life. Similarly to other GLP-1RAs, efpeglenatide has shown 
to be consistent with GI side effects. However, the slow titra-
tion of this medication may prove beneficial in decreasing 
this effect which diminishes over time. Phase III clinical tri-
als are currently being conducted with efpeglenatide and 
the results are expected to further establish its potential 
benefit in the class of GLP-1RAs.
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