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Abstract

Efpeglenatide is a potential once-monthly, subcutaneous Glucagon-Like-
Peptide-1 Receptor Agonist (GLP-1 RA) and is currently being studied as a
treatment option for patients with Type 2 Diabetes (T2DM). Its novel mechanism
utilizes a long acting protein technology, where the modified Exendin-4, GLP-1
RA, molecule is attached to a flexible linker to the Fc fragment of I1gG, allowing
for a longer half-life and monthly administration. In phase Il trials, efpeglenatide
weekly demonstrated a reduction in A1C of 1.24-1.61% and monthly
administration reduced A1C 0.7-1.2%, with most doses producing significant
A1C lowering when compared to placebo. Additionally, efpeglenatide resulted
in weight loss of ~2-3.5 kg in trials including patients with T2DM and greater
weight reduction in one trial of obese patients without diabetes. Efpeglenatide
has also been shown to target fasting plasma glucose, an effect seen previously
with other long-acting GLP-1 RAs. Although gastrointestinal events were as
high as 67%, nausea, the main side effect of GLP-1 RAs, was similar when
efpeglenatide weekly was compared to liraglutide in one of the trials (33% in
each group). The potential for increased adherence with monthly administration
and the positive effects of glycemic control and weight loss may make this up-

and-coming GLP-1RA a promising option.
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Abbreviations

GLP-1 Ras: Glucagon-Like Peptide-1 Receptor Agonists; T2DM:
Type 2 Diabetes Mellitus; GI: Gastrointestinal; IR: Immediate-
Release; ER: Extended-Release; GLP-1R: Glucagon-Like Peptide-1
Receptor; DPP-IV: Dipeptidyl Peptidase-IV; LAPSCOVERY: Long
Acting Protein / Peptide Discovery Platform Technology; t1/2: Half-
Life; QW: Weekly; Q2W: Every Other Week; FPG: Fasting Plasma
Glucose; PPG: Post-Prandial Glucose

Introduction

Glucagon-Like Peptide-1 Receptor Agonists (GLP-1 RAs) have
proven to be an effective drug class at improving glycemic control
in patients with Type 2 Diabetes Mellitus (T2DM) [1]. This class
has been shown to reduce A1C in ranges of 1-1.5% in addition to
standard of care [2]. Furthermore, GLP-1 RAs delay gastric emptying
time, which slows carbohydrate absorption and increases satiety,
often reducing overall food intake and resulting in weight reduction
[1,3]. Unfortunately, the delay in gastric emptying also leads to the
main adverse events seen in this class, Gastrointestinal (GI) events,
especially nausea which can be seen in up to 30% of patients [1,4].

It has been over a decade since the first GLP-1 RA, exenatide, was
approved by the FDA [4]. There are now 6 GLP-1 RAs available in the
US, including exenatide Immediate-Release (IR) (Byetta), liraglutide
(Victoza), lixisenatide (Adlyxin), dulaglutide (Trulicity), albiglutide
(Tanzeum), and exenatide Extended-Release (ER) (Bydureon).
Exenatide IR is administered twice daily by subcutaneous injection,
liraglutide and lixisenatide offer a once daily injection, and dulaglutide,
albiglutide, and exenatide ER are once weekly medications, lessening
injection burden, and potentially improving patient adherence. The
move to weekly GLP-1 RA administration not only has the potential to

improve adherence, but also mechanistically, with an extended-release
function, decreases the incidence of nausea and vomiting commonly
seen with the class [5,6]. Efpeglenatide is a potential monthly GLP-1
RA in the pipeline, which may offer additional administration and
side-effect profile benefits. The purpose of this review is to evaluate
the pharmacologic design, efficacy, and tolerability of efpeglenatide,
a potential once-monthly GLP-1 RA currently under investigation.

Pharmacology of Efpeglenatide

Mechanistically, the GLP-1 RAs have the ability to suppress
glucagon release and enhance insulin secretion in a glucose-
dependent manner, by binding to the GLP-1 Receptor (GLP-1R) on
the beta cells of the pancreas [7,8]. Unfortunately, endogenous GLP-
1 is degraded within 1-2 minutes by Dipeptidyl Peptidase-IV (DPP-
IV) [7]. Compounds have been discovered and synthesized that
mitigate this degradation. Exenatide IR (also known as Exendin-4)
is a GLP-1 discovered from saliva of the Gila monster, a venomous
lizard. This compound does not have the DPP-IV cleavage site, which
increases the GLP-1 RA half-life [7]. Weekly GLP-1 RAs, albiglutide
and dulaglutide also have been synthetically modified with DPP-
IV resistance. In addition, albiglutide is attached to human serum
albumin protein to decrease elimination and extend the half-life
(t1/2) to 6-7 days [9]. Dulaglutide is fused with the Fc region of 1gG4
to prolong t1/2 and decrease immunogenicity via antibody formation
[9]. Immunogenicity is a concern, as low titer anti-exenatide
antibodies have been shown in up to 45% of patients treated with
exenatide [10]. In an analysis of 17 trials, low titers of anti-exenatide
antibodies did not result in reduced efficacy; however, higher titers,
seen in 12% of patients on exenatide ER, did result in reduced efficacy
[10].
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Efpeglenatide (HM-11260C or LAPSCA-Exendin 4) is a GLP-1
RA that has been synthetically modified for a potential once-monthly
injection. CA-Exendin 4 has a single amino acid modification,
decreasing its degradation by DPP-IV [11]. Additionally, the
Long Acting Protein / Peptide Discovery Platform Technology
(LAPSCOVERY) developed by Hanmi Pharmaceuticals allows
for an extended t1/2. The LAPSCOVERY system conjugates the
IgG4 Fc fragment with a flexible linker to the middle of the CA-
Exendin 4 peptide to potentially decrease loss of activity from anti-
drug antibodies [9,12,13]. The increased size resulting from the
conjugation decreases renal clearance, and preclinical studies have
shown efpeglenatide results in decreased GLP-1R internalization and
degradation, another mechanism of clearance and shortened half-life
of the GLP-1 Ras [11].

Clinical Trials Reviewed

In a 12-week dose ranging study, subjects with T2DM were
randomized to one of 7 arms —a placebo control, an active control
of liraglutide dosed daily (titrated to 1.8 mg), or efpeglenatide0.3
mg, 1 mg, 2 mg, 3 mg, or 4 mg dosed weekly [14]. The study was
double-blinded with the exception of those in the active control arm.
Variations in metformin use were accounted for in the randomization
process. On average, subjects (n=254) had T2DM for 73.08 months,
were 55.3 years old, had a baseline weight of 86-95 kg, BMI of 31.76
kg/m?, and a baseline A1C ranging from 7.7-8.0%.Fifty-three percent
of subjects were male. All active arms showed a statistically significant
(p<0.05) reduction in A1C from baseline at week 13, with the largest
decrease in the efpeglenatide4 mg group (-1.61%). Approximately
83.3% and 80.6% of subjects reached an A1C of <7% at 12 weeks
with efpeglenatide 3 mg and 4 mg respectively compared to only
27% of subjects receiving placebo (p<0.0001 for both) and 61.1%
of subjects receiving liraglutide1.8 mg daily. Reduction in Fasting
Plasma Glucose (FPG) from baseline to week 13was 2.19mmol/L
(39.4 mg/dL), 2.44 mmol/L (43.9 mg/dL), and 1.46mmol/L (26.3
mg/dL) in the efpeglenatide 3 mg, efpeglenatide 4mg, and liraglutide
groups respectively, which were all statistically significant compared
to placebo (p<0.05). Statistically significant weight loss of 2.73 kg
(p<0.05), 3.31 kg (p<0.05), and 3.21 kg was reported in the 3 mg
efpeglenatide, 4 mg efpeglenatide, and liraglutide arms respectively, as
compared to 1.29 kg of weight loss in the placebo group. GI disorders
occurred in 51-73% of efpeglenatide groups, the highest occurrence
being in the 3 mg arm, compared to 81% in the liraglutide group and
62% in placebo. Of note, daily liraglutide doses were titrated, whereas
weekly efpeglenatide doses were not. Injection site reactions were
more common in the liraglutide arm, occurring in 36% of subjects, as
opposed to 3-24% in the efpeglenatide arms (Table 1).

A 20-week randomized, double-blind, placebo-controlled,
parallel group study evaluated the impact of four efpeglenatide doses
on body weight in obese patients without diabetes [15]. A total of 297
patients were randomized to efpeglenatide 4mg or 6mg once Weekly
(QW), 6mg or 8mg every other week (Q2W), or placebo. At baseline,
participants’ average age was 43 years, weight was 95.6-101.7kg, BMI
was 35 kg/m?, and waist circumference was 108.9-111.9cm. Treatment
groups ranged from 69.5-87.9% female. A significant reduction in
weight was demonstrated in all efpeglenatide treatment groups at
follow-up (week 21) compared to placebo, with average weight loss of

6.7kg, 7.3kg, 6.7kg, and 7.4kg in the 4mg QW, 6mg QW, 6mg Q2W,
and 8mg Q2W treatment groups respectively (p<0.0001). Likewise a
significant reduction in BMI compared to placebo was demonstrated
at week 21, with average reductions of 2.4kg/m? 2.6kg/m? 2.3kg/
m? and 2.6 kg/m? in the 4mg QW, 6mg QW, 6mg Q2W, and 8mg
Q2W treatment groups respectively (p<0.0001). A significantly
greater proportion of participants assigned to efpeglenatide achieved
5% weight loss and 10% weight loss at week 21 when compared to
placebo (p<0.0001 and p<0.01 respectively). Lastly, the decrease in
waist circumference was significantly greater in all efpeglenatide
treatment groups when compared to placebo at week 21, with an
average reduction of 5.2cm, 6.7cm, 6.2cm, and 8.3cm in the 4mg QW,
6mg QW, 6mg Q2W, and 8mg Q2W treatment groups respectively
(p<0.01 for 4mg QW and 6mg Q2W, p<0.0001 for 6mg QW and 8mg
Q2W). GI events were the most common adverse effect, occurring
in up to 83.1% of patients in the QW groups and up to 75.9% in the
Q2W groups. GI events were noted to have occurred most often early
in therapy with improvement over time.

In a randomized, double-blind, placebo-controlled phase Ila
study, 6 different efpeglenatide doses (3 weekly and 3 monthly) were
compared to placebo in subjects with T2DM on stable metformin
and with a baseline A1C of 7-10% [16]. Subjects were randomized
to efpeglenatide 1 mg, 2 mg, 4 mg, or placebo weekly for 8 weeks,
or 8 mg, 12 mg, 16 mg, or placebo monthly for 3 months (n=51
in efpeglenatide groups and n=17 in placebo). Subjects were on
average 52 years old, approximately 50% were female, average
weight was 97kg, and average duration of diabetes was 58 months.
The efpeglenatide 1mg, 2mg, and 4mg weekly doses, as well as the 8
mg and 12 mg monthly doses significantly reduced A1C at follow-
up compared to placebo (p<0.05). The greatest change in A1C was
seen with the efpeglenatide 8 mg monthly dose, which reduced A1C
1.36% when added to stable metformin. Efpeglenatide reduced FPG
from baseline by 3.65 mmol/L (65.7 mg/dL) in the 4 mg QW group,
1.75 mmol/L (31.5 mg/dL) in the 8 mg monthly group, and 1.9
mmol/L (34.2 mg/dL) in the 16mg monthly group (p<0.001,p<0.05,
p<0.05 respectively). Significant weight loss compared to placebo
was seen with efpeglenatide 4 mg QW (-2.63 +/- 1.16 kg; p=0.029)
and 16 mg monthly (-2.82 +/- 1.23 kg; p=0.031). Nausea occurred
in up to 67% of subjects in the monthly groups and 33% in the QW
groups; however, there were no discontinuations due to GI events.
Efpeglenatide plasma concentrations demonstrated a t1/2 of 153-171
hours in all doses.

In a 16-week study of once monthly efpeglenatide, 209 subjects
with T2DM on stable doses of metformin were randomly assigned
to one of 4 arms [17]. For the interim analysis presented, 86 subjects
were included and were randomized to: efpeglenatide 8 mg (n=22),
efpeglenatide 12 mg (n=21), efpeglenatide 16 mg (n=22) or placebo
(n=21) once monthly. Subjects randomized to efpeglenatide were
titrated for the first 4 weeks by4mg every week, then 8 mg monthly for
1 month, then continued 8 mg or increased to 12 mg or 16 mg for the
remaining 2 months of the study. Atbaseline, average age was 56 years,
weight was 91-95.2kg, duration of T2DM was 95.4 months, A1C was
7.8%, and 60% of the participants were male. The primary endpoint,
change in A1C over the 16 weeks, was -0.3%, -1.2%, -0.7%, and
-1.1% for the placebo, efpeglenatide 8 mg, 12 mg, and 16 mg groups
respectively. Compared to placebo, the efpeglenatide 8 mg group had
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Table 1: Summary of clinical outcomes from efpeglenatide phase Il clinical trials.

Study Design Study arms AlC Weight Nausea
EFP 4mg QW: -1.61%*  C/ T 4”’?( QW:-331 | £Ep 4mg QW: 33%
12-week study of 254 T2DM | LIRA 1.8 mg daily, or EFP 0.3mg, 1mg, 2mg, 3mg, 4mg, LIRA 1.8mg Qday: LIRA 1 8gm Qday: LIRA 1.8mg Qday:
subjects [14] orP QW -1.38%" a9 139 y: 33%
P: -0.4% b 129 kg P: 16%
EFP 4 mg QW: -6.7
kg*
EFP 6 mg QW: -7.3 | EFP 4 mg QW: 54%
. . ’ kg* EFP 6 mg QW: 59%
20-week of Zg[iscibese SUBIECS | £Ep 4mg QW, 6mgQW, 6mg Q2W, 8mg Q2W, or P Not rel‘z)‘:sms‘iu'z Weight | Eep 6 mg Q2W: | EFP 6 mg Q2W: 48%
Y 6.7 kg* EFP 8mg Q2W: 62%
EFP 8mg Q2W: -7.4 P: 18%
kg*
P:+0.1kg
EFP 4mg QW: -1.24%* EFzgggg?W:
A : 0290
8-12 weeks of 68 T2DM | EFP 1 mg, 2 mg, 4 mg, or P QW x 8 wks, or EFP 8 mg, 12 PQW:-009% ' b 4oo5Kg QW regimens: 0-33%
subjects [16] mg, 16 mg, or P QMo x 3mos EFP8mg QMo: -1.36%" g g o oume, QMO regimens: 44-
) 9. 15 mg, EFP 16 mg QMo: -0.99% eae 67%
0 140 :
P QMo: -0.14% P OMo: +0.15 kg
EFP 8mg QMo:
-2.3kg
EFP 8mg QMo -1.2%* , ,
16-week of 86 T2DM subjects EFP 12mg QMo: -0.7% = £+ 12mg QMo: EFP 16mg QMo:
EFP 8 mg, 12 mg, 16 mg, or P QMo -2.2kg ~30%
[17] EFP 16mg QMo: -1.1% oo et S b OMo: -59%
S : :
P QMo: -0.3% 2. 8kg
P QMo: -1.2kg

*p<0.05 when compared to placebo

EFP: Efpeglenatide; P: Placebo; LIRA: Liraglutide; QW: Every Week; Qday: Daily; Q2W: Every Other Week; Qmo: Every Month; mos: Months

significantly greater reductions in A1C (p<0.0035). In addition 61.9-
63.6% of subjects in the efpeglenatide arms were able to achieve A1C
goal of <7% versus only 19% in the placebo group. Weight loss was
observed in all arms: 1.2 kg, 2.3 kg, 2.2 kg, and 2.8 kg for the placebo,
efpeglenatide 8 mg, 12 mg, and 16 mg groups respectively. Nausea
and vomiting, as expected, were the most common adverse effects,
occurring in 15-20% of subjects treated with efpeglenatide 4mg in
the first week (part of dose titration). In addition, approximately
30% of subjects in the efpeglenatide 16 mg group experienced GI-
related events when titrating from 8 mg monthly to 16 mg monthly
for the last 2 months at the 2-month mark. There were also more
discontinuations in the efpeglenatide arms compared to the placebo
arm (19 (30%) versus 4 (18%)).

Discussion

Efpeglenatide resulted in favorable effects in glycemic control in
phase II studies. A1C reduction was up to 1.61% for efpeglenatide
4mg weekly compared to 1.38% for liraglutide 1.8 mg daily, with 89%
of patients on metformin prior to the addition of GLP-1 RA [14].
Furthermore, efpeglenatide 8mg monthly significantly decreased
A1C 1.2% compared to 0.3% for placebo, with all patients on stable
doses of metformin prior to addition of GLP-1 RA [17]. Efpeglenatide
resulted in a reduction of 34.2-43.9 mg/dL in FPG with weekly-
monthly dosing, whereas liraglutide only reduced FPG by 26.3 mg/dL
[14,17]. Endogenous GLP-1 is secreted after a meal, which assists in
reducing Post-Prandial Glucose (PPG); however, previous literature
suggests longer-acting GLP-1 RAs reduce FPG in addition to PPG,
which appears to be similar for long-acting efpeglenatide [14,17,18].

Weight loss of ~2-3.5kg was seen in all the studies of subjects
with T2DM [14,16,17]. The most pronounced weight loss was seen
in the study of obese patients without diabetes where subjects lost

7.3 kg with efpeglenatide 6mg weekly and 7.1 kg with efpeglenatide
8mg every 2 weeks [15]. This is higher than commonly reported with
the approved GLP-1 RAs, even liraglutide (Saxenda), the approved
product for weight loss [19]. This marked reduction may be due to
exercise or nutrition confounding variables in this study, but needs to
be explored in phase III trials.

The longer duration of efpeglenatide and novel monthly
administration may reduce common adverse effects. Not only does
monthly administration have the potential to improve adherence, but
also reduce injection burden and injection site reactions [14,15]. In
addition, the long-acting GLP-1 RA may result in fewer GI events.
In a phase I study, efpeglenatide 16mg monthly had less effect on
gastric emptying compared to liraglutide [20]. This may lead to
a less pronounced impact on PPG control, but could lead to less
nausea. When used weekly there were similar rates of nausea with
efpeglenatide 4mg and liraglutide 1.8mg daily (33%), so further
investigation on a larger scale will be important to identify frequency
[14]. Although the studies presented in this review do show GI
events reduced over time, there were inconsistencies in GLP-1 RA
dose titration. Lastly, immunogenicity, as mentioned previously
with regards to pharmacologic design, was not observed. The studies
presented here showed there were no subjects who developed
neutralizing antibodies to efpeglenatide [14-16].

Several limitations of the currently available data for efpeglenatide
must be noted, primarily that data is limited to phase II studies
presented at professional meetings and peer-reviewed abstracts at
this time. Additionally, there is limited data regarding clinical results
of once-monthly dosing of efpeglenatide. Lastly, most of these studies
are small-scale and potentially underpowered to detect significant
differences in some of the doses and/or secondary outcomes.
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The use of efpeglenatide, thus far, has demonstrated some

potential benefits over the currently marketed GLP-1 RAs. Efficacy
was seen in glycemic control and weight loss in phase II studies. The
potential for lower adverse events is yet to be elucidated in phase III
studies.
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