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Abstract: Glucagon-like peptide-1 receptor agonists (GLP-1 RA] are attractive options for the
treatment of type 2 diabetes (T2D) because they effectively lower A1C and weight while having
a low risk of hypoglycemia. Some also have documented cardiovascular benefit. The GLP-1 RA
class has grown in the last decade, with several agents available for use in the United States
and Europe. Since the efficacy and tolerability, dosing frequency, administration requirements,
and cost may vary between agents within the class, each agent may offer unique advantages
and disadvantages. Through a review of phaselll clinical trials studying dulaglutide,

exenatide twice daily, exenatide once weekly, liraglutide, lixisenatide, semaglutide, and oral
semaglutide, 14 head-to-head trials were identified that evaluated the safety and efficacy of
GLP-1 RA active comparators. The purpose of this review is to provide an analysis of these
trials. The GLP-1 RA head-to-head clinical studies have demonstrated that all GLP-1 RA
agents are effective therapeutic options at reducing A1C. However, differences exist in terms
of magnitude of effect on A1C and weight as well as frequency of adverse effects.
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Introduction

The prevalence of diabetes is rising worldwide.
Globally, it is estimated that 463 million people
have diabetes, correlating with a prevalence of
9.3%.! Type 2 diabetes (T2D), which accounts
for roughly 95% of all cases, remains challenging
to manage despite the plethora of treatment
options. Beta-cell function declines progressively,
often necessitating treatment intensification over
time to achieve or maintain glycemic control.
Current diabetes treatment guidelines recom-
mend a patient-specific approach to treatment.
When selecting drug therapy, the clinician should
consider cardiovascular comorbidities, hypogly-
cemia risk, impact on weight, cost, risk of adverse
effects, and patient preferences.?3 The glucagon-
like peptide 1 receptor agonists (GLP-1 RA) are
attractive options for the treatment of T2D
because they effectively lower A1C and weight
while having a low risk of hypoglycemia. Some
GLP-1 RAs also have documented cardiovascular
benefits. The GLP-1 RA class has grown in the
last decade with several agents available for use in

the United States (US) and Europe. To explore
differences in efficacy and tolerability within the
class, we published a review of head-to-head clin-
ical studies of GLP-1 RAs in 2015. Since that
time, several additional studies with newer agents
have been published. Thus, the purpose of this
review is to provide an updated analysis of current
head-to-head comparative data of GLP-1 RAs.
Of note, there are no head-to-head trials compar-
ing cardiovascular or renal outcomes, thus this
review is limited to outcomes related to glyco-
sylated hemoglobin (A1C), weight, adverse
effects, and patient satisfaction.

GLP-1 RAs: general effects and comparisons

GLP-1 RAs increase glucose-dependent insulin
secretion and decrease inappropriate glucagon
secretion, delay gastric emptying and increase
satiety. There are currently seven approved
GLP-1 receptor agonists (Table 1); exenatide
twice daily, lixisenatide once daily, liraglutide
once daily, exenatide once weekly, dulaglutide
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Table 1. Currently available GLP-1 RAs.

Drug Approval date (US, Phaselll Base Homology Dose and Route T, Half-life
EMA) clinical trial to native frequency
program GLP-1 (%)

Short-  Exenatide 28 April 2005, AMIGO Exendin-4 53 5-10mcg SC 2.1h 2.4h
acting  (Byetta®) 20 November 2006 twice daily

Lixisenatide 28 July 2016, GetGoal Exendin-4 50 10-20mcg  SC 1-3.5h 3h

(Adlyxin®, 1 February 2013 once daily

Lyxumia®)
Long- Liraglutide 25 January 2010, LEAD Human 97 0.6-1.8mg SC 8-12h  13h
acting  (Victoza®) 30 June 2009 GLP-1 once daily

Exenatide 26 January 2012, DURATION Exendin-4 53 2mg once SC 2.1- NR

(Bydureon® 17 June 2011 weekly 5.1h

Dulaglutide 18 September 2014, AWARD Human 90 0.75-1.5mg SC 24-72h 5days

(Trulicity®) 21 November 2014 GLP-1 once

weekly
Semaglutide 5 December 2017, SUSTAIN Human 94 0.25-1mg SC 1- 1week
(Ozempic®) 8 February 2018 GLP-1 once 3days
weekly

Oral 20 September 2019, PIONEER Human 94 3-14mg PO Th Tweek

Semaglutide 3 April 2020 GLP-1 once daily

(Rybelsus®)

EMA, European Medicines Agency; FDA, Food and Drug Administration; GLP-1 RA, glucagon-like peptide-1 receptor agonists; NR, not reported;
PO, by mouth; SC, subcutaneous; US, United States.

once weekly, semaglutide once weekly, and oral
semaglutide once daily. Of note, due to steady
decline in sales, albiglutide (a once weekly GLP-1
RA) was discontinued in 2017. For this reason,
albiglutide was not included in this review. All of
the GLP-1 RA agents are administered via sub-
cutaneous (SC) injection, except for oral sema-
glutide. Although rates of adverse effects differ
between specific agents, the most common
adverse effects with the GLP-1 RA class are gas-
trointestinal (GI) related (nausea, vomiting, and
diarrhea) and injection site reactions. Several key
differences exist between the products in terms of
molecular structure, pharmacokinetics, dosing
frequency, and administration (Table 1) that may
lead to important differences in efficacy, tolerabil-
ity, and patient satisfaction.>-12 With the consid-
erable heterogeneity and complexity across the
class of GLP-1 RAs, each agent should be evalu-
ated independently, as opposed to assuming a
class effect, and head-to-head clinical trials can
lend important information regarding differences
within the GLP-1 RA class.

Head-to-head clinical studies

The GLP-1 RA agents have all been evaluated
extensively in phaselIll clinical programs.
Through a review of phaselll clinical trials for
exenatide twice daily, lixisenatide, liraglutide,
exenatide once weekly, dulaglutide, semaglutide,
and oral semaglutide, we identified 14 head-to-
head trials that evaluated the safety and efficacy
of GLP-1 RA active comparators.13-26 Of the 13
trials, 7 were included in our original publication;
1 trial (HARMONY-7)?7 in our original publica-
tion that compared albiglutide with liraglutide
was removed.* A summary of the design and
baseline characteristics of the head-to-head stud-
ies is provided in Table 2. Figures 1 and 2 display
the differences in A1C and weight, respectively,
observed within these studies.

Efficacy

The LEAD-6 trial compared liraglutide with
exenatide twice daily in patients with uncon-
trolled T2D being treated with maximally
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M Exenatide 10mcg BID
M Exenatide 2mg QW
1 Liraglutide 0.9mg
MLiraglutide 1.2mg

Liraglutide 1.8mg
M Dulaglutide 0.75mg

M Dulaglutide 1.5mg
M Lixisenatide 20mcg
M Semaglutide 0.5mg

MSemaglutide 1.0mg

M Oral semaglutide 7mg.

W Oral semaglutide 14mg

Figure 1. Changes in A1C values with GLP-1 RAs in head-to-head clinical studies.

*p < 0.05. *p<0.05 for a pre-defined non-inferiority margin.

A1C, hemoglobin A1C; GLP-1 RA, glucagon-Llike peptide-1 receptor agonists.
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Figure 2. Changes in weight with GLP-1 RAs in head-to-head clinical studies.

*p < 0.05
GLP-1 RA, glucagon-like peptide-1 receptor agonists.

tolerated doses of metformin, sulfonylurea (SU),
or both.1? Liraglutide reduced A1C significantly
more than exenatide twice daily (—1.12% versus
—0.79%, p<<0.0001, Figure 1), while improving
the proportion of patients achieving an A1C of
<7% (54% wversus 43%, respectively, p=0.0015).
Additionally, liraglutide resulted in a larger reduc-
tion in mean fasting plasma glucose (FPG) com-
pared with exenatide twice daily (—1.61 mmol/l
versus —0.60 mmol/l, p<<0.0001). The percentage
of subjects achieving weight loss (liraglutide 78%
versus exenatide 76%) and overall weight loss
(liraglutide —3.24kg wversus exenatide 2.87kg,
p=0.22) was similar between groups (Figure 2).

The DURATION-1 study compared exenatide
once weekly with exenatide twice daily in patients
with uncontrolled T2D being treated with either
diet, one or two oral therapies.!* After 30 weeks,
exenatide once weekly reduced A1C significantly
more compared with the twice daily formulation
(—=1.9% wersus —1.5%, p=0.0023). The percent-
age of patients achieving a goal A1C of <7% was
also greater with exenatide once weekly compared
with exenatide twice daily (77% wversus 61%,
$»=0.0039). Body weight decreased similarly
between the two groups throughout the 30 week
study with a —3.7 kg and —3.6 kg reduction from
baseline in the exenatide weekly and twice daily
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groups, respectively (p=0.89). An extension
study of DURATION-1 to 52weeks was con-
ducted by Buse er al.?8 The extension study con-
verted the exenatide twice daily patients to the
weekly formulation while those originally rand-
omized to exenatide once weekly continued this
therapy. After 52 weeks patients continued on the
once weekly exenatide maintained an AlC
improvement (—2.0%), while those switching
from twice daily to once weekly further reduced
A1C to achieve a similar reduction in A1C as
those originally on exenatide once weekly.

The DURATION-5 study also compared exena-
tide once weekly with exenatide twice daily.!>
After 24weeks, a significant reduction in A1C
was observed with once weekly compared with
twice daily exenatide (—1.6% wversus —0.9%,
$<<0.0001). As with the DURATION-1 trial,
exenatide once weekly significantly lowered FPG
when compared with the twice daily formulation
(=1.9 versus —0.7 mmol/l, p=0.0008). The pro-
portion of patients achieving an A1C<7% was
58% and 30% in the weekly and twice daily
exenatide groups, respectively (p<<0.0001). A
similar reduction in body weight was observed
between groups.

Exenatide once weekly was compared with lira-
glutide in patients with T2D who were being
treated with lifestyle modification and oral anti-
hyperglycemic drugs in the DURATION-6
trial.1® Reductions in A1C from baseline were sig-
nificantly greater in patients taking liraglutide
compared with exenatide once weekly (—1.48%
versus —1.28%, p=0.02). However, the upper
bound of the 95% confidence interval (CI) did
not meet predefined non-inferiority criteria (95%
CI0.08-0.33). The proportion of patients achiev-
ing an A1C<7% was 60% and 53% in the lira-
glutide and exenatide once weekly groups,
respectively (p=0.0011). Patients in the liraglu-
tide group demonstrated superior weight loss of
0.9kg compared with exenatide once weekly
(=3.57 versus —2.68, p=0.0005). Both liraglutide
and exenatide significantly reduced FPG from
baseline (—2.12 versus —1.76 mmol/l, p=0.02).

The GetGoal-X trial compared the efficacy and
safety of lixisenatide with exenatide twice daily in
patients with uncontrolled T2D on metformin.!?
The mean change in A1C was —0.79% in the lixi-
senatide group compared with —0.96% in the
exenatide twice daily group, which met

predefined criteria for non-inferiority (95% CI
0.033-0.297). A similar proportion of patients in
each group achieved a goal A1C of <7% (48.5%
lixisenatide and 49.8% exenatide, p=NS). Body
weight was reduced significantly in both groups,
though a greater reduction was seen with exena-
tide (lixisenatide —2.96kg wversus exenatide
—3.98kg; 95% CI 0.45-1.58).

A 26-week randomized control trial conducted by
Nauck et al. compared lixisenatide 20 mcg once
daily with liraglutide 1.8 mg once daily as add on
therapy to metformin.!® Treatment with liraglu-
tide resulted in a significantly greater reduction in
A1C compared with lixisenatide (—1.8% wversus
-1.2%, p<0.0001). In addition, liraglutide also
significantly reduced FPG from baseline more
than lixisenatide (—2.9 mmol/l versus —1.7 mmol/l,
$»<0.0001) and showed better reductions in
mean 9-point self-measured plasma glucose com-
pared with lixisenatide (p<<0.0001). Similarly, a
significantly larger percentage of patients using
liraglutide reached an A1C goal of less than 7%
(liraglutide =74.2%, lixisenatide=45.5%). Both
drugs had similar body weight reductions (—4.3 kg
for liraglutide, —3.7 kg for lixisenatide, p=0.23).

Two different doses of dulaglutide (1.5mg and
0.75 mg) given weekly were compared with exena-
tide twice daily and placebo in the AWARD-1
study.!® Patients had uncontrolled T2D on either
metformin or thiazolidinediones. Changes in
A1C at 26 weeks were —1.51%, —1.30%, —0.99%,
and —0.46% for the dulaglutide 1.5 mg, dulaglu-
tide 0.75mg, exenatide, and placebo groups,
respectively. Both doses of dulaglutide were supe-
rior to exenatide (»p<<0.001). A greater percent-
age of patients achieving an A1C of <7% was
observed with dulaglutide 1.5 and 0.75 mg groups
compared with exenatide (78% and 66% wversus
52%, p<<0.001 for both comparisons). Similarly,
dulaglutide was associated with a greater reduc-
tion in the mean of all pre-meal plasma glucose
(p<0.001) and post-prandial plasma glucose
(p=0.047) compared with exenatide. Change in
weight over 26weeks was —1.30kg, +0.2kg,
—1.07kg, and +1.24kg for dulaglutide 1.5mg,
dulaglutide 0.75mg, exenatide, and placebo,
respectively. The difference in weight loss
between exenatide twice daily and dulaglutide
1.5mg was not significant (—0.24kg, p=0.474),
although there was a statistical difference between
exenatide twice daily and dulaglutide 0.75mg
(-1.27kg, p<0.001).
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The AWARD-6 trial compared once weekly dula-
glutide 1.5mg versus daily liraglutide 1.8mg in
T2D patients on metformin.2 Mean change in
A1C was —1.42 and —1.36 in the dulaglutide and
liraglutide groups, respectively (95% CI —0.19 to
0.07, non-inferiority p value<<0.0001), thus
meeting predefined non-inferiority criteria. Both
groups resulted in 68% of patients achieving an
A1C of <7%. Weight reduction was significantly
greater in the liraglutide groups compared with
dulaglutide [—3.61kg versus —2.90kg; (95% CI
0.17-1.26), p=0.011].

The SUSTAIN-3 trial randomized patients on
metformin, thiazolidinediones, and/or SUs to
either SC semaglutide 1mg or exenatide once
weekly for 56 weeks.?! Semaglutide was superior
to exenatide once weekly in regards to A1C reduc-
tion (—=1.5% wersus —0.9%; p<<0.0001). In addi-
tion, significantly more patients reached an A1C
goal of less than 7% with semaglutide compared
with exenatide once weekly (67% versus 40%,
$»<<0.0001). Semaglutide was also superior in
reduction of the seven-point self-measured blood
glucose profile (2.2mmol/l versus 1.5mmol/l,
$<<0.0001) and mean FPG (2.8 mmol/l wersus
2.0mmol/l, p<0.0001). There was also signifi-
cantly more weight loss with semaglutide from
baseline compared with exenatide once weekly
(=5.6kg versus —1.9kg, p<<0.0001).

Patients on metformin were randomly assigned to
either SC semaglutide 0.5mg, SC semaglutide
1mg, dulaglutide 0.75mg, or dulaglutide 1.5mg
for 40weeks in the SUSTAIN-7 trial.??
Semaglutide 0.5mg improved A1C significantly
more than dulaglutide 0.75mg (—1.5% versus
-1.1%, p<<0-0001). Additionally, semaglutide
1mg also reduced A1C significantly more com-
pared with dulaglutide 1.5mg (—1.8% versus
-1.4%,p<<0.0001). A larger proportion of patients
significantly reached an A1C goal of less than 7%
or less than 6.5% with semaglutide in the low-dose
comparison arms (p<<0.0001) and the high-dose
comparison arms (p=0.0021). In addition, FPG
values were significantly decreased with semaglu-
tide 1mg compared with dulaglutide 1.5mg
(=2.8mmol/l versus —2.2mmol/l, p=0.005). Mean
7-point self-measured blood glucose values were
decreased significantly with semaglutide in both
the low-dose comparison arms (—2.4 mmol/l versus
—2.0mmol/l, p=0.0014) and the high-dose com-
parison arms (—=3mmol/l wversus —2.3mmol/l,
$<0.0001). Patients achieved a greater reduction

in body weight with semaglutide compared with
dulaglutide for both low-dose comparison (—4.6 kg
versus —2.3kg, p<<0.0001) and high-dose compar-
ison (—6.5 kg versus —3.0kg, p<<0.0001).

The SUSTAIN-10 trial compared once-weekly
semaglutide 1.0mg with liraglutide 1.2mg in
patients on 1-3 oral antihyperglycemic agents in a
30week randomized, controlled trial.2? Mean A1C
decreased by 1.7% in the semaglutide group and
1.0% in the liraglutide group (»p<<0.0001). Mean
body weight decreased by 5.8 kg with semaglutide
and 1.9kg with liraglutide (p<0.0001). The pro-
portions of patients achieving an A1C<7% or
weight loss of =5% were both significantly higher
in the semaglutide group compared with the lira-
glutide group (p<<0.0001 for both).

The PIONEER-4 trial examined the first oral
GLP-1 receptor agonist, semaglutide, in compar-
ison with subcutaneous liraglutide and placebo in
a 52-week randomized controlled trial. Patients
were on either metformin or a SGLT-2 inhibitor
at baseline.?* The primary endpoint was change
in A1C from baseline to week 26 using the treat-
ment policy estimand (which assessed treatment
effect for all participants assigned to treatment
regardless of study drug discontinuation or use of
rescue medication). At 26 weeks, oral semaglu-
tide was non-inferior (—1.2% versus —1.1%, 95%
CI —-0.3 t0 0.00, p<<0.0001) to liraglutide in A1C
reduction. There were no significant differences
in percentage of patients achieving an A1C target
of less than 7% between oral semaglutide and
liraglutide (67.6% wversus 61.8%, p=0.1530).
After 26 weeks, oral semaglutide resulted in sig-
nificantly more weight loss than liraglutide
(=4.4kg wersus —3.1kg, p=0.0003). After
52weeks of treatment, oral semaglutide reduced
A1C significantly more than liraglutide (—1.3%
versus —1.1%, p<<0.0001).

The PIONEER-9 trial compared oral semaglutide
monotherapy to liraglutide in a 52-week rand-
omized controlled trial.2> Patients were assigned
randomly to one of three doses of oral semaglutide
(3mg, 7mg, and 14mg), liraglutide 0.9mg, or
placebo for 52 weeks. This study was conducted in
Japanese patients on oral antihyperglycemic ther-
apy. Researchers used a dose of 0.9 mg of liraglu-
tide as the comparator based on the approved
maximum dose in Japan. The primary endpoint
was change in A1C from baseline to week 26 using
the trial product estimand (which assumes all
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patients remained on trial product without rescue
medication use). Oral semaglutide had a dose-
dependent effect on A1C reduction. Semaglutide
14mg had a significant A1C reduction compared
with liraglutide (—1.7% versus —1.4%, p=0.0272)
at 26 weeks. A significantly larger percentage of
patients taking semaglutide 14 mg reached a goal
A1C of less than 7% compared with liraglutide
(81% wersus 53%, p=0.0152) at 26weeks.
However, after 52weeks, the difference in A1C
reduction between oral semaglutide 14mg and
liraglutide were no longer significantly different
(=1.5% wersus 1.1%, p=0.0632). Oral semaglu-
tide 14mg showed a more significant body weight
reduction from baseline compared with liraglutide
at week 26 (—2.4kg versus 0kg, p<<0.0001) and at
week 52 (—2.6kg wversus 0kg, p<<0.0001) in the
treatment estimand arm. Similarly in the trial esti-
mand arm, oral semaglutide 14 mg showed a more
significant body weight reduction from baseline
compared with liraglutide at week 26 (—2.4 kg ver-
sus 0kg, p<<0.0001) and at week 52 (—2.8kg ver-
sus Okg, p<0.0001).

The PIONEER-10 trial randomized Japanese
patients with T2D on oral antihyperglycemic
therapy to receive either oral semaglutide 3 mg,
7mg, 14mg, or SC dulaglutide 0.75mg for
57 weeks.26 A dose of 0.75mg of dulaglutide was
selected based on the maximum dose approved
for use in Japan. The primary endpoint was the
number of treatment-emergent adverse events
(AEs) over 57weeks. Secondary endpoints
included change in A1C and weight from baseline
at 52weeks. After 52 weeks, oral semaglutide 14mg
had a more significant reduction in A1C compared
with dulaglutide (—1.7% versus —1.4%, p=0.0170).
Dulaglutide had a greater A1C reduction than
semaglutide 3mg (—1.4% versus 0.9%, p=0.0005)
and similar A1C reduction compared with sema-
glutide 7mg (—1.4% wversus —1.4%). Significantly
more patients on semaglutide 14mg achieved an
A1C goal compared with dulaglutide (71% versus
51%, p=0.0016). Semaglutide 3mg, 7mg, and
14mg all resulted in significant reduction in body
weight compared with dulaglutide (0 wversus 1kg,
p»=0.0476, —0.9kg versus 1kg, p<<0.0001, —1.6kg
versus 1 kg, p<<0.0001, respectively).

Safety/tolerability

The major AEs seen with the head-to-head
GLP-1 RA trials are summarized in Table 3.
Predictably, most of the AEs experienced were GI

in nature. Across trials, however, there were some
differences highlighted between comparators in
regards to reported AEs.

In the LEAD-6 trial, overall AEs were lower with
the liraglutide group, compared with exenatide
twice daily, (74.9% versus 78.9%, respectively)
but the severity of these effects where higher with
liraglutide (serious AEs 5.1%, severe AEs 7.2%)
than exenatide twice daily (serious AEs 2.6%,
severe AEs 4.7%).13 There was no clear trend in
the type of serious or severe AE experienced in
either group. In general, GI side effects were simi-
lar across both treatment groups. It was observed
that while initial nausea rates were similar between
groups, nausea was less persistent in liraglutide
compared with exenatide twice daily (reported at
week 26 in 3% of liraglutide patients versus 9% in
the exenatide twice daily group).

In the DURATION-1 trial, exenatide twice daily
showed a higher incidence of both nausea and
vomiting compared with the exenatide once
weekly formulation, with similar rates of diar-
rhea.!* Injection site reactions were more com-
mon with the once weekly formulation.

DURATION-5 highlighted higher rates of nau-
sea (and subsequent vomiting) with use of exena-
tide twice daily compared with the once-weekly
formulation, with two patients in the twice daily
arm reporting severe nausea, compared with none
in the once weekly arm.!5 Injection site reactions
were again higher with the exenatide once weekly
group, although the differences were smaller
(13% wersus 10%).

DURATION-6 showed higher rates of nausea,
vomiting, and diarrhea with the liraglutide-treated
group, compared with exenatide once weekly.!°
Both group noted an attenuation of these symp-
toms over time. Exenatide once weekly had higher
reporting of injection site reactions, including
nodule formation after injection.

Lixisenatide demonstrated slightly lower rates of
reported GI side effects compared with exenatide
twice daily in the GetGoal-X trial, with statisti-
cally lower rates of nausea (24.5% wversus 35.1%,
p»<0.05).17 These symptoms appeared to
improve over time in both groups, although the
exenatide twice daily group had a slightly longer
attenuation time (5weeks) compared with lixi-
senatide (3weeks). Interestingly, this was one
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Table 3. GLP-1 RAs: a comparison of common adverse effects in head-to-head trials.

Study Active comparators Nausea (%) Vomiting (%) Diarrhea (%) Injectionsite =~ Withdrawal
reactions (%)  due to AEs (N)

LEAD-6 (Buse etal.)’® Exenatide 10mcg BID 65/232(28.0)  23/232(9.9) 28/232(12.1) 21/232(9.1) 31

Liraglutide 1.8mg QD 60/235 (25.5) 14/235(6.0)  29/235(12.3) 21/235(8.9) 23
DURATION-1 Exenatide 10 mcg BID 50/145 (34.5) 27/145(18.6) 19/145(13.1)  17/145(11.7) 7
(Drucker et al.)'s 39/148

Exenatide 2mg QW (26.4) 16/148 (10.8) 20/148 (13.5) 33/148 (22.3) 9
DURATION-5 Exenatide 10mcg BID 43/123 (35.0) 11/123(8.9)  5/123 (4.1) 16/123 (13) 6
(Blevins et al.)’s

Exenatide 2mg QW 18/129 (14.0)  6/129 (4.7) 12/129 (9.3) 13/129 (10) 6
DURATION-6 Exenatide 2mg QW 43/461(9.3) 17/461(3.7)  28/461 (6.1) 73/461 (15.8) 12
(Buse et al.]'¢

Liraglutide 1.8mg QD 93/450 (20.7)  48/450 (10.7) 59/450(13.1)  9/450 (2.0) 25
GetGoal-X Lixisenatide 20mcg QD 78/318 (24.5)  32/318 (10.1) 33/318(10.4) 27/318(8.5) 33
(Rosenstock et al.)'?

Exenatide 10mcg BID 111/316 (35.1)  42/316 (13.3) 42/316(13.3)  5/316 (1.6) 41
Lixisenatide versus Liraglutide 1.8mg QD 44/202 (21.8)  14/202(6.9)  25/202 (12.4) Not Reported 13
Liraglutide
(Nauck et al.)'®

Lixisenatide 20mcg QD 44/202 (21.8)  18/202 (8.9)  20/202 (9.9) 15
AWARD-1 Dulaglutide 1.5mg QW 78/279 (28.0)  47/279 (16.8) 31/279 (11.1)  1/279 (0.4) 8
(Wysham et al.)"?

Dulaglutide 0.75mg QW  45/280 (16.1) 17/280 (6.1)  22/280 (7.9) 0/280 (0) 4

Exenatide 10mcg BID 71/276 (25.7)  30/276 (10.9) 16/276 (5.8)  1/276 (0.4) 9

Placebo 8/141 (5.7) 2/141 (1.4) 8/141 (5.7) 0/141 (0) 3
AWARD-6 Dulaglutide 1.5mg QW 61/299 (20.4) 21/299 (7.0)  36/299 (12.0) 1/299 (0.3) 18
(Dungan et al.)?®

Liraglutide 1.8 mg QD 54/300 (18.0) 25/300 (8.3)  36/300(12.0) 2/300(0.7) 18
SUSTAIN-3 Semaglutide 1.0mg QW  90/404 (22.3) 29/404(7.2)  46/404 (11.4)  0/404 (0) 38
(Ahmann et al.}?!

Exenatide 2mg QW 48/405 (11.9) 25/405 (6.2)  34/405 (8.4) 49/405 (12.1) 29
SUSTAIN-7 Semaglutide 0.5mg QW  68/301 (23) 31/301 (10)  43/301 (14) 4/301 (1) 24
(Pratley et al.]?2

Semaglutide 1.0mg QW  63/300 (21) 31/300 (19)  41/300 (14) 6/300 (2) 29

Dulaglutide 0.75mg QW  39/299 (13) 12/299 (4) 23/299 (8) 41299 (1) 14

Dulaglutide 1.0mg QW 60/299 (20) 29/299 (10) 53/299 (18) 8/299 (3) 20

[Continued]
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Table 3. (Continued)

Study Active comparators Nausea (%) Vomiting (%) Diarrhea (%) Injectionsite  Withdrawal
reactions (%)  due to AEs (N)

SUSTAIN-10 Semaglutide 1mg QW 63/289 (21.8]  30/289 (10.4] 45/289 (15.6] Not reported 33
(Capehorn et al.)

Liraglutide 1.2mg QD 45/287 (15.7) 23/287 (8) 35/289 (12.2) 19
PIONEER-4 Oral semaglutide 14mg  56/285 (20) 25/285 (9) 43/285 (15) Not applicable 31
(Pratley et al.)% QD

Liraglutide 1.8 mg QD 51/284 (18) 13/284 (5) 31/284 (11) 26

Placebo 5/142 (4) 3/142 (2) 11/142 (8) 5
PIONEER-9 Oral semaglutide 3mg 2/49 (4) Not reported 2/49 (4) Not applicable 1
(Yamada et al.) 2° QD

Oral semaglutide 7mg 5/49 (10) 5/49 (10) 1

QD

Oral semaglutide 14mg  4/48 (8) 4148 (8) 2

Qb

Liraglutide 0.9mg QD 0/48 (0) 0/48 (0) 0

Placebo 1/49 (2) 1/49 (2) 0
PIONEER-10 Oral semaglutide 3mg  7/131 (5) 3/131 (2) 2/131(2) Not applicable 4
(Yabe et al.)26 QD

Oral semaglutide 7mg  11/132(8) 1/132 (1) 2/132(2) 8

QD

Oral semaglutide 14mg  12/130 (9) 9/130 (7) 10/130 (8) 8

QD

Dulaglutide 0.75mg QW /65 (9) 1/65 (2) 4/65 (6) 2

AE, adverse events; BID, twice daily; GLP-1 RA, glucagon-Llike peptide-1 receptor agonists; QD, once daily; QW, once weekly.

trial where there was an observed difference in the
incidence of hypoglycemia; lixisenatide had sta-
tistically fewer episodes of symptomatic hypogly-
cemia compared with exenatide twice daily (2.5%
versus 7.9%, p<<0.05). Neither group included
patients taking concomitant SU therapy.

The Nauck trial comparing liraglutide with lixi-
senatide showed a slightly higher proportion of
patients in the liraglutide group reporting total
AEs (71.8% wversus 63.9% with lixisenatide) and
slightly higher serious AEs reported as well (5.9%
versus 3.5%).18 That said, discontinuation rates
due to AEs were similar and slightly higher in the
lixisenatide group: 13 patients versus 15, respec-
tively. GI symptoms once again were most promi-
nent and similar across the two groups, although

the liraglutide group reported loss of appetite at a
higher rate (6.4% versus 2.5%) and showed higher
increases in lipase (8.4% versus 2.5%).

For the AWARD-1 trial, GI AEs were similar
between the 1.5mg dulaglutide and exenatide
groups, with nausea and vomiting being statisti-
cally higher than placebo at 26 weeks (p < 0.05).1°
Slightly lower rates were seen with the lower dose
0.75mg dulaglutide arm. All groups reported the
highest incidence of GI events early (within the
first 2 weeks) in treatment.

The AWARD-6 showed no difference in reported
GI AEs between dulaglutide and liraglutide.2?
The frequency of nausea in both groups peaked at
week one and gradually declined thereafter.
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The SUSTAIN-3 trial showed comparable overall
AE rates between the semaglutide (75.0%) and the
exenatide ER (76.3%) groups.?! Serious AEs were
reported more frequently with semaglutide (9.4%)
than exenatide ER (5.9%), as were discontinuation
rates due to AEs (9.4% with semaglutide versus
7.2% exenatide ER). GI side effects were the most
commonly reported in both groups, and higher
with semaglutide (41.8% with semaglutide and
33.3% with exenatide ER), with nausea, vomiting,
and diarrhea reported as the most prevalent. These
AEs did appear to diminish over time in most sub-
jects on both study medications. Of note, there
were two fatalities reported in the semaglutide
group during the study period, one due to hepato-
cellular carcinoma and the other due to invasive
breast carcinoma; in both cases the investigator
determined they were unrelated to treatment with
the study medication. Injection site reactions were
notably higher in the exenatide ER group, occur-
ring in 22.0% of subjects compared with 1.2% of
semaglutide-treated subjects; 9 subjects discontin-
ued treatment in the exenatide group due to injec-
tion site nodules, mass, or reactions.

Examining AEs in the SUSTAIN-7 trial, reported
AEs occurred in 207 (69%) patients using sema-
glutide 1 mg, 204 (68%) patients using semaglu-
tide 0.5 mg, 221 (74%) patients using dulaglutide
1.5mg and 186 (62%) patients using dulaglutide
0.75mg.?? Six patients died, one in each sema-
glutide group and two in each dulaglutide group.
Serious AEs were reported in 23 (8%) and 17
(6%) patients using semaglutide 1mg and
0.5 mg, respectively. For dulaglutide, serious AE
rates were 22 (7%) and 24 (8%) for the 1.5mg
and 0.75mg groups. GI side effects were again
common across all four groups, with reported
occurrence rates of 44% (semaglutide 1.0mg),
43% (semaglutide 0.5mg), 48% (dulaglutide
1.5mg), and 33% (dulaglutide 0.75mg). These
events appeared to be dose-related for dulaglu-
tide but not for semaglutide, where rates were
similar across both dosage groups. AEs leading
to discontinuation of therapy occurred in 10%
and 8% for the semaglutide 1mg and 0.5mg
groups and 7% and 5% for the dulaglutide
1.5mg and 0.75mg groups. An adjudication
committee reviewed and confirmed a total of
two patients and three patients having a cardio-
vascular (CV) event during the trial on semaglu-
tide 1mg and 0.5mg, respectively, and six
patients and five patients having a CV event in
the 1.5mg and 0.75 mg dulaglutide groups.

In the SUSTAIN-10 trial, safety profiles were gen-
erally similar between semaglutide 1mg and lira-
glutide 1.2mg, except GI AEs were higher in the
semaglutide group (43.9% wversus 38.3%).2% In
addition, there was a higher proportion of AEs
leading to treatment discontinuation with semaglu-
tide compared with liraglutide (11.4% versus 6.6%).

For the PIONEER-4 trial, numbers of patients
reporting AEs were 229 (80%) for oral semaglu-
tide, 211 (74%) for liraglutide and 95 (67%) for
the placebo group.?* Proportions of participants
reporting serious AEs were higher for the sema-
glutide [31 (11%)] and placebo [15 (11%)] than
with liraglutide [22 (8%)]. A total of eight deaths
occurred during the trial, with three in the sema-
glutide group, four in the liraglutide group, and
one in the placebo group. The investigator judged
all deaths as being non-treatment related. Study
treatment was discontinued in 31 (11%) patients
using oral semaglutide, 26 (9%) using liraglutide
and 5 (4%) using placebo medication. GI AEs
were again the most prevalent, with oral semaglu-
tide showing the highest rates of nausea (20%),
vomiting (15%), and diarrhea (9%), followed by
liraglutide (18%, 11%, and 5% respectively), and
lowest rates (4%, 8% and 2%) in placebo. Of
note, the patients in the liraglutide group had a
peak occurrence of nausea earlier than with oral
semaglutide, peaking at week 2 compared with
week 8 with oral semaglutide, with rates decreas-
ing after those times.

During the treatment phase of PIONEER-9, the
liraglutide group reported the lowest rates of AEs
(67%), followed by the oral semaglutide treat-
ments, (71-76%) with the placebo group report-
ing the highest rates (80%).25> AEs were mild to
moderate in nature, with only three patients
reporting a severe AE (1 in the 3 mg semaglutide
group and 2 in the 7mg semaglutide group).
Gastrointestinal symptoms were again prevalent
across all groups, although in this trial nasophar-
yngitis was the most commonly occurring AE.

PIONEER-10 reported similar high rates of AEs,
starting with 77% of patients in the 3 mg sema-
glutide group, increasing to 80% in the 7mg
group, and 85% in the 14mg group; this was
compared with 82% of patients using dulaglu-
tide.2® Serious AEs were less linear, reported in
nine patients (7%), four patients (3%), seven
patients (5%) and one patient (2%), respectively.
Infections (mainly nasopharyngitis and influenza)
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were the most prevalent AE reported, followed by
GI symptoms.

Interestingly, both upper respiratory tract infec-
tions (URIs) and nasopharyngitis continue to be
reported as AEs in patients receiving GLP-1 RA
therapy. URIs were reported in the LEAD-6
(6.4% with liraglutide versus 6.0% with exenatide
twice daily), DURATION-1 (8.1% of the exena-
tide twice daily group, 17.2% of the exenatide
once weekly group), DURATION-5 (4.1% with
exenatide twice daily, 7.0% with exenatide once
weekly), DURATION-6 (3% in each group), and
SUSTAIN-7 (5% and 3% in the two semaglutide
groups and 7% and 5% for the two dulaglutide
groups). It was also reported in the AWARD-1
trial, where rates were consistent across groups,
including placebo (4% dulaglutide 1.5mg, 5%
dulaglutide 0.75mg, 4% exenatide and 4% pla-
cebo). Nasopharyngitis was reported in LEAD-6
(11.5% liraglutide wersus 13.4% exenatide),
DURATION-6 (7% in each treatment group),
Nauck study (6.4% liraglutide versus 9.9% lixi-
senatide), AWARD-1 (8% and 7% for dulaglu-
tide 0.75mg and 1.5mg, 4% exenatide and 4%
placebo), AWARD-6 (8% dulaglutide versus 7%
liraglutide), SUSTAIN-3 (9.7% with semaglu-
tide compared with 9.4% with exenatide ER),
and SUSTAIN -7 (5% in both semaglutide
groups, 6% 0.75mg dulaglutide, 7% 1.5mg
dulaglutide). It was the most prevalent AE
reported in both the PIONEER-9 (16-20% in
semaglutide groups, 29% for liraglutide and pla-
cebo) and PIONEER-10 (26-30% with semaglu-
tide groups, 29% dulaglutide). The mechanism
for the GLP-1 RAs increasing URIs and naso-
pharyngitis cases has not been elucidated, but the
consistency across trials suggests that these are
still important considerations with this class.

Hypoglycemia

The rates of hypoglycemia were generally similar
across GLP-1 RA treatment groups and were
seen primarily in patients treated with concomi-
tant SU therapy. Severe hypoglycemic episodes
were rare across the trials, being reported in only
six trials, (LEAD-6, AWARD-1, PIONEER-4,
SUSTAIN-3, SUSTAIN-7, and SUSTAIN-10),
all with rates of only 1-2%. Minor hypoglycemic
rates across all trials ranged from 0% to 15.9% in
patients without SU use, with most trials showing
rates below 10%, as would be expected. These
rates increased with SU therapy, demonstrating

rates between 11% and 20%, with the exception
of the LEAD-6 trial, where rates were 32.7% with
patients using SUs and liraglutide, and 42% with
the SU/exenatide combination. Overall, hypogly-
cemic concerns were of minor impact in these
trials.

Patient satisfaction and adherence

When considering potential GLP-1 RA options
for therapy, evaluating patient satisfaction and
adherence with treatment becomes important. In
the LEAD-6 trial, patient-reported outcomes,
using the Diabetes Treatment and Satisfaction
Questionnaire (DTSQ), were significantly higher
with liraglutide compared with exenatide twice
daily.2? Specific items from the DTSQ scale that
showed significant differences between the two
groups included convenience, flexibility, recom-
mend the therapy, and continue therapy. The
DURATION-1 trial comparing exenatide twice
daily with exenatide once weekly demonstrated
significant DTSQ treatment satisfaction changes
at 30 weeks with willingness to continue current
treatment and perceived hypoglycemia frequency,
both favoring the once weekly formulation.30
Patients using exenatide once weekly reported a
significant increase in treatment satisfaction from
baseline compared with exenatide twice daily,
despite similar adherence rates (98%) between
the two groups.3? The authors theorized this may
be due to reduced frequency of injections. The
AWARD-6 utilized a European quality-of-life five
dimensions visual analog scale, which did not
demonstrate any statistical differences between
the dulaglutide and liraglutide groups.2°

The SUSTAIN-3, 7, and 10 trials examined
patient satisfaction through the DTSQ.21-23 In
the SUSTAIN-3 trial, treatment satisfaction was
higher with semaglutide than exenatide ER
(p<0.05). In addition, patients found semaglu-
tide more convenient [estimated treatment differ-
ence (ETD) 0.25, 95% CI 0.07-0.44, p<0.05].
Patients being treated with semaglutide were
more satisfied with their treatment (ETD 0.20,
95% CI 0.04-0.36, p<0.05) and were more
likely to recommend it to someone else with T2D
(ETD 0.20, 95% CI 0.04-0.36, p<<0.05). In the
SUSTAIN-7 trial, patients felt that they had less
unacceptable hyperglycemia with low dose sema-
glutide [ETD —-0.32, 95% (CI —0.60 to —0.04,
$»<0.0254] and high dose semaglutide [ETD
—0.40, 95% CI —0.68 to —0.12, p<<0.0049]
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compared with dulaglutide. In the SUSTAIN-10
trial, patients showed treatment satisfaction favor-
ing semaglutide over liraglutide in “feeling of
unacceptably high blood sugars” but no other
aspects of the STSQ scale showed significant dif-
ferences between groups.

In the PIONEER-4 trial, at 52weeks, there was no
difference in treatment satisfaction between liraglu-
tide and oral semaglutide in regards to their DTSQ
scores.?* The PIONEER-9 trial utilized the Diabetes
Therapy-Related QOL (DTR-QOL) questionnaire
to assess patient satisfaction. Similar to the
PIONEER-4 trial, the PIONEER-9 trial determined
that there was no difference in treatment satisfaction,
anxiety/dissatisfaction, and burden on daily and social
activities between oral semaglutide and liraglutide at
52weeks.?> The PIONEER-10 trial examined patient
satisfaction using the DTR-QoL as well. Within the
outcomes reported through the DTR-QoL survey,
patients had significantly less anxiety and dissatisfac-
tion with 7mg [ETD 6.03, 95% CI 0.76-11.30] and
14mg [ETD 7.21, 95% CI 1.91-12.51] oral sema-
glutide compared with dulaglutide.26

A 12-month retrospective observational study
examined adherence and persistence in relation to
dulaglutide, liraglutide, and exenatide once
weekly.3! The group of patients taking dulaglutide
were significantly more adherent compared with
the group of patients taking liraglutide (51.2% ver-
sus 38.2%; p<<0.001) and exenatide once weekly
(50.7% wersus 31.9%; p<<0.001). In regards to
persistence, the patients taking dulaglutide were
more persistent than the group of patients taking
liraglutide (55% wversus 48.8%, p<<0.001) and
exenatide ER (54.9% versus 34.4%, p<<0.001).

Another retrospective real-world observational
study evaluated adherence by comparing dulaglu-
tide to semaglutide and exenatide once weekly.32
At 6 months, patients on dulaglutide appeared to
be more adherent compared with semaglutide
patients (proportion of days covered: 75% versus
67%, p<<0.001) and exenatide ER patients (pro-
portion of days covered: 75% wversus 63%,
$<0.001). In addition, allowing for a 45-day gap,
patients taking dulaglutide resulted in more per-
sistent days than semaglutide (143.6days wersus
129.9days, p<<0.001) and exenatide ER (142 days
versus 121.4 days, p<<0.001).

A crossover study between the dulaglutide pen
and semaglutide pen in 310 participants showed

that more participants preferred the dulaglutide
pen than the semaglutide pen (84.2% wversus
12.3%, p<<0.0001) and more perceived the dula-
glutide pen to have greater ease of use (86.8%
versus 6.8%, p<<0.0001).33

Taken as a whole, it appears that changes in overall
patient satisfaction may be related to transitioning
away from twice daily GLP-1 RA treatment to a
longer dosing-interval GLP-1 RA therapy. Within
the once-weekly agents, dulaglutide, which offers
less steps and no reconstitution or needle attach-
ments requirements, may be favored by patients.

Discussion

The GLP-1 RA class offers important advantages in
the treatment of T2D. All agents within the class
have demonstrated significant reductions in A1C
and the class generally has a favorable effect on
weight with minimal risk of hypoglycemia. In addi-
tion, three of the GLP-1 RAs also have evidence at
reducing major adverse cardiovascular events; dula-
glutide, liraglutide, and injectable semaglutide. The
use of GLP-1 RAs may be limited by the adverse
effects (mostly GI and injection-site related), need
for subcutaneous administration (except with the
new oral semaglutide formulation), and cost. For
those patients that would benefit from therapy with
GLP-1 RAs, clinicians should consider the available
literature regarding comparative effects on A1C and
weight, rates of adverse effects, as well as adminis-
tration requirements and cost when selecting a spe-
cific agent within the class.

To date, 14 direct head-to-head studies between
GLP-1 RAs have been published. These studies
confirm that differences exist regarding the mag-
nitude of effect of different agents within the class
on A1C, weight, and GI adverse effects. Evaluating
the head-to-head studies in total, we offer a sum-
mary of the within-class comparability (Table 4).
In general terms, it appears that the long-acting
agents result in greater A1C lowering than the
short-acting agents, with semaglutide leading to
the greatest A1C reduction. Out of the long-acting
agents, exenatide XR appears to have the least
impact on Al1C, although it still produces more
A1C lowering compared with the short-acting
agents. In terms of A1C lowering, the agents could
be ranked (from highest to lowest) in the following
order: subcutaneous semaglutide > oral semaglu-
tide > dulaglutide = liraglutide > exenatide
XR > exenatide (twice daily) =lixisenatide.
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Table 4. Summary of head-to-head trial data for GLP-1 receptor agonists.

Within class comparability of
effect on weight

Within class comparability of
Gl adverse effects

Drug Within class comparability of
A1C lowering efficacy

Exenatide (twice daily) Low

Lixisenatide Low

Liraglutide High

Exenatide XR Intermediate

Dulaglutide High

Semaglutide Highest

Semaglutide (oral) High/highest

Low Highest

Low Intermediate
High Intermediate
Low Low

Intermediate
Highest High

Highest

Intermediate/high

Intermediate/high

A1C, hemoglobin A1C; GI, gastrointestinal; GLP-1 RA, glucagon-like peptide-1 receptor agonists.

In regards to weight, there is more ambiguity with
the differentiation between agents. The long-act-
ing agents tend to produce more significant
weight loss compared with the short-acting
agents, with semaglutide once again taking the
lead on the greatest weight reduction. In terms of
weight loss, the agents could be ranked (from
most to least) in the following order: semaglu-
tide > liraglutide > dulaglutide > exenatide
XR=exenatide (twice daily) =lixisenatide.

GI adverse effects appear to be highest with the
short-acting agents as well as subcutaneous sema-
glutide and appear to be lowest with exenatide
XR. Injection site reactions may be more com-
mon with the longer acting agents, particularly
exenatide once-weekly, which can cause transient
small nodules at the injection site. However,
patient satisfaction data indicate that once weekly
injections result in higher patient satisfaction
compared with twice daily injections. Comparing
just the once weekly agents, patient satisfaction
appears highest for dulaglutide, which is a single-
use, disposable pen device that requires few steps.
Discontinuation rates due to adverse events vary
between agents and studies, but are low overall
with less than 10% of patients in the studies dis-
continuing GLP-1 RA therapy due to adverse
events. In clinical practice, discontinuation rates
are likely to be higher, possibly due to less time
and resources dedicated to patient education,
support, and follow up. The risk of hypoglycemia
is low with GLP-1 RAs and rates were similar
across all GLP-1 RA treatment groups in the
head-to-head clinical studies; although the risk
was increased with concomitant SU therapy.

The purpose of this review was to provide an
analysis of current head-to-head comparative
data of GLP-1 RAs. The impact of different
agents on A1C, weight, and GI adverse effects
should play an integral role in the selection of an
agent within the class. However, there are several
other important factors that may influence the
choice of GLP-1 RA. Clinicians should use a
patient-centered approach when selecting a spe-
cific GLP-1 RA agent, incorporating evidence on
A1C and weight efficacy as well as evidence
regarding the reduction of major cardiovascular
events. Importantly, current guidelines prioritize
the use of GLP-1 RAs with demonstrated CV
benefit (dulaglutide, liraglutide, and injectable
semaglutide) in patients with atherosclerotic CV
disease (ASCVD) and ASCVD risk, independent
of baseline A1C. This recommendation should be
prioritized over considerations of within class dif-
ferences in effects on A1C, weight, or GI AEs.? In
addition, other practical considerations such as
self-administration requirements, patient prefer-
ence, and cost cannot be ignored, especially con-
sidering the high rates of non-adherence and
non-persistence with GLP-1 RAs.3%35 Most
importantly, given these important medication
and patient-specific factors, the selection of a spe-
cific agent within the GLP-1 RA class should be
based on more than just which agent is available
based on formulary and insurance restrictions.

Conclusion

The phaseIII studies that have compared GLP-1
RA agents head-to-head have demonstrated that
all GLP-1 RA agents are effective therapeutic
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options at reducing A1C. However, differences
clearly exist in terms of magnitude of effect on
A1C and weight as well as frequency and sever-
ity of adverse effects. A comprehensive review of
all head-to-head data indicates that subcutane-
ous semaglutide appears to offer the best A1C
and weight reduction but also has higher rates of
GI AEs. The other once weekly agents have
good A1C and weight effects and may cause less
GI AEs compared with the once daily or twice
daily options. The short-acting agents have less
impact on A1C and weight and high rates of GI
AEs, and thus should not routinely be consid-
ered first-line agents. The magnitude of effect on
A1C, weight, and GI AEs should be considered
when selecting a specific agent within the GLP-1
RA class.
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