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Achieving and maintaining good glycemic control is an 
ongoing challenge in the management of patients with 
type 2 diabetes mellitus (T2DM), and current trends 

are not encouraging. Analysis of claims data from privately 
insured and Medicare Advantage patients with T2DM revealed 
that, between 2006 and 2013, the proportion of patients with 
glycated hemoglobin (A1c) < 7% declined from 56.4% to 54.2%, 
while the proportion of those with A1c ≥ 9% increased from 
9.9% to 12.2%; the rate of severe hypoglycemia remained stable 
during this period (1.3 per 100 person-years).1 

Specific aims of T2DM management include achieving 
and maintaining good glycemic control while minimizing the 
risk of adverse effects, particularly hypoglycemia and weight 
gain, both of which are highly undesirable and not uncom-
mon side effects of some antidiabetic medications.2,3 Clinical 
inertia—the resistance to initiating or adjusting treatment 
strategies in a timely manner as recommend by the American 
Diabetes Association and American Association of Clinical 
Endocrinologists guidelines—is another barrier to achiev-
ing glycemic goals.4,5 Recently, newer therapeutic agents with 
different mechanisms of action that mitigate the risks of  

hypoglycemia and weight gain have become available and may 
help overcome clinical inertia in the treatment of T2DM.

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are 
analogs of endogenous GLP-1 that stimulate the GLP-1 receptor 
on pancreatic beta cells to increase glucose-dependent insulin 
secretion, delay gastric emptying, and increase satiety.2,6,7 As a 
class, GLP-1 RAs lower A1c levels and are usually associated 
with reductions in weight and blood pressure.3 These agents 
also reduce fluctuations in glucose levels and are associated 
with a low risk of hypoglycemia.3 The recommended timing for 
initiation of GLP-1 RA therapy in patients with T2DM is early 
(after,2 or as an alternative to,3 initial treatment with metfor-
min) and throughout the course of therapy.2,3

Exenatide (twice daily; Byetta; AstraZeneca Pharmaceuticals, 
Wilmington, DE) and liraglutide (Victoza; Novo Nordisk, 
Plainsboro, NJ), approved by the U.S. Food and Drug 
Administration (FDA) in 2005 and 2010, respectively, were the 
first GLP-1 RAs available in the United States.8,9 Lixisenatide 
(Adlyxin; Sanofi-Aventis U.S., Bridgewater, NJ) was approved 
in 2016.10 These GLP-1 RAs are administered via subcuta-
neous (SC) injection once (liraglutide and lixisenatide) or 
twice (exenatide) daily. Several once-weekly GLP-1 RAs have 
been developed and FDA approved since 2012 (Table 1). 
An extended-release (ER), once-weekly injectable formula-
tion of exenatide (Bydureon; AstraZeneca Pharmaceuticals, 
Wilmington, DE) was approved in 2012.11 In 2014, the FDA 
approved the once-weekly GLP-1 RA dulaglutide (Trulicity; 
Eli Lilly and Company, Indianapolis, IN).12 Semaglutide 
(Ozempic; Novo Nordisk, Plainsboro, NJ)13 was FDA approved 
in December 2017. Another once-weekly GLP-1 RA, albig-
lutide (Tanzeum; GlaxoSmithKline, Wilmington, DE),14 was 
approved in 2014, but production was discontinued in July 
2018 due to a business decision unrelated to safety,15 so it will 
be not be discussed in detail here. 

The purpose of this review is to provide an overview of the 
efficacy (with respect to glycemic control and body weight) and 
safety of once-weekly GLP-1 RAs. While cardiovascular safety 
and benefits are clearly important considerations, these topics 
are the focus of a designated article within this supplement and 
not detailed here.

■■  Overview of Once-Weekly GLP-1 RAs
Table 1 summarizes the indications, limitations of use, dosing 
recommendations, contraindications, and warnings associated 
with once-weekly GLP-1 RAs. All once-weekly GLP-1 RAs are 
indicated as adjuncts to diet and exercise to improve glycemic 
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T2DM and may offer improved convenience and possibly greater adherence 
compared with daily GLP-1 RAs.
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Exenatide ER
When used as monotherapy (DURATION-4), exenatide ER 
2.0 mg administered once weekly reduced A1c by 1.5% from 
baseline to week 26; this effect was comparable to that of 
metformin (-1.5%) and pioglitazone (-1.6%) but statistically 
significantly superior to that of sitagliptin (-1.2%).19 Treatment 
with exenatide ER 2.0 mg once weekly was associated with 
a 2.0-kg reduction in weight, which was comparable to the 
weight loss observed with metformin (2.0-kg reduction) and 
significantly superior to the weight effects of pioglitazone 
(+1.5 kg) and sitagliptin (-0.8 kg). As an add-on to metformin 
(DURATION-2), exenatide ER 2.0 mg once weekly significantly 
reduced both A1c (-1.5%) and weight (-2.3 kg) from baseline to 
26 weeks compared with sitagliptin (A1c: -0.9%; body weight: 
-0.8 kg) and pioglitazone (A1c: -1.2%; body weight: +2.8 kg).17 
DURATION-3 compared exenatide ER 2.0 mg once weekly 

control in adults with T2DM but are not recommended as 
initial therapy for patients inadequately controlled on diet and 
exercise.11,12,13 The recommended dosage of exenatide ER is 2 
mg once weekly for all patients. In contrast, gradual dose titra-
tion is recommended as needed with albiglutide, dulaglutide, 
and semaglutide. Additionally, the labeling for each once-
weekly GLP-1 RA carries a boxed warning regarding the risk 
of thyroid C-cell tumors based on findings in rodents. Each of 
the GLP-1 RAs is available as a prefilled syringe and/or pen.

■■  Review of Efficacy Findings
Table 2 describes the study designs and key trial characteris-
tics of pivotal trials for each once-weekly GLP-1 RA. Results 
for A1c and weight changes from baseline in clinical trials are 
displayed in Figure 1 and Figure 2, respectively. 

Glycemic Efficacy, Weight Effects, and Safety of Once-Weekly Glucagon-Like Peptide-1 Receptor Agonists

Exenatide ER Dulaglutide Semaglutide

Indication
Adjunct to diet and exercise to improve glycemic control in adults with T2DM × × ×

Limitations of use
Not recommended as first-line therapy for patients inadequately  
controlled on diet and exercise

× × ×

Should not be used to treat T1DM or DKA × × ×
Use with insulin not studied and not recommended ×
Has not been studied in patients with a history of pancreatitis × × ×
Not for patients with preexisting severe gastrointestinal disease × ×

Dosage and administration 2 mg SC QW

0.75 mg SC QW; can 
increase to 1.5 mg  

SC QW

0.25 mg SC QW; can 
be increased at 4-week 

intervals to 0.5 mg 
QW, then 1 mg QW

Contraindications
Patients with personal or family history of medullary thyroid carcinoma × × ×
Patients with multiple endocrine neoplasia syndrome type 2 × × ×
Prior or serious hypersensitivity reaction to any of the product components × × ×

Warnings and precautions
Black-boxed warning: risk of thyroid C-cell tumors × × ×
Pancreatitis × × ×
When used in combination with an insulin secretagogue (e.g., a sulfonylurea)  
or insulin, consider lowering the dose of the secretagogue or insulin to reduce  
the risk of hypoglycemia

× × ×

Renal impairment/acute kidney injury × × ×
Not recommended in patients with severe gastrointestinal disease  
(e.g., gastroparesis)

× ×

Immunogenicity (antibodies) ×
Hypersensitivity reactions × × ×
Postmarketing reports of serious injection-site reactions with or without 
subcutaneous nodules

×

No clinical studies establishing conclusive evidence of macrovascular  
risk reduction 

× × ×

Patients with history of diabetic retinopathy should be monitored ×

DKA = diabetic ketoacidosis; ER = extended-release; GLP-1 RA = glucagon-like peptide-1 receptor agonist; QW = once weekly; SC = subcutaneous; T1DM = type 1 diabetes 
mellitus; T2DM = type 2 diabetes mellitus.

TABLE 1 Overview of Once-Weekly GLP-1 RAs



S16 Supplement to Journal of Managed Care & Specialty Pharmacy JMCP September 2018 Vol. 24, No. 9-a www.jmcp.org

Glycemic Efficacy, Weight Effects, and Safety of Once-Weekly Glucagon-Like Peptide-1 Receptor Agonists

Study Study Design Treatment Groups Background Pharmacotherapy

Exenatide ER
DURATION-116 30-week, multicenter, randomized, 

open-label noninferiority study 
(3-day lead-in with exenatide 5 μg  
BID prior to receiving assigned 
treatment)

•	Exenatide ER SC 2 mg QW (n = 148)

•	Exenatide SC 5 μg BID for first 4 weeks, then 10 μg 
BID for remainder of study (n = 147)

None or metformin, a sulfonylurea, 
a TZD, or any combination of 2 of 
these agents

DURATION-217 26-week, multicenter, randomized, 
double-blind, double-dummy study

•	Exenatide ER SC 2 mg QW (n = 170)

•	Sitagliptin oral 100 mg QD (n = 172)

•	Pioglitazone oral 45 mg QD (n = 172)

Metformin

DURATION-318 26-week, multicenter, randomized, 
open-label study

•	Exenatide ER SC 2 mg QW (n = 233)

•	Insulin glargine SC 10 IU QD adjusted to achieve 
target glucose of 4.0-5.5 mmol/L (n = 223)

Metformin ≥ 1,500 mg/d ± sulfonylurea

DURATION-419 26-week, multicenter, randomized, 
placebo-controlled, double-blind, 
double-dummy study

•	Exenatide ER SC 2 mg QW (n = 248)

•	Metformin oral 2,000 mg/d (could be increased up 
to 2,500 mg/d based on glycemic control; n = 246)

•	Pioglitazone oral 45 mg/d (n = 163)

•	Sitagliptin oral 100 mg/d (n = 163)

None

DURATION-520 24-week, multicenter, randomized, 
open-label study

•	Exenatide ER SC 2 mg QW (n = 129)

•	Exenatide SC 5 μg BID for first 4 weeks, then 10 μg 
BID for remainder of study (n = 123)

None or a stable, maximally effective 
regimen of metformin, sulfonylurea, 
TZD, or a combination of these 
medications

DURATION-621 26-week, multicenter, randomized, 
open-label study

•	Exenatide ER SC 2 mg QW (n = 461)

•	Liraglutide SC titrated to 1.8 mg QD (n = 450)

Metformin, sulfonylurea, 
metformin + sulfonylurea, or  
metformin + pioglitazone

DURATION-722 28-week, multicenter, randomized, 
double-blind, placebo-controlled, 
parallel group study

•	Exenatide ER SC 2 mg QW (n = 231)

•	Placebo (n = 230)

Insulin glargine with/without 
metformin

DURATION-823 28-week, multicenter, randomized, 
double-blind study

•	Exenatide ER SC 2 mg QW + dapagliflozin oral 10 
mg QD (n = 231)

•	Exenatide ER SC 2 mg QW (n = 231) plus placebo

•	Dapagliflozin oral 10 mg QD (n = 233) plus placebo

Stable regimen of metformin  
(≥ 1,500 mg/day)

Dulaglutide
AWARD-124 52-week multicenter, randomized 

double-blind, placebo-controlled 
study (placebo-treated patients 
switched to dulaglutide 0.75 or  
1.5 mg QW after 26 weeks; primary 
endpoint, 26 weeks)

•	Dulaglutide SC 0.75 mg QW (n = 280)

•	Dulaglutide SC 1.5 mg QW (n =279)

•	Exenatide SC 5 μg BID for first 4 weeks, then 10 μg 
BID for remainder of study (n = 276)

•	Placebo (n = 141)

Metformin (1,500-3,000 mg/d) and 
pioglitazone (30-45 mg/d)

AWARD-225 78-week, multicenter, randomized, 
open-label (blind to dulaglutide 
dose) study (primary endpoint,  
52 weeks)

•	Dulaglutide SC 0.75 mg QW (n = 272)

•	Dulaglutide SC 1.5 mg QW (n = 273)

•	Insulin glargine SC 10 IU QD adjusted to achieve 
target glucose < 5.6 mmol/L (n = 262)

Metformin (1,500 mg/d) and 
glimepiride (4 mg/d); both could 
be increased to maximum locally 
approved doses

AWARD-326 52-week, multicenter, randomized, 
double-blind, double-dummy non-
inferiority study (primary endpoint, 
26 weeks)

•	Dulaglutide SC 0.75 mg QW (n = 270)

•	Dulaglutide SC 1.5 mg QW (n = 269)

•	Metformin oral 2,000 mg/d (at least 1,500 depending 
on tolerability; n = 268)

None

AWARD-427 52-week, multicenter, randomized, 
open-label noninferiority study 
(primary endpoint, 26 weeks) 

•	Dulaglutide SC 0.75 mg QW (n = 293)

•	Dulaglutide SC 1.5 mg QW (n = 295)

•	Insulin glargine SC adjusted based on a  
treat-to-target strategy (n = 296)

Prandial insulin lispro ± metformin 
≥ 1,500 mg/d

AWARD-528 104-week, multicenter, randomized, 
double-blind, placebo-controlled 
study; randomized dose-finding 
period for dulaglutide followed 
by randomized fixed-dose period 
(primary endpoint, 52 weeks)

•	Dulaglutide SC 0.75 mg QW (n = 302)

•	Dulaglutide SC 1.5 mg QW (n = 304)

•	Sitagliptin, oral 100 mg QD (n = 315)

•	Placebo, replaced with sitagliptin 100 mg QD after 
26 weeks (n = 177)

Metformin ≥ 1,500 mg/d

TABLE 2 Summary of Published Once-Weekly GLP-1 RA Pivotal Clinical Trial Data (Efficacy) 

continued on next page
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and exenatide reduced postprandial glucose at baseline and 
week 30, with similar reductions observed at baseline; how-
ever, the effect of exenatide ER (but not that of exenatide) on 
postprandial glucose was blunted by week 3016; postprandial 
glucose was not assessed in DURATION-5. Reductions in body 
weight were observed through the primary endpoints of both 
studies, with no significant difference between formulations 
(DURATION-1: -3.7 kg vs. -3.6 kg; DURATION-5: -2.3 kg vs. 
-1.4 kg).16,20

DURATION-6 compared exenatide ER with the once-
daily GLP-1 RA liraglutide as add-on therapy to metformin, 
a sulfonylurea, metformin + sulfonylurea, or metformin + pio-
glitazone.21 Both liraglutide and exenatide ER lowered A1c 
and body weight from baseline, although both changes were 
significantly greater with liraglutide (A1c: -1.3% exenatide ER 
vs. -1.5% liraglutide, P = 0.02; body weight: -2.7 kg exenatide 
ER vs. -3.6 kg liraglutide, P = 0.02).

with insulin glargine, both as add-on to metformin ± sulfo-
nylurea.18 At 26 weeks, exenatide once weekly significantly 
reduced A1c compared with insulin glargine (-1.5% vs. -1.3%) 
and was associated with a significantly greater reduction in 
body weight (-2.6 kg vs. +1.4 kg). 

Two studies compared exenatide ER 2.0 mg once weekly 
with exenatide 10 μg twice daily as monotherapy or as add-
on to oral antidiabetic drugs (OADs; DURATION-1 and 
DURATION-5).16,20 In both of these studies, exenatide ER 
produced a significantly greater reduction in A1c than exena-
tide (DURATION-1: -1.9% vs. -1.5%; DURATION-5: -1.6% 
vs. -0.9%).16,20 Notably, exenatide ER treatment produced 
a significantly greater reduction in fasting plasma glucose 
compared with exenatide in both DURATION-1 (change 
from baseline to week 30: -41 vs. -25 mg/dL; P < 0.0001) and 
DURATION-5 (change from baseline to week 24: -35 vs. -12 
mg/dL; P = 0.0008). In DURATION-1, both exenatide ER 
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Study Study Design Treatment Groups Background Pharmacotherapy

Dulaglutide
AWARD-629 26-week, multicenter, randomized, 

open-label noninferiority study
•	Dulaglutide SC 1.5 mg QW (n = 299)

•	Liraglutide SC 1.8 mg QD (n = 300)

Metformin ≥ 1,500 mg/d

AWARD-830 24-week, multicenter, randomized, 
double-blind, placebo-controlled 
study 

•	Dulaglutide SC 1.5 mg QW (n = 240)

•	Placebo (n = 60)

Glimepiride

AWARD-931 28-week, multicenter, randomized, 
double-blind, placebo-controlled 
study

•	Dulaglutide SC 1.5 mg QW (n = 150)

•	Placebo (n = 150)

Insulin glargine once-daily titrated to 
target ± metformin

Semaglutide
SUSTAIN-132 30-week, multicenter, randomized, 

double-blind, placebo-controlled 
study

•	Semaglutide SC 0.5 mg QW (n = 128)

•	Semaglutide SC 1.0 mg QW (n = 130)

•	Placebo (n = 129)

None

SUSTAIN-233 56-week, multicenter, random-
ized, double-blind, double-dummy, 
placebo-controlled study

•	Semaglutide SC 0.5 mg QW (n = 409)

•	Semaglutide SC 1.0 mg QW (n = 409)

•	Sitagliptin oral 100 mg QD (n = 407)

Metformin (≥ 1,500 mg), pioglitazone 
(≥ 30 mg), rosiglitazone  
(≥ 4 mg), or a combination of 
either metformin + pioglitazone or 
metformin + rosiglitazone

SUSTAIN-334 56-week, multicenter, randomized, 
open-label study

•	Semaglutide SC 1.0 mg QW (n = 404)

•	Exenatide ER SC 2.0 mg QW (n = 405)

1-2 OADs, including metformin,  
sulfonylureas, and/or TZDs

SUSTAIN-435 30-week, multicenter, randomized, 
open-label noninferiority study

•	Semaglutide SC 0.5 mg QW (n = 362)

•	Semaglutide SC 1.0 mg QW (n = 360)

•	Insulin glargine SC 10 IU QD adjusted to achieve 
target glucose of 4.0-5.5 mmol/L (n = 360)

Metformin ± sulfonylurea

SUSTAIN-536 30-week, multicenter randomized, 
double-blind, placebo-controlled 
study

•	Semaglutide SC 0.5 mg QW (n = 132)

•	Semaglutide SC 1.0 mg QW (n = 131)

•	Placebo (n = 133)

Basal insulin ± metformin

SUSTAIN-737 40-week, randomized, open-label 
study

•	Semaglutide SC 0.5 mg QW (n = 301)

•	Semaglutide SC 1.0 mg QW (n = 300)

•	Dulaglutide SC 0.75 mg QW (n = 299)

•	Dulaglutide SC 1.5 mg QW (n = 299)

Metformin (≥ 1,500 mg or maximum 
tolerated dose)

BID = twice daily; ER = extended-release; GLP-1 RA = glucagon-like peptide-1 receptor agonist; IU = international unit; OAD = oral antidiabetic drug; QD = once daily; 
QW = once weekly; SC = subcutaneous; TZD = thiazolidinedione.

TABLE 2 Summary of Published Once-Weekly GLP-1 RA Pivotal Clinical Trial Data (Efficacy) (continued)
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sitagliptin and placebo), -1.2% for dulaglutide 1.5 mg (P < 0.001 
vs. sitagliptin and placebo), -0.6% for sitagliptin (P < 0.001 vs. 
placebo), and 0.03% for placebo. There was a mean reduction 
in body weight of 2.7 kg for dulaglutide 0.75 mg (P < 0.001 vs. 
sitagliptin and placebo), 3.0 kg for dulaglutide 1.5 mg (P < 0.001 
vs. sitagliptin and placebo), 1.4 kg for sitagliptin, and 1.4 kg 
for placebo.12 From baseline to week 52, both dulaglutide 0.75 
mg and 1.5 mg produced significantly greater improvements 
in both A1c and body weight compared with sitagliptin (A1c: 
-0.9% [dulaglutide 0.75 mg], -1.1% [dulaglutide 1.5 mg], -0.4% 
[sitagliptin]; body weight: -2.6 kg [dulaglutide 0.75 mg], -3.0 
kg [dulaglutide 1.5 mg], -1.5 kg [sitagliptin]).28 Dulaglutide 1.5 
mg and liraglutide reduced A1c from baseline to week 26 to a  

Dulaglutide
As monotherapy (AWARD-3), dulaglutide 0.75 mg (-0.7%) and 
1.5 mg (-0.8%) both reduced A1c from baseline to week 26 
to a slightly but significantly greater degree than metformin 
(-0.6%).26 Reduction in body weight was similar for dulaglutide 
1.5 mg (-2.3 kg) and metformin (-2.2 kg) but was significantly 
less pronounced with dulaglutide 0.75 mg (-1.4 kg) versus met-
formin. Two studies evaluated dulaglutide as add-on therapy 
to metformin in comparison with sitagliptin (AWARD-5)  
and liraglutide (AWARD-6).28,29 In AWARD-5, patients ran-
domized to placebo were switched to sitagliptin after 26 
weeks; the primary endpoint was 52 weeks. At 26 weeks, 
change in A1c was -1.0% for dulaglutide 0.75 mg (P < 0.001 vs.  

Glycemic Efficacy, Weight Effects, and Safety of Once-Weekly Glucagon-Like Peptide-1 Receptor Agonists

FIGURE 1 Changes in A1c from Baseline in Once-Weekly GLP-1 RA Studies for Exenatide ER, Dulaglutide,  
and Semaglutide
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with both exenatide (-1.0%) and placebo (-0.5%), dulaglutide 
0.75 mg (-1.3%) and 1.5 mg (-1.5%) produced significantly 
greater mean reductions in A1c from baseline to week 26. 
Body weight decreased with dulaglutide 1.5 mg (-1.3 kg) and 
exenatide (-1.1 kg) but increased slightly with dulaglutide 0.75 
mg (+0.2 kg) and placebo (+1.2 kg). Change in body weight was 
significantly different for both dulaglutide doses and exenatide 
compared with placebo. Compared with exenatide, dulaglutide 
1.5 mg produced a similar weight reduction, and dulaglutide 
0.75 mg produced significantly greater weight gain. When 
evaluated as add-on therapy to metformin plus glimepiride 
(AWARD-2), treatment with dulaglutide 1.5 mg was associated 

similar degree in AWARD-6 (-1.4% for both drugs), but lira-
glutide was associated with a significantly greater reduction in 
body weight (-3.6 kg vs. -2.9 kg). 

When studied as add-on therapy to a sulfonylurea 
(glimepiride; AWARD-8), dulaglutide 1.5 mg produced sig-
nificantly greater mean reduction in A1c from baseline to week 
26 compared with placebo (-1.4% vs. -0.1%).30 Body weight 
decreased from baseline by 0.9 kg with dulaglutide 1.5 mg 
and by 0.2 kg with placebo, but the difference was not statisti-
cally significant. AWARD-1 compared dulaglutide 0.75 mg and 
1.5 mg with exenatide BID and placebo as add-on therapy to 
metformin and a thiazolidinedione (pioglitazone).24 Compared 
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aP = 0.0023.
bP < 0.0001 vs. sitagliptin. P = 0.0165 vs. pioglitazone.
cP = 0.017.
dP < 0.001 vs. sitagliptin. P = NS vs. metformin and pioglitazone.
eP < 0.001.
fP = 0.02.
gDulaglutide 0.75 mg vs. exenatide BID and vs. placebo: P < 0.001. Dulaglutide 1.5 mg vs. exenatide BID and vs. placebo: P < 0.001
hDulaglutide 0.75 mg vs. insulin glargine: P = NS. Dulaglutide 1.5 mg vs. insulin glargine: P < 0.001.
iDulaglutide 0.75 mg vs. metformin: P = 0.02. Dulaglutide 1.5 mg vs. metformin: P = 0.002.
jDulaglutide 0.75 mg vs. insulin glargine: P = 0.015. Dulaglutide 1.5 mg vs. insulin glargine: P = 0.005.
kDulaglutide 0.75 mg vs. sitagliptin: P < 0.001. Dulaglutide 1.5 mg vs. sitagliptin: P < 0.001.
lP = NS.
mP < 0.001.
nP < 0.001.
oSemaglutide 0.5 mg: P < 0.0001 vs. placebo. Semaglutide 1.0 mg: P < 0.0001 vs. placebo.
pSemaglutide 0.5 mg: P < 0.0001 vs. sitagliptin. Semaglutide 1.0 mg: P < 0.0001 vs. sitagliptin.
qP < 0.0001.
rSemaglutide 0.5 mg: P < 0.0001 vs. insulin glargine. Semaglutide 1.0 mg: P < 0.0001 vs. insulin glargine.
sSemaglutide 0.5 mg: P < 0.0001 vs. placebo. Semaglutide 1.0 mg: P < 0.0001 vs. placebo.
tSemaglutide 0.5 mg: P < 0.0001 vs. dulaglutide 0.75 mg. Semaglutide 1.0 mg: P < 0.0001 vs. dulaglutide 1.5 mg.
BID= twice daily; ER = extended release; GLP-1 RA = glucagon-like peptide-1 receptor agonist; NS = not significant; QW = twice weekly.

FIGURE 1 Changes in A1c from Baseline in Once-Weekly GLP-1 RA Studies for Exenatide ER, Dulaglutide,  
and Semaglutide (continued)

Semaglutide 0.5 mg Semaglutide 1.0 mg Other comparator (labeled individually)
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used as add-on therapy to insulin lispro ± metformin, dulaglu-
tide 0.75 mg (-1.6%) and 1.5 mg (-1.6%) both produced sig-
nificantly greater reductions in A1c from baseline to week 26  
compared with insulin glargine (-1.4%).27 At 26 weeks, mean 
body weight increased slightly with dulaglutide 0.75 mg  
(+0.2 kg), decreased with dulaglutide 1.5 mg (-0.9 kg), and 
increased with insulin glargine (+2.3 kg). Change in body 
weight was significantly different with both doses of dulaglu-
tide versus insulin glargine.

Semaglutide
SUSTAIN-1 was a placebo-controlled trial of semaglutide mono-
therapy.32 Compared with placebo, semaglutide 0.5 mg and 1.0 
mg significantly reduced both A1c (-1.5% [semaglutide 0.5 mg], 
-1.6% [semaglutide 1.0 mg], -0.02% [placebo]) and body weight 
(-3.7 kg [semaglutide 0.5 mg], -4.5 kg [semaglutide 1.0 mg], -1.0 kg  

with significantly greater reduction from baseline to week 52 
in A1c (-1.1%) compared with insulin glargine (-0.6%), whereas 
the reduction in A1c was similar between dulaglutide 0.75 
mg (-0.8%) and insulin glargine.25 Both doses of dulaglutide 
produced significant reductions in body weight (dulaglutide 
0.75 mg, -1.3 kg; dulaglutide 1.5 mg, -1.9 kg; both P < 0.001 vs. 
insulin glargine), while insulin glargine increased body weight 
by 1.4 kg over 52 weeks.

Dulaglutide has been evaluated as add-on therapy to insu-
lin glargine ± metformin (AWARD-9)31 and to prandial insulin 
lispro ± metformin (AWARD-4).27 In patients receiving insulin 
glargine ± metformin, dulaglutide 1.5 mg produced signifi-
cantly greater improvements in A1c and body weight compared 
with placebo over 28 weeks of treatment (A1c: -1.4% [dulaglu-
tide 1.5 mg], -0.7% [placebo]; body weight: -1.9 kg [dulaglutide 
1.5 mg], +0.5 kg [placebo]).31 AWARD-4 demonstrated, when 
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FIGURE 2 Changes in Body Weight with Once-Weekly Exenatide ER, Dulaglutide, and Semaglutide
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mean A1c from baseline to 30 weeks compared with insulin 
glargine (-0.8%). Body weight decreased with semaglutide (-3.5 
kg [semaglutide 0.5 mg], -5.2 kg [semaglutide 1.0 mg]; both 
doses, P < 0.0001 vs. insulin glargine) and increased with insu-
lin glargine (+1.2 kg). SUSTAIN-3 compared semaglutide with 
exenatide ER as add-on therapy to 1-2 OADs and is described 
in greater detail below, in the section on comparative studies.34 

In summary, semaglutide 1.0 mg and exenatide ER both 
reduced mean A1c (-1.5% [semaglutide 1.0 mg], -0.9% [exena-
tide ER]) and body weight (-5.6 kg [semaglutide 1.0 mg],  

Glycemic Efficacy, Weight Effects, and Safety of Once-Weekly Glucagon-Like Peptide-1 Receptor Agonists

[placebo]) from baseline to week 30. In patients receiving met-
formin, a thiazolidinedione, or metformin + thiazolidinedione 
(SUSTAIN-2), add-on therapy with semaglutide 0.5 mg and 1.0 
mg produced significantly greater reductions from baseline to 
56 weeks compared with sitagliptin in both mean A1c (-1.3% 
[semaglutide 0.5 mg], -1.6% [semaglutide 1.0 mg], -0.5% [sita-
gliptin]) and body weight (-4.3 kg [semaglutide 0.5 mg], -6.1 kg  
[semaglutide 1.0 mg], -1.9 kg [sitagliptin]).33 When studied as 
add-on therapy to metformin ± sulfonylurea (SUSTAIN-4), sema-
glutide 0.5 mg (-1.2%) and 1.0 mg (-1.6%) significantly reduced 

FIGURE 2 Changes in Body Weight with Once-Weekly Exenatide ER, Dulaglutide, and Semaglutide (continued)
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aP = NS.
bP = 0.0002 vs. sitagliptin; P < 0.0001 vs. pioglitazone.
cP < 0.0001.
dP < 0.001 vs. sitagliptin and pioglitazone; P = NS vs. metformin.
eP = NS.
fP = 0.02.
gDulaglutide 0.75 mg: P < 0.001 vs. exenatide BID, P = 0.01 vs. placebo. Dulaglutide 1.0 mg: P = NS vs. exenatide BID, P < 0.001 vs. placebo. Exenatide BID: P < 0.001 vs. 
placebo.
hDulaglutide 0.75 mg: P < 0.001 vs. insulin glargine. Dulaglutide 1.0 mg: P < 0.001 vs. insulin glargine.
iDulaglutide 0.75 mg: P < 0.001 vs. metformin. Dulaglutide 1.0 mg: P = NS vs. metformin.
jDulaglutide 0.75 mg: P < 0.001 vs. insulin glargine. Dulaglutide 1.0 mg: P < 0.001 vs. insuline glargine.
kDulaglutide 0.75 mg: P < 0.001 vs. sitagliptin. Dulaglutide 1.0 mg: P < 0.001 vs. sitagliptin.
lP = 0.011.
mP = NS.
nP < 0.001.
oSemaglutide 0.5 mg: P < 0.0001 vs. placebo. Semaglutide 1.0 mg: P < 0.0001 vs. placebo.
pSemaglutide 0.5 mg: P < 0.0001 vs. sitagliptin. Semaglutide 1.0 mg: P < 0.0001 vs. sitagliptin.
qP < 0.0001.
rSemaglutide 0.5 mg: P < 0.0001 vs. insulin glargine. Semaglutide 1.0 mg: P < 0.0001 vs. insulin glargine.
sSemaglutide 0.5 mg: P < 0.0001 vs. placebo. Semaglutide 1.0 mg: P < 0.0001 vs. placebo.
tSemaglutide 0.5 mg: P < 0.0001 vs. dulaglutide 0.75 mg. Semaglutide 1.0 mg: P < 0.0001 vs. dulaglutide 1.5 mg.
BID = twice daily; ER = extended release; NS = not signficant; QW = twice weekly.
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Similar rates of nausea, vomiting, and diarrhea were observed 
with semaglutide 0.5 mg and 1.0 mg.32,33,35,37 Rates of these gas-
trointestinal AEs were generally higher than those reported with 
sitagliptin,33 insulin glargine,35 and placebo.32 Semaglutide 1.0 
mg was associated with a lower rate of injection-site reactions 
than exenatide ER (1% vs. 22%) in SUSTAIN-3,34 while rates 
were low (1-2%) and similar to those reported with dulaglutide 
in SUSTAIN-7.37 Rates of withdrawal due to AEs tended to be 
similar to or slightly higher for semaglutide 0.5 (range, 5%-8%) 
compared with semaglutide 1.0 mg (range, 5%-10%) and were 
generally higher with semaglutide versus sitagliptin, insulin 
glargine, and placebo32,33,35; in SUSTAIN-3 and SUSTAIN-7, the 
rates of discontinuation due to AEs was slightly higher with 
semaglutide compared with exenatide ER (9% vs. 7%)34 and 
dulaglutide (8%-10% vs. 5%-7%).37

■■  Hypoglycemia
One advantage of GLP-1 RAs is that they tend to be associated 
with relatively low rates of hypoglycemia, especially serious, 
clinically significant hypoglycemia, defined by the American 
Diabetes Association (ADA) as a glucose level < 54 mg/dL (3.0 
mmol/L).2 As shown in Table 3, once-weekly GLP-1 RAs are 
associated with very low rates of major/severe hypoglycemia. 
Background sulfonylurea or insulin use appears to be associ-
ated with higher rates of minor and total hypoglycemia. In 
clinical studies, rates of minor hypoglycemia with exenatide 
ER once weekly were generally similar to those observed with 
exenatide twice daily,16,20 liraglutide,21 and OADs17,19 and lower 
than the rate reported with insulin glargine.18 

There was no clear dose-response relationship with regard to 
rates of minor hypoglycemia with dulaglutide. Among patients 
not receiving sulfonylureas or insulin, rates of minor hypogly-
cemia in dulaglutide-treated patients were comparable to those 
observed in patients receiving metformin or sitagliptin and 
were slightly higher in daily liraglutide-treated patients.24,26,28,29 
Rates of minor hypoglycemia among patients with background 
sulfonylurea therapy were lower in dulaglutide-treated patients 
than in those receiving insulin glargine but higher than in pla-
cebo-treated patients.25,30 However, rates of total hypoglycemia 
were comparable between patients receiving dulaglutide versus 
insulin glargine as add-on therapy to prandial insulin ± met-
formin.27 Among patients receiving background therapy with 
basal insulin ± metformin, the rate of minor hypoglycemia 
observed with dulaglutide was comparable to placebo levels.31 

Rates of minor or total hypoglycemia were similar among 
patients treated with semaglutide 0.5 and 1.0 mg.32,33,35-37 In 
the absence of background sulfonylurea or insulin therapy, 
rates of minor or total hypoglycemia associated with semaglu-
tide treatment were very low (0%-2%) and were comparable 
to those observed with sitagliptin, insulin glargine, or pla-
cebo.32,33,35 Among patients receiving background treatment 
with a sulfonylurea (including those receiving metformin, a 

-1.9 kg [exenatide ER]) from baseline to week 56, but reductions 
were significantly greater with semaglutide. When studied as 
add-on therapy to basal insulin ± metformin (SUSTAIN-5), 
semaglutide 0.5 mg and 1.0 mg both significantly reduced A1c 
(-1.4% [semaglutide 0.5 mg], -1.8% [semaglutide 1.0 mg], -0.1% 
[placebo]) and body weight (-3.7 kg [semaglutide 0.5 mg], -6.4 
kg [semaglutide 1.0 mg], -1.4 kg [placebo]) from baseline to 
week 30 compared with placebo.36 Semaglutide 0.5 mg and 1.0 
mg were significantly more effective than dulaglutide 0.75 mg 
and 1.5 mg, respectively, with regard to A1c reductions (-1.5% 
[semaglutide 0.5 mg], -1.8% [semaglutide 1.0 mg], -1.1% [dula-
glutide 0.75 mg], -1.4% [dulaglutide 1.5 mg]) and decreases in 
body weight (-4.6 kg [semaglutide 0.5 mg], -6.5 kg [semaglu-
tide 1.0 mg], -2.3 kg [dulaglutide 0.75 mg], -3.0 kg [dulaglutide 
1.5 mg]) over 40 weeks (SUSTAIN-7).37

■■  Review of Safety and Adverse Events
As a class, GLP-1 RAs are associated with gastrointestinal side 
effects including nausea, vomiting, and diarrhea.2,38 Injection-
site reactions (e.g., erythema, pruritus, and nodules) may also 
occur in association with subcutaneous injection. Table 3 sum-
marizes the rates of gastrointestinal side effects, injection-site 
reactions, and withdrawals due to adverse events (AEs) in stud-
ies of once-weekly GLP-1 RAs. 

Rates of gastrointestinal AEs (nausea, vomiting, and diar-
rhea) observed with exenatide ER once weekly were gener-
ally similar to or lower than those reported with exenatide 
twice daily16,20 and tended to be higher than rates reported 
with OADs17,19 and insulin glargine.18 When used as add-on 
therapy to metformin, sulfonylurea, metformin + sulfonylurea, 
or metformin + thiazolidinedione, exenatide ER was associ-
ated with lower rates of gastrointestinal AEs than liraglutide.21 
Rates of injection-site reactions with exenatide ER ranged from 
2%-5% for erythema, 3%-18% for pruritus, and 3%-11% for 
nodules.16-21 Withdrawals due to AEs with exenatide ER once 
weekly ranged from 2%-6% and occurred at comparable rates 
versus exenatide twice daily, at similar or slightly higher rates 
compared with OADs, at a higher rate versus insulin glargine, 
and at a slightly lower rate compared with liraglutide. 

For dulaglutide, rates of nausea, vomiting, and diarrhea 
tended to be dose-dependent and were generally similar to 
those observed with exenatide twice daily, liraglutide, and 
metformin and higher than rates reported with sitagliptin, 
insulin glargine, and placebo.24-28,30,31 Injection-site reactions 
with dulaglutide occurred at low rates (0%-4%). Rates of with-
drawal due to AEs ranged from 1%-8% for dulaglutide 0.75 mg 
and from 3%-11% for dulaglutide 1.5 mg; withdrawal rates due 
to AEs were generally similar for dulaglutide compared with 
exenatide twice daily, liraglutide, metformin, sitagliptin, and 
insulin glargine but higher than rates observed with placebo.

Glycemic Efficacy, Weight Effects, and Safety of Once-Weekly Glucagon-Like Peptide-1 Receptor Agonists
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Study/Background 
Pharmacotherapy Active Comparators 

Adverse Events Hypoglycemia

Nausea Vomiting Diarrhea
Injection-Site 

Reactions
Withdrawal 
Due to AEs

Minor  
Hypoglycemia

Major  
Hypoglycemia

Exenatide ER
DURATION-1/  
metformin, a sulfonylurea, 
a TZD, or 2 OADs16

Exenatide ER 2 mg  
QW (n = 148)

26% 11% 14% Pruritus: 18%

Bruising: 5%

6% SU use: 15%

No SU use: 0%

SU use: 0% 

No SU use: 0%
Exenatide 10 μg  
BID (n = 147)

35% 19% 13% Pruritus: 1%

Bruising: 10%

5% SU use: 15%

No SU use: 1%

SU use: 0%

No SU use: 0%
DURATION-2/ 
metformin17

Exenatide ER 2 mg  
QW (n =160)

24% 11% 18% Pruritus: 5% 6% 1% 0%

Sitagliptin 100 mg  
QD (n = 166)

10% 2% 10% Pruritus: 5% 3% 3% 0%

Pioglitazone 45 mg  
QD (n = 165)

5% 3% 7% Pruritus: 1% 4% 1% 0%

DURATION-3/ 
metformin ±  
sulfonylurea18

Exenatide ER 2 mg  
QW (n = 233)

13% 4% 9% 13% 5% 8% 0%

Insulin glargine SC 
(n = 223)

1% 1% 4% 2% 1% 26% 0%

DURATION-4/none19 Exenatide ER 2 mg  
QW (n = 248)

11% 5% 11% Nodule: 11% 2% 2% 0%

Metformin 2,000 mg/d 
(n = 246)

7% 3% 13% Nodule: 10% 2% 0% 0%

Pioglitazone 45 mg/d 
(n = 163)

4% 3% 4% Nodule: 4% 3% 0% 0%

Sitagliptin 100 mg/d 
(n = 163)

4% 2% 6% Nodule: 7% 1% 0% 0%

DURATION-5/ 
metformin, sulfonylurea, 
TZD, or combination20

Exenatide ER 2 mg  
QW (n = 129)

14% 5% 9% Erythema: 5% 5% SU use: 13%

No SU use: 0%

SU use: 0%

No SU use: 0%
Exenatide 10 μg  
BID (n = 123)

35% 9% 4% Erythema: 2% 5% SU use: 12%

No SU use: 0%

SU use: 0%

No SU use: 0%
DURATION-6/ 
metformin, 
sulfonylurea, or 
metformin + sulfonylurea 
or TZD21

Exenatide ER 2 mg  
QW (n = 461)

9% 4% 6% Pruritus: 3%

Erythema: 2%

Nodule: 3%

3% SU use: 15%

No SU use: 4%

SU use: 0%

No SU use: 0%

Liraglutide 1.8 mg  
QD (n = 450)

21% 11% 13% Pruritus: < 1%

Erythema: < 1%

Nodule: 0%

5% SU use: 12%

No SU use: 3%

SU use: 0%

No SU use: 0%

DURATION-722 Exenatide ER SC 2 mg 
QW + insulin glargine 
(n = 232)

Any gastrointestinal adverse event: 
15.1%

7.8% 4% 5.6% 0%

Placebo + insulin glargine 
(n = 231)

Any gastrointestinal adverse event: 
10.8%

3.0% 2% 5.6% 0%

DURATION-8/
metformin23

Exenatide 2 mg  
QW (n = 230)

7% NA 6% Injection-site 
events: 12%

5% Mild: 1% Moderate/severe: 
0%

Dapagliflozin 10 mg  
QD (n = 233)

3% NA 3% Injection-site 
events: 7%

2% Mild: 1% Moderate/severe: 
1%

Exenatide 2 mg 
QW + dapagliflozin 10 mg 
QD (n = 231)

5% NA 4% Injection-site 
events: 12%

4% Mild: 3% Moderate/severe: 
< 1%

Dulaglutide
AWARD-1/metformin +  
TZD24

Dulaglutide 0.75 mg  
QW (n = 280)

16% 6% 8% NR 1% 11% 0%

Dulaglutide 1.5 mg  
QW (n = 279)

28% 17% 11% NR 3% 10% 0%

Exenatide 10 μg BID for 
(n = 276)

26% 11% 6% NR 3% Total hypo- 
glycemia: 16%

1%

Placebo (n = 141) 6% 1% 6% NR 2% 4% 0%

TABLE 3 Summary of Selected Safety, Tolerability, and Hypoglycemia Outcomes with Once-Weekly  
GLP-1 RAs

continued on next page
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Study/Background 
Pharmacotherapy Active Comparators 

Adverse Events Hypoglycemia

Nausea Vomiting Diarrhea
Injection-Site 

Reactions
Withdrawal 
Due to AEs

Minor  
Hypoglycemia

Major  
Hypoglycemia

Dulaglutide
AWARD-2/
metformin + sulfonylurea25

Dulaglutide 0.75 mg  
QW (n = 272)

7% 3% 9% 1% 3% Total hypo- 
glycemia: 54%

0%

Dulaglutide 1.5 mg  
QW (n = 273)

14% 6% 11% 1% 3% Total hypo- 
glycemia: 55%

< 1%

Insulin glargine  
(n = 262)

2% 1% 4% 0% 2% Total hypo- 
glycemia: 69%

1%

AWARD-3/none26 Dulaglutide 0.75 mg  
QW (n = 270)

11% 6% 5% 2% 2% 11% 0%

Dulaglutide 1.5 mg  
QW (n = 269)

19% 9% 10% 4% 5% 12% 0%

Metformin 2,000 mg/d 
(n = 268)

15% 4% 14% 2% (placebo 
injections)

4% 13% 0%

AWARD-4/prandial 
insulin ± metformina,27

Dulaglutide 0.75 mg  
QW (n = 293)

18% 11% 16% 1% 5% Total hypo- 
glycemia:  

PG ≤ 3.9 mmol/L: 
90% 

PG < 3.0 mmol/L: 
79%

3%

Dulaglutide 1.5 mg  
QW (n = 295)

26% 12% 17% < 1% 7% Total hypo- 
glycemia:  

PG ≤ 3.9 mmol/L: 
87% 

PG < 3.0 mmol/L: 
72%

3%

Insulin glargine  
(n = 296)

3% 2% 6% 0% 4% Total hypo- 
glycemia:  

PG ≤ 3.9 mmol/L: 
90% 

PG < 3.0 mmol/L: 
74%

5%

AWARD-5/metformin28 Dulaglutide 0.75 mg  
QW (n = 302)

14% 8% 10% “rare” 8% 5% 0%

Dulaglutide 1.5 mg  
QW (n = 304)

17% 13% 15% “rare” 11% 10% 0%

Sitagliptin 100 mg  
QD (n = 315)

5% 2% 3% “rare” 10% 5% 0%

AWARD-6/metformin29 Dulaglutide SC 1.5 mg 
QW (n = 299)

20% 7% 12% < 1% 6% 9% 0%

Liraglutide 1.8 mg  
QD (n = 300)

18% 8% 12% 1% 6% 6% 0%

AWARD-8/sulfonylurea30 Dulaglutide 1.5 mg  
QW (n = 239) 

11% 4% 8% 0% 4% 21% 0%

Placebo (n = 60) 0% 0% 0% 0% 0% 3% 0%
AWARD-9/basal 
insulin ± metformin31

Dulaglutide 1.5 mg  
QW (n = 150)

12% 6% 11% 1% 4% Total hypo- 
glycemia: 55%

1%

Placebo (n = 150) 1% 0% 4% 0% 1% 51% 0%
Semaglutide
SUSTAIN-1/none32 Semaglutide 0.5 mg  

QW (n = 128)
20% 4% 13% NR 6% 0% 0%

Semaglutide 1.0 mg  
QW (n = 130)

24% 7% 11% NR 5% 0% 0%

Placebo (n = 129) 8% 2% 2% NR 2% Total hypoglycemia: 2%  
(3 events, 2 patients after  

receiving rescue medication)

TABLE 3 Summary of Selected Safety, Tolerability, and Hypoglycemia Outcomes with Once-Weekly  
GLP-1 RAs (continued)

continued on next page
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exenatide ER as add-on treatment to 1 or 2 OADs in 813 
patients with T2DM.34 The overall baseline mean A1c was 
8.3%. As previously described (Figure 1C), the change from 
baseline to week 56 in A1c was significantly greater with 
semaglutide 1.0 mg compared with exenatide ER 2.0 mg (-1.5% 
vs. -0.9%; treatment difference, -0.62%; P < 0.0001). Greater 
proportions of semaglutide- versus exenatide-treated patients 
achieved A1c ≤ 7.0% (67% vs. 40%) and A1c ≤ 6.5% (47% vs. 
22%; P < 0.0001). Compared with exenatide, semaglutide pro-
duced a significantly greater reduction in mean body weight 
(-5.6 kg vs. -1.9 kg; treatment difference, -3.78 kg; P < 0.0001). 

sulfonylurea, or a thiazolidinedione in one study), rates of total 
hypoglycemia were similar among semaglutide, exenatide ER, 
and dulaglutide and were higher with insulin glargine.34,35,37 
Compared with placebo, semaglutide as add-on therapy to 
basal insulin + metformin was associated with higher rates of 
total hypoglycemia.36

■■  Comparative Studies of Once-Weekly GLP-1 RAs
Head-to-Head Studies
SUSTAIN-3 was a randomized, open-label, multicenter, 
56-week trial comparing semaglutide 1.0 mg versus 2.0 mg 
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Study/Background 
Pharmacotherapy Active Comparators 

Adverse Events Hypoglycemia

Nausea Vomiting Diarrhea
Injection-Site 

Reactions
Withdrawal 
Due to AEs

Minor  
Hypoglycemia

Major  
Hypoglycemia

SUSTAIN-2/metformin, 
TZD, or metformin +  
TZD33

Semaglutide 0.5 mg  
QW (n = 409)

18% 8% 13% NR 8% 2% 0%

Semaglutide 1.0 mg  
QW (n = 409)

18% 10% 13% NR 10% < 1% 0%

Sitagliptin 100 mg  
QD (n = 407)

7% 3% 7% NR 3% 1% < 1%

Semaglutide
SUSTAIN-3/1-2 OADs 
(metformin, sulfonylurea, 
or TZD)34

Semaglutide 1.0 mg  
QW (n = 404)

22% 7% 11% 1% 9% Total hypoglycemia: 8%

Exenatide ER 2.0 mg  
QW (n = 405)

12% 6% 8% 22% 7% Total hypoglycemia: 8%

SUSTAIN-4/metformin ±  
sulfonylurea35

Semaglutide 0.5 mg  
QW (n = 362)

21% 7% 16% NR 6% Total hypo- 
glycemia: SU 

use: 8% 
No SU use: < 1%

<1%

Semaglutide 1.0 mg  
QW (n = 360)

22% 10% 19% NR 8% Total hypo- 
glycemia: SU 

use: 9% 
No SU use: 2%

1%

Insulin glargine  
(n = 360)

4% 3% 4% NR 1% Total hypo- 
glycemia: SU 

use: 18% 
No SU use: 2%

1%

SUSTAIN-5/basal 
insulin ± metformin36

Semaglutide 0.5 mg  
QW (n = 132)

11% 6% 5% NA 5% Total hypoglycemia: 8%

Semaglutide 1.0 mg  
QW (n = 131)

17% 12% 7% NA 6% Total hypoglycemia: 11%

Placebo (n = 133) 5% 3% 2% NA 1% Total hypoglycemia: 5%
SUSTAIN-737 Semaglutide 0.5 mg  

QW (n = 301)
23% 10% 14% 1% 8% Severe or blood glucose-confirmed 

hypoglycemia: 1%
Semaglutide 1.0 mg  
QW (n = 300)

21% 10% 14% 2% 10% Severe or blood glucose-confirmed 
hypoglycemia: 2%

Dulaglutide 0.75 mg 
(n = 299)

13% 4% 8% 1% 5% Severe or blood glucose-confirmed 
hypoglycemia: 1%

Dulaglutide 1.5 mg 
(n = 299)

20% 10% 18% 3% 7% Severe or blood glucose-confirmed 
hypoglycemia: 2%

Note: Percentages based on numbers for safety analyses, which sometimes differed from numbers of randomized patients. Unless otherwise indicated, data represent  
timepoint defined by primary endpoints.
aPrimary efficacy endpoint for AWARD-4 was 26 weeks, but study only reported safety data for 52 weeks.
AE = adverse event; BID = twice daily; ER = extended release; GLP-1 RA = glucagon-like peptide-1 receptor agonist; NA = not available; NR = not reported; OAD = oral  
antihyperglycemic drug; PG = plasma glucose; QD = once daily; QW = once weekly; SU = sulfonylurea; TZD = thiazolidinedione.

TABLE 3 Summary of Selected Safety, Tolerability, and Hypoglycemia Outcomes with Once-Weekly  
GLP-1 RAs (continued)
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may have influenced metabolic results. Meta-analyses have 
not found any significant differences between exenatide ER, 
albiglutide, and dulaglutide with respect to improvements in 
A1c or body weight.39,41,42 A network meta-analysis comparing 
exenatide ER with other GLP-1 RAs (albiglutide, dulaglutide, 
exenatide, liraglutide, and lixisenatide) as add-on therapy to 
metformin in patients with T2DM inadequately controlled on 
metformin alone found that there were no statistically signifi-
cant differences between exenatide ER and other GLP-1 RAs 
with respect to rates of nausea and rates of discontinuation 
due to AEs.39 In contrast, a meta-analysis of randomized con-
trolled trials in patients with T2DM lasting between 24 and 32 
weeks found that, while the risk of diarrhea was similar among  
once-weekly GLP-1 RAs, dulaglutide significantly increased 
the risk of nausea compared with exenatide ER and albiglutide 
and also increased the risk of vomiting compared with exena-
tide ER.42 The risk of hypoglycemia did not differ significantly 
among once-weekly GLP-1 RAs.

Studies of Device Attribute Preferences
Each once-weekly GLP-1 RA has a unique device for adminis-
tration. A web-based survey of 643 U.S. patients with T2DM 
(184 injection-naïve) found that a shorter/thinner needle was 
preferred over a longer/thicker needle and that eliminating 
injection-site reactions was considered by patients to be impor-
tant.43 Injection-naive patients in the UK comparing dulaglu-
tide versus liraglutide indicated a preference for a single-use 
prefilled pen versus a multidose pen.44 A multinational web-
based survey in injection-naive patients found that patients 
preferred no titration versus titration, preferred a multi-use 
pen over a vial/syringe, and preferred an autoinjector over a 
single-use pen.45 Among injection-experienced patients from 
the United Kingdom and Germany who completed a web-
based survey, a multi-use pen or autoinjector was preferred 
over a vial/syringe.46

■■  Discussion 
Over the past 5 years, several once-weekly GLP-1 RAs have 
been approved to treat T2DM and have been shown to be 
highly effective, although they are not generally recommended 
as first-line therapy for patients inadequately controlled on diet 
and exercise.11-14 In monotherapy studies, exenatide ER and 
dulaglutide produced similar or superior reductions in A1c and 
weight compared with OADs.19,26 Semaglutide demonstrated 
significantly greater effects on A1c and body weight compared 
to placebo.32,36 The efficacy of once-weekly GLP-1 RAs for 
reducing A1c and weight has also been demonstrated as add-
on therapy to a variety of background medications, includ-
ing 1 or more OADs (all once-weekly GLP-1 RAs) and basal  
(albiglutide, dulaglutide, and semaglutide) and prandial (dula-
glutide) insulin. Head-to-head comparisons of once-weekly 
GLP-1 RAs have demonstrated significantly greater improve-

Additionally, semaglutide was associated with significantly 
greater improvements compared with exenatide ER in fasting 
plasma glucose (-2.8 vs. -2.0 mmol/L, P < 0.0001), 7-point self-
measured plasma glucose (-2.2 vs. -1.5 mmol/L, P < 0.0001), 
postprandial increment in plasma glucose across all meals 
(-0.6 vs. -0.3 mmol/L, P = 0.0189), systolic blood pressure (-4.6 
vs. -2.2 mmHg, P = 0.0158), and overall treatment satisfac-
tion (Diabetes Treatment Satisfaction Questionnaire Status 
Version; estimated treatment difference, 1.02; P = 0.0068). 
Rates of AEs were comparable between treatment groups 
(75.0% semaglutide, 76.3% exenatide). The most frequent 
AEs were gastrointestinal in nature, reported by 41.8% and 
33.3% of patients in the semaglutide and exenatide ER groups, 
respectively. Injection-site reactions were notably less common 
with semaglutide (1.2%) compared with exenatide ER (22.0%). 
These results indicate that semaglutide 1.0 mg is superior to 
exenatide ER 2.0 mg with regard to improving glycemic control 
and reducing body weight in patients with T2DM. Semaglutide 
was well tolerated and showed a safety profile similar to that 
of exenatide ER.

A phase 3b, 40-week, efficacy and safety trial (SUSTAIN-7)  
compared semaglutide 0.5 mg versus dulaglutide 0.75 mg and 
semaglutide 1.0 mg versus dulaglutide 1.5 mg as add-on therapy 
to metformin in 1,201 patients with T2DM.37 The mean baseline 
A1c was 8.2%. Reduction in A1c was statistically significantly 
greater with semaglutide 0.5 mg versus dulaglutide 0.75 mg 
(-1.5% vs. -1.1%) and with semaglutide 1.0 mg versus dulaglu-
tide 1.5 mg (-1.8% vs. -1.4%). A treatment goal of A1c ≤ 7.0% was 
achieved by 68% of patients treated with semaglutide 0.5 mg  
compared with 52% of those treated with dulaglutide 0.75 mg 
and with 79% of patients receiving semaglutide 1.0 mg com-
pared with 67% of patients treated with dulaglutide 1.5 mg. 
Similarly, greater percentages of patients treated with sema-
glutide 0.5 mg (49%) and 1.0 mg (67%) achieved A1c ≤ 6.5% 
compared with those receiving dulaglutide 0.75 mg (34%) and 
dulaglutide 1.0 mg (47%), respectively. The overall mean base-
line body weight was 95 kg. Mean weight loss was statistically 
significantly greater among patients treated with semaglutide 
0.5 mg versus dulaglutide 0.75 mg (4.6 kg vs. 2.3 kg) and 
among those treated with semaglutide 1.0 mg versus dulaglu-
tide 1.0 mg (6.5 kg vs. 3.0 kg). For both doses of semaglutide, 
the most common AE was mild to moderate nausea, which was 
comparable in frequency to dulaglutide and diminished over 
time. These findings demonstrate superior glycemic control and 
weight reduction with semaglutide versus dulaglutide as add-on 
therapy to metformin in patients with T2DM. 

Meta-Analyses 
Several meta-analyses have used data from controlled clinical 
trials to indirectly compare the effects of once-weekly GLP-1 
RAs on glycemic control, weight, and safety/tolerability.39-41 As 
a caveat, differences in study designs and patient populations 
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ments in glycemic control and body weight with semaglu-
tide versus both exenatide ER (SUSTAIN-3) and dulaglutide 
(SUSTAIN-7).34,37 Considering its effects on body weight, sema-
glutide may be particularly appropriate for use in patients with 
both T2DM and obesity.

As with GLP-1 RAs as a class, the most common AEs 
observed with once-weekly GLP-1 RAs are gastrointestinal in 
nature. Observed rates of nausea and vomiting were higher 
with exenatide compared with exenatide ER, and rates of 
gastrointestinal AEs were generally greater with once-weekly 
GLP-1 RAs than with OADs (except perhaps metformin) 
and insulin (Table 3). Reported rates of hypoglycemia were  
generally low with once-weekly GLP-1 RAs and higher in the 
presence of sulfonylurea or insulin background therapy (Table 3).  
It is recommended to consider lowering the dose of con-
comitant sulfonylurea or insulin therapy to reduce the risk of  
hypoglycemia when used in combination with a once-weekly 
GLP-1 RA (Table 1).

The distinction between short-acting and long-acting GLP-1 
RAs is based on their elimination half-lives, with short-acting 
GLP-1 RAs (exenatide and lixisenatide) having half-lives of 
2-5 hours and long-acting GLP-1 RAs (once-weekly GLP-1 
RAs, liraglutide) having half-lives exceeding 12 hours.47 One 
advantage of long-acting GLP-1 RAs is that they afford greater 
flexibility because timing of administration is independent 
of meal ingestion. Short-acting GLP-1 RAs suppress gastric 
emptying more so than long-acting GLP-1 RAs, resulting in 
greater reductions in postprandial glucose levels.47-49 In con-
trast, long-acting GLP-1 RAs exert their effects primarily by  
stimulating insulin secretion from the pancreas and produce 
greater reductions in fasting glucose. These differences in prop-
erties of long-acting versus short-acting GLP-1 RAs are evident 
in comparisons of exenatide ER versus exenatide: exenatide 
ER produced significantly greater reduction in fasting plasma 
glucose than exenatide in DURATION-1 and DURATION-5.16,20 

While exenatide ER and exenatide showed similar reductions in 
postprandial glucose at baseline, the effect of exenatide ER was 
diminished by week 30 because of tachyphylaxis associated 
with more continuous drug exposure.16 

Once-weekly GLP-1 RAs provide greater convenience and 
may promote better adherence relative to daily GLP-1 RAs,47,50,51 

and some data suggest that once-weekly versus daily dosing is 
generally preferred by patients.43,45,46

■■  Conclusions
Once-weekly GLP-1 RAs provide a safe and effective option 
for achieving glycemic control and weight loss in patients with 
T2DM and may help simplify the treatment regimen with once-
weekly dosing. Given their efficacy, low risk of hypoglycemia 
and weight gain, and convenience, once-weekly GLP-1 RAs 
may play an important role in helping clinicians and patients 
with T2DM overcome clinical inertia and attain glycemic goals.
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