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Abstract
What is known and objective: In recent years, glucagon-like peptide-1 receptor ago-
nists (GLP-1 RAs) including once-weekly (QW) formulations have been incorporated 
into type 2 diabetes (T2D) clinical guidelines, making it essential that pharmacists and 
healthcare professionals (HCPs) have a clear understanding of their safety profiles. 
Currently, three QW GLP-1 RAs are approved and marketed in the United States for 
the treatment of T2D: dulaglutide, exenatide extended-release and semaglutide. This 
review provides pharmacists and HCPs with collated data related to potential safety 
and tolerability issues when patients use QW GLP-1 RAs, enabling patient education 
and treatment optimization.
Methods: This is a narrative review comparing the safety and tolerability of the three 
QW GLP-1 RAs, using data from Phase 3 clinical trials. Extracted safety data included 
gastrointestinal (GI) adverse events (AEs), hypoglycaemia, injection-site reactions, 
pancreatitis, neoplasms, gallbladder events, and diabetic retinopathy (DR) and/or its 
complications (DRCs).
Results and discussion: A total of 30 trials were identified for inclusion; eight were 
head-to-head trials involving another GLP-1 RA; of these, six compared GLP-1 RAs 
with different dosing regimens (QW vs once-daily or twice-daily), and two were di-
rect QW vs QW GLP-1 RA comparisons. The most commonly reported AEs were GI 
events (notably nausea, vomiting and diarrhoea), but there was variation between the 
three QW drugs. These were generally mild-to-moderate in severity and transient. 
Risk of hypoglycaemia, injection-site reactions, pancreatitis, neoplasms and gallblad-
der events was generally low across the GLP-1 RAs investigated. Overall rates of DR 
or DRC were low across the trials. Only in one trial (SUSTAIN 6) there were signifi-
cantly more DRC events reported in patients treated with QW semaglutide (3.0%) 
compared with placebo (1.8%). This was likely due to the rapid improvement in glu-
cose control in patients with pre-existing DR enrolled within that trial.
What is new and conclusion: This review puts the latest clinical data from the mar-
keted QW GLP-1 RAs into context with results from older Phase 3 trials, to enable 
pharmacists and HCPs to make informed treatment decisions. Each of the three QW 
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1  | WHAT IS KNOWN AND OBJEC TIVE

Diabetes mellitus has emerged as one of the leading causes of disabil-
ity worldwide, positioned in 2017 as the fourth cause of age-stan-
dardized years-lived-with-disability (YLD).1 Globally, in 2017, there 
were approximately 476 million cases of diabetes and 23 million new 
cases of diabetes, of which 463 million and 22.5 million were type 2 
diabetes (T2D), respectively.1 YLD was reported as over 38 million, 
with the rate increasing by 30% from 2007 to 2017,1 which demon-
strates the importance of understanding this disease and treating it 
optimally.

T2D is caused by a combination of insulin resistance, pancre-
atic beta-cell dysfunction and inappropriate glucagon secretion.2 
Pharmacological intervention is required for many patients with 
T2D to achieve and maintain glycaemic control.3,4 However, risk of 
hypoglycaemia is an important barrier to glycaemic control, with a 
high cost burden in terms of morbidity, health-related quality of life 
(HRQoL) and health resource utilization.5 Moreover, some diabe-
tes treatments may confer risks of hypoglycaemic events and body 
weight gain that also negatively impact HRQoL, thus adding to the 
disease burden.5 To address these different facets of T2D and its 
treatment, guidelines recommend taking an individualized approach 
when prescribing anti-diabetic agents for patients with T2D.4 
Clinicians, therefore, need to balance patient characteristics (such as 
the blood glucose levels, presence of comorbidities, duration of T2D 
and obesity status) with the effectiveness and safety/tolerability of 
the treatments.

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are 
incretin-based therapies that promote glucose control through 
mimicking GLP-1 and activating GLP-1 receptor mechanisms, thus 
increasing glucose-dependent insulin secretion, inhibiting gluca-
gon secretion and decreasing gastric emptying.6,7 GLP-1 RAs have 
been shown to improve glycaemic control and aid weight loss, with 
a lower risk of hypoglycaemia compared with other glucose-lower-
ing treatments.8,9 With the results from cardiovascular outcomes 
trials (CVOTs), they are now one of the preferred treatment op-
tions for people with T2D and established atherosclerotic cardio-
vascular disease (CVD).3,4,10

Currently, the GLP-1 RAs marketed for the treatment of T2D in 
the United States (US) are: dulaglutide, exenatide (available in two 
formulations: twice-daily [BID] and extended-release [ER]), liraglu-
tide, lixisenatide and semaglutide (available in two formulations: 
subcutaneous [s.c.] and oral).11-17 There are variations in the dosing 
frequency from BID to once-daily (QD) or to once-weekly (QW), 
and administration (s.c. injection11-16 or tablet formation17). The QW 

GLP-1 RAs currently marketed are dulaglutide (0.75 or 1.5 mg QW), 
exenatide ER (2 mg QW) and semaglutide (0.5 or 1 mg QW).11,12,16

Although they share similar underlying mechanisms, differences 
in structure, receptor affinity and pharmacokinetics between the 
QW GLP-1 RAs result in varying safety profiles.18,19 Due to the 
changes in the guidelines, it is important for all involved in patient 
care to fully understand the safety and tolerability profiles of QW 
GLP-1 RAs.3,4,10 This narrative review compares the safety and tol-
erability of the three licensed and marketed QW GLP-1 RAs across 
their Phase 3 clinical programmes to provide pharmacists and 
healthcare professionals (HCPs) with an increased understanding of 
their potential safety and tolerability.

2  | METHODS

This is a narrative review of the safety and tolerability of QW GLP-1 
RAs in patients with T2D, derived from their Phase 3 clinical trials. 
Articles were identified through PubMed using the search terms 
[‘GLP-1 RA’ OR ‘glucagon-like peptide-1 receptor agonist’] AND 
[‘type 2 diabetes’ OR T2D] AND [Phase 3] AND [dulaglutide OR ‘ex-
enatide ER’ OR semaglutide] AND ‘Phase 3’ from 1 January 2001 
to 31 May 2019. The results of this search were filtered for those 
publications directly reporting results from clinical trials on dula-
glutide, exenatide ER and semaglutide enrolling patients with T2D, 
and comparing these GLP-1 RAs with placebo or any active com-
parator. Other trials were included if they were part of the clinical 
programmes for these QW GLP-1 RAs and published between May 
2019 and November 2019. Articles were not included if they were 
case reports, books and not published in English. Related primary 
publications and review articles were also searched. The review 
focuses on the currently available and marketed QW GLP-1 RAs 
dulaglutide, exenatide ER and semaglutide. The QW GLP-1 RA albi-
glutide was not included in this review, as it was withdrawn from the 
market in 2018 for commercial reasons.20

3  | RESULTS AND DISCUSSION

3.1 | Trials included

A total of 30 trials in patients with T2D (including dulaglutide tri-
als AWARD-1 to -10 and REWIND, exenatide ER trials DURATION-1 
to -8 and EXSCEL, and semaglutide trials SUSTAIN 1 to 10) were 
identified for inclusion in this review (Table 1). Of these, eight were 

GLP-1 RAs has their own safety profile, which should be considered when choosing 
the optimal treatment for patients.
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head-to-head GLP-1 RA trials involving different dosing regimens 
(AWARD-1 and -6, DURATION-1, -5 and -6, and SUSTAIN 3, 7 and 
10). Only two of these head-to-head trials involved direct QW GLP-1 
RA comparisons (SUSTAIN 3 and 7). Three of the trials included in 
this review (REWIND, EXSCEL and SUSTAIN 6)21-23 are large CVOTs, 
with longer follow-up than the other short-term glycaemic control 
trials reported here.

The majority of trials were multinational and multicentre, with 
the exception of DURATION-1, located in the US/Canada,24,25 and 
DURATION-5, located in the US only.26 Eligibility criteria and back-
ground treatment varied among studies, with most maintaining 
prestudy treatments including metformin, insulin glargine and sul-
phonylurea (Table 1).

To ensure relevance of this review to pharmacists and HCPs, it 
focuses on the adverse events (AEs) reported most frequently and 
those recognized as safety risks with GLP-1 RAs.

3.2 | GI AEs (nausea, vomiting and diarrhoea)

Treatment-emergent gastrointestinal (GI) AEs are well-recognized 
GLP-1 RA AEs.27 All GLP-1 RAs increased the proportion of patients 
experiencing nausea, vomiting and diarrhoea, specifically nausea, in 
comparison with placebo, although there was variability within the 
QW GLP-1 RA class (Table 2). Rates with GLP-1 RAs were also found 
to be higher than with other glucose-lowering agents, including in-
sulin,28-32 metformin,33,34 sitagliptin34-37 and canagliflozin.38 Nausea 
over time was not reported in all trials; where reported, it was mostly 
transient, occurring primarily in the first few weeks of treatment and 
resolving or stabilizing over time.28,32,35,37,39-45

Examining each of the three QW GLP-1 RAs individually, GI 
events were reported more frequently with dulaglutide than 
comparator arms. For both doses of dulaglutide, 8%-29% of pa-
tients reported nausea (0%-28% for comparators), 4%-18% 
reported vomiting (0%-12% for comparators) and 6%-17% re-
ported diarrhoea (0%-14% for comparators) across the AWARD 
trials.28-30,33,35,39,40,46-48 The GI risk appeared to be dose-re-
lated for dulaglutide, with greater risk associated with higher 
doses.28,29,33,35,39,48 GI events were only reported as a combined 
group of diarrhoea, nausea, constipation and vomiting in REWIND, 
and again the incidence differed between dulaglutide and placebo 
(47% vs 34%, respectively).21

For exenatide ER, a similar pattern was evident for many of the 
events: 5%-26% of patients reported nausea (1%-21% for compar-
ators), 0.4%-11% reported vomiting (1%-11% for comparators) and 
4%-18% reported diarrhoea (3%-13% for comparators).31,34,36,41,49,50 
GI events were more generally common with exenatide BID than 
exenatide ER in DURATION-1 and -5.24,26 EXSCEL only reported 
specifically on GI AEs leading to discontinuation, and these were 
higher in the exenatide ER arm (333 patients [4.5%]) compared with 
placebo (109 patients [1.5%]).22

The frequency and rate of GI AEs were higher with semaglutide 
vs all comparators for both doses. For the 1 mg dose, 2%-23% of Tr
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TA B L E  2   Patients experiencing GI events (nausea, vomiting and diarrhoea) in QW GLP-1 RA Phase 3 trials

Trial Treatment arms
Number of 
patients

Patients, n (%)
Discontinuationa  
due to AEs, n (%)Nausea Vomiting Diarrhoea

Dulaglutide trials

AWARD-139 Dulaglutide QW 1.5 mg 279 81 (29) 47 (17) 36 (13) 9 (3)

Dulaglutide QW 0.75 mg 280 47 (17)* 17 (6)* 26 (9) 4 (1)

Exenatide BID 10 µg 276 77 (28) 33 (12) 21 (8) 10 (4)

AWARD-228 Dulaglutide QW 1.5 mg 273 42 (15.4)** 18 (6.6)* 29 (10.6) 9 (3.3)

Dulaglutide QW 0.75 mg 272 21 (7.7)** 10 (3.7) 25 (9.2) 8 (2.9)

Insulin glargine QD 262 4 (1.5) 3 (1.1) 15 (5.7) 5 (1.9)

AWARD-333 Dulaglutide QW 1.5 mg 269 53 (19.7) 26 (9.7) 30 (11.2) 14 (5.2)

Dulaglutide QW 0.75 mg 270 31 (11.5) 20 (7.4) 21 (7.8) 8 (3.0)

Metformin QD 2000 mg 268 43 (16.0) 13 (4.9) 37 (13.8) 12 (4.5)

AWARD-429 Dulaglutide QW 1.5 mg 295 76 (26)** 36 (12)** 49 (17)** 31 (11)

Dulaglutide QW 0.75 mg 293 52 (18)** 31 (11)** 46 (16)* 22 (8)

Insulin glargine QD 296 10 (3) 5 (2) 18 (6) 12 (4)

AWARD-535 Dulaglutide QW 1.5 mg 304 53 (17)** 39 (13)** 44 (15)** 33 (11)

Dulaglutide QW 0.75 mg 302 42 (14)** 23 (8)* 30 (10)** 23 (8)

Sitagliptin QD 100 mg 315 16 (5) 7 (2) 9 (3) 30 (10)

AWARD-640 Dulaglutide QW 1.5 mg 299 61 (20) 21 (7) 36 (12) 18 (6)

Liraglutide QD 1.8 mg 300 54 (18) 25 (8) 36 (12) 18 (6)

AWARD-730 Dulaglutide QW 1.5 mg 192 38 (20)** 26 (14)* 33 (17)* 24 (13)

Dulaglutide QW 0.75 mg 190 27 (14)* 16 (8) 30 (16)* 19 (10)

Insulin glargine QD 194 9 (5) 9 (5) 14 (7) 12 (6)

AWARD-847 Dulaglutide QW 1.5 mg 239 25 (10.5)* NR 20 (8.4)* 25 (10.4)

Placebo 60 0 0 4 (6.7)

AWARD-946 Dulaglutide QW 1.5 mg 150 18 (12.0)** 9 (6.0)* 17 (11.3)* 6 (4.0)

Placebo 150 2 (1.3) 0 6 (4.0) 2 (1.3)

AWARD-1048 Dulaglutide QW 1.5 mg 142 21 (15) NR 8 (6) 4 (3)

Dulaglutide QW 0.75 mg 141 7 (5) 14 (10) 0

Placebo 140 5 (4) 4 (3) 0

Exenatide trials

DURATION-124 Exenatide QW 2 mg 148 39 (26.4) 16 (10.8) 20 (13.5) 9 (6)

Exenatide BID 10 µg 145 50 (34.5) 27 (18.6) 19 (13.1) 7 (5)

DURATION-236 Exenatide QW 2 mg 160 38 (24) 18 (11) 29 (18) 11 (7)

Sitagliptin QD 100 mg 166 16 (10) 4 (2) 16 (10) 5 (3)

Pioglitazone QD 45 mg 165 8 (5) 5 (3) 12 (7) 6 (4)

DURATION-331 Exenatide QW 2 mg 233 30 (13) 10 (4) 20 (9) 12 (5)

Insulin glargine QD 223 3 (1) 3 (1) 8 (4) 2 (1)

DURATION-434 Exenatide QW 2 mg 248 28 (11.3) NR 27 (10.9) 6 (2.4)

Metformin QD 2000 mg 246 17 (6.9) 31 (12.6) 6 (2.4)

Pioglitazone QD 45 mg 163 7 (4.3) 6 (3.7) 5 (3.1)

Sitagliptin QD 100 mg 163 6 (3.7) 9 (5.5) 1 (0.6)

DURATION-526 Exenatide QW 2 mg 129 18 (14.0) 6 (4.7) 12 (9.3) 6 (4.9)

Exenatide BID 10 µg 123 43 (35.0) 11 (8.9) 5 (4.1) 6 (4.9)

DURATION-641 Exenatide QW 2 mg 461 43 (9) 17 (4) 28 (6) 12 (3)

Liraglutide QD 1.8 mg 450 93 (21) 48 (11) 59 (13) 25 (6)

(Continues)
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patients reported nausea (0%-20% for comparators), 2%-15% re-
ported vomiting (0%-10% for comparators) and 0%-18% reported 
diarrhoea (0%-18% for comparators).23,32,37,38,42-45,51,52

In head-to-head QW GLP-1 RA trials, more patients reported 
nausea, vomiting and diarrhoea with semaglutide 1 mg vs exenatide 
ER 2 mg in SUSTAIN 3,43 and for both semaglutide doses (0.5 and 

1 mg) and dulaglutide 1.5 mg vs dulaglutide 0.75 mg in SUSTAIN 745 
(Table 2). When using the highest dose available of these three QW 
GLP-1 RAs, it appears that exenatide ER has a more favourable GI AE 
profile compared to dulaglutide or semaglutide.

As an indicator of the patient-drug tolerability resulting from AEs 
across all of these QW GLP-1 RA trials, discontinuations from study 

Trial Treatment arms
Number of 
patients

Patients, n (%)
Discontinuationa  
due to AEs, n (%)Nausea Vomiting Diarrhoea

DURATION-749 Exenatide QW 2 mg 232 12 (5.2) 1 (0.4) 11 (4.7) 9 (3.9)

Placebo 231 9 (3.9) 3 (1.3) 8 (3.5) 4 (1.7)

DURATION-850 Exenatide QW 
2 mg + dapagliflozin QD 10 mg

231 12 (5) NR 10 (4) 9 (4)

Exenatide QW 2 mg 230 17 (7) 13 (6) 11 (5)

Dapagliflozin QD 10 mg 233 7 (3) 7 (3) 5 (2)

Semaglutide trials

SUSTAIN 142 Semaglutide QW 1 mg 130 2 (2) 2 (2) 0 7 (5)

Semaglutide QW 0.5 mg 128 2 (2) 1 (<1) 3 (2) 8 (6)

Placebo 129 1 (<1) 0 0 3 (2)

SUSTAIN 237 Semaglutide QW 1 mg 409 12 (3) 10 (2) 9 (2) 39 (10)

Semaglutide QW 0.5 mg 409 11 (3) 3 (1) 10 (2) 33 (8)

Sitagliptin QD 100 mg 407 2 (<1) 0 0 12 (3)

SUSTAIN 343 Semaglutide QW 1 mg 404 90 (22.3) 29 (7.2) 46 (11.4) 38 (9.4)

Exenatide QW 2 mg 405 48 (11.9) 25 (6.2) 34 (8.4) 29 (7.2)

SUSTAIN 432 Semaglutide QW 1 mg 360 7 (2) 7 (2) 9 (3) 27 (8)

Semaglutide QW 0.5 mg 362 3 (1) 3 (1) 1 (<1) 20 (6)

Insulin glargine QD 360 0 0 0 4 (1)

SUSTAIN 544 Semaglutide QW 1 mg 131 22 (16.8) 15 (11.5) 9 (6.9) 8 (6.1)

Semaglutide QW 0.5 mg 132 15 (11.4) 8 (6.1) 6 (4.5) 6 (4.5)

Placebo 1 mg or 0.5 mg 133 6 (4.5) 4 (3.0) 2 (1.5) 1 (0.8)

SUSTAIN 623 Semaglutide QW 1 mg 822 180 (21.9) 122 (14.8) 151 (18.4) 119 (14.5)

Semaglutide QW 0.5 mg 826 143 (17.3) 87 (10.5) 148 (17.9) 95 (11.5)

Placebo 1 mg 825 67 (8.1) 34 (4.1) 87 (10.5) 63 (7.6)

Placebo 0.5 mg 824 62 (7.5) 43 (5.2) 98 (11.9) 47 (5.7)

SUSTAIN 745 Semaglutide QW 1 mg 300 63 (21) 31 (10) 41 (14) 29 (10)

Semaglutide QW 0.5 mg 301 68 (23) 31 (10) 43 (14) 24 (8)

Dulaglutide QW 1.5 mg 299 60 (20) 29 (10) 53 (18) 20 (7)

Dulaglutide QW 0.75 mg 299 39 (13) 12 (4) 23 (8) 14 (5)

SUSTAIN 838 Semaglutide QW 1 mg 394 89 (23) 50 (13) 60 (15) 38 (10)

Canagliflozin QD 300 mg 394 26 (7) 9 (2) 37 (9) 20 (5)

SUSTAIN 951 Semaglutide QW 1 mg 150 29 (19.3) 14 (9.3) 17 (11.3) 13 (8.7)

Placebo 151 5 (3.3) 3 (2.0) 9 (6.0) 3 (2.0)

SUSTAIN 1052 Semaglutide QW 1 mg 290 127 (43.9) 30 (10.4) 45 (15.6) 33 (11.4)

Liraglutide QD 1.5 mg 287 45 (15.6) 23 (8.0) 35 (12.2) 19 (6.6)

Abbreviations: BID, twice-daily; GLP-1 RA, glucagon-like peptide-1 receptor agonist; NR, not reported; QD, once-daily; QW, once-weekly.
aDiscontinuation from study treatment and/or study itself, depending on reported data. 
*P < .05 
**P ≤ .001. 

TA B L E  2   (Continued)
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treatment due to AEs were examined (Table 2). Discontinuation 
rates were 0%-15% of patients, dependent on treatment group, with 
exenatide QW tending to have slightly lower rates than semaglutide 
or dulaglutide (Table 2). Serious GI AEs were not reported consis-
tently across the trials, with many just reporting serious AEs overall 
in these primary trial publications, and so this information could not 
be compared here.

3.3 | Hypoglycaemia

As mentioned, hypoglycaemia is an important consideration when 
treating patients with T2D. Patients experienced more hypogly-
caemic events in trials that allowed concomitant use of insulins and 
sulphonylureas than in trials that did not allow these background 
treatments (Table 3).21-24,26,29-32,43,44,46,47,49,51,52

Evaluation of severe/major hypoglycaemia differed across 
trials. For the AWARD trials, this was as per American Diabetes 
Association (ADA) classification,53,54 whereas in the DURATION and 
SUSTAIN trials, this was per the ADA classification and also included 
blood glucose-confirmed hypoglycaemia (defined as <3.1 mmol/L or 
56 mg/dL) in some of the trials. The proportion of patients expe-
riencing severe/major hypoglycaemia was generally <1% across all 
the AWARD and DURATION trials (Table 3), with the exception of 
AWARD-4 and -7, both of which allowed patients to use background 
insulins.29,30 In other trials, severe hypoglycaemia was slightly higher, 
reported in 1.3% of patients receiving dulaglutide in REWIND, 3.4% 
of patients receiving exenatide ER in EXSCEL,21,22 and in ≤2% of pa-
tients receiving semaglutide in SUSTAIN 1, 2, 7, 8 and 10.37,38,42,45,52 
Higher rates were reported in the other SUSTAIN trials (3%-23%), 
likely as a result of patients continued use of background insulins 
and/or sulphonylureas.23,32,43,51

In the head-to-head QW vs QD/BID GLP-1 RA trials, hypogly-
caemia rates were lower in patients receiving dulaglutide 1.5 mg 
than those receiving exenatide BID in AWARD-1,39 but higher 
than reported with liraglutide in AWARD-6.40 Similar hypoglycae-
mia rates were reported with exenatide ER vs BID in DURATION-1 
and -5.24,26 In DURATION-6, rates were higher with exenatide ER 
than liraglutide.41 In head-to-head QW GLP-1 RA trials, similar 
rates of severe hypoglycaemia were reported in patients receiving 
semaglutide and exenatide ER, and semaglutide and dulaglutide 
in SUSTAIN 3 and 7, respectively.43,45 Therefore, there appears to 
be no difference between these three QW GLP-1 RAs in terms of 
hypoglycaemia rates. Based on the head-to-head trials of QW vs 
QD/BID GLP-1 RAs, it appears that hypoglycaemia rates with QW 
agents may be lower than with exenatide BID but higher than with 
liraglutide QD.

3.4 | Injection-site reactions

Injection-site reactions (ISRs) were reported differently across the 
trials (Table 3), ranging from a single event (eg injection-site nodule, 

injection-site pruritus, injection-site bruising) to any injection-site 
event, making direct comparisons difficult. The AWARD trials gen-
erally reported ISRs,28-30,33,35,39,46-48 whereas the DURATION trials 
reported injection-site nodules,34,41,49,50 pruritus,24,36 erythema41 or 
ISRs.31 For the SUSTAIN trials, ISRs were reported in SUSTAIN 6 
and 7,23,45 whereas SUSTAIN 3 reported injection-site nodules.43 It 
is important to keep these differences in definition in mind, as the 
data across trials are compared.

The majority of the AWARD trials reported low rates of ISRs 
(<1%), with the exception of AWARD 333 (which reported ISRs in 
3.7%, 2.2% and 1.5% of patients receiving dulaglutide 1.5 mg, dula-
glutide 0.75 mg and metformin/placebo, respectively). In the head-
to-head trials, the percentage of patients reporting ISRs were the 
same for dulaglutide and comparator arms.39,40

In DURATION-2, -3,-4,-7 and -8, patients on the exenatide ER 
arm reported higher ISR rates vs the competitor arm, ranging from 
8% to 13%.31,34,36,49,50 In the head-to-head trials, ISRs were more 
common with exenatide ER than BID in DURATION-1 and -5.24,26 
Injection-site nodules, pruritus and erythema were reported more 
commonly with exenatide ER than liraglutide in DURATION-6 
(Table 3).41

Of the SUSTAIN trials, only the QW head-to-head trials SUSTAIN 
3 and 7 reported ISRs.43,45 More patients reported ISRs with exen-
atide ER (22%) vs semaglutide (1.2%) in SUSTAIN 3,43 whereas the 
percentages of ISRs reported by patients treated with dulaglutide 
(1%-3%) vs semaglutide (1%-2%) were comparable in SUSTAIN 7 
(Table 3).45

Across the three QW GLP-1 RAs, it appears that exenatide ER 
resulted in the greatest number of ISRs compared with dulaglutide 
and semaglutide, which had similar numbers.

3.5 | Pancreatitis

Regulatory authorities have expressed concerns regarding the use 
of GLP-1 RAs and the potential risk of acute pancreatitis, and the 
prescribing information for the QW GLP-1RAs contains appropriate 
wording to highlight this risk.11,12,16 The exact mechanisms by which 
GLP-1 RAs may increase the risk of acute pancreatitis are not known. 
Studies in mice show GLP-1 RA treatment results in an increase in 
acinar cell mass in the pancreas, which may enhance acinar cell pro-
tein synthesis including amylase and lipase.55,56 Due to this poten-
tial risk, pancreatitis and pancreatic enzymes in GLP-1 RA Phase 3 
clinical trials were monitored. GLP-1 RA treatment did not appear to 
substantially increase pancreatic events; the proportion of patients 
experiencing pancreatitis was low across all trials (≤1%) (Table 3). 
There were very few adjudication committee-confirmed events of 
pancreatitis; participants usually discontinued treatment and symp-
toms resolved within the duration of the trial.26,31,35,41

Confirmed events of acute pancreatitis were uncommon in the 
placebo-controlled CVOTs REWIND, EXSCEL and SUSTAIN 6.21-

23 Of note, these trials enrolled a larger number of patients and 
had longer follow-up times compared to the non-CVOT glycaemic 
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control trials, making them better able to detect infrequent AEs. 
Rates of pancreatitis were low (≤1%) and comparable between the 
GLP-1 RA and placebo arms (Table 3).

To further understand the risk of pancreatitis, many trials also 
monitored pancreatic enzyme levels. Most trials reported an in-
crease in pancreatic enzyme levels (amylase and lipase), which were 
often within the normal range. Pancreatic enzymes were increased 
from baseline in patients randomized to dulaglutide in AWARD-1 
to -6, -8, -9 and -10 trials.39,40,46-48 AWARD-7 and REWIND did not 
report on pancreatic enzyme levels.21,30 DURATION-3 reported 
an increase in pancreatic enzymes from baseline with exenatide 
ER and insulin glargine.31 In DURATION-7, increased lipase or am-
ylase was reported in <1% across both arms.49 DURATION-4 re-
ported no significant differences between the treatment arms,34 
and DURATION-5 reported substantial variability in pancreatic 
amylase and lipase during the trial.26 Pancreatic enzymes were 
elevated in patients receiving semaglutide (SUSTAIN 8, 9 and 
10 did not report levels in the primary publications) and were 
higher in the semaglutide vs comparator arms across the SUSTAIN 
trials.23,32,37,42-45

In the QW GLP-1 RA head-to-head trials, small numerical differ-
ences were reported across both trials, but no statistical results were 
reported.43,45 The clinical significance of these small increases in pan-
creatic enzymes and subtle differences between agents is unlikely to 
play a role in clinical decision-making between GLP-1 RA products.

Of note, the low rate of pancreatitis in the QW GLP-1 RA trials 
reported here is reflected in the findings of retrospective observa-
tional studies, which did not find an association between GLP-1 RA 
use and acute pancreatitis.57,58 Furthermore, two recent meta-anal-
yses of randomized controlled trials (RCTs) found no evidence that 
QW GLP-1 RA treatment increases the risk of acute pancreatitis or 
pancreatic cancer.59,60 Guidelines recommend GLP-1 RAs should be 
used cautiously (if at all) in patients with a history of pancreatitis (due 
to lack of clinical trial data), and treatment be discontinued if acute 
pancreatitis develops.4

3.6 | Neoplasms

Preclinical studies have suggested GLP-1 RAs may be associated 
with an increased risk of thyroid C-cell tumours in rodents.11,12,16 
Guidelines and the boxed warnings in the prescribing information 
for all three QW GLP-1RAs contraindicate these drugs in patients 
with a personal or family history of medullary thyroid carcinoma or 
those with multiple endocrine neoplasia syndrome type 2.4,11,12,16 
The number of patients experiencing neoplasms was generally low 
in all trials (Table 3). This, along with variations in data reported 
(ie some reported the presence/absence of: pancreatic cancer22,39 
and/or thyroid cancer/carcinoma only,22,26,29,36 and malignant 
and/or benign neoplasms23,32,37,38,42-45,52 or a combination of 
these),21,22,31,34,49,50 limited any meaningful between-drug compar-
isons. Proportions of patients with neoplasms were similar among 
the groups, including placebo,21,23,35,38,42,44,48,49,51,52 suggesting 

patient characteristics and background therapies may play a role 
in their development.

3.7 | Gallbladder disorders

Type 2 diabetes is associated with gallbladder disease, and additional 
comorbidities such as obesity and dyslipidaemia may increase the risk 
of cholecystitis and cholelithiasis.61,62 GLP-1 RA treatment has been 
linked with an increase in gallbladder events.63 In a recent meta-anal-
ysis evaluating >90 clinical trials, involving 17 232 patients taking a 
GLP-1 RA vs 14 872 taking a comparator, a small but significant in-
creased risk of cholelithiasis was reported with GLP-1 RA treatment 
(141 vs 99 cases, GLP-1 RA vs comparator, respectively; hazard ratio: 
1.3 [95% confidence interval: 1.01-1.68, P = .041]),60 which is why it is 
important to understand the Phase 3 clinical trial data.

AWARD-10 was the only trial with dulaglutide that reported on 
gallbladder events – no cases of cholelithiasis were found with du-
laglutide or placebo.48 Only DURATION-2 and -6 reported gallblad-
der events for exenatide ER; one case of acute cholecystitis was 
reported in the exenatide ER arm in DURATION 6.36,41 The majority 
of SUSTAIN trials reported gallbladder events, including cholelithiasis 
and acute cholecystitis. One or more patients treated with semaglu-
tide had gallbladder events in SUSTAIN 1 to 7 (reported in <1%-5% of 
patients), and their incidence was not always dose-related.23,32,37,42-45 
SUSTAIN 6 reported that cholelithiasis occurred more frequently than 
cholecystitis.23 SUSTAIN 6 also reported that a similar proportion of 
patients in the placebo and semaglutide groups experienced gallblad-
der disorders, suggesting its incidence may have been related to the 
nature of the population recruited to the trial.23 In the other SUSTAIN 
trials, events were also reported in comparator GLP-1 RA treatments 
(exenatide and dulaglutide) and the dipeptidyl peptidase-4 inhibitor 
sitagliptin (Table 3).37,43,45 In the QW head-to-head trials, events were 
slightly higher for semaglutide (1.5%) compared with exenatide (<1%) 
in SUSTAIN 3.43 In SUSTAIN 7, dulaglutide 1.5 mg had a greater fre-
quency of events (3%) reported than either of the semaglutide doses 
or the lower 0.75 mg dulaglutide dose (all 1%).45

The underlying mechanism of this AE is not understood and war-
rants further investigation. Due to the low rates of events, any po-
tential differences between agents remain unclear.

3.8 | Other safety outcomes

Other safety outcomes reported across the trials include microvas-
cular outcomes (such as diabetic retinopathy [DR] and nephropathy), 
macrovascular outcomes and death.

3.8.1 | DR and its complications

DR and its complications were either not assessed or not reported 
at increased risk in the majority of QW GLP-1 RA trials. DR or its 
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complications (DRC) were not assessed in any of the AWARD tri-
als,28-30,33,35,39,40,46-48 and was only assessed as a secondary micro-
vascular composite outcome (DR or renal outcomes) in REWIND.21 
The trial reported eye events in 1.9% vs 1.5% in patients receiving 
dulaglutide and placebo, respectively.21 No trials involving exena-
tide ER reported DR in the primary publications.22,24,26,31,34,36,49,50 
DRCs (defined as vitreous haemorrhage, the onset of diabetes-
related blindness, and/or the need for treatment with retinal pho-
tocoagulation or intravitreal agents) were assessed in SUSTAIN 6, 
whereas SUSTAIN 8 and 10 reported DR AEs.23,38,52 The propor-
tion of patients reporting retinopathy events did not differ signifi-
cantly between patients receiving semaglutide and canagliflozin in 
SUSTAIN 8, or semaglutide and liraglutide in SUSTAIN 10.38,52 A 
higher proportion of patients treated with semaglutide compared 
with placebo in SUSTAIN 6 reported DRCs (3.0% vs 1.8%, respec-
tively).23 However, it should be noted that SUSTAIN 6 did not sys-
tematically assess DR.23 Also, a post hoc analysis of SUSTAIN 1-5 
(and the Japanese SUSTAIN trials) showed no imbalance between 
semaglutide and its comparator arms for DR AEs.64 It is known 
that rapid reductions in glycated haemoglobin (HbA1c) are associ-
ated with an early worsening of DR,65 and it has been suggested 
that the imbalance in retinopathy complications in SUSTAIN 6 
was due to the rapid improvement in glucose control in patients 
with pre-existing DR.64 The ADA guidelines recommend that all 
people with T2D should have an eye examination every 1-2 years, 
and once there are signs of DR, such eye exams should be at least 
annual.66

3.8.2 | Nephropathy

There is evidence to suggest that treatment with some GLP-1 RAs 
may reduce renal disease progression in patients with T2D.67,68 
However, from a safety perspective, there have been post-mar-
keting reports of acute kidney injury and worsening of chronic 
renal failure with exenatide ER use.12 DURATION-3 did not report 
on nephropathy specifically, but did report renal measurements 
(urinary albumin-to-creatinine ratio); however, no significant dif-
ferences were observed between patients treated with exenatide 
ER and insulin glargine.31 DURATION-8 reported an initial drop 
in estimated glomerular filtration rate (eGFR) levels followed by 
stabilization to baseline levels with exenatide ER.50 From the tri-
als that have completed more recently, acute renal failure was 
reported in four (1%) of the patients receiving semaglutide in 
SUSTAIN 8.38

All three labels for the QW GLP-1 RAs recommend that renal 
function is measured in patients with renal impairment who ex-
perience severe GI AEs during treatment, as these may worsen 
existing kidney problems.11,12,16 With QW semaglutide and du-
laglutide in patients with renal impairment, no dose adjustment 
is recommended.11,16 Exenatide ER is not recommended for use 
in patients with severe renal impairment (creatinine clearance 
<30 mL/min) or end-stage renal disease.12

3.8.3 | Macrovascular

Type 2 diabetes is associated with macrovascular complications, 
with dyslipidaemia and elevated blood pressure being associated 
with an increased risk of CVD in patients with T2D.4 The GLP-1 RA 
CVOTs SUSTAIN 6 and REWIND have shown CV benefit in patients 
with T2D, with or without CVD or at high risk of CVD, treated with 
dulaglutide and semaglutide.21,23 The CVOT EXSCEL demonstrated 
non-inferiority, but not superiority, of exenatide ER to standard-of-
care placebo.22

Dulaglutide appeared to have little effect on lipid profiles, al-
though a small reduction of low-density lipoprotein cholesterol was 
reported in AWARD-2 (0.75 mg dose vs insulin glargine),28 and im-
provements in high-density lipoprotein cholesterol were reported 
in AWARD-4 (both doses vs glargine).29 Improvements were gen-
erally seen in lipid profiles in the majority of the trials with exen-
atide22,24,26,31,34,36,49,50 and semaglutide.32,37,38,42,43,51 Reductions 
were also reported in the four dulaglutide trials that measured lipid 
profiles (AWARD-1, -2, -5, and REWIND).21,28,33,35 Systolic blood 
pressure decreased in the majority of trials,21-24,26,29-34,36-38,40,42,44-51 
but was only significantly reduced in some trials.35,36,51

A number of large epidemiological studies have linked elevated 
resting heart rate to increased CV risk,69 and increased heart rate is 
a known GLP-1 RA class effect.70 No harmful effect of this increase 
in heart rate has been reported with any of the GLP-1 RAs to date. 
Furthermore, an increase in heart rate was not reported to increase 
CV risk in patients with T2D and CVD (or at high risk of CVD) in 
two other major QD/BID GLP-1 RA CVOTs, ELIXA and LEADER.67,68 
Heart rate was not reported in AWARD-730 and DURATION-1, -2, 
and -6,24,36,50 and was found to be increased in all other trials, rang-
ing from an increase of 0.631 to 4.1 beats per minute.28 The effect 
was more pronounced in QW vs QD GLP-1 RAs.40,41

3.9 | Death

Overall, mortality, where reported in the QW GLP-1 RA trials, 
was low, ranging from 0% to 1% in the AWARD and DURATION 
trials,28,31,33,34,40,46,48 and from 0% to 4% in the SUSTAIN tri-
als.23,32,37,38,42,43,45 Mortality was higher in the REWIND trial, likely 
due to the eligibility criteria and trial duration, but comparable across 
the dulaglutide and placebo arms (11% vs 12%).21

3.10 | Special populations

All prescribing information for the QW GLP-1 RAs include a section 
on use in specific populations such as patients with renal impairment, 
elderly, paediatric patients and pregnant women; however, clinical 
data on the use of GLP-1 RAs in these populations are lacking.11,12,16

QW GLP-1 RA trials specifically evaluating patients with se-
vere renal impairment or chronic kidney disease (CKD) are limited. 
A renal benefit was seen in patients treated with dulaglutide in 
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the AWARD-7 trial, which enrolled patients with T2D and mod-
erate-to-severe CKD (stages 3-4), and the product label has been 
updated to reflect this.11,30 Specifically, the renal benefit involved a 
significantly smaller decline in eGFR, and albuminuria was reduced 
compared with insulin glargine.30

Treatment with QW GLP-1 RAs in elderly patients has shown 
beneficial outcomes71; however, caution should be exercised in frail, 
elderly patients due to the GI effects and potential body weight loss 
associated with this drug class.66 In a pooled analysis of SUSTAIN 
1-5, similar proportions of elderly (≥65 years old) and non-elderly 
patients (<65 years old) experienced AEs. However, more elderly pa-
tients prematurely discontinued treatment due to increased GI AEs 
compared with non-elderly patients.71 Moreover, elderly patients 
had higher incidences of neoplasms, CV events and pancreatitis 
compared with non-elderly patients.71

Data on the use of QW GLP-1 RAs in paediatric patients are 
also lacking. Liraglutide is currently the only GLP-1 RA approved in 
paediatric patients following results from the ellipse trial, but use 
is QD.14,72 Incidence of GI AEs in the ellipse trial was as expected 
for this drug class, and a higher proportion of patients experienced 
serious AEs and hypoglycaemic episodes vs placebo.72 There is a trial 
underway with QW exenatide ER in paediatric patients with T2D.73

There are no clinical trials investigating QW GLP-1 RAs in preg-
nant women and they are not currently recommended in pregnancy, 
unless the benefits outweigh the risks, and for semaglutide, it is rec-
ommended that women planning a pregnancy should discontinue 
use at least 2 months prior to trying to conceive.11,12,16

4  | DISCUSSION

The QW GLP-1 RAs are relatively new additions to the T2D treat-
ment armamentarium, though QD GLP-1 RAs have been in use since 
2005.6 Only two trials involving direct QW GLP-1 RAs head-to-head 
comparisons were identified in this review, limiting direct compari-
son of safety and tolerability. The remaining head-to-head trials 
compared QW vs QD or BID formulations.

The most commonly reported AEs were GI disorders (nausea, 
vomiting and diarrhoea), but frequencies differed between the three 
QW GLP-1 RAs. The issue of GI tolerability may affect patient adher-
ence; however, these effects appear to be mostly mild-to-moderate 
in severity, reduce over time, and a slow up-titration schedule may 
help to alleviate or prevent nausea.74 Nausea, vomiting and diar-
rhoea can also present with gastroparesis or severe gastroesopha-
geal reflux disease, and guidelines recommend careful monitoring of 
patients with these conditions when using GLP-1 RAs.4

Aside from the GI AEs, other safety concerns include hypogly-
caemia, ISRs, neoplasms, gallbladder events and microvascular and 
macrovascular outcomes. Risk of hypoglycaemia and ISRs, pan-
creatic events and neoplasms was generally low across the GLP-1 
RAs. There is evidence to suggest an association of GLP-1 RAs with 
gallbladder AEs;63 however, rates of gallbladder disorders were low 
across the trials. In the direct QW head-to-head trials, rates were 

more frequent with semaglutide than exenatide ER in SUSTAIN 3,43 
but lower with semaglutide 0.5 and 1 mg than those reported with 
dulaglutide 1.5 mg in SUSTAIN 7.45 The majority of trials did not re-
port on DR,22,24,26,28-31,33-36,39,40,46-50 and renal outcomes were only 
reported in SUSTAIN 6 and REWIND.21,23 A recent meta-analysis of 
60 studies evaluating microvascular outcomes in patients with T2D 
concluded that treatment with GLP-1 RAs did not increase the inci-
dence of DR and was safe regarding progression of albuminuria.75 
With respect to risk factors of macrovascular outcomes, QW GLP-1 
RA treatment appeared to be associated with an increase in heart 
rate and reductions in lipids and blood pressure. It is unclear to what 
degree changes in these specific risk factors play a role in overall 
macrovascular outcomes, and the underlying mechanisms and clin-
ical relevance have yet to be established. More important than the 
effects on surrogate markers are the results of the CVOTs, which 
demonstrate CV benefit with dulaglutide21 and semaglutide,23 and 
CV safety with exenatide ER.22

It is important for all HCPs to be aware of which special pop-
ulations can and cannot be treated with QW GLP-1 RAs. Trials in 
special populations, such as patients with CKD, the elderly and pae-
diatric populations, are limited and warrant further investigation. 
With the exception of exenatide, all QW GLP-1 RAs can be used 
without dose adjustments in patients with renal impairment11,12,16; 
specifically, dulaglutide and semaglutide can be used in patients with 
severe renal impairment without dose adjustment,11,16 but exenatide 
should not.12 Comorbidities and polypharmacy can potentially com-
plicate T2D treatment in elderly populations. There are currently no 
published data for pregnant women.

This review has focused on data from Phase 3 RCTs, and though 
these are considered the ‘gold standard’ for evaluating drug safety 
and efficacy, they do not necessarily represent what is seen in the 
real-world practice setting. Patient populations in RCTs are often 
quite homogeneous and recruited using strict inclusion/exclusion 
criteria, making it difficult to determine whether these restrictions 
have an impact on the trial results. There is a need to collect re-
al-world data in diverse and heterogeneous populations to comple-
ment the evidence of effectiveness seen in RCTs.

QW GLP-1 RAs use is likely to increase, given their positioning 
in guidelines.3,4,10 Thus, pharmacists and HCPs need to be aware 
of the safety profiles of the available treatments to make informed 
decisions regarding the best treatment options for their patients. 
As well as considering the safety and tolerability when choosing a 
treatment for glycaemic control, a patient-centred approach needs 
to be adopted, the importance of which is emphasized in the ADA/
European Association for the Study of Diabetes and the American 
Association of Clinical Endocrinologists and American College of 
Endocrinology consensus statements.3,4 The currently available QW 
GLP-1 RAs have proven efficacy,3 with favourable safety and toler-
ability profiles. Additional head-to-head trials with different or new 
comparators will help to further understand the differences in safety 
and tolerability within this drug class. With respect to QW GLP-1 
RAs not yet on the market, two novel drugs are currently in late 
clinical stage of development. Tirzepatide is a dual GLP-1 receptor/
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glucose-dependent insulinotropic polypeptide agonist, which has 
already demonstrated glucose lowering and weight reductions in a 
Phase 2b trial.76 The safety profile for tirzepatide is similar to that 
reported for other GLP-1 RAs, with most AEs being GI-related; how-
ever, the rates would appear higher with tirzepatide than existing 
medications.76 Meanwhile, efpeglenatide is being investigated head-
to-head against dulaglutide in a 56-week, randomized, open-label, 
Phase 3 trial, AMPLITUDE-D.77

5  | WHAT IS NE W AND CONCLUSION

This comprehensive safety and tolerability overview of the cur-
rently approved and marketed QW GLP-1 RAs puts newly pub-
lished clinical trial results into the context of older Phase 3 trials. 
In the growing market of T2D treatments, pharmacists and HCPs 
need an overview of GLP-1 RA safety and tolerability, allowing 
them to have informed discussions on the suitability of long-term 
treatment strategies with patients. This review highlights the areas 
of interest for such HCPs and provides them with the detailed data 
that allow them to inform patients on the most common side ef-
fects of GLP-1 RA treatment.

Direct safety and tolerability comparisons cannot be made be-
tween the QW GLP-1 RAs as only a limited number of direct head-
to-head studies have been undertaken. The favourable safety and 
tolerability profiles of QW GLP-1 RAs, in combination with their 
efficacy, make them attractive treatment options for patients with 
T2D. There are some differences within the class, with respect to 
GI, macrovascular and microvascular outcomes, and these should be 
considered when choosing the optimal treatment for patients.
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