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Introduction
The glucagon-like peptide-1 receptor agonists (GLP-1RAs) are a pharmacologic class
of peptide-based, subcutaneously injected, glucose-lowering agents recommended for
the treatment of type 2 diabetes as part of combination therapy for glycemic control
after initial pharmacologic monotherapy has failed.1–3 Key demonstrated benefits of this
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Background: Exenatide once weekly (QW) is a glucagon-like peptide-1 receptor agonist
(GLP-1RA) for the treatment of type 2 diabetes. Safety and tolerability are key considerations
in treatment selection. This analysis examines the safety and tolerability profile of exenatide
QW, other approved GLP-1RAs (exenatide twice daily and liraglutide once daily), and a pooled
population of commonly used non-GLP-1RA treatments.
Methods: Intent-to-treat populations from eight randomized Phase III trials with 24-week and
30-week comparator-controlled periods were analyzed. Data were pooled for exenatide QW,
exenatide twice daily, and non-GLP-1RA comparator groups; comparisons between exenatide
QW and liraglutide were analyzed separately to better match study groups. The incidence
of treatment-emergent adverse events with 95% confidence intervals and exposure-adjusted
incidence were calculated. Duration and recurrence were analyzed for gastrointestinal adverse
events and adverse events of special interest.
Results: Incidences of serious adverse events did not differ between treatments. Discontinuations
due to adverse events occurred numerically less frequently with exenatide QW than with other
GLP-1RAs but numerically more frequently than with non-GLP-1RA comparators. The most
frequent adverse events in the GLP-1RA groups were gastrointestinal and generally mild, with
decreasing incidence over time. Gastrointestinal adverse event incidences appeared lower with
exenatide QW versus other GLP-1RAs and greater than with non-GLP-1RA comparators.
Injection site-related adverse events seemed highest with exenatide QW, but generally did not
lead to withdrawal and abated over time. Hypoglycemia was infrequent overall, but occurred
numerically more frequently in the non-GLP-1RA comparator group and increased with concomitant sulfonylurea use. Pancreatitis, thyroid cancer, renal failure, and gallbladder disease
were rarely reported.
Conclusion: The overall safety and tolerability profile of exenatide QW was similar to that of
other GLP-1RAs, with improved gastrointestinal tolerability. The safety and tolerability profile of exenatide QW compared with non-GLP-1RA comparators was similar overall, with the
exception of a lower incidence of hypoglycemia and anticipated differences in gastrointestinal
and injection site-related adverse events.
Keywords: glucagon-like peptide-1 receptor agonist, hyperglycemia, adverse events,
hypoglycemia
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class of agents are reduced glycosylated hemoglobin, reduced
postprandial glucose (and fasting glucose depending on duration of action), lowered body weight, and a low incidence of
hypoglycemia (without concomitant sulfonylurea use).4–6 The
unique mechanism of action of GLP-1RAs, ie, targeting the
multiple glucose-lowering effects of the hormone glucagonlike peptide-1 (increased glucose-dependent insulin secretion, inhibited glucagon secretion, slowed gastric emptying,
and increased satiation),7,8 suggests that GLP-1RAs may have
some differences in safety and tolerability compared with
other diabetes therapies. The safety and tolerability of the
GLP-1RAs exenatide twice daily (BID) and liraglutide once
daily (QD) have been characterized previously.9–11
Exenatide once weekly (QW), the extended-release
formulation of exenatide, was approved by the European
Medicines Agency in 2011 and by the US Food and Drug
Administration (FDA) in 2012 for the treatment of type 2
diabetes.12 Exenatide QW is composed of the same parent
exenatide molecule as in the BID formulation dispersed in
poly-(D,L-lactide-co-glycolide) polymer microspheres.13
After subcutaneous injection, the outer polymer shell
degrades continuously over an extended period, resulting
in an autotitration of exenatide concentration over time.
With regular dosing, the minimal effective concentration
is exceeded in 2 weeks and steady-state concentration is
achieved in 6−7 weeks.7
The objective of this integrated retrospective analysis was
to evaluate the safety and tolerability profiles of exenatide
QW, exenatide BID, liraglutide QD, and the non-GLP-1RA

treatments, ie, sitagliptin, pioglitazone, metformin, and
insulin glargine, within the exenatide QW drug development
program. A pooled database of individual patient data from
eight previously reported trials of exenatide QW was used to
integrate safety data for 4,328 patients with type 2 diabetes
treated for 24 or 30 weeks (blinded-comparator period).

Materials and methods
Study participants
Individual patient data were analyzed from the intent-to-treat
populations of eight randomized controlled Phase III trials
of exenatide QW, including six trials from the DURATION
(DUR; Diabetes Therapy Utilization: Researching Changes
in A1C, Weight, and Other Factors Through Intervention
With Exenatide Once Weekly) clinical program14–19 and two
trials conducted solely in Asian populations (Figure 1).20,21
Inclusion and exclusion criteria were similar across studies.
Concomitant use of other glucose-lowering treatments was
limited to stable use within 3 months prior to study screening and was allowed through the duration of the study per
protocol. Patients were excluded from study participation if
they had used weight loss drugs, other investigational drugs,
corticosteroids, drugs known to affect gastrointestinal (GI)
motility, transplantation immunosuppression drugs, or confounding treatments for type 2 diabetes within 3 months of
screening, or if there was evidence of a clinically significant
medical condition.
Patients included in this analysis were treated with
exenatide QW 2 mg or an active comparator (exenatide

Exenatide QW
global integrated database
16 completed studies

8 studies excluded
(did not meet inclusion criteria)
5 single-dose/pharmacokinetic studies
2 placebo-controlled studies
1 long-term uncontrolled study

Inclusion criteria
• 12 to 30 weeks in duration
Comparator-controlled DURATION
studies
study
Drucker et al14
Bergenstal et al15
Diamant et al16
Russell-Jones et al17
Blevins et al18
Buse et al19
Ji et al21
Inagaki et al20

1
2
3
4
5
6
−
−

Total

8 studies included
• Population = type 2 diabetes
Duration
(weeks)
30
26
26
26
24
26
26
26

• Comparator-controlled study

Concomitant medications

Exenatide QW
(n, ITT)

Met, TZD, or SFU (alone/combination)
Met
Met ± SFU
None
Met, TZD, or SFU (alone/combination)
Met and/or SFU or Met + TZD
Met, TZD, or SFU (alone/combination)
Met ± TZD

• Efficacy and safety endpoints
Comparator Total
(n, ITT)
(n)

148
160
233
248
129
461
340
215

145
331
223
572
123
450
338
212

293
491
456
820
252
911
678
427

1,934

2,394

4,328

ClinicalTrials.gov
identifier
NCT00308139
NCT00637273
NCT00641056
NCT00676338
NCT00877890
NCT01029886
NCT00917267
NCT00935532

Figure 1 Selection of trials for pooled analysis and patient disposition. Of the 16 completed clinical trials with available data, eight comparator-controlled studies were included.
Abbreviations: ITT, intent-to-treat; Met, metformin; QW, once weekly; SFU, sulfonylurea; TZD, thiazolidinedione; DURATION, Diabetes Therapy Utilization: Researching
Changes in A1C, Weight, and Other Factors Through Intervention With Exenatide Once Weekly.
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BID 10 µg; liraglutide QD 1.8 mg; sitagliptin 100 mg; pioglitazone 45 mg; metformin 2,500 mg; or insulin glargine
[target fasting blood glucose 72–100 mg/dL]). Sitagliptin,
pioglitazone, metformin, and insulin were pooled as the nonGLP-1RA comparator group. Details of each of the trials
included in this analysis have been reported previously.14–21
Concomitant medications used in each study are shown in
Figure 1.
Clinical protocols were approved by the institutional
review board for each participating study site in accordance
with the principles described in the Declaration of Helsinki,
including all amendments through the South Africa revision
of 1996.22 Patients provided written informed consent before
study participation.

Safety assessments
Treatment-emergent adverse events (AEs) were defined as
any untoward medical event that either occurred or worsened
at any time after the first administration of the study drug
through study termination or early termination.
Hypoglycemic episodes were classified as major if they:
in the judgment of the investigator or physician, resulted in
a loss of consciousness, seizure, or coma and resolved after
administration of glucose or glucagon; or required third-party
assistance to resolve and had a glucose value of ,54 mg/dL.
Minor hypoglycemia was defined as a report of symptoms consistent with hypoglycemia and a glucose value
of ,54 mg/dL prior to treatment of the episode.
Pancreatitis terms included acute and chronic pancreatitis,
and the term thyroid neoplasm included benign neoplasm of
the thyroid gland and malignant thyroid neoplasm.
Patients who experienced any major adverse cardiac events
(MACE) or expanded MACE (defined retrospectively based
on individual patient narratives and unadjudicated) during the
controlled study periods were assessed. Criteria were based on
the Medical Dictionary for Regulatory Activities (MedDRA)
version 15.0 standardized MedDRA query terms for MACE,
expanded MACE, and cardiac failure. Primary MACE was
defined as serious events of cardiovascular death, myocardial
infarction (MI), and stroke. Expanded MACE was defined as
serious events of cardiovascular death, MI, stroke, unstable
angina (classified as serious by the study investigator), heart
failure (classified as serious by the study investigator), and
transient ischemic attack.

Statistical analysis
Baseline demographics were summarized for the intent-totreat population (randomized patients who received at least
one dose of study treatment) in each treatment group. For
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2015:8
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the 24-week or 30-week comparator-controlled studies, AEs
were reported by preferred term using MedDRA version 14.0
and organized by system organ class. Incidences, exposureadjusted incidence per 100 patient-years, and differences
between groups were calculated for comparisons between
exenatide QW and liraglutide QD from the DUR-6 study.19
Confidence intervals for exposure-adjusted incidence were
calculated based on the exact method. Durations of nausea,
vomiting, and diarrhea were analyzed by treatment group
and over time.

Results
Patient characteristics and exposure
Data from 4,328 patients with type 2 diabetes were pooled
from eight clinical studies of exenatide QW (Figure 1),
including 1,934 patients treated with exenatide QW, 606
patients treated with exenatide BID, and 1,338 patients
treated with a non-GLP-1RA active comparator. The comparison between exenatide QW (n=461) and liraglutide QD
(n=450) was analyzed separately and limited to patients who
participated in DUR-6 to better match study groups. Table 1
lists the baseline demographic characteristics for the intentto-treat population in each treatment group. Baseline characteristics were generally similar between groups. There were
some differences in race between treatment groups due to
the inclusion of studies of Asian populations.20,21 All groups
in the controlled trial period had a similar mean duration of
exposure to active treatment of 23–28 weeks.

Patient disposition
Overall, discontinuations due to AEs were infrequent
(Tables 2 and 3, all trials: exenatide QW, 4%, exenatide
BID, 8%, non-GLP-1RA comparator, 2%; DUR-6: exenatide
QW, 3%, liraglutide QD, 5%). GI-related AEs were the most
common AEs leading to withdrawal in all groups.

Treatment-emergent AEs
No difference in the incidence of serious AEs or frequency
of death was apparent between the treatment groups
(Tables 2 and 3).

GI-related AEs
GI-related AEs were common in all groups (pooled:
exenatide QW, 35%; exenatide BID, 46%; non-GLP-1RA
comparator, 23%; DUR-6: exenatide QW, 26%; DUR-6:
liraglutide QD, 42%). Numerically, nausea and vomiting
were reported less frequently with pooled exenatide QW
(14% and 7%, respectively) than with exenatide BID (30%
and 13%; Table 4, Figure 2A and C) but more frequently
submit your manuscript | www.dovepress.com
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Characteristic

Male, %
Mean age, years
Race/ethnicity, %
Black/African American
White
 Hispanic
 Asian
Other
Mean HbA1c, % (SD)
Mean BMI, kg/m2 (SD)
Mean duration of
diabetes, years (SD)

DURATION-1–6 and Asian studies14–21

DURATION-619

Pooled exenatide
QW (n=1,934)

Pooled exenatide
BID (n=606)

Pooled non-GLP-1RA
comparators (n=1,338)

Exenatide
QW (n=461)

Liraglutide
QD (n=450)

56
55

54
56

58
54

55
56

54
56

2
48
13
37
0.2
8.48 (1.06)
30.7 (5.8)
7.1 (5.6)

5
29
10
57
0
8.52 (1.08)
30.0 (5.7)
7.8 (5.6)

4
51
12
32
0.9
8.48 (1.11)
30.8 (5.5)
5.3 (5.5)

0.7
66
21
12
0.2
8.45 (1.01)
32.3 (5.6)
8.0 (5.8)

0.7
64
22
12
1
8.44 (1.00)
32.3 (5.4)
8.8 (6.5)

Abbreviations: BID, twice daily; BMI, body mass index; GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycosylated hemoglobin; QD, once daily; QW, once weekly;
SD, standard deviation; DURATION, Diabetes Therapy Utilization: Researching Changes in A1C, Weight, and Other Factors Through Intervention With Exenatide Once Weekly.

than in the non-GLP-1RA comparator group (5% and 3%).
Numerically, diarrhea was reported more frequently with
pooled exenatide QW (11%) than with exenatide BID and the
non-GLP-1RA comparator group (8% and 7%, Figure 2E).
In DUR-6, nausea, vomiting, and diarrhea were reported
significantly less often with exenatide QW (9%, 4%, and
6%, respectively) than with liraglutide QD (21%, 11%,
and 13%; Table 5, Figure 2A, C and E). The incidence of
discontinuations due to GI-related AEs was similar in the
pooled exenatide QW and non-GLP-1RA comparator groups
(1.4% and 1.1%, respectively) and numerically higher in
the exenatide BID group (5.8%, Table 2); in DUR-6, rates
were 1.3% and 4.0% in the exenatide QW and liraglutide
QD groups, respectively (Table 3).
The incidence of nausea, vomiting, and diarrhea
decreased over time with exenatide QW treatment (Figure 3).
Most patients experienced these GI-related AEs within the
first weeks of treatment (Figure 3), with few cases recurring.

Although GI-related events typically resolved in fewer than
7 days in most patients across groups, a few patients experienced intermittent events that lasted more than 1 week
(Figure 2B, D and F).

Injection site-related AEs
Injection site-related AEs were reported numerically more frequently with pooled exenatide QW (20%) than with exenatide
BID (8.0%) or the non-GLP-1RA comparator (8.0%), and
significantly more often with exenatide QW (16.0%) than
with liraglutide QD (3.0%; difference, 13.0%; 95% confidence
interval 9.3–16.6) in DUR-6. The incidence of discontinuations due to the combined injection site-related AEs listed
above was 0.8% in the pooled exenatide QW group and 0.0%
in the exenatide BID and non-GLP-1RA comparator groups
(Table 2); in DUR-6, there was one patient (0.2%) who discontinued exenatide QW due to injection site reactions compared
with no discontinuations for liraglutide QD (Table 3).

Table 2 Summary of serious AEs, discontinuations, and deaths for DURATION-1–6 and Asian studies
DURATION-1–6 and Asian studies14–21

With one or more TEAEs
Serious AEs
Deaths
Discontinued due to AEs
Serious AEs
 GI-related AEs
 Injection site-related AEs

Pooled exenatide
QW (n=1,934)

Pooled exenatide
BID (n=606)

Pooled non-GLP-1RA
comparators (n=1,338)

1,383 (71.5) (69.50–73.52)
61 (3.2) (2.38–3.93)
2 (0.1) (0.00–0.25)
85 (4.4) (3.48–5.31)
15 (0.8) (0.38–1.17)
28 (1.4) (0.92–1.98)
16 (0.8) (0.42–1.23)

457 (75.4) (71.98–78.84)
18 (3.0) (1.62–4.32)
1 (0.2) (0.00–0.49)
47 (7.8) (5.63–9.89)
3 (0.5) (0.00–1.05)
35 (5.8) (3.92–7.63)
0 (0.0)

880 (65.8) (63.23–68.31)
60 (4.5) (3.38–5.59)
2 (0.1) (0.00–0.36)
32 (2.4) (1.57–3.21)
9 (0.7) (0.23–1.11)
15 (1.1) (0.56–1.69)
0 (0.0)

Note: Values are n (%) (95% CI).
Abbreviations: AEs, adverse events; BID, twice daily; CI, confidence interval; GI, gastrointestinal; GLP-1RA, glucagon-like peptide-1 receptor agonist; QW, once weekly;
TEAEs, treatment-emergent adverse events; DURATION, Diabetes Therapy Utilization: Researching Changes in A1C, Weight, and Other Factors Through Intervention
With Exenatide Once Weekly.
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Table 3 Summary of serious AEs, discontinuations, and deaths for the DURATION-6 study
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DURATION-619
With one or more TEAEs
Serious AEs
Deaths
Discontinued due to AEs
Serious AEs
 GI-related AEs
 Injection site-related AEs

Exenatide QW (n=461)

Liraglutide QD (n=450)

Difference (95% CI)a

283 (61.4) (56.94–65.83)
13 (2.8) (1.31–4.33)
0 (0.0)
12 (2.6) (1.15–4.06)
3 (0.7) (0.00–1.38)
6 (1.3) (0.27–2.34)
1 (0.2) (0.00–0.64)

306 (68.0) (63.69–72.31)
7 (1.6) (0.41–2.70)
1 (0.2) (0.00–0.66)
23 (5.1) (3.08–7.15)
2 (0.4) (0.00–1.06)
18 (4.0) (2.19–5.81)
0 (0.0)

-6.6 (-12.8, -0.4)
1.3 (-0.6, 3.2)
-0.2 (-0.7, 0.2)
-2.5 (-5.0, -0.0)
0.2 (-0.8, 1.2)
-2.7 (-4.8, -0.6)
0.2 (-0.2, 0.6)

Notes: Values are n (%) (95% CI) unless otherwise indicated. aDifference = exenatide QW incidence (%) minus liraglutide QD incidence (%).
Abbreviations: AEs, adverse events; CI, confidence interval; GI, gastrointestinal; QD, once daily; QW, once weekly; TEAEs, treatment-emergent adverse events;
DURATION, Diabetes Therapy Utilization: Researching Changes in A1C, Weight, and Other Factors Through Intervention With Exenatide Once Weekly.

Hypoglycemia
Hypoglycemia rates were low in all groups except when
treatment was combined with a sulfonylurea (Figure 4).
Major hypoglycemia occurred in four cases (one each in the
pooled exenatide QW and BID groups and two in the pooled
comparator group [insulin glargine]). Minor hypoglycemia
was reported numerically more often in the non-GLP-1RA
comparator group (mainly due to reports in the insulin-treated
patients) than in the pooled exenatide QW and exenatide BID
groups without concomitant sulfonylurea use (4% versus 2%
and 1%, respectively) and with sulfonylurea use (47% versus
13% and 12%, respectively). There were no differences in
minor hypoglycemia rates for exenatide QW and liraglutide
QD in DUR-6.

Other AEs of interest
Renal failure-related AEs occurred infrequently (0.1, 0.4, and
0.3 per 100 patient-years for pooled exenatide QW, exenatide

BID, and comparator groups, respectively, and 0.5 and 0.0 per
100 patient-years for exenatide QW and liraglutide QD in
DUR-6), with no significant difference between exenatide
QW and liraglutide QD (Figure 5). Similarly, thyroid neoplasms were rarely reported in any treatment group (0.2, 0.4,
and 0.5 per 100 patient-years, respectively, and 0.5 and 0.0 for
exenatide QW and liraglutide QD in DUR-6; Figure 5). No
cases of thyroid cancer or C-cell carcinoma were reported.
There were no cases of pancreatic cancer reported in any
group analyzed, although one case of pancreatic neoplasm
was reported for exenatide BID. Pancreatitis was rare in all
groups (Figure 5).
Incidences of serious AEs grouped by body system
are shown in Table 6. Serious AEs reported in two or more
patients per group for pooled exenatide QW were acute
pancreatitis, acute cholecystitis, cholelithiasis, appendicitis, viral pericarditis, cerebral artery occlusion, cerebral
infarction, and ureteric calculus (each 2/1,934 [0.1%]),

Table 4 Summary of frequent ($5%) treatment-emergent adverse events for DURATION-1–6 and Asian studies
Preferred term

Nausea
Diarrhea
Nasopharyngitis
Vomiting
Injection site induration
Constipation
Headache
Injection site nodule
Injection site pruritus
Decreased appetite
Upper respiratory tract infection
Dyspepsia
Dyslipidemia
Dizziness

DURATION-1–6 and Asian studies14–21
Pooled exenatide
QW (n=1,934)

Pooled exenatide
BID (n=606)

Pooled non-GLP-1RA
comparators (n=1,338)

279 (14.4) (12.86–15.99)
203 (10.5) (9.13–11.86)
183 (9.5) (8.16–10.77)
130 (6.7) (5.61–7.84)
126 (6.5) (5.42–7.61)
124 (6.4) (5.32–7.50)
123 (6.4) (5.27–7.45)
119 (6.2) (5.08–7.22)
106 (5.5) (4.47–6.50)
75 (3.9) (3.02–4.74)
73 (3.8) (2.93–4.62)
65 (3.4) (2.56–4.16)
59 (3.1) (2.28–3.82)
52 (2.7) (1.97–3.41)

181 (29.9) (26.22–33.51)
51 (8.4) (6.21–10.63)
24 (4.0) (2.41–5.51)
79 (13.0) (10.36–15.72)
2 (0.3) (0.00–0.79)
38 (6.3) (4.34–8.20)
28 (4.6) (2.95–6.29)
0 (0.0)
12 (2.0) (0.87–3.09)
38 (6.3) (4.34–8.20)
44 (7.3) (5.19–9.33)
13 (2.1) (0.99–3.30)
34 (5.6) (3.78–7.44)
30 (5.0) (3.22–6.68)

66 (4.9) (3.77–6.09)
99 (7.4) (6.00–8.80)
152 (11.4) (9.66–13.06)
33 (2.5) (1.64–3.30)
12 (0.9) (0.39–1.40)
33 (2.5) (1.64–3.30)
116 (8.7) (7.16–10.18)
48 (3.6) (2.59–4.58)
19 (1.4) (0.79–2.05)
7 (0.5) (0.14–0.91)
52 (3.9) (2.85–4.92)
33 (2.5) (1.64–3.30)
31 (2.3) (1.51–3.12)
42 (3.1) (2.20–4.07)

Note: Values are n (%) (95% CI).
Abbreviations: BID, twice daily; CI, confidence interval; GLP-1RA, glucagon-like peptide-1 receptor agonist; QW, once weekly; DURATION, Diabetes Therapy Utilization:
Researching Changes in A1C, Weight, and Other Factors Through Intervention With Exenatide Once Weekly.
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Exenatide QW (n=1,934)
Exenatide BID (n=606)

All
studies14-21

Exenatide QW (n=461)
Liraglutide QD (n=450)

A

5
−11
(−16, −7)

30

30

21

20
14
10

5

9

Patients (%)

Patients (%)

Nausea

DURATION-619

B
40

77

70

3

100
75
50

2
20

1

Overall incidence

C

95
89

86

4

0

0

8
1

2

3

4

Time (days)

5

6

7

25

14

25
>7a

None

0

D
5

40

93

98 96
89

100

30
−7
(−10, −4)

20
13
10

7

11
3

Patients (%)
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Figure 2 Incidence and duration of gastrointestinal-related adverse events over time. Incidence (left panel) and duration (right panel) for (A, B) nausea, (C, D) vomiting,
and (E, F) diarrhea in each treatment group. Duration of the nausea/vomiting event is calculated as the resolution date (or the last participation date if event is ongoing at
the time of study termination) minus the event onset date plus 1. aEvents lasting longer than 7 days in duration included reports of both continuous and intermittent nausea/
vomiting. 95% confidence interval for the difference (exenatide QW incidence [%] minus liraglutide QD incidence [%] in DURATION-6).
Abbreviations: BID, twice daily; QD, once daily; QW, once weekly; DURATION, Diabetes Therapy Utilization: Researching Changes in A1C, Weight, and Other Factors
Through Intervention With Exenatide Once Weekly.

Table 5 Summary of frequent ($5%) treatment-emergent adverse events for the DURATION-6 study
Preferred term
Nausea
Diarrhea
Nasopharyngitis
Vomiting
Injection site induration
Constipation
Headache
Injection site nodule
Injection site pruritus
Decreased appetite
Upper respiratory tract infection
Dyspepsia
Dyslipidemia
Dizziness

DURATION-6
Exenatide QW (n=461)

Liraglutide QD (n=450)

Difference (95% CI)a

43 (9.3) (6.67–11.98)
28 (6.1) (3.89–8.25)
31 (6.7) (4.44–9.01)
17 (3.7) (1.97–5.41)
NR
21 (4.6) (2.65–6.46)
27 (5.9) (3.71–8.00)
48 (10.4) (7.62–13.20)
15 (3.3) (1.63–4.87)
17 (3.7) (1.97–5.41)
12 (2.6) (1.15–4.06)
11 (2.4) (0.99–3.78)
NR
13 (2.8) (1.31–4.33)

93 (20.7) (16.93–24.41)
59 (13.1) (9.99–16.23)
32 (7.1) (4.74–9.49)
48 (10.7) (7.81–13.52)
NR
22 (4.9) (2.90–6.88)
38 (8.4) (5.88–11.01)
5 (1.1) (0.14–2.08)
1 (0.2) (0.00–0.66)
29 (6.4) (4.18–8.71)
12 (2.7) (1.18–4.16)
27 (6.0) (3.81–8.19)
NR
15 (3.3) (1.67–4.99)

-11.3 (-15.9, -6.8)
-7.0 (-10.8, -3.2)
-0.4 (-3.7, 2.9)
-7.0 (-10.3, -3.6)
NR
-0.3 (-3.1, 2.4)
-2.6 (-5.9, 0.8)
9.3 (6.3, 12.3)
3.0 (1.4, 4.7)
-2.8 (-5.6, 0.1)
-0.1 (-2.1, 2.0)
-3.6 (-6.2, -1.0)
NR
-0.5 (-2.8, 1.7)

Notes: Values are n (%) (95% CI) unless otherwise indicated. aDifference = exenatide QW incidence (%) minus liraglutide QD incidence (%) in DURATION-6. From Lancet,
Volume 381(9861), Buse JB, Nauck M, Forst T, et al, Exenatide once weekly versus liraglutide once daily in patients with type 2 diabetes (DURATION-6): a randomised,
open-label study, 117–124, Copyright 2013, with permission from Elsevier.19
Abbreviations: CI, confidence interval; NR, not reported using this term; QD, once daily; QW, once weekly; DURATION, Diabetes Therapy Utilization: Researching
Changes in A1C, Weight, and Other Factors Through Intervention With Exenatide Once Weekly.
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The incidence of primary MACE for all GLP-1RAs and nonGLP-1RAs was 0.6% (n=18/2,990) and 0.5% (n=7/1,338),
respectively. Expanded MACE was 0.8% (n=25/2,990) for all
GLP-1RAs and 1.3% (n=17/1,338) for all non-GLP-1RAs.
The incidence of primary MACE or expanded MACE by
treatment shows a numerically lower incidence with exenatide
QW (0.6% and 0.7%, respectively) and exenatide BID (0.5%
and 0.8%) than with liraglutide QD (0.9% and 1.3%). For
non-GLP-1 comparators, the numerical incidences of primary
MACE and expanded MACE were highest for pioglitazone
(1.2% and 2.4%, respectively) followed by sitagliptin (0.6%
and 0.9%), metformin (0.4% and 1.6%), and insulin (0.0%
and 0.5%).
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Figure 3 Occurrence of gastrointestinal-related adverse events over time with
exenatide QW treatment. Incidences of nausea, vomiting, and diarrhea in patients
treated with exenatide QW are combined for weeks 0–12 in 2-week increments.14–21
Abbreviation: QW, once weekly.

and prostate cancer (3/1,934 [0.2%]). For non-GLP-1RA
comparators, serious AEs were angina pectoris, unstable
angina, coronary artery occlusion, non-cardiac chest pain,
cholecystitis, and cholelithiasis (each 2/1,338 [0.1%]), and
chest pain and cerebrovascular accident (3/1,338 [0.2%]).
Only appendicitis was reported for two or more patients with
exenatide QW in DUR-6 (2/461 [0.4%]). Notably, serious
cardiac and vascular disorders were rarely reported (cardiac
disorders: 0.4%, 0.7%, 0.7%, 0.2%, and 0.4%, respectively,
for pooled exenatide QW, exenatide BID, non-GLP-1RA
comparators, DUR-6 exenatide QW, and liraglutide QD;
vascular disorders: 0.1%, 0.2%, 0.1%, 0.0%, and 0.0%,
respectively).
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2015:8

This analysis of the exenatide QW clinical trial population
compared the safety and tolerability profiles of exenatide
QW with those of GLP-1RA comparators and commonly
used non-GLP-1RA treatments. Consistent with previous
reports, no new specific safety signals were identified in
this retrospective pooled analysis of the DURATION clinical trials conducted to evaluate the safety and efficacy of
exenatide QW. The most common AEs with exenatide QW
were GI-related and injection site-related, and were generally
mild and transient.
The prevalence of GI-related AEs is a consistent class
effect observed with GLP-1RAs, and it is known that GI
symptoms are generally more frequent in patients with
diabetes compared with those without diabetes.4,23–27 The
issue of GI tolerability is a key concern with glucoselowering treatments and has the potential to affect treatment
adherence and compliance.28 Incidences of GI-related AEs
were significantly lower with exenatide QW compared
with liraglutide QD. The incidence of nausea and vomiting was approximately doubled with liraglutide QD versus
exenatide QW. Although GI events with exenatide QW
and BID were numerically more frequent than with the
non-GLP-1RA comparator group, GI events were most
frequent early in treatment and for a short duration before
decreasing over time. Importantly, there was no increase in
prolonged duration of GI events with long-acting exenatide
QW compared with shorter-acting treatments, with the
majority of events with exenatide QW having resolved
within 7 days. In addition, exenatide QW was associated
with a low discontinuation rate due to GI events. As in the
present analysis, long-term studies of exenatide BID and
exenatide QW have shown that nausea generally subsided
with continued treatment.29–31 Similarly, other studies of
submit your manuscript | www.dovepress.com
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Figure 4 Incidence of hypoglycemia by treatment and use of SFU. Percentage of patients who experienced minor hypoglycemia. 95% confidence interval of the difference
(exenatide QW incidence [%] minus liraglutide QD incidence [%] in DURATION-6).
Abbreviations: BID, twice daily; QD, once daily; QW, once weekly; SFU, sulfonylurea; DURATION, Diabetes Therapy Utilization: Researching Changes in A1C, Weight,
and Other Factors Through Intervention With Exenatide Once Weekly.

liraglutide QD produced similar results with regard to the
prevalence of GI-related AEs and the transient occurrence
of nausea.4,26
Injection site-related AEs were numerically more commonly reported with exenatide QW therapy than with other
GLP-1RAs or non-GLP-1RA comparators and infrequently
required discontinuation. Occurrence of small asymptomatic
injection site nodules was an expected event given the inherent characteristics of the microsphere delivery system.13 Small
asymptomatic injection site nodules are commonly associated with the injection of drugs in the microsphere-based
Exenatide QW (n=1,934)
Exenatide BID (n=606)
Comparator (n=1,338)

delivery method. However, these nodules are transient and
resolve without medical intervention, regardless of antibody
status.
A previous report published the incidence of antibody
formation and the association of antibodies with injection site
reactions in DUR-1, DUR-2, and DUR-3.32 A positive antibody titer was seen in 57% of patients at 26–30 weeks (45%
low titer [#125], 12% higher titer [$625]). The incidence
of all potentially immune-related AEs in antibody-negative
and antibody-positive patients was 12% and 22%, respectively, in the exenatide QW groups and 10% in the pooled

All
studies14-21
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Figure 5 Adverse events of interest. Exposure-adjusted incidence per 100 patient-years and difference in thyroid neoplasm, pancreatitis, renal failure, and gallbladder disease.
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confidence interval for the difference (exenatide QW incidence [%] minus liraglutide QD incidence [%] in DURATION-6).
Abbreviations: BID, twice daily; QD, once daily; QW, once weekly; DURATION, Diabetes Therapy Utilization: Researching Changes in A1C, Weight, and Other Factors
Through Intervention With Exenatide Once Weekly.
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Table 6 Treatment-emergent serious adverse events by body system (.1% in any group) for 24-week to 30-week randomized
comparator-controlled trials14–21
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 3.235.29.190 on 02-Apr-2020
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System

Cardiac disorders
Gastrointestinal disorders
General disorders and administration
site conditions
Hepatobiliary disorders
Infections and infestations
Neoplasms benign, malignant, and
unspecified (including cysts and polyps)
Nervous system disorders

Incidence, n (%) (preferred terms)
Pooled exenatide
QW (n=1,934)

Pooled exenatide
BID (n=606)

Pooled non-GLP-1RA
comparators (n=1,338)

Exenatide
QW (n=461)

Liraglutide
QD (n=450)

8 (0.4%)
9 (0.5%)
1 (,0.1%)

4 (0.7%)
2 (0.3%)
2 (0.3%)

9 (0.7%)
8 (0.6%)
7 (0.5%)

1 (0.2%)
3 (0.7%)
0 (0.0%)

2 (0.4%)
2 (0.4%)
1 (0.2%)

5 (0.3%)
12 (0.6%)
5 (0.3%)

2 (0.3%)
2 (0.3%)
0 (0.0%)

6 (0.4%)
12 (0.9%)
4 (0.3%)

2 (0.4%)
2 (0.4%)
2 (0.4%)

0 (0.0%)
0 (0.0%)
0 (0.0%)

6 (0.3%)

1 (0.2%)

6 (0.4%)

0 (0.0%)

1 (0.2%)

Abbreviations: BID, twice daily; GLP-1RA, glucagon-like peptide-1 receptor agonist; QD, once daily; QW, once weekly.

comparator group. Injection site erythema and pruritus
occurred at a greater rate in antibody-positive patients than
in antibody-negative patients with exenatide QW and in
patients in the pooled comparator group (positive, 5% and
8%, respectively; negative, 0.5% and 3%; comparator, 1%
and 2%).32 The incidence of all other injection site reactions
was similar between groups.
Management of hypoglycemia is a concern with all
glucose-lowering treatments.33,34 Major hypoglycemia was
rare in all treatment groups, with four cases reported (one
each in the pooled exenatide QW and BID groups and two in
the pooled comparator group [insulin glargine]). Overall, the
incidence of minor hypoglycemia was low across all groups
without concomitant sulfonylurea therapy but occurred more
frequently across all groups with concomitant sulfonylurea
use. All events of hypoglycemia were transient.
The potential for increased risk of pancreatitis has been
the subject of discussion for the GLP-1RA class. Further,
concerns about pancreatitis with antihyperglycemic agents
have been emphasized by postmarketing safety surveillance
and case reports.35–37 In 2007 and 2008, the US FDA issued
a safety alert and update based on postmarketing surveillance that reported a total of 36 cases of acute pancreatitis
in patients treated with exenatide.38 However, pharmacovigilance data from the FDA Adverse Event Reporting System
should be interpreted with caution given the varied reporting
of supporting information and the absence of adjudication.39
Patients with type 2 diabetes appear to be at an increased
risk for pancreatitis, as shown by large studies of health care
databases.40–42 To date, the majority of large postmarketing
studies42–45 have found no evidence to support an association
between exenatide and increased risk of pancreatitis. In one
study, the incidence of acute pancreatitis (0.13%) was comparable for initiators of exenatide relative to the comparator

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2015:8

group (0.12%; relative risk 1.0; 95% confidence interval
0.6–1.7);43 in a second study, no definite association could
be found between use of exenatide and increased incidence
of pancreatitis;42 and in a third study, use of GLP-1-based
therapies was associated with an increased risk of acute
pancreatitis relative to nonusers.45 Other glucose-lowering
therapies for the treatment of type 2 diabetes have also been
associated with the development of pancreatitis,46 although
such occurrences have been rare.47–49 Recently, the FDA
and European Medicines Agency conducted parallel assessments of the pancreatic safety of incretin-based drugs (based
on nonclinical toxicology studies, clinical trial data, and
epidemiological data) and did not find data consistent with
previous reports of a causal association between incretinbased drugs and pancreatitis or pancreatic cancer.50 In the
present analysis, events were rare in all groups (Table 6).
There was no apparent trend for exenatide QW in extending the clinical course of pancreatitis, and events resolved
with and without continued use of exenatide QW. Ongoing
observational studies continue to assess the pancreatic safety
of incretin-based therapies.
Based on preclinical studies, exenatide is not directly
nephrotoxic as it is eliminated by glomerular filtration and
subsequent proteolytic degradation in the renal tubules,
resulting in no active metabolites.12,51 Chronic kidney disease
is common in patients with type 2 diabetes, and postmarketing case reports of an association between use of exenatide
and worsened kidney function raised concerns over a causal
relationship. Because exenatide is primarily cleared via renal
mechanisms,51 the exenatide QW label contains a warning
that it should not be used in patients with severe renal impairment (creatinine clearance ,30 mL/min) or end-stage renal
disease, should be used with caution in patients with renal
transplantation, and caution should be applied when initiating
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or escalating doses of exenatide in patients with moderate
renal impairment (creatinine clearance 30–50 mL/min).12
Additionally, because exenatide may induce nausea and
vomiting with transient hypovolemia, treatment may worsen
renal function in these instances because of decreased
renal perfusion. In these circumstances, rehydration usually restores renal function to baseline values. Events of
exenatide-associated renal impairment or renal failure are
reported infrequently in the published studies.52,53 In the
current analysis, renal failure was rarely reported. These
data are consistent with six clinical trials54 that found no
association between exenatide BID or placebo in renal AEs
and similar changes in kidney function between patients in
both groups.
Thyroid cancers are of some interest with the GLP-1RAs, as sustained GLP-1 agonism has been associated with
an increased incidence of C-cell adenomas and carcinomas
in rodents;55 however, the clinical relevance of these animal
data is unknown. In particular, there appears to be a speciesspecific difference in thyroid C-cell response to GLP-1RAs
that causes C‑cell secretion of calcitonin and hyperplasia in
rodents.55 In the present analysis, all occurrences of thyroid
neoplasm were benign and very rare, and no C-cell cancers
were reported in these clinical trials. Thyroid neoplasm has
rarely been reported with liraglutide QD, and studies monitoring calcitonin have indicated similar levels with liraglutide
QD and comparators.56–58 A US insurance claims database
showed no significant increased risk of inpatient pancreatic
or thyroid cancer between exenatide BID and metformin or
glyburide.43 Ongoing postmarketing surveillance of exenatide
shows no indication of a safety signal.59 Overall, the incidence of thyroid neoplasm-related events across treatments
is consistent with the background rate of thyroid cancers in
the general population.
FDA guidance requires new treatments for type 2 diabetes to demonstrate that treatment will not result in an
unacceptable cardiovascular risk.60 While cardiovascular
safety data for exenatide QW and comparators have been
limited by a short follow-up duration, in an evaluation of
the change in heart rate over time a small increase in heart
rate (+1.3 bpm) was observed upon starting exenatide QW
therapy; after 26 weeks of treatment, the mean change
was +2.6 bpm. Heart rate returned to near baseline levels
10–12 weeks following discontinuation of exenatide QW.61
These data are consistent with demonstrated heart rate
changes as observed in previous reports,62 and no increase
in cardiovascular event rates for exenatide QW, exenatide
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BID, or comparators as observed in previous studies of
GLP-1RAs. 63 Moreover, diabetes increases the risk of
cardiovascular disease in men and women.64 Our analysis
of primary and expanded MACE in this combined analysis
show that the rate of these events was low (,1.0%) for
patients treated with exenatide QW. Studies evaluating
cardiovascular outcomes with exenatide, liraglutide, dulaglutide, and lixisenatide are ongoing. The EXSCEL trial
(ClinicalTrials.gov identifier NCT01144338) is evaluating
the impact of including exenatide QW as part of usual care
versus usual care without exenatide on major cardiovascular
outcomes as measured by the primary cardiovascular combined endpoint of cardiovascular-related death, nonfatal
MI, or nonfatal stroke in approximately 14,000 patients
with type 2 diabetes.
Antibodies to GLP-1RAs may develop in some patients,
as has been observed with other peptide therapeutics.56,65
Furthermore, formation of antibodies to therapeutic peptides
is common, even when the peptide is identical to the endogenous human form. In a study by Fineman et al,32 37% of
exenatide-treated patients developed antibodies to exenatide
after 30 weeks of treatment; this rate fell to 17% after
3 years. In a study of liraglutide QD, antibodies developed
in approximately 8% of patients who received liraglutide
QD for up to 26 weeks.66 Analysis of cross-reactivity in a
subset of antibody-positive patients in the Buse et al study
showed that treatment-emergent antibodies to exenatide did
not cross-react with human GLP-1 or glucagon. Similarly,
in the LEAD-6 trial of liraglutide QD, 4.4% (n=5/113)
of antibody-positive samples cross-reacted with GLP-1;
however, it was unknown whether the cross-reactivity was
pre-existing or treatment-emergent.67 A low antibody titer
does not appear to be predictive of safety or efficacy issues
as there was no difference between groups in potentially
immune-related AEs overall, and only a slight increase in
the occurrence of some injection site-related AEs in patients
with a positive antibody titer to exenatide.32 There were
no reports of systemic hypersensitivity or immune-related
respiratory reactions such as anaphylaxis with exenatide
QW treatment.
In open-label extension periods up to 3 years, exenatide
QW maintained improvements in glycemic control and
weight loss when compared with exenatide BID or insulin
glargine.68,69 The AEs reported in these longer trials are
similar to those observed in this integrated safety analysis.
Moreover, the AEs were mostly mild in intensity and decreased
over time.
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Strengths and limitations
There are several strengths of this analysis: a large number
of patients were included in the pooled data set; the trials
were randomized and controlled with centralized monitoring
and laboratory analyses; and results were derived from individual patient data. Limitations of this analysis are that AEs
were not independently adjudicated and the post hoc design
of this analysis was not adequately powered to detect very
rare AEs (incidence ,0.01%), nor were the duration of the
trials long enough to observe rare AEs with a long course of
development (eg, cancers). Patients with clinically significant
comorbidities were excluded from participation in the studies
that comprised the pooled analysis; thus, these data should
not be generalized to such patients. Although the trials were
similarly designed with respect to randomization and blinding, there were concerns about drawing comparisons between
pooled treatment groups because of the heterogeneity in the
patient population and other aspects of study design.

Conclusion
In this integrated analysis of more than 4,328 patients studied
for up to 6 months and representing over 2,100 patient-years
of exposure, exenatide QW was generally well tolerated
and had an acceptable safety profile in patients with type 2
diabetes. Consistent with previous studies, the primary apparent difference in the GLP-1RAs compared with the nonGLP-1RA comparators was in GI tolerability. This analysis
further showed no apparent differences in the overall safety
and tolerability profiles of the GLP-1RAs across treatments,
despite differences in the drug profiles (ie, short-acting
versus intermediate-acting versus long-acting). Exenatide
QW was associated with improved GI tolerability compared
with exenatide BID or liraglutide QD; however, injection site
reactions were more frequent with exenatide QW.
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