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Abstract: Type 2 diabetes mellitus (T2DM) is a major risk factor for the development of  

cardiovascular disease (CVD). Due to the ever increasing incidence of both T2DM and CVD  

and coexistence of these disorders, numerous agents have been developed over the years to target 

complications. We focus on the efficacy and safety perspective of a long-acting formulation 

of the glucagon-like peptide-1 analog exenatide. Our review focuses on the various landmark 

trials, efficacy, safety profile, and patient perspectives of weekly exenatide that delineates its 

current and future role in the treatment of patients with T2DM and CVD.
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Introduction
Type 2 diabetes mellitus (T2DM) and obesity are growing exponentially, with an 

estimated 29 million people affected in the USA alone with diabetes and an estimated 

34% of the population considered obese.1,2 Incretin-based therapies have clearly 

revolutionized the management of T2DM as they address a key pathophysiological 

defect in this disorder. When used as monotherapy or in conjunction with other 

drugs in the treatment for T2DM, incretin-based therapies such as glucagon-like 

peptide-1 (GLP-1) receptor agonists or a dipeptidyl-peptidase-4 (DPP-4) inhibi-

tor are effective agents in reducing glycated hemoglobin (HBA
1c

). GLP-1 receptor 

agonists additionally affect weight and blood pressure. In this review, the pharmacol-

ogy, physiology, and clinical effects of a long-acting formulation of exenatide are 

reviewed and their effects on glycemia lowering weight loss and other cardiovascular 

effects discussed.

Review of pharmacology, mode of action, 
pharmacokinetics of extended release form  
of exenatide
GLP-1 and gastric inhibitory polypeptide are peptide hormones secreted by the 

enteroendocrine cells in the intestines. GLP-1 is synthesized by the L-cells pres-

ent in the distal small gut, while gastric inhibitory polypeptide-1 is secreted by the 

proximal gut. GLP-1 stimulates insulin and inhibits glucagon secretion from the 

β- and α-cells, respectively, in a glucose-dependent manner. It also inhibits gastric 

emptying and reduces appetite, thus helping in weight reduction, especially in over-

weight  individuals.3 Exenatide is a DPP-4 resistant form of GLP-1 that was originally 

identified in the Gila monster.4 Exenatide is a 39-amino acid peptide that shares 53% 
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of its amino acid sequence identity with human GLP-1, 

and both have common glucoregulatory actions.5 Due to its 

pharmacological resemblance to native GLP-1, exenatide 

binds to and activates GLP-1 receptors, resulting in actions 

similar to native GLP-1 and reduces both fasting and prandial 

glucose levels.5 The pharmacokinetics of exenatide, although 

longer than native GLP-1, still requires twice-daily dosing. 

To overcome this short half-life, a long-acting depot for-

mulation of exenatide was developed in 2003. This weekly 

exenatide preparation is encapsulated in 0.06 mm diameter 

microspheres of medical grade, biodegradable polymer, poly 

lactic-co-glycolic acid.6 When this formulation is injected 

subcutaneously, the microspheres degrade slowly, allowing 

gradual, controlled release of the drug into the systemic cir-

culation over ∼10 weeks. There is an initial period of release 

of surface-bound exenatide, followed by a gradual release 

of exenatide from the microspheres, resulting in two peaks 

of exenatide in plasma at around week 2 and weeks 6–7, 

respectively, representing the hydration and erosion of the 

microspheres.7

Exenatide 2 mg once weekly results in a minimal thera-

peutic concentrations (.50 pg/mL) in ∼2 weeks and steady-

state concentrations of ∼300 pg/mL within 6–7 weeks.7 The 

median half-life of exenatide once weekly is ∼2 weeks. After 

discontinuation, concentrations decrease to subtherapeutic 

levels (,50 pg/mL) in ∼6–7 weeks.7 It is predominantly 

eliminated via glomerular filtration and has a mean apparent 

clearance of 9.1 L/h. Mean apparent volume of distribution 

is 28.3 L.

Efficacy studies
Although GLP-1-based therapy is currently not a first-line 

therapy for T2DM, it could be considered as an add-on 

therapy for patients who are poorly controlled on maximal 

doses of one or two oral agents.8 Exenatide once weekly 

has been shown to reduce A
1c

 levels in patients with type 2 

diabetes who are inadequately controlled with oral hypo-

gylcemics and/or diet and exercise.9,10 Numerous trials have 

been performed comparing once-weekly exenatide to other 

antihyperglycemic drugs (Table 1). The six pivotal DURA-

TION trials (The Diabetes Therapy Utilization: Researching 

Changes in A
1c

, Weight, and Other Factors Through Inter-

vention With Exenatide Once Weekly) compare extended 

release exenatide to other antihyperglycemics. These trials 

generally had an inclusion criterion of HbA
1c

 7.1%–11% 

and body mass index of 24–40 kg/m2. Primary end point for 

these trials typically included change in A
1c

 levels, whereas 

secondary end point is study dependent but included change 

in fasting blood glucose levels, change in body weight, and 

safety end points.

Glycemic effects
versus exenatide daily
DURATION-1 and -5 were randomized control trials with 

open-label comparison of safety and efficacy profile of 

weekly versus 10 µg twice-daily exenatide use.

In DURATION-1, 295 patients with type 2 diabetes 

(HbA
1c

 =8.3% [standard deviation {SD} =1.0], mean fast-

ing plasma glucose [FPG] =9 [SD =2] mmol/L, weight =102 

[SD =20] kg, diabetes duration =6.7 [SD =5.0] years) were 

assigned to either exenatide 2 mg administered weekly or 

10 µg administered twice daily. At the end of the 30-week 

period, the exenatide weekly group had a significantly 

greater change in HbA
1c

 than exenatide daily (−1.9 [stan-

dard error {SE} =0.1%] vs −1.5 [0.1%], 95% confidence 

interval [CI] =−0.54% to −0.12%, P=0.0023). Also a sig-

nificant proportion of the patients receiving once-weekly 

exenatide achieved target HbA
1c

 levels of 7.0% or less (77% 

vs 61% of evaluable patients, P=0.0039). Weekly exenatide 

resulted in significantly greater improvements in FPG 

(–41 mg/dL vs –25 mg/dL; P,0.0001), while improvements 

in prandial plasma glucose were greater with the twice-

daily formulation (–124 mg/dL vs –95 mg/dL; P=0.0124). 

Reductions in body weight were similar in both treatment 

groups.11

In the DURATION-5 trial, weekly exenatide was com-

pared against 5 µg exenatide twice daily for 4 weeks followed 

by 10 µg for 20 weeks. The study population included 252 

type 2 diabetics (baseline [mean ± SD]: HbA
1c

 8.4%±1.2%, 

FPG 171±47 mg/dL, weight 96±20 kg) who were drug naïve 

(19%) or previously treated with one (47%) or multiple (35%) 

oral antidiabetic medications. Results were similar to that of 

DURATION-1 trial, with weekly exenatide producing sig-

nificantly greater changes from baseline versus twice daily in 

HbA
1c

 (−1.6%±0.1% vs −0.9%±0.1%; P,0.0001) and FPG 

(−35±5 mg/dL vs −12±5 mg/dL; P=0.0008) without any 

major hypoglycemic events.12 Weekly exenatide was associ-

ated with greater injection site reactions compared to twice-

daily exenatide. Both DURATION-2 and -4 were associated 

with similar degree of weight loss effects with reduction in 

blood pressures that were comparable.

versus oral hypoglycemic drugs
DURATION-2 trial compared once-weekly exenatide 

with maximum approved doses of sitagliptin or pio-

glitazone in patients treated with metformin monotherapy. 
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Exenatide reduced HbA
1c

 (mean difference =−1.5%, 95% 

CI =−1.7 to −1.4) significantly more than sitagliptin (mean 

difference =−0.9%, 95% CI =−1.1 to −0.7) or pioglitazone 

(mean difference =−1.2%, 95% CI =−1.4 to −1.0). Weight loss 

with exenatide (difference =−2.3 kg, 95% CI =−2.9 to −1.7) 

was significantly greater than that achieved with sitagliptin 

(difference =−1.5 kg, 95% CI =−2.4 to −0.7, P=0.0002) or 

pioglitazone (difference =−5.1 kg, 95% CI =−5.9 to −4.3). 

However, reductions in FPG with exenatide once weekly 

(−32 mg/dL) was significantly greater than those achieved 

with sitagliptin (–16 mg/dL; P=0.0038 vs exenatide), but 

not pioglitazone (–27 mg/dL; P=0.3729 vs exenatide). Thus, 

addition of weekly exenatide to metformin achieved better 

glucose control than did addition of maximum daily doses 

of either sitagliptin or pioglitazone.13 Weekly exenatide was 

associated with weight loss compared to weight gain in the 

pioglitazone arm.

DURATION-4 was a randomized, controlled, double-blind 

26-week study that compared efficacy and safety of exenatide 

once weekly, metformin 2,500 mg/d, pioglitazone 45 mg/d, 

or sitagliptin 100 mg/d as initial monotherapy in 820 patients 

with uncontrolled type 2 diabetes. HbA
1c

 reductions (%) at 

26 weeks with once-weekly exenatide versus metformin, 

pioglitazone, and sitagliptin were −1.53 vs −1.48 (P=0.620), 

−1.63 (P=0.328), and −1.15 (P,0.001), respectively. Weight 

changes (kg) were −2.0 with weekly exenatide, −2.0 with 

metformin (P=0.892 vs intervention [weekly exenatide]), +1.5 

(P,0.001) with pioglitazone, and −0.8 kg with sitagliptin 

(P,0.001). Thus, both exenatide once weekly and metformin 

resulted in a similar mean weight loss of 2 kg. Treatment with 

pioglitazone resulted in weight gain. Reductions in FPG with 

exenatide once weekly (−40.5 mg/dL) were similar to those 

with metformin (−35.7 mg/dL) and pioglitazone (−46.3 mg/

dL) and significantly greater than that with sitagliptin 

(−20.4 mg/dL; P,0.001). All results were reported for the 

intent-to-treat population.14

versus insulin
In the recently completed DURATION-3 trial, a multina-

tional open-label randomized trial, exenatide once weekly 

was compared with insulin glargine in patients suboptimally 

controlled with metformin monotherapy or metformin and 

sulfonylurea combination therapy for at least 3 months. 

Insulin glargine was initiated at 10 U/day and titrated up 

according to FPG. At 3 years, HbA
1c

 change was −1.01% 

(SE =0.07) in the exenatide group versus −0.81% (0.07) in 

the glargine group (least-squares mean difference =−0.20%, 

SE =0.10, 95% CI =−0.39 to −0.02, P=0.03).15

versus other GLP-1R agonist
DURATION-6, a 26-week, open-label, randomized, parallel-

group study, compared exenatide once weekly to liraglutide 

1.8 mg daily as add-on therapy to metformin, a sulfonylurea, 

and/or pioglitazone in 911 patients with uncontrolled type 2 

diabetes. Preliminary results indicated that mean change in 

HbA
1c

 was greater in patients in the liraglutide group (−1.48%, 

SE =0.05; n=386) than in those in the exenatide group (−1.28%, 

SE =0.05; n=390) with the treatment difference (0.21%, 95% 

CI =0.08–0.33) not meeting the prespecified noninferiority 

criteria. Liraglutide-treated patients lost significantly more 

weight and a greater proportion achieved an HbA
1c

 ,7%.

Thus, based on the aforementioned trials, exenatide 

extended-release has shown to effectively reduce glucose 

levels as well as helps in weight loss. These results are 

persistent .2 years as demonstrated in the continuation 

phase of DURATION trials, which showed that after 2 years, 

HbA
1c

 and fasting blood glucose showed a mean reduction 

of −1.7% and −40.1 mg/dL, respectively.16,17

Nonglycemic effects
Exenatide once weekly has well-documented evidence to 

support improvement of glycemic parameters. However, it 

has also been shown to have some benefit in improving other 

cardiovascular risk factors apart from blood glucose, such as 

blood pressure, lipids, and body weight.

Weekly exenatide for 30 weeks reduced apolipoprotein B 

and the apolipoprotein B to apolipoprotein A1 ratio (P,0.05), 

independent of glycemic improvement and weight loss.18 Patients 

with abnormal baseline (LDL $100 mg, HDL #40/50 mg/dL 

[male/female], or triglyceride $150 mg/dL) showed greater 

improvements in all lipid parameters (LDL, mean: −12.7 

[SE =1.61] mg/dL, P,0.0001; HDL: 2.5 [SE =0.34] mg/

dL, P,0.0001; triglycerides: −21% [SE =1.9], P,0.0001) in 

contrast to the moderate improvements in all patients receiving 

exenatide weekly.19

In meta-analysis, GLP-1Ra have been shown to reduce sys-

tolic blood pressure (SBP) by −1.79 mmHg (95% CI =−2.94 

to −0.64) compared to placebo and by −2.39 mmHg (95% 

CI =−3.35 to −1.42) compared to active control. Reductions 

in diastolic blood pressure (DBP) failed to reach statistical 

significance and were −0.54 mmHg (−1.15 to 0.07) compared 

to placebo and −0.50 mmHg (−1.24 to 0.24) compared to 

active control.20 Consistent with these observations, clini-

cally significant reductions in blood pressure were observed 

at week 52 (SBP: −3.6 [0.56] mmHg, P,0.0001; DBP: −1.2 

[0.34] mmHg P,0.001) with weekly exenatide. Greater 

improvements were observed in patients with elevated 
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baseline SBP ($130 mmHg): SBP: −8.5 (0.85) mmHg, 

P,0.0001; DBP: −3.0 (0.50) mmHg, P,0.0001, or 

elevated baseline SBP and DBP ($130/80 mmHg): SBP: 

−8.9 (1.10) mmHg, P,0.0001, DBP: −5.0 (0.58) mmHg, 

P,0.0001.19 A large meta-analysis showed that weekly 

exenatide as well as its daily preparation achieved a signifi-

cant reduction in SBP compared to comparator therapy that 

included placebo and other hypoglycemic drugs (weighted 

mean difference =2.22 mmHg; 95% CI =−2.97 to −1.47).21 

Meta-analysis using a random-effect model showed that 

GLP-1 agonists produce a significant increase in heart rate 

with a weighted mean difference of 1.86 bpm (95% CI =0.85–

2.87) versus placebo and 1.90 bpm (95% CI =1.30–2.50) 

versus active control, whereas weekly exenatide produced 

a more significant change 2.14 bpm (95% CI =1.11–3.17) 

versus active control.20 GLP-1 therapy is associated with a 

loss in weight of −2.56 kg (95% CI =−3.12 to −2.00; n=7,258 

active treatment and n=5,492 in comparator).21 A post hoc 

analysis pooled data from patients taking weekly exenatide 

showed reductions from baseline (least-squares mean [95% 

CI]) in body weight (−2.5 kg [−2.8 kg to −2.3 kg]) after 

24–30 weeks of treatment.22 However, no significant differ-

ence in weight loss was seen between the different types of 

GLP-1 agonists.23 Thus, a small but significant reduction in 

body weight is seen with all GLP-1 therapy.

Safety and tolerability
Hypoglycemia associated with many antidiabetic medica-

tions is a significant side effect that limits the use of agents 

such as sulfonylureas and insulin. GLP-1-based therapies 

are associated with minimal risk of hypoglycemia. In tri-

als used on top of metformin, there is minimal increase in 

hypoglycemia.9 In contrast, use of concomitant sulfonylurea 

or insulin does increase the risk of hypoglycemia, particularly 

in older individuals.11,12

The commonest adverse effect reported in all clinical 

trials with GLP-1 receptor agonists are gastro-intestinal, 

mainly nausea that is likely related to the gastric-slowing 

effects. However, these mild side effects improve with 

persistent use beyond 8 weeks. Other notable side effects 

are injection site reactions. Over all withdrawal rates 

in DURATION trials ranged from approximately 10% 

to 25%, but discontinuation rates due to adverse events 

were low. In contrast to exenatide twice daily, exenatide 

weekly appears to have a lower incidence of side effects. 

In DURATION-1, exenatide weekly was associated with 

a lower incidence of nausea compared to exenatide twice 

daily (26% vs 35%, respectively). Furthermore, patients 

on exenatide weekly had a lower incidence of vomiting 

(11% vs 19%). The hypoglycemia incidence of exenatide 

weekly was lower compared to insulin treatment (8% vs 

26%), although the discontinuation rate due to adverse 

events was higher (9.0% vs 2.0%) in DURATION-3 trial. 

The discontinuation rates due to adverse events were simi-

lar to exenatide twice daily (DURATION-5), metformin 

(DURATION-4), and pioglitazone (DURATION-4), but 

higher than DPP4 inhibitor sitagliptin (DURATION-2 

and -4) (Table 2).

Table 2 Adverse events and withdrawal rates

Trial  
(once-weekly  
exenatide)

Comparator Adverse events (%) Withdrawal % 
due to adverse 
reaction

Nausea Vomiting Injection  
reaction

Hypoglycemia

DURATiON-111 exenatide LAR 26.4 10.8 22 5.4 6.1
exenatide 34.5 18.6 11.7 6.2 4.8

DURATiON-213 exenatide LAR 24.0 11.0 10.0 1.0 6.3
Sitagliptin 10.0 2.0 7.0 3.0 3.0
Pioglitazone 5.0 3.0 7.0 1.0 3.6

DURATiON-315 exenatide LAR 15.0 6.0 13.0 8.0 9.0
insulin glargine 2.0 3.0 2.0 26.0 2.0

DURATiON-414 exenatide LAR 11.3 4.8 10.5 5.2 2.4
Metformin 6.9 3.3 10.2 4.1 2.4
Sitagliptin 3.7 1.8 6.7 3.1 0.6
Pioglitazone 4.3 3.1 3.7 3.7 3.1

DURATiON-512 exenatide LAR 14.0 4.7 5.4 3.9 5.0
exenatide bid 35.0 8.9 5.2 3.3 5.0

DURATiON-634 exenatide LAR 9.3 3.7 10.0 10.8 2.6
Liraglutide 20.4 10.7 1.0 8.9 5.3

Abbreviations: DURATiON, The Diabetes Therapy Utilization: Researching Changes in A1c, weight, and Other Factors Through intervention with exenatide Once 
weekly; LAR, long-acting release.
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Use in the presence of renal 
dysfunction
Exenatide is mainly excreted by glomerular filtration fol-

lowed by proteolytic degradation.24 A warning issued by the 

Food and Drug Administration states that it should not be 

used in patients with severe renal impairment (creatinine 

clearance ,30 mL/min) or end-stage renal disease. For 

patients with mild-to-moderate renal impairment (creatinine 

clearance 30–50 mL/min), down-titration of concomitant 

medications, in particular, sulfonylureas, may become neces-

sary to manage hypoglycemia and other adverse effects since 

the injector apparatus for weekly exenatide comes prepack-

aged with a single, fixed amount of drug for subcutaneous 

administration and decreasing its dosage may not be an 

option. In patients with end-stage renal disease on hemodialy-

sis, exenatide has been shown to be poorly tolerated,25 because 

in the absence of adequate renal clearance, the drug may 

accumulate and further worsen renal function by inducing 

hypovolemia due to the nausea and vomiting. A causal rela-

tionship was raised between worsening kidney function and 

exenatide in recent case reports. However, a meta-analysis 

examining six randomized trials (16–30 weeks) comparing 

daily exenatide, weekly exenatide, and placebo showed no 

overall difference in the decline of glomerular filtration 

rates between the comparators.26,27 Thus, a claim of a causal 

link between exenatide use and worsening kidney function 

remains unsupported.

Patient perspectives such as quality 
of life, satisfaction, preference, 
adherence
Treatment burden and adverse effects can have an appreciable 

negative impact on patients’ quality of life (QOL) with prior 

studies showing that interventions with a high treatment bur-

den for treating glucose (glycemic disutility) may substantially 

attenuate benefit as measured by quality-adjusted life-years.28 

Health economic analyses into the cost-effectiveness of 

both GLP-1Ra and DPP-4i have suggested that while both 

GLP-1Ra and DPP-4i may incur a significant cost to health 

care systems, their improved side-effect profiles resulting in 

improved QOL when compared to conventional therapies such 

as sulfonylureas may be substantial. For instance, relative to 

glyburide as second-line therapy, the use of incretin agents 

is associated with an additional 0.09–0.12 quality-adjusted 

life-years per patient, a result comparable to benefits accrued 

by a number of highly effective preventive and treatment 

strategies.29 A randomized, double-blind, double-dummy, 

multicenter clinical trial was conducted with 514 patients and 

was designed to assess the clinical outcomes, patient-reported 

outcomes, and safety of 26 weeks of treatment with exenatide 

weekly compared with maximum approved doses of sitagliptin 

or pioglitazone in patients with T2DM.30 Weekly exenatide 

showed improvements in HbA
1c

, weight, and fasting glucose 

levels with negligible risk of hypoglycemia. At the end of 

26 weeks, patients completed self-reported measurements 

on QOL, the impact of weight on QOL-lite;31 health utility, 

the EuroQol five dimensions measure,31,32 psychological 

well-being, the psychological general well-being index,32 and 

diabetes treatment satisfaction, the Diabetes Treatment Sat-

isfaction Questionnaire status version. The exenatide weekly 

group experienced significantly greater improvement than the 

pioglitazone group in total weight-related QOL and resulted in 

significantly greater improvement in public distress, physical 

function, and work. There were no statistically significant dif-

ferences between the exenatide weekly and sitagliptin groups 

in total weight-related QOL. The EuroQol five-dimension 

measure, a generic measure that provides a single index value 

that can be used in clinical and economic evaluation of health 

outcomes, showed significant improvement in the exenatide 

weekly and sitagliptin treatment group (all P,0.05), but not 

in the pioglitazone group.31 Although all components of the 

Diabetes Treatment Satisfaction Questionnaire status version 

and psychological general well-being index improved at the 

end of treatment, there were no statistically significant dif-

ferences between the three groups. Several studies suggest 

that greater treatment satisfaction is associated with greater 

treatment adherence.33,34 However, no studies have been done 

so far to discern whether this added convenience translates 

into higher treatment compliance.

Conclusion
The current role of GLP-1 receptor agonists such as weekly 

exenatide is as an adjunct therapy to other antihyperglycemic 

treatment along with diet and exercise. Exenatide weekly 

is an attractive option in many patients, as the convenience 

of dosing together with evidence suggesting superiority in 

terms of glycemia lowering and better gastrointestinal (GI) 

side-effect profile argues for its preferential use compared 

to twice-daily exenatide. The risk of injection site reactions 

is higher compared to twice-daily therapy. The risk of hypo-

glycemia is generally low with preparation, with no evidence 

suggesting enhanced weight loss. The cardiovascular benefits 

of once-weekly exenatide are currently being tested as part 

of a large multinational randomized controlled clinical trial. 

The Exenatide Study of Cardiovascular Event Lowering Trial: 
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Utility of once-weekly exenatide in patients with T2DM

A  Randomized, Placebo-Controlled Clinical Trial to Evaluate 

Cardiovascular Outcomes after Treatment with ExQW in 

Patients with T2DM (EXSCEL, NCT01144338) will test 

major adverse cardiovascular outcomes including heart 

failure in 9,500 patients and is expected to announce the 

outcomes in April 2018. Due to its pharmacokinetics and 

renal excretion, it is best avoided in patients with creatinine 

clearance ,30 mL/min. Health economic analyses into the 

cost-effectiveness of both GLP-1Ra have suggested that while 

GLP-1Ra may incur a significant cost to health care systems, 

their improved side-effect profile and reduced treatment bur-

den compared to conventional therapies such as insulin and 

sulfonylureas may be attractive to patients with T2DM.
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