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Abstract: Despite the large variety of antidiabetic drugs currently available, reaching an 

adequate glycemic control is still difficult. Recently, a new exenatide long acting release (LAR) 

formulation, which can be administered once a week, has been released. We conducted a review 

analyzing the clinical utility of this new formulation and its place in antidiabetic therapy, and 

included the most important studies about exenatide LAR in the latest 10 years. A systematic 

search strategy was developed to identify randomized controlled trials in both MEDLINE 

and the Cochrane Register of Controlled Trials. The terms “exenatide,” “exenatide long active 

release,” “GLP-1 agonists,” “incretins,” and “glycemic control” were incorporated into an 

electronic search strategy that included the Dickersin filter for randomized controlled trials. 

We concluded that exenatide LAR can be a valid option for the treatment of type 2 diabetes 

mellitus because it showed to be effective in reducing HbA
1c

, and because of its pleiotropic 

effects, such as the reduction of blood pressure, the improvement of the patient’s lipid profile, 

and the positive effects on body weight and β-cell function. Moreover, exenatide LAR has 

demonstrated a favorable cost/effectiveness ratio, and its once weekly administration may help 

to increase patient compliance.
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Introduction
Type 2 diabetes mellitus is a chronic disease characterized by three major metabolic 

abnormalities: impaired insulin action, insulin secretory dysfunction, and increased 

endogenous glucose output.1–3 In most individuals with type 2 diabetes mellitus, hyperg-

lycemia results from a failure of insulin secretion from the β-cells to adequately compen-

sate for insulin resistance in peripheral tissues.4 The importance of an early, intensified 

approach to metabolic control has been clearly demonstrated by the long-term results of 

the United  Kingdom Prospective Diabetes Study, showing that the benefits of tight blood 

glucose control extended well beyond the end of the study and persisted after a period 

of over 10 years.5 This was also confirmed by the Diabetes Control and Complications 

Trial/ Epidemiology of Diabetes Interventions and Complications study that showed that 

decreasing glycated hemoglobin (HbA
1c

) can slow the progression of established microal-

buminuria to macroalbuminuria, as well as the impaired glomerular filtration rate.6

According to the latest American Diabetes Association guidelines,7 lowering HbA
1c

 

to below or around 7% has been shown to reduce microvascular and neuropathic 

complications of diabetes and, if implemented soon after the diagnosis of diabetes, is 

associated with a long-term reduction in macrovascular disease. Therefore, a reason-

able HbA
1c

 goal for many non-pregnant adults is ,7%.
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Lifestyle modification can improve glycemic control as 

well as body weight, blood pressure, insulin-resistance, and 

lipid profiles; however, behavioral modifications are inher-

ently difficult and most patients eventually require multiple 

medications to achieve their desired goals.7

Current therapeutic strategies
Many antidiabetic agents are available, and decisions regard-

ing which to prescribe should be done after examining the 

characteristic of each of the various drugs (Table 1).

Biguanides (metformin) act by decreasing hepatic glucose 

output and lowering fasting glycemia. Typically, metformin 

monotherapy lowers HbA
1c

 levels by 1.5%.8,9 They are gener-

ally well tolerated, with the most common adverse effects 

being experienced in the gastrointestinal tract.

Sulfonylureas (glipizide, glibenclamide, glimepiride, 

gliclazide) lower glycemia by enhancing insulin secretion. 

In terms of efficacy, they appear to be similar to metformin, 

lowering HbA
1c

 levels by 1.5%.10,11 The major adverse side 

effect is hypoglycemia, which can be prolonged and life 

threatening, but such episodes – characterized by a need for 

assistance, as well as coma, or seizure – are infrequent.

Like the sulfonylureas, glinides (repaglinide and 

 nateglinide) enhance insulin secretion although they bind to 

a different site within the sulfonylurea receptor.11 They have 

a shorter circulating half-life than the sulfonylureas and must 

be administered more frequently. Of the two glinides cur-

rently available in the US, repaglinide is almost as effective 

as metformin or the sulfonylureas, as they decrease HbA
1c

 

levels by 1.5%, as with sulfonylureas, the most reported 

adverse side effect is hypoglycemia.

The α-glucosidase inhibitors (acarbose and miglitol) 

reduce post-prandial hyperglycemia by delaying the break-

down of carbohydrates in the gut, and consequently slowing 

down the absorption of sugars. They are less effective in 

lowering glycemia than metformin or the sulfonylureas, 

and reduce HbA
1c

 levels by 0.5%–0.8%;12 however, these 

agents significantly decrease the post-prandial rise in glucose 

without increasing circulating insulin levels and without 

causing hypoglycemia.13 Since carbohydrates are absorbed 

more distally, malabsorption and weight loss do not occur; 

however, increased delivery of carbohydrates to the colon 

commonly results in increased gas production and gastro-

intestinal symptoms.

Thiazolidinediones (pioglitazone) are peroxisome 

proliferator-activated receptor-modulators; they increase 

the sensitivity of muscle, fat, and liver to endogenous and 

exogenous insulin (“insulin sensitizers”).14 The data regarding 

the effectiveness of thiazolidinediones in lowering blood 

glucose when used as monotherapy have demonstrated a 

0.5%–1.4% decrease in HbA
1c

.15 The thiazolidinediones 

appear to have a more durable effect on glycemic control, 

particularly when compared with sulfonylureas.15 The most 

common adverse effects associated with thiazolidinediones 

are weight gain and fluid retention, with peripheral edema 

and a two-fold increased risk for congestive heart failure;16 

however, the weight gain can be reduced by a combination of 

thiazolidinediones and metformin.17 Pioglitazone should be 

not used in post-menopausal women with a history of osteo-

porosis because of  the increased risk of fractures in the distal 

upper limbs (forearm, hand, and wrist) or distal lower limbs 

(foot, ankle, fibula, and tibia), as previously reported.18

In an attempt to address treatment concerns of many 

traditional medications for type 2 diabetes, in the last 

10 years incretin-based therapies have been developed in 

clinical practice. Incretins are hormones that work to increase 

insulin secretion; there are two main incretin hormones in 

humans: the glucose-dependent insulinotropic peptide and 

the glucagon-like peptide-1 (GLP-1). GLP-1 is secreted 

by intestinal L-cells, mainly in response to food intake and 

acts to stimulate glucose-dependent insulin secretion, sup-

press glucagon secretion, and moderate appetite by delaying 

Table 1 Characteristics of various antidiabetic drugs

Class Main agents of the class Mechanism of action Main adverse events

Biguanides Metformin They decrease hepatic glucose output Gastrointestinal events
Sulfonylureas Glipizide, glibenclamide, glimepiride, gliclazide They enhance insulin secretion Hypoglycemia
Glinides Repaglinide and nateglinide They enhance insulin secretion Hypoglycemia

α-glucosidase inhibitors Acarbose and miglitol They inhibit α-glucosidase, delaying the  
breakdown of carbohydrates in the gut

Meteorism and 
gastrointestinal events

Thiazolidinediones Pioglitazone They act as peroxisome proliferator- 
activated receptor-modulators

weight gain and fluid 
retention

GLP-1 agonists Exenatide and liraglutide They bind to the GLP-1 receptor Nausea, vomiting, or diarrhea
DPP-4 inhibitors Sitagliptin, vildagliptin, saxagliptin, linagliptin They inhibit the enzyme DPP-4 Upper respiratory infections

Abbreviations: GLP-1, glucagon-like peptide-1; DPP-4, dypeptidil peptidase-4.
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gastric emptying and reducing hunger.19 It also promotes 

β-cell proliferation and probably neogenesis, while reduc-

ing apoptosis in animal models.20–22 Dipeptidyl peptidase-4 

(DPP-4) inhibitors (sitagliptin, vildagliptin, saxagliptin, 

linagliptin) are small molecules that enhance the effects 

of GLP-1 and glucose-dependent insulinotropic peptide, 

increasing glucose-mediated insulin secretion and suppress-

ing glucagon secretion.23–26 In clinical trials performed to 

date, DPP-4 inhibitors lower HbA
1c

 levels by 0.6%–0.9%, are 

weight neutral, and are relatively well tolerated. They do not 

cause hypoglycemia when used as monotherapy. The potential 

for this class of compounds to interfere with immune function 

is of concern, as an increase in upper respiratory infections 

has been reported.27,28

GLP-1 agonists such as exenatide (injected twice daily) 

and liraglutide (injected once daily) act as an incretin 

mimetic; they have the structural similarity of, and bind to, 

the receptor for GLP-1, and they display a broad range of 

activities relevant to improving glycemic control. They have 

a much longer half-life after injection than native GLP-1 due 

to the absence of alanine at position two, which is recognized 

by DPP-4; this characteristic makes them resistant to DPP-4 

cleavage. They appear to lower HbA
1c

 levels by 0.5%–1.0%, 

mainly by lowering post-prandial blood glucose levels.29–32 

Exenatide also suppresses glucagon secretion and slows 

gastric motility. It is not associated with hypoglycemia, but 

causes a relatively high frequency of gastrointestinal distur-

bances, with 30%–45% of treated patients experiencing one 

or more episodes of nausea, vomiting, or diarrhea.29

Recently a new formulation of exenatide, the exenatide 

long acting release (LAR) to be administered once a week, 

has been released. We conducted a review analyzing the clini-

cal efficacy and safety of this new formulation, evaluating if 

exenatide LAR can be a valid option for improving glycemic 

control in patients with uncontrolled type 2 diabetes.

Material and methods
A systematic search strategy was developed to identify 

randomized controlled trials in both MEDLINE (National 

Library of Medicine, Bethesda, MD; 2001 through June 

2012) and the Cochrane Register of Controlled Trials (The 

Cochrane Collaboration, Oxford, United Kingdom). The 

terms “exenatide,” “exenatide long active release,” “GLP-1 

agonists,” “incretins,” and “glycemic control” were incor-

porated into an electronic search strategy that included 

the Dickersin filter for randomized controlled trials.33 The 

bibliographies of all identified randomized trials and review 

articles were examined to look for additional studies of 

interest. We reviewed all of the citations retrieved from the 

electronic search to identify potentially relevant articles for 

this review. We subsequently reviewed the potential trials 

to determine their eligibility.

To qualify for inclusion, clinical trials were required 

to meet a series of predetermined criteria regarding study 

design, study population, interventions evaluated, and out-

comes measured. Studies were required to be randomized 

trials comparing exenatide LAR at any dosage with any other 

antidiabetic drug in type 2 diabetic patients. Eligible trials 

had to present results on glycemic control or adverse events. 

Two different outcomes related to glycemic control decrease 

were of primary interest: (1) the proportion of individuals 

within each treatment group achieving clinically significant 

HbA
1c

 reduction; and (2) the mean amount decrease (in 

mg/dL or mmol/L) of post-prandial glycemia (PPG) within 

each treatment group. Variations of fasting plasma glucose 

(FPG), HOMA index, systolic (SBP) and diastolic blood 

pressure (DBP), lipid profile, insulin resistance, and inflam-

matory parameters, which occurred during various trials, 

were secondary outcomes of interest, as was the frequency 

of patients having one or more adverse events.

The following data were abstracted into standardized case 

report forms: authors; year of publication; country of study; 

source of funding; study goal; means of randomization and 

blinding; duration of treatment; treatment characteristics; 

sex of patients; quantity of and reasons for study withdrawal; 

HbA
1c

 and age characteristics of the treatment and control 

groups; outcomes; and adverse event data. A validated, 

three-item scale was used to evaluate the overall reporting 

quality of the trials selected for inclusion in the present 

review. This scale provided scoring for randomization (0–2 

points), double-blinding (0–2 points), and accounting for 

withdrawals (1 point). Scores ranged between 0 and 5, and 

scores of 3 indicated a study of high quality;34 study selection 

was restricted to randomized controlled trials to ensure the 

inclusion of only high quality evidence.

Exenatide LAR mechanism  
of action and route of elimination
Endogenous GLP-1 has a very short half-life (1–5 minutes) 

because of rapid degradation by DPP-4, which restricts its 

therapeutic usefulness.35 The first formulation of exenatide 

released, to be administered twice a day (BID), is a synthetic 

exendin-4, first identified and isolated in high concentrations 

from the salivary secretions of the Gila monster  (Heloderma 

suspectum) within minutes of ingesting a meal.36,37 

 Exendin-4 shares 53% of its amino acid sequence identity 
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with human GLP-1 and binds directly to GLP-1 receptors.38 

Exenatide is eliminated by the kidneys exclusively, by way of 

glomerular filtration and subsequent tubular catabolism.39–41 

In patients with renal dysfunction, exenatide shows reduced 

clearance and may thereby increase the risk of exposure-

dependent side effects.42

The exenatide LAR formulation was later developed, 

using biodegradable polymeric microspheres that entrap 

exenatide.43,44 Exenatide is incorporated into a matrix of 

poly(D,L-lactide-co-glycolide), which previously has been 

used as a biomaterial in sutures and in extended release 

preparations that allow for gradual drug delivery at controlled 

rates.45 Like exenatide BID, exenatide LAR is also eliminated 

by the kidneys.

Clinical utility of exenatide 
prolonged release injection
Exenatide LAR can be used together with other antidiabetic 

drugs in adult patients whose blood glucose levels are not 

adequately controlled with the maximum tolerated doses of 

the other medications. It can be used with metformin, sulfo-

nylurea, or pioglitazone in monotherapy, or with a metformin 

and sulfonylurea, or metformin and pioglitazone combina-

tion at the recommended dosage of 2 mg to be administered 

as one injection under the skin once a week on the same 

day each week in the abdomen, thigh, or back of the upper 

arm.46 Patients inject themselves using a kit supplied with 

the medicine. When exenatide is added to a sulfonylurea, a 

reduction of sulfonylurea dose may be needed in order to 

reduce the risk of hypoglycemia (Table 1).

Adverse events
The most common side effects reported with exenatide LAR 

were mainly problems affecting the stomach and gut, includ-

ing vomiting, diarrhea, and constipation. Nausea was the most 

common single side effect, which was mainly seen at the start 

of treatment and decreased over time. In addition, reactions 

at the site of injection, low blood sugar levels – especially 

when used in combination with a sulfonylurea – and head-

ache occurred. Most side effects were mild to moderate in 

intensity. As was the case for liraglutide, exenatide post-

marketing reports also indicated that there was an increased 

risk of pancreatitis, including fatal and non-fatal hemorrhagic 

or necrotizing pancreatitis; in this case, the treatment should 

be discontinued and not restarted.29

Exenatide LAR should not be used in patients with severe 

renal impairment or end-stage renal disease, and it should 

be used with caution in patients with renal transplantation. 

Its use is not recommended in patients with severe gastroin-

testinal disease (eg, gastroparesis). Post-marketing reports 

highlighted an increased international normalized ratio with 

concomitant use of warfarin, which sometimes occurred 

with bleeding.46

Recently, the Food and Drug Administration (FDA) 

conducted a study evaluating the future potential of cardio-

vascular adverse events as a result of the effects of exenatide 

LAR on heart rate.47 Fridericia’s corrected QT intervals were 

analyzed in the Phase 3 DURATION-1 study at baseline 

and at 14 and 30 weeks in 148 diabetic patients treated 

with exenatide LAR 2 mg once weekly.48 In this analysis, 

exenatide once weekly was associated with a small (but 

significant) increase in Fridericia’s corrected QT interval 

of 1.7 msec and 3 msec at 14 and 30 weeks, respectively. 

However, after a study aimed at evaluating this aspect was 

conducted, no significant effect on the QT interval were 

observed.47 Moreover, in June 2011, the FDA issued a warn-

ing about liraglutide, as it seemed to cause dose-dependent 

and treatment-duration-dependent thyroid C-cell tumors 

at clinically relevant exposures in both genders of rats and 

mice;49 exenatide LAR showed a minor risk for the develop-

ment of thyroid cancer compared to liraglutide, but to better 

quantify the risk, the FDA has required the manufacturer of 

exenatide LAR to conduct additional rodent studies to better 

identify this thyroid issue.50

When exenatide LAR is used in combination with a sulfo-

nylurea, the risk for hypoglycemia was increased. In this case, 

clinicians should consider reducing the dose of the sulfonylurea. 

Regarding hepatic toxicity, exenatide LAR appeared to improve 

hepatic injury markers, ALT and AST.51

Comparison on efficacy and safety  
with other drugs
The DURATION clinical trial program is the largest project 

involving exenatide LAR; it is sponsored by Lilly and  Amylin 

Pharmaceuticals, the companies that produce exenatide LAR. 

This program includes a series of studies designed to test the 

efficacy of exenatide LAR compared to other type 2 diabetes 

medications (Table 2).

Exenatide LAR vs exenatide twice a day
The DURATION-1 trial was a 30-week study that compared 

exenatide LAR 2 mg once weekly to exenatide 10 µg BID 

in 295 patients with type 2 diabetes.48 Patients could be 

naive to drug therapy, or on one or more oral antidiabetic 

agents. The primary endpoint was the change in HbA
1c

 at 

30 weeks. The mean reduction in HbA
1c

 was significantly 
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Table 2 DURATION program

Study Duration Drugs involved Results

DURATION-148,52 52 weeks Exenatide LAR vs  
exenatide BID

Exenatide LAR was more effective in reducing HbA1c, and FPG than exenatide 
BID. Both were associated with a similar decrease of body weight, lipid profile, 
and blood pressure.

DURATION-255,56 52 weeks Exenatide LAR + metformin vs  
sitagliptin + metformin vs  
pioglitazone + metformin

Exenatide LAR was more effective in reducing HbA1c, and body weight compared 
to pioglitazone and sitagliptin. Exenatide LAR was more effective than sitagliptin in 
reducing FPG. Both pioglitazone and exenatide LAR, but not sitagliptin reduced SBP.

DURATION-357 26 weeks Exenatide LAR vs  
insulin glargine

Exenatide LAR yielded a greater HbA1c, and PPG decrease compared to insulin 
glargine, even if insulin was associated with a greater decrease of FPG. Exenatide 
was associated with a greater reduction in body weight.

DURATION-458 26 weeks Exenatide LAR vs sitagliptin vs  
pioglitazone vs metformin

Exenatide LAR and metformin gave a similar decrease of HbA1c; compared to 
pioglitazone, exenatide LAR was slightly less effective in reducing HbA1c, but 
more effective in reducing body weight.

DURATION-553 24 weeks Exenatide LAR vs  
exenatide BID

Exenatide LAR yielded a significant decrease of HbA1c, FPG, body weight  
and SBP compared to exenatide BID.

DURATION-659 26 weeks Exenatide LAR vs  
liraglutide

Exenatide LAR gave a HbA1c reduction of -1.3% vs -1.5 with liraglutide.  
Both drugs showed a similar reduction in body weight.

Abbreviations: LAR, long acting release; BID, twice a day; FPG, fasting plasma glucose; SBP, systolic blood pressure; PPG, post-prandial glycemia; HbA1c, glycated hemoglobin.

greater with exenatide LAR, with reductions from baseline 

of 1.9% for exenatide LAR vs -1.5% for exenatide BID 

(P = 0.0023). Exenatide once a week resulted in a greater 

proportion of patients achieving an HbA
1c

 of 7% or less (77% 

for once a week versus 61% BID, P = 0.0039) than treatment 

with exenatide BID. Body weight decreased progressively in 

both groups during the 30-week treatment period (changes 

from baseline of -3.7 kg with exenatide LAR and -3.6 kg 

with exenatide BID; P = 0.89). The change in FPG was 

significantly greater with exenatide LAR after 30 weeks 

(-2.3 mmol/L for exenatide once a week versus -1.4 mmol/L 

for exenatide BID; P , 0.0001).

Consistent with the reductions of FPG, plasma glucagon 

levels were significantly lower with exenatide once a week. 

Change from baseline in PPG was significantly greater in 

patients treated with exenatide BID (-6.9 mmol/L) than 

those treated with exenatide LAR (-5.3 mmol/L, P = 0.0124). 

Significantly greater reductions from baseline in mean total 

and low-density lipoprotein-cholesterol levels were observed 

in patients treated with exenatide LAR when compared to 

those treated with exenatide BID. Fasting triglyceride con-

centrations were reduced with both treatments (-15% for 

exenatide LAR and -11% for exenatide BID). Patients in 

both groups had similarly significant improvements in SBP 

and DBP. The most common adverse events reported with 

exenatide LAR were nausea (26.4%) and injection site pru-

ritus (17.6%). Gastrointestinal complaints including nausea 

(34.5%) and vomiting (18.6%) were the most frequent adverse 

events reported for patients treated with exenatide BID.

The DURATION-1 study continued for an additional 

22 weeks, where patients treated with exenatide LAR 

 continued the same treatment, while patients receiving 

exenatide BID switched to exenatide LAR.52 Patients continu-

ing exenatide LAR maintained HbA
1c

 improvements through 

52 weeks (-2.0%). Patients switching from exenatide BID to 

exenatide LAR achieved further HbA
1c

 improvements; both 

groups exhibited the same HbA
1c

 reduction and mean HbA
1c

 

levels (6.6%) at week 52. At week 52, 71% and 54% of all 

patients achieved an HbA
1c

 , 7.0% and #6.5%, respectively. 

In both treatment arms, FPG was reduced by .40 mg/dL and 

body weight was reduced by .4 kg after 52 weeks. Nausea 

occurred less frequently in this assessment period and was 

predominantly mild. No major hypoglycemia was observed.

Similar results were recorded in the DURATION-5 trial, 

which compared exenatide LAR to exenatide BID in patients 

with type 2 diabetes.53 After 24 weeks of treatment, patients 

taking exenatide LAR experienced a statistically superior 

reduction in HbA
1c

 levels of 1.6% from baseline, compared to 

a reduction of 0.9% for exenatide BID. Patients treated with 

exenatide LAR achieved a mean HbA
1c

 of 7.1% compared 

with a mean HbA
1c

 of 7.7% in those treated with exenatide 

BID and reached lower levels of FPG (-35 ± 5 mg/dL versus 

-12 ± 5 mg/dL; P = 0.0008). Similar reductions in mean 

body weight from baseline to week 24 were observed in both 

groups (-2.3 ± 0.4 kg and -1.4 ± 0.4 kg). Both treatments 

were generally well tolerated.

In the DURATION-1 and 5 studies, both exenatide 

LAR and BID were generally safe and well tolerated, 

with exenatide LAR being less associated with nausea and 

vomiting, but more associated with adverse events occur-

ring at the injection site. No major hypoglycemia occurred. 

Continuous versus intermittent exposure did not impact the 
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overall tolerability profile of exenatide, with no evidence of 

prolonged duration or worsening intensities of adverse events 

with continuous exposure.54

Exenatide LAR + metformin versus 
sitagliptin + metformin versus 
pioglitazone + metformin
In this 26-week randomized, double-blind, double-dummy, 

superiority trial, patients with uncontrolled type 2 diabe-

tes who had been treated with metformin were randomly 

assigned to receive 2 mg of injected exenatide LAR once 

weekly plus oral placebo once daily, 100 mg oral sitagliptin 

once daily plus injected placebo once weekly, or 45 mg oral 

pioglitazone once daily plus injected placebo once weekly.55 

The primary endpoint was change in HbA
1c

 levels between 

baseline and week 26.

Treatment with exenatide LAR reduced HbA
1c

 levels 

by -1.55%, which was significantly more than treatment 

with sitagliptin (-0.9%) or pioglitazone (-1.2%). Treatment 

differences were -0.6% (P , 0.0001) for exenatide versus 

sitagliptin, and -0.3% (P = 0.0165) for exenatide versus 

pioglitazone. All treatments improved FPG; exenatide LAR 

resulted in a significantly greater reduction (-1.8 mmol/L) than did 

sitagliptin (-0.9 mmol/L), but not pioglitazone (-1.5 mmol/L). 

Treatment differences were -0.9 mmol/L (P = 0.0038) 

for exenatide LAR versus sitagliptin, and -0.2 mmol/L 

(P = 0.3729) for exenatide LAR versus pioglitazone. Fasting 

insulin was significantly increased at week 26 with exenatide 

LAR (3.6 µIU/mL) compared with sitagliptin (0.4 µIU/mL) 

and pioglitazone (-3.9 µIU/mL). Treatment differences were 

3.2 µIU/mL (P = 0.0161) for exenatide LAR versus sitagliptin, 

and 7.5 µIU/mL (P , 0.0001) for exenatide LAR versus 

pioglitazone.

Weight loss with exenatide (-2.3 kg), was significantly 

greater than with sitagliptin (difference: -1.5 kg, P = 0.0002) 

or pioglitazone (difference: -5.1 kg, P , 0.0001). No episodes 

of major hypoglycemia occurred. The most frequent adverse 

events with exenatide LAR and sitagliptin were nausea and 

diarrhea; upper-respiratory-tract infection and peripheral edema 

were the most frequent events noted with pioglitazone.

After 26 weeks of treatment, the reduction in SBP was 

significantly greater with exenatide LAR than with sitagliptin 

in all patients (difference -4 mmHg) and in those with 

abnormal SBP at baseline (-6 mmHg); the difference between 

exenatide LAR and pioglitazone was not significant in either 

patient group. Change in DBP at week 26 did not differ 

significantly between groups. A significant improvement in 

high-density lipoprotein (HDL) cholesterol was recorded with 

all treatments, and this improvement was  significantly greater 

with pioglitazone than with exenatide LAR (difference: 

0.11 mmol/L). Pioglitazone was the only treatment associated 

with a significant reduction in triglycerides (-16%) and 

an increase in total cholesterol (0.16 mmol/L), the former 

of which was significantly different from changes observed 

with exenatide LAR (-5%). All treatments were associated 

with significant improvements in high-sensitivity C-reactive 

protein (Hs-CRP) and adiponectin. Exenatide once weekly 

was the only treatment associated with significantly improved 

B-type natriuretic peptide and ratio of albumin to creatinine; 

B-type natriuretic peptide was also significantly greater than 

with sitagliptin or pioglitazone. Pioglitazone was associated 

with a significantly greater increase in adiponectin than was 

exenatide, and was the only treatment associated with 

significantly improved plasminogen activator inhibitor-1 and 

significant worsening of B-type natriuretic peptide.

In the second phase of this trial,56 there was an open-

label phase after the first 26 weeks where all randomized 

oral medications were discontinued and all patients received 

exenatide LAR once weekly. Evaluable patients who received 

only exenatide once-weekly, demonstrated significant 

52-week improvements in HbA
1c

 (-1.6% ± 0.1%), FPG 

(-1.8 ± 0.3 mmol/L), and weight (-1.8 ± 0.5 kg). Evaluable 

patients who switched from sitagliptin to exenatide LAR 

demonstrated significant incremental improvements in 

HbA
1c

 (-0.3% ± 0.1%), FPG (-0.7 ± 0.2 mmol/L), and weight 

(-1.1 ± 0.3 kg). Patients who switched from pioglitazone to 

exenatide LAR maintained HbA
1c

 and FPG improvements 

(-1.6% ± 0.1%, -1.7 ± 0.3 mmol/L), with significant weight 

reduction (-3.0 ± 0.3 kg). Patients originally treated with 

sitagliptin also exhibited a significant reduction in weight after 

switching to exenatide LAR (-1.1 kg; P = 0.0006). Patients 

who received exenatide LAR throughout the trial on average 

had a +0.7 kg (P = 0.0325) increase in weight from week 26 

to week 52, resulting in a -1.8 ± 0.5 kg (P = 0.0002) reduc-

tion from baseline. Patients treated with exenatide LAR for 52 

weeks exhibited greater SBP improvements (-12.2 mmHg). 

Patients who exhibited abnormal SBP at week 26 after treat-

ment with sitagliptin or pioglitazone also demonstrated a 

greater systolic blood pressure reduction with exenatide 

LAR (-11.3 mmHg and -9.4 mmHg, respectively). Patients 

who continued exenatide LAR for 52 weeks maintained an 

improvement in HDL cholesterol levels from baseline; all 

other lipid variables were not significantly changed from base-

line. Patients who switched from sitagliptin to exenatide LAR 

also maintained the HDL cholesterol improvement observed 

during the initial 26 weeks of treatment and experienced a 
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significant reduction in total cholesterol in this open-label 

treatment period. Patients who switched from pioglitazone to 

exenatide LAR significantly reduced their HDL cholesterol 

(-0.14 mmol/L, P , 0.05), LDL cholesterol (-0.14 mmol/L, 

P , 0.05), and total cholesterol (-0.34 mmol/L, P , 0.05), 

and increased triglycerides (+11%, P , 0.05). Treatment 

with exenatide LAR for 52 weeks was associated with 

improvements in the urinary albumin/creatinine ratio, B-type 

natriuretic peptide, and Hs-CRP. Although the mean urinary 

albumin/creatinine ratio reductions that were observed in 

both groups that switched to exenatide once weekly were 

not statistically significant during this treatment period, the 

urinary albumin/creatinine ratio was significantly reduced 

from baseline in all three treatment arms.

Exenatide LAR versus insulin glargine
In this 26-week, open-label, randomized, parallel study, 

456 adults with type 2 diabetes who had suboptimum 

glycemic control despite use of maximum tolerated doses of 

blood-glucose lowering drugs for 3 months or longer, were 

randomly assigned to add exenatide LAR (2 mg, once-a-week 

injection) or insulin glargine (once-daily injection, starting 

dose 10 IU, target glucose range 4.0–5.5 mmol/L) to their 

blood glucose-lowering regimens.57 The primary endpoint 

was change in HbA
1c

 levels from baseline. Change in HbA
1c

 

levels at 26 weeks was greater in patients taking exenatide LAR 

(-1.5%) than in those taking insulin glargine (-1.3%), with a 

treatment difference of P = 0.017. Exenatide was associated 

with a progressive decrease in body weight, but insulin glargine 

was associated with a progressive increase. Mean change in 

body weight at week 26 compared with baseline was -2.6 kg 

for patients allocated to the exenatide LAR treatment arm, 

and 1.4 kg for those taking insulin glargine (P , 0.0001). The 

treatment difference was -4.0 kg, P , 0.0001. Mean FPG 

was reduced in both groups (-2.1 mmol/L with exenatide 

LAR; -2.8 mmol/L with insulin glargine); however, this 

reduction was greatest among those treated with insulin glargine 

(treatment difference 0.6 mmol/L, P = 0.001). Gastrointestinal 

events including nausea and diarrhea were among the most 

frequently reported adverse effects for patients taking exenatide 

LAR; nasopharyngitis and headache were most common 

adverse events associated with insulin glargine. Gastrointestinal 

events were all mild or moderate in intensity.

Exenatide LAR versus sitagliptin versus 
pioglitazone versus metformin
In the DURATION-4 trial,58 patients were randomized to be 

treated with subcutaneous exenatide LAR 2.0 mg + oral placebo 

(n = 248), metformin 2,000 mg/day + subcutaneous placebo 

(n = 246), pioglitazone 45 mg/day + subcutaneous pla-

cebo (n = 163), or sitagliptin 100 mg/day + subcutaneous 

placebo (n = 163) for 26 weeks. Metformin and pioglitazone 

therapies were increased to maximum-tolerated dosages. 

Injections with exenatide LAR or placebo were administered 

weekly, while oral medication or placebo was administered 

daily. Reductions in HbA
1c

 levels at 26 weeks after treatment 

were noted with exenatide LAR (-1.53%), metformin 

(-1.48%), pioglitazone (-1.63%), and sitagliptin (-1.15%). 

Weight changes were -2.0 kg with exenatide LAR, -2.0 kg 

with metformin (P = 0.892), +1.5 kg with pioglitazone 

(P , 0.001), and -0.8 kg with sitagliptin (P , 0.001). This 

study showed that exenatide LAR and metformin yielded 

a similar decrease in HbA
1c

 levels at 26 weeks, as well as 

a similar benefit of weight reduction and no increased risk 

of hypoglycemia. On the other hand, treatment with pio-

glitazone was associated with a slightly greater reduction in  

HbA
1c

 levels, and with a body weight increase of +1.5 kg.

Exenatide LAR versus liraglutide
The yet to be published DURATION-6 trial, is an open-label, 

26-week, multicenter clinical study where the authors com-

pared exenatide LAR (2 mg weekly) to liraglutide adminis-

tered at the maximum approved dose of 1.8 mg once daily.59 

The study was designed to measure HbA
1c

 levels, which is 

an assessment of average blood sugar, and to evaluate the 

safety and tolerability profiles of both treatments.

Results showed that patients receiving exenatide LAR 

once weekly experienced a reduction in HbA
1c

 of 1.3% from 

baseline, compared to a reduction of 1.5% for liraglutide. 

Gastrointestinal adverse events occurred more frequently 

among patients taking liraglutide (patients reported experi-

encing nausea 20%, vomiting 11%, diarrhea 13%) compared 

with patients taking exenatide LAR (nausea 9%, vomiting 

4%, diarrhea 6%). Injection site nodules occurred more fre-

quently among exenatide LAR users (10%) compared with 

liraglutide users (1%). There were no major hypoglycemia 

events in either treatment group.

Cost-effectiveness ratio
Regarding cost offsets and medication adherence, exenatide 

LAR and liraglutide had similar average total 6-month 

follow-up costs (US$6688 versus US$7346) among a large, 

managed care population in the US. However, patients 

treated with exenatide LAR had significantly lower mean 

pharmacy costs (US$2925) than those treated with liraglutide 

(US$3272, P , 0.001). There were no significant differences 
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in  inpatient or outpatient costs or medication adherence 

between groups.60

Similar results were obtained by Gaebler et al.61 In the 

absence of long-term data on the effects of exenatide LAR, 

the researchers used the Archimedes model to assess the 

potential effects of exenatide LAR, pioglitazone, and high-

adherence insulin when compared to moderate-adherence 

insulin on the incidence of cardiovascular and microvascular 

outcomes, on life-years, and on costs over 20 years in a 

cohort of patients with type 2 diabetes mellitus. Over the 

course of 20 years, exenatide LAR treatment resulted in 

increased quality-adjusted life-years of ∼0.3 years/person, 

and a cost savings of $469 per life-year when compared 

to moderate adherence insulin. For pioglitazone or high-

adherence insulin, quality-adjusted life-years were virtually 

unchanged, and costs per life-year increased by $69 and 

$87 for those in the pioglitazone or high-adherence insulin 

groups versus those in the moderate-adherence insulin 

group, respectively.61

Data were the same when comparing exenatide LAR, 

pioglitazone, and sitagliptin. Using the IMS CORE 

Diabetes Model, a validated computer simulation model, 

Guillermin et al62 estimated that over the course of 35 years, 

exenatide LAR increased life expectancy by 0.28 years 

(13.76 ± 0.17 versus 13.48 ± 0.18) while pioglitazone 

and sitagliptin increased life expectancy by 0.17 years 

(13.76 ± 0.17 versus 13.59 ± 0.17). Moreover, quality-

adjusted life years were increased by 0.28 years in the 

exenatide LAR group (9.56 ± 0.12 versus 9.28 ± 0.12) 

and 0.24 years in the pioglitazone or sitagliptin groups 

(9.56 ± 0.12 versus 9.32 ± 0.12). Exenatide LAR was associ-

ated with lower lifetime complication costs; compared with 

sitagliptin or pioglitazone, exenatide LAR saved US$2215 

(US$55,647 ± $2039 versus US$57,862 ± $2159) compared 

to sitagliptin and US$933 (US$55,647 ± $2039 versus 

US$56,580 ± 2007) compared to pioglitazone in direct 

costs per patient. Cost-savings resulted mainly from a lower 

projected cumulative incidence of cardiovascular diseases 

and neuropathic complications.62

Discussion
From the studies reported above, it is evident that exenatide 

LAR can be a valid option for the treatment of type 2 

diabetes mellitus because it seems to be as effective as other 

antidiabetic drugs (with the exception of liraglutide and 

pioglitazone) in reaching adequate glycemic control. When 

compared to pioglitazone,55,56,58 exenatide LAR was slightly 

less effective in reducing HbA
1c

, but was more effective in 

reducing body weight. Exenatide LAR improved cardiovas-

cular risk markers such as B-type  natriuretic  peptide, and Hs-

CRP.56 When compared to insulin,57 exenatide LAR appeared 

to be as effective as insulin in reducing HbA
1c

 and was more 

effective in reducing body weight. Finally, exenatide LAR 

was superior to sitagliptin in improving glycemic control, 

body weight, and β-cell function.55,58 When comparing 

the two exenatide formulations, exenatide LAR was more 

effective in reducing HbA
1c

 levels and in protecting β-cell 

function compared to exenatide BID; exenatide LAR was 

also associated with fewer gastrointestinal adverse events, 

including nausea and vomiting compared to exenatide 

BID.48,52–54

On the other hand, when directly compared to liraglutide, 

exenatide LAR was inferior in reducing HbA
1c

 (-1.3% from 

baseline versus -1.5%); however, gastrointestinal adverse 

events occurred more frequently among liraglutide patients 

(20% of patients reported experiencing nausea, 11% reported 

vomiting, and 13% reported suffering from diarrhea) com-

pared with exenatide LAR patients (nausea 9%, vomiting 4%, 

diarrhea 6%), even if the injection site nodule occurred more 

frequently amongst exenatide LAR users (10%) compared 

with liraglutide users (1%).

Other than being effective and safe, exenatide LAR 

also exhibited a favorable cost-effectiveness ratio. Using 

validated computer simulation models, exenatide LAR 

seemed to improve patients’ overall health and decrease 

diabetes-related complication costs compared with lira-

glutide,60 insulin,61 sitagliptin, or pioglitazone,62 and it also 

improved the patients’ lipid profiles and SBP levels. How-

ever, the DURATION program lasted up to 1 year and did 

not look for cardiovascular end-points; long-term studies 

are therefore needed to evaluate the long-term effects of 

exenatide LAR not only in achieving glycemic control, but 

to assess for cardiovascular risk. In this regard, the ongo-

ing EXenatide Study of Cardiovascular Event Lowering 

study (ClinicalTrials.gov Identifier: NCT01144338)63 will 

compare the impact of including exenatide LAR as part of 

usual care and compare the results with usual care without 

exenatide across major cardiovascular outcomes, with 

cardiovascular-related death, nonfatal myocardial infarc-

tion, or nonfatal stroke as the primary endpoints. The study 

started in June 2010 and is estimated to be completed in 

March 2017. Another limitation is that, as we have already 

stated above, the DURATION program was sponsored by 

Lilly and Amylin Pharmaceuticals, the companies produc-

ing exenatide LAR; this should be considered in the inter-

pretation of data presented.
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Conclusion
We can conclude that exenatide LAR can be a valid option 

for the treatment of type 2 diabetes mellitus because of its 

efficacy in reducing HbA
1c

 and because of its  pleiotropic 

effects, such as the reduction of blood pressure, the improve-

ment of lipid profile, and the positive effect on body weight. 

Moreover, exenatide LAR has a favorable cost/effectiveness 

ratio, and its once weekly administration may help to increase 

patient compliance.
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