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Executive Summary

· Exenatide twice daily (ExBID) has been available since 2005.  A once-weekly (ExQW) formulation has been approved as an adjunct to diet and exercise to improve glycemic control in patients with type 2 diabetes.  Its’ use as first-line therapy or in combination with insulin is not recommended.

· The dose is 2mg injected subcutaneously once every 7 days and may be administered any time of day without regards to meals. Risk of hypoglycemia is increased when co-administered with a sulfonylurea (SU).  Consider reducing the dose of the SU. 

· Ex QW is available as a vial containing exenatide powder and a prefilled syringe containing diluent.  The patient (or care giver) will need to learn how to mix the exenatide powder and the diluent and prepare for injection.  

· The drug development program for ExQW includes the DURATION trials.  There are 6 trials (24-30 weeks); one monotherapy trial and the others in combination with metformin, metformin ± SUs, or the patient’s usual oral diabetes medications. Comparator arms included exenatide twice daily (ExBID), insulin glargine, liraglutide, metformin, sitagliptin and pioglitazone.  Three of the trials have extension data available (52weeks, 84weeks, and 3 years).
· Mean aseline A1C for the study population ranged from 8.3-8.5%.  Mean change in A1C from baseline ranged between -1.3 to -1.9%.  The reduction in A1C with ExQW was significantly greater than ExBID, sitagliptin and insulin glargine (treatment difference vs. glargine -0.2%).  The mean dose of insulin glargine was 31U/day.  Reduction in A1C was significantly greater with liraglutide vs. ExQW (treatment difference -0.21%).  There was no significant difference between ExQW and metformin or pioglitazone. 
· Reduction in post-prandial glucose (PPG) was similar between ExQW, metformin and pioglitazone.  ExQW reduced PPG more than sitagliptin, but less than ExBID.  Compared to insulin glargine, only the post-dinner glucose concentration was significantly lower with ExQW.
· In the ExQW groups, mean baseline weight ranged from 88-102kg.  Across the DURATION trials 1-6, the mean change in body weight with ExQW ranged from -2.0 to –3.7kg.  The percentage of patients that lost weight ranged between 73-83%; the majority of the remaining patients gained weight.
· The mean decrease in systolic blood pressure in the ExQW groups ranged from -1.3 to -4.7mmHg and tended to be greater than the comparator groups including ExBID. Small increases in heart rate are associated with ExQW.
· Use of ExQW resulted in small improvements in lipid values.

· The rates of minor hypoglycemia were low; however, higher rates were observed when ExQW (or ExBID) was co-administered with a sulfonylurea.  There were no reports of major hypoglycemia in the clinical trials.
· The most commonly reported adverse events (AEs) were gastrointestinal-related and occurred at a greater frequency with ExQW than with the comparator arms containing sitagliptin, metformin, sulfonylurea, pioglitazone, and  glargine and less frequently than liraglutide.  Nausea was the most common GI reaction and tends to diminish over time. Nausea and vomiting occurred less frequently with ExQW than ExBID. In general, GI events were mild-moderate in severity.

· There have been post-marketing reports of acute pancreatitis including fatal and non-fatal hemorrhagic or necrotizing pancreatitis with the GLP-1 agonists.  In DURATION trials 1-5, there were 2 cases of pancreatitis reported in patients receiving ExQW and 3 cases reported in the comparator groups.  Data for DURATION-6 were not available.
· The GLP-1 agonists, including ExQW, increase the incidence of thyroid C-cell tumors in rats at clinically relevant doses compared to controls.  It is unknown if ExQW causes C-cell tumors (including medullary thyroid carcinoma) in humans.  The FDA has required the manufacturer to create a medullary thyroid carcinoma case series registry of at least 15 years duration to systematically monitor the annual incidence of medullary thyroid carcinoma in the U.S.

· Approximately half the patients treated with ExQW developed antibodies to exenatide.  In general, glycemic control was similar to those who did not have antibody titers to exenatide.  However, the incidence of injection site reactions was greater (14.2%) in those who were antibody positive compared to those who were antibody negative (3.1%).

· Injection site reactions were more common with ExQW (17.1%) than ExBID (12.7%), glargine (1.8%), or placebo injection.  Reactions included injection-site nodule, injection-site induration, and injection-site pruritus.
· A large (n~9500) long-term trial, averaging 5.5 years, is planned to evaluate cardiovascular outcomes with ExQW ± oral hypoglycemic agent compared to placebo.  The trial is expected to be completed March 2017.
· There were no clinically significant changes in QT-interval.
· There have been post-marketing reports of altered renal function in patients receiving exenatide (increased serum creatinine, renal impairment, worsening chronic renal failure, acute renal failure) sometimes requiring hemodialysis or renal transplant.  Based on preclinical and clinical studies, exenatide has not been found to be directly nephrotoxic.  A post-hoc analysis of the head-to-head trials comparing ExQW and ExBID showed that 14% and 16% respectively had a decrease in renal function defined as moving down the Chronic Kidney Disease scale whereas 8% in each group had an improvement.  A similar analysis was not conducted with the other comparators.
· Do not use ExQW in patients with severe renal impairment (creatinine clearance < 30mL/min) or end-stage renal disease.  Use with caution in patients with renal transplantation or moderate renal impairment (creatinine clearance 30-50 mL/min). Do not use in patients with severe gastrointestinal disease (e.g., gastroparesis).

· ExQW is contraindicated in those with a personal or family history of medullary thyroid carcinoma (MTC), Multiple Endocrine Neoplasia syndrome type 2 (MEN 2), or history of serious hypersensitivity to exenatide or any product components.
Introduction
Exenatide twice daily has been available since 2005.  A once-weekly formulation has been approved and is the subject of this review.  The purpose of this monograph is to evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating exenatide extended-release for possible addition to the VA National Formulary.
Pharmacokinetics
Once ExQW is injected, 1-2% of exenatide is available immediately and the remaining drug is gradually released over time.1  
· Absorption:  Exenatide is released from poly-(D,L-lactide-co-glycolide) microspheres over 10 weeks.  There are 2 peaks of exenatide in plasma: around week 2 due to an initial period of release of surface-bound exenatide and at week 6-7 due to a gradual release of exenatide from microspheres.2
· Distribution:  Mean volume of distribution after a single SQ dose with ExBID is 28.3L and is expected to similar with ExQW.2
· Metabolism/Elimination:  Eliminated by glomerular filtration with subsequent proteolytic degradation.  The clearance of exenatide is 9.1L/h and is independent of dose.  After discontinuation of ExQW, plasma exenatide concentrations fall below the minimal detectable concentration (10pg/mL) in approximately 10 weeks.2
· The microspheres are degraded into lactic and glycolic acids, which are further metabolized to carbon dioxide and water and exhaled via the lungs.1
FDA-Approved Indications2
As an adjunct to diet and exercise to improve glycemic control in patients with type 2 diabetes.

Limitations of Use

Exenatide QW is not recommended as first-line therapy.  
Use with insulin has not been studied and is not recommended.
Use in patients with a history of pancreatitis has not been studied and is not recommended.

Do not use in patients with type 1 diabetes or for the treatment of diabetic ketoacidosis.
Current VA Formulary Alternatives

None in this class
Dosage and Administration2
· 2mg injected subcutaneously once every 7 days (gradual release of ExQW from the microspheres eliminates need for dose titration)
· May be administered any time of day without regards to meals

· The injection must be administered immediately after the powder is suspended.  It is injected subcutaneously in the abdomen, thigh, or upper arm region.  Rotate the site of injection each week when injecting in the same region.
· Do not administer intramuscularly or intravenously.

· Risk of hypoglycemia is increased when co-administered with a sulfonylurea (SU).  Consider reducing the dose of the SU.
· If a dose is missed, it may be administered as soon as noticed as long as the next regularly scheduled dose is due at least 3 days later.  Thereafter, the patient’s usual dosing schedule of once every 7 days can be resumed.  If the dose that is missed and next regularly scheduled dose is due in 1-2 days later, the patient should not administer the mixed dose and instead resume ExQW with the next regularly scheduled dose.
· Transitioning from exenatide twice daily to QW: discontinue exenatide twice daily.  Blood glucose may be transiently elevated (approximately 2 weeks).
· A medication guide is required to be dispensed with each ExQW prescription.
Dosage Form/Strength/Storage
Ex QW is available in cartons of 4 single-dose trays.  Each single-dose tray contains one vial of exenatide 2mg, one vial connector, one prefilled syringe containing diluent and 2 needles (one as a spare).  The needles are 23G, 5/16” and are specific to the delivery system; therefore, the needles or any other components in the tray are not to be substituted.   Do not reuse needles or syringes.  Syringes with the needle still attached should be discarded in a puncture-resistant container.2
ExQW should be stored in the refrigerator at 36-46°F up to the expiration date or when preparing for use.  Do not freeze ExQW and do not use if it has been frozen.  Each single dose tray can be kept at room temperature not to exceed 77°F for up to 4 weeks.2
A patient instruction for use booklet is provided with each carton.  The booklet teaches the patient (or care giver) how to mix the exenatide powder in the vial with the prefilled syringe containing the diluent and prepare for injection.  A study evaluated the effectiveness of the instruction booklet in 102 subjects.  All fundamental steps were completed in 88% of subjects; 12% were unable to complete ≥1 fundamental steps.  Among those completing all steps, 15% required verbal assistance by the study facilitator.  Older subjects (>60 years), those with hand limitations, and those requiring glasses/contacts required assistance more often.  Also, a slightly higher percentage of subjects who had hand limitations or who wore glasses/contacts were unable to complete ≥1 fundamental steps.16
Efficacy

The drug development program for ExQW includes the DURATION trials. There are 6 trials (24-30 weeks); one monotherapy trial and the others in combination with metformin, metformin ± SUs, or the patient’s usual oral diabetes medications. Comparator arms included ExBID, insulin glargine, liraglutide, metformin, sitagliptin and pioglitazone taken either as monotherapy or as part of a combination regimen.3-8  
Two studies were randomized, double-blind, double-dummy and the remaining were open-label.  For those that were open-label, the investigators analyzing the data or the sponsor were blinded to the results for A1C and fasting glucose.

Three of the trials (DURATION 1-3) have extension data available (52weeks, 84weeks, and 3 years).  In DURATION 1 and 2 those originally randomized to ExQW remained on it and those who were randomized to a comparator were switched to ExQW.  In DURATION-3, patients remained on their randomized treatment for the duration of the extension period.9-12
Baseline demographics for ExQW and comparators were similar. Approximately 50% of patients were male, mean age 52-58, mean A1C 8.3-8.5, and mean BMI 32-35kg/m2. 

A1C and fasting glucose (See Table 1)
Mean change in A1C from baseline for ExQW ranged between -1.3 to -1.9%.3-8 The reduction in A1C with ExQW was significantly greater than ExBID, sitagliptin or insulin glargine (treatment difference vs. glargine -0.2%).3-6  
The mean dose of insulin glargine was 31U/day.5   Reduction in A1C was significantly greater with liraglutide vs. ExQW (treatment difference -0.21%).8   There was no significant difference between ExQW and metformin or pioglitazone.4, 6 
The percentage of ExQW patients achieving an A1C ≤ 7% ranged between 52-77%.3-8    Significantly more patients receiving ExQW achieved an A1C≤ 7% than those in the comparator arms except for the monotherapy trial where a significant difference was seen only with sitagliptin and in the liraglutide trial, where significantly more patients receiving liraglutide achieved an A1C≤ 7% than ExQW.6, 8
As seen with other drugs used to treat hyperglycemia, the magnitude of change in A1C was greater in those with baseline A1C greater than 9% compared to those with A1C less than 9%.3-5, 7, 9  For example, in DURATION-2, reduction in A1C was -2.0% and -1.1% for those with baseline A1C >9% and <9% respectively.4
With ExQW, approximately 70% of patients had a reduction in A1C and lost weight whereas 16-24% had a reduction in A1C and gained weight.  Across the DURATION 1-5 trials, A1C increased in 4-13% of patients.3-7
Mean reduction in fasting glucose was significantly greater with ExQW than ExBID or sitagliptin.3, 7   Insulin glargine and liraglutide reduced fasting glucose more than ExQW.5, 8 There was no significant difference between ExQW and metformin or pioglitazone.

In the extension trial for DURATION-1, those that switched from ExBID to ExQW and those who remained on ExQW for the entire study period had a 2% reduction in A1C at the end of 52 weeks.9   At the end of 3 years, the change in A1C was -1.6%.10 
In the DURATION-2 extension, those remaining on ExQW for 52 weeks had a slight increase in A1C from week 26-52 and those who were switched from their originally randomized treatment to ExQW had a slight decrease.  However, the A1C at endpoint was similar for all 3 groups (-1.4% to -1.6%).11
In the DURATION-3 extension, patients remained on the treatment to which they were originally randomized for 84 weeks.  From weeks 26-84, the A1C increased slightly in both groups.  The overall change at week 84 was -1.2 and -1.0 for ExQW and glargine respectively.12
Post-prandial Glucose

A subgroup of patients in DURATION-1(n=51) underwent a meal tolerance test.  Change from baseline in 2-hour post-prandial glucose (PPG) was significantly greater for ExBID compare to ExQw (-124.2±9 and -95.4±9 respectively). In this same trial, 7-point self-glucose monitoring showed that the ExBID group had slightly lower PPG values after breakfast and dinner whereas the ExQW group had a slightly lower value after lunch (differences not significant).3 
Reduction in PPG was greater with ExQW than sitagliptin and similar to metformin and pioglitazone.2, 4   Compared to insulin glargine, only the post-dinner glucose concentration was significantly lower with ExQW.5
Table 1:  Glycemic Parameters
	Study
	Duration
	Treatment arms
	Change in A1C (%)
	Response by

baseline  A1C <9%
	Response by

baseline A1C > 9%
	A1C < 7% (%)
	Change in FPG (mg/dL)
	Association of A1C and weight loss

(% patients)

	
	
	
	
	
	
	
	
	↓wt

↓A1C
	↑wt

↓A1C
	↑wt

↑A1C
	↓wt

↑A1C

	Drucker

DURATION-1
	30-weeks
	ExQW ± OAD
ExBID ± OAD
	-1.9 ± 0.1*
-1.5 ± 0.1
	80%‡
70%‡
	65%‡
35%‡
	77*
61
	-41.4±3.6*
-25.2±3.6
	73

74
	23

16
	1

5
	3

5

	Bergenstal

DURATION-2
	26-weeks
	ExQW + MET

SIT + MET

PIO + MET
	-1.5 [-1.7, -1.4]§
-0.9[-1.1, -0.7]

-1.2[-1.4, -1.0]
	-1.1

-0.5

-0.9
	-2.0*
-1.3

-1.5
	60*
30

45
	-32.4[-39.6, -23.4]§
-16.2[-23.4, -9.0]
-27[-34.2, -19.8]
	70

46

14
	18

31

71
	5

9

9
	8

14

6

	Diamant

DURATION-3
	26-weeks
	ExQW + MET±SU

GLA+ MET±SU
	-1.5±0.05*
-1.3±0.06
	Graph < and > 8%
	
	60*
48
	-37.8±3.6
-50.4±3.6¶
	79

31
	16

63
	0

5
	4

1

	Russell-Jones

DURATION-4
	26-weeks
	ExQW

MET

SIT

PIO
	-1.5±0.07§
-1.5±0.07
-1.2±0.07
-1.6±0.07
	-

-

-
-
	-

-

-
-
	63§
55

43

61
	41.4±1.8§
-36±1.8

-19.8±3.6

-46.8±3.6
	67
69

59

33
	24
22

26

61
	3
1

8

5
	6
7

7

3

	Blevins

DURATION-5
	24-weeks
	ExQW ± OAD
ExBID ± OAD
	-1.6 ± 0.1*
-0.9 ± 0.1
	-1.2%*
-0.5%
	-1.9%

-1.3%
	58.1*

30.1
	-35 ± 5*

-12 ± 5
	71

51
	18

24
	4

13
	6

12

	Buse

DURATION-6
	26-weeks
	ExQW±OAD

LIRA±OAD
	-1.28±0.05

-1.48±0.05¶
	-

-
	-

-
	52.3

60.2¶
	-

-
	-

-
	-

-
	-

-
	-

-

	Buse

DURATION-1

Extension**
	Add. 22 weeks

(52-weeks total)
	ExQW±OAD
ExBID±OAD →ExQW±OAD
	-2.0 [-2.1, -1.8]

-2.0
	-1.2[-1.4, -1.1]

-1.3 [-1.5, -1.2]
	-2.8 [-3.1, -2.5]

-2.6 [-3.0, -2.3]
	71

71
	-47 [-53, -41]
-43 [-49, -37]
	77

79
	21

18
	2

2
	1

1

	MacConnell

DURATION-1

Extension
	3-years
	ExQW±OAD
	-1.6 [-1.7, -1.4]
	-
	-
	57
	-33 [-39, -28]
	-
	-
	-
	-

	Wysham

DURATION-2

Extension†
	Add. 26 weeks

(52-weeks total)
	ExQW+MET

SIT+MET→ExQW+MET

PIO+MET→ExQW+MET
	+0.06/-1.6

-0.31/-1.4

-0.10/-1.6
	-

-

-
	-

-

-
	62/58

36/53

52/59
	-3.6[-10.8, 3.6]

-12.6[-19.8, -3.6]

0.0 [-7.2, 7.2]
	-

-

-
	-

-

-
	-

-

-
	-

-

-

	Diamant

DURATION-3

Extension††
	84-weeks
	ExQW + MET±SU

GLA+ MET±SU
	+0.4/-1.2±0.1

+0.3/-1.0±0.1
	-

-
	-

-
	45

37
	-

-
	-

-
	-

-
	-

-
	-

-


Abbreviations: ExBID=exenatide twice daily; ExQW=exenatide once-weekly; FPG=fasting plasma glucose; GLA=glargine; LIRA=liraglutide; MET=metformin; OAD=oral hypoglycemic drugs; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
‡Values shown as % of patients achieving an A1C ≤ 7%
*Significant vs. comparators

§Significant vs. sitagliptin

¶Significant vs. ExQW

**Values shown as ∆ weeks 0-52

†Values for A1C shown as ∆weeks 26-52/∆ weeks 0-52; values for FPG shown as ∆weeks 26-52
††Values for A1C shown as ∆weeks 26-84/∆ weeks 0-84
Body Weight (See Table 2)
In the ExQW groups, mean baseline weight ranged from 88-102kg.  Across the DURATION trials 1-6, the mean change in body weight with ExQW ranged from -2.0 to –3.7kg.3-8   When looking at the comparator arms, weight loss with ExQW was greater than sitagliptin.  As would be expected, weight gain occurred with pioglitazone and insulin glargine.  Mean weight loss was significantly greater with liraglutide compared to ExQW.8   Results comparing ExQW and ExBID were inconsistent with one trial showing similar reduction and another showing greater weight loss with ExQW.3, 7 Weight loss with ExQW was not dependent on baseline weight or BMI.  
The percentage of patients that lost weight ranged between 73-83%; the majority of the remaining patients gained weight.3-7   In DURATION-2, among those who had weight loss, 28%, 10% and 2% of the ExQW, SIT and PIO groups respectively lost ≥ 5% of body weight.4
Two trials provided information on weight loss in those with and without nausea.  In DURATION-1, patients who had nausea lost an average of 5.4kg and 4.1kg for the ExQW and ExBID groups respectively.  Those without nausea lost 3.1kg and 3.4kg respectively.3 In Duration-3, a subgroup of ExQW patients who reported nausea (n=30), lost an average of 3.5kg compared to 2.3kg in those who did not have nausea (n=203).5  

In the extension trials, weight loss was either maintained or slightly increased in patients who remained on ExQW for the entire study period.9-12
Table 2:  Body Weight
	Study
	Duration
	Treatment Arms
	Baseline Weight (kg)
	Change in
Weight (kg)
	Weight Loss/Weight Gain (% patients)

	Drucker

DURATION-1
	30-weeks
	ExQW ± OAD
ExBID ± OAD
	102±19

102±21
	-3.7±0.5

-3.6±0.5
	76/24

79/21

	Bergenstal

DURATION-2
	26-weeks
	ExQW + MET

SIT + MET

PIO + MET
	89±20

87±20 

88±20
	-2.3[-2.9, -1.7]*

-0.8[-1.4, -0.1]

+2.8[+2.2, +3.4]
	78/23

60/40

20/80

	Diamant

DURATION-3
	26-weeks
	ExQW + MET±SU

GLA+ MET±SU
	91.2±18.6

90.6±16.4
	-2.6±0.2*

+1.4±0.2
	83/16

32/68

	Russel-Jones

DURATION-4
	26-weeks
	ExQW

MET

SIT

PIO
	87.5±18.9 

85.9±19.6 

88.7±18.7

86.1±17.8
	-2.0‡
-2.0

-0.77

+1.5
	73/27

76/23

66/34

36/66

	Blevins

DURATION-5
	24-weeks
	ExQW ± OAD
ExBID ± OAD
	97±20.7

94.3±18.9
	-2.3 ± 0.4*

-1.4 ± 0.4
	77/22

63/37

	Buse

DURATION-6
	26-weeks
	ExQW±OAD
LIRA±OAD
	-
-
	-2.68±0.18

-3.58±0.18§
	-
-

	DURATION-1

Extension**
	52-weeks
	ExQW± OAD
ExBID± OAD→ExQW±OAD
	103
102
	-4.1 [-5.3, -2.9]

-4.5 [-5.7, -3.3]
	78/23

80/20

	DURATION-1

Extension
	3-years
	ExQW±OAD
	101±18
	-2.3 [-3.4, -1.2]
	-

	DURATION-2

Extension†
	52-weeks
	ExQW+MET

SIT+MET→ExQW+MET

PIO+MET→ExQW+MET
	-

-

-
	+0.7[0.1, 1.4]

-1.1 [-1.8, -0.5]

-3.0 [-3.7, -2.3]
	-

-

-

	DURATION-3

Extension
	84-weeks
	ExQW + MET±SU

GLA+ MET±SU
	-

-
	-2.1 ± 0.2*
2.4 ± 0.2
	-

-


Abbreviations:  ExBID=exenatide twice daily; ExQW=exenatide once-weekly; GLA=glargine; LIRA=liraglutide; MET=metformin; OAD=oral hypoglycemic drugs; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
*Significant vs. comparator(s)
**Values shown as ∆ weeks 0-52

†Values shown as ∆weeks 26-52

‡Significant vs. SIT and PIO
§Significant vs. ExQW
Lipids (See Table 3)
In general patients receiving ExQW had small decreases in total cholesterol, low-density cholesterol, and triglycerides; however, the magnitude of change varied from trial to trial.3-12   Change in HDL-C ranged from no change to a slight increase or decrease.  Decrease in total and LDL-cholesterol was significantly greater with ExQW than ExBID.3, 7
Blood Pressure and Pulse Rate (See Table 3)
Compared to baseline, systolic BP (SBP) decreased in patients treated with ExQW with means ranging from -1.3 to -4.7mmHg.3-8   For the comparators, the mean change was -1.0mmHg, -2.5mmHg, and 0 to -1.8mmHg for glargine, liraglutide, and the oral agents respectively.4-6, 8 The average decrease in SBP was slightly greater with ExQW than ExBID (difference approx 1.5mmHg).3, 7   The extension trials show that the decrease in SBP is maintained.9-11
Diastolic BP was impacted to a lesser extent (+0.2 to -1.7mmHg).
Two studies further characterized change in SBP. In DURATION-5, the average reduction in SBP with both exenatide formulations was greater in those with elevated SBP at baseline (≥130mmHg) compared with those with a normal SBP.  For example for ExQW, the change from baseline for those with elevated SBP was -7.9mmHg compared to +1.6mmHg for those with normal SBP at baseline.7    
In DURATION-1, change in SBP with ExQW was greater in those with >5% weight loss compared to those with <5% or no weight loss (-6.2, -4.4, and -1.6mmHg respectively).  Similar trends were seen with ExBID.3  
In 2 trials reporting change in heart rate, the greatest change was seen with ExQW (mean +4 bpm).  A smaller change was seen with ExBID (mean +2.1 bpm) and no change was seen with insulin glargine.  No association between changes in HR at BP was noted. 5, 7
Change in heart rate using pooled data for ExQW and categorical analysis of the maximum change in heart rate for ExQW and comparators are provided in the BYDUREON Formulary Submission Dossier.  Permission to present these data in this monograph was not granted.  Plans for publication are pending.
Table 3:  Lipid Parameters and Blood Pressure
	Study
	Duration
	Treatment arms
	TC (mg/dL)
	LDL-C 
(mg/dL)
	HDL-C 
(mg/dL)
	Triglycerides
	Change in SBP

(mmHg)
	Change in DBP

(mmHg)
	Concurrent Medications

	Drucker

DURATION-1
	30-weeks
	ExQW ± OAD
ExBID ± OAD
	-12±2.3‡*
-3.9±2.3
	-5.0±1.9*
+1.2±1.9
	-0.77±0.4
-1.2±0.4‡
	-15%

-11%
	-4.7±1.1
-3.4±1.1
	-1.7±0.7

-1.7±0.7
	Dose of lipid lowering and BP drugs remained stable in most patients in both groups

	Bergenstal§
DURATION-2
	26-weeks
	ExQW + MET

SIT + MET

PIO + MET
	-0.77

+3.1

+5.8¶
	-1.5

+1.5

+1.5
	+1.9‡
+1.9‡
+5.8‡¶
	-5%

-5%

-16%¶
	-3.7†
0

-1.3
	NS
	Dose  of lipid lowering and BP meds did not change in 91% and 89% of patients respectively 

	Diamant

DURATION-3
	26-weeks
	ExQW + MET±SU

GLA+ MET±SU
	-4.6±2.3
-1.6±2.3
	-1.9±1.9
+1.5±1.9
	0±0.4
+0.4±0.4
	0.96

0.89
	-3.0±1.0
-1.0±1.0
	-1±1

-1±1
	Changes in BP and HR were not the result of adjustments made to concomitant anti-HTN drugs or drugs affecting HR

	Russell-Jones

DURATION-4
	26-weeks
	ExQW

MET

SIT

PIO
	No clinically significant changes observed (results not shown)
	-1.3±0.8

-

-1.8±1.0

-1.7±1.0
	-

-

-

2.5±0.6
	

	Blevins

DURATION-5
	24-weeks
	ExQW ± OAD
ExBID ± OAD
	-15.4±2.6*
+0.6±2.6
	-6.4±2.1*
+2.8±2.3
	0.0±0.6

+1.3±0.6
	+0.94mg/dL

+0.99mg/dL
	-2.9
-1.2
	+0.2±0.7

-0.1±0.8
	In both groups ~ 5% of patients adjusted BP  or lipid lowering meds

	Buse

DURATION-6
	26-weeks
	ExQW±OAD

LIRA±OAD
	Similar between groups at endpoint
	-2.5

-3.5
	-0.5

-0.5
	

	Buse

DURATION-1

Extension**
	52-weeks
	ExQW±OAD
ExBID±OAD →ExQW±OAD
	-9.6[-14.8, -4.3]

-9.0[-14.5, -3.6]
	-3.4

-2.8
	-0.7

-1.6
	-15% 

-13%
	-6.2[-8.5, -3.9]

-3.8 [-6.1, -1.5]
	-2.8 [-4.3, -1.3]

-1.8 [-3.2, -0.3]
	84% of those taking BP meds did not change dose.  14 patients initiated BP tx

	MacConnell

DURATION-1

Extension
	3- years
	ExQW±OAD
	-9.9 [-15, -4.3]
	-7.0

[-11.8, -2.1]
	-
	-12%

[-18, -6]
	-2.1 [-4.5, 0.2]
	-
	

	Wysham

DURATION-2

Extension#
	52-weeks
	ExQW+MET

SIT+MET→ExQW+MET

PIO+MET→ExQW+MET
	-2.7/-1.9

-10.1/-7.7

-13.1/-8.5
	0.0/-1.2

-3.5/-3.5

-5.4/-4.6
	0.0/+2.7

-0.4/+2.32

-5.4/+0.4
	+10%/0%

+2%/-6%

+11%/-7%
	-0.9/-2.9

-2.7/-2.9

-0.6/-2.2
	-1.2/-2.1

-0.4/-1.3

+1.1/-0.4
	At start of open-label period

BP meds: 99, 87, and 83% respectively did not change dose. 2 initiated tx (n=1 SIT; n=1 PIO)

Lipid meds: 91, 89, and 95% respectively did not change dose.  13 initiated tx (n=3/5/5)


Abbreviations: DBP=diastolic blood pressure; ExBID=exenatide twice daily; ExQW=exenatide once-weekly; GLA=glargine; HDL-C=high-density cholesterol; LDL-C=low-density cholesterol; LIRA=liraglutide; MET=metformin; OAD=oral hypoglycemic drugs; PIO=pioglitazone; SIT=sitagliptin; SBP=systolic blood pressure; SU=sulfonylurea; TC=total cholesterol

*Significant vs. comparator
¶Signicant vs. ExQW

‡Data presented as ratio of week 26 to baseline

§Values for lipids estimated from graph
†Significant vs. sitagliptin + metformin

** Values shown as ∆ weeks 0-52

#Values shown as ∆weeks 26-52/∆ weeks 0-52 

Quality of Life

Quality of life was evaluated using the following tools: the Binge Eating Scale (BES), Diabetes Treatment Satisfaction Questionnaire (DTSQ-s), EuroQoL-5 dimensions (EQ-5D), Impact of Weight on Quality of Life Questionnaire-Lite (IWQOL-Lite), and the Psychological General Well-being Index (PGQB).  Please refer to Appendix 1 for a description of the quality life scales used in the DURATION trials.
Across the trials, use of ExQW resulted in significant improvement in total scores for all of the quality of life scales used.3-6, 13, 14  In general, there were no significant differences in total scores between ExQW and comparators except for the following:  In DURATION-2, improvement in the IWQOL-Lite and EQ-5D scores total scores were significantly greater with ExQW+MET compared to PIO+MET14; in DURATION-3, improvement in the total EQ-5D score was significantly greater with ExQW±MET/SU than with glargine± MET/SU5; in DURATION-4, improvement in the IWQOL-Lite, EQ-5D, and BES total scores were significantly greater with ExQW compared to PIO.6  Improvement in BES total score was also significantly greater with ExQW compared to SIT.
In the DURATION-1 extension, patients who were switched from ExBID to ExQW showed additional improvement in the some of the individual domains from the IWQOL-Lite and DTSQ-s scales.13
Table 4:  Quality of Life
	Treatment arms
	Results

	DURATION-1

ExQW ± OAD
ExBID ± OAD
	IWQOL-Lite: Both groups had significant improvement from baseline in total score and in all domains. Change in total score: 10.23 [8.48, 11.97], 8.61 [6.88, 10.34].  Difference NS between groups 

DTSQ-s:  Both  groups had significant improvement from baseline in total score

Change in total score: 5.17 [4.11, 6.23], 3.97 [2.94, 5.01].  Difference NS between groups

In the individual domains only the perceived frequency of high blood sugar and willingness to continue domains were improved significantly more with the ExQW group.

	DURATION-2

ExQW + MET

SIT + MET

PIO + MET
	IWQOL-Lite: ExQW and SIT had significant improvement vs. baseline (improvement was significantly greater with ExQW vs. PIO). Change in total score: 5.15[3.11, 7.19]; 4.56[2.56, 6.57]; 1.20[-0.87, 3.28]

DTSQ-s: All groups had significant improvement in total score (no significant differences between ExQW and comparators). Change in total score: 3.96 [2.78, 5.15], 2.35 [1.19, 3.51], 2.50 [1.31, 3.69].  All groups experienced significant decrease in perceived frequency of hyperglycemia- between group comparisons were not significant.  There were no significant decreases in the perceived frequency of hypoglycemia score in any of the groups.

EQ-5D: Index scores and visual analog scores (VAS) significantly increased in the ExQW and SIT groups, but not in the PIO group.  Change in index score: 0.04 [0.01-0.08], 0.05 [0.02-0.08], 0.02[-0.01-0.06].

Change in VAS:  4.46 [1.82-7.10], 6.04[3.45, 8.64], 2.54 [-0.16, 5.24]

PGWB: All groups had significant improvement in all domains

Change in global score: 6.82 [4.85, 8.79]; 6.97 [6.04, 8.9]; 4.78 [2.77, 6.79]

	DURATION-3

ExQW + MET±SU

GLA+ MET±SU
	IWQOL-Lite: Both groups had improvements from baseline.  For the self-esteem domain, improvement was significant with ExQW vs. GLA (values not shown)

DTSQs: Both groups had improvements from baseline in total score (values not shown)

EQ-5D:  Only patients on ExQW had significant improvements in EQ-5D index. For the usual activities domain, improvement was significant with ExQW vs. GLA (values not shown)

BES: Both groups had improvements from baseline (values not shown)

	DURATION-4

ExQW

MET

SIT

PIO
	All treatment groups had mean improvements from baseline for DTSQ, IWQOL-Lite, BES and EQ-5D (except for PIO for EQ-5D). 
IWQOL-Lite: Significantly greater improvement in total score for ExQw vs. PIO.  Difference between ExQW vs. MET or SIT not significant.  Change in total score: 4.85±0.77; 4.84±0.77; 4.02±0.95; 1.31±0.94

DTSQs: Between group comparisons were not significantly different.  Change in total score: 3.38±0.40; 2.95±0.40; 2.61±0.48; 3.70±0.49.  

EQ-5D: Significantly greater improvement in total score for ExQw vs. PIO.  Diff. for ExQW vs. MET or SIT not significant.  Change in total score (US population): 0.02±0.01; 0.02±0.01; 0.01±0.01; -0.01±0.01

BES: Significantly greater improvement in total score for ExQW vs. PIO and SIT.

Change in total score:  -2.66±0.34; -2.64±0.35; -1.69±0.41; -1.07±0.41

	DURATION-1 Extension

Results for week 30-52

ExQW± OAD
ExBID± OAD →ExQW± OAD
	IWQOL-Lite:  The ExBID→ExQW group had significant improvement in physical distress and public distress domains.  The ExQW showed additional significant improvement in the public distress domain.

DTSQ-s:  The ExBID→ExQW group had significant improvement in total score and in the treatment convenience, flexibility and willingness to continue domains.  The group that remained on ExQW for 52 weeks continued to show significant improvements in the treatment convenience and flexibility domains


Adverse Events (Safety Data)

The incidence of withdrawal due to adverse events (AEs) from the pooled data from DURATION 1-5 was 4.9% (n=45), 4.9% (n=13) and 2.0% (n=23) for ExQW, ExBID, and other comparators respectively.2   Results by trial and incidence of serious AEs are shown in table 5.
In the extension trial for DURATION-1, one patient in the ExQW group for 52-weeks discontinued treatment due to an adverse event (AE).9  In the DURATION-2 extension, 0.8%, 2.3%, and 7% of patients in the ExQW+MET, SIT+MET→ExQW+MET, and PIO+MET→ExQW+MET groups respectively withdrew due to an AE.11
Table 5:   Adverse Events

	
	DURATION-1
	Duration-2
	DURATION-3
	DURATION-4
	DURATION-5
	DURATION-6

	
	ExQW ± OAD
	ExBID ± OAD
	ExQW + MET
	SIT + MET
	PIO+ MET
	ExQW + MET±SU
	GLA+ MET±SU 
	ExQW
	MET
	SIT
	PIO
	ExQW

±OAD
	ExBID ± OAD
	ExQW±OAD
	LIRA±OAD

	Serious AEs (%)
	5.4
	3.4
	3.0
	3.0
	6.0
	5.0
	4.0
	1.6
	5.3
	1.8
	5.5
	2.0
	4.0
	-
	-

	Discontinued due to AE (%)
	6.1
	4.8
	6.9
	3.0
	3.6
	5.0
	1.0
	2.4
	2.4
	0.6
	3.1
	5.0
	5.0
	2.6
	5.3


AE=adverse events; ExBID=exenatide twice daily; ExQW=exenatide once-weekly; GLA=glargine; LIRA=liraglutide; MET=metformin; OAD=oral hypoglycemic drugs; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
Deaths
There were 3 deaths reported:  DURATION-2 uncontrolled hypertension (SIT+MET); DURATION-4 gastric cancer (MET); and DURATION-5 myocardial infarction (ExBID).  There were no deaths in the DURATION-3 trial.  There was no discussion of deaths in DURATION-1 and 6.
Pooled data are available in the product dossier; however, permission from the manufacturer was not granted to use the information for preparation of this monograph.  
Adverse Gastrointestinal (GI) effects
The most commonly reported adverse events were GI-related and occurred more often with ExQW than with the comparator arms (sitagliptin, metformin, sulfonylurea, pioglitazone, glargine) and less often than liraglutide. Nausea was the most common GI reaction and tends to diminish over time. In general, GI events were mild-moderate in severity.
In the 2 trials comparing ExQW and ExBID, nausea and vomiting occurred less frequently with ExQW. In DURATION-1, diarrhea, constipation, dyspepsia, GERD, and viral gastroenteritis occurred more often in the ExQW group.3, 7
Based on pooled data from DURATION 1-5 the overall incidence of discontinuation from study drug due to nausea was 0.5%. 1.5%, and 0.3% for ExQW, ExBID, and comparators (metformin, sitagliptin, pioglitazone, and glargine) respectively.  Discontinuation due to diarrhea was 0.3%, 0.4%, and 0.3% respectively.2   In DURATION-6, discontinuation due to nausea, vomiting and diarrhea was 1.8, 0.9, and 0.7% respectively in the liraglutide groups and 0.2% for each of the GI effects in the ExQW group.8 
Table 6: Treatment-Emergent Adverse GI Reactions with Incidence ≥ 5% of ExQW-Treated Patients 2, 8
	
	DURATION-1
	Duration-2
	DURATION-3
	DURATION-4
	DURATION-5
	DURATION-6

	
	ExQW ± OAD
	ExBID ± OAD
	ExQW + MET
	SIT + MET
	PIO+ MET
	ExQW + MET±SU
	GLA+ MET±SU 
	ExQW
	MET
	SIT
	PIO
	ExQW

±OAD
	ExBID ± OAD
	ExQW±OAD
	LIRA±
OAD

	Nausea
	27
	33.8
	24.4
	9.6
	4.8
	12.9
	1.3
	11.3
	6.9
	3.7
	4.3
	14.0
	35.0
	9.3
	20.4

	Diarrhea
	16.2
	12.4
	20.0
	9.6
	7.3
	9.4
	4.0
	10.9
	12.6
	5.5
	3.7
	9.3
	4.1
	6.1
	13.1

	Vomiting
	10.8
	18.6
	11.3
	2.4
	3.0
	-
	-
	-
	-
	-
	-
	4.7
	8.9
	3.7
	10.7

	Constipation
	10.1
	6.2
	6.3
	3.6
	1.2
	-
	-
	8.5
	3.3
	2.5
	1.8
	-
	-
	
	

	Dyspepsia
	7.4
	2.1
	5.0
	3.6
	2.4
	-
	-
	7.3
	3.3
	1.8
	4.9
	-
	-
	
	

	↓ appetite
	-
	-
	5.0
	1.2
	0.0
	-
	-
	-
	-
	-
	-
	-
	-
	
	


ExBID=exenatide twice daily; ExQW=exenatide once-weekly; GLA=glargine; LIRA=liraglutide; MET=metformin; OAD=oral hypoglycemic drugs; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
Adverse GI effects appear to diminish over time as demonstrated in the extension trials of DURATION-1 and DURATION-2 for those patients who continued ExQW.  For those who switched from the ExBID to ExQW, the rate of adverse GI effects was lower than when they were receiving ExBID and lower than those who remained on ExQW for the entire study period.9, 11
Table 7:  Adverse GI event(s) in Extension Trials
	
	Treatment Arms
	Nausea (%)
	Vomiting (%)
	Diarrhea (%)

	DURATION-1

Extension
	ExQW±OAD
ExBID ±OAD→ExQW±OAD
	7.0

7.7
	6.3

4.6
	8.6

6.9

	DURATION-2

Extension
	ExQW+MET

SIT+MET→ExQW+MET

PIO+MET→ExQW+MET
	5.0

10.8

9.6
	5.0

3.8

2.6
	8.4

7.7

7.8


ExBID=exenatide twice daily; ExQW=exenatide once-weekly; MET=metformin; OAD=oral hypoglycemic drugs; 
PIO=pioglitazone; SIT=sitagliptin

Hypoglycemia
Rates for minor hypoglycemia are shown in table 8.  Minor hypoglycemia was defined as symptoms of hypoglycemia with a glucose reading of <54mg/dL and patient was able to self-treat.  The rate of minor hypoglycemia for ExQW and ExBID are similar.  Higher rates are observed when ExQW (or ExBID) is co-administered with a sulfonylurea.  
Slightly higher rates were also observed with ExQW monotherapy compared to monotherapy with metformin, sitagliptin, or pioglitazone and with ExQW vs. liraglutide when combined with other oral agents.  When combined with metformin, the rate of hypoglycemia is similar for ExQW and pioglitazone, but lower than that seen with sitagliptin. Lower rates were also observed with ExQW compared to glargine. There were no reports of major hypoglycemia in the clinical trials.2-8
Table 8: Minor Hypoglycemia %Patients (Episodes/Patient-Year)

	DURATION-1
	Duration-2
	DURATION-3
	DURATION-4
	DURATION-5
	DURATION-6

	ExQW ± OAD
	ExBID ± OAD
	ExQW + MET
	SIT + MET
	PIO + MET
	ExQW + MET±SU
	GLA+ MET±SU 
	ExQW
	MET

SIT

PIO
	ExQW±
OAD
	ExBID ± OAD
	ExQW±OADs
	LIRA±

OAD

	With SU: 14.5% (0.55)

Without SU: 0% (0.0)
	With SU: 15.4% (0.37)

Without SU: 1.1% (0.02)
	1.3% (0.03)


	3% (0.12)


	1.2% (0.03)
	With SU: 20% (1.1)

Without SU: 3.7% (0.11)
	With SU: 43.9% (2.87)

Without SU: 19.1% (0.64)
	2% (0.05)


	0% (0.0)


	With SU: 12.5% (0.72)

Without SU: 0% (0.0)
	With SU: 11.8% (0.31)

Without SU: 0% (0.0)
	10.8%
	8.9%



Data obtained from product package insert
ExBID=exenatide twice daily; ExQW=exenatide once-weekly; GLA=glargine; MET=metformin; LIRA=liraglutide; OAD=oral hypoglycemic drugs; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
The extension trials show that rates of minor hypoglycemia decrease over time (DURATION-1) or remains similar to that seen in the parent trial (DURATION-2 and 3).9-11
Table 9:  Minor Hypoglycemia in Extension Trials

	DURATION-1 Extension (52-weeks)
	Duration-2 Extension (52-weeks)
	DURATION-3 Extension (84-weeks)

	ExQW±OAD
	ExBID ±OAD→

ExQW±OAD
	ExQW+MET
	SIT+MET→

ExQW+MET
	PIO+MET→

ExQW+MET
	ExQW± MET±SU
	GLA+ MET±SU

	With SU: 10.2% 

Without SU: 0% 
	With SU: 8.0% 

Without SU: 0%
	1%
	2%
	1%
	All: 24%

Without SU: 8%
	All: 54%
Without SU: 32%


ExBID=exenatide twice daily; ExQW=exenatide once-weekly; GLA=glargine; MET=metformin; OAD=oral hypoglycemic drugs; PIO=pioglitazone; SIT=sitagliptin; SU=sulfonylurea
Pancreatitis
There have been post-marketing reports of acute pancreatitis including fatal and non-fatal hemorrhagic or necrotizing pancreatitis with the incretins, including ExBID.
There were 2 cases of pancreatitis reported in patients receiving ExQW (one from DURATION-3 and one from DURATION-5) and 3 cases reported in the comparator groups (two from DURATION-2 and one from DURATION-4).  Data from DURATION-6 were not available.  There were no reported cases of pancreatitis in the extension trials of DURATION-1 and DURATION-2.
· The ExQW patient from DURATION-3 had edematous pancreatitis.  Pain resolved 1 day after onset.  Patient not admitted to hospital; fully recovered at 2 months follow-up.5
· The ExQW patient from DURATION-5 had a history of dyslipidemia. CT showed no acute inflammatory abnormalities of pancreas and adrenal glands, spleen, and gallbladder were normal.  Event resolved in 3 days while patient still receiving study drug.7
· The pioglitazone + metformin patient from DURATION-2 had necrotizing pancreatitis which led to withdrawal from study.  A second patient in this treatment arm developed pancreatitis; however, details were not provided.4
· Sitagliptin-treated patient from DURATION-4 had elevated lipase at screening and experienced moderate chronic pancreatitis after 8 days of treatment.  Study drug was discontinued.4
The exposure-adjusted incidence of pancreatitis-related AEs is shown in the product dossier; however, permission from the manufacturer was not granted to use the information for preparation of this monograph.  
Thyroid

The GLP-1 agonists cause thyroid C-cell tumors at clinically relevant exposures in rats.  C-cells comprise a very small fraction of the thyroid in humans, but are abundant in rodents.  The function of the C-cell is to synthesize and release calcitonin.   Spontaneous development of C-cell tumors is common in rats. GLP-1 receptors are found in rodent C-cells, but have not been definitively identified in human C-cells.
The incidence of C-cell adenomas was increased across all doses studied in female rats and at the 2 higher doses in male rats relative to the control group.  C-cell carcinoma was significantly increased in female rats receiving the highest dose and numerically increased in the male rats.  The rate of benign C-cell adenomas was increased in female rats (significance not shown).2
Table 10: Incidence of C-cell adenoma and C-cell carcinoma in Rodents (104-weeks exposure)2
	
	Exenatide
Formulation
	Species
	Sex
	0.3mg/kg q2wks 
	1mg/kg 
q2wks
	3mg/kg 
q2wks
	Control

	C-cell adenoma (%)
	ExQW
	Rats
	    Females

Males
	27-31* across all doses
	7

	
	
	
	
	-
	46*
	47*
	13

	C-cell carcinoma (%)
	ExQW
	Rats
	Females

Males
	-

3
	-

7
	6*

4
	0

0

	
	
	
	
	18mcg/kg/d
	70mcg/kg/d
	250mcg/kg/d
	Controls

	Benign C-cell adenomas (%)
	ExBID
	Rats
	Females
	14
	11
	23
	8 (group 1)

5 (group 2)

	Tumors (%)
	ExBID
	Mice
	Females/

Males
	0
	0
	0
	0


*Incidence significant vs. control

All doses administered subcutaneously

An increase in benign fibromas in the skin subcutis at the injection site was seen at the 3mg/kg dose in the male rats.  No treatment-related injection site fibrosarcomas were seen at any dose.
Other GLP-1 agonists have been shown to induce thyroid C-cell tumors in male and female mice at clinically
relevant doses; however, the potential for ExQW to induce thyroid C-cell tumors in mice has not been studied.
Serum calcitonin is a marker for medullary thyroid cancer (MTC).  In patients with MTC, serum calcitonin is usually > 50ng/L.  In DURATION-3, calcitonin levels were within normal limits in a subgroup of patients who had data at endpoint (n=15 ExQW; n= 24 glargine).5   No clinically significant changes in calcitonin were observed in DURATION-4.6 In DURATION-5, no thyroid neoplasms were reported or changes in mean calcitonin levels observed during the study.7   The manufacturer does not recommend routine monitoring of serum calcitonin or use of thyroid ultrasound for early detection of MTC.2
The FDA has required the manufacturer to create a medullary thyroid carcinoma case series registry of at least 15 years duration to systematically monitor the annual incidence of medullary thyroid carcinoma in the U.S.

Exenatide antibodies
Antibodies to exenatide may develop.  In the DURATION 1-5 trials, 45% (n=405) and 12% (n=107) of patients treated with ExQW had low titer antibodies (≤ 125) and higher titer (≥1/625) antibodies respectively at study endpoint.  In general, glycemic control was similar to those treated with ExQW who did not have antibody titers.  However, when just looking at the subgroup with higher titers, 50 had an attenuated glycemic response (< 0.7% reduction in A1C) to ExQW.2 Table 11 provides additional information on exenatide antibodies by trial.  
The extension trial of DURATION-1 evaluated exenatide antibodies.  Compared to peak values measured during the parent trial, mean titers had decreased at week 52 for those who remained on ExQW and those who were switched from ExBID to ExQW.9
A subgroup of ExQW and ExBID patients who were positive for exenatide antibodies (n=246), were tested for the presence of cross-reactive antibodies to GLP-1 and/or glucagon; no cross-reactive antibodies were observed.2
Table 11: Exenatide Antibodies
	
	Exenatide Antibodies

	DURATION-1

ExQW ± OAD
ExBID ± OAD
	Titers of exenatide antibodies were significantly higher in the ExQW group than the ExBID group.  
Antibody titers peaked at week 6-14 for ExQW (33.2±8.2) and at week 6 for ExBID (12.6±3.3) then gradually diminished over the 30 week period.  In the ExQW group, 49%, 46% and 6% had no, low, and high titers respectively.  For the ExBID group, 72%, 26%, and 2% had no, low, and high titers respectively.

In ExQW mean reduction in A1C for those with no, low, or high titers were -1.9, -2.0, and -1.4% respectively.  For ExBID values were -1.7, -1.5, and -0.8% respectively. 

3 patients taking ExQW and 1 taking ExBID had titers of 1/3125 (1 had reduction in A1C, 2 had an increase, and 1 had no change; 1 had a reduction in weight, 2 had an increase, and 1 had no change)

	DURATION-2

ExQW + MET

SIT + MET

PIO + MET
	48% of ExQW patients had low (<1/625) or not detectable (40%) titers of exenatide antibodies during their final study visit.  Antibody status was not predictive of safety or change in A1C

	DURATION-3

ExQW + MET±SU

GLA+ MET±SU
	The % patients reporting ≥ 1 AE did not differ between those testing negative for antibodies and those testing positive (71% vs. 68%).  
The mean decrease in A1C in those testing negative versus those testing positive (-1.6 vs. -1.3).

	DURATION-4

ExQW

MET/SIT/PIO
	43.1% had lower-titer antibodies (<1/125) and 11.3% had higher-titer antibodies (≥1/625) at endpoint.
Mean reduction in A1C for those with no, low, or high titers were -1.3, -1.5, and -1.0% respectively

There was a higher incidence of injection site reactions in antibody-positive patients

	DURATION-5

ExQW ± OAD
ExBID ± OAD
	73% of ExQW and 51% of ExBID patients were positive for exenatide antibodies at any time point during the study.  There were no apparent association of antibody status and overall incidence of AEs or predictable effect on the change in A1C

	DURATION-1 Extension 

ExQW± OAD
ExBID± OAD →ExQW± OAD
	At week 52, mean titers were 12.8±3.4 and 8.9±2.1 respectively.  For the ExQW group, 55%, 36%, and 10% had undetectable, low titers, and high titers respectively.  For the group that switched from ExBID to ExQW, 62%, 35%, and 3% had undetectable, low titers, and high titers respectively.  
Antibody status not predictive of incidence of TEAE


ExBID=exenatide twice daily; ExQW=exenatide once-weekly; GLA=glargine; MET=metformin; OAD=oral hypoglycemic drugs; SIT=sitagliptin; SU=sulfonylurea; TEAE=treatment emergent adverse effect

Injection site reactions

Injection site reactions were observed more frequently with ExQW (17.1%) than ExBID (12.7%), insulin glargine (1.8%), or those receiving placebo injections with oral comparator drugs sitagliptin (10.6%), pioglitazone (6.4%), and metformin (13%).  Injection site reactions included injection-site nodule, injection-site induration, and injection-site pruritus.  Among those receiving ExQW, 0.5% discontinued treatment due to injection site nodule versus none in the ExBID or other comparator arms. 2
The incidence of injection site reactions was greater in patients who were exenatide antibody positive (14.2%) compared to those who were antibody negative (3.1%).  Among those who were antibody positive, those with higher titers had a greater incidence of reactions.  One patient withdrew from the study due to an adverse injection site reaction.2  The incidence of injection site reactions was similar in those receiving ExBID who were antibody positive (5.8%) or antibody negative (7.0%).
Cardiovascular Safety
The incidence of major adverse cardiovascular events (MACE) was evaluated using pooled data from the DURATION 1-5 trials.  The information is available in the product dossier; however, permission from the manufacturer was not granted to use the information for preparation of this monograph.  However, it can be said that the rate with ExQW was not higher than the pooled comparators (metformin, sitagliptin, pioglitazone, glargine).
A large (n~9500) long-term trial, averaging 5.5 years, is planned to evaluate cardiovascular outcomes with ExQW ± oral hypoglycemic agent compared to placebo.  The trial is expected to be completed March 2017. (clinical.trials.gov)
Cardiac Electrophysiology (QTc)
Effect on QTc interval was assessed in patients receiving ExQW from the DURATION-1 trial (n=148). Electrocardiograms were obtained at baseline, after 14 weeks and at 30 weeks (or early termination).  Compared to baseline, the changes in the Fridericia’s corrected QT (QTcF) interval were clinically insignificant.  At weeks 14 and 30, the changes were 1.7ms [95%CI 0.3-3.1] and 3.0ms [95%CI 0.9, 5.1] respectively.  No patient had a QTcF > 450ms or a change >60ms.  Three patients had a change in QTcF > 30ms (30.2, 32.7, and 39ms). 15
The effect of exenatide on QTc interval was assessed in approximately 75 healthy volunteers.  The study was conducted in accordance to the FDA guidance on clinical evaluation of QT/QTc interval.  Subjects were randomized to exenatide at therapeutic and supratherapeutic concentrations and placebo.  An oral dose of moxifloxacin 400mg served as a positive control.  Exenatide did not lead to prolongation of the QT-interval at any of the doses studied (7/7/11/ press release).  More information can be found in the product dossier; however, permission was not granted from the manufacturer to use the information for the preparation of this monograph.  Plans for publication are pending.
Renal
There have been post-marketing reports of altered renal function in patients receiving exenatide (increased serum creatinine, renal impairment, worsening chronic renal failure, acute renal failure) sometimes requiring hemodialysis or renal transplant.  Some of these events occurred in patients receiving other drugs known to affect renal function or hydration status and some events occurred in those experiencing nausea, vomiting, or diarrhea with or without dehydration.  In many cases, alteration in renal function was reversed with supportive treatment and discontinuation of the potentially causative agents.  Based on preclinical and clinical studies, exenatide has not been found to be directly nephrotoxic. 2
Change in renal function was assessed in a post-hoc analysis of the 2 head-to-head trials comparing ExQW and ExBID.  Change in glomerular filtration rate (GFR) was calculated using 2 different equations:  the Modified Modification of Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI).   Change in renal function was minor and not significantly different between ExQW and ExBID.  Depending on the equation used to calculate GFR, approximately 15% of patients had a decrease in renal function (defined as having moved down Chronic Kidney Disease stage).  A similar evaluation of GFR comparing ExQW to the other comparators is needed.17
Table 12:  Evaluation of Renal Function with ExQW and ExBID
	
	ExQW
	ExBID

	
	MDRD
	CKD-EPI
	MDRD
	CKD-EPI

	Baseline eGFR (mL/min)
	79±17
	86±17
	79±17
	87±18

	Annualized change in eGFR from baseline (mL/min)
	-6.1±2.4
	-5.2±2.4
	-4.6±2.5
	-6.0±2.5

	BUN change from baseline to endpoint (mg/dL)
	-0.3±0.1
	-0.2±0.1
	-0.1±0.1
	-0.1±0.1

	SCr change from baseline   to endpoint (mg/dL)
	0.02±0.03
	0.02±0.03
	0.06±0.03
	0.06±0.03

	Change in renal function

(decreased/increased/no change) (% patients)†
	14/8/78
	15/10/75
	16/8/77
	19/8/72

	Elevated BUN at endpoint (% pts.)
	7
	4

	PCI elevated BUN (% pts.)
	0
	<1

	Elevated SCr at endpoint (% pts.)
	4
	4

	PCI elevated SCr (% pts.)
	1
	1

	Renal TEAE (%)
	3
	3


Abbreviations: BUN=blood urea nitrogen; CKD-EPI= Chronic Kidney Disease Epidemiology Collaboration; 
GFR=glomerular filtration rate; MDRD=Modified Modification of Diet in Renal Disease; PCI=potentially clinically 

important; SCr=serum creatinine

†Defined as moving up or down Chronic Kidney Disease stage
Contraindications2
· Patients with personal or family history of medullary thyroid carcinoma (MTC) 
· Patients with Multiple Endocrine Neoplasia syndrome type 2 (MEN 2)
· History of serious hypersensitivity to exenatide or any product components
Warnings and Precautions2
· ExQW has a boxed warning that it causes thyroid C-cell tumors in rats at clinically relevant drug exposures.  It is unknown if ExQW causes thyroid C-cell tumors or MTC in humans.
· Do not co-administer with ExBID
· Do not use in patients with severe renal impairment (creatinine clearance < 30mL/min) or end-stage renal disease.  Use with caution in patients with renal transplantation or moderate renal impairment (creatinine clearance 30-50 mL/min).

· Do not use in patients with severe gastrointestinal disease (e.g., gastroparesis).

· There have been post-marketing reports of severe hypersensitivity reactions such as anaphylaxis and angioedema.  In such cases, patients are to discontinue ExQW and other potential drugs and promptly seek medical advice.
· Pregnancy: Based on animal data, may cause fetal harm (Pregnancy Category C).  Amylin maintains a Pregnancy Registry to monitor pregnancy outcomes of women exposed to exenatide during pregnancy.

· Nursing Mothers: It is unknown if exenatide is excreted in human milk.  In studies of lactating mice (exenatide present in mice milk), increased number of neonatal deaths were observed.  Discontinue drug or nursing, taking into consideration importance of drug to mother. 

Sentinel Events
None

Look-alike/Sound-alike (LASA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion.

Table 13:  Look-alike/Sound-alike (LASA) Error Risk Potential
	NME Drug Name
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Exenatide extended release

	None
	None
	N/A
	None
	Exenatide immediate release
Ecallantide

Enfuvirtide

Exemastane – proximity in CPRS

	Bydureon
	None
	None
	N/A
	None
	Byetta

Bupropion


Drug Interactions2
Exenatide slows gastric emptying and may reduce the rate of absorption of orally administered drugs.  Drug interactions studies using ExQW were conducted with acetaminophen.  The remaining drug interaction studies were conducted with ExBID; however, the results are not expected to differ for ExQW.
There have been post-marketing reports of increased INR with ExBID while taking warfarin.  Monitor INR frequently until stable when ExQW is initiated or discontinued.
Table 14:   Drug interactions

	Drugs
	Pharmacokinetic parameter

	Exenatide 2mg once weekly x 14 weeks

1000mg acetaminophen given with or without food
	Cmax of acetaminophen decreased by 16% (fasting) and 5% (fed)

Tmax of acetaminophen increased by approximately 0.4h (fasting) and 0.3h (fed)

No significant changes in acetaminophen AUC

	Digoxin 0.25mg once daily (days 1-12)

Exenatide 10mcg bid (days 8-12)
	Cmax of digoxin decreased by 17%

Tmax delayed by approximately 2.5h

Steady state digoxin AUC unchanged

	Lovastatin 40mg single dose

Exenatide 10mcg bid
	AUC of lovastatin decreased by 40%

Cmax decreased by 28%

Tmax delayed by approximately 4h

	Lisinopril (patients stabilized on 5-20mg/day )

Exenatide 10mcg bid x 1 day
	No change in steady-state Cmax or AUC of lisinopril

Tmax delayed by 2h

No changes in 24-h mean blood pressure

	Ethinyl estradiol 30mcg/ levonorgestrel 150mcg
Exenatide 10mcg bid
	Oral contraceptive administered 30min after exenatide

Cmax of ethinyl estradiol and levonorgestrel decreased by 45% and 27% respectively
Tmax of ethinyl estradiol and levonorgestrel delayed by 3.0h and 3.5h respectively

Mean trough concentration of ethinyl estradiol increased by 20%

Oral contraceptive administered 1 hour prior to exenatide

Cmax of ethinyl estradiol decreased by 15%; there was no change with levonorgestrel 

	Warfarin 25mg (given 35 min after exenatide)

Exenatide 5mcg bid (days 1-2)

Exenatide 10mcg bid (days 3-9)
	Tmax of warfarin delayed by approximately 2 hours

No clinically relevant effects on Cmax or AUC of the S- and R-enantiomers of warfarin


Conclusions

ExQW offers another option for add-on therapy when oral agents (i.e. metformin, sulfonylureas, TZDs) no longer provide adequate glycemic control.  ExQW has the advantage of once weekly dosing compared to the other GLP-1agonists which are dosed once or twice daily.  In comparison to ExBID, ExQW reduced A1C and FPG more and had less nausea and vomiting; however, PPG was reduced more with ExBID.  Although glycemic efficacy and weight loss was statistically greater with liraglutide than ExQW, clinically the differences were comparable.  Minor hypoglycemia and weight gain occurred more often with insulin glargine than ExQW.  More injection site reactions were reported with ExQW than ExBID, glargine, or placebo injection.
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Appendix 1:  Description of Quality of Life Scales Used in the Clinical Trials
	Scale
	Description

	Binge Eating Scale (BES)
	Sixteen-item questionnaire used to assess the presence of binge eating behavior in obese individuals.  The questions are based upon both behavioral characteristics (e.g., amount of food consumed) and the emotional, cognitive response, guilt or shame.  Each question has 3-4 separate responses assigned a numerical value. The score range is from 0-46: Non-binging less than 17; moderate binging 18-26; severe binging 27 and greater.

	Diabetes Treatment Satisfaction Questionnaire (DTSQs)
	Contains 8 items assessing overall treatment satisfaction, treatment convenience and flexibility, satisfaction with understanding diabetes, willingness to continue present/recommend treatment, and frequency of unacceptably high and low blood glucose levels.  Each of the 8 items is scored on a 7-point Likert scale of 0-6 (very dissatisfied to very satisfied). All items except the hyper- and hypoglycemia items are summed to produce a total treatment satisfaction score ranging from 0-36.  Higher scores indicate higher satisfaction.  The hyper- and hypoglycemia items are summed separately; lower scores indicate better perceived blood glucose control.

	EuroQoL-5 dimensions 

(EQ-5D)
	2-part tool that assesses perceived health status for a variety of disease states.  Part once consists of 5 dimensions; mobility, self-care, usual activities, pain/discomfort, anxiety/depression.  Each dimension is given a score a 1 (no problems), 2 (some problems), 3 (extreme problems).  Part 2 is a visual analog scale ranging from 100 to 0 which corresponds to best imaginable health state and worst imaginable health state respectively. 

	Impact of Weight on quality of Life Questionnaire (IWQOL-Lite)
	31-item self-reported measure of obesity-specific quality of life broken down into 5 domains; physical function, self-esteem, sexual life, public distress, and work.  Scores range from 0-100 with higher scores indicating better outcome

	Psychological General Well-being Index (PGWB)
	Assesses general psychological well-being.  The 6 dimensions and their respective score ranges are anxiety (0-25), depressed mood (0-15), positive well-being (0-20), self-control (0-15), general health (0-15), and vitality (0-20).  The global score is the sum of all 6 dimensions with higher scores indicating greater well-being.


Appendix 2:  Clinical Trials

	STUDY
	INCLUSIONS/EXCLUSIONS
	TREATMENT ARMS
	DEMOGRAPHICS/BASELINE VALUES
	RESULTS (GLYCEMIA AND WEIGHT)

	Drucker 2008

DURATION-1

R,  OL (blinding to A1C and FPG were maintained throughout the 30-week assessment)
30 weeks

N=303(n=295 in ITT analysis)

Non-inferiority trial
	Inclusions

T2DM

≥ 16 years old

Treated for ≥ 2 months prior to screening

A1C 7.1 to 11%

FPG ≤ 288mg/dL

BMI 25-45kg/m2

Treatment with diet/exercise or MET, SU, TZD, or a combination of any 2 meds

No clinically significant abnormal lab values

Weight stable (did not vary more than 10% 6 months prior to screening

Exclusions

Use of meglitinides, α-glucosidase inhibitors, insulin, weight-loss drugs, drugs known to affect GI motility

Any previous exposure to exenatide or a GLP-1 analog

Clinically significant medical condition that might preclude safe participation  in trial
	3-day lead-in with ExBID 5mcg then began randomized treatment 

ExQW 2mg (n=148)
ExBID 5mcg x 28 days then increased to 10mcg for remainder of study (n=147)
Randomization stratified according to SU use and screening A1C < 9% vs. ≥ 9%

Those taking SU had dose decreased to minimum labeled dose.  After week 10, dose may be increased to target FPG goal of 108mg/dL

For ExQW mean screening SU dose was 57% of max labeled daily dose.  At week 30, mean dose was reduced to 52%.  For ExBID, mean screening dose was 49% of max daily dose and at week 30 was 64% of max daily dose.
	Mean values for ExQW and ExBID respectively

Male (%): 55; 51

Age (yrs): 55±10; 55±10

Weight (kg): 102±19; 102±21

BMI (kg/m2): 35±5; 35±5

A1C (%): 8.3±1.0; 8.3±1.0

FPG (mg/dL): 172.8; 165.6

Duration of DM (yrs): 7±6; 6±5

DM management at screening (%):

· Diet/exercise: 14; 16

· MET only: 38; 34

· SU only: 4; 7

· TZD only: 1; 5

· MET +SU: 29; 27

· MET+TZD: 10; 9

· All MET*: 77; 69

· All SU*: 37; 37

· All TZD*: 15; 17

*includes specified agent alone or in combination


	ExQW±

prior OADs
ExBID ±

prior OADs
Withdrew (%)

13.5
11.6
A1C (%)

-1.9 ± 0.1*
-1.5 ± 0.1

A1C <7% (% pts)

77*
61

A1C by baseline 
<9.0%

≥9.0%
80%

65%
70%

35%
FPG (mg/dL)

-41.4±3.6*
-25.2±3.6
2h-PPG (mg/dL)^
-124.2±9*
-95.4±9
Weight (kg)

-3.7

-3.6

% weight loss

3.6

3.7

Pts. losing weight (%)
76

79

Pts. gaining weight (%)
24
21
Mean±SE
*Significant vs. comparator

^Based on meal tolerance test in subgroup of patients (n=51)




Appendix 2:  Clinical Trials-continued

	STUDY
	INCLUSIONS/EXCLUSIONS
	TREATMENT ARMS
	DEMOGRAPHICS/BASELINE VALUES
	RESULTS (GLYCEMIA AND WEIGHT)


1

		2



	Mean [95% CI]

*Significant vs. SIT and PIO
†Significant vs. SIT



	Appendix 2:  Clinical Trials-continued

	STUDY
	INCLUSIONS/EXCLUSIONS
	TREATMENT ARMS
	DEMOGRAPHICS/BASELINE VALUES
	RESULTS (GLYCEMIA AND WEIGHT)

	Diamant

DURATION-3

R, OL (clinical investigators were not  masked to treatment assignment; however, those analyzing data were)
26-weeks

N=456

Superiority study

mITT
	Inclusions

T2DM

≥ 18 years old

Inadequate glycemic control on MET ± SU for ≥ 3 months

Stable dose of MET ≥ 1500mg for ≥ 8 weeks before screening

A1C 7.1 to 11%

BMI 25-45kg/m2

Stable body weight for ≥ 3 months
Treated with stable dose of MET ≥ 1500mg for ≥ 8 weeks
Exclusions

≥ 3 major hypoglycemic episodes within 6 months of screening

Systemic glucocorticoids within 4 weeks of screening 

Treatment for ≥2 weeks with insulin,  meglitinides, α-glucosidase inhibitors, TZDs, bid exenatide, DPP-4 inhibitors, or pramlintide within 3 months of screening 

Rx and OTC weight loss drugs within 3 months of screening and during trial
	2- week screening period

1:1 randomization (stratified 70% MET ; 30% MET + SU)

· ExQW 2mg + MET ± SU (n=233)

· Glargine + MET ± SU (n=223)

Glargine started at 10 IU daily with titration to achieve FBG 72-99mg/dL (used INITIATE protocol)

Patients continued stable MET dose.  For those on MET + SU, dose of SU could be decreased for confirmed hypoglycemia.

· Mean glargine dose 31 IU

· Mean dose MET 2000mg

· Nearly 1 in 4 had a reduction in SU dose
	Values for ExQW and glargine respectively

Male (%): 52; 55

Age (yrs): 58±10; 58±9

Weight (kg): 91.2±18.6; 90.6±16.4

BMI (kg/m2): 32±5; 32±5

A1C (%): 8.3±1.1; 8.3±1.0

FPG (mg/dL): 178.2±45; 174.6±48.6

Duration of DM (yrs): 8.0±6.0; 7.8±6.0

Background treatment

MET (%): 70; 70

MET+ SU (%): 30; 30


	ExQW + MET ± SU

Glargine + MET ± SU

Withdrew (%)

10
6
A1C (%)

-1.5±0.05*
-1.3±0.06

A1C < 7% (%)

129/216 (60)*
101/212 (48)

FPG (mg/dL)

-37.8±3.6
50.4±3.6*

PPG†

Exenatide greater reduction after morning and evening meals than glargine

Weight (kg)

-2.6±0.2*

+1.4±0.2

Pts. losing weight (%)
83
32
Pts. gaining weight (%)

16
68
Waist circum (cm)

-2.1±0.4

0.5±0.4

Mean ± SE
*Significant vs. glargine
†Based on 8-point SMBG

	Russell-Jones

DURATION-4

R, DB, DD
26-weeks

N=820
	Inclusions
T2DM receiving diet and exercise 

≥18 years of age
A1c 7.1 to 11.0%
BMI 23- 45 kg/m2 

Stable body weight (not varying by >5% for at least 3 months prior to screening).
 Exclusions

Treatment with any antihyperglycemic drug for > 7 days within 3 months of screening,

weight loss drugs, drugs affecting

GI motility, previous exposure to GLP-1 analog, clinically significant medical conditions.
	ExQW 2mg (n=248)

MET dose escalated up to 2500mg (n=246)

SIT 100mg daily (n=163)

PIO dose escalated up to 45 mg (n=163)
SC placebo injection was given in the comparator arms

By week 12, 87% of the MET group and 75% of the PIO group were titrated to 2000mg and 45mg/day respectively.
	Values for ExQW, MET, SIT  and PIO respectively

Male (%): 56; 62.6; 57.7; 59.5
Age (yrs): 54±11; 54±11; 52±11; 55±11
Weight (kg): 87.5±18.9; 85.9±19.6; 88.7±18.7; 86.1±17.8
BMI (kg/m2): 31.4±5.3; 30.7±5.5; 31.8±5.4; 31.1±5.3
A1C (%): 8.5±1.2; 8.6±1.2; 8.5±1.3; 8.5±1.2
FPG (mg/dL): 178.2±52; 180±61; 174.6±47; 176.4±54
Duration of DM (yrs): 2.7±3.2; 2.6±3.6; 2.7±3.7; 2.7±3.7
	ExQW
MET

SIT

PIO

Withdrew (%)
15
13

14

18
A1C (%)

-1.53±

0.07*
-1.48±

0.07
-1.15±

0.08
-1.63±

0.08
A1C < 7% (%)

63*
55
43
61
FPG (mg/dL)

-41.4±1.8
-36±1.8
-19.8±3.6
-46.8±3.6
Weight (kg)

-2.0±

0.2*†
-2.0±0.2
-0.8±0.3
+1.5±0.3
Pts. losing weight (%)
73
76
66

36
Pts. gaining weight (%)

27
23
34

66
Mean ± SE

Significant diff vs. SIT

†Significant vs. PIO


Appendix 2:  Clinical Trials-continued
	STUDY
	INCLUSIONS/EXCLUSIONS
	TREATMENT ARMS
	DEMOGRAPHICS/ BASELINE VALUES
	RESULTS (GLYCEMIA AND WEIGHT)

	Blevins

DURATION-5

R, OL (sponsor remained blinded to A1C and FPG)

24-weeks

N=252

ITT analysis

Non-inferiority study

	Inclusions

T2DM

≥ 18 years old

Treated for ≥ 2 months with diet/exercise alone OR stable max effective regimen of MET, SU, TZD or a combination of these meds

A1C 7.1-11%

FPG < 280mg/dL

BMI 25-45 kg/m2

Exclusions  
Use of additional antidiabetes agents, weight loss drugs, drugs affecting GI motility, previous exposure to GLP-1 analog, clinically significant medical conditions.
	ExQW 2mg (n=123)
ExBID 5mcg x4 weeks then 10mcg 
x 20 weeks (n=124)

Randomization stratified according to SU use and A1C <9.0% or ≥9.0%

No changes to be made to oral DM drugs, lipid-lowering drugs, antihypertensives unless instructed by investigator


Concomitant weight loss medications or supplementary life style modifications  were not allowed 
	Values for ExQW and ExBID respectively

Male (%): 60;55
Age (yrs): 56±11; 55±10
Weight (kg): 97±20.7; 94.3±18.9
BMI (kg/m2): 33.6±5.5; 33±5.3
A1C (%): 8.5±1.1; 8.4±1.2

A1C < 9.0% (%): 70; 72

A1C≥9.0% (%): 30; 28
FPG (mg/dL): 173±47; 168±47
Duration of DM (yrs): 7.0±5.0; 7.0±5.0

Diabetes Drugs (alone or combination)

MET (%): 80; 71
SU (%): 31; 28

TZD (%): 17; 10

Category

Diet and exercise (%): 16; 21

Single OAD (%): 43; 50

Combination OAD (%): 40; 28
	ExQW ± prior OADs
ExBID ± prior OADs
Withdrew (%)
15.5
22.8
A1C (%)
-1.6 ± 0.1*

-0.9 ± 0.1

A1C by baseline <9.0%

≥9.0%
-1.2*

-1.9
-0.5

-1.3
A1C < 7% (%)
58.1
30.1
FPG (mg/dL)

-35 ± 5*
-12 ± 5

Weight (kg)

-2.3 ± 0.4

-1.4 ± 0.4

Pts. losing weight (%)
77
63
Pts. gaining weight (%)

22
37
Mean ± SE

*Significant vs. ExBID

	Buse 2011 DURATION-6

R, OL
26-weeks

N=911

ITT analysis

Non-inferiority study
	Inclusion 

T2DM 

≥18 years

A1C 7.1 - 11.0%

BMI≤45 kg/m2
 Therapy with diet modification and exercise and/or treatment with MET, SU, MET+SU, or MET+PIO

Stable weight.

Exclusion 
Use of systemic or intra-articular glucocorticoid within 8 weeks of study start; use of weight loss drugs within 3 months of study start
Have taken any of the following drugs 1 month prior to study start: insulin, alpha-glucosidase inhibitors, meglitinides,  DPP-4 inhibitors , pramlintide, rosiglitazone;
Have at any time taken any GLP-1 analog
	Randomization stratified by A1C <9% or ≥9% and by baseline SU use

ExQW 2mg ±OADs (n=461)

LIRA 1.8mg QD ±OADs (n=450)
	Values for entire study group
Age (yrs): 57±10
BMI (kg/m2): 32.3±5.5
A1C (%): 8.5±1.0

	ExQW± prior OADs
LIRA ± prior OADs
A1C (%)

-1.28±0.05
-1.48±0.05*
A1C <7% (% pts)

52.3
60.2*
Weight (kg)

-2.68±0.18
-3.58±0.18*
Mean ± SE

Non-inferiority of ExQW was not demonstrated

*Significant vs. ExQW




Appendix 3: Extension Trials

	
	Treatment Arms
	Demographics/Baseline Values
	Efficacy Results

	Buse 2010

DURATION-1 (52-weeks)
OL

Additional 22 weeks (total 52 weeks)

258/295 (87%) continued into the extension phase


	ExQW± OADs (n=128)

ExBID±OADs →ExQW±OADs  (n=130)

Those switching from ExBID to ExQW and were taking a SU, were required to reduce the SU dose to the minimum recommended dose until week 40.  After that it could be up-titrated to achieve a FPG ≤110mg/dL

Those originally randomized to ExQW maintained their treatment regimen
	Values for ExQW and ExBID →ExQW respectively

Male (%): 57; 53

Age (yrs): 56±9; 55±10

Weight (kg): 103±19; 102±20

BMI (kg/m2): 35±5; 35±5

A1C (%): 8.3±1.0; 8.2±0.9

FPG (mg/dL): 172±45; 166±41

Duration of DM (yrs): 7.0±6.0; 6.0±5.0

DM management at screening (%):

· Diet/exercise: 15; 15

· MET only: 35; 35

· SU only: 4; 6

· TZD only: 2; 6

· All MET: 76; 71

· All SU: 38; 36

· All TZD: 16; 17
	ExQW ± prior 
OADs
ExBID→ExQW ±
OADs
Withdrew (%)

4

6

A1C (%)

-2.0 [-2.1, -1.8]

-2.0

A1C < 7% (%)

71

71

A1C by baseline <9.0%

≥9.0%

-1.2[-1.4, -1.1]

-2.8 [-3.1, -2.5]

-1.3 [-1.5, -1.2]

-2.6 [-3.0, -2.3]

Weight (kg)

-4.1 [-5.3, -2.9]

-4.5 [-5.7, -3.3]

FPG (mg/dL)

-47 [-53, -41]

-43 [-49, -37]

Mean [95% CI]
Values shown at week 52


	MacConell 2011 (abstract)

DURATION-1 (3-years)

OL

194/295 (66%) completed 3 years
	ExQW± OADs 

	Weight (kg): 101±18
A1C (%): 8.2±1.0

FPG (mg/dL): 167±44
Duration of DM (yrs): 7.0±5.0
DM management at screening (%):

· Diet/exercise: 15;

· MET only: 33
· MET + SU:29
· MET + TZD: 9
	ExQW

A1C (%)

-1.6 [-1.7, -1.4]

A1C < 7% (%)

57

FPG (mg/dL)

-33 [-39, -28]

Weight (kg)

-2.3 [-3.4, -1.2]

Mean [95%CI]


Appendix 3: Extension Trials- Continued

	
	Treatment Arms
	Demographics/Baseline Values
	Efficacy Results


	ek 52

	-1.6

[-1.9, -1.3]

	-1.4

[-1.7, -1.2]

	-1.6 

[-1.8, -1.3]


	A1C < 7% (%)
At week 52
	58

	53*

	59


	FPG (mg/dL)

Week 26-52

	-3.6

[-10.8, 3.6]
	-12.6

[-19.8, -3.6]*

	0.0

[-7.2, 7.2]


	FPG ≤126

mg/dL (%)

	62

	58*

	59



[


	, -0.5]*

	-3.0

[-3.7, -2.3]*



	*Significant vs. week 26

	Diamant (abstract)

DURATION-3

OL

(total 84 weeks)

365/456 (80%) of  originally randomized patients in the parent trial continued into the extension phase
	Patients continued therapy they were originally randomized to

· ExQW  + MET ± SU (n=196)

· Glargine + MET ± SU (n=192)

Mean glargine dose 34.8±1.9 U/day
	Data available in product dossier
	ExQW + MET ± SU

GLA + MET ± SU

A1C (%)
(baseline to week 84)
-1.2±0.1*
-1.0±0.1
A1C (%) 

(week 26-84)
0.4

0.3

A1C < 7% (%)

45
37
Weight (kg)

-2.1 ± 0.2*
2.4 ± 0.2
Mean ± SE

*Significant vs. glargine
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