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Introduction
Three dipeptidyl-peptidase 4 (DPP-4) inhibitors are currently available in the United States:  sitagliptin, saxagliptin and linagliptin. None of the DPP-4 inhibitors are available generically; the first patent expiration is not expected until 2017.  The purpose of this review is to determine if clinically meaningful differences exist among the available DPP-4 inhibitors.  This document has been modified May 2013 to include alogliptin which was approved after the date of the original submission of this document.
Table 1:  DPP-4 Inhibitors Available in the U.S.
	Generic Name
	Brand (Manufacturer)
	Strengths (mg)
	FDA  Approval Date
	Patent Expiration Date

	Sitagliptin
	Januvia (Merck)
	25, 50, 100
	10/16/2006
	04/24/2017

	Saxagliptin
	Onglyza (BMS)
	2.5, 5
	07/31/2009
	02/16/2021

	Linagliptin
	Tradjenta (Boehringer Ingelheim)
	5
	05/02/2011
	04/24/2017

	Alogliptin
	Nesina (Takeda)
	6.25, 12.5, 25
	01/25/2013
	01/25/2018


Approval and first patent expiration dates obtained from FDA Orange Book

FDA-Approved Indications
All 4 agents are indicated as an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes.  All are approved to be used as monotherapy and in combination with metformin, sulfonylureas (SU), thiazolidinediones (TZDs) and insulin.  Sitagliptin, saxagliptin, and alogliptin are also approved to be used in combination with insulin.  Triple oral therapy data are available for sitagliptin, linagliptin, and alogliptin.

Table 2:  FDA-Approved Combinations
	
	Monotherapy
	Combination with MET
	Combination with SU
	Combination with TZD
	Combination with Insulin
	Combination with MET+SU
	Combination with MET+TZD

	Sitagliptin
	X
	X
	X
	X
	X
	X
	X

	Saxagliptin
	X
	X
	X
	X
	X
	
	

	Linagliptin
	X
	X
	X
	X
	X
	X
	X

	Alogliptin
	X
	X
	X
	X
	X
	
	X



Methods
This review is limited to the 4 individual DPP-4 inhibitors, sitagliptin, saxagliptin, linagliptin, and alogliptin.  The fixed-dose DPP-4 inhibitor/metformin combination products are not included in this review.  Also excluded were trials conducted solely in Asian populations and initial combination trials with DPP-4 inhibitor + another oral agent if other trials were available.
Published clinical trials were used for this review. In cases where a trial determined necessary to this review has not yet been published, abstracts or the FDA briefing documents were used.   Data on the nonglycemic effects of the DPP-4 inhibitors, such as their effect on endothelial function, and pancreatic β-cell function, bone formation, and myocardial and CNS protective effects are preliminary at this time and are not included in this review.

A literature search was performed on PubMed/Medline using the search terms sitagliptin, saxagliptin, linagliptin, through June 2012 (search performed through April 2013for alogliptin).  

Pharmacology    
Incretins such as glucagon-like peptide-1(GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) are naturally occurring hormones released from the GI tract in response to the ingestion of food. Meal-stimulated circulating levels of GLP-1 are reduced in type 2 diabetes whereas the insulinotropic effect of GIP is impaired. GLP-1 and GIP enhance glucose-dependent insulin secretion from the pancreas. Also, GLP-1 suppresses inappropriately elevated glucagon secretion from pancreatic α-cells ultimately leading to decreased hepatic glucose production. Incretins do not suppress normal counter-regulatory increase in glucagon secretion during hypoglycemia.
GLP-1 has a short plasma half-life; therefore, its utility as a pharmacologic agent is limited. Dipeptidyl peptidase-4 is the enzyme responsible for metabolizing GLP-1 and GIP. Inhibition of DPP-4 activity results in meal-based enhancement of GLP-1 and GIP.  Sitagliptin, saxagliptin, linagliptin, and alogliptin selectively inhibit the DPP-4 enzyme. 
Pharmacokinetics 
The most notable differences in the pharmacokinetics among the DPP-4 inhibitors relate to metabolism and elimination.  Saxagliptin is primarily metabolized via CYP3A4/5 and has a metabolite that is half as potent as the parent compound.  Sitagliptin, linagliptin, and alogliptin undergo minimal metabolism.  Sitagliptin and alogliptin are mainly eliminated via the urine and linagliptin via the enterohepatic system.  The half-life for saxagliptin is short compared to the other DPP-4 inhibitors; however, the duration of action is similar for all 4 drugs.  This is explained by a slow dissociation rate for saxagliptin from the DPP-4 enzyme binding site leading to a longer duration of activity.49

Table 3:  Pharmacokinetic Parameters 
	
	Sitagliptin
	Saxagliptin
	Linagliptin
	Alogliptin

	Bioavailability (%)
	
	
	
	≈100

	Time to maximum concentration (Tmax)
	1-4 hours
	2 hours; 4 hours (active metabolite)
	1.5h
	1-2h

	Half-life (t1/2)
	~12.4 hours
	2.4 hours; 3.1 hours (active metabolite)
	12h
	21h

	Protein binding
	38%
	Negligible
	70-99% (concentration-dependent)
	20%

	Volume of distribution (Vd)
	198L
	Not reported
	110L
	417L

	Metabolism
	Undergoes limited metabolism via CYP3A4 and CYP2C8
	Primarily via CYP3A4/5.  The major metabolite is ½ as potent as the parent compound
	Undergoes minimal metabolism; 90% of drug recovered as unchanged parent compound.  The remainder undergoes hydroxylation or oxidation as inactive metabolite
	Minimally metabolized
Inactive metabolites

	Elimination
	87 % in urine mainly via active tubular secretion
13% feces
	Renal and hepatic
	Via enterohepatic system; 80% eliminated in the feces and 5% in urine
	Renal 76% (60-70% excreted unchanged in urine);fecal 13% 


Data obtained from product package inserts 
Dosing and Administration 
· All 4 agents may be taken with or without food.  
· The labeling for sitagliptin and saxagliptin states that the tablets must not be split or cut.  In addition, sitagliptin must not be crushed or chewed before swallowing.
· When combined with an insulin secretagogue (e.g., sulfonylureas) or insulin, a lower dose of the secretagogue or insulin may be needed to reduce the risk of hypoglycemia.
· The dose of saxagliptin is 2.5mg once daily when co-administered with strong CYP450 3A4/5 inhibitors.
· Sitagliptin, saxagliptin, and alogliptin require dosage adjustment for those who have moderate-severe renal insufficiency or end-stage renal disease (ESRD) requiring hemodialysis or peritoneal dialysis.

Table 4:  DPP-4 Inhibitor Dosing 
	Generic
	Usual Dose
	Dosage Adjustment in Renal Insufficiency

	
	
	Mild 
(CrCl ≥ 50mL/min)§
	Moderate 
(CrCl ≥ 30 to < 50mL/min) §
	Severe (CrCl < 30 mL/min) or ESRD requiring dialysis

	Sitagliptin
	100mg once daily
	No dosage adjustment needed
	50mg once daily
	25mg once daily without regard to time of dialysis

	Saxagliptin
	2.5mg or 5mg once daily
	No dosage adjustment needed
	2.5mg once daily
	2.5mg once daily

	Linagliptin
	5mg once daily
	No dosage adjustment needed
	No dosage adjustment needed
	No dosage adjustment needed

	Alogliptin
	25mg once daily
	No dosage adjustment needed
	12.5mg once daily
	6.25mg once daily without regard to tome of dialysis


Data obtained from product package inserts
§CrCl cutoffs for aloglitpin for mild renal insufficiency is CrCl ≥ 60mL/min; moderate CrCl ≥ 30 to < 60mL/min

Efficacy
The trials that are presented for efficacy were all published randomized, double-blind (3 trials were open-label) and were either placebo-controlled or had an active comparator.  

Due to the large number of trials that were >12 weeks in duration, those that were ≤ 12 weeks were excluded. Measures of efficacy include change in A1C, FPG, 2h-PPG, percentage of patients achieving an A1C<7%, and percentage of patients who required rescue therapy with another agent during the clinical trial period.  Results are presented in Table 5.

There is only 1 trial head-to-head trial comparing the DPP-4 inhibitors.  This trial compared the addition of sitagliptin or saxagliptin to existing metformin therapy in patients no longer achieving adequate glycemic control.16

Monotherapy
Eight trials are included; study duration 18-52 weeks.1-6, 50, 59 Patients were either drug therapy naïve or were on 1-2 oral antihyperglycemic agents (OHA).  Those who were on OHAs underwent a washout phase prior to randomization.  In the placebo-controlled trials, patients were allowed rescue therapy during the trial if pre-specified glycemic criteria were met.   The mean baseline A1C was approximately 8.0%; except for the active control trial with sitagliptin vs. metformin where mean A1C was 7.2% (mean dose of metformin 1903mg/day) and alogliptin vs. glipizide (mean A1C 7.5%).  The improvement in glycemic parameters was significantly greater with the DPP-4 inhibitors compared to placebo. For the 2 active comparator trials, the DPP-4 inhibitor was found to be non-inferior vs. comparator.  The mean decrease in A1C ranged between 0.4-0.6%, FPG by approximately 13mg/dL, and 2-h PPG by approximately 40mg/dL.  Compared to placebo, fewer patients in the DPP-4 inhibitor groups required rescue therapy. 

Combination with metformin
Fourteen trials are included, the majority conducted with sitagliptin.7-18, 51, 56 Study duration ranged from 18-52 weeks. Studies compared the addition of a DPP-4 inhibitor, placebo, or another hypoglycemic agent (active control) to metformin. The active controls were SU, 8, 10, 15, 18 TZD, 9, 11, 56 insulin glargine, 13 or GLP-1 agonist11, 12.  There is 1 head-to head trial comparing sitagliptin 100mg or saxagliptin 5mg as add-on to metformin.16  Six trials allowed for addition of rescue therapy based on predefined glycemic criteria.7, 14, 17, 18, 51, 56 Baseline mean A1C across all trials ranged from 7.6-8.6%.

Monotherapy with metformin ≥ 1500mg/day was an eligibility requirement for 12 trials.  Two also allowed entry for those who were treatment naïve, taking another OHA as monotherapy or taking metformin + another OHA 7-8 or those taking 1 other OAD in addition to metformin17-18.  In these trials, approximately 1/3 of patients enrolled had been on metformin + OHA prior to study entry.  These patients underwent a washout period prior to randomization.   Two trials did not specify the dose of metformin necessary to qualify for study entry.11, 13

Four studies included a SU (2 glipizide, 2 glimepiride) as the active-control. 8, 10, 15, 18   For those using glipizide, dosing started at 5mg and could be titrated up to 20mg (mean dose 10.6mg and 14.7mg for Nauck and Goke respectively).8, 15 For the glimepiride study by Arechavaleta dosing began at 1mg and could be titrated up to 6mg (mean dose 2.1mg).13 For study 20, dosing began at 1mg and could be titrated to a maximum of 4mg daily (mean dose 3mg/day).18

For studies using TZDs or GLP-1 agonists as comparators, the doses were as follows:  rosiglitazone 8mg, pioglitazone 15-45mg, exenatide extended-release 2mg once weekly, liraglutide 1.2 or 1.8mg.9, 11-12, 56
 
For the study using insulin glargine as the comparator, the dose was titrated to achieve a FPG between 72-99mg/dL.  The mean dose at study endpoint was 41.4 ± 25.8 units taken at dinner or bedtime.13

Mean changes in A1C ranged from 0.5-0.1.1% (sitagliptin), 0.6-0.7% (saxagliptin), 0.4-0.5% (linagliptin), and -0.6 to -0.9 (alogliptin).  Those trials with higher baseline A1C values tended to show greater absolute decrease in A1C.
The reason may be related to the higher baseline A1C (~8.5%) in these trials compared to that of the other trials (7.7-8.0%) as absolute change in A1C is greater in those with higher baseline A1C than in those with lower baseline values.   

Decreases in FPG were similar with all 3 DPP-4 inhibitors (9-16mg/dL). In the head-to-head trial, saxagliptin and sitagliptin were found to be non-inferior based on change in A1C (between group difference 0.09% [95%CI -0.01, 0.20%].16

Combination with sulfonylurea
Sitagliptin trial: patients could have been treatment naïve, taking glimepiride 4-8mg ± metformin, or taking 1 or more other OHAs.  For those on other therapies, the prior regimen was discontinued and patients were started on glimepiride.  After a dose titration/stabilization period, patients were randomized to sitagliptin 100mg or placebo.19

Saxagliptin trial: patients were required to have inadequate glycemic control on SU monotherapy.  The current SU was discontinued and the patient was started on glyburide 7.5mg once daily.  After the lead-in period, patients were randomized to saxagliptin 2.5mg, 5mg, or placebo.  Those in the placebo arm were given glyburide 10mg which could be titrated up to 15mg daily (mean 14.6±1.3mg).20

Linagliptin trial: Addition of linagliptin to background SU was evaluated.  Those taking OHAs other than SUs underwent a washout phase prior to randomization to linagliptin 5mg or placebo. Type of SU and mean dose were not provided.21

Alogliptin trial:  patients were required to have inadequate glycemic control on SU monotherapy.  Those taking a SU other than glyburide were switched to an equivalent dose of glyburide.  Mean dose during trial was approximately 12mg daily.  Patients were randomized to receive alogliptin or placebo.52 

In each of these trials, patients were allowed rescue therapy during the trial if pre-specified glycemic criteria were met.   Mean baseline A1C ranged between 8.1-8.6%.  The improvement in glycemic parameters was significantly greater with the DPP-4 inhibitors compared to placebo. Mean reduction in A1C was greater for saxagliptin, linagliptin, and alogliptin (0.5-0.6%) than sitagliptin (0.3%).  The reason for this difference isn’t clear, but might be explained by more patients in the sitagliptin study had received prior combination therapy than those in the saxagliptin, linagliptin, or alogliptin studies (63, 0, 34, and 0% respectively).  Compared to placebo + SU, fewer patients in the DPP-4 inhibitor + SU groups required rescue therapy.

Combination with thiazolidinedione
Sitagliptin trial:  Patients were drug therapy naïve or taking 1-2 OHAs.  Approximately half the patients were taking a TZD at time of screening.  Other OHAs were discontinued and patients not already on pioglitazone were started on pioglitazone during the run-in period followed by a stable dose period (30-45mg daily).  Patients who had inadequate glycemic control on pioglitazone monotherapy were randomized to receive sitagliptin 100mg or placebo.22

Saxagliptin trial:  Patients were required to have inadequate glycemic control on monotherapy with rosiglitazone 4-8mg or pioglitazone 30-45mg.  Patients were randomized to saxagliptin 2.5mg, 5mg, or placebo.23

Linagliptin trial:  This is an initial combination therapy trial and is included because it is the only trial evaluating linagliptin + TZD.  Patients were either drug therapy naïve or taking ≥ 1 OHA and had inadequate glycemic control.   Approximately 50% were drug therapy naïve, 30% were on monotherapy and the remainder was taking ≥2 OHAs.  Those who were taking OHAs underwent a washout phase prior to randomization to linagliptin 5mg + pioglitazone 30mg or placebo + pioglitazone 30mg.24

Alogliptin:  Patients were required to have had inadequate glycemic control on a TZD with or without metformin or a SU.  Patients who were taking pioglitazone continued with the same dose; those taking rosiglitazone were switched to an equivalent dose of pioglitazone 30mg or 45mg.  Prior metformin or SU therapy was continued at the same dosage throughout the study.  Metformin was taken by 56.2% and a SU in 21.1% of the study population.53

In each of these trials, patients were allowed rescue therapy during the trial if pre-specified glycemic criteria were met.   Mean baseline A1C ranged between 8.0-8.6%. The improvement in glycemic parameters was significantly greater with the DPP-4 inhibitors compared to placebo.  The mean change in A1C ranged from 0.7-1.1%.  The greater change of 1.1% seen in the linagliptin trial was likely due to it being an initial combination trial and the higher baseline A1C.

Triple Oral Therapy Combinations
There are 6 triple oral therapy combination trials; 3 using sitagliptin19, 26, 46, one with linagliptin25, and 2 with alogliptin 54, 56.  In 2 trials, the DPP-4 inhibitor is combined with metformin + SU.19, 25  In the other 4 trials, the DPP-4 inhibitor is combined with metformin + TZD.26, 46, 54, 56  Patients were required to be on ≥ 1500mg of metformin daily.  In the 4 trials that included a TZD, the dose of rosiglitazone was ≥ 4mg and pioglitazone was used in doses of 15, 30, or 45mg daily.  In the 2 trials that included a SU, one used glimepiride 4-8mg daily19 and in the other, patients remained on the SU they were taking at baseline (mean dose not provided) 25.  

Five trials required patients to have had inadequate glycemic control on a 2-drug regimen (metformin + TZD or metformin + SU), to which a DPP-4 inhibitor or placebo was added.19, 25, 26, 46, 56  Rather than a placebo arm, the alogliptin study by Bosi compared alogliptin + metformin + pioglitazone 30mg to metformin+ uptitrating the pioglitazone to 45mg.54 The alogliptin trial by DeFronzo required patients to have had inadequate glycemic control on metformin to which alogliptin and pioglitazone were added (this trial also had 2-drug therapy arms and are discussed under the combination with metformin section).56

Mean baseline A1C ranged from 8.1-8.8%.  For the 5 trials (excluding DeFronzo), mean change in A1C ranged from -0.6 to -1.0% and was significantly better than placebo or uptitrating to pioglitazone 45mg (alogliptin study).  For the trial by DeFronzo, larger changes with means ranging from -1.3 to -1.6% were observed.  This might be explained by the patient group that was studied who were required to have had inadequate glycemic control on metformin alone to which 2 new drugs were added.

Combination with Insulin
There are 4 trials evaluating the addition of a DPP-4 inhibitor or placebo to ongoing insulin ± metformin therapy for those with inadequate glycemic control. 27, 28, 48, 55   In the linagliptin trial, patients could also be on pioglitazone if taking at baseline. The baseline insulin and metformin dose were to remain stable throughout the study except if insulin needed to be reduced due to hypoglycemia.  Rescue therapy with adjustment in insulin dose was allowed during the trial if pre-specified glycemic criteria were met.

The baseline dose of insulin was approximately 44U, 54U, 41U and 57U/day in the sitagliptin, saxagliptin, linagliptin, and alogliptin trials respectively.  More than 2/3 of the patients were taking concurrent metformin.  Baseline A1C was around 8.7%, 8.7%, 8.5% and 9.3% in sitagliptin, saxagliptin, linagliptin, and alogliptin trials respectively.

The improvement in glycemic parameters was significantly greater with the DPP-4 inhibitors compared to placebo.  The reduction in A1C observed with each of the DPP-4 inhibitors was similar with means ranging from -0.6 to -0.7 at 6 months.  
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Table 5:  Glycemic Efficacy and Change in Weight (Results Shown for Approved Doses -Sitagliptin 100mg, Saxagliptin 2.5/5mg, Linagliptin 5mg, and Alogliptin 12.5/25mg)
	
	Study
	Treatment arms
	Baseline 
A1C (%)
	Change in 
A1C (%)
	A1C < 7% (%)
	Change in FPG (mg/dL)
	Change in
2h-PPG (mg/dL)‡
	Rescue 
tx (%)
	Weight (kg)

	
Monotherapy
Trials
	Raz1
18 weeks
	SIT (n=205)
PBO (n=110)
	8.0
8.0
	-0.48[-0.61, -0.35]*
0.12[-0.05, 0.30]
	35.8*
15.5
	-12.7[-19.8,  -7.2]*
7.2[-1.8, 16.2]
	-41.4[-57.6, -25.2]*
5.4[-19.8, 28.8]
	8.8
17.3
	-0.7[-1.3, -0.1]
-0.2[-0.7, 0.2]

	
	Aschner2
24 weeks
	SIT (n=229)
PBO (n=224)
	8.0
8.0
	-0.61[-0.74, -0.49]*
0.18[0.06, 0.30]
	40.6*
16.8
	-12.6[-18, -7.2]*
5.4 [-0.0, 9.0]
	-48.9*
-2.2
	8.8
20.6
	-0.2 ± 0.2
-1.1 ± 0.2

	
	Aschner3
24 weeks
	SIT100mg (n=528)
MET (n=522)
	7.2
7.2
	-0.43[-0.48, -0.38]
-0.57[-0.62, -0.51]
	69
76*
	-11.5[-13.9, -9.1]
-19.4[-21.9, 17.0]*
	Not evaluated
	NA
	-0.6[-0.9, -0.4]
-1.9[-2.2, -1.7]

	
	Rosenstock4
24 weeks
	SAX2.5 (n=102)
SAX 5 (n=106)
PBO (n=95)
	7.9
8.0
7.9
	-0.43*
-0.46*
0.19
	35
38*
24
	-15*
-9*
6
	-45*
-43*
-6
	14.7
19.8
26.3
	-1.2
-0.1
-1.4

	
	Del Prato5
24 weeks
	LIN (n=336)
PBO (167)
	8.0
8.0
	-0.44±0.05*
0.25±0.07
	25.2*
11.6
	-9.0±1.8*
14.4±3.6
	-34.2±5.4*
25.2±10.8
	10.2
20.9
	No sig diff from baseline

	
	Barnett6
18 weeks
	LIN (n=151)
PBO (n=76)
	8.1
	-0.44±0.14*
0.14±0.16
	28
15
	-13.3±5.2*
7.2±6.0
	Not evaluated
	11.6
17.8
	No diff vs. PBO

	
	DeFronzo50
26 weeks
	ALO 25 (n=131)
PBO (n=64)
	7.9
	-0.59*
-0.02
	44.3*
23.4
	-16.4±3.7*
+11.3±5.2
	Not evaluated
	7.6
29.7
	0.2±0.3
0.2±0.4

	
	Rosenstock59
52 weeks
	ALO 25 (n=222)
GPZ5-10mg (n=219)
	7.5
	-0.14
-0.09
	49
45
	-2.0
-4.0
	-6.0
6.0
	25
22
	-0.62
0.60

	Combination with Metformin Trials
	Charbonnel7
24 weeks
	SIT+MET (n=464)
PBO+MET (n=237)
	8.0
8.0
	-0.67[-0.77, -0.57]*
-0.02[-0.15, 0.10]
	41.0*
18.3
	-16.2[-21.6, -12.6]*
9.0[3.6, 14.4]
	-62[-70.2, -54]*
-11[-21.6, -1.8]
	4.5
13.5
	-0.6 to -0.7 in both groups

	
	Nauck8
52 weeks
	SIT+MET (n=588)
GLIP+MET (n=584)
	7.7
7.6
	-0.51[-0.60, -0.43]
-0.56[-0.64, -0.47]
	52
51
	-10.1[-14.6, -5.4]
-7.57[-12.1, -3.1]
	Not evaluated
	NA
	-1.5[-2.0, -0.9]
1.1[0.5, 1.6]

	
	Scott9
18 weeks
	SIT+MET (n=94)
RSG+MET (n=87)
PBO+MET (n=92)
	7.8
7.7
7.7
	-0.73[-0.87, -0.60]*
-0.57[-0.76, -0.37]
-0.22[-0.36, -0.08]
	55*
63*
38
	-11.7[-18.8, -4.9]*
-24.5[-31.6, -17.5]*
6.1[-0.8, 13.1]
	-35.4[-46.3, -24.5]*
-46.4[-62.1, -30.7]*
-4.9[-16, 6.1]
	NA
	-0.4[-0.8, 0.0]
1.5[1.0, 1.9]
-0.8[-1.2, -0.4]

	
	Arechavaleta10 
30 weeks
	SIT+MET (n=516)
GLIM+MET (n=519)
	7.5
7.5
	-0.46[-0.54, -0.38]
-0.52[-0.60, -0.45]
	52.4
59.6
	-14.4[-18, -10.8]
-16.2[-19.8, -14.4]
	Not evaluated
	NA
	-0.8[-1.1, -0.5]
1.2[0.9, 1.5]

	
	Bergenstal11
26 weeks
	SIT+MET (n=166)
ExQW+MET (n=160)
PIO+MET (n=165)
	8.5
8.6
8.5
	-0.9[-1.1, -0.7]
-1.5[-1.7, -1.4]*
-1.2[-1.4, -1.0]
	30
60
45
	-16.2[-23.4, -9.0]
-32.4[-39.6, -23.4]
-27[-34.2, -19.8]
	Not evaluated
	NA
	-0.8[-1.4, -0.1]
-2.3[-2.9, -1.7]
2.8[2.2, 3.4]

	
	Pratley12
26 weeks
	SIT+MET (n=219)
LIRA 1.2+MET (n=225)
LIRA 2.4+MET (n=221)
	8.5
8.4
8.4
	-0.9[-1.03, -0.77]
-1.24[-1.37, -1.11]*
-1.5[-1.63, -1.37]*
	
	-14.9[-20.3, -9.72]
-33.7[-38.9, -28.3]
-38.5[-43.7, -33.1]
	Not evaluated
	NA
	-0.96[-1.5, -0.42]
-2.86[-3.39, -2.32]
-3.38[-3.91, -2.84]

	
	Aschner13
24 weeks
	SIT+MET (n=265)
GLA+MET (n=250)
	8.5
8.5
	-1.13±0.06
-1.72±0.06]*
	42
68*
	Tx diff (GLA-SIT)
-41.4 [-46.8, -36]*
	Data not shown
	NA
	-1.08 ± 0.2
0.44 ± 0.2

	
	DeFronzo14
24 weeks
	SAX 2.5+MET (n=192)
SAX 5 +MET (n=191)
PBO + MET (n=179)
	8.1
8.1
	-0.59±0.07*
-0.69±0.07*
0.13±0.07
	43.5
16.6
	-14.3±2.5*
-22±2.5*
1.2±2.6
	-61.5±5.6*
-58.2±.6*
-18±6.0
	14.6
12.6
27.4
	-1.43
-0.87
-0.92

	
	Goke15
52 weeks
	SAX+MET (n=428)
GLIP+MET (n=430)
	7.7
7.7
	-0.74±0.04
-0.80±0.04
	42.6
47.8
	-9.0±1.6
-16±1.6*
	Data not shown
	NA
	-1.1
1.1

	
	Scheen16
18 weeks
	SIT+MET (n=398)
SAX+MET (n=403)
	7.7
7.7
	-0.62[-0.69, -0.54]
-0.52[-0.6, -0.45]
	39.1
33.0
	-16.2[-19.1, -13.3]
-10.8[-13.5, -7.9]
	Not evaluated
	NA
	-0.4
-0.4



Table 5:  (cont.)
	
	Study
	Treatment arms
	Baseline 
A1C (%)
	Change in 
A1C (%)
	A1C < 7% (%)‡
	Change in FPG (mg/dL)
	Change in
2h-PPG (mg/dL)‡
	Rescue 
tx (%)
	Weight (kg)

	Combination with Metformin Trials
	Taskinen17
24 weeks
	LIN  + MET (n=523)
PBO + MET (n=177)
	8.1
8.0
	-0.49±0.04*
0.15±0.06
	26*
9
	-10.8±1.8*
10.8±3.6
	-48.6±7.2*
18±12.6
	8.0
19.0
	-0.4
-0.5

	
	Study 2018
52 weeks
	LIN+MET (n=776)
GLIM+MET (n=775)
	7.7
7.7
	-0.43±0.03
-0.65±0.03*
	29.6
38.9*
	-8.6±1.2
-16.2±1.3*
	-32±5.2
-30±5.2
	16.3
12.1*
	-1.13 ± 0.14
1.36 ± 0.14

	
	Nauck51
26 weeks
	ALO 25+MET (n=210)
PBO + MET (n=104)
	7.9
8.0
	-0.6
-0.1
	44*
18
	-17±3
0.0±0.2
	Not evaluated
	8.1
24.0
	0.0
0.0

	
	DeFronzo56
26 weeks
	ALO 25+MET
PIO 15/30/45mg + MET
PBO+MET
	This study included 2-drug and 3-drug arms. See DeFronzo trial under TRIPLE ORAL THERAPY COMBINATIONS for results  

	Combination with SU Trials
	Hermansen19
24 weeks
	SIT+GLIM (n=106)
PBO+GLIM (n=106)
	8.4
8.4
	-0.3[-0.48, -0.12]*
0.27[0.09, 0.45]
	10.8
8.7
	-0.9[-9.8, 8.0]*
18.4[9.5, 27.3]
	-24.4[-42.3, -6.4]*
10.7[-10.2, 31.6]
	11.3
24.7
	1.1[0.5, 1.8]
0.0[-0.6, 0.7]

	
	Chacra20
24 weeks
	SAX 2.5 + GLY (n=248)
SAX 5+ GLY  (n=253)
PBO +GLY (n=267)
	8.4
8.5
8.4
	-0.54*
-0.64*
0.08
	22.4
22.8
9.1
	-7.0*
-10.0*
1.0
	-31*
-34*
8.0
	18.8
16.6
29.6
	0.7
0.8
0.3

	
	Lewin21
18 weeks
	LIN 5+SU (n=158)
PBO+ SU (n=82)
	8.6
8.6
	-0.5±0.07*
-0.1±0.1
	15.2
3.7
	-8.2±3.3
-1.8±4.5
	Not evaluated
	15.9*
7.6
	0.4±2.0
0.0±1.8

	
	Pratley52
26 weeks
	ALO 25+ GLY (n=198)
PBO + GLY (n=99)
	8.1
8.2
	-0.53*
0.01
	34.8*
18.2
	-8.4±3.4
+2.2±4.8
	Not evaluated
	15.7*
28.3
	0.7±0.19
-0.2±0.28

	Combination with TZD Trials
	Rosenstock22
24 weeks
	SIT+PIO (n=175)
PBO+PIO (n=178)
	8.1
8.0
	-0.85 [-0.98, -0.72]*
-0.15 [-0.28, -0.03]
	45.4*
23.0
	-16.7[-22.4, -11.0]*
1.0[-4.3, 6.3]
	Not evaluated
	6.9
14.0
	1.8[1.1, 2.4]
1.5[0.9, 2.2]

	
	Hollander23
24 weeks
	SAX2.5+TZD (n=195)
SAX5 +TZD (n=186)
PBO+TZD (n=184)
	8.3
8.4
8.2
	-0.66*
-0.94*
-0.3
	42.2
41.8
25.6
	-14.4*
-17.3*
-2.8
	-53*
-72*
-18
	9.7
6.5
10.3
	1.3
1.4
0.9

	
	Gomis24
24 weeks
	LIN 5 + PIO (n=259)
PBO + PIO  (n=130)
	8.6
8.6
	-1.06±0.06*
-0.56±0.09
	42.9*
30.5
	-32.4±1.8*
-18.0±3.6
	Not evaluated
	7.9*
14.1
	2.3
1.2

	
	Pratley53
26 weeks
	ALO 25 + PIO (n=199)^
PBO + PIO (n=97)^
^MET or SU allowed
	8.0
8.0
	-0.8*
-0.19
	49.2*
34
	-19.9*
-5.7
	Not evaluated
	9.0*
12.4
	1.0
1.0









Table 5: (cont.)
	
	Study
	Treatment arms
	Baseline 
A1C (%)
	Change in 
A1C (%)
	A1C < 7% (%)‡
	Change in FPG (mg/dL)
	Change in
2h-PPG (mg/dL)‡
	Rescue 
tx (%)
	Weight (kg)

	Triple Oral Therapy Combinations 
	Hermansen19
24 weeks
	SIT+MET+GLIM (n=116)
PBO+MET+GLIM( n=113)
	8.3
8.3
	-0.59[-0.74, -0.44]*
0.3[0.14, 0.45]
	10.8
8.7
	-7.8[-15.5, -0.2]*
12.9[5.0, 20.8]
	-21.3[-40.1, -2.5]*
15.8[-1.4, 33.1]
	
	0.4[-0.1, 0.9]
-0.7[-1.4, -0.1]

	
	Fonseca26
26 weeks
	SIT+MET+PIO (n≈162)
PBO+MET+PIO (n≈162)
	8.7
	-0.7 (diff vs. PBO)
	?
	17.5 (diff vs. PBO)
	40.0 (diff vs. PBO)
	?
	-1.2
-1.2

	
	PI46
18/52  weeks
	SIT+MET+RSG (n=176)
PBO+MET+RSG (n=93)
	8.8
8.7
	-1.0/-1.0 (week 18/52)
-0.4/-0.3 (week 18/52)
	22
10
	-30
-11
	-59
-21
	18 
40
	-
-

	
	Owens25
24 weeks
	LIN 5+MET+SU (n=793)
PBO+MET+SU (n=265)
	8.2
8.1
	-0.7±0.86*
-0.1±0.87
	29.2*
8.1
	-4.6±1.4*
8.1±2.4
	Not evaluated
	5.4
13.0
	0.27 ± 0.09
-0.06 ± 0.16

	
	Bosi54
26/52 weeks
	ALO25+MET+PIO30 (n=404)
MET+PIO 45 (n=399)
	8.3

8.1
	-0.89/-0.7* (week 26/52)

-0.42/-0.29 (week 26/52)
	33.2*

21.3
	-16.2/-14.4 (week 26/52)

-5.4/-3.6 (week 26/52)
	Not evaluated
	10.9

21.8
	Not shown

	
	DeFronzo56
26 weeks
	ALO25+MET+PIO15 (n=130)
ALO25+MET+PIO30 (n=130)
ALO25+MET+PIO45(n=130)
ALO25+MET (n=129)
PIO15+MET (n=130)
PIO30+MET (n=129)
PIO45+MET (n=129)
PBO+MET (n=129)
	8.8
8.8
8.6
8.6
8.5
8.5
8.5
8.5
	-1.3
-1.4
-1.6
-0.9
-0.8
-0.9
-1.0
-0.1
	55
53
60
27
26
30
36
6
	-38
-42
-53
-19
-24
-29
-32
7
	Not evaluated
	3.8
4.6
1.5
12.4
10.0
14.7
8.5
31.8
	1.9 (ALO +MET + all PIO)

-0.7 (ALO+MET)

1.5 (all PIO+MET)

-0.7 (PBO+MET)

	Combination with Insulin ± Metformin Trials
	Vilsbøll27
24 weeks
	SIT±MET+INS (n=322)
PBO±MET+INS ( n=319)
	8.7
8.6
	-0.6[-0.7, -0.5]*
0.0[-0.1, 0.1]
	13
5
	-18.5[-25.1, -11.9]*
-3.5[-10.2, 3.1]
	-30.9[-40.0, -21.8]*
5.2[-3.6, 13.9]
	4.7
6.3
	0.1[-0.2, 0.4]
0.1[-0.3, 0.4]

	
	Charbonnel28
24 weeks
	SAX±MET+INS (n=300)
PBO±MEt+INS (n=149)
	8.7
8.7
	-0.73
-0.32
	17.3
6.7
	-10.1
-6.1
	-27.2
-4.2
	22.7
31.8
	Not shown

	
	Rosenstock55
26 weeks
	ALO 25±MET + INS (n=129)
PBO ±MET +INS (n=130)
	9.3
9.3
	-0.71*
-0.13
	Not evaluated
	-10.8*
5.4
	Not evaluated
	20*
40
	0.6±0.2
0.6±0.2

	
	24 weeks†48
	LIN±MET±PIO+INS (n=618)
PBO±MET±PIO+INS (n=617)
	8.3
8.3
	-0.6*
0.1
	19.5
8.1
	-8*
3
	-
	-
	-


Results not intended to be comparative as study conditions differed
*Statistically significant vs. PBO or active comparator
‡Determined in those patients with baseline A1C ≥7% 
†Unpublished.  Data from abstracts, PI, and/or FDA Briefing Documents used 





Extension Trials
Most of the pivotal trials have ongoing extension trials; however, results are not available for many of them at this time.  Results are available for several studies (4 published, 3 abstracts), the majority showing 2-year data.  Patients remained on the same drug they were randomized to in the parent study except for 1 linagliptin extension trial where patients previously in the placebo arms were switched to monotherapy with linagliptin. Results of extension trials for alogliptin were not available at the time of this writing.  

Data up to the time of rescue were used for the efficacy analysis in several of the trials.  Glycemic efficacy was sustained with the DPP-4 inhibitors through the extension trial period.  Safety information is discussed separately under the Safety section.

Table 6:  Extension Trials
	Parent Study
	Treatment Arms
(parent studies)
	Extensions (author)
	Data
	Results

	Nauck8 

	SIT+MET 
GLIP+MET 
	Continued as a RCT to 2 years
 (Seck et al)29
	Published
		
	SIT+MET
	GLIP+MET

	A1C (%)
	-0.51[-0.6, -0.42] 
	-0.54 [-0.64, -0.45]  

	A1C <7 (%)
	63
	59

	FPG (mg/dL)
	-19.8 [-25.2, -14.4]
	-18 [-23.4, -12.6]

	Weight (kg)
	-1.6[-2.3, -1.0]
	0.7[0.0, 1.3]

	d/c LOE (%)
	30.4
	27.7




	Raz1
Aschner2
Charbonnel7
4th study
	SIT vs. PBO
SIT vs. PBO
SIT+MET
SIT+MET
	2 years
(Williams-
Herman et al)30
	Single abstract for all 4 studies
	Pooled SIT monotx A1C (%): 8.5→6.9
Pooled SIT+MET A1C (%): 8.0→6.9


	DeFronzo14
	SAX2.5+MET, SAX5+MET vs. PBO+MET
	102 weeks
(DeFronzo et al)31
	Abstract
		
	SAX2.5+MET
	SAX5+MET
	PBO+MET

	A1C (%)
Diff from PBO
	0.62
[-0.84, -0.4]
	-0.72
[-0.94,-0.50]
	N/A

	d/c LOE or rescue (%)
	112/192 (58.3%)
	99/191 (51.8%)
	128/179 (71.5%)


Efficacy analyses used data before rescue

	Rosenstock4

DeFronzo (Study14)
	SAX2.5, SAX 5 vs. PBO

SAX2.5+MET, SAX5+MET vs. PBO+MET
	4-year extension
(Rosenstock et al)32
	Single abstract for both studies
	Efficacy analyses used data before rescue.  
Monotx: SAX 5 numerically better than PBO (results were limited).  
Add-on to MET: comparisons not made b/c all PBO patients received rescue.

	Hollander23
	SAX2.5/5+TZD vs. PBO+TZD
	76 weeks
Patients remained on same tx as parent study
(Hollander et al)33
	Published 

		
	SAX2.5+TZD
	SAX5+TZD
	PBO+TZD

	A1C (%)
	-0.59
[-0.75, -0.43]
	-1.09
[-1.26, -0.93]
	-0.20
[-0.39, -0.01]

	FPG (mg/dl)
	-13 
[-18.7, -6.6]
	-21 
[-27.6, -15.2]
	-5 [-11.9, 3.0]

	A1C <7% (%)
	34.9
	41.3
	24.4

	2-h PPG (mg/dL)
	-53
	-75
	-21

	Weight (kg)
	2.0 [1.4, 2.6]
	2.2[1.6, 2.7]
	1.6[1.0, 2.1]

	d/c LOE or rescue (%)
	35.9
	24.7
	44.0


Efficacy analyses used data before rescue

	Study 2018 
	LIN  + MET vs. GLIM + MET
	Continued as a RCT to 2 years
(Gallwitz et al)34
	Published
		
	LIN+MET
	GLIM+MET

	A1C (%)
	-0.4
	-0.5

	A1C <7 (%)
	21
	28.3

	FPG (mg/dL)
	Tx diff: 6.38 [2.51, 10.25]

	2-h PPG (mg/dL)
	Tx diff:  -9.74 [-21.1, 1.6]

	Rescue (%)
	24.7
	21.5

	Weight (kg)
	-1.4
	1.3








Table 6: (cont.)
	Parent Study
	Treatment Arms
(parent studies)
	Extensions (author)
	Data
	Results

	Del Prato5
Taskinen17
Gomis24
Owens25

	LIN vs. PBO
LIN+MET vs. PBO+MET
LIN+TZD vs. PBO+TZD
LIN+MET+SU vs. PBO+MET+SU
	78-week extension
Those previously receiving PBO were switched to LIN monotherapy
(Gomis et al)35
	Published
		
	LIN±OAD
	LIN

	A1C (%) §
	-0.8
	-0.9

	A1C <7 (%)
	42.3
	46.1

	FPG (mg/dL)
	Further reduction in both groups 
(data not shown)

	Rescue (%)
	31.7
	28.4

	Weight (kg)
	-0.03
	0.47


A1C data based on full analysis set (observed cases)
§Change in A1C according to background meds:  -1.5% (LIN+TZD); -0.7% (LIN+MET±SU); -0.5% (LIN monotx)


Results not intended to be comparative as study conditions differed

Trials in patients with underlying renal impairment
Sitagliptin, saxagliptin, and linagliptin have been evaluated, in a 1 year trial, in patients with various degrees of renal impairment.36-38 A dedicated renal safety study with alogliptin has not been conducted.  Those with end-stage renal disease (ESRD) requiring dialysis were included in the sitagliptin and saxagliptin trials, but excluded in the linagliptin trial.  Renal transplant recipients or expected transplant within 3 months of enrollment in the study were excluded.  There were differences in study design for each of the drugs (e.g., allowance for concomitant diabetes medications, entry based on level of renal impairment, and endpoints that evaluated impact on renal function).  In the linagliptin study, only patients with severe renal impairment were included whereas the sitagliptin and saxagliptin studies also included moderate renal impairment.  Therefore, it is difficult to assess if there are meaningful differences between the 3 drugs.  However, some generalizations can be made:

· Overall frequency of reported adverse events and discontinuations due to adverse events in the DPP-4 inhibitor groups were similar to that of the respective placebo or active comparator group.

· Rates for some infections were greater with the DPP-4 inhibitor than placebo/comparator.  

· Adverse CV events (atrial fibrillation, heart failure, acute MI) were reported more often with sitagliptin and linagliptin than placebo/comparator.  The adverse event data for saxagliptin limited reporting to those events occurring at a frequency of ≥ 5%.  There were no CV adverse events that occurred at a frequency of ≥ 5%; however, information was not shown for those events occurring at a frequency <5%.

Serum creatinine and urine microalbumin/creatinine ratio were evaluated in the sitagliptin trial.36 For serum creatinine, 1.6% and 7.7% of patients in the sitagliptin and placebo/glipizide groups respectively had an increase in serum creatinine.  Urine microalbumin/creatinine ratio decreased in the sitagliptin group and increased in the placebo/glipizide group.

The saxagliptin and linagliptin trials evaluated shifts in renal impairment category from baseline to study end.  For saxagliptin, fewer patients shifted from moderate to severe renal impairment than placebo (13.3 vs. 23.8%).37-38 Two patients in the placebo group progressed to ESRD.  In the linagliptin trial, the percentage of patients in stage 4 renal impairment at baseline to end of study decreased from 82.1% to 58.2%.  However, the percentage of those in stage 5 increased from 10.4% to 26.9%.  

 
Table 7:  Renal studies
	
	Sitagliptin36
	Saxagliptin37
	Linagliptin38

	N
	SIT: 65 (70.8% completed)
PBO/GLIP: 26 (76.9% completed)
	SAX: 85 (49% completed)
PBO:  85 (59% completed)
	LIN: 68 (72.1% completed)
PBO: 65 (73.8% completed)

	Background meds
	OHA naïve or could undergo washout of OHA (68% on OHA at baseline)
Insulin allowed (11 and 8% on insulin for SIT and PBO/GLIP respectively)

	Baseline OHA or insulin was continued; doses may be adjusted as needed.
Baseline meds (values for SAX and PBO respectively)
· Insulin only (%): 83.7; 67.1
· OHA only (%): 27.1; 35.3
· Both (%): 12.9; 3.5
	Add-on to insulin, SU, glinides, PIO
30.3%(LIN) and 17.7% (PBO)receiving ≥2  background meds 

Dose of background medication could be adjusted after week 12 (during first 12 weeks insulin could be decreased in case of hypoglycemia)

	Baseline renal insufficiency
		
	SIT (n%)
	PBO/SU (n%)

	Stratum 1: CrCl ≥30 to <50ml/min
	37(57)
	15(58)

	Stratum 2: CrCl < 30ml/min not on dialysis OR ESRD on dialysis
· Hemodialysis
· Peritoneal dialysis

	28 (43)
8 (12)
4 (6)
	11 (42)
3 (12)
2 (8)


Excluded: Acute renal disease or renal transplant 
		
	SAX (n%)
	PBO (n%)

	Moderate (CrCl ≥30 to <50ml/min)
	48 (56.5)
	42 (49.4)

	Severe (CrCl < 30ml/min not on dialysis)
	18 (21.2)
	23 (27.1)

	ESRD on dialysis
	19 (22.4)
	20 (23.5)



Excluded: Anticipated need for or current peritoneal dialysis or expected transplant within 3 months of enrollment
	eGFR <30ml/min
Majority were in stage 4/5 renal impairment 
Mean baseline GFR 23.5±6.7
Those on dialysis or renal transplant recipient excluded

	Change in A1C (%)
	SIT: -0.7[-1.0, -0.4]
PBO/GLIP: -0.8[-1.2, -0.4]
	SAX: -1.08[-1.37, -0.80]
PBO: -0.36[-0.63, -0.08]
	LIN: -0.7±0.15
PBO: 0.01±0.16

	Hypoglycemia
	4.6% (SIT) and 23.1% (PBO/GLIP)
2 cases in the PBO/GLIP group were severe
		Any hypoglycemia
	Confirmed hypoglycemia

	SAX: 132E in 24 pts (28%)
PBO: 90E in 25 pts (29%)
	SAX: 16E/8pts (9%)
PBO: 9E/4pts (5%)


Majority cases were mild; none required medical assistance; 2 cases in PBO were severe
		Any hypoglycemia (n%)
	Severe hypoglycemia (n%)

	LIN: 43 (63.2)
PBO: 32 (49.2)
	LIN: 3 (7.0%)
PBO: 3 (9.4%)


More patients in the LIN group were receiving ≥2  background meds

	Deaths
	7.7% and 3.8% (8.8 and 4.0 deaths per 100 pt-yrs)
	3 pts (SAX); 4 pts (PBO)
	CV deaths: N=1; n=3

	Adverse Events
	AEs reported at a frequency  ≥5%: and occurring more often in the SIT group: 
AMI (4.6 vs. 0%), a.fib (4.6 vs. 0%), heart failure (7.7 vs. 3.8%), gastroenteritis (7.7 vs. 0%), nasopharyngitis (9.2 vs. 3.8%), fall (4.6 vs. 0%), dizziness (6.2 vs. 3.8%), lethargy (4.6 vs. 0%), cough (6.2 vs. 3.8%)
	
	≥1 AE
	≥1 SAE
	d/c AE
	d/c SAE

	SIT (%)
	80.0
	30.8
	6.2
	6.2

	PBO (%)
	84.6
	38.5
	7.7
	7.7



	AEs reported at a frequency  ≥5%: only UTIs  (7.1% and 3.5%) and dyspnea (5.9 vs. 0) were reported more often with SAX vs. PBO 

	
	≥1 AE
	≥1 SAE
	d/c AE
	d/c SAE

	SAX (%)
	75.3
	27.1
	11.8
	7.1

	PBO (%)
	70.6
	28.2
	8.2
	7.1



	AEs reported at a frequency  ≥5%: and occurring more often in the LIN group: 
Renal impairment, GI (N/D/C), infection (pulm, URI), CV (angina, AMI, afib, cardiac arrest)
Adjudicated CV: nonfatal MI (5.9 vs. 3.1%)
CV deaths (2.9 vs. 4.6%)
	
	≥1 AE
	≥1 SAE
	d/c AE

	LIN (%)
	94.1
	36.8
	13.2

	PBO (%)
	92.3
	41.5
	16.9




	Effect on renal function
		
	SIT
	PBO/GLIP

	Stratum 1: change SCr (mg/dl)
	-0.02±0.06
	0.69±0.58

	↑SCr n/N(%)
	1/64(1.6)
	2/26(7.7)

	∆ Urine microalbumin/
creatinine ratio (mg/mg)
	-195±331
	457±519



		Shifts in renal 
impairment category 
	
SAX 
	
PBO

	Severe→moderate n/N (%)
	4/18 (22.2)
	4/23 (17.4)

	Moderate→severe n/N (%)
	6/45 (13.3)
	10/42 (23.8)

	Shift to ESRD n/N (%)
	0
	2/23 (8.7)



3 pts receiving SAX had doubling of Scr from baseline
		Renal impairment category 
	Baseline→End of Study

	
	LIN
	PBO

	Stage 4 (%pts)
	82→58.2%
	67.7→71%

	Stage 5(%pts)
	10.4→26.9%
	9.7→11.3%

	Stage 3(%pts)
	7.5→14.9%
	-







Long-term Outcome Trials 
Each of the DPP-4-inhibitors has long-term CV trials (study duration 4-5 years) in progress. Results will not be available for several years.  The studies include patients with a history of or risk factors for CV disease.  The trials will compare the addition of DPP-4 inhibitor or placebo to usual care.  The linagliptin trial also has an active comparator arm which includes glimepiride + usual care.  The primary outcomes will essentially evaluate the composite events of CV death, nonfatal MI, nonfatal stroke, ± unstable angina requiring hospitalization.  Estimated enrollment for the sitagliptin and saxagliptin trials is more than double that for the linagliptin trial.  The saxagliptin and alogliptin trials have been completed and showed 

Table 8:  Long-Term Cardiovascular Trials
	
	Sitagliptin
	Saxagliptin
	Linagliptin
	Alogliptin

	Estimated enrollment (n)
	14,000
	16,500
	6000
	5400

	Pre-existing CV disease
	Has history of CV disease
	Established CV disease or multiple risk factors
	Elevated CV risk
	Well defined a cute coronary syndrome event (AMI or unstable angina)

	Time Frame
	Up to 5 years
	4 years
	400 weeks
	Up to 4.5 years

	Treatment arms
	SIT +usual care
PB0 + usual care
	SAX +usual care
PB0 + usual care
	LIN + usual care
GLIM+ usual care
PBO+ usual care
	ALO + usual care
PBO + usual care

	Primary Outcome
	Time to first confirmed CV event (composite of CV-related death, nonfatal MI, nonfatal stroke, unstable angina requiring hospitalization)
	Composite of CV death, nonfatal myocardial infarction, or nonfatal ischemic stroke.
	Time to first adjudicated CV event (composite of CV-related death, nonfatal MI, nonfatal stroke, unstable angina requiring hospitalization)
	Time to first occurrence of CV death, nonfatal MI, or nonfatal stroke

	Secondary Outcomes
	· Time to first confirmed CV event (composite of CV-related death, nonfatal MI, nonfatal stroke)
· Time to all-cause mortality
· Time to CHF
· Change in renal function
	· The composite endpoint of CV death, non-fatal myocardial infarction, non-fatal ischemic stroke, hospitalization for heart failure, unstable angina pectoris or coronary revascularization 
· Any documented death 
	· Composite endpoint of (proportion of pts on study treatment at study
end, maintain glycemic control (A1C≤7%) without need of rescue med and without moderate/severe hypoglycemic episodes and without ≥ 2% weight gain at Week 400 (or Final Visit). 
· Composite endpoint of (proportion of patients on study treatment at study end, maintain glycemic control (A1C≤7%) without need of rescue medication and without ≥2% weight gain at Week 400 (or Final Visit). 
	· Occurrence of the Secondary Major Adverse Cardiac Events defined as a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke and urgent revascularization due to unstable angina
· Other endpoints: All-cause mortality, hospitalization for HF, stent thrombosis, hospitalization for other CV causes, lower extremity amputation, changes in renal function

	Final data collection for primary outcome
	December 2014
	Completed
	September 2018
	Completed


Information obtained from Clinicaltrials.gov


Tolerability and Safety
A recent meta-analysis shows the risk of adverse events and discontinuations due to adverse events with DPP-4 inhibitors compares favorably with the placebo.45 The risk for death was higher with alogliptin than placebo in the 3 trials included in the analysis; however, this value is not significant based on the confidence interval. Another more comprehensive review found the incidence of adverse events, deaths, SAEs, and discontinuation due to adverse events to be the similar for alogliptin and placebo/comparators.60




Table 9: Relative Risk of Adverse Events and Discontinuation (DPP-4 Inhibitor vs. Placebo) 45
	
	Sitagliptin
	Saxagliptin
	Linagliptin
	
	Alogliptin

	
	N
	RR[95%CI]
	N
	RR[95%CI]
	N
	RR[95%CI]
	N
	RR[95%CI]

	Any adverse event
	13
	1.03 [0.98, 1.07]
	5
	1.04 [0.99, 1.10]
	6
	1.01 [0.95, 1.08]
	4
	1.01[0.93, 1.09]

	Deaths during treatment
	5
	1.15 [0.31, 4.28]
	4
	0.49 [0.19, 1.30]
	2
	0.66 [0.04, 11.35]
	3
	3.94 [0.29, 53.33]

	Serious adverse event
	13
	1.02 [0.81, 1.28]
	5
	1.04 [0.79, 1.39]
	5
	0.71 [0.47, 1.06]
	4
	1.30 [0.76, 2.22]

	Discontinuation due to adverse events
	13
	1.00 [0.75, 1.33]
	5
	1.35 [0.90, 2.03]
	6
	0.85[0.55, 1.30]
	4
	1.15[0.57, 2.32]


N=number of studies included in analysis 
Rates not intended to be comparative as study conditions and methods of reporting differed

In the head-to-head trial, treatment-related AEs occurred in 7.5% and 5.2%, treatment-related SAEs 0.5% and 0.2%, and discontinuations due to AEs 2.3% and 2.2% of the sitagliptin and saxagliptin group respectively.16
In the 4 published extension trials, the rate of adverse events and discontinuations due to adverse events was lower with the DPP-4 inhibitor in those trials where a SU was the comparator.29, 34  In the trial comparing the DDP-4 inhibitor to placebo, the rates were slightly higher with the DPP-4 inhibitor.33 

Table 10:  Overall Incidence (%) of Adverse Events Reported in Published Extension Trials
	
	
	Duration
	Any AE
	Drug-related AE
	D/C due 
to AE
	 SAEs
	Deaths

	Seck29
	SIT +MET
GLIP+MET
	2-year data
	76.9
82.2
	16.5
33.0
	3.9
5.0
	10.9
12.5
	0.2
1.4

	Hollander33
	SAX 2.5mg + TZD
SAX 5mg + TZD
PBO+ TZD
	76-week data
	75.9
86.6
78.8
	24.6
29.0
26.1
	4.6
8.6
4.9
	9.7
9.7
10.9
	0.5
0.5
0.0

	Gallwitz34
	LIN  + MET 
GLIM + MET
	2-year data
	85.0
91.0
	15.0
39.0
	8.0
11.0
	17.0
21.0
	1.0
1.0

	Gomis35
	LIN ± OADs
LIN monotx
	78-week data* 
	81.8
79.0
	14.4
14.1
	3.7
2.7
	10.3
8.8
	0.3
0.5


*Data for the 78week extension period only; excluded data from 24 week parent trial
Rates not intended to be comparative as study conditions and methods of reporting differed

Other areas of interest that are individually discussed are change in weight, risk of hypoglycemia, pancreatitis, hypersensitivity reactions, infection, major cardiovascular adverse events (MACE), gastrointestinal side effects, and malignancy.

Weight
The DPP-4 inhibitors are considered to be weight neutral. Across all studies, mean baseline weight ranged from 81-93kg.  When used as monotherapy or in combination with metformin, mean weight loss was generally less than 1kg.  
When combined with a SU or TZD, mean weight increased ranging from 0.7-1.1kg for SUs and 1.3-2.3kg for TZDs.
In the comparative trial, both the sitagliptin and saxagliptin groups lost 0.4kg when combined with metformin.
See Table 5 for results.

Hypoglycemia
The risk for hypoglycemia is generally low with the DPP-4 inhibitor when used as monotherapy, or in combination with metformin or TZDs.  The risk increases when combined with a SU or insulin. The majority of hypoglycemia cases were considered to be of mild intensity. When combined with a SU or insulin, a lower dose of the secretagogue or insulin may be needed to reduce the risk of hypoglycemia.  In the head-to-head trial hypoglycemia was reported in 2.8% and 3.2% of patients in the sitagliptin and saxagliptin groups respectively.
 








Table 11: Incidence of Reported Hypoglycemia
	
	Study
	Treatment Arms
	Reported Incidence (%)

	
	
	
	DPP-4 inhibitor
	PBO/Comparator

	Monotherapy
	Raz1
Aschner2
Aschner3
Rosenstock4
Del Prato5
Barnett6
DeFronzo50
Rosenstock59
	SIT /PBO 
SIT /PBO
SIT/MET
SAX 2.5/ SAX 5/PBO
LIN /PBO
LIN/ PBO
ALO25/PBO
ALO25/GPZ5-10
	1.5
1.3
1.7
2.9/4.7 (2.5/5mg)
0.3
1.3
2.0 
5.4
	0.0
0.8
3.3
6.3
0.6
0.0
2.0
26

	Combination with Metformin
	Charbonnel7
Nauck8
Scott9
Arechavaleta10
Bergenstal11
Pratley12
Aschner13
DeFronzo14
Goke15
Scheen16
Taskinen17
Study 2018
Nauck51
	SIT+MET/ PBO+MET
SIT+MET/ GLIP+MET
SIT+MET/ RSG+MET/PBO+MET
SIT+MET/GLIM+MET
SIT+MET/ExQW+MET/PIO+MET
SIT+MET/LIRA1.2/2.4+MET
SIT+MET/GLA+MET
SAX2.5+MET/SAX 5+MET/PBO+MET
SAX+MET/GLIP+MET
SIT+MET /SAX+MET
LIN+MET /PBO+MET
LIN+MET/GLIM+MET
ALO25+MET/PBO+MET
	1.3
4.9
1.0
7.0
3.0
5.0
13
7.8/5.2 (2.5/5mg)
3.0 
2.8
0.6
5.4
0.0 
	2.1
32.0
1.0/2.0 (RSG/PBO)
22.0
1.0/1.0 (ExQW/PIO)
5.0/5.0 (LIRA1.2/2.4)
46
5.0
36.3
3.2
2.8
31.8
1.0

	

Combination with SU
	Hermansen19
Chacra20
Lewin21
Pratley52
	SIT+GLIM /PBO+GLIM
SAX2.5+GLY/SAX5+GLY/ PBO+GLY
LIN+SU vs. PBO+SU
ALO25+GLY/PBO+GLY
	7.5
13.3/14.6 (2.5/5mg)
5.6
10.0
	2.8
10.1
4.8
11.0

	Combination with TZD
	Rosenstock22
Hollander23
Gomis24
Pratley53
	SIT+PIO/PBO+PIO
SAX2.5+TZD/SAX5+TZD /PBO+TZD
LIN+PIO /PBO+PIO
ALO25+PIO/PBO+PIO
	1.1
4.1/2.7 (2.5/5mg)
0.8
7.0 
	0.0
3.8
0.0
5.0

	Triple Oral Therapy
	Hermansen19
Owens25
Fonseca26
Bosi54
	SIT+MET+GLIM /PBO+MET+SU 
LIN+MET+SU/PBO+MET+SU
SIT+MET+PIO/PBO+MET+PIO
ALO25+MET+PIO30/MET+PIO45
	16.4
22.7
4.5
4.5
	0.9
14.8
3.8
1.5

	Combination with Insulin
	Vilsbøll27
Charbonnel28
Rosenstock55
	SIT±MET+INS/PBO±MET+INS
SAX±MET+INS/PBO±MET+INS
ALO25+INS/PBO+INS
	16.0
18.4
27 
	8.0
19.9
24

	Published extension trials
	Seck29
Hollander33
Gallwitz34
Gomis35
	SIT+MET/GLIP+MET
SAX2.5+TZD/SAX5+TZD /PBO+TZD
LIN+MET/GLIM+MET
LIN±OADs/LIN monotx
	5.3
6.7/4.8 (2.5/5.0mg)
7.0
13.6
	34.1
6.0
36.0
14.6


Rates not intended to be comparative as study conditions and methods of reporting differed

Pancreatitis
There have been post-marketing reports of acute pancreatitis, including hemorrhagic or necrotizing pancreatitis with the DPP-4 inhibitors.

There is a pooled analysis of 19 double-blind clinical trials of up to 2 years with sitagliptin (n=5429) and placebo/comparator (n=4817).   There were 4 patients in each group that developed pancreatitis.  The rate of pancreatitis was 0.08 and 0.10 per 100 pt-yrs for sitagliptin and placebo/comparator respectively.  Acute pancreatitis occurred in 1 out of the 4 patients in the sitagliptin group whereas all 4 patients in the non-exposed group had acute pancreatitis.41

Table 12:  Rate of Pancreatitis/Acute Pancreatitis with Sitagliptin41
	

	Sitagliptin 100mg
	Placebo/comparator
	Difference [95%CI]

	n/Patient-years of exposure
	4/4708 
	4/3942 
	NA

	Event rate (per 100 pt-yrs)
	0.08
	0.10
	-0.02 [-0.20, 0.14]


In a pooled analysis of phase 2b/3, the overall incidence of AEs of pancreatitis was 0.18% (6/3422) for saxagliptin, 0/923 for placebo, and 2/328 (0.61%) for metformin.  In the saxagliptin cases, 5/6 patients had at least 1 risk factor for pancreatitis. (Data from BMS information letter)

There is a pooled analysis of studies in the clinical trial program with linagliptin (n=4687) and placebo/comparator (n=1183).  In the clinical trial program, there were 11 cases of pancreatitis reported with linagliptin.  Eight cases occurred while on treatment and 3 were reported following the last administered dose.  There were no cases reported in the placebo/comparator group.  Cases included both acute exacerbation of pancreatitis and diagnosis of chronic pancreatitis.  In 3 cases, the duration of treatment was 1 month; in 1 case, duration of treatment was 4 months.  In the remaining 4 cases treatment duration ranged from 11-14 months. The event rate based on the 8 cases was 1per 562 pt-yrs (linagliptin) and 0 in 433 pt-yrs (comparator). 18, 48

In the clinical trial program, pancreatitis was reported in 11/5902 (0.2%) patients receiving alogliptin 25mg compared to 0.8% of all comparators. 58

A recent meta-analysis of randomized clinical trials lasting at least 12 weeks (data collected up to March 1, 2013) evaluated the risk of pancreatitis with the DPP-4 inhibitors. The primary analysis was performed using 109 trials with exposures of 26,732 and 18,507 patient-years for the DPP-inhibitors and comparators respectively.  The overall risk of pancreatitis with the DPP-4 inhibitors was similar to the comparators (OR=0.93 [95%CI 0.51, 1.69]).  The odds ratio for the individual drugs was 0.89 [0.32, 2.49] for sitagliptin, 0.41[0.09, 1.87] for saxagliptin, 0.93 [0.19, 4.62] for alogliptin, and 1.62 [0.37, 7.02] for linagliptin.62  

Hypersensitivity reactions
In clinical trial data and post-marketing reports, hypersensitivity reactions have been reported with the DPP-4 inhibitors.  Some were serious and included reactions such as anaphylaxis, angioedema, and exfoliative skin reactions.  Patients taking concomitant ACE inhibitors could be at greater risk.

For sitagliptin, the incidence of angioedema-related events was presented according to those receiving concomitant ACE-inhibitor and those who were not.  There appears to be no increased risk for angioedema or angioedema-related adverse events with sitagliptin compared to the unexposed group.  There appears to be no increase risk for angioedema-related events between those taking and not taking concurrent ACE inhibitor; however, the risk was higher for angioedema in those taking ACE inhibitors compared to those who were not.  The event rate for rash was 1.3 and 0.9 events per 100 patient-years for sitagliptin and the unexposed group (difference 0.4 [95%CI -0.1, 0.8]).42

Table 13:  Angioedema/Angioedema-Related Events with Sitagliptin (pooled results) 42
	
	Angioedema-related Events
	Angioedema

	
	Sitagliptin
	PBO/Comparator
	Sitagliptin
	PBO/Comparator

	Concurrent ACE inhibitor (E/100pt-yrs)
	1.0
	1.3
	0.06
	0.08

	No ACE inhibitor (E/100pt-yrs)
	1.1
	1.1
	0.03
	0.04



In the saxagliptin 5-study pooled analysis, hypersensitivity-related events such as urticaria and facial edema were reported in 1.5%, 1.5%, and 0.4% of patients who received saxagliptin 2.5mg, 5mg and placebo respectively.  None of the events resulted in hospitalization or were life-threatening.  One saxagliptin-treated patient discontinued the study due to generalized urticaria and facial edema.47

In the linagliptin clinical trial program, hypersensitivity reactions were reported in 0.7% and 0.5% of patients receiving linagliptin and comparators respectively.  Events occurring more often with linagliptin versus the comparator were circulatory collapse (0.1 vs. 0%), lip swelling (0.1 vs. 0%), and urticaria (0.2 vs. 0.1%).  Events occurring with equal frequency to the comparator were face edema (0.1%).18, 48

In study 20, hypersensitivity reactions were reported in 1.3% of the linagliptin group and 1.8% in the glimepiride group.  Events occurring more frequently in the linagliptin group were pharyngeal edema (0.1 vs. 0%) and urticaria (0.5% vs. 0.4%).18



Based on the pooled analysis, the incidence of hypersensitivity reactions was 0.6% with alogliptin 25mg compared to 0.8% with all comparators. 58

Table 14:  Incidence of Hypersensitivity Reactions with Saxagliptin, Linagliptin and Alogliptin18, 47-48, 58
	
	Saxagliptin 5mg (pooled)
	Linagliptin (pooled)
	Linagliptin (study 20)
	Alogliptin (pooled)

	
	SAX 2.5/5
	PBO
	LIN
	Comparator
	LIN
	Glimepiride
	ALO
	PBO/comparator

	Hypersensitivity reactions (%)
	1.5/1.5
	0.4
	0.7
	0.5
	1.3
	1.8
	0.6
	0.8


Rates not intended to be comparative as study conditions and methods of reporting differed

Infection
Sitagliptin has been associated with an increased risk of infection based on individual trials.  However, a pooled-analysis that included 5,429 patients exposed to sitagliptin and 4,817 in the non-exposed group that found rates to be similar between the exposed and non-exposed groups.42

Table 15: Incidence of Infection with Sitagliptin (pooled results) 42
	
	SIT 100
	Non-exposed
	Treatment difference 
(SIT-PBO/comparator)

	Nasopharyngitis
	7.7
	7.0
	0.9 [-0.3, 2.1]

	Bronchitis
	4.2
	3.8
	0.4 [-0.4, 1.3]

	Upper Respiratory Tract Infection
	8.6
	9.0
	-0.3 [-1.6, 1.0]

	Pneumonia
	0.8
	0.8
	-0.1 [-0.3, 0.5]

	Urinary Tract Infection
	4.1
	4.2
	-0.2 [-1.1, 0.6]


Incidence rates shown as events per 100 patient-years

In the head-to-head trial of sitagliptin and saxagliptin, the incidence reported infections occurring in ≥ 2% of patients were influenza (5.8 vs. 5.7), UTI (5.3 vs. 5.7), nasopharyngitis (4.0 vs. 4.0) and URI (1.0 vs. 2.2) for sitagliptin and saxagliptin respectively.16 

 Based on a pooled analysis of 5 saxagliptin trials (2 monotherapy, 1 of each in combination with metformin, SU, and TZD) 47 and a pooled analysis of 8 linagliptin trials (linagliptin vs. glimepiride trial was reviewed separately), there does not appear to be an increased risk for infection with the DPP-4 inhibitor compared to placebo/active comparator. 

Table 16:  Incidence of Infection with Saxagliptin and Linagliptin (pooled results)
	
	Saxagliptin 5mg (pooled)
	Linagliptin (pooled)
	Linagliptin (study 20)

	
	SAX
	PBO
	LIN (n%)
	Comparator (n%)
	LIN (n%)
	Glimepiride (n%)

	Infections
	-
	-
	493 (19.5)
	255 (21.4)
	305 (39.2)
	321 (41.1)

	Nasopharyngitis
	-
	-
	149 (5.9)
	53(5.1)
	100 (12.9)
	102 (13.1)

	Bronchitis
	-

	-
	-
	-
	35 (4.5)
	40 (5.1)

	Upper Respiratory Tract Infection
	68 (7.7)
	61 (7.6)
	84 (3.3)
	51 (4.9)
	43 (5.5)
	46 (5.9)

	Urinary Tract Infection
	60 (6.8)
	49 (6.1)
	55 (2.2)
	28 (2.7)
	-
	-


Rates not intended to be comparative as study conditions and methods of reporting differed

Based on pooled data of 14 clinical trials, the rate of infections reported in ≥ 4% and more often with alogliptin than placebo was nasopharyngitis and upper respiratory tract infection; however, the rate was lower with alogliptin versus the active comparator groups (Table 17).  

Table 17: Pooled Results Infections Reported ≥ 4% and Alogliptin > Placebo 
	
	ALO 25mg
	Active Comparator
	Placebo

	n
	5902
	2257
	2926

	Nasopharyngitis
	257 (4.4)
	113 (5.0)
	89 (3.0)

	Upper respiratory tract infection
	247 (4.2)
	113 (5.0)
	61 (2.1)


Data obtained from product package insert

There was no consistent trend in infection rates reported in the 4 published extensions trials.29, 33, 35 The following infection rates were slightly higher with the DPP-4 inhibitor vs. placebo/active comparator:  UTI (SIT and SAX) and nasopharyngitis (SIT).  In the linagliptin trial by Gomis et al, all patients received linagliptin so no comparisons can be made against an unexposed group.35 However, in the trial by Gallwitz, the rates of infection were comparable between linagliptin and glimepiride.34

Table 18:  Infection Rates Reported in the Published Extension Trials
	
	
	Duration
	URI
	UTI
	Nasopharyngitis

	Seck29
	Sitagliptin  +Metformin
Glipizide + Metformin
	2-year data
	12.4
13.5
	7.5
4.3
	12.1
10.4

	Hollander33
	Saxagliptin 2.5mg + TZD
Saxagliptin 5mg + TZD
Placebo + TZD
	76-week data
	12.8
12.9
10.3
	11.8
10.8
9.2
	4.6
8.1
8.2

	Gallwitz34
	LIN  + MET 
GLIM + MET
	2-year data
	8.0
8.0
	6.0
7.0
	16.0
16.0

	Gomis35
	LIN ± OADs
LIN
	78-week data* 
	8.0
9.2
	5.0
5.3
	10.7
10.5


*Data for the 78week extension period only; excluded data from 24 week parent trial
Rates not intended to be comparative as study conditions and methods of reporting differed

Cardiovascular
Under FDA requirements, a meta- analysis of major adverse cardiovascular events (MACE) is to be conducted for new diabetes drugs submitted for approval.  Sitagliptin was approved before this requirement; therefore, a meta-analysis was not done at the time of FDA submission.  However, since that time, a pooled-analysis was conducted that included 5,429 patients exposed to sitagliptin and 4,817 in the non-exposed group.42

Sitagliptin: In the prespecified MACE analysis, the incidence rates were 0.6 per 100 patient-years for sitagliptin and 0.9 in the non-exposed group (difference -0.3 [95%CI -0.7, 0.1]). There was no formal adjudication of the CV events. 42

Saxagliptin: The endpoints analyzed were major adverse cardiovascular events (MACE) and Acute CV Events.  MACE includes CV death, non-fatal MI, and non-fatal stroke.  Acute CV events looked at acute, clinically significant events including reversible and irreversible ischemic events and revascularization procedures.39

A total of 4,607 patients were included (3,356 saxagliptin and 1,251 comparator or placebo).  The overall exposure was 3,758 patient-years for saxagliptin and 1,293 patient-years for comparator or placebo.  The median (range) weeks of exposure to treatment was 62 (0.1-157) for saxagliptin and 60 (0.1-141) for comparator or placebo.

In the saxagliptin groups, 81% of patients had at least one additional CV risk factor such as hypertension, dyslipidemia, or history of smoking and 12% had known prior CV disease.  

The percentage of patients in whom an endpoint event occurred was lower for the saxagliptin than the comparator/placebo groups.

Table 19:  Saxagliptin Meta-analysis for Cardiovascular Events39
	
	Saxagliptin (n=3356)
	Comparator/placebo (n=1251)

	Acute CV events 
	38 (1.1%)
	23 (1.8%)

	Primary MACE
	23 (0.7%)
	18 (1.4%)

	CV death
	7 (0.2%)
	10 (0.8%)

	All cause deaths
	10 (0.3%)
	12 (1.0%)



The large randomized placebo-controlled, long-term cardiovascular safety trial with saxagliptin was recently completed.  There were 16,492 patients enrolled with a median duration of exposure of 2.1 years. The primary CV endpoint was a composite of CV death, nonfatal MI, and nonfatal stroke.  The primary event endpoint occurred in 7.3% of patients randomized to saxagliptin and in 7.2% randomized to placebo HR 1.00 [CI 0.89, 1.12].64

Linagliptin: Endpoints for MACE included CV death, non-fatal stroke, non-fatal MI, and hospitalization for unstable angina.  Eight trials were included in the analysis. 

The primary CV endpoint occurred in 11 (0.3%) and 12 (1.2%) of patients in the linagliptin and comparator/placebo groups respectively.  Table 20 shows the events broken down by individual MACE events.  Many of the AEs in the comparator/placebo group were driven by study 20 comparing linagliptin to glimepiride.40

Table 20: Linagliptin Meta-analysis for Cardiovascular Events40
	
	Linagliptin(n=3319)
Rate/1000 pt-yr
	Comparator/placebo (n=1920)
Rate/1000 pt-yr
	HR [95%CI]

	Composite endpoint
	5.3
	16.8
	0.34 [0.16, 0.70]*

	CV death, stroke, or MI
All adjudicated CV events
FDA custom MACE
	4.8
12.6
4.3
	14.6
23.4
13..9
	0.36 [0.17, 0.78]*
0.55 [0.33, 0.94]*
0.34 [0.15, 0.75]*

	CV death
Non-fatal MI
Non-fatal stroke
Hosp. for unstable angina
	1.0
2.9
1.0
0.5
	1.5
5.1
8.0
2.2
	0.74 [0.10, 5.33]
0.52 [0.17, 1.54]
0.11 [0.02, 0.51]*
0.24 [0.02, 2.34]


*Hazard ratio p<0.05

Alogliptin: The analysis was based on 4168 patients exposed to alogliptin (2023 patient-years) and 1860 patients to placebo (263 patient-years) or other agents (703 patient-years).  For the overall population the combined alogliptin hazard ratio for all CV events was 0.64 [97.5% one-sided CI 0.0, 1.41] suggesting that there is not an increased risk with alogliptin versus the comparators or placebo.61

Table 8:  Cardiovascular Events
	
	Combined Alogliptin
(n=4168)
	Placebo (n=691)
	Active comparator
(n=1169)

	All CV events N(%)
	13 (0.3)
	2 (0.3)
	8 (0.7)

	CV death N(%)
	5 (0.1)
	0
	1 (0.1)

	Nonfatal MI N(%)
	6 (0.1)
	0
	4 (0.3)

	Nonfatal stroke N(%)
	2 (0.03)
	2 (0.3)
	3 (0.3)



The EXAMINE trial, a large randomized, placebo-controlled, long-term cardiovascular safety trial, was recently completed.  There were 5380 patients enrolled with a median duration of exposure of 18 months. The primary CV endpoint was a composite of CV death, nonfatal MI, and nonfatal stroke.  The primary event endpoint occurred in 11.3% of patients randomized to alogliptin and in 11.8% randomized to placebo HR 0.96 [upper boundary of one-sided confidence interval 1.16].63

Gastrointestinal  
The rates for sitagliptin are based on the 19 study pooled-analysis42; for saxagliptin the 5 placebo-controlled trials and include only those events reported in ≥ 2% of patients treated with saxagliptin and ≥ 1% more frequently than placebo47; for linagliptin, the 12 trials in the safety program18.  Rates of adverse GI events were generally low. In a pooled analysis of 11 trials with alogliptin, the only adverse GI event that was reported at a rate of ≥3% in any group was diarrhea and it occurred less often with alogliptin than the comparators (2.9% vs. 4.6%).60

In the head-to-head trial, the incidence of diarrhea was the same for sitagliptin and saxagliptin (2.5%).  Nausea was reported in 2.3% and 1.0% of sitagliptin and saxagliptin groups respectively.16 
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	Sitagliptin (rate per 100 patient-years)
	Saxagliptin (%)
	Linagliptin [N (%)]

	
	SIT 100mg
	Non-exposed
	SAX 2.5/5
	PBO
	LIN
	PBO

	GI disorders
	-
	-
	-
	-
	127 (10.7)
	269 (10.5)

	Upper abdominal pain
	-
	-
	-
	-
	15 (1.3)
	18 (0.7)

	Abdominal pain
	1.3
	1.7
	2.4/1.4
	0.5
	-
	-

	Constipation
	2.6
	1.9
	-
	-
	21 (1.8)
	40 (1.6)

	Diarrhea
	6.9
	9.6
	-
	-
	27 (2.3)
	53 (2.1)

	Nausea
	-
	-
	-
	-
	14 (1.2)
	28 (1.1)

	Vomiting
	1.8
	1.9
	2.2/2.3
	1.3
	-
	-

	Dyspepsia
	2.0
	1.6
	-
	-
	-
	-

	Gastritis
	1.2
	1.5
	-
	-
	-
	-

	GERD
	1.1
	0.8
	-
	-
	-
	-

	Gastroenteritis
	-
	-
	1.9/2.3
	0.9
	-
	-


Rates not intended to be comparative as study conditions and methods of reporting differed

Malignancies
DPP-4 may have a role in cancer biology; therefore, it is of importance to determine if the DPP-4 inhibitors increase the risk for malignancies.  A meta-analysis of clinical trials up to March 1, 2011 that included sitagliptin, saxagliptin, linagliptin, alogliptin and 1 agent not approved in the US (vildagliptin) found that the overall odds ratio for malignancy was 1.02 [95% CI 0.74, 1.40; p=0.9].  For sitagliptin the odds ratio was 1.047 [0.705, 1.555; p=0.177] and for saxagliptin was 1.440 [0.498, 4.203; p=0.505].  Of the 6 trials that were included for alogliptin, only 1 reported malignancies; the odd ratio for that study was 1.24 [0.059, 26].  Odds ratio was not calculated for linagliptin because malignancies were not reported in the 2 trials that were included in the analysis.43

The analysis was also broken down by duration of trials.  For those < 52 weeks (24 trials), the odds ratio was 1.253 [0.778, 2.016; p=0.355].  For trials ≥ 52 weeks (10 trials), the odds ratio was 0.885 [0.557, 1.313; p=0.473].43 

In another pooled-analysis of 8 linagliptin trials (n=2523 LIN; n=1049 placebo), the reported incidence of neoplasm (benign, malignant, or unspecified) was 0.2% for linagliptin and 0.5% for placebo.44 

Because cancers can take a longer time to develop and the majority of these trials included in the review were only 24 weeks in duration, longer term studies are needed.

Laboratory Tests
Saxagliptin:  There was a dose-related decrease in mean absolute lymphocyte count.  From a mean baseline value of 2200 cells/µL, the mean decrease with the 5mg dose was 120 cells/µL (relative to placebo) at 24 weeks in a pooled-analysis of the 5 placebo-controlled trials.  There was no difference observed for the 2.5mg dose.  The proportion of patients with a lymphocyte counts ≤ 750 cells/µL was 0.5%, 1.5%, and 0.4% for saxagliptin 2.5mg, 5mg, and placebo respectively.  In most cases, recurrence was not observed with repeated exposure; however, some patients did have recurrent decrease upon rechallenge leading to discontinuation of saxagliptin.  The clinical significance of the decrease in lymphocyte count is not known.47

Linagliptin:  In the clinical trial data, 2.7% of patients receiving linagliptin had an increase in uric acid level compared to 1.3% of those in the placebo group.48

Alogliptin:  There have been post-marketing reports of fatal and non-fatal hepatic failure in patients taking alogliptin.  In a pooled analysis of randomized controlled trials, ALT elevation > than 3 times the upper limit of normal was observed in 1.3% and 1.5% of patients in the alogliptin and comparator/placebo groups respectively.58 

Drug Interactions
There are no clinically significant drug interactions with sitagliptin and alogliptin.46, 58 Both saxagliptin and linagliptin were shown to have drug interactions.47-48

· Strong CYP3A4 inhibitors  significantly increased saxagliptin exposure; the dose of saxagliptin should be limited to 2.5mg when co-administered with a strong 3A4 inhibitor (e.g., ketoconazole)
· Inducers of CY3A4 or P-gp (e.g., rifampin) decrease exposure of linagliptin to subtherapeutic concentrations.  For patients requiring use of the P-gp or CYP3A4 inducers, an alternative to linagliptin is strongly recommended

Special Populations 
Geriatric Use:  In the clinical efficacy and safety trials, the percentage of patients that were ≥65 years old were 18.7%, 15.3%, 26.9%, and 24.3% for sitagliptin, saxagliptin, linagliptin, and alogliptin respectively.  The percentage of patients that were ≥ 75 years old were 1.6%, 1.4%, 3.2%, and 4% respectively.  There was no difference in safety or efficacy between those ≥ 65 and younger.46-48, 58

Pregnancy and Nursing Mothers:  All 4 agents have a Pregnancy Category B designation.  Animal data show that sitagliptin and linagliptin are excreted into milk at a milk-to-plasma ratio of 4:1 and saxagliptin at a ratio of 1:1 and alogliptin and a ratio of 2:1.  It is not known if these drugs are excreted in human milk; therefore, caution should be used if administered to nursing women.46-48, 58

Conclusion
There is only 1 head-to-head trial (18 weeks); this trial showed comparable efficacy and safety between sitagliptin and saxagliptin as add-on to metformin.  Based on non-comparative trials, it appears that the DPP-4 inhibitors improve glycemic parameters to a similar degree and have similar adverse event profiles; however, one cannot conclude with certainty if differences exist between agents given the paucity of comparative trials. 

The drugs do differ with regards to metabolism, elimination, drug interactions and their need for dosage adjustment in renal impairment.  Also, because sitagliptin has been available the longest, more clinical trials and safety information are available.

· Dosage adjustment for renal impairment:  Adjustment is necessary for sitagliptin, saxagliptin and alogliptin; adjustment not needed for linagliptin 

· Drug interactions:  There are no drug interactions requiring dosage adjustment of sitagliptin or alogliptin other co-administered drugs. A lower dose of saxagliptin (2.5mg) is recommended if taken concurrently with a strong CYP3A4/5 inhibitor.   Use of CYP3A4 or P-gp inducers with linagliptin is not recommended.  
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