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Therapeutic Class Review
Dipeptidyl Peptidase-4 (DPP-4) Inhibitors

Overview/Summary

The dipeptidyl peptidase-4 (DPP-4) inhibitors reversibly block the enzyme DPP-4, which is responsible for
the rapid degradation of incretin hormones. Incretin hormones are produced by the gastrointestinal tract
in response to meals and are involved in the regulation of insulin. The antidiabetic actions of incretin
hormones include the enhancement of meal stimulated insulin secretion, decreased glucagon secretion,
improvements in B-cell function, and slowing of gastric emptying." Through their effect on incretin
hormones, the DPP-4 inhibitors primarily target postprandial glucose and have also been shown to
decrease fasting plasma glucose levels. **

Linagliptin (Tradjenta®), saxagliptin (Onglyza®) and sitagliptin (Januvia®) are Food and Drug
Administration (FDA)-approved as adjunct therapy to diet and exercise to improve glycemic control in
adult patients with type 2 d|abetes as both monotherapy and combination therapy with other
antihyperglycemic agents ® All of these agents have been shown to inhibit the DPP-4 enzyme for greater
than 24 hours, allowing for once-daily dosmg There are currently two combination products available,
sna(ghptm/metformm hydrochloride (Janumet®) and saxagliptin/metformin extended-release (Kombiglyze
XR™). Both of these agents are FDA-approved as adjunct to diet and exercise to improve glycemic control
in adult patients with type 2 diabetes when therapy with both metformin hydrochloride and the respective
DPP-4 inhibitor is appropriate.®’ Due to the extended-release metformin component, the saxagliptin
combination product may be administered once daily, while sitagliptin/metformin requires twice-daily
dosing. All of the DPP-4 inhibitors are only available as branded products. However, metformin
hydrochloride is available generically as a single entity product

In general, the DPP-4 inhibitors represent a novel approach in the management of type 2 diabetes and
appear to have some advantages over other traditional oral antidiabetic agents. The DPP-4 inhibitors are
associated with a favorable side effect profile and also have a weight neutral effect compared to other
agents typically used in the management of type 2 diabetes. Compared to sulfonylureas, the risk of
hypoglycemia associated with the use of these agents is low due to the glucose-dependent nature of
incretin hormone activity. In addition, these agents have not been associated with the same increased
risk of cardiovascular disease that has been observed with the thiazolidinediones. As mentioned earlier,
the DPP-4 inhibitors appear to improve the function of B-cells and although thiazolidinediones and
metformin hydrochloride treat insulin resistance, they do not address the progressive decline in B-cell
function that is observed in patients with type 2 diabetes.***°

For the management of type 2 diabetes, current treatment algorithms, including the American Diabetes
Association algorithm, advocate lifestyle interventions together with metformin hydrochloride as first-line
therapy10 " The American Association of Clinical Endocrinologists medical guidelines for clinical practice
for the management of diabetes do not designate a first-line therapy for the treatment of type 2 diabetes,
but do include DPP-4 inhibitors among the recommended therapeutic choices either as monotherapy or in
combination with metformin hydrochloride or a thiazolidinedione in both therapy naive patients, as well as
those on current treatment with a glycosylated hemoglobin (HbA;.) 6.5 to 7.5%. It is also stated that due
to its established safety and efficacy, metformin is usually the most appropriate initial choice for
monotherapy.’® The American Diabetes Association/European Association for the Study of Diabetes
guideline states that a-glucosidase inhibitors, glinides, and DPP-4 inhibitors were not included in the
treatment algorithm (neither tier-1 nor tier-2) due to their generally lower or equivalent overall glucose-
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lowering effectiveness and limited clinical data.'* However, these agents may be appropriate in selected
patients.™ Additionally, patients with a high glycosylated hemoglobin will most likely require combination
or triple therapy in order to achieve glycemic goals.

Medications

Table 1. Medications Included Within Class Review

Generic Name (Trade name) | Medication Class | Generic Availability
Single Entity Products
Linagliptin (Tradjenta®) Dipeptidyl peptidase-4 (DPP-4) inhibitors -
Saxagliptin (Onglyza®) Dipeptidyl peptidase-4 (DPP-4) inhibitors -
Sitagliptin (Januvia®) Dipeptidyl peptidase-4 (DPP-4) inhibitors -
Combination Product
Saxagliptin/metformin Combination dipeptidyl peptidase-4 (DPP-4) -
hydrochloride extended-release | inhibitors
(Kombiglyze XR®)
Sitagliptin/metformin Combination dipeptidyl peptidase-4 (DPP-4) -
hydrochloride (Janumet®) inhibitors

Indications

Table 2. Food and Druc

Administration (FDA) Approved Indications

3-7,12

Generic name

Adjunct to diet and exercise to improve
glycemic control in adults with type 2
diabetes as monotherapy or
combination therapy

Adjunct to diet and exercise to
improve glycemic control in
adults with type 2 diabetes

Single Entity Agents

Linagliptin v
Saxagliptin v
Sitagliptin v
Combination Products
Saxagliptin/metformin vt
hydrochloride ER
Sitagliptin/metformin v
hydrochloride
* When therapy with both metformin hydrochloride and sitagliptin is appropriate
TWhen treatment with both saxagliptin and metformin hydrochloride extended-release is appropriate
Pharmacokinetics
Table 3. Pharmacokinetics®"*?
. Bioavailabilit Absorption Renal Active Half-Life
CEnSE NETE (%) ! (%F)) Excretion (%) | Metabolites (hours)
Single Entity Products
Linagliptin 30 Limited 80 Not reported >100
Saxagliptin High Not reported 60 5-hydroxy 25
saxagliptin
Sitagliptin 87 Not reported 87 None 124
Combination Products
Saxagliptin/metformin Not Not 60/90 5-hydroxy 2.5/6.2
hydrochloride reported/not reported/not saxagliptin/n
extended-release reported reported one
Sitagliptin/metformin 87/50 to 60 Not 87/90 None/None 12.4/6.2
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: Bioavailability | Absorption Renal Active Half-Life
SEETE NN (%) (%) Excretion (%) | Metabolites (hours)
hydrochloride reported/not
reported

Clinical Trials

In general, linagliptin was found to be more effective than placebo in reducing glycosylated hemoglobin
(HbA4,) levels from baseline when used as monotherapy or as add on therapy in patients not adequately
controlled on metformin. In addition, reductions from in baseline fasting plasma glucose (FPG) levels, the
proportion of patients achieving target HbA,.levels (<7%) and the proportion of patients achieving a
reduction in HbA;. 20.5% were all greater with linagliptin compared to placebo. In these trials, treatment
with Iinaglié)tin, either as monotherapy or as add on therapy to other oral antidiabetic agents, was well
tolerated.™™ Linagliptin was also evaluated as combination therapy with pioglitazone and after 24 weeks,
reductions in HbA;. significantly favored combination therapy compared to pioglitazone alone. Again,
secondary endpoints, including change from baseline in FPG, the proportion of patients achieving HbA .
goals and the proportion of patients achieving a reduction in HbA,. 20.5% were all greater with
combination therapy. In this trial, there were no differences between treatments in improvements in
insulin sensitivity or 8 cell function, and the proportion of patients who experienced at least one adverse
event were similar.*

In placebo-controlled trials, saxagliptin achieved statistically significant reductions in HbA,c, fasting
plasma glucose (FPG), and postprandial glucose (PPG) levels.'"*® Specifically, in one dose-ranging study
(2.5, 5, 10, 20, and 40 mg), after 12 weeks of treatment, placebo-subtracted adjusted mean changes from
baseline in HbA,c ranged from -0.45% to -0.63%; with no apparent significant dose-response relationship.
Adjusted mean reductions from baseline in HbA - exceeded 0.7% for each of the saxagliptin doses
administered.™®

In a placebo-controlled trial, a greater proportion of patients in the sitagliptin group did achieve an HbA,.
level of <7% compared to placebo (P<0.001). In addition, reductions in two-hour PPG levels in patients
receiving sitagliptin were significantly higher in the sitagliptin group (P<0.001).* In three trials with
sitagliptin doses ranging from 25 to 200 mg daily, all treatment groups achieved significant reductions in
HbA,. levels compared to placebo (P<0.001 to 0.05). There were also significant reductions in FPG levels
in the sitagliptin group compared to placebo (P<0.001 to 0.05).?>** Additionally, Aschner et al
demonstrated a significant reduction in two-hour PPG levels from baseline in patients receiving sitagliptin
compared to placebo (P<0.001).20 Overall, treatment was well tolerated at all doses and the incidence of
hypoglycemia between the treatment groups did not appear to be significant. Frederich et al performed a
systematic review of eight phase Il or Ill trials to assess the relative risk (RR) of cardiovascular events.
The investigator reported that cardiovascular events and cardiovascular death, myocardial infarction and
stroke were less in the sitagliptin group compared to the comparator group (RR, 0.59; RR, 0.44,
respectively; P values not reported). However, the authors note that these results should be tested in a
prospective randomized controlled trial.*

A trial comparing sitagliptin doses of 5 to 50 mg to glipizide and placebo, resulted in all sitagliptin
treatment groups achieving a significant reduction in HbA,. levels compared to placebo (-0.38% to
-0.77%; P<0.001). Patients in the glipizide group demonstrated a modest weight gain compared to
placebo (P value not reported) while there were no significant differences in change of weight between
sitagliptin and placebo. In this study, the incidence of h)/poglycemia was highest with glipizide (17%);
compared to sitagliptin (0% to 4%) and placebo (2%).?

In a double-blind, placebo-controlled, randomized trial evaluating the efficacy and safety of saxagliptin in
combination with a thiazolidinedione (TZD) in patients with inadequate glycemic control on a TZD alone,
saxagliptin provided significant improvements in HbA¢ (2.5 mg; P<0.0007 and 5 mg; P<0.0001), FPG
(2.5 mg; P<0.0007 and 5 mg; P<0.0001), and PPG (2.5 mg and 5 mg; both P<0.0001) compared to
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placebo add-on therapy to a TZD.* Additionally, saxagliptin has been evaluated as add-on therapy with
metformin hydrochloride, a sulfonylurea, and a TZD. When used in combination with metformin
hydrochloride, stat|st|cally significant reductions in HbA¢ levels were observed compared to monotherapy
with either agent " The proportion of patients achieving an HbA;c <7% was statistically significant for
combination therapy (saxagliptin 5 mg plus metformin hydrochloride and saxagliptin 10 mg g)lus
metformin hydrochloride) compared to monotherapy with either agent (P<0.0001 for both).* Similar
results were seen in the second trial comparing the combination of saxagliptin and metformin
hydrochlonde In an 18-week study by Scheen et al, the only study that had compared the two DPP-4
inhibitors, the combination of saxagliptin and metformin was reported to be noninferior to sitagliptin plus
metformin in reducing HbA;c from baseline.?®

Patients treated with the combination of saxagliptin and sulfonylurea achieved greater mean HbA¢
reduction from baseline compared to patients taking a maximized dose of a sulfonylurea as monotherapy.
After 24 weeks, patients randomized to saxagliptin 2.5 or 5 mg plus a sulfonylurea had an adjusted mean
change in HbA;¢ from baseline of -0. 54% and -0.64% compared to 0.08% in patients in the uptitrated
sulfonylurea group (both P<0.0001).?° In a 52-week extension study, the mean change from baseline
HbA,c at week 76 was significantly reduced W|th both the 2.5 and 5 mg doses of saxagliptin compared to
glyburide (P<0.0001 for both comparlsons)

Goldstein et al examined the efficacy and safety of initial combination therapy with sitagliptin and
metformin hydrochloride in patients with type 2 diabetes, who were inadequately controlled on diet and
exercise. This study examined sitagliptin and metformin hydrochloride in different dose combinations,
both agents as monotherapy, and placebo. Changes in baseline HbA;. were statistically significant in all
active treatment groups compared to placebo and for combination therapy compared to monotherapy
(P<0.001).The 100 mg sitagliptin and 2,000 mg metformin hydrochloride combination produced the
greatest change from placebo of all treatment arms (P<0.001). The incidence of adverse events was
similar among combination treatments and metformin hydrochloride monotherapy. A low frequency of
hypoglycemia was reported and was similar among all groups. No change in weight was reported in the
sitagliptin monotherapy group as compared to all other active treatment groups and placebo, where there
was a significant reduction in body we|ght

Brazg et al examined the effect of sitagliptin when added to metformin hydrochloride therapy in patients
who were uncontrolled on metformin hydrochloride alone. The combination of sitagliptin and metformin
hydrochloride was more efficacious in lowering the 24-hour mean glucose than the combination of
placebo and metformin hydrochloride (P<0.001). No weight gain or hypoglycemic events were observed
with sitagliptin relative to placebo during the study.*

Charbonnel et al evaluated the efficacy and safety of sitagliptin when added to metformin hydrochloride
therapy in patients who were inadequately controlled on metformin hydrochloride alone. At week 24, the
combination of sitagliptin and metformin hydrochloride produced a significant reduction in HbA;.
compared to placebo (P<0.001). More patients in the sitagliptin and metformin hydrochloride group (47%)
achieved an HbA;. <7% compared to placebo (18.3%). Furthermore, there was no increased risk of
hypoglycemia or body weight increase when compared with placebo

Raz et al evaluated the safety and efficacy of sitagliptin when added to ongoing metformin hydrochloride
therapy in patients with type 2 diabetes. At week 18 the combination of sitagliptin and metformin
hydrochloride significantly reduced HbA;. from baseline (P<0.001). The between group difference in
mean change from baseline was -1.0% (P<0.001). Adverse events were similar between treatment
groups and no significant differences were reported in the incidence of hypoglycemia or gastrointestinal
adverse events. A small decrease in mean weight of 0.5 kg was seen in both groups.34

When sitagliptin was used in combination with pioglitazone, there was no increased risk of hypoglycemia
compared to pioglitazone plus placebo. There was also a significant reduction in HbA,; and FPG levels
with the combination of sitagliptin and pioglitazone compared to the combination of pioglitazone and
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placebo (P<0.001 for both measures).35 In a study conducted by Hermansen et al, the addition of
sitagliptin to glimepiride with or without metformin hydrochloride, significantly decreased HbA, levels
compared to placebo (P<0.001). A larger decrease was seen in patients on triple active therapy
compared to dual active therapy. In addition, more patients in the triple active treatment group achleved
an HbA,, <7% compared to those in receiving glimepiride and metformin hydrochloride (P<0.001). *

A study by Scott et al compared the addition of sitagliptin, rosiglitazone or placebo to metformin
hydrochloride therapy. The reduction of HbA;, was statistically significant in the sitagliptin group
compared to placebo (P<0.001). There were no significant differences between the sitagliptin group and
rosiglitazone group in reduction of HbA,. or proportion of patients achieving HbA;.<7% (P values not
reported).®’

In a study comparing the addition of metformin hydrochloride or sitagliptin to rosiglitazone, the metformin
hydrochloride group had a significant decrease in body mass index at 12 months compared to the
sitagliptin (P>0.05). There was no significant difference between the groups in reduction of HbA;., FBG,
PPG and homeostasis model assessment-f3-cell function. The fasting plasma insulin, fasting plasma
proinsulin and proinsulin to fasting plasma insulin ratio were significantly decreased i |n the metformin
hydrochloride group compared to sitagliptin group at 12 months (P<0.05 to P<0.01).%

Exenatide and sitagliptin were compared in a randomized cross-over trial for two weeks on each
treatment. Two-hour PPG was significantly lower in the exenatide group compared to sitagliptin
(P<0.0001). After switching from the sitagliptin to exenatide, there was a further reduction in 2-hour PPG,
however, after switching from exenatide to sitagliptin there was an increase in 2-hour PPG. Except for
fasting glucose reduction, which showed no difference between the groups, there was a significant
improvement with exenatide compared to sitagliptin in all other outcomes.** When compared to sitagliptin
in combination with metformin hydrochloride, liraglutide resulted in a significant reduction in HbA .
(P<0.0001). Treatment with liraglutide also resulted in significant reductions in FPG and weight loss (P
values not reported), but both liraglutide and the sitagliptin achieved similar improvements in 3-cell
function and systolic and diastolic blood pressure (P values not reported). More treatment-emergent
adverse events were reported with Iiraglutide.40 In a trial conducted by Bergenstal et al, once-weekly
exenatide achieved significantly greater reductions in HbA,. compared to both daily pioglitazone (P<0.05)
and sitagliptin (P<0.05) after 26 weeks of treatment. All patients were receiving combination therapy with
metformin hydrochloride. Treatment with exenatide resulted in significantly greater reductions in FPG and
six-point self-monitored blood glucose profiles compared to sitagliptin (P=0.0038 and P value not
reported), but not pioglitazone (P=0.3729 and P value not reported) Exenatide significantly reduced
weight compared to either treatment (P=0.0002 and P<O. 001)

When the combination of sitagliptin and metformin hydrochloride was compared to the combination of
glipizide and metformin hydrochloride, there were similar reductions in HbA;. and FPG. A similar
proportion of patients reached an HbA; level <7% in both treatment groups. There was a higher rate of
hypoglycemia with the combination of glipizide and metformin compared to the sitagliptin and metformin
hydrochloride (P<0.001). There were no significant differences in overall serious clinical adverse events
between the groups. Patients receiving glipizide and metformin hydrochloride had a least squares mean
difference of -2.5 kg favoring the sitagliptin and metformin hydrochloride group (P<O. 001)

A trial by Rigby et al examined the effect of colesevelam, rosiglitazone or sitagliptin on glycemic
parameters and lipid profile. All groups demonstrated a significant reduction in HbA4. (colesevelam
[P<0.031], rosiglitazone [P<0.001] and sitagliptin [P<0.009]). Colesevelam had a significant reduction of
low denS|t}/ lipoprotein, while rosiglitazone and sitagliptin had significant increases (P values not
reported).

Schwarz et al performed a cost-effectiveness analysis based on cost data from six European countries
and clinical data from Nauck et al and Scott et al, which compared the addition of rosiglitazone, sitagliptin

(A University of Page 5 of 63 MedMetrics i
= Massachusetts Copyright 2011 « Review Completed on n SXC company
UMASS Medical School 11/05/2011



Therapeutic Class Review: dipeptidyl peptidase-4 (DPP-4) inhibitors

or glipizide to metformin hydrochloride. The addition of sitagliptin was either cost saving or cost-
effective 3" **

Meta-analyses evaluating incretin-based therapies (dipeptidyl peptidase-4 inhibitors or dipeptidyl
peptidase-4 inhibitors and incretin mimetics) have been conducted.”** The analyses compare the
incretin-based therapies to either placebo or other non-incretin based therapies and demonstrate similar
results to what has been described previously.
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Table 4. Clinical Trials

RCT

Change from

Study Design Sample Size
Stugyé;r:gelﬁrug and ' and St'udy End Points Results
Demographics Duration
Treatment of Type 2 Diabetes Mellitus
Del Prato et al™® DB, MC, PC, PG, N=503 Primary: Primary:
RCT Change from Adjusted mean differences of the change in HbA. significantly favored
Linagliptin 5 mg/day 24 weeks baseline in HbA;. | linagliptin compared to placebo (-0.69%; P<0.0001).
Patients 18 to 80
VS years of age with Secondary: Secondary:
type 2 d|abetes Proportion of The proportion of patients with a baseline HbA;; 27% who achieved an HbA,
placebo BMI =40 kg/m patients that <7% after 24 weeks of linagliptin and placebo were 25.2 vs 11.6% (OR, 2.9;
and either attained a target P=0.0006).
Patients who were treatment naive or HbA. (<7.0 or
receiving oral antidiabetic | had previously <6.5%), reduction | The difference between linagliptin and placebo in HbA,. reduction from
agents entered a 6 week | received one oral from baseline in baseline increased over time and favored linagliptin (-0.46% at six weeks to -
washout period before antidiabetic agent HbA,. by visit over | 0.69% at 24 weeks; P<0.0001 for all).
randomization. (excluding TZDs) time, HbA .
lowered by The proportion of patients who achieved an HbA. reduction 20.5% was 47.1
20.5%, change vs 19.0% with linagliptin and placebo (OR, 4.2; P<0.0001).
from baseline in
FPG, change from | Adjusted mean differences of the changes in FPG significantly favored
baseline in two linagliptin compared to placebo (-1.3 mmol/L; P<0.0001).
hour PPG, safety
Adjusted mean differences of the changes in two hour PPG significantly
favored linagliptin compared to placebo (-3.2 mmol/L; P<0.0001).
Linagliptin was well tolerated. In the total population, 6.6% of patients
discontinued treatment prematurely, most frequently for adverse events (1.8%)
or a refusal to continue medication (2.0%). A greater proportion of patients
receiving placebo reported at least one adverse event (58.7 vs 52.4%) or
serious adverse event (4.2 vs 3.0%). Hyperglycemia was the most frequently
reported adverse event (linagliptin, 8.6 vs placebo, 22.8%). Other more
commonly reported adverse events with linagliptin included headache (2.7 vs
1.2%), hypertension (3.6 vs 1.2%) and back pain (2.7 vs 1.8%). No clinically
significant findings emerged regarding laboratory analyses or vital signs.
Forst et al™ DB, MC, PC, PG, N=333 Primary: Primary:

Mean (£SE) placebo corrected reductions in HbA;. were -0.40 (+0.14;
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Study Design Sample Size
Stugyé;r::elgrug and and Study End Points Results
Demographics Duration
Linagliptin 1, 5 or 10 12 weeks baseline in HbA;. | P=0.006), -4.40 (+0.14; P<0.001), -8.00 (+1.50; P<0.001) mmol/mol for
mg/day Patients 21 to 75 linagliptin 1, 5 and 10 mg/day, respectively.
years of age with Secondary:
VS type 2 diabetes, Change from Treatment with the active comparator, glimepiride, for 12 weeks resulted in a
BMI 25 to 40 baseline in FPG, decrease in HbA, levels from baseline of -0.68% (-7.4 mmol/mol) which was
placebo kg/m2 who had proportion of significant compared to placebo (P<0.0001).
inadequate patients achieving
VS glycemic control HbA . <7%, Secondary:
on metformin proportion of The reductions in FPG were significantly greater with all doses of linagliptin
glimepiride (OL) 1to 3 alone (HbA. 7.5 patients achieving | compared to placebo. The mean placebo corrected FPG reductions for
mg/day to 10.0% an HbA;. lowering | linagliptin were -1.1 (P=0.0020), -1.9 (P<0.0001) and -1.6 mmol/L (P<0.0001)
of 20.5%, change | for 1, 5 and 10 mg/day, respectively.
Patients who were from baseline in
receiving metformin in body weight, Only one (1.4%) patient receiving placebo achieved an HbA,. <7% compared
combination with 1 other safety to ten (approximately 15%), nine (approximately 15%) and 14 (21%) patients
oral antidiabetic agent receiving linagliptin 1, 5 and 10 mg/day, respectively (P values not reported).
entered a 6 week
washout period of the A greater proportion of patients receiving linagliptin achieved an HbA;.
other oral antidiabetic lowering of 20.5% compared to placebo (43.8 to 53.2 vs 12.9%; P value not
agent. reported). In addition, HbA;. decreased by 21.0% in 27.4 and 22.7% of patients
receiving linagliptin 5 and 10 mg/day. With placebo and linagliptin 1 mg/day,
7.1 and 14.1% of patients had a decrease in HbA of this much (P values not
reported).
After 12 weeks a small change in body weight was observed with all doses of
linagliptin (-0.15, -0.57 and -1.27 kg, respectively; P values not reported).
The combination of linagliptin and metformin was well tolerated. The most
commonly reported adverse events were considered to be of mild or moderate
intensity; however, ten patients experienced severe adverse events. No
episodes of hypoglycemia were reported after dosing with linagliptin or
placebo. Three (4.6%) patients experienced hypoglycemia after dosing with
glimepiride.
Taskinen et al™ DB, MC, PC, PG, N=701 Primary: Primary:

RCT

Change from

After 24 weeks, linagliptin reduced the mean HbA,. level by 0.49% compared
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Study Design Sample Size
Stugﬁ ainn?ezrug and and Study End Points Results
9 Demographics Duration
Linagliptin 5 mg/day 24 weeks baseline in HbA;. | to 0.15% with placebo (treatment difference, -0.64%; 95% ClI, -0.78 to -0.50;

Vs
placebo

Patients who were
receiving metformin in
combination with 1 other
oral antidiabetic agent
entered a 6 week
washout period of the
other oral antidiabetic
agent.

All patients received
metformin 21,500 mg/day
during this time period.

Patients 18 to 80
years of age with
type 2 d|abetes
BMI <40 kg/m®
who had
inadequate
glycemic control
on metformin
>1,500 mg/day
(HbA. 7 to 10%)
or metformin in
combination with
<1 other oral
antidiabetic agent
(HbA;. 6.5 t0
9.0%) for 210
weeks prior to trial
entry

Secondary:
Change from
baseline in FPG
and two hour
PPG, change
from baseline in
HbA;. and FPG
over time,
proportion of
patients achieving
an HbA,. <7.0
and <6.5%,
proportion of
patients achieving
an HbA .
reduction 20.5%,
proportion of
patients who
required rescue
medication,
change from
baseline in body
weight, changes
in markers of -
cell function,
safety

P<0.0001).

Secondary:

Linagliptin led to a significant reduction in adjusted mean FPG levels compared
to placebo (-0.6 vs 0.6 mmol/L), representing a treatment effect of -1.2 mmol/L
(P<0.0001). Similarly, linagliptin showed a significant treatment effect in
controlling PPG levels. At week 24, the adjusted mean two hour PPG level fell
by 2.7 mmol/L, compared to an increase of 1.0 mmol/L with placebo (treatment
difference, -3.7 mmol/L; P<0.0001).

The significant difference between treatments in mean HbA,. change
increased over time from six (-0.43%) to 18 weeks (-0.65%) and then remained
stable until the end of the 24 weeks (-0.64). The change from baseline in FPG
over time was similar to that of HbA ., with levels in linagliptin-treated patients
decreasing over time. The difference between treatments in terms of adjusted
mean change from baseline in FPG increased overtime (-0.9 to -1.2 mmol/L;
P<0.0001 for all).

Among patients with a baseline HbA;. 27%, 26 vs 9.0% of those receiving
linagliptin and placebo achieved the target HbA;. <7% at 24 weeks (OR, 4.4;
95% ClI, 2.4 to 8.0; P=0.0001). A significant difference was also seen in
reaching a target <6.5% for those with a baseline HbA,. 26.5% (10 vs 2%, OR,
5.5; 95% ClI, 1.9 to 15.6; P=0.0016).

Fifty and 22% of patients receiving linagliptin and placebo achieved a reduction
in HbA;. 20.5% at 24 weeks (OR, 3.8; 95% ClI, 2.5 to 5.7; P<0.0001).

More than twice as many patients receiving placebo required rescue
medication (19 vs 8%; OR, 0.28; P=0.0001).

Neither treatment was associated with any significant change in body weight (-
0.4 vs -0.5 kg; P value not reported).

HOMA-%f showed a clinically relevant difference between treatments in
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Study and Drug
Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

adjusted mean change from baseline at 24 weeks of 11.9 (mU/L)/(mmol/L), for
a relative change of 1.26 (mU/L)/(mmol/L) (P=0.0005).

Overall, linagliptin was well tolerated and adverse events occurred at a similar
rate with both treatments. Most adverse events were mild or moderate in
intensity. All hypoglycemic events were of mild intensity and assistance was
not required by any patient. The proportion of treatment-related adverse events
was slightly higher among placebo-treated patients (10.7 vs 6.9%). The
analyses of laboratory variables and vital signs did not reveal any clinically
significant findings.

Gomis et al™®

Linagliptin 5 mg/day plus
pioglitazone 30 mg/day

Vs
pioglitazone 30 mg/day
Patients who were
receiving oral antidiabetic

agents entered a 6 week
wash out period.

DB, MC, PC, PG,
RCT

Patients 18 to 80
years of age with
type 2 d|abetes
BMI <40 kg/m®
who had
inadequate
glycemic control
(HbA 7.5t0
11.0%)

N=389

24 weeks

Primary:
Change from
baseline in HbA.

Secondary:
Proportion of
patients achieving
an HbA. <7%,
proportion of
patients achieving
an HbA;. lowering
20.5%, reduction
from baseline
HbA,. over time,
change from
baseline in FPG,
changes from
baseline in
markers of 3-cell
function, change
from baseline in
body weight,
safety

Primary:

After 24 weeks of treatment, the adjusted mean (+SE) change in HbA,. from
baseline for combination therapy was -1.06% (+0.06) compared to -0.56%
(x0.09) for pioglitazone (treatment difference, -0.51%; 95% ClI, -0.71 to -0.30;
P<0.0001).

Secondary:
The proportion of patients achieving an HbA;. <7% was 42.9 and 30.5% with
combination therapy and pioglitazone (OR, 2.1; 95% CI, 1.3 to 3.5; P=0.0051).

Seventy five and 50.8% of patients receiving combination therapy and
pioglitazone achieved an HbA;. reduction 20.5% (OR, 3.8; 95% ClI, 2.3 to 6.4;
P<0.0001).

The placebo corrected difference in adjusted mean change from baseline in
HbA,. increased over the first 12 weeks (reaching -0.5%) and remained
constant until 24 weeks. In addition, combination therapy produced a larger
reduction in nonadjusted HbA,. over time than pioglitazone (P<0.0001 at each
visit).

After 24 weeks, the adjusted mean change in FPG with combination therapy
was -1.8 mmol/L (£0.1) compared to -1.0 mmol/L (£0.2) with pioglitazone, a
difference of -0.8 mmol/L (P<0.0001). The adjusted mean change from
baseline in FPG between treatments was -0.73 mmol/L (95% CI, -1.08 to -0.39;
P<0.0001) and -0.79 mmol/L (95% ClI, -1.17 to -0.41; P<0.0001) at weeks 12
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and 24.

At 24 weeks, the adjusted mean change from baseline for HOMA-IR was -2.90
and -2.58 for combination therapy and pioglitazone (treatment difference, -
0.32; 95% ClI, -0.77 to 0.13; P=0.16). The adjusted mean change from baseline
in HOMA-3 was -2.17 and -1.44 (treatment difference, -0.73; 95% CI, -9.16 to
7.70; P=0.86).

By week 24, mean weight had increased with both treatments, with the
adjusted mean change being significantly greater with combination therapy
(2.3 vs 1.2 kg; treatment difference, 1.1 kg; 95% CI, 0.2 to 2.0; P=0.014).

Overall, the proportion of patients who experienced at least one adverse event
was similar with both treatments (52.5 vs 53.1%). Most adverse events were of
mild to moderate intensity. Hypoglycemia occurred in 1.2 and 0.0% of patients
receiving combination therapy and pioglitazone, respectively. Laboratory
analyses did not reveal any clinically significant findings.

Esposito et al*®

Alogliptin 12.5 to 25 mg
once daily

VS

saxagliptin 5 mg once
daily

VS

sitagliptin 100 mg once
daily

A

vildagliptin 100 mg once

MA (43 RCT)

RCTs that
reported the effect
of the addition

of any non-insulin
diabetes
medication on the
HbA,. level

in subjects who
were either drug
naive or on
background
therapy with other
agents and that
reported the effect
of therapy on the
HbAlc levels after

N=19,101

Not reported

Primary:
Percentage of
patients achieving
an HbA. <7%,
change in weight,
incidence of
hypoglycemia

Secondary:
Not reported

Primary:

Treatment with aloglipitin was associated with a greater odds of reaching an
HbA;. <7% with both doses compared with placebo (POR: 3.8 [12.5 mg] and
3.76 [25 mg], respectively). Alogliptin was also associated with a greater
decline in HbA;. from baseline compared with placebo (WMD, -0.48% [12.5
mg] and -0.55% [25 mg]). Both doses of alogliptin were associated with a
similar risk of hypoglycemia compared with placebo (RR: 0.89 and 1.11,
respectively) and with similar weight change (WMD: 0.23 and 0.13 kg,
respectively).

Sitagliptin treatment was associated with a greater chance to reach a HbA .
<7% compared with placebo (POR, 3.15; 95% CI, 2.47 to 3.72), but not when
compared with comparator drugs (POR, 0.70; 95%Cl, 0.35 to 1.12). Sitagliptin
was also associated with a greater decline in HbA;. from baseline compared
with placebo (WMD, -0.78%; 95% ClI, -0.93 to -0.63), but not with comparator
drugs (WMD, 0.19%; 95%ClI, -0.13 to 0.52).

Sitagliptin was associated with a similar risk of hypoglycemia compared with
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daily

a minimum of 12
weeks

placebo (RR, 1.8; 95% CI, 0.61 to 2.5) or comparator drugs (RR, 0.87; 95% ClI,
0.30 to 2.80). The absolute change in weight was small and not significantly
different from baseline in sitagliptin trials (0.08 kg); however, the difference with
placebo was significant (WMD, 0.48 kg; 95% ClI, 0.19 to 0.77). The overall
change in weight with sitagliptin was not different from that of comparator
drugs.

Patients receiving treatment with vildagliptin had a greater chance to reach the
HbA,. goal of <7% with vildagliptin compared with placebo (POR, 3.29; 95%
Cl, 2.5 to0 4.01), but not with comparator drugs (POR, 0.82; 95% CI, 0.52 to
1.15). Vildagliptin was also associated with a greater decline in HbA,. from
baseline compared with placebo (WMD, -0.69%; 95% ClI, -0.92 to -0.45), but
not with comparator drugs (WMD, 0.17%; 95% ClI, -0.19 to 0.5).

The risk of hypoglycemia associated with vildagliptin was similar to placebo
(RR, 2.2; 95% CI, 0.81 to 5.41) and comparator drugs (RR, 0.85; 95% CI, 0.60
to 1.30). The absolute change in weight was small and not significantly
different from baseline in vildagliptin trials (0.43 kg); however, the difference
with placebo was significant (WMD, 1.08 kg; 95% ClI, 0.61 to 1.50).

Scheen et al”®

Saxagliptin 5 mg once
daily and patients current
metformin IR dosage

VS

Sitagliptin 100 mg once
daily and patients current
metformin IR dosage

The dose of metformin
was based on each
patient’s current dose at
enroliment, and was to

AC, DB, MC, PG,
RCT

Men and women
>18 years of age
who had been
diagnosed

with type 2
diabetes were
eligible to
participate if their
HbA:. remained
uncontrolled
(HbA;. 6.5 t0
10.0%), despite
monotherapy with

N=801

18 weeks

Primary:
Absolute change
in HbA,. from
baseline to week
18

Secondary:
Proportion of
patients achieving
a therapeutic
glycemic
response (defined
as HbA /. £6.5%),
proportion of
patients with
baseline HbA .

Primary:

Treatment with saxagliptin/metformin was noninferior to treatment with
sitagliptin/metformin (-0.52 vs -0.62%); adjusted mean change from baseline
HbA;. was 0.09% (95% ClI, -0.01 to 0.20%), with the upper limit for
noninferiority of <0.3%.

Secondary:

Overall, 105 of 399 patients (26.3%) who received saxagliptin/metformin
compared with 114 of 392 patients (29.1%) who received sitagliptin/metformin
achieved an HbA,. < 6.5% at week 18 (P value not reported).

For those with an HbA,. of 27% at baseline, 97 of 294 patients (33.0%) in the
saxagliptin/metformin group and 117 of 299 patients (39.1%) in the sitagliptin
/metformin group achieved an HbA,. <7.0% at week 18, a -6.1% difference
between treatment groups (95% Cl, -13.8 to 1.6%).
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remain stable throughout | a stable dose of 27.0% achieving a | Adding saxagliptin or sitagliptin to existing metformin therapy produced
the study. Patients metformin 21500 therapeutic adjusted mean changes in FPG of —10.8 mg/dL and —-16.2 mg/dL, respectively,
received metformin mg for at least 8 glycemic (mean difference, 5.42 mg/dL; 95% ClI, 1.37 to 9.47 mg/dL).
at 1500, 2000, 2500 or weeks. response (defined
3000 mg/day if their dose as HbA,. <7.0%), | There were no apparent differences between treatment groups for the changes
at entry was 1500 to change from from baseline in fasting insulin, glucagon, proinsulin, or C-peptide.
1999 mg/day, 2000 to baseline FPG,
2499 mg/day, insulin, C-peptide, | Similarly, the small improvement in 8-cell function, as measured by the change
2500 to 2550 mg/day, or and proinsulin and | from baseline in homeostasis model assessment-2, did not differ between the
>2550 mg/day, change from two treatment groups.
respectively. baseline B-cell
function, as
measured by the
homeostasis
model
assessment-2f3
Rosenstock et al OL, PC, RCT N=401 Primary: Primary:
(abstract)17 (N=66 in the | HbA;cchange In the main treatment cohort, saxagliptin demonstrated statistically significant
Treatment naive OL cohort) | from baseline decreases in adjusted mean HbA;c changes from baseline (-0.43, -0.46, and -
Saxagliptin 2.5 mg once patients with type 0.54% vs 0.19% for placebo; all P<0.0001).
daily 2 diabetes and 24 weeks Secondary:

VS

saxagliptin 5 mg once
daily

VS

saxagliptin 10 mg once
daily

A

placebo

inadequate
glycemic control
with an HbAlC
27% and <10%;
OL trial was with
treatment naive
patients with type
2 diabetes and
inadequate
glycemic control
with an HbA,c
>10% to <12%

FPG change from
baseline,
proportion of
patients achieving
HbAlc <7%, and
changes in PPG
area under the
curve

Secondary:

Adjusted mean FPG was significantly reduced from baseline for all doses of
saxagliptin compared to placebo (-15, -9, and -17 mg/dL vs 6 mg/dL;
P=0.0002, P=0.0074, P<0.0001).

A greater number of patients treated with saxagliptin achieved HbA;c <7% at
week 24 for saxagliptin 2.5, 5, and 10 mg vs placebo (35% [P=NS], 38%
[P=0.0443], 41% [P=0.0133] vs 24%).

The reduction in PPG area under the curve for saxagliptin 2.5 mg (-6,868
mg-minute/dL), 5 mg (-6,896 mg-minute/dL), and 10 mg (-8,804 mg-minute/dL)
vs placebo (-647 mg-minute/dL) was statistically significant for saxagliptin 5 mg
(P=0.0002) and 10 mg (P<0.0001).
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Reductions in HbA;c, FPG, and PPG area under the curve were also observed

Trial was conducted with in the OL cohort at 24 weeks.
a separate OL cohort with
patients receiving
saxagliptin 10 mg once
daily.
Rosenstock et al™® DB, MC, PC, PG, N=338 Primary: Primary:

RCT Analysis for a In the low-dose cohort, the test for log-linear trend across the treatment groups
Saxagliptin 2.5 mg once 12 weeks dose-related trend | did not demonstrate a statistically significant dose-response relationship in the
daily (low-dose cohort) Men and non- (saxagliptin | in lowering of lowering of HbA; ¢ after 12 weeks of treatment. Placebo-subtracted adjusted

breastfeeding, 2.5,5, 10, HbAc from mean changes from baseline to week 12 for saxagliptin ranged from -0.45% to
Vs non-pregnant 20, and 40 | baseline across -0.63% with no apparent significant dose-response relationship (P=0.9888).

women 221 to mg) the saxagliptin
saxagliptin 5 mg once <70 years of age, doses in the low- Secondary:
daily (low-dose cohort) with type 2 6 weeks dose cohort After 12 weeks, HbA;c was significantly reduced from baseline in all saxagliptin

diabetes and a (saxagliptin doses in the low-dose cohort compared with placebo (all doses P<0.007) with
VS baseline HbA;¢ 100 mgQ) Secondary: similar and clinically meaningful reductions in HbA;c achieved with all doses of

saxagliptin 10 mg once
daily (low-dose cohort)

A

saxagliptin 20 mg once
daily (low-dose cohort)

VS

saxagliptin 40 mg once
daily (low-dose cohort)

Vs

saxagliptin 100 mg once
daily (high-dose cohort)

26.8% t0 <9.7%, a

BMI <37 kg/m?,
and a screening
fasting or random
C-peptide >0.5
ng/mL; patients
<35 years of age
had to test
negative for anti-
glutamic acid
decarboxylate
antibodies

Analyses of each
dose vs placebo
for lowering
HbA;c, FSG, and
PPG at 60
minutes from
baseline

saxagliptin. Adjusted mean reductions from baseline exceeded 0.70% for each
of the saxagliptin doses vs 0.27% for placebo. In the high-dose cohort, HbA;c
was also significantly reduced from baseline relative to placebo. An adjusted
mean change following six weeks of treatment was -1.09 vs -0.36% (P value
not reported).

In both treatment cohorts for all saxagliptin groups, FSG reductions from
baseline were evident after two weeks of treatment. Adjusted mean FSG
changes from baseline ranged from -11.0 mg/dL to -22.0 mg/dL for the low-
dose cohort vs 3.0 mg/dL for placebo and -26.3 mg/dL for the high-dose cohort
vs -3.3 mg/dL for placebo (P values not reported).

In the low-dose cohort, adjusted mean changes from baseline in PPG at 60
minutes during a liquid meal tolerance test ranged from -24.0 mg/dL to -41.0
mg/dL vs -1.0 mg/dL for placebo (P value not reported). In the high-dose
cohort it was -45.0 vs -17.0 mg/dL for placebo (P value not reported).
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VS
placebo
Nonaka et al™ DB, MC, PC, RCT N=151 Primary: Primary:
Change from Sitagliptin demonstrated a least squares mean change from baseline HbA, of -
Sitagliptin 100 mg once Japanese patients 12 weeks baseline HbA, 0.65% (95% ClI, -0.80 to -0.50) compared to placebo (0.41%; 95% ClI, 0.26 to
daily with type 2 FPG, PPG, body 0.56). The between group difference was -1.05% (95% CI, -1.27 to -0.84; P
diabetes with an weight changes, <0.001).
S HbA;. 26.5% to adverse effects
<10% and FPG A greater proportion of patients on sitagliptin achieved an HbA level of <7%
placebo =126 mg/dL to Secondary: than placebo (P<0.001). Patients in the sitagliptin group experienced a least
<240 mg/dL Not reported squares mean change of -22.5 mg/dL (95% ClI, -28.0 to -17.0). The least
squares mean change of FPG in the placebo group was 9.4 mg/dL (95% ClI,
3.9 to 14.9). The between group difference was -31.9 mg/dL (95% ClI, -39.7 to -
24.1; P<0.001).
Patients in the sitagliptin group had a least squares mean difference from
baseline in 2-hour PPG level of -69.3 mg/dL (95% Cl, -85.3 to -53.4) compared
to 12.0 mg/dL (95% Cl, -6.5 to 30.5) with placebo. The between group
difference was -81.3 mg/dL (95% ClI, -105.8 to -56.9; P<0.001). A 0.1 kg
decrease in weight was seen in the sitagliptin group compared to a reduction of
0.7 kg in the placebo group (P<0.01). No notable difference in adverse events,
including hypoglycemia, was shown between the comparators.
Secondary:
Not reported
Aschner et al”® DB, MC, PC, RCT N=741 Primary: Primary:
Change from Sitagliptin 100 and 200 mg significantly reduced HbA,. compared with placebo
Sitagliptin 100 mg once Patients 18 to 75 24 weeks baseline HbA,, (P<0.001), by -0.79% for 100 mg vs placebo (95% ClI, -0.96 to -0.62) and -

daily
Vs

sitagliptin 200 mg once

years of age with
type 2 diabetes,
either on or naive
to an oral
antihyperglycemic

FPG, PPG,
fasting insulin,
proinsulin, and
fasting lipids, and
assessment of -

0.94% for 200 mg vs placebo (95% ClI, -1.11 to -0.77). At the conclusion of the
study, 41% of patients in the sitagliptin 100 mg group and 45% in the sitagliptin
200 mg group achieved an HbA;.<7% vs 17% in the placebo group (P<0.001
for active treatment vs placebo).
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daily agent, with an cell function and Sitagliptin demonstrated significance between treatment differences vs placebo
average baseline insulin resistance | in FPG change from baseline of -17.1 mg/dL and -21.3 mg/dL for the 100 and
VS HbA. of 8% 200 mg doses, respectively (P<0.001).
Secondary:
placebo Patients with Safety and The reduction in two-hour PPG from baseline was significantly (P<0.001)
significant renal tolerability greater with sitagliptin 100 mg (-48.9 mg/dL) and 200 mg (-56.3 mg/dL) than
Metformin was used as impairment were assessments with placebo (-2.2 mg/dL).
rescue therapy if defined | excluded.
glycemic goals were not There were no statistically significant effects on fasting insulin and proinsulin.
met. Sitagliptin also had no significant effects on fasting lipids.
HOMA-B was significantly increased and the proinsulin to insulin ratio was
significantly decreased with sitagliptin treatment, indicating improved -cell
function (P<0.001 and P<0.01, respectively, for active treatment vs placebo).
There were fewer patients in the active treatment groups than in the placebo
group that required rescue therapy (8.8% for sitagliptin 100 mg, 4.8% for 200
mg and 20.6% for placebo; P<0.001 for sitagliptin vs placebo).
Secondary:
No meaningful differences in clinical adverse effects were noted between
groups. The incidence of hypoglycemia was similar among groups yet did not
exhibit marked severity. Both sitagliptin doses were well tolerated in this study.
Raz et al” DB, MC, PC, PG, N=521 Primary: Primary:
RCT Change from Treatment with both sitagliptin 100 and 200 mg doses led to a significant
Sitagliptin 100 mg once 18 weeks baseline HbA, (P<0.001) reduction in HbA;. from baseline compared to placebo. In the

daily
VS

sitagliptin 200 mg once
daily

VS

Patients 18 to 75
years of age with
type 2 diabetes
with an HbA
level between 7%
to 10%

Patients with
significant renal or

Secondary:
Changes in FPG,
fasting insulin,
proinsulin, and
lipids, safety and
tolerability
assessments

sitagliptin 100 mg group, HbA;. was reduced by -0.60% (95% CI, -0.82 to -
0.39) and by -0.48% (95% ClI, -0.70 to -0.26) in the 200 mg group.

Secondary:

Treatment with sitagliptin led to significant (P<0.001) reductions in FPG
compared to placebo throughout the treatment period. FPG was reduced by -
1.1 mmol/L (95% ClI, -1.7 to -0.5) and by -0.9 mmol/L (95% ClI, -1.5 to -0.3) for
sitagliptin 100 and 200 mg, respectively.
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placebo hepatic disease There were no statistically significant effects on fasting insulin, proinsulin or on
were excluded. fasting lipids.
Metformin was used as
rescue therapy if defined Rescue therapy was required for 8.8% of the sitagliptin 100 mg treatment
glycemic goals were not group, 11.7% of patients on sitagliptin 200 mg, and 17.3% of the placebo group
met. (no P value reported).
Treatment with sitagliptin was well tolerated. There were no statistically
significant differences between treatment groups in the incidence of adverse
effects. The incidence of hypoglycemia and gastrointestinal side effects was
not significantly different among all treatment groups.
Hanefeld et al** DB, MC, PC, PG, N=555 Primary: Primary:
RCT Change from Sitagliptin significantly reduced HbA,. levels by -0.39% to -0.56% relative to
Sitagliptin 25 mg once 12 weeks baseline HbA, placebo (P<0.05).
daily Patients 23 to 74 FPG, mean daily
years of age with glucose, HOMA-B, | FPG was also significantly reduced by -11.0 to -17.2 mg/dL as compared to
VS a mean baseline QUICKI and placebo (P<0.05) and the largest decrease was found in the 100 mg once daily
HbA;. of 7.6% to HOMA-IR group. Additionally a significant improvement in mean daily glucose was
sitagliptin 50 mg once 7.8% observed throughout all active treatment groups (-14.0 to -22.6 mg/dL;
daily Secondary: P<0.05).
Adverse events,
VS baseline body HOMA- was significantly increased (11.3 to 15.2; P<0.05) with sitagliptin,
weight change whereas there was no significant change in QUICKI and HOMA-IR compared
sitagliptin 50 mg BID to placebo.
VS There were no significant differences noted between sitagliptin 100 mg once
daily as opposed to 50 mg BID for any end point.
sitagliptin 100 mg once
daily Secondary:
Overall, there was a low frequency of hypoglycemia observed in the active
VS treatment groups. There was no change in baseline body weight noted.
placebo
Frederich et al” SR N=4,607 Primary: Primary:
Reported There were 38 (1.1%) cardiovascular events reported by investigators in the
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Saxagliptin 2.5 to 10 mg Eight phase two 16 to 116 cardiovascular saxagliptin treated patients and 23 (1.8%) in the comparator groups (RR, 0.59;
once daily or three studies weeks events and 95% CI, 0.35 to 1.00). There were 23 (0.7%) cardiovascular death/myocardial
evaluating cardiovascular infarction/stroke events in the saxagliptin group and 18 (1.4%) in the
VS saxagliptin in death, myocardial | comparator groups (RR, 0.44; 95% CI, 0.24 to 0.82). Cardiovascular death
patients with infarction and/or occurred in 7 (0.2%) of saxagliptin treated patients and 10 (0.8%) in the
glyburide, metformin, or inadequately strike comparator groups (RR, 0.24; 95% ClI, 0.09 to 0.63).
placebo controlled type 2
diabetes Secondary: Secondary:
Not reported Not reported
Scott et al™ AC, DB, PC, RCT N=743 Primary: Primary:
Change from All sitagliptin treatment groups demonstrated a significant reduction in HbA
Sitagliptin 5 mg BID Male and female 12 weeks baseline in HbA,., | over placebo (-0.38% to -0.77%; P<0.001). Sitagliptin at a dose of 50 mg BID

Vs
sitagliptin 12.5 mg BID
Vs

sitagliptin 25 mg BID

Vs

sitagliptin 50 mg BID

S

glipizide 5 mg/day
electively titrated up to 20
mg/day

Vs

placebo

patients 21 to 75
years of age with
type 2 diabetes
inadequately
controlled (mean
HbA. of 7.9%)
with diet and
exercise

FPG and mean
daily glucose,
changes in weight
and adverse
effects

Secondary:
Not reported

resulted in the largest decrease. The placebo subtracted difference in HbA;. of
glipizide was -1.00%.

Sitagliptin, at all doses, also demonstrated significant reductions in FPG and
mean daily glucose.

No significant changes in baseline body weight were observed in the sitagliptin
groups compared to placebo, whereas the glipizide group demonstrated
modest weight gain vs placebo (no P value reported).

The incidence of hypoglycemia was highest in the glipizide-treated group
(17%) as compared to placebo (2%) and sitagliptin (0% to 4%, not dose
dependent).

Secondary:
Not reported
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Hollander et al® DB, MC, RCT 565 Primary: Primary:
Change from At week 24, statistically significant reductions in HbA;c from baseline were
Saxagliptin 2.5 mg once Patients 18 to 77 24 weeks baseline in HbA;c | demonstrate for saxagliptin 2.5 mg (-0.36%; P<0.0007) and 5 mg (-0.63%;

daily and OL TZD
(pioglitazone or
rosiglitazone)

VS

saxagliptin 5 mg once
daily and OL TZD
(pioglitazone or
rosiglitazone)

'S

placebo and OL TZD
(pioglitazone or
rosiglitazone)

Eligible patients entered
a 2-week, single-blind,
dietary and exercise
placebo and TZD lead-in
period during which they
received OL pioglitazone
or rosiglitazone according
to their current regimen
and continued for the
study duration.

Due to recent safety
concerns with
rosiglitazone, a switch
from rosiglitazone was

years of age with
type 2 diabetes
and inadequate
glycemic control
(HbA;c27% and
<10.5%) taking
stable doses of
TZD monotherapy
(pioglitazone 30
or 45 mg once
daily or
rosiglitazone 4 or
8 mg once daily or
4 mg BID for at
least 12 weeks)
and with fasting
C-peptide 20.3
nmol/L and BMI
<45 kg/m®

Secondary:
Change from
baseline in FPG,
proportion of
patients achieving
HbA;c <7%,
change from
baseline in PPG
area under the
curve from 0 to
180 minutes in
response to a 75
g OGTT

P<0.0001) vs placebo. Baseline vs week 24 HbA;c mean values were 8.3% vs
7.6%, 8.4% vs 7.4%, and 8.2% vs 7.9% for saxagliptin 2.5 and 5 mg and
placebo respectively. Adjusted mean change in HbA; ¢ from baseline was -
0.66% (P<0.0007) and -0.94% in the saxagliptin 5 mg group (P<0.0001) vs -
0.30% in the placebo group. Reductions were observed starting at week 4 with
the greatest reductions in the saxagliptin 5 mg group. Sensitivity analysis
demonstrated that a switch from rosiglitazone to pioglitazone did not affect
results.

Secondary:

At week 24, statistically significant greater mean reductions in FPG at week 24
were demonstrated for saxagliptin 2.5 mg (-0.8 mmol/L; P<0.0053) and 5 mg (-
1.0 mmol/L; P=0.0005) vs placebo (-0.2 mmol/L). FPG reductions were
observed starting at week two with the greatest reductions in the saxagliptin 5

mg group.

At 24 weeks, 42.2% (P=0.0010) and 41.8% (P=0.0013) of patients in the
saxagliptin 2.5 and 5 mg groups, respectively, achieved an HbA;c <7%
compared to 25.6% of patients in the placebo group.

A statistically significant reduction from baseline to week 24 was seen in PPG
area under the curve during the OGTT for the saxagliptin 2.5 and saxagliptin 5
mg vs placebo (both P<0.0001). In addition, the 120-minute PPG
demonstrated significantly greater reductions for 2.5 and 5 mg compared to
placebo (both P<0.0001).

Overall, the addition of saxagliptin to TZD therapy was well tolerated. The
proportion of patients experiencing any adverse effect was 68.0% in the
saxagliptin groups and 66.8% in the placebo group with the highest frequency
in the saxagliptin 5 mg group (74.2%). The frequency of hypoglycemic events
was similar with saxagliptin (3.4%) compared to placebo (3.8%). The most
common adverse effects reported were upper respiratory tract infection,
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Stugyé;r:gelﬁrug and and Study End Points Results

Demographics Duration
permitted during lead-in peripheral edema, and headache.
period if medically
appropriate.
Jadzinsky et al*® AC, DB, MC, RCT N=1,306 Primary: Primary:

Change from Statistically significant reductions in HbA;c from baseline were seen in patients

Saxagliptin 5 mg once Patients 18 to 77 24 weeks baseline in HbA;c | randomized to saxagliptin 5 mg and metformin or saxagliptin 10 mg and

daily and metformin IR
500 mg/day in divided
doses

VS
saxagliptin 10 mg once
daily and metformin IR
500 mg/day in divided
doses

VS

saxagliptin 10 mg once
daily and placebo

VS
metformin IR 500 mg/day

in divided doses and
placebo

years of age with
type 2 diabetes,
HbAc28% and
<12% at
screening, fasting
C-peptide
concentration
21.0 ng/mL, and a
BMI <40 kg/m®

Secondary:
Change from
baseline in FPG,
proportion of
patients achieving
HbA;c <7%,
change from
baseline in area
under the curve
from 0O to 180
minutes for PPG
response to an
OGTT, proportion
of patients
achieving a HbA ¢
<6.5%, and
proportion of
patients requiring
rescue for failing
to achieve

metformin at 24 weeks compared to patients randomized to either
monotherapy. Baseline vs week 24 HbA;- means were 9.4 vs 6.9%, 9.5 vs
7.0%, 9.6 vs 7.9%, and 9.4 vs 7.5% for the four treatment arms. Adjusted
mean change in HbA,c from baseline was -2.5% in both the saxagliptin 5 mg
and metformin and the saxagliptin 10 mg and metformin groups vs -1.7% for
saxagliptin 10 mg and -2.0% for metformin, respectively (all P<0.0001 vs
monotherapy).

Secondary:

Statistically significant greater mean reductions in FPG at week 24 were
observed for saxagliptin 5 mg and metformin vs saxagliptin 10 mg (P=0.0002)
and for saxagliptin 10 mg and metformin vs saxagliptin 10 mg and vs
metformin (both P<0.0001 vs monotherapy).

The proportion of patients achieving an HbA;c <7% was statistically
significantly greater for both combination treatment groups compared to either
monotherapy group (60.3 and 59.7% vs 32.2 and 41.1%; all P<0.0001 vs
monotherapy).

A statistically significant reduction in glucose exposure from baseline to week
24 was seen in PPG area under the curve during the OGTT for both
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Study Design Sample Size
Stugyé;r::elgrug and ' and St'udy End Points Results
Demographics Duration
prespecified combination treatment groups vs both monotherapy treatment groups (all

At week 1, all patients glycemic targets P<0.0001 vs monotherapy).
randomized to metformin, or discontinuing
either as monotherapy or for lack of efficacy | The proportion of patients with an HbA;c <6.5% at week 24 was 45.3%, 40.6%,
in combination with at 24 weeks 20.3%, and 29.0 % for the four treatment groups. The proportion was
saxagliptin, were titrated statistically significantly greater for saxagliptin 5 mg and metformin vs
to 1,000 mg/day of saxagliptin 10 mg and vs metformin (both P<0.0001) and for saxagliptin 10 mg
metformin. and metformin vs saxagliptin 10 mg and vs metformin (P<0.0001, P=0.0026).
From weeks 2 to 5, At week 24, 7.5% of patients in the saxagliptin 5 mg and metformin group and
metformin was uptitrated 21.2% of the saxagliptin 10 mg group were discontinued or rescued for lack of
based on predefined FPG glycemic control (P<0.0001). No statistical significance was observed when the
levels in 500 mg/day saxagliptin 5 mg and metformin group was compared to the metformin group
increments as tolerated (10.1%; P=0.2693). Similar results were observed with the saxagliptin 10 mg
to 2,000 mg/day and metformin group compared to either monotherapy (P<0.0001 vs
maximum in the saxagliptin 10 mg and P=0.0597 vs metformin).
saxagliptin 5 mg and
metformin, saxagliptin 10
mg and metformin, and
metformin and placebo
arms.
Pfutzner et al™ AC, DB, ES, MC, N=1,306 Primary: Primary:

RCT Change from At 76 weeks, the adjusted mean change from baseline HbA,¢ for saxagliptin 5
Saxagliptin 5 mg once 52 week baseline in HbA;c | mg plus metformin was -2.31% (95% CI -2.44 to -2.18%), and -2.33% (95% ClI
daily plus metformin IR Patients 18 to 77 extension -2.46 to -2.20%) for saxagliptin 10 mg plus metformin compared to -1.55%

500 mg/day titrated to
2,000 mg/day

VS

saxagliptin 10 mg once
daily plus metformin IR
500 mg/day titrated to
2,000 mg/day

years of age with
type 2 diabetes,
HbA;-28% and
<12% at
screening, fasting
C-peptide
concentration
=1.0 ng/mL, and a
BMI <40 kg/m®

Secondary:
Change from
baseline in FPG,
proportion of
patients achieving
HbA;c <7%,
proportion of
patients achieving
a HbA- <6.5%,
body weight

(95% ClI, -1.70 to -1.40%) and -1.79% (95% ClI, -1.93 to -1.65%) for saxagliptin
10 mg and metformin monotherapies, respectively; P<0.0001 for both
combinations compared to monotherapies)

A higher proportion of patients achieved an HbA;c <7% at week 76 with
saxagliptin 5 mg plus metformin and saxagliptin 10 mg plus metformin
compared to sitagliptin and metformin monotherapies (51.5 and 50.5% vs 25
and 34.7%, respectively, P values not reported).

A higher proportion of patients also achieved an HbA;- <6.5% at week 76 with
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Study Design Sample Size
Stugyé;r:gelﬁrug and ' and St'udy End Points Results
Demographics Duration
VS saxagliptin 5 mg plus metformin and saxagliptin 10 mg plus metformin
compared to either agent alone (P value not reported).
saxagliptin 10 mg once
daily plus placebo At week 76, the mean change from baseline in body weight was -1.2 kg with
saxagliptin 5 mg plus metformin, -0.7 kg with saxagliptin 10 mg plus metformin,
VS -0.3 kg with saxagliptin 10 mg alone and —1.0 kg with metformin alone (P
values not reported).
metformin IR 500 mg/day
titrated to 2,000 mg/day
plus placebo
DeFronzo et al”’ DB, PC, RCT N=743 Primary: Primary:
Change from Saxagliptin (2.5, 5 and 10 mg) plus metformin demonstrated statistically
Saxagliptin 2.5 mg once Patients 18 to 77 24 weeks baseline in HbA;c | significant adjusted mean decreases from baseline to week 24 vs placebo in
daily and metformin years of age with HbA;c (-0.59, -0.69 and -0.58% vs 0.13%; all P<0.0001). All saxagliptin
1,500 to 2,500 mg/day type 2 diabetes Secondary: treatment groups demonstrated reductions in HbA;c compared to metformin
and inadequate Change from plus placebo starting at week four with a maximal reduction at week 12 that
VS glycemic control baseline in FPG, was sustained through week 24.
(HbA1c27% and PPG three-hour
saxagliptin 5 mg once <10%) taking area under the Secondary:
daily and metformin stable doses of curve, and Saxagliptin (2.5, 5 and 10 mg) plus metformin demonstrated statistically
1,500 to 2,500 mg/day metformin for percentage of significant adjusted mean decreases from baseline to week 24 vs placebo in
eight weeks patients at the FPG (-14.31, -22.03 and -20.50 mg/dL vs 1.24 mg/dL; all P<0.0001) and PPG
VS (21,500 mg/day glycemic target three-hour area under the curve (-8,891, -9,586 and -8,137 mg-minute/dL vs -
and <2,550 (HbAc<7%), 3,291 mg-minute/dL; all P<0.0001).
saxagliptin 10 mg once mg/day), fasting
daily and metformin C-peptide There was a statistically significant greater percentage of patients that
1,500 to 2,500 mg/day concentration achieved HbAc<7% with saxagliptin (2.5, 5 and 10 mg) plus metformin at
21.0 ng/mL, and week 24 vs placebo (37.1, 43.5 and 44.4% vs 16.6%; all P<0.0001).
VS BMI =40 kg/m
Other measures also demonstrated statistically significant differences at all
placebo and metformin doses of saxagliptin compared to placebo (PPG at two hours, postprandial
1,500 to 2,500 mg/day glucagon area under the curve, postprandial insulin area under the curve, and
postprandial C-peptide area under the curve).
Stenlof et al™ DB, MC, PC, RCT N=93 Primary: Primary:

Change from

At 4 weeks, there was a significant reduction in the change from baseline in
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Study Design Sample Size
Stugyé;r::elgrug and and Study End Points Results
Demographics Duration
Saxagliptin 5 mg once Patients with type 4 weeks baseline to week- | 24-hour MWG in the saxagliptin plus metformin XR treatment group compared
daily and 21500 mg 2 diabetes and 4 in 24-hour mean | to patients receiving monotherapy with metformin XR (-13.8 vs -3.0 mg/dL;
metformin XR once daily | inadequate weighted glucose | P<0.0001).
glycemic control (MWG)
VS (screening HbA,c Secondary:

7 to 10%) and Secondary: Reductions in the mean change from baseline in 4-hour mean weighted PPG
placebo and 21500 mg currently on stable Change from after the evening meal was significantly improved in the saxagliptin plus
metformin XR once daily | doses of baseline to week- | metformin XR treatment group compared to patients receiving metformin XR

metformin IR or 4 in 4-hour mean monotherapy (-30.7 vs 0.4 mg/dl; P<0.0001).

Patients on metformin IR | metformin XR weighted PPG, 2-
discontinued current 1500 mg per day hour PPG (both After four weeks of treatment, a significantly greater reduction in 2-hour PPG
therapy and entered a 4- | as monotherapy assessed after the | occurred in patients receiving saxagliptin plus metformin XR compared to
week, open-label for at least 8 evening meal), 3- | metformin XR monotherapy (-38.2 vs -2.8 mg/dl; P=0.0010).
metformin XR lead-in weeks day average
period where the mean daily Patients treated with the combination of saxagliptin plus metformin XR
previous metformin IR glucose (MDG], experienced a significant reduction in 3-day average mean daily glucose
dose was replaced with and 2-day compared to metformin XR along (-11.7 vs 7.0 mg/dl; P<0.0001).
the nearest equivalent average FPG
dose of metformin XR The 2-day FPG average was significantly improved for patients randomized to
once-daily and remained combination therapy compared to placebo alone (-10.8 vs 4.5 mg/dl; P=0.002).
stable.
Chacra et al” DB, MC, RCT N=768 Primary: Primary:

Change from At week 24, patients randomized to saxagliptin 2.5 or 5 mg demonstrated
Saxagliptin 2.5 mg once Patients 18 to 77 24 weeks baseline in HbA;c | statistically significant reductions in HbA,c. Baseline vs week 24 HbA;c mean

daily and glyburide 7.5
mg/day in divided doses

Vs
saxagliptin 5 mg once
daily and glyburide 7.5
mg/day in divided doses

VS

years of age with
type 2 diabetes
and inadequate
glycemic control
(HbA;c screening
value 27.5% to
<10%) on a
submaximal
sulfonylurea dose
(defined as less
than the

Secondary:
Change from
baseline in FPG,
proportion of
patients achieving
HbA;c <7%,
change from
baseline in PPG
area under the
curve from 0 to

values were 8.4 vs 7.8%, 8.5 vs 7.8%, and 8.4 vs 5.8% for saxagliptin 2.5 and
5 mg and uptitrated glyburide. Adjusted mean change in HbA,c from baseline
was -0.54% and -0.64% in the saxagliptin 2.5 and 5 mg groups vs 0.08% for
the uptitrated glyburide group (both P<0.0001). Greater HbA;c mean
reductions were observed with saxagliptin vs uptitrated glyburide by week 4
and the greatest HbA;c reductions were demonstrated in the saxagliptin 5 mg

group.

Secondary:
At week 24, statistically significant greater mean reductions in FPG at week 24
were observed for saxagliptin 2.5 and 5 mg (P=0.0218, P=0.002) vs uptitrated
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Study Design Sample Size
Stugyé;r::elﬁrug and ' and St'udy End Points Results
Demographics Duration
placebo and glyburide 7.5 | maximum 180 minutes in glyburide. Adjusted mean change from baseline was -7, -10, and 1 mg/dL in
mg/day in divided doses approved dose for response to a 75 the saxagliptin 2.5 mg, saxagliptin 5 mg, and uptitrated glyburide groups.
each sulfonylurea) g OGTT, safety
Eligible patients entered for 22 months At 24 weeks, 22.4% and 22.8% of patients in the saxagliptin 2.5 and 5 mg
a 4-week, single-blind, before screening groups achieved an HbA;¢ <7.0% compared to 9.1% of patients in the
dietary and exercise and with fasting uptitrated glyburide group (both P<0.0001).
placebo lead-in period C-peptide 21.0
during which they ng/mL and BMI A statistically significant reduction in glucose exposure from baseline to week
discontinued their current | <40 kg/m 24 was seen in PPG area under the curve during the OGTT for the saxagliptin
sulfonylurea therapy and 2.5 mg (-4,296 mg-minute/dL) and 5 mg (-5,000 mg-minute/dL) groups vs the
received OL glyburide 7.5 uptitrated glyburide group (1,196 mg-minute/dL; both P<0.0001).
mg once daily.
Overall saxagliptin added to glyburide therapy was well tolerated. The
A one-time decrease in proportion of patients reporting any adverse events was similar across all
OL glyburide to 5 mg/day treatment groups; with no evidence of a dose-response relationship. The
was permitted for patients percentage of patients reporting at least one adverse event and at least one
who developed treatment-related adverse event was 75.0% and 19.8%, 72.3% and 21.3%,
hypoglycemia. and 76.8% and 14.2% in the saxagliptin 2.5 mg, saxagliptin 5 mg, and
uptitrated glyburide groups. No events of Stevens-Johnson syndrome or
Uptitration of blinded angioedema were reported. Cardiac disorder events were: 2.0% (5/248) for
glyburide was permitted saxagliptin 2.5 mg, 4.0% (10/253) for saxagliptin 5 mg, and 3.7% (10/267) for
at weeks 2 and 4 in the uptitrated glyburide. Adverse events of hypertension were reported for 3.6%
uptitrated glyburide (9/248), 6.3% (16/253), and 2.2% (6/267) for saxagliptin 2.5 mg, saxagliptin 5
treatment group for mg, and uptitrated glyburide, however, mean SBP and DBP decreased in all
patients satisfying treatment groups. There were no statistically significant difference in the
prespecified glycemic incidence of reported and confirmed hypoglycemic events in the saxagliptin
criteria to a maximum treatment groups vs uptitrated glyburide (P>0.05). Confirmed hypoglycemia
total daily dose of 15 mg. occurred in 2.4%, 0.8%, and 0.7% of patients in the 2.5 mg and 5 mg
saxagliptin groups and uptitrated glyburide group.
Chacra et al* DB,ES, MC, RCT N=768 Primary: Primary:
Change from The mean changes from baseline HbA; ¢ for saxagliptin 2.5 and 5 mg versus
Saxagliptin 2.5 mg once Patients 18 to 77 52 week baseline in HbA;c | up-titrated glyburide were 0.11% and 0.03 vs 0.69% at week 76, respectively
daily and glyburide 7.5 years of age with extension P<0.0001 for both comparisons).

mg/day in divided doses

type 2 diabetes
and inadequate

Secondary:
Change from

Secondary:
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Study Design Sample Size
Stugyé;rxielﬁrug and ' and St'udy End Points Results
Demographics Duration
VS glycemic control baseline in FPG, There were minimal changes from baseline in FPG at week 76 for saxagliptin
(HbAc screening proportion of 2.5 mg (1 mg/dL; 95% ClI, -6.1 to 8.5 mg/dl), 5 mg (8 mg/dL; 95% ClI, 0.4 to
saxagliptin 5 mg once value 27.5% to patients achieving | 15.4 mg/dl) and up-titrated glyburide (4 mg/dL; 95% ClI, -6.4 to 14.8 mg/dl),
daily and glyburide 7.5 <10%)on a HbA: <7%, respectively.
mg/day in divided doses submaximal change from
sulfonylurea dose baseline in PPG The proportion of patients achieving an HbA;c < 7.0% at week 76 was greater
VS (defined as less area under the for both saxagliptin treatment groups versus up-titrated glyburide (11.0, 9.6
than the curve from 0 to and 5.3% for the 2.5 and 5 mg saxagliptin and placebo groups, respectively; P
placebo and glyburide 7.5 | maximum 180 minutes in value not reported) Similarly, a higher proportion of patients achieved an HbA;¢
mg/day in divided doses approved dose for response to a 75 < 6.5% at week 76 with saxagliptin treatment versus up-titrated glyburide (4.1,
each sulfonylurea) g OGTT 5.2 and 1.5% for the 2.5 and 5 mg saxagliptin and placebo groups,
for 22 months respectively; P value not reported).
before screening
and with fasting The PPG area under the curve reductions were maintained during the long-
C-peptide 21.0 term extension period. Treatment with saxagliptin 2.5 and 5 mg resulted in
ng/mL and BMI decreases in PPG-area under the curve compared to increase in the up-titrated
<40 kg/m glyburide group (P values not reported).
Goldstein et al** DB, MC, PC, PG, N=1,091 Primary: Primary:
RCT Change from Changes in baseline HbA,, were statistically significant in all active treatment
Sitagliptin 50 mg BID and 24 weeks baseline in HbA;. | groups as compared to placebo and for combination therapy compared to

metformin 500 mg BID
VS

sitagliptin 50 mg BID and
metformin 1,000 mg BID

VS

sitagliptin 100 mg once
daily

A

metformin 500 mg BID

Patients 18 to 78
years of age with
type 2 diabetes
and an HbA;. of
7.5% to 11%

Patients with
significant renal
dysfunction were
excluded.

Secondary:

FPG, fasting
serum insulin,
fasting serum
proinsulin, fasting
lipids, assessment
of B-cell function
(change in
baseline
proinsulin to
insulin ratio,
HOMA-B),
assessment of
insulin resistance

monotherapy (P<0.001). There was an additive effect seen in the combination
treatment groups. The placebo-subtracted HbA;, changes for the combination
of sitagliptin 100 mg and metformin 1,000 mg, the combination of sitagliptin
100 mg and metformin 2,000 mg, sitagliptin monotherapy, metformin 1,000 mg
monotherapy and metformin 2,000 mg monotherapy treatment groups were -
1.57%, -2.07%, -0.83%, -0.99% and -1.30%, respectively.

The percentage of patients who reached an HbA, level <7% was significantly
greater within all active treatment groups vs placebo (P<0.001). Sitagliptin in
combination with metformin 2,000 mg demonstrated the highest rate at 66%. In
comparison to the 43% of patients in the sitagliptin in combination with
metformin 1,000 mg group, 38% of patients in the metformin 2,000 mg
monotherapy group, 23% in metformin 1,000 mg monotherapy group, 20% in
sitagliptin monotherapy group and 9% in the placebo group achieved an
HbA.<7%.
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Study Design Sample Size
Stugyé;r::elgrug and ' and St'udy End Points Results
Demographics Duration
(change in
VS baseline HOMA- Secondary:
IR and QUICKI) Statistically significant changes in FPG were found between the combination
metformin 1,000 mg BID and adverse and monotherapy groups as well as all active treatment groups vs placebo
events (P<0.001). The placebo-subtracted FPG changes for the combination of

VS
placebo

Glyburide was used as
rescue therapy if defined
glycemic goals were not
met.

Doses of metformin alone
or in combination with
sitagliptin were titrated up
by 500 mg/week to reach
target dose and reduce
potential for
gastrointestinal upset.

Sitagliptin was titrated to
mimic the currently
available fixed-dose
combination product.

sitagliptin 100 mg and metformin 1,000 mg, the combination of sitagliptin 100
mg and metformin 2,000 mg, sitagliptin monotherapy, metformin 1,000 mg
monotherapy and metformin 2,000 mg monotherapy treatment groups were -
52.9 mg/dL, -69.7 mg/dL, -23.3 mg/dL, -33.1mg/dL and -35.1 mg/dL
respectively.

Combination therapy also demonstrated an additive effect, as compared to
treatment with the individual agents in regards to improvement in B-cell
function. Significant improvement in the proinsulin to insulin ratio was observed
with all active treatment groups compared to placebo (P<0.05). The differences
between the combined therapy groups and the monotherapy groups (sitagliptin
and metformin) were also significant (P<0.05). Changes were -0.08 for the
sitagliptin monotherapy group, -0.08 for the metformin 1,000 mg monotherapy
group, -0.12 for the metformin 2,000 mg monotherapy group, -0.14 for the
combination of sitagliptin and metformin 1,000 mg group and -0.20 for the
combination of sitagliptin and metformin 2,000 mg group from placebo.

HOMA-B was increased with all active treatments from baseline as compared
with placebo. HOMA-f was significantly improved in the combined therapy
groups, 27.3% for the combination of sitagliptin and metformin 1,000 mg and
29.3% for the combination of sitagliptin and metformin 2,000 mg (both
P<0.001) as well as in the higher dose metformin monotherapy group (10.6%;
P<0.05). The combination of sitagliptin and metformin also significantly
increased HOMA-( relative to sitagliptin monotherapy (7.1%) and the lower
metformin monotherapy dose (7.3%) group (P<0.001).

The results of changes in fasting serum insulin and lipids were not reported.

The incidence of adverse events was similar among combination treatments
and metformin monotherapy. Gastrointestinal adverse events including
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diarrhea, nausea, and abdominal pain and vomiting were most frequently seen
in the higher dose metformin groups (both alone and in combination). A low
frequency of hypoglycemia was reported and was similar among all groups
(0.6% to 2.2%). No change in weight was reported in the sitagliptin
monotherapy group as compared to all other active treatment groups, where
there was a significant reduction in body weight (-0.6 kg to -1.3 kg; P<0.05)
and placebo (-0.9 kg; P<0.01).
Data on efficacy, changes in body weight and rates of hypoglycemia was
excluded if patients received any doses of rescue therapy.
Reasner et al”" DB, MC, PG, RCT N=1,250 Primary: Primary:
Change from At week 18, the mean HbA . change from baseline in the sitagliptin plus
Sitagliptin 50 mg BID and | Patients 18 to 78 18 weeks baseline to week- | metformin group was -2.4% compared to -1.8% for patients receiving
metformin 500 mg BID years of age with 18 in HbA. metformin monotherapy; P<0.001.
titrated to 50 mg/1000 mg | type 2 diabetes
BID over 4 weeks who were Secondary: Secondary:
treatment naive Percentage of At week 18, a significantly greater percentage of patients in the sitagliptin plus
VS (no antidiabetic patients with metformin group had HbA. values <7.0% (49.2 vs 34.2%, respectively;
agents in previous HbA,. <7.0 and P<0.001) and <6.5% (31.8 vs. 16.0%, respectively; P<0.001) relative to the
metformin 500 mg BID 4 months) with an <6.5%, changes metformin monotherapy group.
titrated to 1000 mg BID HbA;. of 27.5% from baseline in
over 4 weeks FPG, After 18 weeks of treatment, patients receiving sitagliptin plus metformin
Proinsulin:insulin experienced significantly greater reductions in FPG from baseline compared to
ratio, homeostasis | patients in the metformin monotherapy group (-3.8 vs -3.0 mg/dl; P<0.001).
model
assessment of 8- | After 18 weeks of treatment, the proinsulin:insulin ratio was significantly
cell function reduced in the sitagliptin plus metformin combination treatment group
(HOMA-B), compared to the metformin monotherapy group (-0.238 vs -0.186; P<0.05).
homeostasis
model Significant improvements in measures of B-cell function (i.e. HOMA-SB and
assessment of proinsulin:insulin ratio) were observed following treatment with sitagliptin plus
insulin metformin fixed combination compared with metformin monotherapy at week
18 (P<0.05).
Brazg et al** DB, PC, RCT, XO N=28 Primary: Primary:

24-hour weighted

There was a significant least-squares mean decrease in 24-hour weighted
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Stugyé;r::elgrug and ' and St'udy End Points Results
Demographics Duration
Sitagliptin 50 mg BID Patients 25 to 75 8 weeks mean glucose mean glucose of 32.8 mg/dL in the sitagliptin and metformin treatment group
and metformin 21,500 mg | years of age with as compared to placebo and metformin (P<0.05).
daily type 2 diabetes Secondary:
with inadequate Change in FPG, Secondary:
VS glycemic control MDG, Despite a carryover effect from period 1 to period 2, the combined period 1 and
on metformin fructosamine and | period 2 results for glycemic measurements were statistically significant for
placebo and metformin monotherapy and B-cell function sitagliptin vs placebo when added to continuing metformin therapy. The period
21,500 mg daily a baseline HbA,, 1 outcomes were also compared between the groups, in consideration of any
of 6.5% to 9.6% carryover.
Patients received 1 drug
regimen for 4 weeks then Following period 1, there were significant least-squares mean reductions in
XO to the comparator FPG of 20.3 mg/dL, MDG of 28 mg/dL, and fructosamine of 33.7 mmol/L in
group for 4 weeks. patients treated with combination sitagliptin and metformin relative to placebo
and metformin (P<0.05).
Sitagliptin, in addition to metformin, demonstrated significantly improved
parameters of B-cell function relative to placebo.
Weight gain, gastrointestinal adverse events and hypoglycemia were not
reported during the course of treatment with sitagliptin, as compared to
placebo, in combination with metformin.
Charbonnel et al* DB, MC, PC, PG, N=701 Primary: Primary:
RCT Change from Sitagliptin added to metformin therapy led to a significant (P<0.001) reduction
Sitagliptin 100 mg once 24 weeks baseline in HbA,. | from baseline in HbA,;. compared with placebo. Placebo subtracted HbA .

daily, and metformin
21,500 mg/day

VS

placebo and metformin

Patients 18 to 78
years of age with
type 2 diabetes
and inadequate
glycemic control
(HbA,:27% and

Secondary:
Changes from
baseline in FPG,
PPG, insulin, C-
peptide

reduction was -0.65% with sitagliptin at 24 weeks (P<0.001). Significantly more
patients reached an HbA.<7% with sitagliptin 100 mg (47%) than with placebo
(18.3%; P<0.001). Significantly more patients also reached an HbA.<6.5%
with sitagliptin (17.2%) than with placebo (4.9%; P<0.001).

Secondary:

21,500 mg/day <10%) on concentrations, B- | FPG was significantly reduced from baseline with the sitagliptin combination
metformin cell function, and group compared with placebo plus metformin group. Placebo subtracted FPG
Pioglitazone was used as | monotherapy lipid panel and was -25.4 mg/dL (P<0.001).
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rescue therapy if defined | (21,500 mg/day) safety
glycemic goals were not Placebo subtracted two-hour PPG was -50.6 mg/dL with sitagliptin (P<0.001).
met. There were significant increases in the sitagliptin group relative to the placebo
plus metformin group in fasting insulin (P<0.050), and fasting C-peptide
(P<0.010). Conversely, there was no observed between-group difference in
LDL-cholesterol. There was observed improvement in fasting proinsulin to
insulin ratio (P<0.010) and HOMA- (P<0.001) consistent with improved (3-cell
function in the sitagliptin treatment group.
There were no differences between treatment groups in the incidence of
overall or serious adverse reactions, rates of hypoglycemia, or gastrointestinal
adverse events. A reduction in weight of 0.6 to 0.7 kg was observed with both
treatment groups (P<0.050). The between group difference was not significant
(P=0.835).
Raz et al” DB, MC, PC, PG, N=190 Primary: Primary:
RCT Reduction in At week 18 the sitagliptin and metformin group significantly reduced HbA;. from
Sitagliptin 100 mg once 30 weeks HbA,. at 18 weeks | baseline (P<0.001). The between group difference in mean change from
daily and metformin Patients 18 to 78 of sitagliptin baseline was -1.0% (95% ClI, -1.4 to -0.7; P<0.001). Numerically greater HbA.
21,500 mg/day years of age with therapy reductions from baseline were observed in patients with higher baseline HbA.
type 2 diabetes values.
VS and an HbA,. of Secondary:
7% to 10% that Reduction in FPG | The proportion of patients in the sitagliptin and metformin group who achieved
placebo and metformin were on at 18 weeks, an HbA;. <7% was 13.7% at week 18 and 22.1% at week 30. For the placebo

21,500 mg/day

metformin or other
oral
antihyperglycemic
agents as
monotherapy or
being treated with
metformin in
combination with
other oral
antihyperglycemic
agents

reduction in two-
hour PPG at 18
weeks, reduction
in HbA,. at 30
weeks, safety and
tolerability

group this goal was reached by 3.3% of patients at both time periods.

Secondary:

Treatment with sitagliptin resulted in significant reductions from baseline in
FPG compared to placebo at week 18. The between group mean difference
from baseline was -1.4 mmol/L (95% ClI, -2.1 to -0.7; P<0.001).

The sitagliptin and metformin group had a significantly improved two-hour PPG
at week 18 (P<0.001). The between group mean difference was -3.0 mmol/L
(95% ClI, -4.2 to -1.9) and this was significant (P<0.001).

At week 30 the sitagliptin and metformin group significantly reduced HbA;. from
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baseline (P<0.001). The between group difference in mean change from
baseline was -1.0% (95% ClI, -1.4 to -0.6; P<0.001).

The incidence of adverse events was similar in both treatment groups. No
serious adverse events or discontinuations due to clinical adverse events were
reported in the sitagliptin group. In the placebo group there were six serious
clinical adverse events that resulted in one death and two discontinuations.
None of the adverse events however, were deemed to be drug related. There
were no statistically significant differences between the two treatment groups in
the incidence of hypoglycemia or in the incidence of gastrointestinal adverse
events (abdominal pain, nausea, vomiting, and diarrhea). Over the 30 week
period a small decrease in mean weight of 0.5 kg was seen in both groups.

Rosenstock et al*

Sitagliptin 100 mg once
daily in addition to
pioglitazone 30 or 45 mg
once daily (SIT+PIO)

VS

pioglitazone 30 or 45 mg
once daily in addition to
placebo (PBO+PIO)

Metformin was used as
rescue therapy if defined
glycemic goals were not
met.

DB, MC, PC, PG,
RCT

Patients 218
years of age with
type 2 diabetes
and inadequate
glycemic control
(HbA;:27% and
<10%) on
pioglitazone
monotherapy

N=353

24 weeks

Primary:
Change from
baseline in HbA.

Secondary:
Change from
baseline in FPG,
fasting insulin,
proinsulin and
lipid parameters,
safety and
tolerability

Primary:

There were significant decreases in HbA,. with the SIT+PIO-treated group
compared to the PBO+PIO group (P<0.001). The mean HbA;. change from
baseline was -0.70% (95% CI, -0.85 to -0.54). Forty five percent of patients in
the SIT+PIO treated group achieved an HbA;.<7% compared to 23.0% in the
PBO+PIO group (P<0.001).

Secondary:
FPG significantly decreased in the SIT+PIO group relative to baseline and
PBO+PIO (-17.7 mg/dL; 95% ClI, -24.3 to -11.0; P<0.001).

SIT+PIO treatment, compared with PBO+PIO, reduced fasting serum
proinsulin levels (P=0.009) and the proinsulin to insulin ratio (P<0.001).

TG significantly decreased with SIT+PIO treatment compared with PBO+PIO,
with a mean difference of -11.2% (95% Cl, -22.0 to -0.4; P<0.041). However,
there were no significant differences in the other lipid parameters.

SIT+PIO were well tolerated with no increased risk of hypoglycemia compared
to PBO+PIO. There was a small significant increase in the incidence of
abdominal pain in the SIT+PIO group compared to the PBO+PIO group. There
was no statistically significant difference in change of body weight from
baseline observed between groups.
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Hermansen et al* DB, MC, PG, RCT N=441 Primary: Primary:
Change from The addition of sitagliptin significantly decreased HbA,. (P<0.001) from
Sitagliptin 100 mg once Patients 18 to 75 24 weeks baseline in HbA;. | baseline with a least squares mean change of -0.74% (95% ClI, -0.90 to -0.57)

daily in addition to
glimepiride 4 to 8 mg/day

VS

sitagliptin 100 mg once
daily in addition to
glimepiride 4 to 8 mg/day
and metformin 1,500 to
3,000 mg/day

'S

glimepiride 4 to 8 mg/day
and placebo

VS

glimepiride 4 to 8 mg/day,
metformin 1,500 to 3,000
mg/day and placebo

Pioglitazone 30 mg daily
was used as rescue
therapy if defined
glycemic goals were not
met.

years of age with
type 2 diabetes
with a baseline
HbA. level
between 6.7% to
10.6%

Patients with renal
dysfunction were
excluded.

Secondary:
Change from
baseline in FPG,
plasma lipids,
assessment of 3-
cell function
(HOMA-B,
proinsulin to
insulin ratio) and
insulin resistance
(HOMA-IR,
QUICKI), safety
and tolerability

compared to placebo.

A larger placebo subtracted decrease in HbA;. of -0.89% (95% CI, -1.10 to -
0.68) was observed in the patients on triple active therapy, compared to the
dual active treatment group (-0.57%; 95% ClI, -0.82 to -0.32). For the overall
study population, there was a significantly higher proportion of patients
achieving an HbA.<7% with sitagliptin treatment (17.1%) than with placebo
(4.8%; P<0.001). More patients in the triple active treatment group achieved an
HbA.<7% than patients in the glimepiride, metformin and placebo group (22.6
vs 1.0%; P<0.001). No significant difference was noted between glimepiride
and sitagliptin vs glimepiride and placebo in the number of patients who
reached an HbA; level <7% (10.8 vs 8.7%; P<0.638).

Secondary:

Sitagliptin led to significant (P<0.001) reductions in baseline FPG compared to
placebo with overall least squares mean change from baseline of -20.1 mg/dL
(95% ClI, -28.4 t0 -11.8).

There was an overall significant increase in fasting insulin with sitagliptin (1.8
plU/mL; 95% ClI, 0.8 to 2.9) relative to placebo (0.1 ylU/mL; 95% CI, -1.1 to
1.2; P<0.001).

A significant increase in HOMA-B was also observed in the sitagliptin groups
compared to placebo (11.3%; 95% Cl, 4.4 to 18.1 vs -0.7%; 95% ClI, -8.2 to
6.8; P<0.001). There were no significant differences in fasting proinsulin,
proinsulin:insulin ratio, HOMA-IR and QUICKI between the treatments (specific
figures not reported).

Sitagliptin showed neutral effects on plasma lipids compared to placebo
(specific figures not reported).

Sitagliptin was essentially well tolerated, both with glimepiride alone and in
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combination with metformin. There was a higher incidence of overall adverse
events (difference of 8.0%; 95% ClI, 2.2 to 13.9) observed in the sitagliptin
group relative to placebo, with the majority of that difference due to rates of
hypoglycemia. None of these hypoglycemic events were considered severe.
A slight, statistically significant increase in body weight of 0.8 kg (95% CI, 0.4
to 1.2) was noted in the sitagliptin group as compared to a slight decrease in
weight for the placebo group (-0.4 kg; 95% CI, -0.8 to 0.1).
Scott et al*’ DB, MC, PG, RCT N=273 Primary: Primary:
(1:1:1) Change from Compared to placebo, there was a significant reduction in HbA;. from baseline
Sitagliptin 100 mg once 18 weeks baseline in HbA,. | with sitagliptin (least squares mean difference, -0.50%; 95% CI, -0.87 to -0.60;

daily, in addition to
existing metformin
therapy

VS

rosiglitazone 8 mg once
daily, in addition to
existing metformin
therapy

VS
placebo, in addition to

existing metformin
therapy

Patients 18 to 75
years of age with
type 2 diabetes
taking stable
metformin doses
(21,500 mg/day
for 210 weeks)
and inadequate
glycemic control
(HbA1c 27% and
<11%)

Secondary:
Change from
baseline in FPG,
fasting serum
insulin, fasting
serum proinsulin,
fasting plasma
lipids, B-cell
function
(proinsulin:insulin
ratio and HOMA-
B) and insulin
resistance
(HOMA-IR)

P<0.001). There was also a significant reduction in HbA;, from baseline in the
rosiglitazone group (least squares mean difference, -0.57%; 95% CI, -0.76 to -
0.37; P value not reported). The difference in change from baseline of HbA,.
between sitagliptin and rosiglitazone was not clinically significant (least
squares mean difference, -0.06%; 95% ClI, -0.25 to 0.14).

The proportion of patients achieving an HbA;.<7% was significantly higher in
the sitagliptin group (55%; P=0.006) and rosiglitazone group (63%; P value not
reported) compared to placebo (38%). The difference between sitagliptin and
rosiglitazone in proportion of patients achieving HbA,. was similar (least
squares mean difference, 8%; 95% ClI, -6 to 22; P value not reported).

Secondary:

There was a significant reduction in FPG from baseline compared with placebo
in the sitagliptin group (least squares mean difference, -17.8 mg/dL; 95% ClI, -
27.6 to -8.1; P<0.001) and rosiglitazone group (least squares mean difference,
-30.6 mg/dL; 95% ClI, -40.6 to -20.7; P value not reported). There was a
greater reduction in FPG in the rosiglitazone group compared to the sitagliptin
group (least squares mean difference, -12.8 mg/dL; 95% CI, -22.6 to -3.0; P
value not reported).

Sitagliptin and rosiglitazone had significant increases in HOMA-3 compared to
placebo (least squares mean difference, 16.3; 95% ClI, 2.3 to 30.3; P<0.05;
and least squares mean difference, 15.3; 95% CI,1.0 to 29.6; P value not
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reported, respectively). The increase in HOMA-f was not significantly different
between sitagliptin and rosiglitazone.

Rosiglitazone had greater reductions in HOMA-IR compared to placebo (least
squares mean difference, -2.4; 95% CI, -3.4 to -1.4; P value not reported) or
sitagliptin (least squares mean difference, -1.6; 95% CI, -2.6 to -0.7; P value
not reported). There reduction in HOMA-IR was similar between sitagliptin and
placebo (least squares mean difference, -0.7; 95% ClI, -1.7 to 0.2; P value not
reported).

Rosiglitazone had a greater reduction of fasting serum insulin compared to
placebo (least squares mean difference, -3.4 plU/mL; 95% ClI, -5.5t0 -1.4; P
value not reported) and sitagliptin (least squares mean difference, -3.53
plU/mL; 95% Cl, -5.5 to -1.4; P value not reported). The ratio of
proinsulin:insulin was similar across groups.

There was an increase in LDL for all treatment groups; however, compared to
placebo, LDL decreased with sitagliptin (least squares mean difference, -5.3
mg/dL; 95% ClI, -14.5 to 3.9; P value not reported) and increased with
rosiglitazone (least squares mean difference, 9.5 mg/dL; 95% CI, 0.2 to 18.7; P
value not reported). There was an increase in total cholesterol for all treatment
groups; however, compared to placebo, total cholesterol decreased with
sitagliptin (least squares mean difference, -6.3 mg/dL; 95% CI, -11.8 to -0.9;
P<0.05) and increased with rosiglitazone (least squares mean difference, 5.1
mg/dL; 95% ClI, -0.3 to 10.6; P value not reported). Compared to placebo, TG
decreased with sitagliptin (least squares mean difference, -16.7 mg/dL; 95%
Cl, -27.9 to 5.5; P<0.05) and increased with rosiglitazone (least squares mean
difference, 1.2 mg/dL; 95% CI, -10.1 to 12.6; P value not reported). In the
rosiglitazone group, there was a greater increase in LDL (least squares mean
difference, 14.8 mg/dL; 95% CI, 5.7 to 23.9; P value not reported), total
cholesterol (least squares mean difference, 11.5 mg/dL; 95% ClI, 6.0 to 16.9
23.9; P value not reported), HDL (least squares mean difference, 4.9 mg/dL;
95% CI, 0.6 to 9.2; P value not reported) and TG (least squares mean
difference, 17.9 mg/dL; 95% ClI, 6.7 to 29.2; P value not reported) compared to
sitagliptin.
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Derosa et al* DB, MC, RCT N=151 Primary: Primary:
Change from There was no significant difference in BMI or body weight at 3, 6, 9 and 12
Metformin 850 mg BID Patients 218 12 months baseline at 3, 6, 9 | months in the sitagliptin group compared to baseline. In the metformin group

plus pioglitazone 15 mg
BID

Vs
sitagliptin 100 mg once

daily plus pioglitazone 30
mg once daily

years of age with
type 2 diabetes
uncontrolled
(HbAlc >7.5%)
with diet, exercise
and pioglitazone
30 mg/day

and 12 months in
body weight and
BMI

Secondary:
Change from
baseline at 3, 6, 9
and 12 months in
HbA,., FPG, PPG,
fasting plasma
insulin, insulin
resistance and B-
cell function
(HOMA-B and
HOMA-IR), fasting
plasma proinsulin,
proinsulin to
fasting plasma
insulin ratio,
adiponectin,
resistin, TNF-a
and high-
sensitivity CRP

body weight and BMI were decreased significantly at 12 months compared to
baseline and sitagliptin (both P<0.05).

Secondary:

The sitagliptin and metformin groups had significant improvement in HbA;.
compared to baseline at 9 and 12 months (P<0.05 and P<0.01, respectively for
both groups). There was no significant difference comparing the sitagliptin
group and metformin group.

The sitagliptin and metformin groups had significant decrease in FPG
compared to baseline at 9 and 12 months (P<0.05 and P<0.01, respectively for
both groups). There was no significant difference comparing the sitagliptin
group and metformin group.

The sitagliptin and metformin groups had significant decrease in PPG
compared to baseline at 9 and 12 months (P<0.05 and P<0.01, respectively for
both groups). There was no significant difference comparing the sitagliptin
group and metformin group.

The sitagliptin group had a significant decrease in fasting plasma insulin
compared to baseline at 12 months (P<0.05). The metformin group had a
significant decrease in fasting plasma insulin compared to baseline at 9 and 12
months (P<0.05 and P<0.01, respectively) At 12 months, the fasting plasma
insulin was significantly lower in the metformin group compared to sitagliptin
(P<0.05).

The sitagliptin group had a significant increase in HOMA-f3 compared to
baseline at 9 and 12 months (P<0.05 and P<0.01, respectively). The metformin
group had a significant increase in HOMA-3 compared to baseline at 12
months (P<0.05). There was no significant difference comparing the sitagliptin
group and metformin group.
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The sitagliptin group had a significant decrease in fasting plasma proinsulin
compared to baseline at 12 months (P<0.05). The metformin group had a
significant decrease in fasting plasma proinsulin compared to baseline at 9 and
12 months (P<0.05 and P<0.01, respectively). At 12 months, the decrease was
significantly greater in the metformin group compared to sitagliptin (P<0.05).

The sitagliptin group had a significant decrease in proinsulin to fasting plasma
insulin ratio compared to baseline at 12 months (P<0.05). The metformin group
had a significant decrease in plasma proinsulin to fasting plasma insulin ratio
compared to baseline at 6, 9 and 12 months (P<0.05, P<0.02 and P<0.01,
respectively). At 12 months, the proinsulin to fasting plasma insulin ratio was
lower in the metformin group compared to sitagliptin (P<0.05).

The sitagliptin group had a significant decrease in HOMA-IR compared to
baseline at 12 months (P<0.05). The metformin group had a significant
decrease in HOMA-IR compared to baseline at 9 and 12 months (P<0.05 and
P<0.01, respectively). At 12 months, the HOMA-IR was significantly lower in
the metformin group compared to sitagliptin (P<0.05).

There was no significant difference in adiponectin at any time points in the
sitagliptin group compared to baseline. The metformin group had a significant
increase in adiponectin compared to baseline 12 months (P<0.05). At 12
months, the adiponectin was significantly higher in the metformin group
compared to sitagliptin (P<0.05).

There was no significant difference in resistin at any time points in the
sitagliptin group compared to baseline. The metformin group had a significant
decrease in resistin compared to baseline 12 months (P<0.05). At 12 months,
the resistin was significantly lower in the metformin group compared to
sitagliptin (P<0.05).

There was no significant difference in TNF-a at any time points in the sitagliptin
group compared to baseline. The metformin group had a significant decrease
in TNF-a compared to baseline 12 months (P<0.05). At 12 months, the
decrease in TNF-a was significantly higher in the metformin group compared to
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sitagliptin (P<0.05).
The sitagliptin and metformin groups had significant decrease in high-
sensitivity CRP compared to baseline at 12 months (P<0.05 for both groups).
There was no significant difference comparing the sitagliptin group and
metformin group.
DeFronzo et al* DB, MC, RCT, XO N=61 Primary: Primary:
(abstract) Change in two- After 2 weeks, the two-hour PPG was lower in the exenatide group compared
Patients with type 4 weeks hour PPG, insulin | to sitagliptin (133+6 vs 208+6 mg/dL; P<0.0001). There was an increase in
Exenatide 5 ug BID for 1 | 2 diabetes treated and glucagon two-hour PPG of 73+11 mg/dL after switching from exenatide to sitagliptin and
week then 10 ug BID for with metformin secretion, gastric a further reduction of 76x£10 mg/dL after switching from sitagliptin to exenatide.
1 week, in addition to emptying and
existing metformin caloric intake Exenatide improved insulinogenic index (ratio exenatide to sitagliptin
therapy 1.50+0.26; P=0.0239), reduced postprandial glucagon (area under the curve
Secondary: ratio exenatide to sitagliptin 0.88+0.03; P=0.0011), reduced postprandial TG
VS Not reported (area under the curve ratio exenatide to sitagliptin, 0.90+0.04; P=0.0118) and
gastric emptying (acetaminophen area under the curve ratio exenatide to
sitagliptin 100 mg once sitagliptin, 0.56+£0.05; P<0.0001) compared to sitagliptin.
daily for 2 weeks
Compared to sitagliptin, exenatide reduced total caloric intake (-13449 vs
Patients received 1 drug 130497 kcal; P=0.0227).
regimen for 2 weeks then
XO to the comparator There was no significant difference in the reduction in fasting glucose between
group for 2 weeks. the exenatide group (-15+4 mg/dL) and sitagliptin group (-19+4 mg/dL;
P=0.3234).
Secondary:
Not reported
Pratley et al® MC, OL, PG, RCT N=665 Primary: Primary:
Change in HbA In the superiority comparison, greater lowering of mean HbA,. (8.5% at
Liraglutide 1.2 mg SC Type 2 diabetic 26 weeks from baseline to baseline) was achieved with liraglutide 1.8 mg (-1.5%; 95% ClI, -1.63 to -1.37)

once daily in addition to
existing metformin
therapy

patients 18 to 80
years of age with
HbA;. 7.5% to
10%, BMI <45

week 26

Secondary:
Proportions of

and 1.2 mg (-1.24%; 95% CI, -1.37 to -1.11) than with sitagliptin (-0.90%; 95%
Cl, -1.03 to -0.77). Estimated mean treatment differences for liraglutide vs
sitagliptin were -0.60% (95% ClI, -0.77 to -0.43; P<0.0001) for 1.8 mg and -
0.34% (95% ClI, -0.51 to -0.16; P<0.0001) for 1.2 mg liraglutide.
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'S

liraglutide 1.8 mg SC
once daily in addition to
existing metformin
therapy

VS

sitagliptin 200 mg once
daily in addition to the
existing metformin
therapy

kg/m® and had
been treated with
metformin (1,500
mg/day) for =3
months

patients reaching
HbA /. targets
<7.0% or <6.5%,
FPG, PPG, body
weight, 3-cell
function, fasting
lipid profile,
cardiovascular
risk markers,
blood pressure,
heart rate,
physical
measures,
treatment
satisfaction,
adverse events
and a composite
endpoint of
proportions of
patients with a
HbA;. <7.0% with
no hypoglycemia
and weight
change of <0 kg

Secondary:

Significantly more patients achieved the HbA,, targets (<7% and <6.5%) with
liraglutide than with sitagliptin (<7%: liraglutide 1.8 mg OR, 4.50; 95% CI, 2.90
to 6.71; liraglutide 1.2 mg OR, 2.75; 95% CI, 1.78 to 4.25; <6.5%: liraglutide
1.8 mg OR, 4.25; 95% ClI, 2.55 to 7.08; liraglutide 1.2 mg OR, 2.11; 95% ClI,
1.24 to 3.59; P values not reported).

After 26 weeks, mean decreases in FPG were significantly greater with
liraglutide than with sitagliptin (liraglutide 1.8 mg, -2.14 mmol/L; 95% ClI, -2.43
to -1.84; liraglutide 1.2 mg, -1.87; 95% ClI, -2.16 to -1.57 and sitagliptin, -0.83;
95% ClI, -1.13 to -0.54; P values not reported). Estimated least squares mean
treatment differences were -1.31 mmol/L (95% CI, -1.70 to -0.91; P value not
reported) for liraglutide 1.8 mg vs sitagliptin and -1.04 mmol/L (95% ClI, -1.43 to
-0.64; P value not reported) for liraglutide 1.2 mg vs sitagliptin.

Mean reductions in the area under the curve for PPG is not reported because
data were difficult to interpret.

Mean weight loss after 26 weeks was significantly greater with liraglutide than
with sitagliptin (liraglutide 1.8 mg, -3.38 kg; 95% ClI, -3.7 to -2.84; liraglutide 1.2
mg, -2.86 kg; 95% ClI, -1.50 to -0.42; sitagliptin; -0.96 kg; 95% CI, -1.50 to -
0.42; P values not reported). Estimated mean treatment differences were -2.42
kg (95% ClI, -3.14 to -1.70; P value not reported) for liraglutide 1.8 mg vs
sitagliptin and -1.90 kg (95% ClI, -2.61 to -1.18; P value not reported) for
liraglutide 1.2 mg.

Both liraglutide doses were associated with significant improvements in
HOMA-B, C-peptide concentration and proinsulin to insulin ratio compared with
sitagliptin, but no treatment-related differences were recorded for HOMA-IR or
fasting insulin concentration.

Changes in the lipid profile between liraglutide and sitagliptin were not
significant, apart from the decrease in total cholesterol which was significantly
greater with liraglutide 1.8 mg than with sitagliptin.
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Data on cardiovascular markers were not reported.

Both liraglutide and sitagliptin had a small effect on SBP and DBP; lowering of
DBP with sitagliptin seemed to be significant compared to liraglutide 1.8 mg,
but not compared to liraglutide 1.2 mg (P values not reported).

Heart rate increased with liraglutide, and decreased slightly with sitagliptin;
differences were small but significant for both doses of liraglutide vs sitagliptin.

Both liraglutide doses were associated with significantly greater reductions in
waist circumference than sitagliptin, but no significant treatment-related
differences of waist to hip ratios were noted.

Improvements were seen in all DTSQ items for all treatment groups. The
increase in patients’ treatment satisfaction from baseline was significantly
higher with liraglutide 1.8 mg than with sitagliptin (difference, 1.39; 95% Cl,
0.13 to 2.64; P value not reported), but the increase with liraglutide 1.2 mg
compared to sitagliptin was not significant (P value not reported).

Most treatment-emergent adverse events were reported with liraglutide than
with sitagliptin. Two deaths occurred, neither of which was judged as likely to
be related to the study drug. The most common adverse events were
gastrointestinal symptoms, especially with liraglutide, and infections and
infestations, which occurred with similar frequency in all treatment groups.

Forty six percent of liraglutide 1.8 mg, 37% of liraglutide 1.2 mg and 14% of
sitagliptin achieved the composite secondary endpoint. Measurements
scheduled to be taken after baseline were missing for some patients. The ORs
vs sitagliptin were 5.46 (95% ClI, 3.37 to 8.85; P<0.0001) for liraglutide 1.8 mg
and 3.45 (95% CI, 2.12 to 5.61; P<0.0001) for liraglutide 1.2 mg.

Bergenstal et al*"

Exenatide 2 mg SC once
weekly plus placebo, in

DB, DD, RCT

Type 2 diabetic
patients 218 years

N=491

26 week

Primary:
Change from
baseline in HbA;

Primary:

Exenatide resulted in a significantly greater reduction in HbA;. compared to
pioglitazone by week four (P<0.05) or sitagliptin by week six (P<0.05);
statistical significance was maintained throughout the remainder of the study.
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addition to existing of age treated Secondary:

metformin therapy
Vs

sitagliptin 100 mg once
daily plus placebo, in
addition to existing
metformin therapy

VS

pioglitazone 45 mg once
daily plus placebo, in
addition to existing
metformin therapy

with a stable
metformin
regimen for 22
months before
screening, HbA.
7.1% to 11% and
a BMI 25 to 45
kg/m2

Proportion of
patients achieving
the HbA,, target
<6.5% or <7%;
proportion of
patients achieving
a FPG target <7
mmol/L); six-point
self-monitored
blood glucose
profile; body
weight; fasting
lipid profile;
fasting insulin
profile; SBP and
DBP;
cardiovascular
risk markers;
patient-reported
outcomes
(IWQOL, PGWB,
DTSQ and EQ-
5D) and safety

After 26 weeks of treatment, mean HbA;. was 7.2% (SE, 0.1) for exenatide,
7.7% (SE, 0.1) for sitagliptin and 7.4% (SE, 0.1) for pioglitazone.

Between baseline and week 26, the reduction in HbA,. with exenatide (-1.5%;
95% ClI, -1.7 to -1.4) was significantly greater compared to sitagliptin (-0.9%;
95% ClI, -1.1 to -0.7) or pioglitazone (-1.2%; 95% CI, -1.4 to -1.0). Treatment
differences were -0.6% (95% ClI, -0.9 to -0.4; adjusted P<0.0001 vs sitagliptin)
and -0.3% (95% ClI, -0.6 to -0.1; adjusted P=0.0165 vs pioglitazone).

When data were stratified by baseline HbA,, exenatide was associated with a
significantly greater reduction in HbA,. than sitagliptin in all patients, but when
compared to pioglitazone, the difference was significant only in patients with
baseline HbA;. 29% (P values not reported).

Secondary:

Significantly more patients achieved HbA,. targets of <7% and <6.5% with
exenatide than with sitagliptin (P<0.0001 and P<0.0001) or pioglitazone
(P=0.0015 and P=0.0120).

All treatments improved FPG, with exenatide resulting in a significantly greater
reduction (-1.8 mmol/L; 95% ClI, -2.2 to -1.3) compared to sitagliptin (-0.9
mmol/L; 95% CI, -1.3 to -0.5), but not pioglitazone (-1.5 mmol/L; 95% CI, -1.9
to -1.1). Treatment differences were -0.9 mmol/L (95% CI, -0.3 to -1.4;
adjusted P=0.0038 vs sitagliptin) and -0.2 mmol/L (-0.8 to 0.3; adjusted
P=0.3729 vs pioglitazone). The percentage of patients who achieved the target
of <7 mmol/L with exenatide (60%) was significantly greater than with
sitagliptin (35%; adjusted P<0.0001) and was similar to pioglitazone (52%;
adjusted P=0.1024).

In all measurements of the six-point self-monitored blood glucose profile,
reductions at week 26 were significantly greater with exenatide than with
sitagliptin, but not pioglitazone (P value not reported).

Exenatide resulted in a significantly greater reduction in body weight compared
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to pioglitazone by week one (P<0.05) and sitagliptin by week four (P<0.05). At
week 26, weight loss with exenatide (-2.3 kg; 95% ClI, -2.9 to -1.7) was
significantly greater compared to sitagliptin (-0.8 kg; 95% ClI, -1.4 to -0.1) or
pioglitazone (2.8 kg; 95% CI, 2.2 to 3.4). Treatment differences were -1.5 kg
(95% Cl, -2.4 to -0.7; adjusted P=0.0002 vs sitagliptin) and -5.1 kg (-5.9 to -4.3;
adjusted P<0.001 vs pioglitazone).

Improvements in SBP were recorded within a few weeks of starting all
treatments. After 26 weeks of treatment, the reduction in SBP was significantly
greater with exenatide compared to sitagliptin in all patients (difference, -4 mm
Hg; 95% CI, -6 to -1; P value not reported) but not pioglitazone (P value not
reported). Change in DBP at week 26 did not differ significantly between
groups (P values not reported).

Significant improvements in HDL cholesterol were recorded with all treatments,
which was significantly greater with pioglitazone compared to exenatide
(difference, 0.11 mmol/L; 95% ClI, 0.07 to 0.15; P<0.0001). Pioglitazone was
the only treatment associated with a significant reduction in TG (-16%; 95% ClI,
-21to -11; P value not reported) and increase in total cholesterol (0.16 mmol/L;
95% ClI, 0.04 to 0.28; P value not reported), the former of which was
significantly different from changes with exenatide (-5%; 95% CI, -11 to O;
P=0.0062).

All treatments were associated with significant improvements in high-sensitivity
CRP and adiponectin. Exenatide was the only treatment associated with
significantly improved BNP and albumin to creatinine ratio; BNP was also
significantly greater than sitagliptin or pioglitazone (P values not reported).
Pioglitazone was associated with a significantly greater increase in adiponectin
compared to exenatide, and was the only treatment associated with
significantly improved PAI-1 and significant worsening of BNP (P values not
reported).

All five domains of the weight-related quality of life and IWQOL total score
were significantly improved with exenatide (IWAOL total score, 5.15; 95% ClI,
3.11 to 7.19) and sitagliptin (4.56; 95% CI, 2.56 to 6.57), but not pioglitazone

(A University of
Massachusetts

UMASS Medical School

Page 40 of 63 MedMetrics :::
Copyright 2011 « Review Completed on 11/05/2011 xe ;




Therapeutic Class Review: dipeptidyl peptidase-4 (DPP-4) inhibitors

Study and Drug
Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

(1.20; 95% ClI, -0.87 to 3.28), which improved only on self-esteem. Significantly
greater improvements in IWQOL total score were recorded for exenatide
compared to pioglitazone (difference, 3.94; 95% ClI, 1.28 to 6.61; P=0.0038),
consistent with differences in body weight change. All groups showed
significant improvements in all domains of the PGWB and the DTSQ total
scores; greater improvement in overall treatment satisfaction was recorded
with exenatide (3.96; 95% CI, 2.78 to 5.15) compared to sitagliptin (2.35; 95%
Cl, 1.19 to 3.51; difference, 1.61; 95% ClI, 0.07 to 3.16; P=0.0406). Results for
the EQ-5D were not reported.

For patients treated with exenatide and sitagliptin, the most common
treatment-emergent adverse events were nausea and diarrhea, whereas upper
respiratory tract infection and peripheral edema were most common in those
on pioglitazone. Vomiting was more common with exenatide than with
sitagliptin or pioglitazone. There were no episodes of major hypoglycemia.

Nauck et al**

Sitagliptin 100 mg once
daily in addition to
metformin 21,500 mg/day
(SIT+MET)

VS

glipizide once daily (5 mg
titrated to a maximum of
20 mg) in addition to
metformin 21,500 mg/day
(GLI+MET)

AC, DB, MC, NI,
PG, RCT

Patients 18 to 78
years of age with
type 2 diabetes
who were
inadequately
controlled (HbA.
26.5% and £10%)
on metformin
monotherapy

N=1,172

52 weeks

Primary:

NI of sitagliptin to
glipizide (change

in baseline HbA,.)

Secondary:

FPG, fasting
insulin, proinsulin,
and lipid
parameters, p-cell
function, insulin
resistance and
sensitivity, safety
and tolerability,
change in body
weight

Primary:

In both the SIT+MET and GLI+MET groups, the least squares mean HbA,
change from baseline was -0.67% (95% ClI, -0.75 to -0.59). The upper limit of
the two-sided 95% CI for the between group least squares mean difference of
0.08% was less than the prespecified NI margin of 0.3%.

A similar proportion of patients reached an HbA level <7% in each group
(63% for SIT+MET and 59% for GLI+MET; difference of 3.9%; 95% ClI, -2.8 to
10.7). Sitagliptin showed NI to glipizide.

Secondary:

The change in FPG was not significantly different between groups. The least
squares change from baseline for SIT+MET was -0.56 mmol/L (95% ClI,
-0.81 to -0.30) and -0.42 mmol/L for GLI+MET (95% ClI, -0.67 to -0.17).
SIT+MET treatment led to a decrease in fasting proinsulin compared with an
increase with GLI+MET (P value not reported).

Patients in the GLI+MET treatment group demonstrated a higher rate of
hypoglycemia as compared to the SIT+MET group (32 vs 5%; P<0.001). No
meaningful differences in overall serious clinical adverse events were observed
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between the SIT+MET and the GLI+MET group.
Body weight significantly decreased with SIT+MET. The least squares mean
change from baseline was -1.5 kg (95% ClI, -2 to -0.9). Body weight
significantly increased in the GLI+MET group with a least squares mean
change from baseline of 1.1 kg (95% CI, 0.5 to 1.6) with between-treatment
difference of -2.5 kg (95% CI, -3.1 to -2.0; P<0.001).
Rigby et al™ MC, OL, RCT N=169 Primary: Primary:
(abstract) (1:1:1) Change in HbA At week 16, all groups had a statistically significant reduction in HbA;, from
16 weeks at week 16 from baseline (colesevelam, -0.3%; P<0.031; rosiglitazone, -0.6%; P<0.001;
Colesevelam 3.75 g once | Patients with baseline sitagliptin, -0.4%; P<0.009).
daily, in addition to inadequately
existing metformin controlled type 2 Secondary: There was a statistically significant reduction in LDL from baseline in the
therapy diabetes (HbA . Not reported colesevelam group (11.6%; P value not reported) and a statistically significant
7% to 10%) on increase in LDL in the rosiglitazone and sitagliptin groups (7.8% and 7.7%; P
VS stable metformin value not reported).
regimen (1,500 to
rosiglitazone 4 mg once 2,550 mg once Secondary:
daily, in addition to daily for = 3 Not reported
existing metformin months)
therapy
Vs
sitagliptin 100 mg once
daily, in addition to
existing metformin
therapy
Schwarz et al** Cost- N/A Primary: Primary:
Effectiveness Costs of adding Adding sitagliptin to metformin was predicted to be either cost saving or cost-
Scenario 1: sitagliptin to effective compared to adding rosiglitazone or glipizide to metformin. In the six
Rosiglitazone added to Patients with type metformin countries included in the analysis, adding sitagliptin to metformin compared to
metformin 2 diabetes not at compared with rosiglitazone was associated with discounted ICER values ranged from
target HbA . glipizide or sitagliptin being cost saving to €4,766/QALY (cost-effective). For scenario 2,

VS

(>6.5%)

rosiglitazone

the discounted ICER for adding sitagliptin compared to glipizide ranged from
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€5,949/QALY to €20,350/QALY. For Scenario 3, the discounted ICER for
sitagliptin added to Cost- Secondary: adding sitagliptin compared to glipizide ranged from €6,029/QALY to
metformin effectiveness Not reported €13,655/QALY.
analysis based on
Scenario 2: cost inputs from Secondary:
glipizide added to six countries and Not reported
metformin clinical data from
Nauck et al** and
VS Scott et al*
sitagliptin added to
metformin
Scenario 3:
glipizide added to
metformin then change to
rosiglitazone and
metformin if glipizide
failure
VS
sitagliptin added to
metformin then change to
rosiglitazone and
metformin if sitagliptin
failure
Richter et al*™ MA N=12,684 | Primary: Primary:
Change from There was substantial heterogeneity in the studies evaluating HbA,. with
Dipeptidyl peptidase-4 Patients =2 18 12 to 52 baseline in HbA;. | sitagliptin vs placebo, and the removal of one study caused the heterogeneity
inhibitors (sitagliptin or years of age with weeks and adverse to significantly decrease. There was a significant mean HbA;. difference

vildagliptin*) as
monotherapy or in
combination with other
hypoglycemic agents

type 2 diabetes

events

Secondary:
Weight gain or

between placebo and sitagliptin of -0.7% in favor of sitagliptin (95% CI, -0.8 to -
0.6; P<0.00001). There was substantial heterogeneity in the 6 studies that
evaluated HbA;. with vildagliptin vs placebo, and the removal of two studies
study caused the heterogeneity to significantly decrease. There was a
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'S

other hypoglycemic
agents as monotherapy
combination or lifestyle
interventions

weight loss and -

cell function

significant mean HbA . difference between placebo and vildagliptin of -0.6% in
favor of vildagliptin (95% ClI, -0.7 to -0.5; P<0.00001). The studies evaluating
sitagliptin monotherapy vs another hypoglycemic agent monotherapy had
significant heterogeneity and pooled analysis could not be performed. When
comparing vildagliptin to another hypoglycemic agent, the mean HbA
difference was 0.3% in favor of the control interventions (95% ClI, 0.1 to 0.5;
P=0.0002). There was substantial heterogeneity when comparing sitagliptin or
vildagliptin combination therapy with another combination of hypoglycemic
agents and a pooled analysis could not be performed.

There was not statistically significant difference between the groups in severe
adverse events, discontinuation due to adverse events and hypoglycemic
episodes. All cause infections was significantly increased in the sitagliptin
group compared to placebo and other hypoglycemic agents (RR, 1.15, 95% ClI,
1.02 to 1.31, P=0.03). There was no significant difference in all cause
infections between vildagliptin vs placebo and other hypoglycemic agents.

The mean difference in weight between sitagliptin and placebo and other
hypoglycemic agents was 0.66 kg (95% ClI, 0.37 to 0.94; P<0.00001) in favor
of the comparators. When comparing vildagliptin to placebo and other
hypoglycemic agents, the mean difference was 1.32 kg (95% CI, 1.02 to 1.63;
P<0.00001) in favor of the comparators.

Pooling of data on the effects of dipeptidyl peptidase-4 inhibitors on 3-cell
function was not performed due to lack of data and differing methods used in
the studies to evaluate the outcome.

Health-related quality of life, mortality, morbidity and costs were listed as
outcomes; however, they were not analyzed due to insufficient data.

Amori et al™®

Incretin-based therapies
(exenatide, liraglutide,
sitagliptin, and
vildagliptin*)

MA

29 RCTs reporting
HbA,. levels in

nonpregnant type
2 diabetic patients

N=12,996

Duration
varied from
12 to 52
weeks

Primary:
Change from
baseline in HbA,

Secondary:
Treatment group

Primary:

The dipeptidyl peptidase-4 inhibitors as a class significantly decreased HbA
compared with placebo (-0.74%; 95% CI, -0.85% to -0.62%) with similar
efficacy as monotherapy or combination. Both sitagliptin and vildagliptin were
shown to cause a similar decrease in HbA;. vs placebo (-0.74 vs -0.73%). No
clinical trials have been performed directly comparing these agents. Dipeptidyl
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'S

non-incretin-based
therapy (placebo or
hypoglycemic agent)

difference in FPG
and the proportion
of patients
achieving HbA,
<7%

peptidase-4 inhibitors (4 trials) demonstrated slightly less efficacy in regards to
glycemic outcomes when compared to other hypoglycemic agents (0.21%;
95% CI, 0.02% to 0.39%). Sitagliptin was determined to be as effective as
glipizide in 1 trial.

Patients in dipeptidyl peptidase-4 inhibitor groups achieved an HbA;. level <7%
at a greater rate vs placebo (43 vs 17%; risk ratio, 2.5%; 95% ClI, 2.1 to 2.8).
No difference was found between sitagliptin and vildagliptin. Overall, there was
a larger decrease in HbA;. noted in patients with higher levels at baseline.

Pooled analysis of trials comparing GLP-1 analogues to placebo showed a
statistically significant difference in reducing HbA,. from baseline favoring the
GLP-1 analogues (WMD, -0.97; 95% ClI, -1.13 to -0.81).

Specifically, no difference in the HbA;. was found in OL NI trials between
exenatide and insulin glargine or biphasic aspart (WMD, -0.06; 95% Cl, -0.22
to 0.10). Liraglutide showed similar HbA,. efficacy compared with OL
glimepiride titrated to glycemic goals or DB maximum dose metformin (data not
reported).

Secondary:

A greater improvement in FPG with the dipeptidyl peptidase-4 inhibitors was
determined when compared to placebo (-18 mg/dL; 95% CI, -22 to -14 mg/dL),
with sitagliptin providing a greater decrease than vildagliptin. Statistically
significant decreases in PPG were shown with sitagliptin at 2 hours after a
meal. Sitagliptin did not show an overall change in lipid profile as compared to
placebo.

In 13 trials dipeptidyl peptidase-4 inhibitors demonstrated a small increase in
weight as compared to placebo (0.5 kg; 95% CI, 0.3 to 0.7 kg). In 1 trial
comparing it to glipizide, sitagliptin provided a decrease in body weight
compared to an increase with glipizide (-2.5 vs 1.0 kg, respectively).

Only 2 patients experienced severe hypoglycemia while on dipeptidyl
peptidase-4 inhibitors. An increased risk of infection (nasopharyngitis, urinary
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tract infection) and headache was observed with the dipeptidyl peptidase-4
inhibitors; however, they had a much lower rate of gastrointestinal side effects
relative to comparators.
Only data from patients taking the maximum dose of sitagliptin, 100 mg, was
used in the MA to calculate dose-dependent outcomes such as glycemic
efficacy. Reported data from patients taking the entire range of doses was
evaluated for side effects.
Exenatide-treated patients were more likely to achieve HbA;. <7.0% than
placebo-treated patients (45 vs 10%, respectively; RR, 4.2; 95% ClI, 3.2 to 5.5)
while no difference in the proportion of patients achieving this goal was seen
between exenatide or insulin therapy in noninferiority trials (39 vs 35%,
respectively; RR, 1.1; 95% ClI, 0.8 to 1.5). No information was reported for
liraglutide for this secondary outcome. Compared to placebo, FPG was
reduced with GLP-1 analogues (WMD, -27 mg/dL; 95% ClI, -33 to -21).
Fakhoury et al*’ MA N=Not Primary: Primary:
reported Change from Both sitagliptin (WMD, -0.79; 95% ClI, -0.93 to -0.65; P<0.001) and vildagliptin
Incretin-based therapies RCTs comparing (38 RCTs; 8, | baseline HbA;., (WMD, -0.67; 95% ClI, -0.83 to -0.52; P<0.001) were shown to produce a
(exenatide, liraglutide, incretin-based exenatide; 7, | weight and BMI statistically significant reductions in HbA;, compared with placebo.
sitagliptin or vildagliptin) therapies to liraglutide;
placebo in type 2 12, Secondary: Both exenatide (WMD, -0.75; 95% ClI, -0.83 to -0.67; P<0.001) and liraglutide
VS diabetics 218 sitagliptin; Not reported (WMD, -1.03; 95% ClI, -1.16 to -0.90; P<0.0010) showed a statistically
years of age 11, significant difference in HbA,. decrease from baseline. In the adjusted
placebo vildagliptin) analyses for exenatide, controlling for whether exenatide was given as
monotherapy or in combination with another treatment provided the most
Duration variability, but even this estimate fell within the boundaries of the unadjusted
varied from 4 model CI (WMD, -0.84; 95% Cl, -0.95 to -0.73; P<0.001). In the adjusted
to 52 weeks analyses for liraglutide, no covariates were found to be statistically significant.

There was a statistically significant weight gain with sitagliptin (WMD, 0.60;
95% CI, 0.33 to 0.87; P<0.001) and vildagliptin (WMD, 0.56; 95% CI, 0.27 to
0.84; P<0.001) compared with placebo. Exenatide (WMD, -1.10; 95% ClI, -1.32
to -0.88; P<0.001) and liraglutide (WMD, -0.82; 95% ClI, -1.92 to -0.27;
P=0.142) both exhibited reduction in weight. The most remarkable result is the
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Regimen

average weight reduction of 1.10 kg observed with exenatide.

A nonstatistically significant increase in the number of vildagliptin-treated
patients who reported hypoglycemic episodes in comparison to those who
received a placebo was observed (RR, 1.52; 95% CI, 0.80 to 2.88; P=0.196).
Sitagliptin-treated patients were 156% more likely to experience some
hypoglycemia in comparison to placebo patients (RR, 2.56; 95% CI, 1.23 to
5.33; P=0.01). When adjusted for covariates, age was the only variable found
to be statistically significant (RR, 1.84; 95% CI, 1.02 to 3.34; P=0.044).
Exenatide-treated patients were 140% more likely to experience some
hypoglycemia than patients treated with placebo, and this difference was
statistically significant (RR, 2.40; 95% CI, 1.39 to 4.11; P=0.002). Patients
treated with liraglutide were 69% more likely to experience some hypoglycemia
compared to placebo (RR, 1.69; 95% ClI, 1.00 to 2.86; P=0.050).

Secondary:
Not reported

*Agent is not available in the United States.

Drug regimen abbreviations: BID=twice daily, IU=international units, SC=subcutaneous

Study abbreviations: AC=active-controlled, DB=double-blind, DD=double dummy, MA=meta-analysis, MC=multicenter, NI=noninferiority, OL=open-label, PC=placebo controlled, PG=parallel-group,
RCT=randomized controlled trial, XO=crossover, SR=systematic review

Miscellaneous abbreviations: BMI=body mass index, BNP= brain natriuretic peptide, Cl=confidence interval, CRP=C-reactive protein, DBP=diastolic blood pressure, DTSQ=Diabetes Treatment
Satisfaction Questionnaire, EQ-5D=EuroQol Quality of Life, FPG=fasting plasma glucose, FSG=fasting serum glucose, GLP-1=glucagon-like-peptide-1, HbA;c.=hemoglobin A,., HDL=high-density
lipoprotein, HOMA-B=homeostasis model assessment-3-cell function, HOMA-IR=homeostasis model assessment-insulin resistance, IR=immediate-release, IWQOL=Impact of Weight on Quality of
Life Questionnaire, LDL=low-density lipoprotein, MDG=mean of 7 daily self-blood glucose, mm Hg=millimeter of mercury, MWG= mean weighted glucose, NS=not significant, OGTT=oral glucose
tolerance test, OR=0dds ratio, PAI-1=plasminogen activator inhibitor-1, PGWB=Psychological General Well-being index, POR=pooled odds ratio, PPG=postprandial glucose, QALY =quality-adjusted
life year, RR=relative risk, SBP=systolic blood pressure, SE=standard error, TG=triglycerides, TNF-a=tumor necrosis factor-a, TZD=thiazolidinedione, QUICKI=quantitative insulin sensitivity check
index, WMD=weighted mean difference
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Table 5. Special Populations”12
Population and Precaution
Generic Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Children Dysfunction Dysfunction | Category | Breast Milk

Single Entity Products

Linagliptin No evidence of No dosage No dosage B Unknown
overall adjustment adjustment
differences in required. required.
safety or efficacy
observed
between elderly
and younger
adult patients.

Safety and
efficacy in
children have not
been established.

Saxagliptin No evidence of Renal dose No dosage B Unknown
overall adjustment is adjustment
differences in required; for required.
safety or efficacy | creatinine
observed clearances of <50
between elderly mL/minute; a dose
and younger of 2.5 mg once
adult patients. daily is

recommended.
Safety and
efficacy in
children have not
been established.

Sitagliptin No evidence of Renal dose No dosage B Unknown
overall adjustment is adjustment
differences in required; for required.
safety or efficacy | creatinine
observed clearances of 230
between elderly to <50 mL/minute;
and younger a dose of 50 mg
adult patients. once daily is

recommended.
Safety and
efficacy in Renal dose
children have not | adjustment is
been established. | required; for
creatinine
clearances of <30
mL/minute (or
end-stage renal
disease requiring
dialysis); a dose of
25 mg once daily
is recommended.
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Population and Precaution

Generic Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Children Dysfunction Dysfunction | Category | Breast Milk
Combination Product
Saxagliptin/ Use with caution | Contraindicated in | Not B Unknown
metformin as elderly renal dysfunction. | recommende
hydrochloride patients are more d in hepatic
extended- likely to have impairment.
release decreased renal
function.
Safety and
efficacy in

children have not
been established.

Sitagliptin/ No evidence of Should not be Should be B Unknown
metformin overall used in patients avoided in
hydrochloride differences in with renal disease | patients with

safety or efficacy | or renal clinical or

observed dysfunction. laboratory

between elderly evidence of

and younger hepatic

adult patients disease.

with sitagliptin.

Safety and
efficacy in
children have not
been established.

Adverse Drug Events

The most common adverse reactions, as reported in the manufacturer prescribing information, are noted
in Table 6. The data comes from controlled clinical studies with single entity dipeptidyl peptidase-4
inhibitor monotherapy and in combination with a thiazolidinedione, glyburide, glimepiride or metformin
hydrochloride. There was an increased risk of hypoglycemia when administered in combination with a
sulfonylurea. The overall incidence of the other adverse events was similar to placebo.

Table 6. Adverse Drug Events®""?
Saxagliptin/ . .
Adverse Event Linagliptin | Saxagliptin | Sitagliptin metf%rlr;in Sltagllptl'n/
metformin
extended-release
Abdominal discomfort - 1.7t02.4 2.3 - -
Cough 2.4 - - -
Creatinine increase - 0.3 - - -
Creatine - 0.1t0 0.2 - - -
phosphokinase
increase
Gastroenteritis - 1.91t02.3 - - -
Headache - 6.5 5.1t05.9 7.5 5.9
Diarrhea - - 3 - 7.5
Hyperlipidemia - - -- -
Hypertriglyceridemia 2.4 - - -
Hypersensitivity v 1.5 v - -
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Hypoglycemia 7.6* 0.8t013%' | 0.6t012.2 - -
Lymphopenia 0.1t0 0.5 - - -
Myalgia v - - - -
Nausea - - 1.4 - -
Nasopharyngitis 4.31t05.8 - 5.2106.3 6.9 -
Rash - 0.2t00.3 - - -
Sinusitis - 2.6t02.9 - - -
Upper respiratory - 7.7 6.3 - 6.2
tract infection

Urinary tract infection - 6.8 - - -
Vomiting - 221023 - - -
Weight gain 2.7 - - - -

*In combination with sulphonylurea compared to 4.1% of patients experiencing hypoglycemia when receiving placebo
T When given in combination with other oral antidiabetic agents, the incidence of hypoglycemia was similar to that of the placebo

group.

Contraindications/Precautions
The use of the dipeptidyl peptidase-4 (DPP-4) inhibitors and their combination products is contraindicated
in patients with a history of a hypersensitivity reaction to it.?

As of April 14, 2011, the FDA no longer requires a Risk Evlauation and Mitigation Strategy for sitagliptin
containing products % There have been postmarketing reports of acute pancreatitis, including fatal and
nonfatal hemorrhagic or necrotizing pancreatitis, in patients taking sitagliptin. After initiation of sitagliptin,
carefully observe patients for signs and symptoms of pancreatitis. If pancreatitis is suspected, promptly
discontinue sitagliptin and initiate appropriate management. It is unknown whether patients with a history
of pancreatitis are at increased risk of the development of pancreatitis while using sitagliptin.>’

With sitagliptin, a dosage adjustment is recommended in patients with moderate to severe renal
insufficiency, as well as, in patients with end-stage renal disease on dialysis. When used in combination
with a sulfonylurea a decreased dose of the sulfonylurea is recommended to reduce the risk of
hypoglycemla " There have been postmarketing reports of serious hypersensitivity reactions with
sitagliptin, including anaphylaxis, angioedema, and exfoliative skin conditions including Steven- Johnson
syndrome. The exact frequency has not been established due to these reports being self- reported

The DPP-4 combination products containing metformin hydrochloride are contraindicated in patients with
renal disease or dysfunction, and acute or chronic metabolic acidosis including diabetic ketoacidosis, with
or without coma. Patients undergoing radiologic studies with iodinated contrast material should
temporarily discontinue the combination products. Due to the metformin hydrochloride component in the
combination products, these formulations also contain a black box warning which are outlined below.®”’
Concomitant administration of medications that may affect renal function or result in significant
hemodynamic change or may interfere with the disposition of metformin should be used with caution.>"*
Normal serum vitamin B, levels have been shown to decrease to subnormal levels in controlled clinical
trials of patients receiving metformin. Measurement of hematologic parameters on an annual basis is
advised in patients receiving metformin- contamlng products, and any apparent abnormalities should be
appropriately investigated and managed

There have been no clinical trials establishing conclusive evidence of macrovascular risk reduction with
the DPP-4 inhibitors or any other antidiabetic drug.>?
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Black Box Warning for Kombiglyze XR® (saxagliptin/metformin extended-release)e’52

WARNING

Lactic Acidosis:

Lactic acidosis can occur due to metformin accumulation. The risk increases with conditions such as
sepsis, dehydration, excess alcohol intake, hepatic impairment, renal impairment, and acute
congestive heart failure. Symptoms include malaise, myalgias, respiratory distress, increasing
somnolence, and nonspecific abdominal distress. Laboratory abnormalities include low pH, increased
anion gap, and elevated blood lactate. If acidosis is suspected, discontinue saxagliptin/metformin
extended-release and hospitalize the patient immediately.

Black Box Warning for Sitagliptin and Metformin Hydrochloride”*

WARNING

Lactic Acidosis:

Lactic acidosis is a rare, but serious, metabolic complication that can occur due to metformin
hydrochloride accumulation during treatment with metformin hydrochloride; when it occurs, it is fatal in
approximately 50% of cases. Lactic acidosis may also occur in association with a number of
pathophysiologic conditions, including diabetes, and whenever there is significant tissue hypoperfusion
and hypoxemia. Lactic acidosis is characterized by elevated blood lactate levels (>5 mmol/L),
decreased blood pH, electrolyte disturbances with an increased anion gap, and an increased
lactate/pyruvate ratio. When metformin hydrochloride is implicated as the cause of lactic acidosis,
metformin hydrochloride plasma levels >5 ug/mL are generally found.

The reported incidence of lactic acidosis in patients receiving metformin hydrochloride is very low
(approximately 0.03 cases/1,000 patient-years, with approximately 0.015 fatal cases/1,000 patient-
years). In more than 20,000 patient-years exposure to metformin hydrochloride in clinical trials, there
were no reports of lactic acidosis. Reported cases have occurred primarily in diabetic patients with
significant renal insufficiency, including both intrinsic renal disease and renal hypoperfusion, often in
the setting of multiple concomitant medical/surgical problems and multiple concomitant medications.
Patients with congestive heart failure requiring pharmacologic management, in particular those with
unstable or acute congestive heart failure who are at risk of hypoperfusion and hypoxemia, are at
increased risk of lactic acidosis. The risk of lactic acidosis increases with the degree of renal
dysfunction and the patient’s age. The risk of lactic acidosis may, therefore, be significantly decreased
by regular monitoring of renal function in patients taking metformin hydrochloride and by use of the
minimum effective dose of metformin hydrochloride. In particular, treatment of the elderly should be
accompanied by careful monitoring of renal function. Metformin hydrochloride treatment should not be
initiated in patients =280 years of age unless measurement of creatinine clearance demonstrates that
renal function is not reduced, as these patients are more susceptible to developing lactic acidosis. In
addition, metformin hydrochloride should be promptly withheld in the presence of any condition
associated with hypoxemia, dehydration, or sepsis. Because impaired hepatic function may
significantly limit the ability to clear lactate, metformin hydrochloride should generally be avoided in
patients with clinical or laboratory evidence of hepatic disease. Patients should be cautioned against
excessive alcohol intake, either acute or chronic, when taking metformin hydrochloride, since alcohol
potentiates the effects of metformin hydrochloride on lactate metabolism. In addition, metformin
hydrochloride should be temporarily discontinued prior to any intravascular radiocontrast study and for
any surgical procedure.

The onset of lactic acidosis often is subtle, and accompanied only by nonspecific symptoms such as
malaise, myalgias, respiratory distress, increasing somnolence, and nonspecific abdominal distress.
There may be associated hypothermia, hypotension, and resistant bradyarrhythmias with more marked
acidosis. The patient and the patient’s physician must be aware of the possible importance of such
symptoms and the patient should be instructed to notify the physician immediately if they occur.

Metformin hydrochloride should be withdrawn until the situation is clarified. Serum electrolytes,
ketones, blood glucose, and if indicated, blood pH, lactate levels, and even blood metformin
hydrochloride levels may be useful. Once a patient is stabilized on any dose level of metformin
hydrochloride, gastrointestinal symptoms, which are common during initiation of therapy, are unlikely to
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WARNING

serious disease.

be drug related. Later occurrence of gastrointestinal symptoms could be due to lactic acidosis or other

Levels of fasting venous plasma lactate above the upper limit of normal but less than 5 mmol/L in

patients taking metformin hydrochloride do not necessarily indicate impending lactic acidosis and may
be explainable by other mechanisms, such as poorly controlled diabetes or obesity, vigorous physical
activity, or technical problems in sample handling.

Lactic acidosis should be suspected in any diabetic patient with metabolic acidosis lacking evidence of
ketoacidosis (ketonuria and ketonemia).

Lactic acidosis is a medical emergency that must be treated in a hospital setting. In a patient with lactic
acidosis who is taking metformin hydrochloride, the drug should be discontinued immediately and
general supportive measures promptly instituted. Because metformin hydrochloride is dialyzable (with
a clearance of up to 170 mL/minute under good hemodynamic conditions), prompt hemodialysis is
recommended to correct the acidosis and remove the accumulated metformin hydrochloride. Such
management often results in prompt reversal of symptoms and recovery.

Drug Interactions

Table 7. Drug Interactions

3-7,12

Generic Name

Interacting
Medication or Disease

Potential Result

Linagliptin Strong CYP3A4/5 inducers Decreases in the concentration of
(rifampin, phenytoin, saxagliptin may occur when administered
carbamazepine) concomitantly with strong CYP3A4/5

inducers.

Saxagliptin Strong CYP3AA4/5 inhibitors Increases in the concentration of

(atazanavir, clarithromycin,
indinavir, itraconazole,
ketoconazole, nefazodone,
nelfinavir, ritonavir,
saquinavir, and
telithromycin)

saxagliptin may occur when administered
concomitantly with strong CYP3A4/5
inhibitors. A reduction in the dose of
saxagliptin may be necessary.

Sitagliptin, Sitagliptin/
metformin hydrochloride

Digoxin

Sitagliptin may increase the concentration
of digoxin. Monitor patients receiving
digoxin appropriately. No dosage
adjustment of digoxin or sitagliptin is
recommended.

Saxagliptin/metformin
extended-release,
sitagliptin/metformin

Acetazolamide

Concurrent use of acetazolamide and
metformin may result in additive risk of
lactic acidosis.

Saxagliptin/metformin Cimetidine Concurrent use of metformin and
extended-release, cimetidine may result in an increase in
sitagliptin/metformin metformin plasma concentrations.
Saxagliptin/metformin Topiramate Concurrent use of metformin and
extended-release, topiramate may result in additive risk of
sitagliptin/metformin lactic acidosis.

Saxagliptin/metformin Zonisamide Concurrent use of metformin and

extended-release,
sitagliptin/metformin

zonisamide may result in additive risk of
lactic acidosis.

(A University of
Massachusetts

UMASS Medical School

Page 52 of 63
Copyright 2011 « Review Completed on

11/05/2011

MedMetrics i::




Therapeutic Class Review: dipeptidyl peptidase-4 (DPP-4) inhibitors

Dosage and Administration

Both saxagliptin and sitagliptin require a dose adjustment in patients with moderate-to-severe renal
insufficiency. Linagliptin does not require dose adjustment in this population, due to its non-renal route of
elimination.

Table 8. Dosing and Administration®”’

Generic Name | Adult Dose | Pediatric Dose | Availability

Single Entity Products

Linagliptin Adjunct to diet and exercise to Safety and efficacy | Tablet:
improve glycemic control in adults in children have not | 5 mg
with type 2 diabetes as either been established.
monotherapy or combination
therapy:
Tablet: 5 mg once daily

Saxagliptin Adjunct to diet and exercise to Safety and efficacy | Tablets:
improve glycemic control in adults in children have not | 2.5 mg
with type 2 diabetes as either been established. 5mg
monotherapy or combination
therapy:
Tablet: 2.5 or 5 mg once daily
regardless of meals

Sitagliptin Adjunct to diet and exercise to Safety and efficacy | Tablet:
improve glycemic control in adults in children have not | 25 mg
with type 2 diabetes as either been established. 50 mg
monotherapy or combination 100 mg
therapy:
Tablet: 100 mg once daily

Combination Product

Saxagliptin/metformin | Adjunct to diet and exercise to Safety and efficacy | Tablet:

extended-release improve glycemic control in adults in children have not | 5 mg/500 mg

with type 2 diabetes mellitus when
treatment with both saxagliptin and

metformin is appropriate:
Tablet: initial, 5/500 mg once dalily;
maximum; 5/2,000 mg/day

been established.

2.5 mg/1,000 mg
5 mg/1,000 mg

Sitagliptin/ metformin
hydrochloride

Adjunct to diet and exercise, to
improve glycemic control in adult
patients with type 2 diabetes when
therapy with both metformin
hydrochloride and sitagliptin is
appropriate:

Tablet: initial dose based on the
patient’s current regimen BID with
meals; maximum, 100 mg/2,000
mg/day

Safety and efficacy
in children have not
been established.

Tablet:
50 mg/500 mg
50 mg/1,000 mg

Drug regimen abbreviations: BID=twice daily

Clinical Guidelines

Table 9. Clinical Guidelines

Clinical Guideline Recommendation(s)

American Diabetes Current criteria for the diagnosis of diabetes
Association: e The following are the criteria for a diagnosis of diabetes: glycosylated
Standards of Medical hemoglobin (HbA,.) 26.5%, OR a fasting plasma glucose (FPG) 2126

Page 53 of 63
Copyright 2011 « Review Completed on

11/05/2011

(A University of
Massachusetts

UMASS Medical School

MedMetrics i::



Therapeutic Class Review: dipeptidyl peptidase-4 (DPP-4) inhibitors

Clinical Guideline

Recommendation(s)

Care in Diabetes
(2011)*®

mg/dL, OR a two-hour plasma glucose =200 mg/dL during an oral
glucose tolerance test OR patients with classic symptoms of
hyperglycemia or hyperglycemic crisis (random plasma glucose =200
mg/dL).

Prevention/delay of type 2 diabetes

An ongoing support program for weight loss of 7% of body weight and
an increase in physical activity, to 2150 minutes/week of moderate
activity, should be encouraged in patients with impaired glucose
tolerance or impaired fasting glucose.

Metformin therapy for prevention of type 2 diabetes may be
considered in patients at the highest risk for developing diabetes, such
as those with multiple risk factors, especially if they demonstrate
progression of hyperglycemia (e.g., HbA;.=26%) despite lifestyle
interventions.

Glycemic goals in adults

A reasonable HbA;. goal for many nonpregnant adults is <7%.

Based on data from randomized trials, it may be reasonable for
providers to suggest more stringent HbA,. goals for selected patients,
if this can be achieved without significant hypoglycemia or other
adverse effects of treatment. Such patients may include those with
short duration of diabetes, long life expectancy and no significant
cardiovascular disease.

Conversely, less stringent HbA,. goals may be appropriate for patients
with a history of severe hypoglycemia, limited life expectancy,
advanced microvascular or macrovascular complications, extensive
comorbid conditions and those with longstanding diabetes in whom
the general goal is difficult to attain.

American Association of
Clinical Endocrinologists/
American College of
Endocrinology: Statement
by an American
Association of Clinical
Endocrinologists/
American College of
Endocrinology
Consensus Panel of Type
2 Diabetes Mellitus:

An Algorithm for
Glycemic Control
(2009)*°

Principles underlying the algorithm

Lifestyle (dietary and exercise) modifications are essential for all
patients with diabetes.

Achieving an HbA,. 6.5% is recommended as the primary goal;
however, the goal must be customized for individual patients.

If glycemic goals are not achieved, dosages of medications can be
titrated, regimens can be changed (add or discontinue medications),
or, in certain instances, glycemic goals can be reconsidered and
revised.

When using combination therapy it is important to have medications
that have complementary mechanisms of action.

Effectiveness of therapy must be re-evaluated frequently, typically
every two to three months.

Stratification by current HbA;¢

Patients with an HbA;. <7.5% may be able to achieve a goal of 6.5%
with monotherapy; however, if monotherapy fails to achieve this goal,
the usual progression is to combination therapy, and then to triple
therapy. Insulin therapy, with or without additional agents, should be
initiated if goals still fail to be achieved.

Patients with an HbA;; of 7.6 to 9.0% should be initiated on
combination therapy as monotherapy in these patients is likely not to
achieve glycemic goals. If combination therapy fails, triple therapy and
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Recommendation(s)

then insulin therapy, with or without additional oral agents, should be
administered.

Patients with an HbA;. >9.0% have a small possibility of achieving
glycemic goals, even with combination therapy. In these patients, if
they are asymptomatic triple therapy based on a combination of
metformin and an incretin mimetic or a dipeptidyl peptidase-4 (DPP-4)
inhibitor combined with either a sulfonylurea or a thiazolidinedione
(TZD) should be initiated. If patients are symptomatic or if they have
failed therapy with similar agents, insulin therapy with or without
additional oral agents should be initiated.

Management of patients with a HbA;. of 6.5 to 7.5%

In these patients monotherapy with metformin, an a-glucosidase
inhibitor, a DPP-4 inhibitor or a TZD are recommended. Because of
the established safety and efficacy of metformin, it is the cornerstone
of monotherapy and is usually the most appropriate initial choice for
monotherapy.
If monotherapy, even after appropriate dosage titration, is
unsuccessful in achieving glycemic goals combination therapy should
be initiated.
Because of the established safety and efficacy of metformin, it is
considered the cornerstone of combination therapy for most patients.
When contraindicated, a TZD may be used as the foundation for
combination therapy options.
Due to the mechanism of action (insulin sensitizer) of metformin and
TZDs, it is recommended that the second agent in combination
therapy be an incretin mimetic, DPP-4 inhibitor or a secretagogue
(glinide or sulfonylurea).
The glucagon-like-peptide-1 (GLP-1) receptor agonists (incretin
mimetics) and DPP-4 inhibitors are associated with less hypoglycemia
compared to the secretagogues.
Despite the gastrointestinal side effects, dosing frequency and
injection-based therapy, the GLP-1 agonists are preferred due to its
greater effectiveness in reducing postprandial glucose excursions
(relative to the DPP-4 inhibitors) and the potential for weight loss.
Combination metformin and TZD therapy is efficacious but carries
risks of adverse events associated with both agents. The combination
is recommended with a higher priority than a secretagogue because of
a lower risk of hypoglycemia and greater flexibility in timing of
administration.
The combination therapies of metformin and an a-glucosidase inhibitor
and metformin and colesevelam are also included in the algorithm
because of their safety and the ability of colesevelam to lower lipid
profiles.
If combination therapy fails after each medication has been titrated to
its maximally effective dose then triple therapy should be initiated.
The following triple therapy regimens are considered:

0 Metformin + GLP-1 agonist + TZD.
Metformin + GLP-1 agonist + glinide.
Metformin + GLP-1 agonist + sulfonylurea.
Metformin + DPP-4 inhibitor + TZD.
Metformin + DPP-4 inhibitor + glinide.
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0 Metformin + DPP-4 inhibitor + sulfonylurea.
Because of the established safety and efficacy of metformin, it is
considered the cornerstone for triple therapy.
The GLP-1 agonist, exenatide, is the second preferred component of
triple therapy because of its safety (low risk of hypoglycemia) and its
potential for inducing weight loss. It also inhibits glucagon secretion in
a glucose-dependent manner after consumption of means resulting in
increased satiety and delayed gastric emptying.
The third component of triple therapy is recommended in order to
minimize the risk of hypoglycemia.
The combination with metformin, especially when combined with an
incretin mimetic, may counteract the weight gain often associated with
glinides, sulfonylureas, and TZDs.
When triple therapy fails to achieve glycemic goals, insulin therapy is
needed.

Management of patients with a HbA; of 7.6 t0 9.0%

The management of these patients is similar to that just described
except patients can proceed directly to combination therapy because
monotherapy is unlikely to be successful in these patients.
The following combination therapy regimens are considered:

0 Metformin + GLP-1 agonist.

0 Metformin + DPP-4 inhibitor.

0 Metformin + TZD.

0 Metformin + sulfonylurea.

0 Metformin + glinide.
Metformin is again considered the cornerstone of combination
therapy.
A GLP-1 agonist or a DPP-4 inhibitor is the preferred second
component in view of the safety and efficacy of these agents in
combination with metformin. Additionally, a GLP-1 agonist is given
higher priority in view of its somewhat greater effect on reducing
postprandial glucose excursions and its potential for inducing
substantial weight loss.
TZDs are positioned lower due to the risks of weight gain, fluid
retention, congestive heart failure and fractures associated with their
use.
Glinides and sulfonylureas are relegated to the lowest position
because the greater risk of inducing hypoglycemia.
When combination therapy fails to achieve glycemic goals, triple
therapy should be started.
The following triple therapy regimens are considered:

0 Metformin + GLP-1 agonist + TZD.

0 Metformin + DPP-4 inhibitor + TZD.

0 Metformin + GLP-1 agonist + sulfonylurea.

0 Metformin + DPP-4 inhibitor + sulfonylurea.

0 Metformin + TZD + sulfonylurea.
Metformin is the foundation to which either a TZD or sulfonylurea is
added, followed by incretin-based therapy with either a GLP-1 agonist
or a DPP-4 inhibitor.
The preference for metformin and the GLP-1 agonist or DPP-4
inhibitor is based on the safety of these agents and minimal
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associated risks of hypoglycemia.

TZDs are assigned a higher priority than a sulfonylurea because of
their lower risk of hypoglycemia.

A GLP-1 agonist is assigned a higher priority than a DPP-4 inhibitor
because of its somewhat greater effect on reducing postprandial
glucose excursions and the possibility that it might induce
considerable weight loss.

Metformin + TZD + sulfonylurea is relegated to the lowest priority due
to an increased risk of weight gain and hypoglycemia.

a-glucosidase inhibitors, colesevelam, and glinides are not considered
as options in these patients due to their limited HbA;.-lowering
potential.

The considerations for insulin therapy in these patients are similar to
those used in patients with an HbA,. of 6.5 to 7.5%.

Management of patients with a HbA;. >9%

Patients who are drug-naive with an HbA;; >9% are unlikely to
achieve glycemic goals with the use of one, two or even three agents
(other than insulin).
For patients who are asymptomatic, particularly with a relatively recent
onset of diabetes, there is a good chance that some endogenous -
cell function exists; implying that combination or triple therapy may be
sufficient.
The following combination and triple therapy regimens are considered:
0 Metformin + GLP-1 agonist.
Metformin + GLP-1 agonist + sulfonylurea.
Metformin + DPP-4 inhibitor.
Metformin + DPP-4 inhibitor + sulfonylurea.
Metformin + TZD.
Metformin + TZD + sulfonylurea.
Metformin + GLP-1 agonist + TZD.
0 Metformin + DPP-4 inhibitor + TZD.
Metformin again provides the foundation of treatment in these
patients.
An incretin-based therapy can be added with a GLP-1 agonist being
preferred due to its greater effectiveness at controlling postprandial
glycemia and its potential for inducing weight loss. However the DPP-
4 inhibitors in combination with metformin have also demonstrated a
robust benefit for drug-naive patients in this HbA,. range.
A sulfonylurea or a TZD can also be added, with a sulfonylurea being
preferred because of its somewhat greater efficacy and more rapid
onset of action.
If patients are symptomatic (polydipsia, polyuria and weight loss) or if
they have already failed the aforementioned treatment regimens,
insulin therapy should be initiated without delay.
Insulin therapy for these patients follows the same principals as
outlined previously for patients with different HbA levels.
This algorithm favors the use of GLP-1 agonists (at the time of
publication only exenatide had Food and Drug Administration [FDA]
approval) and DPP-4 inhibitors with higher priority due to their
effectiveness and overall safety profiles. Additionally, due to the
increasing amount of literature indicating the serious risks of
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hypoglycemia, these agents are becoming preferred in most patients
in place of secretagogues.

The algorithm moves sulfonylureas to a lower priority due to the risks
of hypoglycemia and weight gain associated with their use, as well as
the failure of these agents to provide improved glycemic control after
use for a relatively short period.

A TZD is considered a “well-validated” effective agent due to
demonstrated extended durability of action, but these agents have a
lower priority for many patients in light of their potential side effects.
The three classes of medications; a-glucosidase inhibitors,
colesevelam and glinides, are considered in relatively narrow, well-
defined clinical situations, due to their limited efficacy.

American Diabetes
Association/European
Association for the Study
of Diabetes:
Management of
Hyperglycemia in Type
2 Diabetes: A
Consensus Algorithm
for the Initiation and
Adjustment of Therapy
(2009)"*

The goal of the recommended algorithm is to achieve and maintain
HbA/. levels <7% and to change interventions at as rapid a pace as
titration of medications allows when target glycemic goals are not
being achieved.

The a-glucosidase inhibitors, amylin agonists, DPP-4 inhibitors and
glinides are not included in the two tiers of preferred agents in the
algorithm due to their lower or equivalent overall glucose-lowering
effectiveness compared to the first- and second-tier agents, and/or
due to limited clinical data or relative expense. These agents may be
appropriate choices in selected patients.

Tier 1: well-validated core therapies

These interventions represent the best established and most effective
and cost-effective therapeutic strategies for achieving target glycemic
goals, and are the preferred route of therapy for most type 2 diabetic
patients.

Step 1: Lifestyle interventions and metformin should be initiated
concurrently at diagnosis of type 2 diabetes.

Step 2: If lifestyle interventions and the maximal tolerated dose of
metformin fail to achieve or sustain glycemic goals after two to three
months, insulin or a sulfonylurea should be added. The choice
between insulin or a sulfonylurea will be based on the HbA,. levels,
with consideration given to insulin (the more effective glycemia-
lowering agent) for patients with an HbA;. >8.5%. However, many
newly diagnosed type 2 diabetic patients will usually respond to oral
medications.

Step 3: If lifestyle interventions, metformin and basal insulin or a
sulfonylurea do not achieve glycemic goals, insulin therapy should be
initiated or intensified.

Tier 2: less well-validated therapies

In selected clinical settings, the tier 2 algorithm may be considered.
Specifically, when hypoglycemia is particularly undesirable, the
addition of exenatide or pioglitazone may be considered.
Rosiglitazone is not recommended.

Additionally, if a major consideration is weight loss and the HbA level
is close to target (<8%), then exenatide may be an option (at the time
of publication only exenatide had FDA approval).

If these interventions do not effectively achieve glycemic goals or if
they are not tolerated, the addition of a sulfonylurea could be
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Clinical Guideline Recommendation(s)

considered or the tier 2 interventions should be discontinued and
basal insulin should be initiated.

Rationale for selecting specific combinations

e Over time the majority of patients will require more than one
medication.

e When selecting combination therapy, in general, antihyperglycemic
drugs with different mechanisms of action will have the greatest
synergy.

e Combination insulin and metformin therapy is a particularly effective
means of lowering glycemia with limited weight gain.

Special considerations/patients

¢ In the setting of severely uncontrolled diabetes with catabolism
combination insulin and lifestyle intervention therapy is the treatment
of choice.

Conclusions

The single-entity dipeptidyl peptidase-4 (DPP-4) inhibitors are indicated as an adjunct therapy to diet and
exercise to improve glycemic control in adult patlents with type 2 diabetes as monotherapy or in
combination with other antihyperglycemic agents . ’ The three DPP-4 inhibitors that are currently
available in the United States are linagliptin (Tradjenta®), saxagliptin (Onglyza®) and sitagliptin
(Januvia®). The fixed dose combination products consisting of saxagliptin plus metformin hydrochloride
extended-release and sitagliptin plus metformin hydrochlorlde are indicated when therapy with both
metformin hydrochloride and a DPP-4 is appropnate " The DPP-4 inhibitors are all approved for once-
daily dosing. Linagliptin is the only agent in the class that does not require a dosage adjustment in
patients with renal impairment. Currently, all of the DPP-4 inhibitors are only available as branded
products; however, the components of the fixed-dose combination product are available in separate
formulations and metformin hydrochloride is available generically.? The DPP-4 inhibitors represent a
novel treatment approach in the management of type 2 diabetes and work by inhibiting the degradation of
incretin hormones. Incretin hormones are involved in the regulation of insulin and have multiple
antidiabetic actions, including the enhancement of meal stimulated insulin secretlon decreased glucagon
secretion, improvements in 3-cell function, and slowing of gastric emptymg

Therapy with DPP-4 inhibitors is generally well tolerated with the most common reported adverse events
being headache, upper respiratory tract infection, and urinary tract infection. $712 The risk of hypoglycemia
associated with these agents is relatively low due to the glucose-dependent nature of incretin hormones.
Additionally, it appears that DPP-4 inhibitors do not have the same risk of cardiovascular disease
associated with other antidiabetic medications. Several postmarketing reports of hypersensitivity
reactions have been reported with sitagliptin.*

In placebo-controlled, randomized trials linagliptin, saxagliptin and sitagliptin have produced significant
reductions in baseline g )4005 lated hemoglobin (HbA,.), fasting plasma glucose (FPG), and postprandial
glucose (PPG) levels. 1317182022248 A5 add-on therapy to metformin hydrochloride, a sulfonylurea, or a
thiazolidinedione, combination treatment with linagliptin and saxagliptin have shown significant
improvements in HbA;¢, FPG, and PPG compared to either monotherapy with any of the agents or
placebo add-on therapy. 14-16.26-29 Multiple studies involving the combination of sitagliptin or saxagliptin
plus metformin hydrochloride, as individual agents, have demonstrated an additive effect in glycemic
control when compared to monotherapy with either agent alone; however, there have been few published
trials available to date, that assess the fixed-dose combination products.®**>*24*° One 18 week study
showed that the combination of saxagliptin plus metformin was noninferior to treatment with sitagliptin
plus metformin in reducing HbA,; over 18 weeks.”® A systematic review of incretin therapy in type 2
diabetes showed that DPP-4 inhibitors demonstrated a small increase in weight as compared to placebo
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and provided a decrease in body weight compared to an increase with glipizide.*®

and efficacy of these agents have yet to be established.

The long-term safety

Current clinical guidelines do not have consistent recommendations regarding the role DPP-4 inhibitors in
Until long-term safety and efficacy data become available, it is
likely that DPP-4 inhibitors will be used as add-on therapy to the current standard antidiabetic agents.

the management of type 2 diabetes.

Appendix I: Utilization Within This Drug Class for DVHA: April 1, 2011 to September 30, 2011

Medication L';‘,:n:ggri # of Rx’s Markt(eot/o)Share Plan Cost $ Avg $/Rx
Januvia 219 414 85.36% 202,155.92 488.30
Janumet 32 55 11.34% 27,767.16 504.86
Onglyza 7 16 3.30% 6,115.46 382.22
Class Total: NA 485 100% $236,038.54 $486.68

Recommendations

No changes to the current Department of Vermont Health Access (DVHA) approval criteria for DPP-4
inhibitors (below) are proposed.

Januvia, Onglyza, Tradjenta

e The patient has had a documented side effect, allergy, contraindication or treatment failure with

metformin.

Janumet

e The patient has had an inadequate response with Januvia or metformin monotherapy.

OR

e The patient has been started and stabilized on Januvia and metformin combination therapy.

Kombiglyze XR

e The patient has had an inadequate response with Onglyza or metformin/metformin XR monotherapy.

OR

e The patient has been started and stabilized on Onglyza and metformin/metformin XR combination

therapy.
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