Incretin Mimetics and Dipeptidyl Peptidase-4 Inhibitors:
Innovative Treatment Therapies for Type 2 Diabetes

ABSTRACT

The prevalence of diabetes and impaired glucose tolerance is predicted to dra-
matically increase over the next two decades. Clinical therapies for type 2 dia-
betes mellitus (T2DM) have traditionally included lifestyle modification, oral
anti-diabetic agents, and ultimately insulin initiation. In this report, we review
the clinical trial results of two innovative T2DM treatment therapies that are
based on the glucoregulatory effects of incretin hormones. Incretin mimetics
are peptide drugs that mimic several of the actions of glucagon-like peptide-1
(GLP-1) and have been shown to lower glycated hemoglobin (A1C) levels in
patients with T2DM. Additionally, incretin mimetics lower postprandial and
fasting glucose, suppress elevated glucagon release, and are associated with
progressive weight reduction. Dipeptidyl peptidase-4 (DPP-4) inhibitors in-
crease endogenous GLP-1 levels by inhibiting the enzymatic degradation of
GLP-1. Clinical studies in patients with T2DM have shown that DPP-4 inhibitors
reduce elevated A1C, lower postprandial and fasting glucose, suppress gluca-
gon release, and are weight neutral. Collectively, these new drugs, given in
combination with other antidiabetic agents, such as metformin, sulfonylureas,
and/or thiazolidinediones, can help restore glucose homeostasis in poorly con-
trolled patients with T2DM. (Arq Bras Endocrinol Metab 2008; 52/6:1039-1049)
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RESUMO

Incretinomiméticos e Inibidores da Dipeptidil Peptidase-4: Terapias Inovado-
ras para o Tratamento do Diabetes Tipo 2.

E previsto que a prevaléncia de diabetes e a intolerancia a glicose aumente dra-
maticamente ao longo das proximas duas décadas. As terapias clinicas para dia-
betes melito tipo 2 (DM2) tém tradicionalmente incluido modificacéo do estilo de
vida, agentes antidiabéticos orais e, por ultimo, o inicio da insulina. Neste artigo,
revisamos os resultados dos estudos clinicos de duas terapias inovadoras no trata-
mento do DM2 baseadas nos efeitos glicorregulatérios dos horménios incretina.
Os incretinomiméticos sdo medicamentos peptideos que mimetizam varias das
acoes do peptideo semelhante ao glucagon-1 (GLP-1) e tém demonstrado reduzir
niveis de hemoglobina glicada (A1C) em pacientes com DM2. Adicionalmente,
incretinomiméticos reduzem as glicemias pds-prandial e de jejum, suprimem a
liberacéao elevada do glucagon, e sdo associados com reducéao de peso. Os inibi-
dores da dipeptidil peptidase-4 (DPP-4) aumentam os niveis de GLP-1 endégeno
pela inibicdo da degradacao enzimatica do GLP-1. Estudos clinicos em pacientes
com DM2 tém demonstrado que inibidores da DPP-4 reduzem A1C elevada, re-
duzem as glicemias pos-prandial e de jejum, suprimem a liberacdo elevada do
glucagon e sdo neutros quanto ao peso. Coletivamente, estas novas medicacoes,
administradas em combinacdo com outros agentes antidiabéticos, como met-
formina, sulfoniluréias e/ou tiazolidinedionas (TZDs), podem ajudar a recuperar a
homeostase glicémica de pacientes com DM2 nao-controlados. (Arq Bras Endo-
crinol Metab 2008; 52/6:1039-1049)
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INTRODUCTION

AI: ESTIMATED 64 MILLION PEOPLE in Latin America
nd the Caribbean will suffer from diabetes in
2025 (1). The prevalence of diabetes in this world re-
gion ranges from 6% (in Guadeloupe) to 18% (in Ja-
maica) and has resulted in an economic burden of $65
billion in Latin America and the Caribbean (1). Accor-
ding to estimates from the International Diabetes Fe-
deration, approximately 5.6 million people in Brazil
alone have diabetes and another 7.5 million have im-
paired glucose tolerance (2). The diabetes epidemic is
largely credited to sedentary lifestyles, obesity and the
migration of rural populations to cities (3-8).

Elevated blood glucose is a defining feature of
T2DM. The pathogenesis of T2DM includes insulin
resistance (9) and progressive 3-cell dysfunction. In the
prediabetic state, insulin release increases to compensa-
te for insulin resistance. Progression to impaired gluco-
se tolerance is characterized by declining pancreatic
B-cell function and mass (10-12) and leads to the loss
of adequate insulin release. In parallel, postprandial
blood glucose control is lost. The excess release of glu-
cagon from abnormally-functioning pancreatic a-cells
further exacerbates the elevation of blood glucose
(13-15) and accelerates B-cell apoptosis (11). Left un-
treated, B-cell function continues to deteriorate and
patients progress to impaired fasting glucose and ulti-
mately to T2DM (16,17).

Lifestyle modification and early and aggressive cli-
nical intervention for diabetes patients and those at
risk can prevent progression of T2DM (18-21). In the
carly stages of T2DM, patients are typically treated
with a variety of oral anti-diabetic agents (22-24).
These clinical therapies include oral drugs that are
classified as insulin sensitizers (e.g., biguanides and
thiazolidinediones), insulin secretagogues (e.g., sul-
fonylureas and meglitinides), and a-glucosidase inhi-
bitors. Current therapies can improve overall glucose
control but most do not effectively target postpran-
dial glycemia. Recent breakthroughs in the understan-
ding of incretin-based therapies have provided options
for treating patients with T2D.

The two key incretin hormones that have been
identified are glucagon-like peptide-1 (GLP-1) and
glucose-dependent inhibitory peptide (GIP). Both
peptides are secreted in response to nutrient intake
and stimulate glucose-dependent insulin secretion
(25). The incretin effect, which has been attributed to
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GLP-1 and GIP, is recognized as a significantly grea-
ter insulin secretory response to oral glucose compa-
red to intravenous glucose. This effect helps regulate
postprandial glucose levels and accounts for 60% of
insulin secretion in response to an oral glucose load
(26). Since the insulinotropic activity of GLP-1, not
GIPD, is preserved in patients with T2DM, GLP-1 has
been considered as a potential treatment for these pa-
tients (27).

GLP-1 is a multifunctional hormone which also
inhibits glucagon secretion, slows gastric emptying
and functions as a regulator of satiety (28-34). Al-
though not demonstrated in humans, experimental
in vivo and in vitro studies have reported that GLP-1
promotes B-cell proliferation and function, induces
islet neogenesis and reduces apoptosis (35;36). Des-
pite GLP-1’s possible proliferative and anti-apoptotic
effects on B-cells, its therapeutic potential is limited
by its short half-life (~2 minutes) as it is rapidly de-
graded by the endogenous protease, DPP-4 (37-39).
Consequently, incretin mimetics, peptides that mi-
mic several of the glucoregulatory actions of GLP-1
but are resistant to degradation by DPP-4, continue
to be investigated for the treatment of patients with
T2DM. A second strategy has focused on developing
inhibitors of the DPP-4 enzyme, which increases en-
dogenous GLP-1 levels (24,40). Here we review the
clinical findings of three approved incretin-based
T2DM therapies; specifically the incretin mimetic,
exenatide and two DPP-4 inhibitors, sitagliptin and
vildagliptin.

INCRETIN MIMETIC-EXENATIDE

Exenatide (Amylin Pharmaceuticals, Inc. and Eli Lilly
and Company) is a 39-amino acid peptide incretin mi-
metic, currently available for the treatment of patients
with T2DM in many countries including the United
States, the European Union (EU) and parts of Latin
America. It is a synthetic form of exendin-4 and al-
though it shares 50% amino acid sequence identity with
human GLP-1, these two peptides are transcribed from
separate genes (41). Exenatide is injected twice a day,
daily (5 or 10 mcg) within 1 hour before the two main
meals of the day (approximately 6 hours or more apart)
and has multiple glucoregulatory modes of actions,
many of which are similar to those of endogenous
GLP-1 (Table 1).
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Table 1. Modes of action of incretin mimetics and DPP-4 Inhibitors (29,42,43).

Characteristic of type 2 diabetes

Defective glucose-stimulated insulin
secretion

Inappropriately elevated hepatic
glucose production

Hyperglucagonemia

Accelerated gastric emptying
Increased food intake
Lack of biphasic secretory response

Reduced pancreatic beta-cell mass
and insulin content

Reduced insulin sensitivity
Obesity

Biological action of antidiabetes agent Incretin mimetics

DPP-4 inhibitors

Increases glucose-dependent insulin Yes Yes
secretion
Decreases hepatic glucose production Yes Yes
Suppresses inappropriately elevated Yes Yes
postprandial glucagon secretfion
Slows gastric emptying Yes Marginal
Decreases food intake Yes No
Restores biphasic insulin secretory Yes Unknown
response
Increases beta-cell mass and improves Yes Yes
beta-cell function (reported in animal
studies)
Enhances insulin sensitivity No No
Weight reduction Yes No

EXENATIDE CLINICAL TRIALS
IN PATIENTS WITH T2DM

Key primary and secondary efficacy results from three
placebo-controlled developmental trials, exenatide in
combination with metformin (44), a sulfonylurea (45),
or both (46), are given in Table 2. In these clinical
trials, patients with T2DM were given 5mcg of exena-
tide twice a day, daily for 4 weeks and 10mcg thereaf-
ter. Participants did not receive additional dietary
instruction and exercise counseling. Exenatide treat-
ment (10mcg) resulted in significant mean A1C reduc-
tions from baseline ranging from —0.77% to —0.86%.
Patients also had statistically significant reductions in
mean body weight from baseline (-1.6kg to -2.8kg).
Sustained reduction in mean A1C (-1.0%) and pro-
gressive body weight loss (=5.3kg) have also been ob-
served in patients (n=217) that took part in the
subsequent 3 year open-label extensions of the original
30-week placebo-controlled trials (47).

The effects of exenatide added to a TZD (rosiglita-
zone or pioglitazone) with or without metformin in
T2DM patients has also been investigated (48) (see Ta-
ble 2). In a 16-week placebo-controlled trial, A1C was
reduced 0.89% from baseline in patients taking exenati-
de with a TZD compared with an increase of 0.09% in
the control group. Patients treated with exenatide and
a TZD lost 1.8kg over 16 weeks compared to a -0.2kg
reduction in the control group. Glycemic control com-
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pared with starter insulin therapies (insulin glargine,
1G; biphasic insulin aspart, BIA) has also been studied
in separate open-label, randomized, controlled, non-
inferiority trials (49,50). Patients received insulin or
exenatide added to maximal effective doses of metfor-
min and a sulfonylurea. IG was titrated to maintain fas-
ting glucose levels of less than 100mg/dL, while in the
BIA trial, insulin doses were adjusted to achieve an op-
timal balance between glycemic control and risk of hy-
poglycemia as dictated by the best clinical practice.
Reductions in A1C from baseline of approximately
1.1% were observed in both treatment groups after 26
weeks in the IG trial (49). In the BIA trial (50), pa-
tients achieved similar reductions in A1C (exenatide,
—1.04%; BIA, -0.89%) after 52 weeks. In contrast to the
non-inferiority observed with regard to A1C reduc-
tions, exenatide therapy significantly reduced mean
body weight (IG trial, -2.3kg; BIA trial, —2.5kg) com-
pared with weight gain in the insulin groups (IG trial,
+1.8kg; BIA trial, +2.9kg). Key efficacy measures for
exenatide are summarized for each trial in Table 2 along
with baseline clinical characteristics.

The most common adverse events associated with
exenatide therapy have been gastrointestinal in nature
(eg, nausea, vomiting, and diarrhea) and therefore exe-
natide use is not recommended in patients with severe
gastrointestinal disease. Nausea of mostly mild-to-mo-
derate severity was reported in 33% to 57% of exenati-
de-treated patients across clinical trials summarized in
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Table 2. Summary of clinical trials of 10mcg exenatide (twice-daily).

Reference Baseline: Diabetes Change from  Percentage of  Change from Change from
AI1C (%) duration (y) baseline patients baseline fasting baseline body
Body Weight (kg) AI1C (%) achieving i:.lrget glucose (mg/dL)  weight (kg)
BMI (kg/m?) AIC <7%
8.6
Buse e cols., (45) 95 6.6 -0.86 34% -10.8 -1.6
33
8.2
DeFronzo e cols., (44) 101 4.9 -0.78 40% -10.8 -2.8
34
8.5
Kendall e cols., (46) 98 8.7 -0.77 30% -10.8 -1.6
34
8.2
Heine e cols., (49)* 88 9.9 -1.1 46% -25.7 -2.3
31
8.6
Nauck e cols. 50)* 86 9.8 -1.04 32% -32.4 -2.5
31
7.9
Zinman e cols., 48)* 98 7.3 -0.89 62% ** -28.6 -1.8
34

* 5 mcg twice-daily for 4-week, 10 mcg twice-daily thereafter; ** Per protocol population; Glucose values were converted from mmol to mg/dL (conversion factor 0.05551).

Table 2. Escalating the dose of exenatide from 5mcg to
10mcg after 4 weeks led to a transient increase in nau-
sea which diminished with continued exposure to the
higher dose. Severe nausea was uncommon and data
from open label extension trials (51) have not shown a
significant correlation between nausea and the progres-
sive weight loss observed in patients receiving exenati-
de therapy. In the oral anti-diabetic agent trials
(44-46,48), the overall incidence of hypoglycemia for
exenatide and the control groups ranged from 5-36%
and 3-13%, respectively. In the insulin comparator trials
(49,50); the overall rates were similar across the treat-
ment groups (exenatide, range 4.7 — 7.3 events/pa-
tient-year; insulin, range 5.6 — 6.3 events/patient-year).
Across all clinical trials, hypoglycemia was reported
most commonly in combination with a sulfonylurea
and for this reason a reduction in the dosage of sul-
fonylurea should be considered when initiating exena-
tide therapy.

Pre- and post-meal glucose levels were assessed by
7-point self monitored blood glucose (SMBQG) profiles
in the TZD add-on (48) and insulin comparator trials
(49,50). In the TZD add-on trial, significant reduc-
tions from baseline were observed at all SMBG time
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points in the exenatide group while the placebo group
showed little change. Although in both insulin compa-
rator trials patients receiving insulin generally had lo-
wer endpoint glucose levels before meals, those
receiving exenatide had significantly lower 2-hour
postprandial glucose levels following the morning
(p<0.001) and evening meals (p<0.001). In these same
three trials, pancreatic B-cell function changes were es-
timated by homeostasis model assessment (HOMA-).
In those subjects treated with exenatide, HOMA-f in-
creased 19% from baseline, compared with a 6% decre-
ase with TZD plus placebo (between-group, p=0.005).
Exenatide was also associated with a 19% increase in
HOMA-B (baseline to endpoint change, p<0.001) in
the BIA comparator trial.

Few significant baseline-to-endpoint changes in
fasting lipid parameters were reported in the clinical
trials summarized in Table 2. However, the open-label
extension trials (47,51) have shown subsequent baseli-
ne-to-endpoint improvements in fasting lipids (see Ta-
ble 3). Twice-daily exenatide given for 3.5 vyears
(completer analysis, n=151) was also associated with
significant lowering of systolic (-3.5 mmHg) and dias-
tolic blood pressure (-3.3 mmHg) (47).

Arq Bras Endocrinol Metalb 2008;52/6
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Table 3. Summary of baseline to endpoint changes in fasting lipids

Total Cholesterol

Sitagliptin (100mg once-daily) Mean % Change
Scoftt e cols., (62)*

A%
Monotherapy +34%
Rosenstock e cols., (63) o
TZD Add-on 1.0%
Charbonnel e cols., (64) +1.0%
Metformin Add-on e
Vildagliptin (100mg once-daily) Mean % Change

Bosi e cols., (65) Decrease <3%

Metformin Add-on
Rosenstock e cols., (56)
1ZD Add-on

Fonseca e cols., (67)*
Insulin Add-on

-3.1%

Changed <4%

Schweizer e cols. (68)

—-2.4%
Metformin Comparator ?

Exentide (10mcg twice-daily) Mean Change

(mg/db)
Blonde e cols., (61) 4
82-week Open-label Extension ‘
Klonoff Is., (47
onoff e cols., (47) 108

3.5-year Open-label Extension

LDL-C Triglycerides HDL-C
Mean % Change Mean % Change Mean % Change
+5.5% +3.6% +4.6%
+5.8% +1.1% +0.6%
+3.3% +7.7% +1.3%
Mean % Change Mean % Change Mean % Change

Increase <3% Increase ~5% Increase <1%

-1.4% -18.1% +12.1%
Changed <4% Changed <4% Changed <4%
-2.8% +5.3% +2.6%
Mean Change Mean Change Mean Change
(mg/dL) (mg/dL) (mg/dL)
-1.6 -38.6 +4.6
-11.8 -44.4 +8.5

*These frials used a sitagliptin dose of 50mg twice-daily.

DPP-4 INHIBITORS

Two DPP-4 inhibitors, sitagliptin and vildagliptin, have
been approved for the treatment of T2DM. The two
approved DPP-4 inhibitors have multiple glucoregula-
tory modes of actions, some of which are similar to
exenatide (Table 1); however, the lack of effect of
DPP-4 inhibitors on gastric emptying and body weight
are notable differences. Sitagliptin and vildagliptin inhi-
bit the rapid degradation of GLP-1 by the ubiquitous
DPP-4 protease. Other DPP-4 substrates include GIP,
GLP-2, pituitary adenylate cyclase-activating polypep-
tide, neuropeptide Y, peptide YY, substance P, and gro-
wth releasing hormone (39). These orally active DPP-4
inhibitors increase GLP-1 endogenous levels and lower
elevated blood glucose.

SITAGLIPTIN

Sitagliptin (MK-0431, Merck & Company) was the first
DPP-4 inhibitor approved for the T2DM treatment as

Arq Bras Endocrinol Metalb 2008;52/6

adjunctive therapy to diet and exercise. Sitagliptin is ap-
proved to be used in 42 countries around the world in-
cluding the EU, the United States, and parts of Latin
America including Brazil and Mexico. The recommen-
ded dose of once-daily oral sitagliptin is 100 mg. At this
dose, sitagliptin can inhibit ~80% of endogenous DPP-4
activity over a 24-hour period (59). At doses of 12.5 mg
or higher, sitagliptin is associated with a 2-fold increase
in active total GLP-1 levels (59).

Clinical trial results of sitagliptin given alone or in
combination with oral anti-diabetic agents are summari-
zed in Table 4. Most trials were designed as short term
studies (12 to 24 weeks) with similar characteristics, in-
cluding diet and exercise counseling for patients and
wash-out periods of oral anti-diabetic therapy and dose
stabilization periods ranging from 6 to 19 weeks. In the
monotherapy trials, sitagliptin therapy compared to pla-
cebo resulted in statistically significant improvements in
A1C and fasting glucose (52,60-62). Similar reductions
from baseline in 2-hour PPG values were observed in
these trials (—41.4mg/dL to —48.6 mg/dL) (61,62). Si-
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tagliptin given as add-on therapy to metformin (54) re-
sulted in similar A1C and fasting glucose reductions as in
the monotherapy trials (Table 4). However, there was a
more pronounced 2-hour PPG reduction (-61.3mg/
dL) in this trial (54), which may be due partly to metfor-
min acting as a weak DPP-4 inhibitor (64).

In a similarly designed trial, the efficacy of sitaglip-
tin as add-on therapy to a TZD was assessed in patients
with T2DM (53). In this 24-week trial patients were
treated with pioglitazone (30 or 45mg/day) and sita-
gliptin or pioglitazone and placebo. Significantly grea-
ter baseline to endpoint reductions in mean A1C and
fasting glucose (between-treatment differences of -0.7%
and -17.7mg/dL, respectively) were observed in pa-
tients treated with sitagliptin and pioglitazone versus
the control group. The non-inferiority of sitagliptin
versus glipizide added to metformin therapy (21500
mg) was investigated in a 52-week clinical trial (63).
Reductions from baseline in A1C and fasting glucose
were similar with sitagliptin and glipizide, demonstra-
ting non-inferiority (63).

Increases in HOMA- ranging from 4% to 20% have
been shown in the sitagliptin trials. Limited to modest
baseline to endpoint improvements in fasting lipids (Ta-
ble 3) were reported in patients treated with sitagliptin
alone, or in combination with metformin or pioglitazo-
ne (52-54). Sitagliptin therapy has been shown to be
weight neutral in all clinical trials except in one study in
which sitagliptin given with metformin resulted in wei-
ght reduction of 1.5kg after 52 weeks of treatment (63).
In the clinical trials summarized in Table 4, gastrointes-
tinal adverse events occurred in 12% to 21% of patients
and were generally mild-to-moderate in severity
(53,54,60-63). Other adverse events reported in patients
(>3%) taking sitagliptin included upper respiratory tract
infection, nasopharyngitis and headache (53,54,61-63).
The incidence of hypoglycemia was low in these trials
(<2%) and was similar to the placebo/control arms.
Dose reduction of sitagliptin has been recommended for
patients with moderate or severe renal insufficiency or
end-stage renal disease (65). However, overall, sitaglip-
tin was generally well-tolerated.

Table 4. Summary of clinical frial results for 100 mg once-daily sitagliptin.

Baseline: Diabetes

AI1C (%) body duration (y)
weight (kg)
BMI (kg/m?)

7.8

NR

30.4

7.5

NR

25.2

8.0

89.7

31.8

8.0

85 43
30.3

Reference

Scoft e cols. (62)* 4.2

Nonaka e cols. (60) 4.0

Raz e cols. (61) 4.5

Aschner e cols. (62)

8.0
86.7
30.9

8.1
90.9 6.1

32

7.5
89.5
31.2

6.0

Charbonnel e cols. (64)

Rosenstock e cols. (63)

Nauck e cols. (63)** 6.5

Change from
baseline A1C patients achieving baseline fasting baseline body

Percentage of Change from  Change from

(%) target A1C <7% glucose weight (kg)
(mg/dL)
-0.54 NR -18.2 Neutral
-0.65 58% -22.5 Neutral
-0.48 36% -12.6 Neutral
-0.61 41% -12.6 Neutral
-0.67 47% -16.2 Neutral
-0.85 45% -16.7 +1.8
-0.67 63% -10.1 -1.5

*Scoftt e cols. (2007) used a sitagliptin dose of 50 mg twice-daily; ** Per protocol population; NR = not reported; glucose values were converted from mmol to mg/dL

(conversion factor 0.06551) (62).
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VILDAGLIPTIN

Vildagliptin (LAF237, Novartis Pharmaceuticals), ano-
ther oral treatment developed for the treatment of
T2DM, also acts by inhibiting circulating DPP-4 acti-
vity. It is available in Brazil and Mexico as both a 50mg
and 100mg daily dose and at the publication of this
review, had been approved for use in the European
Union (EU), recommended as a 50mg once-daily dose
with a sulfonylurea or as 50 mg twice-daily in combina-

tion with either metformin or a TZD. Vildagliptin has
been studied as a monotherapy (66-69) in combination
with other oral antidiabetic agents (55-57,70,71), and
against active comparator therapies including TZDs
(72) and metformin (58). The maximum daily dose
used in clinical trials of vildagliptin was 100mg (once-
daily or 50mg twice-daily); other lower doses regimens
were also investigated. In this review we present clinical
results on the highest dose regimens reported in each
of the clinical trials (Table 5).

Table 5. Summary of clinical trial results for 100mg once-daily vildagliptin.

Diabetes
duration (y)

Baseline:
A1C (%)
Body weight (kg)
BMI (kg/m?)
7.6
Ristic e cols. (69) 92 3.0

31
8.0
Pratley e cols. (68)* NR 4.6
30
8.3
Pi-Sunyer e cols. (67) 91 2.1
32
8.4
92-94 24
32
7.7
Ahren e cols. (70)* NR 5.6
29

8.4
Bosi e cols. (565) 95 5.8
33

8.7
Garber e cols. (71) NR 4.6
32
8.8
Rosenstock e cols. (66) 82 2.0
30
8.4
Fonseca e cols. (67)* 95
33
8.7
Rosenstock e cols. (72) 91 2.3
32
8.7
Schweizer e cols. (68) 91 1.0
32

Reference

Dejager e cols. (66)

14.4

Change from Percentage of Change from Change from
baseline A1C patients baseline fasting  baseline
(%) achieving glucose body weight
target A1C <7% (mg/dL) (kg)
-0.53 46% -17.1 -0.07
-0.6 NR -16.2 NR
-0.8 39% -19.8 -0.4
-0.9 NR -14.4 -0.8
06 42% (after 52 _180 04
weeks)
54%
~ (For patients
09 with baseline NR +0.2
A1C <7.9)
-1.0 36% -19.8 NR
-1.9 65% -50.4 +2.1
-0.5 NR -14.4 +1.3
-1.1 NR -23.4 -0.3
-1.0 35% -16.2 +0.3

*These trials used doses other than 100 mg once-daily; NR = not reported; Glucose values were converted from mmol to mg/dL (conversion factor 0.05551).
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In placebo-controlled trials, vildagliptin monothe-
rapy reduced AI1C (range 0.5% to 0.9%) and fasting
glucose (14.4mg/dL to 19.8mg/dL) from baseline.
The A1C reductions observed with monotherapy were
statistically significantly greater than placebo in all trials.
Vildagliptin was studied as add-on therapy to several
anti-diabetic agents including insulin, metformin and
TZDs. A1C and fasting glucose reductions from base-
line ranged from —0.5% to —1.9% and —-14.4mg/dL to
—50.4mg/dL, respectively, with the greatest changes
observed in a subgroup of patients given vildagliptin
combined with pioglitazone (100,/30mg daily). In stu-
dies of vildagliptin with active comparator therapies,
A1C and fasting glucose reductions from baseline ran-
ged from -1.0% to -1.1% and -16.2mg/dL to
—23.4mg/dL, respectively.

Estimates of B-cell function and mealtime glucose
levels were derived from standard meal challenges per-
formed in monotherapy and add-on trials. Meal chal-
lenge tests were performed in two monotherapy trials.
In one of the monotherapy trials (68), the mean 4-hour
prandial glucose level was statistically significantly re-
duced (-34.2mg/dL vs. placebo) in the vildagliptin
(25mg twice-daily) group. Meal tests were performed
in four out of five of the add-on trials; dissimilar me-
thodologies were used to assess mealtime glucose le-
vels. Ahren e cols. (70) reported a statistically significant
reduction in the mean 4-hour prandial glucose level
(=39.6 mg/dL vs. placebo) in the vildagliptin (25mg
twice-daily plus metformin) group. Greater reductions
in 2-hour postprandial glucose levels were observed
with vildagliptin compared with placebo in two other
add-on trials, one with metformin (55) the other with
a'TZD (71). Finally, Rosenstock e cols. (56) reported a
significant reduction in the peak prandial glucose ex-
cursion in the vildagliptin plus TZD group, both base-
line to endpoint (-36.0 mg/dL) and compared with
the placebo plus TZD group.

Vildagliptin therapy was associated with an increase
HOMA-B (11% and 23%) in two monotherapy trials
(68,69), but improvement relative to placebo was only
observed in one trial (69). In three of the add-on trials
(55,56,71), B-cell function was defined by the ratio of
insulin secretory rate AUC to glucose AUC. This asses-
sment was statistically significantly increased in two of
the 100mg vildagliptin groups at endpoint (56,56),
and also improved more than control in two trials
(55,71). Ahren e cols. (70) also demonstrated an asso-
ciation between vildagliptin therapy and improved
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B-cell function using a different estimate, the corrected
insulin response at peak glucose.

Limited to modest baseline to endpoint improve-
ments in fasting lipids (Table 3) were reported in pa-
tients treated with vildagliptin alone, or in combination
with metformin, TZDs or insulin. Significant improve-
ments in total cholesterol and LDL-C relative to control
groups were more commonly reported. Monotherapy
(50mg twice-daily) was associated with a 4.5% decrease
in total cholesterol vs. placebo (66). Vildagliptin added
to TZD was associated with a 5.6% decrease in total cho-
lesterol vs. TZD alone and a 10.5% decrease in LDL-C
vs. TZD alone (56). Added to insulin, vildagliptin decre-
ased total cholesterol and LDL-C, 4.0% and 5.8% vs.
insulin alone, respectively (57). The largest improve-
ments relative to control were observed in an active
comparator trial with rosiglitazone. Relative to rosiglita-
zone, vildagliptin decreased total cholesterol and LDL-
C by 14% and 16%, respectively (72).

Vildagliptin therapy has been shown to have little
effect on weight in most clinical trials to date with the
exception of two studies. Given with a TZD, this thera-
py resulted in weight gain of 2.1kg (56), and given
with insulin resulted in weight gain of 1.3kg (57), both
after 24 weeks of treatment.

Overall, vildagliptin was generally well-tolerated.
In the clinical trials summarized in Table 5, gastrointes-
tinal adverse events were reported in 1% to 22% of pa-
tients and were generally mild-to-moderate in severity.
Gastrointestinal adverse events were not reported in
four trials (56-58,70). Other adverse events commonly
reported in patients taking monotherapy or in combi-
nation with other antidiabetic therapies included hea-
dache, nasopharyngitis, dizziness, and upper respiratory
tract infection. The incidence of hypoglycemia was low
in these trials and was similar to the placebo or control
arms. Recently, dose-dependent elevation in liver ma-
rkers was reported in a pooled analysis of over 8000
patients treated with vildagliptin. Further, investigation
is being conducted.

DISCUSSION

Incretin-based therapies offer an alternative treatment
option for T2DM patients by targeting pancreatic -cell
dysfunction. This review of clinical trial results of three
approved incretin-based therapies highlights some of the
similarities and differences in the studies. Incretin mi-
metics and DPP-4 inhibitors reduce A1C and both are
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effective in reducing fasting glucose and PPG, the 2 key
components of A1C (19). A recent systematic review of
these therapies reinforces these observations and shows
that incretin mimetics may have a greater effect on A1C
reduction than DPP-4 inhibitors (73). Amori ¢ cols.
(73) turther suggested that incretin-based therapies sup-
plement the limited options for targeting postprandial
hyperglycemia and should be considered for patients
with mild diabetes who are at risk of hypoglycemia and
would benefit from losing weight. Both treatment thera-
pies are successful in getting more than 30% of patients
to target A1C values (<7%). Only exenatide therapy has
been studied in longer term trials; 3-year data from
open-label trials show that exenatide is associated with a
sustained A1C lowering effect. Moderate improvement
in fasting lipids has been observed with both therapies.
Incretin mimetics have more gastrointestinal side effects
than DPP-4 inhibitors but these subside with continued
treatment. DPP-4 inhibitors have an increased risk of re-
spiratory tract infection and headache. A distinguishing
feature of exenatide from DPP-4 inhibitors is weight re-
duction; an important treatment outcome especially for
overweight patients with T2DM. Overall, both exenati-
de and DPP-4 inhibitors have been shown to be effective
in improving glycemic control in patients with T2DM.
Advances in the investigation of incretin therapies will
further improve treatment outcomes for patients with
T2DM and help them reach target goals.
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