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New Therapeutics for Diabetes Using Incretin Hormone

Seungjoon Oh
Department of Endocrinology and Metabolism, Kyung Hee University School of Medicine, Seoul, Korea

New therapeutics for type 2 diabetes using incretin hormone were introduced recently. Incretin-based therapies consist of two
types: GLP-1 agonists mainly acting on the GLP-1 receptor and dipeptidyl peptidase 4 inhibitors (DPP-4 inhibitors). The former is
resistant to DPP-4 and injectable. The latter is oral medications raising endogenous GLP-1 by inhibiting the degrading enzyme
DPP-4. The incretin based therapies are promising and more commonly used due to their action and safety profile. Stimulation of
insulin secretion by these drugs occurs in a glucose-dependent manner. Incretin based therapies have low risk for hypoglycemia.
The subsequent review outlines evidence from selected clinical trials of the currently available GLP-1 agonists, exenatide and lir-
aglutide, and DPP-4 inhibitors, sitagliptin and vildagliptin. (Korean J Med 2011;80:625-634)
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Vildagliptin

Vildagliptin® DPP-4 ©JA|A] & 714 W] kg kg
7}eizo] a1 DPP-4S} Al olAR--S 6}: AAoct.

T2 100 mg2] vildaglipting £-83}92 79 DPP-49]
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Vildagliptin® o] g8 YAATE F BER o] Bk 2
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A2y Fier BAES G2 TRt 8725 mg bi
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o] =2 ¢itolth. 7]A HbAle= 7.7%% 3L, SHAS
mg qd®} 100 mg qd2 FoJgt H9-7} 7| AR 2 0.56 U
053% 2sste] BAH R elulzk Qlgiek ook Wl
7 dEES ez APHU=d, 10 mg, 25 mg, 50
mge] vildaglipting =ol5te] 43 o220 2 HpAler} 2}
7} 0.53, 0.67, 0.92% 7| A x| 25 e o] 71A%H Uy 9]oF
2 0.28% =715 tH6]. Rosenstock ${7]-2 vildagliptin
100 mg/day®} rosiglitazone 8 mg/day S 2675 2] A2E FieH
Atoll A 245231 Fofste] AHE w|awskgict. Bt HbAlc
+= vildgliptin oA 1.1% ZF4~%F WHH, rosiglitazone =207 4]
= 1.3% 7St BAHOE Holts glolch o #
714 HbAle7} & AbrEolAl Eg7iAlo] o Wol =itk
1y AlFe] HEk= rosiglitazone o] 1.6 kg 5713 W
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2% 7oA Ho] & ATR= vildagliptin 2 F A7
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o2 WEZZ7 1,000 mg bido] vildagliptin 50 mg bidS 7

Table 1. Summary of clinical trials using sitagliptin

vildagliptin 50 mg bid2 Eolsto] THEQ ¥ v] wsHATHI].
gm 2ol vlal WEato] Buztiol ol WM o w3}
Holglom, 4§ © .geo] uls) opAle] B
&ol dAs] A2 AaE EAth Garber 5{10]> 33275 9]
dEg2A R dFo] T3] 2HEA| o= 27 T
Ao A vildagliptin 50 mg = 100 mgS S=71sto] 3t
2aTke wmstdt. Vildagliptin 50 mgS Z7}3k
A ZEE] 0.58 + 0.1% 2SI, 100 meS 271at
063 = 0.1% P4skck ¥ 2 BE AFaase] Aol

ATgetAaL Ade] WYL GTF Lol 3.6% AL

o o
oA 1.2% (f1oFt 0.6%) EAsH3ITh
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Sitagliptin
Sitagliptin-2- - AJEj<jo]m, k3] 7}2}4je) DPP4 F
AAAZ AL o] A= AR T FhUL 2

5|3, w17k oF 2470 R 19 13] @¥S S5 DPP-4
oA BI7} 24A17F A&E| T, 2417k o] o] ZTxo] o]
231, 24217t <k DPP-4 o] 2H8-] 2|4 80%7} A

AR okt

2R}l Al sitagliptin
20 mg7tA] Z71kst

sugy O o @ U g ol G0 baselne
Aschner et al. [15] 100 741 238 43 30.3 24 8.01 -0.61
Charbonnel et al. [16] 100 701 464 6.0 30.9 24 7.96 -0.67
Goldstein et al. [17] 100 1,091 179 4.4 31.2 24 8.87 -0.66
Hanefeld et al. [18] 100 555 110 3.6 31.6 12 7.78 -0.44
Hermansen et al. [19] 100 441 222 8.3 31.2 24 8.34 -0.45
Nonaka et al. [13] 100 152 76 4.0 252 12 7.54 -0.65
Raz et al. [20] 100 521 205 4.5 31.8 18 8.04 -0.48
Rosenstock et al. [12] 100 353 175 6.1 32.0 24 8.05 -0.85
Scott et al. [21] 100 743 124 4.2 304 18 7.83 -0.54
Scott et al. [22] 100 273 94 49 30.3 18 7.75 -0.73
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H o] sitagliptin?}- thiazolidinedione A2 2] °FA1E Walslo]
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Table 2. Summary of exenatide clinical trials

tjako 2 3t Nonaka S{13]9] 917 AxH= BMI7} 25 kg/m’
o= ATl vlsto] ulghr} o, el 5717
o] 48 AR vz FL IAEL Ao E dtar
o] Zx}E0)A] sitagliptin THEQH o 2 1858k= 42 7|7t
bl Bt a7E 714 A] 7.54%0014 0.65% fFassto] =4
23291 7% vlvhe]l £tk Selubet BREAE ojoh
FARRE AT B913 4+ ik Mohan S{141& §E X
3t ofAJo} 370 FRES YANe R 1857t sitagliptin 100
e 19 18] Reidlel okl 9 $78 4% A
g ol B GRRNAT} 1.03% Fashon], &
QoA Bt 1.38% Ha2 7MY w2 9 Aot avs =
Atk T3k AA| FA; FoA] TEIG 9 4
o tjH] 242} 31 mg/dL, 56 mg/dL 74~

L ooja o) FREY D AFEGo] 217 54 mgldL, 90

mg/dL 74313
Exenatide

Exenatide:= Heloderma Suspectum©]2}= T=njil o] glcloj
A 5% GLP-1 A} e =olch Algte] GLP-17H= o
53%9] AFsANE ZEA]uk GLP-1 S840 Agtslo] H=o
Q&dl BuE z=gich Hul FAE 3 H9 uigi) = oF

302 Lol vskeEatd A9 W= of 241 =R

Trial Overall objective Primary  Subjects Comparator arms AlC FPG BW
end point (n) (%) (nmol/L) (kg)

Buseetal [23]  Effect of exenatide in combination HbAlc 377  SU + exenatide 5 ug bid -046 0.3 -0.9
with SU (30 weeks) SU + exenatide 10 pg bid -0.86  -0.6 -1.6

SU + placebo +0.12  +04 -0.6

DeFronzo et al [24] Effect of exenatide in combination HbAlc 336 MET + exenatide 5 pg bid -040 -04 -1.6
with metformin (30 weeks) MET + exenatide 10 pg bid -0.78 0.6 -2.8

MET + placebo +0.08 +0.8 -0.3

Kendall et al [25] Effect of exenatide in combination HbAlc 733  MET + SU + exenatide 5 pgbid ~ -0.6 -0.5 -1.6
with metoformin and glimepiride (30 weeks) MET + SU + exenatide 10 pg bid  -0.8 -0.6 -1.6

MET + SU + placebo +0.2 0.8 -0.9

Zinman et al [30] Effect of exenatide in combination HbAlc 233 MET + TZD + exenatide 10 ug bid -0.9 -1.6 -1.8
with metformin, TZD (16 weeks) MET + TZD + placebo +0.1 +0.1 -0.2

Heine et al [27]  Effect of exenatide in combination HbAlc 551 MET + SU + exenatide 10 pgbid  -1.1 -1.4 -23
with metoformin and glimepiride (26 weeks) MET + SU + insulin glargine -1.1 29 +1.8

Nauck et al [28] Effect of exenatide in combination HbAlc 501 MET + SU + exenatide 10 pg bid  -1.0 -1.8 -2.5
with metoformin and glimepiride (52 weeks) MET + SU + biphasic insulin -0.9 1.7 29

MET, metformin; SU, sulfonylurea.
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Exenatide’= 265 A34F AAol4] HlEE2gla HEa L
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Liraglutide

Liraglutide'= 3-3-57-9] GLP-1¢]] 5 H1ELojq}
SF7] wiliEoll AFEe] GLP-13}F 97%9] -2 AdeS Zi=th
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liraglutide 1.2 mg, 1.8 mg E+= glimepiride 8 mgS T T
So] 5277k Hlagt Q1olTh42]. Wi HbAle A= 7]4
X ZEE glimepirideE ARE-3F o] H|3}o] liraglutide 1.2 2!
1.8 mg Foft mFoA FAXOR {7t Aol S Kol F
itk 525 & liraglutide 1.2 mg Fo]--2 glimepirideo]] H|3f
-0.33% (95% CI: -0.53—-0.13; p = 0.0014), liraglutide 1.8 mg>-
glimepiride®f] H]3}| -0.62% (95% CI: -0.83—-0.42; p < 0.0001)
oAt HbAle ox]= A= Al & 31 8-12520] WolA]
= TS B3low, ofd ZEE liraglutide 1.8 mg Foi<o
A R EA FAEE AS 2o F=UAIL liraglutide 1.2 mg
Folt3} glimipiride WOl A= 12-525 Afo]of| ot S7 =
Zafe Hollth 53] Yo ® At & ofAlS ARE-SHA]
L ST o AES] - HbAle =312 2+
227} glimepiridestof Blsf B2 ZA YERHTHp < 0.0234).

Q1+ o) ol eI ) & BAFEe] A9 7|71
ZHE HbAlcY] Ay 5257k A £7 5, glimepiride
8 mg 0] -0.88%, liraglutide 1.2 mg 0] -1.19% (p = 0.0234 vs.
glimepiride), liraglutide 1.8 mg =] -1.60% (p < 0.0001 vs.
glimepiride) $ TH42].

A 713 T Bt AT Ae liraglutide 1.2 mg wHof| 4] oF
2 kg, liraglutide 1.8 mg FoflA] oF 2.5 kgo| LAY3FGIA|ut,
glimepiride -ollAl+= ¢F 1.1 kg AlFo] S7FFATHp < 0.001
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Table 3. Summary of the LEAD program

Trial Overall objective Primary end point Subjects Comparator arms AlIC  FPG  BW
() (%) (mg/dL)  (kg)

LEAD 1 [43] Effect of liraglutide in HbAlc 1,041 Glimepiride + liraglutide 0.6 mg qd -0.6 -13 0.7
combination with glimepiride (26 weeks) Glimepiride + liraglutide 1.2 mg qd -1.08 -28 0.3

Glimepiride + liraglutide 1.8 mg qd 1.13 -29 -0.2

Glimepiride + rosiglitazone 4 mg qd -0.44 -16 2.1

Glimepiride + placebo 0.23 -18 -0.1

LEAD 2 [44] Effect of liraglutide in HbAlc 1,091 MET + liraglutide 0.6 mg qd -0.7 -20 -1.8
combination with metformin (26 weeks) MET + liraglutide 1.2 mg qd -1.0 -29 -2.6

MET + liraglutide 1.8 mg qd -1.0 -30 -2.8

MET + glimepiride -1.0 23 0.9

MET + placebo 0.1 7 -1.5

LEAD 3 [42] Effect of liraglutide in HbAlc 746 Glimepiride -0.51 -54 1.12
monotherapy (52 weeks) Liraglutide 1.2 mg qd -0.84 -14 -2.05

Liraglutide 1.8 mg qd -1.41 -26 =245

LEAD 4 [45] Effect of liraglutide in HbAlc 533 MET + rosiglitazone + liraglutide 1.2 mg qd -1.48 -40 -1.02
combination with metformin (26 weeks) MET + rosiglitazone + liraglutide 1.8 mg qd -1.48 -43 -2.02

and rosiglitazone MET + rosiglitazone + placebo 054 72 0.60

LEAD 5 [46] Effect of liraglutide in HbAlc 581 MET + glimepiride + liraglutide 1.8 mg qd -1.3 -28 -1.8
combination with metoformin (26 weeks) MET + glimepiride + insulin glargine -1.1 -29 1.62

and glimepiride MET + glimepiride + placebo -0.24 10 -0.42

LEAD 6 [47] Effect of liraglutide in HbAlc 464 MET and/or glimepiride + liraglutide 1.8 mgqd  -1.1 -29 -3.24
combination with metformin, (26 weeks with 14 MET and/or glimepiride + exenatide 10 pgbid ~ -0.8 -11 -2.87

glimepiride or both weeks extension)

MET, metformin.

vs. glimepiride). A% A= 3 16570 F5I6HA] Lepgo,
52 2744 QPREA AR opAle] Bargo R okelzl
oA3 A% hske] WAL o) g Ao ekt
nz7] Hoto] 7t liraglutide 1.8 mg Fo] FLof|A] QI
(-3.6 mmHg), liraglutide 1.2 mg -2(-2.1 mmHg) glimepiride
(0.7 mmtg)oll ¥a) oju] Q= AolS wolx) etk
LEADS 97 25719] Q17 $2 F 49 A2
HESo] ThA] 52570 AW Ref LEAD3o] Zofst
& E 440 (liraglutide 1.2 mg (n = 110), liraglutide 1.8 mg
(n = 114), glimepiride (n = 97))°] 297t} A--E vhxict 24
%, HbAlcO) 7ML= limaglutide 1.2 mg @ 1.8 me 0] glimepiride
2ol vlal] ofn] QIA| A A HATH-0.9%, -1.1% vs.
-0.6%; p < 0.05, p < 0.01). o]= A= Al 1do] == o
Hof e A FARE A3Gich HbAle < 7%0f 50131 H]
& YA liraglutide 1.2 mg¥} 1.8 mg 0| glimepiride w-of &
R =2 ATE Ro] FATH53%, 58% vs. 37%; p < 0.05, p

his

<0.01). 2¢ & A|52] HSR= liraglutide 1.2 mg & 1.8 mg +-¢]
VAR Z2EE 2.1 9 2.7 kgo] A 3L(F o < 0.0001 vs.
glimepiride), ¥ glimepiride w2 1.1 kg 57} 1TH42].

BrEEAsHAISt WA RE Attt diERe 94D
v E ey} WX RS AlEgE LEAD-27} Qlri{44). Liraglutide
06,12, 1.8 meS 12 13] o2 271k 217} glimepiride =
27l o2 Lol v uslith AWHA © 2 liraglutide
1.2, 1.8 mgS 7} Eogt #o| glimepiride 4 mgS HEXZ
Hlof F7kete] Fofgh tof wlste] AEsHA] > AAE
Hol 31

LEAD-5 9ol A= | EXZ 2013} sulfonylureas 3HA| A}
83} 9= FHA}ol|A] liraglutide 1.8 mge 37} Eojst Ao|
insulin glargineo]l H|3ll &Jn] Ql= 2polE Hof FQIti1.33%
vs. 1.09%; o+ ZF 2}Fo] -0.24%, 95% CI 0.08, 0.39; p = 0.0015).
QJokat(t 7F &Fo] -1.09%, 95% CI 0.90, 1.28; p < 0.0001) |

& e liraglutide ol A ] eftol wisf B @ol dof &
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om(E 7F o] -139 kg, 95% CI 2.10, 0.69; p = 0.0001),
glargine} ¥ WS AL T 2 ol Mol FUTHE
7+ 2}o] -3.43 kg, 95% CI 4.00, 2.86; p < 0.0001) [46].
744 o] MEE] LS LEADGE = 52113} sulfonylurea
£ o] g F& TS ARSI Qi BRI liralglutide
= exenatideS F-2H9] viAgsto] 2657t vlagt Atolch
[47]. Liraglutide+= exenatide®]| H]3}] AICE oJu] A FF4A]
ZATH-1.12% [SE 0.08] vs. -0.79% [0.08]; o 7+ Z}o] -0.33; 95%
CI -0.47—-0.18; p < 0.0001). Liraglutides+= exenatide®f] H|3}
SEA EFE] ATt Holw o, Ale dio] ol &
o7} ek F Al B AT Ak vt AEE
X gJcK(liraglutide -3.24 kg vs. exenatide -2.87 kg). ¢FA|¢] o]
A WEgol A F oA BE Bl H A 4 ol
A=A qt, 2 Ao thafj A= liraglutide”} exenatideo]] H|3}
A& ERE BE=7t AU 2 Hl&2] ZFo] 0448, p < 0.0001).
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