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HOW CAN WE INCREASE INCRETIN
EFFECTS IN TYPE 2 DIABETICS?

DPP-4 is a member of specific
peptidases with proline
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DPP-4 Inhibitors Improve Glucose Control by Increasing
Incretin Levels in Type 2 Diabetes
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DPP-4 inhibitors

* Oral agents: sitagliptin, vildagliptin,
saxagliptin, linagliptin, alogliptin

* Very well tolerated

* No effects in body weight

Sitagliptin: reduction in Hba1c in
monotherapy

Results adjusted by placebo
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Cl=Confidence interval.

“Comparado con el placebo. TAjuste de los cuadrados minimos segun el estado de la terapia
antihiperglucémica previa y el valor basal. Diferencia respecto al placebo. SNimero combinado de
pacientes tratados con JANUVIA o un placebo. IIP<0.001 total y para las interacciones del tratamiento
por subgrupo.

1.Raz | et al. Diabetologia. 2006:49:2564-257 1 doDrChen.com
2. Aschner P et al. Diabetes Care. 2006:29:2632-2637.
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GLP-1 ANALOGUES
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GLP-1 receptor agonists

SC administered peptides
| 1
Human GLP-1 backbone Exendin-4 backbone

Weekly Once-daily Weekly QD BID
(_Taspoglutide Liraglutide ] [ Exenatide QW Exenatide
Albiglutide [ CJC-1134-PC Lixisenatide ]

LY2189265
CJC-1131
Semaglutide

Exenatide

First commercially available agent
53% analogy with human GLP-1
T% 2.5 horas

BID SC administration




Exenatide 3 afios
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Exenatide

Formulacién semanal:

— Acoplado a matriz de poli-(D,L-lactide-co-
glicolyde) PLG que se va degradando lentamente

— Mejor control glicémico
— Reducciones similares en peso
— Sin mayor riesgo de hipoglicemia

oDrChen.cor
Garber A. Exp Opin Invest Drugs. 2012;21(1):45

Exenatide treatment and B cell function
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Liraglutide

* 97% homology to human GLP-1

* Chemical structure with a fatty acid which
increases its half life

" Garber A. Exp Opin Invest Drugs. 2012;21(1):45
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EStUdIO 1860 (liraglutida vs sitagliptina)

I Evaluation to week 26: Mean weekly HbAlc
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Pratley et al. Lancet 2010;375:1447-56

aLiraglutida 1.2mg =X LGB L8 HE™ Sitagliptina 100 mg
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EStUdIO 1860 (liraglutida vs sitagliptina)

Evaluation to week 26: mean changes in body weight
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DURATION-6

* Exenatide weekly vs liraglutide
* Hbalc

—-1.48% liraglutide

—-1.26% exenatide

* Greater weight loss with liraglutide (-3.6 vs
-2.7 kg)

Chencem Buse JB, EASD 2011. Abstract 75.
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DURATION-6

* Higher incidence of subcutaneous nodules
with exenatide weekly (10%) compared to
liraglutide (1%)

w.EndoD

"' Garber A. Exp Opin Invest Drugs. 2012;21(1):45

Reduction in Hbalc with liraglutide

Combined Combination
Monotherapy with SU MET+TZD

85 86 83 85 86 84

*Change in HbA, (%)

15 15

W Liraglutida 1.2mg Liraglutida 1.8mg  « Glimepirida 4 Rosiglitazona 4 Glargina ' Placebo

Significativo *vs. el comparador; #Cambio en HbA1c a partir del valor basal en la poblacién global (LEAD 4,5)
agregado al fallar la dieta y ejercicio (LEAD 3); o agregado a monoterapia previa con hipoglucemiantes orales
(LEAD 2,1).




Liraglutida redujo la Alc mas que la insulina
glargina con una diferencia de peso significativa

DMT2 en metformina y glimepirida — estudio de 26 semanas (n=581)
Basal: A1C (8.2-8.3%), IMC (30-31), duracion de la DM (9-10 afios)
Se inici6 glargina con 8-13 unidades a la hora de acostarse y se ajusté a GPA < 100 mg/d| (al
final del estudio la dosis era ~ 24 unidades/dia)
Se inici6 liraglutida a 0.6 mg QD y se ajusté a 1.8 mg QD (o dosis méxima tolerada)

L]

Russell-Jones, et al. Diabetologia 2009; 52: 2046205500 Chen.corr
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OTHER FUNCTIONS:
NEUROPROTECTION AND
CARDIOVASCULAR

Metanalisis: systolic blood pressure

Mean change
No of patients (standard deviation)

Trial GLP-1R  Control  GLP-1R  Control Weighted mean Weight ~ Weighted mean

agonistgroup group agonist group group difference (95% C1) (%) difference (95% C1)
Astrup 2010 82 78 69013 4002 - 10.59 2.90 (3.2910-2.51)
Apovian 2010 9% 98 -9.4(14) -20(.4) - 10.59 -7.47 (7.8610-7.08)
Bergensthal 2010 160 166 3.2(12.7) 0.8(12.7) — 872 -400(:6.7610-1.24)
Bunck 2009 36 33 -3.5(12.8) 0.9(180) 4.09 -4.40 (11.83 103.03)
Davies 2009 118 17 2.9(13.0) 0.7(13.0 — 805 3.60(:6.9310-0.27)
Moretto 2008 78 77 -4.3(13.3) -0.08 (12.3) 7.23 -4.22(-8.2510-0.19)
Garber 2009 27 22 3.6(141) 0.7(13.7) — 8.86 430 (:6.9310-1.67)
Zinman 2009 178 177 5.6(147) -1.1(16.0) —_— 821 450 (7.6910-1.31)
Kendall 2005 241 247 -20(15.0) 1.1(47) —_ 885 3.10(:5.7410-0.46)
Buse 2004 129 123 0.8(15.7) 1.6(14.3) O 7.61 240 (1.30 10 6.10)
Diamant2010 233 23 3.0(16.6) -0.6(14.9) —_— 856 240 (:5.29 10 0.49)
Heine 2005 282 267 -4.1(17.8) -0.6(16.0) —_— 863 3.50(6.3310-0.67)
Overall; P=0.00 - 100.00 -3.57 (-5.49 10 -1.66)

118 o 18
doDrChen.com

Vilsbol T. BMJ. 2012:344




Mechanisms

* Natriuretic effect

* Central effects modulating cathecolamines in
the area postrema

¢ Direct vascular effects

doDrChen.corm

Burgmaier M. Diabetic Medicine. 2012.
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Metanalisis: total cholesterol

Mean change
No of patients (standard deviation)

Trial GLP-1R  Control  GLP-IR  Control Weighted mean Weight  Weighted mean
agonistgroup group agonistgroup group difference (95% C1) (%) erence (95% CI)
Heine 2005 282 267 -01(0.7) 0.000.9) —-— 18,57 -0.09(:0.23 0 0.05)
Bergensthal 2010 160 166 01(0.7) 00(0.8) . 1230 0.06(0.11t00.23)
Buse 2009 129 123 0107 010.7) —a 1122 -0.18(0.3510-0.01)
Davies 2009 18 17 0408 0208 —e 9.04  -0.15(-0.34 0 0.04)
Kendall 2005 21 27 0008 0109 —— 15.64 -0.07(-0.22 10 0.08)
Diamant2010 233 23 0108 0007 — 17.92-0.08(:0.22 10 0.06)
Bunck 2009 36 33 0308 0206 3.09 -0.10(-0.4310.23)
Defronzo 2010 45 45 01308 0.4(0.8) 308 -0.31(:0.64100.02)
Moretto 2008 78 77 0109 0209 424 -0.30(0.5810-0.02)
Zinman 2009 178 177 02(1.2) 0.0(13) 4.90  -0.18(-0.44 t0 0.08)
Overall; P=0.468 > 100.00 -0.10 (:0.16 10 -0.04)

-0.643 o 0.643

EndoDrChen.com

Vilsbol T. BMJ. 2012:344

Metanalisis: effects in ALT

Mean concentration

after treatment
No of patients (standard deviation)

Trial GLP-IR  Control  GLP-IR Control Weighted mean Weight  Weighted mean

agonist group group agonistgroup  group difference (95% CI) (%) difference (95% C1)
Astrup 2009 82 78 20503) 258(23.0) [————— 385 5.40(0.05101075)
Zinman 2009 175 156 21.0(10.1) 23.0(13.6) 3.50
Bunck 2009 36 33 23.4(115) 25.9(122) —— 11.64 130 (1.78104.38)
Garber 2009 77 212 265(12.4) 29.6(15.3) —at 12.78 -2.20 (51410 0.74)
Nauck 2009 234 16 27.7(152) 319(25.0) ———+——— 448 550(0.541010.46)
Pratley 2010 205 203 27.9(16.5) 28.8(15.4) 3.97 0.34(-4.93105.61)
Russel-Jones 2009 223 11 283(16.5) 29.9(16.1) 4.49  -4.20(-9.15 10 0.75)
Diamant2010 233 223 28.4(18.4) 27.1(15.0) —a 15.84 -3.13 (5.7 10-049)
Marre 2009 226 107 29.3(23.1) 29.0(23.0) — . 16.25 -2.05(-4.65 10 0.55)
Heine 2005 282 267 29.6(13.9) 31.8(20.4) 8.07 -1.61(-5.31102.09)
Moretto 2008 78 77 307(19.9) 25.2(10.1) 1150 -0.90(3.99 10 2.19)
Bergensthal 2010 160 166 33.2(31.0) 27.8(15.5) 3.65 -5.22(1071100.27)

100.00 1.19 (2.2410-0.14)
-10.8 0 108

EndoDrChen.com

Vilsbol T. BMJ. 2012:344




Metanalisis: changes in body weight

Noof patients __(standard deviation)
Trial GLPIR Control  GLPIR _ Control Weighted mean Weight  Weighted mean
agonistgroup group  agonist group roup )
Begenstal 2010 160 166 23(.0) 0803 - 498 1.50(19710-1.03)
Buse 2004 129 123 1604 0663 - 474 1.00(18310-0.17)
Kendall2005 261 27 16(G.1) 09G.) - 493 0.70(12610-0.14)
Pratiey 2010 2 219 3400 1009 - 458 2.42(28810-1.96)
Moreto2008 78 78 3107 1407 . 476 170(25310-087)
Nauck 2009 w12 2802 1503 - 509 130(136t0-1.20
Garber 2009 ue us 2508 1009 e 421 350 (48910-2.11)
Oamantz010 233 223 260 1460 - 493 4,00 (45510-3.45)
DeFonzo 2010 45 45 2804 1564  —e—i 421 +430(5.6910-2.97)
Russellfones 2009 230 114 -18(5.0) 04D —— 459 138(238100.38)
Heine 2005 2 267 2309 1860 - 486 4.10(47610-3.46)
Astrup 2009 B 9 7205 2805 . 5,08 4.40 (4.5410-4.26)
Elin 2010 2 0 3209 1609 - 499 1.60(20410-1.16)
Davies 2009 18 17 2704 3064 e 472 5.71(65710-4.85)
Rosenstock 2010 73 70 5105 1605 . 5.08 350 (3.6610-3.30)
Zoman2000 178 177 2040 06(0) - 474 260(34310-1.77)
Apovian 2010 96 9% 6205 4005 . 5.08 219 (2:3610-2.00)
Bergenstal 2009 126 124 1909 4106.4) —e— 446 600 (7.1610-4.86)
Bunck 2009 36 3 36066 1066 —=—i 359 4.60(65610-2.60)
Marre 2009 B4 1 0200 0108 508 0.10(0.22100.02)
Nauck 2007 33 s 2562 2960 = 494 5.40(59410-4.86)
overall; P=0.00 - 100,00 -2.90 (3.5910-2.22)
716 o 7.16

Vilsbol T. BMJ. 2012:344
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Other risk factors modulation

Inhibition of linfocitary chemotaxis

* Reduction in monocytes adhesion

* Reduction in plaque inflammation

* Reduction in hsCRP and PAI-1

* Improvement of endothelial dysfunction

Burgmaier M. Diabetic Medicine. 2012.

Neurogenesis

* There is a correlation between Alzheimmer
disease and T2DM

* Neurons express GLP-1 receptors

* In animal models, liraglutide reduce amyloid
plaque formation in the brain

Hunter K. BMN Neuroscience. 2012;12:33
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3 saline control

C Effect of 3 week Lixisenatide treatment
on cell proliferation in WT mice

Average Number of BrdU
positive cells/animal

D Effect of 3 week Lixisenatide treatment

on new neuron development in WT mice
* . 3 saline

mu

isenatide

neurensanimal

Average Number of new

'Hunter K. BMN Neuroscience. 2012;12:33

ARE ALL GLP-1 RECEPTOR
AGONISTS THE SAME?
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GLP-1 receptor agonists

SC administered peptides

| 1

Exendin-4 backbone

Once-daily Weekly QD BID

Exenatide

Lixisenatide |

(CTaspoglutide

Liraglutide ] [ Exenatide QW
[ CJC-1134-PC
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Antibodies

* Antiiraglutide antibodies 4 Anti-exenatide antibodies

liraglutide  liraglutide
Time:  Week 79 (25 days off-drug)

liaglutide  liraglutide
Week 26 Week 40 Week 78

- H 80/181 patients.
i 1 1130185 patients © (sgrey
P e
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5 H t (17%)
g H i ' .
< 504 H . .
z H H
g H 1 A
& 404 H i i
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g 304 4 I 1
8 204 H ‘
)] 41154 patients  4/134 patents ' N
104 @6%) (3.0%) H I i
: i H i
Troatment:  Continued  Exenatide— | Exenalide  Exenatide— Exenatide—
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Buse JB. J Clin Endocrinol Metab, 2011,96:1695

Ac antiexenatide — reduction in Hbalc

S20%BT >20 and <50%8/T >50%B/T

(n=65) (n=42) (n=6)
Mean & HbA, : ~1.0% Mean A HbA, : ~0.5% Mean & HDA,: ~0.1%

Change in HbA,_ from week 0 to week 26 (%)

30 : ‘ Linear regression
* r#=0.0811; P = 0,002
35
-0
10 20 30 40 60 70

Antibody binding capacity (%B/T)

DrChen.co

Buse JB. J Clin Endocrinol Metab, 2011,96:1695
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Ac antiliraglutide — reduction in Hbalc

3 lowest %B/T quarties (n = 60), Top %BIT quartile (n = 20),
<3.75%B/T 3.75%B/T

Mean A HbA, : ~1.0%

o Liraglutide 1.2 mg
« Liraglutide 1.8 mg

£ 59 Mean AHDA,:-12%
8 4
E}
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Buse JB. J Clin Endocrinol Metab. 2011;96:1695
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Ac antiliraglutide

Liraglutide 1.2 mg Liraglutide 1.8 mg
n_ Baseline HbA,.  AHbA,,  n  Baseline HbA,.  AHbA,
Anti-liraglutide antibody negative 337 85(1.1) —12(1.1) 534 8.4(1.0) —12(1.1)
Anti-liraglutide antibody positive 32 8.9(1.2) -13(1.2) 48 83(1.1) —1.1(0.9)
Anti-liraglutide antibody positive 18 8.7(0.9) -12(1.2) 25 8.4(1.0) —1.2(0.8)
with GLP-1 cross-reacting effect
Anti-liraglutide antibody positive 4 8.8(0.9) -1.6(1.7) 5 8.3(1.0) -1.6(0.7)

with in vitro neutralizing effect

DrChen.com

Buse JB. J Clin Endocrinol Metab. 2011;96:1695

Ac anti exenatide

i

» . L .

antibody negative
<2.23%B/T
n=89)
Week 26 HbA,:  7.1%

antibody positive, all  antibody positive  antibody positive
>2.23%8IT >2.2310 20%8/T 9
(n=83) (n=66) (n=17)
7.3% 71% 8.1%

~024

0.4

~064

~08

Change in HbA,_ (%) from week 26 to week 40
after switching from exenatide to liraglutide
B

®
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Buse JB. J Clin Endocrinol Metab. 2011;96:1695
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Glucose profile

e Liglutide ~ Exenatide
——Baseline —@— Baseline
134 *— Week 26 Week 26

Sdf-measuredplasma glucose (mmollL)

Buse JB. Lancet. 2009;374:39
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ADVERSE EVENTS

Nauseas incidence

20 @ Lirglutide 18 mgonceaday
W Exenatide 10 ug twice aday

Patients (%)
B8
I

p<0-0001

T T T T 1
2 4 6 8 10 L 14 16 18 20 2 24 2

Buse JB. Lancet. 2009;374:39
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Datos en archivo (LEAD-3 duracién de 2 afios)

Nauseas in the long term
follow up

Proporcién de sujetos con nauseas por semana y tratamiento - poblacién de
seguridad

Sujetos (%)

0 8 16 24 32 40 48 56 64 72 80 88 96 104
Tiempo (semanas)

- Liraglutida 1,8 mg - Liraglutida 1,2 mg Glimepirida 8 mg

Ningln sujeto del periodo de extensién abandond debido a nauseas

oDrChen.corm
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Placebo  Lixisenatide 2-step Lixisenatide 1-step Lixisenatide

combined  dose increase dose increase combined

Type of adverse event (n=122) (n=120) (n=119) (n =239)
Any TEAE 55 (45.1) 63 (52.5) 65 (54.6) 128 (53.6)
Any serious TEAE 5(4.1) 1(0.8) 0 104
Discontinuation as a

result of a TEAE 1(0.8) 5(4.2) 3(2.5) 8 (3.3)
Gastrointestinal

disorders (any) 17(13.9) 39(32.5) 38(31.9) 77(32.2)
Nausea 5(4.1) 29 (24.2) 24(20.2) 53 (22.2)
Headache 14(11.5) 10(8.3) 9 (7.6) 19 (7.9)
Vomiting 0 9(7.5) 8(6.7) 17 (7.1)
Dizziness 3@25) 9(7.5) 4.4 13(.4)
Nasopharyngitis 4(33) 6(5.0) 5(4.2) 11 (4.6)
Symptomatic hypoglycemia 2 (1.6) 325 1(0.8) 417

Fonseca VA. Diabetes Care. 2012;35:1225

Acute pancreatitis incidence:
Type 2 diabetics vs non diabetics

B No diabetes

TN W DM tipo 2

Incidence T2DM vs non diabetics

: 00
0.0 +—m—
. J/ 200 30 31-44 4 s5-8 65 Mo

35 Global By age By gender
20 (years)
. 600

~
n

Incidence
1000,000 persons-years

Noel et al. Diabetes Care 2009;32:834-8
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Safety

* Pancreatitis
— 90% have risk factors

¢ There is a safety alert for exenatide and
sitagliptina

Montanya E. Expert Opin Pharmacother. 2012;13:1451
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Incidence of pancreatitis in studies with liraglutide that
have ended by February 28 2011

Safety analysis setd (n) 7653 1979
Total exposure (years) 5747.8 1536.1
Acute pancreatitis events 10 1
Incidence of acute pancreatitis* 17 0.7
Chornic pancreatitis events 3 0

Incidence of chronic
pancreatitis* oS L

*number of cases / 1000 patient years of exposure

In a diabetic population with an incidence of 1.5-4.5/1000 PYE, 9-26 cases of
acute pancreatitis would be expected in the liraglutide group and 2-7 cases in
the comparator group

Includes 1 event reported in the obesity development studies

doDrChen.com

Liraglutida and medullary thyroid cancer

Rodents Humans
Jﬁ.'«;._ Pl ) b N
a In rodents, c cell . Y | .

density is >45 . a4
higher than in humans . 2
) Qa

GLP-1 receptors /R

odents have more GLP-I\
receptors in the
cellular surface
(1600-13,000/C-cell).
In humans, GLP-1
receptors are
Ccell rarely F;ecectable: C cell

GLP-1 receptor

(0-105/C-cell)
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Bjerre Knudsen et al. Endocrinology 2010;151:14
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DPP-4 INHIBITORS AND GLP-1
RECEPTOR AGONISTS COMPARISON

23/12/12

Characteristic DPP-4 inhibitors GLP-1 agonists
Administration Oral Parenteral

route
Reduction

Effect in weight Neutral

Adverse events Well tolerated in  Nauseas, anorexia

general
Dosing OD-bid OD-bid-weekly
Extra pancreatic No Yes (CV, blood
effects pressure, lipid
profile)

WHY THE DIFFERENCE?

16



GLP-1 receptor agonists

GLP-1 agonists with > 24 hour duration
seem to be associated with:

- Greater HbA1c lowering

- Greater FPG lowering

- Lesser PPG lowering

- Larger Increase in fasting insulin

- Larger decrease in fasting glucagon
- Equivalent weight loss

- Decreased effect on gastric emptying
- Less nausea (except taspoglutide)

- Less associated hypoglycemia

- Larger increase in heart rate

23/12/12

QUESTIONS...
CHENKU2409@GMAIL.COM
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