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El Efecto Incretina
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El Efecto Incretina esta reducido en pacientes

con Diabetes Tipo 2
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Las Incretinas

GLP-1: Glucagon-like Peptide-1

@@@@0 609@.9.91!... .@

GIP: Glucose-Dependent Insulinotropic Peptide
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Efectos del GLP-1 en Humanos:

papel glucorregulatorio de las Incretinas

GLP-1 segregado tras
la ingesta de alimentos
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Adaptado de Flint A, et al. J Clin Invest. 1998;101:515-520.; Larsson H, et al. Acta Physiol Scand. 1997;160:413-422.; Nauck MA, et al.
Diabetologia. 1996;39:1546-1553.; Drucker DJ. Diabetes. 1998;47:159-169.



Efecto de la infusion de GLP-1
en las sensaciones asociadas con el
apetito

Satiety s
Fullness mmm

500 - Prospective food intake mmm
Hunger mm
400 - =
Mean (SE) .
AUC for
Visual Analogue 300 -
Score (mm) *
vs time (h) 200 - 1*
100 -
0

0 1 6
Time (wk)

Only data of patients treated with GLP-1 showed
n=10
*P <0.05 vs saline group

Zander M, et al. Lancet 2002; 359:824-830



Efecto de la infusidon de

GLP-1 en el control glicémico de

Pacientes diabéticos tipo 2 con fallo de terapia oral
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Degradacion de GLP-1

DPP-4 La accion de DPP-4 inactiva GLP-1

2 3 30
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2 posibles soluciones para la utilizacién terapéutica de GLP-1:

1. Analogos LAR de GLP-1 resistentes a DPP-4: incretin-mimeticos
2. Inhibidores de DPP-4: incretin-potenciadores

Mentlein R, et al. Eur J Biochem. 1993;214(3):829-835.
Gallwitz B, et al. Eur J Biochem. 1994;225(3):1151-1156.



Incretin-miméticos y analogos de
GLP-1

DPP-4

Acido graso C-16 (unién no
covalente a albumina)




Efecto de iDPP-4 en los niveles de incretinas

GLP-1

GIP

Glucagon

Mari et al. J Clin Endocrinol Metab. 2005
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Los Niveles Plasmaticos Postprandiales de Exenatida
Exceden los Niveles Fisioléogicos de GLP-1
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datos de concentraciones posttratamiento a las 2 semanas
DeFronzo RA, et al. Curr Med Res Opin. 2008;24(10)2943-2952.



Exenatide es el primer Incretin-mimético
utilizado en la practica clinica

Lugar de accién de
DPP-4




Desarrollo de Exenatida: Un Incretin-Mimeético

Exenatida (Exendina-4)

 Version sintética de una proteina
presente en la saliva del monstruo
de Gila

« Aproximadamente un 50% de
identidad con el GLP-1 humano

— Se une a los receptores del GLP-1
humano en las células (8 in vitro

- Resistente a la inactivacion de la
DPP-1V

Exenatida HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-NH,

GLP-1 HAEEGTFTSDVSSYLEGQAAKEFIAWLVKGR—NH2

Humano .

Sitio de Inactivacion de la DPP-IV

Adaptado de Nielsen LL, et al. Regulatory Peptides. 2004;117:77-88.
Drucker DJ. Diabetes Care. 2003;26:2929-2940;
Ahrén B. Best Pract Res Clin Endocrinol Metab. 2007,21.517-533



Exenatida (Exendina-4)

Secuencias de Aminoacidos
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+ Exendina-4 comparte Afinidad por el Receptor de GLP-1 *
aproximadamente el 50% de la

identidad de los aminoacidos con
GLP-1
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Concentracion de péptidos (log molar)

*Adaptado de Fehmann HC, et al. Peptides. 1994;15:453-456.; Chen YE, Drucker DJ. J Biol Chem. 1997;272:4108-4115.; Neilsen LL, et al.
Regul Pept. 2004;117:77-88. Con permiso de Elsevier.;Drucker DJ. Diabetes Care. 2003;26:2929-2940.



Semivida de Exenatida (Exendina-4) vs GLP-1
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N = 4-7 (ratas); p <0,05.
Adaptado de Parkes D, et al. Drug Dev Res. 2001;53:260-267. Reproducido con permiso de John Wiley & Sons, Inc




Acciones Glucorreguladoras de Exenatida




Exenatida reduce la hiperglucemia en ayunas
en pacientes con Diabetes Tipo 2

-o- Placebo
—- Exenatida 0.05 pg/kg
—&- Exenatida 0.10 pg/kg

Insulina Sérica

Glucosa Plasmatica en Ayunas
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I Tiempo (hora) I Tiempo (hora)

Concentracion Plasmatica de Glucosa
(mmoll/l)
Concentracion Sérica de Insulina
(pmol/l)

Inyecciéon SC Inyecciéon SC

Media (EE); N=12; p<.0001 para glucosa; p<.001 para insulina.
Adaptado de Kolterman OG, et al. J Clin Endocrinol Metab. 2003;88:3082-3089. Copyright 2003, The Endocrine Society.



La infusion aguda de Exenatida restaura la primera
fase de secrecion de insulina en pacientes con DM2
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-®- Diabetes Tipo 2, Placebo
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Fehse F, et al. J Clin Endocrinol Metab. 2005 Nov;90(11):5991-7. Copyright 2005, The Endocrine Society



La infusion aguda de Exenatida restaura la primera
fase de secrecion de insulina en pacientes con DM2

“¥- Sujetos Sanos, Placebo
-®- Diabetes Tipo 2, Placebo

- Diabetes Tipo 2, Exenatida
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Fehse F, et al. J Clin Endocrinol Metab. 2005 Nov;90(11):5991-7.



Exenatida mejora la sensibilidad de la célula 8
en pacientes con diabetes tipo 2

-®- Tratamiento Pre-exenatida
1.4 - -®- Tratamiento Post-exenatida
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Media (EE); N = 9; p <0,002.
Egan JM, et al. Am J Physiol Endocrinol Metab. 2003;284:E1072-E1079.



Exenatida mejora la sensibilidad de la célula 8
en pacientes con diabetes tipo 2
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Exenatida: Enlentecimiento dosis-dependiente
del vaciado gastrico

mmm Placebo
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Se muestra la media de minimos cuadros.
*p <0,01 vs placebo.
Linnebjerg H, et al. Diabetes. 2006;55(Suppl 1): A116-OR.



Exenatida: Enlentecimiento dosis-dependiente del
vaciado gastrico

=smm 10 pg Exenatida
5 ug Exenatida
mmmm Placebo

Comida sodlida

100 =

% de actividad residual

7 8 9 10 11 12
Tiempo (hora)

Linnebjerg H, et al. Diabetes 2006;55(Suppl 1):A28.



Exenatida reduce la hiperglucemia postprandial
en pacientes con Diabetes Tipo 2
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Media (EE); N = 109; p <0,004.
Fineman MS, et al. Diabetes Care. 2003;26:2370-2377. Reproducido con permiso de la American Diabetes Association.



Exenatida reduce la hiperglucemia postprandial

en pacientes con Diabetes Tipo 2
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Efecto de Exenatida en la glucosa postprandial a
lo largo de 30 semanas

—- Placebo 2 x dia
—&—- Exenatida 5 pg 2 x dia
—@- Exenatida 10 pg 2 x di

Resultados Combinados de los Estudios en Fase 3 de Exenatida

Basal Semana 30
167  Placebo 169  Exenatida
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Tiempo (min) Tiempo (min)

Media (EE); N = 138; Cohorte evaluable con tolerancia a las comidas.
p <0,0001 para el cambio en la PPG desde la linea basal hasta la Semana 30, grupo de exenatida vs placebo.
Datos de archivo, Amylin Pharmaceuticals, Inc.



Duracion de la exposicion a hiperglucemia con Exenatida a
lo largo de 30 semanas

Bl Placebo
Bl Exenatide
Time with Glucose > 7.8 mmol/L Time with Glucose > 11.1 mmol/L
p<0.001
20 - | 10 -
- - p<0.001
315 3 |
= =
@ 10 - o
E E
= 5 . =
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Baseline Endpoint Baseline Endpoint
MN=30

Schwartz 5, et al. Clhin Ther. 2008;30-85886T;



Reduccion del riesgo de variabilidad de la glucemia
con Exenatida
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La Glicemia postprandial es un factor de

riesgo independiente de enf cardiovascular

estudios epidemioloégicos

Hoorn Study Jh glucose better predictor of mortality than HbA,
Honolulu Heart Program 1-h glucose predicts coronary heart disease

Chicago Heart Study 2h postchallenge glicose predicts all-cause mortality
DECODE High 2 postload blood glucose 1s assoclated with Increased

risk of death, mdependent of fasting glucose

Coutmho ef al, 2h glucose associated with CHD
Whitehall Study, Paris Prospective Study, and 2h postchallenge glicose predicts all-cause and CHD

Helsmka Policemen Study

mortality

Diabetes Intervention Study Postmeal but not fasting glucose 1s associated with CHD



La regresion de la placa se asocia a la
Glucemia PostPrandial y no a |la Basal
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Figure 7. Reduction in CIMT is associated with changes

postprandial (PPG) but not with fasting (FPG) glucose.
[Fenacita K et al Circtilation 2004:110:-2714-9 (ref 42)]




Regresion de la placa tras control
de la glicemia postprandial

CIMT (mm)
Change from basal

0.0-

Repaglinide

Ghyvbenclamide

Figure 6. Atherosclerosis regression in the carotid* after
post-prandial glucose control in type 2 diabetic patients.
[Esposito K et al. Circulation 2004:110:214-9 (ref. 43)].




Contribucion de la hiperglucemia en
ayuno y posptrandial a las cifras de Al1c
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Adaptado de Monnier L, et al. Diabetes Care. 2003;26:881-885.



Trigliceridemia postprandial durante tratamiento con
Exenatida
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Schwartz 5, et al. Clin Ther. 2008;30:858867;



Estudios Clinicos en Fase 3: Efecto sobre el peso
corporal a lo largo de 30 semanas

- Placebo 2 x dia
—- Exenatida 5 ug 2 x dia
—@- Exenatida 10 ug 2 x di:

MET MET + SU

0

-0,5-
-1,0-

1,57

-2,0-

-2,5-

Cambio en el Peso (kg)

-3,0-

** **

-3,5- . i
Tiempo (semana) Tiempo (semana) Tiempo (semana)

Poblaciéon ITT; Media (EE); MET (N = 336), SU (N = 377), MET + SU (N = 733); *p <0,05 vs placebo; **p <0,001 vs placebo.

El peso basal medio oscil6é de 95 kg a 101 kg en todas las ramas del estudio.

DeFronzo RA, et al. Diabetes Care. 2005;28:1092-1100.; Buse JB, et al. Diabetes Care. 2004;27:2628-2635.;Kendall DM, et al.
Diabetes Care. 2005;28:1083-1091. Reproducido con permiso de American Diabetes Association.



Estudios Clinicos en Fase 3 (Combinados):
Acontecimientos Adversos Comunes

Resultados Combinados de los Estudios en Fase 3 de Exenatida de 30 Semanas

Placebo 5 ug Exenatida 10 pg Exenatida

(N = 483) (N = 480) (N = 483)
Nauseas 18% 39% 48%
Hipoglucemia 8% 15% 25%
Diarrea 6% 11% 15%
Vémitos 4% 13% 13%
Cefalea 6% 10% 7%
Sensacion de nerviosismo 4% 9% 10%

Datos de archivo. Amylin Pharmaceuticals, Inc.



Estudios Clinicos en Fase 3 (Combinados):
Evolucion de las nauseas a lo largo del tiempo

mmm Placebo
100 m== 5 pug Exenatida 2 x dia

== 10 ug Exenatida 2 x dia
me En la semana 4 se

S 75 aumenté la dosis de

§ 5ug a10 pg
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S 30 1

T

=

N 15 -

0

0-4 >4-8 >8-12 >12-16 >16-20 >20-24 >24-28 >28

Tiempo (semanas)

Datos ITT (intencién de tratar) de 30 semanas; N = 1446.
Datos de archivo, Amylin Pharmaceuticals, Inc.



Variacion en la HbA,_ durante 3 anos de
tratamiento con Exenatida

Valor inicial 8,2 £ 0,1 %

Semana 156
9 - -1.0% (IC del 95%: -1,1 a -0,8%)

10 1

0 26 52 78 104 130 156

Tratamiento (semanas)

N=217; Media * EE.
Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.



Variacion en el Peso a lo largo de 3 anos de
tratamiento con Exenatida

Valor inicial 99.3 £ 1.2 kg

S 0 Semana 156

§_ -5.3 kg (IC del 95% : -6,0 a -4,5 kg)

(7))

X

C ~ i

S 2
00
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=5 4

=S

S S

S

5

e -6 - - . . . .
<§ 0 26 52 78 104 130 156

Tratamiento (semanas)

N=217; Media * EE.
Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.



Mejoria combinada en la HbA,. y en el Peso a lo largo
de 3 anos de tratamiento con Exenatida

T Valor inicial 8,2+ 0,1 % ° Valor inicial 99.3 * 1.2 kg
Semana 156 T 0 Semana 156
9 -1.0% (IC del 95%: -1,1 a -0,8%) 8 -5.3 kg (IC del 95% : -6,0 a -4,5 kg)
M
q, —
<8 c <
< 8 T2
O7 T o 0
)l I E
S 6 8
_ ° S
5 5%
0 26 52 78 104 130 156% 0 26 52 78 104 130 156
>
Tratamiento (semanas) Tratamiento (semanas)

N=217; Media * EE.
Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.



Pérdida de peso en los pacientes que completaron 3

anos de tratamiento con exenatida

-
=

16% (35/217) pacientes sin cambio de peso o con
ganancia de peso

($)]

peso desde el valor inicial (kg)
o & o

-
o

'/ 84% (182/217) pacientes con pérdida de peso

N
o

Cambio de
“

N
3
e

N=217.
Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.



Pérdida de Peso y Reduccion de HbA,_ en los
pacientes que completaron 3 anos de tratamiento con

exenatida
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N=217.
Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.



Variacion de HbA,_ estratificada en cuartiles de
variacion de peso a los 3 ainos

el valor inicial (%)

Cambio de HbA,_ desde

-2.0 -

N=217.
Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.; Kendall DM, et al. Presented at: 67th ADA Annual Scientific Sessions;
June 22-26, 2007; Chicago, IL.



Cambios en A1c con incretin-miméticos e inhibidores DPP4

N n DM2 _—
Incretin mimetics e DPP-4 inhibitors
Upto2mg
weekly Upto
Upto10pg 075, 2.0, 1.9 mg 0mg 100 mg Upto 200 mg
1.0+ twice daily once daily 101, 25mg Upto100mg 100 mg
A ' A
051 — 051 2 R Ve
—_ DEI_ DD' T T T T T T T T 1
€ I
y =054 0.5 4
= *
s i 1 =% I * P
T -10q . I -1.0 N
N
-15- ~1.51 T
=20 ~7.0
[ Exenatide (twice daily) E Insulin glargine 1 Metformin
[ Exenatide LAR (onceweekly) [ Vildagliptin B Glimepiride
Bl Liraglutide {once daily) [ Sitagliptin [ Rosiglitazone

Drucker & Nauck. Lancet 2007
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Exenatida vs sitagliptina:
comparacion de la reduccién de glucemia postprandial

—&— Al inicio
—il— Exenatida

250 —%¥— Sitagliptina

N

w

o
1

Glucosa (mg/dl)
N
o

-_—

©

o
1

*%*

170

Akn:tes Desﬁulés Aknies Desﬁujés A:n'tes Desﬁujés

Desayuno Comida Cena

Autoanalisis de concentraciones de glucosa-perfil de 6 puntos
Poblacion evaluable; Al inicio: n = 57, media * EE; Exenatida y sitagliptina: n = 61, *P = 0.0016; **P = 0.0383
DeFronzo RA, et al. Curr Med Res Opin. 2008;24(10)2943-2952.



Exenatida vs sitagliptina:
Mejora en el indice insulinogénico

Media Geométrica basal del

1.0 - P =0.02 indice insulinogénico?: 0.4

indice insulinogénico’

Exenatida Sitagliptina

Poblacién evaluable, n = 61 para ambos grupos de tratamiento
Comidas estandar administradas en t = 0 min
DeFronzo RA, et al. Curr Med Res Opin. 2008;24(10)2943-2952.



Exenatida vs sitagliptina:
Reduccion de la Ingesta Calorica Media

Ingesta Calérica Media

= P =0.0227 basal?: 1071 kcal
S 300 I '
—

e

‘o 200+

£

o

®  100-

S

7]

0

O 0

©

2

‘0

< -100-

&)

8

@ -200 A

o

£

q -300- Exenatida Sitagliptina

- Cambios en la mediana de ingesta calérica mostraron tendencias similares (exenatida, -138 kcal;
sitagliptina, 63 kcal)

Cohorte evaluable ad lib, n = 25 para ambos grupos de tratamiento.
DeFronzo RA, et al. Curr Med Res Opin. 2008;24(10)2943-2952.



Acciones de las Terapias Basadas en las Incretinas
para DT2: Agonistas del Receptor de GLP-1 e
Inhibidores de DPP-4

Agonistas
receptor GLP- Inhibidores
Accion 11.2 DPP-4 1.2
Produccién
Insulina +++ ++
Primera fase
respuesta +++ ++
insulinica
Glucagon;
+++ +

Gasto Glucosa
Vaciado gastrico Retrasado Sin efecto

Ingesta Disminuida Sin efecto

1. DeFronzo RA, et al. Curr Med Res Opin. 2008;24(10)2943-2952.; 2. Drucker DJ and Nauck MA. Lancet. 2006;368:1696-1705.



Exenatida en Combinacion con TZD:
Cambio en el peso corporal

—@— Exenatida
—A— Placebo

0,5
o 0,0
(@)] ’
3
9 © '0!5
b o) | S8
© O
£ES 1,0 .
o 3
€9 -15-
c O
(&) o *%
7] -2’0 *%
*%*
-2,5 . . . . .
0 4 8 12 16
Tiempo(Semanas)

Muestra de pacientes ITT, Grafico muestra la media * EE. * p<0.01, ** p<0.001. Peso en la linea basal para toda la muestra ITT (Media * DE),

exenatide: 97.5 + 18.8 kg, placebo: 96.9 * 19.0 kg.
Zinman R at al Ann Intarn Med 2007-1AG-A77.A8



Estudio Comparativo de Exenatida/lnsulina Glargina:
Modificaciones del Peso

—@- Exenatida
—&- |nsulina Glargina

2 7 ‘{

Cmbio en peso corporal (kg)
o

A
-2

*

-3 —r— . . . 7/ .

0 2 4 8 12 18 26

Tiempo (semana)

Poblacion ITT; se muestra la media £ EE; *P <0,0001, exenatida vs insulina glargina en los mismos puntos temporales.
Heine RJ, et al. Ann Intern Med. 2005;143:559-569. Reproducido con permiso de The American College of Physicians



Estudio comparativo de exenatida frente a insulina aspart
bifasica: Cambios en el peso corporal

—&— Exenatida
—&— Insulina premezclada

o
23
2—5 5,4 Kg.
+ >
2 5
g
So
- 2,5 Kg.
* * =
-3 - * *
024 8 12 16 28 40 52

Tiempo (semana)

Muestra ITT, se muestra la media (EE) p<0,001, exenatida frente a insulina premezclada en puntos después del inicio.
Nauck MA, et al. Diabetologia. 2007;50:259-267. Copyright © 2007 Springer-Verlag. Reproducido con permiso de Springer-Verlag.



Tratamiento con Insulina y Ganancia de peso

61 2.1% 2.1% -0.8% 1.3% 1.4%
- . Insulina Insulina
Insulina Basal bifasica Prandial
10 -
E 2 5.7 k
= +o.
0 6 1 +4.7kg 2
© 44 +3.0k
< 24 . - -
0 - : )
Riddle Riddle Holman Holman Holman
et al' et al’ et al? et al? et al?

Estudios con Insulina en los que Exenatida no era un Comparador

coe

-2.6%

Insulina
Intensiva

+8.7 kg

Henry
et al®

Objetivo

ADA

1. Riddle MC, et al. Diabetes Care. 2003;26:3080-3086. 2. Holman RR, et al. N Engl J Med. 2007;357:1716-1730. 3. Henry RR,

et al. Diabetes Care. 1993;16:21-31.



Variaciones en Glucemia y Peso en
3 Estudios comparativos: Exenatida vs Insulina

Barnett
et al2

- Heine
et al’

-1.1%

-1.4%

Glargina, una vez al dia

+1.8 kg

+2.3 kg

=)

=

o 1- ..
& 04---- --- ---
o

<

Nauck
et al®

Insulina Aspart, 70/30

Nauck
et al®

Barnett
et al?

Heine
et al’

-1.1% -1.4% -1.0%

Exenatida

-2.3 kg -2.2 kg -2.5 kg

1. Heine RJ, et al. Ann Int Med. 2005;143:559-569.
2. Barnett AH, et al. Clin Ther. 2007;29:2333-2348.
3. Nauck M, et al. Diabetologia. 2007;50(2):259-267.



The Impact of Weight Gain on Motivation, Compliance, and Metabolic
Control in Patients with Type 2 Diabetes Mellitus
F. Xavier Pi-Sunyer, MD

Abstract: Patients with type 2 diabetes, approximately 85% of whom are
overweight or obese, often have an increased incidence of cardiovascular
disease (CVD) risk factors such as hypertension and dyslipidemia. Both type
2 diabetes and obesity are independent risk factors for CVD. Unfortunately,
many therapies aimed at maintaining and improving glucose control are
associated with weight gain. Among the older antidiabetes agents, most,
including the insulin secretagogues and sensitizers, can lead to weight gain,
except for metformin, which is weight-neutral. Among the newer agents, the
dipeptidyl peptidase- -4 inhibitors generally are weight-neutral in addition to
lowering glucose, while the glucagon-like peptide—1 receptor agonists lead to
weight reduction. Patients with type 2 diabetes are at an increased risk for
both diabetes- and CV-related outcomes, and weight reduction is an
important component of diabetes management. Weight gain in patients
with type 2 diabetes can contribute to patient frustration and may
negatively impact their compliance to therapeutic regimens. The
selection of antidiabetes agents that not only improve glucose control but
reduce or have a neutral effect on weight with beneficial effects on lipids are
ideal options for managing patients with type 2 diabetes.

Postgraduate Med 2009 121:5



The Impact of Weight Gain on Motivation, Compliance, and Metabolic
Control in Patients with Type 2 Diabetes Mellitus
F. Xavier Pi-Sunyer, MD
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Postgraduate Med 2009 121:5



Modificaciones de los Factores de Riesgo
Cardiovascular tras 3,5 anos de tratamiento con
Exenatida (n=151)

Variacion con

respecto al Intervalo de

Factor de riesgo Valor inicial valor inicial Variacién confianza del Valor
cardiovascular (Media * EEM) (Media * EEM) media 95% de p
Trigliceridos 2.5%0.1 0.5%0.1 12% 08a-02 0003
(mmol/l)

.0007
Colesterol total 4.8+0.1 0.3£0.1 5% 0.4 2 -0.1
(mmoll/l)
cHDL (mmol/l) 1.0+ 0.0 0.2%+0.0 +24% 0.2a0.3 <.0001
cLDL (mmol/l) 2901 -0.3+0.1 -6% -0.5a-0.2 <.0001
Presion arterial 129.3 £ 1.0 3512 2% 59a-1.0 0063
sistélica (mmHg)
Presion arterial 79.2 0.6 3308 4% 49a-17 <0001

diastoélica (mmHg)

Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.



Estudios Controlados con Placebo/Extension abierta:
Perfil de lipidos a los 3,5 anos

30 -
25 - -
20 -
15 -

0_
-5-
10 - ’

151 Triglicéridos LDL Colesterol  HDL

Variacion media %
3
|

N=151; *p<.05.
Klonoff DC, et al. Curr Med Res Opin 2008;24:275-286.



Normalizacion de ALT en sujetos DM2 tratados
con exenatida

50 ]
-
<
S 40
Q
N
© §
E 30
(@)
Z
o 20 1 . . i
-‘;‘ Elevated ALT is often associated with NASH
7 or fatty liver disease
= 10 -
9
S

0 26 52 78 104 130 156
Treatment
(week)

N=116
Klonoff DC, et al. Curr Med Res Opin. 2008;24:275-286.



EXENATIDA Y ESTEATOSIS HEPATICA

water signal water signal

lipid signal lipid signal

'

2 0 ic g G 4 2
Chemical Shift [ ppm Chamical Shiff f ppm

Tushuizen et al. Liver Intern 2006



EXENATIDA Y ESTEATOSIS HEPATICA
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Estudio Cruzado de no Inferioridad de Exenatida/lnsulina
Glargina: Tasa Total de Hipoglucemia

® Insulina Glargina (n=127)
B Exenatida (n=136)

* Todos los pacientes

Pacientes tratados
[— con MET

Pacientes tratados
; = ; con SU

0 1 2 3 4 5 )

Tasa total de hipoglucemia (episodios/paciente-ano)

Muestra ITT, N=138; Densidades de incidencia (nUmero de episodios/exposicion) * IC 95%.
*p=.039, exenatida versus insulina glargina; **p<.001, exenatida + metformina versus insulina glargina + metformina.
Barnett AH, et al. Clin Ther. 2007;29:2333-2348.



Estudio Cruzado de no Inferioridad de
Exenatida/lnsulina Glargina: Tasa nocturna de
Hipoglucemia

@® Insulina Glargina (n=127)
B Exenatida (n=136)

Todos los pacientes

*

Pacientes tratados
F—y con MET
:
|
1
1
|
|
1
II
0

'Pacientes tratados
con SU

0.5 1 1.5 2 2.5

Tasa Hipoglucemia Nocturna (episodios/paciente-aiio)

Muestra ITT, N=138; densidades de incidencia (nimero de episodios/exposicion)  IC 95% .
*p<.001, exenatida versus insulina glargina; **p=.002, exenatida + metformina versus insulina glargina + metformina.
Barnett AH, et al. Clin Ther. 2007;29:2333-2348.



La DM2 es una enfermedad progresiva: UKPDS

L os tratamientos clasicos no

e Conventional

modifican la historia natural de S Comventonal
Ia DM2 Glibenclamide

¢ Insulin
A Metformin

HbA, . (Median %)

0 1 2 3 4 5 6

Time from Randomisation (Years)

UKPDS. Lancet. 1998;352:854-865.



La funcion de la ceélula 3 disminuye a lo largo
del tiempo en pacientes con Diabetes Tipo 2

100 -

Es posible que la
funcion de la célula
B ya haya
disminuido en un
50% en el
momento del
diagnéstico, pero...

S
(=)

Quizas la funcion de
la célula B disminuya
de forma distinta con
el tiempo
0O T T T dependiendo del tipo
1210 8 6 -4 2 0 2 4 6 de paciente y también
del tipo de tratamiento

Funcién de la Célula 3 (%)

N
(=)

LIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Tiempo desde el Diagnéstico (anos)

Holman RR. Diabetes Res Clin Pract. 1998;40(suppl 1):S21-S25.; UKPDS. Diabetes. 1995;44:1249-1258.



¢ Modifica el tratamiento con exenatida la
funcion de la célula beta en la DM2?




Concentraciones de C-péptido durante un
clamp hiperglicémico: exenatida vs glargina

* Pre-treatment
‘® 52 weeks on-drug
® 4 weeks off-drug

Data represent mean * SE

Bunck et al. Diabetes Care 2009;32:762-8.



Concentraciones de péptido C durante un
clamp hiperglicémico

* Pre-treatment
‘® 52 weeks on-drug
® 4 weeks off-drug

Exenatide
10-
I 8
E
29
Q
o
Q| 4
Q
Q
S )
0-
165 180190 210 240 260270 290
T T Time (min) T
Phase: 1st 2nd AIRarg

Data represent mean * SE

Bunck et al. Diabetes Care 2009;32:762-8.



Concentraciones de péptido C durante un
clamp hiperglicémico

* Pre-treatment
‘® 52 weeks on-drug
® 4 weeks off-drug

C-peptide (nmol/L)

. Exenatide 10- Insulin Glargine
81 5 8
2
61 £ 6
[«})
S
4 B 4
Q
Q
2 o
0 0-
165 180190 210 240 260270 290 165 180190 210 240 260270 290
T T Time (min) T T T Tlme (mln) T
Phase: 1st 2nd AR, Phase: 1st 2nd AR,

Data represent mean * SE

Bunck et al. Diabetes Care 2009;32:762-8.



Evaluacion de la funcion beta pancreatica tras
52 semanas: exenatida vs glargina

B Pre-treatment

B 52 weeks on-drug
B 4 weeks off-drug

4- e e 44 Insulin Glargine

3-

Ratio to pre-treatment
b

Ratio to pre-treatment
N

0- -

AIR 1%t phase 2" phase AIR 1% phase 2"9 phase

arg arg

Data are geometric mean * SE

AIR__, C-peptide response to arginine at 15 mmol/L glucose concentration; 1t phase, first-phase C-peptide response to glucose
ar
2nd pﬁase, second-phase C-peptide response to glucose

Bunck et al. Diabetes Care 2009;32:762-8.
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GLP-1 MEJORA DISFUNCION ENDOTELIAL EN DIABETICOS TIPO 2

Table 2. Brac

data in hea

Wariabla

Baszzline di..m'u:l-:r FMD. mm

f'a'[.l LLITIE |J Aow MTG. I1|||I||Ir|
Heart rate, beats/min

=BP, mmHg

dBP, mmHg

interval in by
|_‘||*ru*r|d|*r||_

4.0%0.2

4.7+0.2
15.2+1.4
Ah+d
|GG+ 23
403
S6EA
S6E3
108+
i+
re data in

|.1r| P dunng
f :'n el

rv, heart rate, and blood pressure

Saline GLP-1
Clrset Clamp Cinzet

e diameter FMD, mm
diameter FMD, mm

diameber M 1Ly, mm
diameter NTG, mm

Heart rate, beats'min
=BP, mmHg
dBEP, mmHg

Data are means = 5
type 2 diabet
dun

“p .

GLP-1 2 pmol/kg/min 120 min

Nystrom et al. Am J Physiol Endocr Metab 2004



MICE LACKING GLP-1R SHOW CARDIAC DYSFUNCTION

2 months

(mmig)
<

=
@
o
]
o
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=
=
=
|

LVEDP
{% of basoling)

- Time (min)
——WT

T GLP-1R™

Gros et al. Endocrinology 2003



GLP-1 IMPROVES CARDIAC FUNCTION IN DILATED CARDIOMYOPATHY

LV Systolic Pressure

—— Contral
| —® GLP«1{7=36)

-k - GLP1 (B36) + - 7
;’,fi

Change from DCM (mmHg) =
Change from DCM (mmHg) 0

o

LV dP/dt Heart Rate
24 h

=
'

L
=]

Cc
0
o
=
E
£
=
L
[
E
=
@
o
=
o]
£
i

Change from DCM (min™")

Nikolaidis et al. Am J Physiol Heart Circ Physiol 2005



GLP-1 IMPROVES CARDIAC FUNCTION IN DILATED CARDIOMYOPATHY

I

Stroke Volume Cardiac Output

—- Conltral
—& GLP [7=38)
- & - GLP (5=38)

=
T
I

Change from DCM {ml)

£
E
—
[
=
]
(]
E
2
1]
oh
c
m
=
2

= ]

O

Change from DCM (%)
Change from DCM (mmHg) O

Nikolaidis et al. Am J Physiol Heart Circ Physiol 2005



GLP-1 AND MYOCARDIAL INFARCTION SIZE

risk area

(both red viable and grey infarcted tissue)
normal areca

A Control -

B Treated -

infarcted area
(tetrazolium negative)

Bose et al. Diabetes 2005



GLP-1 IMPROVES VENTRICULAR DYSFUNCTION FOLLOWING Mi

Patients after Ml and angioplasty

COrELP-A

. N CONTROLS
CaArGLP-1 .
N CONTROLS .
L

ASE-RWMS|

CONTROQL CONTHDL

Nikolaidis et al. Circulation 2004 1.5 pmol/kg/min x 72h




GLP-1 IMPROVES VENTRICULAR DYSFUNCTION FOLLOWING M

Patients after Ml and angioplasty

DIABETIC

L[]

g
:
g
i
8
S

B0

ANTERIOR Ml (LAD)

{%} Change froem Baseline

Nikolaidis et al. Circulation 2004

(%) Change from Baseline

(%) Chanige froim Baseling

NON- DIABETIC

U U

lI—'i'I'HEI

LVEF

HNOM-ANTERIDR MI
(LCX,RCA)

. CONTROLS
=3 riGLP-A

1.5 pmol/kg/min x 72h




GLP-1 IMPROVES GLUCOSE METABOLISM IN CORONARY BYPASS

—4—SALIN
GLUCOSE LEVELS

GLUCAGON

TIME

C-PEPTIDE

Sokos et al. Am J Cardiol 2007



GLP-1 EFFECTS ON MYOCARDIAL FUNCTION
IN EXPERIMENTAL MODELS

Author Peptide Model Myocardial | Postischemic Infarct Other
function size effects
Kavianipour GLP-1 Pig Unchanged Unchanged Reduction
2003 Open-chest MAP,CVP PIR, LACT
Nikolaidis GLP-1 Dogs + LV dP/dt + Myocard
2004 1.5pmol/k/m DCM + Cardiac Glucose
48h output Uptake
Only in DCM -Glucagon &
NE
Nikolaidis GLP-1 (7-36) Dogs + LV dP/dt + Myocard
2005 GLP-1 (9-36) DCM * Cé;rdifc Glucose
outpu
1.5p£r:;;l/k/m Dvep uptake

- HR




GLP-1 IN ISCHEMIA-REPERFUSION
EXPERIMENTS

Author Peptide Model Myocardial | Postischemic Infarct Other
function size effects
Bose GLP-1 Rats Reduced
2005 4.8pmol/k/m | Isch-reperf Abolished
vivo & vitro by intracel
antagonists
Zhao GLP-1 Rats - LVDP + LV + NO
2006 Isch-reperf | - dP/dt function + glucose
In vivo In normal uptake
heart
Sonne EXEND-4 Rats + LV dP/dt Reduced
2007 GLP-1 (9-36) | Isch-reperf (CBEZ(PE1& (EXE)
Isolated -1) Unchanged
heart (GLP-1)
Bose GLP-1 Rats Reduced
2007 Isch-reperf Abolished
Isolated o :
heart rapamycin
In vitro (only GLP-

1+VP)




GLP-1

ON HEART IN HUMANS

Author Peptide Model Myocardial Post Infarct Other
function Ischemic size effects
Nikolaidis GLP-1 Humans + LVEF Indepdent
2004 1.5pmol/k/m Ml & LVEF<40% + motion of diabetes
72h scores or Ml area
Thrainsdottir GLP-1 Humans + myocard -Glucose
2004 3-4 pmol/k/m DM2 & CHF function -FFA
3 days (B
Sokos GLP-1 Humans + LVEF -Glucose
2006 2.5pmol/k/m CHF +VO2 max -FFA
5 Weeks + Walk test -DM &noDM
+ QoL
Sokos GLP-1 Humans LVEF -Glucose
2007 1.5pmol/k/m Coronary unchanged -Insul req
60h Bypass —arrhythmias

-drug req




GLP-1 AUMENTA LA NATRIURESIS
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100

—_
£
E
=
]
®
& ]
=
o
®
2
&
®
£
=
=
o
2
o

I Placebo . GLP-1

5
E
=
e
.
=
E
E
=
o
2
ot
=r
1
L
E
3
o
=]
0

Placebo GLP-1
* p<0.05

p

Gutzwiller et al. J Clin Endocrinol Metab 2004



Pancreatitis is a Rare Adverse Event

¢+ Exenatide

« Spontaneous cases of pancreatitis have been reported with use of exenatide
« As of January 31, 2009 the cumulative reporting rate of pancreatitis is 0.57 events per
1000 patient years of exenatide exposure

+ General population®

« Recent estimates of the incidence of pancreatitis in the general US population are as
follows:

0.7 events per 1000 adults per year2,3,4

Severe disease develops in 15-20% of those pancreatitis
casesb,6

Death occurs in 2-9% of casesb5,6

Drug-induced pancreatitis is a relatively rare event (1.4-
2.0% of all cases)6

+ Patients with T2D

« A recent epidemiological study has reported that patients with T2D are at nearly 3 times
the risk of developing pancreatitis than those without diabetes2

*Note: The pancreatitis rates in the general population should not be directly compared to those rates seen in exenatide-treated patients.

1. Data on File. Eli Lilly and Company, 2008. 2. Noel RA, et al. Diabetes Care. 2009. 3. Steinberg W, Tenner S. N Engl J Med.
1994;3301198-1210. 4. Fagenholz PJ, et al. Ann Epidemiol. 2007;17:491-497. 5. Forsmark CE, Baillie J. Gastroenterology.
2007;132:2022-2044. 6. Frossard JL, et al. Lancet. 2008;371:143-152.



ADA/EASD Consensus Statement for T2D

Tier 1: well-validated core

therapies Lifestvle + Lifestyle +
Jegilie g Metformin
Diagnosis | [ Metformin +
. + . — :
Basalfnsulin Intensive |qsulln
Lif I : i
eity © S Llfefstyle + :
. - Metformin i
Metformin - 5
. _Step1  stepz Sulfonylurea Step3 |
. Tier 2: less well-validated core §
InEirelEies Lifestyle + Metformin E
- Lifestyle + Metformin + i
: + . Pioglitazone :
. r-» Pioglitazone r=»> + ;
i 0 (no hypoglycaemia /oedema (CHF)/ bone loss) \\‘4 : Sulfonylurea a E
- F a
; Lifestyle + Metformin l : : |
--> + = =» Lifestyle + Metformin ;
GLP-1 agonist b ST ’
(no hypoglycemia/weight loss /nausea/vomiting ) Basal insulin

CHF = congestive heart failure
Nathan DM, et al. Diabetes Care 2009;32:193-203.
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Pharmacokinetic Profile of Plasma
Exenatide QW

Exenatide QW, n =129, Mean C_ = 71.7 pmol/L

Plasma Exenatide (pmol/L)

0 - T 11 | | | | | | |
01234 6 10 14 18 22 26 30
Time (wks)

Geometric mean * 25-75th percentile range

Drucker DJ, et al. The Lancet. 2008; 372:1240-1250 Company Confidential
File name/location Copyright © 2000 Eli Lilly and Company



Efficacy of Exenatide QW versus Exenatide BID:
Change in A, from Baseline Over 30 Weeks

0.0 - Exenatide QW, n = 148
S = Exenatide BID, n = 147
&
< -0.54
£
>
c -1.0-
(4]
{=
(&
o 15 1.5%
c
: i 9%
sy
7))
-

-2-5 1 1 | 1 1 1 1 T I

0 3 6 10 14 18 22 26 30
Time (wks)

*p = 0.0023, QW vs. BID

Drucker DJ, et al. The Lancet. 2008; 372:1240-1250
File name/location

ompany Confidential
opyright © 2000 Eli Lilly and Company
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Change in Body Weight From
Baseline Over 30 Weeks

0 Exenatide QW, n = 148, Baseline 102 kg
T ® Exenatide BID, n = 147, Baseline 102 kg

-3.6 kg
-3.7 kg

-5 T T T T T T T T

1
0 3 6 10 14 18 22 26 30

Time (wks)

LS Mean (SE) Change in Body Weight (kg)

ITT, N=295
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Percentage of Evaluable Patients (N = 259)
Achieving HbA,_ <7, <6.5, <6.0 at Week 30

Exenatide QW Exenatide BID

Proportion of Patients (%)

7% <6.5% <6.0%

IN 7% <6.5% <6.0%
1C

*p = 0.0039, QW vs. BID
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Percentage of Evaluable Patients (N = 259) by Baseline HbA,,
Strata of <9.0% and 29.0% Achieving HbA, <7 at Week 30

Exenatide QW Exenatide BID

80
70
60

50

40
30

20

Proportion of Patients (%)

10

0
Baseline <9 29 <929 <929 <9 29 <9 29 <9 29

A, <7%  <6.5% <6.0% <7%  <6.5%  <6.0%

*p = 0.02, QW vs. BID
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Individual Patient Data on Treatment
Responses for A,. and Body Weight
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Effects on Body Weight Based on
Presence” or Absence of Nausea

Nausea No Nausea
Baseline 100 100 103 103
n=39 n =50 n=109 n =97

o O0-

X

S -1-
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=

> =24
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o

m

g -3-

o

e

c -47

L=

(&)

W -5-

2

c

5 -6 - " Exenatide QW, N = 148
= ® Exenatide BID, N = 147
n

- -7 -

*at least one episode
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Change in Fasting Plasma Glucose
From Baseline Over 30 Weeks

0.0 Exenatide QW, n = 148, Baseline 9.9 mmol/L
® Exenatide BID, n = 147, Baseline 9.2 mmol/L

)

S -0.5 1
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O -1.0

o
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L -1.5 7
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©

£

= -2.0

c

©

“E’ -2.3 mmol/L
(7)) -2.5

-l

-3.0 | | | | | | | |
0 6 10 14 18 22 26 30
Time (wks)

*p<0.0001, QW vs. BID; ITT, N=295
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Funcion secretora de la célula beta durante un
clamp hiperglicémico

On-drug ratio to
pre-treatment

Off-drug ratio to
pre-treatment

(week 52) (week 56)
Pre-treatment On-drug Off-drug Geometric th;gizn' Geometric thxizn'
(week 2) (week 52) (week 56) mean difference mean difference
1st phase (nmol*min/L)
Insulin glargine 54+0.6 6.1+£0.5 6.1+£0.6 1.17+£0.06 1.53+0.11 1.13+0.05 0.90 +0.06
Exenatide 54+0.6 94+1.0 0+0.6 1.78 £ 0.11 P<.0001 1.00+£0.05 P=0.1188
2nd phase (nmol*min/L)
Insulin glargine  77.4 +8.8 80.7 +6.9 86.2 + 9.1 1.08+£0.05 2.85+0.22 1.10+0.05 0.92+0.06
Exenatide 785+83 2356+23.0 79.5+9.1 3.05+0.22 P<.0001 1.01 £0.04 P=0.1996
AIR,4 (nmol*min/L)
Insulin glargine  20.0+2.5 248+2.2 214+25 131+£0.08 246+020 1.03+0.08 1.08+0.10
Exenatide 19.7 + 2.1 62.2+7.0 220+26 3.19+0.24 P<0.0001 1.12+0.06 P=0.4052

Data represent mean + SE; Ratio from pre-treatment are presented as geometric mean + SE

AIR, , C-peptide response to arginine at 15 mmol/L glucose concentration; 15t phase, first-phase C-peptide response to glucose

2nd pRase, second-phase C-peptide response to glucose

Bunck et al. Diabetes Care 2009;32:762-8.



Donde colocar estos agentes incretinicos
en el algoritmo terapéutico de la DM2?

Lifestyle+ Metformin

'

Lifestyle + Metformin + TZDs @

\ \

' - Lifestyla + Metformin
Lifestyle + Matformin
+ TZ0s+ sulforylureas or ~ + 1205+ GLP-1 analogs

glinides

Insulin+Metformin {andfor TZDs )

i1) TZDs if thare are side effects or confroindication for matformin.
In presenca of PPH, + a-glucosidase inhibitors

(21 In presanca of PPH, + a-glucosidasea inhibitors

Rotella Act Diabetol 2008



