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Agenda

* Pathophysiology of type 2 diabetes mellitus
— Insulin resistance
— Beta cell dysfunction
— Alpha cell dysfunction
— Increased hepatic glucose production
— Increased renal glucose reabsorption
— Diminished incretin effect
* Role of incretins

¢ Pharmacology of incretins

NATURAL HISTORY OF TYPE 2
DIABETES MELLITUS




Natural Progression of Type 2 Diabetes

DIAGNOSIS
350 M
300 — ucose

Glucose 250

.
(mg/dL) 200 Ensely
150
100
50
250 Insulin

Relative ::g /1\1&7&\
B-cell
14

Function 100
(%)

50 lure
o — t t t t t t |
Years -10 -5 o 5 10 15 20 25 30
Obesity IGT Diabetes Uncontrolled hyperglycemia
Muscle resi: — Liver i — Adipose resistance
Less sensitive — = — — — — — === =—=——=—» Moresensitive

TZD + MET or

TZD AGI + TZD or
SU/MG + TZD/MET

TZD + MET + INS* (?)

*There is the potential for congestive heart failure with the concomitant use of a TZD and insulin.
Adapted from Type 2 Diabetes BASICS. Minneapolis,:Mion:ckaternational Diabetes Center; 2000.
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ADOPT: Monotherapy Failure Over Time
was Progressive

Kaplan-Meier Esti of the C ive Inci of Failures
(FPG>180 mg/dL) at 5 years
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FPG = fasting plasma glucose
Adapted with pe Kahn SE et al. NEIM
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Relative Contributions of Diabetic
Pathophysiologies Over Time

Both beta-cell dysfunction + Those who develop Beta-cell dysfunction ultimately determines the
insulin resistance start many e aEl onset of hyperglycemia and is a major factor
o associated with progressively rising plasma glucose
years before diagnosis lost ~50% of beta-cell

levels and disease progression, not insulin
function resistance

Insulin resistance

NGT IGT T2D Diagnosis Late Stage T2DM
NGT = normal glucose tolerance, IGT = impaired glucose tolerance, T2D = type 2
BelD, ; Butler AE et al. D 003189103

e
3 116 Dt Brato §'Rd Marchetti P. Diabetes Tech Therp 2004;6:719-731
taldelli A, et al 004:47:31-39; Mitrakou A, et al. N EnglJ Med 1992; 326:22-29; Halter J, et al. AmJ Med 1985;79528:6-12




INSULIN RESISTANCE
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Mc Donald’s density in the US 2011

Insulin resistance — a diminished response of tissues
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Relationship between BMI and type 2
diabetes
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Relative risk adjusted by age

<22 <23 23- 24- 25- 27- 29- 31- 33- 35+
239 249 269 289 309 329 349

BMI (kg/m?)

Chan J et al. Diabetes Care 1994:17:961.
Colditz G et al. Ann Intern Med 1995;122:481.
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Visceral fat is associated with insulin resistance
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LBM: lean body mass
Banerji et al. Am J Physiol 1997; 273: E425-E432,

Role of FFA in the pathogenesis of type 2
diabetes

Visceral fat Insulin resistance 4 vasoconstriction

| relaxation

4 Blood vessels
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Insulin

T IFS-1/IRS-2 serineAhisonine phosphorylation
¢ IRS-1/1RS-2 tyrosine phosphorylation

3l
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Type 2 diabetes mellitus: two main
defects

p-cell dysfunction or
failure

Insulin resistance

Lipotoxicity Glucotoxicity

Type 2 diabetes

Reaven GM. Physiol Rev. 1995;75:473-486
DeFronzo RA. Med Clin N Am 2004; 88:787-835vw EndoDrChen.com

ISLET DYSFUNCTION




Islet Cell Dysfunction in Type 2 Diabetes

Normal Type 2 diabetes
* Fewer islets
Alpha cells « Fewer beta cells/islet

Glucagon

Pancreas Pancreas »

Beta cells
Insulin
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Alphacell | Glucagon | Stimulates hepatic glucose Glucagon not suppressed after eating:
output to avoid i worsens i

Beta cell Insulin Increases glucose uptake in the | Inadequate and delayed insulin
liver and peripheral tissues response contributes to hyperglycemia

Adapted with permission rom Rhodies . Science 2005; 307:380-384; Grich JE, ntenqtignal Rev Phys 1981; 24:243-275; Muller WA et al. N Engl | Med 1370:

283:109-115. "

BETA CELL DYSFUNCTION

4= Insulin resistance with
B-cell compensation

¢ Insulin resistance without
[3-cell compensation

B-cell function

T2DM 16T

Insulin sensitivity
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B cell decline with progression of
diabetes: UKPDS

Rx: Insulina, Metformina, Sulfonilurea

~ Type 2 diabetes
Type2  (Phasell
Diabetes

Phase Il

-2 2
Years since diagnosis

La linea punteada muestra la extrapolacion pros|
del estudio UKPDS Lebovitz H. Diabetes Rev. 19

Belfast Diet Study: biphasic decline in
B function

Diagnosis

Slow decline Fast decline

(~2%/afio) (18%lafio)

Funcién p (HOMA%B)

-15 -10 =5 —)
Tiempo del Diagnéstico

Diet failure: additional non-dietary intervention required.

A Fallo Dieta en afios 8-10 4 Fallo Dieta en afios 2-4
@ No fallo de dieta 10 afios M Fallo Dieta en afios 5-7

Bagust A & Beale S. QUM 2003; 96:28-288.

Factors that contributes to beta cell function loss

Hyperglicemia € > Insulin

(glucotoxicity) resistance

Beta cell
dysfunction Gy INCreased FFA*
(lipotoxicity)

Adaptado de Kahn SE. J Clin Endocrinol Metab 2001; 86:4047-4058.
* FFA = free fatty acids i Endeprnen.con Ludwig DS. JAMA 2002; 287:2414-2423




Free fatty alters 3 cell function

Hyperglicemic clamp in NGT patients with family history of type 2

diabetes
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Kashyap S, et al. Diabetes 200352:2461-2474.
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Beta cell volume decreases in obese patients with IFG
and type 2 diabetes

1T
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(n=31) (n=19) (n=41)
Butler A, et al. Diabetes. 2003;52:102-110. www.EndoDrChen.com
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Increased beta cell apoptosis rate in type 2
diabetes

25 p<0,05

Apoptosis (arbitrary units)

Control Type 2 diabetes
DNA (ELISA) en pancreatic Islets from donors with and without type 2
diabetes

Adaptado de Marchetti P y cols. J Clin Endocrinol Metab 89:5535,
w4001

First phase insulin secretion is lost
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Pfeifer et al. Am J Med. 1981;70:579-588. www.EndoDrChen.com




ALPHA CELL DYSFUNCTION
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o and B cells play a key role in glucose homeostasis

Islet limits

a cells (red): secrete glucagon to
maintain hepatic glucose output in
fasting states

B cells (blue): secrete insulin as
response to hyperglicemia

Unger RH. N Engl J Med. 1971;285:443-449. www.EndoDrChen.com

a cells mass is increased in type 2
1 diabetes

16 15,8

12 P<0.05

a cell are in islets(%)
B

2 (n=15)

Control Diabetes tipo 2

Clark A, et al. Diabetes Res. 1988;9:151-169. www.EndoDrChen.com
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Fasting plasma leves,

Glucagon levels are increased in fasting and postprandial states
in patients with IGT and type 2 diabetes

Fasting Postprandial
P<0.001 P<0.001

Postprandial at 240 min, pmoliL

NGT IGT DMT2 NGT IGT DMT2

NGT=normal glucose tolerance, n=33; IGT=impaired glucose tolerance, N=15;
DMT2=Type 2 diabetes melitus, n=54.

Toft-Nielson M-B et al. J Clin Endocrinol Metaby 2008613717723,
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a cell glucagon is responsible por 75% of
hepatic glucose production

Somatostatin infusion

(n = 8 lean male subjects)
| 75% hepatic glucose production

b S \x/l"'l
,‘{ x * vsbasal levels

60

Tiempo (mi

Hepatic glucose production
(mg/min)

*P<0.01
Lilienquist JE, et al. J Clin Invest. 1977

Insulin and glucagon levels are abnormal
after melas

Glucose, —=— Type 2 diabetes

mg % Normal subjects

Insulin,
uh

Glucagon,
p/mL
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INCREASED HEPATIC GLUCOSE
OUTPUT
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Insulin resistance — a diminished response of tissues

Increased FFA

Defective insulin production

secretion

G

Ny
Increased glucose 5
Lower

production, I
glucose
uptake

Hepatic glucose production
(mg/kg/min)

—

Insulin resistance

Hepatic insulin resistance:
increased hepatic glucose production

« Control
* Type 2 diabetes

r=0.847
P<0.001

100 150 200 250 300 350
Fasting plasma glucose (mg/dL)

DeFronzo RA. Diabetes 1988;37:667-687.
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Multihormonal regulation of glicemia
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Pehling G, et al. J Clin Invest. 1984:74:985-991 www.EndoDrChen.com
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Increased hepatic glucose production

* As a manifestation of insulin resistance

* As a consequence of abnormal glucagon levels
(alpha cell dysfunction)

BRAIN
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Arcuate neuron
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INCREASED RENAL GLUCOSE
REABSORPTION
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SGLT 2mRNA SGLT 2 PROTEIN AMG UPTAKE
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e De Fronzo R. Diabetes. 2009

INTEGRATING ALL DEFECTS
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Role of incretins in the
pathophysiology of type 2 diabetes
mellitus

The Incretin Effect Is Diminished
in Individuals With Type 2 Diabetes

Control Subjects Patients With Type 2 Diabetes
(n=8) (n=14)
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©—® Oral glucose load O—O0  Intravenous (IV) glucose infusion
IR = immunoreactive

Metal. D
Vilsbgll T, Holst 1. Diabetologia 2004;47:357-366,

GLP-1 and GIP

L cell

K-Cell
(ileon and colon)

(yeyunum)

Proglucagon

GLP-1[7-37]

|

GLP-1 [7-36NH,]
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GIP

* Normal levels in type 2 diabetes
* Diminished effect stimulating insulin secretion

* Pharmacologic modulation does not increase
insulin secretion
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GLP-1

GLP-1: beta cell effects

Glucose dependant: no insulin secretion

when there is hypoglycemia

4
1 insulin production

GLP-1

Improves beta cell function

> Beta cell neogenesis

v
Improves long term
8lucose control?

humans?

17



GLP-1: regulation and actions

@ Alimentary bolus
@ C!tract

=

GLP-1 in neuroendocrine
cells in ileon
Neural

innervation

Delays
gastric GLP-1

emptying \/

/

SNC pS
Food intake

Skeletal muscle

*Glucose absorption

Insulin

v
Decrased hepatic
glucose production
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S)
2

Glicemia

‘.Gluconeogenesis

Glucogenolysis

Hepatic
glucose
production

GLP-1
\ Gastric
Glucose wow EndoDrChen.com emptying

Beta-cell
response

\

= T Glucose-dependent insulin
secretion

= Restores first-phase insulin
response

Beta-cell
workload

= | Food intake and weight
= Glucagon secretion
l Hepatic glucose output
Regulates gastric emptying

4 Rate of nutrient absorption
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GLP-1 DEGRADATION
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Dipeptidil Peptidasa 4 (DPP-4)

DPP-4 is a member of specific
peptidases with proline

_[ Dipeptidyl peptidase 9 (DPP-9)
Dipeptidyl peptidase 8 (DPP-8)

Fibroblast activation protein a (FAP) (seprase)

DPP-4
gene Dipeptidyl peptidase 4 (DPP-4)
family Dipeptidyl peptidase 6 (DPP-6)

Prolyl endopeptidase (PEP)

Quiescent cell prolyl peptidase
(DPP7, DPP-11)/DPP-11

Aminopeptidase P (APP)
Prolidase
www.EndoDrChen.cor

Other proline
specific
peptidases

19
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DPP-4
Intestinal GLP-1
secretion
GLP-1 (7-36)
active
\ D

¥ Ny
DPP-4 / GLP-1 (9-36)
inhibito inactive

INCRETINS IN TYPE 2 DIABETES

GLP-1 levels are decreased in type 2 diabetes

® Type 2 diabetes (n = 54)

120

Time (min)

*p < 0,05; Type 2 diabetes vs NGT

Adaptado de Toft-Nielsen MB y cols J Clin Endocrinol Metab 2001,86:3717-23.
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Response to glucose intake vs glucose infusion

Normal subjects (n=8)
Oral glucose(50 g/400 mi)

Type 2 diabetics (n=14)
IV glucose isoglycemic

(mmol/l)
;

@

Venous plasmatic glucose
(mmol/L)
3

-10-5 60 120 180
80~ Normal increfin respone

Insulin IR (mU/L)

-10-5 60 120 180
Time (minutes)

*p=0,05 vs. valor respectivo luego de carga ordi "’

Venous plasmatic glucose
o

0-5 60 120 180

=
8
|

o
&

Diminished incretin response

Y
8

Insulin IR (mU/L)
5]

0
-10-5 60 120 180
Time (minutes)

Adaptado de Nauck M et al Diabetologia 1986;29:46-52.
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Islet Cell Dysfunction

Leads to Abnormal Insulin

and Glucagon Dynamics in Type 2 Diabetes

360 eal
330
300
Glucose 270 —=—Type 2 diabetes (n=12)
(mg/dL) ~ @ Normal patients (n=11)
240 -— oo
110 " ®-9o--0o-o--
%0 o--oie *--e
- 120 /’-‘\
e s e
from beta cells :: M
&%

Glucagon 130 -\-\,F\—-/\_\_/_
®

(kp/mL) 120

from alpha cells 0 ®--& \
®
100 g @ _.-®
e . - .-
% *%-o--® o
Time (minutes) 60 [ 60 120 180 240
“Insuln measured in S patiens.
Adapted with W etal ¥ Engl Med encon

Copyright © 1970 Massachusetts Medical Society. All rights reserved.

Hba1c decreases after 6 weeks of infusion of GLP-1

9.5
9.2

9.0 8.9

8.5

(%) HbA,,

8.0

7.5

7.0
Week 0

“GLP-1(amida 7-36) infundido a 4.8 pmollkg/min.
GLP-1 = péptido parecido al glucagon-1
Zander M, et al. Lancet. 2002;359:824-830.

P=0.003

9.1

™ Placebo (n=9)
W GLP-1 (n=10)*

Week 6
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INCRETINS: BEYOND INSULIN
SECRETION IN TYPE 2 DIABETES
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GLP-1 added to human islets*: preserved
morphology and function

Islets tridimensional

morphology Control GLP-1
Day 1

B
Day 3

D
Day 5

F

*human islets cultured from 3 independent donors during 1, 3 and 5 dias in a IM199
medium in presence or absence of GLP-1 (10 M of GLP-1 added every 12 hours).

Farilla L, et al. Endocrinology. 2003;144:5149-5468. EncoDrChen.cor

Increased beta cell apoptosis rate in type 2
diabetes

25 p<0,05

2,0

0,5

Apoptosis (arbitrary units)

0,0
Control Type 2 diabetes
DNA (ELISA) en pancreatic Islets from donors with and without type 2
diabetes

Adaptado de Marchetti Py cols. J Clin Endocrinol Metab 89:5535,
wwiggg4o0rChen cort
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Belfast Diet Study: biphasic decline in
B function

Diagnosis
Slow decline Fast decline
%lafio) (18%/afio)

£%

Funcién g (HOMA%B)

-15 -10 =5 —)
Tiempo del Diagnéstico

Diet failure: additional non-dietary intervention required.

A Fallo Dieta en afios 8-10 4 Fallo Dieta en afios 2-4
@ No fallo de dieta 10 afios M Fallo Dieta en afios 5-7

Bagust A & Beale S. QUM 2003; 96:28-288.

GLP-1 effects on gastric emptying
in humans

GLP-1 (amida (7-37) o (7-36) o placebo

Gastric volume (ml)

p <0.0001

Time (min.)
¢ Placebo
¥ GLP-1 (amida 7-36) 1.2 pmol kg™ min"!
¢ GLP-1 (amida 7-36) 0.8 pmol kg™ min-!
4 GLP-1 (amida 7-36) 0.4 pmol kg"' min"!
GLP-1 (amida 7-37) 1.2 pmol kg'! min-!

Nauck MA, et al. Am J Physiol 273:E981-E

Reduction in hunger and increase
in satiety during GLP-1 infusion

Changes in hunger (n=12) Changes in satiety

_ ——3 Start of

food intake

P=0.026 '\QI\ G |

Startof =V

Food intake

20 40 60 80 100 120 CORNEU QOB 20
Time (min.) Time (min.)

o~ Placebo -=- GLP-1

I glucagén—1
Gutzwiller JP, et al. Am J Physiol 1999;276:R1541-R1544

23/12/12
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Intracerebroventricular GLP-1 effects in
rats weight

~—=*— Saline solution —— None

Changes in body weight (g)

Days

Los circulos negros representan a los animales que recibieron 3 nmol de GLP-1, y los
circulos blancos representan a los animales control que recibieron solucién salina

Meeran K.et al. Endocrinology 140:244-250

GLP-1 reduces appetite and body
weight in patients with type 2 diabetes

— + Satiety
- /l T ¢ Fullness
L

I\A
[} Potential food intake

®2 Hunger

Patients treated with GLP-1 (n = 10).
No changes in patients treated with saline solution

o
T
o
»
r
=

=
T
=
S

®
3
=z

s

(%]

=

<

1
Time (weeks) Saline
solution  GLP-1
(n=10)  (n=10)

(kg

nges in weight

ac

Peripheral actions of GLP-1

ardioprotection \

A Cardiac output

¥ Glucose production

4 Insulin biosynthesis
b cell prolferaton
B cell apoplosis

A hnsuin serstiy ¢

& P iin secroion
) ) § Ghcagon secvion
y

Ducker, Cell Metab, 3,
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Chronic Glucagon-Like Peptide-1 Infusion Sustains Left
Ventricular Systolic Function and Prolongs Survival in the
Spontaneously Hypertensive, Heart Failure-Prone Rat

Indu Poornima. MD: Suzanne B. Brown. MD Siva Bhashyam, MD: Pratik Parikh. MD:
Hakki Bolukoglu, MD: Richard P. on, MD

<0.005

r—
“La— GLP-1
(72%)

o «
S ©

a
S

*— Saline solution
(44%)

Survival (%)

N
oS

4 5 6 7 8 9 10 11 12
Weeks of treatment

Survival of two groups of SHHF rats randomized to receive continuos intraperitoneal infusion of
GLP-1 or saline solution. GLP-1 treated animals had a better survival compared to controls

Poornima et al, Circ Heart Fail. 2008;1:153-160

In animal models, GLP-1 decreases Ml size
and improves cardiac function

After 75 min of coronary occlusion Anatomy of MI
and the reperfuion:
— 18 Dalland Landrace pigs were
randomized to GLP-1 or placebo
Methods s
— Myocardial infarction size was
evaluated with Evans blue and trifenil
tetrasolio chloride
— Cardiac function was measured with
epicard ultrasound

— Mollecular
+ Western blot, histology and apoptosis/survival
and oxidative stress markers

Utrecht, Amsterdam, and Leiden, the Netherlan
Timmers L et al. J Am Coll Cardiol. 2009;53:501-"

GLP-1 effects on ejection fraction and parietal
movement in patients with M|

mrGLP-1

= controls

pre-rGLP-1  post-rGLP-1 pre-rGLP-1  post-rGLP-1

%

N

GLP-1 Control rGLP-1 Control

Cambios en la fraccién de expulsion ventricular izquierda (FEVI) después de 72 hrs.
de una infusién de GLP-1 recombinante vs. los sujetos control.

Las graficas inferiores ilustran los datos individuales.

Nikolaidis LA et al. Circulation 109:962-965, 2004

23/12/12
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Decreased
Incretin Effect

Decreased Insulin

Secretion Increased

Lipolysis

Islet—a. cell

Reabsorptjon

Increased
Glucagon

Secretion/” |ncreased

HGP

Decreased
Glucose
Uptake

Neurotransmitter
Dysfunction
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GLP-1 reverses multiple defects of type 2
diabetes

Food intake Insulin Inadequate Acute B

and the resistance glucagon cell function

Gl tract suppression

(e cell
S E—
™ ' y

Delays gastric Improves Suppresses Improves Increases
emptying glucose uptake glucagon insulin insulin
Improves in fat and secretion secretion synthesis*
satiety muscle cells Promotes beta

cell
dyfferentiation*
Decreases beta
cell apoptosis*

GLP-1 offers a new mechanism with multiple effects on plasma glucose

Drucker DJ. Diabetes Care 2003;26:2929-2940

Pharmacologic modulation of
incretins

26



HOW CAN WE INCREASE INCRETIN
EFFECTS IN TYPE 2 DIABETICS?

23/12/12

DPP-4 is a member of specific
peptidases with proline

_[ Dipeptidyl peptidase 9 (DPP-9)

Dipeptidyl peptidase 8 (DPP-8)

Fibroblast activation protein a (FAP) (seprase)

DPP-4
gene Dipeptidyl peptidase 4 (DPP-4)
family Dipeptidyl peptidase 6 (DPP-6)

Prolyl endopeptidase (PEP)

Other proline Quiescent cell prolyl peptidase

specific (DPP7, DPP-11)/DPP-11
peptidases Aminopeptidase P (APP)

Prolidase

doDrChen.corm

DPP-4 Inhibitors Improve Glucose Control by Increasing
Incretin Levels in Type 2 Diabetes

Ingestion
of food Glucose dependent
A Insulin

from beta cells

‘ increases
(GLP-1and GIP) S [Fewmmen,
Gltract Releaseof  pgncreas

D incretins from

the gut 2
e Improved
Physiologic
Glucose Control
! Tinsulin and
. ¥ Glucagon'y, [FPmsses
from alpha cells reduce hepatic
(GLP-1 glucoser 7
Glucose G
dependent

DPP-4 = dipeplidyl peplidose
t

: Ahrén B

Adapled from Brubaker PL, Drucker DJ OISR RaN M o o Lance
o

2002
Curr Diab Rep 2003;3:365-372; Buse JB et al. In Williams Textbook of Endocrinology. 10th ed. Philadelphia, Saunders,
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DPP-4 inhibitors

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

* Very well tolerated

* No effects in body weight

23/12/12

Sitagliptin: reduction in Hba1c in
monotherapy

Results adjusted by placebo

oA Inclusion criteria: 7%-10%
Basal "::‘:;1";“ % Prespecified combined analysis at 18 weeks!!
) A1C Basal, % Total <8 28-<9 29
00
2 |
bl =411
0.6 n=7695
| 06

0.8 ‘ 0.7 - 0.7

Median change in A1C, %*
Meidan change in Alc, %
B

J Monotherapy study at 16 weeks (5% CI:-0.8, -0.4) 18
4 Monotherapy study at 24 weeks (95% C: 1.0, 0.6)

Cl=Confidence interval.

“Comparado con el placebo. TAjuste de los cuadrados minimos segun el estado de la terapia
antiiperglucémica 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. Diabefologia. 2006:49:2564-257 yww.EndoDrChen.corr

2. Aschner P et al. Diabefes Care. 2006:29:2632-2637.

GLP-1 ANALOGUES
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GLP-1 receptor agonists

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

Weekly

(CTaspoglutide

Once-daily Weekly QD BID

Exenatide

Lixisenatide |

Liraglutide ] [ Exenatide QW
[ CJC-1134-PC

23/12/12

Exenatide

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

* BID SC administration

Exenatide treatment and B cell function

| Pretreatment .| 52 week treatment [l 4 weeks washout
Exenatida Glargina
. a
I T s
T 9 T 9
ct ct
g8 g2
s 5 2 5 5 2
o E z 28
g5 =3 .
ea . -2
° o
AR, 12 fase 22 fase AR, 12 fase 22 fase

Bunck, et al. Diabetes Care 2009; 32:762-768 ¥
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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

9,

EStUdIO 1860 (liraglutida vs sitagliptina)

I Evaluation to week 26: Mean weekly HbAlc

°

8,5

8,0

7.5

7,0

2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (weeks)

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

Time (weeks)

20 2 4 e sk mow e ow omom o m
o
=
£ -0.96
2
3 Ambos
b p250001
3
© -2.86
30
-3.38
-
lregtidn 125 melragiaids Lmg  ~+-Skagipens 100 mg

Pratley et al. Lancet 2010;375:1447-56
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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)

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

Fdebrchencom Byse JB. EASD 2011. Abstract 75.

23/12/12

Reduction in Hbalc with liraglutide

Combined
with SU

Combination
MET+TZD

Monotherapy

85 86 83 85 86 84

*Change in HbA, (%)

15 15

W Liraglutida 1.2mg ™ Liraglutida 1.8mg  « Glimepirida 4 Rosiglitazona 4 Glargina I Placebo

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

OTHER FUNCTIONS:
NEUROPROTECTION AND
CARDIOVASCULAR
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Metanalisis: systolic blood pressure

Mean change
(standard deviation)

23/12/12

No of patients
Trial GLP-1IR  Control  GLP-1IR  Control Weighted mean Weight  Weighted mean
agonistgroup group agonistgroup group difference (95% C1) (%) difference (95% Cl)
Astrup 2010 82 78 -6.9(1.3) -4.0(1.2) - 10.59 -2.90(3.29t0-2.51)
Apovian 2010 9% 98 4(1.4) -2.0(1.4) - 10.59 -7.47 (-7.86t0-7.08)
Bergensthal 2010 160 166 -3.2(12.7) 0.8(12.7) — 8.72 -4.00(-6.76t0-1.24)
Bunck 2009 36 33 -3.5(12.8) 0.9(18.0) 4.09 -4.40 (-11.83 t0-3.03)
Davies 2009 118 117 -2.9(13.0) 0.7 (13.0) —_—— 8.05 -3.60(-6.9310-0.27)
Moretto 2008 78 77 -4.3(13.3) -0.08 (12.3) 7.23 -4.22(-8.25t0-0.19)
Garber 2009 217 212 3.6 (14.1) 0.7 (13.7) — 8.86 -4.30(-6.93t0-1.67)
Zinman 2009 178 177 5.6 (14.7) -1.1(16.0) =T 821 -4.50(-7.69t0-1.31)
Kendall 2005 241 247 -2.0(15.0) 1.1(14.7) —— 8.85 -3.10(-5.7410-0.46)
Buse 2004 129 123 0.8(15.7) -1.6(14.3) Ep—— 7.61 -2.40 (-1.30 t0 6.10)
Diamant 2010 233 223 3.0 (16.6) -0.6 (14.9) —r 8.56 2.40 (-5.29 10 0.49)
Heine 2005 282 267 -4.1(17.8) -0.6 (16.0) —— 8.63 -3.50(-6.3310-0.67)
Overall; P=0.00 o 100.00 -3.57 (-5.49 10 -1.66)
Vilsbol T. BMJ. 2012:344
Metanalisis: total cholesterol
Mean change
No of patients (standard deviation)
Trial GLP-1R  Control  GLP-1R  Control Weighted mean Weight ~ Weighted mean
agonistgroup group agonistgroup group difference (95% C1) (%) ference (95% Cl)
Heine 2005 282 267 -0.1(0.7) -0.0(0.9) — 18.57 -0.09 (-0.23 10 0.05)
Bergensthal 2010 160 166 0.1(0.7) 0.0(0.8) —r— 1230 0.06 (-0.11100.23)
Buse 2009 129 123 -0.1(0.7) 0.1(0.7) —— 11.22 -0.18(-0.35t0-0.01)
Davies 2009 118 117 -0.4 (0.8) -0.2 (0.8) — 9.04 -0.15 (-0.34 t0 0.04)
Kendall 2005 241 247 0.0(0.8) 0.1(0.9) —. 15.64 -0.07 (-0.22 10 0.08)
Diamant 2010 233 223 -0.1(0.8) -0.0(0.7) — 17.92 -0.08 (-0.22 10 0.06)
Bunck 2009 36 33 -0.3(0.8) -0.2(0.6) 3.09 -0.10(-0.43100.23)
Defronzo 2010 45 45 0.13 (0.8) 0.4 (0.8) 3.08 -0.31(-0.64 10 0.02)
Moretto 2008 78 77 -0.1(0.9) 0.2(0.9) 4.24 -0.30(-0.5810-0.02)
Zinman 2009 178 177 -0.2(1.2) -0.0(1.3) 490 -0.18(-0.44 t0 0.08)
Overall; P=0.468 > 100.00 -0.10 (-0.16 t0 -0.04)
-0.643 0 0.643

EndoDrChen.com

Vilsbol T. BMJ. 2012:344

Metanalisis: effects in ALT

No of patients

Trial GLP-IR  Control

agonist group group
Astrup 2009 82 78
Zinman 2009 175 156
Bunck 2009 36 33
Garber 2009 77 n2
Nauck 2009 234 116
Pratley 2010 205 203
Russel-jones 2009 223 m
Diamant2010 233 223
Marre 2009 226 107
Heine 2005 282 267
Moretto 2008 78 7
Bergensthal 2010 160 166

Overall; P=0.022

Mean concentration

after treatment
(standard deviation)
GLP-1R Control Weighted mean
agonistgroup  group difference (95% C1)

20.5(9.3) 25.8(23.0)

Weight ~ Weighted mean
(%) difference (95% C1)

3.85 5.40(0.05 10 10.75)

21.0(10.1) 23.0(13.6) 3.50 -2.50(-8.11103.11)
23.4(11.5) 25.9(12.2) T 11.64 1.30(-1.78104.38)
26.5(12.4) 29.6(15.3) — 1278 -2.20 (-5.14 10 0.74)
27.7(15.2) 31.9(25.0) ——————— 448 550(0.541010.46)
27.9(16.5) 28.8(15.4) 3.97 0.34(4.93t05.61)
28.3(16.5) 29.9 (16.1) 449 -420(9.15100.75)
28.4(18.4) 27.1(15.0) — 15.84 -3.13 (5.77 10-0.49)
29.3(23.1) 29.0(23.0) —a 16.25 -2.05 (-4.65 0 0.55)
29.6(13.9) 31.8(20.4) 8.07 -1.61(-5.31102.09)
30.7(19.9) 25.2(10.1) 11,50 -0.90(-3.99 10 2.19)
33.2(31.0) 27.8(15.5) 3.65 -5.22(10.71100.27)

100.00 -1.19 (2.24 t0-0.14)

-10.8 o

EndoDrChen.com

10.8

Vilsbol T. BMJ. 2012:344
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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(19710-1.09)
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(5.6910-2.91)
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 . 508 3.50(3.6610-3.34)
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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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

C Effect of 3 week
on cell proliferat

M Lixisenatide

Average Number of BrdU
positive cells/animal

D Effect of 3 week Lixisenatide treatment
on new neuron development in WT mice
* . [ satne
M Lixisenatide

neurensanimal

Average Number of new

Hunter K. BMIN Neuroscience. 2012;12:33
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ARE ALL GLP-1 RECEPTOR
AGONISTS THE SAME?

23/12/12

GLP-1 receptor agonists

SC administered peptides
' —
Human GLP-1 backbone Exendin-4 backbone

Weekly

(CTaspoglutide
Albiglutide
LY2189265

CJC-1131

Semaglutide

Once-daily Weekly QD BID

Exenatide

Lixisenatide |

Liraglutide ] [ Exenatide QW
[ CJC-1134-PC

Antibodies

« Antiiraglutide antibodies ! + Anti-exenatide antibodies
. : 901181 patints
™ pr—
P et
_ 60 : X i 260143 patients
3 : t (17%)
g i t
= 1 t .
P :
§ o] P i
2 N 3
2 o : i '
g 21 ! i
)] 4/154 patients  4/134 patients ' R
104 6% 30%) I i
: i i
Continued  Exenatide— | Exenalide  Exenatide— Exenatide—
Treatment:  Lgitide liraglutide ' iraglutide  iraglutide
Time:  Week 79 (25 days off-drug) | Week26  Weekd0  Week78

oDrChen.com
Buse JB. J Clin Endocrinol Metab. 2011;96:1695
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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
* 2= 0.0811; P = 0.0022
35
-404
10 20 0 40 60 70

Antibody binding capacity (%B/T)

DrChen.com

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

3lowest %BIT quartiles (n = 60), Top %BIT quartile (n = 20),
<3.75%BIT 3.75%B/T
5 Mean A HbA,:~1.2% Mean A HbA, : ~1.0%

44

o Liraglutide 1.2 mg
« Liraglutide 1.8 mg

Change in HbA, , from week O to week 26, LOCF (%)

2 4 6 8 10 12
Antibody binding capacity (%B/T)

DrChen.com

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

Ac anti exenatide

. i ¢ oxerafid .
antibody negative  antibody positive, all  antibody positive  antibody positive
<2.23%B/T >223%BT >22310 S20%B/T %

(n=89) (n=83) (n =66) (n=17)
Week 26 HbA, ; 7.1% 73% 1% 8.1%

~024

0.4

~064

~08

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

®

DrChen.com

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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Acute pancreatitis incidence:
Type 2 diabetics vs non diabetics

B No diabetes

TN W DM tipo 2

. Global | By age ., Bygender
4 H i
£ 30 ! (years) !
2 w0 | i
k] i i
g 2.5 H H
s 0 i i
© ' ]

g =0 g | i
= o H i
S 1s 85 |
N 34 00
8 10 i
g 2o
b5 =8
=] <
S 05 S
= o

ool — a

S e 200 -30 31-44 4! 55-| 265 NLJ

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

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* 0.5 NA

*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

DrChen.com
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Liraglutida and medullary thyroid cancer

Rodents

)

In rodents, c cell
density is >45
higher than in humans

~———
—~—

Humans

GLP-1 receptors

In

C cell rarely detectable

(0-105/C-cell)
Orchen.com

/Rodents have more GLP-1
receptors in the
cellular surface

(1600-13,000/C-cell).

humans, GLP-1
receptors are

N\ | GLP-1 receptor

C cell

Bjerre Knudsen et al. Endocrinology 2010;151:1473-86
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DPP-4 INHIBITORS AND GLP-1
RECEPTOR AGONISTS COMPARISON

Characteristic

Administration
route

Effect in weight

Adverse events

Dosing

Extra pancreatic
effects

DPP-4 inhibitors
Oral

Neutral

Well tolerated in
general

OD-bid

No

GLP-1 agonists

Parenteral

Reduction

Nauseas, anorexia

OD-bid-weekly

Yes (CV, blood
pressure, lipid
profile)
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WHY THE DIFFERENCE?

23/12/12

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

Conclusiones

* Multiple pathophysiologic defects in type 2
diabetes

* GLP-1 may explain some of these defects

¢ GLP-1 receptor agonists are a promising
therapy for type 2 diabetes
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QUESTIONS...
CHENKU2409@GMAIL.COM
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