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Project Background

e Examine a specific antidiabetic target in the J& J
pipeline

e J&JPRD/Entelos Collaboration
— Diabetes Research Forum
— Entelog ADA Alliance

e Use Entelos Metabolism PhysiolL ab platform
— assess the efficacy of the target for the treatment of type

2 diabetes.



Project Objectives

* Represent the biology of the target
— Quantitatively model the physiology affected by the
specified target so that the metabolic behavior agrees with
the literature

o Create virtual patients
— Model a population of relevant type 2 diabetes patients with
variations in disease physiology and variations in target
metabolism so that their behaviors agree with clinical data

e Optimizetrial designs
— Simulate avariety of target interventions on the virtual
patients



Type 2 Diabetes— Unmet Needs
6.2% of the population in US have diabetes.
Prevalence isincreasing in the US and worldwide.
90-95% of people with diabetes have type 2

diabetes.

In most patients, maintaining tight glycemic
control isstill difficult with current products.



Overview of
Entelos M etabolism PhysioL ab
and Virtual Patients



Entelos Approach to Modeling Disease

dentify questions/hypotheses model should address
dentify behaviors model should be able to smulate
dentify key physiological processes responsible for
nehavior

Represent these processes, use data to determine
parameters

— Ability to represent multiple hypotheses

— Ability to represent multiple patient types

First represent normal individual, then diseased
individuals
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Qutput/Behavior

Plasma lactate
Plasma glycerol
Plasma amino acids

Plasmatriglycerides

Plasma free fatty acids

Plasma glucagon

Hepatic glucose output

Liver glucose 6-phosphate

Liver glycogen

VLDL-TG Production rate

Liver triglycerides

Lipolysisrate

Fractional adipose chylo-TG extraction
Fractional adipose VLDL-TG extraction
Muscle glucose uptakerate

Muscle glycogen

M uscle glucose 6-phosphate

Muscle pyruvate

Muscleintracellular fatty acids
Fractional muscle chylo-TG extraction
Fractional muscle VLDL-TG extraction
1% phase pancreatic insulin pool

21 phase pancreatic insulin pool

Virtual Diabetic Patients; Static Behaviors

Valuefor Virtual Diabetic
> 8 mg/dl, <12 mg/dl

>0.5 mg/dI

30-35 mg/dl

>75 mg/dl

>600 M

>70 pg/ml

>140 mg/min

90-120 mg/dl

>300, </5¢

>17.5 mg/min, <30 mg/min
>2000mg/dI, <3000 mg/dl
>89 umol glycerol/min

Peak: <45%

Peak: <5%

Post-prandial: >3, <6 mg/kg muscle/min
<14.5 g/kg muscle

>2.0 mg/dl

>1.5 mg/dl

>2.5 mg/dl

Peak: <25%

Peak: <5%

= 2500 mU

= 10000 mU 8



Virtual Diabetic Patients: Dynamic Behaviors

e Overnight-fasted concentrations and fluxes
» Post-prandial concentrations and fluxes

» Metabolic response to a 24 hour fast

e Oral glucosetolerancetest (OGTT)
 |ntravenous glucose tolerancetest (IVGTT)
* Euglycemic-hyperinsulinemic clamp

o Hyperglycemic clamp



Represent the Biology of the Tar get



Validation Experiment for
Specific Target Biology

Oral glucosetolerancetest (OGTT)

% Global Chart - OGTT glucose le =10 x|

ﬂbsnlute: A0ta 175 0 ta 300: t = O rinutes

[:jl plazma glucoze 90,2846 mgddl
@ plazma gluc. OGT T[normal] Kelley 90 mgd
@ plazma gluc. OGT T[homal] Horawitz 78 maoddl
@ plazma gluc. OGT Tlhomal] Shapio 90 moddl
[(anl plazma gluc. OGT T[normal] Groop 882 mgdl
@ plazma gluc. OGT T[normal] Friteche 88,2 mgdl

1
L1
1
1
1
—1

ICharts)Comparison with daka/OETTOGETT glucose levels {normal)

= Global Chart - OGTT insulin leve

=10l x|

_s.il:us-:ulute: Ota 100

0 ta 300: t = O rinutes

1 7 plasmainsulin 10,0085
1 @ plazma inzulin OGT T[homnal] Keley a
1 @ plazma inzulin OGT T[homal] Horowitz 8
1 I:(lel plazma inzulin OGT T [nhormal] Shapiro 2
1 @ plazma inzulin QG T T[normal] Groop g

pl el
g dl
g dl
Ll
pl el

IChartsComparison with dakafQETT OGETT insulin levels {normal)
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Validation Experiment for
Specific Target Biology

In response to drug under fasting conditions

=) Global Chart - -- comparisg o [=] | =] Global Chart - comparison w =10 x|
¥ bsolute: Ota 150 010 T80: t =0 minules % hsolute: -75 ta 75 010 180: t =0 mirules

comparizon wWith dats o comparisan with daks v
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Represent the biology: tune the model

test infusion + drug : drug begun prior to start of test infusion
PhysioL ab ssmulation resultsfitted to Study 1 data

% Global Chart - mparison ¢ =101 x|

ﬂl:rl malized (All} O (min & () 0 to 240 t = 0 minutes

)

() measured

iCharts/ 2003/ comparison with data
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Represent the biology: locate discrepancies

test infusion + drug: drug begun prior to start of test infusion

PhysioL ab ssimulation results compared to Study 2 data
f% Global Chart - Dmpariso =10} x|

ﬂnrmah:ed [&ll] [ rrum (23 0] Ota 210 =210 rminutes

()
1 () measured
,I'IZI';arts,-' 2003, comparison with data
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Represent the biology: verify discordant results

test infusion + drug: drug begun at the start of test infusion

PhysioL ab ssmulation results compared to Study 3 data

acute response

%] hsolute: 0o 250

=1k

0 ko 240: b = 0 minubes

comparison with data i

chronic response

% hsolute: 0 to 250

10/ x]

0 ko 240: t = 0 minules

comparisan with data -
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Represent the biology:
alternate fittings still inconsistent

M odel recalibrated to agree with
Study 2

% Global Chart - _ - 10| x|

.ﬂﬂrmah:ed [&11] [rrirn (20 (1] Oka 2100t = 0 mirtes

L::' meazured

[Charts -~ comparison with data copyl
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New ssmulation resultsfor Study 1
protocol still lower than measured data

= Global Chart - =10 x|
fjurmah:ed [&l) [rrii (20 0] 0 be 240 b = 240 rririites

1 measurec

JCharks, -- comparison with data copyl
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|stherea differencein the patient populations?

PhysioL ab
virtual patients

L ean, young Overweight, old
| [ o]

Study 1 Study 2 Study 3

» Aging isassociated with insulin resistance and deteriorating beta cell function
» Obesity isassociated with insulin resistance and hyperinsulinemia

e 600
—
22 300
E "

0

O Young

® Old
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Create Virtual Patients



Creating virtual patients:
match subjectsin clinical studies

e Control patients
lean + young vs. overweight + older

e Diabetic virtual patients
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Key Test of Target on Virtual Patients

Acuteresponseto drugin overweight, older patients

Test on lean, young virtual patient Test on overweight, older virtual patient
| B Global Chart - comparison with dats =10] x| i Global Chart - mparison with datz =10 x|

%] hsolute: 0 to 250 0 1o 240 t =0 minutes %]bsalute: 010 250 0 ko 240 t = O minibes

camparisan with daka A conmparison wath data .
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Key Test of Target on Virtual Patients

Chronic responseto drug in overweight, older patients

Test on lean, young virtual patient Test on overweight, older virtual patient

[ beolute: 0to 250 0to 2401 £ = 0 minules % bsolute: 010 250 010 240: £ = 0 minutes

comparisan with data & comparison with data -
Copyright @ 2003 Entelos, Inc. Copyright @ 2003 Entelos, Inc.
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General Testson Virtual Patients

Metabolic responseto a 24 hour fast

E‘j Global Chart - Insulin and g

=10l x|

0 ta 1440: t = 0 minutes

ﬂnrmalized (AN 0k 117615 [min G2 0]

] |:| plazma glucoze 11727 mogddl
] |:| measured plasma glucoze 0 mgddl
1 7 plasmainsulin f3.4287  pU/mi
1 ) measured plasma insulin 0 pldmil

ICharts Tnsulin and glucose -- comparison with data

E‘j Global Chart - *Glycogen

=10l x|

ﬂnrmalized (Al 13,7249 bo 439,829

0to 1440: t = 0 minutes

437.093 g

B [ ) muscle glycogen

0 () liver glvcogen 86284 g

IChartsDiabetic WP assessment*Glycogen

B ) muscle glvcogen [0/ko 139879 g/kg muscle
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General Testson Virtual Patients

Post-prandial concentrations and fluxes

f=] Global Chart - Insulin and glucose - comparison with da - 10| x|

Ejurmalized [&l1): 0ta 141 653 [min = O] 0to 1440: t = 1440 minutes

] I:::I plazma glucoze 953337 mg/dl
] |::| meazured plazma glucose 0 magddl
1 () plasma insulin 16.6432  pU/ml
1 3 measured plasma inzsulin a pldml

ICharts/Tnsulin and glucose -- compatison with data
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insulin (uU/ml)

General Testson Virtual Patients

Oral glucosetolerancetest (OGTT)

140

age 42 yrs, BMI 30 kg/m2

—age 37 yrs, BMI 25~31 kg/m2
120

age 52.5yrs, BMI 30 kg/m2

——age 43 yrs, BMI 33 kg/m2

100 Virtual Patients

80

60

40

20
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Time (mins)



General Testson Virtual Patients

|ntravenous glucosetolerancetest (IVGTT)

= Global Chart - Insulin and glucose —- comparison with da -0 x|

Ejurmalized [&l1]: O ko 27FF [rnin @@ 0] 150 ta 240: t = 150 minutes

1] C:l plazma glucoze 34 5027  mo/dl
[ 1] C:l meazured plazma glucoze 94 mgfdl
1 ) plasma inzulin 16.4047  pUl/ml
1 ) measured plasma insulin 18 pldml

ICharts/Insulin and glucose -- compatison with data
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General Testson Virtual Patients

Euglycemic-hyperinsulinemic clamp

=10 x|

Ejnrmalized [l 0 ko 235343 [min @ 0

B ) muscle glucose uptake rate
1 5 muscle glucose uptake rate [mo/kadmin]
N T MGU rate [madka muscle/min)

fiCharts/Muscle glucose upkake rate

Ota 120: £ =120 minutes

235343 masmin
275912 mofkgdmin
753122 maodkg muzcledmin
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General Testson Virtual Patients

Hyper glycemic clamp

E‘i Global Chart - Insulin and glucose -- comparison with da

=10l x|

_“v".jl:urmalized [&0): 0 to 180.524 [min & 0]

plasma glucoze
meazured plazma glucose
plasma inzulin

—
[
—
1

meazured plazma inzulin

IChartsiTnsulin and glucose -- cormparison wikh daka

0 to 300: t =135 minutes

173,732 ma/dl
0 mgddl
7271951 pldml
075 pldml
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Summary
 Understand the mechanism of action of the target
e [dentify the inconsistencies in experimental data
* Distinguish between subtypes of patients
e Next steps— Optimize Trial Designs: Test the

efficacy of the target through simulation on control
and diabetic virtual patients
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