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Pfizer: Champions MBDD & MID3 ...

... but exits Neuroscience

Model-based Drug Development

RL Lalonde', KG Kowalski’, MM Hutmacher', W Ewy?®, DJ Nichols', PA Milligan', BW Corrigan’,
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Good Practices in Model-Informed Drug Discovery and
Development: Practice, Application, and Documentation

EFPIA MID3 Workgroup: SF Marshall', R Burghaus®, V Cosson®, SYA Cheung', M Chenel®, O DellaPasqua®, N Frey®,
B Hamrén”, L Harnisch', F Ivanow®, T Kerbusch®, J Lippert?, PA Milligan', 5 Rohou'®, A Staab'’, JL Steimer'?, C Tomoe™ and
SAG Visser™

This document was developed to enable greater consistency in the practice, application, and documentation of Model
Informed Drug Discovery and Development (MID3) across the pharmaceutical industry. A collection of “good practice™
recommendations are assembied here in order to minimize the heterogeneity in both the quality and content of MID3
implementation and documentation. The three major objectives of this white paper are to: i) inform company decision makers
how the strategic integrafion of MID3 can benefit R&D efficiency; ii) provide MID3 analysts with sufficient material to enhance
the planning, rigor, and consistency of the application of MID3; and i) provide regulatory authorities with substrate to
develop MID3 related and/or MID3 enabled guidelines.

CPT Prarmacometrics Syst. Pharmacol (2016) 5, 93-122; doi:10.1002/psp4.12049; published online 14 March 2016.
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Pfizer ends research for new
Alzheimer's, Parkinson's drugs
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Can application of quantitative clinical pharmacology improve
early clinical development success in neurodegenerative
diseases?

Depends on the meaning of the word “success”



What is early clinical development success?

Better Dose Selection?
Better Designs?

Better Decisions?

More Efficient Development?

Higher Proportion of Positive PoC?
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GSM & Combo (BACEi) Quantitative Questions

 Proof of Mechanism: Exposure-response for CSF
biomarkers after single and steady state dosing?

 Dose selection: What is the dose to achieve AB42
inhibition and optimize shorter AP peptides?

e Combination : What would be the biomarker
response if GSM and BACEi were combined?
What would be the optimal combo dose?
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GSM Clinical PK/PD Data
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GSM PK/PD Modeling: results & simulations
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BACEi/GSM combo: AB model based dose selection

e BACE and GSM while in same pathway, affect amyloid differently

Biology ) \odeling SR,
AB37
A P P absorption \;;
b T e Y
. a !' Reduce Aﬁfs
d ! ! - 4 “ n a | J Z ; ol Uniﬁ:rm : _
- " BACEi + GSM @"esis Flow out
T_.. Soluble Fibrillar Plaque Moditats | ABa0 |
A A A --
BACE Y p p B - T
secretase elimination ——
cleavage AB42
cleavage -
N
Plasma PK CSF

e Model combines AB PKPD for GSM and BACEi

 Goal: dose select both agents to maximize AB42 lowering
maintaining differentiation from BACEi in overall AB37-38 and

AB42/40 ratio
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CSF AB42, %CFB

BACEi/GSM combo: M&S to optimize dose selection
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Parkinson’s Disease designs: Quantitative Questions

e Do we understand symptomatic motor
symptoms scores over time?

 What are appropriate target values for Go/No-
Go decisions and study duration?

 Can we answer the same questions for disease
modifying treatments in early and late stage

PD?

Courtesy
S Duvvuri, T Nicholas, JE Ahn, D Gorman
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Symptomatic effect on motor effects with DA: Off Time

Longitudinal Model based meta-analysis of Off Time

placebo Dopamine agonist

e Mean placebo effect at
steady state (~ -0.7 hr).

=
—

=

e Mean DA class effect:
(~1.6 hr reduction)

Change from baseline (hriday)
Change from baseline (hr/day)

|

.
1

=

e Steady state achieved by
10 weeks

1 1
0 10 20 30 40 0 10 20 30 40
Time (weeks) Time (weeks)

e Target values for Go/No-Go (at least 1.5 hr reduction in off-time)
e Optimize the study duration (15 weeks — including titration)
* Informed Bayesian prior reducing sample size and quicker decisions
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Symptomatic effect on motor scores: UPDRS Part |l

Longitudinal model based meta-analyses of UPDRS part Il
with L-DOPA back ground

Adenosine AZA antagonist COMT inhibitor Dopamine agonist

Quantify time course of
placebo effect (max ~ 2.1)

Quantify competitor time

i _ MAG iy~ RO SRRk ] = St
X Sl , course
. I 1 ! .
5 °| N L e (g ",
e | DA effects max (~5.3) with

half-life of 2.7 weeks to reach
the full effects

Placeboonly

| s
Pae—_ e

" time (week)

 Competitive positioning: max therapeutic effect, study duration
* |nterpretation of placebo effects in motor fluctuator studies
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Disease modifying in Late PD: Optimize Designs & Decisions
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e MBMA to quantify the rate of disease progression in moderate to
severe PD (based on DBS)

 Simulate magnitude of effect and trial duration to detect a
meaningful clinical change

e Slowing or even halting disease progression is not sufficient to
detect a clinically important signal within a reasonable trial duration
in moderate/severe PD (will take >3 years halting progression)
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Disease modifying in Early PD: Optimize Designs & Decisions

MDS-UPDRS Part 3 Placebo Cfb
Predicted Response for a future study
All studies

e Early PD: Disease
progression combining
randomized studies and
natural disease
progression database

Cfb MDS-UPDRS Part 3 in Placebo arm (95% ClI)

Month

ELLDOPA @ GM1 4 PROUD 4 ROADS
FS-ZONE @ PPMI @ Q10 TCH346

e Early disease progression slope makes for more reasonable design
for a treatment offering 50% reduction in disease progression (9
months and 270 patients randomized 2:1 with Bayesian prior)

Study

 Enrich populations, set appropriate inclusion criteria
|dentification of sub/composite scores for better signal detection
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CK1i (sundowning syndrome in AD): Quantitative Questions

 Therapeutic Hypothesis:

— AD patients have sleep fragmentation, circadian
phase delay, may develop sundowning.

— CK1 is critical for the circadian clock. Circadian
correction will normalize behavior in AD

e Can we bridge circadian rhythm changes from
nonclinical (nocturnal) to human (diurnal)?

e Can we inform design of Phase 1 and Proof of
mechanism study?

Courtesy
ng Chang & Francois Gaudreault
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Enabling Translation with QSP model of CK1 Inhibition

Challenge: Translate from rodent to human pharmacology. Accounting for the effect of light and time of
CK1i dosing on the magnitude and time course of circadian rhythm modulation

Approach: Development of a systems model to account for the pharmacological effect of CK1 inhibition in
the context of circadian biology

Plasma Brain Tissue

Cytoplasm
Nucleus

Highly nonlinear and time dependent system
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POM Design & Interpretation with QSP Model of CK1 Inhibition

Model informed Proof of Mechanism Design

e Efficient study design (POM as part of MAD, also inclusion of active comparator)

* Dosing regimen and time of dosing (AM vs PM) PM dose escalation scheme (slower than
typical study due to predicted super-pharmacology)

* Time of PD sampling (day 7 and 14 PD observations based on simulated time course)

e Study cohort design (parallel instead of cross-over due to simulated PD washout)
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Can MID3 improve ECD success in neuro diseases?

Better Dose Selection?
Better Designs?

Better Decisions?

More Efficient Development?

Higher Proportion of Positive PoC?
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Confidence in Target & Compound - Confidence in PoC

Confidence in Proof of Concept

Confidence in
Compound

Pharmacokinetics-
Pharmacodynamics

Target Target Target | Pathway Ph(\l:s?;?ggca\ II.H

Exposure Engagement Modulation Modulation | Regulation || ™

)

Paolo Vicini and Piet van der Graaf
Clinical Pharmacology & Therapeutics (2013); 93 5, 379-381;
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What is the story at Pfizer (in Neuro)?

e Few QSP examples in neuro

Cratiore CPT Pharmacomotrcs Syst. Pharmacol [2017) 6, 685-675;  doc 10 100 2pept 12211
2007 ASCPT Al rights. reserved

ORIGINAL ARTICLE

A Translational Systems Pharmacology Model for Af
Kinetics in Mouse, Monkey, and Human

T Karelina™, O Demin', T Nicholas®, Y Lu?, S Duvvuri® and HA Barton®

A mechanistic model of amyloid beta production, degradation, and distribution was constructed for mouse, monkey, and
human, rafihrated and aviernalle wadflad scrmee moliinle Astacste ol elnmlad bt traatmant

mmmmmmmaml ot 10,1058 pep 2014, 7
© 2014 ASCPT AN rights reserved 21 63-8306/1
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ORIGINAL ARTICLE

Prediction of Efficacy of Vabicaserin, a 5-HT,_ Agonist,
for the Treatment of Schizophrenia Using a Quantitative
Systems Pharmacology Model

J Liu', A Ogden', TA Comery”, A Spiros”, P Roberts™ and H Geerts™

stems pharmacology model that combines [n vitrofpreclinical neurophysiology data, human imaging data,
s Infnrmatinn was nsad tn hlindlv nradiet steadu-state clinieal afficary nf vahicaserin a S-HT  full annnlst

o CPT Pharmacometrics Sy, Phamacol. (2017) 6, 676685, doc 10 1002 bt 249
017 ASCPT Al rights reserved

ORIGINAL ARTICLE

Studying the Progression of Amyloid Pathology and Its
Therapy Using Translational Longitudinal Model of
Accumulation and Distribution of Amyloid Beta

Tatiana Karelina', Oleg Demin Jr, Oleg Demin', Sridhar Duvvuri® and Timothy Nicholas®
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- d’ Systems pharmacology modeling in neuroscience:
w: Prediction and outcome of PF-04995274, a 5-HT,
o1 partial agonist, in a clinical scopolamine
duc impairment trial
PD
braii
gﬂ_i Timothy Nicholas", Sridhar Duvvuri’, Claire Leurent', David Raunig'®, Tracey Rapp',

Phil Iredale', Carolyn Rowinski', Robert Carr?, Patrick Roberts?, Athan Spiros?, Hugo Geerts®

Lnng-term effects of amyloid targeted therapy can be studied using a mechanistic ranslational model of amylold beta (Af)

l?ﬁzzr Gilobal Research and Development, Groton, USA: "Cormresponding Author: timothy nicholas Gpfizer.com
*In Sitico Biosciences, Lexington. USA
HOON Wowth Walss TISA

ion and aggregal d on published data in mouse and human species. Alzheimer disease (AD) pathology is
modeled utilizing age-depmdam pathological evolution for rate constants snd several variants of explicit functions for Af
toxicity influencing cognitive outcomes (Adas-cog). F Af targeted therapies were simulated to minimize the Af
drﬂerenua tnm huailhy physuloginl Iev!l& T' peutic targeted simulat prc-vided &!mllar predldions fur Mouse and

 However were too late to impact target

selection, and efforts were too isolated
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Conclusions

e Quantitative pharmacology integrates all available data
to improve the probability of making the right decision
in an efficient manner in early clinical development in
neurodegenerative diseases

e However to improve probability of successful PoC it
requires for us to be able to inform better target
selection & validation through earlier and broader use
of QSP to help

— Prioritize targets

— Select more appropriate patient populations

— Link nonclinical observations to clinical predictions
— With combination drug strategies
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