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One Drug-One Target-One Disease
Philosophy

Measure some
surrogate marker to
indicate modulation of
biological activity

Design
drug to fit
the target

‘ | Biological a :
U~ B

Design formulation
to get the drug to
the target

Measure clinical
outcome
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Unfortunately biology is a little more
complicated than that . . ..

, - a Biological
‘ e Process 1

-
: I
SN )  Target 2 +— Disease

Biolo
Proce
F Biological
) Target 3 ﬁ Tt

\  Z ' Disease
~/
'™ Biological /
D B E T —" L]

Disease is heterogeneous

N

Multiple interactive biological
processes are in play:
ARedundancy
ASwitching
AFeedback
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An example of complex disease biology

VEGF promote growth
of blood vessels
Cyto-toxic drug
Drug boosting
immune-system

A Increased
VEGF binding
' can trigger
signaling
P = = = = = = - - - - HIF-1 Transcription cascade
Immun- - Tumor | Lack of ‘» Signaling of VEGF \
System '« triggered «l Tumor blood »Hypoxia )
immune growth : I A Hypoxia depletes cellular ATP
Response responses 1 vess‘e s » ATP level, which is required for
Effegiors e ey Depletion hosphorylation.
ANKEcells

AActivated T cells

/ y o
Extreme ATP etion = VEGE
Tumor -
signaling %ﬁ'_; 1 receptor

can imped tein
syn%s induce
- o is ﬁ?s ig
sq Other
ﬁ%ﬁ receptors

Ny

direct killig

Caspase signaling

Drug enhances
effector-tumor

Changes in ERK and AKT
activation cause tumor death

binding and/or reduced growth
A pH can also affect enzyme
reaction in general (binding
APOPTOSIS and/or ionization of substrates Kinase
inhibitors
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What happens when we ignore this complexity @

Many drug candidate fail due to lack of efficacy

Phase Il Failures 2008-2010 Phase Ill Failures 2007-2010

Strategic b Financial and/or commercial

Safety (including
risk-benefit)

Efficacy __Not

disclosec

2 = Efficacy
Pharmacokinetics » Versus placebo: 32%
/bicavailability 1% * As add-on therapy: 29%
Safety * Versus active control: 5%
Total of 108 failures Total of 83 failures
Arrowsmith, John. Nature Reviews Drug Discovery 10.5 (2011): 328-329 Arrowsmith, John. Nature Reviews Drug Discovery 10.2 (2011): 87-87.

Solution  w QSP
PBPK

Pharmacokinetics/

B i Systems pharmacology P K / P D

Patho)- =
Target Target Target Pathway phs(rsl ol og)l cal| Disease P B P K / P D
exposure Jengagement | modulation modulation - modification
regulation P K/QS P

Figure 2 The relationship between pharmacokinetics/pharmacodynamics (“three pillars of survival*1') PBPK/ QS P
and systems pharmacology as parallel approaches to tackle attrition due to insufficient efficacy in proof-
of-concept-phase Il trials.

Vicini, P. and van der Graaf, P. H. (2013), Systems Pharmacology for Drug Discovery and Development: Paradigm Shift or Flash in the Pan?. Clinical Pharmacology & Therapeutics, 93:
379i 381. doi:10.1038/clpt.2013.40
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PBPK vs PK/PD vs QSP @

Mechanistic  (knowledge A model A qualify/validate)

Mechanistic mathematical modeling
approach to predict the effect of

Mechanistic modeling approach to

predict tissue exposure and translate
target modulation on clinical

outcomes

between species

Biological

Response

A simple model used to describe observed
data linking exposure to a downstream
effect (biomarker).

A simple model used to describe observed
data linking dose to (typically systemic)
exposure.

Empirical (data A model)
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Data vs knowledge based models @

Classification and regulatory acceptance

first

principle (Virtual A Good extrapolation
models “_human_ A Need little data
A Provide mechanistic
System Organ .
\ ww understanding
Domain ’ A Complex models
A Harder to build
Knowledge w;) A Harder to defend

O o Delivery B o o ﬁ\/llddle'out(\)
- very complex uou @ ‘\; models o %)

A Very hard to build

A Require a huge amount -
widely accepted - Macro
y P \moleculeg)

of knowledge
A Difficult to understand knowledge
Regulatory Absorption

A Huge mechanistic Pharmaco
insights acceptance SEIPE models \w
. - Pop
fBottom-upo c. i )
. PK/PD
§ averaging

Data
o V) A Simpler models (drug related)
J A Easier to build and understand
A Easier to defend
é} A Require lots of costly data
Arop-downo A Limited power of extrapolation
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Data vs knowledge driven models @

Model complexity in drug discovery and development

Guide | Support
decisions | i i Label
' : ! Claims
> | |
< |
Q |
g. | QSP
3 ' Right label
%)
o
(@]
=

Throughput
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Quantitative System Pharmacology

Lining drug action at target with clinical outcomes

Molecular and Cellular level

Systems

Biological

Targets
process

Simplify and focus
N In-vitro data

—_—

Marketed
drug

~

\ Disease Fit based
\ on available

clinical data
e

Standard
of care

Biological
process

 Jo—

Biological
process

e —

Tool
compounds

Biological

compound process

New MOA
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QSP model for PTH-mediated effects on bone 2003 @

Laura Potter and Vincent Lemaire

PTH1R kinetics

PTH Dosing
Cll R:Gs .=\ .=\, R:Gq
earance Parathyroids
/ PTHRGS PTHR PTHRGq ~
/ \\ / 3 -
I PTH:R,:Gs PTH:R,:Gq / 7
\ '\ PTHR, & / / /
/
\ AJ\A / / i
\ PTH; R, / Active
\ \ , / OB formation
~ Degradation o I e} ¢
N / I v
v v - §
R
PTHR:G PTH:R:G I'| [Responding
i V !
Activation of Activation of o
adenylate cyclage phospholipase C | N Degradatio
¢ ¢ ‘ produ cts -
Hydrolysis of Stimulation of proliferatio
l P \ — )@?’
Activation of ¢ I Inhibition of differentiation
protein kinase A Activation of .
protein kinase ' Bone remOdeIIng

| Production of IGF-|

1 ]
BN <! vansciuction

-
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QSP model for PTH-mediated effects on bone

Laura Potter and Vincent Lemaire

2003 sk

—_— PTH1R kinetics

_
c,g,jﬁi& —\ L=\

»# PTH:R:G, /= PTH:R /= PTH:R:G,

1
1 PTH:Ry:G,

l PTH:Ry:Gq
\ v r H:R,
\
\ PTH;
~ Y
~ Degradation
~
¥

PTHiR:Gs

Activation of
adenylate cyclase
cAMP production

Responding
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i

Bone remodeling
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Production of IGF-I

rotein kinase C/
1 ]
- ! _
\ L

First FDA approval supported
in part by QSP model

NPS Pharma_____

The Mexus of Pa
id Science

Jan 23, 2015

Available online at www.sciencedirect.com

Journal of
scn:nce@n'"“ Theoretical

Biology

Journal of Theoretical Biology 229 (2004) 293309

www.elsevier.com/locate/jtbi

Modeling the interactions between osteoblast and osteoclast activities
in bone remodeling
Vincent Lemaire™*, Frank L. Tobin™', Larry D. Greller"?, Carolyn R. Cho™?,
Larry J. Suva™*

* Scientific Computing and Mathematical Modeling, GlaxoSmithKline, King of Prussia, PA, USA
Y Bone & Cartilage Biology. GlaxoSmithKline, King of Prussia, PA, USA

Received 23 April 2003; received in revised form 27 January 2004; accepted 29 March 2004

Bone 46 (2010) 43-63

Contents lists available at ScienceDirect

Bone

journal homepage: www.elsevier.com/locate/bone

A physiologically based mathematical model of integrated calcium homeostasis and
bone remodeling

Mark C. Peterson®*!, Matthew M. Riggs ®

* Amgen, Inc., One Amgen Center Drive, MS 28-3-8, Thousand Ouaks, CA 91320, USA a
" Metrum Research Group LLC, 2 Tunxis Road, Suite 112, Tariffville, CT 06081, USA

LW CYEE BN EIEI® (parathyroid hormone) for Injection as
an Adjunct to Calcium and Vitamin D to Control Hypocalcemia in

Patients with Hypoparathyroidism



Benefit

SP journe
QSP | y R

Model reproduces known biology
Start to generate novel hypothesis
AHA moments

May already start to drive decisions

Ask key/better questions
Get a glimpse on relevant pathways -

Full model structure
Knowledge repository
Easy to navigate anthterogate

Get the big picture (systems view)
Framework to identify data and gaps
Networking and info sharing

Start to focus on approach

Better decision
Reduce attrition
Drive prioritization
Set doses

Design better trials

Increase trust in the model
Drive prioritization

Simple

Add
parameters i

f Add

Map equations
Cénceptual

diagram

Qualify
model
(validation)

Publish

Regulatory acceptance
Waived trials

Better drugs to patients

Use
model

M: Incorporate novel targets
incorporate novel drugs
Create virtual patients
Simulate clinical trials
Support decisions
Expand the model
tdzof AaK X

B: Ask new questions
Use the model
tdzof AaK X

No QSP

M: Significant work

B: Identify key processes
Identify data/references
Brainstorming sessions
Generate diagram

Incorporate data
Generate equation

B: Point to data/facts
Partner, sounding board

> Effort

M: Refine and focus the model

Document the map

Help prioritize

Identify key states for each process

B: Point to the most relevant data/facts

M: Significant work
Engineer and code the model
Run submodels and fit to data

B: Collect clinical data for validation
Partner, sounding board

M: Significant work
Calibrate patient outcomes
Reproduce known trials
Check and calibrate model
Start generating virtual patients
Sensitivity analysis
Key pathways

B: Ask new questions
Constructive criticism
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Multidisciplinary and multiscale nature of QSP models

|

AcClinical development scientist / leader
ALink dose with clinical outcome (efficacy and safety) o(’\&
APatient stratification 2\

|

_ APre-clinical leader _
Tissue ADMPK, safety o"@ Tissue

ASpecies translation

J

J

Molecular

Lo ) L) S pame ) camee) | Qe

AMedicinal Chemist ABiologist &@9
4 . _ — X
APotency, Phys Chem Chemistry Biology ATgrget validation Q“

I
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Quantitative Pharmacology (QP) toolbox

Experimental

o

Rosa webinar 2017

+ Costly to generate

+ Expected in most cases

» Definitive answer

* ... almostall the time

/

MD / FEP SysBlo
_

Emplrlcal modeling (based on data) —=

» Easierto build the model

+ Easierto defend
+ Requires costly data
+ Limited extrapolation

Val eriu

Dami an

QSP:

* Challenging to build

+ Challenging to defend

* Mostly in-vitro data needed

* Understanding and extrapolation

What 6s in it for me




QSP during early discovery (target validation)

Experimental { Clinical trial jos

PK study
ﬂﬂ*\

(.. Dose ) ~ Drug
in plasma

PBPK

PK

" Outcome
(biomarker)

MD / FEP QSP

Mechanistic (knowledge based)

Empirical (data based) {PD}

15
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QSP early stage clinical development

Experimental { Clinical trial jos

PK study

~ Target ( Pathway )
engagement

Mechanistic (knowledge based)

Empirical (data based) ~{PD}

16
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QSP 1 clinical development after FTIH

Experimental = Clinical trial o

PK study

- Target ( Pathway )
engagement

/ /

Mechanistic (knowledge based)

@

Empirical (data based)

17
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QSP 1 late stage clinical trial

Experimental ={ Clinical tial jo

PK study
PK

PBPK /

Cell based assay

\
Drug

Target Pathwa\; T
@ target engagement
Tyl / -'/

Mechanistic (knowledge based)

{PD}

Empirical (data based) —{PD}

18
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What 6s 1 n 1t f or me ?

[APrioritize targets
Avalidate targets
ACompare binding domains
AStandard of care comparison

J

Target
validation

(program/biology
leader)
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@

Follicular
hyperkeratinization

QSP Model for Ache

Modeling done by Loveleena Bansal (GSK)



Conceptual QSP model for ACNE

New drug

Treatments

Rosa webinar 2017

D]

MILD | MODERATE |  SEVERE
"' d d b d | d b Lesion
normal hair  open comedo closed comedo  papule pustule Seve”ty
follicle blackhead) (wh&ahaad)

|

Follicular
hyperkeratinization

)
5 - v

»

n (@ )
v P.acnes ’V
8 Excess sebum
production
Inflammation @ )
Inflammation |'
score |

Biological processes Clinical outcomes

Val eriu

Dami an
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Conceptual QSP model for ACNE @

MODERATE |  SEVERE

’ ‘ ‘ ’ Lesion
normal hair  open comedo closed comedo papule pustule seve"ty
follicle (bchkhtid) (whilahead'
Sheboreea
| | P. acnes @ y
J P.acnes J'
- Comedogenesis
Inflammation = S
New drug Inflammation |,
—_— .

Treatments Biological processes Clinical outcomes
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Acne QSP Model Building Process

Benefit

Use
model

Sheboreea

Clindamycil

(=

parameters

1L17 inhibitor

(
!
i

————————— E ffOTt
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Acne QSP Model Building Process

Benefit e

==
O E==m—0
Exl o 0
Keratinocyts Prodfieration. Difisrentiation. and Desquamation Foillicle Blophysical Froparties

[m! T W
= e = E——— 4l
— ‘-\\ = [m} = | o
3
\
— “ T el
—

= =
U R R — .
0— —0 =m0
Add S et
t == T N —— g: ..... :g § :.é‘
parameter .m_. 1 - =
\I. | "‘ III‘III-' - .... - : ; — .

Conceptual e T A

diagram R .
\\D,/"' == ;K;! ===
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Acne QSP Model Building Process

Benefit

Time (weeks)
0.0 T T T T T 1

0.5 o)
| \\ .
O Change in Lesion Severity grade,
0.3% [Pariser 2005] o

~—

? m— Effort

Changein lesion severity
= =
[0, ] o

N
[=}

—Sims

-2.5

25
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Acne QSP Model Building Process gsic

Benefit Evaluation of
Novel Targets for
Acne

Lesion_Sewerity

Qualify
model

d full (validation)

1ath

healthy acne Clinda SA Retino Isotre BPO

Conceptual
diagram

————————— E ffOTt
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Evaluation of Acne Targets

Virtual Patient (Pacnes)

3.5
U Sebum reduction has the
most significant effect in
reducing Lesion Severity 3

U 80-90% reduction in Sebum
IS required for maximum
efficacy

P2
en

U Complete inhibition of IL17 or
Keratinocyte activation o— Sebum
provide only a moderate e L17
reduction in Lesion Severity —g— KCs

1| | —=— FBEMCs
—ap—|nflamm Lipids

Lesion Severity
fsd

=
n

0.5

0 20 40 60 80 100
% Reduction in Targets
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Virtual Patients for Acne

Two sets of Virtual Patients
High Inflammatory Lipids High P. acnes
Patients with increased inflammatory lipid Patients with increased P. acnes proliferation
production and macrophages in the skin

[N

;\ [ . . T
A

ty

Lesion Severi

jealthy 0 2000 4000 . aG(C;)?](; . 8000 10000 12000

28
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Effect of Treatments
Accounting for patient and disease heterogeneity

Patients with high

Inflammatory Lipids

5 T
Inflamm_Lipids ‘
41 |
*
=
23l
Q
w
e! LTBA4i+IL17i
8 a2t
o Cllnda '
—
Tr BPO WREIIHO ¢
Healthy '50"% & O | TB4i+1L17i+Clinda
D' L Pl taaal L Lol L Ll L Ly
10" 10" 107 10° 10
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Pacnes (log scale)

Val eriu Damian

4

Patients with high P. acnes

5
L ]
4t Pacnes*
)
©
33 LTB4i+IL17¢ 1
0‘:‘I
5 2 §
= 2 BPO :
g Ilnda
|
1t LTB4i+|L17I+CIInd’ -
lsotre
L .’ Retino
Oﬂ.’ “ * “ ] 1
0 4
Healthy 10 10° 10

Pacnes (log scale)
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What 6s 1 n 11 f or me ?

APrioritize targets (ATE requirements ) AClinical trial design
Avalidate targets AHuman efficacious dose Aldentify responders
ACompare binding domains AReasons to believe ADosing regiment
Astandard of care comparison ATranslational biomarkers ) ABiomarkers

Pre-clinical
development
‘ (project leader)
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Treatment Simulations @

Effect of compounds X,Y and Z modeled based mainly on in-vitro data

Processes Outcomes

Lesion
Severity

TARGET(s) already in the model

i Compounds Z has:

Inflammation

C several of anti-inflammatory effects

[d
Q
o
=
[

U Modeled using measured inhibition
against its targets

Indirect >
Effects

Direct Target Downstream Processes Qutcomes
(notpresentin Targets

acnemodel)
Lesion
Sebum Production . New TARGET

U Compounds X & Y have:

Keratinization

Downstream ..
C anti-inflammatory
Immune Response i T . . .
“ P C anti-lipogenic activity
o

Target3 P. acnes Proliferation U Modeled using measured effect

on downstream targets
Downstream Follicle Properties
Targetd

31
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Exposure required at target for efficacy @

Rosa webinar 2017 Val eriu Damian QSP: What 6s

Virtual Patient (Pacnes) Response is shown at SS
3.5 ! ! [ ! ! ! ! [ ! ! [ ! T [ T !
I o
I Comp Y | |
Moderate 3 ] compz
2.5 .
=
Mild @ ol [ B -
@
w
=
£15 -
w
o
-
Almost L o W B T -
Clear
0.5 -
Clear 0 L !
Clinda SA TopRetlsotret BPO 0 0.1 0.2 0.5 1 2 5 10 20 50 100

Drug Conc(ul)

U Comp Z leads to reduction in lesion severity even at lower skin concentrations, however the effect saturates and cannot
be reduced to <1 even at very high skin concentrations.

U Comp X can reduce lesion severity to O but high concentrations in the skin are required.

u i's most fApotento and efficacious at even | ower skin
SoC at free concentration of about 5 e M.

U Isotretinoin, which is most effective treatment for acne, is a systemic treatment with a number of side effects.

32
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QSP early stage clinical development

Experimental { Clinical trial jos

PK study

~ Target ( Pathway )
engagement

Mechanistic (knowledge based)

Empirical (data based) ~{PD}

33
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Modeling dermal formulations

vDP Disperse
Evaporation phase (DP) 4 Evaporation
%Q Continuous
\ Se phase (CP) Drug
o Diffusion
?\e\ea% ] in
Coalesce of dispherse Film phase (FP) Drug and
phase absorption
into SC
Drug and vDP
absorption Surface area Surface area I i Surface area
into SC of skin of follicles of hair
brug, ve-m Stratum Corneum .
and vDP |
diffusion and
partitioning $ \ v Vv
Rest of Drug Viable epidermis Sebum
diffusion and é S 9
partitioning g
A “ P>
Drug &)
absorption o
34
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Three dimensional finite element skin model
Attempting to model the 3D skin complex structure

&

Formulation

Epidermis

Blood
capillaries

https://classconnection.s3.amazonaws.com/993/flashcards/253

993/jpg/bloodvessels_large1313943640766.jpg Capillaries near root of hair follicle

Rosa webinar 2017 Val eri u Damian QSP:

thanks Sumeet Thete

Formulation

Sytratum
Corneum

Sebum
Blood
capillaries
35
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Sample simulation
3D finite element model (2D axial symmetry)

MW = 250, logP = 5, no vehicle partitioning, high systemic absorption

Time=23 h

Rosa webinar 2017 Val eriu Damian QSP: What 6s in it for me
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What 6s 1 n 11 f or me ?

[ACIinicaI trial design
Aldentify responders
ADosing regiment
ABiomarkers

Clinical
development

(clinical
pharmacologist/
project leader)
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Predisposing factors Disease maintenance

Environment
Stress
Microorganisms
Drugs

Trauma
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Slre?lsed Y% and proliferation
N : 2SS

§ ‘ ; : Interleukin-23
Sty / / Nitric oxide
PSORS1
Interleukin-1 | Interleukin-6

Interleukin-23R
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dendmfztcell /f | dendritic Aty 0
cell 2 3 Chemokmes ccL19
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yia °
.t
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R
' .

. 0 *

Lymph node o

‘. °

- '4“‘
S~ CXCR3 CCR6
c"r:
\l CCR4  Macrophage

Putative autoantigen presentation

I

Effector cells
recirculate and migrate Collagen and
into skin tissue proteoglycans

T-cell migration

Fibroblast

Nestle et al. 2009, NEJM

Modeling done by

Loveleena Bansal (GSK)

e’@e@@

Drug Development Advisors

QSP Model for Pso S

Work in progress

within PSORT consortium

PSORT

Psoriasis Stratification to
Optimise Relevant Therapy

= =
Ob b\/ I e g mm \yﬁmquln

\Q Queen Mary

NHS

Greater Glasgow
and Clyde

U, NOVARTIS

5 NHS
Govater a.-,.- I I I Medimmune

Colrbwasiang &5 Im\.fw ARy

versty of Mar

= do more
janssen Celgene feel better
———— I United Kingdom live longer

camh o o
o M s Doty

@ iivirroo MANCH;
; . LON )( )\




Layout of the Model
Cell Types and Other Components

Skin

External Insult

Systemic
Circulation

J —

Systemic Circulation

Cell Types Cell Types

Thi Cells Myeloid

Thi7 Colls Dendritic Cells
Plasmacytoid

0 Ur cells Dendritic Cells
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Skin

Cell Types

Keratinocytes

Thl Cells

Th17 Cells

2 U cells

Myeloid
Dendritic Cells

Plasmacytoid
Dendritic Cells

Skin Resident T
cells

Skin Resident
Dendritic Cells

Chemokines &
AMPs

CCL20

CXCR3 Ligands
CCRA4 Ligands
hBD-2

Cytokines

=
vk

IL-17

IL-22

TNF-U

IL23

IFNO

IL-1i

Lymph Node

Cell Types Cell Types

Naive T cells
Thl Cells
Th1l7 Cells

9 Ul cells

Myeloid
Dendritic Cells

Plasmacytoid
Dendritic Cells
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Layout of the Model
Disease Mechanisms in Psoriasis

&

Skin

X

Further activation
of KCs

Production of

Normal KCs =———>

Activation of KCs

AAcCti veo—>

Production of

Chemokines & AMPs .
CXCLs
hBD2
CCL20 .

Activation
of DCs

Inflammatory
Cytokines by Tcells
[

e
o UT cells

Plague formation

Undiff. KCs
and Scales

Production of
Inflammatory
Cytokines by KCs

Active DCs — |

Transfer
DCsto L

=,
—h

Lymph Node (LN)

4 )

Priming of
Naive Tcells

Naive Tcells

Active DCs

/\

nctive [Thl cells ] 2 UT cells

S

\ Th17 cells /

ctivatedc
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Thlcells | Th17 cells @
A A A /
‘ DCs Resident DCs Transfer of 0
. T cells from LN to
Resident A Systemic Circulation
Tcells
Recruitment fr¢m Blood to Skin /
Thlcells = Thl7cells o UT cells DCs ‘
Systemic Circulation
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