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Leveraging Modeling and Simulation
to increase predictability in early drug development

From Idea to Medicine: How can M&S increase predictability in early drug development?

Advancing Confidence in Compounds, Safety, Patients and Prediction Tools

Regulatory perspective

Future perspectives



Needs and expectations

Patient A

e Effective & tailored medicines
* Medicines for children & elderly & all ethnicities

e Favorable risk / benefit

Society

* No animal testing

¢ Less medical burden due to AEs

Pharma Research and Development

* Development of drugs for unmet medical need
* Predictive research, Low attrition and Cost-effective development
e Embrace innovation

¢ Develop compounds that cannot be developed with traditional approaches




Leveraging Modeling and Simulation
to increase predictability in early drug development

From Idea to Medicine: How can M&S increase predictability in early drug development?



Confidence in Compounds, Safety, Patients
Need to be addressed early in development

Medlcal Need New Medicine
Pharmacology Efficacy
Compound : in humans and

Disease N Target 5

Understanding Selection Design ), Si PK, PD, Safety Safety in

Biomarker Patients

From population-based to individual-based view

Effect

Concentration




M&S and “Virtual Patients”

Predict PK, Safet)/ and eﬁ[jcacy in humans based on in vitro and in vivo data

 Integration of drug specific » Construction of virtual patient » In silico testing dosages
information » Simulation of Drug responses » Adjusting for Children, Elderly, Disease..
Non-clinical data & Virtual Patient
information

vyl Target & pathway
E information

< %, Compound
properties

L e In vitro toxicity

. s and efficacy

B Model based approach to predict
’,5 In vivo toxicity

efficacy & safety across species
and across patient populations

In vivo
pharmacology

~ “ ~ “

No match: new experiments to improve model Matches: Confidence in model prediction I Verifying prediction early in vivo




M&S and “Virtual Patients”

3 Pillars: PK, Safety, Efficacy modeling

PBPK & Mechanistic PK Safety prediction Efficacy prediction
Target exposures Mechanistic safety

Systems Tox
Platform &
Modelling

o
vy

A
/ Clinical Data
Safmy DMPK Readout

%) A

Mechanistic understanding of adverse events

4

Personalized Safety




Confidence in Prediction Tools

“Virtual Human” for Pharmacokinetics

Sim u]atjng in plasma, tissues and target organs not accessible tbroug]z

measurements
x
Problem Statement SR
LS
Rational Prediction of PKPD in man e

Simulating in special patient populations

Assess DDI potential

Assess impact of formulation on PK/PD profile

Venous Blood =

Spleen

System specific factors Drug specific factors
/
Demographic and Anatomical and
genetic factors physiological
factors

MW

pK

Log P

PSA
Age Organ size Solubility
Weight Blood flow Permeability
Height Enzymes e Ve
Sex Transporters fu, B:P, fu
Genetics Plasma protein iz
Race Haematocrit
Disease Transit time

pH
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©
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Confidence in Prediction Tools

First time in human doses guided by “Virtual Human” for Pharmacokinetics

Prospective predictions for 33 compounds
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Confidence in Prediction Tools and Compounds

K)ALECENSA

Saving unnecessary (DDI) clinical studies

1.40
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1.20
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Rss

0 é 3 ;1 .Ira 6 FI’ I8 9 1|D 1I1
Trial Groups

Trial Results for 10 Groups of 10 Individuals out of a Population of 100

Trials Median

Median of Total Population

- 95th Percentile of Total

Population

5th Percentile of Total
Population

Modeling by Neil Parrott

PBPK modeling used to demonstrate that at clinically relevant concentrations, alectinib does not have the potential to increase

plasma concentrations of co-administered substrates of CYP2C8

Avoidance of a DDI clinical study — costing ~ 1 million CHF
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Cardiac Safety

Modeling & Simulation to predict across species and patient populations

Towards personalized cardiac Szufety

Integration of drug specific information

Construction of virtual heart

Simulation of drug responses

Sub-population based prediction

Optimal trial design

Pre-clinical data & information

Ton channel effect

Impact on

conduction

ADME Profile

In-silico Virtual Heart

Single \

ﬂ ‘ Channel F’// ‘

Ion channel response

i) Cellular level change
Slngle Cell
AN
NN
| W
-
Tissue Multi-cellular effect
Organ
Pseudo ECG Predicted clinical signal

Subpopulation Prediction

Fluoxetine: identify subpopulation at risk

f i
Poor Metabolizer CYP2D6 LQT2 Poor Metabolizer with LQT2
hERG Mutation
High baseline risk Arrhythmia

1

N 7

Healthy Individual

** 7emzemi et al, 2013, BJP
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http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2012.02200.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2012.02200.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2012.02200.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2012.02200.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2012.02200.x/full
https://www.ncbi.nlm.nih.gov/pubmed/18160660
https://www.ncbi.nlm.nih.gov/pubmed/18160660
https://www.ncbi.nlm.nih.gov/pubmed/18160660

Personalized Cardiac Safety Prediction

Patient specific risk can be predicted

Fluoxetine Subpopulation Based Safety Prediction

Healthy individual
Minor QT prolongation: safe

Moderate QT increase: minor adjustment of dosing

High baseline risk: subpopulation to be avoided if Possible

Arrhythmia events predicted: subpopulation to be excluded




Personalized Cardiac Safety Prediction
Subpopulation Specific Risk Manifested During Exercise

At rest 60 beats/min Exercising 120 beats/min
Healthy individual 50 50
) Eo
g 2
-50) -50
-10% 500 1000 -10%) 500 1000
Time (ms) Time {ms)
Arrhythmia
50 50
z0 e
g =
= =
-50¢t -50-
-1065 500 1000 -10% 500 1000 1500 2000
Time (ms) Time (ins)

This approach can be also used to explore therapeutic indication for subpopulation: e.g. Verapamil



Leveraging Modeling and Simulation
to increase predictability in early drug development

° Advancing Confidence in Compounds, Safety, Patients and Prediction Tools
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Confidence in Compound Profile

Example 1, Oncology drug

Is the back up compound differentiated from our front runner?

Problem Statement
Thrombocytopenia is dose limiting toxicity for the lead compound

Question: Can we achieve better separation between thrombocytopenia

and efficacy for backup vs front runner?

Data Input

*  Human PK predictions based on PBPK (BU)
*  PKPD study in monkey (BU)

C PKPD study in xenograft mice (BU & FR)

®*  Human PKPD data of FR (thrombocytopenia)

Model

Semi-mechanistic dose-effect model that reflects key processes of

thrombocyte production and regulations.

Production
——— | Progenitors-

|

Drug effect

Regulation

Maturation time

-
ymphoid
Stom Cell
@ %:mem
@9—
& Pluripotent 8Lymphocyte Plasma Cell
Stem Cell
\ \ Erythrocyte
/ Megakeryocyte
o — ‘“ (blood clotting)
Myelold \
S o & —> & Macrophage
Monocyte
W Granulocytes

Bone marrow Blood
——| p2 [—| P3 P4 Platlets T—*
local regulation
_/
Y
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Confidence in Compound Profile

Example 1, Oncology drug

Is the back up compound differentiated from our front runner?

Results

Targeting the same efficacy, backup compound shows a clear advantage compared to front runner in terms of safety

(thrombocytopenia)

Backup compound

375mg x10d
- —
375mg x10d

100 -

PLT (G/L)

Front runner

13000mg x10d

13000mg x10d

0 28 56
TIME(d)

.

Impact

TIME(d)

The quantitative pharmacology approach raised confidence in the backup compound, which was advanced further

in development.
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Confidence in Compound Profile

Example 2, Tamiflu line extension

PBPK modeling to support FDA approval of Tamiflu line extension for the treatment of

influenza in infants

Problem Statement Model

b EMEA requested an IV compassionate use program in

Europe
.. . In vitro dat
®  Nonclinical data support the IV compassionate use stfnw foduta odelne & Simdat
$ odeling & Simulation
.y . i ,
application for adults and children >1 year $ In vivo PK /
a2 Safety s
®  For children <1 year EMEA requested a repeated dose IV 0 et PBRK assessmentin |\ g
Agennomhe)g Model children , )
toxicology study in juvenile marmosets Age dependencisi G

Refinement

Enzyme/Transporters

®  Strategy: short PK study in newborn monkey plus

comparative PBPK modelling and simulation in very young
monkeys and infants Development of a Physiologically| Based Model for
Oseltamivir and Simulation of Pharmacokinetics in
Neonates and Infants

Neil Parrott,' Brian Davies,” Gerhard qufﬁnmm,] Annette Koerner,! Thierry Lave,! Eric Prinssen,® Elizabeth 'I'fmrgmﬂj"
and Thomas Singe_'r]

1 Mon-Clinical Safety, Pharmaceuticals Division, E. Hoffmann-La Roche Ltd,, Basel, Switzerland

2 Clinical Pharmacology, Pharmaceuticals Division, F. Hoffmann-La Roche Ltd., Basel, Switzerland
3 Discovery Neuroscience, Pharmaceuticals Division, F. Hoffmann-La Roche Ltd,, Basel, Switzerland
4 Drug Regulatory, Pharmaceuticals Division, F. Hoffmann-La Roche Ltd,, Basel, Switzerland
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Confidence in Compound Profile

PBPK models for pro-drug and metabolite

Oseltamivir carboxylate

Renal elimination

of OC

o~

»

“~YELM*

REP [°

4

?

| Conversion of

OtoOCin
liver

Renal elimin
of Os

&

Aatl

Oseltamivir

HA = Hepatic Artery

_SP_J{ ARTY =

REP [¢

YELMJ*

E

?

ART = Arterial Supply
VEN = Venous Return
AD = Adipose

MU = Muscle

LI = Liver

ACAT = Gut

SP = Spleen

HE = Heart

BR = Brain

KI = Kidney

SK = Skin

REP = Repro Organs

REDM = Red Marrow YELM =

Yellow Marrow

ROB = Rest Of Body
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Confidence in Compound Profile

Time (hrs)

Verification of simulations in human adults

15 mg infused over 1 hour

1000 -
100 -
§ 4 x oC
x ¥
10 -
1 H T T 1
0 6 12 18 24

Plasma Conc. (ng/mL)

Time (hrs)

1000 -

100 -

[EY
o
1

100 mg oral dose

ocC

X XXX X

xX X

6 12
Plasma Conc. (ng/mL)

18 24
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Confidence in Compound Profile

Integration of literature and in vitro data on age dependencies

Development of body and organ size with age

Maturation of renal function

PAH Clearance (mL/min/1.7 m2)
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Development of metabolism with age
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Simulation/Verification in newborn marmoset
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Confidence in Compound Profile

Simulation results of Tamiflu in newborns

1000 .
800 1.73 mg/kg b.i.d. given to premature neonates
<
=2
% 600 10000 -
— OoC
[nh]
5 400
I
200 = 1000 A
E
0 2
0 05 1 S
Age (0-1 year) é 100 Os
£
Consistent with the mRNA and protein expression levels, adult @
microsomes are approx 10 times as active as microsomes from o 10 ~
newborns
1 T 1
96 108 120
Time (hrs)

Metabolic turn-over in newborns is sufficient at
therapeutic doses to produce therapeutic levels of active

metabolite

Hydrolysis (nmol/mg/min)
P R NN
© U0 o o1 o o

Adult 0-10 yr 21



Leveraging Modeling and Simulation
to increase predictability in early drug development

® Regulatory perspective
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FDA submissions using PBPK modelling

°
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Cumulative as of June 18,
2014 (n=26)

S MHRA PEIY Workshop
2014 London UK

Cumulative as of Aug 1,
2016 (n=217)
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New guidance documents for first in human dose selection emphasize

importance of modeling

O

EUROPEAN MEDICINES AGENCY

SUCT E:N € MEDICINES HEAL"

Guideline on strategies to identify and mitigate risks for
first-in-human and early clinical trials with investigational
medicinal products

Draft

Adopted by CHMP for release for consultation 10 November 2016

Start of public consultation 15 November 2016

FOA i T

0 EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

PASIC~DA

Pharmaceuticals and Medical Devices Agency, Japan

® Regulators have mentioned PBPK modeling in multiple guidance documents

® In 2016 EMA and FDA bring out PBPK guidance documents

25



Recent examples of PBPK in drug labels

NOW APPROVED

A recent FDA drug approval : PBPK modelling replaced . . M
imbruvica-
clinical DDI studies and in the drug label (ibrutinib) 140mg capsuies

MCL

PREVIOUSLY TREATED
MANTLE CELL LYMPHOMA

http://www.imbruvica.com/downloads/Prescribing Information.pdf

Drug Inter actions
Coadministration of Ibrutinib with CYP3A Inhibitors

In a sequential design trial of 18 healthy volunteers, a single dose of 120 mg of IMBRUVICA
was admimstered alone on Day 1 and a single dose of 40 mg of IMBRUVICA was administered
on Day 7 in combination with 400 mg of ketoconazole {given daily on Days 4 - 9). Ketoconazole
increased ibrutinib dose-normalized Crp.y and AUC 29-fold and 24 -fold, respectively.

Simulati ons using physiologically-based pharmacokinetic (PBPK) models suggested that
moderate CYP3 A inhibitors (diliazem and erythromyein) may inerease the AUC of ibrutinib

6 to 9-fold in fasted condition.

Coadministration of Ibrutinib with CYP3A Inducers

Preliminary PK data from an ongoing dedicated drug interaction trial and simulations using
PBPK indicate that rifampin (a strong CYP3A inducer) can decrease ibrutinib Cy,y and AUC by
more than 10-fold. Simulations using PBPK suggested that a moderate CYP3 A inducer
(efavirenz) may decrease the AUC of ibrutimb up to 3-fold.
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Approved drugs where M&S informed the drug label (FDA, EMA and
PMDA)

Company Active
ingredient
1 Revatio Pfizer Sildenafil citrate 11 Lynparza P Olaparib
2 Xarelto Janssen Rivaroxaban 12 Lenvima Eisai Lenvatinib
mesylate
Iclusi Ariad Ponatinib
3 cusig A onatini 13 Farydak Novartis Panobinostat
hydrochloride
lactate
Olysi Si i
4 ysio Janssen Hmeprevie 14 Edurant Janssen Rilpivirine
sodium hydrochloride
> Imbruvica Pharmacyclics Ibrutinib 15 Aristada Alkermes Aripiprazole
lauroxil
6 Opsumit Actelion Macitentan
16 Cotellic Roche/ Genentech Cobimetinib
fumarate
7 Movantik Astrazeneca Naloxegol
oxalate 17 Odomzo Novartis Sonidegib
phosphate
8 Cerdelga Genzyme Eliglustat
tartrate 18 Alecensa Roche/Genentech Alectinib
hydrochloride
9 Jakafi Incyte Ruxolitinib
phosphate 19 Tagrisso Astrazeneca Osimertinib
mesylate
10 Zykadia Novartis Ceritinib

Recent Advances in Development and Application of Physiologically-Based Pharmacokinetic (PBPK) Models: a Transition from
Academic Curiosity to Regulatory Acceptance, Masoud Jamei et al. Curr Pharmacol Rep April 2016 o7



Increased regulatory requirements for the use of combined modeling & in vitro

assessments

| FoA €' CIPA

Four Pillars of New CiPA Paradigm

DrugEffectson  In Silico Reconstruction  In Vitro Effects Clinical Evaluation 0 EUROPEAN MEDICINES AGENCY
Multiple Human | HumanVentricular | Human Stem-Cell Unanticipated SCIENCE MEDICINES HEALTH
Cardiac Currents Cellular Derived Ventricular EP Effects

Electrophysiology | Myocytes

Boda BB 220,

Pharmaceuticals and Medical Devices Agency, Japan

NAJ/LJML\J\]/\.) l
~~l ILS! Health and Environmental -
A_J,A_,..L\_,L;/ Sclences Institute

25 Ea B
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RErEeyeeris ||

s
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wndefond B Hanhoms o o2 2013

¢ UPcoming regulatory changes in cardiac safety: replacement of hERG centric in vitro strategy o

® Comprehensive in vitro in silico proarrhythmia assessment pipeline to be implemented for
replacement of TQT study

[ )

Strategy applies to most of small molecule projects

* CiPA initiative: http://cipaproject.org/about-cipa/#2
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http://cipaproject.org/about-cipa/
http://cipaproject.org/about-cipa/
http://cipaproject.org/about-cipa/
http://science.sciencemag.org/content/sci/353/6303/976.full.pdf
http://science.sciencemag.org/content/sci/353/6303/976.full.pdf
http://science.sciencemag.org/content/sci/353/6303/976.full.pdf

Leveraging Modeling and Simulation
to increase predictability in early drug development

® Future perspectives
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From Animal to Human Models
A paradigm shift for pharmaceutical industry

Humanized & Personalized assessments

Patients

Human & Patient cells

humanized

Organoids

Introduce human cell based assays and move away from animal models
Introduce early detection of biomarkers including both safety & efficacy markers
Introduce patient Variability in vitro

Mechanistic safety assessment for human risk mitigation
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Organ—on—a—chip to mimic systemic response
Holds promise for more predictive safety testing by combining 3D cell culture &

microfluidics

Immune response
P
°
o’
&G 20 .
=4

Contractility and conduction

=

Transpon and clearance

Advanced Drug Delivery Reviews 69-70 (2014) 179-189

Contents lists available at ScienceDirect

Advanced Drug Delivery Reviews

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

The application of 3D cell models to support drug safety assessment: ®Gmw
Opportunities & challenges“"\’

Adrian Roth *, Thomas Singer
" g Adv Drug Del Rev 69 (2014)
F. Hoffmann-La Roche Ltd., Pharma Research, 4070 Basel. Switzeriand 3 1



Our scope to deliver future opportunities
We use a ‘patient centric” vision to predict human PK, safety and efficacy

-l

Target & pathway Projection of PD and safety

information

.

Efficacy & safety margins
Compound properties

In vitro toxicity and Safe starting dose

efficacy
Organ on a Chip Special population
In vivo pharmacology , Combotreniie
/
\
Biomarker ' ' H ﬂ '
- Personalized health care
—

N
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