Novel lead optimization strategy

using Quantitative Structure-Activity
Relationship (QSAR) and Physiologically-
Based Pharmacokinetics (PBPK) modeling



Predicting Human PK/ADME/Dose (FIH and beyond) for the First-In-Class or
Best-In-Class Drug Candidates by extrapolating from in-silico/in-vitro/in-vivo

preclinical study data
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« establish mechanism of
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* look for IVIVC
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* In vitro and in vivo met D
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« continual refinement of
human PK prediction
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« ‘cold” ADME studies * single dose PK in preclinical species * radiclabeled ADME in preclinical

« casseite [V PK « Tier 2 PPB species

* HTS CLint = Tier 2 CLint * measured blood:plasma and fu,mic
« HTS PPB * in silico (fu,mic, Log P/D, pKa, etc.) * reaction phenotyping

* Papp * initial PK-PD studies = quantitative rCYP data
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* fransporter information

* in vitro CYP DDI

* Dose proporiionality
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WinMonlin® based human dose and
StarD DDIPGy prediction




Hit compounds

In vitro In Vivo

v' Tremendous cost
v' Many animal sacrifice
v High labor intensity
v' Much time
v' Uncertainty

Candidate






Tomahawk cruise missile

These missiles can be launched from U.S. Navy ships and U.S. and British submarines and can carry
conventional or nuclear warheads. The U.S. has used them in every major combat operation since

Operation Desert Storm in 1991.
Block IV missile B ’)

Range Up to 1,000 mi.
(1,600 km)

Speed About 550 mph
(885 kph)
Wingspan 8.8 ft. (2.7 m)

Weight 2,900 Ib. (1,300
kg); 3,500 Ib. (1,600 kg)
with booster
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From launch
to impact

A target is selected, and the
missile is launched from a ship or
submarine; missile is propelled by its engine
after launch, and its wings fold out during flight

Length

n Newest version of missile uses GPS satellites and other guidance 20.5 ft.
systems for navigation; can be redirected to new target while in flight (6.2m)

ﬂ Missile can take image of target or other areas of interest (with solid-
during flight and “loiter” near target before striking fuel boogte;
used a

I} The missile can strike a fixed or moving target launch)
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¢ Novel strategy using in silico tools in drug discovery

>T\ /1 vivo assays

in vifro assays
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¢ QSAR (Quantitative Strudure-Adivity Relationship)

v QSAR (Quantitative Structure-Activity Relationship) 2h
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¢ QSAR (Quantitative Strudure-Adivity Relationship)
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Ortwine DF et al., Physicochemical and DMPK In Silico Models: Facilitating Their Use by Medicinal Chemists,
Molecular Pharmaceutics, 2013, 10, 1153-1161.



¢ Novel strategy using in silico tools in drug
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¢ PBPK (Physiologically-based Phamacokinetics)

v PBPK (Physiologically-based Pharmacokinetics) 2h
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« PBPK (Physiologically-based Pharmacokinetics)

Physiologically based pharmacokinetic model (Gastroplus in this case)
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« Advantages for using computational simulation in drug

v

discovery
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¢ Applications : using StarDrop™ and GastroPlus®
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« Applications : using SarDrop™ and GastroPlus®

600*

e k;* QStarDrOpm

ClLint ADMET Predictor

20

logIC50<-1.0

MPO>4

GastroPlus™

*over 100,000 compounds can be synthesized using virtual library synthesis

Innovative CNS drug discovery strategy using in silico tools



« Applications : using SarDrop™ and GastroPlus®
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Figure 1. Development of an user-defined QSAR model for IC;, prediction using StarDrop Auto-Modeller™. The best predicted
model was produced by the GPFixed algorithm. (R2=0.85 ; validation set and test set).



« Applications : using StarDrop™ and GastroPlus®
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Figure 2. In silico generation of new library compounds using StarDrop Nova™



« Applications : using StarDrop™ and GastroPlus®
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Figure 3. Production process of CNS Multi-Parameter Optimization(MPQO) score.



« Applications : using StarDrop™ and GastroPlus®
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Figure 4. (a) 626 compounds virtually generated using StarDrop Nova™. (b) Compounds rank-ordered based on the
composite scores. (c) The composite scoring rule used for BACE-1 inhibitors.



¢ Applications : using StarDrop™ and GastroPlus®
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Figure 5. Score distribution of all compounds tested by user-defined scoring rule and global ADME/CNS models.



« Applications : using StarDrop™ and GastroPlus®
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Figure 6. Metabolic soft spot analysis of selected compound using StarDrop P450™.




« Applications : using StarDrop™ and GastroPlus®
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« Applications : using SarDrop™ and GastroPlus®
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Figure 8. (a) PK profiles of compound 5 in four species (mouse, rat, dog and human) using GastroPlus ® PBPK
modeling. (b) Absorption and dissolution profiles predicted in human PBPK model. (c) Relative compartmental

absorption predicted in human.
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Traditional Practice of Human PK Prediction
For orally administered small molecules (0o DM
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Traditional Practice of Human PK Prediction

For orally administered small molecules

"M Plasma Concentration-Time Profile
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Non-Traditional Practice of Human PK Predicti

For orally administered small molecules
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Retrospective Validation of PBPK Approach

A
Using GastroPlus™ QPDM

‘PHARMACOKINETICS.
DYNAMICE & METABDOLISM

Retrospective evaluation of the prediction of human PK using PBPK
methodology with 21 Pfizer compounds

Jones et al. (Pfizer) Clinical Pharmacokinetics 2011, 50: 331
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DD | prediction by SIMCYP : CYP3A4 reversible inhibition

Clinical DDI Simcyp simulated DDI
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Figure 1. Mean midazolam plasma concentration (ng/mL) ver-

sus time following single-dose administration of 2 mg midazolam
with and without 400 mg ketoconazole in the fasted state to
voung, healthy male participants.

= CSys —— CSys with Interaction I

PK parameters (mean) of midazolam in the absence and presence of
ketoconazole

PK parameters (mean and 90% CI) of midazolam in the
absence and presence of ketoconazole

AUC (ng/ml.h) Cmax (ng/ml) t1/2 (h) AUC (ng/ml.h) Cmax (ng/ml)
Control 19 7.2 26 Control 41 (6 - 106) 7.5(2-15)
+ ketoconazole 196 36.1 4.9 + ketoconazole 254 (80 — 487) 25 (10 — 40)
fold change 10.3 fold change 10.3(3.2-24.1)

Single dose 2 mg PO midazolam + 400 mg PO ketoconazole
Stoch et al., 2009 J Clin Pharmacol 49:393-406




Case study: FDA review of ibrutinib

* Predominantly metabolized by CYP3A
« Clinical drug interaction studies:

— With strong CYP3A inhibitor ketoconazole: AUC increased by
~24 fold

— With strong CYP3A inducer rifampin: AUC decreased by >90%

« What are expected exposure changes with other CYP3A
Inhibitors or inducers?

« What is dosing recommendation in patients who have to take
CYP3A inhibitor/inducer?

http://www.accessdata.fda.gov/drugsatfda_docs/nda/2013/2055520rig1s000ClinPharmR.pdf
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What are expected exposure changes with other
CYP3A inhibitors or inducers?

PBPK-Simulated and observed Cmax and AUC ratios (mean and 95% confidence interval)

PBPK-Simulated and observed Cmax and AUC ratios (mean and 95% confidence interval)
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What is dosing recommendation in patients who have to

take CYP3A inhibitor/inducer?

FDA analysis using sponsor’s model to support dosing strategy for the
coadministration of ibrutinib with CYP3A perpetrators: dose-staggering with
Strong CYP3A inhibitors

Ibrutinib dosing in relation to inhibitor dosing

Does dose
CYP3A inhibitor Inhibiti Scenario 1 Scenario 2 t .
and dosing nAIoI "_:m 2 hrs. before inhibitor Co-administration staggering
regimen mechanism Ibrutinib exposure ratio (with/without inhibitor) have
effect?
AUC Cmax AUC Cmax
Ketoconazole 400 Strong,
.g 6.5 3.7 29 21 Yes
mg QD reversible
Rit 100 Strong,
! O”a‘ger Mo Time- 39 23 40 24 No
dependent

http://www.accessdata.fda.gov/drugsatfda_docs/nda/2013/2055520rig1s000ClinPharmR.pdf




Simulations supporting dose optimization
(FDA In house analyses)

CYP3A CYP3A interaction mechanisms .. .
L Ibrutinib dosing
modulators of co-medications
_ o Reduce to 140 mg and
Strong, reversible, minimal :
| give 2 hours before
accumulation (e.g. ketoconazole) o
- inhibitor
Inhibitors S o ot
rong, time-de g.
J . pfan ent (e.g Do not use
ritonavir)
Moderate Reduce to140 mg
Moderate No dose adjustment
Inducers
Strong Do not use

http://www.accessdata.fda.gov/drugsatfda_docs/nda/2013/2055520rig1s000ClinPharmR.pdf
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HEH 2l PBPK modeling ARl
Ibrutinib Package Insert: What are expected exposure changes
with other CYP3A inhibitors or inducers?

Drug Interactions
Coadministration of Ibrutinib with CYP3A Inhibitors

In a sequential design trial of 18 healthy volunteers, a single dose of 120 mg of IMBRUVICA
was administered 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 Cy.x and AUC 29-fold and 24-fold, respectively.

Simulations using physiologically-based pharmacokinetic (PBPK) models suggested that
moderate CYP3A 1nhibitors (diltiazem and erythromycin) may increase the AUC of ibrutinib
6 to 9-fold 1n fasted condition.

Coadministration of Ibrutinib with CYP3A Inducers

PK data from a dedicated drug interaction trial showed that rifampin (a strong CYP3A inducer)

decreases 1brutinib C,,.x and AUC by more than 13- and 10-fold. Simulations using PBPK

suggested that a moderate CYP3A inducer (efavirenz) may decrease the AUC of ibrutinib by up
to 3-fold.
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