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Two Products which | was in the development at Merck

Montelukast (SINGULAIR®)

Leukotriene D4 receptor antagonist
For the treatment of Asthma o
1998.2. FDA approved. i

10 mg Once Daily

Indinavir (CRIXIVAN®)

_— N
HIV protease inhibitor - | \\f‘/\l/“DH \\)
For the treatment of AIDS { HN
1996.3. FDA approved. o= tir’““”
[ 1 o - M
800 mg THREE times a day = o | r }(
P Sz 0 M
- < O H
_— —
Regimen for the other HIV Pls were _ _ _ g
also OUTRAGEOUS at that time: Project was started (in 1994) to discover and optimize the follow-on
« Saquinavir (Fortovase®); candidate for HIV protease inhibitor with gentler regimen (fewer
1200 me, three times a day. frequency of dosing with less dosage) by simultaneous assessments of
« Ritonavir (Norvir®): metabolic stability, metabolic "soft" spot and P450 (CYP3A) inhibition

600 me, twice daily. potency (for the first time at Merck Research Laboratories then). 3



In the revolutionary times for the change of DMPK roles

A
‘ ’ MERCK - The dramatic Change of Non-clinical

Research | shoratoras DMPK Roles in the Discovery in 1990’ -

AL Lt = Boston

Non-clinical DMPK used to mainly collect the excretion/mass
balance data, ARG and metabolite profiling in safety animals
for IND at the pharmaceutical company ~ 1980 with minimal
contribution to the structure optimization.......

Established Human Liver Bank
(microsomes and hepatocytes) at MRL in
Jiunn H. Lin, Ph.D 1993, and screening flow to optlml_ze
. DMPK properties such as metabolic
Senior Director, - . - .
Non-clinical DMPK stability and CYP inhibition potential by
MRL. Merck structure modification.

However, almost the same time,
commercial supplies of human liver
microsomes, cryopreserved human
hepatocytes and recombinant CYPs was
started at II1AM, Gentest and IVT

Thomas A. Baillie, Ph.D Non-clinical DMPK became a big
Vice President, C C

Drug Metabolism player in thg drug Fhscovery at
, MRL, Merck early optimization stage

as it is today !

Tadanobu Inaba, Ph.D
Professor, Pharmacology
University of Toronto

Albert P. Li, Ph.D
Director, St. Louis University

School of Medicine
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DMPK Screenings in the Lead Optimization/Profiling Strategy for
Clinical Development Candidate

— |
New Chemical Entities | |

High-throughput Screening for Activity Biology/Pharmacology
[ Enzyme Activity (e.g. ICs,), Selectivity, Screening Panel] w !
1 Medicinal Chemistry

. Structure modification DMPK
Active NCE? =—> and/or SAR

Metabolic Stability ldentification of
(kremaining) in human ==, .= " Spot”

Wer mictosomes o CYP Inhibition Assay
3 @& I IC5, (Reversible)
ood y Vati
| GO % % Inactivation

(Time-dependent)

H¥ (2

Pre-clinical development as a clinical candidate 5



Relationship between Metabolic Stability and CYP3A Inhibition
found in the DMPK Screening for HIV Protease Inhibitor Backup
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Chiba M, Jin L, Neway W, Vacca JP, Tata, JR, Chapman K and
Lin JH (2001) P450 Interaction with HIV Protease Inhibitors:
Relationship between Metabolic Stability, Inhibitory Potency, and
P450 Binding Spectra, Drug Metab.Dispos., 29: 1-3.



Quasi-irreversible CYP3A inhibition (MI Complex) by
Methylenedioxyphenyl HIV Pl Backup found in the DMPK Screening
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BD, Vacca JP, Lin JH (1998) Metabolite-P450 Complex Formation by //‘Fc\ 7 k-2 *lc’
Methylenedioxyphenyl HIV protease inhibitors in rat and human liver N N H

microsomes, Biochem. Pharmacol. 56:223-230.



Mechanism-based P-450 Inhibition — Covalent binding to CYP3A -
found in the DMPK Screening for HIV Protease Inhibitor Backup

HO GSH or NAC
P450 (CYP3A4)

GS

W

Covalent binding to P450

Mechanism-based inhibition Prolncubation Time (min)
CYF’2C9 CYP2D6 CYP3A Lightning LK et al. (2000)
A Biochemistry., 39, 4276-4287.
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Chiba M, Nishime J, Lin JH (1995) Potent and selective inactivation of human liver microsomal cytochrome P-450 isoforms by L-
754394, an investigational human deficiency virus protease inhibitor. J. Pharmacol. Exp. Ther., 275, 1527-1534. 8



Plasma G Concentration

Combination Regime of HIV Protease Inhibitor with Indinavir as a Plasma
Concentration “Booster” by Competitive CYP3A Inhibition in Patients

10 ¢ : . e
a —&E&— compound (5 alone
—®@— compound (G + indinavir
1L + [ndinavir E
s
<
0.1 | 4
Compound G only
0.01 M T R ST EPEP U SPI B ]
0 100 200 300 400 500
Time (min)
Compound G (40 mg/kg) 240
Rat 19
+ Indinavir (40 mg/kg) 4560
Compound G (5 mg/kg) 7600
Dog 3
+ Indinavir (20 mg/kg) 21500
Compound G (10 mg/kg) <30
Monkey 60
+ Indinavir (20 mg/kg) 1800
Compound G (200mg) 85
Human 24
+ Indinavir (800 mg) 1576

It was almost

impossible to identify the compound which

showed a good balance of efficacy (against mutated HIV),
and metabolic stability....

Rat 0.10 21
Dog 0.13 36
Monkey 0.16 21
Human 0.17 30

Compound G metabolically very unstable, but had little inhibition
potency for CYP3A. Then, by using high inhibition potential of
indinavir to the metabolism of compound G, it was hypothesized that
the co—administration of indinavir could boost plasma concentration

of compound G.

0.9
18
15.9
19
7
133
5.9
0.24
31
7.45

It was confirmed that the boosting effect
was observed in clinical as well as in non-
clinical studies (rat, dog, monkey).

Gentle regimen (Compound G/Indinavir:
200 mg/800 mg once daily) was
established in Phase Il (POC study) !

Jin L, Chen I-W, Chiba M, Lin JH (2003): Interaction
with indinavir to enhance systemic exposure of an
investigational HIV protease inhibitor in rats, dogs
and monkeys. Xenobiotica 33, 643-654.



Lead Optimization/Profiling Strategy for Clinical Development

Candidate

Lead
Optimization

= |
New Chemical Entiti < |

High-throughput Screening for Activity

[ Enzyme Activity (e.g. ICsp), Selectivity, Screening Panel]
1

Structure modification
and/or SAR
4 4 4

Active NCE? =—>

Off-target Liability
Biology/Pharmacology
Medicinal Chemistry
DMPK

Pharmaceutical R&D

' v

hERG FP Assay Cell-based Assay

*

Metabolic Stability

. .\ s Identificati f
(Cw)  ECe ProteinShift ; (hremaining) in human = .50 S5 BT
| v  lver microsomes : CYP Inhibition Assay
In vivo PK/PD Mouse : I IC5, (Reversible)
- Target Engagement = Exposure <+ Good : % Inactivation
= I | R /")' (Time-dependent)
ERE : o5 : .
2 1} ) T Physico-chemical Property
In vivo Hepatic Availability (F,,) ; f— (Solubility, Log D, Pyp,)
CV study In vivo Efficacy in cryopreserved hepatocytes ; >
(Guinea Pig/Dog) suspended in 100% serum Induction _ l

|' %ré)@dd- Tolerability : ] : :
igand binding In vitro-in vi : e _

profiling tiopréllgtri%r:n(l\(llr\?C) EZELuoﬁg?igr?f k{;n\tli]:/lgarﬂg?o?f Pre-formulation Assessment

itro-to-in vi -

Dose |_Iimited ex?rz;)cglgti?)r:n(l\\llll\(?E) fraction (fa) metabo|ite(s)

Toxicity L T ] |

A\ \4 v A
CV liability Preclinical POC/PK-PD Prediction of hepatic/oral ||Prediction of major (circulating) Developability
Selectivity/DLT Tolerability clearance in human metabolite(s) in human

Pre-clinical development as a clinical candidate
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DMPK Screenings in the Lead Optimization/Profiling Strategy for

Clinical Development Candidate

— |
New Chemical Entities | |

High-throughput Screening for Activity
[ Enzyme Activity (e.g. ICs;), Selectivity, Screening Panel]
1

. Structure modification
Active NCE? =—> and/or SAR

Biology/Pharmacology

Medicinal Chemistry
DMPK

¢ o
Metabolic Stability Identification of

(%remaining) in human —> . ,
liver microsomes Metabolic |Soft Spot

Good
v GO

=3 4

v

_ Hepatic Availability (Fy)
in cryopreserved hePatocytes
suspended in 100% serum

In vitro-in vivo i
correlation (IVIVC) Evgluatlo_n of
In vitro-to-in vivo absorption

extrapolation (IVIVE) fraction (£,)
| ]

CYP Inhibition Assay
ICs, (Reversible)
% Inactivation
(Time-dependent)

v

Prediction of hepatic/oral
clearance in human

Pre-clinical development as a clinical candidate
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Plasma Cpd-D Concentration (uM)
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CYP2D1 Polymorphism caused by Nucleotide Substitutions

(418A/421C vs. 418G/421T) In Rats

10 20 30 40 50 60 O 10 20 30 40 50 60 (73%)
Incubation time (min)

Hasegawa T., Eiki J.and Chiba M. (2014) Drug Metab. Dispos. 42:1548-1555 (2014).

Fischer 344 Rat Spraque-Dawley (SD) Rat A v P.0.
[ Inbred ] [ Outbred ] 5 1 mg/kg 1 mg/kg 3 mg/kg
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s-allele =80 0.00 /b : ovPaazl
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560' Formation of thiohydantoic acid (M2)
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> wisaiic) R
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SD Rats (total 476 rats) were genotyped prior to the safety studies of Cpd-D.

12



My Passion to the Discovery/Development has never died...

- BRRAIZON

THERAPEUTICS

IS a bio-venture firm originating from the
University of Tokyo and Tokyo Medical
and Dental University with the aim of
bringing about a paradigm shift in the
fields of medicine and life science
through the application and
Implementation of our own innovative
technology for the delivery of drugs to
the brain.

Cerebrova
scular
endotheli
al cells

Brain parenchyma

Neuron
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http://www.braizon.com/index.html

Acknowledgement

FEXREZREFT EYERFAFHE
SRS &

e IE— 44

WA A&
MOy b REEIESEE

K.S. Pang ##%

TV M)A —ILBERERE

A.J. Schwab &+
C.A. Goresky &+

ALY EFEHERT

J. H. Lin &+
L. Jin &L

D.C. Dean &+
T.A. Bailie &+

hOY FREEFFHEEF
MEBIE &

2 ML AKRBESEE

Albert P. Li &+

FAESEM) 2<KEHREY 82—

AHET BL
D. Schmatz &+

KEEERGRITE (KR BFRAH

EE N
JEFtRE— B
A ZEF BT

ARE— B
ZLTHIZHBESE TV EWNEEIAIC
14



