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INTRODUCTION

Drug Discovery and Development

. \
J— _— Discovery stage o
- f’") 400 compounds
Discovery & Screening &

7

+ Screening to find druggable compounds

50 compounds

Development stage

“1 compound” + Evaluation of selected compound

New Drug
to Market
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Avsooiion) Disirigution

Cell Permeability Plasma protein binding

I Vivo PK (Cyag/Trna) Microsomal binding

Dose proportionality Tissue distribution

Food effect QWBA

Gender difference In vivo PK (Vyss)

Non-clinical DMPK study list

N
|\ etanolism
% 4

Plasma stability

Metabolic stability

In vivo PK (CL)

Metabolite ID

Reaction phenotyping

GSH trapping

A
| SXCretion’

Mass balance
Urinary/Fecal excretion
Biliary excretion

In vivo PK (CL)

rug: rug
nteractions

( CYP Direct inhibition )

( CYP Time-dependent
inhibition

( CYP induction ’
( Transporter substrate )

( Transporter inhibition ’
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NON-CLINICAL DMPK STUDIES

In vivo PK

Absorption
Distribution
Metabolism

Excretion

Drug-Drug interaction
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(1) In vivo PK

. AIMS BioScience
In vivo PK

oot

« MEEH: 24 52 3 invivo ¥25E §4 X dose proportionality & 0!
* Gender difference: male vs. female animals
* Food effect; fasted vs. fed animals

. NE Cixtel
+ Species: 3 species 0| 0| A B} HF; Mouse, Rat, Dog (or Monkey)
+ Sampling time points: 7~8 points
+ Group (n=3~6/ group)

Group Administration Route Dose (mg/kg)
Gl v 5 (Low)
G2 5 (Low)
G3 PO 10 (Mid)
G4 20 (High)




AIMS BoScience
In vivo PK: Example — Dog PK
TH| Mo o] (1v) T3 4+ £0 (PO)
1z 10000
o -
moo—aL'. - 1cm~f-‘-4_:; e S
I M NG 5 et T 20mgkg
o ““‘~~"'--~.~___H ! r t. 10 mglkg
0 —T — =g T I
0 7 | 15 20 5 0 4 ] 2 16 20 24
Tiswar dln Time (h)

AIMS BoScience

In vivo PK: Example — Dog PK

B

Dose ( mg/kg
Parameter Un|t

Coa ng/mL 1160 2610
[Criteria] . ng/mL 1520 - - -
e g ? 3(77 ;%T%%I%)WModerate h N 2 2 2
CoTXTERBH ng-h/mL 8330 6030 13600 32500
h 6.67 5.52 6.53 7.64
CL or CL/F mL/h/kg 558 817 669 598
Viss mL/kg 5230 - - -
F % - 72 82 98

[Criteria]

. BH4ET L

+ CL: 558 mL/h/kg < Dog’s hepatic blood flow (1800 mL/hr/kg)2| 30% (= 600 mL/h/kg) — low
* Ve 5230 mL/kg > Dog's total body water vol. (1 L/kg) — large, @4 &Lt ZE0f I 20| 22
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Dose ( mg/kg

AIMS BioScience

In vivo PK: Example — Dog PK

Parameter Un|t
Crnax ng/mL 1160 2610
Co ng/mL 1520 - - -
T max h - 2 2 2
AUC, ng-h/mL 8330 6030 13600 32500
tip h 6.67 5.52 6.53 7.64
CL or CL/F mL/h/kg 558 817 669 598
Viss mL/kg 5230 - - -
F % - 72 82 98

+ Systemic exposure: as C,,, & AUC
* Doseratio=1:2:4—>C,ratio=1:21:47/AUC ,ratio=1:2.3:54
+ Systemic exposure was increased dose proportionally at the dose range of 5~20 mg/kg
following oral administration.

In vivo PK: Dose proportionality
More than dose proportional
Substrate of efflux transporter
Saturation of metabolism
A
o . Dose proportional
S E
x O
U o .
0O Less than dose proportional
% 8 .."" + Lower solubility (dissolution process)
Y e «  Saturation of uptake transport
U>)\ “0.“
?"—
Oral dose

AIMS BoScence
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(2) Absorption

Absorption: Cell permeability

o ME ZH: oFZ9 Mz Rt E7L (in vitro)
*  PAMPA (artificial membrane)
+ Caco-2 cells, MDCK cells...

- A" gfxrel
+ Testconc. : 1 conc.
« Caco-2 or MDCK cell assay: efflux ratio 2t& (efflux transporter0i| CHot 7| 2 20l 7ts)

Acceptor
. .
1 [ .Ip SN G,
v o
. .
Donor

1) The Role of Intestinal Permeabilty in Gastrointestinal Disorders and Current Methods of Evaluation, Tim et al., Sec. Nutrtional Immunology.
2)  hitps:/iwww, testinal hatit-is-and-wh hould- bout-t
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Absorption: Cell permeability

[Criteria] (x10'6 cm/sec)
High: >10
Moderate: 1 - 10
Low: <1

« Caco-2 permeability A& Z1t (Example)

[Criteria]
Efflux Ratio > 2

Mean P v//zéﬁ cm/sec)
Compound Test conc. ® Efflux ratio
(um) 4
Ato B BtoA

AIMS-001 1 7.44 59.9 8.06

* Papatws: 744 (x10° cm/sec) — moderate
* Efflux ratio (= Py g1oa’ Papp,atos) - 8:06 — possible to be a substrate of efflux transporters

AIMS
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(3) Distribution




Distribution: Plasma protein binding

- NEEH: 3259/ 28 W B ZE =2 (in vitro)
+ Equilibrium dialysis, Ultrafiltration, Ultracentrifugation

« AlE Cixrel
+ Test species: Human + Animals (%8 % =4 &
+ Testconc. : 1 conc.

opA

z3))

(@ @ (> @) ——
Equilibrium ® e
of |2 le i
.'.' 8 -
s cl > . N &
Yol i | S (e
L - - : .
RED (Rapid equilibrium dialysis) device \%/
Distribution: Plasma protein binding
« A& ZA1} (Example)
Mouse Rat Dog Monkey Human
fraction bound 0.993 0.996 0.993 0.995 0.996
(% Bound) (99.3%) (99.6%) (99.3%) (99.5%) (99.6%)
fraction unbound 0.007 0.004 0.007 0.005 0.004
(% Unbound) (0.7%) (0.4%) (0.7%) (0.5%) (0.4%)

* Fraction unbound (f, ;) = 1 - Fraction bound

+ Highly bound in the plasma protein of all species
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Distribution; QWBA

)l

21 8o

. Al

ot

8% %89 &
« A" C|x}Ol
+ Test article: Radio-labeled compound
+ Test species: Rat

+ Dose: 1 dose
+ Animals will be sacrificed at each sampling time points

2r 21 (in vivo) — target organ, eye uveal or pigmented skin

»
&

Group Species Sampling time points
SD rats
ot (Albino) >5 (up to 96 h)
Long-Evans rats
°2 (Pigmented) >5 (up to 168 h)

Distribution: QWBA

« A& ZA1} (Example)

Spinal cord

G1: SD rats
(Albino)

Smallintestine

G2: LE rats oia b A b o vy Harderian gland

220

(Pigmented)

Epididymis e " ooy M) g Salivary gland
e L IR LAY v

Uveal tract
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G2: LE rats (Pigmented)

Distribution; QWBA

M#E Z3t (Example)

In the pigmented rats, highly bind to
eye uveal and skin and remain longer

— potential for melanin binding

G s ty Conax tmax ty AUCO-t Tissue:
Tissue/Organ an
(ngearg) | ) 0 | (geqthig) \P)' 9 geafa) | ) ® | (geqhg) | Plasma*

Plasma(LSQ) 230 40 167 nss1| | Lymph gland(neck) 898 40 NC 5917 0.08
Aoria 923 40 NC sa2 || Spleen 1433 40 NC 9,224 013
Blcod(ieart) 1740 40 NC nosa | | Thymus 806 40 NC 4746 | 007
Wholeltral NA NA NA m_|] Kidney 3033 40 NC 14985 o021
Spinal cord NA NA NA NA ¢ NA Renal cortex 2657 40 NC 27606 038
be 3048 80 229 21500 333 Renal Medulla 3480 40 NC 17,781 0.25

Crystallne | NA NA NA NA NA
fystafine ‘ens Liver 3903 40 NC 20,337 0.28

Uvea 8307 80 162 1102109 | 1519
Bladder wall 2974 80 NC 10623 0.15

Nor skin 835 40 NC 3,829 0.05
Heart 1211 40 NC 6,584 0.09

Pigmented skin 1454 40 NC 23340 032
Muscle (thighbone) 837 40 NC 5743 0.08

Adrenal gland 1908 40 NC 11,492 0.16
Adrenal cortex 2019 40 NC 11,673 0.16 Fiosiate 716 40 Ne 4130 006
Adrenal medulla 1823 40 NC 10477 0.14 [estes NA NA NA NA NA
Hypophysis cerebri 1815 40 NC 9,631 0.13 Lung 1444 40 NC 1,970 on
Thyroid 300 w0 NC 674 009 Turbinal 656 40 NC 3,795 0.05
Brown fat 1029 40 NC 11,190 0.15 Trachea 882 40 NC 4618 0.06
White fat (abdominal cavity) NA NA NA NA NA Lacrimal gland 1270 40 NC 8,583 0.12
Esophagus 3662 10 NC 13,866 0.19 Harderian gland 1748 40 NC 9,188 0.13
Stomach wall (glandular region) 31505 10 NC 63,775 0.88 Pancreas 1385 40 NC 8781 0.12
Stomach wall(Non-glandular region) | 33830 10 NC 58,641 0.1 Salivary gland 1703 40 NC 9,637 013
Small Intestine Wall 11336 1.0 NC 31,040 043 Bone marrow (thighbone) 1420 40 NC 8,228 0.11
Large intestine wall 17894 40 353 205349 | 407 Bone (thighbone) NA NA NA NA NA

AIMS
BioScience

4) Metabolism
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Metabolism: Metabolic stability

o MR X ZFTiALO] CHt 2 =2f oHEd Bt (in vitro)
+ Liver microsome or S9
* Hepatocyte

« AE LR
+ Test species: Human + Animals (Mouse, Rat, Dog, Monkey...)
+ Testconc. : 1 conc.
* Incubation time: > 60 min

% Remaining

————————————————

( 1
. Slope =i k { 1y, (Min) {=0.693/k

( i
{  CLiy (ML/min/10°cells) {=0.693/t;,*V

AIMS BioScience
Metabolism: Metabolic stability
« A™ ZA1t (Example)
Species Test conc. tip CLint Category
(uM) (min) (UL/min/10° cells)
Mouse 59.1 235 High (>17.8)
Rat 10.8 129 High (>27.5)
Dog 1 34.2 40.5 High (>10.5)
Monkey 3.59 386 High (>28.3)
Human 39.7 34.9 High (>19.0)




Metabolism: Metabolite Identification

o N EXN: T 7HHANY =20t Bl I
* Liver microsome or S9

* Hepatocyte

CHARA| 2= 71 (in vitro)

« Alg CIxpel
+ Test species: Human + Animals (Mouse, Rat, Dog, Monkey...)
+ Testconc.: 1 conc.
¢ Incubation time: > 60 min

AIMS BoScience

AIMS BioScience
Metabolism: Metabolite [dentification
« Md &3} (Example)
Pronosed assianment Relative Abundance (UV Peak Area %)
P g Human Mouse Rat Dog Monkey
Parent 80.1 89.1 429 89.7 79.3

M1 Oxidation+Desaturation - - 1.73 - -
M2 Oxidation 1.14 7.71 5.29 2.81 3.34
M3 Oxidation 5.79 - 37.8 - -
M4 Oxidation 2.92 - 2.38 1.37 -
M5 2x Oxidation - - 2.71 - -
M6 Oxidation + Sulfation - - 1.65 217 -
M7 Oxidation+sulfation - - 1.09 - -
M8 Glucuronidation 2.55 2.16 3.52 3.94 7.05
M9 Oxidation + Glucuronidation 1.17 - 2.87 - -

+ No human unique metabolites

o MBI IHY FARSH CHAMY 220U S 291 & 5 Rat, Dog
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Metabolism: Metabolite Identification
Proposed metabolic pathway
- o -
_ o} ~H020/\/c°£: """" _ o
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AIMS &

Metabolism: Reaction phenotyping

« AM® 5H: 2%Z9| human CYP (and/or UGT) enzymesOi| CHst 7| & 29I (in vitro)
* Human recombinant CYPS/UGTs
* Human liver microsomes (using chemical inhibitors)

. NE Xt
+ Test Conc: 1 conc.
+ Sampling time points: 4~5 time points

Study item CYP phenotyping UGT phenotyping
Isoforms CYP1A2, 2B6, 2C8, 2C9, UGT1AL, 1A3, 1A4, 1A6,
2C19, 2D6, 3A4 1A9, 2B7, 2B15

Test system Individual rCYPs . Liver MICTOSOMes Individual rUGTs
(using chemical inhibitors)

Activity remaining

Deliverables % remaining, ty, (as % of no inhibitor)

% remaining, ty,,
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AIMS BioS

Metabolism: Reaction phenotyping
* CYP phenotyping Al& Z 1t (Example)

1) Recombinant CYPs 2) Using chemical inhibitors

% remaining t1/2
Omin 5min 15min 30min 45min  (Min) Cutoff
CYP1A2 100 80.1 838 840 79.0 213
CYP2B6 100 939 845 921 871 324
CYP2C8 100 015 015 014 013 0.54
CYP2C9 100 60.0 253 6.72 330 7.77
CYP2C19 100 177 0.06 0.06 0.06 2.00

80%
40
20
CYP2D6 100 91.4 105 99.5 112 N/A \ 7

CYP3A4 100 71.0 48.7 29.9 24.3 17.9 CYPLA  CYF2BG C\"PZCIS' CYF2C8 I| CYP2CO l CYP2D6 | (*PSM l NONE

L\‘B\a{nrmﬁnmhu e J o

Isoforms

Activity Remaining (as % of No Inhibitar)

+ Can be metabolized by CYP2C8, CYP2C9 and CYP3A4 (as a substrate)

AIMS
BioScience

(5) Excretion
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Excretion: Mass balance
- N Y. 20| FE B4 = 7 (in vivo)

« A" CIxpel
+ Test article: Radio-labeled compound
+ Test species: Rat
+ Dose: 1 dose
+ Sampling time points: 7~8 time points

+ Excreta (Urine, Feces, Bile) Lil metabolites profiling study 24| 4=

AIMS BioScience

o
o

Group Sampling time points Collection matrices
Urine, feces
Gl Intact rats up to 96~120 h (+ Cage rinse, Carcass)
G2 Bile-duct cannulated rats upto72h Urine,_feces, bile
(+ Cage rinse, Carcass)
AIMS BoSceence
Excretion: Mass balance
« Md &3} (Example)
1) Intact Rat 2) BDC Rat
Matrix Cumulative % of Matrix Cumulative % of
administered dose administered dose
Urine 17.3 Bile 70.0
Feces 82.2 Urine 19.4
Cage rinse 2.2 Feces 9.9
Carcass 0.6 Cage rinse 0.2
Total 102.3 Carcass 0.6
Total 100.2

+ Main route of excretion: Fecal excretion via biliary excretion
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(6) Drug-Drug Interaction

AIMS Bl

DDI: in vitro Drug Interaction Studies (FDA)

Classification Metabolism-mediated Transporters-mediated

» CYPs: 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A
o Use both methods;

¢ Chemical inhibitors in pooled HLMs

¢ Human recombinant enzymes

¢ ABC transporters: P-gp, BCRP
¢ SLC transporters: OATP1B1/OATP1B3,
OAT1/OAT3, MATE1/MATE2-K, OCT2

Substrate

¢ CYPs: 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A
(midazolam, testosterone)

Inhibition o Evaluate in both manners;

¢ Reversible manner

¢ Time-dependent manner

o ABC transporters: P-gp, BCRP
o SLC transporters: OATP1B1/OATP1B3,
OAT1/OAT3, MATE1/MATE2-K, OCT2

o CYPs: 1A2, 2B6, 3A4 first

Induction o |finduce 3A4, should evaluate 2C

Recommendations are not provided

Note o Preferably before first-in-human studies o Before clinical studies in patients
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DDI: CYP inhibition

« NE 55: %=9] human CYP enzymesO Cist X85 &9l (in vitro)
+ CYP1AZ2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A (Midazolam/Testosterone)
* Reversible inhibition & Time-dependent inhibition

. NE Xt
+ Test system: human liver microsome
+ Test conc: > 6 conc. (to estimate ICs); high enough

Reversible inhibition Time-dependent inhibition
}2& + CYP substrates jﬁjﬁ + Drugs (Inhibitor) / Metabolites
meosimes + Drugs (Inhibitor Morosdmes ;

(HLM) 9s ( ) (HLM) v Pre-incubation for 30 min

Incubation for 15 min + CYP substrates
Incubation for 15 min

AIMS BoScience

DDI: CYP inhibition

+ Reversible inhibition A|& &1t (Example)

ICsp (UM)
CYP1A2 CYP2B6 CYP2C8 CYP2C9 CYP2Cl19 CYP2D6 CYP3A4
>50 >50 0.482 28.9 7.87 >50 >50

+ Strong inhibition potential on CYP2C8 (IC5, < 1 uM)




\
* ICs, shift

\(yvhen +NADPH)

% Gontrol

01 1 10 100
Inhibitor concentration (M)

+ Time-dependent inhibition Al

DDI: CYP inhibition

A1t (Example)

AIMS BioScience

[Criteria]
Fold shift > 1.5

ICso (M) N
Isoforms 0 min 30 min pre-incub. shift
pre-incub. (-NADPH) (+NADPH)
CYP1A2 >50.0 >50.0 >50.0 ND
CYP2B6 >50.0 28.3 375 0.76
CYP2C8 <0.200 0.25 0.25 0.99
CYP2C9 17.1 18.8 24.0 0.78
CYP2C19 571 7.06 6.74 1.05
CYP2D6 >50.0 >50.0 >50.0 ND
CYP3A4 (MDZ) >50.0 >50.0 23.0 >2.17
CYP3A4 (TST) >50.0 >50.0 323 >1.55

+ Time-dependent inhibitor of CYP3A4

« AE xR

DDI: CYP induction

« A8 2H: %29| human CYP enzymesdf Ci$t S =&
+ CYP1AZ2, 2B6, 3A4 first
« If 3A4 inducer — should evaluate induction potential on 2C family

+ Test system: human hepatocytes (from at least 3 donors)
+ Test conc: > 6 conc.

* Incubation time: 48~72 h
+ Study endpoints: CYPs mRNA levels (and/or enzyme activity)

AIMS BoScence

29l (in vitro)
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' [Criteria]
+ > 2-fold increase
« A" Z1t (Example)
mRNA expression
Effect on mRNA expression of Cryopreserved Human Sz donor 1 donor 2 donor 3
Hepatocytes cells (CYP3A4) Ma.leurrll /4 NI NI 153
6 Emax Fold induction
ECs, (UM) NI NI NC
5 4 ) E e (M) NI NI NC
< mRNA expression
% 1 S donor 1 donor 2 donor 3
5 Maximum
3 3 o Cut-off Fold induction NI o 1.93
<, 2 > 2-fold ECy, (UM) NI 1.80 NC
° E ey (M) NI 5.81 NC
2 : s MRNA expression
1
L donor 1 donor 2 donor 3
0 ! ' : Maximum
0.01 0.1 1 EC 10 Fold induction NI 143 NI
Concentration (uM) 50 EC (HM) NI NC NI
50
E e (HM) NI NC NI
* Induction potential on CYP2B6

/ AIMS Eoscerce

+ Data interpretation: Basic kinetic model

Cateqor Reversible Time-dependent Induction

gory inhibition inhibition
R Kabs t Kd.'eg
=
R-value R =14 mau Kieg R,= -
i e . ¥ 14d - (EneX 10X Dy
equation iu 0 - Kinaer X50% Imax,u EC;+10x f,,m_"u
by = ————————
ovs Ky + 50X Ingxn
Cut-off R, 21.02 R,21.25 R,<0.8
Imax,u = the maximal unbound plasma concentration of the interacting drug at steady-state (Inayy = Craxss * fup)
K;, = the unbound inhibition constant determined in vitro (K, = K; * f, )
K, = the unbound inhibitor concentration causing half-maximal inactivation (K, = K, * , )
Kinact = the maximal inactivation rate constant
Note nact ) ; .

E nax = the maximum induction effect
ECs, = in vitro concentration causing half-maximum induction
d = a scaling factor (assumed to be 1 for the basic model)

« IfR,21.02, R, 21.25 or R; < 0.8 = Mechanistic models or Clinical DDI studies needed.
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APPLICATION OF NON-CLINICAL DMPK DATA

Application of Non-clinical DMPK data

. Human PK prediction
(- )

Human PK prediction 4 o
PK-PD modeling in animal model
pooT T Simulation for human
1 In vivo PK In vitro ADME | 0 o R
: i efficacious dose projection
1 1
B/
1
i & : 10 mg
DY o
\ ¢ 3
2 20 mg
5 40 mg
E - m
'E I ?ZOrgg
i Time
N A
\ J

—Oo "

93
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Application of Non-clinical DMPK data

|I. Risk assessment for DDI

Figure 4. General Scheme of Model-Based Prediction: The Investigational Drug {and
Metabolite Present at 225% of Parent Drug AUC) as an Interacting Drug of CYP Enzymes

CYP inhibition CYP induction
{reversable and time-dependent inhibition, TDI)
[

I's Measmre cryme setivity in bonn * Measure mRNA change by investigational drug in
i Womes cultured human hepatocytes from 23 donors
—~--_*__“ﬁ‘ | * Estinate DDI paranscters = Estimate DDI paramiters
Guidan = ' t : I
ce for Industry + Basic models !
Drug| | Is the calealated B value =11 {also, for CYPIA Is Inerease In mRNA > a predefincd threshobd™?
Stud ug Interaction Studies Inhibitors given orally, is alternate B value=11)"1 O, is the cabeulated R value<1/1.1
Study Design, Data Analysis, Implication = Reveraible inhibis =1 = I}, Ryl 1t IINEC i + 11
+ v .
for Dosing, and Labeling DI
Recommendations
Vs
DRAFT GLIDANCE
o e e g Bt e e ""t{l'ééﬁ;ﬁ}{fiilvxéﬁiig'"“““““"““““5
Is AUCR >1.25 (inhibition) or AUCR <0.8 (induction)? ™ | |
Estimate AUCR of a sensitive peobe substrate using :
Investigational i | Imvestigational
drug likely & - 3 mechanistic static modef* [ drug ikelya
CYP inhibitor . 1 i | CYPindacer
AUCR = x| 4
| EWETTIETSN ™ [N P i | CWPTTNETSN ST 1

- or a dynamic model, including PBRKY

_.I Conduct a elinical study using an appropriate probe substrate I.._

“Clinical DDI studies needed?”

Aol MM ZEAFLIL

(Question: cherlyn@aimsbiosci.com)

? 0 EF & B & @ &

B 4 88 & P o U F




