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9. MRSD 0=

® 4| D HE 7|8 & (meximum recommended starting dose, MRSD)

HED
SF(10)

HED = NOAEL X (Animal Km/ Human Km)

Rat NOAEL = 0.3633 mg/kg/day
HED = 0.3633 mg/kg/day x (6/37)

MRSD = 0.059 mg/kg/day (+) 10 = 5.9 pg/kg/day

<H> HEUY 7|Eo2 SE28Y

S HEDZ Hgtst= Km Al

S(speles) HE (ko) | HEHH (W) Km Al
g4¢ 60 1.6 37
Of2lo| 20 0.8 25
H|H|2450] (baboon) 12 0.6 20
2H 10 0.5 20
#50| (monkey) 3 0.24 12
E7)| 1.8 0.15 12
7|Lof T3 0.4 0.05 8
e 0.15 0.025 6
A 0.08 0.02 5
opeA 0.02 0.07 3
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o TQM: 21M7| S0 Ot 22 7| X2 (new drug modality)2| S&0f M2 H| Y
A
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ANofMel Hlm 240 B (Small molecules vs Biologics)

o g
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2. 5 Mok 7fHe| 371 £F

1) 47|H X|2H|(Drug modality)2| HitE #Hs} 210l

=
e
re

« =2 BN E0|d(target specificity) 1t ZHAIAE O|2 F=
- =9 U REE YA 85 571 - (OAl: ADO)
1-2) 38
+ 49| E (small molecules) vs HHO| 2 2|9HE (biologics) %
HES %28 By 2% g
(Off-target) (On-target)

Smal
molecules
Peptide & Protein  Cell therapies & gene therapies

ADC
(Antibody-drug conjugate)



2. 2= Mo IR 371X §EF
1) M7|H X|2H|(Drug modality)2| tiIZ #H3}

+ Xdh20d S M= B REX K 2H kool 17 2E2(E =9

Technological maturity —
ig!

Mature

Emerging

Proof of concept to demonstrate

Advancing
Expanding to cover different

Technology advancing te cover
mechamsms of action and

different treatment areas and

value for initial clinical applications
address wider clinical profiles Improve convenience

e ~ \
Small molecule
PROTACS CART

Recombinant

V6T Tits MicrobiGrie Bispecific < i
therapies MRNA Oncelytic virus antibodies protein
2 Gene RNAi and
“hempefncs' i [h:ra v anlvc: Monoclonal
and vaccines Cell therapy Py 5 antibodies
| mRNA =
{prophylactic vaccine)
g Stem cel ) \ v Gene SRT
__ modal herapy accine Lherap s
Marketed products’ 0 66 3 3 8 17 18 19 1404 500+ 37,000+
Global pipeline 300+ 252 333 76 713 537 682 3.300¢ XX 14,000
(early-stage activities) (39%) (92%) ©@2%)  (OTR)  (94%)  (92%)  (36%) (82%) (B1%)

Sources: Evaluate Pharma; BCG analysis

(Boston consulting group, 2024)
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2 ohYst o|2kE T (O Al) lipid nanoparticle<LNP> S3HE
A

EAZ Il OA>
RECENT ADVANCES IN LIPID NANOPARTICLE-| MEDIATED DRUG DELIVERY

(LNP) i
Peptides, proteins
Hydrophobic or electrostatic

interaction
o'

Wiz : :
Ajfé Drug-lipid con]ugates bioactive

lipids (e.g. MPLA), targeting figands

Oligonucleotides, mRNA
Poly-anionic, electrostatic, LNP

O 6 o o) B s
Hydrophilic molecules O am };\h{t{};ggh;t\:/l:{:sgiecules
Doxorubicin, weak base, ion gradient P! el P



Alin Predicting the 3D structure
polypharmacology of the target protein

Predicting drug-protein

Alipdoigidesiani—— interactions

Al in de-novo drug design

Novel approaches of Al
inidrigidiseovery; Prediction of
\_;\‘ physicochemical properties

Alin drug
screening

Prediction of bioactivity

Alin drug

= Prediction of toxicity
repurposing

(Patel S, 2022)

wa Towards

REALTHCARE

12000

10000

o

Al in Drug Discovery Market Revenue 2023 to 2033
(USD Million)

$10,808.70
sason7a
som.91
s5.46095
saam12
sasm.a2
s2.szs87
s10000 SRS
s i I
2023 202 ams 20w a7 02 28 a0% 2031 2032 2083

Source: NP IO carecom

(https://www.towardshealthcare.com)
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3) ASX|S-7I% ML} HALHF
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Protein-Ligand complex

(Kellog . 2023)
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3. %= modalityd]| }E 4 Hlu 24

9|3t Oral tolerance(ZTF0ILHY) 27t SHAE We 2H

gdoletE Hlo|@ 2 XA
(small molecule (biolo, |:s)_
drugs) 9
AN eEE R7ISEE2Q | M= L= HENZEH = YESEH 7|20 2l
= g i
sxpe 1000 & & O] 3} 2] | 500000 A1 500000 EE& 0|42 LEXE HXH0]
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Eq _ A Eq _ N N
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target(HI EH) o2 of = (target-specificity)
+21 0] iX| Tk N
systnay | BELLIIRON lgay exig oftrget 54 221 118
" A= Y| = Ct L EX 7|7} =
Half-life P 12]/00F & O S - §78 7[Zt0tct A
Test guideline for ;
Non - clinical |Standard plans Case-by-case approach % QAR
development Aspirin® Calcitonin
=1 @ [

0 amino acids =32 amino acds ~ 1300 amino acids
W0 host cell modifcatons - whos!cell mdicaions
ced In yeast,bacterta (glycosaiations,etc)
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10



4. 98 0|3 FDA ¢ % = : B/ M2 (small molecule) vs biologics

« 3:1 Hl(ratio)0il A 1.5: 1
« T™H biologics®| 1/4 HE7} 2K

Small Molecules vs Biologic Approvals (2012-2022)

60

U.S. Biologics Market
Size, by Disease Category, 2020 - 2030 (USD Billien)

2020 2021 2022 Jaoza 2025 2025 2027 2023 2029
iy a3

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 | ‘
. |
— Small mclemles—To(al || ' !
(2523 0: znao

(_® Oncology )  Infectious Diseases Immunological Diserders
“Card Disorcers @ Disorders @ Others
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5. Nonclinical Development 72

=TS HAL ofE 2 238 - HAYAT - IND - LHAIE — NDA

H| 2 A 712 (Nonclinical development)= &4t A|& (Nonclinical <study, testing, research>)2 2|3t At 2tE
H| QA A|EH LR £ IND(Investigational New Drug Application = QAA|EH A &0l AK)9| 7|kt

AMAIE — FDA ZE — NDA(new drug application, A19f A1)

FDA
Post-Market
Safety

Monitoring

NDA,
Development Research Research > Bos by >

Discovery an Nonclinical Clinical

12



6. Nonclinical vs Preclinical= H| ¢

Preclinical study < Nonclinical study 8%

Nenclinical studies

._Nonclinical studies )

Non-clinical studies during
human clinicaltrials

0z
<
[7,]
ra

Phase Phase | Phase il
Toxicology
weeks) Toxicology
cles) {36 manths)
(Dose ex
(2 weeks) —_— =

Reproductive Toxicology

[
{inwitro)

Safety Pharmacology Safety Pharmacology

ADME [in vitro/in vivein sifico)

{Malefertility/Pre and Postnatal developmi

T >
= Reproductive faxicology
EncacyStudies
i (TeratolosFemale fertility)

HUGAE 7[2 2MAIR OI2H

Figure 1. Steps of non-clinical studies in drug development process. GLP: Good Iaboratory practics; IND: Investigational new drug;

NDA: New drug application; ADME: absorption, distribution, metabolism and elimination.
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7. IND2] 3 493} v|YdaATe] 2 99

® IND 217 & 93l three broad arease| tf&k 4 >3 (Regulatory guidance: USFDA,

2023; Korea 2018)

* Nonclinical studies: 2 79 €47 O Pharmacology @ Toxicology Studies

* Manufacturing(2F &

A %) Information - CMC(Chemistry, Manufacturing, Controls)

+ Clinical Protocols(9J A1 @ A12) and Investigator(Q 41 & ¥ <€) Information



7. Hl
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LAAE 2 =0 CHEF Hlw
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Part 2. Nonclinical Pharmacological Study



1. Nonclinical pharmacological stuty = PK+PD

» Pharmakinetics(PK: 2=

Z&EH) + Pharmacodynamics(PD: & st, 22|28 7| )
o PKAIZHE ©F 5&2| Bt (How the body affect a taken drug)
+ PD: 20| Matatx o H2|st

="

A 25 (How the drug affect your body)

| PHARMACOKINETICS

Drug in tissues of

PHARMACODYNAMICS

Drug acts on receptorfarget

!

Pharmacological effect

!

Clinical response

'

Efficacy



2. PK study

+ Definition: Time-dependent concentration change of drug in blood
« [CtE E3: ADME(Absorption<S4=>, Distributuion< #%>, Metabolism<CHAl>, Excretion<HiZE>)

+ ADMESQ| 57}X| 8 X|E: Cmax, Tmax, AUC, T1/2. Bioavailibility(3§ & 0| 8 &)

Absorption Elimination
- Ginax Bioavallability= 29C24 x 100
8 {the maximum Serum concentration) AUCw
a
£
(=]
=
2
© T1iz (Half-life): Time at <
‘c which drug has lost
- half its maximum i
5 AUC %¢-.,,_concentration
g (area Under the Curve) g /g
Z Overall drug exposure  yaatment s

(Minimum effect concefration)

Drig is Tmax Tlme(hr)

taken (the time at which the Crmax is observed)



Plasma concentration —s

3. Bioavailibility(‘“4 H| 0| & &)

+ Bioavailability: S+Z42Z2 S8 MAUHEIAZ RYUElE A2 HE5E
e Formula = AUCoral / AUCiv  (iv=intravenous)
+ A bioavailability of 100%: AUCoral = AUCiv
70
60 /\ Bioavailability= i‘d‘ér“ i
01 [\ [
e e e
wr | (
dll - |
20 / Oral |
/» L A Dose systemlc‘\ i
07 . .
0 + + - y + !
0 2 4 6 8 10

Time (hours) ——



4. M0| 20 2 Bioavailibility

20| 54/0] 0EE S5 X3l Absoption<Z5>

Blood E

1.0 =

0.5+

0.25

thanol(mg/ml)

Fasting

f Fed

o
@]

1 2 3 4
Ethanol

20



5. Absoption # Bioavailibility (due to First pass effect)

First pass metabolism(X3| S I}CHAL): HASBA 2 S0{7}7|H FE 2| A% D} ZHoflA 2| CHAL
First pass effect(X3| S0t E): HUERAZ S0{7}7|H FE0| CHAL 28] ZAElE SR Herman etal, 2023)

£0jo F=7t 32

First pass effect

a
=
3

decreased the
active drug's
concentration

First Pass Metabolism

8
8

©
-3
3

Systemic Circulation
Hepatic
Portal
System

Plasma concentration (ng/mL)
N
S
3

=
S

Lumen of Gl Tract)®

@ metabolizes drugs ®

4
Time (h)




6. First pass metabolism by Cytochrome P450 enzyme system

Cytochrome P450(=CYP) system: %& S 2ICIHEHO| jAIE HEdts ZAH — Biotransfomration(M3HeHA Hgh
Three main P450 families: CYP1, CYP2 and CYP3 isonzymes
Among 15 CYP isoenzymes, 2tZ2| 80%7t CYP3A E 40 2|3} biotrnasformation (Zhao et al,, 2021)

CYP B47t &=29| PKO| EES T 3 a4

CYP3A

~Liver)

[ 1.00%
3.00%

[18.00% |

CYPIA CYP2(S  WCYP2D6  WCYP3A W OYP2CY

Systemic
dirculation

Figure 2 ency of the cytochrome P450 (CYP)




7. CYP45001 2l8t &2 A5 X2 (Drug-Drug Interaction)

OFE0| CYP450 B2 E 7M7Y AL AZ B2 (Bibi et al, 2014)
Coffee?} Alcohol= CYP450 24 =2 Xdf

Drug Interaction

Alcohol

15 CYP |soz mes

Decrease Action Increase Action Cause Adverse
of Drug(s) of Drug(s)



. . T . R
8. Biologics2| PKE Biodistribution(H|LH = =)

«Biodistribution(X|Li & X) for Biologics instead of PK (Kamiyama et al., 2021)

FAFAR ROEE= ME X RUX A BN S UHEBAR YR ¥

+Ot2fof 27HX| WY O 2 Homing, CHE ZXo R 0|§ & {7 52 FF

HURRZE Scff o2l SENEH U 54 SENEH olsivt 7ts

+ 27k ¥ F Imaging method
6h 12h 24h 48 h

A « 271X ¥ F Polymerase chain reaction(PCR)
1h

Study Design (qPCR analysis) Example:

Single Dose Biodistribution Study in the Mouse with 3 /6-month Observation Period

Group Time point
(15 mice/sex/group) | 24h 14 day 28 day
vy Vehicle control 3/sex 3/sex 3/sex
plsecicm?/sr Test item (§ 3/sex 3/sex 3/sex
Ept-fiuorescence (—pw,mz A Testitem (IV) 3/sex 3/sex 3/sex

In-life phase evaluations:

Clinical observations, injection site scoring, Body weights, Food consumption.

W Diswibuon qPCR analysis for detection of human-specific DNA:
/ phase * Blood samples and selected major tissues and injection site collected and processed for
QPCR analysis.

|
Eliminanon

e

concentraton

Fluorescence (counts) 1x10"

H Time after dose

1h 3h 6h 12h24h48h

24



o OFE 80| oot MatstA ol Melsty uEE oldlshe SHELE 371X FY0A OfsY
1) Mechanism of action(MOA, 2f2|%&7|H): =9 -E—Xf—?-’.f-oﬂ*‘l of2|Ztg ol ofst Hut

2) Mode of action (MOA, 22|%&7|H): 7| 550
3
— Proof of concept(%2|7|™ )

E
S
o
W
P
P
=2
>
10
i)
2
oo
2
3
rE
ot

-

Pharmalogical efficacy(Emax): 7§ 8| =& 0flA z|CH &

=.=
0|r

T
olo

(2) Mode of Action (MOA)

/) Mechamsm of action |
| Motecutar I

= =

Organ Organism

Responses Responses
Population
Responses

(3)Pharmacological Efficacy

.(Edwards et al., 2916 Gimenez-Bastida JA, et al., 2018)



10. MOAO]| 2|t 7HH| &

M3} : Animal disease models for Drug's efficacy

ofl A

SRHO|A et =l

AYAIHO| =X} CHYO|E2 HYY2SAHME Hets
CHfst 3232 018% S=2R
2HSEZHO0| 0|8&|0 genetic manipulation(F& A ZZH 22 4t - Types of Genetic manipulation
a. Induced disease T8I b. Spontaneous changes (¢}
o o= = =
Gaenorhabis elegans
j )

{ c. Genetically modified animals.

Mus muscuis S
& { .
& G Kockout Mice & Rats
Knockout

Pharmacological induced Lesion induced

Stress
23] respanse.

B 14 \

. Benavior
Macaca mulata
Rattus norvegicus

Stress induced Biologically induced

(Dominguez-Oliva %, 2023)

Dario rerio Knockin

Kock-in Mice & Rats
d. Negative model
- Transgenic Mice & Rats

-
Sus scrofa

Knockdown Mice

R [ W M

e. Healthy animals

Oryetolagus cuniculus

Target gene XA
Target gene ¢

o2 39| g3 =Y
(212F2} model)

Target gene2] Wl X8



Part 3. Nonclinical Toxicological Study



1. IND or Clinic hold(E.&)2} 29!
« US FDAZ} %2 3472014 38~2017H 88 Ba{st ZYsH 20f IND At et 20!

< ZE HIYYAPL SEAES St 0l INDLE YAl Z-E 20

Clix-

Sy SUHEEEE
SENEsn

SEe oy A Oy

Ya

HojE et
EEEEITET

(&1 28) Manning ML, Thompson MD, Saber H, Maher VE, Crich JZ, Leighton JK. An FDA analysis of clinical hold deficiencies
affecting investigational new drug applications for oncology products. Regul Toxicol Pharmacol. 2020 Feb;110:104511. (CIl 2 2| &,
2020-10-13)
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2. %F=0f chet Craet 54

—_

M9
>
o%t

n

2-1) &2 M9o| Eg Al toxicity test)O| BiologicsE fIo +=HEl& SHAH

E4A8 - s o e e

SANE SYESHO| YHo SR HB}0| LiELH: HAREY | RS AAStE AlIF YEY vs T
ZoraimA|sl EI\MZE XZH Ol MZE XHCl 2H (0|22 = SHTE) S22 FSLY 2HYo|
SeEens Zxsta 2l0f |0 Chot Bt

EMEEAY SEAE =8 Al SHEHS M-S HIISE7| {60 Hak MK 0|8E

SESEAME ABoZM EMSHO| =1 EMAHOAO 2cH U S <

& Biodistribution |_‘D;{g Eﬂﬂ—. dERo B0 SYAHA e SFEHA U Too Coe AUC, Ty 29
= Ag 84



2-2) NAM(new approach methodologies) -

1) 0|=2] Mordernization 3.0

- 0= 3220259 128 162 YLK 2 FDA HOiSHY 3.0(5.355)2 &t
o oy eige ‘H| YA A (‘nonclinical’ tests)2 2 CHA|

(NAMs; New Approach Methodologies) 5 QA MZ 7|H 2H.27} 0| E

- SEHY OO, A7, =AU A

|12 &2 972 M22 Y2 ™(N
7124 Al 58 0|5 S A EEE 34 Yot Tz gEs 9|

N

2) SristE 3.00 o2t FDAS| 14 LW =8 g

® 39 A= $+YU(Establish a Pathway): 2/SE 7S 2t NAM S22 MEE 5= U= 4 HAHE otsof g

@ 24 dAH(Prioritise Review): SQIE HIU4 2HS ALE5to] iU E o|A4Zof CHol @M AL Ashs 2oiE

® £Y4 Y Bl(Transparency and Reporting): H2 ME A4, S8 @Y 3¢, 1 22 oidEl= 88 75
0|l CHol o 25



(Shen &, 2021)

3.ICH - #% ¢

o] =1

=22 E|of mE

Table 1 ICH recommended preclinical studies enabling FiH trials

SAE

Study type ( Small molecules 3 ( Large molecules™ ) GLP
Pharmacodynamics No
In vitro [MOA) x X
In vive (MOA and therapsutic effect) X X
Safaty pharmacalogy (ICH STA™ and Yes
s78%)
In vitro (concentration-etiact X X
relationship)
In vivo (dose-response for CNS, TV, X X
respiratary effects)
Pharmacokinetics (ICH M3(R2)%
In vitro metabolism (across species. X NA No
micresomal metabolism)
In vitro plasma protein binding X Na No
Toxicokinetics from repeat dose GLP X X Yes
toxicity studies (ICH S3A™)
Genotosicity battery (ICH S2(R1Y) Yes
In vitro Ames test X ®
In vitro and/or in wive mammalian cell x %
chromosomal damage evaluation
Single-dose / dose range finding Noand Yes®
FRodent single-dose (could be MTD 3 NA
study)
Nonrodent single-dose (could be MTD x* x
study)
Repeat dose toxicity® (ICH M3(R2)% Yes
Rodent multidese x Optianal®
Nonrodant multidose x* X'
Other studies. No
Immunatoxicity (IGH 58%) x X
Photosafety (ICH $10'%) x X
Abuse liability” X X
NS, systerm; GV, 1 GLP, good o 1 ICH,

mechanism of action; MTD, maximurm tolerated dose; NA, not applicable
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Small Molecule
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5. FO{Z=0f WE o= RCIZ|E|Q] £ X0

@ FHB R #o]

I_Sn':;:":mes Small molecule drug distribution Biologic based prodrug distribution
a2 37 Target ~ Normai ot Tars Normatcelt
- - (nhalstion) get J
Biologics = , cancer cancer oW o X
Fap o ~~ x x
(Onjection) ' ™ _‘Q\"'/‘") > Ci .
wa 2a no 0 o .
1 % /
Vil H | e /[ 3
—( 2 e
=
Biologics 5
‘ ] TR Cacarcan / Coeercats
@3)
S TR Normatcal o Small moleculre
i & concer e 4y Biologics

@  Tumortismue

33



6. 2F22| modality0]l [HE A[FHC|XtRl 5L 7t0] E2tQle| Hlw 24

ey |

@ ehgLlero| oF =T Af(biotransformation) & Cytochrome P450
- AES Q= +  Small Molecule *  Biologics
c UM SLE E A
. E2zo M™e (biotransformation, 443}t -« SFECHALZ} o2t HAEEO A3510|7| W20 oF2|EE
gjs}??_ﬁ 5__,;2 H dgh 7|1dg 7 2RE J|IHEIHE-+=8H)S ST (BAF L= HEXRE
= S HIEX|FOIM 242t 25 M 5L == AS
=
= ety -5
emai moieeure) a5
iol DQVCS
Qz,' e
Small Interaction with
. B ASAOIM Molecule cellular — uz
i St iy (metabohsm)
CO2 + H0 Glutathione
Reactive (Bioinactivation)
metabolites
(530l & & CH ARRID
A2l b= @)



6-1) S35
@ Cytochrome 450

tojet =4 o5& A0

7lo|E2tQlol HlmE A

Predictive

Non-predi

Multinational Pharmaceutical
Company Survey/ILS! Workshop
~better understand concordance of
toxicity observed in humans with that

bserved in experimental animals.

71% Overall Concordance

63% Non-Rodent

43% Rodent

Toxin-drug g CYP Isozymes; CYP 1,2, 3 families
oty il P e
Human Monkey. Rat
A A crriAl oAl
i i cma
cvi i comin
i o
it
o
e
e ot cvst
cin s o cvanti
Caencordance rate to Human P450 26% 14%

(Konstandi &, 2014)

£, 201,



6. 2+=2| modalityoll 2 A|”C|X}

6-3) SE3
® Cytochrome 4502+ ADC(antibody-drug conjugate)2| 27|
® 7{o| RE TUX|E cytochrome P4500] 2|8t XIHXIMCHAIN = Fgt

of Metg i3t oM 94

® Tumor-specific expression of cytochrome P450(Graeme &, 1997)

Ab/ADC

« Target antigen expression
Antigen-antibody affinity

and

.
« Antibody structure
.

Conjugation technology

. o]
« (ategories

ategories
» Stability
« Hydrophilicity/lipophilicity

« Strength of cytotoxicity (ICe)
= Physical and chemical

properties (Charge,
Hydrophilicity/lipophilicity)
« Drug-to-Antibody Ratio (DAR)

« Steric hindrance
= Length

(Cheng S. 2026)

o [ = I-O OI I mE=R.S|
I—I x 7I'OI—E |_|— H Ly |
SH-ofE HEH B | oo | M EY X835 etEel 258

FHEY)
HlZE22A2| DNA £4 7|He| ADC
Gemtuzumab ozogamicin | GO CD33 Acute  myeloif MEZZAT, AY 2 4 20H0|LER K| &
(Mylotarg) d leukemia s, FY W28/ E
Inotuzumab ozogamicin (| IO | CD22 B-cell acute ly [ MIZ2AF, ool sAmetA $2 57, 2
Besponsa) mphocytic leu | 2|F8 37 &8 =57 25

kemia

Loncastuximab tesirine (Z | LT cD19 Lymphoma 714, ZotEREY
ynlonta)
HES22 M| F0|HIZ 248 7|He| ADC
Brentuximab vedotin (Ad | BV D30 Certain lymph | 2% UZAHF, HANS, G4 7& T2 47|
centris) omas £ 4y Ny Zas
Polatuzumab vedotin (Po | Pola | CD79b Lymphoma Yx UFYS, 257 4T, YUY damt 2
livy) 2, WAL HH|, NS 22, 925
Enfortumab vedotin (Pad | EV Nectin2 | Urothelial car| 2 207} H1ZWE, A8 42, 24 7|2 ES,
cev) cinoma yurgy 2y, vy
Tisotumab vedotin (Tivda | TV Tissue Cervical cance | 1|, HAMNE, F& G2, T NAYS, 2%
K factor r o Be, HH, A 2o vY




6. 2FE2| modality0]l [[+E A[FHCIXtRl 5L 7t0] E2tQle| Hlw 24

6-4) %8 BEEY S4o| K}
- RES

* Small molecule(SM): @ + @
+ Biologics : @

—) 1 —

receptor drug-receptor complex

o]

42 @ ReFEUAH, @ 2HLE

&S 27HK] 71T0f 23 Zd

& 213t ligand-recpetor $88 LIEILY = biologics

Small molecule HM =4

H 100% =
H +
g Margin of safety
i 4
i@ Predictable Predictable
H Efficacy Toxicity
Dose
Biologics
100% Efficacy & Toxicity curve
AESWA
3 Unpredictable
g o FT4254
-4
o
Dose




[+)]

. %22| modality0il [thE AFHCIXH! 3 7}o| E2tQlo| Hlm 2 A

I—I

9 B2 SIS Ao

9 - CIOISOISHAIY YT U HEss

YN B Y8
(ICH M3(R2), 2018; Shen &, 2019)

olo
oo
N

or

Study type
Singie-aose / dose range flinding
Rodent single-dose (could be MTD

Small molecules Large molecules®

X NA
study)
Nonrodent single-dose (could be MTD x x
study)
Repeat dose toxicity (ICH M3{R2)%)
Rodent multidose X Optional®
Nonrodent myltidose X X

(ICH M3(R2), 2018; Shen &, 2019)



QAHtE MA|S

6. 2FE2| modality0]l [HE A[FHC|XtQl 5L 7t0] E2tQIe| Hlw 24

Conduct of Clinical Trials

ey |

6-5) LEt=HAIE - SEA™E A7) B[ (A2X vs FDA)
@ MYA: o|AES2FYAE7IE(2022)
PANPE A BEEAZHAAAY Hx TS e T 2k
QAL F A T3z
BT 7|2k Bk 225
~2%F 27/ 2%
= PINE 7 WA F @ US FDA M3(R2) (2010)
2% - o orgRe |7t L
> 6704 6714 THA[F5]
Table 1 Duration of Dy

Toxicity Studies to Support the

Maximum Duration of
Clinical Trial

Recommended Minimum Duration of Repeated-

Dose Toxicity Studies to

Support Clinical Trials

Rodents

Nonrodents

Up to 2 weeks

2 weeks"

2 weeks®

Between 2 weeks and 6
months

Same as clinical trial”

Same as elinical trial”

> 6 months

6 months"©

Fed

9 months

a.In the United States, as an alternative to 2-week studies, extended single-dose toxicity studies

(see footnote ¢ in Table 3) can support single-dose human trials Clinical studies of less than
14 days can be supported with toxicity studies ufth as the propesed clinical
study. 39
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<Biologics>

<Small molecules>




6. 2F=2| modality0fl }E AlFC|x}Q! 5L 70| =E2tQle| Hm M

CEERY loai
<Small molecules> <Biologics>

(=TS A0, BANO|GAR, 28| | gy . =mg

)\lagl) =T ==

Xt

2 %%EI invitro AlE: 0|42 7=

ga> RHSEAE Aol chst siMof 2

29| invivo A|&: ORA9| &~

3 -’é-wgl ANE 3

T T A MEtE

Al

i

oo _I°=*
o 0o

W GES RHSY YUY

10/ A 71| E2}2l X}o]

AHOIAI Lt MZE SMH O|HAIH

3

rEl

o o
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6. 2F=2| modality0]| [hE AEC|XLQ! 5 7t0| E2tQlo] H w24

- rR|AEES| SHAIBYIE) A2%H DAl Al2017-71%, 2017.8.30.) [EE 4]

o HHMSE BE AMSEH K50 0 EEZS B 125 MGl 2 20 RREAANS
LAIEOI0F BICH ORI, AIEEEO S8 Y AlRE AASE S D2s0] Zasic UaEs
A2 0ECD SESMAEIENA T3t 0 W RRSMAHSE HshIL F71Eez
HAIE 4 2lCk O B 2 JIEN SIBSIR OHLIE A0 HEHE OECD SESMAIE JI
e Three battery test: (L2ka) \

Nz = ER!
1) Stel2l0tE olg st =3 S0l Al
2 ZSE HSMIEES 0183 OIS o st MY
9 R DUHADIA AE (A2l —1: Al
s Lf) HIS A ad

o) #l2 obea BEQTK AIE

LRF ZZHEE DISE OFS M= stU2l MY

0 AL Ay

LE) A 4 A0l A
LH2I0tE 0l 2E ST

BERY 2 2) 43F THMIEE 0IZE W

Hu WA

1=

@




6. 2FE2| modality0]| [}HE A|FC|XtQ! 5L 710| E2tQI0| HIWE M

6-7-2) RUSYAE 2} U siM0f 2A0{A 7to| =2}l Xto|
@ MZEALES nEYOM Y B3 HAYHME LGS

oo

<E-1> GLP-JIE invitro HAMOIMAIE 23
oz A | AIESE
gas| Hel ®
O | &4 A2

(hrs)

— — . IANERET R 3 .
HelAE-1 | 6-18 B2 [ o [zs0] so0 [1000 (pé:nrmg ’ "ig CH-2> invitro 2AT0) A A2 ST THBISATBIOY CHat 2130 woncem)
g 4 BEINA SH0I0) [ IELAEEEEHER

= Al Al 8 20

NEEE HaSE 21 e
(ug/mL)l @E 22

ERR-T

< HE ST = {ug/ml It 2
pEEigng MEF TR pe = N = T T
HMelHg 3 CUETN-TY g4
b = = 6- ]
g2 e REEETILY o =g
{0
ol HANG 2| - 518 o | 925 | amo
B4 |
ol
100, | 101
HelHZE-3 | - 24-0 |2 0 GamEEr ) mENE 3| = | 240 51 750
- = JeuzoMe g
of u:u| 9 J 03
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6. 2%=2| modalityoil [H2 A|FC|X}HQI 3 7to|=2fele| HjuE Y

6-7-3) SESEAIE Zat U sfMoj AojM Fto| =2}l Xxto]
@ MZEAIES| DA A 230 tist US FDA % EU EMAS| ICH 7t0|=2t9l

ICH guideline S2(R1) on genotoxicity testing and data interpretation pharmaceuticals intended for human use

Z Evaluation of Positive Results Obtained In Vitro in Mammalian Cell Assays ™
(3.2.1)

MK O] & Al o M EAE Q|
SHO|A LE0|2HE in vivoOil A
dgolH 42 FAFY

gojetn £

Therefore, any in vitro positive test result should be evaluated based on
an assessment of the weight of evidence as indicated below. This list is not exhaustive, but is
given as an aid to decision-making.
<2 2tAl A5
1. The conditions do not oceur in vivo (pH; osmolality: precipitates).
{Note that the | mM limit avoids increases in osmolality, and that if' the test

compound alters pH, it 15 advisable to adjust pH to the normal pH of untreated
cultures at the time of treatment).

oo oo kK oR

ii. The effect oceurs only at the most toxic concentrations.
-in the MLA increases, at > 80 percent reduction in RTG
~for in vitro cytogenetic assays, when growth is suppressed by = 50 percent

<Weight of evidence>
Ifany of the above conditions apply, the weight of evidence indicates a lack of genotoxic

potential; the standard battery {(Option 1) can be followed. Thus, a single in vivo tesl 1s
considered sufficient.

44




6. 222 modalityd]| [HE A|FCIXIQ! S 7}0| =21Q19| H|mF A
7) Biologics2| Biodistribution2| GLP & |5

« ICH 7tO0l E2tQl: ICH guideline S12 on nonclinical biodistribution
considerations for gene therapy products- Step 2b (europa.eu)

=1 | = 9; Non-GLPO|{ GLP-S-dA|E Dt & +=dE 22
o 0|2 Z2, GLP &% o0 Xt= M4t 3R FH)

<¥DXIE>: It is important to verify the data quality, integrity, and reliability of
the BD evaluation. In principle, nonclinical BD studies that are not conducted in
compliance with Good Laboratory Practice (GLP) are accepted; however, when
BD evaluation is performed as part of a GLP-compliant toxicology study, it is
important that all in-life parameters and sample collection procedures remain
in compliance with GLP.

M
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1. BE R EHAH O 2 HE{9| NOAEL

* Small Molecule

Toxicological dose descriptor (5418 7| &X]) « BHEEO0lSgAIE 2l NOAEL .

& MABEL - Minimum Anticipated Biological Effect Level

Unacceptable
Toxicity
Efficacy curve

* Biologics

BHE S 0f 54 A= 2] NOAEL

Toxicity curve

47



2. MRSD &H=0il ?IoH NOAELS! 018

2 MRSD(Maximum recommended starting dose:2! 4

Small molecule

HED = NOAEL X (Animal Km/ Human Km)

ZZt Xt0|: HED (Human equivalent dose: &&-2!
=
5

MRSD =

L XtO|: SF (Safety Factor, QHT 7 )

A Xg
(biotransformation)

AEArgry=a
(Small molecure)
@og=4a)
ww'sl
s 1A E
20| 52
At
- A2gee
e

A vz

(7}

opck

=3

ABA-7FA
Biologics

|
E
= g2AM
At UATE
€Oz + H0

=

2
CH A

=
s (metabolism)

A2 iz

H S8

Eok

)

Biologics

HED

HED = NOAEL X-tAnimal-Km/-Humani<m)

SF(10)
Table 1: Conversion of Animal Doses to Human Equivalent Doses
Based on Body Surface Area
[To Convert [To Convert Animal Dose in mg/kg]
|Animal Dose in to HED® in mg/kg, Either:

S pecies lmg/kg to Dose in Divide Multiply
lmg/m?, Multiply | Animal Dose By|Animal Dose By
lby Ky

Human (€]

Child (20 kg)® 25
[Mouse 3 12.3 0.08
amster 5 74 0.13

@ 62 0.16

Ferret 53 0.19

Guinea pig 8 4.6 0.2

Rabbit 12 31 032

[Dog 20 18 054

[Primates:

Monkeys® 12 31 032

Marmoset 6 62 0.16

Squirrel monkey 7 53 0.19

Baboon 20 18 054
IMicro-pig 27 14 073
IMini-pig 35 1.1 0.95
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3. MRSD 4H&0]| 2|8l NOAEL CH4I0] MABELE AtE35}= Biologics

+ Growth hormone, Monoclonal antibody, Cytokine, Immune agonistic properties

MABEL Minimum Anticipated Biological Effect Level
Thempeunc
Range

100

Unacceptable
Toxicity

Efficacy curve

Biologics: GH, CK, mAB

Toxicity curve Unpredictable

Response
g

Efficacy

B;inimurn effective Dose (MED.

1.0 100 1000, ']f 10000
Dose CHOAEL

MABEL Dose

« MABEL (Minimum Anticipated Biological Effect Level; £| 2 2f2| 2 5 & &) applied to MRSD
e MRSD = MABEL / SF
e SF = RO ratio (in vitro)= Receptor Occupancy(Human)/ Receptor Occupancy(Animal)



4. Systemic circulation(’d ) Z £ E|:= Small molecule vs Peptide

« HElO|EQ| RREIE| E: IW vs O

Small molecule Peptide
HED = NOAEL X (Animal Km/ Human Km) HED = NOAEL X-{Animal-Km/ HumanKm)
HED HED
MRSD = ——— MRSD =

SF(10) SF(10)

50



oln
[}

8% = AFR-E 2 (Unit/kg)
LMAIHO M 15| FAtSHE A

GLP 7| 12| Xt0|: =LY vs O]

Blood collection

Control or Test Article
Administration

21

Pre-study

[(CL 2 X0l| H
4T THl THd EI [== —'|| ﬂ
SEANYM = 2F S 33| FA

Day 17 ~ Day 38

Dosing Phase Recovery Phase
Necropsy Necropsy
k=3
z
Recovery Phase

51
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9. MRSD 0=

HED
SF(10)

HED = NOAEL X (Animal Km/ Human Km)

+ Rat NOAEL = 0.3633 mg/kg/day
+ HED = 0.3633 mg/kg/day x (6/37)

» MRSD = 0.059 mg/kg/day (+) 10 = 5.9 pg/kg/day

HEZE7| 8% (meximum recommended starting dose, MRSD)

<H> HEUY 7|Eo2 SE28Y

S HEDZ Hgtst= Km Al

S(speles) HE (ko) | HEHH (W) Km Al
g4¢ 60 1.6 37
Of2lo| 20 0.8 25
H|H|2450] (baboon) 12 0.6 20
2H 10 0.5 20
#50| (monkey) 3 0.24 12
E7)| 1.8 0.15 12
7|Lof T3 0.4 0.05 8
e 0.15 0.025 6
A 0.08 0.02 5
opeA 0.02 0.07 3




o QIBX|5-7|E @ HANEH @ HIYLAT
o AL7IE SH01S

<Section -1> Al-based toxicity prediction

Small molecule

|% ZE2|El: Small molecule & Polypetide 75

Small molecule

Polypeptide

=4

«=2 X2 1000 013}

o RISE

+50-100 ZHF=2| thel A elo| ofo|t= it

Input
features for encoding

-gelzeE S5

-B2ISSrE BT S M BHE S ofol it N

Model

*Regression & classification model

«Classification model

Learning «Simmilarity— «Similari i B &= A) -

approach Similarity-based approach Similarity/alignment(t &%= A{)-based approach

Database <Drugbank, ToxCast, ChEMBEL. T38D. Toxnet | .orimary databse: Swissprot, TrEBLE, PIR, NRDS, OWL
Platform Ainvivo & in vitro QM| Bol = wH0f o3 S4S FUB Toxin2| OFD| At N

«Clinical trial

Toxic endpoints

SChYBHD) SeiB0IR AT getd Ta

«Clinical toxicity 22 S& &|0f &0

o
0x
i=l

T
El
o

CYP450 2|3+
Reactive metabolite 2 M 2h

*CYP4502] JIZ0I0f M &

4

<7\ o] ofL|n HE|X| %S

1=

EEJ%

+ Pro-Tox 3.0 prediction

“SHiARTeyo

+ toxCSM

+Toxteller
+ToxinPredictor
+ToxNet

NNTox
*MAI-TargetFisher
+ToxIBTL
«ToxinPred
+BloxyBetPrediction
ATSE




1. Al E% - Methotrexate-OH

* Methotrexate Smiles
CN(CC1=CN=C2C(=N1)C(=NC(=N2)N)N)C3=CC=C(C=C3)C(=0)N[C@@H](CCC(=0)0)C(=0)O

+ Methotrexate-OH2| Smiles
CN(CC1=CN=C2N=C(N)N=C(N)C2=N1)C1=CC=C(C=C1)C(=0O)N[C@@H](CCC=0)C(0)=0

) .ﬂ SwissADME °

SwissDrugDesign

Home About FAQ Help Citng Contact TermsofUse

0

For information: We have changed the look and feel of our tool. However, we have NOT changed the underlying technologies
and parameters. Consequently, this updated Web tool provides exactly the same results as the previous version.

- o < . Enter a list of SMILES here:

o S ® ® @

AEEN CXP0eEl o0 [CN{CC1 =CH=CaN=CN) N=G{N)Ca=N1 )CT=CC=C(C=C ) C(=0)N[GOeH] (CCC(0) =0T
f ot |EN(CCT=CN=CaN=CN)N=C(N)C2=N1)C1 =CC=C(C=C1 )C(=0)N [ CeH] (CEL=0)C(0) =0

lo ‘
Z . ¢
. o
© o e
L F
- ,
P o
)J\ 3 Br
BRO00O00 l « 2




2. ©3

for
im

HS4: LDy O

I

LDy AHI L] 50% X|AH
Methotrexate: 45 mg/kg

Methotrexate-OH: 1.45mg/kgOilAl 3 mg/kg2 2 Eit 2.363 mg/kg
40| ZeT 0|F: -OHE F47|(polar group)Z ML S5 HMah

Category LDsp range
400 g0
1/\90 ‘ fi‘ Jt - 7ﬂ|
2 50 < LDsg < 200 mg/kg bw
3 200 < LDs < 1000 mgfkg bw
4 1000 < LDsp < 2000 mg/kg bw

GHS = Globally Harmonized System of Classification and Labelling of
Chemicals (United Nations, 2015).
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3. HHE R OIS YAIE - LOAEL 0%

LD, : B 2.363 mg/kg

LOAEL(lowest observed adversed effect level, £| 258 8&): 1.8358 mg/kg/dayS 2 FHE.

81 A:(LDg,:LOAEL) 2| LHHA QI ratio: 2-2.50|2k= 2fgt [ LDso2t LOAELS| ratio= 12822 XLt & = Q3.
a8t LD502| S8 2= 0f wet 275 GHSO| WEH AIYEE 2 71 28 S4 272 Category 101 S E.
Ol= 542 887 40| CHEHS| steepst?| WE0 Al¥EE2| LD501 LOAELS] ratio?! 1.28:2 acceptable.

B e
Death

i
—
" NOEL ™~ NOAEL Dose
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« Vega-GUI-1.2.4: LOAEL 1.8358 mg/kg/day
L E

+ Methotrexate-OH2| A|H &

SHNE

LOAELS| H&H2| (Applicability domain)

VEGA

LOREL ([CONCERT/Cora) 1,00

3.1 Applicability Domain.
Simiiar Caimpounds, with Predicted and Experimantal Values

Compoun #1
cas 81755
Daiasatic:45 (Traning Sep)
SMLES:

=Cin)

s
U

Compound #2

-, CAS AT3mIE2-2
| Salmeetif 521 Tianng 5o
o)
0582

Compours 12
cas 1ismLone

e Ty se)
S S e
s e

Compound #

13078,
Dnusa asas (traig S

n b eceoici-oC1C oy o

IRCIOC)e(n 1 OCINS (~0)(=0lc2nace e CI=CINIEIC)

sopm(cIe))

| CINZE(DICINC=0IC(C{CICISC{=0)C)Cotecocel C20CET

Bt et vl 931
Eradicied vae -
Compoun #5

s ammaing
st 42 (Training Sst)

leLEs O-C/0EEEEEICOxt el FReIEINEC(-OICCE2(-D)eEeEs

S 13
e

Compound 15
cAS: 1345s
%0

i1 224
Frbe e Lo
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5. BISS0=SdAIE2 NOAEL OI=

LDso : B 2.363 mg/kg

ARAIG SAlo) 27|7F &R @S

LOAEL(lowest observed adversed effect level, |2 S48%): 1.8358 mg/kg/day =4
NOAEL(No observed adversed effect level. Z|LH £S48 %): 0.3633 mg/kg/day =
SN BHEE O S GA|IHOA D8O Z MTD(maximum tolerated dose)2 2 MEHSEX|BF LOAEL X NOAELS

Response
Adverse efffect
A
Non-adverse efffect
No effect
—
- NOEL ~ ~ NOAEL Dose
NOAEL
DNEL & MRSD=

SF  (Human Km/Animal Km)

<J2!> Risk assessment2| 2|5 X
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SHHOIAL o=

0l%: Program 6702 & 7tE =2 Positive SEQl 56.2% 25 negativeZ FHE|US
i A: Data9| X0j0| 7|Qlste He2 FHE. 2
GAHMO|LAIR d2|n ~MAIY 52| 37HK| BEE

Ztzto 2180l 23S
8l mutagenicityE 2FE A2 0|"EI.
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. HIYe (2 FYE  AUC - 0.85)
< Ol 0= T2 5HUAM AIBSEO 2AH0 SHOZ HOCUCD YN SHHOIY
ZDOIMY SHD ARIBCHE 2AS A £ US.

I [Name (Carcinogenicily

[Predition Type [chemical induced carcinogenicity
|End Paint jactive with confidence score:
Group [Toxicological endpoints
[Title [Carcinogenic

Frain

[Validation Appmach|mi fold cross-validation
[Balanced Accuracy [[0.81
e : =

[Descriptors 7| Mole-ﬂjlar fingerprints
[Method I ine learning with
i y domain| T re

Reference efl

e
ICarcinogenic Potency.
I“"'ﬁ Database (CPDE)
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9. MRSD 0=

HED
SF(10)

HED = NOAEL X (Animal Km/ Human Km)

+ Rat NOAEL = 0.3633 mg/kg/day
+ HED = 0.3633 mg/kg/day x (6/37)

» MRSD = 0.059 mg/kg/day (+) 10 = 5.9 pg/kg/day

HEZE7| 8% (meximum recommended starting dose, MRSD)

<H> HEUY 7|Eo2 SE28Y

S HEDZ Hgtst= Km Al

S(speles) HE (ko) | HEHH (W) Km Al
g4¢ 60 1.6 37
Of2lo| 20 0.8 25
H|H|2450] (baboon) 12 0.6 20
2H 10 0.5 20
#50| (monkey) 3 0.24 12
E7)| 1.8 0.15 12
7|Lof T3 0.4 0.05 8
e 0.15 0.025 6
A 0.08 0.02 5
opeA 0.02 0.07 3




<Section

-2> Al-based toxicity prediction

Polypeptide & Protein

o AZX 5|8 @ UYWL @ HYYAT

o Al-7|8t =/40{= 2E2|El: Small molecule & Polypetide 7Hs

Small molecule Polypeptide

74 22 1000 Olste| R7IEH +50-100 7HH 20| THY X Q12| OfO| At
Input 2o EA C2R|3EN EMD EMTF BIEE S of0| A MY
features for encoding 2 54 Sty S0t S5 #HE 5% ot it M
Model *Regression & classification model «Classification model
Learning «Sirmilapity. oCimilar . A -
approach Similarity-based approach Similarity/alignment(ti @ &=A)-based approach
Database *Drugbank, ToxCast, ChEMBEL, T3BD, Toxnet S | *Primary databse: Swissprot, TrEBLE, PIR, NRDB, OWL
Platform *In vivo & in vitro

«Clinical trial

QI HIO|=X =E0 oot 542 fUt Toxin| OF0| =t M

Toxic endpoints

“Chgelnl & ol ey Hys By

+Clinical toxicity@ 2 S8 &0 SP0| 2 gah LA-dH 2

CYP450 2|3t

5 «CYP4502| 7| Fo|of Hgt «7| 20| otL|0 Hetz|X| Y5
Reactive metabolite2 T2t 171z f=orore M
+ Pro-Tox 30 prediction nterpretable-ADMET

+ Swissadme “OpOMET «Toxteller
+ ADMETIab 3.0 “UNN-ADMET N :
+ BioTransfomer 30 ADVET seore *ToxinPredictor
s TOXSTAR ~ADMET-Print «ToxNet
L ouD QSAR foobox O edtion «NNTox
= « ADMETSAY “eToxPred .
= Wb b eTonpred «MAI-TargetFisher
= ; Vega-GUI-1.24 ChemoSAR «ToxIBTL
+ ADME/Tox Prediction - Profacgen MolToxPred OX
Jtoniid “ToMPNN *ToxinPred
" M -
pcsh *KEGG Drug BloxyBetPrediction
Deep ~xenosite <ATSE

+ toxCSM

“SMARTcyp




| 8%t polypeptide & protein S/40|Z1t £4

1-1) ToxinPred3.0 model - 0% 2 & §7d

« Polypeptide S CHE O] 4% 2l F= ZbZb0fl LS amino acid sequence Y 2 & 0=
« FASTA format - Peptide & A O| amino acid M 0 L3I0} 2XtE BB

1-2) 7|2 DATA
@ TOXIN: M2,58 12|12 0|42 SollM 21X S8 FLSHE Toxin2 121015 vs 542 LS| polypeptide= 12H01F

@ MERCI(The Motif-EmeRging and with Classes-Identification) At &: =4 Che# & 0| o0l 4to] ME FH 22 recurring
patterns(If & £ B motifs(0| O] oAt H{ O] &2 £ & ££)& 5518 toxic proteinss =41

=

+ 5518 toxic proteins: Proteins in cancer, neurodegenerative diseases, and infectious diseases

g Y ; % [ ) Paralysis
\ Celular Toxicity
! A 2 @ Tetanus

Cholera

Tissue Damage

Toxic Shock Syndrome

| MICROBES || ANIMALS H PLANTS
X




2. Model evaluation metrics(Z2 2 & J}X| E) J|Et ensemble approach (=8 3 2)

2_1) Xst Jt-l

@ ET(Extra Trees) Model - TOXIN
@ Hybrid (ET+MERCI)
® DL Model - TOXIN
@ Hybrid (DL+MERCI)

MCC Accuracy
- — ﬁél 092

2-2) Model evaluation metrics(22H7}X| #)2| SF7 2t 7H'Y o %
+ 2 Z(accuracy): TH 01X F SHE2A 0IE3HHIE - (TP + TN) / WM ME 5
« YL (Precision): A ¥l A2 0| Zt HIS - TP/ (TP + FP)

0.87

09
+ & & (Recall, Sensitivity) A ¥4 & LHO| FHO 2 Q& H|E- TP/ (TP + FN) 09

Precision

£0|=(Specificity) &M 24 & Z20| 34 Sk H[E-TN / (TN + FP)

MCC(Matthews Correlation Coefficient, Bl & A7 %) 272 HOIEHM 2 T3l
EIt X ®HIOIH E2¥0| HE )

Specificity

AUC(Area under curve): 280t S48 AotLt FESH=X|0f CHE HIHX|E
<d¥> =%F 2| Wit M4
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3. Bee venom - Melittin
3-1) ®a|Ele] X2t FASTA

R ML
L i %ﬁ%

GIGAVLKVLTTGLPALISWIKRKRQQ

3-2) HWalEle| X2t EFES(MIC)

Table 1. Anti-bacterial properties of bee venom and its compounds.

Bee é/ennm/lsola . Organism Method Dose/Maode of Action
ompounds
Melittin S. aurens Disc diffusion Mie H el
Melittin Hybrid
Cecropin A-melittin E. coli Mcmtr(er broth MIC 37 pg jmL
dilution
i Microtiter broth
CAM-W E. coli dilution MIC 0.3 pg/mL

MIC, Minimum inhibitory concentration

3-3) FASTA format
+ Melittin: GIGAVLKVLTTGLPALISWIKRKRQQ
+ CAM: KWKLFKKIEKVGQGIGAVLKVLTTGL
+ CAM-W:KWKLWKKIEKWGQGIGAVLKWLTTWL-NH,
66



4. Wa|El9| ToxinPred3.0 model2 £3t of

%

4-1) ToxinPred3.00] Input

Paste peptide sequences (Fasta format): Example Input Sequences

Or upload peptide sequence file in fasta format: | Tt 417 | 17451

Select Machine Learning Technique used for developing model

O ET based Hybrid (ET+MERCI) DL based Hybrid (DL+MERCI)

4-2) ToxinPred3.00] Input

Select the Threshold value:

—_— PPV: Paisitive prediction value
Subject - Sequence Dose/Mode of Action ML Score Prediction PPV

Seq_1 Melittin ~ GIGAVLKVLTTGLPAL... MIC 8 pg/ml. 0.82 Toxin . 0.894

Seq 2 KWKLFKKIEKVGQGI.... MIC 37 pg fmL 0.485 Non-Toxin 0.48

Seq_3 KWKLWKKIEKWGQG... MIC 0.3 pg/mL 0.57 Toxin 0.585

- — 67



3) ToxinPred3.02| ME# X model Zgte| Z 1|

4-
@ ET(Extra Trees) Model
@ Hybrid (ET+MERCI)
® DL Model

@ Hybrid (DL+MERCI)

MERCI:

Cancer, neurodegerative
disease, ZHE S
Hghat B3 5518 toxic

protein

4. Wa|El9| ToxinPred3.0 model2 £¢t 0f

_—

Select Machine Learning Technique used for developing model

| ET based Hybrid (ET-+HMERCI) DLbased (@ Hybrid (DL+MERCI)

Subject 4 Ssequence i A ML Score

Seq_L GIGAVLKVLTTGLPAL..,  MICH ugmi 0.2

ML model

Seq_2 KWKLFKKIEKVGQGL...  MIC37 g/l 0485

Seq_3 KWKLWKKIEKWGQG...  MIC03 gt 057

Subject 4  Sequence ML Score MERCI Score (+ve) MERCI Score (-ve)
Seq1 GIGAVLKVLTTGLPAL.. 0.82 0 05

+

ML * MERGH i FruiEkveaol... 0.485 0 05

Seq 3 KWKLWKKIEKWGQG. .. 057 /9//—\.“_5
Subject A sequence / DL Score',

/ Dose/Mode of Action

Seq1 GIGAVLKVLTTGLPAL.. ( MIC gt 0636
Seq o Db model KWKLFKKIEKVGQGL... \ MICE7 il 0.897
Seq 3 KWKUNKKIEKWGQG...  \ MICO3 ugi 0938
subject 4 sequence MLScore N\ E\Rcm&ve)// MERCI Score (-ve)
Seq1 GIGAVLKVLTTGLPAL... 0636 0 05

DL + MERCI

KWKLFKKIEKVGQGL... 0897 0 05

Seq 3 KWKLWKKIEKWGQG... 0.938 o -0.5

I

Select the Threshold value:
0.5
Prediction PPV
Toxin 0.894
Non-Toxin 048
Toxin 0585
Hybrid Score Prediction
032 Non-Toxin
0.0 Non-Toxin
0.07 Non-Toxin
Pr;di:tinr; PPV
Toxin 0.667
Toxin 0.989
Toxin 10
Hybrid Score Prediction
0.136 Non-Toxin
0.397 Non-Toxin

0.438 Non-Toxin

0.262

00

00

0.021

0.362

0416
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1. A17]A X] & A4](New Drug modality) 9] & #3}

fa

22 E] Zd(Boston consulting group, 2022)

Technological maturity
Low

High

Emerging

Advancing Mature

Proof of concept to demonstrate Technology advancing to cover Expanding to cover different
value for imitial clinical applications mechamisms of action and
improve convenience

different treatment areas and
: address wider clinical profiles

PROTACs

Small molecule
CAR-T

Microbieme

¥6T  TiLs

Recombinant
Bispecific ™ pc protein

therapies MRNA Oncolytic virus antibodies

(therapeutics Sterm Gene RNAi and Monoclonal

’ therapy oligos onacions

Cell therapy antibodies
| mRNA

» (prophylactic vaceine)

Marketed products’ 0 66 2 3 8 17 18 19 140+ 500+ 37.000+
Global pipeline 300+ 252 333 76 713 537 682 x 14,000+
(early-stage activities) (99%) (92%) (92% (97%)  (94%)  (92%) (95w (819%)
Sources: Evaluate Pharma; BCG analysis.




.

.

2. Nonclinical pharmacology study: PK & PD

Nonclinical pharmacology study: Pharmakinetics(PK) + Pharmacodynamics(PD)

PK: The time-dependent concentration change of drug in blood(How the body affect a taken drug)
PD: The biochemical and physiologic effects of drug(How the drug affect your body)

Pharmacokmencs
Absorption
* Distribution
* Metabolism
* Elimination

A

Pharmacodynamics
* Efficacy

*  Toxicity —» T

r

Drug [ Drug concentration (
dose ¥ | in blood y, L

Drug concentration . Effect »
at target site

)

Body's
response

Figure 1. The

between pharmacokinetics and pharmacod!

with respect fo the effects of drug dose on the body.

(Chuetal, 2017)
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7to| =2kl

0
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E e

(=
==

HAFHE)

BEL(minimum anticipated biological effect level,

f.

(Maximum tolerated dose, M
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[
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=
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Yok

MRSD =

%3k o
20 Fo

AEers Xg

(biotransformation) |

4. MRSD 4}Z9] $]3] NOAELY] o]-&

£%: MRSD(Maximum recommended starting dose:X|C{ A& %x7| 82 )

Small molecule
HED = NOAEL X (Animal Km/ Human Km)

HED
SF(10)

HED (Human equivalent dose: & %-$14] 571-4%)

MRSD =

SF (Safety Factor, ¢t 71<7)

AEA ey Es
(Small molecure)
@og=24)

&X\Q@l

W
E3
o
, 1
O
=
o

ASA-F
Biologics

|

gosm

CH AF

et AR | (metabolism)

CO2 + H20

o ko

MM l

A9l wiE

HED = NOAEL X (Animal-Km/ Human-Km)

Table 1: Conversion of Animal Doses to Human Equivalent Doses
Based on Body Surface Area

[To Convert [To Convert Animal Dose in mg kel
Animal Dose in to HED* in mg/kg, Either
[Species Img/kg to Dose in Divide Multiply
[mg/m?, Multiply ~ |Animal Dose By[Animal Dose By|
by ks
Human -

Child (20 kg)®
[Mouse
[Hamster

Dog
Primates:
Monkeys®
Marmoset
Squirrel monkey
Baboon
[Micro-pig
Mini-pig

YRR g:x@mwz@

008
013
0.16
0.19
022
032
054

032
0.16
0.19
054
073
095




5. Al-based toxicity predictions} MRSD-°4 Al EH o]

QA7 2%

A=) 5070 o] efnlate] AZAE Tl Al polypeptideo] 2}313
E2 @ A9 polypeptidet ¢ Folgbar s} x| gk it vl A e

917 %5 (artificail intelligence, AlJ& 7]uko 2

Skl

] ok

2] E = small molecule(3 22 1000 ©]

27k, 3% 9L 43} F t}4=9] polypeptides -4 9.

Small molecule

Polypeptide

B

<22 1000 Of3to] R7|2F

*50-100 HE=2| £+l X 019f OF0l =&t

Input
features for encoding

-Ba2hE S4

-SCUNNMH SH SY 0 BEE ST o0l AE

Model

*Regression & classification model

«Classification model

Learning P o N

. - . B 2 A)-
approach Similarity-based approach Similarity/alignment( i € & Al)-based approach
Database AZ{UQDMK ToxCast, ChEMBEL, T38D, Tox «Primary databse: Swissprot, TrEBLE, PIR, NRDB, OWL
Platform «In vivo & in vitro -EZH HISIEH =0l 28t S48 [RS8 Toxin2l 0H0I =&t

«Clinical trial

Toxic endpoints

~CHsto S eI 4T Wtk me

ook

«Clinical toxicity 22 SEEH S0 &0 L2 H 2l

CYP450 2| &

Reactive metabolite 2 & &

+CYP4502| 7| Z0|0{ T

«JIZ0| OtLICI Mt Rl

+ Pro-Tox 3.0 prediction
+ Swissadme

+Interpretable-AD)
+ ADMETIab 3.0 *OptADMET
« BioTransfomer 3.0

TOXSTAR

+VNN-ADMET

124
‘ox Prediction - Profacge

+xenosite
“SMARTCYD

toxCSM

“Toxteller
ToxinPredictor
ToxNet

*NNTox
MAI-TargelFisher
~ToxIBTL
ToxinPred
+BloxyBetPrediction

ATSE
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Part 6. H| &4 M2F7|'L0j| A{2] New approach methodologies
(NAMs: A3 H2 WHE or AN 7|4 CiHH) O|3HR} 22 Y 7|&-dH &



Hd NAMs =82 HHiZ

Section—1.



1) HA™OM H2 OFE

o S5 T2 YMAH M odEo aslt AHES LBsHe Ol U0l 7+E MEF =
® 112{Lt o 80~90%2| 2|%4Z0| YUAAIFHOAM Mf

® 15 40~70%= UMH 55 BHO|L 5402 Qg YMAHA Hfz

1-1) 54 =0

%

® Concordance rate: H{ Q&S S 4| 54 (it YLAHOAM LAY S/d9| H 2

0:

Multinational Pharmaceutical
Company Survey/ILS! Workshop
~better understand concordance of
toxicity observed in humans with that
‘observed in experimental animals

Human Toxicity

71% Overall Concordance
trve postive]

63% Non-Rodent

43% Rodent

{Adiami &, 2010).



1) YAAHON H2 oFE <HE> Q4| cytochrome P450°| S8 UX|E
1-1) EM = o o OV e
family | oubfamily Human Monkey Rat
SN P = i
. . CYPl Y 3
o HIYY SSUHT YHAIY Af0] SHo| 22X lateE
® NAMsOllA = SZHxto| 7t 8ig Ei
CYPZAI3
CYPZE CYP2B6
Cipry
)
_m R —
et atural N | Active forms ————» T
(minor pathway) decompositior (Electrophilic property) =
% — — Phasell Interaction with
‘ o cellular
Indirect-acting @ ¥ (HHExHY)
chemicals 3 i i
(major pathway) L‘FBlo!ransformaﬁo —-Gaacieluelbolies
(80%) - A=
Lipid, Protein,
depeniient independent & i
(major pathway) irreversible response  response
Toxicity Cres
Efficaty
@)
al, o7|2xi0ol EMI|M
<d¥> R7ISHe S47|IH ol3f cypet ux| g

(234H, 2011)

(Konstandi, 2014)



ik
Al

ol

@ LX5}0|HHE (Alzheimer's disease, AD) X| 2H|0f| Cist S 2 2Ho| 2XH

fofl XILEXIA &S

XX
(=R

2taet MEHF dH

¥ 3ol & U ofgzols

R

4

2.AD2| ¥Z

-

S oAl
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1) HA™OM H2 OFE

12) 92| S0 - Mot gl A
@ 712 (Parkison’s disease) X|2H|0l| LSt S
o 7l X|2E QI S22 266712 AP
o OtRAS Mo 2 o 79 90%, HEE
nzlEol TIgolA 7§40 = RA50| 2ol E

e AN

=R Y

YR0ME #2 A AL

A

> QI7h CjAt

g 240l 2XY

T 2Y4(Zeiss S, 2017)
teoz 3t Aol 95%, Hlelzt
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1) A AN R A58
1-2) %8 S - 2 7o Asfdql
@ ¥ Q17F-9 4 F(Non-human primate, NHP)E ©]§-% HIV/AIDS ©A A1 ge] #A413

® W QA-FAF(RAA S} vk o] S)elA LFH A3 Wl 85F ) A thi M4l AlEo] 197719] 1A Gl =

« 713915 0] (cynomolgus macaques)$} 17+ Aol ¢] CD4 T-A| % 2 CD8 T-HEo|A A3 & AAA T23Y(Tan 5, 2019).

o g3 9] Y zho] 9} J)F Ao (Miller-Novak 5, 2018)

o NHP9} 217k 7ho] #25 &= o] AHHE =3 b9 (IFITM, interferon-induced trans membrane protein) 3 #}¢]
2}o]# (Sharma %, 2019)

AuA A zAFlE 7 F 1~21d vl AIDSE HH EkE Wk, 1FS 8~10d0] A8

s .

100



Z 2 (Reduce), CHH| (Replace), 7H4 (Refine)

-CiH| A & (animal-alternative methods) 712t —

2 S¢lf 02 == Yol #0f0f oist 2XE XH

0= ¢ 85 % 0| ¥0| "= EHAE HX| XX

Burch & Russell

welle mRephCement Animal
i 'ECVAM Reductionoe

Al-driv

Organ-on-Chip Refinement organoids
FDA Modernization Act 2. ISTAND Pilot Program
Human-Relevant Science .
EP NI H European Commission
Nuremberg Code

M, ReplacementBioethics
Chemical Safety Assessment ™®skProiect

secti A lternative Methods """
Scientific Method

101



3) ZHH B

Table 2. Approximate of the number of animals used in research worldwide between 2019-2020.

® mAb(monoclonal antibody) 17 7H'& Of|A]

Country Number of Animals
United States 20,000,000-24,000,000
M Xl;l Ol:!goﬂ NHP(H|O|_|?_|'%§-§|—) 144D|'E| &8 China 16,000,000
Japan 11,000,000
p i kel 724 X of ct European Union 9,400,000
+ 2|2 NHP ot 02| 7+ Z|T 52 22 Australia 6,700,000
= 5 ot chal ok o Canada 5,067,778
o IL ~ x South Korea 4,141,433
da 913 3¢ 650~750 M (A 1=1) United Kingdom 3,300,000
Norway 2,282,710
Germany 2,151,805
France 1,865,403
Spain 761,012
Mexico 685,315
Switzerland 556,107
Belgium 437275
New Zealand 240,000

(Dominguez-0liva end, 2025)



2. NAMs &%

=2
=
Thu
=
oln
o
rot

= E-[fH| A| & H (animal-alternative methods): x| 50 0{d SO AL E|QIS
HA4 7152 Bdst7|0= 24

oM 7 X2 0% 438
2 3kSeok S, 2013) SO}

o 2=
2 WAT|0 A L2 New

e SE J|UHOIHE Sl M U 55 FH
2014), & X310|H Y (Pippin 5, 2019), ¥5d

o 20{°] #|x 7|2l: NAMs(New Approach Methodologies)2 20164 4
Approach Methodologies in Regulatory Science Proceedings of a scientific workshop'®l|A{
Z4xoz NHE 8

H7t 20| NAMs2 &2 O_l’gt.‘:*BEM SStEE, oAE £ J|EF 2EO A
o

S &-LHHI A "® (animal-alternative methods) vs NAMs2| X}0]

2 71k vs X2 7|8 Xp =

- o YIH-%
QA 7|4k CHAH

* Human relevance:



3. FAA 5 NAMs - 233 84

® 2022'd: FDA Modernization Act 2.0 — A of Al &2 Hd 225 HX| L INDO| &= CHAHIOE 58
« g O|%E 5{7}: New Drug Application (NDA),
« HFO|29|2E 317t Biologics Licensing Application (BLA)

® 20253 48: Animal Testing Phase-Out Roadmap -~ S &4 o|F THAH HIX| 7} M4 -7+0| =-QIME|E K| FLH|3tg|
of He B0 T

« NAMso| B#F2} HXt =8 — NAMsS| BE B} 2ol thh et (verification, Validation, Applicability2] 352 F&2t
X & HAl)

+ INDE fIsH NAMs-7|8t X2 HZ £T U JUAIE 528 Qlol AEE AT

o]

o

Ao ige % HEH SYAE A=} B0 NAMs-7|H SHAY RHEE SH YAt A

= =

o%

23

[im
ol

© 20253 12E: FDA Modernization Act 3.0 — E53}X| 22 FDA ®Ci3HH 2.0 5 FDA 78S 7150

SE 97 ARE HA

80



4. FDA Modernization Act 3.0

1) 0= 22| Mordernization 3.0

- O &2l2 2025 128 162 T UX|Z FDA A0{2HY 3.0(5.355)2 &1t

- SEAE, HIoF, ¢, 2EH 5 Ao CfEt HF S ‘HILL HE(‘'nonclinical’ tests) 22 CHA|

|1&2 S8 A7 ME22 2™ (NAMss; New Approach Methodologies) & Q14| MZE 7|4 BH.27t-0|E. 7|24,
| 54 0% S HAMEES SA ot +Ee2 wIg oln|

2) Hoisty 3.00f M2t FDAS| 114 W ¥ LIS
® 59 #2 £ (Establish a Pathway): 21%HE 7S $I3t NAMs 3912 B & e T4 HAHS opas|o} o
® 241 MAf(Prioritise Review): $21E NAMsS ALB3I0] JH el ol Zof s M ML Hote Hof3t

® £¥4 Y 2 (Transparency and Reporting): 2 ME 7, SOlE @ 9, 1 22 o4Els 58 75
0fl CHoll ofd 23

81



5. 20263 FDA T+H| M AHI2| 4CH H3}

® FDAZ} A E I = 7| Mo 28 27 7|F(evidence standards)Ofl F2oh= WA Qo] LaHE HSLE €Y
o FTH: MU MES Hio| 0 £/d43t, KT 2lgt, §4 WHES| YUMoz A M Z|chet Hcl ot} 7ke| 2
Zxtofl st i g

@ New approach methodologies: 27t=0|E, &7| 2 &, Q2|2 29 5 ¢

=
;O EE ALl ChE BEY, o

47kX A5 Ao Cfeh =t X|H = (47tx] S g ot
b a2|D Syl A ojArAd XIHE)

@ Single-trial standard(THEAIEHEE): &0l ZH2 e MEsta & SHE stLte| 771 ofx| Mo 5019 7|2 27 (default

By, A2 U Wl IS 54

=

J
tot

requirement)

@® Plausible mechanism framework(Z A% 7|™ =YL A): MEL ZZ2o| WE3HE X3 YAE x| 2H|(individualized ultra-rare
disease therapies)2 ™ &X{0l AHAHO0| E7t5 I 7|7 HI0|E (mechanistic data) 7|¥2 &2 S92 AL E 75

@ Bayesian methodology: M8 A&AIE 70l Ho|X|et A Y-S X3t A Al S7{(real-world evidence)2t 7| & F=et

=]
A= HEo| i = EH T (external controls)S S&dte A0 CHa O =t 74| XIH

82



Section-2. CtY¥$t NAMs 2|t 271 - In vitro(Q1ZF M= 3!
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g !
1) 549 d¥H 84 R ECER:
BTSN L S HADMID
P o . pSE=i NOAEL, 3 3 M. 5 ™
« Target organ toxicity® |5 HHEEOEMAY 1 R‘/ﬂféé L° + LOAEL, BMD, MTD, 5°S: £5

« Positive vs Negative Response

2) 4o Hyy &Y

« E4E€8A K| HE(Toxicokinetics Parameter)
+ E4o 8-21 T NOAEL

3) Yynootngy

+ MRSD = HED/10(SF)

s HED = NOAEL x {Animal Krn/Huimam Knn)
* HED = Human equivalent dose({HEE S

SHSEMY
& Biodistribution Trmax Cmae AUC, Ty, UK|0| 85




® NAMs2 2

2. NAMs

UFEEIIE

NAMsOi| Chet 7} =25 0|1
BE M22 opehy gy

TH 7| =0 Retsts Fo
----> QUH|7|E CHAE

dbs Il ily

WP TR

NAMs 7}E| 12| E SHE THH 8 ZQE
+ In vitro(AZH M= B ZX): dotel |+ ME 7|8t 2MY
=t MEZES MBI 52 MM Y | « Spheroid ¥ Organoid
S IR B A7) deltel Uil & | - DIMMRIST ALHMPS): B 912 F7IOrgans-on-a-Chip) | + WEHSY, AAS4, DL 4F (A2
HE2 TABE TE - E7IME R T ALY AEY 8% ‘é S2tE)
- NEME QY I
. c B XS R EE 5Y Y « FIH 8% A= E4FCHAI2Y 0|
LMot R G SLakE 25 Xs 8T UE STaT A=
* In silico model: $g=x & #HAH | | L g ygu oy ow Aol , Off-target $I8! B, PBPK(ADME
GlOE{2l TS EAS0l HIE B M2 | | Lo mni= moter) 9ot olo Hal B oIt
U 22 050t= 712 - ohtX T2 S| | o7 shss motsly| 9ot 7|4 St A|AH . HE S J|E SEAHOREE 7}
‘g1te| 7I(QSAR) o AZ A AAE 53 MRSD £ 75
. o . .« HEO|Z Y T BR2A £ A(0): DPRA, ADRA(II S ZEMA|S,
 In chemico(3t8l 4T EHE EM): Mz ;SI-: Jkgg) o 3¢ =240 (TS BHEA
L gEA goIE Su amE BX ama | G D20 oy e . £42739] £4, Mechanism of
82 SN Y UBHY U BB | | hue o nn way A action
ke - 4B s ALY

HTS (High Throughput Screening, 11 2:CH
Fazeld)

O =22 NAMs?} s &

109



3. In vitro(21ZF M= 2 XZX]) NAMs

QAL HZE A8t SEHYOME YBE[H WBEIX| 2= A Y2l

rir

* In vitro(AZH M ZE 3 ZH): Ao}l
7

&3 (a) 2Kt B (b) 2D MEL|X| (c) 3D 2™=0|E
« ZHHIE OlAI
MZ7t 27sto] 4
a b jchcuturs 3D spheroid N ew g2 age | gz e £ ) B2 EEA0
CR-x] EHO| BfSts TS | M ECM B3 FH| g 3xb2l _jrli
HOl oA TS Y | St MEIR TR | o =T
=
= R P P PPN
O 0 O T OROROROAORD | Mz 2t
o | 2.0/t 2
Extracellular matrix S=258
2 ol7F ZIMEE 0|R5H 7F L 2 21 Ol £EM ojn2 ojst ypor x| S S(ME
<JB-1> Q2 ZEMZE 0| 8%t 2F | A5 22 X 54 FFE e Y = Wy =2xo | woia/xe Bolg| Al
= o] El =g ol
Ol A Extracellular matrix(ECM): M Z2|7|Z H|CHAl)
(Olander, 2019) oz
alzta 35 & 2 S ICERS))
c)
WEES = Of 8| 0|C|gY-22
et [NERN | 2t Ils =4 A7




3. In vitro(21ZF M= 2 XZX]) NAMs

3-2) 27} 0| E(Organoid)
3-2-1) Spheroid vs Organoid

® Spheroid vs Organoid: 25 3%2/(3D) MZ i 2L0|X|8t, =X
SE@T)Y U, 27t 0|2 FIIMES| Xk7t ZX 2K (Self-organization) & Sl A K|

Jr
>

SAOA 2 AHO|7F AT AHZO|EE Bt ME
79| #2758 RAHE =St PEH

0% ox
oz
1

<A ZHOI>

£33 AT 20| E (Spheroid) 27tk 0| E (Organoid)

Fo| «3D9| e MZ S8 - 3D 2% *3D2| O|L| Z7|RAK| - Self-organization

S HE AMEF, UK ME (2BHE MZE) ZEZI|ME, Hjol/F =R E M E
«Xt7t ZZ|3} (Self-organization): @|F-2| At=Q|

EER-E SO ME ZH43ZE, 22X 8T QolE Ma™eE gl Hit 58 S 222 3%
o txet7lsg &

X/ SHlmH Chast 18 72X A F7Iot fASH B8ES X715

=R 2% SY R & A7, ofE 2329 SHE mEE st o, BI| 0|A
*ECM2| 3D i ¥ E 2|8 matrigel-3D scafold
A& - OtE2|E &(Dome) 7|9

of H X2 HO yior _

e oy FEFH NS (Lowattachment) | xysiu s 2 om0l 40 Htol SU0f of
£ IE817| o S DEXIL Y slojER
B Z+2 otE2|™ HH K| (Xeno-free alternatives)




3. In vitro(QI2t AI= &

3-2) 27} 0| E(Organoid)

3-2-2) Mz 22|

+ HYOFE 7| HIZ (ESC), BHIE7IMZE(ASC) RE

« B71E MSHIFEHC X0|(AF)

+ Matrigel(839 7| M3}

—§ —

Embryo Embryonic
tissues

L —® —
i

Normal
tissues

. ® —

Health/Tumer Tumor
individuals tissues

<J&> Organoid2l Bt

E

S2l hydrogel scaffold)2| ECM L{0llA E7|MZ2| SA1} 2315 |RESH0 3%t 7

B8 //_; ‘.)
e
Dissociation
)

Dissociation

Reprogramming

Dissociation

&
!
)
L

HSEIIME(PSCOE ZHSHA HAsts FIIR 23 |E

<&E>>%7|" 97hro|E HEE

TEES

EHXd(Table 1)

£I3t signal factor

— ‘Table 1. Induction, differentiation and maturation factors for organoid
generation.
ESCs
9 Organoids Differentiation elements
e
.n'(.‘ — N2 supplement, NEAA, heparin for neural
e\ induction. Insulin, 2-mercaptoethanol for dif-
Brain 5 . ; :
ASCs ferentiation. Vitamin A, retinoic acid for mat.
uration.
2 Signal sl Activin-A, BMP4, Wnt/beta-catenin signaling,
= factars P Lgrs marker for endoderm induction. FGF4,
bl 9 Intestines Wat3 ligand. Respondin-1 for differentiation
iPSCs Gremlin and Noggin, EGF. FGF4, Wnt, afamin,
ZRNF3; REN43 (ubiquitinases) for maturation.

Liver
Tumor cells

Kidneys

E (Yang S, 2023)

(Amiel-Pérez S, 2023)

Activin-A for endoderm induction. BMP4,
FGF2, hepatocyte growth factor for differenti
ation. Oncostatin-M for maturation.

‘Wnt, GSK3a inhibitor for induction of inter
‘mediate mesoderm. FGF9 for differentiation

Activin- A for endoderm induction. Wat, BMP,
FGF, ¢AMP. Y-glucocorticoids for differentia
tion,




3. In vitro(QI2t JIT & ZXZ!) NAMs

3-2) 27}£0| E(Organoid)
3-2-3) JH'&e| S - O/ M A EX|(Microfluidic system)

« AF(A): H @IteolE0 Eabg fA|0 A, SR, I QAKX IS WA =T Eo A ER +F B2 of
300pum ZHOI7HX|2 HESIEZ, ¢ 2 270|290 SHREM= SY ZHOZ Qlsf DAL 2.
< 2F(B): 3% OMRH Al2-2 O 2 27102 A0 ZX MO E /4 S22 Mgzl 284 +82
SUAZ. TS NS LS Flo) 2ot BT 3K FT-AINHOR FojE 4+ YA,
o -
( Brain organoid ( Brain organosd
7 Waste T Waste
removal removal
‘ \ \(TIntergrated 30
Hydrogel | micronic
c) ,'
2 = ~
Controlled perfusion 30 spatiotemporal
of oxygen, nutrients ehemical delivery to different
and growth factors regions of the brain organoid
for signaling purposes
Abbreviation: 30, three-dimensional
(Smirnova S, 2023)
<> erhwolmel BP0 4718 P

33 A8 Adste 32k #AlfAl (microf luidic) &



3. In vitro(
3-2) 27}k 0| E(Organoid)

O 2}

—

Al

3-2-4) J&e| & : Microfluidic system + Sensor chip vs Organoid and organ-on-a-chip platform

+ <13-1> Organoid-on-a chip(&8 42| 27}x0|
B SBL= = H7. SlO|E2 2 LU M o ROtMZoF Al LYl A=

+ <1&-2> Organoid and organ-on-a-chip platform: @7t 27t=0|E 7|gto| Ex}p Y
CH AN &2 °“'E|°i S . 0B
CERE]

Hofstn FH etg Aol WAl W) 0| HEES

vascular channels

organoid
™ channel 1

E):ojieH &
S HIYo 2 Hadly 2

gt 27hiojE 2

sgAs

3

e
=)
x
to
_\1_
H
o

n
I

e AT + U AT AT My
Al Q i =1

ol tjee B Sof 2

EFHa AN 242 QUM RN 7|8
Of-8 AIAHIOIA 7 Q7Hz0|=5 HYBORMN FIES X HallE =5 £72 U

HCOp GestA e

Selenium i

Liver Organoid

“rich tea ?

Molecular toxicology Histopathology |

=
¥ A 4 Cadmium-induced
tumor !
I liver dysfunction
organoid 1
Histopathology | Microfluidic Metabolomics

media circulation

Microfluidic Device <Z19-2> Organoid and organ-on-a-chip platforme«|~: Hepe2 cell:
AFAE)
o <O-1> OMGH ZX| X & 4ol 27t 0| E(Organoid-on-a chip) _
(Ren S, 2026) 114

(Gunti S, 2021)

Cadmium-
contaminated
Tice

|, G

\ ) 18 | icus

e H Y

liver-on-a-Chip | 3 , iy ‘
e

Lk



3. In vitro(QI2t JIT & ZXZ!) NAMs

3-2) 27} 0| E(Organoid)

3-2-4) 7j'&o| % - A cross-scale(

o9 ZAut:
- ItlEE (Cd ¢ 52 2 ey
+ 2|5 (Se)2 40ug/mL Cd

e ETH® 7t 0|Eo| ZX|HZ|

A)
£

vite

Cd30 pglmL
€40 pg/mL
Caso pg/ml.
ViCHCa S0y
BHP
VHCHBHP

Se 40 ng/mL+
Cd 40 pg/mL

Se 160 ng/mL.+

o

Xt £H2]) toxicological system

A
O
Zh-2-0f-E 2| O|M X CHAFM|EH): A cross-scale(iLXIEHR]) toxicological system
B) é
ii z
]
]
(Ren S, 2026)

e D05

@ Liver-on-a chip2| O M| CHAMK[E} $H3}11s



3. In vitro(21ZF M| = 5! =) NAMs

3-3) Organ-on-a chip(&4 &7|)
3-3-1) 7= U H7A 3+ 22 - Triple channel design 04|

o M| 7H2| "B microchannel: £ 0| Mu/x 2(Z3 3D ZX/ECM 2 8)0| £ 50 Ol0|AZMY(F2 FB/HT 51 713U F S8) Atolof
MNAN US

® Microporous membrane(0|M[C}3/d B}):qostn Ct3 4 of(LRHH 22 PDMS, PET, E2|7tEH|0[E)0| XS 22|80 M= 7t 458,
SYE M, MZ o|S(Ool: B MZ |2)2 7IstA &

® Microchamber T+4: 30 25 siat =%
s S AP (U AE)YE HAs

<& > Triple channel design2| 0i[A|

(-] Pathogen/drug
under study
Air
\ ==

Extracellular matrix

Cultured cells

Microchannel in Porous membrane

Tissue specific
microenvironment Side chambers

Vacuum

Microchamber out

: (Nayak S, 2024) 116
Organ-on a chip



3-3-2) Organ chip and blood vessel formation.

<Z &> Organ chip and blood vessel formation.

(A) EEtH flz|of 7|gtst 1zt =5 T-2-0{-F (lung-on-a-
chip) OFO|22 FX|o| UMA MA U Fg UH

(B) @ ahifm M Z QX VEGF (vascular endothelial growth
facto)ofl 2|5 E% HEI0| o8 & ot

VIAN ORGANS-ON-CHIPS

>gargan-leve/ functions

Upper layer

[Porous.
ne

Lower layer

N

Side chambers. Vacuum

= Outet
Droplels

Leftside Cenler  Right side
channel  channel channel

Passive
pumping
teefinique

Inle
droplets.

Upper fayer Batiom faver Gompleied device

S . /ﬁy - s

module Wicrovascular networks

module




3. In vitro(QI2t Al

3-3) Organ-on-a chip(&4 &7|)
3-3-3) S XS3 CH7|2-2-0-FH R MY ERE.

(A) CH712-2.0/.3 BHES XA MAS WA E
oI HIO|E{0f LYZ et HH AAHO HYE: N5s BY we
Hof7|, g2lx WM 2E8 A X, HI|eH M £HE
o E3t5l=

sesis

TRAMA, 2|1 2= BES LM Z22Y5tof
=

AFE

(B) EEH 74 242 0|R0{T &Y OM{H X2
JH2f=: OjO| 2 2HIO| Q2| U, EYERE, MEA J|E EY S2H
MM S T7|SHEHY Ho| MM S8 ZE

Automated Valve
Controller

Extracellular
Microenvironment
‘monitoring

Peristaltic Pump.

B Bubbi Trap
1 organ Modle

2% Organ Module o
A evicaichemcn .
‘Sensing Module 1

(Zhang £, 2017)



3-3-4) Lol 58 - 3D ZRIE 7=

~ — —_—
( 3D Bioprint 3 QOrgan-on-a-Chip ) Applications Improvements |
=Qst 2 High-esolution  Combining Bioprinting & Microfluidics Drug Development
<388 55> 30 Bioprinter  for Organ-on.a.Ohip platforms Wew ueatmens o neuclogical and
. P > psychiatric disorders
® 00C 2| biocompatibility (<4 M| & gt ) ot e Wouth High Resolution, Multi-Cell
= I by lozzle Multi-Material, Complex Constructs
O[3z Mo e SDmodel. kgt Y —
_ - Scaffold - Baicn Y
® 3D ZEF A2t OoCot §F .\
- l/ v o
. Encapsulated \ / /
cells within 7’ Gut-Brain-Blood-Brain Barrier
2 S0 printed /q/g ) (Gut-BBB Axis)
@ tissue model S =
Disease Modeling
Fatty
liver
* Human-relevant models. |
o « Reduced animal testing >
(" Microfluidics ) « Improved toxicology testing gy |
L } + Cross-organ interactions t Tﬂ
ek « Better disease modeling Fat . ——
tissue ~
« Precisioncontrol ! “WW;‘” ()
« Small volumes | = ) ! o w o ’-‘"""_ ®
« Faster reactions . Non-Alcoholic Fatty Liver Disease
« Costeffective julti-organ Platform (NAFLD) 2}
L]
. N e
-~ ")
* @ ]
.+ High throughput [GPEOT
= .+ Integration RFAR 4,‘_ Patient-derived
" '« Miniaturization = cells The Future of OoC Systems
¢ Real-time monitoring - i
Versatility Precision medicine in
cancer treatment
OB 1. 0oC EHE X SBS I8 3D HIOILZRIE X OIIAZER0H2A2 S8 (de Barros S/%2025)

HNe.



3-3-4) 7'&29| S%: Body-on-a chip

o X K Ui oMty S =AY KL 10702] AZF FIIAIE 4= AFSIE HID| 2 of-H FKE N

Il

Immune response . lng Heat Skin
Contractiity and conduction N AN

Epithelial cels T fy
Endothelal cells—%

~ RIERIEA
%{ n A) CHS 0oCo| 7
wat T o

—Gut
Human Body Human Cells Organ-on-chip - Liver
0+—Lung

.

Transport and clearance

: Body-on-a-chip
= H

Circulation

B) £ AU Chas Y7o ZE
10-Organ Chip
e N

G tung

s

Endocrie

C) T A 10 Y72 2g
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3. In vitro(ZH M| =

3-3) Organ-on-a chip(& 4 &7|)

Z %) NAMs

3-3-5) 384

Figure 5: Organ-on-a-chip (00C) and drug development

Drug development steps

Aninial testing
:tIHﬂsvd m-!h ods M

L,

4E @

Pm:llnical FDA approval
development Clinical trials e mb’-l:k -

cell-hued m!ﬂlods

Fundamental
drug research and
discover

[Efficacy |
Emerging applications S: Potential toxicity

©0C can help examine a potential
drug safety issue seen in a clinical
trial. For example, a liver-on-a-chip
can help further investigate
possible liver injury seen ina
clinical trial patient

00C can help assess safety and
show clinical promise before
administering to humans for the
first time

Organ-on-a-chip (Q0C)

Personalized medicine; 00C
couldINCorporate a patient's
cells to test drugs for
individual safety and efficacy
befare being pluscnb'd a

Special populations: 00
could help identify effects that

are difficult o study clinically—
for example, effects of radiation
‘exposure on pragnant women.

Rare diseases: 00C could
help investigate rare genstic
disorders, which are difficult to
study with sanventional

{mages). |

(GAO-25-107335, 2025)
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3. In vitro(21Zt M|Z 3! E%]) NAMs

3-4) Organoid vs Organ-on-a chip2| ZTHH

Organoid Organ-on-a chip
C e MBS SY 27Ho0|E= 0] S| O1FY, A2 WE Il | | oxyae o M
M 3 0MEES g7 7ts 2 M EHE AN
- XA ofsh HY| BHO|L BE RN BXOIA 014 T XN 2| S qwmar @ o of
L S HY g 2-0-Y
2ot 27| il W22 THs A TA BAESts O AR
CUHE: H| 21 0|S0|M HAS DAY U ABEO B | | sieg a2t 2‘3_01_,;.
S84 Y 7|Hg Oofgiste o =2 Eﬂ_'ga'?:g‘ R
- osy °I-t SEXE RO M ZOIM R 2I4=0|E= HE | | quouTin:« “Hig|
9.‘% S0l thet SEE NSO REE KB U2 LS| o yu ot maler o1zt
Sauser /o ae Susio WaxS0) o7 wee) x | - SE H¥ Aol 2w
. & 7| 27|
ﬁgéa;ﬁa ILAIZ DY) ATASOl AL LS = | pasior =2 mao) o3t o
Mot abdE oFtte O B8
- A AAREF: Q7 0|Ex YHNOoR A, MNP, = | - SFE X[R04
2A 7L glo] M2 CHE YA 2t ST 4288 A7 | T Yl EX9 X|&H
of 3. - R HIE e MuMo| AZE 2|2 3
COA R e dY B0z R MBI YR e | KRS AFEX] R glojH HEL H D
£ S23| LA Raf Ho| DAL Mstn g,
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A THFE £F < 71ZE @ 00|22 U 7| E= HiX| SES Wt ME WES Xsst
- REH SESET WM SHXte| 2ANOl M3l REY £ 1 AH Ao IS F + AUS.
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4. NAMs2| IVIVE - 7% =93t 0|4

4-1) IVIVE(in vitro to in vivo extrapolation)2| 7H'd

« 08 NAMs2 Q1K 7|t In vitro dataO|D{ O| £ QI 2 Q&S &

ot
=2
i

+ MPS(microphysological system, O] |44 2| A| A &)

<J&> Organ-on-a chipg S& IVIVE

(Organs-on-chip, 2026)
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4-2) IVIVES| B

4-2-1) IVIVEQ| in vtiro data
* PBTK(Physiologically-based toxicokinetic model): ¥a|&x 7|4t S4EEst 2 &
« PBPK(Physiologically-based pharmacokinetic model): M2|st 7|4t ofgst =&
« IVIS(In vitro-in silico methodology): H2l-AFE Alg20|M W2
{

IVIVE(In vitro to in vivo extrapolation): &5 0l A|H2 L) A1t MA| LH2 Q|4
@ IVIVT(In vitro to in vivo PK or TK): &29| SEiSHY X|& Q4
@ QIVIVE(Quantitative in vitro to in vivo extrapolation): §&%

ok

Al LA el

STH

@ IVIVT - SEfSHS x| & 9|4 @ QIVIVE: 24| £ 052

Absorption  Elimination

Cmi

ax
(the maximum serum concentration)

AUCpo
AUC v

Minimum
concnentration

Bioavailability=  tnblion
im )

Richly perfiot tssue

Toz2 (Half-life): Time at

which drug has lost
half its maximum

\{-.,, concentration

X

AUC

(area Under the Curve) g..fng
Overall drug exposure  yeatment

Venous blood

Amount of drug in blood

MEC
(Minimum effect concetration)

Ol dose

Time(hr)

Drilg is

Trmax
taken (the time at which the Cmax is observed)

(2151 71 ¥ o 3 # -NAM)

2|8t PBTK 2% 7|4 POD

(Point of Departure)

in vivo PODs
LDy

LOAEL
NOAEL

. 2024) 101



4. NAMs2| IVIVE

4-3) IVIVE 2}’8: Human Liver toxicity & PK prediction from OoC

4-3-1) 7|t 2Y-] 2 Liver-on-a chipg S% 187 %E2| Zt5H(DIL) AlE Zat

Table 5 Sensitivity and specificity determination.

Model True positive _ True negative _ False positive _ False negative _Sensitivity (%) Specificity (%)
Chip donor 1 16 5 ] 6 72 [514-868%] 100

0 6 60 (353-803%) 100

0 3 80 (542-928%] 100

1 il 42[229-640%) 100

(Ewart &, 2022: Proctor &, 2017; Hendriks &, 2019; Li S, 2020)
4-3-2) Human PK prediction from OoC

|
| 0oC
. (Organ-on-a chip)
i
i
|

themati
modellin

« OoC system
optimization
« Cell donor
selection
« Sampling times
i | optimization

Oy

« Clinical pop. PK
prediction

- Special pop. PK

prediction

+ Q0C in vitro PK
profile

experimental !
design T

Proposed approach 1 PBTK

102

(Milani S, 2023)



4. NAMs2| IVIV
4-4) IVIVE I 2719 0oC2EE M oS

Toxicity Biomarker Reference Specification o o
AL (alanine
i 5 oftiver
AST (aspartate ol damage #
aminotransferase)
ALP (lalinephosphaase) (9] Dbgpostemerterst v
CLUH (phamate el arly detection biomarker
P [0 Eady detecton biomark x
HMGE-1 (high-mobility Early detection biomarker x
)
v
OCT (omithine - . . .
ST 3 Farly detetion biomarker
ST alutarhione ) A detecion bomarker
it (24 Farly detecion biomarke v
[ 251 bol bior v
miRNA-122, miRNA-192 [26] Genomic markers v
CDH-5 5) 27 v
TABRT(ftracld Bindiny (7] Proteomics biomarker *
rate) L) function v
Scrievsandurneoupu (5] Dasresc mker of A1 ¥
AR ) bbbty
NAG . .
oy iy 0] rly dteton bomaer N
Nephrotoxicity ~ NGAL (neutrophil o v
iy
LEABD (vertype ftyacid [, : — %
i 121 Eary detetion biomarkes
P-1 (monocyte
e Early detection bomarker x
CHC (eystatin©) Early detection biomarker v
OPN (osteopontin) Early detetion biomarker x
CLU (clusterin) Early detection biomarker x
TFES (trefoil factor 3) Early detection biomarker *
resistance) 8l functions. v
miRNAs 1 Genomic markers v

(Cong S

E

POD ZH & 9ITt Biomarker

2020)

LVDP (left ventricular
i re) Diagnostic marker of
i ol ‘myocardial injury
systolic pressure)
Tl (troponin ) s Bl
TaT (roponinT) o] Early detection biomarke:
BNP (brain natriuretic
peptide) ] Early detection biomarker
Cardiotoxicity NT-proBNP
MPO (myeloperoxidase) ] Slomerker obrdntive
‘miR-146a, miR-1, miR-133, ) iR,
‘miR-208, mik-499 1 Sesmisiae
beating frequency, systolic o
‘stress, (9 potential 5,461 Mechanical markers
. Biomarker of barrier
TEER: 7 functions
plasma P-Tau Diagnostic marker of
(phosphorylated-Tau) 5] central nervous system
T-Tau (total Tau) (CNS) injury
e heavy a
i ' 1l axonal in
subuni jury
iRz, mR 2, mR 3,
miR191, miR-499,miR-325,
. g 501 Genomic markers
Neurotoxicity miR362:3p, miR-51,
miR-4
H-FABP (heart fatty acid 1 Diagnostic marker of CNS
binding protein) injury
SP,sCDAOL, TIMP-1, MDA, e T
s 521 Early detection biomarke
MBG (marinobufagenin) 1531 e
Gheelin 54 stomachysmall intestine
injury.
DA (diamine oxidase) 1541 Biomarker of small
Citrulline intestine injury
D4, Coreactive protein 1541 R S
NOS isoenzymes 151 Breath biomarkers
Other toxicities Biomarker of upper
HO (heme oxygenase) 561 respiratory tract viral
infections
‘CYP (cytochrome P450) ] Biomarker of pulmonary
H202 i iscases
Breath methylated _— Lipid peroxidation
hydrocarbons ‘markers
Jo— =1 i




4. NAMs®Q| IVIVE

4-5) IVIVES| £:|ZZXZ: MRSD £H2 23 NOAEL =8

Response

Adverse efffect
Ly

Non-adverse efffect
No effect

Threshold

LOAEL

NOEL ~ “ NOAEL™

NOAEL

Dose

DNEL & MRSD= o™ 1 man Kn/Animal Km)

<J8!> Risk assessment2| |5

2%
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5. OoC-digital twin model (DigioCS)
5-1) 7hd

® Digital twin Platform: OoC2| real data + C|X|E E¢l SHZ(SFs WESHH 1%, A7E AFH W st=9lo] S5 WE, 3188 50/X HES =3

® Convergence(S): st oI Ma|stx ol ofa|as IS AIS3|0|MBHe CIXIY A4 D2 o7 Zuto] 0| JhX|S 7H UM AHe| geom o

Data Collection
Gathnering data from various
soutces 1o reale accurale
vitual models

I e o p——

Your Chip Digital twin platform Pharma_ Industry Continuously improving mode!

g acturacy with new data

OoC-PBK

Digital Twin -QJ
)

computer-based

Real data model development

"N Analysis and Prediction Modeling and Simulation
e [ Predcinghuman P Using digtal wins and to Bulding detalled computer
B | @ predict ouicomes and models fo simulate biclogical
= = . understand potential effects systems.
<a% 1> B7]-2-0{-H(0oC) X CIX|E E EHEF| Mo 7HoM HUF 7| a3 2. YL HTOM digital twin HIAEZL

(Gangwal &, 2025) 105



5. OoC-digital twin model (DigioCS)
5-2) DigioCS2| OoC data 2’8 O|A| - (Liver-on-a-chip + digital twin)2| IVIVE 0| A|

® Conventional approach vs Digital twin approach vs Clinical observation2| AUC(area under cover) H|il

® Conventional approach: 3271 st3H&¢2| %& & S%A2 YUK 2 0|8 7H53 2H-2-H 1t 3D Spheroid At&

0.65
jconyentional Conventional Approach
ngu_acg — 0.55 ;
. 3
5 i 0.45
_E é 035 Dlgllalvtwlnapproach
H g
N £ 025
<]
5
8 o015
0.05 -
o Patient population 1% T 2,
I I ] I ! -0.05 Clinical observation o2
ds 20
00 05 10 1.5 0 2 4 6 8 10 12 14 16 18 20 22 24
Ratio (Prediction/Clearance) Time [h]
<J¥ 2> g 7P S0i(60mg) ¥ ZEZh==(Propranolol )o AlEEI0IEE SASt

<38 1> 3270 %E2| 7|E F2Y thH| DigiLoCs
o UMY L8 5 IF (224 F2 Ay B&Y(Borgstron S, 1981)0IA CIXIESH0I0),

B HEtol HRS LEY. JIE 280 JIgE d@as

. - DO WSS B ONE S8 OlH HASS ASHE
(Aravindakshan S, 2025) 6 oy o) ox /! MNE5He
S (A2M JW)T ASHO0IMED. S A2 + 1 B



5. OoC-digital twin model (DigioCS)

5-3) OoCZ 0| 8%t LLMF M ZB EL|E(prednisone)2| IVIVE O|A|Graf S, 2025)

)

5-3-1) ¥ 54

+ Corticosteroid Z22 9 ZEL|E2 ZHjM BHSHQ ZYELEECZ Het
+ Z ELEE(Prednisolone) EFIAAZE|RO|E 8K 2t 2SI HEE FEX WA 2Y8E 2AH|
- <EIS> UM A7|0f 2 B2 B0l 71 5 BN 20| A
+ A=9| Placenta &S ZHE}Y| flof o MR HEEY £
CH,0H CH,OH
c—o C=o0
[
ceeeOH HO, —---OH
CH,
11-beta-hydroxy steroid dehydrogenase
~ T
o o
Prednisone Prednisolone

Fig. 1. Structures of prednisone and prednisolone and interconversion between each other.

(Xu &, 2007) 131



5. OoC-digital twin model (DigioCS)

5-3) OoCZ 0|8%+ YLHF A Z3 EL|E(prednisone)2| IVIVE Ol A Graf S, 2025)

5-3-2) 37l 7| & HZEl OoC-digital twin model:

® Three-organ model <integrating gut-on-chip (GOC), liver-on-chip (LOC), placenta-on-chip (POC)> vs Single-organ
model®| PK H| &4

-\
P
N Foot s BEE 56 4T Az iR eE ey 2| 4

B)
B) Ml 712 BS0Mo| % £ A=

Ejo} 22lo=29| of2
ol CiApME 0| A
Ejgt o5

H 2doqol o2 £
= Prednisolone
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5-3) OoCE 0| 8% YR O0|M =2 =L E(prednisone, PD)2| IVIVE O Al Graf £, 2025)

5-3-3) Three-organ model <integrating gut-on-chip (GOC), liver-on-chip (LOC), placenta-on-chip (POC)> vs Single-

organ model2| PK H|1 &4

<Zat>
(A) MZgiol & 3 27 SXatel pp Y £4

~ goloj3 e gl

(B) ul1-1|'='-| e

(C) 4% 9 % 48AI1Zt3} 55 nM PD(Z| 1 Cmax) £0| ¥ 2447t &

AMo IDH MY 5d
— Ch 9l 37|12 1 nEol M MESHo| S

p
g

(%] Prednisone Stock
8

.IT

Absorption Prednisone(PD) [ PD_55nM

= PD_55nM
[ PD_550nM

l%.‘fi
LA

Ctrl_single)

‘connected Biochips  GOC single LOC single POC single

(100%

normalized Permeability

Tl ﬁ[

+ o+ -+ Prednlsone

<HdE>
® Three-organ model2 C|X| g E{l A|Eg 0|1t Agsto
ZYELE OAE Sol, ATPAE2 EHOF A E ES S

T+ 90| SE 4 0IE 39 AT ASY UHE BY

o

cti_single)

nomalized cytotoxicity

(100%




6-1) &

6. Organ-on-a chip 7|8 MRSD +%

|ZH7}2 ADI(Acceptable daily intake, 1Y 5|43 ME 9y

RbES—
o I|E oA BF K| e
(EH])
E271 AF2F 70| O1Z2H 0|
ADI Default safety factors 10 | SEo A= 2otz X0l
(mg/kg/day) | (ZIEXTAF) 10 | ARRHE Afol9] UZE Kol

ADI 34

>
o

NOAEL
SF(10x 10)

- EFER0IS9AE 2l NOAEL
s MABEL - Minimum Anticipated Biological Effect Leve!
Therapeutic Unsccoptaie
Range roxicity

Efficacy curve

Toxlcity curve

o
Dose NOAEL
100 b1 SF(RHEA %)
SF ) SF
£ 00 / AU xjol
10 uy / 10 0y \

awis |
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6. Organ-on-a chip 7|4t MRSD %

6-2) Organ-on-a chip 7|9t MRSD F%

6-2-1) 2E2| MRSD(maximum recommended starting dose, QJ4HX|CH A EX7|2%) A W

<Small molecule>
HED = NOAEL x (Animal Km / Human Km)

NOAEL
wRsp= EB = Terr1oy, Human km
SF(10) 210 o)
Animal Km

I

ED(Human equivalent dose) = Q1M S7+8%

of

Ol A) SHELQL QI ZF RIZH= Xto|o| QHH 7|2 (Safety factor: : 6/37)

=0 AR Zto| RIZE KOl HIF 7|HE MEHUHo R &G0

ME

Table 1: Conversion of Animal Doses to Human Equivalent Doses
Based on Body Surface Area

To Convert To Convert Animal Dose in mg/kg]
Animal Dose in 1o HED® in mg/kg, Eith
Species mg/kg to Dose in Divide Multiply
mg/m?, Multiply  [Animal Dose By| Animal Dosc By
by ki
Human G7)

Child (20 kg)" 23
IMouse 3 12:3 0.08
Hamster b 74 0.13
Rat @ 2 0.16
[Ferret 53 0.19
G uinea pig g 4.6 0.22
IR abbit 12 3.1 0.32
Dog 20 1.8 0.54
Primates:

Monkeys® 12 3.1 0.32

Marmoset 6 6.2 0.16

Squirrel monkey 7 53 0.19

Baboon 20 I8 0.54
Micro-pig 27 14 0.73
Mini-pig 35 1.1 0.95




6. Organ-on-a chip 7|82 MRSD =%

6-2) Organ-on-a chip 7|%t MRSD &%

6-2-2) 0oCO|M Q1A 7|t - FZt safety factor?| EER

<Small molecule>
HED = NOAEL x (Animal Km / Human Km)

MRSD = HED N:AE;\ X
SF(10) [sFaox e
MRSD =

6-2-3) OoC2| S'dSE S ZHOM 1.5 - 6t 2L =4

=

NOAEL
MRSD =

(3.2)

Concentration [umol]

Conventional Approach

Digital twin approach

Clinical observation
10 12 14 16 18 20 22 24

Time [h]

100 W SF(HA )

s J\‘a

S

P R S

SF
aul &0l
10 v

IEEEES
2%

FERAY

32
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Sexction—2. In Chemico



® NAMs2
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2. In chemico: Reactive metabolites + Glutathione

2-1)%f=9| 241 2531 7|H

Natural
decomposit

> Detoxitying
.

Interaction with
cellular macromolecules

Direct-acting

chemicals

(minor pathway)
%)

A @R
i

» Active forms
(Electrophilic property)

Qo
#2228 ndirectacting @E)
chemicals \4 =
{major pathway) L Biotransformation) —>Reactive metabolites
(80%) g\
Fhas Lipid, Protein
: s DNA
independent Reversible & Irreversible

(major pathway) irreversible response  response

Toxicity
Efficaty
(2eH)

2-2) Glutathione2 0| &%t In chemico

‘GLUTATHIONE (GSH), reduced form
s Human
SH) i
o o Liver
H
NH, o
glutamic acid cysteine giycine
(Glu). (Cys) (Gly)

popiido lnkago

{ 89 fraction

Glutathione
Conjugate

Small

Molecule —™|

Microfluidic chip
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1. A7 Ht CHA'H MAM Ed3te] ZEEQl A 7| - 37t%]

2022'd: FDA Modernization Act 2.0 — Mof Al &2 Hd 2R 5 HX XL INDO| = M HOIH 518

« g O|%E 5{7}: New Drug Application (NDA),

« HFO|29|2E 317t Biologics Licensing Application (BLA)

20253 48: Animal Testing Phase-Out Roadmap - &S24 & 2|2 thAN HX|7t FM-710| =- 1 E[E77HK| T H|Bx|of
A FHo 2

NAMsQ| EFE3} Xt =8 — NAMs2| HE HIt deof Cist 2ot (Verification, Validation, Applicability2| 352 &3t
X E HAl)
INDE 9I3 NAMs-7|t Xtz ME £T A YA S22 2k HESE HE

ok

o2 33 SO Mof LS Qo WEHA SHAIH AtEet HEO NAMs-7|8 SHAIH Xt2E 2 A= A

2025'F 12E: FDA Modernization Act 3.0 — E31X| %2 FDA ity 2.0 & FDA 78S 7130l 52 A7 o7
£ HMA
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2. Q21X 7|4 CHAIH MAM E/d3te] =213 - ISTAND

2-1) ISTAND2| 7i'&

- HIAAE U YHAIHO N HHY T2l OIS MoK,
Mo jol ofFe] K8 4 s Ao Y EROl HMUZ T3
o2

£ 2020 Mo JHEE e HUH e J|E I Y(ISTAND,
Innovative Science and Technology Approaches for New Drugs) A|'H
Z2IHS 48

<2025 72 312 ISTAND AlH =230| ¥HXel oJekE 7)Y
&£ 7 (DDT, drug development tools) Mz’ H =21
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3. 224 #|x9| H|2]& NAMs(New approach methodologies) 7}0| =20l

3-1. DRAFT GUIDANCE

®March 2026 Pharmacology/Toxicology. U.S. Department of Health and Human Services Food and Drug Administration Center
for Drug Evaluation and Research (CDER, 2|2 H7H2 40 )

®DRAFT GUIDANCE: General Considerations for the Use of New Approach Methodologies(NAMs) in Drug Development
Guidance for Industry(£12f 7HZ0 A NAMs2| Z&0] &t YutE ol 2 Atgh

3-2. 45 112{ AFH(VALIDATION CONSIDERATIONS)
FE H2l?| st MEE NAMs Aol siA THs 8t dEld

o X 2¥S =
Atgtoll ™S E: (1) COU(Context of use, At& M2}, (2) 217 MESHE X EHd(human biological relevance), (3) 7I&X §4

£ M(technical charcterization), (4) SX X &Hd(fit-in-purpose).
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® 3 JtXl Key words
@ Organ-on-a chip (0oC)
@ Digital twin (DT)

@ Al (Artificial Intelligence)
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