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‘Adverse Outcome Pathways (AOPs) and mechanistic frameworks’ 20| QIX] Ze/d

e In vitro models (cell- and tissue-based systems)

* In silico models (computational tools and artificial intelligence)

e Ex vivo models (tissues/organs outside the body)

* Microphysiological systems (MPS) (organ-on-chip)

e  Omics-based technologies (genomics, transcriptomics, proteomics, metabolomics)
* Adverse Outcome Pathways (AOPs) and mechanistic frameworks
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oZleg X2H 7izel dof Q3 NAMs
=%

—~
T
Q
c
(%)
0]
=
oln
N
o
N
w

~—

Ot S2 BN MY BIHO HYYH YIO= 2TotN(Blesa 5, 203), YAIF
of 24 S FOI2 Y2 Qucts WA A ol SIQ WHYHOD WY MY
NE AZS TeotR Rof SELWO Y4N M JH5HS HCBILA DECH: WS

o7lEd A7 E Qleh NAMs7F CHSHA ZRHgh L Zh 2Eof AofM FHED o+
Lok =X 2Lt 0|5 NAMseE gietdoz &4 dXF A H ot YR =22
o 2wl 8 Il EE T O MO 2EO| Jhssittd AlzE. MatM 7|1E ot
8o =220 et 2HE2 NAMsO| CHeh 1E2 Modernization 3.0 #2tE HOf
o2 oZIsd X=H Mo 2 =20 2 A2z AlzdE

. Op7|ege| Sda X =H el 2XH

ZHPD)Q My 42 FA Al HEL 2F E2Hresting tremor with slowness of
movement and muscle rigidity) 2|1 XA =¢tE(disease-related postural instability )&

ol -Al =289l (alpha-synuclein) £X 1t o
ZHSamii &, 2004). S0 EH % ol =i MiAel 21/ FHojel =2 A2
o, mZled¥2 MEA Hax T 7t WEH S7t5ts 28 18(GBD, 2018; Stocchi
s, 2024)

N
X
A
Mot o 0

In

X =2He 2HH

ZZE AHE O|F 40H0| HE WMMK| = =oiPlA X2XQ 22 =If(Levadopa: | &% Lj
oM S& Mg =Hol oLt =oflez Hatz|of mzlEy AXN ZH8Z st= X2H)=
DE oM7Y XA 7HY 2otNQl XZEHE A ED S (Doherty, 2025).

J2{L} LevadopaE =82t 142F SAE ez =HE 1049 FHZAL| ZTE AFRE
£ =0 ciet mzle® A ZTHo| O] & d(heterogeneity)O] 2HOIE (Williams-Gray S,
2013). &, 104 £, 55%7F A, 68%= AtMl 22HE4d, 46%0AM= XIOH7t =HQlE[RAS. &
1 23%= 108 = X|Oij/XtM| =2HF0] 0] o
g0 Fd MUYEL [FASH He2 mlEgat AYA

= ks &
Ho| Ol== =8 Aol 42 12 Yot YEHO|H LKA =T

[

L ZWHoE

[
of gl= olZHOIAS

O|et Z0] m7l&=®o| CHEXNCQl X|2XQl Levadopall O|EMS Sl =utdlA X|=ZH 7t ot
&3 XM =0QHH(disease-related postural instability)Off 21t7F ele CHEXN QL OfA|

o7|2 XEH JHLel St SEUHDY

EOHR-2F00 Qe mi7led X=H S ?IM MEE s S=E2E2 <E>OMNFH
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stetET Mzlo o SERY Ei 2)
oM EIEIZ Al2®E THajstol
L

—
~—

gy ot SEREez RN HREE
=

DE A HZEE S22 FZ mouse, rat E= marmoset
50| AF2E/(Bloem 5, 1996; Zeiss =, 2017; Michael 5, 2023; Reeve 5, 2014; Hemmer
S, 2017; Blesa, 2016; Doherty, 2025)

r
>

E 7ol X 0|8 s 2 W

—

<H-1> I}

— I 1] o X = — (=B
(1) stEE Mo ost SS2E
Nz 2F & Y g £4 o
=24 =d. HEZIg
M ®al A7 oo
L-dopa(=Levadopa) zoliHlI(L_Ll_ b“g.':"
_ ; L =A HeM o= ylk x| TV ewy odies.
6-hydroxydopamine | L FA} (.J_Hoo 28 7l ¥ MEME UolN e
BIgAEel T R)
oo
HAOO.
24 g28 /e &
AN FH U/ |, ya= MEH & oA 2 42 8
= o oo, -
S W FAL IS L5 Tl mxigx | S HHEY S
_I_l = - -+ . . .
MPTP/MPP* Ey FE/E0 9 y I_ET_L|-E|I 1IE74)I\?|£ (proteinaceous  inclusions)
S Ar8I0] MZ Cf C_©OT e ZO0|ANI Z
S s E3 25 715 B | o mas &
B MF DEs MM ' T OfE. HASHo| E[H
o] 8l&.
MEEE, SE-U=x
s KH S| SIoH_ | Kby ol
Paraquat =t a-synuclein =8, M | & 822 =X 25
T ZH| tyrosine | ! W5 S TA
hydroxylase Zf4.
s3 HY glo] M=
_ M A 2iC g
Emel 9 Emel O DS e pre
— = — . e
A FOf: Olgt =52 | AP M4ES MY Eofi} tﬁEOAﬂ H
Rotenone e MEZx =Zoxz A Feh el &4 H
o = o - o
St e gaE7(0tuA
c8: I (oligo-dendrocyte) S
=82 rYd.
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@ SUHEO| o SEud
el 23 Sk Uy e EM cH
=otgl 7| Fofo
. a-synuclein ¥AM =29 | & 2351 SE-NM
a-synuclein oIzt QERtel a1} ynucein &S S5 =Tote s3-d
overexpression H Sy H. 25 8 HEs 7l | =8 =02 MZAAM
P == O}, Zo| MHH s
B[,
SOy Ko 2
Al O S| H
. sopel way ga g | o AT HEE SE
oS 99 Sy vEH mm o oo SoETEd
Ol (Knock-out) oin =8 et CHe). Bt =
-synuclein =% Mo 2o MY

PARKIN modification

RSP’

18y 25 7l Mot

N MZEK ool Zba 20|Ak alo
7|% %!% %EE (il ﬂ E ;I;I_ IEI._XI o | - | ﬂ HA;L x
ol (Knock-in) -synuclein £&. S&-4 | -synuclein®| HHO|
nocen ZH EOel MANEO | e A,
ot #E E[A
SE_MX s o
‘1 df . k_ o [ L o o o o _ I . O| [=:]
DJ-1 modification Knock-out SOl SHAFA HS) =. o-synuclein®| 3
- See F 2% 2% gl
Zojph mEiey S SIS 2UH @
PINKT modification | A& MzEH =ool 42 = | & SE-MEH AA
i PN "ol Bl Gl=
a-synuclein &%, XA ojziat we Sy
Knock-out M 7l FOH. ME At Elll_f';;#)l 7|°; x4 AF
2 37h sty £ - c =
S MEH Ao
e 25 7ls Aot | Het Qg REA #
MZEH ool Za o | " ZEol 2XMF: 2
e Knock-in -synuclein &, S&-M |2 FEA 4 22
LRRK modification o o o o o
ZH =opdl MEMIZS | 2, Z22H A,

ot 2E E[H.

022 B8 AS =
A

Point mutations

mel @ geo o
oy B 25 Jls

> 0 12 I

NHE Y

o9
SH7t A9l g8,
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4. op7I=E(PD) Aol &-E0| 7hsTt AH-7|% MAMS

=] =/ -
=

e 0|2t Z0| XIEHCQ H2 XFE2 utfle axje| CiYst oo st AR X|LEX|A|
Ch=3lE|n CjE/do] £&Fst SSHSRAS ALE0f 7|l 24X} T O|FMHE F0|7|
/ot StIEEE et 2arEol Y ™ X E2H0| 27EH & O <BE-2>0MMEH HEH
ol HIAMAT Gl QIN|- U HISE-AM73 H7H4H(NAMs; New Approach Methodologies)”t
Tost MH™(Cassotta =, 2022).

<E-2> Q- % HFSE-M7 7L NAMs; New Approach Methodologies)

(1) In vitro 2%
In vitro MNEZF F&F g £4d uE o
Eoold mEHO S
soyspe g maz | Drosine hydroxylase 2ol). | 282tE, thY HiY2 =T
== T opzled B QA Wi | o HE oESK 28 3
Oh SHovsw Nera2 | ssax i S40) ofF | 2alslof gloo), XA =7
) H Ol a-synuclein 37t7t & | O] ZAO{E.
o7t ME A %jél' t'd%’il%'% ;’EEH
= ool Al Z iz &:
= =AEC SEAE RS by wae 2mw wE o
mzZled ET MEZ OBl - e = o
=gl in Ched=xl B &5 5 AEE Hf
- S7tEl a-synuclein EHHE. | Axl mEl oo =
= |-”i PIPN A HE MxF Ol o, I‘E | | e 7S = I
|:|_1_E._| I_|OE7| co X JTI.|'7|A §|‘X|-O| K7|A‘”E =
— — LT A= E T
SItE RH7bEA A% Xpot =0| Qs
Mg ot =X 4y | T TTT
(2) In silico model
In_silico ey FR BN F= 7|H =9l n2{g o
AOP FTE]
(https://aopwiki.org/aops/3)
L X|aXMoz MAE|T 9
8 2 - 7]t | Adverse outcome | DIEZ22(0F 7S S04 x| gt 7_||7<:x4 XIATO O} & 9);
7o 71 EH = — — 1= =1 =
athway(AOP AU S
=R | pathwayhOR) 7S HiR ¥n E8 52 U
HOIHE 7|dtez st A
o] ZHMH
E0lH FHINEE EXIA | 2= SX0A HEO| 7ts
Positron emission | & &8 mZIEHES CHE | oA YF. HAHY FHI
tomography Hetnt F-0| Jts. T | AFE Zts. 1H| 8. oZIEHE
(PET) 2ol Ol ol MPBE™M | =7 EHAOM= ol82 H|
o WHMEXX 8. o
ANA S gpme £ %
| 8 25 MEE S M gzaa wuze wxe
Imaging Functional MRI 20| M2 AlZh Zatof o OFE| T =
2 ofel/tst £ Jts o
Single Zx7| & TEkE VM =
photon-emission | 2t A ¥ 8 Xz =it PETHCI Lo SjAZol X
computed £ ZUHE Jts. HEHE arsiof 0fa42
— — =.
tomography (B | mZlaHat mziads 7| ©
SNYEHFHE | 20| 7ts
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5. 28

o Li7IEH X[EX 7HY IFF0M S=-7|8 MUY AlE Ayt g HEo| HIjst= e
oz O|]7t AS. W7IEY X2E ot =2 266712 AT (Zeiss &, 2017)0f CHs{ T
Ao =N [Oo|E £MO0| O|RO0MS(Zeiss S, 2017). OIRAE CHHCZ 3t G719

CE MR ot 79| 95%, H|QIZH AHFTE HY2E 3t Al®2l 67~80%01XM
orZlEHo| IR0 7i40] =IAS0| =HQlE. Lt ¢ £ T 32%%H0] ¢

o5 70| QUL S (Zeiss S, 2017). O|2t Z2 ZES S T A7 2gdH M7

Mes dEET ofL|2t ofEnt 22 o HEN CIAeIof Cist HES ofsi7t 2+ &

@ HIYZ FTFE Y22 o d7oMes dE HSO| LELIX gtely, F2 #H2 d
HE Ar8stAS

@ OIe2 2ES ALY d70ME A0 S5 F= ME8I2n, £ U ASO| #
M5t RAS

@ HEE Y2z o d70AME 2 HO| ELAOLE O LS FTA ASS A

o S=2EO XN Etdd XM Heo s=1 e Xz g8 7F LR =7t Hbh=
H2 H #1 H2 AA-2Ed UY o S EREES MASsts AY. ohizled 2ot
= O &2 Ho[0bA, =7| M, ZE 7|8 ofsi= &y, 2tatel ofdE ol2ds =5
ot7| flgh 2Eel 5018 roo| Yot 2RE 7|t PYAH 24 S0l 2+E

o <H-2>9 Z0| Il AFE 2ot NAMsZt CHEESHA EXE, defLt 2F 2ol A0IM
A oA £ ZXE. d2{L 05 NAMs= 2AstHoz £4&E dEX&F W HQZh I
gFe s=2gEn 2 Y 8 T ES F O MESHA 2EO0[ 7tSOttt A= E.
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FOHEISE HEQE XX HSE LAX|2t NAMs

EHEIZY BHA £
o

2HEIEE 2EH((Rheumatoid arthritis, RA)S XM Ql =atdnt CrFst Mzo| i 3 o
= Aoz EFXOX[= oY X7tHY Hto|H, 2= 2tE WiE Zefst z
=
=

' (Gibofsky, 2012).

Il

mo
o[
N
>
oy
@)
o
o
o
~
<
o
N
<
>

o ze A d
ElA BEAS 9D U0 JHY B8 A5 BEY HEf FEI0IM LHD, HX 08 Tt
5o o2 AEBH0l USKE BT AT AMANH IBS OXE Ty

FOHEISE 2R XN =H 71 st &xt H3E2| AR

BOEIZY B X=X Ny HY

—_—o

FOME|A BEYO| X X2 SMos HAHZO0EM HYSH|, glucocorticoidsdt =
MG JOE|AK|(DMARDs,  Disease-Modifying  Antirheumatic  Drugs)2  conventional
synthetic(cs) DMARDs, biological(b) DMARDs 12|11 targeted synthetic(ts) DMARDs S22

H =

c¢sDMARDs= methotrexate, leflunomidell sulfasalazine, bDMARDsZ+ TNF X&fix| 2l
infliximab, etanercept, adalimumab, certolizumab pegolZt golimumab &, T MZ S&At=
A 2 abatacept, differentiation 20(CD20) inhibitor 22{AE{ Q! rituximab, IL-6R inhibitor
2l tocilizumab®t sarilumab &, tsDMARDsZ&= JAK inhibitor?! tofacitinib, baricitinibd}
upadacitinib §0| JAZ(Smolen &, 2020).

BEXMOZ csDMARDs, bDMARDs & tsDMARDs7} 7H&HE|HAf RAS| X|& A7t ®AF 74M
ES0E =751, DMARDs T52E £& FERES Aldot RA BAE Y22 o
Aot AMAHOAM XD S EN AAKIE 2 40-60%0 HEE ZHo=z EOlE(Wang 5,

2021; Taylor &, 2016).

d=oy XzHel 7t8d SVt ROEL HEY 2X9| o2= A HH=g2L, ofH

— =
sl maMel KZHO| G A% BHY o= Hot I

UMAHAAM =0 QRS E0 AKX oF 40-60%0fl CHE O A|2F FZHE

g AAKXSl CHEXNQ EXME2 CtYst 3O DMARDsS| A& 7|HO0|Lt CD20, TNF,
IL-6, CDBO-CD86, JAK-STAT ZZ0 22 Ciorst E8 M= 2X 9 AlS MY mx 23
SHA ZHEEICHE M Q(Favalli &, 2017; Feldmann &, 2015).

g =0 %4=0 UF2E2 2SS 2O0[X| e 2XAt0|A bDMARDY! FL1|ALQAR-a A
MM (TNF-a inhibitor)) 7t 7t £0{5t0] ROE[A HEEYS K27t O|ROX| g, ALt



3.

TNF-a XEHHZE X222 ShXte| 2 40%+= O3] X|=0f BH3SHA| S (Wijbrandts &
2017). 3t =7 HESXO|2tE XL 50%= X2 AR = 1271E O|Ljo B2 HAF
((Buch &, 2007; Juarez <, 2012).

— <

rlo

1% o

d X=oF 2esX|n =9 2o 3 HGoIL o Y fId St St 22 o2
o =]

% (I):II. = =
| 20| EIE(Wang 2018; Liao &, 2017,

AN EEZ(systemic adverse effects)

Atzeni &, 2012, Haynes &, 2013).

ot 1o
r

XzH 7S e In viro 2 3! SEEERHO| SHAH

1) In vitro 2| CHEXQI oAt THH

o X|ZWHX| RAE FE LCHYTH Mo MM 52 ZEZ2 S AL 3. M= 7|8 X
Q MY HWA Chedh HYY /\l*E+Io 7/9te 2 NIE 2&} HlE ols, & Al H &
T 23S ZAMSHE O AFRE| S (Pretzel S, 2007; Giese S, 2014)

o OJAl: MEXOI QIZF =8k MEZ H{RFS TNF-a XFCHA| ZHEOf ZEXQ de sigto, o]
= MK 2Y HME =0 ZAS st o 7HE 43Hl Xz (Brennan S,
1989).

o THH: HXNO|H HIEE|N ZAO: SctAE HY £7] LHOIM M= R -75-’5!5 HY FSHA Lt
2 MEZFE AR A2 ZAnte| AMFo| Mzt ¢S F(Pamies &, 2017; Di Nardo
S, 2011).

2) In vivo 2EHO| CHEZXOQI ofjA|Q} THH

o T OA: ORA, SHE, E7)| | 2 CtYSH JOAM Feish B2 MM #HEE oA
0 RS TA-fE4 oY EREsE DZZHs2Zk-a:E HEE

o

(proteoglycan-induced arthritis), 7o MZEEH-FE= ZHE G (streptococcal cell wall
arthritis), -‘-EP'” R 2EY FE-fc HEY(@antigen-induced arthritis) g 22 HAHLSO|
7L 24 AU ((Brand S, 2005). EESH EZH|(0]: oil-induced arthritis)0ll 2|3 =
= 2E TNF-a transgenlc moused} K/BxN T-cell receptor transgenic mouse 51t €& At
oYM D E(spontaneous models), 21Ztzt 2 & (humanised model) §0| US(Hopkins &,
1984; Donaldson &, 2007; Butler &, 1997; Kouskoff &, 1996; Schinnerling &, 2019).

=

BOHE|A B

02 o

: et £
, BHEA Y 8l
JdejLp 2t 222
A Z(McNamee &, 2015).
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o ZMH GIA-3: HIAHZ0|EY &
O

2l Z2G0ME X9
2t ROPE|A 2HEY 2HXtof|A = o olEIAS

(Firestein
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4. EHE|ESN BHEA X EXN 7|LS 2t NAMs

o LY EESTH0| BOIE|A TEYPS ZEXMOo=Z HASE J|M 0[]0 7|03 AL &9
SHR|QH QUAF JHEl CHAO|M A SEHEZEC e MIEO Cf3 22t EZS SUss
S5 2E A0 h3H 22|X 2 QA0 &OoFX|1 Q2. oo et =EE Ql7F M o
FoMe g8Mat %S BN Al Fapdo| cfE 20| HZ|ED S(Leist S, 2013; van

de Stolpe &, 2015;

Wagar &, 2018; Davis &, 2008; Khanna &, 2011).

e 0|2t Z2 Oo|F0| HM7|Zjn /U1 O|F F55H7| IshM = UA-Z| HETH H2H A QIH|-
U HSE-M7 F7H4HQI NAMs(NAMs; New Approach Methodologies)2 <E-1>0] A&
2. 89 E7\M= 7|, DMSE, DMRNE, dRE o, A3Xls o 2E CiEHE o
H Z20rel |2 &N St Q7 Hets A= CiEst MER HAS HASta -
ISt <O A& QIZH A HoO|HE Asste s2t2 o7 F2E Y.

<E-1> FOE|A ZHEHARA) S0 =ghot Qzh 7jdt =31, nEdl o A
eIzt 7|5 o o g So——
E?‘/E'HEI/EE'ES oS x HSH (= )
o UMH EF, ROEIA ZEY EH 2™ QX}
Azt o, DR of | (O REM HU, BY, Mo| § sH g |
Z A Al 20, 8t Fehof: 1|2 Mg Het §)2 = 9=
oIstr| g
o FOE|A ZEY 2™ 3 |FHA B7h Chst
X Sl it dulg oMM o 2XM =
Ef% Enlﬁ _T'_x-lEl = o ol-Tl j:l-ol__:)OJ—l- e Bl B oL -9-|_ ™ | Marshall =
= okZo| EX™ &1t Y
2F Ch ME 7S ES AT © N 2025, Gong S
° == "o XICH X|Q: CIYSH BEA 93 7t ZtdH EH ' S
_T|_-6|;|I'Eo't _E_&‘“a L J_|_- o = =0 TTo — Oo=2, =20 2024
71" ofsf Z, &=7| HO|20AH EX|
« RA MDHE F=2 HIt
_ e Z20E|IA ™A o| =7| Hio|leOtH= o
go), Mz g xF, | 0 F T TECSE s
Jde|m Mo H=ZE Y = N N
=x muo) ane | B OIZHE Dae0, Mo BEME 2|, < 0
1 - = 245t HhAlo 2 O|7F M 9l XZXS HiQ ' !
SOE MZE B, & ool al xlsn L s o Siwei 5, 2023;
o S| =y e o mwol mojsls ME Y 2R S 20
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, (hiPSCs) 572 O|2dE ZASHY| 2. W= .
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] o8 EX OX KO go A3 S
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FDA ¢ HIV O “4(GlLead. 2025)
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1. HIV/AIDS?| 7=} BHA 7%

ret

1) 783t 2IE

® HIV HO|2{A(human immunodeficiency virus, 17t HEZE HIO|2{A)E AtZIS] HY XA
£ 348 HIHES EoEE[= Hiol2A <AZSHMME Hv dgez QMo HAHO
45| XMote|H AHSO|L SO LIEILLZ| A|ZSt=H|, 08 SHEHAZALSZ(AIDS,
acquired immunodeficiency syndrome)O|2t1 B(An official website of the United States

government, 2025).

HIV Progression Without Treatment
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For more information, visit HIVinfo.NIH.gov.
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HIV B4 A= 1980EC] = EHO A|”5|919'31 Xt 304 S0 2 WAl M2F0| AlY
Z|US. <Table 2>= 1990 E SHIYNX| ZTIME TR HIV WA = HAY HMEF QAMAIH
2 % ez, Wi Fd a4 EME, -’-‘-xﬂ LA CHAl/HY HEL f8d Es
ZIE LEHH A (Shim &, 2025). O[2F 0| of 20 7te| 3oz =7t 43Xl 2
7+ Ao 2 O[0X|X|&= RIS,

M=z HIV 2m T ME[S A0 AIDSVAX gp120 =4

LHAdis International, Ltd, 003), X|Z&9| 34t
MAYED/FEe VAX004 H EfZQ| VAX003)0ME ot 2s0| YBEX AUS
(Corey 5, 2013)

2000ECHO| O|O{ %I T-M[Z= 2F2 Ot cHio|3{A 53 If 22 HiOo|{A HIHE Of

ZEst CD8+ THE HIAS [ T3S (Buchbinder S, 2008). 2004H 5 E 2007E 77X T

Zl STEP UAAIEHES ZH Of&o|Lt HIO|{A 23| ZEA0] AHIHS 0t ofLzt E7 WA
5

o
HEX StRIETOM 23 Z2FE0| O = LIEtS(Corey S, 2013).

2009 Ef=OM ZTHE RV144 A2 HEHO| | AZ(Rerks-Ngarm 5, 2009). 7+Lt2|OFE
A HIE(ALVAQ)?} gp120 CHEHES 0|8%t 0|F =ZZtY-BAE QH(A heterologous
prime-boost regimen)22, HIV Z¥ {AES 312% Ctx AAA7|= AR ZQIL(USZ
(Esparza, 2013). RV144= HIV #dlo] Qiztg Hzg =+ Qs H 7ig 39
(proof-of-concept)g MI YD, O ALE JHMSHY| 2ot MER LA 242 LS
ol

Re.

0| Ct¥st ZEHE((DNA, viral vectors, protein subunits, mRNA vaccines)?t 22 HHY
(mosaic antigens, stabilized envelope trimers, etc)2 H7tsl= 8 |84 Ald % Ct
1724 A7 AT, FHL 53 M| (broadly neutralizing antibodies, bnAbs)E O]
8%t & MY T2 (passive immunization approaches)= YL A-S(Haynes &, 2023).

Jd2{Lt HQIZt-FEFE XL 073 |S0] S2| non-human primate, NHP)O|A 12X

| M2 CtE Wi HEO0| 197712 LHAE2=E o]ojH 2L, of 20
7to] o= EFstn H3XHQ Qztg WMoz 0|ofX|X|s RMZ(Shim S, 2025
Marshall &, 2023)

r
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Nonclinical Consulting

Table 2. The table below summarizes key trials of HIV vaceine or immunization strategies from 1990
to the present, including the vaccine components, platforms, adjuvants, trial phase / population, and
efficacy or outcome.

Vaccine Components

Population and

Trial Years and Platforms Adjuvants Phase Outcome/Efficacy
Bivalent gp120 (subtype MEM, High-risk Vacrine efficacy (VE) 6% (95% C1
W TR B/B) protein subunat Auin Women; Phase 3 =17 to 24)—not significant.
- oo ] VE 0% (95% Cl —7 to &),
VAX003 1995-2003 Riimknt gp 10 (ndipe Alum Injection drug users; 44 nlighted Timited pritection fram
B/E] protein subunat Phase 3 i ¥ ;
single protein immunogens.
VE —18% overall: HE 1.4
3 (AdS-seropositive uncircumcised
e ks oy Resmedeantadiiei Nane MSM; Phase 2b subgroup). Indicates possible
( ! NG BAg. P, De increased risk in some
Ad5-seropositive individuals.
Phambili Recombinant Ad5 vector 2 Halted due to STEP results; Interim
(HVTN 503) 2007 encaditis gag pol. net Neme Cemerel; Phase 2h VE — 69 (wide CI)
Canarypox vector i 2
il Lo VEB1.2%(95% C11.1-52.1) at 42
RvV1iH 20032008 [AL\fch i gpl}f!ﬂ Alum $3emeie] commmity; months, Demonstrated importance
protein boost {AIDEVAX Phase 3 :
B/E) of prime-boost approach.
D(I:\]A l}'}af“:jdffﬂr;e‘ii‘;“ MEALT : VE —25%; p = 0.44. Underscored
HYTN 505 2009-2013 E o i None TS WOMER Jimits of DNAJ AdS platform for
vector boost {Eny, Phase 2b e
G HIV prevention,
sag-Pol)
ALVAC-HIV (subtvpe C Immunogenic. 807 YV1V2-IghG
Env, clade B Gag/Tol) ; = ; respanders; GMT 1: 300, but
HVTN 100 205 prime; gpl20 protein MESS General; Phase 1h neutralization limited to Tier-1
bonst strains
HR 1.02 {95% CI 0.81-1.50) — 0%
ALVAC-HIV subtype C e I WVE. Nlustrated challenges in
HVTN 702 2016H-2020 prime; gpl20 subtype C MESS Adults at risk; Phase translating EV144 efficacy to
{Uhamba} i 2h/3 3 5 ki
protein boost different populations and HIV
strains.
VE 4% (95% C1 —22 to 40} months
Imbaksda Ad2s \'edﬂ.r muosaic Env, Eligh-risk wamen; ?—_24. I-I.ighljghted_dit’l':jmlhﬁ in
HVTN 705) 2017-2021 Gag-Pol prime; subtype Alum Phase 2h inducing protective immune
( C gpl4i protein boost responses against diverse
HIV variants,
Mosaico A::IZ{: \'m mosaic I:':Iw, Kliaiin MSM, Transgender; I_:’u tillit_g.r stn!:l,' '.h"E i . Purﬂmler
pr 2019-2023 Gag-Pol prime; mosaic indicated limitations of mosaic
(HWTN 706) L Phosphate Phase 3 v
gp140 protein boost immunaogen approaches.
Owerall VE 0%:; 75% VE vs.
3 so sy VROOI-sensitive viruses
AMP Studies Passive immunization .
. 20162021 ; : None General; Phase 2b (ICu <1 ug/mL), demonstrating
[HVTN 703,/ 704) with VEC1 bnAb Fim ificiky el el for brib
combinations,
Germline-targeting 7% 135/ 36) generated VRCO1-class
[AVI GOl izl eOD-GT8 60mer MNone General; Phase 1 precursors Represents a promising
nanoparticle immunogen new strategy for inducing bnAbs.
mRNA vaccines encoding Lipid Phase 1 safety; early data show
HVTN 302 20122-Present different stabilized HIV nanoparti- General; Phase 1 =50% binding-lgG seroconversion
Env antigens cles by day 28

MEM: Men who have sex with men; bnAb: broadly neutralizing antibody; Prime boost: initial vaccination { prime)
followed by later booster shots (boost) to enhance immune response; ALVAC: canarypox virus vector, Ad26/ AdS:
adenovirus serotype 26 /5 vectors.
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immunodeficiency virus)?} #=0| HHZAE HIO|2{AQl SIV(Simian Immunodeficiency Virus)
Ato[e] F Xjo|2 olgt HE St XjojoflAM H|RE ZAnAS 2| Ao] HQSICID Alg
3]

2) Z7F U SIV/HIV He|sHH oA wA JHEoAM Mo 2191
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sh(Miller-Novak &, 2018).
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HIV/AIDS ¢ 0 AM2E|lE CHAs NHPO| CD4 TMIZO|A odB7 integrin(CHE 22| HH& Lo
M EHE= O|F O|ZA M= EFH +=8x) & Xt0|. O] +8Mc HEo =2 BY F
StLto| HHo| Zutet X £of F¥2 0| (Byrareddy S, 2015).

HIV/AIDS ¢70| AMEE|= CFYat NHPRF Q17 Ztof| & E|= o2 QIHEHE &y 9t
Z(IFITM, interferon-induced trans membrane protein) FX&Xt2| XtO|HE. IFITM= SIV/HIV &

g 2 EHE AT = UAS(Sharma S, 2019).

SIV/HIV AN E FESt= Nef X vpu FTEXp/CHEEAC| F 504, Nef X vpu |HXE F
9| OtO|. o] =3te|0f OfEEJia S, 2009).
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NHPE CH&fe =2 of Qh2 Mot S HO|HA =F AFOAM FMIE Holg{A XMEAd(cell-free
virus stocks)2 AFEEIUS. Ol HE ME A 22 EXHCR O #HHY w2 WHE
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NHPOIA ARl FHO Y Aeo] Qzh 2Ed SHOM 227t M7|=0f 2.

FHA =S S HV SHO| ZHQ o= AT THHFO0 <FIAXE-1>0MMT
EMe. o5 HHE2 |UA HAEX 2 S0 FF0 AEEHE 25 ZRUAME
Z2EE. 59 0l HHES LHUGEF EAE REUA HE SS=XtE 2T HoHA =
Hur 28 2ES XS] RSO 2/ S. Ol= HIV X0 Xl e ExQIAt &
HIVE 9Aot= CHE HHEsS MEe2 FFEL AUS.

<X DXE-1> Hatziioannou T and Evans DT. Animal models for HIV/AIDS research. Nat
Rev Microbiol 2012; 10: 852-867.
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B( ig-tai . HOEQo|4 Ta|el=0| ZI1;
O 1 1 1 1
=8 A8 B(rhesus, pig-tailed, cynomolgus macaques; /228 &0|, EfX|me[@&0|, 711
2| ¥s0l) 4242 "siv 4F Ao Stheh g2 njE = Y=" 27 542 XU A
o, "=ZAEAL M 275t AWE O[0jE = U= YES TSHI| 8" ol Cst
e O|gf7t €T (Bailey S, 2014; Del Prete S, 2016; Hatziioannou &, 2012).
Yy
> <OAl-1> QA=A PHMARSOIE Y 2 1~2E o AIDSE ZHsts otH, Q72
8~10H0| A&, Ol Izt |&0|9] MHC /8 A= Of2f HHO|A Xtojof 7|elgt
> <OlA2> =4 A HOH HMAYSO0l= AEA ML AS0|t O CHE el
S ZuE HY Ol 5% HIAFHSHY XI0|2 Qg Az FFH
> <O|A-3> EX|REZ|RS0|= HMARSO|ED BEt =5 He AlZH LHO| O0|=E &
et
b <OAl-4> AMO|EEFARS0|= AEA E= S AS0/0A HALES HO|=
SIV/SHIVO| ZEE 42 HRY0| HOpX|1, Ho|H A &3H7F = 2(log) HRIZ R
OX|{ ®&S0| A, olof Cist & Q2 Hiolz2{A Mo o9t dgs 0/E
T AS. sl SIU A0l § 'Eo[Hez HFE' LHE |FAHL| SIVE ALE5HAL
= N2 mydHe=z HY
> 7|Et AFE AME2 HIV WA HARASO0| Sivol ot AY MEoz HAZTE =+ gifhe
It SIivZE B2 HIV IHEAEo| DIZSHR] SiChe &, d2|10 HRO[ZASO0| LT RFARS
& TEHME 712 = UKL M2 OE F8HME 7K1 Utt= F 50| A2
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At HiojE{e] T8

UM =OIE NHP 2o TajARg U FON Q0| WA WS AT A SoF A7
of ¥t 50| Cfg olslol ROl (hEED OlAlL CHST 2
<OIA-1> B D|4SZ FACHADICH KHO|7H UZ)0l HIVO| CHEH HIUHSS BIStAl
HIV 292 B2 4 s 88X RES AT 4 UThs Ho| YSHWiliams 5, 2018)
<OfAl-2> Holz{A HHOIA D8+ AMEO| HAH ome NHP ATO| 7|QAsHKIS

(Schmitz &, 1999), & C|X}QI=l 217t

A E ZHEE2Z{(human elite controllers) ®T0|A

T YBERLY ol= OjHs| =5 E2T(Leong S, 2016; He S, 2016).

<OJAl-3> 5 HEE d7hE AFste Ao Zad, E3] CD8+ ME HH3at o|2{%h it
30| AlZHof mat o= A Hatstd Hiol2{A KEA 37|Q HHO|2{A CHd |0 52
ob F-Ho|2 A H3AE0 Y S0 st S22 (Robb S, 2016)

<OAl-4> HIV X222 ZHE S22 (bNAbs, broadly neutralising antibodies)E
225t H 42 o] M SO0l BEES= HIV AHAQ] #of £2{0] CHE OsiE =S, O
2{eh bNAbs= HIV A &S 0lA 53 0|4 Zt = YYD, Chst HIV 238 21t
HMo=2 ZIIAZE F 9;1% o|et 22 &0 CHet ofsiet &HH|, HIV envelope protein(HIV
o CHeHZEho| OjAM +X= S &A|-Htol2{A Z& ZTlzto 2ot As HX X Ojzf =l
A w22 MAIStE Ol 8% (Pancera &, 2017; Safrit &, 2016).

<O Al-5> A0l HIV ZHEXtON 2EEE= 253 EE B3ts2 77 bNAb A7 E &
st bNAb &S R = Ues CHES LHO| HAIZA2D, F2 bNAb 2 £2[9
o2 RO| HOIE|AZ(McCoy &S, 2017). XX}t Y OIRLAE A8t €8 ATFAES
HIV HAI01A bNAbS| 9gt A& TUHAZ|7] fdh O|F2 AH8E2 FEEL UKD,
bNAb MAtS] X3t QI8 AlHstD O|F HXE &= JUs WA M2AZ MAE = A= &
220l 7|E BN E sHAY = USK|= 2EY(Verkoczy &, 2017).
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StH MY uman | ¢ S R EH QA =X 2EO| Az NS 2015 Bals S
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7. Modernization 3.01} INDE St FDA2] NAM &8 At

1. M2 - SEAS} QSO 2K Lol

o == 7|t HO|HE S Hd X 2s FHOM 7IE X2 05 4382 2Q Y2
2(Mak &, 2014), € X30|HH (Pippin &, 2019), B3 H2HSeok &, 2013) SOIAS.

e O[0f mza} AITOX HAMEE DA BT 83-877HX|2] LI U(cancenS A2t Alzheimer's
disease, Parkinson’'s disease, respiratory tract diseases, rheumatoid arthritis (RA), and
human immunodeficiency virus (HIV) infection/acquired immune deficiency syndrome
(AIDS) &2 X=ZH 7HZo et Auf AelS =Mt AOIAS. L0 SSUHM AHFEe=z

of 2t tsdo M EXMZE O 20 HEH SEEO| A7 2¥EE =0F T oL 1
oLt 'S B O 2o ZSAZ|X] Rt Olfs, 'F'22 2REE 2000 7HX| 0|9
ol

Zets CHRHE gojet 20| & Ao[7] MEY.

e Ol2t 20|, s==dS ¢t CrYet Zaof o Xz /el ez BHEZ0| 27t |2
29HE

@ QUZtoflMel BE HIAHLIZ0| Cfe 2apHel S8 22X

- APYEINM@3-87)2 S 20l X=H JHEel 2o o2 S YA He =Y
Xgtn g = AS. F, Aol ZYE HFHLIFO i 2uHl SEEHE MISHA 2ot
AU 84352 27t XBZ O|0jX|= EHES MSoHA| Xote SS2HEO| st at=st o|&E
O dufe| elojzta =&

. S20| Ol FFOME OIZT & UCHD SIOIE QIZte] MY BOIS MY W, 524
gozBEol HOET Ol HXOIA OEH H8Y 4 USK O 523 22 X
g, w3 ASTI MT WA 22 BF A0 S ANS HS BTA US 4 AUS

@ EXt HEHe| 0]E d((heterogeneity)

o FoHLIE 2%t AQICE MEL= A2 A HEQ O 'é(heterogenelty 2. o]z Qlst
of LMAIHAIROIM KIZHO| CHot 2HXto| HHESEE Hat 25-30%Y. Ol S0 X|Oj2tk}
HEH 108 FEZALO|A ﬂf’l%%‘éﬂ HEe =83t 2ROl 429 1”* A=t HEfO|O
Levadopal| O|EH0| 7|2I5t= A2 2 =2l E[/}US(Williams-Gray &, 2013).

_47_



2. O|= FDA 2|ZE7IHTHES A /At ZE S ISt NAMs & Al

—

o S=HYUCRRYH U2 Xz 7|ttoz LA HOjvt Aof Tl Mz O|ofTICt=
Qg =olgt = QUZ. 0|0 et Oj= FDAE IND(investigational new dryg, &tAlE S0IA
N

AMs ZEE|1 A=A dmE H240| US.

2 gd g HgoM =95 -?IOF NAM ZtojE2telnt RadE {3 HMEE NA
o

2-1) ¥ NAM2| 28 oi& B o= NEUS ST HIYYe 59 ==

o <H-1> UVY(FQ)S fIct CDERS A At Ao ZF 7|4 Y 28 AMHY. X

R
FDAOIAM CDERQ| 2fZ|st/SdsH MALRO| INDE Q310 At23I= NAMs2| O|A|0| O|E2

;
7tO|S2}9l0] Tr2IE|0f 9IS, THEO| GFBWEE OfLlzt o=7|7|0jE HBED YUS. WA 2
AN 22200 ek AN SHSH 9 I in silico 7t

oz %

2Lt A 7[ 2o M= A B0
ol=2tel AKX HE Atd=

<E-1> ATH(FE)S {Ie CDERS| A 2JAF Ao 2 7|48 MY 28 Al

NAM2| £& oz 9l ofF 70 HIYY Z2 MM HE HE

. %Wl L H|QIZt Aol oist ASE CiA '#(validated
alternatives to in vivo nonhuman tests)

o Hetdo| ozt A FA|(WoE, Weight of evidence

™7
CRH olzES e s | oD B |
N « 7| Gl B{Ot-EHOF X|AMY(MEFL, malformations and

g 7tsst A2z QIFEE

embryo-fetal lethality) 2012 /2 CHA| 2

o HED Y oFS et ZZH N BEEW 9 AlY

/8 AME-NAMs

(CiPA, Comprehensive in vitro proarrhythmia assay)
o HMAH #HO|RY ===0 et AY =4ty 9o Eot

(Computational toxicology risk assessment)

3-2) 7 NAMS| B8 HE U OB S A Yol Su4 T2l A

® <H-2> FDAOIAM & 7HLES 2Isi INDOIAM AL E F2d NAMS| At|Q. ZF oF=of CHst
XrMls] HmEH 2xjo| st TETHo|2t= Xt TETHe| 40| EXSict=s S € = AS.
ol X} FEto| o] & d(heterogeneity)= X|CHot 2 OS2 QIZHoM Q|

Z0jM Mt E}Zl MEO
Y HFALE0 e 2l SEY RE2 S5 21T
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CDER(Center for Drug Evaluation and Research, 2|2FE T 7oL MIH) S|
of 7t MHE Bl £ & HE o2, &= ML duz, otdd #E oA oA 23

of NAM ZHE9| HEI WM E MAIE.

dejbt SdAEe HYd SR S8 AMBS E0|1 JHMst=n &Fe TIFO| AUX|
ot et e A7 ME s=2  CHAISH?] €13t MAMs(New Approach
Methodologies, H|SZ-4l7 ‘**7}”*“")°| 282 HUYAZHR £F. 01 Hust NAMs7f
Ot EME0= =75t 0|F = Qdts O AR/A-#HA-EXH FY, 53| 2157t ZHO

M o3| Ho| Exie
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Williams-Gray CH, Mason SL, Evans JR, et al. The CamPalGNstudy of Parkinson's disease:
10-year outlook in an incident population-based cohort. J Neurol Neurosurg Psychiatry 2013;
84: 1258-1264.

Food and Drug Administration. FDA Drug Approval Package NDA 203188: Kalydeco
(ivacaftor). 2012. https://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/203188s000TOC.cfm

Food and Drug Administration. FDA Approval Package NDA 208623: Galafold (migalastat).
2018. https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=BasicSearch.process

Food and Drug Administration. FDA Approval Package BLA 761339: VEOPOZ (pozelmab
BBFG). 2023.

Food and Drug Administration. FDA Approval Package BLA 761228: KIMMTRAK
(TEBENTAFUSP-TEBN). 2022. https://www.accessdata.fda.gov/
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8. 2lofE Ede S=HES CHMIEE NAM2| OfjA|
1. Mef7iHoM el NAMs E&0f Cfat 2AH

1-1) 8 2AMZEo| HE5
Mt Eords) 24

rir

Zio2 QIE MAMs(New Approach Methodologies, H|-SE-

o HAYA™(NAMs). 20108 FHZSFFEIZ[(ICH)2| A K& ZHEEHR M3R2) 2EQ ¢

| A Al =" S AT H{7HE 2[ot H Y4 otHE B3 (Guidance for industry: M3(R2)
nonclinical safety studies for the conduct of human clinical trials and marketing
authorization for pharmaceuticals.)0A, FDAE H[QA QHHY HIt0 NAMS S%st= A
Oioh 222 Chaat 20 23H(ICH, 2010) "0 X|&O|M= CHREX|] QUKD Y BTt
o Mz2 Mol A 2ol AHES ne{siof . oj2ist S22 AFE1 Z& ICH #
g0 o3 =88 ZX el HEE YHES UMt o A8E = US o=z
NAME Al o[AZ-E S flst X[HE(Of: ICH S5(R3), ICH S10, ICH E14 % S78 HE3t EHH
(2022), FDA £t X|&: o[otZo| HA=Y T H| Y4 BIH(nonclinical evaluation of the
immunotoxic potential of pharmaceuticals) & O2f ICH % FDA X|H ZAM0l= LA
A S0S T A= AT HIHO| NAM ALB S HESt=s FHEQ WEO| <E-1>0MK
g AR AS.

Ho M

A 2

SEFONEREEITE
= H2 ICH & FDA X|H EA
e ICH M3(R2), 2010. International Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use. Guidance for industry: M3(R2) nonclinical safety
studies for the conduct of human clinical trials and marketing authorization for
pharmaceuticals. 2010. https://www.fda.gov/media/71542/download. Accessed August
25, 2025.

=
!

10

? F2 2Hd Bt NAM ARE S Zaists #HHYU W&

e ICH S$10. International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. Guidance for industry: S10 photosafety evaluation of
pharmaceuticals. 2015. https://www.fda.gov/media/85076/download. Accessed August
25, 2025.

e ICH E14/S7B. International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. ICH E14/S7B: implementation working group clinical
and nonclinical evaluation of QT/QTc interval prolongation and proarrhythmic
potential: questions an answers. 2022.
https://database.ich.org/sites/default/files/E14-S7B_QAs_Step4_2022_0221.pdf. Accessed
August. 25, 2025.

e FDA guidance. Food and Drug Administration. FDA guidance for industry: nonclinical
evaluation  of  the  immunotoxic Jootential of  pharmaceuticals.  2023.
https://www.fda.gov/media/169117/downloa

* ICH S7B. International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. Guidance for industry: S7B nonclinical evaluation of
the potential for delayed ventricular repolarization (QT interval prolongation) by
human pharmaceuticals. 2005. https://www.fda.gov/media/72043/download. Accessed
Auqust 25, 2025.

1-2) FDA/CDERS| E& ZF¢l NAMs

e Oz AIFO%=(FDA) A5 oAZHI7IAHTME(CDER; Center for Drug Evaluation and
Research) ! AQFAMAIZ(OND)2 A2kl QM -(OND; Office of New Drugs )2 412Fo| ¢t
Myt = 2 = O Ao HLMAIHS ZHEXZE FLztst?| 2o, M2 HFHE

o A

=

=
gAlE Atz MED A =t @Es SNz AYstD /UAS.
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e OIE =0, H<lGn vitro) EMEHS A ¢t A=Y A el #&F0|H, &=
A MY E7tel FR Lo Z8E|n, M oy Hrte dseE &5 AT (A
LY B|QIZE Alghet el AR E/(ICH S10, 2015; ICH E14/S7B, 2022; OECD test no. 432,
2019; OECD test guideline no. 439, 2021). k3, &Mooz EfEs 42 222 RS
M e "WILE Qs AEE AE0|M(in silico) B7H7F 851 JAS(CH M7(R2). Est
OF EiYY 4% MEE YR ot 2E7to] wWetd AF(CH S1B(R1), €&
geb O MA Edst AF(ICH S5(R3), 2021) H/EE FET] S AFR(ICH S11, 2021)E
3 7{H| B3 = (WoE, weight of evidence) W7}E CHH|stD AZ. 2A5tH <E-1>

@2 A& HE, ® in silico 22|11 @XM @2 in NAMY!.

E
g T
N

bal

%

0

d

r

[S)
=13
=
=
=}

s

vitro2|

NAMS| & dg 9 oFF 7Y H|YY Z2I-0AMe XHE HY
@ LMo st ZHHIBSEZ(WoE, Weight of evidence
WoE)) ®ZHICH S1B(R1)).

—

@ M 2l(in vitro) 2MH2 AXY ot A=z A oF ZEHd
HIHICH S10, 2015, OECD test no. 432; OECD test
guideline no. 439).

@ 7l"d 9 H{Ot-EjOF X|AFSE(MEFL, malformations and
embryo-fetal lethality) =92 @2t M ZE((CH
S5(R3), 2021; ICH S11, 2021

o A 2AZEE /Al A
g 753 Aoz oy
Z’4AE-NAMs

@ NEH Y 0|52 Y% ETH Mo HHY 9% AlY
(CiPA, Comprehensive in vitro proarrhythmia assay)(ICH
E14/S7B, 2022)

® MH Ho|Fd ===0 oist AL S89H 2 Bt
(Computational toxicology risk assessment)(ICH M7(R2),
2023).
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Addendum Section 1 Addendum Section 1

Document VWoE assessment and
seek regulatory consultation on

Sponsor Assesses Key Biologic, Pharmacologic, and Toxicologic

Information to Form a Carcino

genicity Assessment Strategy

(1) (2)

(3)
Carcinogenic potential in Carcinogenic potential in
humans is likely humans is unlikely

|. Document WoE assessment and 1. Long-term (2-year)

C seek regulatory consultation on carcinogenicity study
not conducting a 2-year rat study not conducting a 2-year rat study 2. Additional in vivo carcinogenicity
and/or a mouse scudy 2. Mouse carcinogenicity study®™* study
'WnE=Weight of Evidence, *#*In some cases a mouse ﬂ:ud'_( may not e ap-pmpriate l:see Section 1.])
<d-1> WO Wyt M £Y U 29 WE AT BIILK FH Al T2 TS Mux| A
20 Cfst SEE
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3. WMo ch3t S H|S E(WoE, Weight of evidence) B7t UH

® S1B(R1) Addendum to S1B Testing for Carcinogenicity of Pharmaceuticals 7tO|=2tQ10] [}t
EH ZHHEZE Q8 Ct32l <BOX-1>1t Z0| 57tX| factorg justification S§OFE. 57tHX|
factoro| &4l CHO{Z QOF5IM Target biology, Secondary pharmacology, Histopathology
chronic study, genotoxicity, immune moduation S %.

<BOX-1> S1B(R1) Addendum to S1B Testing for Carcinogenicity of Pharmaceuticals

A. Factors to Consider for a WOoE Assessment (2.1): A WoE approach is based on a
comprehensive assessment of the totality of data relevant to carcinogenic potential available
from public sources and from relevant drug development studies. These factors include, but are
not limited to:

Factor-1: Data that inform carcinogenic potential based on drug target biology and the primary
pharmacologic mechanism of the parent compound and major human metabolites; this
includes drug target distribution in rats and humans along with the pharmacologic activity and
potency of the parent compound and major metabolites in these species; available information
from genetically engineered models; human genetic association studies; cancer gene databases;
and carcinogenicity information on class effects, if available.

Factor-2: Results from secondary pharmacology screens for the parent compound and major
metabolites that inform selectivity and off-target potential, especially those that inform
carcinogenic risk (e.g., binding to nuclear receptors) histopathology data from repeated-dose
toxicity studies completed with the compound, with particular emphasis on the 6-month rat
study, including plasma exposure margin assessments of parent drug and major metabolites.

Factor-3: Evidence for hormonal perturbation, including knowledge of drug target and
compensatory endocrine response mechanisms; weight, gross and microscopic changes in
endocrine and reproductive organs from repeated-dose toxicity studies; and relevant results
from reproductive toxicology studies, if available.

Factor-4: Genetic toxicology study data using criteria from ICH guidance for industry S2(R1)
Genotoxicity Testing and Data Interpretation for Pharmaceuticals Intended for Human Use (June
2012); equivocal genotoxicity data that cannot be resolved in accordance with ICH S2(R1)
recommendations increases uncertainty with respect to the carcinogenic potential

Factor-5: Evidence of immune modulation in accordance with ICH S8. Evidence of broad
immunosuppression may provide sufficient concern for human risk that would not be further
informed by standard rat and mouse carcinogenicity studies.
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4. TG0 et SHH|Z Z(WoE, Weight of evidence) & OA|

® AITOX= 20253 FDAS| A= E0| CHot 2o Lot QB0 CHs SHHIEZ: B2Ho=R
HIME 24510 FDA MESISS

Official FDA Response

Additionally, you have not explicitly stated that the chemical characterization will address
systemic endpoints such as chronic toxicity and carcinogenicity.

I PhD, at 301-785HM or I ®fda.hhs.gov.

o AITOXS| BN ZI&A

STATEMENT REGARDING THE REPORT

This report assessed the noncarcinogenicity and chronic toxicity of N
using a non-experimental weight-of-evidence approach. The data used for the
evaluation included biocompatibility data | ENNNENEININGTNGdGEGEGEGEEGGEGEEN
I o< research materials, and the assessment was conducted

truthfully. Furthermore, it is stated that permission to use the data for the

preparation of this report was granted by |
B

[ I'j ? / L1|"} J? ) f:_

Report written by : 2025

Yeong-Chul Park Ph.D. in Toxicology Date
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= WA= HIS=-22t-2E NAMS| CHEX QI A2t & &+ AS.

0@t 2 o] NH[E-F7|ZH A[RY. B2 AHE Sof 5982
(o]|
—

= 1 a
Z 2Zas ZEIAHoIR T 7f0| 2tels MAl = Al =85 a8

ofgfiet o] LY AldE M= 4702 7to|EEtels HE = USOHA A& 0{0F g
WERS] YZOM= BH|E AlZts FASHA] xR ole 20| LYo st SHHS =2t
#2 7IO|EERI0] RE|Ltet #A|7[2H0] HdotH 2Fd M 7|20l SHAOF St= HA
7|1Zkel E=of 2 =30| .

(B olkEo| L HAI™C| 47 7HO|EatQl: ICH S1AQ| o|FEo| A7 HAX|F Hety A
H2Rg(1996 38), S182| o[%4F TG AlR(1997E 73), SICR2) 2L ATE ?lt &
g MYo0osd 98) s =0 20223 ICH S1B R1)0| 7}0|EEIRIc2 HMHE|AUS. MetA
SHdo|ofE 0| HAEAI™ S 47HX| 7I0|E2tQlS & 5H0 =W |0{of 2

<EDEHS

—

ICH S10, Intnational Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. Guidance for industry: S10 photosafety evaluation of
pharmaceuticals. 2015.

OECD test no. 432. ganisation for Economic Co-operation and Development (OECD).
OECD test no. 432: in vitro T3 NRU phototoxicity test. 2019.

ICH E14/S7B, International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. ICH E14/S7B: implementation working group clinical and
nonclinical evaluation of QT/QTc interval prolongation and proarrhythmic potential:
questions and answers. 2022.

OECD test guideline no. 439. Organisation for Economic Co-operation and Development
(OECD). OECD test guideline no. 439: in vitro skin irritation: reconstructed human
epidermis test methods. 2021.

ICH M7(R2). International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. Guidance for industry: M7(R2) assessment and control of
DNA reactive (mutagenic) impurities in pharmaceuticals to limit potential carcinogenic
risk. 2023.

ICH S1B(R1). International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. Guidance for industry S1B(R1): Addendum to S1B testing
for carcinogenicity of pharmaceuticals. 2022.

ICH S11. International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. Guidance for industry S11: nonclinical safety testing in
support of development of pediatric pharmaceuticals. 2021.

ICH S5(R3). International Council for Harmonisation of Technical Requirements for

Pharmaceuticals for Human Use. Guidance for industry S5(R3): detection of reproductive
and developmental toxicity for human pharmaceuticals. 2021.
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©

M=Zo|okE | INDE 9Tt NAM-Z|8F At2jof CHet D&

CtH/E S flst HIYY =20 RAHM

Aol ZZE9t g|HEE 59 99M: NAMs 7|8 Ate| AFo| HIzE K= iy Zzto|
FZEE Utge ICH s9 XA m2H, M & X2H LS 9T vy Z2aH2
CHE k20| HIsH O KA £ AS(CH S9). ESH ICH S90| HAIE KAM T ARE= Aty
M2 C}2 SLTD(serious and life-threatening diseases. 53 % M3 e Hzhoz HEg
2 = QUZ(FDA. Rare Diseases). 0| £0{, FDAS| 3| ZEg X|&H2 ot gat fzdof st
MES 7|E2 |XISIHA, 3T Mo E= dFS st I EE X EHO| CHE BHA
712 HE0 A0l EH2S AUMES Z=x5tn US.

MEO|FE0 CHEH NAM-Z[H H|Ud Qi o207 F4

et 14

<H-1>2 20223 modernization act 2.0 =2 INDIND(investigational new drug, Y&AIH
SOME)E I8l tisE2l Y XtE7F 810] NAM-7|8EF oHd Xtz MEE X=X 23
59| WE2|%E (biotherapeutics) S/t O|F0f CHs 2ot AU HF=S ALESHA| @2
O|FE 2|ZE1 2Est0] 20| AL KN EHEd(cross-reactivity)0| 8l= XZHEZ X
AE. 852 TdY HY(advanced cance)?l 167, &5 A 4F flegd EeH(serious and
life-threatening  diseases)?| 37, MH-HRY Xz FQ7t IHEA @2 FHe
(Non-LTD<non-life-threatening disease> with unmet need)®| 274, X|2 SM0| Y& MHS
SR %= EzBHnon-LTD<life-threatening disease> with therapeutic options)2| 14 S
O|AZ. 59| Ctx =22 2 72 R E YEQUYE0 st HES SS2Ho| QUCt=
A

<E-1>H[YY Hd WIHE Tt Of¥ S F(large Animal Species) AMESHX| P42
NAMs 7|t Apg] A5 O Al

Biotherapeutics . e :
C T
ase Description Species Justification Provided by Respondent
1 T-cell receptor engineered T No relevant animal models as target recognition is based on
cells against pMHC peptide presentation in context of human HLA
> Multispecific against a solid Target is expressed in animals, but we do not expect pharmacology
tumor TAA based on modality/MoA in any preclinical species
Ex vivo gene therapy (presumed . -~ .
3 cell therapy) against malignant No safety assessment donef |nhlarge nloncllnlcal species due to lack
immune_cells O pharmacology
Protein-based replacement drug . . P -
4 for Factor VIl No pharmacological effect in standard nonclinical species
} Lack of pharmacologically relevant animal species due to highly
6 TCE against pMHC human_specific target
7 Bispecific antibody targeting T No pharmacologically relevant animal species is available since one
cells and a TAA (presumed TCE) binder is human specific only
8 mAb targeting PD1 (receptor No response. Case study focused on an ePPND waiver, so
antagonist) assumption is NHP is a potentially relevant species.
. . Cynomolgus monkey was identified as a relevant species
9 TCE against a solid tumor TAA (comparable target expression pattern and drug binding to target)

Cynomolgus monkey was identified as a relevant species

10 Fe-modified anti-cytokine mAb (comparable binding, potency, and homology)

1 mAb targeting Amyloid protein Dog: does not express target, rodents: express target but with
component P different function, NHP expression is age-related (> 10 vears)

12 CAR'TSgﬁlcll ttZ%%eyTaA%mst a Standard species not relevant, used transgenic SCID mice
13 TCE (bMHCxCD3) against HIV No relevant species
14 B|5pecggaﬁr§t%nM;ngcD3 No relevant species

Multispecific Ab against o . .
15 Alzheimer’s disease 100% homology but target not found in healthy animals
16 Multispecific Ab against Tumor target only, no target in healthy animals
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hematology TAA

17 TCE against a hematology TAA Antibody is not cross-reactive to target in animal models
Multispecific Ab: bispecific

18 co-stimulator against a Low/no expression of target in healthy cells resulting in no

hematologic TAA; pharmacological response
non-CD3-based mAb
19 mAb targeting complement No cross-reactivity or pharmacologic activity in non-human animal
factor C5 species

20 Engineered T cells against The engineered T cells do not cross-react with any normal

oncogene antigen toxicology species
Bispecific TCR-based therapeutic

21 that é:rsgeecltsozri]ngxsglsvs?éis (;I'f—cells Not cross-reactive in normal toxicology species
oncogene peptide

22 CAR-T cell therapy Lack of target expression and homology of target

23 Multispecific Ab TCE against Lack of species cross-reactivity

malignant immune cells

ePPND: enhanced pre- and postnatal development(Z3}tEl EfM-Efj& Heh
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2) Ty 2

2t(advanced cancer) X| 2H|2] NAM-Z|8F QtH/d 17| X| (nonclinical safety package)

= > .
® Table 12 MAZE NEE AHZE XM L(advanced cancer) X2 E 2T 7Y Sl MEQ
OFZ (biotherapeutics) 23 case & 16710| IND(investigational new drug, &AIESQILH)E
o FEH2Z NAM-7|8F otHd Xt=7t MEEAHU NAMTES 7|Hte 2 of Hydy ord
_— . . - | | e
A T{7|X|(nonclinical safety package)Z FIH =& 14 AA|E ZIdE=l Zi0| =0l= E3| 8
Z(Table 12] =22 in vivo SHA|”O0| £=HE|X] 21 in silico ¥ in vitro2] NAM-7|gt
= S (=] o A (=] .
AHE KR HEEO NAMO| CHSt o|EY E2 WS & + AS. £ in vivo AN
o = L . 4 o
Y2 HfSE0| ot 2FEY. Ol= Y & X=H<e ATHo Chs FHJol 2 2
ACt= AS 20|2Shenton &, 2025).
maBLe 1 TR o A= Ao PHEE "o ALSE NAM OfA|
NAM-based approaches for advanced cancer indications relied largely on NAMs.
Case Description” Types of NAMs applied in safety
assessment
In In vitro/ In
silico  ex vivo vive"
1 T-cell receptor engineered T cells against pMHC Yes Yes Na
2 Multi-specific against a solid tumor TAA Yes Yes No
3 Ex vivo gene therapy (presumed cell therapy) Yes Yes Yes™
6 TCE against pMHC Yes Yes Mo
7 Bispecific antibody targeting T cells and a TAA (presumed TCE) Yes Yes No
9 TCE against a solid tumor TAA Yes Yes Yes'®
12 CAR T-cell therapy against a solid tumor TAA No Yes Yes"!
14 Bispecific protein TCRxCD3 against pMHC Yes Yes No
16 Multi-specific Ab against hematology TAA No Yes Yes
17 TCE against a hematology TAA Yes Yes Yes®
18 Multi-specific Ab: bispecific co-stimulator against a hematologic TAA; non-CD3-based mAb Yes Yes Yes™o®
20 Engineered T cells against oncogene antigen Yes Yes No
21 Bispecific TCR-based therapeutic that targets and activates T cells based on expression of oncogene Yes Yes Na
peptide
22 CAR T-cell therapy Yes Yes”
23 Multi-specific Ab TCE against malignant immune cells Yes Yes Na

AR, chimeric antigen receptor; mAb, monaclonal antibody; pMHC, peptide-major histocompatibility complex {MHC); TAA, tumor-associated antigen; TCE, T-cell engager; TCR, T-cell receptor,
Maote: Case Study 8 was focused an DART and not included in this table. Although we reported on 22 case studies, case study numbers ranged from 1 to 23 because one case study was excluded.

* Case description is based on write-in text by the respondent. Assumptions listed are those of the authors.

Y Mone of thase in vivo studies were dedicated nonclinical safety studies.

" Pharmacology studies in mice le.g., immunocompromised models} contributed to the weight-of-evidence for safety assessment.

4 PK studies in mice (e.g., immunocompromised, humanized, or FcRn transgenic mice} contributed to the weight-of-evidence for safety assessment and/or the justification of the clinical dose
selection,

¥ PK studies in large animals {e.g., NHPs or minipigs) supported nonclinical safety.

" SCID mice injected with patient derived tumaor were administered CAR T-call therapy and at the end of the study all tissuss were macroscopically and microscapically examined. These data
were utilized to support clinical safety (cross-reactivity with murine target was established prior to study conduct).

9 Respondent reported that no satety endpaints were added to the pharmacology studies but adverse findings in the pharmacaology studies would have been investigated although mice were
not a relevant species,
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3) SLTD(E¥E X=Ho| i EEH) X=X ATLS st HIYY =233

o[t AIE2 ICH S9 HE Hel o 2s HY2=2 o= 29Eo Higy ¢Hy =218

oM FAEGOl MetE + Atk LA MEN £5| F5 UL

e 237 T 62 HITY HESS fldl /T SOIUS. &t 2AHE HIYY 7Ho| =22l ICH
SO HE B9l 22 SLTD(EE AN=2Eo| e 2eh 2AE UYLz e 2 Mie 6
T 3U(<E-1> 11, 13, 19)0|AZ. 3T HISS0= ¥ OtER0|EF, A7t HAHZH Ol

B{A(HIV), 2B o A0l XL US.

o YXx5io|H ZE X|=H: THE A0 et NAM Z|gF ALH|OA in silico?t in vitro Lf7|X|

7t 29 ZgE Al Za2l, o2zt 8T ML oAEQ d M JHX| At & F JHX|(E

M OlZRO|IET & FFE=HoAM AHE FIto OfRA RHAO| AMEE|US. EH OtUZ0

EZ Z2OMAY 112 2, X QA LYA—FIH)EZ X7 o) 2zt EF otz

O|E A knock-in OS2 BN FOILZEO0IE & P CHLZSE S M(mAb)Q| 2|st AT

of et "ot Xlm7t =2E. ofHEE A 19)0M= NAM 7|8t HZ -0l A
St ol

[
uAERS Y o2l SHE Alget EEo| OieA =9 ATE EESHYUS.

S M (pMHCXCD3)E X SH= O|FE0|Y THE ZE K (bis-specific T-cell engager)Oil 2%t
ZA0|AS. MEE HIE2 Y ST E0/H pMHC g Zgh)s BHotE THZ 2
Ko cist M2 FARRES. FHE2Z, FIH(First-in-Human)E 7tsdtA ste 583 7|
A= dFH AlE20 X =8 HOIHHOoIA HE) Alda W MZE 7|E Jls

rot
B
k]
B
10
=
HH
1
El
>t
o
olo
0x
okl
N
Hu
-
0x
m
Q2
0jo
prd
>
<

e
11

24, 0% 2F2H(PD

7|8t ®7t= MABEL(minimum anticipated biological effect level, d&aX Fet-XALFTE
2 7Ittez g MY, f1d Bt 8 FH 8 HEE ) S8EI/US.
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K. Baker, Helen-Marie Dunmore, Remi Villenave, Mary McElroy, Betty Pettersen, Tushar
Kokate, Claudette L. Fuller, Kimberly A. Homan, Eloise Hudry, Charles Wood, Sam Gunter,
Opportunities and insights from pharmaceutical companies on the current use of new
approach methodologies in nonclinical safety assessment, Drug Discovery Today, Volume 30,
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10. H[ Y& A =49 NAMS| 34 5

o

%l . 0IZF 2244 (Human Relevance)

1. New Approach Methodologies (NAMs): 7|1} 2|noj

« HYYATOM SELEY 7|0k 5= ZEH2 YA H %E ast AHES €
Sote Ol A0 71 M2 = A= ez AFEJS. d2Lt & 80~90%2 2FE0
e Ao HIiStH, OF 40~70%= Y™ " FHOILL Fdo= Q3 2/340A
2oigh oo ChM dEoz [ESHH = Jdu 2dEE 22H 2ME g5, AT o
EHE O =t HrdsiH, oofZol 52, &8y A 2se O st o550 7tse A

=
2 7|t = (Harrison, 2016).

o)

+ 80{9 %X 7|®: NAMNew Approach Methodologies)2 20163 4% Zd7|0A <2
‘New Approach Methodologies in Regulatory Science Proceedings of a scientific
workshop'lAl SMHez HEE 802, g2 A7 HES &8ss YT 7|z, 7

= 3 Ho8sS ZEoiH H MA s A A 280 - O ol xiHE1 US.

= O AN O
= MER AY E= B7F B0l NAM2 2 Q1o nH ot E2d, o|%F E= 7B 22

oOf AN ™Y = ot HIHo 2 F0| JAO{OF ZHECHA, 2016).

« SSHHAIEI NAMS| X0 NAM2 S 22 N0 st 252 =29 £0M o
ZEX| CHE Q0| X[LA EIAZ. 0] 80{7} Mz= HSE2Y LY = ME2 N H

o

=
o[0fst7| = SHA[T, CHY M 22 NAME At H2 R E(New Approach Methodologies)'2
2 oISt ARE. M2tA NAM2 Ched| s2MAEES Q0[StAHLL thad MER I
2HEO| Otd. NAMZ X 7| 20| 28 £ Us WALE XY S HoI5t= o Hegst =
TE2M, § 0= “tsstn Az #EEol o0 HFESH FHHY(Lush Prize, 2005;
Emulatebio, 2025; Devine &, 2025). [II2tA NAMO| SECHHA|H 0} CHE H2 ol7tap 2t
Hdo| o =Ch= Aol ZuHo=Z O|F 7|92 5t0jof A7 &8/40| 7IsSICt

ot A o
¥ s

—— o= o

<FDA, 2025> U.S. Food and Drug Administration sent this bulletin at 04/10/2025 04:11
PM EDT. US Food and Drug Administration FDA Announces Plan to Phase Out Animal

Testing Requirement for Monoclonal Antibodies and Other Drugs
e FDAZG ZHES} 3H S/ M2 EEW2 Mol oMM 252 EISH7| flgt A

Chetel =2 PA3E MAISHH, of7[ol= M7 B7F Y- E(NAMs)O| iE = ECt =

2 WE2 tHEar ZLf:

o UM L of= WSS REIYSD HMH 9= oS5sts ASKS 7|8 AE 0.

o QUZF M= 7|EF 2 8l IILO|E(HEEMA HiYS oY FY] 2Y)E S 2A €
2 =0 M22 X=2Ro| ofEA HSHX| olg = US.

« ZEE QZF AHHE HIOIEE EEHCEZM FDAE FAtSH #H 7IES 71T Et=2l 7
T Y SHE MY = Ao HEHO S do Erds Y & US.

<2FE>

® The FDA's new roadmap, released alongside the announcement, outlines a
modernized framework for assessing drug safety and efficacy—one that heavily
incorporates New Approach Methodologies (NAMs). These include:

* Al-based simulations that model how a drug behaves in the human body and predict
possible toxicities.

e Human cell-based models and organoids—miniature lab-arown versions of organs—
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that can show how real human tissue would respond to a new therapy.

Global human safety data, enabling the FDA to rely on existing clinical evidence from
other countries with comparable regulatory standards, reducing the need for repetitive
animal studies.

©®ee 6

New Approach Methodologies2| 5 &%

NAMs(A H2 HHE £ Mg 28 o8 Z2-82 XSt At gs FHTGH|
Qlsl 91zt #&/d(human-relevant), A2 (reliable) % Xi &1 (reproducible)0| 2ZH=l G|O|E
ot HE0| CH2IA0| 571X 40| Matst gistoz EMo| st

017t #&d(Human Relevance)

71X S%E3(Mechanistic Insight)

HE4 ZA(Reduced Variability)

AMAHR =& S%(Systems-Level Integration)

1% A32|'d (High-Throughput Screening)
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.= RECEE S871T2| Ao

o LIoF JHLOINM UM HIYY ZHOM AE ZHE[E[(modarity)d Ct2at 22 =d7[70] Of
St OI3HE 7|He 2 =40| 52T,
<H L&A & E2|HElo|E A THHA
=> g oletE az2|n ik 5o M ZX| = H|
IEXe|%E
. 2gHo 9o - BEXEMY B
o 2 HAEI | . FHSAH =59 2 e totol ZHAE QUX|E A
- o FEH 2t affinity o oA > Sia
Ten/mET e ¢ XEHE 28
. AFAXMHoz [ N N
wrola ol Crmcial o | o RHEI7F Seide IHY o OF I EA-RYY
e TEd 3 H Tjof GCHeEDE A (= . . — oo Lt
ol Bt stst oo Ay | £3| noncanonical amino M=O017| =0 =
= S H= oOT ENS] de e o 2
sxjpr we wlg | 95 O =8 -
o BStA dforM | e EIMAHE  CHARA| | ¢ noncanonical amino acidE
(chemical 2ol oot =A Zotol ZE2|HEOIEY H2 |« QS
carcinogenesity) Ho|Mdozg =8 ZFo| Q3
. ZOFQN . oo . oio e Immortal celZ2
HA O HA O

(tumorigenesity) g ItsM =2

- B KOI7H U7

. ClOIsE 29 NSRS
. OrEAOE7 2o AAFA|S O] Crefet +8H9t S=2X8 || Lo
R “oj=0] ofH < tsdez 0% ofzg
M 050 o=
o« EM7|FO| - o=EC AN ES
N e '|e Cytochrome P450 noncanonical OfO|k=gh 81|« AMZE=ZOl FHO|Y
° T SHAS Eoh E
o 7|Et At k=9 MEAH vactor?l virus U lipi-nano particle2 12{3IX| %UZ
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4. NAM2| H12A - Q17ZF &M (Human Relevance)

1) edolEo 32

o SH|O[X| 3. ofF REYEEIE FY7[T X0 gdotFol UM F47|Hel HY 2
£ cytochrome P4500|2t1 Mg

® Cytochrome P4502| OFF CYP1, CYP2, CYP3 &2 2as A= W 2d=E CHAt0] 2
Ste 842 SEUANS F5d AN XTARY CHANS] S EUAME dd5t= &
A2 7tX|a S 59 HH™RE HAM= DNA E7|Qt ZAetste SHBO0IE FUSHHLt
2 51 CHAO| ZAgtsto] M TENAN S FO SHS FEYY 9oz R &
He oot &2 7|17g 7|gtez2 & XZ2HMZE 7Hea.

1-1) Ne] =H|Q} Efo} =49 XtO| Of]A| - EtO|B=

@ Etogl=e S471H

o ALt DpAZZO| 25 M24EEO| full HEJOIH tyrenol2 <IAZSOMXEH O|EFS CHA
ochrome P450Q! CYP2E10f| 2|sf XX} CHARH|Q! NAPQI M4’d. NAPQI= Zte
o 24 Agh 2 X =0 it g2 8o ¢t=d2 220l & mMatM tyrenol &F0|
S0 ZAEUAS. JHOE 75t
2

HMABH?| ?lof HLEF22 O[=0M

1o
1o
0z
<

0
0

=
= 0§ 50,000 H{E2l S YD SF 500H0| AHYE. Ol= ntEF0| oot XTHA-ITHAL
M gdo ol =90 vlele RENME A=t =2 MY Qg A58 o £

conjugation conjugation
glucuronide . Acetaminophen
moiety ks (Tyrenol) moiety
(Non-toxic) {Non-toxic)
CYP2E1

v

sulfate

>
(]

N-acetyl-p-benzo-quinone imine
aExpgoi At (NAPQI) (Toxic) | N-acetyloysteine

glutathione

5% ©| o

v

Cysteine and mercapturic acid
conjugates (non-toxic)

<% > Tyrenol(acetaminophen)| 27tX| AZ2: 2ES/JCHAIY| vs SAICHALA| ‘89
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@

A4l F EHOROflA CYP2E11} tyrenol(=acetaminophen) CHAt

ARG AL = BHS0| e = CHA 10°x HE 2 2 O[F0X|7| WZ0| ZX|

oA ZdSto] ENOLOA HEE7|= O24F. MaEtA EjOIO|AM CYP2E1 |77t Tyrenol?| =

48 FHol= o 227 &

<dg>2 Qlzh A4l 7] Efjor & gl ZHolMel SN Cyp AR 2

<d8-A>2 EfOte QI ZHo|M CYP Eold. <O8-B>= QIZt BHAF EfEEDL QI ZHof M2
&

MOHA Ccyp Ead2f

rk

H2 7t K

oln

ZMNE EAIE CYP RS2 & 7| 20| =olE AS0|Y(p<0.05
&

Of & B2E(FO) > 1, log2).

<aZ-A2 OZ-B>0|Af CYP2E10| -dQld} EfOte] 7+ S EfEtOA ZHE BEO| Zod XHO|7t =
QIE. &, EHOI2| cytochrome P450 & O|A CYP2E12 71 W2 Loz =QlE (met
L")

-

Fetal Adult AFC Placenta Adult -

Liver Liver ey

~

Relative Expression (as compared to average expression of fetal tissue group)

&~

Figure 2: Global CYP expression profiles in human adult and fetal tissues.

_70_



@ Etolg=2| 2H|et EjotoiAe] =4 Xtofof CHet O]sH

* Robinson(2020) S2| 70| 2M Cyp& EfOF =% CfH| dQl ZHoM =2 52 +E2=
UHE CYP 229 60%c EfEOA ¢ 22 ZoEAS. ddd =40 32 %
Efor =% Zt Cyp 50|H Zol/2d A0|E EEIU2T CYPE1 A CYP3A4:= ‘g9l Zh Of
Hl EjO ZHollM ©XS| 2 THYS HAS. [WatM Efoto| =Eet Eto[2|=2 CYP2E1 =
2 gdo| gleoz cfAst &[] oo HfEE A= ofYE. matM ojZ{st ol 2 Eto[
=0 cHst 2| et Ejotel £/80] xjo|7t AS.

® E™Z, AUXT| EojE = 58 Al X5 (Autism) S0 Ciet S4SHE HE
« E”IO| 2025 9F 23UUE
« FDAZL @Al F OIMEOID| = AEO| AtH|S(autism) = AW AHEZH ZHOH(ASD,
autism spectrum disorder)®| 2ot 23 QUCID ZFng ofFolz2tn HE.
- EfO[ZE AHEE 7tsT o HOlstete A,
o HHNE AZFOR FT|ZH AN FBsHoF oot FHYOLE OISHH ZH = HAIGHA]
oFo
Bse.
* Tyrenol2 MAEFH S0 25t CYP2E1-7|HH CHANO| ofsf FITHAHGCHARM QI NAPQI =4
oz Oj=0Me Ofd 50,000 HEL| 854 YAt of 500H0| At

o 2L} Ejofe| ZF B! EfHO)M FITXPECHAINIQ! NAPQIE M/dst= CYPE12 79 EHE
X| 42 mMatM EFZO AMXT| Elol2s 58 Al XHF(Autism) FE20 CHS S/dstH

o=
— oo
A= 83

rhu

: N2 2Heb Ejor =/ Xjo| Of|A] - ELO[E|=

AM WoME FE0f CHsH =A<t EjOfo]| CHEH =/d7|7He| Xt0]7} cytochroem P450
F50l mat xXpo|7t Aok HE =l &+ A2,

mE Jgm

rgt ot

1-2) H|E2tu|$ 7| EE

rr

HY OF-EfOF X| A} (MEFL) E7} Of|A]

@ HMEztmAlel SEAH AN SSEE MY FF

« M E=ZtOA|(Danio rerio)ys {2 217t Amol A& Ldst™d 45 HE2Z QlZt Fet X
20 FMHezE &8 7tsT A= ME0| Mgt ZHo[o|l2 FHE. 53| Ol AEA, A
A, 23A 9] HEfSH - de[atd |FAMEES EQECID & 27X HEZHD s = HFS
= 9Y 1 T d2lgH i =42 Aa7str| s YT s ZEoZ D FEE
(Chahardehi &, 2020; Hong &, 2024; Bauer S, 2021). O|0f QIZta} M| E2tm|3| Afo|Q] A

ot 22 % 7|Et SEHO| 27F Ao OjE = U= I

b
-

Z REH L MBS gAe
% [=

=x
MESHA o5 = Aot

—

Tt

@ HEz2tnlg| HjorE o8t 7|¥ EE&= H{O}-EjOF X|A}Z(MEFL; the assessment of
malformations or embryo-fetal lethality ) #7} A7}

e O3 HFOM 7|® = HHOR-ENOF X|ARZ(MEFL; the assessment of malformations or
embryo-fetal lethality ) B7tE 2[sH M Ez2tm|4| HiOLE ALEY WS H|ets Rtct 2Lt =
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@ MEztmFle| Hjot-EfOF X|AFE Ao cHet E7t

« MNEZiD el H{Ol-EfOF X|AE AEHO| CHEE o7t A2 HE MEFLE RES 2270 Al

d oigtE T 18718 et 5E2 HE OfH| 82%0| FUS(MEFL)

« OF2ff <O&>2 zebrafish| H{OFRt QIH| EHOLS| cytochrome P450 &0 CHSH mRNA ==
OlM Bl Z4Q. Zebrafish HjOtO| A= CYP1A, CYP1B1, CYP1C1, CYP1C2 12[1 CYP1D1
5o 550 Zolg|AS. QM| EHOMOIME CYP2)27b ZhE Ol EFHE|AT CYPIAT,
CYP1A2, CYP2B6, CYPA4 3 CYP2E1 &2 HO| WaE[X| %US. O0l= CYP1A OFFE 1 HE
BiHEl = YWHo R HEztm 42| Hfof-Ejof XA AlFH2 Qo] MALH F/dof Cist
olZ0ll AiM st 12|17t AS AR FHE,

(1) Zebrafish®| BiO} cytochrome P450 (2) 21H|°| E{O} cytochrome P450
A cypla B cyplbl C (Uihl Fetal Adult
4000 < 100 o 00 A leer LiVl;I' AvgFC
z Z so z = (ALIFL)
2 3000 = & 300 Gt
z 60 2 CYPIA
= 2000 %1 0 = 200
g 1000 é 20 I é 100 I I é‘.‘ 247
I i ° (,Il "l == C , mll i H
’\\S}‘i’f‘*ﬁ)\:\‘?}\\g"\\ a5 ).\\\ \Q \\ \~\ 8 \‘:,:b\ \:; S \S v‘ \\\ v\ \i\ \;\ « ::\ N Z‘—'E i
5
D E s
w0 cyplc? s cvpldl £
P H
./_/ 400 E"'
= 1
3 300 s
i
£ 200 -4
I I I I é I I I I I é |
200 I I s !
1 I o H .
£=3
>“\ ‘\ \\\ \\ ‘g \\ & I ~§ ‘eQ \\Q ~§ \S \Q & RO S g
& < g ;
Il
s * 3, 3. % 3 *
Figure 1. Developmental expression of five mRNAs of cypl isoforms in zebrafish whole embryos 2
and larvae from 4 to 144 h post-fertilization (hpf) in comparison with their expression in the livers of 2 I
adults of both sexes. Results of cypla (A), cyp1bl (B), cyplcl (C), cyplc2 (D) and cypld] (E) are shown.
“a” indicates a significant (p < 0.05) difference compared with male livers and “b” is a significant 1Pt
(p < 0.05) difference compared with female livers. Black letters indicate significantly lower expression I o
i -
ArP

in embryos or larvae compared with adult livers, and red letters indicate significantly higher expression
in embryos or larvae compared with adult livers. 1 = 6.

<d%> Zevrafish HjOl(Mori S, 2024)2t QIX| EHO}(Robinson &, 2020)2| cytochrome P450
mRNA 3 H|ln
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5. Z2: NAMQ| 124 - 217t 2t ’d(Human Relevance)

gaolorEe =£G7IHoM AMAS = offiel <E>OMMT cytochrome P450 =40|H
B CHAMO] ols SECHARY = TTAHG CHARY g0 mat Sd0] ZHE.

- ElO|ZEel Qb mAQt EHole] = HRE Sl
Cytochrome P450 ZE0f 2} S7d0| FHaEtE.

Sdst A o

« SEMMH22 MEEE N Hetm {2 H{OF-EHOF X[AFE AR CHet E7F AEE(MEFL
the assessment of malformations or embryo-fetal lethality)2 =i LS |LT 2271 Al
d stE T 18718 HESID 582 ME CHH| 82%0 EHZ. ALt

= [=]
P4502 LX|-g2| Aol g7 Zof AN EA-ZE =9 =0 AV AS A
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=> oot E 2o sy 59| NZX| 28|

S| ol 710
. 2872 8% T S

o« QFZ| EXD e ZASHH = g o A7 QUX|DF FQF
o o o S = e 28H2A2 affinity H o e 18
|_7'1| o = a4 7| = 7| =

« FEH/%=2 ratio s XZH L 2ot

— o — s o .
stojd T o clo] cramogr = | o MAHZEERES HE o QM S X7
¢ o = O |0'| |_—|EJ—|' = =L . . it = L}
oA OIS st dom wa | ¢ =0l noncanonical amino Mz=ol7| mj=of %
—|7'1| o o = oT I = o 10l 74O L O (]
acidg 8% =5 =

o 3tEtx drobM | e RFAMY  CHARM| | ¢ noncanonical amino acidE
(chemical = Zotot E2|HEOEY HR |-
carcinogenesity) Ho|glMoZ =8 ZF=o| g3t

£Q
blo

EYel e
- SYRY

(tumorigenesity)

Immortal cell2 &
g Ited =32

« B [o7h A
W20 ASAIHA
M O|=0] o=

o +8H9 NI
Yoz 0% ofzig

Lt
=

il

[ |
. A=Y

AlO| =2}

A *+ Cytochrome P450 noncanonical  OfO|l 4k &I 2MEZZo| TO|Y
= SHitsS HBlSH ofF
o TIE} ArEt k= 9| MM vactor?l virus H lipi-nano particle2 W2{3tX| %UZ

<kNn2ss

Chahardehi AM, Arsad H, Lim V. Zebrafish as a Successful Animal Model
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11. H[Yd NAML| Al 53 % - (2) 7|HH && ™ (Mechanistic Insight)

1. New Approach Methodologies (NAMs): 7|21} 2|noj

o HQYYAFOM SELEY 710k 3= ZE2 LAY H QUYZFS msi ATEE ¢
== [ x =
o — —

+ 80{9 %X 7|®: NAMNew Approach Methodologies)2 20163 4% Zd7|0A <2
‘New Approach Methodologies in Regulatory Science Proceedings of a scientific
workshop'lAl SMHez HEE 802, g2 A7 HES &8ss YT 7|z, 7
= A UTHES =0t T MA 71232 A 2fa 2Eo HE o ol xHEE AS.
Z MER AY £ 7t 2E0| NAM2Z QIFHE o H et Ed, oUE L= J|E 22

of Al I £ ATY Bt 20| A0OF H(ECHA, 2016).

« SEONHI NAML| Xto|H: NAME 2 2 Oix o 2t @54
7tX| CHE oO|IE X|UA E|RAZ. O] 80{7t 2= Hs=2X U E= MER N LHS
o[0fst7| = SHA[T, CHY M 22 NAME At H2 R E(New Approach Methodologies)'2
2 HoItto ARE. mMEtA NAM2 Ehed| SSCHMAIR™ B (Animal-alternative test)= 2|0| s}
ALp ChEd| MZ2R 0tshy "HE0| OfE. NAM2 Q17F M (Human Relevance)g 7|Et2
2 HYY Xtz 40| o[RQXEE AMAHEOM X0l O =& Hs=8 F2EY
(Lush Prize, 2005; Emulatebio, 2025; Devine &, 2025). t2tA NAMO| SSCHA| AR #at C
E F2 Q7t #Ed(O o =Che Aol ZWMAECRE 0| 7|Hez o Xt&7t A 7|22

28d0| Jtsoittn g + Us.

<FDA, 2025> U.S. Food and Drug Administration sent this bulletin at 04/10/2025 04:11
PM EDT. US Food and Drug Administration FDA Announces Plan to Phase Out Animal

Testing Requirement for Monoclonal Antibodies and Other Drugs
e FDAZI &mel 2 S7ist ME22 EEYM2 MAdo| Mg 252 HII6t7| fst &

ChetEl Z2YPAIE MAISHH, of7|of= Lo 7t WEHENAMs)O| TZF =Y ECh F=

2 g et 2k

. UM U %E WSS YYD TN SH2 Ssts ABKS 7w A0l

. QUZt HE 7% B U 7bO|S(MBMN WY A8 B 2H)E S 4X o
2 ZX0| MEe KIBHO| oA WSHX T & AS.

. 2E2Y A7 oY HOIHE LEYORM FDAE AR AX JIES I EFRQ V)
= 94 B7HE MY 4 o] HEHel 52 MHo WaNg YU 4 Y2

o| O
<@ET>

® The FDA's new roadmap, released alongside the announcement, outlines a
modernized framework for assessing drug safety and efficacy—one that heavily
incorporates New Approach Methodologies (NAMs). These include:

* Al-based simulations that model how a drug behaves in the human body and predict
possible toxicities.

* Human cell-based models and organoids—miniature lab-grown versions of organs—
that can show how real human tissue would respond to a new therapy.
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Global human safety data, enabling the FDA to rely on existing clinical evidence from
other countries with comparable regulatory standards, reducing the need for repetitive
animal studies.

©® e

New Approach Methodologies®| 5 2%

LE7|H2= = 3ldo a7t Fo SHOIXT AN7|HEMs 52 34l 4%
H=0 2AXOM QHHM =7t sHpl=8m. EDH JHEX LM NAME Alef7dol it
Hol T2 MA0M HE3 AZHS ZAAZE = UAs Y22 JfE0| Ead

NAMs(dl# H2 HEE Es M 8282 A 282 X5t M 7iE 55
/s 21zt &3 /d(human-relevant), 2 d(reliable) 5! X34 (reproducible)0| & E O O|H
ot H=0] Ct33} Z0| 57} 240 Xist Yoz WMol ey

217t ZtA-H(Human Relevance): s ZEELCE QIZt MESE o 7HZA vtEst= HE K
o RE©: 27tolE, & 2o H7|), AFH Aol ZEE % Al 7|8 54 =29
A8 S FEg AY. 0l= NAMO| 217t [ MZEE Z&5IALE Q7 Helatd ZHS ZA}
St B7F ufut #EE SEHdE F0[7] fi2d.

71HH EE2(Mechanistic Insight)

HE4 ZA(Reduced Variability)

A|AH £F E3(Systems-Level Integration)

1% A32|'d (High-Throughput Screening)
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=871H9 %xfo|

T8H|/A=Z 2| ratio

o LIoF JHHOIAM M HIYY FHTOM GE ZEHEZ|E|(modarity)E CHEt 22 87|00 of
ot O[BHE 7|ttez E20| Sa%
<HPHAE & EEfol= 3 THYA
=> gaolE azg|a ik 9 MzZX| 25
e i
. A_Q_X_"ol oo E&‘leﬂx-"OEI 76!‘?‘
- %2l EEI| . RS SH 2| o iotol A AL UKD A
7 o T8Nt affinity -
A e X QA 7|MS 7|4t

< = SHQIM S Xl o o s o
. -C')-l'ﬂo-_])\‘l ]| D:| Elo_l EI_HHx|—||_ 74 b X}-x-lljl- %I--EI o= 7|-I:I |_IX-" =x %I-X}-_'ITE
S = Co=" = 1. =% noncanonical amino Nz=Zo|7| m2o| %
ol Bt BHst HOof A = =l =X
o= S ST =2 'c de Ao =o p=2
sixjpr we wlg | 95 ©T =8 -
o BpEbE gtobM || e KX} CHARK| | ¢ Noncanonical amino acidE
(chemical 2o ot = =oot EC|HEOIEY 4% =
carcinogenesity) Ho|Mdozg =8 Z=o| Qg
. ZOFQN . oo . oio Immortal cell2 M
(tumorigenesity) M= e 3l s =2
o B K07 U7| | CHEDE =EHL 42 EEdp
o QtTgerz| 2o Al OIst cross-reactivity 7tsd =2
M 0|&0| o2& O 0F o
RTEYY Afo| =g}
.« EM7|FO| noncanonical  Ot0| =4t &
= o — = — =x Ol'A - o 7('10 M
A an « Cytochrome P450 SALS mats o AMZEZO HO|d
e Cross-reactivity
. 5t oF=o| MCh ol vire Gl [inid- el TBIX| ote
— —
7|EF A ot= 9| MEH vactor?l virus U lipid-nano particle2 D2{5tX| @43
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- 7|H™ gHE= (Mechanistic Insight)
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30| 7tsE.

rlo

3) CYP4502| %|4l computational NAM Z & - AOM1} BOM2| Z&tst soM 2HE @ H2H

XI27X|Q] thAl o L0252 AL FXHAOM, Atom of metabolism)Of 2t O|Z=38}0{ CH At

HO(SOM, sites of metabolism)S 0%,

O2Lt XFQF Cytochrome P4502|] B3t OfXo| T Estn CHYSH H0fH2o| QBEEE =

0|7 2Islf AOM1t BOM(bond of metabolism)2| Z&2 E%F SOM labelling?| 28

Z, hydroxylation 3 heteroatom oxidationdt Z2 THY X} X0fM Ldst= HS2
o

AOMEZ labellingdtd 2}stZAS0| O|F0{X|= JAYO| 20{st= BHSQl dealkylation,
hydrolysis, 12|11 epoxidation2 BOMR2Z labelling. §5| cytochrome P4500f 2|%t O|& Yt
S (dealkylation, hydrolysis, 12|11 epoxidation)2 X} CHAIH|2| Reactive intermediate

2 A0 o] WYH A .

Ol0f CHEH XtMITH LHE2 AITOX HAEE1AM 81. FDA 2020-2024'3 £QIEl g Aleko| Cjf
AHH-90% O|= AI-ZE2OME Hx
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4) gdoletE ol XIHXY EF M 7|H: Cytochrome P450 vs Natural decomposition

4-1) gHgolotFof thgt =48 ol50f cfst oA

o <FAEH-1>2 NAME QM 7t 2N &= o= ZEIIE7F gdoaEe 54 o5
e MM AD HEOHQ Y3iEo=2 5ty TH Zdoty Zzotds Fed| =
St7| OfE@Ct =,

<10 E%-1> Brandon Parry et al, How new approach methodologies are reshaping
drug discovery. https://www.mckinsey.com. June 18, 2025.

o <FY> g, FEoofFEel =9 o2 FMAM U o2t =2 FF HEHS
(sticken” WSS =2O0|H O d@elet 4=ty BN O =@t H50[HQ d=2X4E
= 227 M NAM2Z N Zdoty Zzos Fgeio| XA o2E. %R
of2{et UM E sl Zot NAMS| HAHE 2T 2st7| o= dEs 4T =0

LaHY %Y.

e <A E>Conversely, predicting the toxicity of small molecules lags behind. These
compounds often display “stickier” behavior and engage in more-complex, frequently
nonspecific interactions with a broader range of biological targets, which complicates
accurately capturing their entire toxicological profile with current NAMs. Looking
ahead, strong validation efforts will be crucial in addressing these challenges and
realizing the full potential of NAMs.

4-2) XX Mol 2 HE: Cytochrome P450 vs Natural decomposition

A <HRBH-1-0 3 TR SH0) 3 7R Y29 o £EO= J|Qsts He
2 FYE. metds a0l 80| oI 502 ZHICHE 5008 HO| dogma 20| HOILE
x| 2ot A,

f
Lb M2 7S xRt olf7t &, 22 e 2 FH7[20AME 257t ar8E &t
Z&st7] 23l 200 olF2| A7t MEZIE 2SI o ObF CrAAR FH Hig0
ot SHE SdoE HIRAl Zot oft 24 Sdez MTECE A7l 0|
L

Annual meeting of the American College of ToxicologyOlAl INDE I3t 2|/S4 HIHAL
2l Dr. Alapatte| HHE &0 2™ &L £= = LHOAMEZ NOAELO| C
2 Ct=rCt= AY(Baldrick &, 2020). E2|LtEr A 7|22 H=2|H/H|st2H H22ts A

==
ot
o
OF
==
d
-
x

Sl A-doM Lt FDAOIMANE MALAEL| #sl7 Xto]7} UCHH JHUXtet ofzdar L X[t
A20= WYXt ol740| HotEY 5= ACH= Y. IND(vestigational new drug, Y4HA|
SQIAME)O| MAIRIY2 CHELR ofc =AY INDO| a2 HIY SM1IF of2|E 7|Hte
LAY oS0 TSt aAZE O|R 0|, CHEE2| JHEX} o740 MEX H|YY Atz &4
M X[YSHX] XotCh= AY. O3t ZHHOM L] =43t W0 HOtLt 3 f5HX| Ofsh
| SA0] ACHOIM 2HIE ZE8 Wg2 2|ttt A e 523 7|HE sifhe
2 YA 2oy AS. o2 =0 0= FDAS 2l/5d 2lRE=XNE 522 0|8% &
Al Atz St 90| INDOIA &A™ S010] Jtse EEe =F2 20 28 HL9
Mo +=F0| ZR3ICt= AY. o™ HHO=E 200 F 57t ME7Ie ME2 MUK}
OlA MUz & =48 us0| BQsiCta Atz BHof A 7|2 Lol wsofA HOojLt
ROHCHHE QIS{7H0 M L2 K J7tE0 £ CHE QI5{7tel Hl=2|&/H|St2% 2L
Yoo Y HoZ AlRE

mu X omn Jnoox N N 2 Hu oo rr o1



« 9fCHoA INDE ISt S8 2 mEtdsA0 0| ot 5oz AFeCh= 5009 ©
9| dogma QIA0jA HofLtof Bt HiOjLt= SMEQl 242 OfEA ZITXY SEO| WYX
O{EA O|=0] 2lsf =40 LAL|=X|0f CHSH O[sHY. ofzfel <7 >2 THdodtESl 7|&
HE2el |7I2H0| HUolM OEA XMIHdez HMetz|=7t0f het 27t d2¢0l 7t¢+&
et 22 HaEAMel MY &dd Md Z=Q natural decomposition(AHHE6)1F =
AKX HIRHOL  piotransformationO| 2|8t =M EZZHCHAFA|(reactive  intermediate, reactive
metabolite)d. 0|52 DNA X ECHMAO| FMA7L FHoh Xy 220 SRALSI sHH
Olet 248 XNMIE RY, Ee AZIMIE S 5842 FEY. MatM gdeldEe =
47|12 IR E DNA &4, 54 H|EE O2(1 M3t 2EYA § 371X Fa @elo| &,

(H=EF)
EAEREEE) — Parent compound »
Direct-acting
Natural ___, Active forms >
mﬁ:::l:;:thway) dECOﬂSDSitiON (Electraphilic property) At 2 X2t SRER)
)] Phase || (ETExY 2d3) —» Interaction with
%715?—;! > 4 macromolecules
Indirect-acting (BAZNUAA)
chemicals femt ;
. : —— Reactive intermediates —»'
(major pathway) ¥ Biotransformation Electrophilic metabolites (80%) l
(ZHEZ 223 (gt B -Redox-active species
-Carbon-centered radicals | |
PhTse ! Lipid, Protein, -
Cytochrome P450 Carbohydrate
| wremsy l
dependent independent Reversible & Irreversible
(80%) (20%) irreversible toxicity toxicity
<> |FIIEE0| FHE71He 7|12 2 (= AHE, 2010: Park &, 2014)

« EEO UM HH=2=2 HME5IYE B0 e FEE0| €dst= O|lf= Ol XA
g ©ebEZO0| AMEZEDH ofLet YHMZEE IH5H7| Y. MetAd 2N <HaEH
-1>0HM "0l BletE2 FF "HEd(sticker)” WSS EO|H O RIS H=98 X
o O =&t HEO[HQ 4288 o AM NAMRE JAM =dstd Z20is
Hes| 25| o2 A2 Ol2fet M E siZASID NAML| EIHE S TS| Hodt7|
oM = dEot 45 30| dHY AYrolgts Qojs gdoldEel =4dsts RELD}
= Zb7| 088 0p opEk7ER .

4-3) Cytochrome P450 vs Natural decomposition2| Of|A|

4-3-1) AstrazenecaZ}l 7H'&$t Osimertinib2| Biotransformation OfA|
EESE cytochrome P4500] 2|t XMAHHdo 2 FMetr|s= SHE2 EHdMEo= 542 /¢
SEX|2H ANz A AHE RESHE Aol ZE M HEY S8EH= 72 548 ¥
2. 02 =0 Of2fe| <Figure 1>2| Receptor tyrosine kinase(RTK) XdiA2| O A|X &
AstrazenecaZt 723t Osimertinib?t FoHAAO| Lasertinib0| F=g H-2 RTK2| TK-domain
Ol SHOIZL LSt T790M R T790MOI| 242t MERMO|H AN S/ Z S (covalent bond)S

E3t H|7t ol XITMX}S (electrophilic) 22 HMetE|E X Q(Sattler 5, 2023).
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1% Generation 2" Generation 3 Generation 4'h Generation
Osimertinib N

Erlotinib . Lazertinib
Afatinib

Gefitinib Dacomitinib

" Mobocertinib

Reversible Irreversible Irreversible
Competitive Covalent Mutation-specific Allosteric
Inhibitor Inhibitor Covalent Inhibitor Inhibitor

Figure 1. Evolution of EGFR tyrosine kinase inhibitors.
Osimertinib2 FZ CYP3A4/50 CHALE|O] 759| CHAAZO| I RAS(Dickinson S, 2016).

CHARA| Q| =HQI2 cytochrome P4500| 7+ 2 ZHNIZ HLES Sof =Qlzn oA, S
E, 74, Ol QIztol ZHMZ= HHYOA ZF BE CHARM|ZL Table 40| MM 25 CHEO| 20l
g = AUAS. MFREA M= SHEHO0IEE HUY oA E ZHMTt FUSHA B ElH
cysteineS Eetoh 3709 ofO|lAto 2 PMEl glutathione(GSH)M M E. GSHO| cysteine
-SHO| MX}7t 2823 Ky SEY. GSHZt ZHoM 2t g7 &0 Zto] si=9| FA7|
2. Table 40(A QIZt ZEMZO|A d-dE CHAIK 5 M10 CHARMIEF GSHRE ZARst?| W&
Ol CYP3A4/50] olsl HEE FUDH RMAHE AN, E3] 7t T TXXY AN 4
F

o
= .

—

OlA XtO|7t Lh=G| Ol &7t cytochrome P4500| CHE7| 20| 0|t &2 7|H0o| 2Is}
o =99 J7t Ko7t g m2tAM M10 CHAMMZE 2MZO|A Receptor tyrosine
kinase(RTK)2} ZE5l0] & HES AMSI= A2 A CHANYS & = AS. oot Z
0| cytochrome P4500f 2|t CHAl ZZ2Q} TIFXHY CHARN| ‘87 ofFof Chst =l L1of7j
29 5471 ofsljof] ML

TABLE 4. Semiquantification by ultraviolet (UV) spectroscopy of osimertinib metabolites

in mouse, rat, dog, and human hepatocytes

Proportion {%) of UY Chromatogram (320330 nm)”

Peak 1D Proposed Structurs

Blowse Rat Doz Human
M1 Oxidation (+02) <l <1 110 <l
M2 Dealkylation {-CyHaMN) MDY =1 e <1
ALTIA0 Demethylation (-CH:) I-10 1-10 1-10 10
M4 Oxidation (+0)) I-10 1-10 116 110
M5 Oxidation (+0,) <l =1 =1 ND
ALS104 Demethylation (-CHs) = =1 =1 =1
M7 Oxidation (+0) ND ND < ND
MH Cysteine-glvcine adduct ND = NI =1
MG Demethylation (-CH) + oxidation (<) [-10 <=1 | ND
MO Glutathione adduct 1-10 =10 1-10) =1
M1l Acetylation or deamination + glutathione 110 1-10) NDr ND
i e Dealkylation {-CyHoM) + glutathione 1-10 MDDy ND ND
M13 Oxidation (+#0) + glutathione I-10 1-10 ND WD
MIi4 Oxidation (+0) + sulfation MDY ND <l ND
M15 Glutathione adduct =1 =1 ND N
M6 Crxidation (+00) + glucuronidation =1 <1 NDr ND

"% represents percentage of parent (osimerinib) UV response
NI, not detectable by mass spectirometry.
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4-3-2) Eto|g=2 QZt Efof S S [ESHK| RXIT 7t57] EFHE= N |FEUS=R

@ Etoj2|=2l =2t EfofoilAe] =4 Xtolof CHSt O|sH: Robinson(2020) &2 A0 HEH
CYP= EfOF ZZ| CHH| MOl ZtoM FE =2 =FLE LHE CYP 222 60%= EfLHofA
P ZEoR2 SRS A 2M0IAM gl X Ejor XA ZH Ccyp 50X w3/ X0
ZEE|YOn CYPET X CYP3A4= QI Zh CHH| E{OF ZHOM A3 R LS 2
2t EfOfO] ZE3t EfO|B|=S CYP2E1 &4 EAM0| Qoo 2 CHAMZL E[X| &1 Hi=
2 o4&, matM o3t O|fFE Eto|2=0 CHE ZAQF EfOFS| =-440| XtO[7F RUS.
CYP2E10| EfOIOIM = LUHE|X| o2 ERO|YZo| XTXPICHAIN 7} MM Z[X] @47 HE20
EfOt0| =40 FELUSHA| AZE DI 91. HIYAH NAMS| sy s5AE - o7t 2&#d(Human

Relevance).

0x
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% oo mu oX
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7t&E714H ecmit/miTel Ejor £4d: HUE FEots & oA X E, dg2(a M S S
A2 o0 582 RYSts 22 UEA| of2fel <OAZSHMME 271X & 5

HEZAHol XM 28" Md ZZQ natural decomposition(XF&3f)at
| biotransformationOf| 2|8t &M F 7 Al (reactive intermediate, reactive metabolite)2.
Olg2 tEXNEEE2 H=2AE XAEZF  cytochrome P4500| 2ot ZAK
biotransformation®| 7|Qlgt. EfO|2=0] HeoM =FE2 |FLUSD EfotON =HS FLSHK|
%= O|RE cytochrome P4502| CYP2E10| 2|$t &AX biotransformationOf| 2|8 CHALO| <|sf
RIHTLCH AL A FFOIAM XHo|7F 7| 2. ZHE7| 47 CMIT/MITE 2TALY 222
Mtz 4THAC 2R 226t 542 FYd MMAY 2229 Me0| 22X A&7t of
o HzAH XAZSHO| 25 O|FO0F.

o

F

m
rlo

EH
=

ro

¥ of K Jo ®
N

(HED

EETEEE, — Parent compound >
Direct-acting
Natural i
chemicals .. — 5 Active forms > "
{minor pathway) i decoﬂgosmon (Electrophilic property) (ATiATHEXRt SRES)
- CHEM  ppoge (R B4 & Interaction with
'?r?IEg L 4 macromolecules
Indirect-acting (BASY AL
chemicals ] ;
: ; — Reactive intermediates —'
(major pathway) % Bﬁtrse:gs;gmahon -Electrophilic metabolites (80%)
@ETgEd (garets Hah -Redox-active species
-Carbon-centered radicals | |
phal'se | Lipid, Protein, e
Cytochrome P450 Carbohydrate
| eres sy l
dependent independent Reversible & Irreversible
(80%) (20%) irreversible toxicity toxicity

<J8> F7I2H0| 547|He| 7|2 He|(HEH, 2010: Park &, 2014)

o CMITE OF2flQ] <& 10-9>0 AKX cytochrome P4500] 2lsf XITMAHo=z etz Z0|
OfL[2} “4H| LY cHHd St HIEO0|X HHEo= HXAHY SHE M0 MHLY HIHEA
ot Ztsty =42 RUsts 7|MY (Mutschler &, 2019). MatN FZF %xto|7t e

cytochrome P4500f 2|&

= [
ol
dH W 20| EXstE o= ROMLE 52 /LY = US.

B OHARZE OfL . Xt oo 7|igtez F2F 542 Xo|7t §lO]

O

<O 10-9> CMITY HIEAN HASIE Sol SHS |Yot= JID(EEEA, 2019)

(Continued)

_84_



AITOX Eileis s

Nonclinical Consulting
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o - i) M%—%g%ﬁ} SH O s 0O
Protein.SH : L‘*-":/IL L — | _
'/N + HN“‘CH ! * N - N
5 ™ el 3 =g H ax H
9 CHy | © \& ' Disulfide bond b= Ea
| S-protein
HAERLER
: [EHNHLER = Chemical nitiator)
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12. H{Yd NAML| 4] 53%E - (3) 7|HH && ™ (Mechanistic Insight)

1. New Approach Methodologies (NAMs): 7|21} 2|noj

o HQYYAFOM SELEY 710k 3= ZE2 LAY H QUYZFS msi ATEE ¢
== [ x =
o — —

+ 80{9 *x 7|¥: NAM(New Approach Methodologies)2 20164 42 HAF|0N L2
‘New Approach Methodologies in Regulatory Science Proceedings of a scientific
workshop'lAl SMHez HEE 802, g2 A7 HES &8ss YT 7|z, 7
= A UTHES =0t T MA 71232 A 2fa 2Eo HE o ol xHEE AS.
Z MER AY £ 7t 2E0| NAM2Z QIFHE o H et Ed, oUE L= J|E 22

of Al I £ ATY Bt 20| A0OF H(ECHA, 2016).

« SEONHI NAML| Xto|H: NAME 2 2 Oix o 2t @54
7tX| CHE oO|IE X|UA E|RAZ. O] 80{7t 2= Hs=2X U E= MER N LHS
o[0fst7| = SHA[T, CHY M 22 NAME At H2 R E(New Approach Methodologies)'2
2 HoItto ARE. mMEtA NAM2 Ehed| SSCHMAIR™ B (Animal-alternative test)= 2|0| s}
ALp ChEd| MZ2R 0tshy "HE0| OfE. NAM2 Q17F M (Human Relevance)g 7|Et2
2 HYY Xtz 40| o[RQXEE AMAHEOM X0l O =& Hs=8 F2EY
(Lush Prize, 2005; Emulatebio, 2025; Devine &, 2025). t2tA NAMO| SSCHA| AR #at C
E F2 Q7t #Ed(O o =Che Aol ZWMAECRE 0| 7|Hez o Xt&7t A 7|22

28d0| Jtsoittn g + Us.

<FDA, 2025> U.S. Food and Drug Administration sent this bulletin at 04/10/2025 04:11
PM EDT. US Food and Drug Administration FDA Announces Plan to Phase Out Animal

Testing Requirement for Monoclonal Antibodies and Other Drugs
e FDAZI &mel 2 S7ist ME22 EEYM2 MAdo| Mg 252 HII6t7| fst &

ChetEl Z2YPAIE MAISHH, of7|of= Lo 7t WEHENAMs)O| TZF =Y ECh F=

2 g et 2k

. UM U %E WSS YYD TN SH2 Ssts ABKS 7w A0l

. QUZt HE 7% B U 7bO|S(MBMN WY A8 B 2H)E S 4X o
2 ZX0| MEe KIBHO| oA WSHX T & AS.

. 2E2Y A7 oY HOIHE LEYORM FDAE AR AX JIES I EFRQ V)
= 94 B7HE MY 4 o] HEHel 52 MHo WaNg YU 4 Y2

o| O
<@ET>

® The FDA's new roadmap, released alongside the announcement, outlines a
modernized framework for assessing drug safety and efficacy—one that heavily
incorporates New Approach Methodologies (NAMs). These include:

* Al-based simulations that model how a drug behaves in the human body and predict
possible toxicities.

* Human cell-based models and organoids—miniature lab-grown versions of organs—
that can show how real human tissue would respond to a new therapy.
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* Global human safety data, enabling the FDA to rely on existing clinical evidence from
other countries with comparable regulatory standards, reducing the need for repetitive
animal studies.

2. New Approach Methodologies2| 5 & %

o AURHI|UCEE S5 Yo a7l F2 FHOXD AH7|UEME S5 514l At
HEO QMM HHE eIt dm5, ot WA YHM= NAMES defsidol Fut
HOl ZENAOM HEU AlZtE ZAAZE = e SR JE0| EHagt

o NAMs(Alf HZ EHE &= A 282 oM 28-S XSt dof Jjgs FTIsH|
Qs o1zt 2 ’d(human-relevant), 22| (reliable) X X§& M (reproducible)0| = A=l G| O|E
ot HE0| Ct3at Z0| 57kX] 40 Hlsh Hgfo =2 wWHMo| Hag

@ 27t & d(Human Relevance): & ZEECH 272t MEStES o 7tZA HtE5t= FE A
9 EE(O: 27t0lE, H 9 F7|), AFH AlZHod ZHEE 8 Al 7|8 54 0F2
AHg2 Fe{g AQ. 0l NAMO| Q17 [ NIZE Z85tHLE Q17 Me|std R4S ZA
5to] B2t a1t #EE A dE =017 Y.

@ 7| SHE=(Mechanistic Insight)

® HEB’Y ZA(Reduced Variability)

@ AMAH =& E%(Systems-Level Integration)

® 1% 232|'d(High-Throughput Screening)

3. ofF HEZE[E F547|Fe %}

o Aok JHHO|AM M HIYY FHHOM 4E RHE[E[(modarity)d C21F 22 =47|7H0 T
St OI3HE 7|He 2 =40| 52T,

<H L&A & E2|HElo|E A THMA
=> g olekE 2| s 52 MZX| 25|
DFEXpe|kE
< RS =9 ¥, ~axo oo . HEXEMY &4
o o2 =X s . Igﬂlgf‘jr;?ﬁnit A7 AR FF
ZHA| e (Off-target . ISXﬂ/Ot—:‘ ] rat)i/o o QA J|Fg J|dt
toxicity) rerET o XE2HE 28
o XFMXIMHo=z Hzh N N
. wmay o B o cramp g | o JAbSELS A e G R el
oI oyt stk 7o 2 | 53| noncanonical amino M =Zol7| mEo
= acidg 49 =38 =
SHAIEH Z2 e
o BStA drorM | e EITMAHE  CHARA| | ¢ Noncanonical amino acidE
(chemical 2ol ot =A Zotol Z2|HEOIEY E2 |- S
carcinogenesity) Ho|Mdoz =8 Fo| 3t
. ZoolM . oo . oo e Immortal cellZ &
(tumorigenesity) e e 3 s =2
o Bt KXot U7 | o CrAot =8HLt d=E-Edp
o OFFHorz| 20 LAl oIt cross-reactivity 7ty |« S
M O|=0] o2 o= oF ofZ2
. =29 NE
o =d7|I™o G noncanonical OfO| =AU _
= O — = . — x . o} M
Al QA Cytochrome P450 SiAtS matsl obz QMEZZOl MOl
» _Cross-reactivity
o 7|Et AtEt tE 90| MEA vactor®! virus U lipid-nano particle2 12{31X| US
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5) Astrazenecal| Osimertinib vs F2t¥2| Lasertinibl| MoF 7EHHM F/dst
M Z=9XM
X

5-1) Osimertinibal Lasertinib2| 22F7|Fat XX ALK
5-1-1) U™ SHAHO|  Lasertinib2 HIAMIZEHAC| O|FSEHXZH QO OfO|HELR
(amivantamab)dt HEQHOZE 0|8kl= YH2AAEF Y. A2[7|HE EGFR(epidermal growth

factor recepton)9| HIEE” i Yo Z=XHSt= receptor tyrosine kinase(RTK)2| X sl{A| .
T

AmivantamabO| 2tM|ZO| AMZLt BEMH JAo| EL0| Ao =AUHO| tyrosine kinaseZt
EIoCHH 2MZ ZAE X[ R <AES0A Lasertinib@} Osimertinib2 =% RO|

N 2
tyrosine kinaseO| ZRZATCIOl LME FAIS AEHE DroF MFAHO R RTKY BRZAFO| Of
SO{X|X| YECHH H7 2algiof SAHOIY RTKY HIEAXQ HHO=Z Amivantamab %%

.I

= Ho ME S40| X&HE AY(Zhong

N
o
o
—_—
c
0
N
o
o
N
—
®
®
0
N
o
R
Ul
<

Amivantamab
il ®

O

"1\

<

EGFR

Receptor
Tyrosine ——I Mutated
Kinase Tyrosine kinase
Inhibitors

Lasertinib

RAS + PI3K
Mediated Cell Survival
and Proliferation

<13 > OsimertinibI} Lasertinib2| receptor tyrosine kinase(RTK)2| Xl 7|H
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5-1-2) Osimertinibd} Lasertinib2] XXt A0}

@ Osimertinib2] S XITXFE CHALY 2
Table 4= O, HE, 7 J2[1 AZHO| primary hepatocyteOl A CHALHIE 2ol
o

=t
o =2

o
e A

CHARA| Z2af
Ql

X7t Jtsot fYot XXX CjAtMl= glutathione(GSH)2F

=
HERSCHAH 2F 2

Siots RS 4A W 222 GSHEY.

TABLE 4

Z2gE

Ht

—

e
=2

SHEFQI M10 CHARA|

<
ot

Y2 5 CECeE AS =220 = AS. AH UMZ0AM RTK

Al

Al

=

[=
Sk

ol
o

ol

[}

O A, 81 12|13 H

2740 A20| M10%TF OfL|2} Of2 AEAMUAKIZE MMEe S HoIs 4

i

Semiguantification by ultraviolet (UV) spectroscopy of osimertinib metabolites in mouse, rat, dog, and

human hepatocytes

AN

Proportion (%) of UY Chromatogram (320-330 nm)*

Peak D Proposed Structure

Mouse Rat Dog Human
M1 Oxidation (+0) <1 <1 1-10 <1
M2 Dealkylation (-CyHgN) ND <1 =<1 <]
AZT550 Demethylation (-CHa) 1-10 1-10 1-10 1-10
M4 Oxidation (+0) 1-10 1-10 1-10 1-10
M35 Oxidation (+03) =1 =] =] ND
AZ5104 Demethylation (-CHs) <1 <1 <] <1
M7 Oxidation (+0) ND ND | ND
M3 Cysteine-glycine adduct ND =] ND <
M9 Demethylation (-CH,) + oxidation (+0) 1-10 | <] ND
ML Glutathione adduct 1-10 =10 -1} =1
M1 Acetylation or deamination + glutathione 1-10 1-10 ND ND
MI2 Dealkylation (-C,HgN) + glutathione 1-10 ND ND ND
MI3 Oxidation (+0) + glutathione 1-10 1-10 ND ND
Mi4 Oxidation (+0) + sulfation ND ND <] ND
MIs Glutathione adduct = <] ND ND
Ml6 Oxidation (+0) + glucurenidation < <] ND ND

ao

Yo represents percentage of parent {osimertinib) UV response

ND. not detectable by mass spectrometry.

Table 38 E3l Osimertinib2| CHALO| ZtOSI=

o
=.

cytochrome P4502 LtEHH Z4Q 9f 50%

HE 2 CYP3A42t CYP3A5, 2|1 LIHX| 2F 50%7F CYP1A2, 2A62F 2C90| 2|8 CHAIE|=

o
NE

0|5

2Holgt = QAZ. =20 AME Q0| E[X| A/PX|DF A2|EHES SHE M102 CYP3A40]
MYE 7tsd0] 2 AL=ZE FHE.

TABLE 3

Percentage of metabolism® of osimertinib, AZ5104, and AZ7750 through
recombinant expressed cytochrome isoforms

Compound

Cytochrome [soform

Osimertinib AZ5104 AZTTS0
1A2 120 0.373 ND
2A6 15.5 ND ND
2B6 ND ND ND
2C8 ND 3.19 (0.129
269 133 0.160 ND
2ci1y ND 0.958 ND
2D6 ND 0.285 ND
2El 3.0 ND ND
3A4 44.4 67.0 99.9
3AS 9.6 28.1 ND

“Relative contribution for the 10 displayed cytochrome isoforms only.
ND, not detected.
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@ Lasertinib

o LAZCLUZE® (lazertinib)0l CHZF Medical Information(2025)0 2™ |azertinib2 CYP3A49|
712 KT <HIAZT-1>0MAMB zPT AMEE A2E AMA M
glutathione-S-transferase mu 1 (GSTM1)& &3dll glutathione conjugation0| E|R{Z. O|=
CYP3A40] Q|sff FIMAHYHAIMZ biotransformationElCHe 242 2|0|&t

<& EH-1> Mehta J, Thompson C, Scheers E, Leclercq L, Jang SB, Kim DK,
Haddish-Berhane N, Hellemans P, Jiao JJ, Clemens PL. Clinical Pharmacokinetic
Assessment of Lazertinib in Healthy Adult Participants: Effects of GSTM1 Genotype. Clin
Drug Investig. 2025 Dec;45(12):935-944.

Abstract

Background and objective: Lazertinib, a potent and irreversible third-generation oral

epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI), has shown
promising efficacy and favorable tolerability in EGFR-mutated non-small cell lung cancer
(NSCLC). On the basis of in vitro findings, lazertinib is primarily metabolized by
glutathione conjugation via glutathione-S-transferase mu 1 (GSTM1), occurring via
enzymatic activity of GST or non-enzymatic processes, as well as through cytochrome
P450 3A4. Here, we report the effect of GSTM1 on lazertinib pharmacokinetics (PK) using
clinical evaluations.

Methods: The effect of GSTM1 on lazertinib PK was evaluated in multiple phase 1
pharmacology studies. Clinical studies (NCT03556436, NCT04410081, and NCT05076877)
involving healthy adult participants given lazertinib were analyzed on the basis of GSTM1
genotype (null [i.e, no expression] or non-null [i.e., expression]).

Results: In a clinical study where participants were genotyped and analyzed to determine
the association of lazertinib plasma maximum concentration (Cma) and area under curve
(AUC) with a panel of genes known to affect PK, GSTM1 genotype showed a statistically
significant association with AUC. Compared with null GSTM1 participants, non-null GSTM1
participants had relatively lower plasma exposure owing to increased GSTMT1-mediated
clearance. The mean single-dose and steady-state plasma Cnax and AUC of lazertinib was
1.1- to 1.8-fold and 1.4- to 2.2-fold higher in null GSTM1 participants, respectively. The
safety profiles of lazertinib were generally comparable across null and non-null GSTM1

participants.

Conclusions: Overall, GSTM1 status affected lazertinib PK in healthy participants and
hence further research is warranted to determine the magnitude of PK differences and
whether they are clinically meaningful in the NSCLC patient population intended to be
treated with lazertinib.
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http://clinicaltrials.gov/show/NCT03556436
http://clinicaltrials.gov/show/NCT04410081
http://clinicaltrials.gov/show/NCT05076877

(3) Osimertinib1} Lasertinib2| FIZXPECHALY| HdoM S EH

o OIHe] ZHMIZ U CQIHOIA Osimertinib2 2| 50% ™7l CYP3A4, EESH Lasertinib®
CYP3A40] 2Jsll XITXHICHAINZ MEBHEICHE H

N/ =
V4
0 NH | /0
N
B g
/'/I\
N N N/
. |
/0
Osimertinib Lazertinib

Fig. 1. Chemical structures of lazertinib and osimertinib.

@ Osimertinib vs Lasertinib?| 22 7oA SHSHH F24d

e EIOl Q82 7|H 7|8 YA (mechanism-based approach)2 E%t Osimertinib FAHA| 7H
S flet O3t 22 ¢nE ey

S2 Z¢HO| RTKOY SFALSHE M102| RIFXpG ALK
2 ML= CcYP3A4-EE CHAL HE & (relevant metabolic transformation rules) H&8&
S0t Lg|E VY. EE Lasertinibl HTAHIHAINE ZSEH F o 0F20| L3t
= A ALE OdE. S8 CY3A40] 23t XFAEAINE ddEle 7|2E ZE5HY
o
=

o M109| FTXHICHALA Ol =23 7 = Osimertinibd} Lasertinibl| CHASH S &
S M10 CHARN| =HQ1 O2|20 Q1N ZHMZE 0|83 M10 CHARM &g ol

« AAHNZ Lazertinib= Osimertinib2| FAINE L= AS FLAO0| 2to|HMA 25 = I
El Ao=2 dpd.

—
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o YHtHOZ oo <E>OM =M 22FXME in vitro S HSHHOIAIH, in vitro
dAd, OrRAE 0|88 28AY S 371X 2 F8EIH 0o ZME QMo &
ZH(ICH S2 (R1); 2012, OECD test methods for genotoxicity).

<Table> OECD
Gene mutation

In vitro assays
- Bacterial tests:
TG 471
- Mammalian test:
TG 476, TG 490

In vivo assays:
- Somatic cells
TG 488, TG 470
- Germline cell agsays
TG 488

6-2) In vitro 85

7] 28 <dF>2F 20

St 0|2 S9 fractionO|2tn et [HEtA
dARY S A zdY, =

Low speed

Cell
homogenate

x==

<d8> SEQ9| M F&E

=~
(=]

In vitro SHZSCHOIA™D} in vitro FMH O] &AM E
25l cytochrome P450 Al

centr Eugmon

EH
=

=14
=

I 22 NAM2| tH 7

test methods for genetic toxicity

A of
.l

o
a
=8 o

Clastogenicity/aneuploidy DNA damage/repair

In vitro assays
- Chromosomal aberration:
TG 473
- Micronuclei and aneuploidy:
TG 487

In vitro assays

In vivo assays
- Chromosomal aberration:
TG 475
- Micronuclei and aneuploidy:
TG 474
- Germ cells assays:
TG 483, TG 485, TG 478

In vivo assays
- UDS TG 486
- Comet TG 489

HAEOIA S9 faction

SiEol 7H 228 FETI0 cytochrome P450 A AlA
= In vitro FHE=SHAI™0= S9 fractione &
2ot Be RESEAES HER”Oo2tD g
59 fraction
Medium speed High speed
centrifugation centrifugation

S9 fraction
Nuclei, Mitochondria, Microsomes
debris lysosomes

.

$t cytochrome P450 4 A|AEIQI S9 fraction =& 1M
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6-3) RESEAEL 47|11l (et A
o <IZSHMXEH cytochrome P450-H[2[EZX XtAZSHO| 2 HYXNE=EH TUTAHIEH
2 Mgkl 82 fsdARAM HEEO Y5t cytochrome  P450-2|EH
biotransformationOf| 2|3t XIFAHLCHALN 7t dHEl= 7|82 FHESHARES CHAIZHE ®O|
Z|
.
(HED)
EAEERBET) — Parent compound -
Direct-acting
Natural i
chemical ., Active forms > -
(minor pasthway) decomposition (Electrophilic property) (athAi 2 A2t SREE)
- C=E) prose  HETY 24 —» Interaction with
%7]52 —_—P 4 macromolecules
Indirect-acting (@A Z AU AA)
chemicals 'l ;
. ; — Reactive intermediates —»'
(major pathway) ¥ Biotransformation “Electrophiic metabolites (80%)
@rEEg 2 (esrs® -Redox-active species

<d8> |II=2H0| S47|He 7|2 A=Y

-Carbon-centered radicals I |
Phase |

Lipid, Protein,
Cytochnlmme P450 Carbohydrate A
| wnen sy l
dependent independent Reversible & Irreversible
(80%) (20%) irreversible toxicity toxicity

FEE, 2010: Park &, 2014)
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6-4) RUSYEAMEE S UM o5

2Hf in vitro FESSAIHOAM 4=0| ArAZHO| Qldf HHAE=EZ HetE0f DNA

0| TS QAN = HEY Its ot = 2

T 2 HZ 2g5tEof =492 R0 ME0 ZMHY G=2= HEET
X

R e A4S AR 5% =7t AYAHEEEY.

Ml

HHHO| cytochrome P450-2|&d HAIZFROIM FTH=G0| ZdstE XHE siMost=H
SHAZE A, TR HANE Zsts dH F2% 2ZO0| glutathione®. §¥M EOlE
Table 40| MAME O, HE, 7§ d2|3 MEOM glutathionelt Zdts CHAIMZ 2=
Mo CtEtte A2 =2 & = ASZ. 0|t €2 X0ol= AN H=5HS HF= Q0| E.

TABLE 4

Semiquantification by ultraviolet (UV) spectroscopy of osimertinib metabolites in mouse, rat, dog. and
human hepatocytes

Proportion (%) of UY Chromatogram (320-330 nm)”

Peak 1D Proposed Structure

Mouse Rat Dog Human
M1 Oxidation (+0) =1 =1 1-10 <1
M2 Dealkylation (-C4HqN) ND <1 <] <]
AZT550 Demethylation (-CHa) 1-10 1-10 1-10 1-10
M4 Oxidation (+0) 1-10 1-10 1-10 1-10
M3 Oxidation {+02) <1 <1 <l ND
AZ5104 Demethylation (-CH-) =1 =] =] <]
M7 Oxidation (+0) ND ND <1 ND
M8 Cysteine-glycine adduct ND =1 ND <l
M9 Demethylation {-CH,) + oxidation (+0) 1-10 =] <] ND
M1 Glutathione adduct 110 =10 1-10 <l
M1 Acetylation or deamination + glutathione 1-10 1-10 ND ND
MIl2 Dealkylation (-C,;HgN) + glutathione 1-10 ND ND ND
MI3 Oxidation (+0) + glutathione 1-10» 1-10 ND ND
Mi4 Oxidation (+0) + sulfation ND ND <] ND
MI5 Glutathione adduct =1 <1 ND ND
Ml6 Oxidation (+0) + glucuronidation <1 <1 ND ND

e

%0 represents percentage of parent (osimertinib) UV response
ND, not detectable by mass spectrometry.
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6-5) RHESEAES 8¢ XY oFHS = A
« SEZ1 M Cytochrome P4502| 3 R8: <H 3-6> QK I 52T CYP 8EHad T
ot AX|& HWE LIEFH ZHY. QA cytochrome P450°2| 20 O{Z 1t CHE2 ST &7
2 HQZ-FFYR 27%, HE 143%, D2|10 OFRA 11.8%2 22l E (Konstandi &, 2014)
. Ol SHESAMAIZ Az ChE OlSE0| 123%01 BsCHE HE U|E. oY E7
cytochrome P450 O}Z9| |' |2 Table 40X & CIYSH FH Osimertinib2| XITXF CHALA|
didof xpo]7 dstH Mefiol oEES =
<E 3-6> 2N U SEF2 cYyr SErL FRL YK E Hlu
CYP CYP CYP isozyme
family subfamily Human Monkey Rat Mouse
CYPIA  heeenes CYPIAT .. CYPIAT e, CYPIAT . CYPIAL ...
CYPT L WGYRTAZ L CYPIAZ CYRIAZ | CYPIAZ ...
CYP1B CYP1B1 CYP1B1 CYP1B1 CYP1B1
_____ QYP2 | QYP2A | QYP2A6 | QYP2A23 | QYPRAL L LQYP2A4
__________________________________________ CYP2A7 . [.....QYR2A24 | QYP2AZ | QYP2AS
ISR USSR IO O3 Lo L S U N QYP2A3 | CYP2A12
_________________________________________________________________________________________________________________________ CYP2A22
______________________ CyP2B . |.....CYPeB6 | .. CYPeB17 | .....CQYP2BI _  |.....CYP2BY
__________________________________________ CYP2BY e e CYPB2 L CYP2BIO
U U AU RN SRR o) 5222: = S B
______________________ Qyp2C . .....QYP2C8 | .....QYR2C20 | . ... .CYP2C6 . |....CQYP2C29
__________________________________________ CYP2Co .. [....QYP2C4a3 | . ....QYP2C7 . .|......QYP2C37 .
IS USRS ISR o5 (o) - S U N QyP2Ct cyp2C3s .
ISR USRS IS ) L2 o) | S SN NS qyp2Ci2 L CYP2C39 ...
______________________________________________________________________________________________ Cyp2Ci3 ..|......QYP2C40
______________________________________________________________________________________________ Qyp2C22 . |......CYP2C44
______________________________________________________________________________________________ qyp2C23 ..|......CYP2C50 .
_________________________________________________________________________________________________________________________ CYP2C50 ...
......................................................................................................................... CYP2C55 ...
...................... cyp2D |.....QYP2D6 | .. .CQveeDi7 | .. .CQYP2D1_____|......QYR2D9
__________________________________________ QyP2D7 ... |......QYyP2D19 [ ......CQYP2D2 | ... .CYP2D10
__________________________________________ QyP2D8 . |......QYP2D29 [ .....CYP2D3 | ... .CvP2D11
S RN ISR IS € 4.1 v) U N QyP2D4 L cyp2D12 ..
S Y N IS O 4272 0/ R CYP2Ds cYP2D13 ...
S K ! (PR ISR €. 42”2 DAL S SO cYp2D22 ...
......................................................................................................................... cYp2D26 ...
......................................................................................................................... cYp2D34 ...
......................................................................................................................... CYP2D40 ...
CYP2E CYP2ET CYP2ET CYP2ET CYP2ET
..... QYP3 . |....QYP3A ___|.....CQYP3A4 | QYP3A8 | ... CQYP3Al ... QYP3ATL_ . ...
.......................................... CYP3AS i QYP3A2 LU CYP3ATS
.......................................... QYP3AY e QYP3AS L QYP3ATE
e QYP3AAS CYP3A18 .. |...... CYP3A25 ...
.............................................................................................. CYR3AG2 ... .|......CYP3A4T
CYP3A44
QN cyPoyl CHSH UX|E [ 4/15 = 27% 4/28 = 14.3% 4/34 = 11.8%
(Konstandi, 2014)
6-6) RHEEEAES 2XFa}t M2 NAML| 2t 1w
e <H 36> 9N Y SEF2 CYP SHEmA FTFQ YK Hme Table 49 CHATH T
Osimertinib2| XIFXHE CHARK] 44 KOO MAE cytochroem P4502| Xt0|= =4 S <fg|
82 IYSt=O UM cytochrome P4502| CHAMN| 2440| HOiL} 523t AdeS St=

20 chet ofsio F2 A= Y.
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2]

0|2t Z& cytochrome P4500i 2|3t Zg‘ XO|E E0|2 QM o582 =0/7] OlsiM= 3t
E9| cytochrome P4500tL|2t QIH| 79| cytochrome P4502 AtE3dt= Z40| HigHE/T

I Aok JErE E£XISH| 26 ._._" o =|¢:",(human relevant)} 224 gl
2 E= Mg T2R)e A oAztn g 5+ US.

FEEEAE YH-E NAM EOHH 2IZtel 2t S9 fractiong A& A2=2 Of¢&0f 00|
|

MilliporeSigma
wnnalsigmaaldrichcoma US: en

S9 from Liver, Pooled from human | Sigma-Aldrich
The hepatic 89 pools from a variety of biclogical sources represent the post-mitochondrial
supernatant fraction from homogenized liver. Known to be a rich source of drug metabaolizing...

Brand: SIGMA

®enotech.com
www. xenotech.com » 2023 03

Human Liver S9 Fraction - Pool of 50 Lot No. 2310054
To measure glutathione S-transferase activity (GST), liver 59 samples (5 to 50 pg/mL) were

incubated in triplicate at 37 £ 2°C for 10 minutes in potassium phosphate buffer (100 mM, pH 65..

l Sciencelirect
wwwsciencedirect.com » §9-fraction

S9 Fraction - an overview | ScienceDirect Topics

The liver $9 fractions contain both microsomal and cytosolic fractions. They regroup therefore
the same metabolic enzyme profile {(phase | and phase |l enzymes including their cofactors) as...
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13. A|AB] &= E3H(Systems-Level Integration): 917t =X|-Q2 EX2 &8¢t
NAMI} MABELESE{ MRSD 4= 0f A]

1. MAMS| 5CH S 249

mx

g

L

—1
[

o
>~

EH CC
I:I% T

r

® NAMs(A H I 282 M 282 XSt A IS HX5
25l 917t &3 ’d(human-relevant), A2 (reliable) 5 Xi¥1d(reproducible)0| = ZEHEl
ot H=0] Ct31t Z0| 57tX| 40 Hgst Hadoz UMl 2y & HEAME S
Zt &AM (Human Relevance)dt 7|HX &2 (Mechanistic Insight) 12|11 HEZE Z
(Reduced Variability) CHZFMO 2 MHE|QICIT AFZE|Y Chaat 20| RO,

@ 27t 3 d(Human Relevance): YAAIYHOAM EHXtof| CHst QtM/Hal T 20 CHSH Oof=3517]
fIsiAM NAMOIM 71 FS2%t 22U, %M OAGMAE LXsto|HEY, otZl&d, JFOEIA
N BEY sg7|Eeel MA SO0|AMA- NHP(honhuman promate)S ZE&tsh H[Z2Z ot 2
E SOA QZtoM OIS0AM 25% O|ste| HHSO|FEO| HOEUZ. Ol S=2ZEHO Ot
X|LEEl o=t eixte| o|Ed S 1nE{stX| &2 AN, mMEtA NAMS 2zt |l MEZE
2ESI7Lt QU7 ME|StH ZTHE BAISIo F7F ifar atHEE EAMEE .

<OlAl> NAMS| CHEZXQI =LtQl organid= QIA|-F2f X 2HRp-Faf M= 9 =
83510 M E[ofof ot =22Eo OZ5E0| H2H s=-fif MZE X ZEHCZ HEE
organoid= E2 052 O{&A €.

|0

@ 71HH SE3(Mechanistic Insight): 2= E2|E|7F =X 7t

r
>~
Hu
Mo
>t
HU
N
e
lo
Hu
o
09
g
L

= =
EXSHH IA TAOIOHE, WELOIS-DHT- M Sof DEXOGE 12D MEXEH
Soz REH 4 g 050 %ML HHHOE BN T Y EN ME 59 EX
2 7%|1 90B8= 05 HME 7 ME U =X 52 088 NAMO| £#=|0{of & uf
2HA NAME 2Xb 9 ME JIFO| THE MM OlshE MBsol 8 VM EAMI BE ¢
8 3tE. NAM 7| HIWS Adxo= ofsiNoz ALY YUk FO| LI A
N SHES. GalsHoR BuY b 30| BN AL, BN IO 3 |E FY %
CE ONAM EE Y4 i3t U BLUEIYS Sof I A¥S HZY & U= 50|
NAM 7IgH Tzl 7 S MmN fElEHozE A Yk Fo| KR REH

uz g
N
janl
3Q

NAM 7|8t ME9| &

<O|Al> 2006 HZOIAM =HHEH XZH O TGN14122| AAMAIHO 28t H|ZS o2
£ AS TGN14122 THAZ 235K (Anti-CD28 monoclonal antibody)Z Hi&3 EHO|
A CHEZEQI CD280f2t S0|X APt 2Lt CD282 AFEO|ATH EXHSt= HAA T
Q. M2t HELQF NHP s=2 0|8% SdAI™0A TGN14122| adverse effect® =
Ql5t7|= Oz{2. AZNHoZ AMAIHOM TGN1412 AT0| 2|3t CD28 &d3t= AIO|E
7FOl(cytokine)2| THEFF £H| =, AIO|EFIQl ZE(cytokine storm)Z HFSA HptaAbdt
CHEMEZIEHME RE2 S4E, Jd2|10 20| AfYOo|LE e FEHE

r2 an

® MA® F=F S (Systems-Level Integration): NAMs= O W21 X0 E4 AYHS 7ts
SHA & 2 otLat, Relld X == HoF ZTOIM Aztnt o 2Ed =2 oA 2EE 7t
SO 222N 2522 A ¥FE Z2E2H2E HItAZ HMHE X2 US. 59| o
2 NAM FZ2ES Z29Y = Us sH2 ST 429N 4289 ZaAel ZES
7tssStA ot ECh FAMEQl otdd B s30| Eagh it dx A f/" HIHoM
NAMsS| ot B2 7I29= & 7HX| =0 EX. NAM2 =22 XHE A8
St 0| OfL 7| WEof MASE YA EHE FHH7| 7t &X| Y2

<O Al> NOAEL % LOAEL S22 FHst= BIE R0 S5d H7to| oHA 7 NAMsS| & H- S

rot



1)

® 1% 2A382|'Y(High-Throughput Screening): O|2{st &
S Ko}

S0[H W3S HTUCEZN NAME2 =83 Ho|H| &

go Jim

=AMe &t A O
NS B+ o

<OAl> SHAIFEOIM gHdolekZol dXFt HHX|F S92 2F, BtHO| HO|22|2FEZ 0|
0= 1522 sHdE HO|UEL FR0 2= TOAM HAF BE27F = YSHX|Tt
eHgo|kE ol ZR0l= cytochrome P4502 &7F XO|2 CHARZF CHEH 1 Eﬂfoﬂ 2t
= I:II-O;IO.”A-IE X} 17} Q1S mfatA SHAJO|QEO| EMA[SS £ OIN| o= ADS
§0|7| Qs 252 Afﬁﬁftﬁ O| T EO0|& Ht39| AA7|= ALE 7INME. oY
Z0M Z273% 51‘5’““ s SfLETt %E%’S’M"*o' Olltf in vitro A|ZO|A SHEQ[ Ztof
M 2F=l S9 fraction(cytochrome P450 RAAE ©R) AHEE EF0s AMEIO| SAE
O S9 fractionE At&Y ERH0| AZ. AAM A-H:Ho} 0| HEM ZAOAM ZALCHE
Z8%t /002 AtRE|E AL A} 7(":fo| E= "(heterogenedty Q. O|Z 9l U4
AMEAIRON K20 CiSt SHXte| HHEES E 25-30%Y. O|E =0 X[Oj=HXt I"FJ
108 FEZAMOM I7IEHEel o= 58P 2HAte 4-5—9| 18 Y=ot AEHO|H
Levadopal| O| &0 7|Ql8l= Ao 2 20l (Williams-Gray S, 2013).

2 =tst 23 2to[28{2(2
Al
Al

¢t BIHE ZtsotA oto] M2z wiict =2 2= 8OIotA .

. M| AR =& E3H(Systems-Level Integration)2| 7H'E1} GA] HE

x|
E'—f S | oMl E* 4':.&% Mg # o
oo OXl= HAN =itE ZASHK| RetChe

SAHCE AAH -1“—-.’1_‘- %""JOII Cigt s EXE= ZHAIof cist d3o] gls YAHMAM
(o)

=2

£ S0 <E 11-3>0MNY MEAt SgetZat Ho|o FZF0f Cioh ALETHAT
22 H

a o
2F(maximum recommended starting dose, MRSD)2| ZH S SEAMHES 53t =&
MAIEO| glo] ofEH MEsts ZAQ77t NAMO| BT MES 7t29ts 7t 2 ®

[ |
ojn) NAH £ St 2X Y.

<E 11-3> %2 RELE|E YA ATEY FH YUY
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MABEL: minimum anticipated biological effect level, Z|27|CH
animal equivalent dose, =& 7F2 &, RO; receptor occupancy, TEHMEFS

o NAMsO| of
A28 &&= E8H(Systems-Level Integration) GflA|7t .

o o
o
e

NOAEL: no observed adverse effect level, Z|CHH| 5482 HED: human equivalent dose, 91|
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Kalydeco
(cystic fibrosis)
(NDA 203188)

Galafold20
(Fabry disease)
(NDA 208623)
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3-1) IMCgp1002| °f2|7| ™t H| U4 Fd

@ IMCgp100 2|82 7|H

° IMCgp1002 8d3ld ot 23t T M= =&%X|(@a soluble, affinity-enhanced T cell receptor
(TCR))2 &-CD3 EtHY A& 7HEH CHH(scFv, single-chain variable fragment) X2 A E
g8 CHE A (Boudousquie &, 2017). IMCgp1002 HLA A*02:010( gp100 HHZYERIE
HAISH= AMZ cD3 &8 T MEZE ZASAIZIEE HA=US. X HHEIZEAD
(KIMMTRAK; Immunocore)2 &2{%l 0] L4222 P22 ZEOl SM=E K22 £0KAe
(Howlett &, 2023). (ZEELUZMZ(uveal melanoma)S =9 EE 0| LHlste oblQto| AZ MEXMoRL B
X, kol oA oM st 292 2R = AL, 0| f”Ho| X2 1@t To| /™o 22 1Y¥2E e
A Jtseh Sl AOF, A3 Ao AT S2 30| LIEHE £ AL 0| gl 4% U3

UCIR.org

<d%> IMCgp100 == KIMMTRAKO| O|$t T-cellnt 2MZO| gp100 AT ZHE =8

@ HYY NAM I{7|X|e] 7H2tE MT: QtNd Sl =50 ofst B7HE <d2-1>aF 20| 8%
. (A) EX BEO|E-HLA(human leukocyte antigen)& X AlSH= ?.'*%* flot HEF & M=o
Cist ImmTAC(Immune Mobilising Monoclonal TCR Against Cancer) &At2| &8 7t 0|3
|
=

oF MZE 240 2M N33 2EE S fE TY MZE Y OSX T MEI 2E EEHE.
AOIEZHRL Bl ARIIY 22 5s F82 Ay 240|Ch (B) ImmTAC Ao Y ==t
22 o A EtE @ LYY MEE SRS 232 dste CHdt M= 2MEE &
of Z™EE. ImmTACO| 2|5t AIO|EZLRl & 8l Al 4yt MM FFECL 0T B
A EAH2 ChYD HLA StlHof CHe wXt gt Eoteh (O A HEO|E WAEHEd
(cross-reactivity)= H7t5t7| sl HFE 7|2F BLAST ZAM I LatH/X-A70d HEOE =9
Ho| 2A42 st =Nl HEOE A3z2|d IYI|XE AEE BE HE0|Ee UTSHA
HAE Aoz ZQIE HHMA off-target BEIO|E(HEIEIO|E 'O|ADIK])E wAtEtSE HILE ¢
of MZ Moz It A32|dE.
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Safety Specificity

Screaning
0, Loinget 20 canc s

‘.:J., I. i I..: £l 5| ['Jl:f[nm
ol frves 2l calls

Scrasning

| e
ImmTAC u:;,gg‘lf Peplide g::r:?:
cellufar Sckios 8 ‘miss-match’ FET " : d

: mutagenesis
assays sl cell serean I

X-zcanning
mutagenesis

Human Cell Testing

3-2) IMCgp1002] NAME %t MRSD 4HE - A|2H +=F S oA

® 2587k IMCgp100 & FAMSH SststEl O|S 014G TCR 7|8t EAt2| HIY 25 A ot

d B7tE 28 Harper S(2018)2 && 2Atd Q7 dMEFE SH2Z o ZEHo Mo ©E

B2t WI7IXE SIS, 25 715 ¢l <& S0[Ho|n HZTur B At T ME

£ A835t0] AHit E2ma(DH) 3 A ME ALZ 58 S BY M= AMEo ot &

A HAlS| dets SFSIAS. LHIE-y(IFNy) L= % M S M=ol Alglzt L AFZo 2
Al

¢ HOolHE xHa

level) AI&H0] Z7I0{5IRAS. MABEL A2 YHAIES ot STS AR &S =FoH7| ¢
BN YDHeR Z28EM, 47| AHI|E-y(FNy) =0 et of2] 25

X~ El

o

@ MABEL ¥ MRSD 4H&E: <J#-2>2 ZMFT X(ImmTAC-gp100) E& AAsH 7|SXE
(ImmTAC-nybr1, ImmTAC-mageA3 % ImmTAC-nyeso&) S0| 42102 7|FE &5 MZEE =
PBMC)Ql =& Gl M|E(peripheral blood mononuclear cell PBMC)E 0|&%t
ImmTAC-gp1002| s=0 MHE IFNy &9 F-42|HE S LEHH AY. 4 7[SXt
3019 BMOIM HOl SLSIA ImmTAC-gp100 &= 107'0A 10°M ALO|OA ZSO|

JefLp Aol AR0l= 107°0|M HHZO0| =QIE|of E[Aofz2|HhE 822l MABEL(minimum
anticipated biological effect level, Z|A7|CHMEs M YstaE)2 1 pME 7 E. Mt A=A
IMCgp100(2£ ImmTAC-gp100) =782 MRSD = 1 pM/RO ratioO|X|Zt AFEO| MIZE A}
o7 WE0| B2t ATA =2l RO ratio= M2lE/0] MRSD = 1 pM&E. AKHZE IMCgp1000
CHSE IFNy 22 23150 £0[M40| ARZHX|E 10°M £, 1 nMHX| X2 oM Fdo|zta &
= AS. mEkM YAENM 1 pMFEE AZSHY dose escalation W22 1 nM7HX| F0
S| AZT 715K 3210t 4 BHXfO| HA MO CHsi H|=oh B b

tsg Aoz FHE 5 = <ot @Y o
3= 20 & Ao HY MAZ &LEX] HUSS LIEE.
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500+ 400-
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9@ 400+ o
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=
i
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Fig 2. ImmTAC-mediated T cell activation and cytotoxicity.

olr

<d8-2>. ImmTAC Oi7f THIZ 28t 8 MESYE. =5 MEE - PBMCG)E SMT #x
(ImmTAC-gp1008) E& ATt 7|Z3XH(ImmTAC-nybr1, ImmTAC-mageA3 % ImmTAC-nyeso)2FE JO|F2

N HEIO|E-HLAS MAIStE T(Ag+) MEF EE HIA( 2EH0| ot BN HEO|ES FAISHK| &
MZZFot & HLEAS. MZEE ImmTAC 242 |5 SHOIM HILEIRAS. IFNy HE2 ELiSpot 2422 HIISHUS.
2 MAl MEZ: ImmTAC-gp100, ImmTAC-nybrl, ImmTAC-mageA3 & ImmTAC-nyesoO| CHEi 2fZt Mel526, CAMAT,
A2b2m, EJM % IM9. & 24 MZE: ImmTAC-gp100, ImmTAC-nybr1, ImmTAC-mageA3 S ImmTAC-nyesoOf CHsl{ 2zt
2t A375, MDA MB231, Colo205 % Mel526. &5 MZEE) + ImmTAC =X StOIM Ag+ MEQb Ag- ME 7He| EAH
Aols e Fi ZM(Two-way ANOVA)S AESH0] SEERJSH, *** p<0.0001, ** p<0.01YLICE EALX| G2

o L.
Zits FolOiBHR| EUAZ

— S

N
!
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® oHHM "Il <08 -4> mE HtHl MEO| CHEH ImmTAC-gp1002| HEA £0|X HIZY &
g2 LEtH A otNd HILE Qs 2@ dd e TR 24 X Felf 1K Hetd MEE
HY NZZ2 =Igion, T J7|ZAte Uxd T M| Z(peripheral blood mononuclear cell,
PBMO)E Rl M=Z=Z ALE5I0 HN/H|IZY 2dS ZAGIAZ. #H 2 E= Y 2 g&2
oot HY 2dat /™S BEIIGH7| o Qzt MHES ALETSH AO|EFel #E 2A(CRA,
Cytokine Release Assays) X g4 Zdst 248 Soff B2t =, OfAl HLA of=Hof Tt ¢
A Qe 207 T MZE ARSED 7MY BT HLA OFE S ZESt= FR-QT 14 2zt A
=z % MzF ojga 35 HiYdte s3H3d 242 Sl "SI S. ELiSpot 7|&2 ALE
StOl IFNy HE2 HEASIRAS. 24 A dar 50|4E F7t2 HItst7| fls 21zt Als Wof
M BHI 22 M8 4348 S75tks HEOIEE AEHS= HHQ in silico HZEHE B
5H0] ALESHRAZ. IMCgp1002| HEX ZZE o=z QIZt 1X SMNZE MEist A2 A LHo|AM
gp100 BHO| LMo 2 FHIYS (UKD, HAY HEN IS ZASID H Y HFd HIto|
=2 H907] fd ttE =E0oM Fefer 2t 1A MEzE nHE = AYUS. 2L 2 70
M QIZt 1Kt SMMZQ} LXREM THll1(PBMCs)2| 2XHel 3SHIY O|F 0| BtZEAHE A
oz WEHEon, 489 7|SAIZE MABEL 7[EF 82 #P| 230 S&5I% S (Boudousquie
S, 2017; Ryan &, 2012). 3t |2 TARM S HLA 2[ZH=HE dH LHOIAM 2t HHESHK
e = Us A 1A SMME 2K HIFES HASHAL MY = A=s MER 18 I8
Hel ZEo| =g M= tHd 2Mol Za%t =EOZ iPS(induced pluripotent stem) A|Z
23R M= HYOl #EE =25t M oHEd HIF mi7|X| e AZEEZ LStk St
2 (Harper &, 2018).
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<145 TE Wapd M=o i3

o ddst 715X 4G ">etd M= 7|BA 1-4)9 He
Epidermal Melanocytes), gp100 L (F 2 Ld) SME ME (Mel526 MIZF)
MZE MZA37S MEF)E ez, CHEEYHIZTY So/H
E0[™ ImmTAC 2XHImmTAC-gp100)2]
2390| =2 75Xt PBMCE LIEHH

Pl HiSH =, gp100
CHAE Ante 7HE el

M 7I5X NHEM MZQ sl Mz
Two-way ANOVA)2 &3l SHEAS

oto
=K

oo oot _||

—

= 10

. 07| #* p<0.0001, ** p<001
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) ZE9 SMF XEHQ IMCgp100S ST A|l2H & OflAlof| cHet BE

S= JIH 2gS HiMStE NAMS| E-IS MES 7R Mt 2 HE2 FHE flet
MRSDE HEdtes AY. o ZAte R HIO|22/%E2 4% MRSDE HER0ZIAY
= &% NOAELZ 7|50 =&

UHBIo| MES2E, AO|ET}Y, HHEEY
et 27tEol ABHES B8 HA%EHE 8

MABEL/RO ratio2 FHE.

IMCgp1002| ZAL0fl= Xt U ooz Fa|F THZES IFNy H=0i| Cist St

(o Nrul
—_o
o=z 0|$O1§i% MFEtA QHRA =l A2 S22 &X|-CHM A Q| ratiofh AHEEl= QHHA
= Hg0| 2T, Ot ZAIMZ MRSD = MABEL?! 1 pMZ ZHE. £9| IFNy HE2

Z3tE|0f £0[g0| AtEEXlE 10°M &, 1 nMZHA] X2 ot gdolzta g = AU, mety
ALSAIHOAM 1 pMEE ARSI dose escalation HEHOE 1 nMIHX| £0 75 A=

O|et Z0| THo|ZE Ol NOAELUtE CHEA ThA|(CretEho|ekEe mXM ol ZTto| ot X
A UP|ZESE in vitroW|A =X E|= MABELE MRSD £HO0| 7tsah matA MESE22 A}

~
o a
HZSHH| S| Hio|29o|AZ0l HLR0= in vitro NAM2ZE A|AH

]
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4-2) NAM2| 52.A0f CH3t HE

* NAMs(tlqt B2 HEE E= A ’é.—:la.*) AH ZH™ES X|sta Aok Jjute =X
2Isl 917t &3 ’d(human-relevant), A2 (reliable) % X{¥1d(reproducible)0| 2ZH=l G
o HE0 Ch3at Z0| 57tX] 240 Hoish Hakoz WMo Eegh 2 21

ME &%
Zt ZAM(Human Relevance)dt 7|HMH Z&E 2 (Mechanistic Insight) 12|11 #H3d
(Reduced Variability)2 THZM o2 MBE|QCIT AFZE|DN Ch23} 20| ROk,

71’8 (Human Relevance)
& H3{(Mechanistic Insight)

& S (Systems-Level Integration)
2~ (Reduced Variability)

32| Y (High-Throughput Screening)

> N o
A ol > Aoy

m

£ Jﬁ r—tJ-

> 0X @
1

®©@® e 6

K rE

« 2L} NAM(New Approach Methodologies, 4l7+ T2 2R E)9| 57tX| & @ U7t #
(Human Relevance), @ 7|HAN ZE&E3(Mechanistic Insight) 2|1 @ AlA™” &
(Systems-Level Integration) & 37}X|7} w#A|7[2F S JHLAL ALOJO| 523 @F0|H Tt
22 37HX EE2 7[HtezE Xtz oot =27t O|R0E AL=ZE A=zE.

1. 54 A o xtz7t Uztate] AL S oEAH HEE 31'?_|7P

2. 58 o o2 X2} o{EAH EX-ME #F2| 7|HS HEE AN

3. ME £ 7|8 SO RE2E AMgez FEE Sdnt oz fﬂﬂ WA ==l
A 2Yo| 7tsetIt?
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2. O|=x|o|282o| o] XE1} ZX % (Generics) S
1) Mechanism of action

1-1) M8 0| =X|0jaYo| EE2 O/HZ2|AE (Mifepristone) 22 20002 FDAZREE +&
N SEfo| Lot 2 HOIEN(FDA, 2025)..

—

-2) Mifepristone0]| 2|3t “tEjO| Mechanism of action: T2 =8 7|M2 Figure 15.90|A X
FZ2AAHEH QN Mifepristone0| AtaW Z2AHAHE &% (progesterone receptor)0fl 2
o ZH 2ol E[HS FUSIA(Libraries, 2024), A= HHom 2ot 22| =2
AQ. =3k DjHIZZAES ESH INIFEREE AtA7|e0, Ol XA zIO|7Lt HfOf
of 2 ZZAEIFZE HEZ Qs 4 O ZZ|AES QAS
QI8 O|AZE2AE(misoprostol, EEAE} Fo] AFRE|0 Ojm=z|A
£0 & 1~29 FO| DAZRAES =85
ripening, Atd ZE7} QXD WAst= Dt oM MEO
=2 S8OHX| %2 ojdel L, o
A

Of

mo ™ rjr Ot |

-

OF o g

-

In

A

E
Jal
0o
mjo
m =
gl
mot Tl
_I
>0
$0
nlo r|

- Tim o Ao
r
ro
4o
Pl
)
=
oF
o
O}

= 3}(cervicla
A OjAZZA
S840 S, LA 9F OfLf

017).

e
s
rlo

rE nm
=

—

"H)* i
rx
<2
o i
i
N

-

>

oT, O | AN
o 4l ZZ0| =1t (Cadepond S, 1997: Baulieu &, 1997, Davenport &, 2

How does medicinal abortion work?

Progesterone

Uterine /

12 hours later contracts Cervix
dilates

—— Mifepristong

o

Progesterone receptor Progesterone receptor

Second pill (misoprostol) causes uterine

oo contraction and cervical dilation
Normal binding of progesterane First pill blacks the progesterone receptor

to receptor

Figure 15.9 Mechanism of medicinal abortion (Mifepristone).

2) SX|2(Generics) S

« FDA= 20004 9% el 7ENR Q| ooty YUSEELR DjHZHADO|HEZAE)E F=
]

Solen, Ol= 2016 d A 10FMX| =CHE|R/}S. EDF FDAE 20193 4 OlE=

2l A
HUE HEel IJlldl“El*E YH 200mgE SMA2z 5Q5tUE. HUlE HE2 52

o
om=2|2E FH 200mgO| DlE=ZaAot X2y SSoHH AHSHA HiME 5+ ACks
FDAS| TEHo| Bt E. Sl MUY MEF2 Djmj==jAet OiE7rX| 2 4 70&7HX2] At
SU e ooty SHO| AMgE. SolE ojHZHA ANUE MEFol 2tAZY2 OjHZH A9

g ot AX|BHEDA, 2025).
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4. O|H| Z 2| A E(Mifepristone)0| 7| & QYE%20| ofl o|Q0f CH3t SAMEH nF

o

1) DHZ2AEQ| CHA B2

1-1) CYP3A40]| ofst S (FSG)CHAtH 48 3=
o DjEZE|AEQ Moo 2OdtE FR "aE CYP3A4, O] 2aE 4E0

olh 7% 7|ute

of
2 OHIZZ|AES H[ZE3 F2. CYP3A40] 2|5t Azt OjHIZZ|AEQ| YEZEAHAHEX
At S Mstet(Khan S, 2002). & 6_ CYP3ASE O|hZ2|AEQ| EHES AIZR Mty
SZEZAAHEN A2 Mot

1-2) CYP2B60]| 2|t TITXHd CHAH| Md FE=

e Fig. 9= CYP2B60| 2|3t Mifepristone(RU486)2| CHAMZd 3l (metabolic activation)E &3l 1)
17-oxirene related reactive species(TI A4S CHAMK)F 2) the 4,5-epoxide reactive species
(RIS CHARA]) 4dat ofof ofsh sjZ2==48 X OfxCHMA HHE I} glutathione(GSH)-%E
2Kl (conjugate)E Mdst= ZE2E LIEHH A (Lin S, 2009).

RU486
(Mifepristone)

N G753
2]
or - CYP2B6
Reactlve |ntermed|ates \ ; 2
CYP2B6 \Peso LA
. ® s X
| |M0dificalion of heme and protein
CHOH | ™ -G OH
(0] T ‘...' _.-l:la.__ﬁ:- - _~OH, O
=" r E GSH [ =
‘f"’m mapggeh | e
~ / il .
Reactive intermediates il
C-hydroxylated RU486 | sa” G769
~N e CH, OH
-H,0

Fig. 9. Proposed scheme for the metabolic bioactivation of RU486( leeﬁlstonee by P450s leading to
heme and apoprotein_modification and four GSH congéjgates(:LYPZBG | o|8F RU4862| CHAREHYD}
ég?tgb%llc activation>5 &3l s|Z=2=24 3 OfZLHMA HH ZREIE[2(GSH) ZEHE ddot= |

)
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=13
=

2) O|HZ2|AE9| teratogen(Z|HSLEE) S50 i

2-1) QIHet SE2| cytochrome P450 42| Xt0]

<H 3-6>2 24 U SEZO| cyP SxaAs S5 ¥X|g Hn

-ol';|. 74 0l

Hz2|AES| Of

- 116 -

A O.
AMO| 2tOISH= cytochrome P450 &AQl CYP2B62t CYP3A4E EIHI-EOI’;* 240|0 CHE
SE0 Qs 842 motE.

o 2N A0M MzE "=dst 8 7|dst EaMes 92 s20M OlHz=2(AE $ 0|2
289 71¥ RE mIUE YT ATFE AUBHO teratogen(Z|IREEH) US(Wolfs,
1990; Tarantal &, 1994; Pastuszak &, 1998; da Silva &, 2006)" F&2 human-relevance
ST 2zt A 2[&E =+ 8i3.

<HE 3-6> 2N U SEF cYP SEEA FRC YK Hw

CYP CYP CYP isozyme
family subfamily Human Monkey Rat Mouse
CYPTIA  feeeees CYPIAT ... CYPIAT ... CYPIAL il CYPIAL ...
CYPT | L CYPIAZ L CYRIAZ CYPIAZ ... CYPTAZ ...
CYP1B CYP1B1 CYP1B1 CYP1B1 CYP1B1

_____ CYP2 .. QYP2A | QYP2AG6 | QYP2A23 | CYPRAT L CYP2AA

__________________________________________ CYP2AT7 . [......QYP2A24 | QYP2AZ L QYP2AS

e L QYPAN S e, CYP2A3 .. CYP2AT2 ..

_________________________________________________________________________________________________________________________ CYP2A22 ..

______________________ Cyp2B . |......CYP2B6 | ... CQYP2BI7 . l........QYP2Bl . |.......CYP2BY . . ..

__________________________________________ CQYP2BY e CYPRB2 L CYP2BIO

e e e e e QYP2BS e,

______________________ Qyp2C |......QYP2C8 . ......QYP2C20  |.......QYP2C6 _ |.....CQYP2C29

__________________________________________ CQYP2CO . [......QYRP2CA3 | QYP2CT | QYP2C3T

e e L L GYPRCN L CYP2CTT CYpP2C38 ...

e e e CYP2CTS QYP2C12 | CYP2C39 ...

______________________________________________________________________________________________ CYP2CI3 ......|......CYP2C40 .

______________________________________________________________________________________________ QYP2C22 ... |......QYP2CA4 .

______________________________________________________________________________________________ QYP2C23  ...|......QYP2C50 ...

_________________________________________________________________________________________________________________________ CYP2C50. ...

_________________________________________________________________________________________________________________________ CYP2C5 ...

______________________ CYP2D .. |......QYP2D6 .. |.......QYP2D17 ol QYP2DI ... CQYP2DI ...

__________________________________________ QYP2D7 ... .| QYP2D19 . |.......QYP2D2 .. |......CQYP2D10._ .. ...

__________________________________________ CYP2D8 .. .|.......QYP2D29 .| ......CQYP2D3 . . |......CYP2D11 . ..

e e ] QYP2D30 CQYP2DA | cYp2D12 ...

e e QYPRDA2 QYP2DS | CYP2D13.........

e e e e QYR2DAB L CYP2D22 ...

_________________________________________________________________________________________________________________________ CYP2D26,........

_________________________________________________________________________________________________________________________ CYP2D34. ...

_________________________________________________________________________________________________________________________ CYP2D40, ...

CYP2E CYP2E1 CYP2E1 CYP2E1 CYP2E1

_____ QYP3 .| ....CYP3A .|......QYP3A4 | QYP3A8 ...l QYP3AL .| QYP3ATI_ ...

__________________________________________ QYP3AS e e QYP3A2 U QYP3AT3

__________________________________________ QYP3AT e e QYP3AS L QYP3ATE

e QYP3AAS e CYP3AI8 . ......|...... CYP3A25 ...

.............................................................................................. CYP3A62. ... .|......CYP3A41 ...

CYP3A44
OIX| CYPO| CH3H UX|E | 4/15 = 27% 4/28 = 14.3% 4/34 = 11.8%
(Konstandi, 2014 & HfFHE 2019)



2-2) dolat EjOLQ| cytochrome P450 E49| X}0|

o CYP2B62} CYP3A4= QIK|-E0|™ =AY CYP2B6QF CYP3A42| A Olnt EfOIOA =AM X}O|
£ golg ¥aMo| 3.

o <Y 4>0MMB ZSHCYAIK QI ZITMXHEIAINE d-d5t= CYP2Be LA % 4ol ZHo M
EjOf ZtECt 224Hf =/UZ. (=22 AE WHE: =25 X A EfEHA 27]/8HA) mRNA &
7tolM  CyP2B62 HEEIX| UUALE 39| OiF HE>. <38 S5>0MNEH EfEOMEZ
CYP2B6R2t CYP3A4 52| i e ZAELX| UUAL O|F HEEH. F=HUANE d85t=

CYP3A4 Lo EfOF ZHOfM ¥ XS RS (Robinson &, 2020).

« [M2tA CYP2B62t CYP3A4 2= ‘d91-50|H cytochrome P4500|X|ZF EfOIO M= O]
Oz DO[O|StAHLL 0| E|X| U2 cytochrome P450 ZAY0| =QIE|R}S(Robinson &,
2020).

2E1 2J)2 3A4 19A1

5- $ E3 Adult Liver

Relative Expression (log2)

© E3 Fetal Liver
=]
04 —— é M
5- g 5
.-.10_ i
<33 4> 4 Qlzk v 51 AL 27| Ejor ZHOA 2] cyp EH. g2l 21t Zhn=9) S E{O} ZF
=]

¥ (log2). @i =HE log2 Bt BHof oist EF QXK(SE)

(n=84)0f Ao LA CYP RNA
42 LIEFHLCHt-AH, p<0.05).

£ LIEFRLICH BEM= 72l8
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3) OjE|=E|AEQ| teratogen(?|FRELEE) |50 CHet St nHof ot ZE

-

3-1) §dooE E= R7I2He 54 7|H
HIOUE = RIIZEHO 542 FESHY| fdiAE H¥EE(parent compound)l| T AL
‘delectrophilic) 22 ™otr|0f MZQ| CHEMA Sl DNARLS| H|Z7VYE Z/ZAEO0| O|F0{Xo0f
g &, of2fel <> 20| oF9| Ae[AE2 tHHe=z A=SE KMo 2fs O|F 0 X|
M cytochrome P45001 2|df SECHALNQL Xl IHALMHE TEE|of HiEE. otHo| S8E
H2 cytochrome P4500( 2|di CHARE(Of FAZF EEoE FMXMGHAINIZ Tz of ALt
SEH CHE Sl DNAO| HIZIHE Z/ZAT0| o|F0{H
=4
T K] A Ao
Milrgzﬂle cl:r;tlﬁjlzstr;?:c\:gtmholecules—’ C_’,talﬂ%w Non-loi;:’ljt)abolttes——b &

Cytochrome P450
»

(Bioactivation)

Glutathione

Reaclive (Bioinactivation)
UM= AP metabolites
Shoky| (5ol 2t Cf ALALD
(EETHD)

ol

=l

= 2| AE(Mifepristone)2 CYP2B6O]| 2f3f XITXIMLHAIHZ FHstz|of EM IHs5ME &

o
2rah & QUX|ZH CYP2B6= M QI-50|X cytochrome P450 ZAO|X|BH EHOLO A& H+645|x|
%2, M2t Mifepristonel| SZO0|AM teratogen 7hs5/40| AS + UAX|T ZH|2| EjOLO|A
WHE|X| 2O} teratogen 7Hs’d0| 813.

CYP2Bo= 2l ZHOIM 1-7% EEQ| WAE|= AT UaHO| cytochrome P450Y. [HEtA
CYP2B60O| 2|3t Mifepristone CHAMZ Zdlst= AF2| MY SHUAN HE = GSHO
ols FE3}HE 7t =8, 59 G 79| 40%E AX[SH= CYP3A40| 2|8t0] Mifepristone
o FEQiAN 2 HeHE 80| E3(Robinson 5, 2020).

had
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5. A2 sifj¢Eo| AMSHE 4E-0|=X|0]AH2| Human relevance-S/4 st
k=

1) et™/dof cist 22X H|7| LHE

o OEIZZAEES dut¥yo2 A 9~10FX|Q oatA HEfO| AE2EZEZ, 2 3 TI|H
dolgte &%t A7 =52 42 22 F0 Hjol/Efotof CHet ZE B&E = 7|d R
2 2E 02ol{of ot F=H,

e FE% U 7|de EaME 28 S=0M DjhzZ2[AE A DAZEAES 7Y GY =1t
£ 23 ¢U7E 289 teratogen(ﬂ%%%%a') AS(WolfS, 1990; Tarantal S, 1994;
Pastuszak S, 1998; da Silva &, 2006).

1
o @i E=7|a=7)ol DlHEZAE =EE ogE

o ° K12 o
B 2E SHE HERE 7|9 REd0| HQIX| puCtn F

217t CH&el Mt

o O —
Tl Qe (Turner S, 2024).

F__?_l'

ret

=

> e
%

sl

2) SY&Y 1%

 DJH Z2|AE(Mifepristone)2 CYP2B6OI| 2ldf TFAMECHAINZ MO =4 X 7|E /R
7ts-d0| UX|Tt CYP2B6= RIOAMTH MA| cytochrome P450 & 1-7% AHCE Hoik|=
HO0| E[X| UL OFF J0|oh 2o R YA

gol-50|8 =g [MatM CYP2B6O|A &
Of EfO} Wi Cty¥st HHOjExtel SRagds sd 59 R0 71
a

Sh
tsd2 orF K3, mMatM Djml=Z2|AE2 Efjol 3 2Hof QUM AHHF0] =2 Y==
(4=l 4|

[y — )

El

3) CYP2B6 &M B =0 ME 0|H = 2| A E(Mifepristone)2| EJOFO| XHE7|H 0%

o OF2f <S>0 MXZ(Libraries, 2024) D|HZ2|AEL XIZLY

12

progesterone receptor2

=2 XHEZE HS|ASIH ZH sZ2%o| EMS fEY. HISFZAYE progesterone
receptor®i 7tHE A2 2|05t YAN HES olojg. THof O|HIZZ|AE £0 £ 0|2
DT2AEE A48 27t O|ROX|X| oW O=ZIA2ES XU 0N 220 &
ZZAAHEM dg2 SXE. Ol DAZ2AES 85K Y2 g9 42, ol X
£E[0] E4H0| O] 7ts40| UACHs JHHOIM HHE.

How does medicinal abortion work?

—  Uterine ~ I
12 hours later contracts Cervix

Pragesterone

Progesterone

ilates
—— Mifepristong lllates

/

Reversible!
bonding

Progesterane receptor Progesterone receptor

Second pill (misoprostol) causes uterine

: contraction and cervical dilation
Narmal binding of progesterone First pill blocks the progesterone receptor
to receptor

Figure 15.9 Mechanism of medicinal abortion (Mifepristone).
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15. NAM2| &3} S|

Jin
0x
1o
1o
=
Hu
Ho

2ol

(o)

[¢]

1. NAMS| 7|1} Ak 7 Lo|

it
oo

1) REACHOIAM FDA2| NAM S8
* NAM(New Approach Methodologies, 2l 2 HHE)Q| 7|42 HIQ=H & otst=HO|
Oiet Qtd HILE 7|Htez 7[Rt &0{Y. =&, REACH(Registration, Evaluation,
Authorisation and Restriction of Chemicals, 2tst=22| &, 47, 57| X Hzho| &
1

)
O EAEAS(Dent S, 2022). =0 HE2 19979 Modernization Act & S=LHXAIR

Ol
il

O Z=%l 9 25 30l 2022 Modernization Act 22| MZ 2 NAMO| CHEH X3 X0l
ot B0l O =OMMCID & = UAS(US. Congress. 2022; U.S. FDA, 2024). A&t &

30 oo o
oo rjo o rE H

HO=H =% NAMIt %=1t Z2 =N ==0M NAMS FHIZOoAME XH0|7t

(European Medicines Agency, 2023)..

2) MYEH 59 H2=H LE0A NAM

e REACH 3}o| ztat QHHd HIut= Rofld Ald U &7, HOIHI 25 =X x| zgtE
A32|d, =& £F0Mo QtHY O|2|A T o+d o XAN & 42 Q7 £F E
SE =g

3) 42 S92 =X LEO0M NAM

o QIYE UHEZ2 Ot fRY 7L o7t Ao Zi olF, HE BXtof ChS f(”-01Y £
M I X E 8, dsehdMEx-HY 31t S 2ZF ZEy. oE 28 s
Hel 7t 2 FMH 7t=d MAE SStEEHE BAISHE e Hgd = AL, M 5
BEHo T R E AFSle He =232 = US. ol ™Y, A MA, otstd H
20| 2EXoZ Ct27| 2 (National Research Council, 2007).

4) HOI=X LE3} o|EX LE0A NAM2| X}0|

o 0|2 Z0| XIO|E 7|t E H[QI=X LH=0|AM NAME Chedt sS4 iAo fFAE FX
of, %E 59| QX LTEOA NAM 832 s SSHY M thojgts AtnEA S

o
HOjMOF B F, NAM2 Qlztat o ##d =2 7|13 HEE HISIH AL M2 (The
context of Use, COU)2| AIEst Ho|et A oAb AX nt™O|M =EsH A

St
=
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2. Al oA 2% aPgoM NAM E7HE fleh 18 Algd cou

o <E-1>OMNY A QAN 2F IHYOA NAM E7F Al =8 57HX| 1g AFECZ 1. Ag
2HCOU, the context of use), 2. NAMO| L&X M ZF0f CHet MESH EEY, 3. NAM
of 7|IgXd §Y 24, 4. Holy FZAY X A9 EtFd(Data integrity and validity of
results), 5. @2 £FF3H S22 F4. NAM HIts Ched| 2EH check box”Zt OtLIH A
7\2tar JHLRE ko] AMA™el HEE Tt Mest o5t 27 E= oAb A upE Y.
2Lt NAM E7F Al SMXQ 4F COUYE <E-1>8 S ¥ &+ AS(European

Commission, 2025; U.S. FDA, 2024).

<E-1> 8 oA 27 IFHOIM NAM H7F Al £ 03 Argnt coute| A
« NAMO| st couZt oA 27 Alds 58 &+ UEE HES| 7|e=Us

7F?
. NAMZ 929l OIFith A8 T HMA UM [uMo| iE HEE OjE
1. A2 et cou) HBHES ol slgledt i o
o MEE NAM2 AXf QIFE SHYS 4 HStAL CHMSEZ| e ARlot?
« MEE NAM2 2EE By Aol EIF XE F=5= HOIHE 443t
=71

e COU 7|£9 tHE2 EAe7l

« NAM endpoint(XIZ&)o] AE3tH mAo| Hs| 7|2 HY3IL 0,
NAM endpoint@} ZHA ME8HE Z7 7to| RA 7t EHEI

> NAmMel lars x| ° NAM endpointZt %!e”ﬁ.%i oo U= Bt ZHO| OfEH J|ofBt=Tte B

@ Ui 4s | Ol At ofEA MYHEYOD, COUNAM =og|on] EL J|E g

o et 2310f ofsf OfEH HHAE|Q=T}?

e Ee o AE A= AT oM B EE HNESHD BAE J|E MM Uin vivo) £
MK Ql(in vitro) HIOJE| L& B4 CfEF CIO|E{Q O|EA HlD FIIE A=
7t?

« NAMO| 222 coud| HEE HI3t7| s ofEH ELs| A=A

o NAM @171 EIME Q7 MA 9 AlY M QA0 fE 2] AM3H Y
3. NAMO| 7|£H E 2 melsto] WHES N3] ojsstn GO U ZAIE EYHOR MY
o eN + UEE BT

o MEHEl B} XEE) HEE MIstD oEE COUES CiR7| 98] UM %

SN EFS OEH MY A=T}?

. AEZ QI8 M= Raw datas RAQTR

4. YH EHM « COU Y Y=o cfh DFetE - FHE MEE =3ty s NAMO| Cfst A

|
N HEIF Lot ISA LHOIM SHEOZ peer-reviews AR E71?

5 Hlojge] FEd A
Zate|  EtF/E(Data
integrity and validity
of results)

o HIMO o3 HA, £ I =50 Cist A M2 2EE 5~ JAS o
SEst 27t HEEA=7H0: NAMO| O|= FDA GLP #8 &%, OECD ¢
HA XE Y/Es FA 7|2o] s 7|EL 7|22 Ml £-EAETH?

-+ o
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3. NAMOIA couQ| Ho|ot HS

3-1) FDAS| cou 9|

Ee MBS AH Y XY S

O

* FDA= COUE "Qlof&E 7MY =72 AL it of9f
O CHgh ZHZASH M H(The FDA describes context of use as "a concise description of how
the drug development tool is to be used and its purpose in supporting the development
of drugs or biologics)2 2 F2|(FDA, 2023). =, M MM cous | = S0 Cf

b ot =3 W2hthe context of study conduct)¥.

rot

A 2H Fo| XAZE BEXo|ztn =2 £ UX[TH O ol #2E CoUE NAM
T FE2 9n 9of Q5|71 7|E BEM HIAHA(check box)7t OFH. 2Lt #XY
A5{ 710l M =8| A= NAMO| @ o SH0| |Fa%H717 @ OfH COUlIM? @ o ZH
HE2 uzl7] flsl? 59 2o it o] L% 0l NMAQ A @47t couoll &A=
A g=9 =& 7L FEE Fe Y 249 F, cous 54 mj7|X[e BEs 7|
F2 RXSHAHLL ZastHM A4 At o FS SHAF|I= AS YEA 2Ofsjiof 5t 0=

o
NAMO| w4 =& L etxtof o] S8

Oh

[u]
and

re

of
e
=
o

ot
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3-2) ICCVAM2| cou HEeolet HZS

Ol sSUMAEE d52 fIct HEXN S22 ICCVAM(Interagency Coordinating

Committee on the Validation of Alternative Methods)2 <1Zl-1>1f Z0| S48t SXo0f

mjo
i
m
rl'
S
oo

2eotste NAM AT Mo i gl Ml apFolA oefsfop g A {4
(ICCVAM, 2024). O|2{st HEE2 CIYst SHoZ NAMS E8dte O ZHAsHAH HE8E
= Ao, EF ALtz g oo met o HAH X=FE|ojof g mefsiof & =&
Hol 718 & &82%F stLI= COU(context of use, A2 Hz2h),

=
AdEld, QY AlE, &5 WL WEH A Bl $UH 5)Y. cout 3 el R

or

= =1 [= % [ o —
Adar £ couol Chst NAM Hgtd =gl 2Alg ZAF-e ol fostn =& gt
(fit-for-purpose)0fl £&tst= AT 10| #oist= did JHES YN ady, 7188 §
o

8 24, HolE 7Y, BE

FE4, FEEY. =, <&®-1> M A 2H 1t

F8 12 A Figue 10{MME NAMS| RSt SH0| 25t NAM A4S HEe| )

0|

e oEXY 55| HE WFo| RE 2452 SEHHQ HES Rojof g

context of Usg
Biological Data
Relevance Integrity

Key Concepts: Flexible,
Fit-for-Purpose NAMs Validation

Technical Information
Characterization Transparency

Independent Review

Figure 1. Key concepts to consider during development and implementation of flexible,
fit-for purpose NAMs validation strategies(ICCVAM, 2024)
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3-3) cous| #F

« OECD TG349| ?/&dd E7IE flet Al = 78 Al 8o 45 A =/ =80 &

—

oF X|& ZAM(Guidance document on the validation and international acceptance of new
or updated test methods for hazard assessment)0Al ZZ(validation)2 £ COUOA
NAMS| HpHdS HEito =N utstd MEZE 2ESHE A05IHME SAETH 178 0[0{0f

—

oot 785t AS(OECD TG4, 2005). Of2iet fAd2 2|z & Ao XY,

kl

. coudl Y HZ AHoE

r

bl ZLE(endpoint)0f CHoH MESHA  2Ed(Biological

7l&X A2[d(Technical
reliability with reproducible results), =&% ZAEE 3{&%t= TSt O O|E{(Transparent
data allowing independent review) SHAIE YAlst= FolE NE Jts FY(Defined
applicability domain specifying limitations, AF& 20| Hget d& 7|&E(Performance
standards appropriate to the context of use)O| Z2HT|O{OF TH(Ball &, 2022; NTP, 2024).

o= ZZ NAM AZ0| Z cou ZZ0j2tn ¥ £ s
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o

Jdgja sd 30 Atfsge2 EALMESHE =F0Mo 547|H
(mechanistic toxicology), Fold&2lS 2ot SEAIH| 7|==/dS(descriptive toxicicology)
J2|0 HYye T #EE M543 (regulatory toxicology) S22 T4

SSMEO Ktez Q17t-2tEH MH(human-relevance)d| E& 3= in vitro, ex vivo 12|11
silico 2 7IHe2 QN 4o 50| A& ZHHOAM NAMO| =77+ & 12|11 NAM
4 X 4

. 5, Wt HojE Mo JNY RopolM Hrjsy
M, 71% J21 A7 $EMoE MEEE COUR HolE.

FIO
N

metM 2= o 0l SSHHEO| HEEX| e AN dSHE2 ofzfel <>
MY NAMS| A2 M2hthe context of Usage<Use>, COU)2 2 THOo|E ZHQ ZF, Mok 7
ol #i =482 ‘Toxicology is defined as the “context of use” relating to the
prediction of human toxicity.

2019 2026
o= = oS = o|= = o= =
FlolldEIIE ?leh=5d<t FloidEI1E fleh=de
Toxicology for Risk Assessment Tuximlogy for Risk Assessment
Y xiE Y A2
- v

o - e
- ™ — s s \J f ‘ \
rd : /s \ \ ) - . ®

¥4 ! | \\ ®
3 gt \
( 7\ //\\ 7N\ ) . CONTEXT @
\ f ~femal /
\ \ anggﬂ'bﬁj"@%@ﬂ ) P of Use o

<13> Hrf Sy Holo g 7
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12
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kl
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Mo
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SAY 9 in vitro T7E E9
o
[==]

Jgln s 30 di=dEe 2ARMESS £=FMO| SIS &ldte 7| 5Hst
(mechanistic toxicology), Foid=2lE 2ot SEAI™| 7|==/dS(descriptive toxicicology)
ag|o H Yy 2EE 7H =g (regulatory toxicology) S22 4.

NAM(New Approach Methodologies, &l ®Z R E)2 REACH(Registration, Evaluation,
Authorisation and Restriction of Chemicals, 2tet=229| %, E7t, 57t & HshE 2H

ZUSIAX| T 2022' 3 Modernization Act 22| 22 AT L0 UOIA HIYAAHTO| alpl
=7t =RAS

NAM2 REACHOIM= SSCHMEl +=FO0[X|2t Mok HHojM= s ALHES E0/7| sk
‘'more human-relevant safety assessment= F2[|E. & O &o|Hol HHM= NAME ¢
Mol et gt ofLE 2sd O5E Zetet H ez FHolkr| e ¢

ok A3z|d, fold AEH, &5 T NOAEL S HZH 2™ It point of departure
S8 EHUSE HYUYAUTE NAM EolE £ Q20 COU(context of use, AL M2h=
NAMO| 2| & ZxXe|

dg{L A NAM2 HIE2X =E 0[8310 2K =49 o= ¢
o O Mgd2 couz dYE. matM Mol Mof iy ZopolM dLi=sdE2 7|1H, 7=
Jdz|n PH7t gs5XHoz MERE COUR HOlE. Toxicology = The context of use

relevant to human’s toxicity prediction.
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16. FDAS| NAM HZ’d AlHa} HILE Sk ISTAND

1.
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NAM %zt

FDA M7 &3 |STAND ZZ 17 Ok

1-1) ISTAND E3 1t Q|%E 7Y = (DDT, drug development tools)

Al
—

l

O o
MO NG =9 Huls Fiotr| lsh 2020 MeF 7HR
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O|UEOl H2, HMAMY =S Al NAM2 "2|2%E JiY E=7(Drug Development Tool, DDT)'E
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1-3) NAM2| ISTAND HZAM &5 113

20251 43 FTEE Td g AF0M S=HES F0/7] flgt ZEY(FDA. 2025
Roadmap to Reducing Animal Testing in Preclinical Safety Studies)0Al SZ20(A NAMSZ
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2. o|%¥E 7|2 =+ (DDT, Drug Development Tool) HZ’d(Qualification) ==

« ISTAND HZ’d(Qualification)2 2|%E 7i'Y¥ Z=(DDT, Drug Development Tool) XZH
(Qualification) ZZ2120f O|F0{E. S=SHYS Aot St= A=0| HEE|= Animal
Model Qualificatione Z25I0] NAMO| CHSH 2440 ZFE.

2-1) HO| 20k HAN Z2aH AY

« FDA= DDTQ| @Al Hio|Ojzof cist HMZAMH Z= I BQP, Biomarker Qualification
Program) 72 L{E QA0 CHst 7HQE 2025E 780 HEEES SIHSIYS. EtA
ISTAND MZAd =Z=1% 9 o|okFE 7§ =+ (DDT, Drug Development Tool) HZAd ==
82 = Hio|OrAHof cist MZ4d =23 (BQP, Biomarker Qualification Program)S 2|
of gk

« O YHOIEE 2M= 21M7] Xz¥ #et HMso7=0] o3 MFE 2[fF 7Y =F4(DDT)
HAY 2Xof et A48 A= MEs THoks AEAA Z2He XHE MSE. oie

= (=] =
A= HO|OAH AMHEAE ot A2E ChE HAOIENM =olg = US.

https://www.fda.gov/drugs/biomarker-qualification-program/resources-biomarker-requestors.

2-2) Hio|OlA MHXIE et Xtz
@ Hio|eOorH HMAM "ot =2} BQP) &of WY

« OH  HME=E, g8 =2 AMFol  UAALL 3o 2¥s  HoAE  BQP
(CDER-BiomarkerQualificationProgram@fda.hhs.gov) 2 12},

@ Xt gof Hxt
. Hol20t7 XA Cfet BN o

—

A = WEHCOU, context of use)0f| CH$H HEO|
Q0 7S Q8] BRIX oz AAsH
== -1 — o —

g
MS3tes 3EA a-E Y.

MERZE FDA HIO| 20O AtAS| HZAY £0] Z=I30 2A[S XMz & +
=5 X5t flet AHRY.

® <EINXtZ-1>Innovative Science and Technology Approaches for New Drugs (ISTAND)
- 131 -


https://www.fda.gov/drugs/biomarker-qualification-program/resources-biomarker-requestors
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Program Submission Process(21ef 7S ot AMA atstr|= H2E(STAND) Z= 13
MZE BAHOAMME ISTANDE €3 MY 013 252 3 tAZ T CtSar QE

@ HNtE COUE Zdt ZITHSH LOl(Letter of Intent, 2[FM)E M Est0 Z2Id HHE 2

@ "7t SQUEH, MEXE 2 WHE FE, 43 HolH % 7|E A=E 45 Hdee =8
ot XtAH QF AHENM £ HAMY AR M(QP, Qualification Plan)S N ZEsI=5 QFES.

® AF 25 A=M7t SQlEH, MEA= ™ Zar & 7|EF 23 HO|HE ZEgtor et Xt
Z °1F m7|X|(FQP, Full Qualification Package)S A|=%t. O Ij7|X|7t £Q=|H FDA= df
=F NAMO| E7% COU(the context of use, AFE WMz2ho]| CHS| SQUEIUSS L= M2
4=

w

HeEso =gE £ 82 Z203W0| d-8E 32, 507x=0 w2l S7HE o700, XiA|
ot &2 Ct=22| '‘Drug Development Tool Qualification Process: Transparency Provision(2
%AE MY =7 XF 84 Exl: £FFY ¥ 0N g = UAZ. 507x2= 21M7| X =2E
(21st Century Cures Act) M3011=0f 2lsf HEE A& AE, odE AU EEH((FD&C
Act) M507ZE 2|0/

-2) Drug Development Tool Qualification Process: Transparency Provision(2|2E 'Y =3t

XA EE MAY 2 A £BY 7F)

J

20169 128 13 HM™E 21M7| X|ZH(21st Century Cures Act)0f [f2t<&t1-1>, gt Al
Z-O|UE-SIYEH(FDAC Act)ol MER H507EQ QAE i =(DDT)<&1-2>9| XA
2.0 (Qualification of Drug Development Tools)<& 11-3>0] FItE| RS,

d

H507=0l= MEX ME A2 X Y HMEO| Chet FDASl 54 MEH ZFEo| NMNELl=
EHY 0| ZErE<ED 4> K507 FHM o0 wat FDAE Of2f O ZEE F
2EE S AAE oYY

H507x9| EHM x=ete 20164 12€ 1321M7] X228 HHY) 0| FDAO HE=E 9
ghM (Lo, HAY AZA(QP), 2tHst MY Ti7| X|(FQP)Of| ME&.

0| Q|0|&E FDAE LOI, QP = FQPO| CHEE ZE QGO

=t
AN
IR
rir
U
O
=
o
19
oftl
~
nE
]
Jtot

[} E
+Eo| Soist g2 0|X|= 7|et HE22 3 AAME oE

<H-1>= HN507x2°| FHH &0 W2t Lol QP, FQP X XtA Aol Cish 371 AHAIE
Lo et 23 &

<H-1> DDTO| HZ4E 2% LOI, QP, FQP X X7 ZHo| ths) 370 ANE WS YUE

Documents and/or Information FDA will post on its website,
DDT Submission consistent with new section 507(c)

Other Documents

Letter of Intent « Date of receipt and status (under consideration,
(Lon. accepted, or declined)
<Q|'gA|> « Requestor Name

- DDT Type (i.e. Animal Model, Biomarker, Clinical
Outcome Assessment)
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DDT Name/Description

Proposed Context of Use

DDT Requestor's Submitted LOI Summary

Drug development need the DDT is intended to address
Notation if FDA consulted external experts

FDA Formal Written Decision Letter (accepting or
declining to accept the LOI)

Qualification Plan (QP) « Date of receipt and status (under consideration,
<XH Q5 A=EM =& accepted, or declined)
HAM A=A > ¢ Requestor Name

- DDT Type (i.e. Animal Model, Biomarker, Clinical
Outcome Assessment)

DDT Name/Description

Proposed Context of Use

DDT Requestor's Submitted QP Summary

Notation if FDA consulted external experts

FDA Formal Written Decision Letter (accepting or
declining to accept the QP)

Full Qualification Package | » Date of receipt and status (under consideration,
(FQP) _ accepted, or declined)

<gtdel xpA = HAE | - Requestor Name

oIF mf7|X|> « DDT Type (i.e. Animal Model, Biomarker, Clinical
Outcome Assessment)

DDT Name

Final Context of Use

DDT Requestor's Submitted FQP Summary

Notation if FDA consulted external experts

Qualification

Determination
<HFd 238>

Requestor Name

DDT Type (i.e. Biomarker, Clinical Outcome Assessment)
DDT Name

FDA Formal Written Qualification Determination Letter
FDA  Executive  Summary including  final Context
of Use and DDT use considerations

» Redacted discipline-specific reviews

» FDA rescission or modification letter (if applicable)

<&1-1> Further information reaardina the 21st Centurv Cures Act can be found
at httos://www.conaress.aov/114/bills/hr34/BILLS-114hr34enr.odf. The content section pertinent to this
letter is Subtitle B — Advancina New Drua Therapies. Sec. 3011 Qualification of drua development
tools, which is laraelv codified at section 507 of the Federal Food. Drua. and Cosmetic Act (FD&C
Act). or 21 US.C. 357.

<§%’_2d> The term drua refers to both human druas and bioloaical products unless otherwise
specified.

<%&t11-3> Section 507 of the FD&C Act defines “drua development tool” to include biomarkers and
clinical outcome assessments. and “anv other method. material. or measure that the Secretarv
determines aids drua develooment and reaulatorv review for purposes of this section.”

<&10-4> FD&C Act Sec. 507(c) (21 US.C. § 357(c)).

<&1-5> A biomarker can be a single concept or a panel of multiple concepts.

3-3) DDT MH Z2OME HE=2| QS st WE HAO|E

CDER & CBER's DDT Qualification Project Search database
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https://www.fda.gov/drugs/drug-development-tool-ddt-qualification-programs/biomarker-qualification-program
https://www.fda.gov/drugs/drug-development-tool-ddt-qualification-programs/biomarker-qualification-program
https://www.fda.gov/drugs/clinical-outcome-assessment-coa-qualification-program/clinical-outcome-assessments-coa-qualification-program-submissions
https://force-dsc.my.site.com/ddt/s/
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84 93 5 o3y 242 HEYOR HE2S ZT2IHY 82X ORE AW,

+ ISTANDS| SHE 4% )Y Z2BoIA NSE Nt Y 70 HHyYE o
U Ao | Q150 Aol o] ofd & U, 0|2

A [
7tS0| ZHe| T F2(0f: X NE E= 37 =2)E H= =
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of 7|3 A

+ LOI & QP HES V|2 o Y2 MEXIF 2 EXIMO H1 Arg 8l o|AZ A=
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x| &= 3t Lol E= QP EMIOM ChE HHAZE Flls = 88,

- 134 -


mailto:istand@fda.hhs.gov

4-2) o|gM(Lono| =gtet L
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ot L§82 Ct22| ‘Drug Development Tool Qualification Process: Transparency Provision(2]
%E ME =7 XF 24 il E¥E %)M &g = UZ. 507x2= 21M7] K=Y
(21st Century Cures Act) M3011=0f 2lsf HEE A& AE, oUdE AU EEH((FD&C
Act) M|507Z=E o|0|&

<FaXtE-2> ISTAND Qualification Letter of Intent (LOI) Model Content Elements
(ISTAND XtZ Q|gAM(oN) 2 g 84)
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HEE HS: NES0 i o 2% Ay,
2. 94 7|

3. %2 VY e s 2 NESO| dfdstixt st AdE MY HedE Z|sgEigEe 29).
FASE AL HEHCOU)OIM HHAH AHE Q1 = CHH| XQtel o|F¥ = =Etelof & (X/C 200EH0 =
H)
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g2g R ¥ = o , B8 2
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6. 42 ME B8: oIXf HEHE HIZ2Z diY =72 FHHQ A4E Y BEE 7|S5HUAIR. QA
2% Eg[7t xotE SEEE MMl =77t SHE St= o= Y 2FARe WX mieict
Y2 FALUX|, ISTAND =77} O{EA ZS=0f oixf mi2{CtdS BEst=Xl, §F A 2ot HES
23, A SEZE <EIDXZ-4> Example Drug Development Use Flow DiagramsO|A{ =0l
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4-3) oA (LONC| Gl A|
o <EINXIZE-3>2 9OlgtA JE Q20| <«<HE-1>2 Knee osteoarthritis's Biomarker
= B2 ZPHCO| HIO|QOIH XA SN

—

Qualification Letter of Intent (LOI) Template

(Lon "=,

<& 1AXtZE-3> Biomarker Qualification Letter of Intent (LOI) Template(H}0|20tH Xz
OISFM(LON H=at OffAl: <EHE-1>)

¢ Administrative Information

e Context of Use

* Drug Development Need

e Biomarker Information

¢ Biomarker Measurement Information

» Additional Considerations for Radiographic Biomarkers

e Supporting Information

* Previous Regulatory Interactions

¢ Attachments

£ HO|2OkAH JiY Mot HEHE ETE SEZ MBI FTHAR

*EJE—”. At — 2 HioleOr 7ie 20| ¥7|AM =Zmo| Y80 42, MY SEE QU FuAl

*

MEH ApEh — X712 FSSnAt ot XY ARTF U R MR DYUR MBS FAAR

*ME Atet2 S E|X| RS LICH

W F=A 9 JEt Qo HE 3 X E2 HO|OFH XtA MAF HEX 2 NE A CHLYE HE
d 2 AHEIFA|

I- O — [}
5|H§IA|2. Mz Ao Zst 29| Abzt2 CDERBiomarkerQualificationProgram@fda.hhs.gov
7 .

<& 0XtE-4> Example Drug Development Use Flow Diagrams(ZX: ISTAND Qualification
Letter of Intent (LOI) Model Content Elements (ISTAND X}Z O|8FA])
A. TBS-based decision tree B. Biomarker-based decision tree

Monitor einical ria) pantkipants for
Menitor chnical rial particioants for ‘evidence of infection by RT-PCR
evidance of infuction by T8S microscopy

B
e T -
Detection of dn‘d': “":“h- weatf Plasmodium A-type
parasites? indicated by stugy. 185 FRNA/DNA? for sa
~o b e

This decision-tree is for use of the VI biomarker panel in clinical development, which is

intended to be integrated as part of the clinical safety plan in the study protocol. Erescoaening baselloiciibical actors

consistent with a risk for NASH

A priori concern for clinical %
drug-induced vascular injury “Meets™ Patient fails pre-

{_ dlinical >———» screening; no further
X .~ Neo ) .
@ «criteria consideration
l Yes
Measure qualified VI Biomarker panel* Dose is potentially unsafe. Continues screening including
biomarker panel* in Phase T exceeds threshold Consider to dose adjust if a measurement of NIMBLE biomarker
study in healthy subjects** guidance** . dose response relationship was
[ > blished or stop dose in l
accordance with protocol P
clinical safety plan. [ Meets Patient fails
<_ marker > TR screening; no further
Biomarker panel* does not “criteria’ consideration
meet threshold guidance** N
| Yes
If all other screening criteria are met proceed
to liver biopsy
Dose is safe assuming also for J
other criteria within clinical PaN
saferydpian. o h Meets™ Patient fails
Consider need for use of the < histopath > + screening; no further
it i - & \ N 3
gnaluﬁed o baognanker pancl ~criteria” ° consideration
in subsequent trials. &
= = = + Yes
* The vascular injury (V1) panel will ity include = 1 from each compartment
(endothelial, smooth muscle, inflammation) to convey specificity o the vascular system as well as Patient successfully enrolled in clinical trial >
maintain sensitivity. proceed to randomization

** The decision tree is intended to be integrated as part of the clinical safety plan in the study protocol.
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SAE NAM2| da Z2E

[ Sy

<HE>E= 20254 11€¥ 18Y 7|Z FDA ISTAND ZZ2130| &0 RE 7|&9| XAl Qofs
42 ISTAND EZZ210f| 3AIMo=Z fEl=l 1171X] 7|8 0= H YN A|FL 771X in
vitro A|AHIO| S0lE[e. SM0ZS 23t NAM 57HX|E ZEst H|AA NAMS Ch21t

Z2(CDER Statement, 1/23/2024 &(9/24/2024)

>-\J

o 4= O/MdestE A|ARMPS) EEs &7|-2-0-8 7|=(@4 are microphysiological
systems (MPS) or organ-on-a-chip technologies)

o 3= BE 2D M= Ui 7|% AME(3 use standard 2D cell culture techniques)

« 0/fl= 3D 27t0|E K& AHEZE0|E(0 are 3D organoids or spheroids)

MPset @7t O[E A2E2 XX =4 5= ¢
Ct+2 8 S8 et Z™oM MPs 7I50] #X 27t:0|

FDAO| Ol0f B A7 ®E 3 HEE J|BSE NAM PE U X2 BIIS 98 K o)
coolg A&s| 0 5. FET NAM KA MoF JpEAolA ojiEol Foto] & A
olni, JHE 7St KOst NAM Al D93 Y AWE B AsiE He2 A=

7|E FDA ISTAND Z 2130
7l=2| X4 2

1"
rin

Specificity Screening Using
the Membrane Proteome In Vitro
Array (MPA)

Integral
Molecular
SPECIFICITY

Retrogenix Platform for
Charles River Specificity/Off-target In Vitro
Screening

Local tolerance of
Fresenius Kabi epidurally/intrathecally In Vitro
administered leachables

Human Liver-Chip for
Emulate Prediction of Drug-Induced i In Vitro
Liver Injury

TOXICOLOGY

Human Kidney Chip for
Mt. Sinai Assessment of Relative In Vitro
Nephrotoxicity

PRECLINCIAL

Human choric-decidual
organ on chip for derisking il In Vitro
rodent DART studies

Liver acinus
DOSING ' microphysiological system M In Vitro
for drug candidate dosing

Al/ML-based adjudication
of clinical events

CLINICAL AstraZeneca
ENDPOINT

ADJUDICATION Brigham and
Women's Hospital

Heart Failure Natural
Language Processing (HF-
NLP) Model

CLINICAL Deliberate Al-COA™ for Automated

Depression and Anxiety
OUTCOMES SOIHtIonE Severity Measurement

CLINICAL

WKE to estimate survival
STATISTICS Independent function for time-to-event
endpoints in clinical trials

*As of 18 Novernber, 2025 © 2025 InndvApproath Cénsufting® lA
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<EL=8>

ra

FDA Voices: "FDA Advances Drug Development Innovation by Establishing ISTAND as
Permanent Qualification Program" (7/31/2025)

FDA. Roadmap to Reducing Animal Testing in Preclinical Safety Studies

CDER Statement(9/24/2024): "FDA's ISTAND Pilot Program accepts a submission of first

organ-on-a-chip technology designed to predict human drug-induced liver injury (DILI)
(9/24/2024)

CDER Statement(1/23/2024): "FDA's ISTAND Pilot Program accepts submission of first artificial
intelligence-based and digital health technology for neuroscience”
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candidate dosing in clinical trials of liver disease(Zf &2t LMAIHOM AE TEHEH &
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H 18 9¥¢ LOI MZE, 2025 2 20¥ FDA ZE = LOI 98 2F, 2025F 6¥ 23¢ =¥
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DDT-IST-000034, Liver acinus microphysiological system (LAMPS) for determining drug candidate dosing in clinical trials of liver disease.

v Project Details

fentific Experts Consulted

Date accepted into qualification program
2025-06-23

> ISTAND

> Context of Use

v Documents and Dates

Stage

Date

LOI - Letter of Intent Accept 2025-06-23

LOI - Letter of Intent ity Status Memo Reviewable 2025-02:20 Download

LOI - Letter of Intent

2025-01-09 Download

3-2) DDT-IST-0000342| %|% LOI L&

ISTAND Qualification Letter of Intent(ISTAND HZ/d 9|%kA{)

* Submission Title: Liver acinus microphysiological system (LAMPS) for determining drug
candidate dosing in clinical trials of liver disease.

CONTEXT OF USE Statement

e LAMPS= CHALO| &F INEIFAESE ]| MASLD(Metabolic dysfunction-associated
steatotic liver disease) A0 StE THFZEO| 7 A HAHES =ESIL, CHAO|Y
X2t A SHMASLD, Metabolic dysfunction-associated steatotic liver disease) A7} I
el AMA™HOM ofE TEHEFO FOZT ZFO =222 F7| fet DDT(drug
development tool) .

Drug Development Use
+ MASLD X|ZH| ol B3t FDA XA 2ol oFEst S40| FYE WK HIHA 7
715 7t 2AE 1d B 27 Ve B YYAHUAM XSS 73 (FDA, 2018).

o 2L} CHAHY 7|5 Zof 3 X|ZHE(MASH, Metabolic dysfunction-Associated Fatty
Liver Disease) 7F Z2t Fuoto] Z¥l MHEor 8% xHS US| 26, 45 HE =

L




Z2OW X7| AN 2t 7]
HBHFDA, 2003).

[0a

fopof ciet & AE Sof 1 dY

or
mjo
o
1
ot
pa
mjo
H

Mg 2t 7lS FOj 470 B2, 2 &4 HES HIST| Uk Child-Pugh HEE ALS
stof moj HES WY A2 AFY

J2JLf Child-Pugh FE4= 2+ Hglo] #I|E E£FE7
Child-Pugh 279t MASLD( 87| 7 42AE 2ys

LAMPSE & OiZEe 2 T4 Q45 ZX5I0] MASLDS| CH¥st HHAHE REY
ASH, Ol A 2B A(LDH)/EEMH O EMATHEIH(ALT) =5, ¢ AYE
ZEI 1A1 2H & S 0 XNEE ZLHYSIY FIetd + AUS.

IH >

olgfgt X252 HIHSH Y4 Ho|O7Ql ALT & 2F B = E= 2t X8 2o of
o G Vg Hotep d@E £ Ao, Ol MASLDY  oiet THE Y
(proof-of-concept) SAHL =2 AFHLHLD US.

2t LAMPS DDT= 14 YAl Ol ofF 7§E moj=zpel =7| THAoM Creet
MASLD E=0f g 8% =dS ¢let X HO|HE M3Isto, 8 gk =HAE ee
2 o A™OM T 8 HRIE FXISts 24 AlF EA0 =82 £ 5 US(Figure
1).

e

Phase la g
Phase lla Phase lib
Phase Ib %\ MASLDpaﬁ@ No _l | _{

Determine safe dose range »&included in the study? » " Dosefinding for Proof-of-Concept in patients with
| andC,,, for healthy subjects \ / | efficacy and safety
-~

different degrees of disease
M

Yes

¥y
Assess hepatic clearance (CL,)
in LAMPS and predictC,,,,

¥

~
Is predicted C,, in disease No Proceed with dose range
different from G, in / identified in Phase |

healthy LAM PS//

Adjust dose to achieveC,,,
comparable to healthy
subjects

r'y

Yes

Figure 1. Utilization of LAMPS data for supporting dose adjustments in MASLD clinical trials. The effect of different
stages of MASLD on drug clearance is done after Phase | clinical studies. If there is no change in the drug clearance with
disease, then the dose range identified in Phase | can be used in Phase lla. If the hepatic clearance is decreased in the
disease, then dose adjustments can be made to result in a Cmax comparable to healthy subjects for testing in Phase lla to
maintain a safe dose range. If the hepatic clearance is increased in the disease, then the LAMPS results can guide dose
adjustment in Phase Il to achieve efficacious doses. Results from the LAMPS can guide dose adjustments for different
degrees of disease.

<Figure 12| 3> MASLD AMA|IHOIN 88 ZYES X257 2ot LAMPS G|O|E =8&S LtE}A
A, MASLDO| Ciefot EiAIZ} o5 MAZ0| D/X|= Fek2 148 et A 0|20 HIHELCH Zet
of 2 oz KAHs W7t gICHH, 1&80AM =QIEl B2k HRIE 2540 J2 XES = Qg 2t
o= Qg 7t HAHE0| HASH HAL 238 AFOA ALSE WX FASE CmaxE 2 E B
2 XG0l otMot 88 WIS X = AZ. EH YEJoAM 72t HAF0| B0 42, LAMPS &2
IIE HIEOZE 240M Fa B3 HHsH7| fot 8 xH0| 7Isd. LAMPS Zit= Chdsh 2y
l:|-7?|o.|| 0z 22 xMS oH_ngoA ofo = e° e = = =°
[ — ©o ‘+o= L =2 T AT+

Technical Descrinti

7t | d2|stE A|AE(LAMPS)S F4 B Y HEfol 7t de|etES RHASHY| ¢
ot DN Q. LAMPSE ZtMEZE, 7F FW LI M| (LSECs), 7+ & M Z(HSCs),
TEH MIZKCs) & 47HK F8 2t MZ fd 2te &XH M= HF A M= 2t X7t
S 3N MZE 7 D EQ(lee-Montiel S, 2017; Vernetti S,

al
[Lot
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ot
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H1
LH
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o H2 AN Fepdar ez dE jEEAR FXE RS T UHMEE B0 =EE.
Ch2oz, EMZEsE efX| M= 7|ZEECM)S ZHME ZF 0] =ZStD, O|0{A ZtaH
THLHI| M Z(LSECs)2t FHMEKC)E F7tst £, HSCSE gast Zatd | 8do=z Hg
E2(Figure 2). &4 Fzt= ZH 7|50t CHALS] S @A 2 H3O[ LAMPSO|A 74
g YR Lt FEHE X 75 ZE=Z MOglEM F9 1(12-15%)2 &2 &2 &
=t 2 33-6%)0 WS M2 T OMBZES %Y L XY + USS FYAL
15u/h S 5p/he 952 22 12-15%2F 3-6%2| At 2S MH5IY S (Lee-Montiel
S, 2017). LAMPSE F4 7+ de2ls HIL, ADME-Tox A, 0| 7+ B OjM=td =2
2, MASLD T A7 I MASLD 2= Bs Al EUB22 FHLAS(Vernetti §,
2016; Lefever &, 2014; Miedel &, 2019; Xia &, 2024; Saydmohammed &, 2021).

- Stellate Cells Bile Canaliculi
* Endothelial Cells [—J Collagen gel I Glass
= Kupffer cells [ LECM —* Flow
®  Hepatocytes B Colifibro [} Bicsensor
Figure 2. The LAMPS is an experimental platform to model
both normal and disease state liver physiology. Overview
of the schematic diagram of the single chamber Liver Acinus
Microphysiological System (LAMPS). This model is
constructed as a biomimetic 3D, 4 liver cell-type model
containing hepatocytes, liver sinusoidal endothelial cells
[LSECs], hepatic stellate cells (HSCs) and Kupffer cells (KCs).
<Figure 2. A%> LAMPS= o 2 gt JEfo| 7+ WE|st2 REESHY| flor Mol SSHEQ. Ty
ﬂg't& ¢ AT DMAEESA AAF(LAMPS)| JHEfE TR & DHEE 7N 7F YU LHTAM
A 8l S =g

HOA[A 7 .
[CI)_{SCF;Cs], ZHE AP M (HSCs), R MZE(KCs)E ot MA|zeh 3%}

pYN=

« LAMPSE 7t 7|5 % MASLD EHY

S0 UN XY MEO| USEAS(Xia S, 2024;

Sakolish &, 2021). O] =@ Heko|stHAME{(NCATS, National Center for Advancing

Translational Sciences) X|¥ Z=ZE A|HME Z20| URCE, HIAIA AGM =X Y

AEME|(Tex-Val TCTO)= LET % 24 EH|, CYP3A4 CHAl S LAMPS 7|Xx ZHNZ 7|
M

so| ™ 7t HES USSR S (Liver
A, Tex-Val TCTC= 9¢ &¢ Z2
HFEZAMM 2 7 Q1o oFE
2021). = HHOIM LAMPSZH
(Schurdak &, 2020). 0|2} Z2 532
on, Mo HAsuh LT A HA

0|22 (Sakolish 5, 2021).
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e MASLD ZI&ur e oz F2 HHEY U 7[sd HetE fodte HiX] ZHE LA
S(Vernetti &, 2016; Lefever &, 2014; Xia S, 2024). Li=0 HA& 38 HIX|(NPHE H
A gl A Q& X8 Ead 7| MSEE HIX[(EMS)E Tt XHE W HaA|
T ogdstol 2XrA FEQIAtel BUtE |2l X|gikEedt R HOEM), 2T ol&d
2 ZaE 27| ASRZ HIXLMS) = Al nsr: el Qlsel 8 & 7K 4%
o HZE AR HAGEQAX B1; TGF-P)t X[ECHHF(LPS)E /S0 MASLD HAEC|
FBEE B7HAZ. EMSeE LMSE MASLD Xgap optel 7t X|EE, SAMZE 243} gl
MBSIE FI7tAIZ|H(Figure 3), Ol LAMPSHA HekstE (Saydmohammed &, 2021)
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MASLD BEHHYC| k& MASLD 2E =7l M2 CE &Y BO[E 71T 2A&E
Zofeh CH ZHR| CHE BHAb ZPMZ B Of CHof o2 oM =2 MHds 22
A

o
Microvesicular Macrovesicular
Lipid Droplet Size

Media Type

C. ~ Pro-Col 1A1 Secretion

50,000

40,000 { . -

paiday

30,000 { | 3
20,000 |

10,000 |

Figure 3. Modeling the progression of MASLD phenotypes in
LAMPS. We have implemented media formulations that have been
implemented to induce key MAFLD disease phenotypes. Compared
to normal fasting (NF) medium, EMS and LMS media treatment over
8 days results in significantly increased levels of several key MASLD
metrics including: steatosis (A; LipidTOX staining) stellate cell
activation (B.; a-SMA expression) and the secretion of the pro-
fibrotic marker Pro-collagen 1A1 (C.) P-values * P < 0.05; ** p < 0.01;
**p <0.001; *** p <0.001.

<F+?ure 3 28> LAMPSO|Al MASLD B Tl RS =2 MAFLD Zet Boids FLot7| 2[5

ToE HiX =48 HESIASHCLE o S=(NF) BiX|0f Hlsi, 82zt EMS S LMS BYX| X2|= Cf

=1 Z2 o3 F£8 MASLD X B =F& [{O|0|5tAH ZIHAIZLICE XSS (A, ngidTOX Ol A, BA|

Z =M5HB); o-SMA g, 2|1 M3 £ mX[XQ m2E2td 1A1 BH|(Q)7F {olstAH =718t

HCE P-ZF * P < 005 ** p < 0.01; *** p < 0.001. * P < 0.05; ** p < 0.01; ** p < 0.001

« LAMPSE DDTE Z&SI= S8 2 7t et oixjo| 83 =d Zad E7IE X Ystn H
2 A2 #5517 et 2 2B ddtt 220 MASLD LAMPS EE DO
sigtEol Weld S2ofHA HO|E JHESHD, AN RS 285t st = 8
2 Z8%ts A2 =2 o E 0, LC-MS/MS 2ME2 8ol @M =2tE M2|= LAMPS
DHENAM FTE F=E OX L QLEZEEE 529 A7 o|EN HAE UBSIAS. 0| G
O|HE Z&3I0 LHMEA Sz|0fHAE AHitot 21 MASLDOAM 2O Z2ES € sk
£ A 5d dAK olstz |FXI5H| s

o o o
). A14st 7F Hlm 2RI 34 MASLD &
of, SHAF EMS BEX[OfAM ZAE LHAE HAES e Of F 40%2 8% 4O
gt2 LIEtRE. o] Z1t= 2t 7|5 ZOf =HXtof| CHSH FDA O|=2tE K
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XF"‘I.h o 2k 7|-El:_||- Ql |'c'>'|-
A-I :'ll_‘loo = 50% 85 451 EX =8
A, Omeprazole B. Omeprazole
100 - NEA
80. - EMS
3 ¢
£ % o e
E
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= Er",';' Dose (mg)
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for hepatic impairmant
Time (hrs)

Figure 4. Protocol to calculate dose adjustments of omeprazole in liver disease. A.
Measure omeprazole disappearance in both healthy and disease state in the LAMPS model.
B. Predict hepatic clearance (CLy) from LAMPS data. C. Simulate plasma concentration from
intrinsic clearance. D. Calculate dose adjustments necessary to normalize plasma.
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Table 1. Proposed Compounds for Determining Dose Adjustments Due to MASLD.

Compound

Dose Adjustment for Hepatic Impairment

Reference

Omeprazole

20> 10mg

21

Paclitaxel

135 - 100 mg/m?

22

Acetaminophen

J max daily dose by 50%

22,23

Resmetirom

Cmax T 170% in moderate hepatic impairment

24

Metformin

No dose adjustment for Child Pugh A, B

22

Azithromycin

No dose adjustment

22

Atorvastatin

No dose adjustment

25

Ciprofloxacin

No dose adjustment

25

Previous Regulatory Interactions

= s

M=ot

9 7|E =

= SAl SO M 7l
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3-3) FDAS| DDT-IST-0000340] CHSt x7] HE 9 HD Atg

FDA= 20253 1& 99 CDER AN Alek npsty|s FZRIST) Al ZZIZ(ISTAND)O|
MZ==l o|$kM(LOI) DDT-IST-0000340] CHsH ZEE @

FDAE 20253 68 232 ISTAND AlH ZZI#0 XHE= o[FMLONO CHpt HEE A=
:‘<'5_ |=| |.7|§ 7:Ix-|

MZAE XA A= M(QP, Qualification Plan) 24 A, BEE BEEFHIAXZ-2>0 HA|E
Aol nefArgt A HIOARED GOl 23F Atgt2 QP 28 WOIAM 24 Mz 28RS,

B2E =20 HES Y o SH 9K e 4z HXE EIAD 2YE2 KIS 28 &2
DDT 7% =0| #ANtEof Wal, MEE HOIH, HAIL| AHE 2t MEALY 2 DDT 23
of AFEEl A7 HAZI 3IHLZE Olz{gt ne{Atg B HIAE T o= Z0| 7HY HE
JtsoHRE 28 HeZ ST

Mz % QP W8 224 70 ot XMt WE2 HiojeotH Chg #5|o[X|:
https://www.fda.gov/drugs/biomarker-qualification-program/resourcesbiomarker-requestors

<Xt XI2-2> DDT-IST-0000340] CHet FDA2| Te{ S RHZEH ASH HAIQF AITOXO| o|A

Context of Use (COU)HA 112 AtSH

"LAMPSE OjAIY 7|5 Zof & X|ghzh &st ) ofEs TH

22 YESID, MASLD A7 Eo=l AMAIYFON A2 2 EHEE FojE Z2-0 =32
= L ol "

= DDTYLC

FDAS| X2 9! X Apstal olof cist oA

FDA Q1. LAMPS?7t A FFE7t CrYdst dd SE5d Y&HPBC, Primary Biliary

Cholangitis) ¥ e ZAshd =HPSC, Primary sclerosing cholangitis) BXte] 22 =4

ol M8E 2 YL

<AITOXC| 2| >: CHALO| S AU 7FESHMASLD, Metabolic désfunc’uon -associated steatotic
liver disease) BHX}7t Eeiel AMABO|M OF2 sHeol Eojg AH e | 9
st DDT(drug development tool) 2. Ofz49| <ZLE=!>01|A‘|X1E PBC = PSCE f-‘-*(hepa’uc
duct) 5B =

gh = Hhof m.:.&l iseases.com, 2024). [}

@S2 Qesll drol viois
+ SIR[Bt LA go| JI58 #5= itz

A 2t
2FA £z ZO XO|7H RS £ UKL LAMPSO| PBS & PSCO]
E'(Stemberg S, 2025; Peiseler &, 2022; iDiseases.com, 2024)

Primary Sclerosing Cholangitis (PSC)

Gallbladder
Common

B Bile Duct

Normal Bile Ducts Inflammation Ducts

FDA Q2. LAMPS(Liver acinus microphysiological system)7} ZtZAHZ(HAME U HEAE 7t
dHF) Xt oFE 7t 2oL HE NI |FEY 5+ ASY

O L-O TTo =2 I

<@Tox_| O|Z>: LAMPSE ADME-Tox HTOIM CHAL 7S EOf 2& xl%‘:*j{’é'%iM SLD)
e %I%of: E7E dREH 05 MASLD A=No ctddia 252 Add= pHos
Jeoj 9% A¥ BSE NN =2 F7| olsf MASID X X o2 Xz @H30[Aof
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RUAY _SO0[H K05 1dst= T oot SUF2=E ZEE[0 S (Vernetti 5, 2016
Lefever &, 2014; Miedel &, 2019, Xia 5, 2024; Saydmohammed o, 2021)( otafel <1
>0 MM FAHO 7F Mz HetrHHE OCZS Y22 55 Zet LAMPSS
w7t Vts®
s ‘_'W'l&';
& '?r‘l,;a.'»‘_-"!': \ W:_w\t"
. _klﬂ‘ym'e?-‘
(] NF Medium  Normal Healthy LAMPS
Hepatocytes
[ ]
Stellate Cells  Kupffer Cells EMS Medium
Normal, Healthy MASLD LAMPS
Primary Hepatic Cells
FDA Q3. LAMPSE 2&SHPK)EDH oL 2t FshpD), §3] 92| =&F0| 2 £ &x H
CHoflM 22 S8 7Ied i |8 = ASLIN?
<AITOXQ| 2o|A>: 4E /Y 7t=d2 d2|dd otdd HItoAM o3| St 1bA OfX|
oF Nz fEE =Y H8E FEY = Us 24 —_rLOI B2Eoz 54 4E9 U1I74'—|§
O CHSH Olsi7t 2=t HEfY. defLt stHe=z MA M=Zet HAE MZE Zes 3D &
S HIY A|AEEZ ZHME 7|5d, €20/84 #H 3 cytochrome P450 S TAIA
ﬂ%g =2 7H B AS(Yuan &, 2025). 55| LIEHAR! Schurdak &(2024)2 &0
M ofgfo| <aE-1>0MME LAMPSE O|8%t A=52| CHAN| ME A=E S CHAIHC

PK X TKe| X|HE =QI0| 7Is&2 HHISIFZ(Schurdak &, 2024). E3| <H-1>0MHH
DDTQl 2 LAMPSOIA EXZAESQI MASLD ZHAIO|A ZtO| Phase | & Il reactiondt ZHHEl
BAE0 =40 HalSIClE A2 =QIE o o|z{ph Bt HtFSI0] PK X|®7F FHE.
ZZ20ME 67HK ME CHE M= ZEZ St HYs 7-2-01-F EHES &89 04

= E%xuq e TROYUS ASSHH BWIKSH= 2| SH(proof-of-principle)2 MA|E

F

|'|

(Yuan &, 2025). 3 <OZ-2>0MKH HAS ?_f =-0-F SHE0 sSE #H ME A
(= A o [ [ o
A TS =Eoto 5d 28 AR &S AEE 7Hs0| 7hsoRAE.
Coumarin Testosterone Phenolphthalein Diclofenac Terfenadine
€Ly =537 mi/min Cly = 425 mi/min €Ly =474 ml/min . €Ly =372 ml/min 5 €Ly = 528 ml/min
s g H
= = 2
5 TR B R
g I B o
g —% s \T_,+‘ I 2 ?!,&/d/’(
3 1 § et~ 5§ [ °
T T T 1 T T T 1 T T T 1 1
z 4 6 8 2 4 6 8 H 4 6 ] ]
Time (Days) Time (Days) Time (Days) Time (Days) Time (Days)
-#- Coumarin -e- Testosterone -e- Phenolphthalein -+ Diclofenac -o- Terfenadine
& 7-(OH)-Coumarin -#- Bp-(OH)-Testosterone @ Phenolphthalein - Glucuronide ®- 4-(OH)-Diclofenac #  Fexofenadine
CYP2A6 CYP3A4 UGT CYP2C9 CYP3A4
<d8E-1> LAMPSE &% %E U cytochrome P450 E4'H €F J2|A2A0| H3}
<E-1> CHAO| & X|wzrE sl MASLD(Metabolic dysfunction-associated

steatotic liver disease) EX}0J|A Phase | & Il reactiond} 2HE TAEQ| T H3|
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« MASLD affects CYP isoform activity differently

MASLD
Activity Enzyme/
ﬂ co-factor

CYP1A2 (70%)

Decreased CYP2C19 (75%)
CYP3A4/5 (33%)

CYP2AE (100%)

Increased CYP2C9 (40%)

CYP2E1
CYP2B6
No change CYP2C3
CYP2D6

SULT1AL
Decreased GST
GSH

Immune-liver-on-a-chip Targeted cell-depletion liver chip
A
Meutrophil (HL-50) Endoihelial calls. Meutroghil {HL-0) Endothalial cells.
(E2TA) Elminating apecific cell population (EAhY92E)
= " guring assembly 2 2
1 P I Il |
] Masct Q —
—— 1 i = S
FIIAK e _/ =) s
T lymphocytes (HUT-78) Stellate call(LX-2) Vehicle Control Stefiate calllLX-2
Sod efn ® Fod oo @ u
HKupfter cell (LBAT) Hepatocytes (HepG2) Hupfer call (LIS3T) Hepalocyles (HepG2)
<1®-2> Targeted depletion methodology(BH X7 WHE) =8 HHMN 85X H=E o
=510 ME 9% E0|F 71 A2 MMBIIS 0N T ME A &ol A9 Xz Al T MET E
i HIX|E ALET =4 Hate MAE AAED 28 A|AES HWSHY HItg

FDA Q4. MASLDE QIct ZHAHET BXIE M2 AHAES AIFSH7| Mo M ZH7|s
BOj(H) H77F HEtLIct x| LAMPS 2MHE CHF A4E0AM LaE|D DEHQ Hs
2 US| MK 7|sHE A+E M = dEUCch gL M2dat 550 st
SEC A7 SHEICHH, T2 N EMYE = 58 EAMHo| Cfjeto] E 58S HiH|
SIX| RELICH HQHE COUE H=s| ttdst7| 2o SE= AUHIO|EZ} EagL Lt

<AITOX 9|7 > M=t

HMAM Ol olAFM 712 A}SH

FDA Q5. ZH7|s Holo| mE 8% WS A= atdel ZF THAlo] CHsi /A4 Hlof
Eet HX U4 HIo[E@|EZ) 7ol ZEEHQl HRE HAISHHAR. OIS 245 ZESIAA
R:a) EUEN A2 AAYE SE, b) 0IF 7H HAE(CLH), o) AIEE[0|ME %= EH S
£, d) AlLtE 8% ZHET 4MT H4Y HFEEOI: £of 2F U AL S ZESIHAI
<AITOX o|#> TH| oF=0f CHDE ZAE2 XI|7F ojgf@ln eixto| Y HEof ME Fof &
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100+
Omeprazole 1507 — NEM
80 = —
& E fﬁ EMS
= N — LMS
E 60~ g < 100
3 =8
|«
— = 40+ m—) & ©
=
o s g 50
20 £E
o
20mgaqd.
0- Q L4 LN D I B B B N B BN B B B B B
& &
,,,e"‘o &Q@ b@@ © P o, P R R h SRl
S & &
Time (Days) & o &b Time (hrs) guos matols
o Hormal s ‘\d-"° & &F Hatrjatol IS 2ol gt
ormal Fasting aéo 0\,50 - Parameter NFM m
& Early Metabolic Syndrome ;& m“‘
“e- Late Metabolic Syndrome & F Cornges (HE/L) 63 102 89
Percent Increase - 61.9 413
A)Measure drug disappearance in B

both healthy and disease state

Predict hepatic clearance (CL,) | Adjusted Dose (mg) 20 53 140 ‘

C) 10 mg dose recommended for patients
with hepatic impairment*

d3> MASLD EXtoflM 2%E FEHER 8 2% X|H0| LAMPS A UHO| HEE|= OflAl

FDA Q6. 1% 40|A 2EE Hiet Zo|, HiE ofHoflMel AlZH o|&EH o= £40| LixHH
HaE A oY €T Sk Ao ALEECHD FASRASL CL agL <
M DE A°] RS2 FH 7tssl EYLCh oE A0 ®AE Zapt

A

otE B U Cojl EA|
B OALME HAZE U oF EH SsEE O{EA HUHSH=X HdHSMAL.
<AITOX o|Z> Lo Y= <Oz 1>1F HAME E| &2 XI2O| HILE E)| <EH-1>1} 5

2ot dglol Zutz —’F—’S%! St dglo QEFOIXIE.'_F <JE'—1>°| D2t <JE'—2>°I PK x|
2 823 EXe »Y| 70
szl 290 7tsd 7*02 M=E.

<dg-1> LoIo| XI&

A, Omeprazole B. Omeprazole
2.000+
Toe: - NFM
s 80 - EMS
= 0.500 {3 ‘S
3 E ] T LN
g 0250 i
S, 0.1254 d “©
0.083 ]
o031 T T T T T
o 2 4 7 L] NFM EMS LMS
Time (Days)
C. D. o
& 3 NFW - =
Disease Condition Adjusted
Eé“ 104 — EMs Dose(me) |3
25" M —us| / Hormal 20 k
o2 006 In\'“‘i‘u\!l“
-g‘;‘em- Early MASLD 12 J
2
igum- Late MASLD 14
G'M“ 4 é ' . FDA recommended dose adjustment 10 i
& ¥ & '1{hepa‘cic impairmant 2
Time (hrs)
Figure 4. Protocol to calculate dose adjustments of omeprﬁmle-lnm
Measure omeprazole disappearance in both healthy and disease state in the LAMPS model.
B. Predict hepatic clearance (CLy) from LAMPS data. C. Simulate plasma concentration from
intrinsic clearance. D. Calculate dose adjustments necessary to normalize plasma.

<H-1> Schurdak S(2024)°] XI=&
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I i

Cinaces{HESL)
Percent Increase - 61.9 41.3

Adjusted Dose (mg) 20 12.3 14.0

10 mg dose recommended for patients
with hepatic impairment*

FDA Q7. HIetEl 87 Al™ 322 o ME ZHE HASIHAR. 8F-o/&EH
2oz Ae2 LT ¥ES EBOL, LAMPSE Sl 8F-2EH 5485 €8
EEZ 2HSMA L. Eot o He2 27 = HL(Ol: 20%, 40%, 60%)7t 223t
grefio} skt

<AITOX O|Zd> <Table 1> MASLD S&3 LAMPS ZEo| MstMS ZHZSIY| 9
W AZo AHE oMo HEE A= HY HAMZE QN 72t 5d2 FLoI=
Mgt ool UAS. 0|5 HIELZ MASLDE =Zoteh ZH a2 <m-1>1F Z0
Ao Cfst =8 BSIAZ = QUCh= X E 12{5tAHLLH(Massart &, 2017), <

MAE 7F g SXHoAAN 2=Z2| PK X|EQ MHO|EE S7H EHoJ xr&% inl
O] A (Delcd S, 2005).

Table 1. Proposed Compounds for Determining Dose Adjustments Due to MASLD.
Compound Dose Adjustment for Hepatic Impairment Reference
Omeprazole 20> 10 mg 2L

Paclitaxel 135 - 100 mg/m?* 2z

Acetaminophen \ max daily dose by 50% 22,23
Resmetirom Cmax T 170% in moderate hepatic impairment 28
Metformin No dose adjustment for Child Pugh A, B 22
Azithromycin No dose adjustment 22
Atorvastatin No dose adjustment 25
Ciprofloxacin No dose adjustment 2
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Oral Bioavailability
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<
Bl Control subjects B Chronic liver disease

<d%-1> ZH HE SXoAIM dE2 WHOIEE S0 thEt XtE

=

<E-1> ZH dzof chgt UEY UE E= 2 80 ¢

“ Altered Hepatotoxicity in MASLD

rot
=}
gt
rk

Acetaminophen Increased risk of acute liver injury
Halothane, Isoflurane Increased risk of hepatotoxicity
Fosinopril Increased risk of hepatitis
Losartan Increased risk of hepatitis
Omperazole Increased risk of hepatitis
Piperacillin Increased risk of hepatitis
Telithromycin Increased risk of hepatitis
Ticlopidine Increased risk of hepatitis

Massart, 2017 PMID: 28691103

FDA Q8. ZHHIZ 2| F7IE M 7IX] MZ |32 d2 HYSIMAR. ZHZUS AT
=3t Y2 E 7 = 2L oULE MG o5 = ASNQ?

<AITOX 2|7> <JO8-1> LOIO| HNEE LAMPS ZAZQt AFEE MIE 43FEFE2 HWZ W)
£ LIEtHH A 7t A O[Mdeled A|AR(LAMPS)2 FZ2tE *”HIEHWIE UNZE
0|82t =XAtA M= B3t A M=E ZF X7t REFE Yot = 1A ¢ AY UYOM =
(LSECs), 7+ AHM|ZE(HSCs), —:r*ll‘l)\ﬂi (Kupffer cells) & H|ZFEME(NPCs)E F7t8t0] =&
XY B R 22 ZHMZE(hepatocyte)sms diranf CHALQF LD MZO|BZ AZ9| 2
oA 7tY B3 FEeS & gLt XA AGSte MESE Yo Qs o=
CiAL 8 2f=2| O] S0 F&E F(Delco &, 2005).

@ Stellate Cells Bile Canaliculi —» Flow
=~ Endothelial Cells| (] Collagen Gel i3l Biosensor
" Kupffer Cells [ LECM
({8 Hepatocy B Collagen +
Fibronectin

<d%-1> LOI0| HESE LAMPS EAEQ ALREl ME 4Z5(HE Y= U

EAAN noiArst

FDA Q9. QP NE=0| AN 24 AS(SAP)S EASIMA|L. SAPO|= Ch3= Zolsts| O
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4.

=

4-1) ISTAND Qualification Letter of Intent(ISTAND HZid °|gkA)Q} FDA 22| &AM Zs|

LOI XM=t Ofof| Cigt FDA =7| HE 2¥F WE it 24 Zi, st ¢22 22 ¢

Ho
AT

LOIGIM EXSIA Human-relevance?t #HE A|2H-S AIBSIR L XIRE HESH= A=
sholE.

LOOIAE F2 BB Y| e Aol pkot BT O FDAUME Agel &t B
Woz BEI EAIO o2 PKet SH9| B 9SS B TG ZWO US.

® ofLte| HHof cist AEo| QN 8 oX U 2O T NAMO|X|DH o2 ZZYAME
sot P

4-2) ISTAND Z2 oA 2] %X HZAM 5012 22 Michael Phelan?| ZH

ool 7
g 50 A2

&

Michael Phelan2 FDA ISTAND Z2I#0| x=x2 SQIE 7|=¢ Integral Molecular Inc.2l|
o CHEAK| Hi 2 (Membrane Proteome Array)2| M UXIR S (Integral Molecular. 2025). &
Z AMEXEM FDAR F7|Hoz ASSIH Z2W FAXRef 7|0 AtEo| CHEE A
=

= At
of SEHZ g2 =+ 91 Ef_' gt o] ZE Y2 =2 ¢FY = UXTH M THX| A
w22 HMAl Egl 2 L2|Li2t A 7|2te] oI pido| oLt =2 MELE 71X OF
SH=XE HOlE

A8 W2 (Context of Use, COU)2 2= HE A29 7|XQLICL cOus A Z=0A &

ok
|.

25t FE30F LT 2= HO[He dH2 COU SF0 =TS HUFOF LL.

-|m

Hd(Transparency)2 ZECf Eteld = A&LICH 29 1A (Executive Summary)E X 2|5}
1, QP(Qualified Plan) % FQP(Functional Qualified Plan)Q| M2 W22 7|ZLAL|Ct A
B2 SEN YH U DE oA Al 3HE ETet et EHEE 7| Ct

— L

® et AU’ (Scientific rigoun)2 H30| E=HYLICEH HE XAEs Yo, of2|stxt, 54
stxt, MESAHIEXL, NAMs 7 tEHAHE EESH FDA Q30| ols FHLSHAH HEE ALY
LICt. MES3tEE SHEO| O|27|7HX|, ME Atge HAMS #EZ2 AGd = A0of L
C},
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Peiseler M, Schwabe R, Hampe J, Kubes P, Heikenwalder M, Tacke F. Immune mechanisms
linking metabolic injury to inflammation and fibrosis in fatty liver disease - novel insights
into cellular communication circuits. J Hepatol. 2022 Oct;77(4):1136-1160.

Steinberg, Gregory R. et al. Integrative metabolism in MASLD and MASH: Pathophysiology
and emerging mechanisms. Journal of Hepatology, 2025. Volume 83, Issue 2, 584 — 595.

iDiseases.com, 2024. Primary Sclerosing Cholangitis — Symptoms and Treatment

Yuan, S, Zhang, P. Yang, S. et al Targeted cellular depletion in an immune-liver-on-a-chip
platform elucidates cell-type-specific heterogeneity in drug-induced hepatotoxicity. Commun
Biol 8, 1560 (2025).
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18. NAM2| FDA-ISTAND HZ/d T+ signl o5 Ao cist oA] =M

1. 2026 2€7IX|2] NAMS| FDA-ISTAND Z2HE H4 3zl

1-1) DDTQ} st Xt5o| F7Het H|eHd

O/= FDA CDERCenter for Drug Evaluation and Research) % CBER(Center for Biologics
Evaluation and Research)?| 2|%E 7% TF(DDT, Drug development tool)) &4 At
TZHE HM HO[HHO|A= LB O[S 2AXIZE Mz THA, HAd HAF JEi, Z2g & K|
g YYEE DDT MY dA Z2OMg MY = A3 0l 22 FHES I FDAO
MZE STAND Qualification(ISTAND X ZA-d), LOI(Letter of Intent, 2|2FAf), LOS(Letter of
support, X|X|A), QP(Qualification Plan, A Xt& A= A), FQP(Final Qualification Plan,
%5 XM7Y 2ol i7|X) S0l N8,

J2{Lt DDT AIEAte FDA AtO| RE EAM7F S7hEl= A2 OfL|L LOIE HIRet HISH=

MZE FDAS| Bt30f Ciet At= S Q. 0|0 STAND ZZ2IM0|MQ| %= HAY 52 &2
Michael Phelan2 Al E=0| ZFH &4 S Z& HotHel Ate S/HE =t 2tHst

EMMS QNSIYUS.

1-2) NAM2| FDA-ISTAND Z2HE =ZEi £

FDAZ}t 2020'F ISTAND(Innovative Science and Technology Approaches for New Drugs, 4!
oF IS Tt EAA sk J|= Ee_uu-l =N L=: _U_E:]_EH, 2|3 2025 ™A =z M
20263 = HXMIIX| FEl ISTAND project= <E>O0|A{X 3 DDT-IST-0000610| %|Z X
""EMEE 617'| NAMolukl:l

{ Hor 2

ISTAND Qualification(ISTAND & ZA-4d), /& XM(LOI, Letter of Intent, 2|&A]), MAM XtH A
2| M(QP, Qualification Plan), £|& MZAM 20 I{7|X|[(FQP, Final Qualification Plan) S2| X}
2 Mz % 2% 1Y, HE 61712 NAM project?t MEE0f 2E HES HX[= A2 Of
LI{ FDA= “Accept, N/A Not Accept, Qualified, Not qualified, Modified, Rescinded,
Issued, Not issued, Withdrawn” &2 2 update®. 0|2t Z2 O|R 2 617 & Cto ZZ2H|
E7l S0 list upZlX| AUCH=E HES 2 AZ. Ol MEXZL XAEIS 2 Rescinded(XHE
Fl&) = Withdrawn(FDAO| 2lot F4)E Aoz FFEO HEE 614 & 27d < 44%
HE7F AAZE O|R01F Aoz mbotE.

<H>0|A ISTAND NAM ProjectE Il M=t |HXE EH HEE DDT-IST-0000472| H
AtA C{SEat DDT-IST-0000282| 7HQl XtA 2 M lStH CHEE AMn A= M Y3|AL CRO
d2|n o|27|7|et BHEl 3ALY.

M
u

on
1

—

Cheed| HYNOl ale S o5 R ALD Ozt YMAY BE ZEHE
(o]

- 155 -



HAZE O|RO{Zl NAM EZE2HME 27 T LOI F=FO|A 'Not accept= 6Z10|RA2H £3| 67
& human-relevant ZMFZS O|8HX| Y2 KLY 142 Hz=Z2tmHE  0|8st
DDT-IST-0000350|{S. Moz 272 NAM Z2HME 27Z0|AM DDT-IST-000035HS X|
Q$t mE ESMES human-relevant EHE0|2t= S UME R0 AS.
<> 2020 5E| HXNX| ISTAND 1SS 26l HEE DDT E£E= NAM 5
ISTAND Latest
project ISTAND-DDT project nhame SétlmeSSIOI‘I aEL :‘)ar%aemzatlon
number status
Specificity Screening of Biotherapeutics for Intearal
DDT-IST-000006 Improve Safeti/) Profiling in IND Applications | QP - Accept Molgcular Inc
Usmg the Membrane Proteome Array (MPA) ! :
Prognostic Covariate Adjustment (PROCOVA™)
as an Efficient Statistical Methodology,
Intended to Improve the Efficiency of Phase 2 | LOI -  Letter of

DDT-IST-000013

and 3 Clinical Trials by Using Trial Subjects’
Predicted Control Outcomes (Prognostic Scores)
in Linear Covariate Adjustment

Intent -- Not Accept

Unlearn.Al, Inc

DDT-IST-000014

Al-COA™  for Automated
Anxiety Severity Measurement

Depression  and

LOI - Letter of
Intent -- Accept

Deliberate
Solutions, Inc.

DDT-IST-000015

Local tolerance of  epidurally/intrathecally

administered leachables in vitro

Lol -
Intent -- Accept

Letter of

Fresenius Kabi
Deutschland

GmbH
Human Liver-Chip for Prediction of | QP - Qualification
DDT-15T-000016 Drug-Induced Liver Injury Plan -- Accept Emulate
In-Vitro 3D Human Model for Screening and | LOl - Letter of
DDT-IST-000019 Prioritization of NASH Clinical Candidates Intent -- Not Accept InSphero AG
Automating Identiﬂca}pon Detection, and :
1eT Adjudication (AIDA) of Clinical Events using | QP - Qualification
DDT-IST-000020 Artificial Intelligence (Al) and Machine Learning | Plan -- Reviewable AstraZeneca
ML)
. . Brigham and
1T The Heart Failure Natural Language Processing | LOI -  Letter of '
DDT-IST-000027 | (4F_NLP) Model Intent - Accept jyomens
ospital
Interval-Specific censoring set adjusted
1eT Kaplan-Meier estimator (WKE) to estimate the | LOI - Letter of .
DDT-IST-000028 survival ~ function for the time-to-event | Intent -- Accept Yaoshi Wu
endpoints in clinical trials.
LOI - Letter of
DDT-IST-000030 PTSDx+ Intent - Not Accept Senseye, Inc.
Use Retrogenix Platform .
DDT-IST-000032 SpeC|f|C|ty/Off target Screening to Enhance Lol - Letter of | Charles River

Biotherapeutic S %ety Assessment

Intent -- Accept

Laboratories, Inc.

DDT-IST-000034

Liver acinus_microphysiological system (LAMPS)
for determining drug candidate dosing in
clinical trials of liver disease.

LOI - Letter of
Intent -- Accept

Organ
Pathobiology
and

Therapeutics

Institute

FDA Qualification and Regulatory Validation of

DDT-IST-000035 a Zebrafish-Based Preclinical Model for Dravet :-rgclent . NLoG!thrc:ce otf Zefit, Inc.
Syndrome P
Binary dihydropyrfimidine dehydrogenase (DPYD) ;

1eT Screening Tool for Exclusion of High-Toxicity | LOI - Letter o

DDT-IST-000037 Patients in Phase Il Metastatic Colorectal | Intent -- Not Accept PGxAI, Inc.
Cancer Trials
An in-vitro, high throughput, 3D primary B

DDT-IST-000041 human spheroid model to assess Drug Induced I_rgclent . NLoetttzrcce Otf InSphero AG
Liver Injury (DILI) P
Microphysiological ~ Systems to  Investigate | LOI - Letter of | 3Rs

DDT-IST-000043

Clinical Drug Induced Liver Injury Risk

Intent -- Accept

Collaborative
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Organ

Quantifying  hepatotoxicity using the liver .
DDT-IST-000044 acinus microphysiological “system (LAMPS) for | LOI - Letter of zgéhophyswlogy
determining drug candidate dosing in clinical | Intent -- Accept Therapeutics
trials of liver disease Insti P
nstitute
DDT-IST-000045 Human Kidney Chip for Assessment of Relative | LOI -  Letter of l,\slae%?d%%hgglw?g
Nephrotoxicity Intent -- Accept Sinai ’
Remote Disease Severity Assessment for ;
1eT Psoriasis Drug Clinical Trials: At-Home Image | LOI - Letter of | Johnson and
DDT-IST-000046 Collection and  Artificial  Intelligence-Based | Intent -- Accept Johnson
Scoring Models
Human chorio-decidual interface organ on chip
DDT-IST-000047 for derisking positive rodent DART studies for | LOI - Letter of | Texas A&M
new modality investigational new drug | Intent -- Accept University
candidates
Human iPSC-Cardiomyocyte MEA Assay for B .
DDT-IST-000049 | Prediction ~ of  Clinical  Cardiovascular LOI - Letter of | fxion
Repolarization Risk P y
The MetaHeps technology for ex vivo drug B
DDT-IST-000050 causality — assessment |gn immune-mediated I_r%mt . Rlé?/tig?/\r/ablgf TransHeps AG
drug-induced liver injury (DILI)
Human -on-a-Chip Neuromuscular Junction | LOl - Letter of
DDT-IST-000051 Assay for Botulinum Toxin Potency Testing Intent -- Reviewable | H€sPeros, Inc.
Al-Driven Digital Liver Model for Prediction of | LOl - Letter of | Absentia Labs,
DDT-IST-000053 Drug-Induced Liver Injury Intent -- Reviewable | Inc.
Hunfwan neuromufscular junction-on-a-chip ;
1eT platform as a tool for botulinum toxin potency | LOI - Letter o .
DDT-IST-000054 testing and medical countermeasure | Intent -- Reviewable | Ananda Devices
development
Quantitative assessment for clinical drug-drug B .
DDT-IST-000057 interaction (DDI) risk of new chemical entities I_rgclent . Rl_e?/ti:Cablgf fgzelm Biotech,
(NCEs) using human liver chip ’
Al-Driven Digital Cardiac Model for Prediction | LOI - Letter of | Absentia Labs,
DDT-IST-000061 of Drug-Induced Cardiotoxicity Intent -- Reviewable Inc.
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2. ISTAND NAM Project?| 4o #Qlat Z4: DDT-IST-O000041
2-1) DDT-IST-000041°| LOI 42} FDA THTh

« HAIO|EMY DDT-IST-0000412 %4E-F& ._F =4Iy 7S It Ml tHEME™ 3
K 1KE-QIZE M ZEU Y N REZE YK S22 An in-vitro, high throughput, 3D primary
human spheroid model to assess Drug Induced Liver Injury (DIL)Z. LOIE= 20253 58 13
2o MEEIReD 2025 5& 1920 FDARREH X7| HE 7tsdiChe B2t 28 1
2Lt 2025 11€ 05¢ HE 2|2 ZHE CDER ISTAND Z2I0f CHst LOI F 27t
2 Z-EAS.

el U.S. FOOD & DRUG

ADMINISTRATION

Home 008 s i i Radiation-Emitting Products Vaccines, Blood & Biologics

DDT-IST-000041, An in-vitro, high throughput, 3D primary human spheroid model to assess Drug Induced Liver Injury (DILI)

> ISTAND
> Context of Use

» Documents and Dates
Iteration Number Stage Document Type FDA Determination Date

1 LOI - Letter of Intent LOI Determination Letter Not Accept 2025-11-05
1 LOI - Letter of Intent LOI Reviewability Status Memo Reviewable 2025-05-19

1 LOI - Letter of Intent LOI Submission 2025-05-13

2-2) DDT-IST-0000412| LOI Lj&

® Letter of Intent: Innovative Science and Technology Approaches for New Drugs
(ISTAND) : Pilot Program

* Title: An in-vitro, high throughput, 3D primary human spheroid model to assess Drug
Induced Liver Injury (DILI)

* Requesting Organization

* Organization Name: InSphero AG, Wagistrasse 27A, 8952 Schlieren, Switzerland

a) Primary Point of Contact: Madhu Nag, Chief Scientific Officer,
madhu.nag@insphero.com

b) Alternative Point of Contact: Bruno Filippi, VP Liver Safety,
bruno filippi@insphero.com

Drug Development N ment(AQF 7 QM XIEA

« %= wEd ¢ 2Z0OIL)2 TS| oot MMZ, oHEd 2tE oA Hujel of
13%, AlE 2 oFE 2|52 21%E AHA[E HYUY Algol U™z =75, 7|1& 2
=2 YHHCE & Us =4S VF0 Hofstn A2,

o QAAHMEZEOl 11X QZt Zb AW ZO0|E/0/MZZA(hLIMT, primary human liver

spheroids/microtissues)2 CHEEX0|1 DIZISIH Me|stMoz #Ed =2 Mol EE

H3gt. of *e'x' X HAHE 1K} 2 MES 3 HiYMe 22 Mad JAA M=
2 & o, 96- % 384-2 EYO|E Aoz *lEH 35X HiY 7hsE. Ol Y
HAE, B KE ‘34 =H 250 o4 hLMTE SN 52 HE E30|A SH

mjo

|.

« A2 FDA S92 %= 15285 O =2 of AN hliMT= 7HSHE 22 XSS 72%9]
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Figure 0: Current hepatotoxicity assessment paradigm and proposed ISTAND-Qualified
hLiMTs alternative (24 ZF=d &7t {2{Ciat HHEl ISTAND 21F hLiMTs L ¢h

Technical Description (Z]&X A ®H). General description of the Human Liver Microtissues
technology (217t Zt OJMIZ=% 7|=0f CHst Uutx MHH)

b 2t O =F(hLiMTs)2 MEg & A= 48N SSUNZ2RH S=
o= =

e
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of S| JHUTH Akura™ 96- I 384-AMZO0|E OO|32Z2 0]
L 2ME. Akura™ A 20| OO[2AZEZZ0|ES 2

| HolHY CiAtelez, EHH MZE HY %Y & M=

o
"SureXchange” 2|X|7} H&E
AHZ0|E S Es =4 S Z[ATE Akura™ AL|Z0|E OO|ZZZ2{0|EQ| Al
Iz Hdd BH2 AEE QIO ST JhsstH, E71He AH=Z0|E HEf & 7|s
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| Figure 1: Akura™ 96 & 384 Spheroid Microplates ) |

e Zt hLIMTE < 2,0007H2| ZtMIZE =Ztstl, & < 200umZ ZHMZE, o M=, 7H
b &

of
o M= & ChEst 2t MZ fHe=2 F4E (Messner S, 2013; Messner &, 2018).
HLMTE HIY 352 SOt QHEXQl MEgn ¢80 2HIE 200, B AHE Hgd)
I 2|ZZEZ|AZIEIOIE(LPS) X2l Al IL-6 =HIZ BHEE HLMT= &8 =40 2ls &
2 $ Ae 1y, 28 W 3y OiAN 23 RTXE HEXNoE EHGH /7| St E2

CHAFEH(Messner S, 2018).

| Realized uses in drug development (419f 72 0jj Ao & Alg)
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o hLMTS| SHEE QI WEHI X|&£H 7t 7|52 Al =2He| &Y
1M NMe| 7ts = 1%
2 (Proctor §, 2018). MZEMH A3z

=EM A
o —
SMde o =2u3 S4UN AE

2% M rot

ol

O, per- ¥ poly-EF2=2YZ =X (PFAS)
Rowan-Carroll 5, 2025; Reardon S, 2021), M A =0
O Chst HAHES TItBajaj S, 2025), £ A= U FTE AFo| 4N Hzg op

(Shinozawa &, 2025; Bruderer &, 2015; Subbiah &, 2023; Paech &, 2017) §0| U3.

o X2 AF(Fas 5, 20250 M= BT FOEl= MEXE |7 A2 A UH=d HIt
Ol hLIMTS| 2aHdS BIISIRAZ. FDA $¢Q ZF §0l 22X &= 15252 MESIUS
AN %E P2 2t &4 Y Jtedo met #d UA O|FoR 2, 457 4= "2t
=4 22 818 (vNo-DILl-concern)’, 5471 A& "7t5d 22 %S (vLess-DiLI-concern)”,
537 A4E2 "7H=Y 28 E3(vMost-DiLl-concern)’2 2 2FE| A S(Figure 2).

DILI
concem

description

i

O 45 *Mo-DILl-concem [ 49 Mo match 1 49 No Mention
=3 54 YLess-DILl-concern 3 31 Adverse reactions — B Cholestasis
v . Steatohepatitis
Bl 53 “Most-DILI-concemn g 52 Wamings and 33 Liver
pracautne E3 aminotransferases
ER 10 Box warning increase
mm 10 Withdrawn & G Hyper bilirubinemia

Bl 11 Jaundice
ER B Acute liver failure
Bl 39 Fatal hepatotoxicity

Figure 2: Description of the 152 FDA-approved drug set Schematic representations of the
drugs in relation to the DILI concern class (DILI concern), Hepatotoxicity related warnin
(Drug label), DILI description on the drug label (DILI description). (1527 FDA &2 <& &
E Z9 DU 22 SZOIU concern), = &H ZL(Drug label), %= 2tE42l DIl 2F(DIL
description)0f [IE AF AN HT)

of 7|BXERY Y2 ZHM=ZE E3t ot J|SKel HIZHEY 7 222 =g5to |
b HLIMTsE Akura™ 384-AI| 20| Z

L2 43 7|8 Ht5 HEE &9

Me| oY, 2 A 5

AHESHY FEEJAZ. HLIMTs 9|
A= IC ATPEI2 2= DILI 37t A= ME CHE d=E FESH|M 25
HoFQE. dgLt & & CmaxE FO ICso ATP Of & % Cmax HIE
(0|8} “c2C” H|8)2 AME2ZM “"vMost DILI-concern” %= “vLess-DILI-concern” H
“vNo-DILI-concern” %=1t & T AAZ(Figure 3). C2C HE2 55 WAt &4
i

O
s 2=y %= ME Folost XEE ASEHUS.
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=4 9d e =5 A= U=EY f iR HE d=ES FEcte UEEL B0k
£ 22 71.7%2 88.9%%A5. Ol ZE2 A 2tATYS Y|U2= of ZHI HHHE &
OfF QUG "8f& FA" Es AT SX|" HEQ| 422 Aot UHE= A7 70%2t
80%RAES. =g 2H FuTt fle AdES 9| MEos 582 HISs S0k
JA| 878%=2 =EUS. O U=d =2 ME Y2 55 UEAE BHCER o=
"vMost-DILI concern” 2tet=0 2aHO0|A2 M, 91.6%2| RIZA =2 90.9%2| S0|=& &
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Figure 3: C2C ratio in relationship with clinical hepatotoxicity. (Left panel) C2C ratio of 152
FDA-approved drugs plotted against their DILI concern class. (Right panel) C2C ratio of 152
FDA-approved drugs plotted against their hepatotoxicity safety warning. Statistical differences
between groups using Dunn's multiple comparisons tests are denoted, along with their p-values. A
dotted line is drawn at C2C=176. (A&H 7tS-dlto| AN C2C HIZ. (&= Iid) 1527 FDA

o
50l 9kE9| C2C HIES DILI £ 520 Cish EX3t dali=. (5 IE) 15270 FDA £ 24E9|
C2C Hl82 Zt=M oMM Ao s ZRst A= Dunnll CHE HlW HAHEES AReH 12 2t &
AXN KOl p-zrat e EAIE. ™M C2C = 176 X|Ho| EAE)
o 11X M= HiX| ZF ZHHME 2 10HO| 7|FXZ2 = ZHME E2 AMZE CHE M 71X =
o2 HM=ZTH hLIMTOA 207 2= ot He2 HAESH, ©Y 73X H|ZtE A
Z: = (o]

of <)
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o
In T
9
rr
o

- A MY 2 YHYS 10O ISKE THE ZME B B JISKI HZEY 7
SE2 35 B M I 2 ZE Z20IM 207 4B ot9l RS £ ¢ SYHO
2 EAESIO] WIS 24 ME G Cfef BE MY MY 2 ZAIE AVEAS

- 163 -




200 *
.................................... e R R R R
* A L
150 - A0
5 3 i
5] *
3101 5 s : 3
- o
* 5
50— - + b 4 % ¢
L ] CF‘ 90
f s “ow %
. i
0T * — T
P R - N - T - R R - - . « T S R - R . S N - g -
&°°a¢?¢é‘°°o"}'\l;,°¢ é‘%q":}?@ '@o @b é‘& & é\b &6\&-\1\0&0' & 45@- Q0°1,0Q
& & GV S* & VO &.@‘s‘i‘- ,&05 @es‘%@@ &N &G\Q@@‘b
O P @ 0 RV d RSITEN SO O
0 ey Q@"S' Do o 40 Q‘L " &
& & 0 &
& & 8

<Figure 4> Reproducibility across experimental run and hefpatocyte lot. C2C ratios of 20
FDA-approved drugs measured twice in hLiMTs made with 3 different 10 donor hepatocyte lots:
Lot IPHH_32 (open circles), lot IPHH_24 (black diamond), and lot IPHH_18 (gray triangle). The initial
measurements made in lot IPHH 32 are depicted as full_black circles. A dotted line is drawn at
C2C=176. (& A Sl ZbM|Z HYX| 7t ZHodd. 37pX| CHE 1075 At ZFM|Z HEX|(HIX] |PHH 32: Bl
, BiX| IPHH 24: A OS2, HiX| IPHH 18 3|M MZtah)2 KZHzl hLMTOIAM 23| Z&E 2074
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Previous Regulatory Interactions

* With respect to this particular submission, we have not had any contact with
requlators at either the US FDA or any Ex-US reqgulatory bodies.
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3. DDT-IST-000041°| FDA d+ A5 Z™Z1 o|f0 cHet AITOXe| H7t

3-1) FDA Ex AR MU

Ct=22 FDAZl Appendix sectionO A=% &2 O|FZ DDT-IST-0000410] CHTt LOIE
e AHES MM

Drug development Letter of intent(DDT-IST-000041) — FDA’s Determination letter

FDA has completed its review of the Letter of Intent (LOI) for Drug Development
Tool (DDT), DDT-IST-000041, received on May 13, 2025, by the CDER Innovative
Science and Technology Approaches for New Drugs (ISTAND) Program, submitted
under section 507 of the Federal Food, Drug, and Cosmetic (FD&C) Act.1

The LOI is for "An in vitro, high throughput, 3D primary human spheroid model to
assess Drug Induced Liver Injury (DILI)," with proposed Context of Use (COU) as a
Drug Development Tool (DDT) to facilitate preclinical hepatotoxicity risk assessment of
small molecule therapeutics.

The FDA has made a determination to not accept the LOI into the CDER ISTAND
Program based on the review comments provided in the Appendix section of this
letter. (FDAE 2 Mol BF Mo HAE HE oHS 272, Y LOIE CDER
ISTAND Z2173H0] H31X| 7|2 ZH)

As stated in section 507(a)(2)(B) of the FD&C Act, an LOIl submission may not be
accepted based upon several factors, including scientific merit. A not accept
determination is not a final determination for a DDT and its context of use.

The primary utility of this tool is as a preclinical screening tool and does not meet a
regulatory need for the FDA as specified in the context of use (COU). As such, your
tool does not address a specified drug development need that fits within our
regulatory framework and may be more suitable for internal decision-making by
interested sponsors.

Should you choose to resubmit, FDA has provided you with comments and
recommendations in the Appendix to help improve an amended LOI. Fully address
each of the relevant comments, recommendations, and any data requests in your
resubmission and in a separate addendum to your LOI resubmission, referencing the
numbered list *IHES MEistE AL, FDAE #=JE Lol S &7] s £=0f 9

SotRAS. MHME Al 23 oA, FOAg 8 2& HOolH
2 H37t AT S52 X510 Lol MAHE =Mt Eeo 250 44 &

3-2) FDA2| 5 HE o|g0f CHSt Appendix section L&

FDA's COMMENTS AND RECOMMENDATIONS

Context of Use Considerations:

1. JE=E 1= MEEE XX WWEHOM ZHEM J7IsMH S T®ILEH7| @3t MelA A3E
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Result — Part 2

C2C score in relation to Hepatotoxicity related warning

0.0004

Hepatotoxicity related warning Performance

No match

43/49 (87.8%
(Negative drugs — Specificity) /49 ( J

Adverse reactions

(Positive drugs - Sensitivity) S/31{16%)

Warnings and precautions (Positive

29/52 (55.8%
drugs - Sensitivity) /52 { J

Box warning

(Positive drugs - Sensitivity) 7/10{70%)

Withdrawn

8/10 (80%,
(Positive drugs - Sensitivity) /10 )

Figure 3: C2C score in relationship with drug label information
Left panel: C2C score of 152 FDA-approved drugs plotted against their hepatatoxicity safety warning (Dunn's multiple comparisons tests,
p-values). Dotted line: 176. Right panel: Performance of the 176 C2C-threshold to classify drugs as positive (<176) or negative (>176)

Negative drugs: number of true negative/number of drugs (% of true negative), Positive drugs: number of true positive/number of drugs
(% of true positive)

(8 IX}E: https://insphero.com/wp-content/uploads/2024/08/EARLYD1.pdf)
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