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2. Evidence-based toxicology vs Weight of evidence(Z7 7}&X|, WoE)
Weight of evidence: @542 Ctddt YRt @tz 2P o A 20| xt2el 2 I¥ds BAME If A8ElE
2

Weight of evidenceO| S1CI™ evidence-based toxicology approachO| & % 2. [2tAl evidence-based

toxicology approach?| &4 = (Hartung, 2009)

Weight of evidence2| 27}X| £ 42| 4Z|d (believability) 1t &= 2 (persuasiveness)

<> MM 2007'd WoE &S HT A|Ztal 2017 EFSA - Evidence-based toxicology®fl Ci$t %| % 7}o| =

2tel

U.S. FOOD & DRUG

2018 2019 2021 2022 2023

The 1* international
forum towards EBT

Aov s EBTC/ EFSA worlkshop |-
Cecamer 015 o8 aviduacebised

Figure 2. Timeline of evidence-based toxicology movement. EBT: evidence-based toxicology; EBTC: Evidence-Based Toxicology
Collaboration; EFSA: European Food Safety Authority; US EPA: US Environmental Protection Agency; US EPA IRIS: US EPA Integrated
Risk Information System; GRADE: The Grading of Recommendations Assessment, Development and Evaluation working group; US
EPA TSCA: 2016 Frank R. Lautenberg Chemical Safety for the 21st Century Act, updating the US EPA Toxic Substances Control Act;
SR: systematic review; UCSF: University of California San Francisco.



3. EFSAZQ| Evidence-based toxicology & Weight of evidence
+ Guidance on the use of the weight of evidence approach in scientific assessments(EFSA Journal, 2017)

+ Unstructured evidence retrieval — Data weight — Toxicity-related gap filling

WEIGHT OF EVIDENCE CONCLUSION

A %N
/ \ N
Assess [consistefcylacross the evidence

/ / \
/ \ %

Assess the|relevance|and|rt

Co

LINES OF EVIDENCE

of the evidence

Three basic steps
for weight of evidence assessment

Identify, filter and organise the evidence
based on consideration of relevance and reliability

7S S I S S S S S S S S S
AVAILABLE INFORMATION

Includes preliminary consideration of relevance and reliability

Figure 2: Relationship of relevance (including biological relevance), reliability and consistency to the
three basic steps of weight of evidence assessment and to the conclusion for a weight of
evidence question
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1. The Pathologist’s Dilemma(Z %} ‘82| &}t x}o| 2o}
1) Adverse effect vs Non-adverse effect®| &&

@ 4t Adverse effect(EH%-8)

1. Changes which are clearly adverse

2. Changes which are adverse only at higher severities

3. Changes which are adverse only when seen in combination with deleterious findings(”|'S*{5})
4. Test item-related exacerbations of spontaneous findings

@ 4L Non-adverse effect(H| = ZH8)
1. Adaptive changes
2. Secondary changes and physiological responses due to minor perturbations of homeostasis

3. Minor changes due to pharmacological effects
4. Test substance-related changes of low severity, with no functional disturbance

(Lewis &, 2002, Gopinath &, 2019)



1. The Pathologist’s Dilemma(Z=Z|'g2|stxto| oL

2) Non-adverse effect(H| S Z-2) OflA|

@ Adaptive changes(reversible and show little negative functional impact) - Ct&gt Z=Z|0j| A hypertrophy(H|CH)

Figure 14. Diffuse mucosal hypertrophy, caecum, Sprague-Dawley
rac H&E.

(Gopinath & 2019)



1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect| Of| Al

@ Adaptive changes - Thymic involution($/%) & Congenital cyst(A &4 LaT)

Thymic involution in
a chronic rat study

«—

Congenital cyst in

a rodent study
—

<HaE88>

International Academy of Toxicology

Pathology (IATP)-Focus on Tox Path
Adverse, Non-adverse and Adaptive in Toxicologi

+ 32nd JSTP Annual Meeting, Takamatsu, Japan
Website: focusontoxpath.com

16)




1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect2| Of|A|
@ Adaptive changes: Squamous metaplasia(BE3}) — 7| 2| H&4XQl 41 7|59 Za

i)

» An adaptive change can sometimes be adverse

Normal ciliary epithelium
in the trachea

Squamous metaplasia affects
normal ciliary function in the
trachea and is, therefore, an
adaptive response that is
adverse,

Even though it is potentially
reversible after the cause is
remaoved, it is still an adverse
response.




1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect(H| Z%H-2) 0f|A|

@ Secondary changes - Extramedullary hematopoiesis(Z <=2/ Z &) as secondary response to bone marrow suppression

in the liver —a secondary
response to bone marrow
suppression

Pigment in a lymph node —a
normal function in a
draining lymph node

Extramedullary hematopoiesis

<HaE88>
+ International Academy of Toxicology Pathology (IATP)-Focus on Tox Path
N ive in Toxicologic Pathology by Robert R. Maronpot(2016)

+ 32nd JSTP Annual Meeting, Takamatsu, Japan
- Website: focusontoxpath.com




1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect(H| = ZH2) O] A|
@ Secondary changes - Adrenal gland®] Zona glomerulosa hypertrophy(3-213 2 2] 3¢t v o)

« Secondary to urinary electrolyte imbalances, such as increased sodium excretion or increased urinary volume.

ophy

Figure 16. A, Control B, Zona glomerulosa hypertrophy. adrenals,
Han Wistar rac. HRE. (Gopinath & 2019)



1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect(H|21ZH2) Of|A|
@ Secondary changes - Mild hormonally mediated changes in the female reproductive tract

« Estrous cycle

Proestrus Estrus Metestrus. Diestrus

« 19 20| 2|3t |3} Keratinization or mucification
of the vaginal epithelium, dilation of the uterine lumen,
and a decrease in corpora lutea

the mouse. taken gi
C57BL/6 female mice (8-12 weeks old) over the course of ane estrous cycle and used for determination of cycle
stage. Mice were killed at PE (A), € (B), ME (C) and DE (D) and tissue sections of vagina were cut. Vaginal smears
(top panel) and tissue sections (bottom panel) were stained with HE. The insets in the top panel show typical
celltypes found in vaginal smears of each cycle stage. The inset in the bottom panel shows neutrophils present
in vaginal epithelium. are shown. Top panel,
bottom panel,

(Schaefer S, 2014)



1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect(H| = ZH2) G| A|
3 Minor changes due to pharmacological effects - Reversibilty

. BOIEY|: Increased or decreased cellularity(M|ZSA =: M|ZE vs X|%2| H|E) of one or more compartments of
Primary(Z+, g4), Secondary(R =, H%, gotaat Yz xx) TertiaryE 4= 2504 MEA E4=E @=1x) lymphoid organs

Figure 17. Increased cellularity, germinal centers, CD-1 mouse. H&E. Figure 18. Increased granulopoiesis. bone marrow. CD-| mouse. (Gopinath s 2019)
H&E.



1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect2| Of|A|

@ Low severity, with no functional disturbance - Bile duct hyperplasia(

S 0l4 F4)

Bile duct hyperplasia
in a chronic rat study

<HaE88>

International Academy of Toxicology Pathology (IATP)-Focus on Tox Path
+ Adverse, N Adaptive in Toxicologi
32nd JSTP Annual Meeting, Takamatsu, Japan

Robert R.
Website: focusontoxpath.com

16)




1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

2) Non-adverse effect2| Of|A|

@ Low severity, with no functional disturbance - Hypertrophy, droplet, Vacuolation

Goblet cell hypertrophy Eosinophilic droplets

Figure 19. Goblet cell hypertrophy, nasal rbinates, CD-| mouse.
Periodic acid-Schiff st

Figure 20. Facty vacuolation, liver, mouse. HRE. Figure 22. Vacuolation, choroid plexus, cynomolgus monkey. H&E.

(Gopinath & 2019)



1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof
3) ZX|Ha|EXN HIIE Non-adverse effect 2 A -12{& 271%] 24

« Non-adverse effect’s histopathological findings such as these do not compromise
normal tissue physiology

@ Do not impair functional capacity,
@ Do not increase susceptibility to other influences

<Ol Al>

+ Bile duct, Lymphoid 2| hyperplasia
. Mlcrosomal enzyme induction

« Decreased serum ALT and AST

« Extramedullary hematopoiesis in liver
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1. The Pathologist’s Dilemma(Z=X|d 2|t xto| Ea|of

4) AEEHO o ME S4 U HAMZ HL, S| e Weight of evidence
@ ISR(injection site reaction, FAHE R BH)
@ HIO| R0l E | Fgt - 42| Hhg

® H3tof cist Bl Q3 7|F - Safety concern

AN2HES ST AIHER Q| 22| X Weight of evidence
Abstract

* Positively Regulates Human Bone Marrow-derived Mesenchymal Stem Cells(MSC)

Abstract
* Human mesenchymal stromal/stem cells (MSCs) have capabilities for multi-differentiation, immunom

odulation, and hematopoietic support.

Abstract
+ Plasmin-independent and highly specific thrombolytics that can dissolve intravascular thrombi specifi

cally with bleeding risk.




1. The Pathologist's Dilemma(Z= X!t 2|3t xto| ajof

Al gl

4 AME He, -0l thE Weight of evidence
=8

ret ra

7|& - safety concern: 7t%’dat H'Eato| 2tA| ZHo|M ZH

« Safety concern®| Tt 7|&E: S A ES HYSER
weight of evidence (FDA. 2005)

+8E|H 2OIEl adverse effect®} Indication2|

« Weight of Evidence: Risk-benefit analysis — Toxicit-indication analysis

(Toxicity) ]
Rik a0 — . B
%""‘:‘:,. i ——I\1 .
4:‘4 v Benefit

(Indication)



2. The Study Director’s Dilemma(A| &4 I Xto| Ei2f|Ot)
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2) Metabolism vs B
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3) Biotransformation- 7|t
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2. The Study Director’s Dilemma(A| &% 2l x}9]

2aioh

H|(antibody-drug conjugate, ADC)

Small molecule drug

& jie?
A?;an @r 0_:
hCy ™~ ot

Normal cell
A

# Cancer cell
® Tumor tissue

Antibody-drug conjugate

5:@6‘1

S
@ﬂ‘ - = ’'s®
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Small molecule drug
ADC

Fc region

Structure

Antibody

IAntibody-Drug Conjugate (ADC)
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binding

Antibody-Drug Conjugates (ADCs) Primary
Mechanism of Action

1 Bystander
effect
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Cell death OQ
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° OO
o

=

rezognilon

(Yabukarski, 2024)



2. The Study Director’s Dilemma(A &% 2l x}o| = 2f|o}
3) Biotransformation-7| gt A19F 7{gto| S-8: ahA|-2%2 & e (antibody-drug conjugate, ADC)
3-2) 3E 59 LX|’d1t 32 Cytochrome P450

<¥> %3 cytochrome P450

Toxin-drug cYP CYP 1,2, 3 families

H Monki Rat
<> 29 549 94 TN M

] ez

M Predict

Non-predictit

e

Muitinatonal Pharmaceutical
Company Survey/LS! Workshop
-better undersiand concordance of
toxicity cbserved in humans with that
cbserved in experimental animals

71% Overall Concordance
postie]

63% Non-Rodent

43% Rodent

o
o P

oV cvmEy
AL

(Olson &, 2000)

i o7 o
Gonzordance rate to Human P450 26% 14%

(Konstandi -, 2014)
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2. The Study Director’s Dilemma(A &% 2l x}o| = 2f|o}

3) Biotransformation-7|2t A1k 7Eto| S8 atAf|-A =Tt
3-3) QIH2| Cytochrome P450 'Z&iat QM| Z0f| A2

<ag-2> Xf'& e S=80Ae cyP1B1 2

<3a3-1>2H|2| Cytochrome P450'8 '#&l HEQt CYP1B1

H14utg YP1A12
CYPIBl 4—
CYP2AG
©sIerases | others | | - CYP2B6

CYP2E1

(Sim et al,, 2012)

Cytochrome P450 181 expression in different grades of cervical cancer. Tumers were classified on the basis of
histological grades. (4) Gradel, (B) grade Il and (C) grade Il

(Alshammari &, 2021)



2. The Study

3) Biotransformation-7|g A2k 70| S 8: &H|-

3-3) CYP1B1 substrate(prodrug) and hard electrophilic metabolites

Director’s Dilemma(A| &4

Electrophiles(¥ F Xt CHALAI)

Hard:
Alkyl carbonium ions, Benzylic cabonium ions

Soft:
Acrylamide, Acrolein, Acrylonitrile, Quinone

Nucleophiles(%12§’d Protein & DNA)

Hard:

Oxygen atoms of purine/pyrimidine bases in DNA
Endocyclic nitrogens of purine bases in DNA

Oxygen atoms of protein serine and threonine residues

Soft:

Protein thiol groups

Sulfhydryl groups of glutathione

Primary/secondary amino groups of protein lysine and histidine residues

(LoPachin 5, 2005)

i xte| EHefloh

H &M (antibody-drug conjugate, ADC)

X cyp1B10f ofst

3-4) Prodrug DMBA : 2Xtof| Z
HHXPSCH AL A8d

7.12-Dimethylbenz|a}- DMBA-3 d-cpoxide )
anthracene (DMBA) o ===

DMBA-3 4-dihydrodiol

CYPIBI

CHy
DMBA-3 4-dihydrodiol-1.2-
epoxide (DMBA-DE)

FIG. 1. Metabolic pathway for potential bioactivation of DMBA via

CYPIBI and mEH leading to systemic immunotoxicity.

(Gao -5, 2007)
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4) Small moleculet Biologics2| X}0|
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© =0 Z=9 819154 “R2 Z050] A WE 85 SHETEoe FA 2 td Be
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® 5471° CHAMEM c2AEM
. ok mTralE|o| kto|of mat B8 ) §
n_‘ARESD :ngonlxl_g_r o = 8%, S MCH A (ractive metabolites) X 22| =8 . T} oka|Etg
=ene + NOAEL + NOAEL & MABEL
® SEAY =2o| §4 « Standard plan - Case by case




2. The Study Director’s Dilemma(A &% 2l x}o| = 2f|o}

5) USFDA vs =L 7+ 7|2t2] NOAEL 0| - No effect vs Non-adverse effect vs Adverse effect

<Weight of evidence-1> USFDA. (2005). Guidance for Industry Estimating the Maximum
Safe Starting Dose in Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers. Center for Dr
ug Evaluation and Research (CDER). Pharmacology and Toxicology.

« The NOAEL(no observed adverse effect level) is not the same as the NOEL(n
o observed effect level), which refers to any effect, not just an adverse one, alt

hough in some cases the two might be identical.

The definition of the NOAEL, in contrast to that of the NOEL, reflects the view th
at @ some effects observed in the animal may be acceptable pharmacodyna
mic actions of the therapeutic and ®may not raise a safety concern.The NOA
EL should also not be confused with lowest observed adverse effect level(LOAEL
) or maximum tolerated dose (MTD). Both of the latter concepts are based on fi
ndings of adverse effects and are not generally used as benchmarks for establish
ing safe starting doses in adult healthy volunteers. (The term level refers to dose

or dosage, generally expressed as mg/kg or mg/kg/day.)

+ NOELZ NOAEL 9] x}o]d

Response

Adverse effect

Non-adverse effect
No effect:

Threshold

=

2 =g Dose
NOEL=NOAELX(NOEL #+NOAE
-
\(‘ f‘\
( 2 )

MRSD= ——7 —
T SF X (Human Km/Animal Km)
o A %% 7] & % (meximum recommended starting dose, MRSD)



2. The Study Director’s Dilemma(A &% 2l x}o| = 2f|o}

6) USFDA vs =L 14| 7| 22] NOAEL XI0| - No effect vs Non-adverse effect vs Adverse effect

<Weight of evidence-2> Jessica C. Graham, Sathanandam S. An
and, Joel Bercu, Lauren Besenhofer, Christina de Zafra, Yu Feng, Craig Fisher
, Jedd Hillegass, Richard Hutchinson, Robert Jolly, Chandrika Moudgal, Tyler
Nicholas, Daniela Olszova, Matthew Schmitz, Florian Semmelmann, Safety a
ssessment of protein A and derivation of a parenteral health-based exposur
e limit, Regulatory Toxicology and Pharmacology, Volume 153, 2024, 10570
0, ISSN 0273-2300,

3.1.2. Repeat dose toxicity

The repeat dose nonclinical studies of PA identified in
the literatu re review are listed in Table1. Non-GLP an
d GLP repeat dose studies of PA primarily utilized IV a
dministration in rats, dogs, and monkeys(Bernton and
Haughey, 2014;Rayet al., 1984; Yanagimotoet al., 1989)
. PA administration was well tolerated in all nonclinical
species upto the highest doses tested of 40 ug/kg, 12
Hg/kg, 100 pg/kg, or 1000 pg/kg in mice, rats, dogs, a
nd monkeys, respectively (Table1). Non-adverse findi
ngs included: increased phagocytic activity in mice; in
creased mean protein levels in the urine and increase
d alkaline phosphatase levels in the blood in monkeys
; and transiently increased polymorphonuclear cells an
d decreased lymphocyte and monocyte counts in dog
s. No other PA-related toxicity was reported in any of
the repeat-dose studies.

Table 1
Overview of non-clinical repeat dose toxicity studies of PA.
Species; No. of Animals per Group; GLP Dose Level (ug/kg bw); Duration NOAEL
Status Route of Administration;
Regimen

Cynomolgus monkey; Main study: 3M/  0,1,5,25 (IV; QW, 12 doses 3 months; 4 25 pg/
3F; Recovery: 2M/2F; GLP total) weeks kg

recovery

Cynomolgus monkey Main study: 5F 0, 5, 25, 100 (IV); 5 (SC); 6 weeks; 4 100 pg/
(IV), 2F (SC); recovery: 2F (IV); GLP  (QW) weeks kg"

recovery

Cynomolgus monkey; 2M; Non-GLP* 160, 400, 1000 (IV; QD) 4 weeks 1000

ng/kg’

Cynomolgus monkey; Main study: 6M/ 0, 1, 3,5 (IV; QW) 28 days; 4 5 pg/kg
6F; Recovery: 2M/2F; GLP weeks

recovery

Dogs with venereal tumors; number of 100 (IV; Q2W) 5 weeks 100 pg/
animals and sex not available; Non- kg'
GLP"

Sprague-Dawley rat & 7,12-dimethyl- 0, 12 (IV, Q2W) 5 weeks 12 pg/
benz(a)anthracene (DMBA)-induced kg’
tumor-bearing rat; >3F; Non-GLP*

Swiss albino mouse; 10M; Non-GLP' Avg of 40-50 (IP, twice 4 weeks N/A

weekly)

(Graham &, 2024)
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Table 1 Studies on the adverse/toxic effects of COVID-19 vaccines (or candidates)

COVID-19 vaccine or candidate™

Animal species

Main fesults ahout safety

References

BNT16262

AZD1222

AS03.CoVLP

MRTSS500

Inactivated SARS-CoV-2 vaccine (Vero cells)

TKSBO! plasmid

Cl-cell expressed receptor-binding domain
(CI-RBD)

Rats

Mice

Rats

Rabbits and mice

Guinea pigs

Rats

New Zealand white rabbits

No adverse effects of the va
on female mating performance, fertlity, o
on ovarian and uterine parameters. There
were no toxic/adverse effects on embryo-

cine were seen

fetal. postnatal survival, growth. and on the
development of the ffspring af the end of
the lactation

No adverse effects were observed on female
reproduction, fetalipup survival. and fetal
external, visceral. and skeletal alterations
No differences with contrals were noted on
physical development, while no abmormal
gross pathology findings were found in pups
and dams

No adverse effects of the vaccine candidale
on the fertility and reproductive perfor-
mance of the rats were noted. There was no
evidence of adverse effects on embryofetal
development/ierutogenicity, or pre-weaning
development of the F1 offspring

MRTSS00 was safe and well tolerated. The
bicdistribution data demonstrated that the
companents of the vaccine formulation were
predominantly ohserved at the injection site
sind in (he draining lymph nodes

No deaths. abormal seictions at the injection
site, clinical symptons, or differences in
body weight were found in comparison o
controls

Neither mortality, nor signs of tosicity were
found. including injection site reactions
Histopathological exam showed musele
fiber necrosis associated with subchronic
inflammation at the injection sites

“The results on the adverseftoic effects study
did not show signs of local or systemic
toxicity

Bowman et al. (2021)

Stebbings et al. (2021)

Dubé et al. (2022)

Broudic et al, (2024)

Huang et al. (2022)

Ramot et al. (2021)

Ramot et al. (2022)
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+ The findings that contributed mostly to the
variation in the RDT studies were, however,
immunostimulatory and of reversible nature
and other trends were absent.

e

Ct7|E: Safety concern

+ NOAEL: 135 pg mRNA /dose

(Domingo, 2024)

Sex
Group
(128 mRNA/dose)

Overall body weight gain in g

Day 1 to Day 44

Day 1 to Day 2

Day 22 to Day 23

Day 43 to Day 44

Fibrinogen (/L)
Day 3

Day 45

PTIs)
Day 3

Day 45

CRP (mg/mL)
Day3

Day 45

Males Females
0 15 45 ( 135 D o 15 45 135
8235 8194 6792 7037 9235 899.3 8945 8174
Food consumption in g (% from control group In brackets)
17220 17030 14570 10290* 17240 17160 163.80 11500
- (-15% (407} = =58 (-33%)
18830 18310 14280 11200 19320 18630 180:80 149.10°
(-245%) {-41%) - (-6%) (~23%)
18330 17800 146,80 100.60" 17540 17570 18140 125.90°
(-20% (-45%) - (-8%) {-286%)
2911 4277 3502 4041%" 2339 3760 740" 4.180""
(<147 (x 1.34) (= 1.39) (x 1.61) {x 1.60) (x179)
2619 47 3685 3893 2391 3736 a.330° 4019*
(= 157) (x 141) (= 149) (x 156) (=139 (1,68
896 B4 816" 796" 901 8.42" 822+ 810"
(-6%) (-9%) (-11%) 7% (=9%) (-10%)
975 9.06 893" 896 817 LEY 848 apa+
(-a%) (-a%) (-8%)
269 40.00° 10979 188.30 549 5298 9374 165.78™
= 223) (x 408) (% 70.0) (x9.7) (x17.9) (x302)
286 95.54" 13956 26235 356 56,68 105.55™ 169.25"
(x 324) (x 489) (x 91.7) (= 16.5) (x 290 (x 47.5)

Abbreviations: A/G: albumin/globulin ratio; CRP: C-reactive protein; PT: prothrombin time.
*p 5005, and *'p 5 0.01
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Table 1
Definitions of NOEL, NOAEL and LOAEL by three steps of weight-based classification in toxicity test.
Weight-b Definiti of Criteria Criteria of Evaluation endpoint
toxicity
Important lated y and i i ical changes that are d atall  Adverse effect LOAEL
changes doses
Though not dose-dependent, clinical pathological changes that are accompanied by
histopathologieal changes —
- Though not dose-dependent, histopathological changes that are statistically significant and that
do not occur in the contral group T
- Severe dose-dependent weight change
- More than 30% change of organ weight
Minor compound-related - Clinieal and hi changes that are dose-d dent in certain doses or ~ Non-adverse NOAEL Non-adverse effect|
changes are not dose-dependent at a certain administered dose effect No ftect-
ility is i or there is a hi ical change in the control group T
Dose-dependent or non-dose-dependent change that is statistically and biologi igni ; Tor OB G pose
and is thought to be due to the pharmacological effects of the test substance Q% \’)
- From 10 to 20% weight loss and weight gain without hyperlipidemia \7 )
From 20 to 30% change of organ weight T urso - rpr—r———
Noncompound-related changes - Statistically significant change that is obtained through comparison with the control group No effect NOEL

results that are beyond historical data”
- Changes due to mistakes in the test process or spurions changes

5 Biological

: A statistical significance between the group and control group that is beyond historical.

® Historical data: Range of the control group that is obtained through testing (Mean = SD).

(Heo §, 2018)
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<H-2> US FDA M3(R2) (2010): (GUIDANCE DOCUMENT,

Table 1

Conduct of Clinical Trials

Duration of Repeated-Dos

Toxicity Studies to Support the

Maximum Duration of
Clinical Trial

Dose Toxicity Studies to

Recommended Minimum Duration of Repeated-

Support Clinical Trials

Rodents

Nonrodents

Upto2 w

2 weel

Between 2 weeks and 6
months

Same as clinical trial”

Same as clinical trial”

> 6 months

e

6 months

9 months™ ¥

aIn the United States, as an alternative to 2-week studies,

HE]

QL M)

ended single-dose toxicity studies

(see footnote ¢ in Table 3) can support single-dose hus Clinical studies of less than
14 days can be supported with toxicity studies ufth as the proposed clinical
study.
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)
5 FAHE 22 SYAHME 2F
2

GLP 7| &2] Xt0]: =Lj vs O

b2l &

Blood collection

Control or Test Article
Administration

Pre-study

Day 17
Dosing Phase|
Necropsy

~Day 38
Recovery Phase
Necropsy

1



3. The Developer's Dilemma(7H 2 Xt9]

=l O
39S A SRLN S| AT SUE oISl - HoHe v oIS HA ROl chet olo)

=

o AESE: SHEEO 29 oA
+ MRSDS| 2F: 8 vs 3l
<E-1> 29| A
EN13F U5 SHAE 02 2/E7 2HAH dd o8 8 HZ 13F QES8A=
0.05%, 0.075%, 0.1% (3%1/¥) | 0.01%, 0.02%, 0.03% (22|/¥) 0.01%, 0.02%, 0.05% (22I/¥) | ?
Table 15: Local exp! margin P for izl ic solution
0.24%
MQOE
Cetirizine #of # of doses per eye | Exposure
ophthalmic | drops/dose per day fmamllrr
—_ . rom the
<E-2> NOAELS 2X| 9|3 Hetd| Foi'4H o dlnical
dose
Clinical dosing 0.24% 1pereye | Labeleddose=2 m
5-day rabbit topical 0.24% 1 pereye NOAEL=2 1.5x
ocular toxicity study
6-month rabbit topical 0.24% 1 pereye NOAEL =3 1.5x
ocular toxicity study

<%3> CENTER FOR DRUG EVALUATION AND RESEARCH. NDA APPLICATION NUMBER:2086940rig1s000. NDA NON-CLINICAL REVIEW(S), Product: Cetirizine
ophthalmic solution, 0.24% (Zerviate™). PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION(2017)
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HolM 7HEe| HMStn SHIE WHOISH - Polypeptide| RH5

. Alotx| 7hojo|=atel 44

3-4) B4ME

og
Al

« J2{L} X Canonical amino acid(‘8%& 00| k= 4h) vs Noncanonical AA(H|Z & 0to] = 2hofl Cist o5 e

> Canonical amino acid2 &l polypeptide — biologics S AIE X TK(toxicokinetics)

> <8 >0|MX 3 Canonical AA + noncanonical AA2| 52 polypeptide?t 2E5E9| X|2X £ (Hou &, 2025; Chen &, 2022)

o

IncAA Q O

aminoacyl-
R HaN
aal
or
Flexizxme|
HoN OH
o

RNA -

(Mayer 2019; Zhou &, 2024)
non-canonical

amino acids
D S
Due>
new functions
Be binding
“‘——(/(,( I —
peptide/protein catalysis

<Figure> nCAA aminoacylation of tRNA by flexizyme or aaRS(aminoacyl-tRNA synthetases)
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3-4) SGAE FHOIM 7z HAMIstn SHEE YHOI) - Polypeptide2] SHEY

+ <#>0| X HNon-canonical AA-HR Polypeptide X| 2 K| 2| 7754 Al Considerations for the genotoxicity
assessment of middle size peptide drugs containing non-canonical amino acid residues(Mishima &, 2023)

<H> Polypeptide X|2H|'H RHS/HAH

Small molecule Polypeptide as biotherapeutics
e JEES R
SHEY 7t5d(Bai 5, 2025)

« 0|fE <aE>0AMANE Noncanonical peptides Zt7|2

o Noncanonical motfs | |

Daptomycin

Vancomycin
Scheme 1. The structures of vancomycin and daptomycin (roncanonical metifs are in red color, same for all figures)
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3-5) Canonical AA + &“d Non-canonical amino acid2| MZ2
2 Self assemblyS S3f

[or

« Canonical AA 20702t XY 7HX| 4000{71 2] Af2-2 non-canonical amino acid
10"3 ncAA-containing peptides 0|4 Z80| 7+55t0] Chast 284
o AIRAMAX= Ofo]| CHot HEE Sof Al =2 2oy

\\IFW

‘ Noncantinica
Peptides

Ensyie

<1@-1> Canonical AA+Noncanical AA2| CI%st 28

Phosphate Group S pyi gy

(Bai 5, 2025)
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3-6) 7H'&2| H|g1} A|ZE Z20j CHE weight of evidence

@® Monoclonal antibody X| 22| 370 SHAHE vs 67HEH-13 SEAE OflA|

Preclinical Nen-clinical
Studies Needed to Start MisL Studies Needed in Parallel
IND BLA
. clinical trials with clinical trials -

Efficacy >
Pharmacokinetics

Non-GLP Toxicology

GLP Toxicology | NOAEL—»
Carcinogenicity
Safety Pharmacalogy

i}

Long-term Toxicology

Chronic Toxicology

Genotoxicity (In Vitro and In Vivo)




3. The Developer's Dilemma(ZH'Zxte| 2O}

3-6) ZH&2l HI 1t A[ZHO]| CHEF weight of evidence
@ Monoclonal antibody X 2H|2| 37H& Z=MAI™ vs 67HE-1E A OfA|

« Weight of evidence-1 - 142 mAbs £4
- Safety pharmacology®| No riskO|H 37H¥ SMA|H0|H &

HI

<Safety pharmacology - Risk>

Legend
s target or MoA first-in-class and / or does the pharmacology = .
suggest potential safety risk(s) herative gracessas

data becomes available

Safety risks identified from generated data
(in vivo / In vitro | clinical)?

(Chien &, 2023)Re-evaluating the need for
chronic toxicity studies with therapeutic
monoclonal antibodies, using a weight of
evidence approach

Risk mitigation / clinical
monitoring?

d | 3

WoE" or alternatlva study designs** can
“ be considered to assess chronlc toxicity

(caption on next column)



3. The Developer's Dilemma(7H'ZXte| Ok

3-6) 7ikol H|-E1F A|ZHO]| CHBt weight of evidence
@ S4AIE 7ol =210l M 0l A Weight-of-Evidence OflA| - 757

<7to|E2}Q1 O A]>ICH guideline S2 (R1) on genotoxicity testing and data interpretation for pharmaceuticals intended for
human use(2012)
<Page 15/28>

5.2.2. Evaluation of positive results obtained in vitro in mammalian cell assays

Recommendations for assessing weight of evidence and follow-up testing for positive genotoxicity results are discussed in IWGT reports (e.g., Thybaud et
al,, 2007). In addition, the scientific literature gives a number of conditions that can lead to a positive in vitro result of questionable relevanceTherefore, any
in vitro positive test result should be evaluated based on an assessment of theweight of evidence as indicated below. This list is not exhaustive, but is given
as an aid to decision-making.

i. The conditions do not occur in vivo (pH; osmolality; precipitates)
(Note that the 1 mM limit avoids increases in osmolality, and that if the test compound alters pH it is advisable to adjust pH to the normal pH of untreated

cultures at the time of treatment)

ii. The effect occurs only at the most toxic concentrations.

- In the MLA(gene mutation assay) increases at >80% reduction in RTG(Relative Total Growth).

- For in vitro cytogenetics assays when growth is suppressed by >50%

« If any of the above conditions apply the weight of evidence indicates a lack of genotoxic potential; the standard battery (option 1) can be followed

« Thus, a single in vivo test is considered sufficient.
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3-6) ZH&2| H|- 81t A[ZHO]| CHEH weight of evidence
@ SEAE 70| =2t210ll A ofl A Weight-of-Evidence Ci|A| - §7H 54

« Positive caseO|2}= False positive if no dose-response

Congentrations  Guangdong CDC Zheiang IFDC
(pg/ml) ~ - %
Cytotoxicity (%) Micromucleated celis (%) Cytoaxicity (%) Micronucleated cells (%)
Mcan sb Mean  SD P valug (vs. Vehicle)  Mean sD Mean 5D P valug (vs. Vehicle)
48h Vehicle 000 LS6 050 0.0 6.94 L1 017
008 1963 4.03 050 o0 0572 9.42 B30 036 0.104
01 2541 556 006 0430 1.89 133 021 0240
025 45325 537 0.06 0.248
0.5 §399 84 0.10 <0.05 3980 1046 220 040 <0001
1 $T6d T 000 <005 3529 353 173 DA <008
1.5 3490 1243 160 060 0.058
T2h  Vehicle 000 1043 033 042 0.00 582 037 008
0.01 =771 940 073 006 0.208 2270 1365 043 006 0419
0.025 1195 426 066 004 0300
0.08 2429 403 L4 006 <001 5631 A4 063 008  0.100
0.1 S8R9 593 L3 032 <bot
0.25 33331321 10D 047 <005
0.5 60.07 406 0.82 0,12 <005

Bold values indicate P < 0.05

(Chen &, 2022)
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® SEAE 7ol =210 A 0lA] Weight-of-Evidence O A| - Eetd

<7to|=E2}Ql O] A|> ICH guideline S1B(R1) on testing for carcinogenicity of pharmaceuticals (2022)2] Addendum
+ Addendum S1B(R2) Addendum F: Small molecule®| 2! SHE H0| Cist R84S ZHSH=G| WokE M2
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3-6) 7H'&o| H|- 81t A|ZH0l CHEF weight of evidence
® SGAIE 71o|=2tl0) M 0l M Weight-of-Evidel
o <H>OMMY WoEE 9% 671X F12 factor)

« <H> WoEE 9l 67IX| 82 factort

nce Of|A| - 'Zhetd

HAE S 28

o
2 75y

-year rat study and/or investigative approaches

Gess likely if

Poorly characterized biologic
pathways, unknown class effects

Low target selectivity,
off-target activity

Hyperplastic or other lesions
of concern

Endocrinelreproductive
organ perturbation

Positive genotaxicity data of
uncertain human relevance

Immune effects of uncertain
human relevance

Potential Investigative Approaches to Further Inform Concerns Identified by WoE (see Section

Nonclinical Approaches: Including but not limited to special

Target Biology

Secondary
Pharmacology

Histopathology
Chronic Studies

Hormonal Effects

Genotoxicity

Immune Modulation

‘Well characterized biologic
pathways, known class effects

High target selectivity,
no off-target activity

No findings of concern or
human-irrelevant findings

No findings of concern or
humanirrelevant findings

No genotoxicity risk

Unequivocal genotoxicity (S1A)
INo effect on Immune cellsitissues

or
Broad in humans

1

1)

stains, molecular

serum hormone levels, immune cell function, in vitro or in vivo test systems, data from emerging technologies

Clinical Data Approaches: Generated to inform human mechanistic relevance at therapeutic doses and
exposures (eg. urine drug concentrations and evidence of crystal formation; targeted measurements of clinical

plasma hormonal alterations: human imagi

ing data)
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3-6) 7H&2l &1k AlZHofl TH3H weight of evidence
@ SHAIE 710l 221210 M 0| M Weight-of-Evidence Of| A| - 'Zetd

+ 67tX] 8 WoE ¢2lI0] Cist B} Zutet 77| 2te| Hel

WoE Bt At Ao 2t The B

« WoE B7te| BA3tE S¢ff 21ztel F o7 H/E& OteA A7}

= QN wetd stelg 913t 7HX|7t gicks A g #H7IT It =ofEt
=2 4% (Document WoE assessment, and seek regulatory agreement that
a two-year rat study and/or mouse study will not provide value)

WoE H7} 2M3tE S¢lf 2l kel SHEof Chdh 2oy 77t 7HA|

- QUZtol Y ItsdE2 = 7 o C = ol o
£ HIBSHA| ek Aolates Al ol T L PAIHo| 2astr| A2 2
7ol glg 32 2 ZeE UXD YHRHH 022 ATE WY £ US =
(Document WoE assessment, and seek regulatory agreement that A= B
a two-year rat study will not provide value. A transgenic mouse
study may still be needed, though there are cases where no HA
carcinogenicity testing is required.)
. olzbo] uret Jps ey | - 2970 HE wWeby eiRel FIbx0l MHl U Lol @B u
(Conduct the two-year rat carcinogenicity study and possibly
et S=tad additional in vivo carcinogenicity studies.)
(Reference)
Proposed Change  to Rodent Carcinogenicity ~ Testing of  Pharmaceuticals -  Regulatory Notice Document IcH 2016
UR 1t //datab; ich.org/sites/default /fils 1%28R1 NDuﬁTheIHiRuu\z!r Testing Parad\um f in Rat: tatus Report 01 ICH. 2021

o

et

Teuhota K lnoue K nsitivity in

month
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=
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o
e
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+

m


https://database.ich.org/sites/default/files/S1(R1)_EWG_RND.pdf
https://database.ich.org/sites/default/files/S1_StatusReport_2021_0823.pdf
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@ weight of evidenceE 0|8% At2 HZE ML - 5 #HE}

o Table 12 13- FDA 2 EMAO|A] S 25l 3920 %(small molecure + biologics)ell th3h H] YA EAAE 2 AFA ol A

3914 adverse effecte] 7155 LlElN Z19)(Clark &,
5

o WA 54 A0 Bl adverse effect= 31734l

Table 1

Species reported in FDA/EMEA regulatory filings.

2018)
A%l

Species Count of Observations
Human 1,361,367

Rat 155,807

Dog 51,175

Mouse 49,388

Rabbit 20,836
Cynomolgus monkey 14,662 276,082
Monkey (unspecified) 6,760

Rhesus monkey 2,743

Pig 2,059

Guinea pig 1,326

oF 20.3%0f =1tk

. WoE is tyj
study or

toxicity, and/or

considere.

g contentsphharvardedy

' contentsphh hephosites

Hypothesis-Based Weight of Evidence: An Approach to Assessin.

Existing weight-of-evidencs

ormulaic, igno

the complexity  simply calling

Premier Research
premier-research.com

Premier Research | Weight-of-Evidence Assessments: Unpacking ...

F

ight of evidence"

times in FDA guidance documents andis

primarily applied whe eloprmy d reproductive tosicity, immunotosicity.

PubMed
B puvmed nebinim ningov: 36

Re-evaluating the need for chronic toxicity studies with

month toxicity stud

essary to assess th fety of

nic tosicity studies were
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ot ?
— FDAX & Pharmacology/Toxicology reviewer system &X|2 Sdjj IND HEN &E

YT H

Response
Adverse efffect

LOAEL

Non-adverse efffect

No effect ——

Threshold

*NOEL " NOAEL

Y

SFx (Human Km/Animal Km)

Dose

MRSD =

{23 6-4) NOEL#NOAEL 7H0| MRSD A0l Djxl= 28t

2 No effect(NOEL) vs Nonadverse effect(NOAEL) vs Adverse effect(LOAEL) & &

1%
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® 9E =2 e MRSD A& S 3 +4

%2} o) HED (Human equivalent dose: &%-914] 57183
zLH Z}o]: SF (Safety Factor, FZ A1)

T

29-1) vpo] 2.9 FE 2] A}

AEA g = -
(Small molecure) HBA =
BIO|OQICS
o 9; =
ssors 7 2 2E 4 SF0IA
(oDiulr;r?sfoer;alion) ! 38 l s=20i0 et tAHE (melabollsm)
i Aol
Azaors CO2 + H20
asa |
A s
A Bz

el 3-8 Y8 - 3 WA AR oR F3 A7} G

F4]) MRSD 42 &4
1) Small molecule

HED = NOAEL x (Animal Km / Human Km)

HED
SF(10)

2) whol .9 °FF
HED = NOAEL x {Animal-km/HumanKmy

NOAEL

MRSD =

MRsD= _HED_
SF(10) SF(10)
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1. 252 Mo JEe| 37kx] &3

1) M7|H X|2H|(Drug modality)2| b2 #Hs}
« Xtk 20E S0 17 2E2|E| £3(Boston consulting group, 2023)
2) E8E 7|& (Platform Technology) AlCH

o Mok EEE J|& 142 CtY¥st oAFE i O Al) Lipid nanoparticle, ADC, Chimeric Antigen
Receptor(CAR)-various cell lines

2 =R Alphafold 30 29 JHOf| Yot CHE X
SHMIFSE Al CHEE LR BHL 7| E



2. Al-based H| 24352’ Alphafold 3 vs Al-based H| &S A|

ng

<a™-1> TE X 0| vs THEE S oIF <1%-2> Spider-venom peptide w-hexatoxin-Hv1a.
« Inhibitor cystine knot(ICK, XX A|AEl Of &)
I8 (A) Schematic of the ICK motif (B)37-residue spider-venom peptide Hvla
» l
iy ) © Heme
" b
DD R e A e
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van - o T
- é « polypeptide

Cystine

o 374 disulfide bonds

Cc
SPT4CI4PSGQPCPY*NE’NCCSQSCTF’KENE’NGNTVKRCD

(b) Secondary structure  (d) Quaternary structure—

Proteinase K cleavage sites Proteinase K cleavage sites

<www.biology4alevel.blogspot.com> (C) Primary structure of Hvla

(Herzig &, 2015)
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‘8 0lF0] 7hset ofF REE|E|QL AILZ|H £E Ol =2

Small molecule Polypeptide
24 <2 X2 1000 O|30] 97|12 +50-100 74 = 2| £ H|Qlo| ofo| i it
Input (B2 BYI SHI BAE ST oM MY

features for encoding

-galsietn 8y

Model *Regression & classification model +Classification model

Learning . j [ oA

approach Similarity-based approach Similarity/alignment(é§ 2% M)or modif based approach
Database +Drugbank, ToxCast, ChEMBEL, T3BD, Toxnet & *Primary databse: Swissprot, TrEBLE, PIR, NRDB, OWL

Platform :In vivo & in vitro OIN| BOEN w0 O3t S48 R Toin®| Of0|i= it HY

+Clinical trial

Toxic endpoints

~Crerstol Sotuolalin gt =y

+Clinical toxicity2 2 ¥ &0 Stpiolggat gy el

CYP450 2|3t
Reactive metabolite2 2t

«7| 0| ofL| Hete|X| AS(HANEH)

« Pro-Tox 3.0 prediction
* Swissadme

+ ADMETlab 3.0

« BioTransfomer 3.0

* TOXSTAR

* ADMET-Al

+ OECD QSAR toolbox
« ADMETSAR 3.0

eInterpretable-ADMET
~OptADMET
*VNN-ADMET
*ADMET-score
*ADMET-Print
+DL-AOT Prediction
*ToxRefDB v2.0

* Al Drug Lab ﬁlﬁ;i;edd
*Vega-GUI-1.2.4 +ChemoSAR
+ ADME/Tox Prediction - Profa «MolToxPred
cgen B
=iy \— ToxMPNN
TCM

« ADMETlab +KEGG Drug
: BZ(;SMPK *xenosite

P *SMARTcyp

* toxCSM

+Toxteller
*ToxinPredictor
*ToxNet

*NNTox
*MAI-TargetFisher
*ToxIBTL
*ToxinPred3.0
+BloxyBetPrediction
*ATSE
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3. AIZ 0|83t polypeptide & protein S40|%

J

1) £40I%29| database %4

« ML training : 42X M 2N SH2 RYSHE Toxin(ChE U polypeptide)2 12 E vs S4S FLBIX|
polypeptide= 12t0{Z2 2 patterns analysis

« MERCI(The Motif-EmeRging and with Classes-Identification) tool:S4 Ctef ZI0jjAf £7 otO| - Ato] M T
‘S Motifs(0| 0| At B F O] &2 LX) - Cancer, neurodegerative disease, 4@ &2 A2tnt &3 5518
toxic protein

+ DL traning : ANN-7|HtQ 2 CHA L& 401 Z/40to] 27|

Paralysis

> S90S polypeptide X THHE S| 4Xt@l =
Cellular Toxicity

Z}2} chainOfl CH3t amino acid sequence (FASTA
Tetanus format) 225 DH 0= L® 4XHY X XAHHE

D By 5y a2 2

N

o g
/o ToHaT &
Cholera

Tissue Damage

Toxic Shock Syndrome

[ microses H ANIMALS H PLANTS




3. AIZ 0|83t polypeptide & protein S40|%

2) ToxinPred3.02} Melittin('H %)

® Melittin- &+

woitin il NG s
wﬁ:ﬁﬁﬁ&ﬁﬁ% GP R TR

GIGAVLKVLTTGLPALISWIKRKRQQ

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

Bee Venom/Isolated

Compounds Organism Method Dose/Mode of Action
o . : ) MIC 8 pg/mL
eaas e Melittin S. aureus Disc diffusion
® Melittin-7| gt = H7HY — L
Melittin Hybrid
Cecropin A-melittin i Microtiter broth
(CAMD E. coli St MIC 3.7 pg /mL

CAM-W E. coli Microtiter broth

dilution MIC 0.3 pgfmL

MIC,Minimum inhibitory concentration

® FASTA format

@ Melittin: GIGAVLKVLTTGLPALISWIKRKRQQ

@ CAM: KWKLFKKIEKVGQGIGAVLKVLTTGL

® CAM-W:KWKLWKKIEKWGQGIGAVLKWLTTWL-NH2



3. AIE 0|8

3) ToxinPred3.02| ME§ X model

ET(Extra Trees) Model

@ Hybrid (ET+MERCI)

® DL Model

@ Hybrid (DL+MERCI)
* MERCI:

Cancer, neurodegerative
disease, Z¥'E &2 X
1 B3 5518 toxic

protein

Select Machine Learning Technique used for developing model

St polypeptide & protein S

| ET based Hybrid (ET+MERCI) DLbased @ Hybrid (DL+MERCI)
Subject 4 Ssequence i A ML Score

Seq_L GIGAVLKVLTTGLPAL..,  MICH ugmi 0.2

ML model

Seq_2 KWKLFKKIEKVGQGL...  MIC37 g/l 0485

Seq_3 KWKLWKKIEKWGQG...  MIC03 gt 057

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

+

ML * MERGH i FruiEkveaol... 0.485 0 05
Seq_3 KWKLWKKIEKWGQG. .. 057 /a//—\-ﬂ.s
Subject A sequence / DL Score',

/ Dose/Mode of Action

Seq1 GIGAVLKVLTTGLPAL.. WICH Rl 0636
Seq o Db model KWKLFKKIEKVGQGL... [P — 0.897
Seq 3 KWKUWKKIERWGQG...  \  MICO3ugint 088
Subject 4  Sequence ML Score W/ MERCI Score (-ve)
Seq1 GIGAVLKVLTTGLPAL... 0636 0 05

DL + MERCI

KWKLFKKIEKVGQGL... 0897 0 05

Seq 3 KWKLWKKIEKWGQG... 0.938 o -0.5

ol

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

PPV

0.262

00

00

0.021

0.362

0416



4. 4 EE | MRSD (maximum recommended starting dose, Z|CH QA& X 7| 23)

4-1) Small molecule?2| Al-Based MRSD prediction
« Methotrexate Smiles

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

® SwissADME °

SwissDrugDesign Wome Abow fQ Heb Cim Conct TemsofUse

- fo For Information: We have changed he oo and esl f ur 1ol However, we have NOT changed the undering fechncogies
« s upaated web oo
Y i Enter a st of SMILES h
= T nter a st o ore:
\N,\;J L AI5ENCXEd BN =EUSah=ClI =000 = oo O NGB CEEE ) =)E(o
- 3 for| NGO oo D1 N o o
NS &
N o
jl}\' ‘s -
HNNT N ® o .
)
(Unknown molecule)
BROUOOD

Fili m xample

(Marvin JS)

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



4. 42X 2| MRSD (maximum recommended starting dose, Z|CH I MHE X723
4-2) 5| 7 - LDso 0| =
o LDy, :AIMIT2| 50% K|AMZ
« Methotrexate: 45 mg/kg
« Methotrexate-OH: 1.45mg/kgOlA 3 mg/kg2 2 Ha 2.363 mg/kg
o =90| Zs{T 0|R: -OHE F47|(polar group)Z HIL| S+ X3l

400 gor? Cate,
gory LDsg range
P e IS8 e : e
~u o] N " it LDs < 50 mg/kg b

"V - > /\) 2 50 < LDsp < 200 mg[kg bw

i W | 3 200 < LDsg < 1000 mg/kg bw
fujfw’ fi 4 1000 < LDso < 2000 mg/kg bw

HNTTNT UM,

Chericals (United Nations, 2015).

GHS = Globally Harmonized System of Classification and Labelling of



4. 42X 2| MRSD (maximum recommended starting dose, Z|CH I MHE X723

4-3) L Af(Metabolism, Biotransformation) - BioTransformer 3.0 (TMIC)

+ Phase 1 reaction: Methotrexate2| ~OH H A&l test substance2| smailes

» CN(CC1=CN=C2N=C(N)N=C(N)C2=N1)C1=CC=C(C=C1)C(=0)N[C@@H](CCC=0)C(0)=0

« No reactive metabolite

rer




4. g4 E2%E2| MRSD (maximum recommended starting dose, Z|CHY & HEX7|8%)

4-4) Ll A(Metabolism, Biotransformation) -Way2Drug®| Of| A|

« Phase 1 reaction: Methotrexate2| -OH H A &l test substance2| smailes
« CN(CC1=CN=C2N=C(N)N=C(N)C2=N1)C1=CC=C(C=C1)C(=0O)N[C@@H](CCC=0)C(0)=0

« Epoxidation: reactive metabolite2| £ ¢!

« Reactive metabolite + Glutathione Z% O{ £

« 72| BE EYH + ligand = Reactive metabolite

-
H ) L%‘\
i



4-5) HEEZHAI™ - LOAEL 0%

LDs, : B 2.363 mg/kg

LOAEL(lowest observed adversed effect level, | 25’4 82F): 1.8358 mg/kg/dayS 2 FEE.

81 M:(LDs:LOAEL)2| LEHH QI ratio: 2-2.50|2t= 1 2{gt Of LDsoZt LOAELS] ratio= 1.2822 Tt & = AF.
a8t LD50o| S8 Z=0of el 2 &35 GHSO| W2 A|FSE 2 7t 4o SYE2F 2 Category 101 SHFE.
Ol= 542 887 M0| CHEHS| steepst?| WZ0 AlEEE2| LD501 LOAELS| ratio®! 1.282 acceptable.

4. 42X 2| MRSD (maximum recommended starting dose, Z|CH I MHE X723

Death

«  Pubchemt Marvin JS Z2 1% + ADMET-AL:
«  Pro-Tox 3.0 prediction: + Interpretable-ADMET
.+ Swissadme «  OptADMET Adverse efffect
«  ADMETIab 3.0 +  VNN-ADMET A
«  BioTransfomer 3.0 + ADMET-score
+  TOXSTAR +  ADMET-Print LOAEL
+  ADMET-Al « DL-AOT Prediction
+  OECD QSAR toolbox + ToxRefDB v2.0 Non-adverse efffect
+  ADMETSAR 3.0 « eToxPred ol
« Al Drug Lab: . T3DB No effect
«  Vega-GUI-1.2.4: LOAEL 1.8358 « ToxRead Threshold

mg/kg/day +  ChemoSAR
«  ADME/Tox Prediction - Profacgen  «  Toxin predictor - e .
S e NOEL™ ~ NOAEL Dose

+ ADMETlab:



4. 42X 2| MRSD (maximum recommended starting dose, Z|CH I MHE X723

VEGA LOREL [CONCER [/Ceral 100 page 233

4-6) WEROIS LAY - LOAELS] X 83 (Applicability domain) 3.1 Applicabillty Domair
J.1Ap yuomain

. Vega-GU|-1_2_4; LOAEL 1.8358 mg/kg/day Sieniar Campotnds, with Predfoted and Experimental Yalues
+ Methotrexate-OH2| AR EX X

Compoung #1

€AS B4 755
Daiseet it (Traning Se)

(or-cic =HOINCIC))
Fo_0
a2 799
PN o A~ Fradiced valie " 3181
‘ \j) :; K,N:T { J)
= =] . S compoundia
N e ) Gam ez
Y I I Bhiased d 521 (rraniog Sey
Y NN b S D2 SR B orcoescrooamacices

Piaa e 0%

Compound ¥3

A5, LignL o0t
g sen

elne(OC (ol JOCINS(=0)

bt
ket

=Ojeznceeca(c{=DINIEIC)

® Al-based toxicity prediction0|A] =5t Model2| 324 iy

cas:
Sieet i 45 (Taning e

1) Toxic endpoint2te| 2 HEY - A SGAlee ZFO Chsto] HHs 2 gMCNEckmE«_ﬁ( oINE1C iocis
el vhlue 9301

Enediciad value - 1193

2) Model®| HEHQ| - Data2| §4

Compauns #5
3) Model?| F=H& - HHX|QF O ZX|Qf Xtolofl Ot BE Y52 HESIY| 91T X E N rasi

‘SMILES: 0=C(OCCECE] Ot cefetFecl CINZC{=0)CasC(C2=0))0E0CT
Simiars

Expermemal value - 3133
Predicsed value - 2835

Campound b8

CAS! 134605 54
Daiasel i0.360 w aining Sef
SWILES: D=C{OC{C(D)DCCAC)CICIe eofeceLCINIC(O)C=CINC2(=OCIFIFIF
Simdaray 0

Expenmental EQsl l 2
w12
FrSced e



4. 4 EE | MRSD (maximum recommended starting dose, Z|CH QA& X 7| 23)

4-7) HHE R0 S JAIE| NOAEL 0%

LD;, : B 2.363 mg/kg

LOAEL(lowest observed adversed effect level, Z| 254
NOAEL(No observed adversed effect level. Z|CH 25’4 8&): 03633 mg/kg/day =&

A B RS HAYOM D8 YL

HAIEO| S0 717 &R &

Pubchemt Marvin JS Z2 124
Pro-Tox 3.0 prediction:
Swissadme

ADMETlab 3.0

BioTransfomer 3.0

TOXSTAR

ADMET-Al

OECD QSAR toolbox
ADMETSAR 3.0

Al Drug Lab:

Vega-GUI-1.2.4: NOAEL 0.3633
mg/kg/day

ADME/Tox Prediction -
Profacgen

FP-ADMET

ADMETlab:

Interpretable-ADMET
OptADMET
VNN-ADMET
ADMET-score
ADMET-Print
DL-AOT Prediction
ToxRefDB v2.0
eToxPred

T3DB

ToxRead
ChemoSAR

F): 1.8358 mg/kg/day =3

2 MTD(maximum tolerated dose)2 2 ME4SIX| Bt LOAEL X NOAELS &

Response

Adverse efffect

A
LOAEL
Non-adverse efffect
No effect
Threshold
*NOEL”*NoAEL Dose
NOAEL
DNEL & MRSD=

SF  (Human Km/Animal Km)

<12 > Risk assessment2| %5 55



<H> HEFEY 7|=C2 5282 HEDZ Metst= Km A

Z A ET| -8 (meximum recommended starting dose, MRSD)
Al
sS4
HED
MRSD = — o

HED = NOAEL X (Animal Km/ Human Km)

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

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

B (speies) HE (kg) | HMEHH (m?) Km A3
g4¢ 60 1.6 37
ofzlo] 20 0.8 25
H|H| /50| (baboon) 12 06 20
2H 10 05 20
25 0l(monkey) 3 024 12
E7)| 18 0.15 12
7|Lof T2 04 0.05 8
e 0.15 0.025 6
A 0.08 0.02 5
oA 0.02 0.07 3




5. Al-based toxicity prediction of small molecule and peptide, Protein - 22

@ =S40 BT Al-based toxicity prediction2 MALE=4 59 target organ toxicityOll
ZHE 50 72l H2XM - Weight of evidence model Ct=

2 4 URIT MOAS B3 JIH AT S0l Tay

3]
ot

® 54 XtE 9| gap fillingdfl FEH

® Small molecule2 &% 3! EH 0] Z0| 74535t X| Bt protein X polypeptide2| Al-7|Ht 0] £
uH Bt oks
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1. O|242] ek 7H

Virus and

delivery

Protein/antibody

(Boston consulting group, 2023)
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=
¥




2. Small molecule?| S437|F0f Cis 2tASH O|sHE S Ct

o

<%-1> ok

Direct-acting

— Parent

Natural

nE

5]
-4
4
HI

Smalimolecule

I

o
Biologics.

2= modality2] 54 oJsi Ea’d

S4ut 2ol olF

[

I
1

| as

Active,

2T | AR - AGER

o i

Non-covalent

MOA
(mechanism of action)

MoA
(mode of action)

Efficacy and Toxicity pathway

POC (Proof Of Concept)
AP (Adverse Outcome Pathway)

[ decomposition |

chemicals
- (minor pathway)
bl
IE g
Indirect-acting
chemicals

(major pathway)

CP: Check Point

P

Reactivation

\4
Biotransformation »

Phase Il

Phase |

| Active forms |Covalent __f:
Electrophiic property) : CP 4

CP3

> Interaction with
cellular macromolecules

Reactive metabolites
Electrophilic metabolites
Redox-active species
Carbon-centered radicals

Covalent

kmajor form)

Cytochrome P450

dependent CP 2 independent
(major pathway)

Lipid, Protein,
Carbohydrate DIA

Reversible & Irreversible
ireversible response  response

<13-2> Small molecule?|
Cf$t Central dogma

—» IND —p Clinical
study

97140



