DHffe " ERAREER . RIIBEIERERE

B S0 R B PR PR AT S BR R SR SR

Preclinical Study Design and Requirement for Supporting Clinical Trial
of New Pharmaceutical Development
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Milestone of New Drug Development
Scope of Today's Presentation

- .y
R&D on Biomarkers/Drug Targets/ Translational Research/ Preﬁical Clinical Trillls Products
New Drugs/New Medical Devices Product Development Studies I to Market
Screening, - Synthesis & - Validation\\ ; Optimizationof \ I - Early,
identification & improvement of in clinical 163%3 ig‘ device Ofrﬁlllzr%\gng(ent 7 H Launch &
confirmation of potential targets samples, {nl;) et N formulation IND/IDE \ Winical trial NDA Post-Marke
biomarkers, targets, /| - Design & efficacy rol ol - Animal pplications) ¥~ Clinjcal PMA Surveillanc
new drugs, new bio-j/ modification of evaluation fi%‘i’fo?_ggﬁgt toxicity and valuation
medical devices gggclgsedlcal invitro/vivg| [ .nufacturing safety tests
- -
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| Hit to lead study IND—enabhng study

Screening assay In vitro PD (sub HM)

In vitro PD (uM)  |n vivo efficacy

In vitro PK In vivo PK
Preliminary tox
Pre-formulation
Scale-up feasibility

CMC

GMP production
Primary efficacy
GLP Safety pharm
GLP Tox +TK

PK profile

FIH protocol

IND package (IB + CRF)
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Regulatory Approval for New Drug Application
SE=*5d - 12F ==

Adequate drug in body Adequate drug in tumour environment

Targel activity essential lor
fumour cell viability

Inhvibition of target

Differential toxicity (acceptable
therapeutic window)
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From Drug Discovery to IND:
Preclinical Development and
Regulatory Requirement

Chia-Hsin YEH, Ph.D./Pharmacist 10/1/2025



Benefit A = Solution

Differentiation
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New Drug Modalities

Healthcare need Healthcare need

Phamaceuticals
Medical devices
Pharmaceuticals
edical devices
Cell therapies

Infrastructure Infrastructure

Table 1. Therapeutics and core competencies for the industries that
make up the four pillars of healthcare.

Therapeutic product Core technologies Industry
Small molecule drug ... 4+ ##% Chemistry Pharmaceutical Industry
Macromolecule drugg ¢ g4 Genetic engineering Biotech
Monoclonal antibody
Medical deviceg % 54 Physics Medical Device Industry
Engineering
Cell therapy g m s Cells Advanced Therapy Industry
Gene therapy p ## DNA, mRNA, SIRNA

Regen. Med. (2011) 6(3), 265-272
e —————
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An Ideal Druggable Target

Target is disease-modifying and/or has a
in the pathophysiology of a disease.

Target has a favorable

throughput screening

Target expression is
distributed
throughout the body

It has a

" enabling high

Drug Covered target classes

Mode of action

Small molecular ' Enzymes
compound (SN

Inhibitors, activators®

Receptors

Agonists, antagonists, modulators,
allosteric activators, sensitizers

Transcription factors

Inhibitors, activators

lon channels

Inhibitors, openers

situation (no competitors on
target, freedom to operate)

A target/disease-specific
exists to
monitor therapeutic efficacy.

Transport proteins

Inhibitors

Protein—protein interface

Inhibitors of protein-protein interaction®

Nucleic acids

Alkylation, complexation, intercalation

Biologics (BIOL) = (Extracellular) proteins

Antibodies

Transmembrane receptors,

extracellular proteins

Recombinant proteins

Cell surface receptors

Antibody-drug conjugates (ADCs)

Substrates and metabolites

Enzymatic cleavage

Nucleic acids RNA

RNA interference

Drug Discovery Today Vol 17S Feb 2012



Hit to Lead Optimization:
©

Lead optimization of novel quinolone chalcone compounds by SAR study 8

Study
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CTRs R1 R2 R3 0 5
CTR-17 H methyl H {Rgz.‘
- CTR-18 6-methyl methyl H i
- CTR-19 7-methoxy methyl H : i
___6-methoxy methyl H B
8-methoxy  methyl H | & = CTR.22
H - eth.yl H_ ethoxy group is
= SSRGS il more cytotoxic

than methoxy
group. However,

Chia-Hsin YEH, Ph.D./Pharmacist

SC|ent|f|c Reports | (2021) 11:21576 |

it reduces

a metabolic et
|ctRiI7(aM) | 227530 786+52 | 290+66 65772 stability and may |
C|cTRIs (M) | 239213 817434 | 307+7 530119 | CTR-21 target other 1
[CTR19(nM) | 68322957 |10,095:64 | 4723:2761 |6s06:1388 . | 1he move from 6 to 8 carbon proteins
- [cTR20 (nM) 08+21 338478 | 90+10 2ie:z1 | makes CTR-21 more

. = - = | cytotoxic and changes the

i CTR21 (nM) a6+l 2745 712 17+3 I;; way it binds to tubulin
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In Vitro PK

Solubility, Permeability, Chemical and
Metabolic Stability Affects Oral
Bioavailability

Solid
Drug

Dissolution

Membrane

l

Solubility

Drug in

| Solution

Transfer

l

Permeability

Absorbed

" | Drug

Portal Vein

Liver

Extraction

Systemic

"| Circulation

l

Metabolism




In Vitro PD (Functional Assay)

HUVEC Cells 1ncubated 6 10 hours
| | - at37Con ECMatrix™ prov1ded in
e e i | the In Vltro Anglogene31s Assay

Chia-Hsin YEH, Ph.D./Pharmacist 10/1/2025




In Vivo PD (Efficacy Study)—
Syngeneic Models as an Example

Historical origins of _ 900 - lgG2a 3mag/kg biw.

in vitro cell line: murine tumaor a2 800 o el Anti-PD-1 (RMP1-14) 10mg/kg b.iw.
= sl Anti-PD-L1 (10F.9G2) 5mg/kg bui.w.
700
E y Anti-CTLA-4 (9D9) 5mg/kg b.i.w.
b YU 600 o
£
S 500 -
;f: 400 -
S 300 s
- 5w
Ltandard subcutaneous modals : = 100
for 1/0 agent evaluation ’ 0
Advanced orthotopic, bioluminescent, ; 3 5 7 9 11 13 15 17 19 21 23 25
and metastic medeling
Days post Tumor Inoculation
Chedkpoint inhibitor
e Treatment T/C (%) T61 (%) p Value
e Anti-PD-1 (RMP1-14) 15 85 <0.001
SE— Anti-PD-L1 (10F.9G2) 32 68 0.042
Anti-CTLA-4 (9D9) 13 87 <0.001

Large scala in vivo
sCreening

Syngeneic Models Factsheet CrownBio




In Vivo PK

T

MTC

Therapeutic
range

|ona7 ewse|d

Intensity

v
q------------_-_

MEC
Duration

]
Onset

Chia-Hsin YEH, Ph.D./Pharmacist 10/1/2025



Early Stage Safety Study
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Hit to Candidate Development Flowchart

> Compound library/synthesis —
Validated target l 1 _______
Lead :
optimization In vitro biochemical assay (screen HTP)
l Selective hit !
Hit to lead i
Cellular assay (PD activity and safety screen) i
Target expressing cells vs normal cells
IN VITRO ADMET e 1
- Specific hit
« Solubility
» Permeability
« Protein binding <= IN VITRO ADMET
- hERG Lead to
« CYP inhibition Druggable l candidate
» Genotoxicity
« Plasma stability Rodent IV/PO PK study
Good exposure
in vivo efficacy § O
‘,;r_-_-_-_-_-,l-,\ Better than competitor l
§ 4 Toxicity Assessment (MTD, toxic profile)

Good safety margin *
Chia-Hsin YEH, Ph.D./Pharmacist Candidate 15 10/1/2025



After Candidate: Pre-clinical Development

Chemistry, Manufacturing and control
( ) — Quality

Pharmacology and Toxicology ( ) —
Animal efficacy and safety

Pharmacokinetics and Pharmacodynamics
( ) — Dose (concentration)-response
relationships, ADME

Biologics — Quality and preclinical efficacy and
safety




CMC Information

I Section of IND to describe the composition,
manufacturing, and control of the
and

I Provide ! :
and of tested drug

I Allows evaluation of the

In the proposed study

— The identification of a safety concern or insufficient
data to make an evaluation of safety is the basis for a
clinical hold



Drug Substance

- physical, chemical, or biological
characterization (may be brief and limited)

of its manufacturer

General method of preparation
Acceptable and analytical

to assure identity, strength, quality and purity
(COA) for the clinical

batch



Drug Product

List of components (active / inactive;
appear / not appear in the drug product)(Q1)

composition (Q2)

The name and address of

Brief, general description of the method of
manufacturing and packaging

Include sterilization process
Flow diagram recommended



Drug Product

e Acceptable limits and analytical methods
Brief description of acceptable limits and methods
Copy of COA of the clinical batch
bioactivity and specification should available

o study and test methods

Brief report of drug product in proposed container



Placebo and Labeling

Brief general description of the composition,
manufacture, and control of any placebo to be used

A copy of all labels and labeling to be provided to
each investigator

Labels must carry “ ” statement, e,g.,




Pharmacology

Pharmacology= (PD)+
) — (PK)

* Three categories of pharmacodynamics:
pharmacodynamic: Studies on the

mode of action and/or effects of a substance in
relation to its desired therapeutic target

pharmacodynamic: Studies on the
mode of action and/or effects of a substance NOT
related to its desired therapeutic target

pharmacology: Studies focused on
identifying adverse effects on physiological functions




Pharmacodynamics (PD)

The science of what _ __doesto

In vitro pharmacological studies

In vivo pharmacological studies

For example
o Pharmacological/disease model studies
0 Dose-response studies
o Therapeutic ratio studies
0 Parent vs. active metabolite studies

To determine dose in human




Pharmacokinetics (PK)
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Studies of Safety Pharmacology

Safety pharmacology

Electrobhvsiolo Further whole
P Ly Animal studies
Tissue bath y |

studies

CNS binding

~ Core v
testings
| 'Iz\cc)lzgi.ble | Learnin Further whole &8 Furtherwhole
- il J Animal studies Animal studies
. tests

Addiction




Animal Toxicology

e Recommendation for non-clinical toxicity studies
General toxicity studies
Reproduction toxicity studies
Genotoxicity studies
Assessment of carcinogenicity potential
Other specialized toxicity studies

*is required for _ studies

GLP: Good Laboratory Practice




General Toxicity Studies

. e ' of toxic effects with respect to target -:
organs dose dependence reIatlonshlp tO exposure and' A
potentlal reversibility i e L

e Important |nformat|on for estlmatlon of an |n|t|aI

' i starting dose for human tnals and s
|dent|f|cat|on of parameters for cI|n|caI monltorlng for
potentlal adverse effects | - i -

Chia-Hsin YEH, Ph.D./Pharmacist 10/1/2025




ICH Reproductive Segmental Studies

= Prematmg Gestatlon Lactatlon ------ Postweanmg

_ Female Seg 111:"1_.;f‘*?""“f"" S i :’f" F1 and F;z

B e mnr ;;'.'.'.ZZ:'- 18 s 3 b N = l;'.’.'.ZZ:'- 1382 s 3 b
‘ (v as bt ST |2 3t ST et .
S II ::: e e T R g T St st L i S e P e
e b a
g S — : :
-1 A A
: gli3VESs i ) S o R o

TS aii) i £ TS aii) i S Eandi g aals 2l i S Eand iy asls aii) i S i Eandi g aale 2t | S i ndi sl st

44 bopd KN v e i~ 1o pd EN v Mie o f i~ 40 hepd KN P b el i~ g0 he e BN v b he i~ af 4 b e KN SEE § R i~ 254 hopd KN e by
[Hetrks 3 : fiisap o rorvil v 3 et B SN Hetr TR 3 et R T SN Hesr i : e T TN e ot e T T He 7

MY a e. Vs heps arimarsen T D lRU T e g atlimarsen T T RSN e s A stse T B T RIS e g s st avsen! 1H4 7 b g iiive st AUTE SNt

WIS > : y i s : y RIS b A s : ~ i . : X i | . N " 1 :
‘,I..' TFENR I ) : " .- ‘,t..' TR : -~ I ‘,t.._ S NI : -~ . ‘,I.; e NI - . ‘,l.._ el : : o ‘,l-._ —f -4 1 : |

11 Ui U Al A ST I G 00t Tl T 1S S sl L SV s 401t T T 4 S el L ST G 0T Tt T T S sl LA STt s 4Rt T T I 8 S sl L SV i G 017 Tt sl [ 4 SR e L

Chia-Hsin YEH, Ph.D./Pharmacist 10/1/2025




Reproductive toxicity studies

* Population to be exposed

: may be included in Phase | and Il, but not Il
trlals without male fertility study

~ - : may be included in
clinical trials without reproduction toxicity studies

: may be included in carefuIIy
monltored studies W|thout reproduction toxmty studies

:all reproductlon toxicity studies
should be conducted. The safety data from previous human
exposure are generally needed ‘




Genotoxicity Testings

Rearrangement Base pair &
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o pattery teStS,-:—_;«' ‘cellsinvivo  assayinvitro
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Carcinogenicity Studies

To identify a tumorigenic potential in animals
and to assess the relevant risk in humans

Experimental approaches

o Along-term study in rodent,
the rat Is recommended to be selected
= In Vivo tests for carcinogenicity

Short or medium-term rodent test systems

A life-span carcinogenicity study in a second rodent
species



The Need for Carcinogenicity Studies

Duration of
Expected clinical use in continuous for at least
months (FDA: 3 months)

o Expected to be used In the
treatment of chronic or recurrent conditions (e.qg.,
allergic rhinities, depression, anxiety)

o Certain delivery systems which may result in

o Short term use but




Special Toxicity Studies

» Local tolerance studies

» Skin sensitization and skin irritation studies
» Eye irritation studies

» Immunotoxicity studies

» Photosafety evaluation

» Assessment of QT prolongation

L, S CE




PART II
''''''''''''''''''''''''''''''''''''''''''''''''''''

STUDY DESIGN OF GENERAL
TOXICOLOGY ‘

REPEATED DOSE TOXICITY
i sTHRRS

Chia-Hsin YEH, Ph.D./Pharmacist 10/1/2025




General Consideration

Tested article

Species and numbers of animals
Dosage levels

Duration of studies

Route of administration

Parameters measured during studies
Toxicokinetics




Species of Animal

» Two species (

& ) are always required

e What species is adequate?

¢ Biologics: one

species is essential, if justified




Selection of Three Dosage Levels

Dosage group Effect level Note
Lethal dose level

High dose |Adverse effect level

(Maximum toxic
dose, MTD)

_ No observed adverse | A high non-toxic
Middle dose |effect level (NOAEL) | dose for estimating

Pharmacological active dose
(PAD) or Proposed human

dose
dose

Low dose




Study Duration to Support Clinical Trial

Maximum Duration of Recommended Minimum Duration of
Clinical Trial Repeated-Dose Toxicity Studies to Support
Clinical Trials
Rodents Non-rodents
Up to 2 weeks 2 weeks® 2 weeks®
Between 2 weeks and 6 | Same as clinical trial® Same as clinical trial®

months

> 6 months 6 months®. « 0 months b e d




PART III

Chia-Hsin YEH, Ph.D./Pharmacist 10/1/2025




No, There would be Some Imperfections

» Too good to be true (less _

to believe?)

» The wrong dosage (less
to detect?)

~» The wrong species (less
to human?) |

~* The wrong ? And others?




Consideration for Data Evaluation

41

Adequate study design according to the current
guideline

Perform study in compliance with GLP regulation
Setup safety margins for clinical use

Characterize drug-related toxicity for risk
assessment

x

AS S 9

@



Evaluation of Toxicological Safety

42

» The extent of human
No-Observed Adverse Effect Level (NOAEL)
Safety margins
Maximum safe starting dose

e The effects on various biological
systems
Nature of effect, target, magnitude of response per unit
dose, etc.
e The basis of similarity to known
toxicants

o class




Indication—Cancer
Without effective therapy, patients will die

If survival is 0% without new therapy, how much
toxicity will be tolerated?

Almost all cancer drugs have lethal side effects,
but if they can cure some patients, these
toxicities are acceptable

Therefore, the pharm/tox data is expected
to be massive in size or devoid of toxicities



Indication—Sleep Aid

» No one dies from insomnia i 4

~» Any evidence of toxicity observed @ v

In preclinical studies will put the -
drug’ s success at risk | i

Therefore, the preclinical program will

have to be , , and
‘nearly of significant toxicities

e SN




Factors to Consider Before Initiating
Clinical Trials

45

ype of the medicinal

ype and severity of

to be treated
Type of clinical
and treatment




Questions Relating to a Clinical Study Protocol

46

s the sufficiently supported?

s the proposed dosage
supported by animal safety data?

s the program appropriate to
ensure safety?

Are the inclusion and exclusion
appropriate to ensure safety?




First Time Exposure in Man—
Questions Asked

Did the test system exhibit any
Were the effects -related?
Are the effects toxicologically ?
Are the effects ‘

Are the effects relevant?
Can the effects be clinically?
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It iIs highly welcome for your kind feedback
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