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" My recent work (2022-2023)
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Agenda

1. Alternatives to animal testing

Data-driven research environment

Virtual control groups in nonclinical studies

Small scale trial with KIT data

Requirements for the implementation of VCG and the role of KIT
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Alternatives to animal testing




Still increasing animal test in Korea

Animal usage by researchfield

9%
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Basic research

= Applied research
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Limitations of animal studies
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Guidance to reduce animal testing

EPA (September 2019) FDA (December 29,2022)

. Ehe New York Times

e - e + SEC. 3209. ANIMAL TESTING ALTERNATIVES.

: . . E.PA. Says It Will Drastically Reduce (a)iN GENERAL —Section 505 of the Federal Food, Drug, and Cosmetic Act (21 U.5.C. 355) is amended
%8 v Amis to reduce the Animal Testing (1) insubsection (i)

@reooeiny ° - The hailed by animal rights groups, but some (A) in paragraph (1)(A), by striking “preclinical tests (including tests on animals)” and insertin,
Lo amount of studies : it peshed theagecey om ekl nts ancharted v Food and VAl i paragroph (1A}, by stiking °p fincluding ) g
G . 7 ‘nonclinical tests”’; and

g that | nVO Ive m am mal D rug (B) in paragraph (2)(B), by striking “animal” and inserting “nonclinical tests”; and
-9 .

O . b (2) by inserting after subsection (y) the following:
mnipus “(z) NONCLINICAL TEST DEFINED.—For purposes of this section, the term

f ‘nonclinical test’ means a test conducted in vitro, in silico, or in chemico, or a
Re O I’m Act nonhuman in vivo test, that occurs before or during the clinical trial phase of
the investigation of the safety and effectiveness of a drug. Such test may

(“ F D O RA”) include the following:

“(1) Cell-based assays.

testing by 30 percent
by 2025
v' Plans to eliminate the

Stud es e nt| re Iy by was Si g ne d “(2) Organ chips and microphysiological systems.
2 0 3 5 i nto IaW (3) Computer modeling.
“(4) Other nonhuman or human biology-based test methods, such as
bioprinting.
“(5) Animal tests.”

Toxicity testing

Recommends prioritizing the priciples ofthe 3Rs ~ Recommends prioritizing animal welfare andthe ~ Recommends prioritizing animal welfare and the
in non-clinical testing [M3(R2)] and safety priciples ofthe 3Rs when developing toxicity principles ofthe 3Rs in the biological evaluation
assessmentofbiopharmaceuticals (S6) testing guidelines of medical devices

L
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3R Principles

* Replacing the use of animals with non-animal methods where possible

 Reducing the number of animals used to a minimum while still obtaining
scientifically valid results

* Refining practices to minimize the stress and improve the welfare of study
animals used for regulatory purposes

Replace Reduce

Animals studies If not possbile) Animals studies to In addition )
with non-animal minimum required
methods and necessary

L L L
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AN ORGANS-ON-CHIPS

blevel functions

o
Source: 2020-08,
Technology TrendsBrief,
° KISTEP
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Industry trends in alternative animal testing

Growing concern for animal ethics
sl 5 3 Avoiding unnecessary animal usage through the utilization of
£ B statistical methods and optimization of experimental design
S —"1 : Efforts to apply various alternative test methods

Increased growth in industries providing diverse materials and

research tools, as well as the field of test services

(Cell culture apparatus, culture vessels, 3D tissue culture containers, tissue
cultureware, extracellular matrices, 3D bioprinters, image analysis equipment,
machine learning-based toxicity prediction software, and more)

In the field of alternative animal testing methods, organ chip
technology is anticipated to be the future core technology, with the
United States and Europe emerging as the major markets

Source: 2020-08, Technology TrendsBrief, KISTEP

K TKoreaInstitute of Toxicology 12



.- I1rend analysis of research projects on
¢+ animal alternative testing technologies
Data analysis
... Database NTIS (National Science & Technology information Service), Korea
| s Method and Result Keyword search formula, 2,340 cases
.,. Effective data 329 cases
$ Unit:One million etc.  ®Basic resarch " Development research ™ Applied research
20,000 *
eot@leel 18,000 - 20 | Development
o3 'E 16000 research, 36, 11%
-:3 14,000 § =1 Applied research,
g 12,000 g ul 74,23%
% 10,000 - E etc., 44,
'-°§ 8,000 £ = 1%
G000 10
4,000 -
| LLLLLRLREL
] e La e Al JE R HERR [l
‘00 '01 ‘02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 ‘13 '14 '15 'l '17 '18 '19 '20 ‘21 ‘22 ‘23 '00 '01 '02 '03 '04 '05 ‘06 '07 ‘08 '09 ‘10 ‘11 ‘12 '13 '14 ‘15 ‘16 '17 '18 '19 '20 ‘21 ‘22 '23

Year
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Trend analysis of research projects on
;% animal alternative testing technologies (Contiued)

¥ =
B Number of projects based on the
L Technology Life Cycle-Characteristics of R&D
. . Total ——[A]Replacement —[B]Refi 1t [C]Reduction
2 g Introduction Growth Maturity L&
?1.'. """ ® 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
. e 1 [A]Replacement,
y 271, 82% - [B]Refinement
St Replacement | 85 21 21 43 7 28 14 16 21 1 5 1 0 7 1 8 ,55,17%
R S H a0 \
;8 8
.. 4 30
S Refnement | 0 o o 1 3/0 o0 ©0 ©0 15 0 0 0 0 4 3
20
Reduction 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1
10
: | —~ ‘ | ~ A
TOtaI 85 21 21 44 43 28 14 16 21 17 5 1 0 7 6 ‘00 ‘01 ‘02 '03 ‘04 '05 '06 ‘07 '08 ‘09 ‘10 ‘11 '12 ‘13 ‘14 ‘15 ‘16 '17 '18 '19 ‘20 ‘21 22 23
4 Year
i 1; Idea development 3; Product/process development 5; etc.

2; Prototype development  4; Test method validation/development

L
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Data-driven research environment




Data-driven research environment

A shift in research paradigm

Computing
power

Fourth-
generation

Third-

. eneration
Experience g

Second-
generation

FHrst-generation

UNESCO adopted the
'Recommendation on Open Science'
unanimously by all 193 member
states during the 41st General
Conference. (November 23,2021)

Source: UNESCO, 2020
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Enactment of a bill promoting the management
and utilization of national research data
(F7tHTOI0E el X & FXlof 2ot HEQ
M)

QO 1 (23.9.27-23.11.6) & HHI X MAL B

Preservation and utilization of research data

cdisc
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Data from KIT

@ . Establishment of safety Research Center,
Korea Research Institute of Chemical Technology (KRICT)

[ ] £ [ ]

- L) o Certification as a GLP-compliant Testing Organization by the Ministry

£ of Health & Welfare (Current. the Ministry of Food and Drug Safety)

‘ @ OECD Mutual Visit and Evaluation ol Bl e e o

Inauguration of the Korea Institute of Toxicology (KIT)
as an affiliated institute to KRICT

US FDA Inspection

@

Completion of the Jeonbuk Department of &y =l
SEND stands for Standard for Bxchange of Nondinical Data, developed ar by CDISC. SEND

Inhalation Research Test Building / S A —————

Completion of the Gyeongnam Department of
Environmental Toxicology Chemistry ~ History of KIT SEND

Accreditation as a Qualifying Testing Organization by the U.S. FDA
with the Voluntary Action Indicated (VAI) Inspection Classification

o

2017

First conversion from
overseas test and
completed second

mapping

£

2019
Aranged professionals
for SEND(Test
‘manager, QA
manager)

=
=]

2015

Built SAVANTE and

started first validation
mapping

2018
First conversion from
domestic test and
upgraded the system

2016

Completed SAVANTE
system open validation
and first mapping

KrrKorealnstitute of Toxicology 17



& Historical control data in nonclinical studies

: '? Determine
Controlofthe the range of
... study untreated
performance animals
i > Evaluation of
ture toxic effects
Assessment Determine
of outliers the influence
of changes
.‘ in analytical
' s . Source: ALTEX 37(3), 343-349, 2020 mEth Od S
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Virtual control groups in nonclinical studies




i First, reduction of animal use
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Virtual Control Group (VCG)

Conceptof the ,which is well established in clinical trials
Appling to
Test > 5 nonclinical
group a b .
/ studies
Random — Concurrent Control \
Allocation »Contr()l R' »
_ — (Virtual Control i
<Basic RCT(Randomized Camrel [ d
controlled trial) design> v v
Time 1 Time 2 |
Measures Measures
(Baseline) (Outcomes) )

Effect size: (b-a) - (d-c)

> Treatment Statistical prediction —> Treatment-related
g«’ VS. group
—> Not treatment-related
Virtual control group VS Replacing
CCG
VS. isti .
T with VCG
Significantly B }
(e (g VS, Treatment ¢ > different _> Treatment-related
’ rou ignifi
®® e ® L Not ds!?fg'rf;?mly —> Not treatment-related
: Toxicologist’s

Concurrent control group evaluation
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Sustainable Animal Testing

Continuous toxicity assessment for various substances,
including pharmaceuticlas, chemicals, pesticies etc.

« Animal Historical

Animal Ethics Testi n g Con(tlrlochI)Data

!l““ﬂ"lw /

3R = _

Utilizing data, . : Diverse data generated
Reduction of animal use principles - & » from animal experiments

Virtual Control
Group (VCG)

[ X
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Recent research on the VCGs in nonclinical studies

|nnovat|ve
|m| medicines
o~ |iNitiative
wm,
Fomrel Vor Thmeaghel

Intreducing the Concopt of Virtual Control

» P \
into Preclinical Toxicology Animal Testing ! .‘.'L Saalitan Wonisstony ond Pkbilans \
ety by~ ey~ § “wn i~dmme . ey . o oo wvee A

Retrospective analysis of the potential use of
zirtual control groups in preclinical toxicity
issessment using the eTOX database
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Hurdles and signposts on the road
to virtual control groups—A case
study illustrating the influence of
anesthesia protocols on
electrolyte levels in rats
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KIT Historical

Control Data
(HCD)

cdisc

Covariate

Data collection and
standardization

Ex) FDA SEND

KorealInstitute of Toxicology
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Small scale trial with KIT data




VCG with KIT Data_Dataset

«» Small scale trial

v' Collection of harmonized data (SEND format)
v Dataselection for generating VCG
e 2 s J—. Age at initiation: 6-7 weeks
K % 1
i SR 1
riglasd 2018 4 2019 4 2020 4 2021 % "~ 2022
e & )
LR M» / E / Route: Oral
se@rres |
e o i KIT GLP Daejeon i
o s \ 1
a. i E : Nstudies:11
il i Rat Study T T [
o W i \
B rnan . e 2= 28 days or longer - i H
i e s‘ ‘= i ' Strain:
bt i | | i Sprague-Dawle
T \ : Nstudies=13, ’E i prag y
B ieiveats ™ \\\‘\ ol i

- z i
- z I Y
N\, Nanimais=2,362 . s

--------
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VCG with KIT Data_Vehicletype

?;,f}?‘-- v' Dataclassificationbasedontypes of vehicles

0.5% MC Nvehicle animals(My=62

Nvehicle animals(F)=62

Nstudies=4 Nanimals=826

Nstudies=3 Nanimals=420

Nyehicle animals(vy)=49

: . i \ Saline

Species, Exposure
SHETII ... L e route
Covariate

.................. . 0.5% CMC
Vehicle >

v

Nvehicle animals(F)=45

Nanimais=404

|
N

Nstudies=

Nvehicle animals(My=39

v

Nvehicleanim.all's.(F):39

Nstudies=1 Nanimals=140

Nvehicle animalsqv)=15

v

Nyehicle animals(F)=15

Formulation;
1 Nanimais=168

10% LM 2125 CS In LLW solution + 0.5% Nstudies_
MC In DW (35:65(v/v))

|
[EEN

v

N
~

Nvehicle animals(M):15

Nvehicle animals(F)=15

L]
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VCG with KIT Data_Theimpact of the vehicles

v' Analysis of the impactof vehicletypes on key endpoints

|— Weight gain (Day1-Day29)

ANOVA analysis after confirming normality and equal variance (R software, version 4.3.1)

Anova, p=3.3e-06 Male Anova, p=2.2e-16 Female

8
2 —T —
€ i
= 8 : | : = E
s : —_— : H s 81
3 i E i g T 1
& H i & : 1
2 : : 2 1 |
{ | 2 i
. | g H
g —t —i —l
T T T T T T T T T
0.5% CMC 0.5% MC ow Formulation Saline 0.5% CMC 0.5% MC ow Formulation Saline
Vehicie Vehicie

LL LR
Cdlsc KrrKorealnstituteof Toxicology

28



VCG with KIT Data_Theimpactofthe vehicles

v' Analysis of the impactof vehicletypes on key endpoints (contiuned)

Microscopic findings

-SEND parameter, “MISTRESC”
-Incidence: The frequency of the finding per total animals

Incidence (%) Incidence(%)

KIDNEY
0.5% MC Saline 0.5% CMC DW Formulation
0.5% MC 0.5% CMC Formulation
Micr(o'jlcso_lplichIS:gding Male Female Male Female Male Female Male Female Male Female . .
Microscopic
Finding Male Female Male Female Male Female Male Female Male Female
BASOPHILIA 13 13 36 11 31 6 20 0 47 7 (MISTRESC)
: INFILTRATE 27 27 36 22 56 24 a7 27 60 20 INFILTRATE 13 71 64 58 64 56 80 107 67 67
‘6‘
. ...... . MINERALIZATION 2 24 9 29 10 21 0 20 0 7
: . VACUOLATION 18 15 13 7 23 9 20 7 7 0
: CAST 3 11 13 13 10 0 0 o 13 0
TENSION
¥ e 0 0 27 13 0 0 0 0 0 0
3 T p— DILATATION 0 0 24 13 21 6 7 0 0 0 LIPIDOSIS

RPN esos .
b ° : Cdlsc KrrKorealnstituteofToxicology 29
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VCG with KIT Data_Theimpactofthe vehicles

v' Analysis of the impact of vehicle types on key endpoints (contiuned)

Microscopic findings

-SEND parameter, “MISTRESC”
-Incidence: The frequency of the finding per total animals

PANCREAS, Incidence(%) Incidence(%)

LUNG/BRONCHUS,

HEART,

GLAND,THYROID/PARATHYROID,
HARGS NSNS 0.5% MC saline 05% CMC DW Formulation T NEDE, MR
’ 0.5% MC Saline 0.5% CMC Formulation
Mm?,j?g?glzggfmg Male Female Male Female Male Female Male Female Male Female
Microscopic Finding
PANCREAS/INFILTRATE 31 6 2 9 8 5 7 20 7 7 (MISTRESC) Male Female Mae Female Mde Femae Mae Female Male Femalg
PANCREAS/ATROPHY 5 0 13 0 3 12 7 0 0 0
HEART/INFILTRATE 5 2 49 11 31 9 13 7 40 0
LUNG/BRONCHUS/
AGGREGATE 8 2 24 13 0 0 7 13 0 0
LUNG/BRONCHUS/ GLAND, THYROID/
0 8 31 11 10 12 7 0 0 0 :
INFILTRATE GLAND, PARATHYROID/ CYST 0 8 0 0 0 0 20 13 0 0
LARGE INTESTINE/
CECUM/INFILTRATE g © o g 43 Lz © g © ©
LYMPH NODE, MESENTERIC/
LARGE INTESTINE 0 0 0 0 10 12 0 0 0 0 CELLULARITY, INCREASED 2 0 0 2 s 3 0 0 320
COLON/INFILTRATE
L)

L
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VCG with KIT Data_Feasibility of replacing CCG

Vehicle of CCG; 0.5% MC, Number of animals; 15/sex/dose

8
@reiienie Male Female
S 500 350
450
300
400 I ]: ]: I ]:
S 350 5 250
= 300 = 200
Q250 o
Q ()
s 150 > 100
100
50 50
0 0
CCG VCG1 VCG2 CCG VCG1
EDayl 246.9 245.7 227.9 EDayl 201.1 183.3
Day29 421 421 418.8 Day29 273.8 256.9

2 VCG1: Selection from the entire individual data (n=176)
VCG2: Selection from the individual data administered with the same vehicle (n=62)

2 VCG generation: Perform random sampling(n=15) 10 times in succession

L
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Requirements for the implementation of VCG
and the role of KIT




Strategies for implementing VCG in KIT

Perfomance verification

bk and applicaton of VCG
Construction of

harmonized database

~___
—_— @(Q
L —

@ : -Investigation of the -Identification of data JserTrmnares evallvefon
i i accumulation and requwgmentsfor VQG . through retrospective
I managemen status of KIT -Establishment of criteria analysis
: F -Data harmonization and procedures for -Internal and external
ne -DB construction and dataset selec_tlon validation
a5 X establishment of data -VCG generation -Stepwise application
s S management (resampling, simulation etc.)

L L
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For the successful implementation

. . Reducti f
Criteria for the use of VCG il es

v' Construction of dataset for the variables affecting control animals
v'Investigation of other toxicological endpoints for the utility of the VCG

cdisc

Increase of harmonized data (SEND data)

v/ Standarization and quality management of nonclinical data
v' Suggesting the required amount of data for meaningful VCG
v' Improve statistical power

KrrKorea Institute of Toxicology
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In the future, hopefully

OECD/OCDE 407
Adopted:
3 October 2008

OECD GUIDELINES FOR THE TESTING OF CHEMICALS

Repeated Dose 28-Day Oral Toxicity Study in Rodents

3p.

Preparation of animals

Healty young adult animals are randomly assigned to the control and treatment
groups. Where feasible,avirtualcontrolgroup can be used as a substitute
for the concurrentcontrol group. Cages should be arranged ~

L
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