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[1] Introduction

Background of NAMs C%

y{Ilyl NRC: Published "Toxicity testing in the 21st century: a vision and a strategy”
US-EPA: Launched ToxCast Program

7Ol US-EPA, NIH/NTP&NCGC: Initiated Joint Program Tox21 (US-FDA joined in 2010)
m US-EPA: Launched Next Generation Risk Assessment (NexGen) program

EU:"Directive 2010/63/EU on the protection of animals used for scientific purposes”
m EU: Ban on the use of animal testing for cosmetics
m US-EPA: Published “Next Generation Risk Assessment: Incorporation Of Recent Advances In Molecular, Computational, And Systems Biology (Final Report)”
m ECHA: Held "Topical Scientific Workshop - New Approach Methodologies in Regulatory Science”
vJIsW A US-FDA: Published “FDA Predictive Toxicology Roadmap”

US-EPA: Published “Strategic Plan to Promote the Development and Implementation of Alternative Test Methods Within the TSCA Program”
ICCVAM: Published “A Strategic Roadmap for Establishing New Approaches to Evaluate the Safety of Chemicals and Medical Products in the United States”
OECD: Published “Guidance Document on Good In Vitro Method Practices (GIVIMP)

m US-EPA: Launched the plan for TSCA to phase-out the use of animal testing in the future

EFSA: Published “EFSA strategy 2027 science safe food sustainability”
US-EPA: EPA New Approach Methods Work Plan

m EFSA (external scientific report): Published “Development of a Roadmap for Action on New Approach Methodologies in Risk Assessment”
m ECHA: Held “New Approach Methodologies Workshop: Towards an Animal Free Regulatory System for Industrial Chemicals”.
m ICCVAM: Published “Validation, Qualification, and Regulatory Acceptance of New Approach Methodologies”

The US and Europe have legal background for the use of NAMs.

© 2024 CERI, Japan
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[1] Introduction

. ele CERI
Definitions of NAMs

ECHA (2023) Report on the European Chemicals Agency’s “New Approach
Methodologies Workshop: Towards an Animal Free Regulatory System for

... there is no formal and legally agreed definition of a NAM" (echa, 2023).

Industrial Chemicals”

ECHA 2016,

Topical Scientific Workshop

NAM as an overarching term for all methods including toxicological methods that serve as (replacement, reduction or refinement) alternatives to
animal testing, as well other sources of information such as exposure data. Thus, NAMs may include in silico approaches, in chemico and in vitro
assays.

US EPA 2018,
TSCA Strategic Plan

ICCVAM 2018,

Strategic roadmap

US EPA 2021,

New approach methods workplan

EFSA 2022,

Development of a Roadmap for Action
on NAMs in Risk Assessment

ECHA 2023,

New Approach Methodologies Workshop:
Towards an Animal Free Regulatory System for
Industrial Chemicals

ICCVAM 2024,

Validation, Qualification, and Regulatory
Acceptance of NAMs

NAM has been adopted as a broadly descriptive reference to any technology, methodology, approach (including computational/in silico models (i.e.,
QSARs)), or combination thereof that can be used to provide information on chemical hazard and risk assessment that avoids the use of intact
animals. In the context of TSCA, NAM encompasses any alternative test methods and strategies to reduce, refine or replace vertebrate animal testing.

NAM has been adopted as a broadly descriptive reference to any alternative test method or methodology that can be used to provide information on
chemical hazard and risk assessment. These new approaches include IATAs, defined approaches for data interpretation, and performance-based
evaluation of test methods. In this context, alternative test methods include non-animal test systems and phylogenetically lower species, methods that
reduce the number of animals required for a specific test or refine animal use to lessen or avoid pain and distress.

NAMs are defined as any technology, methodology, approach, or combination that can provide information on chemical hazard and risk assessment to
avoid the use of animal testing.

® the term new approach methodologies (NAM) refers to any new approach which can be used to provide toxicological information in the context of
human hazard and risk assessments. These new approaches include integrated approaches to testing and assessment (IATAs), defined
approaches for data interpretation, and performance-based evaluation of test methods.

® From glossary: New approach methodologies are any non-animal-based approaches (in silico or in vitro) to predict components of hazard or risk.

NAMs denote alternatives to traditional toxicity methods that typically involve animal testing. These alternatives are useful for predicting and
assessing chemical risks and hazards, by providing mechanistic information for biologically complex endpoints. They include, e.g. in vitro, in chemico
methods and in silico computational models, which may be used alone or in combination with other methods and have the potential to be quicker,
cheaper and use less animals.

A broadly descriptive reference to any technology, methodology, approach, or combination thereof that can be used to provide information on chemical
hazard and risk assessment and that supports replacement, reduction, or refinement of animal use (3Rs).

IATA:Integrated Approach to Testing and Assessment. 3R: Replacement, Reduction, Refinement. Blue: Information provided by NAMs. Purple: 3R or avoiding animal testing.

© 2024 CERI, Japan
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US EPA 2018,
TSCA Strategic Plan

ICCVAM 2018,

Strategic roadmap

US EPA 2021,

New approach methods workplan

EFSA 2022,

Development of a Roadmap for Action
on NAMs in Risk Assessment

ECHA 2023,

New Approach Methodologies Workshop:
Towards an Animal Free Regulatory System for
Industrial Chemicals

ICCVAM 2024,

Validation, Qualification, and Regulatory
Acceptance of NAMs
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NAMs& (£, EPYISRERDERZ EHEEL . (EFMBE DR EME S ) R VFHRICE T IRk E RME TE MM, ke, 7 T70—F. FLIEZDHE
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HFLUWPTO—FZIET. CNSDFHLVLWTZ TO—FIC(E, HEREFHMADEEHI 7 TO—F (IATA) . T—Y DIz DEZRSNI=T
O—F. AEEDMREICE D<FHARENEEND,

® FEESE TR e 7 O—FAEREIE I\ F—RPUZRODBREZRZFHIT D260, EE A7 70 —F (in silicoEk
7=1&in vitro) T3,

NAMId, —fZHICEIIEBRZ S ERDB R ZDRE ETH D, CNSOREBEL. EYERITEM ST U RRA VNI S DI E

BERMPT DI EICKY AEEYED ZOPEEEOFAIEHEICE A T D CNUCIL. invitro, in chemicoiE. in silicostBEET IR E

bi‘”éib@%:%n%la*%&@ H22VNIMDAEERAENDE THWBRZENTE, LURET, LURMT, LUDRVWEIYE CEBTE

5E_|-Lﬁ‘b' \\ 50
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IATA  Integrated Approach to Testing and Assessment. 3R: Reduction, Refinement. Blue: NAMsVZE 3 BT5ZR. Purple: 3R & & L\ X EIYIERER N6
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Pros and Cons of the Conventional Toxicology vs. NAMs IER
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from Manful et al. (2023) New Approach Methodologies (NAMs) for safety testing of complex food matrices: A review of status, considerations, and regulatory

adoption. Trends in Food Science & Technology, 142: 104191
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Manful et al. (2023) New Approach Methodologies (NAMs) for safety testing of complex food matrices: A review of status, considerations, and regulatory adoption. Trends in Food Science & Technology, 142: 104191
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Example Technologies as NAMs

NAMs {

1 Toxicodynamics

®

@ Omics, including genomics, transcriptomics,
proteomics, metabolomics...

@ TTC

@ Quantitative AOP (model)

®Mode of action W
®Mechanism of action

CERI

For data transformation methodologies to risk assessment

( ° ° ° \
@ QSAR/SAR Toxicokinetics
@ Machine learning and Al
: (ngﬁfjbgts::jszssay @ High Throughput Toxicokinetics (HTTK)
@ Reporter gene assays @ ADME model
© High throughput Screening (HTS) @ Physiologically-based kinetic (PBK) model
: géqgrc;zr;tgir;tslmaglng/Screenlng LEACS) @ Reverse Toxicokinetics (RTK)
@ Micro-physiological systems (MPS) © (Quantitative) In vitro to in vivo
@ Organ-on-a-chip / Human-on-a-Chip extrapolation ((Q)IVIVE)
@ Testing using alternative organisms
/ J

®AOP

v

Weight of Evidence (WoE),~Uncertainty analysis ,/

Integrated Testing Strategy (ITS) ./ Integrated Approach to Testing and Assessment (IATA) /" Defined approach (DA)
v

Magurany et al. (2023) A pragmatic framework for the application of new approach methodologies in

one health toxicological risk assessment. Toxicological Sciences, 192(2), 155-177.

Hazard assessment/Risk assessment Schmeisser et al (2023) New approach methodologies in human regulatory toxicology - Not if, but how

© 2024 CERI, Japan
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OECD(2020) GD329. Overview of Concepts and Available Guidance related to Integrated Approaches to
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High content | ing/S ing (HCI/HCS T
@ Quantitative AOP (model) ® 3||390ng(2:,;2|3 maging/Screening (HCI/HCS) © Reverse Toxicokinetics (RTK)
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eMode of action @ Organ-on-a-chip / Human-on-a-Chip extrapolation ((Q)IVIVE)
ock ot action ® REEMERLERR
®Mechanism of action J y
®AOP —~——

Weight of Evidence (WoE),~Uncertainty analysis ,/

Integrated Testing Strategy (ITS) ./ Integrated Approach to Testing and Assessment (IATA) /" Defined approach (DA)
v

Magurany et al. (2023) A pragmatic framework for the application of new approach methodologies in one

BEMFE ') RO
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[2] International activities to implement NAMs . CERI
Defined Approach (DA) at OECD

A defined approach is a formalised decision-making approach consisting of a fixed data interpretation procedure used to interpret
data from a defined set of information elements. (OECD GD286, 2018)

B Guideline No. 497: Defined Approaches on Skin Sensitisation (2021)

v" Able to predict skin sensitization by combining in silico and in vitro results.

v" Depending on the combination type of the results, it is also possible to classify for sub-categorization 1A/1B in GHS.

B Test Guideline No. 467: Defined Approaches for Serious Eye Damage and
Eye Irritation (2022)

B Guidance Document No. 377: Initial Recommendations on Evaluation of

Data from the Developmental Neurotoxicity (DNT) In-Vitro Testing Battery (2023)
--DNT in vitro testing battery is not yet adapted as an OECD test guideline

v Integrate the results from the various in vitro assay (and in silico tools) using IVIVE and PBK modeling

When it comes to OECD test guidelines, it becomes subject to Mutual Acceptance of Data (MAD)
—> There is a possibility that Food Safety Committee (FSC) need to evaluate results from DA

© 2024 CERI, Japan
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OECDIC & 17 S Defined approach (DA) EB

Defined approach& (X, ER SN BHRERDESNSTEONIE T —IZFBEIRTDLHICERAIND
BEINT —YERFIENSEHRIND, ARETNIERBIRE 7 TO—F Tdr S (0ECD GD286, 2018)
B Guideline No. 497: Defined Approaches on Skin Sensitisation (2021)
v'in silico J2 U in vitroDFERDIE B IC KU RBRAFEZTHITS
v SERDEE B DEEICE D TIE, GHSICH T DD IBIA/IBODEEE TS S

B Test Guideline No. 467: Defined Approaches for Serious Eye Damage and
Eye Irritation (2022)

B Guidance Document No. 377: Initial Recommendations on Evaluation of

Data from the Developmental Neurotoxicity (DNT) In-Vitro Testing Battery (2023)
---DNT in vitro testing battery IXE7Z0ECDT R HA RS54 VICIERDTLVELY

v IVIVEXPBKET ') T & B\ THEZ %Rin vitroSRER D S DR =AU T T 5

OECDT R A1 RS54 2I273:%5 & . Mutual Acceptance of Data (MAD: F—F DIHESAN) DWRERD
> BEmZEZER CHDAICL DERDFENMVEICRDAFEMEDH D

© 2024 CERI, Japan



[2] International activities to implement NAMs

Activities at OECD s
B OECD IATA Case Studies Project (since 2014)

Case stUdies under the OECD IATA case stUdies PI'OjECt https://www.oecd.org/en/topics/sub-issues/assessment-of-chemicals/integrated-approaches-to-testing-and-assessment.html
Percentage of case studies by endpoints Number of case studies by IATA topics

35 3% . Endpoints

3% =, @ Fepeated dose toxicity g

@ Developmental neurotoxicity
Systemic toxicity

@ Endocrine disruption
20

@ Neurotoxicity

@ Genotoxicity & Mutagenicity
@ Reproductive toxicity 10
@ Skin sensitisation

@ Bioaccumutation

Developrmental toxicity

@ Ecotaxicity Uncermainty New approach Adverse Qutcome  Low/no toxicity or
14 ® Eye damage//irritation reporting methodologies Pathways risk prediction

“ ... allows countries to share and explore the use of novel methodologies in IATA for evaluating the safety of
chemicals within a regulatory context.”

Reports on considerations from case studies and its review outcomes have been published almost every year,
including identified items requiring guidance and reporting templates.

© 2024 CERI, Japan
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B OECD IATA Case Studies Project (since 2014)

0 ECD IATA Case St“dies PrOjectl': Blj- 5 ’T_Z Zg;’f https://www.oecd.org/en/topics/sub-issues/assessment-of-chemicals/integrated-approaches-to-testing-and-assessment.html
Percentage of case studies by endpoints Number of case studies by IATA topics

Endpoints
@ Fepeated dose toxicity

@ Developmental neurotoxicity
Systemic toxicity

@ Endocrine disruption
20

@ Neurotoxicity

@ Genotoxicity & Mutagenicity
@ Reproductive toxicity 10
@ Skin sensitisation

@ Bioaccumutation

Developrmental toxicity

@ Ecotaxicity Uncermainty New approach Adverse Qutcome  Low/no toxicity or
L 1am ® Eye damage/irritation reporting methodologies Pathways risk prediction

[ FREIDORMEACH VT, IATAICB T2 B DO Z LMD Iz sb Dz A ERDF B Z=KZEN
HEL. RS T D EETREICT D, |

T—RRITANBEDERRULE1—GRICETHHREEE. FEBERITINTHY 1T VAN
WERIEBVYHREEDT VI —MREDFEIN TS,
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[2] International activities to implement NAMs

Activities at APCRA* C%

*Accelerating the Pace of Chemical Risk Assessment

L] Started frOm 201 6 https://apcra.net/#/

B Goals of APCRA:

- Common understanding of current state of the science applications of NAMs,
including the regulatory context.

* Increased understanding of realistic benchmarks for performance of NAMs in
different regulatory contexts.

 Determine mechanisms to enhance data sharing capabilities.

* Increase engagement and commitment to development and sharing of case
studies of mutual interest.

* Increased cross-Agency collaboration to strategically address barriers and
limitations of use of NAMs in a regulatory context.

B Partnership: US-EPA, ECHA/EFSA, Health Canada
B Working or worked in total 13 case studies

© 2024 CERI, Japan
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*Accelerating the Pace of Chemical Risk Assessment

H 201 6.E 573\ 15 Eﬁyﬁ https://apcra.net/#/

B APCRANVEHIELTL\DC &
- SERE=RZ S8 NAMsORZFEIRADIRIKICEE I 1L EIEA7
° %ﬁiﬁfﬂ’ﬂ%‘%l:aa‘lv%NAMs'rEﬁEGDIE%EI’\J@/\“J?-V—O(:ﬁ?%iﬂﬁﬁ
« T—HAHFRNDEEDDIZOHDAN_XLDRE
« HEICEADDHDT—ARY T4 DR EHEFICHTIRESEIZTYRX

NS
 SERIERIC B BNAMSERI (OIEEE - IR £ BRI ABRT B 1= D DEFF
B CORADIA

B /\—k7F—3,v T US-EPA, ECHA/EFSA, Health Canada
B 13D —RARYT 1 &EHE
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[2] International activities to implement NAMs

Activities at PARC CEBII

https://www.eu-parc.eu/
https://www.anses.fr/en/content/european-partnership-assessment-risks-chemicals-parc

B European Union's framework programme for the 2021-2027 period

B “Partnership for the Assessment of Risks from Chemicals (PARC) aims to
develop next-generation chemical risk assessment (NGRA) to protect human
health and the environment.”

M 200 partners including national agencies and research organizations, ECHA, EFSA,
EEA (budget: 400 million euros).

B Wide range of activities are included (example keywords: NGRA, Human
health/Environment, Monitoring methods, Mixtures, Biodiversity protection, shift
away from animal testing etc.).
* For metabolism disrupting chemicals

B NAMs related activities under PARC; « For non-genotoxic carcinogens

. . . * For immunotoxicity
Addressing unknown mixtures in risk assessment g
o * For neurotoxicity
through monitoring data and NAMs Verloprient @ WAL

NAMs based on artificial intelligence and

TR BT AR Mapping of regulatory implementation of NAMs

© 2024 CERI, Japan
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https://www.eu-parc.eu/

CERI
10

https://www.anses.fr/en/content/european-partnership-assessment-risks-chemicals-parc

B 2021-2027|CEfESNBEUDOEA CHFDTOT S A

m “ERE
from Chemicals (PARC) I&. ;R X HE

=

x

=TnN

i

oo X

7l

il (NGRA) DEE

YA F

FREIRIEA(RET D7=8DIC. Partnership for the Assessment of Risks

HREHNETSD”

400 million € (¥9650{2F)).

B BLAVEVHEANSEN TS (F—T—RFI: NGRA, EMER/IRIE, €=
ST RE REY, EYZRIERE, EMIERD S DT H).

B PARCICHIFDNAMsBESEDENHE A

EZ9U VI T—IRUNAMSIC £ B RDET
il 3513 B RHDESMDEE

ALTHEERUEHFEE? TO—FICE DL
NAMs
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[3] Example applications of NAMs from known case studies

T . CERI
Example area of NAMs application in IATA Case Studies EN

Use of NAMs in read-across (also applicable for other purpose other than read-across) E Example of possible NAM applications 1

Workflow for Read-across Toxicokinetics Toxicodynamics
:"Eﬁ;s; in vitro -‘I in vivo TK data
Problem formulation i biokinetics 1| | available for TC/SC(s)? _
: e Targeted testing Untargeted testing
: unbaund treatment | Reverse translation PBPK; }
concentration, | werification of IVIVE PBPK | . ; 5
¢ | hailer. | p====—oooootu Case 1: AOP SCE':; ;.: f‘:;;i‘: Case 3: Shared unspecific
HypolgBIs for reat Lconcentestion inwito, | pyrameterize IVIVE- known P sl toxicol. effects/no effect
PBPK model —e H
< — e ety Testmodels I 5 : Broad testing - identify !
Evaluation and Identification o l | Invitro ADME assays or | nson o road testing - identify
QSAR predict| 1 I mimicking organ g < i I
Analogu e _E. 1 potential hazard |
L

I
L responses
q!VIVE o DE‘\I’E‘IQP ;"'"""'-"'""',"""-"'-"'-l r 1
‘ IVIVE-PBPK model : Evaluation of t 1 GenerateMoA 1
! MD and HD effects - Il hypothesis :

1 Human equivalent : :!ﬁu:'!EiE'l:l_le_m-m-urEr:ﬂ_un_il | o
dose In humanis

(Data ration Ms)

IVIVE:in vitro -in vivo Extrapolation 5
Uncertainty WioE supported by decision theory

Data gap filling / Uncertainty analysis assessment llke Dempster Shafer

Warst case or trend analysis —
D?tllla gap estimate PoD e.g. based on gIVIVE
Conclusions illing or in vivo dota

Escher et al. (2019) Towards grouping concepts based on new approach methodologies in chemical hazard assessment: the read-across approach of the EU-ToxRisk project.
Archives of Toxicology (2019) 93:3643-3667.
© 2024 CERI, Japan
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Read-acrossic H1FBSNAMsDEH S
(Read-acrossICZ RN DNAMsDER IO BMICEFIATE D) |__NAMsDFERSZE DA 1

Read-across 7—2o 70— FYOFRT19R rESTI51FI92
" -I‘.-&:J'; | in vivo IC&')‘I‘J’%P’B‘J%EI‘J—
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Escher et al. (2019) Towards grouping concepts based on new approach methodologies in chemical hazard assessment: the read-across approach of the EU-ToxRisk project.
Archives of Toxicology (2019) 93:3643-3667.
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[3] Example applications of NAMs from known case studies CERI

Case study on 90-D repeated dose toxicity assessment using read-across n

Target chemical:
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® The AOP for steatosis had been developed and in vitro

assays for MIEs and KEs in AOP were available.

® Source-4 & -5 showed both MIE activations and lipid
accumulation in in vitro assays. On the other hand, target
(EBA) Only Showed PPARG actlvatlon bUt no ||p|d ....................................................................................................
accumulation.

. . . . Lipid accumulation
-> Steatosis by EBA is unlikely. Human oral equivalent dose | Mec/Ec20 HepG2

was calculated based on the concentration of cytotoxicity. © 2024 CERI, Japan Data from OECD (2020) GD324
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[3] Example applications of NAMs from known case studies CERI

Case study for Grouping chemicals for read-across

Wu et al. (2023) Structure-activity relationship read-across and transcriptomics for branched

M\ﬂw W e . carboxylic acids. Toxicological Sciences, 2023, 191(2), 343-356

® Each branched carboxylic acid at 3 concentrations exposed to 4
cell lines (MCF7, iCell cardiomyocytes, HepG2 & A549) for 6-h
were analyzed by using L1000 platform.

® EHA (2-ethylhexanoic acid), PN A(2-propylnonanoic acid) , VP A(valproic acid= 2-
Propylpentanoic acid)provided similar gene expression profile in all
cell lines and indicated similar biological response.

- EHA, PNA and VAP will be grouped in a different group from
other branched carboxylic acids.
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(B) iCell cardlomyocytes

® This approach will give justifications for
biological/mechanistic similarities for grouping.

Fig. from Wu et al. (2023)

Heatmaps of CMap analysis using VPA 500 pM signatures (top 50 up and
downregulated genes) generated from (A) MCF-7 cells, (B) iCell cardiomyocytes.
Red indicates strong positive correlation with the treatment or mode of action listed in the

column at right, blue indicates a negative correlation, with different color shades indicating
the strength of correlation. The top 40 ranked connections are shown.

© 2024 CERI, Japan
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Wu et al. (2023) Structure-activity relationship read-across and transcriptomics for branched
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Wu et al. (2023) DKV
(A) MCF-7#Hg, (B) iCell. D\AAHEAZIZH LV T 500 uM DVPAIZ KL DFFEFED
f=CMapf#thrDE—b~w T (FLEETz 1IN L AI50F TZEM).
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Take home messages 4

At present, in Europe and the US, case studies are being conducted to accumulate experiences in
the use of NAMs for regulatory application. Also, the development of NAMs are accelerated.

® There are legal background for the use of NAMs in Europe and the US
- It should be recognized that such background to be dealt with is different from
that in Japan.

® The human resources and its scale (capacity) allocated for safety assessment differ
between Japan and Europe or the US.

® On the other hand, NAMs are being incorporated into OECD test guidelines and this
trend will continue (e.g., DNT, non-mutagenic carcinogens).

® NAMs data may be submitted to FSC for assessment (e.g., for contaminants).

= The safety assessment using NAMs may be inevitable.

© 2024 CERI, Japan
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