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Background of NAMs
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NRC: Published ”Toxicity testing in the 21st century: a vision and a strategy”
US-EPA: Launched ToxCast Program

2007

US-EPA, NIH/NTP&NCGC: Initiated Joint Program Tox21 (US-FDA joined in 2010)2008

US-EPA: Launched Next Generation Risk Assessment (NexGen) program

EU ”Directive 2010/63/EU on the protection of animals used for scientific purposes”
2010

EU: Ban on the use of animal testing for cosmetics2013

US-EPA: Published “Next Generation Risk Assessment: Incorporation Of Recent Advances In Molecular, Computational, And Systems Biology (Final Report)”2014

ECHA: Held ”Topical Scientific Workshop - New Approach Methodologies in Regulatory Science”2016

US-FDA: Published “FDA Predictive Toxicology Roadmap“2017

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) “

2018

US-EPA: Launched the plan for TSCA to phase-out the use of animal testing in the future2020

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

2021

EFSA (external scientific report): Published “Development of a Roadmap for Action on New Approach Methodologies in Risk Assessment”2022

ECHA Held “New Approach Methodologies Workshop: Towards an Animal Free Regulatory System for Industrial Chemicals”.2023

ICCVAM: Published “Validation, Qualification, and Regulatory Acceptance of New Approach Methodologies”2024

[1] Introduction

The US and Europe have legal background for the use of NAMs.
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… “there is no formal and legally agreed definition of a NAM” (ECHA, 2023).

[1] Introduction

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

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

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. 

ECHA 2016, 
Topical Scientific Workshop 

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. 

US EPA 2018, 
TSCA Strategic Plan

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. 

ICCVAM 2018, 
Strategic roadmap

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. 

US EPA 2021,
New approach methods workplan

 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. 

EFSA 2022, 
Development of a Roadmap for Action 

on NAMs in Risk Assessment

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.

ECHA 2023, 
New Approach Methodologies Workshop: 

Towards an Animal Free Regulatory System for 
Industrial Chemicals

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). 

ICCVAM 2024,
Validation, Qualification, and Regulatory 

Acceptance of NAMs
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[1] 

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

IATA Integrated Approach to Testing and Assessment. 3R: Reduction, Refinement. Blue: NAMs . Purple: 3R 
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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

[1] Introduction

Traditional and 
Regulatory 
acceptance
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validated methods
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[1] 

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) Fig. 3. Pros and cons of the traditional toxicology and New Approach Methodologies

R
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ToxicokineticsToxicodynamics QSAR/SAR
Machine learning and AI
Read across
Cell-based assay 
Reporter gene assays 
High throughput Screening (HTS) 
High content Imaging/Screening (HCI/HCS) 
3D-Organoids
Micro-physiological systems (MPS)
Organ-on-a-chip / Human-on-a-Chip
Testing using alternative organisms

Example Technologies as NAMs
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NAMs
For data transformation methodologies to risk assessment 

For data generations

Weight of Evidence WoE) Uncertainty analysis
Integrated Testing Strategy ITS) Integrated Approach to Testing and Assessment (IATA) Defined approach DA)

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

and when! Environment International, 178, 108082.
OECD(2020) GD329. Overview of Concepts and Available Guidance related to Integrated Approaches to 

Testing and Assessment (IATA).

High Throughput Toxicokinetics (HTTK) 

ADME model

Physiologically-based kinetic (PBK) model 

Reverse Toxicokinetics (RTK)

(Quantitative) In vitro to in vivo 
extrapolation ((Q)IVIVE) 

[1] Introduction

in vitro guideline tests
Omics, including genomics, transcriptomics,  
proteomics, metabolomics…
TTC
Quantitative AOP (model)

Mode of action
Mechanism of action 
AOP
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Defined Approach (DA) at OECD

 Guideline No. 497: Defined Approaches on Skin Sensitisation (2021)
 Able to predict skin sensitization by combining in silico and in vitro results.

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

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

 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

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

DA OECD

© 2024 CERI, Japan
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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

[2] International activities to implement NAMs

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)



OECD Defined approach (DA)

 Guideline No. 497: Defined Approaches on Skin Sensitisation (2021)
 in silico in vitro

 GHS 1A/1B

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

 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 OECD

 IVIVE PBK in vitro

DA OECD
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OECD Mutual Acceptance of Data (MAD )
 DA

[2] NAMs

Defined approach
(OECD GD286, 2018)



Activities at OECD
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 OECD IATA Case Studies Project (since 2014)
Case studies under the OECD IATA Case Studies Project

“ … 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.

https://www.oecd.org/en/topics/sub-issues/assessment-of-chemicals/integrated-approaches-to-testing-and-assessment.html

[2] International activities to implement NAMs



OECD
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 OECD IATA Case Studies Project (since 2014)
OECD IATA Case Studies Project

… IATA

https://www.oecd.org/en/topics/sub-issues/assessment-of-chemicals/integrated-approaches-to-testing-and-assessment.html

[2] NAMs



Activities at APCRA*

 Started from 2016
 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.

 Partnership: US-EPA, ECHA/EFSA, Health Canada

 Working or worked in total 13 case studies

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

https://apcra.net/#/

[2] International activities to implement NAMs



APCRA*

 2016
 APCRA

• NAMs
• NAMs

•
•

• NAMs

 : US-EPA, ECHA/EFSA, Health Canada

 13
© 2024 CERI, Japan
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*Accelerating the Pace of Chemical Risk Assessment

https://apcra.net/#/

[2] NAMs



Activities at PARC

 European Union’s framework programme for the 2021-2027 period
 “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.”

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

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

 NAMs related activities under PARC: 

© 2024 CERI, Japan
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https://www.eu-parc.eu/
https://www.anses.fr/en/content/european-partnership-assessment-risks-chemicals-parc

Addressing unknown mixtures in risk assessment 
through monitoring data and NAMs

Development of NAMs

NAMs based on artificial intelligence and 
machine learning approaches

Mapping of regulatory implementation of NAMs

• For metabolism disrupting chemicals
• For non-genotoxic carcinogens
• For immunotoxicity
• For neurotoxicity

[2] International activities to implement NAMs



PARC

 2021-2027 EU

 “ Partnership for the Assessment of Risks 
from Chemicals (PARC) NGRA ”

 ECHA EFSA EEA 200 ( : 
400 million € 650 ).

 ( NGRA, / , 
, , , ).

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

NAMs NAMs

NAMs NAMs

•
•
•
•

[2] NAMs



Example area of NAMs application in IATA Case Studies
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Problem formulation

Hypothesis for read-across

Evaluation and Identification of 
Analogues

(Data generation by NAMs)

Data gap filling / Uncertainty analysis

Conclusions

Workflow for Read-across

Use of NAMs in read-across (also applicable for other purpose other than read-across)

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.

Grouping

Example of possible NAM applications

IVIVE in vitro -in vivo Extrapolation

[3] Example applications of NAMs from known case studies



IATA Case Studies NAMs
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[3] NAMs

/

( ) /

NAM

/

Read-across 

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.

AOP

NAMs

In vitro

in vitro

in vitro in vivo

(qIVIVE)

in vivo /

?

PBK;
IVIVE PBK

(KE)

(MIE)

MoA

IVIVE-PBK

In vitro ADME
QSAR

IVIVE-PBK

IVIVE in vitro in vivo

(WoE)

PoD
qIVIV in vivo

Read-across NAMs
Read-across NAMs



Hazard Characterization by NAMs
Target chemical: 

2-Ethylbutyric Acid
(EBA)

Case study on 90-D repeated dose toxicity assessment using read-across
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2-
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2-
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2-
Propylhep

tanoic 
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Examples of
in vitro assays

PVAMBAEBAMPAMHAEPAVPAEHAPHAEHPPHP

>80008000>8000>800080004000>80008000800040004000Resazurin reduction 
POD

>8000>80008000>8000>8000>8000>8000>8000>800080008000
supernatant lactate 

POD
>-3>-3>-3>-3>-3>-3-3.1-3-3.9-3.5-3.6anti-PR CALUX
>-3>-3>-3>-3>-3-3.5-4.1-3.6-4-4-4.3PXR CALUX
>-3>-3-3.5-3.5-4.5-3.9-4-4-4-4.5-4.5PPARa CALUX
>-3>-3>-3>-3>-3>-3>-3>-3>-3-3.1-3PPARd CALUX
>-3-3.1>-3>-3>-3-3.4>-3-3-3-3.7-4Nrf2 CALUX

>8000(66
5(NS))

>8000>8000>8000382052901570127023502330834Steatosis 3D HepaRG

472030005791600568558209409320601109ATP 3D HepaRG

>8000>8000>8000>8000>80006235218>8000>800013117383GSH MEC/IC20
HepG2

>8000>8000>8000>8000>8000>8000no data 
available>8000>8000803150MMP IC50 HepG2

>8000>8000>8000>8000>8000>8000691203810159883Lipid accumulation 
MEC/EC20 HepG2

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 PPARα activation but no lipid 
accumulation.

 Steatosis by EBA is unlikely. Human oral equivalent dose 
was calculated based on the concentration of cytotoxicity. Data from OECD 2020) GD324

In vivo data available

[3] Example applications of NAMs from known case studies

Steatosis was suspected from analogues (Source-4 & -5)



NAMs
Target chemical: 

2-Ethylbutyric Acid
(EBA)

Read-across 90
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 AOP AOP
MIE KE in vitro

Source-4 -5 in vitro MIE
EBA

PPARα
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Data from OECD 2020) GD324

In vivo 

[3] NAMs

 (Source-4 & -5)



Case study for Grouping chemicals for read-across
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Wu et al. (2023) Structure-activity relationship read-across and transcriptomics for branched 
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), PNA(2-propylnonanoic acid) , VPA(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.

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

Fig. from Wu et al. (2023) 
Heatmaps of CMap analysis using VPA 500 μM 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.

Chemical Grouping based on Transcriptomics data

cardiomyocytes
O

OH

[3] Example applications of NAMs from known case studies



Read-across
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Wu et al. (2023) Structure-activity relationship read-across and transcriptomics for branched 
carboxylic acids. Toxicological Sciences, 2023, 191(2), 343–356

4 MCF-7 iCell HepG2 A549
3 6 L1000 

platform

EHA(2-ethylhexanoic acid), PNA(2-propylnonanoic acid) , VPA(Valproic acid)

VPA

 EHA, PNA VAP 

 /

Wu et al. (2023) 
(A) MCF-7 , (B) iCell 500 μM VPA

CMap ( 50 ).

40

(A) MCF-7

(B) iCell
O

OH

[3] NAMs



Take home messages
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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.

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.
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 NAMs




 NAMs OECD
DNT

NAMs

⇒ NAMs




