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Abstract 44 

The European Partnership for Alternative Approaches to Animal Testing (EPAA) held the “New 45 

Approach Methodologies (NAMs) User Forum Kick-off Workshop”, at the European Chemicals Agency 46 

(ECHA), Helsinki, Finland on 7-8 December 2023. The aim of the User Forum was to gain insight into 47 

the regulatory use of NAMs, with a particular reference to Next Generation Risk Assessment (NGRA), 48 

for chemical safety assessment. To achieve this, presentations summarised the learnings and 49 

experiences of previous EPAA Skin Sensitisation User Forums as well as that of the European 50 

Commission’s Scientific Committee on Consumer Safety (SCCS). The findings of five case studies were 51 

summarised that illustrated the use of NAMs. The presentations and subsequent discussions allowed 52 

for learnings and insights to be compiled from all stakeholders with regard to the use of NAMs. 53 

Recommendations for the regulatory use of NAMs in NGRA were made namely for exposure 54 

assessment; hazard identification; using tiered and targeted testing strategies; performing risk 55 

assessment using NAM data; the practical implementation of NAMs; the use of -omics technologies; 56 

and the needs for capacity building and training. The EPAA User Forum provided an open platform for 57 

safety assessors to share learnings and experiences. Recommendations for the format and topics of 58 

future EPAA User Forums were also made. 59 

 60 

 61 

Keywords: New Approach Methodology (NAM), Next Generation Risk Assessment (NGRA), 62 

chemical safety assessment, hazard identification, exposure assessment 63 
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Highlights 65 

• Broad stakeholder support exists for the regulatory use of NAMs for chemical safety 66 

• NAMs are applicable in assessment of internal exposure and hazard identification  67 

• Tiered testing strategies allow NAMs to be used in risk assessment 68 

• Applicability, confidence and practical implementation of NAMs are required  69 

• Areas to improve regulatory uptake of NAMs are identified 70 

  71 
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Abbreviations  72 

ADME  Absorption, Distribution, Metabolism and Excretion 73 
AED  Administered Equivalent Dose  74 
AOP   Adverse Outcome Pathway 75 
BER   Bioactivity-Exposure Ratio 76 
BHT   Butylated Hydroxytoluene  77 
BP-4  Benzophenone-4  78 
BPA   Bisphenol A  79 
C&L   Classification and Labelling  80 
CMap  Connectivity Mapping 81 
Cmax  Maximum Concentration  82 
CMP   Canadian Chemicals Management Plan  83 
DA   Defined Approach  84 
DART  Developmental and Reproductive Toxicity 85 
DASS   Defined Approach for Skin Sensitisation 86 
EC  European Commission 87 
ECHA   European Chemicals Agency  88 
ED   Endocrine Disruption 89 
EPAA   European Partnership for Alternative Approaches to Animal Testing  90 
EU   European Union 91 
HDAC  Histone Deacetylase 92 
HTTK  High-Throughput Toxicokinetics 93 
IATA   Integrated Approaches to Testing and Assessment  94 
IVIVE  In vitro-In vivo Extrapolation 95 
KE  Key Event 96 
LOAEL   Lowest Observed Adverse Effect Level  97 
MoE  Margin of Exposure 98 
NAM   New Approach Methodology  99 
NGRA  Next Generation Risk Assessment 100 
NGO  Non-Governmental Organisation 101 
NOAEL   No Observed Adverse Effect Level  102 
NoG  Notes of Guidance 103 
OECD   Organisation for Economic Cooperation and Development  104 
PBK  Physiologically-Based Kinetic 105 
PoD  Point of Departure 106 
(Q)SAR   (Quantitative) Structure-Activity Relationship 107 
RAAF   Read-Across Assessment Framework 108 
SAR  Structure-Activity Relationship 109 
SCCS   Scientific Committee on Consumer Safety 110 
TG   Test Guideline  111 
TTC  Threshold of Toxicological Concern 112 
  113 
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1. Introduction and Workshop Aims  114 

This report summarises the presentations from, and the main findings of, the European Partnership 115 

for Alternative Approaches to Animal Testing’s (EPAA’s) “New Approach Methodologies (NAMs) User 116 

Forum” Kick-Off Workshop. The workshop was a hybrid event held at the European Chemicals Agency 117 

(ECHA) in Helsinki, Finland and on-line over two days (8-9 December 2023). It was attended by 118 

approximately 50 participants representing regulatory agencies, industry, non-governmental 119 

organisations (NGOs) and academia, as well as European Union (EU) competent authorities. 120 

The aim of the User Forum was to gain insight into and share experiences with the use of New 121 

Approach Methodologies (NAMs) in chemical safety assessment, with a particular reference to Next 122 

Generation Risk Assessment (NGRA). This was achieved through presentations from stakeholders 123 

describing their experiences and through case studies illustrating the regulatory use of NAMs. The 124 

purpose was not only to share learnings and experiences, but also to find recommendations to 125 

increase the use of NAMs, and discuss future possibilities for EPAA NAM User Forums.  126 

No strict definitions of NAMs and NGRA were stipulated in the User Forum. NAMs were considered in 127 

a broad sense to include in silico, in chemico and in vitro approaches, -omics approaches or omic-128 

enhanced in vivo studies combined as Defined Approaches (DAs) and/or Integrated Approaches to 129 

Testing and Assessment (IATA). NGRA was described in a number of contexts throughout the User 130 

Forum; it can be summarised as an exposure-led, hypothesis-driven, tiered strategy integrating NAM 131 

data from in silico, in chemico and in vitro approaches that allows for non-animal, human-relevant, 132 

risk assessment of chemical substances. Various examples of the use of NAMs and NGRA were 133 

presented in the User Forum and summarised in this report.  134 

The purpose of this workshop report is not to provide detailed minutes of the workshop, rather to 135 

summarise the presentations in Section 2. A summary of learnings and experiences from all 136 

presentations and discussion, providing recommendations for further action, is provided in Section 3.  137 

 138 

2. Experience from Stakeholders and Reporting of Case Studies   139 

The NAM User Forum was informed by presentations from two stakeholders, representing the outputs 140 

from previous organised EPAA User Forums and from the Scientific Committee on Consumer Safety 141 

(SCCS), a scientific advisory committee to the European Commission (EC). Further, five case studies 142 

utilising NAMs were presented. The experiences described in these presentations are summarised in 143 

Table 1.144 
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Table 1. Summary of presentations at the EPAA NAMs User Forum 

Topic and Presenter Contributions relevant to NAMs 

EPAA Workshops and other 
activities relating to development 
of alternatives to skin 
sensitisation. Presented by Drs 
Petra Kern (Procter and Gamble) 
and Katrin Schutte (European 
Commission, DG Environment). 

• Progress in developing NAMs for skin sensitisation benefits from clear mechanistic understanding rationalised into a well-
established adverse outcome pathway (AOP).  

• The AOP has been used to organise a variety of Organisation for Economic Cooperation and Development (OECD) validated 
in vitro assays into an OECD endorsed “Defined Approach for Skin Sensitisation” (DASS) as Test Guideline (TG) No. 497 ((OECD, 
2023a)).  

• NAM data for skin sensitisation, as applied in the Defined Approach (DA), are used for hazard identification. 

• NAM data also support NGRA for skin sensitisation (Gilmour et al., 2020; 2023) which are recognised by the EC’s SCCS (SCCS, 
2023).  

• The EPAA Skin Sensitisation User Forums provided the opportunity to identify and discuss a number of issues with the 
implementation of NAMs for different classes of substances (Basketter et al., 2012; 2013; 2015; 2019; 2020). 

Use of NAMs in submissions to the 
EC SCCS. Personal insights and 
opinions of  Prof. Em. Vera Rogiers 
(Vrije Universiteit, Brussels, 
Belgium). 

• In silico and validated in vitro NAMs are available for local toxicity endpoints relating to skin corrosion and irritation, eye 
irritation, skin sensitisation and phototoxicity. In addition, NAMs are available for dermal absorption, mutagenicity and 
genotoxicity. Many of these NAMs are OECD validated in vitro methods. In silico methods are not sufficient on their own and 
should be used as part of a weight-of-evidence. 

• There are fewer NAMs available for systemic effects such as pharmacokinetic properties other than absorption, repeated 
dose toxicity, reproductive toxicity and non-genotoxic carcinogenicity.  

• The SCCS will accept data from non-TG methods where they can be demonstrated to be scientifically justified and robust.  

• The SCCS Notes of Guidance (NoG) provide guidance on the use of NAMs as well as NGRA for endpoints such as skin 
sensitisation (SCCS, 2023).  

• The SCCS states the importance of the evaluation of the NAMs assays in terms of how the method is developed, the underlying 
training sets and the rationale for the interpretation of data. 

• The Threshold of Toxicological Concern (TTC) is a pragmatic solution to justify the safety of impurities and cosmetic 
ingredients added to the final product at very low concentrations.  

Next Generation Risk Assessment 
using New Approach Methods to 
Evaluate Systemic Safety for 
Consumers using Benzophenone-
4 (BP-4) as a UV-filter in a 

• The case study aimed to assess the systemic toxicity of BP-4 without using any in vivo animal data, adhering to NGRA principles 
for a chemical with regulatory interest due to potential endocrine activity. 

• A NAM systemic toxicity toolbox consisting of in silico tools (read-across and (Q)SARs) and in vitro assays (cell stress panel, 
pharmacological profiling, transcriptomics) was utilised to generate and explore hypotheses and provide an estimate of 
bioactivity.   
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Sunscreen Product. Presented by 
Dr Maria Baltazar (Unilever). 

 

• An initial exposure assessment was performed based on the external dose, absorption, distribution, metabolism and 
excretion (ADME) parameters and the kinetic profile of BP-4.  

• Sensitivity analysis was performed to identify the parameters that have the largest influence on the Physiologically-Based 
Kinetic (PBK) model.  

• Statistical distributions were generated for plasma maximum concentration (Cmax) representing various European 
populations with associated uncertainty and variability analyses (Moxon et al., (2020)).  

• NAM data allowed for the calculation of a Point of Departure (PoD) which informed the risk characterisation through the 
Bioactivity-Exposure Ratio (BER), the ratio between PoD and in plasma Cmax.  

• The NAM-based NGRA workflow was found to be protective of human health (Middleton et al., 2022).  

Integrating NAMs to Prioritise and 
Assess Data Poor Alternatives to 
Bisphenol A. Presented by Dr Tara 
Barton-Maclaren (Health Canada). 

• A case study as part of the Canadian Chemicals Management Plan (CMP) demonstrated the integration of in silico and in vitro 
methods to provide a weight of evidence assessment of oestrogenic activity of chemicals that are structurally similar to 
bisphenol A (BPA) and evaluate the ability to distinguish from those that are functional alternatives (Environment and Climate 
Change Canada (2020); OECD (2022)).  

• NAM data were analysed within a tiered workflow to support hazard identification and the evaluation of different approaches 
to determine in vitro PoDs based on data type (i.e., high throughput screening and transcriptomics data).  

• Transcriptomic data wereused to assist in the derivation of PoDs, including the application of an ER biomarker and general 
bioactivity approaches (Corton et al., 2022; Matteo et al., 2023). Consensus predictions from in silico models were made on 
oestrogen receptor binding (Collins and Barton-Maclaren, 2022; Collins et al., 2024).  

• Generally, there was agreement across approaches used to estimate the minimal bioactivity concentration which were 
converted to administered equivalent dose (AED) values through high-throughput toxicokinetics (HTTK) modelling and in 
vitro-in vivo extrapolation (IVIVE). 

• Notably, the analysis identified some exceptions where different NAMs resulted in a broad range of values highlighting areas 
for further consideration.  

• The BER was calculated from the AED and upper limit of median population exposure for purposes of illustration revealing 
the NAM data to be protective, robust and reproducible.  

A Connectivity Mapping (CMap) 
Based Assessment of Butylated 
Hydroxytoluene (BHT) for 
Endocrine Disruption (ED) 
Potential. Presented by Dr Nadira 
De Abrew (Procter and Gamble).  

• The endocrine disruption potential of BHT was investigated through the Connectivity Mapping (CMap) of gene expression 
data allowing for functional read-across analysis with structural analogues (De Abrew et al. (2022).  

• CMap utilises “biological signatures” which are unique to a biological system and its perturbation by a particular dose of a 
chemical, the CMap Signature identifies the genes with greatest over- and under-expression, applying a CMap Score (De 
Abrew et al., 2019).  

• Five doses were tested in four cell lines relevant to endocrine disruption.  
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• BHT did not connect to known endocrine disruptors in a public database (clue.io) 

• A structure-activity relationship (SAR) analysis of BHT was performed using a further 15 potential structural analogues.  

• CMap supported association of close read-across analogues but not to less suitable analogues (Wu et al 2010).  

A Read-Across Case Study on 
Branched Carboxylic Acids for 
Repeated Dose Toxicity. 
Presented by Dr Sylvia Escher 
(Fraunhofer ITEM). 

• Read-across from valproic acid to a group of branched carboxylic acid analogues was described for chronic toxicity based on 
liver steatosis (Escher et al., 2022a, b; Vrijenhoek et al., 2022)).  

• A read-across workflow was applied which integrated NAM testing and evaluation to support the read-across hypothesis. 

• In vitro testing was informed by in vitro assays for the molecular initiating events and early key event (KE) from a novel AOP 
network for liver steatosis, providing a targeted battery for testing.  

• TXG-Mapper data analyses were performed using weighted correlation gene networks on gene expression data. 

• IVIVE and PBK analysis was performed across all analogues to make estimates of human plasma concentration.  

• The NAM data based on the AOP network was able to illustrate a shared mode of action between toxic compound and 
supported read-across approaches and the similarity concept (Escher et al., 2019). 

Use of NAMs to Refine and 
Strengthen Structure-Activity 
Relationship (SAR) Read-Across 
for the Developmental and 
Reproductive Toxicity Effects of 
Branched-Alkyl Carboxylic Acids. 
Presented by Dr Petra Kern 
(Procter and Gamble). 

• Valproic acid and eight structurally similar analogues were compared using NAM data to identify SAR trends relating to chain 
length (Wu et al., 2023). 

• A toxicogenomic analysis was performed using four cell types with the development of gene signatures from the CMap 
approach showing that valproic acid and two analogues had a similar gene expression pattern consistent with histone 
deacetylase (HDAC) inhibition activity. HDAC inhibition is a known Developmental and Reproductive Toxicity (DART) mode of 
action. 

• Other chemicals showed a different gene expression pattern without HDAC inhibition, some of which do not have DART 
effects. 

• CMap analysis supported better definition of SAR patterns.  

• SARs for binding to the HDAC receptor were investigated further using molecular docking and modelling simulations. 

• PBK modelling allowed for comparison of in silico estimates of ADME parameters with experimental data and to use models 
to simulate No Observed Adverse Effect Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) values.  
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Summary of the Learnings and Insights from the NAMs User Forum 143 

Section 3 details the main findings of the User Forum with regard to the use of NAMs, with particular 144 

examples drawn from the contributions in Table 1 and subsequent discussion. The examples are 145 

included to illustrate the findings as well as give evidence of the practical use of NAMs. 146 

 147 

3.1 Overarching Themes and Comments Relating to the Use of NAMs 148 

i) Broad Support for the Regulatory Use of NAMs 149 

All contributions to the User Forum supported the use of NAMs as an integral component of the future 150 

safety assessment of chemicals. The particular advantages of NAMs have been highlighted elsewhere 151 

by the EPAA, through User and Partner Forums, Workshops, the Annual Meeting, etc., and recorded, 152 

for example by Westmoreland et al. (2022). One particular advantage was highlighted in the NAMs 153 

User Forum, namely that NAMs allow for the more efficient testing of greater numbers of compounds.  154 

ii) Need for Standardised Definitions 155 

Whilst knowledge of the term ‘new approaches’ is becoming widespread, a fundamental issue was 156 

identified in that agreed definitions are required for terms such as NAM, NGRA, etc. For instance, with 157 

regard to the term NAM, the cosmetics sector is considering this to be completely non-animal 158 

approaches, whilst other stakeholders may include NAM-augmented animal tests in the definition. 159 

NGRA is a broad concept, with a variety of interpretations. There is also a need to standardise the 160 

reporting of NAMs approaches and the data from them to ensure uniform methodology and 161 

interpretation.  162 

 163 

3.2 Exposure Assessment 164 

Knowledge of exposure is fundamental in chemical risk assessment, with the crucial role that NAMs 165 

play in exposure assessment approaches having been the focus of a recent EPAA Partner Forum 166 

(Cronin et al., 2023).   167 

i) Estimating Exposure  168 

Exposure assessment of chemicals was seen by the participants as being crucial to NGRA. For 169 

impurities or compounds at very low concentration, the TTC may be applied. Within NGRA, a variety 170 

of methods to determine exposure assessment can be applied and there is a need to optimise how 171 

this is performed. Typically, exposure assessment will start with an understanding of the external 172 
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exposure which will be then converted to an internal exposure using approaches such as PBK 173 

modelling. Overall, exposure assessment should be suitably conservative. Whilst general methods are 174 

known (e.g., PBK modelling), further effort on estimating exposure is required, with more work on 175 

internal exposure being especially important.  176 

ii) Further Development of Physiologically-Based Kinetic (PBK) Models 177 

The User Forum heard various applications of PBK modelling, for the estimation of the internal 178 

exposure assessment of chemicals. As a component of NGRA, PBK modelling is instrumental and drives 179 

hypothesis generation to investigate specific endpoints. PBK modelling allows for a focused 180 

assessment of hazard in particular organs.  181 

There is a need to develop practical and pragmatic generic PBK models that can be applied widely 182 

within an NGRA framework. To apply PBK models successfully, greater understanding is required of 183 

their function and particularly the confidence that can be associated with an estimate through the 184 

analysis of the certainties. This may be achieved by generating experimental chemical-specific ADME 185 

data. Uncertainty and PBK modelling were highlighted with the use of sensitivity analyses to identify 186 

the parameters that have the largest influence on the model outputs. There were uncertainties related 187 

to population variability, parameter uncertainty, and model reliability that needed to be addressed to 188 

estimate a robust range of biologically plausible exposures (i.e., plasma Cmax) as suggested by OECD 189 

(2021). 190 

 191 

3.3 Hazard Identification and Characterisation 192 

i) Ensuring NAMs have Broad Coverage, as Well as Focusing on Specific Endpoints 193 

Many case studies in the User Forum presented data and knowledge of NAMs associated with specific, 194 

known mechanisms of action. This is vital for focused risk assessment when the mechanism of action 195 

is known. For instance, case studies illustrated that NAM data can support a mode of action-based 196 

hypothesis. Despite progress made with well-studied modes of action, the coverage of modes of 197 

action, and implicitly also AOPs, is not yet complete (or may never be fully complete) and more work 198 

is required to understand the coverage that may be necessary from an in vitro battery. As such, there 199 

is a need to continue to develop AOPs that cover a broad range of human health effects. 200 

In addition to focusing on known, specific modes of action, future use of NAM data from in vitro assays 201 

should also ensure a broad coverage of mechanisms and, where possible, AOPs including non-specific 202 

effects. The value of transcriptomic data was demonstrated with examples showing that bioactivity 203 

concentrations could be derived from such analyses, both for chemicals with specific modes of action, 204 
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as evaluated using a biomarker, and also for those where the mode of action is not known thereby 205 

representing non-specific toxicity, or protective bioactivity concentrations. These bioactivities were 206 

converted to Administered Equivalent Doses (AEDs) to inform the BER.  207 

ii) Defining an Appropriate Battery of NAMs and In Vitro Assays  208 

With the exception of skin sensitisation, i.e., the OECD Test Guideline 497 for the Defined Approaches 209 

for Skin Sensitisation (DASS) (OECD, 2023a), there are only a few standardised batteries of in vitro 210 

assays so far. The variety of case studies indicated that the selection of NAM test batteries is context 211 

(both effect and chemical) dependent. However, development of fit-for-purpose test batteries that 212 

cover specific and non-specific effects is still required.  213 

When there is no knowledge of mode of action, i.e., in an ab initio approach to risk assessment, it may 214 

be possible to use batteries of in vitro tests designed to measure perturbation to biological pathways, 215 

interaction with proteins and enzymes and general key cellular processes (e.g. mitochondrial function) 216 

in a range of different cell models. Such in vitro approaches may be supported by in silico predictions 217 

that may indicate which mechanisms or assays to focus. Early tier batteries are intended to either 218 

derive PODs based on bioactivity or provide data for mode of action hypothesis generation. The 219 

bioactivity observed might not necessarily be linked to an adverse outcome, and therefore it might be 220 

possible to refine further to distinguish this bioactivity from adversity. Some of the approaches, such 221 

as gene expression signatures, are useful to support functional read-across.  222 

 223 

3.4 Application of NAMs: Tiered and Targeted Testing Strategies 224 

The User Forum agreed that the practical application of NAM data within a chemical risk assessment 225 

context required strategies to implement them; these are typically based within tiered or targeted 226 

testing strategies that may either incorporate information sequentially, e.g., NGRA or IATA, or as part 227 

of a DA.  228 

i) Further Development of Tiered and Targeted Testing Strategies 229 

A number of tiered and targeted testing strategies were presented by the stakeholders and within 230 

case studies, including the use of NAM data within NGRA, IATA and DAs. The strategies were presented 231 

for a number of different endpoints and for different regulatory uses e.g., classification and labelling 232 

(C&L), hazard and risk assessment, etc. From the user experiences of tiered strategies, the advantages 233 

and disadvantages of their use should be evaluated. 234 

There is considerable knowledge in the application of testing strategies for skin sensitisation. The DASS 235 

is seen as being important in this regard. It was recognised that there is a requirement and opportunity 236 
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to evaluate (and validate) NAM and DAs against known standards. For instance, the DASS has been 237 

evaluated both the against local lymph node assay and human reference data for skin sensitisation. 238 

Partnerships and international collaboration were seen as critical for making progress. The workflow 239 

presented in CS2 is suitable for the assessment of multiple chemicals. A well-established AOP is of 240 

great benefit to develop and justify the use of in vitro NAMs, especially within tiered strategies.  241 

Other types of workflows are also being developed. For instance, the ASPA workflow within the ASPIS 242 

cluster (https://aspis-cluster.eu/) is being developed to provide a workflow to integrate exposure and 243 

hazard information to make risk assessment decisions. 244 

There is a clear need to understand the information or evidence required to improve the possibilities 245 

for acceptance of a negative decision from NAM data. Technologies such as toxicogenomics require 246 

further effort to determine how negatives, or the lack of a specific mode of action, can be confirmed. 247 

 248 

3.5 Risk Assessment using NAM Data 249 

NAM data can form the building blocks to estimate exposure and PoDs (hazard) in NGRA. The key 250 

discussions and conclusions in the User Forum related to examples of the application of these data to 251 

allow for safety decisions to be made.  252 

i) Understanding and Improving the Bioactivity-Exposure Ratio (BER) Concept 253 

The BER is a fundamental concept to apply NAM data for exposure and the PoD to enable the 254 

derivation of a risk-based assessment metric. This is analogous to currently applied concepts in risk 255 

assessment such as the Margin of Exposure (MoE). Whilst BER is central to the application of NAM 256 

data in NGRA, there are a number of areas where further consideration and information is required.  257 

There are many approaches to assess bioactivity and hence calculate BER e.g. from individual cellular 258 

biomarkers, gene pathways POD, receptor binding, etc. As such, at the current time, there is no 259 

standardised means of identifying the bioactivity endpoint, or result, to be used in deriving the BER. 260 

Currently, a pragmatic approach is used to ensure a conservative PoD to inform BER. Where a specific 261 

mode or mechanism of action is identifiable, this should be the driver for deriving BER. Whilst there 262 

are many unanswered questions on how to determine and define the acceptability of bioactivity in 263 

NGRA, some basic principles for its use were identified. For risk assessment, protection (i.e., 264 

conservatism in the PoD) is preferable. Multiple sources of information including transcriptomics and 265 

in vitro NAMs could be applied to determine a PoD. In some cases, large variations in bioactivity were 266 

observed between methods, while for others there was good agreement (within an order of 267 
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magnitude) when comparing diverse approaches. However, the minimal values were found to be 268 

protective as compared to in vivo animal data. 269 

It was considered that it is more important to set a pragmatic threshold for the PoD than obtaining a 270 

precise target or mechanism of action. However, it was acknowledged that information on mechanism 271 

of action or target will increase the level of precision in the PoD. With regard to PoD determination, it 272 

was noted that much more work needs to be performed in endpoints, such as DART and use case 273 

scenarios, an example being stated for industrial chemicals (to be confident in protecting workers as 274 

well as consumers where exposure, and routes of exposure, may be different).  275 

 276 

ii) Improving Confidence in the BER in NGRA 277 

The BER concept is one of several approaches that is fundamental to the use of NAM data to make 278 

safety decisions, for instance in NGRA. In addition to applying appropriately conservative bioactivity 279 

data, there a need to better understand how to determine when the BER is acceptable for a particular 280 

purpose. One proposal was that a BER>1 would indicate a low risk of adverse effects to consumers, 281 

providing the in vitro measures of bioactivity provide appropriate biological coverage, there is 282 

confidence that the test systems are at least as sensitive to perturbation as human cells in vivo, and 283 

that the exposure estimate is conservative for the exposed population (as demonstrated in a number 284 

of exposure scenarios) (Middleton et al., 2022). It is acknowledged however, that the use of BER 285 

continues to be a topic of discussion and that the threshold may change between industrial sectors 286 

and will be dependent on the context of use. Whilst improvements are required, the NAMs’ test 287 

systems described in the User Forum were at least as sensitive to perturbation as human cells in vivo, 288 

thus providing a conservative PoD and thus conservatism in the BER.  289 

In addition to bioactivity assessment, the relevance of NAM data to making decisions for human 290 

exposure requires further knowledge and experience to improve confidence in the approaches. The 291 

use of NAM data also provides an opportunity to address various aspects of uncertainty – particularly 292 

related to population variability that may not be characterised sufficiently in existing models. Skin 293 

sensitisation is an area where there is considerable experience and data relating to human exposure 294 

which could be capitalised upon. It is clear that the estimate of exposure for use in the BER should be 295 

protective for all of the population.  296 

 297 

3.6 Practical Implementation of NAMs 298 
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All stakeholders and case study presenters provided comments on the practical use of data from 299 

NAMs. These comments are summarised in this Section.  300 

i) Assessing NAMs and Their Applicability Domain 301 

A number of criteria can be applied to assess the quality and relevance of NAMs. It is established that 302 

criteria to assess the quality of in silico models such as (Quantitative) Structure-Activity Relationships 303 

((Q)SARs), read-across and PBPK should be applied to evaluate the model and, separately, the 304 

robustness of the prediction. In silico models can be assessed against, amongst other frameworks, the 305 

OECD validation principles for (Q)SARs, ECHA’s Read-Across Assessment Framework (RAAF) and the 306 

SCCS NoG. Separate to this is the assessment of a prediction for a model, for instance recently the 307 

OECD has published the “QSAR Assessment Framework” (OECD, 2023c). 308 

There is an acknowledged need to define the limitations and characteristics of NAM approaches. The 309 

proper and full definition of the applicability domain of a NAM should be provided. Case Study 310 

presentations were able to state the applicability domain of the tested chemicals, but an overall 311 

applicability domain for most NAMs is still lacking. It is implicit that applicability domains are unique 312 

for individual NAMs. It was concluded that cross-sector knowledge will assist in understanding when 313 

NAMs could be adapted to other chemistries to broaden their domain. Skin sensitisation is a prime 314 

example of where knowledge from other industries, e.g., the cosmetics, biocide, pharmaceutical and 315 

fragrance industries, can be shared to gain a better understanding of the applicability domain.  316 

 317 

ii) Improving Confidence and Uncertainty Assessment 318 

There is still a need to increase confidence in NAMs and the data derived from them. The 319 

characterisation and, where possible, quantification of uncertainties is a key process in the definition 320 

of confidence in a NAM. Uncertainties could be defined for particular elements of the risk assessment 321 

workflow; for instance, uncertainties can be defined for the toxicodynamics and toxicokinetics 322 

elements. The modelling of human relevant exposure assisted in the case studies to refine risk 323 

assessment. NAM data are also able to reduce uncertainty with regard to toxicokinetics and 324 

toxicodynamics in read-across similarity.  325 

With regard to in silico and other models, the confidence in a prediction from QSAR and read-across 326 

can be improved by using more than one model.  In addition, NAM data have value to support SAR. 327 

This also includes modelling of receptor-binding with docking studies. Thus, a variety of in silico data 328 

can inform and support read-across. When a molecular initiating event is binding to a receptor, 329 

docking studies may help to interpret data. Further, the use of PBK assessments helps to refine the 330 
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SAR and thus support the read-across. The value of the exploratory case studies in uncertainty 331 

characterisation should be emphasised and act as a stimulus for future work.  332 

In addition to the current procedures for assessing the validity of a NAM, there was also a recognition 333 

of the value of shared, high quality, data sets from traditional methods for benchmarking NAM 334 

performance against. For instance, development of NAMs for skin sensitisation has benefitted from 335 

their evaluation against existing in vivo and, in some circumstances, human data. 336 

 337 

iii) Metabolites 338 

The current limitations of some NAMs to assess metabolites from the parent chemical was seen by 339 

the workshop participants as an obstacle in their application. Although the metabolic capability of 340 

NAMs was not discussed in detail, it was noted within individual case studies the effect of metabolism 341 

may not have been addressed adequately by an in vitro NAM assay. A possible solution identified is 342 

the use of metabolically competent assays, although few are currently available. Other possibilities 343 

included the computational modelling of metabolism and possible metabolites, with significant 344 

metabolites being assessed individually. 345 

 346 

iv) Other Areas of Development 347 

The User Forum focused on the stakeholders’ experiences and existing applications of NAMs with 348 

further needs and areas for development identified in addition to those stated here. It is currently 349 

accepted that validated NAMs are generally better developed and applied for local effects, as opposed 350 

to systemic effects. As such, more effort is required to address systemic, as opposed to local, adverse 351 

effects using NAM data. There is also a need for greater understanding of the technical challenges in 352 

using NAMs for chemicals that are seen as being “difficult” to test, e.g., low water solubility, volatile 353 

chemicals, etc. 354 

There is also a need to better understand and measure the free intracellular concentration for NAM 355 

data. This is especially true for compounds that may sorb to vials and plastic culture dishes / wells, or 356 

are volatile. In vitro biokinetic models assist in the comprehension of large differences and NAM data 357 

for potentially similar compounds. Such models (e.g., Armitage et al., 2021; Fisher et al., 2019) correct 358 

for the loss of a compound due to the in vitro study design as well as the ability of the compound to 359 

cross cellular membranes. As such, the use of in vitro biokinetic models is recommended to correctly 360 

interpret and use in vitro NAM data. 361 

 362 
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3.7 Use of -Omics Technologies 363 

The User Forum was provided with various illustrations of the use of data derived from various -omics 364 

technologies for use as NAMs to support chemical risk assessment. Case studies utilised a variety of 365 

methods to analyse -omics data with the CMap methodology being a key approach. When CMap is 366 

utilised within the AOP framework, it represents information of the molecular initiating events and 367 

early cellular responses. A number of experimental issues should be considered within the CMap 368 

approach. Some chemicals were found to be highly promiscuous and activated multiple cell lines and 369 

gave responses reducing the clarity of the data. In addition, responses were found to be dependent 370 

on the dose tested and the time of exposure. Other chemicals did not produce a response and this 371 

was assumed to be an experimental artefact, possibly related to sorption to the plastic of the 372 

apparatus. Finally, there should be an assessment of the biological coverage of the cell lines to ensure 373 

it is appropriate for the mode(s) of action being assessed. There are other practical issues to overcome, 374 

e.g., there is currently no certainty in what makes a significant response. The User Forum focused on 375 

two methods to analyse -omics data (CMap and TGX-Mapper); it is acknowledged that other valid 376 

methods are available and a greater understanding of their strengths and weaknesses, as well as the 377 

relevance of particular analyses is required.  378 

 379 

3.8 Opportunities for Regulatory Use of NAMs 380 

There was discussion in the User Forum regarding the use of NAM data to make regulatory decisions. 381 

For instance, several case studies illustrated how to provide data for hazard characterisation that 382 

contributes to the weight of evidence assessment in regulatory decisions. In order to gain a better 383 

understanding of the issues, case study presenters were invited to report on how the NAMs could 384 

address regulatory needs at the current time and in the future. 385 

With regard to the current potential use of NAMs for regulatory purposes, several examples of NAMs 386 

within, or outside of, an NGRA framework were presented. It was demonstrated that NAMs can be 387 

included in the risk assessment of cosmetics ingredients under Regulation (EC) N° 1223/2009. The 388 

current possibility to further inform hazard characterisation, and support read-across and weight of 389 

evidence assessment, through the determination of differences in relative potency and mode of action 390 

assessment was also provided. The BER approach could also be applied in prioritisation to identify 391 

substances of greater potential concern and, as such, require further information or data to support 392 

risk assessment.  The use of NAM data including in vitro, -omics and in silico models (docking and PBK) 393 

was shown to support the assessment of read-across and could be included, for example, in the ECHA 394 

RAAF.  395 
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Several potential uses of NAMs following minor changes to the current regulatory framework were 396 

also identified. Examples of these included NAMs being used in the risk assessment of cosmetics, 397 

prioritisation of substances of concern, supporting a weight-of-evidence and read-across for industrial 398 

chemicals. The need for greater experience and development of acceptable practises for reporting 399 

and interpretation of NAM data was also noted – this could build upon the current development of 400 

frameworks and guidance in areas such -omics (Harrill et al., 2021; OECD, 2023b). In addition, further 401 

work is required to better understand the refinements required to make NAMs acceptable; this may 402 

include (quantitative) uncertainty analysis. There also needs to be a continued generation of data to 403 

assist in the demonstration of the robustness, reliability and reproducibility across different exposure 404 

routes and also for biological and chemical space coverage. This may include a greater diversity in cell 405 

lines and in vitro models, for instance greater exploitation of spheroids, MPS, etc. 406 

It was noted that, especially for regulatory use, there is considerable value to a NAM having an OECD 407 

Test Guideline. However, NAMs are still considered to be useful without OECD endorsement. 408 

Specifically, scientifically robust and valid non-guideline assays could allow for rapid uptake of 409 

emerging NAM approaches and potentially a broader coverage of endpoints and applicability 410 

domains. There was a call that greater trust should be placed, where appropriate, into data from 411 

assays without OECD Test Guidelines.  412 

In order to gain a better understanding of the use of NAMs within a regulatory framework, the “safe 413 

harbour” approach of parallel submissions using NAMs/ NGRA and traditional data is proposed. The 414 

aim of such an activity is to grow confidence in the new approaches for defined uses.  415 

 416 

3.9 Capacity Building: Sharing Learning from Experience and Training Next Generation 417 

Safety Assessors 418 

NGRA requires a change in mindset of toxicologists and risk assessors in both industry and regulatory 419 

authorities. To implement NGRA there will be a need for well-trained multidisciplinary teams. The 420 

User Forum identified a clear need for knowledge and understanding in the use of NAMs for chemical 421 

safety assessment. As part of this, the training challenges need to be defined so that the real needs 422 

and solutions to training can be identified. Much has been learned by sharing of information within 423 

groups such as the EPAA User Forums; these events allow for the sharing of experience from different 424 

industrial sectors.  425 

In addition to training, there is a fundamental need to provide further guidance on how to interpret 426 

and use NAM data. This may come from case studies which are data rich – such as those presented in 427 

the User Forum. For instance, some case studies were supported by in vivo data which aided 428 
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understanding and could be extrapolated using NAM approaches. Overall, there is a clear benefit to 429 

disseminating examples and exemplar case studies. Sharing information is an excellent means of 430 

initiating training and understanding. 431 

 432 

4 Conclusions  433 

The EPAA’s “New Approach Methodologies (NAMs) User Forum” Kick-Off workshop allowed 434 

participants to gain insight of, and share experiences into, the use of NAMs in chemical safety 435 

assessment, with a particular reference to NGRA. Recommendations for the use of NAMs in NGRA 436 

were made for the opportunities for the regulatory use of NAMs in exposure assessment; hazard 437 

identification; using tiered and targeted testing strategies; performing risk assessment using NAM 438 

data; the practical implementation of NAMs; the use of -omics technologies; and the needs for 439 

capacity building and training.  440 

 441 

5 Disclaimer 442 

The views and opinions expressed in this manuscript are those of the authors and contributors to the 443 
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