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The Need for Implementation of NAM-Based Safety Assessments

Regulatory 
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Context of use of a NAM- Systemic toolbox 

• A NAM-based toolbox intended to be used as a Tier 1 within a NGRA/IATA framework for 

systemic toxicity (i.e. quantitative risk assessment of ingredients in consumer goods 

products).

• A systemic toolbox which provides protective thresholds (PoDs) for systemic toxicity.

• A systemic toolbox that provides better or equivalent levels of protection of human 

health and useful for risk assessment  which integrates bioactivity and exposure -> derive 

protective decision thresholds (BER) 
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Browne et al., 2024 Reg Tox Pharm https://doi.org/10.1016/j.yrtph.2024.105579 

Context of use: bioactivity based-assessment and protection of human 
health

https://doi.org/10.1016/j.yrtph.2024.105579
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Context of Use: Tier 1 within NGRA framework

Cable S et al., (2024). https://doi.org/10.1093/toxsci/kfae159; 
Middleton et al., 2022. https://doi.org/10.1093/toxsci/kfac068 BER= bioactivity: exposure ratio

https://doi.org/10.1093/toxsci/kfae159
https://doi.org/10.1093/toxsci/kfac068
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Evaluation strategy for the context of use of protection of human health

Define the toolbox 
components

Set performance 
criteria

Select test 
chemicals

Define prototype 
decision model for 

determining the 
BER threshold

Choose a set of NAMs 
covering exposure 

modelling and 
bioactivity which 

provide wide 
biological coverage

1) The performance of the 
NAM toolbox is  
assessed against 
historical safety 
decisions 

2) How do  in vitro PoDs 
compare to in vivo PoD? 

Maximise coverage 
of different 
chemistries and 
biological 
effects/toxicity 

Data-driven 
derivation of 
protective 
bioactivity: 
exposure ratio
(BER) thresholds

Cable S et al., (2024). https://doi.org/10.1093/toxsci/kfae159; 
Middleton et al., 2022. https://doi.org/10.1093/toxsci/kfac068 

https://doi.org/10.1093/toxsci/kfae159
https://doi.org/10.1093/toxsci/kfac068
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A set of NAMs covering exposure modelling and bioactivity which provide wide 
biological coverage

Bioactivity Exposure Ratio (BER) 
Distribution

Bioactivity Exposure Ratio (log10)
Cmax Error 

Distribution 

model (CMED)

Plasma

Cmax 

estimate

(Bayesian model)

Point of Departure (PoD) determination from Bioactivity assays

Non-specific effects Specific effects
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The performance criteria assumes that current risk assessments are 
protective for human health

What we are trying to  test: Are the decisions made 
with a Tier 1 toolbox equivalent or better than the 

decisions we have been making with animal data?

What we are not trying to test: is the toolbox 
predictive of all possible adverse effects for a given 

chemical?
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Set performance criteria for evaluating the protectiveness and utility of 
the toolbox

Benchmarking using chemical-exposure scenarios

• Chemicals with well-defined human exposures

• Traditional safety assessment available (e.g. regulatory opinions)

• Risk benchmarked to acceptability in a consumer product context

Protectiveness Utility

How many of the high risk 
exposure scenarios are identified 
as uncertain/high risk 
(i.e. BER < threshold)

How many of the low risk scenarios 
are identified as low risk at this 
early tier stage in a risk assessment 
framework
(i.e. BER > threshold)
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NAM Systemic toolbox provides similar level of protection

• Toolbox not protective for 3/46 of 
the high-risk exposure scenarios  

• Chemical- Exposure scenarios not 
protective for: 
o Warfarin therapeutic oral dose
o Trimellitic anhydride inhalation 

exposure

• Using BER >11, only 27% of the low-
risk chemical-scenarios would be 
correctly identified as such
o For the other 73%, refinement is 

needed (i.e. Approaches to 
distinguish bioactivity from 
adversity; refine exposure 
estimates etc.).

Cable S et al., (2024). https://doi.org/10.1093/toxsci/kfae159

https://doi.org/10.1093/toxsci/kfae159
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Other studies also shown that in vitro PoDs are more conservative 
(i.e. lower) than the minimum in vivo PoD 

Cable S et al., (2024). https://doi.org/10.1093/toxsci/kfae159; Reardon A et al., 2023 https://doi.org/10.3389/ftox.2023.1194895; 
Paul-Friedman K et al., 2020: https://doi.org/10.1093%2Ftoxsci%2Fkfz201; 

Cable S et al., (2024) – 25 chemicals Reardon et al., (2023) – 54 chemicals Paul-Friedman (2020) – 448 chemicals 

https://doi.org/10.1093/toxsci/kfae159
https://doi.org/10.3389/ftox.2023.1194895
https://doi.org/10.1093%2Ftoxsci%2Fkfz201
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Example of selecting NAMs and 
application of the tiered 

framework
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Example 1: Higher Tier Tools for input into bioactivity assessment

                                                               Renal exposure & Effects
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Benzophenone-4 (BP4) case study safety assessment

Is a tiered NGRA approach sufficiently protective and useful to answer a 
real-life question? 

Baltazar MT et al., 2025 https://www.altex.org/index.php/altex/article/view/2934/version/2996

https://www.altex.org/index.php/altex/article/view/2934/version/2996
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BP4 risk assessment framework

Baltazar MT et al., 2025 https://www.altex.org/index.php/altex/article/view/2934/version/2996

https://www.altex.org/index.php/altex/article/view/2934/version/2996
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Exposure first: ADME results indicated limited organ distribution 
with exception of liver & kidney

Baltazar MT et al., 2025 https://www.altex.org/index.php/altex/article/view/2934/version/2996

In vitro ADME 
package

Skin absorption

Hepatic clearance

Plasma protein 
binding

Membrane 
permeability

Transporter 
kinetics

Blood: plasma 

https://www.altex.org/index.php/altex/article/view/2934/version/2996


SERS - Safety, Environmental & Regulatory Science | Unilever R&D 17

In addition to the core NAM-systemic toolbox, higher tier tools were 
required to cover for potential renal exposure and effects

Baltazar MT et al., 2025 https://www.altex.org/index.php/altex/article/view/2934/version/2996

• Cell models in the Tier 1 toolbox have 
limited expression of the relevant 
transporters

• Toolbox does not include kidney cells

https://www.altex.org/index.php/altex/article/view/2934/version/2996
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NAM-based risk assessment more conservative than the current 
regulatory risk assessment

BER

NAM-based 
assessment for 5% 

inclusion of BP-4

Traditional animal 
assessment for 5% 

inclusion of BP-4 

Lowest BER= 3.4

BER range= 3.4-508

Conclusion 

Low risk considering 
weight of evidence 

and model/PoD 
relevance

Margin of Safety 
(MoS)= 8986 

Conclusion 

Low risk – MoS >> 
100

(SCCS opinion)

BIOACTIVITY

EXPOSURE
BIOACTIVITY EXPOSURE RATIO =

https://health.ec.europa.eu/document/download/3784d1dc-0a4b-4177-ac2c-0a426f68de7d_en?filename=sccs_o_283.pdf


SERS - Safety, Environmental & Regulatory Science | Unilever R&D 19

Example 2: Expanding the Tier One Toolbox to cover more aspects
 of Developmental and Reproductive Toxicology (DART)
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Systemic toolbox biological coverage identified 
needs for additional DART-specific NAMS 
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Adult Pregnant Foetal

The DART framework is protective for most high-risk scenarios when 
using a BER threshold of 1

doi: 10.3389/ftox.2025.1602065



SERS - Safety, Environmental & Regulatory Science | Unilever R&D 23

• Well established non-animal methods exist to support food safety (e.g. read across, 
genotoxicity, history of safe use (HoSU), Protein safety (allergenicity and toxigenicity))

• 13 food relevant materials tested in the systemic toolbox (e.g. pesticides residues, food 
additives, sweeteners, flavourings)
• Results show that NAMs are applicable to these compounds, albeit conservative. 

• While novel NAMs have seen considerable uptake in cosmetic regulatory assessments, 
their application in food safety remains significantly underutilized and holds 
substantial potential for expansion

Opportunities to apply NAMs in the context of food safety
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• Exposure science is critical in next generation risk assessment. 

• Tiered approaches unlock the potential for decision-making.

• The conservatism associated with the bioactivity PODs can be 
refined with higher tier in vitro models. 

• Case studies and evaluations have helped build confidence 

• Frameworks have been developed for  systemic, DART, and 
inhalation safety1 and skin sensitisation2.

Fundamental change needs bold vision 

Conclusions- our experience (cosmetics, detergents, biocides, foods, 
REACH) 

1. https://doi.org/10.3389/ftox.2025.1426132
2. https://doi.org/10.1016/j.yrtph.2021.105075

https://doi.org/10.3389/ftox.2025.1426132
https://doi.org/10.1016/j.yrtph.2021.105075
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