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NAMs -  Approaches that do not rely on generating 
new experimental animal data (though including 
those which use historical animal data) and 
comprising:

In vitro , in silico , in chemico  and ex vivo human models

Such approaches may be used to provide 
information on hazard or exposure or used in 
combination.

Some NAMs are long - standing (history of use), 
others are more - recent (transcriptomics).

Their use in risk assessment is considered the next 
generation of risk assessment (NGRA) 

Many NAMs of relevance to food supplement safety exist. Many could find 
use across multiple types of food supplement ingredients (e.g. botanicals, 

proteins etc)

Wood et al., (2025). Regulatory Toxicology and Pharmacology, Volume 162, November 2025

Recap: NGRA and New Approach 
Methodologies (NAMs)
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Part 1 » Part 2: The Need for New 
Approaches

Threshold of Toxicological Concern
(e.g. Yang et al 2017) 

https://doi.org/10.1016/j.fct.2017.08.043

Read across
(e.g. Alexander-White et al 2022) 

https://doi.org/10.1016/j.yrtph.2021.105094 

History of Safe Use
(e.g. Neely et al 2011) PMID: 22025816

For ‘significant’ exposures to a novel ingredient a new non-
animal paradigm is needed…

Outside of risk assessment based on substance specific 
data, other assessment methods include:

https://doi.org/10.1016/j.fct.2017.08.043
https://doi.org/10.1016/j.yrtph.2021.105094
https://pubmed.ncbi.nlm.nih.gov/22025816


Scientific Progress –  Opening 
Possibilities to Replace Animal Testing 
at Scale
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Recent scientific advancements in e.g. high - throughput screening (HTS) and computational sciences have 
opened new possibilities that have collectively shifted the dial in terms of our ability to demonstrate safety 

using non - animal methods



Building blocks of a non - animal 
systemic toxicity risk assessment –  
tiered frameworks

6Draft International Collaboration on Cosmetics 
Safety/Cosmetics Europe NGRA workflow – Not 
for reproduction (submission in progress)



Unilever Tiered NGRA Framework

7

• First, it should be determined 
whether experimental data 

generation is required at all -  A safety 
decision could be reached through 
e.g. TTC or read - across without new 

studies being performed (part 1!)

• If data generation is needed, NAMs 
are used in a tiered way:

Broad coverage (protective) NAMs


Specific (predictive) NAMs 



The Importance of Problem Formulation

• The availability of a ‘default’ toolbox does not waive the need for a 

solid problem formulation before testing. 

• Issues to consider can be split into those influencing the 4 pillars of risk 

assessment process. 

• Emerging workflows can help work through the problem formulation 

to guide appropriate study design. 
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Exposure

•Cmax or AUC?

•Population group?

•Exposure scenario?

Hazard ID

•Biological coverage of systems?

•Phys-chem properties of substance?

•Metabolically activated?

Hazard 
characterisation

•Protection goal?

•Biological/toxicological significance?

Risk 
characterisation

•What BER is sufficient?

ASPA workflow 
(https://doi.org/10.5281/zenodo.18682569)

Non-exhaustive issues to consider prior to in vitro testing
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• Sodium cyclamate, also called E952 (ii), is 
used as an artificial sweetener. 

• Has been reviewed by JECFA (1982) and 
the SCF (2000) with ADIs established as 0 -
11 mg/kg (JECFA) and 0 - 7 mg/kg (SCF). 
Re - evaluation currently underway by 
EFSA. 

• ADI is based on a NOAEL of 100 mg/kg 
(90 - day rats -  administered 
cyclohexylamine (CHA: the major 
metabolite of cyclamate). 

All data are available in Cable et al., Toxicological 
Sciences, 2025, 204(1), 79 –95 

Case study -  Cyclamate



Unilever Tiered NGRA Framework
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External 
dose 

Physical-
chemical 

properties

Pharmaco
- kinetic 

properties

Internal 
dose

Step 1 –  Exposure Estimation –  An intro 
to PBK Modelling
• Historically, risk assessments have 

compared human and animal 

external doses (i.e. in mg/kg 

bw/day).

• Use of in vitro models generates 

points of departures (PoDs) in µM.

• Risk characterisation requires unit 

harmonisation. 

• PBK modelling is the key to either 

estimate internal exposures from an 

external dose (forward dosimetry) 

or vice versa (reverse dosimetry). 



Cyclamate PBK –  Inputs/Outputs
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PBK model built using 

in silico parameter 

estimates (phys-chem 

+ ADME)

PBK model built using 

some in vitro 

parameter estimates 

(phys-chem + ADME)

Cmax (µM) (from a 7 

mg/kg bw/day/dose 

of cyclamate)

~ 69

~ 68

Taken forward to be 

compared with in 

vitro PoDs



Unilever Tiered NGRA Framework
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Step 2 –  Bioactivity Characterisation -  
Approaches

Two different but complementary 
approaches for using NAMs in risk 
assessments: 

1.) NAMs developed to predict (possibly 
quantitatively) adverse effects

2.) NAMs developed to measure bioactivity 
(quantitatively) without classification as 
adversity or not.

Both have a place in future risk 
assessment. Unilever have invested 
significant resource into 2 (aka 
‘protective’ NAMs)

NAMs 
capturing 

early 
biological 
changes 

protective of 
apical effects

Protection

Data rich 
approaches

Prediction

Manoshina et al., (2021). Cell Reports Medicine. 2:3 100216

Transcriptomics

Cell painting

Limited coverage 
approaches

Cell 
based/reporter 

assays

Mally and Jarzina  (2022). Frontiers in Toxicology

ProtectionPrediction
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There are 78 major human organs; let’s say 
there are five different ways in which chemicals 
could be toxic to each one (an underestimate); 
and let’s say we need five key events (including a 
molecular initiating event) measured across 
each IATA with new in vitro tests. That’s around 
2000 assays conducted at just one dose and at 
one time point for complete human AOP-driven 
biological coverage. 

Carmichael et al., (2022). Altex, 39:3
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• Unilever's basic NAM toolbox uses non-specific (protective) and 
specific (predictive) NAMs.

• PoDs from these are compared with PBK model estimates of internal 
exposure to enable risk characterisation (through a bioactivity 

exposure ratio/BER).

Step 2 –  Bioactivity Characterisation –  
Unilever Approaches



Other tools are available
• Unilever basic toolbox relies on a 

fixed set of tools and methods 
(suitability judged case - by - case)

• Alternate methods/tools are 
available that cover ‘similar’ early, 
critical ‘key events’. 

• Substituting methods/tools requires 
case - by - case consideration. 

Work underway to verify influence 
of…

1. Different analysis 
methods/pipelines (genes vs 
pathways vs signatures etc).

2. Different assays/methods 
(ToxProfiler  vs Cell stress panel, 
transcriptomics vs cell painting etc).

H.-C. Lin et al. NAM Journal 1 (2025) 100056

16

2 NGRA case studies – 2 

different workflows. 

What would happen if 

the same chemical went 

through both workflows?
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• PBK estimates of internal 
exposure –  at the ADI, Cmax  = 
~68 uM . 

• Lowest PoD  from the NAMs (~ 
442 uM ) came from the 
transcriptomics study ( HepaRG  
cells) when looking for the 
lowest responding pathway. 

• NAM PoDs  higher than Cmax  
(BER ~6.4).

Step 3 –  Risk Characterisation and 
Summary

Lowest responding single probe (HepG2s) 
(Cable et al. 2025) BIFROST v2

Probe level PoD distribution (HepG2s) (Cable 
et al. 2025) BIFROST v2

Bioactivity exposure ratio (BER) plot (Cable et 
al. 2025) BIFROST v2

Bioactivity exposure ratio (BER) plot (BIPODE 
v1) (submission in progress)

Methods continue to be refined; 
broader external consensus on 
data analysis (HTTr especially) is 
still in progress.
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• Philosophy of protective NGRA = identifying the 
most sensitive, credible change in bioactivity 
from baseline . 

• Bioactivity in these NAMs may represent 
adaptation, adversity or (for functional 
ingredients) efficacy -  differentiation therefore 
needed for this approach to be useful for 
functional ingredients. 

Looking Forward

Yang et al., The Innovation, 2026; 0 

• Considerable progress in recent 
years in advanced in silico , in vitro 
and computational approaches, 
which will further support  ability 
to disentangle bioactivity > 
adaptation > benefit > adversity



Conclusions
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General Considerations for the Use of New Approach 

Methodologies in Drug Development | FDA

‘Dietary Supplements: New Dietary Ingredient Notifications and Related Issues: 

Guidance for Industry’ (FDA, 2024)

• Advances in toxicological science now enable 
robust safety evaluations without animal 
testing.

• Pace of change has never been faster than it is    
currently, and emerging topics (AI) are an              
opportunity to enable the greatest  shift in the     
history of toxicology.

• Widespread adoption of non - animal 
approaches requires regulatory and 
stakeholder confidence.

• Current US regulatory reforms create a timely 
window to embed NAMs into safety 
decision - making

ICCVAM, 2024: https://doi.org/10.22427/NICEATM-2 

Credit Garrison Lovely , 2025 (doi: 

https://doi.org/10.1038/d41586-025-00831-8)

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/general-considerations-use-new-approach-methodologies-drug-development?utm_medium=email&utm_source=govdelivery
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/general-considerations-use-new-approach-methodologies-drug-development?utm_medium=email&utm_source=govdelivery
https://doi.org/10.22427/NICEATM-2
https://doi.org/10.22427/NICEATM-2
https://doi.org/10.22427/NICEATM-2
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