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A tiered and iterative approach is needed until sufficient 
information has been collected to form a decision

NGRA is defined as an exposure-led, hypothesis-
driven risk assessment approach that integrates 
New Approach Methodologies (NAMs) to assure 
safety without the use of animal testing

Dent et al 2018. Computational Toxicology Volume 7, August 2018, Pages 20-26
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Exposure estimation & refinement

• Route of exposure
• Consumer use (Habits 

& Practices)
• Applied dose (external 

concentration)

ADME parameters

Uncertainty analysis-
Population simulation

Physiologically-based 
kinetic (PBK) modelling
– Internal concentration 

(plasma, urine, organ-
level)

ex vivo 
human skin

• Skin penetration
• Phys-chem properties
• Hepatic clearance
• Fraction unbound
• blood:plasma ratio
• Metabolic profiling

Opportunity 
for 

refinement



Biological activity characterisation

OECD test methods

Skin and eye irritation

Phototoxicity Genotoxicity

Skin sensitisation



36 biomarkers identified that were 
representative of key stress pathways, 
mitochondrial toxicity and cell health.

Image kindly provided by 
Paul Walker (Cyprotex)

Biological activity characterisation

Receptor-binding assaysCellular stress

Hatherell et al (2020), Toxicological Sciences, 176, 11-33
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Margin of Safety
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The margin of safety covers off 
various sources of uncertainty in 
translating NAMs and a safety 
decision. These include:

Exposure

Clearance

Metabolism

Cmax/AUC

POD

Cell/tissue 
sensitivity

Biological 
coverage

Time-
dependence

Applied 
dose

NGRA: Sources of uncertainty should be 
characterized and documented



Case study example

Baltazar et al (2020) A Next-Generation Risk Assessment Case Study for 
Coumarin in Cosmetic Products. Toxicological Sciences, 176, 236-252

Assumptions:

- EU Market

- 100% purity

- no in vivo data was available such 
as animal data, History of Safe Use 
(HoSU) or Clinical data

- no use of animal data in Read 
Across

- In silico alerts known to be based 
on animal or in vivo data or on the 
structure of Coumarin itself were 
excluded

0.1% COUMARIN IN FACE CREAM 

(NEW FRAGRANCE)

https://doi.org/10.1093/toxsci/kfaa048


Next-Generation Risk Assessment workflow

Baltazar et al (2020) A Next-Generation Risk Assessment Case Study for Coumarin in Cosmetic Products. Toxicological Sciences, 176, 236-252

https://doi.org/10.1093/toxsci/kfaa048


▪ Plasma Cmax
0.002- 0.02 µM

▪ Rapidly metabolism 
via CYP2A6

Exposure 
Estimation 

NGRA for 0.1% coumarin in face cream: 
Key results

▪ Gentox and protein binding 
alerts

▪ Biotransformation via 
hydroxylation 

▪ Reactive metabolites predicted.
▪ 90-100% freely available in vitro
▪ Low bioactivity in ToxCast and 

Pubchem

Collate 
Existing 

Information ▪ Negative gentox
▪ Low probability of skin 

sensitisation 
▪ No immunomodulation 

potential
▪ Low bioactivity 
▪ PoD range: 6-912 µM

In Vitro Biological
Activity

Characterisation

▪ Low bioactivity found 
in a metabolic 
competent cell model 
(HepaRG 3D)

Metabolism 
refinement

Updated MoS

9538- 9601

Preliminary 
MoS

706 - 96738

Determine 
Margin of 

Safety



NGRA for 0.1% coumarin in face cream: 
Risk assessment conclusion

• The predicted Cmax values for face cream were lower than all PoDs with a MoS 
(the 5th percentile) higher than 100

• Coumarin is not genotoxic, does not cause skin sensitisation, does not bind 
to any of the 44 targets and does not show any immunomodulatory effects 
at consumer relevant exposures

• Weight of evidence suggests that the inclusion of 0.1% coumarin in face 
cream is safe for the consumer
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Concluding remarks

• NAMs for decision making is a framework of non-standard, bespoke data-
generation, driven by the risk assessment questions

• Exposure led

• Human relevant

• in silico

• in vitro

• weight of evidence

• Margin of safety is determined by the ratio of  human exposure to the point of 
departure for the most sensitive assay, taking sources of uncertainty into 
account

• NAMs for NGRA are available now and research into more approaches continues
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Animal Testing Alternatives in UnileverImplementing a Next Generation Risk Assessment

For more information on Unilever’s ongoing 
research to develop non-animal approaches to 

safety assessment visit www.tt21c.org

https://www.youtube.com/watch?v=9qSL9_nfQu0
https://youtu.be/tJWG3YCXT0Y
http://www.tt21c.org/

