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2007 2021

‘Traditional’ Risk Assessment

2021

‘Next Generation’ Risk Assessment

based on advances in human biology
and in vitro/computational modelling

Non-animal Safety Science → Next Generation Risk Assessment



Success in skin allergy NGRA- Unilever SARA Model

Bayesian computational model that integrates 
information from the historical data and NAMs

SARA Model published and collaboration with US Gov. 
group (NICEATM) to adapt the model for regulatory 
use.Developing a risk assessment 

framework…

NAMs mapped into the AOP



Paradigm shift for systemic safety - Protection not Prediction

Slide from Dr Rusty Thomas, 
EPA, with thanks
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The hypothesis underpinning 
this type of NGRA is that if 

there is no bioactivity 
observed at consumer-

relevant concentrations, there 
can be no adverse health 

effects. 

Rotroff, et al. Tox.Sci 2010

Thomas RS et al., 2019. Tox Sci. 1;169(2):317-332. 
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Progress in the application of NAMs in NGRA for systemic safety

NAMs applied in an ab initio hypothetical NGRA case study (e.g. 
coumarin and phenoxyethanol)

NAMs applied in real-life chemical safety assessments

https://www.regulations.gov
/document/EPA-HQ-OPP-
2011-0840-0080

https://www.regulations.gov/document/EPA-HQ-OPP-2011-0840-0080
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Progress in the application of NAMs in NGRA for systemic safety

NAMs applied in an ab initio hypothetical NGRA case study (e.g. 
coumarin and phenoxyethanol)

NAMs applied in real-life chemical safety assessments

https://www.regulations.gov
/document/EPA-HQ-OPP-
2011-0840-0080

https://www.regulations.gov/document/EPA-HQ-OPP-2011-0840-0080


Baltazar et al., (2020) Tox Sci Volume 176, Issue 1, 236–252

Exposure-led and hypothesis driven NGRA

0.1% COUMARIN IN COSMETIC PRODUCTS



The key NAMs in our NGRA approach 



Exposure and PoD are plotted and used to derive a Bioactivity-Exposure Ratio (BER)

PubChem ToxCast Cell Stress Panel HTTr

BER

How can we evaluate this NAM-based approach to ensure we 
can make robust safety decisions that are at least as protective 

as traditional approaches



APRCA approach to evaluate the integration of exposure and bioactivity

• Evaluation of in vitro NAMs, exposure modelling and dose-response models. 

• For 89% of the chemicals NAM PoD was more conservative than the traditional POD.

• Bioactivity:exposure ratios (BERs) approach useful for accelerate screening and assessment using NAMs for hazard 
and exposure. 

https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/science-approach-document-bioactivity-exposure-ratio-application-priority-
setting-risk-assessment.html

https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/science-approach-document-bioactivity-exposure-ratio-application-priority-setting-risk-assessment.html


Approach to evaluate our in vitro NAMs and computational models for risk 
assessment- benchmarking BERs generated using the toolbox against existent safety decisions

1. Establish a core toolbox of NAMs (in vitro and
computational) that can be used to provide BERs which
enable protective systemic safety decisions to be made
without using any animal data.

2. Present a proof-of-concept study on how to evaluate the
performance of the core toolbox against historical safety
decisions.

3. Establish the decision model upon which to conduct the full
evaluation.

Middleton et al 2022. Manuscript in preparation

HTTr – 3 
cell lines

Cell stress 
panel

IPP

PKB models Dose-response 
models

The core toolbox



Overview of the toolbox evaluation strategy 

Stage 1 Define benchmark chemical-exposure scenarios

Chemical Exposure scenario Risk category

Chem X1 Scenario Y1 High

Chem X2 Scenario Y2 Low 

Stage 2 Apply NAM tools to generate bioactivity and exposure data for POD and 
Cmax estimates

Stage 3 Estimate minimum platform POD and  population average Cmax to 
calculate the BER

Can the toolbox correctly identify the risk classification?

Stage 4 Benchmark BER against risk category for each exposure 
scenario in Step 1



Stage 1- Define benchmark chemical-exposure scenarios

• 11 different chemicals
• 25 benchmark exposure scenarios 
• Mixture of ‘high risk’ and ‘low risk’ exposure scenarios

Caffeine

Oral Dietary intake –
400 mg/day

Low risk
No evidence for concern with respect to systemic toxicity from
the available toxicological data, as concluded by EFSA, Health
Canada and the US Food and Drug Administration (FDA).

(Blanchard and Sawers 1983,
Nawrot, Jordan et al. 2003, EFSA
Panel on Dietetic Products and
Allergies 2015)Dermal 0.2% 

shampoo
Low risk

Oral Tablets/overdose 
>10g

High risk
Evidence of serious adverse systemic effects which can result in
death.

(Jabbar and Hanly 2013)

Rosiglitazone Oral 8mg/day High risk

The maximum recommended daily dose for the treatment of
diabetes is 8 mg per day. Rosiglitazone leads to adverse effects
such as weight gain, anaemia, fluid retention, and adverse
effects on lipids. Importantly, fluid retention may exacerbate or
lead to heart failure and other effects.

https://www.fda.gov/media/7575
4/download

(Yki-Järvinen 2004)

Example of the evidence gathered for each benchmark

https://www.fda.gov/media/75754/download


Stage 2 & 3 – Estimation Of Population average Cmax and PoD 

• For most chemicals (8 out of 11), the lowest PoDs tended 
to come from the HTTr when analysed using the Bayesian 
concentration-response approach

• For  most cosmetics exposure, human clinical data is 
not available.

• There is a need to characterise the uncertainty in 
Plasma Cmax predictions from PBK models

• We developed a model that predicts a probabilistic 
estimate of what the ‘true’ population average Cmax 
is, based on all the training data .



Stage 4- Benchmark BER against risk category for each exposure scenario in Step 
1

Centred 50% and 95% credible intervals summarising the distribution of the BER when using all available predicted Cmax estimates. Background colours indicate the 
assigned risk category for each benchmark exposure (blue – low, orange – high).



• A core toolbox of NAMs (in vitro and computational) was developed that can be used to provide BERs 
which appeared to enable protective systemic safety decisions to be made without using any animal 
data.  

• This work will enable a full evaluation of the performance of the toolbox to ensure it is protective and 
useful across a broader range of chemical exposures

Conclusion & Next steps

Testing 40+ chemicals 
using the exact same 

approach

Addition of DART tools 
and DART chemicals in a 

separate evaluation

Rajagopal et al 2022. Frontiers in Toxicology. Accepted for publication



Recognition of NGRA in cosmetic safety assessment…

… Could we apply similar approaches to chemical 
registration?

International 
Cooperation on
Cosmetics 
Regulation 
(2018) European Commission: Scientific Committee on 

Consumer Safety (2021)
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