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Making safety decisions in systemic toxicity risk assessments using 
traditional approaches

‘The proper study of mankind is man’ – 
Alexander Pope

‘All models are wrong 
but some are useful’ – 
George Box

Animal in vivo PoD

Human Exposure

Dose (mg/kg bw/day)Margin of 
Safety 

Chemical 
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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

Framework Approach: The overall goal is a human safety risk 
assessment 
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Toolbox
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AIM: Use NAMs to ensure the protection of consumers: can the approach be used to 
confidently identify low risk chemical exposure scenarios? 

• Define the toolbox components Choose a set of NAMs covering exposure modelling and 

bioactivity investigations to evaluate

• Select test chemicals Choose as many as possible to maximise coverage of different 

chemistries and biological effects/toxicity 

• Set performance criteria Define the ‘truth’ that the performance of the toolbox will be 

compared to

Evaluation of an early tier systemic toolbox for safety decision 
making
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Evaluation of an early tier systemic toolbox for safety decision 
making: Defining the toolbox components

Bioactivity Exposure Ratio 
Distribution

Bioactivity Exposure Ratio (log10)
Cmax Error 

Distribution 
model (CMED)

Plasma
Cmax 

estimate

(Bayesian model)

Point of Departure determination
Non-specific effects Specific effects
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Evaluation of an early tier systemic toolbox for safety decision 
making: Select test chemicals

Collate possible chemicals from databases, large-scale 
projects, expert opinion

Filter out chemicals that would be impractical to test

Stratify by use category – increase the chance of chemical coverage and increase 
likelihood of even spread across risk categories for benchmarks

Combine chemical classification with literature on biological effects to select 
final test chemicals 

Identify exposure scenarios and toxicological data (human where possible)
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Evaluation of an early tier systemic toolbox for safety decision 
making: Select test chemicals

Collate possible chemicals from databases, large-scale 
projects, expert opinion

Filter out chemicals that would be impractical to test

Stratify by use category – increase the chance of chemical coverage and increase 
likelihood of even spread across risk categories for benchmarks

Combine chemical classification with literature on biological effects to select 
final test chemicals 

Identify exposure scenarios and toxicological data (human where possible)

38 test chemicals

- 9 cosmetics, 21 drugs, 3 food additives, 5 agricultural chemicals, 1 industrial chemical

- Oral, dermal, IV and inhalation exposure scenarios

- Organ toxicities, CNS disruptions, immune system dysregulation,  non-specific effects, 
blood-based disorders etc…



10SEAC | Unilever

Evaluation of an early tier systemic toolbox for safety decision 
making: Set performance criteria

Low risk?

‘High’ risk for consumers from 
systemic perspective

‘Low’ risk for consumers from 
systemic perspective

Benchmarking using chemical-exposure 
scenarios

• Chemicals with well-defined human exposures

• Traditional safety assessment available

•  High certainty in the risk classification for each 
chemical-exposure scenario from a consumer goods 
perspective

• Risk class is relative to consumer health

Bioactivity exposure ratio
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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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Evaluation of an early tier systemic toolbox for safety decision 
making: Set performance criteria

‘High’ risk for consumers from 
systemic perspective

‘Low’ risk for consumers from 
systemic perspective

Benchmarking using chemical-exposure 
scenarios

• Chemicals with well-defined human exposures

• Traditional safety assessment available

•  High certainty in the risk classification for each 
chemical-exposure scenario from a consumer goods 
perspective

• Risk class is relative to consumer health

Threshold values of the BER point estimates for determining 
whether an exposure is low risk
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‘High’ risk for consumers from 
systemic perspective

‘Low’ risk for consumers from 
systemic perspective

Defining a ‘truth’ to evaluate the outcome and performance of 
safety decisions made using the NAM-based toolbox

Select appropriate benchmarks

• Chemicals with well-defined human exposures

• Traditional safety assessment available

• High certainty in the risk classification for each 
chemical-exposure scenario from a consumer goods 
perspective

• Risk class is relative to consumer health

Threshold values of the BER point estimates for determining 
whether an exposure is low risk
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Results for a set of 38 test chemicals and 70 exposure scenarios

Protectiveness

Utility

93% (43 out 
of 46)

27% (6 out 
of 22)

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)



14SEAC | Unilever

Comparison of a NAM-based early tier toolbox with early-tier 
decision making using in vivo data

What if we took the same 
approach with in vivo data. 

• Repeat dose in vivo data 
identified for 27 chemicals of 
the 38 tested. 

• In most cases NAM PoDs are 
more conservative than 
traditional PoDs



15SEAC | Unilever

• Using the minimum of NOAELs/LOAELs identified, margins of safety plotted and threshold at MoS = 100

91% 
protective

47% utility
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• For the test chemicals in this evaluation, an early tier systemic toolbox is 93% 

protective. 

• A NAM-based toolbox for systemic toxicity has comparable performance to 

safety decision making using traditional in vivo data. 

• What is the applicability domain of this toolbox? 

• How would the toolbox perform with a wider set of chemicals? 

• What would the performance be like with a different set of assays? Is there an 

optimum combination of inputs to maximise both protectiveness and utility? 

Conclusions and next steps 
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