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Ensuring Safe Ingredients for Foods, Drinks, Homecare 
and Cosmetic Products (not drugs)

Risk Based Approach: 
Considers both the hazard and the 
exposure to evaluate the risk 

Can we safely use % of ingredient 
in product?

For consumers; workers; 
the environment
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The Need for Implementation of NAM-Based Safety Assessments

Societal 

attitudes/ 

consumer 

preference

Resource 
constraints

Human 

relevance

Regulatory 
change (e.g. 
EU Cosmetic 
Regulation)



4SEAC | Unilever

Non-Animal Protective Frameworks for Safety Decisions

Development of battery of 
assays aligned to AOPs

AOPs 
(currently 470 
in AOP wiki)

~ Multiple 1000s of assays need to be if 
multiple AOPs are covered

How to identify the relevant AOP?

Not feasible as a Tier 1 approach

Useful for Tier 2/bespoke safety 
assessment when differentiation between 

bioactivity & adversity is needed

Development of 
high-throughput & broad coverage 

set of non-animal NAMs

Transcriptomics

Cellular 
stress 
assays

Receptor 
binding 
assays

Exposure 
(PBK)

Protection Hypothesis:

If biological activity measured 
using a broad suite of human-

relevant test systems is above the 
predicted exposure in humans, 

then systemic adverse effects are 
highly unlikely 

Non-animal NAMs strategies 
for 1-2-1 replacement – 

prediction of animal outcome

Prediction of an animal test is 
not necessarily relevant to 

assess human safety

Rodent studies have been used in a 
protective manner with the use of 

uncertainty factors rather than in a 
predictive way
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The EPA Blueprint
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Next Generation Risk Assessment (NGRA) – Protection not Prediction

Slide from Dr Rusty Thomas, 
EPA, with thanks
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Range of in vitro AC50 
values converted to human 

in vivo daily dose

Actual Exposure (est. max.)

Safety margin

If there is no bioactivity 
observed at consumer-

relevant concentrations, 
there should 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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How Protective are those NAMs?
Example from the Accelerating the Pace of Chemical Risk Assessment 
(APCRA) initiative – a ‘validation’ of Protection not Prediction?

7

Of the 448 substances, ~90% had a PODNAM,95 that was less than the 
traditional POD (PODtraditional) value

Bioactivity:exposure ratios (BERs), useful for identification of priority 
substances, demonstrated that high-throughput exposure predictions 

were greater than the PODNAM,95  for 11 substances
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EPA Transition from ToxCast to Broad Coverage NAM ‘Product’

High throughput profiling (HTP) assays are 
proposed as the first tier in a NAMs-based hazard 
evaluation approach

HTP Assay Criteria: 
1. Yield bioactivity profiles that can be used for 

potency estimation, mechanistic prediction and 
evaluation of chemical similarity

2. Compatible with multiple human-derived culture 
models

3. Concentration-response screening mode
4. Potential to detect specific and non-specific 

bioactivity

To date, EPA has identified and implemented two HTP 
assays that meet this criteria:

• High-Throughput Transcriptomics [HTTr]
• High-Throughput Phenotypic Profiling [HTPP]
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Exposure
Assessment

Bioactivity
Assessment

Bioactivity-Exposure 
Characterization

ToxCast/Tox21 
assays

Expocast (Pop median)
+

httk-pop (Pop distrb’n)

Bioactivity-
Exposure 

Ratio

Most sensitive 
or 5th percentile 

AC50

95th percentile 
Css

Use-scenario(s)
+

Gastro+ (Pop average)

Bioactivity-Exposure 
Ratio Distribution

Pop average 
Cmax 

distribution

NGRA panel: 
CSP + IPP + HTTr

Most sensitive 
platform POD

Use-scenario(s)
+

Gastro+ (Pop 
average)

Pop average 
Cmax 

distribution

“Sensitive” Individual 
Bioactivity-Exposure 

Ratio Distribution
5 human cell types

Most sensitive 
phenotype 

POD

NGRAs

HTTr/HTPP
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Building NAMs/NGRA Confidence: End-to-End Case Studies
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Characterise the chemical

Characterise the consumer exposure 
scenario

Collate all available information 
(literature mining)

Use of exposure-based waiving 
approaches such as Threshold of 

Toxicological Concern (TTC)

Read Across

Use of predictive tools (i.e. in silico QSAR 
models)

Exposure 
refinement 

including 
generation of 

relevant ADME 
parameter 

data for PBK 
model 

development

Calculate BER 

Bespoke assays to cover remaining 
uncertainties identified a Tier 0 or 

Tier 1

Further exposure refinement, e.g. 
consideration of transporters, 

metabolism ..etc…
Exit

if safety decision 
can be made

Plasma Cmax Lowest 
platform PoD 

Exit
if safety decision can be made

Exit
Safety Decision

Exit
if safety decision can be made

Progress if 
safety 

decision can’t 
be made

Progress if 
safety 

decision can’t 
be made

TIER 0: Problem Formulation TIER 1: Data Generation TIER 2: Refine Assessment 
to Increase Decision 

Certainty

Bioactivity 
data 

generation 

Concentration [µM]

Control 

data

TimeC
o
n

ce
n

tr
at

io
n
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]

NAMs/NGRA Framework Approach: 
The overall goal is a human safety risk assessment 
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NAMs/NGRA Framework Approach: 
The overall goal is a human safety risk assessment 

Early Tier Systemic 
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? 

1. Define the toolbox components Choose and evaluate a set of NAMs covering 

exposure modelling and bioactivity investigations

2. Select test chemicals Choose as many as practicable to maximise coverage of 

different chemistries and biological effects/toxicity 

3. Set performance criteria Define the ‘truth’ that the performance of the toolbox will 

be compared to

Evaluation/”Validation” of an Early Tier Toolbox for 
Systemic Safety
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Our Key NAMs

2
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1. 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

Nonselective Effects Selective Effects
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2. 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 cosmetic ingredients, 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…
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3. Set Performance Criteria

Low risk?

High 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 (N.B. drugs = 
high-risk) Bioactivity exposure ratio

0.01 1     100 1000

R
a

n
k

 o
rd

e
r

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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3. 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 (N.B. drugs = 
high-risk)
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Results for 38 Test Chemicals and 70 Exposure Scenarios

Protectiveness Utility98% (45 out of 46) 33% (8 out of 24)

High-risk exposure scenarios are 
identified as uncertain/high risk 
(i.e. BER < threshold)

Low-risk scenarios are identified as low risk at this 
early tier stage in a risk assessment framework
(i.e. BER > threshold)

Highest available Cmax



21SEAC | Unilever

Comparison of NAM-based Early Tier Toolbox with Decisions 
Made Using in vivo Data – Protective not Predictive

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

In agreement with Paul-Friedman et al (2020)
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Using the minimum of NOAELs/LOAELs identified, margins of safety plotted and threshold at MoS = 100

91% 
protective

47% utility

Comparison of NAM-based Early Tier Toolbox with Decisions 
Made Using in vivo Data
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Reproducibility of HepG2 BIFROST global PoD from HTTr

Subset of toolbox evaluation chemicals tested in HepG2 
cell line at Unilever + US-EPA

Can compare global PoDs estimated from SEAC and EPA 
datasets

Moderate correlation (0.82), hampered by noticeable 
outliers:

Aspartame – Has a retinoic acid like signal, suspected 
contamination in EPA data due to proximity on dosing plate

Ketoconazole – Difference attributable to BIFROST 
modelling choices
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• For the test chemicals in this evaluation, an early tier systemic toolbox is 98% protective

• Fair to say ‘overly-conservative’?

Low utility requires higher-tier tools for bioactivity distinguishing adversity from adaption (AOP and prediction-led e.g. 

from ONTOX/RiskHunt3R)

• 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/cells? 

Is there an optimum combination of NAMs to maximise both protectiveness and utility?

• Assuring human safety is the most important thing 

Conclusions and Next Steps 
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