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What is next generation risk assessment (NGRA)?

“An exposure-led, hypothesis driven risk assessment 
approach that incorporates one or more NAMs to 

ensure that chemical exposures do not cause harm to 
consumers”

Dent et al ., (2018) Comp Tox 7:20-26



3SEAC | Unilever

Transition from apical endpoints in animal to cellular perturbations using 
human relevant in vitro models

Krewski. J Toxicol Environ Health B Crit 
Rev. 2010 Feb;13(2-4):51-138
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“Advances in toxicogenomics, 
bioinformatics, systems biology, and 

computational toxicology could 
transform toxicity testing from a system 
based on whole-animal testing to one 
founded primarily on in vitro methods 

that evaluate changes in biologic 
processes using cells, cell lines, or 

cellular components, preferably of 
human origin.”  2007

Derive POD 
in vitro

http://www.ncbi.nlm.nih.gov/pubmed/20574894
http://www.ncbi.nlm.nih.gov/pubmed/20574894
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Paradigm shift for systemic safety - Protection not Prediction

Graphic 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

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
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Tiered, exposure-led NGRA means we can make robust safety 
decisions 

• Many tools available (exposure-based waiving, read across, history of safe use)

• Increasing recognition that in vitro bioactivity is a part of this tiered approach (e.g. 
Health Canada, SCCS)

International Cooperation on
Cosmetics Regulation (2018)

European Commission: Scientific Committee 
on Consumer Safety (2021, 2023)

OECD (2021)

https://doi.org/10.1016/j.fct.2017.08.043
https://doi.org/10.4103/0971-6580.85882
https://www.canada.ca/content/dam/eccc/documents/pdf/pded/bioactivity-exposure-ratio/Science-approach-document-bioactivity-exposure-ratio.pdf
https://health.ec.europa.eu/document/download/9770133c-8120-47cf-81e6-5af997060724_en?filename=sccs_o_273.pdf


6SEAC | Unilever

Guiding principles for the ab initio NGRA applied to the 
Benzophenone-4 case study
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Benzophenone-4 (BP-4) case study

Is a tiered NGRA approach is sufficiently protective and useful to answer 
a real-life question?

Is Benzophenone-4 safe in a sunscreen 
product at the maximum approved 

level of 5%?
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Framework 
used for BP-4

TTC: threshold of toxicological concern
PBK: physiologically based kinetic modelling
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•Benzophenone-4 did not trigger many alerts within the tools 

used. The most common alert across the tools was for skin 

sensitisation, or protein binding as an indication of skin 

sensitisation, in the DEREK, TIMES and OECD Toolbox outputs. 

•Benzophenone-4 triggered one potential alert for estrogen 

receptor binding in the VEGA profiler, however this was not 

consistent across other profilers that also assess estrogen 

receptor activity.

Gathering information: In silico results

Follow up with in vitro assays to confirm whether or not 
BP-4 binds to estrogen receptor and other endocrine 
related endpoints – CALUX EATS (estrogenic, androgenic, 
thyroidogenic and steroidogenesis 
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Tiered approach for Exposure estimation

Level 0: Characterise exposure scenario1 

• 5% in Sunscreen product, 

• 18g/day, two times, 9g/application,

•  On body and face 17500cm2 (total body area)

Level 1: PBK model built with in silico parameters only 

& sensitivity analysis1,2

• Predicted sensitive parameters

• Fup (Fraction unbound in plasma)
• Liver CLint (intrinsic clearance) 
• Dermis water partition coefficient
• Dermis diffusivity

Level 2: PBK model built with vitro parameters1,2 

1Hall et al., Food and Chemical Toxicology 49 (2011) 408-
422.
2Moxon et al. 2020. Toxicology in Vitro, Volume 63, 104746.
3Li H,. Toxicol Appl Pharmacol. 2022 ;442:115992. 
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PBK model simulation of Cmax for an American female with 60kg bodyweight

BP-4 concentrations in 
plasma and different 
tissues after repeated 
exposure of body lotion 
18g/day, i.e., 9g twice per 
day for a period of 10 days, 
with 5% BP-4, on the whole 
body.

Kidney cellular 2.3 µM

Plasma 2.1 µM
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• 36 biomarkers covering 10 
cell stress pathways

• HepG2

• 24hr exposure

• 8 concentrations

• Dose-response analysis 
using BIFROST model

Cell stress panel (CSP)

Hatherell et al. 2020. Toxicol Sci 176(1): 11-33

In vitro pharmacological profiling

~79 
targets 

Renal Toxicity

CALUX bioassays and binding 
assays: TTR-TRβ- and hTPO

Nephrotoxicity (3 donors, duplicate per donor), 8 concentrations, 
24h and 72h timepoints:

• KIM-1
• NGAL
• Clusterin
• TEER (Day 0 and Day 3)
• ATP
• LDH

Newcells aProximate  platform
Piyush Bajaj et al. 2020. Toxicology. 442, 152535

High-Throughput transcriptomics 

• TempO-seek technology – full 
gene panel

• 24hr exposure

•  7 concentrations

• 4 cell models: HepG2, MCF7, 
HepaRG and aProximate cells

• Dose-response analysis using 
BMDExpress2 and BIFROST 
model

Reynolds et al. 2020. Comp Tox 16: 100138
Baltazar et al. 2020. Toxicol Sci 176(1): 236–252

Bowes et al. 2012. Nat Rev Drug Discov 11(12): 909-22
Sonneveld et al. 2005. Toxciol Sci 83(1): 136-48

Key bioactivity NAMs

https://newcellsbiotech.co.uk/nephrotoxicity/
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Results from the key NAMs- Deriving Points of Departure (PoDs) and BERs

BER= PoD/Plasma Cmax
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Results from the key NAMs- Deriving Points of Departure (PoDs)

Very little bioactivity: high throughput transcriptomics in HepG2 cells gave the lowest 
point of departure 

4.2 µM 240 µM Bioactivity:Exposure Ratios

Gene level =

Pathway =

4.2
2.3

240
2.3

= 2

= 114
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Acceptable BER?

Conceptually, with the following assumptions a BER>1 indicates a low 

risk of adverse effects in consumers following use of the product:

a) The in vitro measures of bioactivity provide appropriate biological 

coverage

b) There is confidence that the test systems are at least as sensitive to 

perturbation as human cells in vivo

c) The exposure estimate is conservative for the exposed population
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Considering the determinist BER using lowest PoD (BER=2)

Given all the information before, how confident would you be to conclude low risk?
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What if the same approach was applied to 10 other chemicals with 
varying risk classifications 

Note: Low risk is different than low toxicity; it is all about integrating exposure. Middleton et al., 2022 

https://doi.org/10.1093/toxsci/kfac068
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NAM Systemic toolbox remains protective (95%) when 38 
additional chemicals and 70 exposure scenarios were tested

• Toolbox not protective for 3/55 of 
the high-risk exposure scenarios  

• Chemical- Exposure scenarios not 
protective for: 
o Warfarin therapeutic oral dose
o Trimellitic anhydride inhalation 

exposure

• Using BER >11, only 23% of the low-
risk chemical-scenarios would be 
correctly identified as such
o For the other 77%, refinement 

by using approaches to 
distinguish bioactivity from 
adversity would be needed.

*BER > 11 from Middleton et al., 2022Manuscript in preparation
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Conclusion & reflections

• Case studies have demonstrated it is possible to integrate exposure 
estimates and bioactivity points of departure to make a safety decision 
without generating animal testing. 

• These case studies showed that the approach is exposure-led and follows 
a tiered approach for both exposure and bioactivity

• Bespoke NAMs can be added to the NGRA to fill gaps identified along 
the process

• ‘Early tier’ in vitro screening tools show promise for use in a protective 
rather than predictive capacity.

• NGRA requires a mindset shift and a multidisciplinary team!
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