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Decision frameworks in NGRA

A Next-Generation Risk Assessment Case Study for Coumarin in 
Cosmetic Products. Baltazar et. al. 2020 Tox Sci 176

Are non-animal systemic safety assessments protective.  A toolbox and 
workflow Middleton et al 2022
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MoA

• Determination of Compounds primary MoA through 
pathway analysis

• Underpinning  AOP key events and MIEs

Biological 
RA

• Comparison of differentially expressed signatures from 
one treatment to a database of previously reported 
gene signatures or to another sample. 

NOTEL

• Dose response relationship and identification of 
biologically relevant dose 

Objective Application of Omics for NGRA

Prediction

Protection

However : acceptance of omics data to support the hazard/safety assessment is still limited. Due to 
a combination of complexity, rapid developments, no defined ground truth
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Developing a Data driven AOP
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• Still an area of active development especially 
seeing new developments in use of AI

• Tends to provide clearer data on more potent 
compounds due to stronger signal to noise 
values

• Signatures for classifiers 

GARD  - skin sensitisation and 

TGx-DDI - Gentox

• Concerns around transferability across 
different cell lines

• Requires approaches that minimises FP rate

• Platform limitations of comparative 
Databases

• Shown to be used for cosmetic relevant 
ingredients – parabens  Naciff et.al 2022 

Example Classification approaches –
Gene Signature / Gene Signature Database

Screen Classify Optimise
Applicability 
domain

Whole genome Gene signature HT platform
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Paradigm shift for systemic safety - Protection not Prediction

Slide from Dr Rusty Thomas, 
EPA, with thanks
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daily dose
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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. 

Aligns to an exposure led 
framework where estimates 

of consumer product 
ingredients can be 

determined 
Rotroff, et al. Tox.Sci 2010
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Examples of ongoing or completed case studies for NAM/NGRA 
BER based risk assessment or prioritisation
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The key NAMs in our NGRA approach 

10 stress pathways, 36 Biomarkers 8 concentrations

BiFrost



Visualising how the toolbox performs against the pilot study data

Blue: low risk chemical-exposure scenario

Yellow: high risk chemical-exposure scenario 

Exposure scenarios within the blue shaded 
region are identified as low risk.
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• For 60% of compounds tested to date 
HTTr provides the most conservative 
(lowest POD)

• As previously observed shifting from a 
gene level to a pathway based 
increases the predicted concentration 
of the POD  

Transcriptomic POD tend to be one of most sensitive especially at a gene level.

CSP: Cell Stress Panel

HTTr: High-throughput transcriptomics
IPP: In vitro pharmacological profiling



How do we build scientific confidence in a systemic safety 
toolbox?

1. Determine whether the toolbox is fit for 

purpose.

2. Take into account human safety in assessing the 

approach (where possible)

3. Identify what an appropriate safety decision 

might be (e.g., BER threshold). 
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Building Scientific confidence in application of HTTr

Cellular Models 
incl. Treatment

Data Acquisition Data Modelling Interpretation

Ability to generate reliable and consistent reproduction of results is the prerequisite for successful 
application of TGx results in the regulatory setting

• Providing supporting evidence to accelerate confidence and acceptance for decision making.

R-ODAF –Verheijen et al 2022 OECD -ORF –Harrill et al 2021
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Cell line Applicability

• Breadth of coverage of biological pathways - No single cell line captures all biological variation

• Complexity of surrogate test system compared to integrated systems

• Acute vs chronic responses  / Sensitivity

• Initial cell line use focused on historical use patterns – ie Data availability for gene signature comparisons/ 
Use in other ongoing assays / Metabolic competency

• Develop Data driven approach to extend and maximise the biological space covered

Harrill et al 2021
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Cell line DR variability following compound treatment

• Of the cell lines examined - the majority of compounds PODs vary over 1-2 logs

• Some cases where this variability extends over a  greater range >4 logs  

• Few cases where single cell line is significantly more sensitive that the others
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• Bulk lysate samples – understand inter run variability of sequencing process
• Fresh positive control samples understand whole process variability including sample 

generation.
• Ensure assay variability remains within defined limits
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Basili et al 2022  Latent Variables Capture Pathway-
Level Points of Departure in High-Throughput 
Toxicogenomic Data
Chem Res Toxicol. 35: 670–683

Philips et al 2019 BMDExpress 2: enhanced 
transcriptomic dose-response analysis workflow
  
Bioinformatics  35: 1780-1782

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9019810/
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• Application of negative control data to provide a ground truth and 
estimate false positive predictivity
Build synthetic data sets of known dose response profiles to estimate 
positive predictivity
Reproducibility of derived PODs from replicate experiments (7 out of 
9) within 1 log order magnitude
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Reardon et al 2023 Front. Toxicol

Farmahin et al. 2017 Arch. Tox 

Mezencev & Auerbach 2020 PLOS 

Large area of development and ongoing research to define approaches for POD estimation
Use of benchmarking to assess utility
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Summary
• Exposure-led approach to determine protection through a BER (MoS) – range of 

different case studies now showing utility of approach

• Focus on weight of evidence to show tools can be integrated to make a safety 
decision - requires diverse expertise

• Strength derived from integrating a combination of targeted and broad unbiased 
tools – not a one to one replacement

• Utilise NAMs for further targeted follow where required to refine uncertainty e.g. 
metabolism

• NAMs not standardised - need to ensure robustness/quality of tools and include 
estimations of uncertainty to aid acceptance

• Further activity required to build evaluation data sets and ground truth to evaluate 
current approaches and those in the future

• Collaboration required to progress assessment and build out confidence for 
broader stakeholder community on applicability domains/ remaining gaps 
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Thank You

seac.unilever.com

https://seac.unilever.com/
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Only a limited number of AOPs, many of 
which have not yet been verified (biological 
coverage). 

There are 446 AOPs on AOP-Wiki. 
Assuming 5 KEs per AOP, that’s over 2000 
assays.

- Toxcast has ~ 700 assays

At present, a decision framework based only on AOPs is not feasible. However, AOPs can used as a 
knowledge base for enhancing a testing strategy

Author status

OECD status

SAAOP status

Current status of AOP
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