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Safety without animal testing - Next Generation Risk Assessment (NGRA)

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
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Decision frameworks in NGRA
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Decision frameworks in NGRA

Problem formulation — Tier 0
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Gaining confidence in NAMs: first case study with coumarin
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Building and evaluating a systemic safety toolbox
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The key NAMs in our NGRA approach
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Key aims: 1) select in vitro assays that can cover both specific and non-specific mechanisms of
= o toxicity, and 2) can be used to detect early perturbations associated with toxicity, before the
L onset of adversity.
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How do we build scientific confidence in the systemic safety
toolbox?

1. Determine whether the toolbox is fit for purpose
* Can the toolbox be used to make safety decisions that are protective of human health?
* Do the various assays and cell types provide sufficient biological coverage?
e Are the PBK models sufficiently accurate?

w3
Unilover
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How do we build scientific confidence in a systemic safety
toolbox?

2. When evaluating the toolbox, use all relevant safety data in assessing the approach:
* Including human safety data.
* Consider both chronic and acute exposure scenarios
* Ensure we are protective for a broad range of systemic toxicities.
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How do we build scientific confidence in a systemic safety
toolbox?

3. Identify an appropriate safety decision model
* For example, setting a threshold value on the bioactivity exposure ratio.
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How do we build scientific confidence in a systemic safety

toolbox?

Chemical exposures
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Overall evaluation strategy

Step 1 (pilot study)*

e Define what the toolbox contains (which NAMs) and the workflow through which they
should be used.

* Define process of how the toolbox will be evaluated, and the metrics that will be used to
determine its ‘performance’

* Explore using a small set of chemicals and exposure scenarios (10 chemicals, 25 exposure
scenarios)

* Define prototype decision model for determining the BER threshold.

Step 2 (extended evaluation)

e Evaluate the toolbox using ~38 chemicals with ~70 exposure scenarios based on the toolbox
established in the pilot study.

* Use learnings from the toolbox evaluation to refine the toolbox in terms of NAM
composition and the decision model.

Unilower *Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147



SEAC | Unilever @

Overall evaluation strategy

Step 1 (pilot study)*

e Define what the toolbox contains (which NAMs) and the workflow through which they
should be used.

* Define process of how the toolbox will be evaluated, and the metrics that will be used to
determine its ‘performance’

* Explore using a small set of chemicals and exposure scenarios (10 chemicals, 25 exposure
scenarios)

* Define prototype decision model for determining the BER threshold.

Unilower *Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147



SEAC | Unilever @

Stage 1: defining the benchmark chemical exposure scenarios

Chemical Exposure scenario Risk classification
2 scenarios: 0.5%; 2% sunscreen
Oxybenzone
Caffeine 2 scenarios: 0.2% shampoo & coffee oral consumption 50 mg
Caffeine 10g — fatal case reports High risk
Coumarin 3 scenarios: 4 mg/d oral consumption; 1.6% body lotion (dermal); TDI 0.1 mg/kg oral
Hexylresorcinol 3 scenarios: Food residues (3.3 ug/kg); 0.4% face cream; throat lozenge 2.4 mg
BHT Body lotion 0.5%
Sulforaphane 2 scenarios: Tablet 60 mg/day; food 4.1-9.2 mg/day
Niacinamide 4 scenarios: oral 12.5-22 mg/kg; dermal 3% body lotion and 0.1 % hair condition
Doxorubicin 75 mg/m2 IV bolus 10 min; 21 days cycles; 8 cycles High risk
Rosiglitazone 8 mg oral tablet High risk
Valproic Acid (VPA) 2 scenarios: oral tablet 1000 mg & > 60 mg/kg High risk
Paraquat Accidental ingestion 35 mg/kg Al
o
&

Uniover Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147
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The systemic toolbox workflow for estimating a BER

o~ Exposure estimation

POD estimation
[
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Uniover Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147
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POD estimation
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Uncertainty quantification and decision making

Point estimates
Why do we care about quantifying uncertainty? M (single value)
e Using the point estimates, Cmax appears to be below m
the POD.

* The true values of both metrics are subject to BER>1

uncertainty. < >
* These uncertainties can be captured in terms of

distributions.
* The distributions show the range of plausible values \
for the Cmax and POD. -
* Quantifying uncertainty in quantities like Cmax and \ V } Concentration (uM)

the POD can be helpful to determine when a safety Cmax>POD? (i.e., BER<1?)
decision can be made with confidence, or when

more refinement is needed. ‘

W Prob(BER > 1)=?

L4

Unilever
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Uncertainty quantification and decision making
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e Using the point estimates, Cmax appears to be below
the POD.
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Quantifying PBK model accuracy and uncertainty for different chemical exposure

scenarios
In silico only + In vitro + clinical data
parameters parameters
Sulforaphane Oral Food &  PBK Level Threshold BER Confidence Threshold (pthreshold)
Salicylic a

Required for Required for
Rosiglitazone .
Nicot Exposure to Be Exposure Scenario to
Niacinamide Oral Food & Drink. Identified as Low Be Identified as Low Risk
Diclofe Risk

Coumarin Qral

Couma 110
11
2.5

Caffeine (

Caffeine Oral Food &

log10(Cmax predicted [ Cpax measured)

* The accuracy of PBK model Cmax estimates can be quantified by comparing the predicted Cmax value to measured
values for different clinical datasets.
* The Cmax Error Distribution (CMED) model was developed using these data to quantify the uncertainty in a PBK

B = Cmax prediction novel substance or exposure scenario, depending on how the PBK model had been parameterised.

L4
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Systemic safety toolbox pilot study results: 100% protective for all PBK levels

PBK Level 2
Correlation with risk category: -0.76
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.Eaﬁei‘le Food & Drink, 400 mgday H
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O feme Oveioos. 10g * Up to 69% utility (i.e., 69% of all low-risk

Rosiglitazone M=dical, B mgfday . e e .
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|
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Uniover Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147
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Overall evaluation strategy

Step 1 (pilot study)*

e Define what the toolbox contains (which NAMs) and the workflow through which they
should be used.

* Define process of how the toolbox will be evaluated, and the metrics that will be used to
determine its ‘performance’

* Explore using a small set of chemicals and exposure scenarios (10 chemicals, 25 exposure
scenarios)

* Define prototype decision model for determining the BER threshold.

Unilower *Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147
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Overall evaluation strategy

Step 2 (extended evaluation)
* Evaluate the toolbox using ~38 chemicals with ~70 exposure scenarios based on the toolbox

established in the pilot study.
* Use learnings from the toolbox evaluation to refine the toolbox in terms of NAM

composition and the decision model.

Unilower *Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147
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Expanding the set of benchmark chemical exposure scenarios

® Toolbox+Cosmetics M Cosmetics B Toolbox

ToxCast EUToxRisk Expert Opinion Cosmetic
Europe’s LRSS

] CHEMOTYPES FREQUENCY (%)

Filter ~ 2500 chemicals with a structure available based on testing practicalities:

LogP<7 Mw=80-1500Da Supplieravailability

~1700 chemicals that are practically testable.
Sort into usage categories using the CPCat annotations.
Cosmetic Food Drug Agriculture HomeCare
(36) (143) (641) (578) (380)

Literature search to identify consumer use scenarios and available toxicologicalinformation to
assign risk categories to the identified exposure scenarios.

* Manual chemical or exposure scenario selection
[ 104 shortlisted chemicals across the different use categories that meet the minimum ] may reSUIt in Strong biases.
information requirements. .
* Therefore, for the extended evaluation,

'f'.k -~ TN "N ’/' B - benchmarks were selected using a semi-
'»['le.' onidogia randomised processed.
o * The final set of benchmarks represented a wide
%@%ﬁ [ Setection of final 38 fortesting ] range of different potencies, chemotypes and

Unilloverr potential toxicity mechanisms.
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Toolbox performance: PBK L2 exposure estimates

PBK level: L2
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Toolbox performance: Highest available PBK level
PBK level: highest
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Protectiveness: 98% (45 out of 46)
o Utility: 33% (8 out of 24)
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Discussion and next steps

A framework for establishing scientific confidence in new approach
methodologies

* We have now extended the evaluation to 38 chemicals and 70 exposure
scenarios. Protective for 93-98% of scenarios (depending on PBK level). N R o e Gt

* Unilever-EPA CRADA: Generating data for 10 cell lines, using high- Shasawti s
throughput transcriptomics and phenotypic profiling.

* We are continuing to further establishing scientific confidence through a et
range of activities.

Evaluating different POD methods
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Estimating the Bioactivity Exposure Ratio distribution

Prob(BER > 1)~0
BER=1

w NN
|

—

Probability density
(A% ]

o

10”" 10° 10" 102 BER value
Bioactivity Exposure Ratio
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[

* The distribution representing uncertainty C__, estimate can be combined with the minimum PODs to form a single
BER distribution. (Currently this distribution does not take into account POD uncertainty).
* The minimum POD was selected in order to ensure safety decisions are sufficiently conservative.
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