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RISK ASSESSMENT GOAL: Can we use a new ingredient safely?

Can we safely use X% of ingredient Y in product Z?
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Increasing numbers of global consumers want their

consumer products not tested on animals+ transparency

Scientific, societal, regulatory and
ethical reasons are demanding
change; calls for non-animal, next
generation risk assessments
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- Introduction to 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 o RN cional

without the use of animal testing Toxicology Volume 7, August 2015,

Pages 20-26

Main overriding principles:

The overall goalis a human safety risk assessment
The assessment is exposure led

The assessment is hypothesis driven

The assessment is designed to prevent harm

Principles describe how a NGRA should be conducted:
Following an appropriate appraisal of existing information
Using a tiered and iterative approach

Using robust and relevant methods and strategies

Principles for documenting NGRA:
Sources of uncertainty should be characterized and documented
The logic of the approach should be transparently and

e o documented



The overall goal is human safety assessment: exposure-led and
human relevant

Potential hazards
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(5597 ) ICCR NINE PRINCIPLES OF NGRA

International Cooperation

‘on Cosmetics Regulation
f—L'L.J Main overriding principles:
The overall goal is a human safety risk assessment
The assessment is exposure led
The assessment is hypothesis driven
The assessment is designed to prevent harm
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Principles describe how a NGRA should be conducted:
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Sources of uncertainty should be characterized and documented
. Berggren et al., (2017) Computational Toxicology 4: 31-44.
The logic of the approach should be transparent and documented
Dent et al. 2018 Computational Toxicology, 7, 20-26.
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A case study approach - human health safety assessment
required for...

0.1% COUMARIN IN FACE CREAM AND BODY LOTION A
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Derivation of in vitro PoD across multiple cell models (HepG2, NHEK and
Face Cream 22 MCF7) & refinement with HepaRG 2D and 3D & metabolism studies
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Exposure
Estimation

Local and systemic
exposure estimates

Exposure estimation: from applied dose to internal exposure

0.1% coumarin in face cream and body lotion

Tablel. Summary of Habits and Practices Data and Applied Dose Estimates for Face Cream and Body Lotion for the European Consumer

Product Types Face Cream Body Lotion
Amount of product used per day (g/day) using 90th percentile® 1.54 7.82
Frequency of use” 2 times/day® 2 times/day®
Amount of product in contact with skin per occasion (mg) 770 3910
Ingredient inclusion level 0.1% 0.1%
Skin surface area (cm?)® 565 15670°
Leave on or rinse off Leave on Leave on
Exposure duration per occasion 12h 12h
Amount of ingredient in contact with skin per occasion (mg)" 0.77 391

*Hall et al. (2007).

PSCCS (2018).

“Rounded from 2.14 times/day.

“Rounded from 2.28 times/day.

“Specified as Leg region in GastroPlus.

‘Based on 100% skin penetration and a body weight of 66.7 kg,
Source: Adapted from Moxon et al. (2020).

By
%9% Moxon et al., (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk assessment of dermally applied
Unilover- consumer products. Toxicology in Vitro Volume 63



Exposure estimation: from applied dose to internal exposure

e PBK modelling using
GastroPlus® (Simulations

exposure estimates

ADME & (ogP fup. Ry

Exposure Phvsi (1.39,0.3,0.7)
Estimation ysico- :
Chemical Hepatic Clearance
parameters to 1

generate
Hepatocyte only

(929 L/h)

CYP Stability

Skin Penetration

Stable in all but
CYP2A6

Simulation of plasma
concentration of coumarin
after dermal exposure.
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2 233

@é’% Moxon et al., (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk assessment of dermally applied
Unilover- consumer products. Toxicology in Vitro Volume 63



Exposure estimation: from applied dose to internal exposure

Local and systemic
exposure estimates

(use scenario ) Body lotion Face Cream
Estimation 60
Clearance
40 B in silico 98.57 L/h
o in witro 929 L/h
20
0
0.005 0.010 0.015 0.020 0.025 0.030 0.002 0.004 0.006
Cmax (Mg/mL) Cmax (ug/mL)

Table 2. Internal Exposures From Use of 0.1% Coumarin in Face Cream and Body Lotion Following the Exposure Scenario Outlined in Table 1

Total Plasma Cmax (UM) Mean Median 90th Percentile 95th Percentile 97.5th Percentile 99th Percentile
Body lotion 0.01 0.01 0.018 0.019 0.02 0.022
Face cream 0.0022 0.0021 0.004 0.0043 0.0046 0.005

By
%%? Moxon et al., (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk assessment of dermally applied
Unilover- consumer products. Toxicology in Vitro Volume 63



Collation of existing information: in silico predictions

Problem
Formulation

Collate [ Molecular ]
e Struct
Existing ru?.ure
inf t' [ In silico ]
ntormation predictions

[ Literature ]

-
5
38, 3
Rids

Unillever

In silico tools (ToxTree, MIE ATLAS*, OECD toolbox, Meteor)
predicted:

Protein binding- MIE for induction of skin sensitisation
DNA binding alert - MIE for genotoxicity

Reactive metabolites (e.g. epoxide formation)- alerts for
both genotoxicity and skin sensitisation

No binding alerts for the 39 targets in MIE atlas (e.g.
nuclear receptors, enzymes, transporters)

*Allen THE et al., 2018. Using 2D Structural Alerts to Define Chemical Categories for Molecular Initiating Events. Toxicol Sci. 2018 Sep 1;165(1):213-223



Collation of existing information: literature

Problem
Formulation PubChem and Toxcast databases results:
Collate [ '\S"g'f;t'g ]
Existing = . .
information J I - Only few active assays among multiple assays (= 5000)

[ Literature ]

« Coumarin inhibited both Monoamine oxidases and

AN Carbonic anhydrases at concentrations between 3 uM- 40
HM
O "0

« The AC50" from dose-response curves was used a PoD for
MoS calculation

G
(DS
Unilovor *AC50= activity concentration at 50% of maximal activity



Next-Generation Risk Assessment case study workflow
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In vitro biological activity characterisation — overview of the NAMs

Genotoxicity assessment: ToxTracker DNA damage ' p53 activation )} Oxidative stress } Protein damage J

« Coumarin and its metabolites triggered @ @ @

gen otoxi City alerts Bscl2-GFP Rtkn-GFP Btg2-GFP Srxn1-GFP Blvrb-GFP Ddit3-GFP
Mutagenic ~ DNA double Oxidative stress, ROS Protein
DNA strand breaks production damage
lesions

6 GFP reporter mouse embryonic stem (mES) cells

In vitro binding and enzymatic assays: Eurofins PERSPECTIVES
Slee SCI'een44 P — i Nuclear
Reducing safety-related drug e receptor GPCR panel

panel

attrition: the use of in vitro
pharmacological profiling

« Toinvestigate possible interactions between el SRS
coumarin and the 44 key targets involved in drug :
attrition

Transporter lon Channel
panel panel

Enzyme panel

W
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In vitro biological activity characterisation — overview of the NAMs

Immunomodulatory screening assay: BioMap Diversity 8 panel

« Toinvestigate possible effects on vascular inflammation, immune activation and
tissue remodelling

W

Unillever
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- In vitro biological activity characterisation — overview of the NAMs
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Cell stress panel

« To characterize non-specific biological
activity which is not mediated via a specific
protein/receptor interaction - covering ~10
cell stress pathways using high content
imaging analysis

High Throughput Transcriptomics (HTTr) -
TempO-Seq

« Transcriptomics was applied as a broad
nontargeted biological screen

36 Biomarkers;

3 Timepoints (1h,6h,24);
8 Concentrations;
NHEK, HepG2, HepaRG
Dose response analysis
and derivation of PoD

SOT | &35,
Nashdasall academic.oup.com/toxsci
FEATURED
Identifying and Characterizing Stress Pathways of
Concern for Consumer Safety in Next-Generation Risk
Assessment

Sarah Hatherell,* Maria T. Baltazar,” Joe Reynolds,* Paul L. Carmichael,”
Matthew Dent,* Hequn Li,* Stephanie Ryder,! Andrew White,*
Paul Walker ® ,' and Alistair M. Middleton**

*Unilever Safetv and Environmental Assurance Centre. Colworth Science Park. Sharnbrook. Bedfordshire

~10 Stress Pathways: mitochondrial Toxicity, Oxidative
Damage, DNA damage, Inflammation, ER stress,
Metal stress, Heat Shock, Hypoxia, Cell Health

Use of full human gene
panel ~21k

24 hrs exposure
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3D HepaRG spheroid

90 edar Aecurniion Pt

POD - NOTEL value

é . | /
15 meaningful gene

*Gene Rank g *

)

. . I
Ca rs - I
0 [ w . |
Figure 1 ‘Open n figure viewer | Powerpoint y
oot
Key concepts fo the BMD appraach, isirated using Pypatheccal certinuous da,

.‘ 3 Concentration




In vitro biological activity characterisation: Coumarin is not genotoxic in the
Toxtracker assay

Genotoxicity assessment: ToxTracker

« ToxTracker negative

« Reactive coumarin metabolite(s) could induce DNA lesions secondary to oxidative stress

-S9 +S9

Reporter
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In vitro biological activity characterisation: Coumarin does not bind to any of
the 44 targets tested
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20 20 10 0 10 20 20 40 S0 61 70 80 50 100
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In vitro binding and enzymatic assays: Eurofins
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In vitro biological activi

immunomodulatory effects

ty characterisation: coumarin had no

Immunomodulatory screening assay: BioMap Diversity 8 panel

« Data suggested that coumarin has no immunomodulatory effects at relevant

concentrations and is not an anti-inflammatory compound
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In vitro biological activity characterisation: Coumarin showed low bioactivity in
the cell stress panel

Table 4. PoDs From Cell Stress Panel After Acute Exposure (24 h) in HepG2 and NHEK and Long-term Exposure (168h) in HepaRG 3D Spheroids

Biomarker Cell Type Stress Pathway PoD (uM) Effect CDS
ATP (6 h) HepG2 Cell health 794 (363-977) Down 0.98
ATP (24 h) 617 (282-891) Down 1
Phospholipidosis (24 h) HepG2 Cell health 759 (437-977) Down 0.93
GSH (24h) HepG2 Oxidative stress 851 (301-1000) Up 0.92
IL-8 (24h) HepG2 Inflammation 912 (575-1000) Down 0.61
OCR (1 h) NHEK Mitochondrial toxicity 62 (2.6-776) Down 0.6
OCR (6 h) 468 (214-794) 1
OCR (24 h) 309 (138-1000) 0.52
Reserve capacity (1 h) NHEK Mitochondrial toxicity 44 (23-96) Down 1
Reserve capacity (6 h) 759 (302-1000) 0.9
Reserve capacity (24 h) 794 (295-1000) 0.55
Caspase 3-7 (72 h) HepaRG 3D Cell health 741 (245-977) Up 0.95
Cell membrane permeability (168 h) HepaRG 3D Cell health 55 (26-141) Up 0.99
ATP (72h) HepaRG 3D Cell health 186 (129-288) Down 1
ATP (168h) 135 (85-195) Down
Phospholipidosis (168h) HepaRG 3D Cell health 776 (234-1000) Up 0.86
GSH (168 h) HepaRG 3D Oxidative stress 776 (275-1000) Down 0.92
Mitochondrial mass (72 h) HepaRG 3D Mitochondrial toxicity 871 (234-1000) Down 0.65
Mitochondrial mass (168 h) 831 (275-1000) Down 0.73
%@? Only PoDs from concentration-responses with CDS > 0.5 were considered as true representations of bioactivity. Reported values are the mode (most likely value in
§ bold) and 95% highest-density-interval (in brackets) summarizing the distribution for the PoD as reported in Hatherell et al. (forthcoming).

Unillever



In vitro biological activity characterisation: Coumarin showed low bioactivity in
the cell stress panel

Phenoxyethanol - |
Miacinamide - I .i
I Coumarin K
Caffeine - I *
Diclofenac - | . '-l--:-_-ﬁ
DEM 4 No Cmax available L H Results:
BHO .. =°f .2 Coumarin not very active
Triclosan N T in comparison to known
Troglitazone - ... . o I. ..: .l._ .hlgh rlSk COI:T\POundS
o _ ~ . like doxorubicin
Pioglitazone hydrochloride - .ot . I _-.-J
. —— Max. conc. tested °
sulforaphane - I 2 T ax conc. test PoIle shown for HepG2
-Me - o . = : @® 1 hour PoDs
coboie ° - '| - e _1 - e 6 hour PoDs
Doxorubicin 4 o ew * . :"_.Fll | ® 24 hour PoDs
104 ml—2 1[|1ﬂ 1{|12 1{34

% 2y Concentration (uM)

< Hatherell et al., 2020, Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment, Tox. Sci. in
Unilover Press. https://doi.org/10.1093/toxsci/kfaa054 23
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In vitro biological activity characterisation: Coumarin showed low bioactivity in

the HTTr assay

Table 5. PoDr Values (uM) for Coumarin Treated Across 4 Cell Models for 24h Using a Subset of Proposed Approaches for Gene Selection Based

on Those Proposed by Farmahin et al. (2017)

Cell Model HepG2 MCF7 HepaRG 2D HepaRG 3D

Pathway-level tests PoDy (uM) (308 pathways) (0 pathways) (17 pathways) (2 pathways)
20 pathways with the lowest p value Reactome 70 NA 58* 46"
20 pathways with the lowest BMD Reactome 44 NA 58" 46"
BMD of Reactome pathway with lowest BMD that 31 NA 38 41
meets significance threshold criteria

Gene-level tests PoD (uM) (1570 genes) (47 genes) (87 genes) (9 genes)
Mean BMD of 20 genes with largest fold change 6 3 54 55
Mean BMD of genes between 25th and 75th percentile 17 1 59 46"

Highlighted (*) are values where the number of pathways or genes was below the recommended number (ie, 20) for grouping. Abbreviation: NA, not applicable.

Farmahin, R., Williams, A., Kuo, B. et al. Recommended approaches in the application of toxicogenomics to derive points of departure for chemical risk
assessment. Arch Toxicol 91, 2045-2065 (2017). https://doi.org/10.1007/s00204-016-1886-5
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All PoD are higher than the predicted plasma Cmax for both product types

Margin of Safety (5th percentile) for each product type and technology (lowest MoS per biomarkers)

Source Cellline/ Face cream  Body Lotion PoD provided
. . . . as
Enzyme/Biomarker Min. 5th. Min. 5th percentile distribution?
percentile MoS
MoS
PubChem Carbonic Anhydrase Type | 706 158 No
PubChem Carbonic Anhydrase Type Il 2140 479 No
PubChem Carbonic Anhydrase Type VI 14652 3282 No
Toxcast MAO B (rat brain) 3711 831 No
Cell stress panel HepG2 (ATP, 24 h) 96738 22048 Yes
Cell stress panel NHEK (OCR 1 h) 1330 295 Yes
HepaRG_3D
Cellstress panel  (cell membrane permeability 9601 2197 Yes
168 h)
HTTr HepG2 (24 h) 1411 316 No
HTTr HepaRG (24 h) 8864 1986 No
HTTr HepaRG 3D (24 h) 9538 2137 No

Based on total concentrations for both C ., and PoDs

« The lowest MoS across all assays was derived using the PoD (represented by Ki) for the

inhibition of carbonic anhydrase |
e - Potential metabolite-driven bioactivity not addressed
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Next-Generation Risk Assessment case study workflow
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- The metabolism refinement step increased our confidence
that coumarin is preferentially detoxified

- BN //
OH // \ o
o0 @ X
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OH\/ o o / Hydroxycoumarin sulphate
- - |
AN F Ho o

Human ’n v‘tro ooooooo Hydroxycoumarin (4 isomers) \
metabolism ottt ot NG
fragment of / 107 s fm/ 119
Coumarinis preferentially detoxified to Wl |
hyd roxycou marin Hy(;ycoumarinﬁcuro d

o = Low bioactivity also found in a metabolic competent cell model

Cell stress & HTTr (HEPO.RG 3D)

in 3D HepaRG models poDs range: 41-871 UM - not very different from 2D cells
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Weight of evidence suggested that the inclusion of 0.1%
coumarin in face cream and body lotion is safe for the
consumer

PubChem ToxCast Cell Stress Panel
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In this case study:

The 5t percentile of the MoS

distribution ranged between « Coumarinis not genotoxic, does not cause skin sensitisation,
By .

g 158 and 96738 does not bind to any of the 44 targets and does not show any
% immunomodulatory effects at consumer relevant exposures
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Critical ?uestions is: How can we conclude what MoS

derived
human health?

PODs from different NAMs

Cellular
stress
assays

Chemical exposures

‘High’ risk (from consumer
goods perspective) - e.g.
drugs

‘Low’ risk (from consumer
goods perspective) - e.g.
foods, cosmetics

Transcriptomics

Receptor
binding

rom NAMs is large enough to be protective of
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T e distribution
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Margin of Exposure
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éulfuraphane
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‘:__affeine
ﬂiacinamide
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J roglitazone
Exorubicin

1073 1072 1071 10° 10! 10° 107 104



Recent research has shown that for 417 out of 448 chemicals tested the
point of departure derived (PoD) from NAMS was more conservative than

the in vivo PoD

EPA, NTP, HC, A*STAR, ECHA, EFSA, JRC, RIVM...
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- Concluding remarks
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* NAMs can provide robust insights to support exposure estimation and mechanistic in vitro bioactivity data to inform
non-animal safety assessment- data generation is driven by the risk assessment questions

« The approach focuses on building a weight of evidence- tools can be integrated to make a safety decision but
multidisciplinary team is needed!

« Approach only possible with a change in mindset (protection not prediction)

« Uncertainty analysis incorporated across the framework allowed us to be explicit about remaining uncertainties
« Rethinking MoS/MOoE - future evaluation of the approach to infer a low risk space

e « Doing and sharing more case studies will increase confidence in the applicating of NAMs in decision-making
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Menti poll: please go to menti.com and use code XX XX XX X

Go to www.menti.com and use the code

Do you agree with the low risk decision?  Mertmater

0 0] 0

Yes Not sure No
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NGRA for 0.1% coumarin in face cream: in silico predictions - Metabolism

= Hydroxylation predicted as main route of biotransformation
gi » Reactive metabolites (e.g. epoxides) predicted.

In silico

biotransformation o glucuronidation
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NGRA: dose-response analysis and PoD derivation

Candidate dose-response models

Example dose response data e

— Hill function B oo
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1. Fit different parametric models to the data 5
2. ldentify the one with the ‘best’ fit Gain-loss model 3
3. Use this to calculate the PoD... foe!
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NGRA: dose-response analysis and PoD derivation

Example dose response data Candidate dose-response models
5 2
}L:C'; 15 x Hill function E
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2. Identify the one with the ‘best’ fit 17|
3. Use this to calculate the PoD... , 5.0
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NGRA: dose-response analysis and PoD derivation

1. Challenges with this can arise when e.g. none of the

candidate models provide a good fit, or noise (e.g.

outliers) in the data leads to spurious PoD estimates.

2. In NGRA it is important to quantify the uncertainty in a)

whether there is a concentration-dependent response

and b) the PoD estimate, if there is one.

3. Instead we used a non-parametric model (Gaussian

processes) within a Bayesian statistical framework to

model to data. ~ Concentration

B
%%@ Hatherell et al., 2020, Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment, Tox. Sci. in
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NGRA: dose-response analysis and PoD derivation

A Doxorubicin ATF4 (24 hours) B Troglitazone MMP (24 hours) C Sulforaphane IL-8 (24 hours)
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