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Principles of Next Generation Risk assessment (NGRA)

4 )

NGRA is defined as an exposure-led, hypothesis-drivenrisk
assessment approach that integrates New Approach
Methodologies (NAMs)to assure safety without the use of
animal testing

- J

Dent et al 2018. Computational Toxicology Volume 7, August 2018, Pages 20-26

« Using new tools and approaches to build a risk assessment to enable decisions to be made
(without animal tests)

« Anexposure-led risk assessment solution to biological pathway-indicated hazard concerns in
human cells

- Move away from high-dose apical endpoint pathology in rodents; adverse effect levels;
uncertainty factors

« Move to NAMs in human cells that cover broad biological perturbations (cell
stress, pharmacological effects and gene expression changes)
«  Bioactivity not pathology
*  Protection not prediction




Principles of Next Generation Risk assessment (NGRA)
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A case study approach using only non-animal data to
assess the safety of...

0.1% COUMARIN IN FACE CREAM FOR EU MARKET N
(NEW FRAGRANCE) o X0

Assumed that:
- Coumarinwas 100% pure

- no invivodata was available such as animaldata,
History of Safe Use (HoSU) info. or Clinical data

- nouse of animaldata in Read Across
- Insilicoalerts known to be based on animal or /in vivo

With

Coumarin data oron the structure of Coumarinitself were
excluded

Baltazar et al., (2020) Tox Sci Volume 176, Issue 1, 236-252
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Framework for the NGRA of 0.1% Coumarin in a face cream.
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Applied Dose Exposure Estimation for 0.1% Coumarin in a face cream

Exposure Route:

Oral exposure is unlikely due to use pattern
Inhalation exposure is unlikely due to product type

)"Creme RN

Tak G LO BA L zosmetic product types accordir ¢ Dermal exposure Will' happen
- —— Aall et al., 2007, 2011)
et pe f.ymlm‘d“ | E’l""‘,) Reterten ;(:I‘] e Parameter Face cream
o e s [ ow [ on [ om Amount of product used per day (g/day) using 90th 154
::j:: soap® | 20009 | - | 001 | 0207 3.33 percentile .
e Frequency of use 2 times/day
Amount of product in contact with skin per occasion (mg) 770
Ingredient inclusion level 0.1%
Skin surface area (cm2) 565
Bodyweight (kg) 70
Exposure duration per occasion 12 hours
Amount of ingredient in contact with skin per occasion 0.77
(mg) '
B. Hall et al /Food and Chemical Toxicology 49 (2011) 408-422 Local dermal exposure per occasion (UHg/cm2) 1.36
o ‘ eg
%&ﬁ Systemic exposure per day (mg/kg) 0.02
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Modelling internal exposure using Physiologically Based Kinetic
Modelling (PBK)
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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 (WM) 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
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Collation of existent information - in silico tools

*not covered today

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

Protein binding- MIE for induction of skin sensitisation*

e Prediction of COX-2 inhibition - anti-inflammatory effects

« DNA binding alert - MIE for genotoxicity

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




Next-Generation Risk Assessment case study workflow for 0.1% coumarin
in face cream
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In vitro biological activity characterisation: assays targeting
initialinssilico flags
/ Genotoxicity assessment: ToxTracker®

Coumarin and its metabolites triggered genotoxicity alerts

DNA damage j p53 activation J Oxidative stress) Protein damage)

ccrrpors @) © ® © @

mouse embryonic \
Bscl2-GFP Rtkn-GFP Btg2-GFP Srxn1-GFP Blvrb-GFP Ddit3-GFP

stem (mES) cells
Mutagenic DNA General Oxidative stress, Protein
DNA lesions double cell stress  ROS production damage

strand
K breaks /

4

Standard ToxTracker assay +59 .P ftive (>2-fold induction)
ositive (>2-fold induction
DNA damage p>3 Ox. stress UF,'R 'Weak activation (1.5 to 2-fold induction)
Bscl2 Rtkn Btg2 Srxnl Blvrb Ddit3 . Negative (<1.5-fold induction)

Standard ToxTracker assay -S9
DNA damage p53 Ox. stress UPR
Bscl2 Rtkn Btg2 Srxnl Blvrb Ddit3

25 o Conclusions: Coumarin is not genotoxic (weak activation of DNA damage reporters likely due to
@g@ metabolites)
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In vitro biological activity characterisation: assays targeting
initialin silico flags

/ Immunomodulatory screening assay: BioMap® Diversity 8 Panel \
« Coumarin predicted to have anti-inflammatory properties

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

« 8individual BioMAP human primary cell-based co-culture systems which predictively model drug
K effects on multiple tissues and disease states /

3C 4H LPS SAg BE3C CASM3C HDF3CGF KF3CT
@ & p
- u
. 2 , . : Fibroblasts Keratinocytes+Fibroblasts
Endothelial Endothelial  PBMC + PBMC + E Bronchial epithelial Coronary artery SMCs N 3
(IL-1B+TNFa+lFNy  (IL4+Hist) (TLR4) (TCR) (IL-1B+TNFa+IFNy) (IL-1B+TNFa+IFNy) Eg‘; :f;g?fggg?_‘ge) féé;ﬁ;;g’;ﬂ}'gﬂ‘é)
20
LOEL=18.5 yM LOEL= LOEL> 500 uM |LOEL> 500 pM | LOEL=167 uM LOEL= 167 uyM LOEL= 56 uM LOEL= 500 uM
500 uM

8 e 18.5uM
& E 56 uM
20
8TS .. SO S VA % , * 167 uM

] /

235 v ' ® 500 uM
Seao

£

o

{ MMP1

0.5 - =
B O e ™ fv‘« PR
6@ S v”v, c‘%"\%ﬂ& c‘%‘% 5 0 x‘“ o S o% £ °°e\ e ¢
« Readout parameters (Biomarkers) >

.

3
o

?F
igg

&

Conclusions: Coumarin does not cause immunomodulatory effects.
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In vitro biological activity characterisation: assays designed to

cover awider biological space

In vitro pharmacological profiling

-

a

Reducing safety-related drug

PERSPECTIVES

ttrition: the use of in vitro

pharmacological profiling

e

Transcriptomics was applied
as a broad nontargeted

biological screen
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* Use of full human gene panel
~ 21k

» 24 hrs exposure

+ 7 concentrations

« 3celllines HepG2/ HepaRG/
MCF7

* 3D HepaRG spheroid
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Functionalization of ™
compounds §
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/Cellular Stress Pathways
1

To investigate possible
interactions between coumarin
and the 44 key targets involved
indrug attrition

To characterize non-specific
biological activity which is not
mediated via a specific
protein/receptorinteraction

3 chemicals, 36 Biomarkers; 3 Timepoints; 8 Concentrations; ~1 0\
Stress Pathways

cyprotex

@, Av svoTEC comPany

Doxorubicin Mitochondrial mass
6 hours

gene regulaton
~antioxidant defence.

CDS:1.00

0.0001 0.001 0.01 0.1
Concentration (LM)

Y

Toxicol Sci (2020), 176, 11-33
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In vitro biological activity characterisation: assays designed to

cover awider biological space

In vitro Pharmacological profiling
+ Tested up to 10 uM

 ~44 targets

* No hits

Cell Stress Panel
« 6 out of the 36 biomarkers significantly affected
« PoDs 44-912 uM

HTTr (HepG2, HepaRG 2D, MCF7)

 Two approaches to calculating POD - BIFROST (gene
level) and BMDL (pathway level)

« PoD range 6-70 uM

Cell models in the toolbox have limited metabolic competency

ntr

m co

Fold-change fro

Coumarin Cellular ATP
HepG2 24 hours
CDS: 1.00

ponse

-5-HepG2
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Increasing the confidence in therisk assessment: metabolite
identification

Understanding the metabolic pathway of coumarin

- \//
OH //\ (0] 0]
/\/

OH
Human In vitro T

metabolism
— O oty
Metabolite proflllng in pooled Coumarin Hydroxycoumarin (4 |50mer5)

human cryopreserved primary
hepatocytes

Hydroxycoumarin sulphate

o-HydroxyPhenylacetic acid o-HydroxyPhenylacetaldehdye
Seen as fragment of m/z 107 Seen as fragment of m/z 119

(o} o]

=

Hydroxycoumarin glucuronide

Conclusions: Coumarin is mainly detoxified to 7-OH coumarin and respective
glucuronide. Saturation of CYP2A6 (at high concentration) leads to the formation of
reactive metabolites

s By
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Increasing the confidence in therisk assessment: metabolite
identification

Addressing the limitation of the toolbox cell models with a metabolic competent
cell model - HepaRG 3D model

\f ’! » Low bioactivity also found in a metabolic competent cell model
(HepaRG 3D)

Cell stress & HTTr .

3D HepaRG models = PoDs range: 41-871 pM - not very different from 2D cells

Conclusions: The metabolism refinement step increased our
confidence in the PoDs and allowed for a safety decision to be
made

s oy
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Safety assessment: calculation of bioactivity: exposure ratio
and weight of evidence

PubChem ToxCast Cell Stress Panel
Face Cream
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Conclusions:
* The 5th percentile of the BER distribution ranged between 158 and 96738
« Coumarinis not genotoxic
« Coumarindoes not bind to any of the 44 targets
%{éﬁ « Coumarindoes not show any immunomodulatory effects
% 3
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Is the assessment protective?

PBK Level 2
Correlation with risk category: -0.76

iacimamide Hair Conditicner, 0.1%
,0.2%

marin Food, 4|1 mg'day
rarin 0.1 nI'E’.flt brwfday

ine 2 maic 5 cm® . ~
exylresorcingd Food pesiduss, 0.00323 mg/kg bw/day Evaluatlon Of 40

utylated hydroxyboduene Body Lation, 0.5%
iacinamide Food & Drink. 22.2 mglday substances to assess
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15 ! .!-l';wlrew:ind Face Serum,|0.5% tOOIbOX and
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— iacinamide Body Lotion, 3%
E xybenzone Body Lotion, 0.5% based assessments
10 - ulforaphane Food & Drink, 3.9 mgiday

@iakinamide Food & Drink. 12.5 mafkg bw/day protective? What

.i]x'_.'ﬂ-enz-nne Sunscreen, 2% .
.E-ulf-nlllaphane Tablet, 60 mo/day BER is needed to
@laffeine Food & Drink, 400 mofday
5 Rosiglitazone Medical, 1 mgil2 hours assure SafEty?
Doxorubicih 4 5 mgim?/day continuous infusion for four days
Caffeine Oveddose, 104g
Rosiglitazone Medical, B mofday
Paraquat dichlorille Pesticide poisoning, 35 mog/kg/day
0 4 Doccorubicin 75 mg.l'nﬁl'dm_.rf-m' 1D minutes
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workflow: Are NAM-
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Unilover: Middleton et al. (2022) Toxicol Sci (https://doi.org/10.1093/toxsci/kfac068)
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Application of NGRA concepts to occupational exposure

NAM toolbox

In vitro pharmacological profiling To investigate possible
/ \ interactions between coumarin
PERSPECTIVES and the 44 key targets involved

= :::I:x: —— in drug attrition Use in cosmetic products (C1) _
& fon Channel Quality control sampling (13) .
panel
Transfer of substance (small containers) (12) -
— Jotoml tod To characterize non-specific
anscriptomics was q, e
P PP = eurofins bIOIOgIcala‘”VIty which is not Transfer of substance (dedicated facilities) (11)
as a broadnontargeted k i Cerep / mediated via a specific
biologicalscreen protein/receptorinteraction
R R Formulation (Mixing or blending in batch processes) (F2) -
Transcriptomics \ /Cellular Stress Pathways \
/ 13 chemicals, 36 Biomarkers; 3 Timepoints; 8 Concentrations; ~10 .
o Usze1 ff full human gene panel Stress Pathways Formulation (Closed batch process) (F1) [
24 hrs exposure 0 01 0.2 03

7 concentrations
3 cell lines HepG2/ HepaRG/
MCF7

3D HepaRG spheroid

$lcsT - Plasma Concentration

Accamaive Number of Pathway Showeg Dot resporse

BMDexpress 2 oo
Toxicol Sci (2020), 176,11-33 j:_:’
Em
* Understanding worker exposure
LI A R §

* Routes
« Levels of exposure

* Personal protection equipment, engineering
controls, ventilation etc.

 PBK for worker exposure

Concentreten (M)
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Conclusions & reflections

- Case studies have demonstrated it is possible to integrate exposure
estimates and bioactivity points of departure to make a safety decision.

- 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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