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Context of case study pem—

Scientific Committee on Consumer Safety
SCCs

N VOM ROADMAP ( THE SCCS NOTES OF GUIDANCE FOR THE TESTING OF
ToXcOY s .

| COSMETIC INGREDIENTS AND THEIR SAFETY
X
BN

EVALUATION

11™ REVISION

2007 2021 s

‘“Traditional’ Risk Assessment

The SCCS adopted this guidance document
at s plenary meeting on 30-31 March 2021

Adverse Organism response

2021

Cone. of ingredient due to exposure

Amount/Conc.
of ingredient
due to

exposure

Adverse
Organism
Reponse

‘Next Generation’ Risk Assessment

. ,B\
Safe Dose
in Humans

NOAEL + based on advances in human biology
and in vitro/computational modelling

10 - 1000
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Distributions of Oral Equivalent Values and Predicted Chronic Exposures

Thomas RS et al., 2019. Tox Sci. 1;169(2):317-332.

Slide from Dr Rusty Thomas, EPA, with thanks
Rotroff, et al. Tox.Sci 2010

B Estimated Exposure
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Guiding principles for the ab initioNGRA applied to the

Benzophenone-4 case study

TIER 0O: 1pentiry
USE SCENARIO,
CHEMICAL OF CONCERN
AND COLLECT EXISTING
INFORMATION

v
2. IDENTIFY MOLECULAR STRUCTURE
—) : EXIT TTC
3. COLLECT EXISTING DATA_| S ——
) ‘ =
[ EXIT READ-ACROSS
4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT AND EXITING DATA J — w”

5. SYSTEMIC BIOAVAILABILITY (PARENT VS. METABOLITE(S), TARGET J _> EXIT

ORGANS, INTERNAL CONCENTRATION) INTERNAL TTC
~

6. MOA HYPOTHESIS GENERATION
(WEIGHT OF EVIDENCE BASED ON AVAILABLE TOOLS)

4
( v
TIER 2: \ 7A. TARGETED 78. BIOKINETIC REFINEMENT
- TESTING i (lN VIVO CLEARANCE, POPULATION,
APPLICATION OF AB |
\

IN VITRO STABILITY, PARTITION)
INITIO APPROACH

TIER 1: HyportHEsis
FORMULATION FOR AB
INITIO APPROACH

SEURAT-

8. POINTS OF DEPARTURE, IN VITRO IN VIVO EXTRAPOLATION,
UNCERTAINTY ESTIMATION, MARGIN OF SAFETY

J EXIT ,
— oo
9. FINAL RISK ASSESSMENT OR SUMMARY ON INSUFFICIENT
INFORMATION APPROACH

Computational Toxicology 7 (2018) 20-26

Contents lists available at ScienceDirect

¢ Computational Toxicology
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journal homepage: www.elsevier.com/locate/comtox
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Benzophenone-4 (BP-4) case study: Objectives & Approach

In 2019, the European Commission defined a
list of 28 cosmetic ingredients with potential
endocrine activity

BP-4 is one of the 28 chemicals for which the
call for data took place.

Objective of the case studies & BP-4:

* To assess whether a tiered NGRA
approach is sufficiently protective for
these types of ingredients following the
framework and NAMs applied in previous
case studies

Identified use
scenario

Identified molecular structure

Collected existing data*®

Performed PBK modelling,
considered relevant metabolites

Generic hypothesis: Biological activity measured
using a broad suite of human-relevant test systems
is only observed at concentrations in excess of

those experienced systemically by consumers

—

High-Throughput Assays covering specific

Transcriptomics MIEs or pathways of

concern#

Assessment based on lowest point of departure

Remaining concerns (i.e. low
bioactivity:exposure ratio, highly specific MoA)
identified?

Further assessment Document risk

of MoA of concern assessment, certainty

using higher-tier tools assessment

4

Dent et al 2021. Reg. Tox. Pharm. Volume 125, 105026.

Not possible

* Removed any in vivo
data or in vitro data
generated as a result of
findings in animals

to exit with
TTC

# Assays covering specific MIEs or pathways of concern discussed
were:

Phenoxyethanol: Published data, predominantly ToxCast

Coumarin: in vitro pharmacological profiling, BioMap, Cell Stress
(Baltazar et al., 2020)

Neither case study progressed to this level; however, if a
decision could not be made based on the lowest point of
departure this is the next logical step for the assessment



- Tiered approach for Exposure estimation

Level 0: Characterise exposure scenario
* 5% in Sunscreen product,
» 18g/day, two times, 9g/application,
* On body and face 17500cm?2 (total body area)

Level 1: PBK model built with in silico parameters only & sensitivity analysis
* Predicted plasma C_,, at steady state = 33uM

* Predicted sensitive parameters
* Fup (Fraction unbound in plasma)
* Liver CL,, (intrinsic clearance) Gast
* Dermis water partition coefficient
e Dermis diffusivity

Level 2: PBK model built with vitro parameters

Moxon et al 2020. Toxicology in Vitro, Volume 63, 104746.




Tiered approach for Exposure estimation: LEVEL 2 PBK Model

Molecular weight

Log P

pKa

Fraction unbound in plasma (fup)

Blood: plasma ratio

308.3 g/mol
1.28
acid 8.89, acid 0.5

0.0157

0.6

ADMET predictor
ADMET predictor

Measured, Pharmacelsus

Measured, Pharmacelsus

Hepatic intrinsic clearance (L/h)

<2.5L/h Below LOQ

Measured, plated primary human
hepatocyte assay, Pharmacelsus

ECCS classification

Renal excretion

Dermal absorption parameters:
Partition coefficient and
diffusivity in skin layers

Class 1A metabolism

0.11L/h

fitted against skin pen
data

Varma et al., 2015

GFR*Fup

Measured, Eurofins, Ex vivo skin
penetration study designed
according to Davis et al. 2011
meeting OECD and SCCS
guidance

Davies et al.,2011. Toxicological Sciences, Volume 119, Issue 2, Pages 308—318.

ECCS classification

(Extended Clearance Classification System)

Class 1A
Metabolism

High Permeable

Class 2
Metabolism

Class 3
MW <400
Class3A 1| Class3B -E
Renal Hepatic uptake:
clearance (or) Renal

clearance

Low Permeable

Class 4
Renal clearance

l

Acids/Zwitterions

Bases/Neutrals




Tiered approach for Exposure estimation: Further refinement of
hepatic clearance

Human liver S9 incubation:

No metabolism of parent
compound

Primary human hepatocyte assay :

Hepatic intrinsic clearance <2.5L/h
(Below LOQ)

h High confidence
that liver
Low clea.rance clearance can be
chemical '
_ >

If ECCS classification is not Class 1A, what’s the route of elimination?

PAMPA assay:
Very low permeability

How is BP-4 taken up by the cells?




- Tiered approach for Exposure estimation: Further refinement of
renal clearance

In silico predictions:
 BP-4is an anion sulphonate

Transporter studies in transfected
kidney cells in two different assays

Updated PBK model:

i « Set BP-4's distribution to each
» BP-4is predicted to be substrate (21 T R T R T G compartment to be modelled as
4 of several transporters in kidney 4 + Influxtransporter substrate- permeability-limited uptake; i.e.
and liver OAT1, OAT2, OAT3 tissue permeability is set to 0.
« Likely to be a substrate of Organic - Effluxtransporter substrate- . Active transport was modelled
anion transporters (OATs) MRP4, BCRP by incorporating kinetic and
. Renalclearanceis likely to be * V.. and Km calculated for each abundance parameters into the
higher than GFR*Fup transporter model
J J \ J
/ % Mﬁm E Hﬁtakei Q\
° ° ° § D Y E 4:]‘ E R—OE’:R o
High confidence that BP-4 is substrate of : b £t ||
transporters and actively transported into the liver = ih |
and kid ney /M\ ﬁ?as—sﬁ Renal clearance ——
Revised ECCS: Class 3A Bl o [l %
< : ‘Q ﬁb@ |

Acids/Zwitterions

Bases/Neutrals




Deterministic PBK model simulationof C_ .

Concentration (uM)

o o
=N

© o o o O
o1 oo ~N 0o O

o o
w b

o

BP4-Systemic Exposure-repeat

0 24 48 72 96 120 144 168 192 216 240
Time (h)
Plasma Lung
—— Adipose ~———Muscle
Liver tissue total Liver cellular
Liver extracellular Heart

Brain
— Kidney cellular
- Repro

—— Kidney tissue total
— Kidney extracellular



Probabilistic PBK model simulationof C_ .

300
250
200

150

Counts

100

50

0 i
[-1.5, -1.4] (-1.4, -1.2] (-1.2, -1.0] (-1.0, -0.8] (-0.8, -0.7] (-0.7, -0.5] (-0.5, -0.3] (-0.3, -0.1] (-0.1,0.0] (0.0, 0.2]

Log 10 predicted Cmax (uM)

_ 5th percentile (WM) | Median (uM) 95th percentile (LM)




Characterisation of bioactivity- key NAMs

\

CALUX bioassays and binding

/ In vitro pharmacological profiling / Renal Toxicity

~

Nephrotoxicity (3 donors, duplicate per donor), 8 concentrations,

@eurofins ’
Cerep

Nuclear
receptor

assays: TTR-TRB- and hTPO

AR CALUX

GPCR panel

-#- no S9
& +59
-~ DHT

100 L]
lon Channel

panel

% of max response

Enzyme panel

T T T J
-12 -10 -8 -6 -4

log [M]

Bowes et al 2012. Nat Rev Drug Discov 11(12): 909-22 /

-

Sonneveld et al 2005. Toxciol Sci 83(1): 136-48

High-Throughput transcriptomics (HTTr)

BHOL Moan dccurltion Pt

TempO-se 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

Concentration (uM)

/

Reynolds et al 2020. Comp Tox 16: 100138

Baltazar et al, 2020. Toxicol Sci 176(1): 236-252

24h and 72h timepoints:

e KIM-1

*  NGAL

¢ Clusterin

« TEER (Day 0 and Day 3)
« ATP

« LDH

/ Cell stress panel (CSP)

» 36 biomarkers covering 10
cell stress pathways

+ HepG2
» 24hr exposure
* 8 concentrations

+ Dose-response analysis
using BIFROST model

o

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

Image kindly provided by Paul Walker (Cyprotey

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


https://newcellsbiotech.co.uk/nephrotoxicity/

Results from the key NAMs- Deriving Points of Departure (PoDs)

In vitro Pharmacological profiling

 Tested up to 10 uM

e ~83 targets compiled by Cosmetics Europe Safety pharmacology WG
* No hits

Calux assays
*No agonism or antagonism of ER, AR or TR and no effect on production of oestrogens or androgens +S9
*Activity towards hTPO and TTR was found at high concentrations (LOEC= 300-600 uM).

Platform/NAM Cell type Analysis method PoD (nM)
Cell stress panel HepG2 BIFROST 140
ALLL HepG2 BIFROST 9.2 Bioactivity:exposure ratio
HTTr HepaRG  BIFROST 52 — ;' t'pb t
HTTr MCF7 BIFROST 5.5 (BER) = Ratio between
HTTr HepaRG Lowest pathway BMDL 650 minimum PoD and

predicted C__ exposure

HTTr HepG2 Lowest pathway BMDL 240
HTTr MCF7 Lowest pathway BMDL 280

Concentrations (uM) 0.128, 0.64, 3.2, 16, 80, 400, 2000
Dose response modelling using various methods- BMDExpress2 & BIFROST

Reynolds et al 2020. Computational Toxicology, Volume 16, 100138; Hatherell et al 2020. Tox Sci, 176, Issue 1, 11-33; Baltazar et al, 2020. Tox Sci, 176, Issue 1, 236-252



- Bioactivity: exposure ratio calculation
(awaiting aProximate™ data)

Analysis PoD BER from individual C__,
Cell type
method (M) (uM)

Median (95% interval)

Cell stress HepG2 BIFROST 140 280 (19, 4400)
panel
HepG2 BIFROST 4.2 8.5 (0.58, 130)
HepaRG BIFROST 52 110 (7.2, 1600)
MCF7 BIFROST 5.5 11 (0.77, 170)
Lowest
HepaRG pathway 530 1100 (74, 17000)
BMDL
Lowest
HepG2 pathway 240 480 (33, 7500)
BMDL
Lowest
MCF7 pathway 330 670 (46, 10000)
BMDL
Calux
(hTPO- Nthy-ori 3-1 LOEC 300 610 (42, 9500)
inhibition)
Calux (T4
binding to U20s LOEC 630 1300 (88, 20000)

TTR)




- Bioactivity: exposure ratio calculation
(awaiting aProximate™ data)

Analysis PoD BER from individual C_,, | Prob.
Cell type
method (LM) (LM) BER>1

Median (95% interval)

Cell stress HepG2 BIFROST 140 280 (19, 4400) 1.0
panel
HepG2 BIFROST 4.2 8.5 (0.58, 130) 0.95
HepaRG BIFROST 52 110 (7.2, 1600) 1.0
MCF7 BIFROST 5.5 11 (0.77, 170) 0.96
Lowest
HepaRG pathway 530 1100 (74, 17000) 1.0
BMDL
Lowest
HepG2 pathway 240 480 (33, 7500) 1.0
BMDL
Lowest
MCF7 pathway 330 670 (46, 10000) 1.0
BMDL
Calux
(hTPO- Nthy-ori 3-1 LOEC 300 610 (42, 9500) 1.0
inhibition)
Calux (T4
binding to U20s LOEC 630 1300 (88, 20000) 1.0

TTR)




What does this bioactivity: exposure ratio mean?
Ratio between minimum PoD and predicted C ., exposure

Margins of safety (MoS) using animal data have been around for
many years and we generally accept that a MoS >100 is
protective

More data needed to understand how large a BER needs to be to
assure safety




- Is the assessment protective?

PBK Level 2
Correlation with risk category: -0.76

iacimafnide Hair Conditioner, 0.1%
,0.2%
oumarin Food, 4|1 mg'day

— curnarin 0.1 mgfkg bwida
20 ine 2 mg.l'cn?’, 5 cm® !
exylresorcingd Food pesiduss, 0.00323 mg/kg bw/day .
utylated hydroxytoluee Body Lation, 0.5% Evaluation of ~40
I iacinamide Food & Drink. 22.2 mglday bst t
15 - | @Coumarin Body Lotion, 03§% supstances to assess
iPHexylresarcingl Face Senom,|0.5% .
o - ey toolbox and workflow:
— iacinamide Body Lotion, 3% Are NAM-based
sybenzone Body Lotion, 0.5% .
E 10 - ulforaphane Food & Drink, 3.9 mag/day assessments protective?

iakinamide Food & Drink, 12.5 malkg bw/d .
.-.@*:;E'n‘:;?':e 5m5men:1$ mgfkg bw/day What BER is needed to

@-ulfolaphane Tablet, 60 mg/day
@ affeibe Food & Drink, 400 mg/day
5 4 F'.-:Eiglitaﬁne Madical, 1 mgfl2 hours

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'm‘l'dm_.rf-m' 1D minutes

assure safety?

I
10— 10~¢ 107! 100 108 10°
Bioactivity-exposure ratio

Middleton et al (2022) Toxicol Sci in press



Conclusion & Next steps

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

« This case study 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.
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