Next Generation Risk Assessment (NGRA)
using New Approach Methods (NAMs)

to Evaluate Systemic Safety for Consumers
using Benzophenone-4 as a UV-filter in a
Sunscreen Product
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Make participants familiar with some of the available in silico and in
vitro NAMs and promote a discussion about them — focus on systemic
toxicity

Showcase one way to integrate the presented NAMs in decision making
using a real case industry application to inform a human-relevant safety
decision

To unpack our thought process whilst preparing the case study — truly
end to end risk assessment, from problem formulation to safety
decision
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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

\_

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

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

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

R T [ LT TR A (e 110 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
documented

International Cooperation
on Cosmetics Regulation
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Next Generation Risk Assessment: From Principles to Application
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Figure 2. Tiered testing fr 'k for hazard ck ization. Tier 1 uses both chemical structure and broad coverage, high content assays across multiple cell types
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fined biclogical target / pathway, & itative paint-of- for hazard is esti based on the absence of biclogical pathway or cellular phenotype perturba-
ton. Chemicals from Tier 1 with a predicted biclogical target or pathway are evaluated Tier 2 using targeted follow-up assays. In Tier 3, the likely tissue, organ, or
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If there is no bioactivity
observed at consumer-
relevant concentrations, there
can be no adverse health
effects.

Range of in vitro AC50

If there is bioactivity observed
b s v ey s . at consumer-relevant
' concentrations, follow up
testing is required to establish
if that could result in an
adverse effect
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At no point does NGRA attempt
to predict the results of high
dose toxicology studies in
animals. we personally care
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BP-4 case study
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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 study:

* To assess whether a tiered NGRA approach is sufficiently protective and also
useful to answer a real-life question

Is Benzophenone-4 safe in a sunscreen
product at the maximum approved level
of 5%?

CCCCCCCCCCC
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rules & assumptions

* For the purposes of this exercise, it has been assumed that no in vivo animal data
exist on the ingredient

* Focus on systemic toxicity

» Stand-alone illustration of how to assess systemic toxicity effects (not including
genetic toxicity) using NAMs

[Z4N
| EUROPE |
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Gathering

information

Identified use Identified molecular Collected |{  Route of exposure, habits & practises |
scenario structure existing data Il Literature, databases, In silico QSARs :

Module 1 — Exposure

1 1

1 1

I . .o . I

i estimation Estimate systemic exposure concentration (SEC) (plasma C,_.,) i
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Hypothesis Generation
Generic Core tools! 1 1
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1 . 1
Broad suite of assays and

E Module 2 - 4 . y A ( ) E
i . . . analysis used as part of the L i
' Bioactivity systemic toolbox (Cell stress Tools to address specific risk :
I . . 1
 characterisation . assessment questions :
! panel, pharmacological !
| \___profiling, transcriptomics) / \_ Y, i
L

Module 3- Risk
characterisation
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Calculation of Bioactivity-Exposure ratio (BER). Assessment » Risk evaluation and risk
based on lowest of POD,,,, together with weight of evidence

assessment documentation




Gathering information: Use scenario and molecular structure
* Benzophenone-4 (CAS No. 4065-45-6; EC No. 223-772-2) has been used up to 5% O O
in Europe in cosmetics for decades as an ultraviolet (UV) filter and provides O/CHB
protection of the skin and hair from the harmful effects of the sun.

~
* Benzophenone-4 is water soluble, given the presence of a sulphate group in its 0 é/ OH
chemical structure and an anion at physiological pH

e Itisalso used as a product protectant at much lower % inclusion levels as a UV
stabiliser protecting cosmetic formulations against chemical breakdown by sunlight

* The specific use scenario of this case study is for dermal application of a leave-on
sunscreen body lotion product containing benzophenone-4 at 5% w/w

(ZOSNI:ICD
9 (LRSS ) /
Cosmerics Ewope >~ *Note: to model internal exposures further assumptions need to be made — Module 1 We personally care



Alerts from in silico tools

DEREK Nex
© exus Derene!é likely toxicity based on chemical structure
o METEOR Nexus Meteor possible biotransformation based on chemical structure
o OECD QSAR Toolbox. @» OECD possible mechanisms of action
o TIMES likelihood of skin sensitisation of the parent and metabolites
o OPERA @OFE E FEAA physchem, environmental fate, range of human-relevant toxicity endpoints
n (qsaR App
o VEGA =
VEG/A physchem, human-relevant toxicity endpoints

COSMETICS
' EUROPE I

LRSS

AFSA training on predictive chemistry: https://youtu.be/rLWaSgGFGCI We personall




Alerts from in silico tools

*Benzophenone-4 did not trigger many alerts within the tools used. The most

common alert across the tools was for skin sensitisation, or protein binding as an 0 OH
indication of skin sensitisation, in the DEREK, TIMES and OECD Toolbox outputs.
(T T
*no alerts for DNA binding, non-DART toxicant, no androgen agonism/antagonism 0
=S
O~ ~oH
4 (@]

*very few predicted metabolites (via hydroxylation and demethylation)

) ) o CAS No. 4065-45-6; EC No. 223-
*Benzophenone-4 triggered one potential alert for estrogen receptor binding in  772-2; sulisobenzone; 2-
Hydroxy-4-
methoxybenzophenone-5-

the VEGA profiler, however this was not consistent across other profilers that also sulphonic aeid)

assess estrogen receptor activity.

Follow up with in vitro assays to confirm whether or
not BP-4 binds to estrogen receptor and other 7N
endocrine related endpoints — CALUX EATS estrogenic,

' EUROPE I
LRSS
androgenic, thyroidogenic and steroidogenesis We personall




Gathering
information

Identified use Identified molecular
scenario structure

[
Collected I Route of exposure, habits & practises |
existing data Il Literature, databases, In silico QSARs :

Module 1 — Exposure
estimation

Estimate systemic exposure concentration (SEC) (plasma C

max)

¥

Hypothesis Generation

Module 2 -
Bioactivity
characterisation

(" Broad suite of assaysand )
analysis used as part of the
systemic toolbox (Cell stress

panel, pharmacological

\_ profiling, transcriptomics) J

Tools to address specific risk
assessment questions

J

Module 3- Risk
characterisation

Gz
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Calculation of Bioactivity-Exposure ratio (BER). Assessment » Risk evaluation and risk
based on lowest of POD,,,, together with weight of evidence

assessment documentation




From applied dose to internal concentrations

-~

External dose ADME parameters \ Kinetic profile of chemical |
. Route of exposure Absorption Physiologically-bas?d kinetic
. C . Distribution (PBK) modelling .
onsumer use (Habits & Vietaboli — Internal concentration
Practices) _e ? o.lsm (plasma, urine, organ-level)
* Applied dose (external Elimination 5
concentration)

* Skin penetration
Phys-chem properties

Hepatic clearance »
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Blood:plasma ratio
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Images from: AFSA training module
“Dosimetry (Internal Exposure)”,2022

https://www.afsacollaboration.org/scie

ncex_event/dosimetry-internal-
o We personally care
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What is PBK modelling?

 Mathematical description of
interconnected

compartments representing the human
body

e Describe ADME (Absorption, Distribution,
Metabolism, and Excretion) properties of
a chemical within the body

* Prediction of concentration in blood,
plasma, and tissues over time

* Can model an individual or a population

Links to training materials on PBK modelling:

— Metabolism

r o Lung

«— Heart <

«— Adipose
j Gut

[—| Liver <

| Kidney <

NURA Dynamic discussions: https://pcrm.widen.net/view/video/xr5o0jwu8vo/Session2-DyNAMic-

C

Discussions-2023?x.share=true&x.portal shortcode generated=a7lwjlxi&x.app=portals

AFSA: https://youtu.be/UGKEMS6DPRo

ey ExcCretion
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Exposure scenario and target individual/population

Exposure scenario
* 5% in Sunscreen product,
» 18g/day, two times, 9g/application,
* On body and face 17500cm2 (total body area) _CHs;
* each day applies the first dose (9g) at 9 am and the second dose (9g) at 2 pm O

following a meal (fed condition) and this individual takes a shower each morning at 7
am. O

Physiological parameters

» Adult female, 30 years old, 60 kg (SCCS NoG 12t revision)
* PEAR (Population Estimates for Age-Related -Physiology™) was used to calculate organ

weights, volumes, perfusions, and tissue-plasma partition coefficients for the 30 year

/J Bayer Technology Services
old, 60 kg bodyweight person. . SIM®

COSMETICS
EUROPE

T tual populations | [
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ADME data generation

* Insilico tools exists to predict ADME properties from structure (ADMET predictor withing GastroPlus)

 The most important ADME properties were generated through in vitro testing:

* Dermal absorption: used to derive kinetic parameters for chemical partitioning in the skin layers
and absorption through systemic circulation (OECD TG428). Generated in an ex vivo human skin
system and using a representative oil/water formulation containing 5% BP4. BP-4 was found to
primarily remain in the vehicle formulation on the skin surface

* Blood to plasma ratio: determines the concentration of the drug in whole blood compared to
plasma and provides an indication of chemical binding to erythrocytes. No binding activity for RBCs

* Plasma protein binding: the degree of binding determines the free available concentration of the
chemical in plasma. High binding to human plasma proteins (98.4%)

* Metabolic stability: evaluated using different methods (suspension and plated primary
hepatocytes) and it is used to understand the route of elimination of a chemical and derive values
for intrinsic hepatic clearance and half-life. BP-4 stable in primary human hepatocytes.

Moxon et al. 2020. Toxicology in Vitro, Volume 63, 104746. We personalh
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Molecular weight

Log P

pKa

Fraction unbound in plasma (f)

Blood: plasma ratio
Hepatic intrinsic clearance (L/h)

ECCS classification

Renal excretion

Dermal absorption parameters:
Partition coefficient and
diffusivity in skin layers

ADME results

Source

308.31 g/mol
ADMET predictor
ADMET predictor
Measured

Measured

Measured, suspension and plated
primary human hepatocyte assay,
Pharmacelsus

Varma et al., 2015

GFR*Fup

Measured, Eurofins, Ex vivo skin
penetration study designed
according to Davis et al. 2011
meeting OECD TG 428 and SCCS
guidance

Main observations:

* Very low skin penetration

BP-4 stable in human hepatocytes. Hepatic
intrinsic clearance <2.5L/h (Below LOQ)

Conclusion: Clarify hepatic clearance and understand the

route of elimination



1) Benzophenone-4 is not a substrate of CYP enzymes — need to confirm with a second assay using S9 fraction

* Note, BP-4 is a hydrophilic compound already

2) Benzophenone-4 has low membrane permeability— Parallel artificial membrane permeability (PAMPA) assay that
measures passive permeation across a lipid layer

Follow up assays

Human liver S9
incubation:

No metabolism of parent
compound

Very low permeability

PAMPA assay:

B

BP-4 is not a substrate of
enzymes and has very low
permeability

h

High confidence that liver
clearance can be neglected

(Liver CLint set to 0 in PBK). ‘

We personally care



distribution and renal clearance

In silico predictions:
* BP-4is an anion sulphonate

* Likely to be a substrate of Organic
anion transporters (OATs)

* Question: Is BP-4 actively transported by active
transporters in kidney?

Uotibaof Molecular | Vmax (mg L4
Transporters P Substrate? Mass TA/mg Km (pM)
efflux?
Dalton transporter/s
Uptake Yes 61816.3 0.01408 8.89
Uptake Yes 60025.7 0.01639 146.0
Uptake Transporter Uptake Yes 59856.2 0.00398 13.47 .
Substrate Assays 0CT2 Uptake No B

MATEI1 Efflux No - °
MATE2-K Efflux No

N - .

Transporter studies in transfected kidney cells in two

Understanding chemical organ

Assay: \

different assays (uptake assay and efflux assay)

Results:

Substrate of the influx transporters, OAT1, OAT2
and OAT3 and a substrate of the efflux transporters,
BCRP and MRP4.

Vmax and Km determined for each transporter

actively transported by active transporters in
human PTC

y,

Substrate Assays MDR1/Pg-p (it No

Vesicular Transport { Efflux Yes 149526.8 0.0026 48.54
& BCRP Efflux Yes 72314.2 0.00359 74.68

C

Cosmetics Europe

https://doi.org/10.1002/jcph.702
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Understanding chemical organ
distribution and renal clearance

In silico predictions: Assay: \

 BP-4isan anion sulphonate
* Likely to be a substrate of Organic Transporter studies in transfected kidney cells in two

anion transporters (OATs) different assays (uptake assay and efflux assay)
* Question: Is BP-4 actively transported by active

transporters in kidney?

P Y J Results:
* Substrate of the influx transporters, OAT1, OAT2,
Blood Flow and OAT3 and a substrate of the efflux transporters,
Glomerular filtration BCRP and MRP4-

net secretion
CL, > fu*GFR

*  Vmax and Km determined for each transporter
e actively transported by active transporters in

net reabsorption h uman PTC
Figure |. Mechanism of drug elimination and major transporters in the kidney. Drug elimination in the kidney is through glomerul lar fileration, ion,

+— CL,<fu*GFR
l Urine
secretion, and reabsorption process. Major transporters localized in the proximal tubule cells are depicted. The blue arrows indicate secretion, and ynd

(5 the pink arrows indicate reabsorption.
We personally care
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distribution and renal clearance

— .

Question:

* What is the overall balance between secretion and
reabsorption?

e Accumulation in proximal tubular cells?

\ J

2.5 D model

Cell Monolayer

B-A ->blood to urine = active secretion
A-B - urine to blood > reabsorption

C

Cosmetics Europe

Newcells aProximate™ platform

\

Understanding chemical organ

Assay: \

Bidirectional permeability of BP-4 in freshly isolated
kidney proximal tubule cells monolayer in transwell
system (aProximate™).

Results:

transport in both directions is equally efficient
leading to no net movement or intracellular
accumulation

GFR*Fup was used to calculate renal excretion of
benzophenone-4, accounting for filtration only to be
conservative

We personally care



Concentration (uM)

C
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Deterministic PBK model simulation of C__, for an adult
female (30 years old, 60 kg)

BP4-Systemic Exposure-repeat

5
2
5 = s
1
5
0
0 24 48 72 926 120 144 168 192 216 240
Time (h)
——Kidney cellular Plasma
—— Kidney tissue total Kidney extracellular
Lung e Adipose
——— Muscle Liver tissue total
———Liver cellular ——Liver extracellular
Heart Brain
Repro

23 uM
2.1 uM

PK parameter Value
Bioavailability (%) 0.4
CL,..q (L/h) 0.11
Plasma C,_,, (uM) 208
AUC,,; (ug-h/mL) 1.94

Volumes of distribution at steady state (L) 8.577
ty2 (h) 543

Concentration (uM)

0.1

0.01

BP4 systemic Cmax (uM)-repeat

2.08

2.29

RS
S o
< G..‘\

&
& & R

Benzophenone-4 concentrations in plasma and different tissues after repeated exposure of body lotion 18g/day, i.e., 9g twice per day for a
period of 10 days, with 5% benzophenone-4, on the whole body.

0.28
I 0.09
¢ &

e



e Overall, upon dermal absorption only a small amount of BP-4 enters systemic circulation,
after which BP-4 remains unchanged due to negligible liver clearance.

* It has low tissue distribution due to low partitioning and limited passive diffusion of cell
membranes (charged at physiological pH).

e It can be taken up into the kidney and then excreted to urine via active transport and can be
reabsorbed back to into the bloodstream, however due to no preferred direction of movement
glomerular filtration determines the overall renal excretion rate.

e BP-4 can also move into and then out of the liver cells.

* Successive doses result in accumulating concentrations of BP-4 in the body until a steady state is
reached at around 100h when there is an equilibrium reached between the low absorption and
low excretion into the urine.

C

Cosmetics Europe
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www.slido.com
enter code

#ASCCT O

Cy

How informative are the in silico prediction results?

How confident are you from the clarification of the hepatic clearance data?

How confident are you from the clarification of the route of elimination?

How confident are you in the deterministic predicted values of plasma Cmax?
How would these exposure results inform your next steps in the risk assessment?

How would you address the remaining uncertainty in this predicted value in the risk
assessment? (i.e. What other information would you like?)

[m] et [m]
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Overall approach for Benzophenone-4 (BP-4)

Gathering Identified use Identified molecular
scenario structure

information

Collected
existing data

. . 1
Route of exposure, habits & practises |
Literature, databases, In silico QSARs :

Module 1 — Exposure
estimation

max)

1

i Module 2 — (" Broad suite of assaysand  \ [/ Transport, )
1 o

i Bioactivity analys[s use:ibas pzrt"of the EATS activity using toc!ce-atra.:ce;:‘:r

| characterisation]  Systemic toolbox (Cell stress CALUX assays xicity in primary

i panel, pharmacological human proximal

I \___profiling, transcriptomics) J \_ tubule model )
L

Tools to
address
specific risk
assessment
questions

characterisation

Module 3- Risk Calculation of Bioactivity-Exposure ratio (BER). Assessment
based on lowest of POD,,,, together with weight of evidence

» Risk evaluation and risk
assessment documentation

&t al. (2022) Toxicol Sci (https://doi.org/10.1093/toxsci/kfac068)
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2)
3)

/1) Biological activity measured using a broad suite of human-relevant test \

systems is sufficiently protective. If bioactivity is not observed at

concentrations experienced systemically in consumers then there are no

adverse effects.

In silico tools predicted binding to estrogen receptor.

PBK model indicated that the concentration of BP-4 is higher in the kidney

than in any other organ, therefore a relevant kidney cell model was included

in the testing strategy.

/

We personally c4



Module 2: Broad suite of assays and analysis used as part of the systemic toolbox

/ In vitro pharmacological profiling \

Nuclear
receptor GPCR panel
panel

Transcriptomics was /" Ensyme panal
applied as a broad

nontargeted biological \ < eurofins
screen e

PERSPECTIVES

Reducing safety-related drug
attrition: the use of in vitro
pharmacological profiling

o Bowes, Ardrow . Bronn JacquesHamon, Wokgarg Jarolmek.

———

[ET——

/ High-Throughput transcriptomics (HTTr)
+ TempO-seek technology - full
gene panel
* 24hr exposure

e 7 concentrations

» Various cell models (e.g.
HepG2, MCF7, HepaRG)

» Dose-response analysis using
BMDExpress2 and BIFROST

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

To investigate specific
biological activity with 44 key
targets involvedin drug
attrition (Pharma) and
additional targets relevant
to exposure to cosmetics-
now expanded to 79 targets

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

/ Cell stress panel (CSP) \

model

Concentration (uM)

Reynolds et al. 2020. Comp Tox 16: 100138

(9 Baltazar et al. 2020. Toxicol Sci 176(1): 236-252
{[RSS )
LRSS

Cosmetics Europe
e Darseres cove oo

36 biomarkers covering
10 cell stress pathways

HepG2
24hr exposure
8 concentrations

Dose-response analysis

\using BIFROST model

== o
=" I~ e
Image kindly provided by Paul Walker /
(Cyprotex)

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

We personally care



High Throughput Transcriptomics (HTTr) applied as a broad nontargeted
biological screen

Harrill et al. Toxicol Sci (2021) 181(1):68-89

Ziram

* HTTr provides information genome-wide biological perturbations A Thiram

Cycioheximide
Pyraclostrobin

* Concentration-response HTTr experiments can provide potency i s

. . . 4-Nonylphenal, branchi
estimates for the concentrations of chemicals that produce ':H?E
Blsphem
perturbations in cellular response pathways Clacrbine

Nilutamide
Maneb
Rotenone
tafenaci

* TempO-Seq technology is the method adopted by the US EPA, Buducert
Health Canada and in the APCRA case studies. g iomann

Bdenthrin |

e

Z Fenpyroximate (ZE)

Cyproterone acetate

. . Tm;g;:gf:: =i = = i e e il
Experimental design for case study: Cyproconaznie s s e R

4-Cumy'phenol

o Pmpiconaz:.ble %=
* Use of full human gene panel ~ 21k ”“”if;m‘iéé E
4-Hydmx¥ﬁ§£r; - A
e 24 hrs exposure, 7 concentrations a__s.m.m:ﬁm : o
Troglitazone b
* 4celllines: HepG2 (OAT2), HepaRG (OAT2) and MCF7 mﬁ%@ W e
(OAT1) and primary proximal tubule cells (PTCs; Fomicat

Lovastatin

(aProximate™)) M

Simazine
00301 03 1 3 10 30 100

. Conoertiation (uM)
ralon
‘‘‘‘‘‘‘‘ 10 aVis
I EUROPE I
LRSS

(:“?‘!L‘lt‘;h‘}‘iﬂ‘l" S~ Harrill et Cl[., 2021. Tox Sci 181:1, Pages 68-89 We persona"y care



Objective:
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

@, Av EvoTEC cOmMPANY

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

HepG2 cells

36 Biomarkers;

24h exposure duration

8 Concentrations

* Dose response analysis and derivation of Global
POD by the BIFROST method?

O

Cosmetics Europe

'Middleton et al. (2022) Toxicol Sci (https://doi.org/10.1093/toxsci/kfac068)

TOXICOLOGICAL SCIENCES, 2020, 1-23

doi: 10.1093/toxsci/kfaa054
Advance Access Publication Date: May 6, 2020
Research article

SOT |#aay

academic.oup.com/toxsci

FEATURED

Identifying and Characterizing Stress Pathways of

Concern for Consumer Safety in Next-Generation Risk
Assessment

OXFORD

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

Nucleus

Transgription

RXH! HIFI.I:

i ER stress
< - "“‘”—’ Cell death
Oxidative stres:
DNA damage
o m. Cell death
5 8 rresl

cen vc\

Inflammation Apﬂpl
WM\S
e
@ +— NF-kB 1 8 U S
i/ "N immune response
esponse. -metal homeostasis
e et Apoptosis -gene regulation
i s -antioxidant defence

|
)

Cytoplasm

Mitochondrial hiegenesh;/
Antioxidant defence

b nmm:
Increased metabolism 'El ﬁﬁ* 9 Osmoic stress
Osmotic stress response
Plasma membrane
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PERSPECTIVES

@ A GuIDE TO DRUG DISCOVERY — OPINION

Reducing safety-related drug
attrition: the use of in vitro
pharmacological profiling

Joanne Bowes, Andrew J. Brown, Jacques Hamon, Wolfgang Jarolimek,
Arun Sridhar, Gareth Waldron and Steven Whitebread

Nuclear
receptor
panel

GPCR panel

Abstract | Invitro pharmacological profiling is increasingly being used eay
the drug discovery process to identify undesirable off-target activity profil
could hinder or halt the development of candidate drugs or even lead to
withdrawal if discovered after a drug is approved. Here, for the first tin|
rationale, strategies and methodalogies for in vitro pharmacological profi
four majar pharmaceutical companies (AstraZeneca, GlaxoSmithKline, N
and Pfizer) are p d and il d with of their impact o
drug discovery process. We hope that this will enable other companies
academic institutions to benefit from this knowledge and consider joining us

lon Channel
panel

Transporter

our collaborative knowledge sharing

Decreasing the high attrition rate in the

drug discovery and development process

isa primary goal of the pharmaceutical

industry. One of the main challenges in

achieving this goal is strik

balance between drug efficacy and potential

adverse effects as early as possible in arder

to reduce safety-related attrition,

in the more expensive late stages of clinical
Gaining a better

of the safety profile of drug candidates carly

in the process is also crucial for reducing the

likelihood of safety issues limiting the use

af approved drugs, or even leading to their

market withdrawal, bearing in mind the

growing societal and regulatory emphasis

target (ar targets), whereas secondary
effects are due to interactions with targets
other than the primary target (or targets)
(that s, off-target interactions). Off-target
i ions are often the cause of ADRs in
animal models or clinical studies, and so of drug discovery and dev
careful characterization and identification Here, for the first time,
of secondary yproflesofdrug  pharmaceutical y
candidates early in the drug discovery GlaxoSmithKline, Novartis and Pfizer) share
process might help o reduce i i
of type A ADRs.
I vitro pharmacological profiling

involves the screening of compound,
against a broad range of targets (receptors,
fon channels, enzymes and iransporters)
that are distinct from the intended

Enzyme panel

prediction of ADKs

g
innovative application of existing screening
technologies to detect off-target interactions
of compounds. The abjective of this article
is to describe the rationale and main advan-
tages for the use of in vitro pharmacological
rofiling to discuss best practices and to

<& eurofins

Closinetic

DISCOVERY

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

1

2.

3. SmitlAetal. 2021 Chem Res Toxicol;34(2):365-384.
4. Letswaart R et al., 2020 EBioMedicine;57:102837

Lynch JJ et al., 2017 Pharmacol Toxicol Methods;87:108-126.

Panel developed by the pharmaceutical industry and used
during early drug discovery to predict, assess and
minimise/avoid risk of potential off-target adverse drug

reactions.

Initial panel of 44 targets identified to be related to

adverse health outcomes!?

Cosmetics Europe/LRSS working group added 29
additional targets selected via literature review of 78
targets found in at least two separate sources (secondary
pharmacology reviews, legacy data from companies) 234

Targets (gene) Hit rate* Main organ  Effects
Binding Functional or Class o Agonism or activation
4 system
enzymatic
G protein-coupled receptors
Adenosine High Low (agonist)  CVS,CNS Coronary vasodilation;
receptorA“ LinBPand reflex; Tin HR;
(ADORAZA) Lin platelet aggregation and
leukocyte activation; 4 in locomotor
activity; sleep induction
a,,-adrenergic High Low (agonist);  CVS,GI,CNS  Smooth muscle contraction;
receptor (ADRALA) hi T in BP; cardiac positive ionotropy;
(antagonist) potential for arrhythmia; mydriasis;
Lininsulin release
a,,-adrenergic High Low (agonist);  CVS,CNS Lin noradrenaline release and
receptor (ADRAZA)

medium ‘se«mpathetic neuratransmission;
i

(antagonist) n BP; Lin HR; mydriasis; sedation

B,-adrenergic Medium  NA CVs, Gl T in HR; T in cardiac contractility;
receptor (ADRB1) electrolyte disturbances;
Tin renin release; relaxation of
colon and oesophagus; lipolysis
B,-adrenergic High Medium Pulmonary, T in HR; bronchodilation; peripheral
receptor (agonist); Ccvs vasodilation and skeletal muscle
medium tremor; T in glycogenalysis and

(antagonist) alucagon release

Antagonism or inhibition

Potential for stimulation
of platelet aggregation;
TinBP; nervousness
(tremors, agitation);
arousal; insomnia

Linsmooth muscle tone;
orthastatic hypotension and
in HR; dizziness; impact
on various aspects of sexual

function

TinGl motility;

ininsulin secretion

LinBP; LinHR; L inCO

LinBP

lly care



2)
3)

/1) Biological activity measured using a broad suite of human-relevant test \

systems is sufficiently protective. If bioactivity is not observed at

concentrations experienced systemically in consumers then there are no

adverse effects.

In silico tools predicted binding to estrogen receptor.

PBK model indicated that the concentration of BP-4 is higher in the kidney

than in any other organ, therefore a relevant kidney cell model was included

in the testing strategy.

/
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Module 2: Tools to address specific risk assessment questions

3. Benzophenone-4 concentration was predicted to be higher

2. In silico prediction for estrogen
in the kidney than any other organ

binding

4. Cell models in the toolbox have limited expression of the

relevant transporters

.. _ _ Renal Toxicity
EATS activity: estrogenic, androgenic, / \
R

thyroidogenic and steroidogenesis enal biomarkers (3 donors, duplicate per donor), 8
concentrations, 24h and 72h timepoints:

* CALUX bioassays to measure transcriptional

activation and binding assays: TTR-TRB- and : :fl'g"AE
hTPO e Clusterin
. . . . e TEER (Day 0 and Day 3)
* U2-0S incorporating the firefly luciferase . ATP Y g
reporter gene coupled to Responsive * LDH
+ Toxicogenomics (3 donors, 2 duplicates per donor), 8
Elements (REs) concentrations, 24h and 72h timepoints

* 12 concentrations. Calculation of AC50, *  Omeprazole and cisplatin added as benchmarks/positive

controls
LOEC and NOEC Newcells aProximate™ platform
\ / Piyush Bajaj et al. 2020. Toxicology. 442, 152535

sssssssss
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HTTr (HepG2, HepaRG, MCF7, PTC)
* Two approaches to calculating POD — BIFROST (gene level HepG2, 4.2 uM) and BMDL (pathway level HepG2, 240 uM)
 Significantly lower bioactivity was detected in PTC cells (gene level PTC, 320 uM) and BMDL (pathway level PTC, N/A)

Cell Stress Panel
* Global PODy,y, = 140 uM

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).

Renal biomarkers (PTC)
* No significant response for BP-4 (Cisplatin and Omeprazole gave expected dose-response at 72-h)

COSMETICS
EUROPE |

We personally LLR_SS_)




Gathering Identified use Identified molecular
scenario structure

information

Collected
existing data

] . . 1
I  Route of exposure, habits & practises |
Il Literature, databases, In silico QSARs :

1
i Module 1 — Exposure
i estimation

max)

1 1
i Module 2 — (" Broad suite of assaysand  \ [/ Transport, Y Tools to i
1 . 1
. .. analysis used as part of the .. .
i Bloactivity S ste‘r,nic toolboxr(,CeII stress EATS activity using tO;::iat;ai:csr?:\:rv ::::ii?: risk i
 characterisation y _ CALUX assays human oroximal | assessment E
! panel, pharmacological P . ;
: \___profiling, transcriptomics) J \_ tubule model  J questions :
L

Module 3- Risk Calculation of Bioactivity-Exposure ratio (BER). Assessment

Risk evaluation and risk

documentation

1
1
| - =
j characterisation based on lowest of POD,,,, together with weight of evidence assessment
[

] . ﬂﬁWal. (2022) Toxicol Sci (https://doi.org/10.1093/toxsci/kfac068)

Cosmetics Europe




Point of departure
P Systemic toolbox of assays (NAMs) which

(POD) derived from _ .
concentration- cover a broad biological space —
response data measurements of bioactivity

Transcriptomics

114

L05

o Cellular stress assays W
‘ el Receptor binding/enzymatic .
assays Calculation of

. ) ‘ Bioactivity exposure
Exposure models ratio (BER)

Exposure estimation:

Id-change from control median

Fe

PBK, fr | . L. .
( ee/tota Plasma C,, organ distribution, AUC _ .
concentration) The BER is defined as the
=1 . risvemicBmomeepe ratio between the POD and
T g3 the relevant exposure
n e R -3 e Zis s e .
e E i /s metric
S o Je—2
b
I S ey 0
é ? 0 4 48 12 % uo”m 168 192 216 240
: - : ~——Kidney cellular B = Plasma
d :ﬁ:;ey:ismmml _f:z:g:xme[luln
‘Metabolism —— Muscle ———Liver tissue total
m :;.il:;: cellular :;Ir\:: extracel lular
I = v | — We personally care




Conceptually, with the following assumptions a BER>1 indicates a low risk of o

adverse effects in consumers following use of the product:

1. The in vitro measures of bioactivity provide appropriate biological coverage

2. There is confidence that the test systems are at least as sensitive to

perturbation as human cells in vivo

3. The exposure estimate is conservative for the exposed population

We personally c4
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Specific assays

Cell  |POD.,, |PODyay |BER (usingC,..,
Broad suit of assays type |Type Value (M) |of 2.1 pM)
PODyam Calux (hTPO-
- LOEC 300 143
Cell type |POD,,\, Type |Value
M

Calux (T4
Cell stress Gene-based

HepG2 140 67 binding to - LOEC 630 300
panel PoD TTR)
Gene-based
biomarkers
G -based PTC PoD >1000 NA
HepaRG Pe;e B 5 25 (24 hr
Go based exposure)
I\/ICF7 Psge' Bed 55 2.6 Renal
o] k
Lowest (;:':fr b TC  poD >1000 NA
HTTr HepaRG pathway 530 252
exposure)
BMDL

HTTr (renal

......................... : —
SO : cells) (24 hr  [Lae ene 320 152
HTTr HepG2 pathway 240 114 I based PoD
' exposure)
————— B-IVLD-L— S e e | HTTr (renal Gene
HOEES cells) (72 hr  [are 320 152
HTTr MCF7 pathway 330 157 based PoD
s exposure)




Lowest BER across all PODs was obtained from HTTr in HepG2 cells when the BIFROST method was
used (POD of 4.2 uM; deterministic BER of 2)

— Single gene change of CYP 1A1
— Lowest BMDL in the same cell line is 240 uM (deterministic BER of 114)

— This provides some assurance that the gene changes seen at 4.1 uM may be of limited
toxicological significance.

The BER calculated from the deterministic Cmax and cell stress panel global POD (the next lowest
POD) was 67.

We personally care



[m] et [m]

www.slido.com o
enter code %
#ASCCT =]

How confident are you about the use/interpretation of the bioactivity data?
How confident are you about making a risk assessment decision?

How would you address the remaining uncertainty in the risk assessment?
(i.e. What other information would you like?)

T



Level of certainty (rationale)

Is value likely to be an over- Impact on risk
or under-estimate assessment

Areas

Consumer exposure (applied dose)
Identification of metabolites
Consumer exposure (Internal dose)
Range of biomarkers assessed

(rationale) decision

Use of short-term tests in vitro to inform about risks of long-term human exposure

Point of departure selection

Similar approach to OECD (2021): IATA for Phenoxyethanol

We personally care



Level of certainty (rationale) Is value likely to be an  Impact on risk assessment

over- or under-estimate decision
(rationale)
Range of Moderate (There is increasing evidence that PODy,, Given the low activity of There are remaining uncertainties
biomarkers obtained from the core NAMs, IPP, CSP and HTTr are benzophenone-4 across all regarding the protectiveness of the
assessed protective for a range of chemicals (Middleton et al., available assays together with  tools utilised for a broader range
2022) and previous case studies (Baltazar et al., 2020, its kinetic profile (low passive  of chemistries. Confidence could
OECD phenoxyethanol). The hypothesis and exposure permeability and low organ be increased by assessing how
driven approach led to the inclusion of additional NAMs distribution) it is considered protective the range of
to investigate potential endocrine activity and kidney unlikely a specific MoA exists biomarkers are for many more
toxicity) that would affect the safety compounds and whether different
assessment biomarkers are needed to ensure
the in vitro PoD is protective
compared with the in vivo PoD

C

Cosmetics Europe
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PBK level: L2

T T T T
1073 1073 1071 101 10° 10°
Bioactivity exposure ratio

Question 1. Given all this information would you conclude, low risk,
uncertain risk or high risk?

T,

[=];

www.slido.com
enter code

#ASCCT
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Rank

PBK level: L2
Correlation: -0.68

20 A

15 4

10 A

0_.

Chemical exposures
scenarios

‘Low’ risk (from
consumer goods

perspective) —e.g. foods,

cosmetics

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

@acinamide. Dermal.
‘aﬂelne. Dermal, Shampoo, 0.2%
‘oumann‘ Oral, Food, 4.1 mg/day
oumarin, Oral, 0.1 mg/kg bw/day
‘affeme. Dermal, 2 mg/cm’®, 25 cm?
‘exﬂresorcwno\. Oral, Food residues, 0.0033 mg/kg bw/day
‘ul‘,‘laled hydroxytoluene, Dermal, Body Lotion, 0.5%
‘lacmam:de, Oral, Food & Drink, 22.2 mg/day
‘exylresorcmc!, Dermal, Face Serum, 0.5%
‘enzophenonévd_ Dermal, Sunscreen
‘exrlresoruno". Oral, Throat Lozenge, 2.4 mg
@/acinamide, Dermal, Body Lotion, 3%
@>ybenzone, Dermal, Body Lotion, 0.5%
‘utforaphane_ Oral, Food & Drink, 3.9 mg/day
‘lacmamlde. Oral, Food & Drink, 12.5 mg/kg bw/day
‘xybenzone Dermal, Sunscreen, 2%

air Conditioner, 0.1%

Q2. Given this new information
would you conclude low risk,
uncertain risk or high risk?

Q3. What other information

‘ulforaphane‘ Oral, Tablet, 60 mg/day
‘af!eme. Oral, Food & Drink, 400 mg/day
Rosiglitazone, Oral, Medical, 1 mg/12 hours
Doxorubicin, Intravenous, 4 5 mg/m’/day continuous infusion for four days
Laffeine, Oral, Overdose, 10g
Rosiglitazone, Oral, Medical, 8 mg/day
Paraquat dichloride, Oral, Pesticide poisoning, 35 mg/kg/day
Doxorubicin, Intravenous, 75 mg/m*/day for 10 minutes

would you need to improve your
confidence in a low risk outcome?

107°

1073 10-1 10!
Bioactivity exposure ratio

n

www.slido.com T
enter code

"

Note: Low risk is different than low toxicity; it is all about integrating exposure.

#ASCCT O



Showcased a range of in silico and in vitro NAMs that can be used for safety decision making
for systemic toxicity

The method 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

Repeated dose toxicity in rats in combination with Reproductive/Developmental toxicity study: via
oral route (reliable without restriction)

Remarks on the results: no effects observed, large MoS

NOAEL >= 1 250 mg/kg bw/day (actual dose received), source https://echa.europa.eu/ (reminder:
our exposure scenario was 15 mg/kg bw/day)

We personally
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Matt Dent BP4 Consortium

Hequn Li Cosmetics Europe/LRSS Case study Leaders Team
Sophie Cable Pharmacelsus

Nicky Hewitt Eurofins

Beate Nicol BioClavis

Joe Reynolds Cyprotex

Sophie Malcomber SOLVO

Sharon Scott BioDetection Systems
Jade Houghton NewCells

Predrag Kukic

Andrew White

Richard Cubberley

Sandrine Spriggs

Ruth Pendlington
Katie Przybylak
Alistair Middleton
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Strateg ies in addressin g uncerta i nty in PBK estimation  Middieton, AM, et al, Are Non-animal Systemic Safety Assessments Protective?

A Toolbox and Workflow. Toxicological Sciences, 2022. 189(1): p. 124-147.

Point estimate values for
® input parameters
250
.. 200
Individual modelled (30 year-
» 15l
old 60 kg female, European) H
© 100
50
1 0
P‘z.lrameter EJII.CCI'.‘[alnjEy 3\31,\ LS . NN 3_@5\ s\gs\ I S
(‘informed”’ distribution for the ST T T T T BT T T e
most sensitive parameters) Logl0 predicted Plasma Cmax (M)
I ) S
0.76 159 5]
Population
Variability
L5

distributions for parameters used in uncertainty analysis and probabilistic PBK simulations = Plasma Cmax

1 # Kidney Cmax
L oweex osmwewe  lowmt Upeint 5 = Kidneyincellr e
In vivo variability + In £ s
1574 37.21 vitro standard lognormal 0.6095 4.0651 E I J] I
deviation 2 H
3243 30 normal 324348 616.261 Z 0 ' ' L mng Bl | mnE
1416.1 30 Table 2 from Clewell normal 141.612 2690.63 =
0.09 20 and Clewell 111, 2008 lognormal 0.05209 0.15555 E 0.5
0135 20 lognormal 0.07795 0.23277 :
3.50E-03 56.63 Literature review lognormal 0.00091 0.01345
135 25 lognormal 0.768 2.92969 -1
2.60E-03 25 lognormal 0.00133 0.00508
4.5 25 lognormal 2.304 8.78906 15
120 = " v::iztt?:: ord lognormal E1450 23438 vehicle:  Stratum  Stratum  epidermis Blood:  Fup (%) Km OAT2 Vmax
1 70 lognormal 02035 4913 water  comneum comeum diffusivity plasma (mg/L)  OAT2
. 2.00E-11 70 lognormal 4.07E-12 9.83E-11 partition  water  diffusivity (cm2/s) ratio (mg/s/mg
Cosme 6.00E-10 130 lognormal 4.93E-11 7.30E-09 coefficient partition  (em2/s) transporter)

cocfficient



Strateg ies in addressin g uncerta i nty in PBK estimation  Middieton, AM, et al, Are Non-animal Systemic Safety Assessments Protective?

A Toolbox and Workflow. Toxicological Sciences, 2022. 189(1): p. 124-147.
Point estimate values for

input parameters

Individual modelled (30 year-
old 60 kg female, European)

Predicted C,,, based on different approaches
characterising uncertainty

Parameter Uncertainty
(‘informed’ distribution for the
most sensitive parameters)

%# R

Population
Variability
Parameter Model . Deterministic Distribution of C_ ., within the in vivo
Uncertainty Uncertainty PBK model for population estimated by combining
L adult female CMED. mocflel and. GastroPlus™
population simulation (uM) (green
60 kg curve)
PlasmaC,,, Median 95t percentile
(‘. (13 Population pointestimate 459, jioryal)
B Variability 2.1 1.3 (0.11, 15) 9.8




To account unknown-unknows e.g. model uncertainty

* C,. Error Distribution (CMED): A complementary approach to characterise PBK prediction uncertainty as
published in Middleton et al. 2022.

* This model seeks to quantify the error distribution of estimates of plasma C__, by looking at the difference
between PBK predictions of C__, and existing measured values in human clinicals for several exposure scenarios.

* This model can be used to estimate the distribution of the possible prediction errors for future chemical and
exposure scenario.
In silico only

+In vitro + clinical data
parameters parameters
PBK L1 PBK L2 PBK L3
Sulforaphane Oral Food & Drink, 3.9 mg/day : X 1 : x . :
Salicylic acid Dermal Clinical 4 : X : x R : X
Rosiglitazone Oral Medical, 8 mg A X i 1'< . )%
Nicotine Dermal Clinical X | o : x|
Niacinamide Oral Food & Drink, 12.5 mg/kg bw/day - X i >:t . ):t
Diclofenac Dermal Clinical : x :x 1 : X
Coumarin Oral 0.1 mg/kg bw/day i X i X . i X
Coumarin Dermal Clinical 4 X} X . *—1
Caffeine Dermal Clinical { X i :K . ix
Caffeine Oral Overdose, 109 - : * i X :
Caffeine Oral Food & Drink, 400 mg/day - i i X . X i
B s % i 2= 4 &8 ! ¥ 38 3

2
('()-Ill(l]('slnl()l)( |0910(Cmax pred!Cted / Cmax measured) We persona"y care

U Py UV LUW. L UALULUZILUL DULETILED, 4ULL. AOF (L), [Jo L L1171/,



To account unknown-unknows e.g. model uncertainty

* C,. Error Distribution (CMED): A complementary approach to characterise PBK prediction uncertainty as
published in Middleton et al. 2022.

* This model seeks to quantify the error distribution of estimates of plasma C__, by looking at the difference
between PBK predictions of C__, and existing measured values in human clinicals for several exposure scenarios.

* This model can be used to estimate the distribution of the possible prediction errors for future chemical and
exposure scenario.

2.00 + - f— Population simulation Deterministic PBK
—— CMED . . . cales . .
— e G iR model for adult Distribution of C__, within the in vivo
Lso ] female population estimated by combining CMED
60 kg model and GastroPlus™ population

1.25 4
) Deterministic simulation (uM) (green curve)
S 1.00 4
&

0.75 Plasma C,,,, point Median 95t percentile

| .
] estimate :

e : (95% interval)

0.25 - :

000 L . . T —ey . 2.1 1.3(0.11, 15) 9.8

—-2.0 -=1.5 -1.0 —0.5 0.0 " 0.5 1.0 1.5 2.0
logl0 Cmax (M)
l(C}SI-\ETICS \
j LRSS Middleton, A.M., et al., Are Non-animal Systemic Safety Assessments Protective? A Toolbox We personally care
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Confidence level

WHO questions for assessing the level of confidence in the BP-4 PBK modeling

Conclusions

v The stepwise way of data generation and refinement, using relevant and robust approaches for parameter
determination, support the reliability of input parameters and provide a sound biological basis for the
model structure.

v Although human clinical data are not available for validation, the sensitivity and uncertainty analyses and
the probabilistic modelling performed provided assurance that the predictions are fit for purpose and
9 provides conservative estimates of human systemic exposure.
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Correlation: .63 Question 1. Given this new information
eomnnten | would you conclude low risk, uncertain
20 @oumarin. Oral, 0.1 mgikg bwiday

ffeine, Dermal, 2 mgicm?, 25 cm’ H k h' h H k
‘f:y!:'s:\:malr.':lal, FW;“T'ESI\‘]U:: 0.0033 mg/kg bw/day rI s o r I g rl S ?
‘utylated hydroxytoluene, Dermal, Body Lotion, 0.5%
‘\acmamldq. Oral, Food & Drink, 22.2 mg/day
15 ‘axylveson;lrwl. Dermal, Face Serum, 0.5%
"" 4, Dermal, 5
@exylresorcinol, Oral, Throat Lozenge, 2.4 mg ° ° °
P o Question2. If your decision changed,
10 | ‘u|fnraphanp, Oral, Food & Drink, 3.9 mgiday

‘:acmamide. Oral, Food & Drink, 12.5 mg/kg bw/day Wh at c h a n ed o u r m i n d ?
@ ybenzone, Dermal, Sunscreen, 2% g y ]
‘u!(c(aphine. Oral, Tablet, 60 mg/day
‘aﬁeme‘ Oral, Food & Drink, 400 mg/day
5 gRosigiitazone, Oral, Medical. 1 mg/12 hours
gDoxarubicin, Intravenous, 4.5 mg/m*/day continuous infusion for four days
(Laffeine, Oral, Overdose, 10g ° ° °
oo sk s Question3. What other information
gRaraquat dichloride, Oral, Pesticide poisoning, 35 mg/kg/day °
0 gDoxorubicin, Intravenous, 75 mg/m’/day for 10 minutes

10 he would you need to improve your
Bioactivity exposure ratio . o o
confidence in a low risk outcome?

Rank

C
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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

SSSSSSSSSSS
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Point of departure
P Systemic toolbox of assays (NAMs) which

(POD) derived from _ .
concentration- cover a broad biological space —
response data measurements of bioactivity

Transcriptomics

114

L05

o Cellular stress assays W
‘ el Receptor binding/enzymatic .
assays Calculation of

. ) ‘ Bioactivity exposure
Exposure models ratio (BER)

Exposure estimation:

Id-change from control median

Fe

PBK, fr | . L. .
( ee/tota Plasma C,, organ distribution, AUC _ .
concentration) The BER is defined as the
=1 . risvemicBmomeepe ratio between the POD and
T g3 the relevant exposure
n e R -3 e Zis s e .
e E i /s metric
S o Je—2
b
I S ey 0
é ? 0 4 48 12 % uo”m 168 192 216 240
: - : ~——Kidney cellular B = Plasma
d :ﬁ:;ey:ismmml _f:z:g:xme[luln
‘Metabolism —— Muscle ———Liver tissue total
m :;.il:;: cellular :;Ir\:: extracel lular
I = v | — We personally care .




