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The need for non-animal approaches

22.12.2009 EN Official Journal of the European Union L 342/59

REGULATION (EC) No 1223/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 30 November 2009
on cosmetic products

(recast)

(Text with EEA relevance)

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EURO- (5)  The environmental concerns that substances used in cos-
PEAN UNION. metic products may raise are considered through the appli-
cation of Regulation (EC) No 1907/2006 of the European
Parliament and of the Council of 18 December 2006 con-
Having regard to the Treaty establishing the European Commu- cerning the Registration, Evaluation, Authorisation and
nity, and in particular Article 95 thereof, Restriction of Chemicals (REACH) and establishing a Euro-
pean Chemsicale Anencv 41 which enables the assessment

of envir We—E—Oss.scctoral manner.

Having regard 1o the proposal from the Commission.

Having regard 10 the opinion of the European Economic a
Social Committee ('),

Acting in accordance with the procedure laid down in Article 2
of the Treaty (),

Whereas:

m Council Directive 76/768EEC of 27 July 1976 on t
approximation of the laws of the Member States relating

& ¢
Societal Attitudes/Consumer
Preference

cosmetic products (") has been significantly amended | Safe Dose
several occasions. Since further amendments are o in Humans
made, in this particular case it should be recast as o NOAEL

+10-1000

Uncertainty Factors

Scientific Relevance Regulatory Change
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What is NGRA?
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An exposure-led, hypothesis driven risk assessment
approach that incorporates one or more NAMs to ensure
that chemical exposures do not cause harm to consumers

Dentetal., (2018) Comp Tox 7:20-26
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Paradigm shift for systemic safety - Protection not Prediction
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Distributions of Oral Equivalent Values and Predicted Chronic Exposures

B Estimated Exposure

-CIJ40 o

+ - ] oo

'__

B +-[]+@oo ®

Etoxazole 4 r -] @
'_ _— -
o
o
o

o

171717 171117171717 T T T TTTTTTTT
cC c L ccCc O A S XY T oOoOcCcccCc O= 0T O C cT WS cC ot o << =
~:.-§§-_aow§co--:ogoaoomc:g-:vogzoo-ﬁoéo-—_-g
O @ — z=a2o0c Y = =88 =S Z0wogsSSE S=0 £ 35% c 25
e B O2EBTNOoaNE=2NELSIEoc35ESSNLa3 RQecscyg
EQSEEBZSE8E 2 ECoXGECECS-ESO Rl EQTERESTS
BSoEo83PER] B ZHpgoeag8co28E8s5 c oS ogTeEsesS<
EZSgegdg 2 T¥5SLFEZSEN ZE3528F 588

= = o o 2 = = .=
wos s 2§ @ L= LK 3835 F 0w

= o 1 = L

S5 > o = wn o c =

aa £ o S g

a = L s >

g s

Slide from Dr Rusty Thomas,

EPA, with thanks Rotroff, et al. Tox.Sci 2010
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The hypothesis
underpinning this type of
NGRA is that if thereis
no bioactivity observed
at consumer-relevant
concentrations, there
can be no adverse
health effects.
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Thomas RS et al., 2019. Tox Sci. 1;169(2):317-332.



Framework Approach: The overall goalis a human safety risk
assessment

ICCR 9 principles of NGRA

___—__J.LJDENIIEY SN l Chemical Structure J Broad Coverage, J Multiple cell types Tier1
TIER O: 1oentiry & and Properties High Content Assay(s) +/- metabolic competence
USE SCENARIO, tz.»lnm‘nn MOLECULAR STRUCTURE | [ [
ORSEN. = & _— A (59" ICCR NINE PRINCIPLES OF NGRA
AND COLLECT EXISTING 3. COLLECT EXISTING DATA = 1 1

INFORMATION i !

| 4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT
=

5. SYSTEMIC BIOAVAILABILITY (PARENT VS. META!
ORGANS, INTERNAL CONCENTRATI(

principles:
s @ human safety risk assessment
s exposure led

TIER 1: HypotHesis
FORMULATION FORAB

A aC 6. MOA HYPOTHESIS GENERATIO! Insufficient PoDy i Sufficient s hypothesis driven
(WEIGHT OF EVIDENCE BASED ON AVAILAB \ data and data and s designed to prevent harm
Y | \ In Vitro "ig"rt v | DTl Determine L5 Risk
g . 0.0 uncertainty etabonsm . certainf : i
TIER 2: Zh RS Pl | I Biological Activity Margin of SEVETOTS TRl (ibe how a NGRA should be conducted:
p— {iioa Exposure . refinement . opriate appraisal of existing information
e ommonc Wm0 ) Estionati | Characterisation Safety Conclusion R e
stimation )
8. POINTS OF DEPARTURE, IN VITRO INVIVO 4 | I ====== m———— -TTTTN relevant methods and strategies
k UNCERTAINTY ESTIMATION, MARGIN OF I | ’ Initial PoD identification [ ncreased certainty { Low risk
7 ™~ 1 | inPoD and IVIVE | conclusion ocumenting NGRA:
| | 1 |
9. FINAL RISK ASSESSMENT OR SUMMARY ON | | I Metabolite | based on the ainty should be characterized and documented
k INFORMATION APPROACH | : I (" DPRA; hCLAT; ) | 1| identifiation | | I margin of safety | proach should be transparent and documented
KeratinoSens™, | calculations.
Berggre | | | Ep— | I[ DModels || L 4,
I . I — I \ I Dent et al. 2018 Computational Toxicology, 7, 20-26.
Problem Formulation | _-_————-
| 1 | | | SefetyScreendd® | |
Molecular
| Collate
| o Strucure I I BioMap® '
Existing | I | Diversity8Panel | |
! Information predictions | ——————
\ ) || cosuespas ||
N
. | (HTTr-Tempo- | |
\ Seg ]
SN ——— -
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Case Study approach - Human Health Safety
Assessment required for...

0.1% COUMARIN IN FACE CREAM

Can we safely use x% of ingredient y in product z?

Assumed that:
- Coumarinwas 100% pure

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

- nouse of animaldatain Read Across

- Insilicoalerts known to be based on animal
or invivodata or on the structure of
Coumarinitself were excluded

Exposure Led

¥
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All safety assessments of cosmetic ingredients are exposure-driven: Baltazar et al., (2020) Tox Sci (vol 176: 236-252)
https://doi.org/10.1093/toxsci/kfaa048


https://doi.org/10.1093/toxsci/kfaa048

Some key elements in the NGRA toolbox

PBK Modelling _ .o \ In vitro pharmacological profiling

seseee PERSPECTIVES

Nuclear
o008 0000 &+ vt 1o orue ocoviaY — ormion receptor GPCR panel
Reducing safety-related drug panel

attrition: the use of in vitro

pharmacological profiling

Face Cream [ —r———————
Whtabread

s p———
Transporter lon Channel
panel panel
‘withidramal i diacovered after 8 diug b spproved Heve, for the fiest time. the  mumt Racrptor bading stadin arv e
Clearance o~ )
W in silico 98.57 L/h i i dioiporbindrs e sl sl e st el ool o el
o o colstarsiv et g o /
_ : e in vitro 929 L/h e /" Enzyme panel
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Toxicology in Vitro (2020), 63, 104746

Cellular Stress Pathways \
0

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

Expesura scanario doumarin ) I

adopted for chemical is @, Aw EvOTEC cOMPANY
;:.’.::Im ghenoxyethanol
perspective gliacinamide

* Niacinamide [food,
cosmaetics) .

. Callenelbevarages, &iclofenac
esamaticsl .

® Phoncayethanst gaffeine id

lcosmatics]
: Sellraphansood] gulforaphane 12
1l i ] o
. n;a_n;::"" griclosan 1.0 i AR RARARARART|
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u-pndm‘mum &ioglitazone hydrochloride 0.7
“high risk [from N
<:'MM«L;oas dosiglitazone 0.6 CDS:1.00
perspectivel, "
- COD0-He g g roglitazone 0.0001 0.001 0.01 01

* DEM (industrial
051Gk DO-Me Concantration (UM}
: Doxonsbicinldrag) b" R
Diclolanac ldrug] xorubicin
* Troglitazone [drua] &

10 20 30 40 S0 60 70 80 90100 \ - Eoliﬂiumne[drl;ql T B lu |? T T .
Calculated BMD mean value (uM) 10 10 10 104 10
\ Margin of safety

Toxicol Sci (2020), 176,11-33

350

/T ranscriptomics

/

+  Use of full human gene panel
~ 21k

* 24 hrs exposure

« 7 concentrations

« 3celllines HepG2/ HepaRG/
MCF7

« 3D HepaRG spheroid

-5-HepaRG 2D

-6-HepG2

Doxorubicin Mitechondnial mass
6 hours

Biclogical
150 oxidations

Xenobiotics

Cytochrome P450-
arranged by substrate type |

Accumaltive Mumber of Pathway Showing Dose response
\
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Local and systemic
exposure estimates

Exposure
Estimation

B. Hall et aL {Food and Chemical Toxicology 49 (2011) 408-422
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NGRA for 0.1% coumarin in face cream: exposure estimation

GastroPlus®
(Simulations Plus) :
Chemeal &
ADME
parameters

ADMET

Predictor

Hepatic Clearance rate ‘

ECCS Class
logP, f,, Ry, etc.

Absolute Sensitivity index

Skin penetration parameters |

Total Plasma
Mean

Median

Facecream Endpoint
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@ AUC..
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90th
percentile

Level 2- Simulated plasma
concentration of coumarin after dermal

exposure.
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Cline Source
Data
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0.002

Face Cream

Clearance
B in silico 98.57 L/h
in vitro 929 Ljh

0.004 0.006

Level 2, Uncertainty and population variability
Distribution of Cmax values after performing Monte Carlo simulation.
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In Vitro

Biological
Activity
Characterization
Initial PoD
identification

e N

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

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

safety testing of drug candidates and are
designed to prevent serious ADRs from
occurring in clinical studies.

that is absolutely required by regu

Nuclear

receptor GPCR panel

Abstract | In vitro pharmacological profiling is increasingly being used earlier in
the drug discovery process to identify undesirable off-target activity profiles that
could hinder or halt the development of candidate drugs or even lead to market
withdrawal if discovered after a drug is approved. Here, for the first time, the
rationale, strategies and methodologies for in vitro pharmacological profiling at
four major pharmaceutical companies (AstraZeneca, GlaxoSmithKline, Novartis
and Pfizer) are presented and illustrated with examples of their impact on the
drug discovery process. We hope that this will enable other companies and
academic institutions to benefit from this knowledge and consider joining us in

seriousness of this AD
this assay is a mandato
ment. Receptor binding)
recommended as the fir!
the assessment of the dej)

lon Channel
panel

Transporter

does not deseribe which targy
constitute an in vitro pharmacy
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our collaborative knowledge sharing.

Decreasing the high attrition rate in the
drug discavery and development process
isa primary goal of the pharmaceutical
industry. One of the main challenges in
achieving this goal is striking an appropriate
balance between drug efficacy and potential
adverse effects* as early as possible in order
to reduce safety-related attrition, particularly
in the more expensive late stages of clinical
devel Gaining a better und il

of the safety profile of drug candidates early
in the process is also erucial for reducing the
likelihood of safety issues limiting the use

of approved drugs, or even leading to their
market withdrawal, bearing in mind the

target (or targets), whereas secondary
effects are due to interactions with targets
other than the primary target (or targets)
(that is, off-target interactions). Off-target
interactions are often the cause of ADRs in
animal models or clinical studies, and so
«careful characterization and identification
of secondary pharmacology profiles of drug
candidates early in the drug discovery
process might help to reduce the incidence
of type A ADRs.

In vitro pharmacological profiling
involves the screening of compounds
against a broad range of targets (receptors,
ion channels, enzymes and transporters)
that are distinct from the intended

filing panel and does not indicat
of the discovery process at which 1%
pharmacological profiling should occS
Nevertheless, the general trend for most
pharmaceutical companies is o perform
this testing early in drug discovery to
reduce attrition and to facilitate better
prediction of ADRs in the later stages
of drug discovery and development.
Here, for the first time, four major

I 1 s (A
GlaxoSmithKline, Novartis and Pfizer) share
their knowledge and experiences of the
innovative application of existing screening
technologies to detect off-target interactions
of compounds. The objective 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

Enzyme panel
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NGRA for 0.1% coumarin in face cream: In vitro biological activity
characterisation: In vitro binding and enzymatic assays: Eurofins
SafetyScreend4

94 Inhibition of Control Specific Binding
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All binding and enzymatic assay
results were negative at 10 pyM



Invitro biological activity characterisation: In vitro cell stress panel

In Vitro
Biological
Activity
Characterization

TS « Cellular stress response assays are useful to characterize non-specific biological

identification

1 1

activity which is not mediated via a specific protein/receptor interaction

] Keratin‘ogix;l'}, 1

: : » Measures a range of biomarkers covering ~10 cell stress pathways

1 afetyScreen44® 1

. BioMa ! o . . .

| | owersiy$oanet | ! » Single exposure; 8 concentrations; 1h, 6h & 24hr timepoints; HepG2 & NHEK cells

! | cellstress Panel | !

\ : cell Stress Concentration

" Biomarkers t th Effect dependency
- Mitochondrial Toxicity: Coumeri Cellr AT ype pathway score (CDS)
MitoSOX, PGC1a, MMP, ATP, cos:100 ATP (6h) HepG2 794 (363-977) | down 0.98
Glu/Gal . cell health
- Oxidative Stress: GSH, ROS, = o ATP (24h) 617 (282-891) | down 1
SRXN1, NRF2 ¢ Phospholipidosis HepG2 cell health 759 (437-977) | down 0.93
- DNA damage: pH2AX, p53 N 3 (24h)
- Inflammation: TN FA|P3, |CAM1, % GSH (24h) HepGZ oxidative 851 (301 - up 0.92
NFkB p65, IL-1B, IL-8, HMGB'1 . stress 1000) —
- ER Stress: PERK, ATF4, CHOP, ' " Concentration (0 IL-8 (24h) HepGZ inflammation 912 (575- down :
XBP1, BiP, ER Tracker 1000)
- Metal Stress: MTF-1, OCR (1h) 62(2.6-776) 0.6
Metallothionein Coumarin OCR _ .

o mitochondrial | 468 (214-794) 1
- Osmotic Stress (NFAT5S); - = OCR (6h) NHEK toxicity down
-Heat Shock (HSP70); ROy "”:” OCR (24h) 309 (138- 0.52
- Hypoxia (HIF1a) e x - _ 1000)
- Cell Health: LDH, Ressrve capacity 44 (23-96) !
Phospholipidosis, Steatosis, pH (1h) 0.9
rodo indicator, apoptosis o Reserve capacit mitochondrial 759 (302- ’
(caspase-3/7) & necrosis (ToPro-3) e = (6h) P y NHEK roxicity 1000) down 0.55
Concentration (uM)

% i’;‘% . _ Reserve capacity 79140%209)5_

@\&%’5 Hatherell et al., 2020, https://doi.org/10.1093/toxsci/kfaa054 (24h)
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https://doi.org/10.1093/toxsci/kfaa054

_______
Initial PoD
identification

ToxTracker®

DPRA, hCLAT,
KeratinoSens™,
U-Sens™

SafetyScreen44®

BioMap®
Diversity 8 Panel
Cell Stress Panel
HTTr — TempO-

Seq

¥
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Provide screen for biological activity across a broad biological

coverage

- Tempo-Seq
Human gene panel

verl ~ 21k

« 3celllines

Results:

The MCF7 PoD; were not

considered to be sufficiently

robust to derive a MoS

The lowest PoD; for each

cell model was selected for

the MoS calculation

Accumaltive Number of Pathway Showing Dose response

arranged by substrate type

-8-HepaRG 2D

~5-HepG2

Biological
oxidations

Xenobiotics

Cytochrome P450 -

Phase | -
Functionalization of
compounds

20 30 40
Calculated BMD mean value (uM)

Doxorubicin c Coumann [
GOF15_2621 MKI6T_28355 !
X W psaom*  x 8
g3 x :!

Concertration (M)

Concestration (M)

Sutoraphane
IGF1_25126 G

Coumann }
MAGOHB_22392
_»qcos¥oer

Reynolds et al. A Bayesian approach for inferring global points of departure from
transcriptomics data CompTox 2020 https://doi.org/10.1016/j.comtox.2020.100138

- In vitro biological activity: High-Throughput Transcriptomics (HTTr)

Cellmodel
Pathway level tests PoD; (M) (308 pathways) (0 pathways) (17 pathways)
20 pathways with the lowest p 70 NA 5g*
value Reactome
20 pathways with the lowest 44 NA 5g*
BMD Reactome
BMD of Reactome pathway with
lowest BMD that meets 31 NA 38
significance threshold criteria
(1570 (47 (87
Gene level tests PoD; (uLM)
genes) genes) genes)
Mean BMD of 20 genes with
6 3 54
largest fold change
Mean BMD of genes between
17 1 59
25t and 75t percentile
12


https://doi.org/10.1016/j.comtox.2020.100138

Tier 2 refinement: Metabolism prediction and
activity

0, o 5
- \J’
oH -?’ q o a
° LT
Hydroxycoumarin sulphale
| . 7

Increased | w
certamty in PoD ) s o
y \ I \ Human In vitro camum Hydnaxyeoumarin (4 isamers TEL
HEY Hn%
. .

metabolism by Pyt a0 oyt Phanyiacetaiencse
Seen as fragment of miz 107 Seen as fragment of miz 119

. ¥
—. =

Hydraxycaurnann glucuranide

‘Jl

Coumarin’s proposed metabolic pathway b
based on the in vitro experiments.

~ | = Low bioactivity also found in a metabolic competent cell

model (HepaRG 3D)
Cell stress & HTTr

in 3D HepaRG models = PoDsrange: 41-871 uM - not very different from 2D cells




- Exposure and PoD are plotted and used to derive a Bioactivity-
Exposure Ratio (BER)

PubChe ToxCast Cell Stress Panel
m
P1E e 't AN A LA B B N A B A
2 ] ¢ o
10§ n + +
101 " " = N
] ]

Concentration (uM)
5

103
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v@i@ How can we evaluate this NAM-based approach to
5 Py ensure we can make robust safety decisions that
(;b ,é( A [ ] [ ] [ ]
¢ are at least as protective as traditional
approaches
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Integrating Exposure and Bioactivity Data from NAMs to Make Safety
Decisions

The BER considers various sources
of uncertainty in translating
NAMs into a safety decision. These

include: Bioactivity
Exposure
Ratio

Exposure Biological

coverage

In vitro

True dose Cell/tissue
sensitivity
Time-
¢ dependence
Metabolism

Clearance
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How protective are the NAMs?

Example from the Accelerating the Pace of Chemical Risk Assessment (APCRA) initiative

TOXICOLOGICAL SCIENCES, 173(1), 2020, 202-225 ASTAR HIPPTox ToxCast AC50
SOT ‘ Saciety of o P EC10 (1M) (M)
Toxj,oolog)r Spotlig ht Advance Access Publication Date: Septerber 18,2019

el academic.oup.com/toxsci iy AT @

Apply high-

Utility of In Vitro Bioactivity as a Lower Bound Estimate Roiirr s
oxicokinetics

of In Vivo Adverse Effect Levels and in Risk-Based (httk) to get
mg/kg-bw/day

Prioritization

Katie Paul Friedman ® ,"* Matthew Gagne,' Lit-Hsin Loo," Panagiotis
Karamertzanis,® Tatiana Netzeva,® Tomasz Sobanski,? Jill A. Franzosa," Ann
M. Richard,* Ryan R. Lougee,*!! Andrea Gissi,® Jia-Ying Joey Lee,* Michelle
Angrish,!! Jean Lou Dorne, ! Stiven Foster,” Kathleen Raffaele,” Tina
Bahadori,! Maureen R. Gwinn,* Jason Lambert,* Maurice Whelan,* Mike
Rasenberg,§ Tara Barton-Maclaren,’ and Russell S. Thomas ® *

Bioactivity-exposure
Exposure ratio

95rh

POD; .4 : PODyu ratio

Of the 448 substances, 89% had a PODy,y os that was less than the
traditional POD (POD;,ygitionad) Value.

Bioactivity:exposure ratios (BERs), useful for identification of priority
substances, demonstrated that high-throughput exposure predictions
were greater than the PODy,y o5 for 11 substances.

Chemical

S .
Pl Ak AT
A= e LT
s oo = I
o % o A.

)

POD ratio >0

i

log10 mg/kg-bw/day

* ExpoCast * POD-NAM 4 max AED = POD-traditional



Examples of ongoing or completed case studies for NAM/NGRA
based risk assessment or prioritisation

>85 scenarios
Pilot + Full study 46 compounds 30 compounds >22 compounds

Doxorubicin, Intravenous, Medical |~ ——sm—

Paraquat dichloride, Oral, Pesticide poisoning, 35 mg/kg) 4 Science Appraach Document @>> OECD
Rosiglitazone, Oral, Medical, 8 mg 4 -

3
Organisation for Economic Co-operation and Development s ] E UT 0 XH I S K
Caffeine, Oral, Overdose 4 - ENWCBOMONO{IMIBS
Sulforaphane, Oral, Tablet, 60 mg/day 4 — Bioactivily Exposure Ratio: . ) ) EU-ToxRisk
Thalidomide, Oral, Tablet, 400 mg 4 —— Application in Priority Setting and Risk Assessment Unclassified English - Or, English A ntegrated Eurapean Flagsp’ Program
Caffeine, Oral, Food & Drink 4 - 17 October 2021 Driving Mechanism-based Toxicity Testing and Risk Assessment
for the 21 century
Niacinamide, Oral, Food & Drink, 12.5 mg/kg bw/day - - ENV'RONMENT DIRE(‘TORATE
Oxybenzone, Dermal, Sunscreen, 2% 4 —— CHEMlCALS AND BlOTECHNOLOGY COMM'TTEE Case Study 16 Reporting Template
Thalidomide, Oral, Tablet, 50 - 100 mg 4 e ———
Caffeine, Dermal, Clinical 4 - Health Canada
Team: 2
Thalidomide, Oral, Tablet, 50 mg - ——
Hexylresorcinol, Oral, Throat Lozenge, 2.4 mg _ Team Members: Barira Islam; Ugis Sarkans; Marcel Leist Alessandra
Roncaglioni; Jukka Sund; Andrew White,
Sulferaphane, Oral, Food & Drink, 3.9 mg/day 4 -
‘Oxybenzone, Dermal, Body Lotion, 0.5% 4 ——— Compound ID: C5_16-02
Hexylresorcinol, Dermal, Face Serum, 0.5% 4 ——— e ‘Compound Name: (4-Hydroxy-Z,2,6,6-tetramethylpiperidin-1-ylawidand,
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Ssummary

Exposure-led approach to determine protection through a BER (MoS)

Focus on weight of evidence to show tools can be integrated to make a safety
decision - requires diverse expertise

Strength derived from a combination of targeted and broad unbiased tools —
hypothesis led

NAMs not standard - need to ensure robustness/quality of tools and include
estimations of uncertainty to aid acceptance

Utilise NAMs for further targeted follow where required to refine uncertainty e.g.
metabolism

Further evaluation, additional case studies internal/ in collaboration eg EPA, CosEU,
EU-ToxRisk — as well as APCRA

Dissemination required to progress assessment and build out confidence for
broader stakeholder community on applicability domains/ remaining gaps
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