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The ICCR principles for cosmetic safety assessment: next generation risk
assessment & case studies
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3Rs: worldwide animal welfare and consumers’ demand
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2019 - Celebrating 60 years of the 3Rs ZAABENY S LR

Consumers want safe products, but many
want them Not To Be Tested On Animals
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A growing number of cosmetic regulations with animal testing (AT) ban worldwide
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AT Ban at 39 countries/areas

2013

“Today’s memo directs the agency to aggressively reduce animal testing, including
Nov 18th, ZE & 4.7k {J\ﬁixwm_ﬁ_ﬂﬁ} reducing mammal study requests and funding 30% by 2025 and completely

eliminating them by 2035"

EPA Administrator, 2019
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Scientific Progress: From TT21C to NGRA

F—RRLTME: —MLURBASO - RIZIXENEY XN (L
ik, ZAERERTHERARTTIEE (NAMs) , LIBARRTEM
, f%ﬁﬁﬁﬁ]%lﬁgﬁ Next Generation of Risk Assessment (NGRA)is

defined as an exposure-led, hypothesis-driven risk assessment approach that integrates New Approach
Methodologies (NAMs) to assure safety without the use of animal testing
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Ufnilever video on NGRA
https://youtu.be/tJWG3YCXTOY
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Can we use a new ingredient safely?

BT AR EHAE ™ mzPERX %
Ry 5 ?

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

MmN E L E TR BRI

All safety assessments of cosmetic products are exposure-driven

HEEERE IR BERE
Consumer Exposure Understanding the potential
hazards of the ingredients

Risk Assessment

Rl




%E@ﬂ-%ﬁ*ﬁ%ﬁi Exposure Science overview

Exposure assessment: Drives the risk assessment process. This quantifies the dose (amount) of a material that is
externally applied during consumer use of the product, which is then compared to the relevant dose at which
toxicological effects are expected to establish the safety risk.
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Routes of Consumer Exposure for different product types

/4 - ,
Skin R Rk: \ : Inhalation IR A\ :
Skin creams Rk 1 M X Aerosols S5afk

Deodorants/Aps : Pump spraysmi s 7

BR R/ 15T ‘ _

Hair shampoo 3% 7k/
Soap/cleansers conditioner %=
EB/EEF

Shower gel JK;AEE

Hair shampoo/

conditioner &K/ RE Ingestion B\ :
Shower gel ka8 Toothpaste F &/
mouthwashs 17K

Lipsticks &
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SEFNfEA Habits and practices

Tablc 2:  Fstimaied daily exposurs Ievels for differest eosmetic praduct types 2coonding
to Cosmetics Surope dats (SCCNFF/OE21500; Hal et al., 2007, 20117,
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Praduct type daily srnount 1 dal
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Bathing, showerin 1
Shrower gel 18670 279,20 Q.01 2,149 2, 3
Hand wiash sazp * 20001 - .01 o.z0 " 33 %_“
Hair care 11 |
Shaimpac 10495 g 152.1489 o.01 .11 1.51 -'53
Halr condiziensr = 302 g - 0.01 004 .50 :
Hair styling - a
products 4,010 g G740 n.1 D] 5.7
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B. Hall et al /Food and Chemicol Toxicology 49 (2011) 408-422
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K Rki5ZE#3E skin penetration data

. Fiﬂiféﬁ{%‘,ﬁéﬂ]@k Refinement of skin penetration information

Donor Compound

Compound and
Receptor Output
for Analysis
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Assumption of 100% skin penetration in the absence of data
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OECD GUIDETINE FOR THE TESTING OF CHEAMICALS

Skin dbearrption: v e Seibanl

R TR DR B (41,

Tt gl bes ern Ssigned 0 Sromde IUmenos on dbeorziiog of @ 123 b
appliac in merised szin I8 ran st be corbimad wath s 230073 Vet Gredabne fre Scin Aharpam:

too Wistnnd (1], or te condasted sepratshy [ s recommended 1hat

et tionkdaad o7 Shen Al Sikubis £ I consital b sssid e deimn
Ciedeless, Tl EC T Cuudiss Tocrn Lo o prepoad 1o Taedre the sdotuo of appopnls o
Pt procedures BT TS 1D SpeCisi CCTIETARCSS, 37 enenre ihe relehibey of rembs otimed by tus
Kt

13




RN EE

Inhalation Exposure

P SE AT 52 g

Simulated use studies can be conducted to Simulated use study output
measure lung exposure

B AT R R I B RE

Usually concerned with aerosol or pump spray i /,, S
products. Other products can be tested under '

simulated use conditions BT SR BRI - ‘ __
EWESSAL, EEgTE o X
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Can measure inhalation of volatile and non-
volatile components using aerodynamic particle ﬂ?ﬂ&lzeug?fl]

sizer O] AfE = [ B ENE D Breathing zone aerosol
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Understanding systemic exposure

5 In Vitro Assays:
YT Kinetic Solubility
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* Predicting systemic exposure

* Enabling us to select and test
relevant doses

* Increased role for clinical work to
confirm systemic exposure levels
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Can we use a new ingredient safely?

RN E L E TR BRI

All safety assessments of cosmetic products are exposure-driven

HHERE 1248 % 4 o

Consumer Exposure Understanding the potential
hazards of the ingredients

Risk Assessment

Rl
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{BEE) Toxicity Endpoints (Human Health)

ERNFERSHEN (ERBEADNHARZZNLIEE) BERE

Relevant toxicity endpoints based on the Scientific Committee on Consumer
Products guidance document “Notes of Guidance for the Testing of Cosmetic

Substances and their Safety Evaluation, 11th Revision
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SCCS Notes of Guidance for the Testing of Cosmetic Ingredients and Their Safety Evaluation,

(SCCS/1628/21)

Acute toxicity
Mutagenicity/genotoxicity
Irritation and Corrosivity
Photo-induced toxicity

Skin sensitisation
Repeated dose toxicity
Reproductive toxicity
Carcinogenicity
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Maximising use of existing information and non-
animal approaches
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T— A XFEF{E ( NGRA)

All available safety data (Clinical,

epidemiological, animal (if dates permit), in

vitro etc)
in silico predictions

Exposure-based waiving approaches (e.g.

TTC, DST, Inhalation TTC)

History of safe use

Read across

Use of existing OECD in vitro approaches
Next Generation Risk Assessment (NGRA)
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Exposure-based waiving approaches

* If no data are available then in some instances
ki
- INRE ﬁjﬁﬁﬁ’]gﬂl?@ﬁ,\ﬁﬂfurim [R5 s exposure based waiving approaches such as the
A LLRAETREBMRRINE - @JQDJ‘E Toxicological Threshold of Concern (TTC) can be
SEFHME (TTC) employed
L . »  TTC - a pragmatic approach to derive an
« TTC: —HSEHRTE - S HAIXT AL exposure level at which there is no appreciable
BEEERIEXMIEEKFE risk to human health
 The TTC levels were determined applying a 100-
o XT1E=EYRCramerzsnl - 5 — 118 fold extrapolation factor to the 5" percentile
STNVBITTC/KE, HIEZERHINOAELBYE NOAEL for chemicals in each Cramer class
B8 B 100fE 5 R FE B E, derived from chronic studies.
A AN il

S, VIER jowrnal homepage: wwew elsevier comiona tuilosdchemion

Apphcation of the threshold ol tosicolosical concern (TTC) Lo Thresholds of Toxicological Concern for cosmerics-related subsrances: @. o
the salety evaluation of cosmelic ingredients =7 Mevr database, thresholds, and enrichment of chemical space
L Chihar ¥ang =Y Susan M, Harlow &, Kristi 1. Muldoon Jacohs 7, Vessela Vitchewa <55,
[, Boroes *, AL Renw |Ll. * % Feron ®, C1. G |||| LML Gibney 5, HL Girein Alan K, Eaohis  Susan B Feleer © Kitk 8, Arvidsan ©, Detlef Kellet ™, Mark T Cronin |,
12 H, Sy 50 lf L hmrsenad LR an e Samdt ! Steven Enoch ', Andrew Warth !, Fleli M Hallizzel K=
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BEPFXENME (TTC) 2—MLAHIME NS
TR

Eq: 79 Fﬁ ﬁﬂ: ? |:|I=|:| E ﬁ A1¢§ Eg ﬁl 15 E’\JE mu ! ﬁ Structure-based thresholds of toxicological concern (TTC): guidance
q:lttrnjl 15%5?’ X{I’A—E{EENK@%B;E%{E for application to substances present at low levels in (hccdicl

<

ol ol Ol
Fake

www charver com dacie foodehem o

Threshold of Toxicological concern (TTC) is a prag matic risk R. Kroes®. A.G. Renwick®. M. Cheeseman®, J. Kleiner®*. I. Mangelsdor®,
. . . A. Piersma’, B. Schilter®, J. Schiattes®, F. van Schothorst®, J.G. Vos', G Wilrizen!'
assessment tool that is based on the principle of establishing a human

exposure threshold value for all chemicals, below which there is a very
low probability of appreciable risk to human health for a lifetime

¥ Rodent Carcinogenicity Database (Cheeseman ef af, 1999)

Chemical Types 5th percentile NOEL | R TR ERERN | ETEERE
A2 b ESESHMNOEL | TTC (ug/kg/day) | FITTC (ng/X)
(mg/kg/day)

g Loo VEDs lor 709
Caronogens

T for 709
aéoﬂou'

Genotoxicity alert
BESHEET
Organophosphates H 11 BB £k

=" Ovorap

/carbamates S X H L

Cramer 128 ({E51)

Cramer Il £ (%) [Human Virtually Safe Dose

Log (mg/kg/day)

for cancer endpoint Rodent TD5,

Cramer III%E (E%ﬁ)
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Other types of exposure-based waving

Erslumry Tankrdagy and Fharmambogy 51 XU 6628

Conienin lfs availabie o SciancaDinac

Regulatory Toxicology and Pharmacology

jeurmal hemepage: www.elsevier.com!lecatelyriph

The Dermal Sensitisation Threshold A TTC approach for allergic contact dermatitis
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History of Safe’ Use In risk assessment

- XM EREYME ( E25 - 185 - [EIRIES ) i FRELEmX
BEEERDSE

Risk assessment of botanical materials (herbals, traditional Chinese medicines, Ayurvedics etc)
which have a long history of use in certain parts of world.

« "REFEMARE" (HoSU) MNZRTEmASHIRZMETE ( HIa0wH
REmMEEREYEMm)

‘History of Safe Use’ (HoSU] is widely used for safety assessment of food ingredients (e.g. novel
foods and foods derived from genetically modified organisms) *

- ETZYERSESERMNARLIY - ZtEBRYBERZZFERE
(EAEFTRXRT M)

Based on similarity of the substance to appropriate comparator for which there is a history of safe use (at levels equal
to or greater than the substance)

*Constable A et al (2007). Food and Chemical Toxicology, 45(12): 2513-25 " {& ;( %; \&‘
. %~ 4
22
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HoSU multicriteria decision-making
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0 ECD tests that do not use animals
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HZA (ICCR) T oh¥imliE RNl

ICCR principles of risk assessment without animal testing

Contents lists available at Scienc=Direct

Computational Toxicology

journal homepage: www.elsevier.com/locata/cor

Principles underpinning the use of new methodologies in th
of cosmetic ingredients

Matthew Dent™*, Renata Teixeira Amaral”, Pedro Amores Da Silva®, Jay An
Masato Hatao®, Akihiko Hirose’, Yutaka Kasai®, Petra Kern", Reinhard Kreili
Beta Montemayor", Julcemara Oliveira’, Andrea Richarz”, Rob Taalman®,
Rajeshwar Verma', Nashira Vieira OReilly Cabral Posada’, Craig Weiss”, 11

Dentetal., (2018) Comp Tox 7:20-26

Computationd Texicolgy 7 (2018) 2026

2w ATl L]

B

Hererdsle Gimreraller en G e Sty
S0CE

THE BCCE MOTER OF SULDARLE FOR THE TEET G OF

ATIMETES IRNESGIFRTS 4HO TEETH HIFET?

PricimizE S1F

International Cooperation
on Cosmetics Regulation

%

e Health  Sanbé
Canada Canada

Y U.S. FOOD & DRUG

ADMINISTRATION

QELEHes

—!’:J— Aghncia Macional

—'r_i,_— de Vigilancia Sanitaria

PART 2: https://www.iccr-cosmetics.org/files/8315/4322/3079/ICCR_Integrated_Strategies_for_Safety_Assessment_of_Cosmetic_Ingredients_Part_2.pdf
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9 principles of NGRA from ICCR for cosmeticrisk assessment

4 BE RN 3 SKnE/R 2 o3R/EM
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- MRRAIENE - ERTRETEXGTEN - ZITANBEAILE
- Bk MG e RER

= 9

NGRA Ducumentati;\
Document and
characterise
sources of
uncertainty

+ Transparent logic of lmcénamgn@opc&pon
approach ) on Cosmetics Regulation

L + 3 +

o
Usallzvpy
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NGRA fy%F = ARIF AR

NGRA: Protection not prediction

Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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The hypothesis underpinning this NGRA is
that if no bioactivity is observed at
consumer-relevant concentrations, there
can be no adverse health effects.

NGRAZCit 2N o & 4~ izt B M & 55
E TS EEIHNE

At no point does NGRA attempt to predict
the results of high dose toxicology studies
in animals

NGRAFIHSREREMT ALY
2P RO TR A7

NGRA uses new exposure science and
understanding of human biology

Graph from Rusty Thomas EPA, with thanks. Rotroffet al (2010) Toxicological Sciences , 117, 348-358




NGRAHI RIS PBK (ET4EMENZE) HE

One key toolin NGRA: PBK (Physiologically Based Kinetic) Modelling

substrate  s9/Microsomes
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The Margin of Safety Approach i+ &H L& hFRAFT =
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One NGRA framework: A tiered and iterative approach using NAMs
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Next Generation Risk Assessment (NGRA)

Reaarross
TIER O: toennsy -
Exposure-based waiving

USE SCENARID, 2. IDENTIFY Mom:um STRUCTURE @ %
CHEMICAL OF CONCERN ﬁ )
AND COULCT DXISTING o C‘,m, — In silico tools

INFORMATION J— " -
4. IDENTIEY ANALOGUES, SUFTABIITY ASSESSMENT AND LXITING DATA ﬁ Metabolism and metabolite identification

; 5. SYSTEMIC BIOAVAILABILITY (P-wm V5. METABOUITE(S), TARGET Ph‘ISUOSiﬁ"V'based klnetic mOdemﬂE
ORGANS, INTERNAL CONCENTRATION) d ’ﬂ chem iCO assays

6. MOA HYPOTHESIS GENERATION
(WEIGHT OF EVIDENCE BASED ON AVAILABLE TOOLS)
I Reporter gene assays
70, BIOKINETIC REFINDMENT
TESTING ‘T’ (1N VIVO CLEARANCE, POPULATION, In vitro pharmacological profiling

N VITRO STABILITY, PARTITION)

3D culture systems
8. POINTS OF DEPARTURE, IN VITRO IN VIVO EXTRAPOLATION,
UNCERTAINTY ESTIMATION, MARGIN OF SAFETY a Organ-on-chip
= :
INFORMATION APPROACH Human s,tudie_s

Berggren et al [2017) Computational Toxicology 4, 31-44
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Risk assessment for systemic toxicity: the traditional approach
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Recent research has shown that for 417 out of 448 chemicals tested the
point of departure derived (PoD) from NAMs was more conservative than

theinvivo PoD Gi—R 7%, X TSl A/EENERST)

* United States: EPA, California EPA, NTP, CPSC N S| -,v:{;
* Canada: Health Canada M -;E}_- 4t
* Europe: EChA, EFSA, JRC, INERIS, RIVM ' .;%;;’\:.:‘_ .y .
® Asia: Korea — Ministry of the Environment, Japan — Mil:nkistry of the Environment . ' . ‘3{1: 3 -
ACCELERATING THE PACE OF g:Afﬂ_T_lég'):'of Health,VVelfare and Labour, Singapore — A*STAR, Taiwan — ‘ % \.{)’l(;. -
CHEMICAL RISK ASSESSMENT | , Australia: NICNAS .0 :'.;r':.;f.‘.,“
* OECD P Sl “ N
', A ;.L-,::% '.’.‘r;‘a
ECI0 (uM) (L] LeT ey P
Hepatic I:‘*H ; . ’ ’é:::"_{;." ; :
clearance and Apphy high- 1 ]‘ o
) E—) | 414/448 chemicals =
indi —) httk) to gat o - .
binding m‘,;..,L.:..., . 92% of the time this
determinations %
naive approach appears
conservative
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Katie Paul-Friedman et al. 2019 Tox Sci 173(1): 202-225
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e e LA TL RN RSP PR TR SR PR R B P TR o i e

- ek LR AR I- :.;..ru.- el mbeapEe b AL ae 32
BT T R PR Y






B G o R RATEE N TRE. BoE

Case study approach...imagine we have no data for: Coumarin

Safety assessment
required for 0.1%
coumarin in Face Cream

HEFON%EERTEH®
TREMHE

B N R R 2T ERRIR:

© BEHRZ100%40H

- RBEREEE (BIashhEdE cE&ERHE (Hosu) 58 SillmREEE)
+ EMETHYSEALIESETEELR B SEMNITENE RE BHBR
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Coumarin (8 %)

BERE—MAKAR, HEAEMTTHIERNRS. €

AR R PR ER

Coumarin is a flavouring substance which is contained in relatively high concentrations
in cinnamon varieties collectively known as "Cassia cinnamon". It’s also used as a

fragrance in cosmetic products

{BREH #EX
\ S L=t Asi= ]
fLapyaag 91-64.5
O O AT CoHgOr
nTR 14614
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Ab InitioNGRA Framework )\ZEFENGRAMEZE

/ Local and systemic \
exposure estimates

Use scenario

Plasma
Cmax

Sufficient data

In vitro PoDinyiro DL 2nd high Risk
certainty

Bioactivity Margin of Assessment

Exposure Consumer . . .
: . " Characterisation Safet Conclusion
Estimation Habits Concentration- v
Applied Dose — === Response Insufficient A
ADME  initial PoD identificatio analysis data and/or { High risk or I
‘ low certainty Low risk
I I Invitro I conclusion |
FE D — T margin of I
Problem | I B_ioMa_p® I { Increased certainty in I safety |
Formulation I Diversity 8 | PoD and IVIVE \ calculations. ,
| lo—ul B
e Structure | | | | identification
EX|Stmg In silico | I I
Information predictions | | HTTr - Temp0- | = I [ In vitro kinetics ] |
=
‘\ Literature , I I [ 3D Models ] I
~ TIERO /7 \ TIER1 ] \
— o o g W o o A TIER 2 ]
_— e -
N,
Baltazar et al., (2020) Tox Sci Vol 176, Issue 1, July 2020, p236-252 Uniloverr
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Exposure estimation for 0.1% coumarin products

f'."?.' ¥ :'{'

Assessmentis
exposure-led and uses
available habits and
practices data

“

PSS
T A,

Parameter Face cream
Amount of product used perday (g/day) using 90th 154
percentile )
Frequency of use 2 times/day
Amount of product in contact with skin per occasion
770
L(mg)
Ingredientinclusion level 0.1%
Skinsurface area (cm2) 565
Exposure duration per occasion 12 hours
Amount of ingredient in contact with skin per occasion
0.77
(mg)
Localdermal exposure per occasion (pg/cm2) 1.36
Systemic exposure perday (mg/kg) 0.02
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Systemic bioavailability using PBK modelling

E%E%ZETEEI’WUJq—(PBK)E#%E’]%f}EE%ﬂFHFF

Key OUtPUt parame.ters from 0.1% Face cream & body lotion in Europe
uncertainty analysis:
Parameter Face cream Body lotion _
(applied (applied _ Body lotion Facecream
2x/day) 2x/day) %
= 2
Plasma 0.023 0.10 g
Cmax total E
(pM) & 107
95th 0.032 0.14 g
percentile i 200 400 0 100 200
cCmax ("M) Time (k) Time (h)
: “ T Physiologically-based kinetic modelling using
- » oo GastroPlus® v9.5. Estimations based on
T, A, experimental data (Clint, fup, bpr, solubility,
e o . LogP). Skin penetration parameters were fitted
Uncertainty & Population Variability against skin penetration data.

Moxon et al (2020) Toxicology in Vitro, 63 104746
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Ab InitioNGRA Framework: existing info
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Determine !
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Safety

Insufficient
data and/or
low certainty

In vitro
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Sufficient data
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|
In vitro kinetics ] I

3D Models

|
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Risk
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| conclusion |
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In silicotools used for predict toxicity of coumarin

ToxTree @) OECD &EPA iCSS ToxCast Dashboard
-' Derek Losnn oo "

= Genotoxicity and skin
sensitisation alerts for parent
compound

» Hydroxylation predicted as main
route of biotransformation

» Reactive metabolites (e.g.
epoxides) predicted.

» Low bioactivity in ToxCast and
Pubchem: binding to Carbonic
Anhydrases and MAO-A/B
reported

» Lowest PoD was 3 uM for
carbonic anhydrase |

Insilico models to predict
Molecularinitiating events
(MIEs) -
sty of e 8 Lyt 4
SOT | &5 xﬁ-g;:gw e

Wt sl oetardoumals o

Using 2D Structural Alerts to Define Chemical
Categories for Molecular Initiating Events

Timothy E H. Allen,* Jonathan M. Goodman,*" Steve Gutsell,
and Paul J. Russell’

*Allen THE et al., 2018. Toxicol Sci. 2018 Sep 1;165(1):213- H P 1 40
o Metabolic fate predictions



ADb Initio NGRA framework M)\ F 15 NGRAEZLE

In vitro
Bioactivity
Characterisation
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- In vitro Bioactivity Characterisation Stress pathways

Mitochondrial Toxicity
@, Aw gvorie compaxy Oxidative Stress
DNAdamage
. . . . Inflammation
1) In vitrobioactivity: cell stress panel ER Stress
. Metal Stress
ﬁﬁl\iq:ﬁ)ﬁﬁ: ﬂﬂﬁ&ﬁlj\zﬂ OsmoticStress
. . . . Heat Shock
~40 Biomarkers; 3 Timepoints; 8 Concentrations; ~10 Stress H:;oxiaoc
Cell Health

Pathways Hatherall et al., 2020 Toxicol Sci. 2020;176(1):11-33. QS uM

mhnglee sl Dwse pvaeicieeg
e _.: s .
= " 4 Tan mal
I e
= ey “‘*T‘rﬂ-' m
T

2) Immunomodulatory bioactivity: BioMap® Diversity 8
panel

B A Y5E M BioMap®Diversity 8 Eik

Hupe
3) High-Throughput Transcriptomics (HTTr) using TempO-SEQ ™ e
technology DL e
BERERAFERRALHT (HTTr) :
Across the cell lines, coumarin resulted in limited gene- ﬁ
- expression changes at concentrations below 100 pM, .

Seurnin Sereiialion (k)
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Mar in of Safety con5|der|ng PoDs and Exposure

/IZI A i%%/\\\*”%ﬁ%ﬁﬁ#é IZ-.R{E Body Lg_tion
SHIE (A

oDs and plasmac(, ., (HM) are

xpressed as total PubChem ToxCast Cell Stress Panel HTTr
oncentration
1 o m— Rady katian
——— TFace Cream T * ‘ T T T ' T T + + * T T
1 ' i + + | I

max €Xpressed as a distribution:
Line = median (50t percentile)
Inner band = 25t-75t percentile
Outer band = 2.5th-97.5th percentile
(95t credible interval)

Concentration (L)
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llcatlon of Ab ImtloA roach Risk Assessment (NGRA)
Margin of safety is
the fold difference
between the Cmax
and the in vitroPOD
Cell line/ Face cream Body Lotion
Technology E /Bi k Min. 5th Min. 5th percentile
nzyme/Blomarker percentile MoS MoS
= Bi i%d Ex e = Broacivity | = Bi i
| e By A e Cell stress panel  HepG2 [ATP, 24h) 96738 22048
! 1L s Cell stress panel  NHEK (OCR 1h) 1330
| HTTr HepG2 (24h) 7223 616
. Tt SO v B me== | HTTr HepaRG (24h) 8864 1986
1 Toxcast MAO B (rat bain) 3711 831
%‘ 4 PubChem Carbonic Anhydrase Type |
P& Y
:_; PubChem Carbonic Anhydrase Type Il 2140 479
f "-1L i ; "-._‘ _I.": ) l'.'-.
Vi Mot <1 . f,,f Mok =1 A J Mo >1 ‘\\ PubChem Carbonic Anhydrase Type VI 14652 3282
I Margin of Safety HepaRG_3D
1 Cell stress panel (cell mem perm 168h] 9601 2197
HTTr HepaRG_3D_24h 9538 2137
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Skin Allergy: Next Generation Risk Assessment (NGRA) Framework

4 1 ‘| ', Determine Point of \| ‘ Risk \'
I Collate Existing Information/ 1y Data | : |
! Problem Formulation Ly Generation : 1 Dopriise and Hak : : Assessment 1
| Iy 1 Metric 1 Conclusion |
r : Rl ‘ ! |
|- : ¥ |
[ [ : | : A :
I 1y b '} Risk decision based
1 1 1! Iy,  uponweightot !
I | 1 1 ! Exposure I | Evidence taking into |
- based waiving consideration risk |
A ! 1 outcome and all I
I - r:sss : 1 1 ! » 1 additional |
: — : 1 ! Non-sensitiser 1y information 1
- N i ¥ :
! Historicalinvivo | ! 1 : I i |
I data (GMPTHMT) | 1|y (" pepiide reactvy | ,: |
! Fisoryoruses | ! | - 0 ! 1y !
\ clinical data &) \ ]
N O 7 iy,
~ - - S ’ O i i -

* Our NGRA framework for skin allergy is based upon the ICCR principles and the previously
published NGRA frameworks for systemic tox and skin allergy (Gilmour et al 2020).

+ Designed to use a WoE based upon all available information, accommodate range of consumer
product exposure scenarios and provide a quantitative point of departure and risk metric ->
SARA Model.

Gilmour et al, (2020),Regulatory Toxicology and Pharmacology, 116 45



5 — ¢ XU BE T (& B2 Bk Bl AOP Skin Sensitisation AOP

Chemiecal

Structure/ MIE Cellular Level Organ Level

Properties

4] 37 ey
hEEM/MER P TFERES ZHARK I EKE
FEFUER > HENEEHEKED-> ARARBE> WRRMERIEL -> HiRIEMIETHE -> KIS
Electrophilic }—"\ Bindi ":o > Keratinocyte > Dendritic Cell Ly T-cell Activation =N Skin
Chemicals — e Activation Activation and Proliferation Sensitisation
Skin Proteins
Key Event 1 (KE1) KE2 KE3 KE4 Adverse Outcome (AO)
.IIIIIIIIIIIIII.
+ Predictive | Protein Keratinocyte DC Activation T Cell Skin Sensitisation
L . u o« e . . . .
. Chemistry . Reactivity Activation OECD TG 442k Proliferation OECDTG 429: mouse local
n - -
- _ Includes: . lymph node assay (LLNA) &
» For example: = | OECDTG 442C OECDTG 442D For Example: variants TG442A & 442B
"« DEREK-NEXUS * [ Includes: Includes: h-CLAT + HumanT cell e
»* OECDQSAR = I ADRA KeratinoSens™ ¢ ILIJ__E Luc Assay proliferation OECD TG 406: Buehler & Guinea
. -Sens™ :
. Toolbox i DPRA LuSens assays Pig Maximisation Test (GPMT)
=+ TIMES . (hTCPA)
=+ ToxTree : Human evidence
LLLLLLERL LR L L e.g. Human Repeat Insult Patch
Test (HRIPT)
gEEPR
.. _: in silico NAM D in chemico/vitro NAM D in vivo evidence

Reynold G. et. at (2021) RTAP, 127


https://www.lhasalimited.org/products/derek-nexus.htm
https://www.qsartoolbox.org/
http://oasis-lmc.org/products/software/times.aspx
http://toxtree.sourceforge.net/
https://www.oecd-ilibrary.org/docserver/9789264071100-en.pdf?expires=1566470659&id=id&accname=guest&checksum=1274F554F9C23948D59939C83357205B
https://www.oecd-ilibrary.org/docserver/9789264090972-en.pdf?expires=1566470886&id=id&accname=guest&checksum=89E83BE373D8C72C71ED3BA3807F2306
https://www.oecd-ilibrary.org/docserver/9789264090996-en.pdf?expires=1566470965&id=id&accname=guest&checksum=217EFA51DFD0B51C5F901DD4C40462BE
https://www.oecd-ilibrary.org/docserver/9789264070660-en.pdf?expires=1566471009&id=id&accname=guest&checksum=FF3B585D7578DF4BDE67F3D1F0637D48
http://fragrancematerialsafetyresource.elsevier.com/sites/default/files/FA-3-Politano-Research.pdf

- SARA Model

SARAIFENE (WoE) ABEEsaEREEHIARXE

Human populaton
variahility m the
HRIFT

T 2 BIRERIRAR R o

Historic in vivo

Wariahility of EC,s in
the LLMA (variakility

LLKA prediclor
{conwered EC3)

et
daplstion)

_In chemico

KaratmoSans
precictar
{carwvered EC, ()

Key
Banchmark

Curnmaly =3posune
drschicn m R

Rizk
clazsifizaiion

Relationship bztween

sersitser pote

risk in mark=i
regression moded)

arediciorn

U-Sens pradichor
toonyerted COES
ECig)

_Bemchmark | In vitro
The SARA model uses Bayesian statistics to infer a « The SARA Model uses a database of
probability that a consumer exposure to some public NAM data covering AOP KEs 1-3,
chemical can be considered low risk, to inform risk and historic LLNA and HRIPT data for the
assessment decisions. AOP AO.
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- Local exposure + Collate Existing Information/ Problem

Formulation

/7 b3

\

Collate Existing Information/

Problem Formulation

Consumer Habits [ In silico predictions
| and Practices J

—~

Invitro data |
(metabolism)
Read-Across
L analogues
[ Historical in vivo |
| data (LLNAHRIPT) |

 Applied Dose

J

-~

[ Historical in vivo |
| data (GMPT/HMT) |

W NN SN N S S OSSN B S SN S B S S S B S e ey
-—---.—-—-—--_

History of use /

\ | clinicaldata |
~ &

-~

In silico chemistry predictions for the sensitiser
potential of coumarin: TIMES-SS predicts
coumarin and metabolites non-sensitisers; Derek
Nexus, ToxTree and OECD QSAR Toolbox all
predict sensitiser potential. ToxTree and OECD
QSAR Toolbox predicted a Michael Acceptor
mechanism. Both direct and indirect (pro-hapten)
mechanisms were indicated.

Meteor Nexus identified hydroxylation as the
main route of biotransformation. Most
metabolites were predicted to bind to protein, a
flag for skin sensitization. 7-OH coumarin was
identified as one of the main metabolites in an
investigation in human hepatocytes.
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Data Generation

-

KeratinoSens

Data

| ]
: A | DPRA n h-CLAT U-SENS™
I (if existing info is I (TG442C) (TG 442D) (TG 442E) (TG 442E)
: mat Siricront : CD86 | CD54 CD86
[o) (o)

: | nys ©ys | pcrsuM) | (Bc200 | (EC150 | (EC150

i epl. | depl /mL) /mL) /mL)
: [ DPRA -] | Hg/Mm Hg/Mm Hg/Mm
I I - 13 0 1875 178 637 955
: - ] | Coumarin < >
A 5! 7-OH 0* 0 2000 ~566 | >566 182

[ h-CLAT Coumarin

« Coumarin was positive in all tests, except for DPRA where
peptide depletion was too low to meet positive threshold.

USENS

prafiling

« 7-OH coumarin was negative in KeratinoSens™ & h-CLAT,
positive in USENS™, inconclusive in DPRA. *Peptide profiling
was completed which identified cysteine depletion to be
caused by dimerization and therefore the DPRA value was
adjusted.

Metabolism

|
[ mpnuurmw]
1
e |

kﬂ"rﬂﬁn‘-ﬁ

-
e
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Determine Point of Departure (PoD) using SARA Model

I

Phenyierediamine
Traires . 2 heaerial

“ethyl octyne carbonate o
Benzisctreazclinone
Methyliscthiazalinone
Duativyd maleate -
Farnaldehyde

I-Hexyldene cychkpentanone

Ezsugenal

Cinnasc adehyde
Alpha damesione -
ldutaraikstyrie 4
[whydrnrzumane -
Etrviene dismine -
Jtral

Ethyl acrylame -

Dieha damescone -
Trans beta damascons -
Perilla dehyde |

Methyl Fepting carbenate

i vyl s el
i-Phengipopanal
Citrnneinl -
Cnnamarenie
Cinammic alcchal
Fremyincetal dehyde -
I aazol idirvd unea
hywrmeyribmnelal -
Escyciogeranial
Carvone -

Mlarsg ylang sxtrack 4
Zugenol -

Coumari in whae o

Phenyl berzoste

E=nzyl ornamats <
Benzy| selicylate

Heayleinnama dehiyde

Hamy | asicylati
Linakcal 4

HMHL A
Fajsninl o

oTHE -

Denzyl sbcohod -

SARA potency

The generated DPRA, KeratinoSens™,
hCLAT and USens™ data were used as
inputs into the SARA Model to define a
human relevant PoD (EDy, i.e the 1%
sensitising dose for a  HRIPT
population).

For coumarin, the expected SARA
Model derived EDy, is 11,000pgcm-2,
whilst for 7-OH coumarin the expected
EDy; is 110,000pgcm=2 ie. 7-OH
coumarin is estimated to be 10-fold
less potent than coumarin).

Therefore, a risk assessment based on
coumarin potency data only would be
conservative.

F-hydmeproamann e
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- NICEATM-Unilever CRADA

.'\ National Toxicology Program

U.5. Department of Health and Human Services

NICEATM News -

In this Newsletter:

NICEATM to Collaborate with Unilever on Development of Predictive Model for Skin
Sensitization

NICEATM to Collaborate with Unilever on Development of Predictive Model for Skin
Sensitization

NICEATM has entered into an agreement with consumer products company Unilever to
collaboratively test and further develop their Skin Allergy Risk Assessment (SARA) predictive model.
SARA is a computational model that uses a variety of input data to estimate a probability that a
chemical will cause an allergic skin reaction in humans. NICEATM will test the SARA model using a
variety of chemical data sets, including chemicals of interest to U.S. and international regulatory
agencies. NICEATM and Unilever will also work together to expand the SARA model to include data
generated by NICEATM. The intent is to make the SARA model openly available for public use along
with other NICEATM predictive models. Availability of the SARA model will help further reduce animal
use for the endpoint of skin sensitization, and will improve upon existing efforts by providing points
of departure for guantitative human risk assessment.

Information about other NICEATM projects to evaluate alternatives to animal use for skin
sensitization is available at https://ntp.niehs.nih.gov/go/ACDtest.

Reference: Reynolds et al. Probabilistic prediction of human skin sensitizer potency for use in next

generation risk assessment. Comput Toxiol 9:36-49, https://doi.org/10.1016/i.comtox.2018.10.004

NICEATM Team
Nicole
Kleinstreuer
Judy Strickland
Dori Germolec
Dave Allen
Jim Truax

Unilever Team
Georgia Reynolds
Nicola Gilmour
Joe Reynolds
Gavin Maxwell
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Webinar: https://www.thepsci.eu/wp-

content/uploads/2021/06/Presentation-2 Unilever Inhala
Webinar-Day-3.pdf

Aeditional sepeaurs
astimatlans: sooupaticnal
health
Irtegration of matennal
and foetal ADME
pammatur in 5

" pragnaait B

arsd phasmacalogical
iy acremning, call sbreee

panel and HTTr with
additional DART &

Expand in silico search

ta DART ardpaints 7
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https://www.thepsci.eu/wp-content/uploads/2021/06/Presentation-2_Unilever_Inhalation-Webinar-Day-3.pdf

S ZE Summary

TIRERERBINEEREMY, SFEFERAEHAIFERME mporance of

understanding consumer exposure

EE RLI}&'iSF{E r‘s_l iEEIEEEE\'j] E"] EIF-*ZI_?;E y /T'_Efﬁlj ﬁ?& ﬂi)ﬁ Non-standard, bespoke data

generation driven by the risk assessment question

ERTFZ M E: TTC (Q)SAR/RA, REMERHE, Hi—KR

N
B;A\L"LSF{E%Many non-animal approaches available: TTC, (Q)SAR/RA, HoSU and NGRA

WIRERAEL (FERARIER) DRNRERTEM. THEVEMT
5% EFDE%IJ E'\Jﬁiﬂ‘ﬁﬂ}%ﬁ % Ensuring quality, robustness of non-standard (non-TG) work. In silico

modelling approaches and bespoke in vitro solutions

EXFEHR (POD) MAHARRNvs. ENERMNERY

Importance of defining points-of-departure and understanding adverse vs. adaptive responses

TRREEEPOARERER, UEMH B A RR understanding

uncertainty in risk assessments to allow informed decision-making

AR EZ R BRI F BRI D F B G B Z Leshortcomings wil be

addressed by current and future research and more case studies
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Scientific activities in china

Working with CFSA & ILSI Working with CAS Working with AMMS
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2015, Beijing
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2016, China Molecular Simulation Investigation
\ on Molecular Initiating Events

Partnering with scientists on risk-based approaches to food and cosmetic safety
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