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Assessing ingredient & product safety without animal testing
Next Generation Risk Assessment (NGRA)

A Strategic Roadmap for Establishing
New Approaches to Evaluate the Safety
of Chemicals and Medical Products
in the United States

of chemicalyin
product z?

New Approach
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Skin allergyrisk assessment evolution

Increased mechanistic understanding

GPMT / LLNA Non-animal test

Buehler methods

More accurate exposure assessments

Health effects

Rinse off / Individual Aggregate exposure models;

new exposure metrics

Leave on Products Guideline No. 497

Guideline on Defined Approaches for Skin
Sensitisation

Increased transparency in risk assessment

Risk (Quantitative(RRA Assessment) . Comp_utatlonal /
benchmarking informatics approaches
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Success in skin allergy NGRA - NAMs aligned to skin sensitisation AOP

Chemical

Structure/ MIE Cellular Level Organ Level

Properties

e Covalent x s e <
Electrophilic |\ Binding to X Keratinocyte Dendritic Cell 3 T-cell Activation > Skin
Chemicals — 41 Skin Proteins Activation Activation and Proliferation Sensitisation
Key Event 1 (KE1) KE2 KE3 KE4 Adverse Outcome (AO)
ANEEEEEEEEEEEEEEEEP
Predictive = Protein Keratinocyte DC Activation T Cell Skin Sensitisation
: Chemistry - Reactivity Activation Proliferation _
. . OECD TG 442E OECD TG 429: mouse Ior‘:al
= . Includes: lymph node assay (LLNA) & variants
= For example: = | OECD TG 442C OECD TG 442D nciudes: For Example: TGA42A & 442B
. DEREK-NEXUS E Includes: Includes: * h-CLAT . Human T cell
=+ OECDQSAR =]+ ADRA ¢ KeratinoSens™ *  IL-8LlucAssay proliferation OECD TG 406: Buehler & Guinea Pig
. Toolbox =]+« DPRA *  LuSens *  U-Sens™ assays (hTCPA) .
.. TIMES : . KDPRA . GARD™skin Maximisation Test (GPMT)
i+ ToxTree . Human evidence
S sssssmmsssssmnnat e.g. Human Repeat Insult Patch Test
(HRIPT)
E in silico NAM in chemico/vitro NAM | | in vivo evidence

OECD (2014), The Adverse Outcome Pathway for Skin Sensitisation Initiated by Covalent Binding to Proteins, OECD Series on Testing and Assessment, No. 168, OECD Publishing, Paris.
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Skin allergyrisk assessment evolution
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SCCS
12th Notes of Guidance, 2023

SCCS/1647/22

Commissien

ic © onC Safety

THE SCCS NOTES OF GUIDANCE FOR THE TESTING OF
COSMETIC INGREDIENTS AND THEIR SAFETY EVALUATION

12™ REVISION

‘ Scientific Committees

The SCCS adopted this guidance document
by written procedure on 15 May 2023

Next generationrisk assessment
framework for skin sensitisation

O

Cosmetics Furopel

Tier0

the personal care association

Identify use scenario, chemical of
concern and existing information

4. Identify analogues /
suitability assessment
and existing data

3. Identify existing
hazard information

in silico predictions
In vitro / in chemico data
{OECD TG or non-0OECD TG )

Historical in wivo data
{animal or human)

2. Identify molecular
structure

Chemical(s) of
concern

Analysis of
specification and
impurities

1. Identify use scenario

Applied dose pgfem?
skin

EXIT
Exposure
based waiving

Single product [
aggregate exposure

Tier1

Hypothesis generation; how will
data be used in risk assessment?

WoE prediction choloe of DA v ol
[ et (e [ e

Tier 2

Risk assessment

7. Point of Departure, uncertainty analysis, Margin of safety
and final risk assessment

Bioactivation / . ‘
metabolism POD Ch
data determination uncertainty

6. Targeted testing

Gilmour et al. Development of a next generation risk assessment framework for the evaluation of skin
sensitisation of cosmetic ingredients. Regul. Toxicol. Pharmacol. 116, 2020.
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Next generationrisk assessment (NGRA) framework for skin allergy
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« Our NGRA framework for skin allergy is based upon the International Cooperation on Cosmetics Regulation (ICCR)
principles’ and the previously published NGRA frameworks for systemic tox {Safety Evaluation Ultimately
Replacing Animal Testing, SEURAT-1}? and skin allergy {Cosmetic Europe}:.

« Designed to use a WoE based upon all available information, accommodates range of consumer product exposure
scenarios and can provide a quantitative point of departure (PoD) and risk metric:

— Skin Allergy Risk Assessment (SARA) Model

8
% 3‘% Dent et al. Principles underpinning the use of new methodologies in the risk assessment of cosmetic ingredients. Comput. Toxicol. 7, 20-26, 2018.
%%@a*‘ 2Berggren et al. Ab initio chemical safety assessment: A workflow based on exposure considerations and non-animal methods. Comput. Toxicol. 4, 31-44, 2017.
Unilover~ 3Gilmour et al.. Development of a next generationrisk assessment framework for the evaluation of skin sensitisation of cosmetic ingredients. Regul. Toxicol. Pharmacol. 116, 2020.
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Skin Allergy Risk Assessment (SARA) model

SARA Model iInput Data Sources SARA Model Output Data Sources

< Historical Local Lymph Node Assay (LLNA) data < Point of Departure (PoD) termed the ED,; - the

% Historical Human Repeated Insult Patch Test expected dose at which there is a 1% chance of skin
(HRIPT) data sensitisation in a human (HRIPT) population

< In vitro data: DPRA (OECD TG442C), KeratinoSens™ (OECD < Risk metric - p(low risk) of a given chemical
TG 442D), h-CLAT (OECD TG 442E), U-SENS™ (OECD TG 442E) exposure

- Defined approach (DA) to provide potency and risk information based upon NAMs

* A Bayesian statistical approach which can make potency and risk predictions using any combination of
historical /n vivo (LLNA, HRIPT) or NAMs (DPRA, KeratinoSens™, h-CLAT and U-SENS™) - curated database

of 81 chemicals

- Skin sensitiser potency is expressed as the ED,,, the dose estimated to induce sensitisation in 1% of a HRIPT
population. This is the Point of Departure (PoD) for the risk assessment.

Risk metric: SARA model also makes use of benchmark exposures to infer a probability that a consumer
exposure to a chemicalis ‘low risk’

or)
%%g Reynolds et al. Probabilistic prediction of human skin sensitiser potency for use in next generation risk assessment. Comput. Toxicol. 9, 36-49, 2019.

Reynolds et al. Decision making in next generation risk assessment for skin allergy: Using historical clinical experience to benchmark risk. Regul. Toxicol. Pharmacol. 134, 2022,
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Potency across the SARA database - PoDs

SARA potency

MCI/MI ——
Phen Ienediqune B —
nzoquincne | s

Trans-2-hexenal o ———eif———
Methyl actyne carbonate 1
nzisothiazolinone -
. . Metol
Methylisothiazeolinone -
_Lauryl gallate 4
Diethyl malgats 1 P e——
MOBGN
) Formaldehyde -
2-Hexylldene%f1clopentanone B
2-Phenylpropanal 4 .
soeugenol
3-Phenylenediamine
Cinnamic aldehyde o
Alpha damascone

Propy| gallate -
Glutaraldehyde -

Dihydrocoumarin -
Ethylene diamine -
i Citral
Benzylidene acetone -
IPBC +

Delta damascone

Ethyl acrylate

M ;I'hrall'lﬁ bet'qa amabscon[e =

e eptine carbonate 4 . .
e el dehyde ThIS graph gives the ED01

Vetiveryl acetate -
3-Phenylpropanal
~ Citroneliol ———————————
_Jt‘IJAnnamowtrllel - . ;o .
minopnenol -
Phenylacetaldehyde - d f d
Snylacetalceny e ] and quantified uncertainty
Imidazolidinyl urea
Hydraxycitronellal
Farmesal - —— el ——

iy g 2T 3 == (the dot with the 50% and
-Allylanisole

Sodium lauryl qupQﬁtDe ] —_:r . .
ooy limanene - R 95% confidence intervals

Ph
Amyl cinnamic alcohol
. ~ Coumarin -
A e Sldehye 3 :
Famesol - d d by the thick and
salicamese] ] enote Yy the thick an
Benzyl benzoate
Geraniol
Methy! calicyiate 1 H i i H
oS hin | her sid
*IEE ] thin lines elther side
Benzyl cinnamate
Benzyl salicylate
Hexyl salicylate

Hexylcinnamaldehyde —

Dimethyl isophthalate

P , IJnaLooI B

TO| araben

Py IJE!I'_-~'1Hl:.f3. 4

Majantol
Vanillin
G-Meth{Icoumarm 4
4-Methoxyacel ophegone -

G —
Phenoxyethanol

p-Amincbenzoic acid -
Sodium benzoate
lsopropancl -

Benzyl alcohol
Butanal

b3k id 4
ﬁ }‘% F‘ropylléar%%l?f‘éﬁ— e e . —— ....
%?&@;ES‘ 1071 100 10! 10? 103 104 10° 10°

Unilover- EDp; (Hg cm™2)




SEAC | Unilever m

Use of consumer exposure information and clinical
evidence to develop skin allergy risk benchmarks

. . . Margin of exposure (MoE) calculation (PoD/Exposure)
62 low or high risk benchmark exposures using 10

human skin allergens (e.g. MCI/MI) with an
established history of use in 7 cosmetic product types. SARA probability exposure is “low risk”
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Skin Allergy Risk Assessment (SARA) Model Case Study

* 0.02% (200ppm) geraniol in a face cream

Regulatory Toxicology and Pharmacology 131 (2022) 105159

Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

ELSEVIER journal homepage: www.elsevier.com/locate/yrtph —_—

Next generation risk assessment for skin allergy: Decision making using
new approach methodologies

N. Gilmour , J. Reynolds, K. Przybylak, M. Aleksic, N. Aptula, M.T. Baltazar, R. Cubberley,
R. Rajagopal, G. Reynolds, S. Spriggs, C. Thorpe, S. Windebank, G. Maxwell

Unilever Safety and Environmental Assurance Centre, Colworth Science Park, Sharnbrook, Bedfordshire, MK44 1LQ, UK

ARTICLE INFO ABSTRACT

Handling Editor: Dr. Martin Van den berg Our aim is to develop and apply next generation approaches to skin allergy risk assessment (SARA) that do not
require new animal test data and better quantify uncertainties. Significant progress has been made in the

Keywords: development of New Approach Methodologies (NAMs), non-animal test methods, for assessment of skin sensi-
Skin allergy risk assessment tisation and there is now focus on their application to derive potency information for use in Next Generation Risk
Case study

Assessment (NGRA). The SARA model utilises a Bayesian statistical approach to infer a human-relevant metric of

Next generation risk assessment - . ; ) : A
sensitiser potency and a measure of risk associated with a given consumer exposure based upon any combination

Non-animal test methods

NAM of human repeat insult patch test, local lymph node, direct peptide reactivity assay, KeratinoSens™, h-CLAT or
Uncertainty U-SENS™ data. Here we have applied the SARA model within our weight of evidence NGRA framework for skin
Decision making allergy to three case study materials in four consumer products. Highlighting how to structure the risk assess-

ment, apply NAMs to derive a point of departure and conclude on consumer safety risk. NGRA based upon NAMs
were, for these exposures, at least as protective as the historical risk assessment approaches. Through such case
studies we are building our confidence in using NAMs for skin allergy risk assessment.

1

Unilever
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Application of the NGRA framework for Skin Allergy
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« Our NGRA framework is applied to a hypothetical skin allergy assessment of a consumer
product:
- 0.02% (200ppm) geraniolin a face cream.

« For the purposes of the case study, historical /in vivodata and read-across were not used,
B and the use of dermal sensitisation threshold was not appropriate.
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Local exposure + Collate Existing Information/ Problem Formulation

R ~ Geraniol /\/L/\)\ DEREK NEXUS Alert - terpenoid
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Bl v o
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Parent - Non sensitiser (in domain)
: ! - TIMES-SS v.2.30.1.11
I o | Product type el skin Sensitisation Metabolites - Strong sensitiser- after
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| (Commerran | [ insiicopretons | | Product used per day (90*" percentile) 1.54 o aldehydes, Weak sensitiser after
and Practices I (g/day) o autoxidation s .
| _ [ Read-Across ] | | 9 autooxidation to hydroperoxides
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! | Skin surface area face (cm?) 565 Protein binding by OECD
| data (GUPTHNT) | g by
: : Leave-on or Rinse-off Leave- Parent - No alert found
on
‘ K OECD QSAR Toolbox | gkin Metabolites (2) -
‘. ’ Local dermal exposure (pg/cm?) 0.544 v.4.4
Semmmmmmmm- - - L - . Direct Acting Schiff Base Formers >> Di-
T esting of Cosmatic Ingredionts and Thier Safety Evaluation. 1¢h Revision. substituted alpha, beta-unsaturated
aldehydes

* Geraniol is a reactive chemical and likely to be a skin sensitiser due to activation to a chemical capable of
forming a Schiff base.

» Confidence in this prediction is high based upon chemical prediction consensus from all applied in silico tools.
- Data generation needs:

» Assuming an abiotic activation mechanism (autoxidation), peptide reactivity profiling data should be
generated to test this hypothesis. An estimation of potency is required to enable risk assessment for this

exposure.
= » To enable a potency prediction using the SARA model DPRA, KeratinoSens™, h-CLAT and U-SENS™ data
(Y should also be generated.

Unilever
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/ AN
I Dat : Reactivity Profiling DPRA KeratinoSens™ h-CLAT U-SENS™
: Genoration | (Aleksic et al., 2009") (OECD TG442C™) (OECD TG 442D") (OECD TG 442E™) (OECD TG 442E™)
1 |
' '
| profiling 1 . ..
| : Cys (no adducts, 73.7%) Negative Positive Positive Positive
I .
| : Lys (no adducts, 3.5%) Cys depletion 0% EC,5 110 uM CD86 ECy5, 123 ug mi | CD86 EC,¢, 53.6 g mit
| kinetics
q I 0, N
: : His (no adducts, -11.1%) Lys depletion 10% EC,; >2000 pM CD54 EC,q, - Hg mit CV., 113.9 pg mit
I : Arg (double Schiff base, 15.2%) ICs50 875 UM CV5 140 pg ml
I eratinosens
| | Tyr (no adducts, 8.2%
e | )
| _ I N-term (acylation, Schiff base, 40.2%)
| I Ala (no adducts, -2.1%)
1 |
\ /

« Geraniol was confirmed to be a reactive chemical (Schiff base following autoxidation) by peptide profiling
where adducts consistent with formation of Schiff bases following oxidative activation were observed with the
Arginine and N-terminus peptide.

* Geraniol demonstrated minimal depletion of Cys and Lys in the DPRA, which is consistent with the reactivity
profiling data. Positive responses were evident in the KeratinoSens™, h-CLAT and U-SENS™,

« Thus, geraniol is a skin sensitiser via Schiff base formation.
« Next step: determination of the PoD, i.e. the human potency (ED,,) > SARA model

% *Aleksic et al.. Reactivity profiling: covalent modification of single nucleophile peptides for skin sensitization risk assessment. Toxicol. Sci. 108, 401-411, 2009.
%?&@' ) **DPRA, KeratinoSens™, h-CLAT and USENS™ data were sourced from the Cosmetics Europe database (Hoffmann et al. Non-animal methods to predict skin sensitization (I): the Cosmetics Europe database, Crit. Rev.

Unilover- Toxicol. 48,344-358,2018).



Determine Point of departure using SARA DA

SARA potency

T B

AT ~ T
\ Mﬂhﬁebct'p carbonate

Determine Point of nZviothiazclinone -
Departure and Risk

Metric

« The generated DPRA, KeratinoSens™, h-
CLAT and U-SENS™ data were used as
inputs into the SARA model to define a
human relevant PoD (ED,,i.e the 1%
sensitising dose for a HRIPT
population).
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 For geraniol (NAM data only), the
expected ED,, is 4,500 yg cm=2 (2.5t
percentile: 180 ug cm-2, 97.5t percentile:
96,000 pg cm-2)

Myl & n-n-umlc Ioh-ul:
Gera mol s NAM

iy £ === - Geraniol ranks with eugenol, which at
T ; least based upon LLNA data is reported
.. —— to be of moderate potency
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SARA model: partial datasets

SARA potency

i
Prery .lm-:lr::rrul'ra B

M=th Inr.[l-r::?g:'wr.:ﬁ::: E
kl'.ﬂii‘ul‘. u.:u'll'ul'l: L
Methylispthiazoleres 1
Laury ilate

Digthiyl (A LR
FHeRyhder ﬂcp-: T:m e o
2ph erylcﬂddm 1
l:.:\e :éhn‘i |

|.| R

i
'Ijlh;-ﬁ’m-cn rbar I 3
Benzylidens aceone

Dedin damascone o
iyl BCTyAAE o

Trune wnﬁa‘ﬂenel:le 1
Misthyl hﬂl,ﬁ]ﬁe Achanate .
Eh'mamn?‘nr g E

-HE"-!

l'.~e-' FI |:|'||:l BnE

qu:.- y:g&gﬁ

'm -..1 5]
“?ﬁ mf, 3
— -&:&mﬁ;% oy §

------

aemyt ERELESTEO RS 3
gl ‘Cinnamic '::Jdel'aaue:
t:.-tlarrﬂawun:
Benay b Pabie o
Misthy ! salt {H}FE
HE P ERRETIEE

Dm -etn-.-l r!‘npm:'rgl\uc 1
M £ aE-enE
Vanalin -

nipl
- -ethil coufarin 1

4-Melhoxy & aph IH'H-IE:
P l‘l'lD EE!"’IH"IEH 1

- TRanD .

Benzyl Ecr-u s

Lano|

it et

Fr\:-p'.-ﬁane ﬂ'ﬁ'!a 1

10-*

Unilever

10® 1ot ilig 10? 10* i Ty

EDyq (pg crn—?)

« The SARA model can make predictions based upon

any combination of the DPRA, KeratinoSens™, h-
CLAT and U-SENS™ data.

* Predictions made using just KeratinoSens™ or h-CLAT

data yielded a marginally higher expected potency
(lower ED,,) compared with the predictions made
using just DPRA or U-SENS™ data.

« Combining data increases the precision in the

estimate of potency (reduced uncertainty).

Inferred potency of geraniol using different input data

Geraniol DPRA >
Geraniol KeratinoSens - ®
Geraniol h-Clat - >
Geraniol U-Sens - ®
Geraniol DPRA & KeratinoSens - 9>
Geraniol DPRA & KeratinoSens & h-Clat ————
Geraniol NAM - ———————
10° 10! 102 103 10* 10° 106

EDg; (ng cm™2)
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Determine MoE/Acceptable Exposure Level + NGRA conclusion
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SARA probability exposure is “low risk"

MCUMI Deo 30ppm 4

MDBGN Deo 1000ppm 4

Propy! gallate Lipstick 1000ppm 4

MCYMI Face cream 30ppm

MCUMI Deo Sppm 4

MDBGN Face cream 1000ppm

Propyl galiate Lipstick S500ppm
Methylisothiazolinone Deo 100ppm

HICC Deo 15000ppm

MCUMI Face cream Sppm

MCI/MI Body lotion 30ppm 4

MDBGN Body lotion 1000ppm
Methylisothiazolinone face cream 100ppm 4
MDBGN Uquid hand soap 1000ppm
MCUMI Liquid hand soap 15ppm

IPBC Deo 70ppm 4

Phenoxyethanol Deo 10000ppm

Propy! paraben Deo 4000ppm

MCUMI Body lotion Sppm

Benzyl sicohol Deo 10000ppm
Methylisothiazolinone Body lotion 100ppm o
Sodium benzoate Deo 5000ppm 4

IPBC Face cream 100ppm

MDBGN Shampoo 1000ppm +

Propy! paraben Deo 1400ppm

MCUMI Shampoo 1Sppm

Benzyl alcohol Face cream 14000ppm
Phenoxyethanol Face cream 10000ppm
Propy! paraben Face cream 4000ppm <4
Benzyl alcohol Face cream 10000ppm
Benzyl alcohol Liquid hand soap 50000ppm
Benzyl slcohol Deo 2000ppm +

Sodium benzoate Face cream S000ppm +
Sodium benzoate Liquid hand soap 25000ppm
Propy! paraben Face cream 1400ppm

IPBC Liquid hand s0ap 100ppm

Geraniol NAM Face cream 200ppm
MDBGN Shower gel 1000ppm

Benzyl alcohol Body lotion 14000ppm
Phenoxyethanol Body lotion 10000ppm 4
Propyl paraben Body lotion 4000ppm 4
MCU/MI Shower gel 15ppm
Phenoxyethanol Liquid hand soap 10000ppm
Propy! paraben Liquid hand soap 4000ppm
Benzy! alcohol Body lotion 10000ppm +
Benzy! alcohol Liqusd hand soap 10000ppm <
Benzy! alcohol Shampoo S0000ppm 4
Sodium benzoate Body lotion S000ppm
Propyl paraben Body lotion 1400ppm
Propy! paraben Liquid hand soap 1400ppm
Sodium benzoate Shampoo 25000ppm
IPBC Shampoo 100ppm

Phenoxyethanol Shampoo 10000ppm 4
Propy! paraben Shampoo 4000ppm -

Benzy! alcohol Shampoo 10000ppm 4
Benzyl alcohol Shower gel S0000ppm <4
Sodium benzoate Shower gel 25000ppm 4
Propy! paraben Shampoo 1400ppm 4

IPBC Shower gel 100ppm 4

Phenoxyethanol Shower gel 10000ppm 4
Propy! paraben Shower gel 4000ppm
Benzyl alcohol Shower gel 10000ppm
Propyl paraben Shower gel 1400ppm
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Margin of Exposure

The MoE was calculated from the
ED,, for geraniol and the dermal
exposure for 0.02% geraniol in a
face cream using SARA DA

The MoE for 0.02% geraniol face
cream exposure ranks with the
low-risk benchmarks.

The SARA DA probability that this
exposure is low risk is calculated
to be 0.95. Thus, there is a 95%
probability that this exposure is
low risk.

Geraniol used at 0.02% (200 ppm)
in a face cream is low risk for
induction of skin sensitisation
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Conclusions & Next Steps

» Significant progress has been made in the last decade to apply nhon-animal experimental data
using Defined Approaches (DAs) & tiered frameworks.

 Bayesian DAs enable experimental data variability to be modelled and uncertainty in PoDs &
risk metrics to be factored into decision-making.

« Ongoing model development to expand the database, further incorporate mechanistic
reactivity knowledge and explore new SARA inputs

* Recently published NGRA framework and case studies:
v' Cosmetic Europe NGRA framework (Gilmour et al., 2020)
v' Coumarin case study (Reynolds et al., 2021)

v Unilever NGRA framework and other case studies (Gilmour et al.,, 2022; Gilmour et al., 2023)
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NICEATM-Unilever CRADA

.'\ National Toxicology Program * Unilever-NICEATM CRADA partnership

U.5. Department of Health and Human Services

is developing a publicly available
P e N )\ VRO e \crsion of SARA , the SARA-ICE model

i this Newsletter: (coming in 2024), for hazard, GHS

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

potency classification, and point of

MNICEATM to Collaborate with Unilever on Development of Predictive Model for Skin . .
Sensitization departure for use in risk assessment.

MICEATM 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 ::_Dmputatmnal mn_del that uses a variety of input data to estimate a probability thatl a ° The SARA_'CE Model IS curre ntly u nder
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 evalu ation by the OECD DASS WG for
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 INCO rpO ration into OECD TG 497

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

;‘ﬁ ?‘% generation risk assessment. Comput Toxiol 9:36-49. https://doi.ora/10.1016/f.comtox.2018.10.004
o

Unilever
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