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Skin allergy risk assessment evolution
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Success in skin allergy NGRA - NAMs aligned to skin sensitisation AOP
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Skin allergy risk assessment evolution

Next generationrisk assessment
framework for skin sensitisation
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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.



Next generation risk assessment (NGRA) framework for skin allergy
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e 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

ﬁé Dy IDent et al. Principles underpinning the use of new methodologies in the risk assessment of cosmetic ingredients. Comput. Toxicol. 7, 20-26, 2018.
b2 2Berggren et al. Ab initio chemical safety assessment: A workflow based on exposure considerations and non-animal methods. Comput. Toxicol. 4, 31-44, 2017.
Unilewer 3Gilmour et al.. Development of a next generation risk assessment framework for the evaluation of skin sensitisation of cosmetic ingredients. Regul. Toxicol. Pharmacol. 116, 2020.






Skin Allergy Risk Assessment (SARA) model

SARA Model Input Data Sources SARA Model Output Data Sources

+¢ Historical Local Lymph Node Assay (LLNA) data % Point of Departure (PoD) termed the ED,, — the expected
¢ Historical Human Repeated Insult Patch Test (HRIPT) data dose at which there is a 1% chance of skin sensitisation in
** In vitro data: DPRA (OECD TG442C), KeratinoSens™ (OECD TG a human (HRIPT) population

442D), h-CLAT (OECD TG 442E), U-SENS™ (OECD TG 442E) +* Risk metric — p(low risk) of a given chemical exposure

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

e A Bayesian statistical approach which can make potency and risk predictions using any combination of historical in
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 chemical is ‘low risk’

l%ﬂ
%%%%% Reynolds et al. Probabilistic prediction of human skin sensitiser potency for use in next generation risk assessment. Comput. Toxicol. 9, 36—49, 2019.

Uniflover 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.



Potency across the SARA database - PoDs

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

62 low or high risk benchmark exposures using 10 Margin of exposure (MoE) calculation (PoD/Exposure)
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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Methylisothiazolincr_le Face cream 100ppm
MCI/MI* Deo 30 350 HIGH I it o s 3o

IPEC Deo 70
7'5 87'8 H IGH Propyl paraben Daoefooﬂﬁﬁm
Ph th I Deo 10000
30 100 HIGH ="M Body Totion Bppm
Face cream 75 25 HIGH Methylisothiasaions Aody foion 10000m
ethylisothiazolinone Body lotion m
= Y Sod IPEC Fac{cgaamségggppm R
odium benzoate Deo m -
30 1 8 HIGH MDBGM Shampoo 1onoggm —
Propyl paraben Deo 1400ppm -

75 4 HIGH MCI/MI Shampoo 15ppm -

Benzyl alcohel Face cream 14000ppm

Liquid hand soap 15 7.3 LOW P Sihenel Foce remmm 1000050

Benzyl alcohol F: 10000ppm -
ShClITIpOO 15 1.1 LOW Benzyl eaTczg'h:IcL?q:id i;eﬂ;r:::; socooggm 4
Benzyl alcohol Deo 2000ppm o

Shower CIEI. 15 0.2 LOW Sodium benzoate Face cream 5000ppm -

Sodium benzoate Liquid hand soap 25000ppm -

Body lotion

————
-9
18-
—_—————
o
l——
-
————
— ———
 ———
-
e ————
—
e ————
————
e ————
-
—————
S
e
T ——
———
———
* o o . o o . Propyl paraben Face cream 1400ppm - ——-.——
MCI/MI = Methylisothiazolinone/methylchloroisothiazolinone IPEC Liquid hand s0ap 100ppm - —_——
MDBEGM Shower gel 1000ppm - ——————
Benzyl alcohol Body lotion 14000ppm D — a—
Propyl paraben Body lotion 4000ppm - D — a—
Phenoxyethanal Body lotion 10000ppm o —————————
MCI/MI Shower gel 15ppm .
————
———————
[
—_—
e
——
R —
————
e ————
e ———
——l—
e ————
e ————
e ——— ]
— ——

Propyl paraben Liquid hand scap 4000ppm -
Phenoxyethanol Liquid hand soap 10000ppm +
Benzyl alcohel Body lotion 10000ppm

* Probabilistic estimates of the MoE corresponding to each benchmark B sconol Shampas 30000
odium benzZoate Dody o !DI'I Ppm -
exposure at specific exposure level. pmpgfé‘;E:LE?rEEit?fEﬁ“:d'222%2%%%28?:
odium benzoate Shampoo ppm
* Background colours indicate assigned risk category: _ ooyl parabén s 40000
- blue: low risk, Bﬂpwﬁ.t'h".hs'ézﬂmgm égﬁﬁgggﬁ
_ Propyl paraben Shampoo ppm
- orange: high risk SO e Shower g1 10060 |
ﬂ'& Beaé . . . . . F"_‘F‘rop:,vl a:rabelnsﬁhowergleglg—gggppm: e —————
WE o e Shaded colours indicate the model-inferred risk. Ranking based on the eyt aconol Shower e 1000068 - ——
‘?.& ..,% . . Propyl paraben Shower gel 1400ppm - ; ; ; / ; +
median margin of exposure. 1° 100 102 100 104 10° 10° 107

Unilever

Margin of Exposure







Application of the NGRA framework for Skin Allergy
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I outcome and all
ARTICLE INFO ABSTRACT 1 [ Histtf;aﬂ:;jﬁ?ﬂh ] : 1 11 additional
Handling Editor: Dr. Martin Van den berg Qur aim s t develop and apply next generation approaches o skin allergy rsk assessment (SARA) that do not | 1 1 information
require new animal test data and better quantify uncertainties. Significant progress has been made in the 1 1 11
Keywords: development of New Approach ies (NAMs), imal test methods, for of skin sensi- Historical in vivo data | h-CLAT
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* Our NGRA framework is applied to a hypothetical skin allergy assessment of a consumer product:
- 0.02% (200ppm) geraniol in a face cream.

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

i —— . G oren IOI /\)\/\)\
\ .

y; Alert — terpenoid

\
I Collate Existing Information/ | CAS 106'24' 1 o a & DEREK NEXUS .
I Problem Formulation I EC3 model — 20% (weak)
|

|
| _ P . .
| Hazard data : TIMES-SS v.2.30.1.11 Parent — Non sensitiser (in domain)
! I Product type FEISE EEEm . e . Metabolites — Strong sensitiser- after autoxidation to
| | Skin Sensitisation model with . . .
| ; | R ] aUtoxidation disubstituted a,b-unsaturated aldehydes, Weak sensitiser
L e B | Product used per day (90" percentile) (g/day) 1.54 after autooxidation to hydroperoxides
| Read-Across |
| |[fppledBose anelogues fant i : ToxTree v.3.1.0

———— I Ingredient inclusion level (%) 0.02 OX oolle . .
| Historical
| sots (E[;A;:'F‘fl‘g’n : Alert for Schiff base formation
| Historical in vivo R 2
1 : 0 SRS G (1 () S5 Protein binding by OECD
| =l
I Corde il I Leave-on or Rinse-off Leave-on Parent - No alert found
l In vitro data 1
OECD QSAR Toolbox v.4.4 - -

! -

‘\ v’ Local dermal exposure (ug/cm?) 0.544 Skin Metabolites (2)
*Scientific Committee On Consumer Safety (SCCS), 2021. The SCCS Notes of Guidance Direct Acting Schiff Base Formers >> Di-substituted alpha,
for the Testing of Cosmetic Ingredients and Thier Safety Evaluation. 11th Revision. beta-unsaturated aldehydes

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

e 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.

B o » To enable a potency prediction using the SARA model DPRA, KeratinoSens™, h-CLAT and U-SENS™ data should
o2& also be generated.



Data Generation

Vel N Reactivity Profiling DPRA KeratinoSens™ h-CLAT U-SENS™
: Data : (Aleksic et al., 2009%) (OECD TG442C™) (OECD TG 442D") (OECD TG 442E™) (OECD TG 442E™)
1 Generation |
1 |
1 Peptide — |
| g | 1 . y
Negative Positive it A
: : Cys (no adducts, 73.7%) g. Positive Positive
| [y | || Lys (no adducts, 3.5%) Cys depletion 0% EC,5 110 pM CD86 ECy50 123 pg mi* | CD86 EC,5, 53.6 pug mi2
: DPRA . | His (no adducts, -11.1%) Lys depletion 10% EC; >2000 uM CD54 ECyy - Hg mit CV,, 113.9 pg mi2
1 |
. i | Arg (double Schiff base, 15.2%) ICs0 875 UM CV75 140 pg mit
1 |
: ! | Tyr (no adducts, 8.2%)
: : N-term (acylation, Schiff base, 40.2%)
1 |
SO _’ | Ala (no adducts, -2.1%)

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.

U

Unilever

**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. Toxicol. 48, 344—358, 2018).



Determine Point of departure using SARA DA

,F-TTTTTT T . SARA potency
1

/ : MCMI =
] Determine Pointof | Pven ne —-l-'— . ™
-- e e T === * The generated DPRA, KeratinoSens™, h-

I
Exposure
based waiving

_________

L

—
—

A S

10! 107 10° w0t 108 108
EDy; (pg cm~3)

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).

For geraniol (NAM data only), the expected
ED,, is 4,500 pg cm2 (2.5™ percentile: 180
ug cm2, 97.5t percentile: 96,000 pg cm2)

Geraniol ranks with eugenol, which at
least based upon LLNA data is reported to
be of moderate potency
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SARA model: partial datasets
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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 A >
Geraniol KeratinoSens - >
Geraniol h-Clat >
Geraniol U-Sens - >
Geraniol DPRA & KeratinoSens 4 -

Geraniol DPRA & KeratinoSens & h-Clat - —————
Geraniol NAM ———
107 101 104 102 10* 109 106

EDgy (Hg cm™?)



Determine MoE/Acceptable Exposure Level + NGRA conclusion

Determine Point of
Departure and Risk
Metric

Exposure
based waiving

Non-sensitiser

_— = —— -

Risk
Assessment
Conclusion

Risk decision based
upon Weight of
Evidence taking into
consideration risk
assessment
outcome and all
additional
information

—— o = o ==

|
|
I
|
1
1
I
I
1
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SARA probability exposure is "low risk"

MCUMI Deo 30ppm ©
MDBGN Deo 1000ppm 4 ——
Propy! gallate Lipstick 1000ppm o - Snemn _uns

MCIUMI Face cream 30ppm °

MCYMI Deo 8ppm 4 *
MODBGN Face cream 1000ppm o ——
Propyl galiate Lipstick S00ppm + e

Methylisothiazolinone Deo 100ppm B G
HICC Deo 15000ppm 4 ———

MCUMI Face cream Sppm

MCI/MI Body lotion 30ppm o

MDBGN Body lotion 1000ppm
Methylisothiazolinone fFace cream 100ppm 4
MDBGN Uquid hand scap 1000ppm 4
MCUMI Liquid M:.dcsoap 15ppm <4

IPBC Face cream 100ppm o

MDBGN Shampoo 1000ppm o

Propy! paraben Deo 1400ppm

Benzy! vam uo&s)pom ]
alcohol Face cream

Phenoxyethanol Face cream 10000ppm

Propy! paraben Face cream 4000ppm o

Benzyl alcohol Face cream 10000ppm o

Benzyl alcohol Liquid hand soap 50000ppm o

Benzyl alcohol Deo 2000ppm

Sodium benzoate Face cream S000ppm

Sodium benzoate Liquid hand soap 25000ppm o

Propy! paraben Face cream 1400ppm o

1PBC Liquid hand soap 100ppm

i

Geraniol NAM Face cream 200ppm

MDBGN Shower gel 1000ppm

Benzyl alcohol Body lotion 14000ppm
Phenoxyethanol Body lotion 10000ppm 4
Propyl paraben Body lotion 4000ppm
MCUMI Shower 15ppm o

.

A

§
3
3
s

Propyl paraben Shower gel 1400ppm 4

10°

10! 102 10% 10% 10° 108 107
Margin of Exposure

0.0

1.0

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 non-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)

Regulatory Toxicology and Pharmacology

Regulatory Toxicology and Pharmacology

journal homepage:

]

Development of a next generation risk assessment framework for the
evaluation of skin sensitisation of cosmetic ingredients

N. Gilmour
R. Rajagopal, G. Reynolds, 8. Spriggs, C. Thorpe, S. Windebank, G. Maxwell

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

J. Reynolds, K. Przybylak, M. Aleksic, N. Aptula, M.T. Baltazar, R. Cubberley,

Regulatory Toxicology and Pharmacology

journal homepage:

R -
ety anit

Pl by

A hypothetical skin sensitisation next generation risk assessment for
coumarin in cosmetic products

G. Reynolds , J. Reynolds, N. Gilmour, R. Cubberley, S. Spriggs, A. Aptula, K. Przybylak,
Wi nk, G. well, M.T. Baltazar

Research Article

Applying a Next Generation Risk Assessment
Framework for Skin Sensitisation to Inconsistent




NICEATM-Unilever CRADA

‘¢ .\ National Toxicology Program

LS. Department of Health and Human Services

NICEATM NeWsS - 2021 issue 25: May 27

In this Newslettar:

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. MICEATM 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/qgo/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.ora/10.1016/i.comtox.2018.10.004

« Unilever-NICEATM CRADA
underway to develop a
publicly available version
of the SARA Model for
evaluation as part of the
OECD workplan for OECD
DASS TG 497



Safety & Environmental Sciences website:
https://seac.unilever.com/

Safety &
Environmental
Science

Unilever's Safety and Environmental Assurance Centre (SEAC)

« Summary of SEAC science capabilities
for expert audiences:
industry, regulator & academic scientists

« Microsite covering: Case Studies
« Our Science - case studies e e
» Partnerships & Collaborations
* About SEAC

 Events -
 Resources
- News J \ ==
-
iﬁﬁ g,% Coumarin
"%@ https://seac.unilever.com/our-science/case-studies/coumarin/
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Topicos ja abordados:

Em portugués e/ou espanhol!
» Sensibilizagcéo dérmica

» Irritacdo ocular e dérmica

+ Seguranca ambiental

» Processo de valida¢do de métodos alternativos
» Status regulatdrio no Brasil e América Latina

* Quimica analitica na avaliacdo de seguranca humana e ambiental
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Master Class in Animal-Free Safety Assessment for Cosmetics

e Covering Risk Assessment from start to finish

Audience:
» Product and chemical safety assessors and regulators
* Regulatory affairs and compliance specialists
« CRO/GLP laboratories
* Small and medium enterprises
« Graduate students
* Non-governmental organizations

https://www.afsacollaboration.org/masterclass/

Risk Assessment Process

Collate Existing Exposure
Information Estimation

Assessment

Biological )
& Conclusion

Activity
Characterisation

Exposure
Refinement

Global Regulatory Environment
Problem Consumer Predictive Internal Integration into
Formulation Exposure Chemistry Exposure Risk Assessment
History of Exposure Based In Vitro Assay
Safe Use Waiving Synthesis

AFSA Modules

COLLABORATION
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