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Skin allergy risk assessment evolution



Success in skin allergy NGRA- Use of AOPs to develop NAMS

Key Event 1 (KE1) KE2 KE3 KE4 Adverse Outcome (AO)

Predictive 
Chemistry 

For example:
• DEREK-NEXUS 
• OECD QSAR 

Toolbox
• TIMES 
• ToxTree

in silico NAM in chemico/vitro NAM in vivo evidence

Protein 
Reactivity

OECD TG 442C 
Includes:
• ADRA
• DPRA

Keratinocyte 
Activation

OECD TG 442D 
Includes:
• KeratinoSens
• LuSens

DC Activation

OECD TG 442E 
Includes:
• h-CLAT
• IL-8 Luc Assay
• U-Sens

T Cell 
Proliferation

For Example:
• Human T cell 

proliferation 
assays (hTCPA)

Skin Sensitisation

        OECD TG 429: mouse local 
lymph node assay (LLNA) & 

variants TG442A & 442B

OECD TG 406: Buehler & Guinea 
Pig Maximisation Test (GPMT)

Human evidence 
e.g. Human Repeat Insult Patch 

Test (HRIPT)

https://www.lhasalimited.org/products/derek-nexus.htm
https://www.qsartoolbox.org/
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/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
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
http://fragrancematerialsafetyresource.elsevier.com/sites/default/files/FA-3-Politano-Research.pdf


SARA Model – a defined approach to provide potency and risk 
information based upon New Approach Methodologies (NAMs)

• SARA model is a Bayesian statistical approach which can make potency and risk 

predictions using any combination of historical in vivo (LLNA, HRIPT) or NAM (DPRA, 

KeratinoSensTM, h-CLAT and U-SENSTM) – curated database of 81 chemicals

• Skin sensitiser potency is expressed as the ED01, the dose estimated to induce 

sensitisation in 1% of a HRIPT population. This is the Point of departure for the risk 

assessment.

• SARA model also makes use of benchmark exposures to infer a probability that a 

consumer exposure to a chemical is ‘low risk’



THE BASIC PRINCIPLES OF THE SARA MODEL



Potency across the SARA database - PoDs

This graph gives the ED01 
and quantified uncertainty 
(the dot with the 50% and 
95% confidence intervals 
denoted by the thick and 
thin lines either side) 



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

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.

Example

Margin of exposure calculation (PoD/Exposure)



Reynolds et al (2021) Reg Tox Pharmacol, 127, 105075

A case study approach – human health safety assessment 
required for… 

0.1% COUMARIN IN FACE CREAM AND 1% IN ROLL-ON DEODORANT 

(NEW FRAGRANCE)

• For the purposes of the case study, in vivo data 
and read-across were not used, and the use of 
dermal sensitisation threshold (DST) was not 
appropriate. 



Application of NGRA framework for Skin Allergy
This NGRA framework is applied to a hypothetical skin allergy assessment of a consumer product at two 
exposures - 0.1% coumarin in a face cream and 1% in a non-spray deodorant. 



Local Exposure

Product type Face cream Deodorant

Product used per day (90th percentile) 
(g/day)

1.54 1.5

Ingredient inclusion level (%) 0.1 1

Skin surface area (face / axilla) (cm2) 565 200

Leave-on or Rinse-off Leave-on Leave-on

Local dermal exposure (µg/cm2) 2.7 75



Existing Information – In silico predictions

Chemicals ToxTree

Protein binding

OECD Toolbox* TIMES-SS Derek Nexus

Coumarin MA and AC MA and AC Non-Sensitiser Weak sensitiser

Metabolites

Hydroxycoumarins (5-OH, 6-
OH, 7-OH, 8-OH)

5-OH: MA and AC

6-OH: MA and AC

7-OH: MA and AC 
8-OH: MA and AC

5-OH: AC and 
MA

6-OH: AC and 
MA 

7-OH: AC and 
MA

8-OH: AC and 
MA

5-OH: NS

6-OH: NS 

7-OH: NS

8-OH: NS

5-OH: Strong

6-OH: Strong 

7-OH: Strong

8-OH: Strong

o-
Hydroxyphenylacetaldehyd
e

Schiff base, MA 
and SN2

Schiff base Strong 
sensitiser

Moderate 
sensitiser

o-Hydroxyphenylacetic acid MA and SN2 No alerts NS Moderate 
sensitiser

(3R,4R)-3,4-Dihydroxy-2-
chromanone; (Coumarin 3,4 
epoxide as precursor) 

MA, AC and SN2 AC, SN2 Strong 
sensitiser

Moderate 
sensitiser

MA: Michael acceptor; AC: acyl transfer; NS: non-sensitiser



Problem Formulation

Hypothesis: Coumarin has the potential to be a sensitiser and can act 
as either a hapten or pro-hapten. 

Generate DPRA, KeratinoSens , h-CLAT, U-SENS  and peptide reactivity profiling data for 
coumarin to evaluate its skin sensitisation potential, potency, and a risk prediction for the 
given exposure scenarios. 

To address areas of uncertainty regarding pro-haptens:

1. Replicate the testing strategy for coumarin for the major metabolite, 7-OH coumarin

2. Ex vivo skin cultures were used to determine if the 7-OH coumarin formation pathway was 
relevant/significant in human skin 

3. Reactive metabolites were investigated through an experiment designed to trap reactive 
chemicals with GSH 



Results from NAM Data Generation for coumarin

• Coumarin was positive in all tests, except for DPRA where peptide depletion 
was too low to meet positive threshold. No adducts were observed in the 
peptide profiling assay. 

DPRA (TG442C)
KeratinoSens

(TG 442D)
h-CLAT  

(TG 442E)
U-SENS
(TG 442E)

%cys 
depl.

%lys 
depl.

EC1.5 (µM)
CD86

(EC200 
µg/mL)

CD54
(EC150 
µg/mL)

CD86
(EC150 
µg/mL)

Coumarin 1.3 0 187.5 <178 >637 95.5



Results from NAM Data Generation for 7-OH coumarin and  
metabolism data 

• 7-OH coumarin was negative in KeratinoSens  & h-CLAT, positive in USENS , 
inconclusive in DPRA. 

• Ex vivo skin data show that the formation of 7-OH coumarin is not a major pathway in 
human skin. The formation of reactive metabolites such as coumarin-3,4-epoxide could 
not be excluded nor confirmed in ex vivo skin.

• Risk assessment based on parent, coumarin, is more appropriate

DPRA (TG442C)
KeratinoSens

(TG 442D)
h-CLAT  

(TG 442E)
U-SENS
(TG 442E)

%cys 
depl.

%lys 
depl.

EC1.5 (µM)
CD86

(EC200 
µg/mL)

CD54
(EC150 
µg/mL)

CD86
(EC150 
µg/mL)

7-OH Coumarin 0* 0 >2000 >566 >566 182



Determine Point of Departure (PoD) using SARA Model for coumarin

• SARA Model to define a human relevant 
PoD  (ED01 i.e the 1% sensitising dose for 
a HRIPT population)

• For coumarin, with all NAM data, the 
expected SARA Model derived ED01 is 
11,000 µg/cm2,

• Coumarin ED01 4200 μg/cm2 for NAM 
data excluding DPRA.



Risk assessment: Determine Margin of Exposure (MoE) and 
probability of  risk

• Margin exposure is calculated for both 
exposure scenarios

• A probability of low risk is calculated 
based on the benchmark data

• For the face cream exposure – Low Risk 
outcome is most likely

• For the deodorant exposure- High risk 
outcome is most likely 



NICEATM-Unilever CRADA

• The goal of the project is to 
develop a version of the 
SARA model for different 
skin sensitisation hazard 
and risk assessment 
regulatory use-cases.

• The project has a capability 
build phase and an 
evaluation phase.

• SARA-ICE model will be 
included in the OECD 
workplan for OECD DASS 
TG497



Conclusions & Next Steps

• Significant progress has been made in the last decade 
to apply non-animal experimental data using Defined 
Approaches & tiered frameworks.

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

• Recently published NGRA framework SARA case studies: 
Reynolds et al., 2021 and Gilmour et al, 2022.

•  NICEATM collaboration established to evaluate SARA, 
expand the approach and make it publicly available.

• In-house work ongoing to explore new SARA inputs & 
expand the database, including risk benchmarks.
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