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NAM - Defined Approaches

OECD (2021), Guideline No. 497

Hazard Potency (GHS 1A/ 1B) Potency grouping Continuous PoD values

Tier 1: Hazard

DPRA
KeratinoSens
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TOXTREE
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Tier 2: Potency

DPRA

U-SENS

cLogP
MW

SENS-IS

Volatility

KeratinoSens

Tier 1 gives as an output, 
a probability to be a « Sensitizer» [P(S)]

Tier 2 gives as an output, 
a probability to be a Cat. 1A [P(Cat.1A)]

P > 30% 
Proceed to TIER 2

P ≥ 60 %

P  ≤ 30%

Cat. 1A

Cat. 1B

P  ≤ 30%

No Cat.

ANN EC3BN-ITS

Sequential Testing Strategy SARA 

ITSv1/v2

2 out of 3 
(Jaworska et al. 2015, Kern et al. 2022 in prep)

(Reynolds et al. 2019,  Gilmour et al 2022)

(Hirota et al 2015, 2018)

(Tourneix et al. 2019 )



Hazard Potency (GHS 1A/ 1B) Potency grouping Continuous PoD values

NAM - Defined Approaches - More Methods  

DISCLAIMER: not a complete list  
Natsch & Gerberick 2022

In Silico QSAR

Models



GL497 Defined Approaches 

2 out of 3 

Hazard prediction only 

ITSv1/v2

GHS 1A, 1B, NC, inconclusive



Sequential Stacking Meta-Model 

• 2 Tier model: hazard ID 

followed by potency 

categorization

• GHS subcategories (1A, 

1B, NC)

• Bayesian approach: 

probability information –

confidence in prediction 

• LLNA training set



kDPRA and “2 out of 3”

• 2 Tier model: hazard ID followed by potency prediction

• Testing sequence including GHS categories and POD 

determination combined with the  “2 out of 3” approach

• Several multiple linear regression models

• Use of kDPRa data in combination with others NAM

• Use of an uncertainty factor to be applied

• LLNA training set



BN-ITS Defined Approach  • Bayesian network model: captures 

conditional dependencies between 

variables

• Hazard ID and Potency evaluation

• Target data: LLNA potency categories 

based on EC3 values (NS, weak, 

moderate, strong)

• Prediction of potency categories and 

uncertainty evaluation using probability 

distribution and Bayes factors

• Conversion to EC3 values (continuum 

POD) possible

Potency pEC3 Category (Experimental)

1 2 3 4

pEC3 

Category 

(Predicted)

1 62 6 2 2

2 3 31 7 0

3 5 8 48 9

4 3 4 13 34

Accuracy = 74%

Accuracy +1/-1 = 93%

Over-predicted = 15%

Under-predicted = 11%



ANN 

• 2 Tier model: hazard ID 

followed by potency 

prediction

• LLNA EC3% predicted –

continuous value

• No categorization 

• No probability 

information

• LLNA training set

• Applied at EPA for 

isothiazolinone RA



DEREK NEXUS (LHASA)  

• Tiered approach: Hazard ID 

and potency categorization

• 6 categories

• Combination of DEREK alerts 

with “2 out of 3” and a nearest 

neighbour prediction model

• Updated with EC3 prediction

(Macmillan & Chilton 2019)



SENS-IS assay versus Weight of Evidence Skin 

Sensitisation Potency Categories

Na et al. reg. Tox pharm. 2022

Category Name
Human Cat. 

(µg/cm2)

Extreme <25

Strong 25 - 500

Moderate 500 - 2,500

Weak 2,500 - 10,000

Very Weak > 10,000

Non Sensitizer Negative174

62 SENS-IS biomarkers 

(ARE, SENS-IS, Irritation genes)  

Cottrez et al. (2016)

Concentration 

leading to Pos.
Potency category Dose per unit area

0.1% Extreme 28 μg/cm2

1% Strong 280 μg/cm2

10% Moderate 2803 μg/cm2

50% Weak 14000 μg/cm2

100% Very Weak 28000 μg/cm2

1.07 cm2

30 μL 



SENS-IS assay versus Weight of Evidence Skin 

Sensitisation Potency Categories

Na et al. reg. Tox pharm. 2022

Exact match Approximate Off

46%

39%

15%

38/68 predicted to be stronger 

sensitizers by SENS-IS

30/68 predicted to be weaker 

sensitizers by SENS-IS

13/26 predicted to be stronger 

sensitizers by SENS-IS

13/26 predicted to be weaker 

sensitizers by SENS-IS

SENS-IS
Extreme Strong Moderate Weak Very Weak NS

WoE

Extreme 2 2 0 1 0 0

Strong 1 12 5 1 0 0

Moderate 0 5 18 6 3 2

Weak 1 1 14 27 5 6

Very Weak 0 0 7 17 2 12

NS 0 0 0 4 1 19

0 5000 10000 15000 20000 25000

WoE

SENS-IS

(µg/cm2)

Extreme Strong Moderate Weak Very Weak



GARD Skin Sensitisation Assay Portfolio

OECD TG 442e

Gradin et al. 2021



RIFM – GARD Evaluation 



.

SARA Defined Approach
• Bayesian statistics to infer a probability 

that a consumer exposure to some 

chemical can be considered low risk 

(SARA risk metric) for induction

• Uses a database of public NAM data, 

and historic LLNA and HRIPT data

• The PoD metric is a dose with a 1% 

chance of human skin sensitisation

(ED01)

• The model accounts for variability in

the data

• Incorporates benchmark exposure

• SARA can also predict hazard, GHS 
categories, POD (continuous scale)



Training sets and Performance 

• NAM/ DA not trained / built with human data

• LLNA dataset used for all (most) as training set

– Potency categories or EC3 continuous values 

– Similar data used for all DA/ models (applicability domain)

• Human benchmarks incorporated in some to determine risk

• Performances evaluated against LLNA

– OECD LLNA reference database (168, 123 with 1A/1B) or others

– Comparable performance (for hazard,  potency difficult to compare)

– Better for hazard than potency (drops with more categories)

• Relevance to humans / Performances against human data 

– Some NAM/ DA evaluated against human data

– OECD human reference database (66, 55 with 1A/ 1B)



Use for QRA/ NGRA: Conversion of Prediction into POD  

• Conversion of LLNA categories or EC3% to 

mg/cm2 using a conversion factor (1% = 250 

mg/cm2)

• GHS categorization models limited in deriving 

POD (only < or > 500 mg/cm2)

• Some methods (Bayesian) allow confidence 

evaluation around predicted value

• Genomic methods – unique conversion 

approaches

• PoD metric of SARA is a dose with a 1% 

chance of human skin sensitisation (ED01)

Potency 

Category

LLNA EC3 % 

ranges 

(ECETOC)

LLNA EC3 % 

conversion to 

µg/cm2 (based 

on LLNA dosing*)

Default NESIL

µg/cm2 to be 

used as POD

Extreme 

(Potent)
< 0.1 < 25 1

Strong ≥ 0.1 - < 1 ≥25 - <250 10

Moderate ≥ 1 - < 10 ≥250 - <2500 100

Weak ≥ 10 -  100 ≥2500 - <25000 1000

GHS 1A < 2% < 500 < 500

GHS 1B > 2% > 500 > 500



Some final Comments… 

• NAM/ DA remain categorical for most,  but progress was made towards better 

potency prediction (ie. Continuous values)

– What is sufficient? 

• Progress made towards POD setting for QRA. 

• Conversion to POD not uniquely done

• Conservatism / confidence in prediction differs between NAM/ DA

• Bayesian DAs enable experimental data variability to be modelled and 

uncertainty  in POD & risk metrics can be factured into decision making

• Shortcomings of the animal reference standard must be acknowledged

• Human biological and mechanistic relevance of the DA needs to be established



Thanks to the CE Skin Tolerance Task Force and colleagues!


