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Impetus for Development of Skin Sensitization Applications and Tools

• NICEATM goals include the development of user-friendly applications and tools 
for multiple endpoints

– Examples include the IVIVE and PBPK models available in ICE

• Development and acceptance of Defined Approaches for Skin Sensitization Test 
Guideline 497 at OECD means integrating data from multiple sources into one 
decision

– Guideline 497 includes approaches for determining hazard, UN GHS sub-
categorization, and derivation of a point-of-departure

• Multiple options for risk assessment – Human predictive patch test (HPPT) data 
or Skin Allergy Risk Assessment – Integrated Chemical Environment (SARA-
ICE) model



Latest updates on Guideline 497
• Guideline 497 updated to include three sections and additional test methods:

– Hazard identification – 2 out of 3 (2o3) DA

• Added six additional test methods for use within the DA (24 potential combinations)

– KE1: Amino acid-derived reactivity assay (ADRA), Direct Peptide Reactivity Assay (DPRA)

– KE2: EpiSensA, LuSens, KeratinoSens

– KE3: U-SENS, IL-8, GARDskin, Human Cell Line Activation Test (h-CLAT)

– GHS sub-categorization – Integrated Testing Strategy (ITS) DA (12 potential combinations)

• Added 3 new assays for use

– KE1: ADRA, DPRA

– KE3: U-SENS, GARDskin, h-CLAT

– New: Potency estimate – (SARA-ICE) 



DASS app developed for use with Guideline 497

• Initially launched in 2023 to aid in prediction of 2o3 and ITS for the original Guideline 
497

– Required that borderline predictions in the 2o3 be accounted for

– Calculated ITS scoring based on data input

• Updated in 2024 and 2025 to include the addition of the new methods and their scoring 
criteria

– Calculates borderline calls from individual runs for all included test methods

– Added ability to evaluate performance (user provided reference data) or against chemical 
reference lists in ICE. Presented as confusion matrices

https://ntp.niehs.nih.gov/whatwestudy/niceatm/test-method-evaluations/skin-sens/da/dass-
app

https://ntp.niehs.nih.gov/whatwestudy/niceatm/test-method-evaluations/skin-sens/da/dass-app


DASS app

https://ntp.niehs.nih.gov/whatwestudy/niceatm/test-method-evaluations/skin-sens/da/dass-app

https://ntp.niehs.nih.gov/whatwestudy/niceatm/test-method-evaluations/skin-sens/da/dass-app


DASS app 2



DASS app 3



DASS app 4



SARA-ICE for a point-of-departure 
development timeline

2017-2019

A prototype Bayesian statistical 
model was developed at Unilever 
to estimate a no-effect-dose from 

HPPT data. This model was 
published in 2019.

2019-2021

The model and underlying
database were revised and

expanded. Unilever
performed an internal

evaluation and applied the model 
for risk assessment.

2021-2022

SARA is published 
within a set of 3 papers

describing the model and
exploring its use in case
study risk assessment

scenarios.

2021 - present

Unilever begin working with
NICEATM to adapt SARA

for regulatory use. The SARA database 
is merged with the ICE database 

and the SARA-ICE model is developed
 and evaluated at the OECD.

2023 - present

Unilever begin to develop
SARA 2.0, starting from
 the SARA-ICE database 
and evaluate the model.



SARA-ICE
The aim of the Unilever and NICEATM collaboration was to create a version of the SARA Model, SARA-ICE, 
which would be useful to wider industry, a model that could define points of departure (PoD) for use in risk 
assessment and have functionality for regulatory classification. 

Database
The core dataset underpinning the 
model uses data in the ICE database. 

434 chemicals
1,407 in vivo studies
2,575 in vitro studies

Input Assay Types
OECD TG NAM Assays aligned to key 
events in the skin allergy AOP.  

⮚ DPRA, kDPRA (KE1)
⮚ KeratinoSens (KE2)
⮚ U-Sens, hCLAT (KE3)

⮚ Human (HMT/HRIPT) & LLNA 
studies may also be used. 

Model Outputs 
SARA-ICE, a Bayesian probabilistic model, 
gives a continuous measure of sensitiser 
potency: ED01 (1% sensitising dose in human 
patch test). 

⮚ A PoD (SARA-ICE DA)
Or
⮚ GHS Classification (SARA-ICE Extended)

Figure (a) Example estimate of ED01 distribution with overlay of 
GHS subcategories 1A, 1B and NC defined thresholds, (b) 
probability of each GHS subcategory from ED01 distribution



SARA-ICE DA (OECD TG 497 Version)



SARA-ICE DA – Extended Version

Input

In vivo
HPPT, 
LLNA

In vitro 
OECD 

TG

SARA-ICE database:
434 chemicals
1,407 in vivo studies
2,575 in vitro studies

Bayesian statistical 
model (SARA-ICE)

SARA-ICE model:
Network of probability 
distributions to describe 
associations between all 
data types

ED01 (1% 
sensitising 

dose in HPPT)

Continuous measure of 
sensitiser potency
Probability distribution 
of a random variable 
defined as the dermal 
dose required to induce 
sensitisation in 1% of a 
HPPT-eligible 
population.

GHS classification thresholds:
Threshold 1A/1B: 500 µg cm-2

Thresholds 1B/NC: 60,000 µg cm-2

GHS 
classification
probabilities

 

Categorical measure of 
sensitiser potency
Probability that 
chemical potency 
should be categorised as 
GHS 1A, 1B or NC. 

Decision model:
Call 1 if P(1) > θbin
Call NC if P(NC)> θbin
Call 1A if P(1A | 1) > θsub
Call 1B if P(1B | 1) > θsub

GHS 
classification

decision 
model

 

GHS classification
GHS call if probability 
passes thresholds 
chosen within the 
decision model 

θbin = selected probability threshold for making a binary classification (1/NC)
θsub = selected threshold for making a sub-classification of 1A of 1B, contingent on class 1 being true 



SARA-ICE Webapp
• User-friendly tool to run the model(s)

– Two outputs

• OECD Guideline 497 ED01 point-of-departure (static model)

• Extended version (modifiable in future)



SARA-ICE DA – Test Guideline 497 Version



SARA-ICE DA – Extended Version 2



Future development of SARA-ICE
• Guideline 497 model must remain static unless reviewed by OECD DASS EG

• Extended model can be updated/modified 

– Future plans:

• Add new methods to database/input options

– GARDskin/GARD Dose Response, EpiSensA, SENS-IS

– In silico reactivity structural alert (OECD QSAR Toolbox)

• Add new features

– Addition of “EDx” – extrapolate the dose at which X% of the population will be sensitized

– User input feature 

– Local version

– Additional suggestions are always welcome



HPPT App to Classify Human Data

HPPT Database was created to support the 
development and  evaluation of non-animal 
approaches for skin sensitization 
assessment.
Contains information for 1366 unique 
substances.

Developed new GHS classification 
approach for hazard and potency 
classification.
Addresses borderline results.
Incorporates the number of 
sensitized subjects to better inform 
on potency.

user-friendly, open-source R Shiny-
based HPPT App was developed to 
facilitate public use of the modified 
classification approach.
Allows users to easily classify their 
HPPT data in a way that reflects 
human potency. 

2023

https://ntp.niehs.nih.gov/go/hpp
t

https://doi.org/10.1007/s00204-023-
03530-3

2024 2025

Access the HPPT App
https://rstudio.niehs.nih.go

v/hppt-app/

https://rstudio.niehs.nih.gov/hppt-app/
https://doi.org/10.1007/s00204-023-03530-3
https://ntp.niehs.nih.gov/go/hppt


HPPT App

HPPT User Input File 

DSA1+
• Dose per skin area that 

sensitizes one test subject

DSA05
• Dose per skin area that 

sensitizes 5% of test 
subjects

Choose Potency Measure
HPPT App User Interface

Modified Classification Approach



HPPT App 2

Overall WoE GHS Classification

Classification Based on Individual WoE Methods

• Potency classifications generated can serve as reference data for the evaluation of non-animal skin sensitization tests.
• Providing individual classifications along with overall weight of evidence results can help users characterize uncertainty in the overall result.
• App also estimates classification reproducibility for chemicals, indicating agreement or disagreement with overall classification outcome.

Individual Classifications by Record

Reproducibility of HPPT-based WoE Classifications



Conclusion

• NICEATM has developed a suite of user-friendly tools to assess skin 
sensitization hazard and potency

– Usable for risk assessment and screening

– Streamlines decision process

• NICEATM will continue to focus on development of computational or other tools 
to help make regulatory decisions or complex models more available to 
stakeholders
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