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Training room with twenty workstations running  

SAFETY BY DESIGN® software  

Ecole des Mines de Nancy, at the heart of the Artem Campus  

and a stone's throw from Nancy's new thermal baths 



Outline 
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Toxicological information source 

State of the Environmental Issues  

NAM (New Approach Methodology): 

Application to a dataset of 74 PFAS recommended by the EPA 

Combination of approaches : Clustering, QSAR Predictions, TRV Mapping, Read Across with experimental 
data (TRV) 

Demonstration of Harmonic Pharma's Safety By Design® software 

Take-Home message  

Perspectives 



Toxicological information source 
 State of the Environmental Issues  
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PFAS issue 

BEFORE  

10 000 Molecules 

Lack of TRV 

Lack of studies 

 

TODAY 

Many sites to investigate 

 Multiple Uncertainty 

Sampling, Analysis, TRV 
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Environment International 
Volume 167, September 2022, 107408 
 A systematic evidence map of health studies on 29 per- and polyfluoroalkyl substances 

742 studies on 29 PFAs 
out of 10,000 
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Real issues 

Need to conduct health risk assessments based on validated toxicological 
methodology 
Impossible to evaluate each molecule with classical toxicological approach 
In line with European REACH regulation 

Validation of “In silico” for toxicological evaluation by QSAR Models as an alternative 
to experimental testing 
 

QSAR :  Quantitative Structure Activity Relationship 
Validated By  

OECD 
European Chemical Agency (ECHA)  
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NAM  
"New Approach Methodology" 

Combining clustering approaches, predictive toxicology (QSAR)  

and experimental data (reference TRV value) 
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Case study 
CONTEXT :  

Characterize the toxicological risk associated with a dataset of 74 PFAS selected by the EPA and representative of the 
~10,000 PFAS 

 

OBJECTIVES :  

Evaluation of each PFAs toxicity 
Classification of 74 PFAS into clusters 
Prioritize PFASs clusters to be tested regarding existing or non existing TRV 
Gap-Filling of TRV by a Read-Across approach 

 

SOLUTION :  

A NAM "New Approach Methodology" combining clustering approaches, predictive toxicology (QSAR) and 
experimental data (reference TRV value) 
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Dataset of 74 representative PFAS  

The EPA has made available a subset of ~74 to support analytical method development and toxicity testing 
(https://www.epa.gov/chemical-research/pfas-chemical-lists-and-tiered-testing-methods-descriptions). 

 

This dataset of 74 PFAS was used in our study to propose a NAM combining in silico approaches and 
experimental data (TRVs). 

Only 7 out of 74 PFAS have experimental TRV available. 
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0,00002 mg/kg/day 
(DSSTox)  

Perfluorooctanesulfonic  
1763-23-1  

0,02 mg/kg/day  
(DSSTox)  

Perfluorobutanesulfonate 
29420-49-3 

0,02 mg/kg/day  
(DSSTox)  

Perfluorobutanesulfonic 
375-73-5 

0,00002mg/kg/day  
(DSSTox)  

Perfluorooctanoic acid 
335-67-1 

 

Perfluorohexanoic acid 
307-24-4 

 

0,32mg/kg/day  
(Anses) 

Perfluorononanoic acid 
375-95-1 

 

0,0000003 mg/kg/day  
(DSSTox)  

0,000115 mg/kg/day  
(DSSTox)  

2-(Perfluorohexyl)ethano  
647-42-7 
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Case Study: NAM for predicting PFAS toxicity 

Clustering, QSAR Predictions, experimental data and read-across as four pillars of a new methodological approach 
(NAM) to classify and predict PFAS toxicity 

Applying the spherical 

harmonic format 

hierarchical clustering based 
on the spherical harmonic of 

74 PFAS 

Mapping QSAR 

Predictions/ exp. TRV 

data 

 

  
A subset of safer molecules with structural 

determinants 

Subset of more toxic molecules with 

structural determinants 

74 

PFAS 

mol 2 
mol 3 

mol 6 

mol 11 
mol 12 

mol 13 

mol 14 

mol 1 

mol 7 

mol 9 
mol 8 

mol 10 

mol 7 
mol 6 

mol 8 
mol 10 
mol 9 

11 

QSAR  

Predictions 

16 toxicity endpoints are 
available 

Risk Assessment 

 Human toxicity 

 Environmental toxicity 

 Endocrine disruption 

Read-accross 



Demonstration of Harmonic Pharma’s  
SAFETY BY DESIGN® software 
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QSAR Models 

16 QSAR models are available through SAFTEY BY DESIGN® Software 

 

 

 

 

 

 

 

Demo version is available at :  

 

https://safetybydesign.software.harmonicpharma.com  
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Toxicological Evaluation by QSAR models 

Example of prediction for Perfluorooctanesulfonic acid (1763-23-1) 
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Toxicological Evaluation by QSAR models 

Example of prediction for Perfluorooctanesulfonic acid (1763-23-1) 
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Automatic Reports Generation 
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First Step: Applying the spherical harmonic format 
 
 

Query molecule 

Deflating the sphere Placing a molecule inside a 

virtual sphere 

Mapping properties onto the 

resulting surface 
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Unique 3D  

molecular  

descriptors 



First Step: Clustering based on spherical harmonics 

74 PFAS are classified into 7 clusters 
based on structural similarity derived 
from Spherical harmonics descriptors 

 

Each cluster is represented by a 
“metamolecule” which is the sum of 
each underlying spherical harmonics 

Cluster 1 

Cluster 2 

Cluster 3 

Cluster 4 

Cluster 5 
Cluster 6 
Cluster 7 
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Step 2: Mapping experimental TRV data 

PFAS found in Clusters 1, 4, 6 and 7 show 
lack of experimental TRV and should 
therefore be tested as a priority 

 

 

 

 

 

PFAS with experimental VTR values (in 
green line) are found into clusters 2, 3 and 
5 

 

 

Cluster 1 

Cluster 2 : 4 VTR 

Cluster 3 : 1 VTR 

Cluster 4 

Cluster 5 : 2VTR 
Cluster 6 
Cluster 7 
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Step 3: Read-Across  

PFAS having VTR values could be used for 
read-across approach for other members of 
the respective cluster 

 

 

 

 

 

 

 

Cluster 1 

Cluster 2 : 4 VTR 

Cluster 3 : 1 VTR 

Cluster 4 

Cluster 5 : 2VTR 
Cluster 6 
Cluster 7 
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Take-Home message 
 

We are able to provide a QSAR prediction for each PFAs on 16 toxicity endpoints 

 

We have classified 74 representative PFAS into 7 structural similarity clusters using spherical harmonics 
descriptors 

 

We pointed out lack of experimental TRV for some clusters and therefore recommend to test some members of 
those clusters in priority 

 

For clusters having existing experimental TRV data, we provide a read-across approach to attribute TRV values to 
PFAS devoid of experimental TRV 
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Perspectives 

The presented study could be extended to : 

 

the whole ~10,000 PFAS dataset by providing support for gap-filling approaches by read-across using metamolecules identified from 
the 74 representative PFAS subset 

 

to multiple toxicity endpoints such as Persisent Bioaccumulative and Toxic (PBT), Biodegradability, Eco-Toxicity and more 
according to your main interest 

 

All those functionalities are implemented in our software called SAFETY BY DESIGN® and is accessible upon 
request with several licensing options 

https://safetybydesign.software.harmonicpharma.com  
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THANK YOU ! 
 

For any questions or requests, please contact us at 
 

contact@harmonicpharma.com 
info@semaco.fr 
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Société 
Française  
de Toxicologie 
 Best poster prize 
Annual Congress 
2022 

Full picture  
Acute Toxicity  

Carcinogenicity 

Mutagenicity / Genotoxicity 

Reprotoxicity  

Neurotoxicity  

Respiratory sensitization 

Endocrine disruption – Full model 

Endocrine disruption – Estrogen receptor 

Endocrine disruption – Androgen receptor 

Endocrine disruption – Thyroid Perturbation 

Endocrine disruption – Steroidogenesis 

Endocrine disruption – Aryl Hydrocarbon Receptor 

Persistent, bioaccumulative and toxic (PBT) behavior 

Eco-toxicity - Daphnea 

Eco-toxicity - Algae 

Eco-toxicity - Fish 

Biodegradability  

Skin sensitization – DPRA model 

Skin sensitization – hCLAT model 

Skin sensitization – KeratinnoSens® model 

Skin sensitization – LLNA model 

Skin irritation / Corrosion 

Unique 3D molecular descriptors Understand the MOA with Activity 

profiling 

Empower  

experimental data 

Predictive 

Toxicology 24 
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