Combination of QSAR models and
chemical clustering - application to
the PFAS toxicology assessment
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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
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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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742 studies on 29 PFAs
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Real iIssues —

= 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 A—
<« 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 PFASSs 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—chemicaHists-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.

Perfluorooctanesulfonic Perfluorobutanesulfonate Perfluorobutanesulfonic Perfluorooctanoic acid Perfluorohexanoic acid  Perfluorononanoic acid ~ 2-(Perfluorohexyl)ethan
1763-23-1 29420-49-3 375-73-5 335-67-1 307-24-4 375-95-1 0647-42-7

0,00002 mg/kg/day 0,02 mg/kg/day 0,02 mg/kg/day 0,00002mg/kg/day  0,32mg/kg/day 0,0000003 mg/kg/day 0,000115 mg/kg/day
(DSSTox) (DSSTox) (DSSTox) wm (DSSTox) (Anses) (DSSTox) (DSSTox)
™= for a world with
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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

Risk Assessment M0l 7 e mc1>| 2 !
1n91o| 8 mol 3
74 "  Human toxicity mol 10 A subset of safer molecules with structural
QSAR " Environmental toxicity n[lngll ]:!'% . determinants
PFAS ®  Endocrine disruption Applying the spherical 113 J_ Mapping QSAR
Predictions P . mol e i mol 6
harmonic format mol 14 Predictions/ exp. TRV mol 7 =
mo!
data mol 9 5—|_-

16 toxicity endpoints are hi hical clustering based mol 10

. lerarchnical ciusterin ase
available th herical h & ic of Subset of more toxic molecules with
;} on the spherical narmonic o
\ / \ 74 PFAS /

\ structural determinants /

Read-accross
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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

& ? PREDICTIVE TOXICOLOGY

QSAR model selection :

@ HUMAN TOXICITY @ ECOTOX MODELS ® ENDOCRINE DISRUPTION

(S8 SAFETY

(O Mutagenic (O Biodegrability (O AhR_activation

(O carcinogen (O EcoTOX_Algae (O AR_binding

O Respiratory sensitizer O ECOTOX_Daphnia O EDC_General
(O Neurotoxic (O EcoTox Fish () steroidogenese
(O ER binding QO et (O Thyroid_TR
O Reprotoxic

« Demo version is available at : https://safetybydesign.software.harmonicpharma.com
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e SAFETY BY DESIGN®
for a world with

~
anwoncenanwa  Safer compounds  BRCUEEY A



about:blank

Toxicological Evaluation by QSAR models —

= Example of prediction for Perfluorooctanesulfonic acid (1763-23-1)

PREDICTIVE TOXICOLOGY PREDICTIVE TOXICOLOGY

B @ Surnmar table Click on a number to see the details of the result

B @ Surnmar table Click on a number to see the details of the result

Reliability assessment :

Analogs Analogs

Reliability assessment :

ER_Binding EC Carcinogen ... ER_Binding ECC

Analogs from learning set : Analogs from learning set :
re the three est analogs according to a Tanimoto Similarity ] re the three closest analogs according to a Tanimoto Similarity
re greater than 0.7. ( re greater than 0.7.

ER_Binding Reliability : c Reliability :
C i 5 ic acid pos 2 analogs N rfluoro
ER (15> 07 (1507
i = Ana]ogs consistency :
i srfluc anesulfonic acid has been retrieved in the _— . ound Perfluo

Reliability g ralnl Reliability is high
Perfluorooctanes 1 - Perfluorooctanes
ulfonic acid ulfonic acid
The compound Perfluorooctanesulfonic acid is predicted to be not ER_Binding The compound Perfluorooctanesulfonic acid is predicted to be PBT with a high
with a high reliability. reliability.

O ClusterAllMol QSAR
Prediction Prediction

ClusterAllMol

14
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Toxicological Evaluation by QSAR models

= Example of prediction for Perfluorooctanesulfonic acid (1763-23-1)

PREDICTIVE TOXICOLOGY PREDICTIVE TOXICOLOGY

B @ Surnmar table Click on a number to see the details of the result R
Reliability assessment :

B @ Surnmar table Click on a number to see the details of the result R
Reliability assessment :

Analogs Analogs

qﬂ{wle 3 Erenil ? 0 2ICooRL angEeapt Analogs from learning set : = P ! “ Analogs from learning set :
' are the three closest analogs according to a Tanimoto Similarity are the three closest analogs according to a Tanimoto Similarity
re greater than 0.7. ( re greater than 0.7.

Results : Results :

Reliability : ECOTOX_Fish Reliability :

pound Perfluorooctanesulfonic
0.7)

Compound Perfluorooc
(15>0.7) RS ioas
Analogs consistency Analogs consistency :
T e e ] The compound Perfluorooctanesulfo _ The compound Perfluorooctanesul
. Reliability is high training set. . Reliability is - pos e analogs with a high structural similarity
P'Eltluurf:ncnct.j:nes pEIHIJDI'.EICICt‘.iI'IES - hi y values that do not match the prediction
ulfonic acid ulfonic acid
The compound Perfluorooctanesulfonic acid is predicted to be Reprotoxic with The compound Perfluorooctanesulfonic acid is predicted to be not
a high reliability. ECOTOX_Fish with a low reli

(el ClusterAllMol (el ClusterAllMol
Prediction Prediction
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Automatic Reports Generation

The QSAR model

Endpoint : ER_Binding

{0_\_0 Model creation date : 2021-07-01
i \f I Version : 1.0.0

. g .
Applicability Domain
Compound Perfluorooctanesulfonic acid
possesses chemical descriptors within the
applicability domain, therefore the QSAR model

is suited to make consistent predictions.

Mol Weight 0
E— i@b
3

4265 6
M H Acceptor i
10 30
NH I.'I('lnil'c
5 18

N Rot Bond

!'330
Mol LagP i]
.-13 -2 11

TPSA

190475

Database Analogs

Below are the three closest analogs according to a

Tanimoto Similarity (TS) score greater than 0.7.

T5=1.00 TS=1.00 TS5=1.00

Three are reported to be safe (CAS in green) which
support and strengthen the confidence of the

current prediction.

Conclusion

The compound Perfluorooctanesulfonic acid is
predicted to be not ER_Binding with a high
reliability. Indeed, the reliability of the prediction

The molecule

Perfl Lﬁ{&o&gﬁf\esulf

0=5(=0)(C)C(F)(F)C(F)(FIC(F)(FIC(F)FICIF)(FIC...

considers that Perfluorooctanesulfonic acid :

- is within the applicability domain

- possesses close analogs with a high structural
similarity

- has analog(s) with a coherent toxicity with the
prediction

- has a statistical RF-reliability score of 0.78

Summary result:

" 'I::safe ‘10'8% Toxic

Reliability is Not ER_Binding
high

P HARMONIC

P D L ARM A

e SAFETY BY DESIGN®
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Harmonic Pharma QSAR report

Model Mame HarmaonicPharma ER_Binding
Version 0.0
Date mode : TR0
OMRF
Eripoint description . ER Binding
The Q5AR model has bean developed using a
proprietary dataset of 2534 compounds, 451 reported to
Ackiitonal information ; be ER_Binding and 2483 a5 safe.

Substance information :

[[sutstance name [ Pernuoreoctanesulfonic acie |
| Substance Smie | O=5i=CYOICIFIFICIAFICEFNFICIFIFICIFIFIC - |

Contact information

HARMOMNIC PHARMA

Campus Artem
42 rue du Sergent Blandan

54000 Haney
Tel. +33{0] 6 6902 94 34
Company - www.harmonicpharmacom
Sinan A Karaboge, C50/CBD
Contact person ; larabogaiiharmonicphaima.com

Prediction

l Randam lorest CSAR mosel is predicting a prodaniiy of fosicty

Modal outcoms of 10 §% tor compound Perfucroocianesalionis acid

Assessment of the prediction:

Model algorithm and resulls
Intempretation: Random Forest, the result s the probability of texicity

The applicability domain of a QSAR model is the
shysico-chemical descriptors space on which the
training set of the model has been developed, and for
which it is applicable to make predictions for new
ds. Si: i are used :

Weight, Number Hydrogen bond donor, Number
hydrogen bond acceptor, Number rotatable bond,

i ez nesylfonic acid pos
ch PR ¥ 3
therefore the QSAR model is suited 1o make consistent
Apphcabality domain result predictions.
Belcw are the three closest analogs according 1o a
Structural Analogs definition : Tanimoto Similarity [TS) score greater than 0.7,
755100 TE:L00 TEe100

Applicability domain definiton :

S T

Structural Analogs :

15 the compound part of training set 7 | No

Compeund Perflucroectanesulfenic acd is Is within the

Are the within

G d ic acid
Does Molecule have neighbours 7 three close analogs (TS> 0.7)
Three are reported 1o be safe [CAS in green) which
support and strengthen the confidence of the current
Have neightours a coherent toxicity ? | prediction.

Is RF conseraus strong 7 has a statistical RF-reliability score of 0.70
Conclusion

The compound Perfluoroocianesulfonic acid is predicted to be not ER_Binding with a high
reliability. Indecd, the reliability of the predictl that ulfenic acid :

- is within the applicability domain

- possesses close analogs with a high structural simiarity
- has analog(s] with a coherent tosicity with the prediction
- has a statistical RF-rellabiity score of 0.78



First Step: Applying the spherical harmonic format o~

Placing a molecule inside a Deﬂating the sphere Mapping properties onto the

virtual sphere resulting surface

-/acceptor
acceptor

hydrophobic

~ acceptor/donor

aromatic

Query molecule

donor

ni D M Positive (+) mAD
U que 3 M Negative (-) W +D
H Aromatic (R) O-A
molecular B Hydrophobic (H) AR
M Hydrogen Donor (D) B H/R
. B Hydrogen Acceptor (A) E-/A/D
descriptors -

e SAFETY BY DESIGN®
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First Step: Clustering based on spherical harmonics

E— = 74 PFAS are classified into 7 clusters

based on structural similarity derived

from Spherical harmonics descriptors

Cluster 1

= Each cluster is represented by a

Cluster 2 “metamolecule” which is the sum of

each underlying spherical harmonics
Cluster 3

Cluster 4

Cluster 5

Cluster 6
Cluster 7

== SAFETY BY DESIGN® 55 18
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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

lustering Title

Cluster 1

e

. Cluster 7 ére@n line) are found into clusters 2, 3 and

m 5

—— Cluster 6

e SAFETY BY DESIGN® 19
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Step 3: Read-Across —

= PFAS having VTR values could be used for

read-across approach for other members of

lustering Title

the respective cluster

Cluster 1

Cluster 2 : 4 VTR

Cluster 3:1 VTR

Cluster 6
" — Cluster 7

K

20
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Take-Home message e

= 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

5 T Ay
A== SAFETY BY DESIGN® \¢" 5 21
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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

22
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THANK YOU !

For any questions or requests, Please contact us at

info@semaco.fr

23
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picture SET

Acute Toxicity

Carcinogenicity Société

Mutagenicity / Genotoicity lustering Title Frang aise

Em— = de Toxicologie
Neurotoxicity Best poster prize
Respiratory sensitization *r Cluster 1

Annual Congress
2022

Endocrine disruption — Full model
Endocrine disruption — Estrogen receptor

Endocrine disruption — Androgen receptor

Cluster 2

Endocrine disruption — Thyroid Perturbation

Endocrine disruption — Steroidogenesis

Cluster 3

Endocrine disruption — Aryl Hydrocarbon Receptor

Persistent, bioaccumulative and toxic (PBT) behavior s Cluster 4

Eco-toxicity - Daphnea
Eco-toxicity - Algae = {;|1.J ,t—?r 6
Eco-toxicity - Fish . Cluster 7
Biodegradability

Skin sensitization — DPRA model

Skin sensitization — hCLAT model
Skin sensitization — KeratinnoSens® model
Skin sensitization — LLNA model

Skin irritation / Corrosion

T T T
— 107

T
=)
5050

Predictive Unique 3D molecular descriptors

M Negative (-) W +D
H Aromatic (R) O-A
B Hydrophobic (H) AR Empower

M Hydrogen Donor (D) B H/R
B Hydrogen Acceptor (A) E-/A/D experimental data

Understand the MOA with Activity

profiling 2
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