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==~ =+1Too many chemicals to test with
== *%j standard animal-based methods

(Q)SAR

— COSt, time, animal welfare (Quantitative) Structure-Activity Relationship
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s =Bl L S L L IAlternativ>

« Organic pollutants with exposure potential accumulate in body tissues
» Cause toxic effects to wildlife and humans

«  Existence of gaps in the experimental data for environmental endpoints
> Need to fill the data gaps and bridge the lack of knowledge

 Regulatory requirements:
» Reduce animal testing, time and costs

» Methodology: use of QSAR/QSPR to predict the endpoints of interest.
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Mansouri et al. (https://doi.org/10.1289/ehp.1510267)

Endocrine Disruptor Screening Program

Mansouri et al. (https://doi.org/10.1289/EHP5580) ( UNITED STATES

. Advancing Alternatives
Acute Toxicity Workgroup: alternative methods

to Animal Testing
Collaborative Acute Toxicity MOdeling o _ o _
ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods

Suite (2018/20)

Kleinstreuer et al. (https://doi.org/10.1016/j.comtox.2018.08.002)
Mansouri et al. (https://doi.org/10.1289/EHP8495)
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Over 100 scientists from around the globe representing
academia, industry, and government contributed
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CATMoS: Collaborative Acute Toxicity Modeling Suite
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« ICCVAM is developing alternative test methods for the EPA’s
Six pack tests: Acute oral, dermal, inhalation, eye & skin
Irritation and skin sensitization

 Acute Toxicity Workgroup: identifies federal agency
requirements, needs, and decision contexts for using acute

systemic toxicity data

Contents lists available at ScienceDirect
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journal homepage: www.elsevier.com/locate/yriph —

Status of acute systemic toxicity testing requirements and data uses by U.S. | H) |
regulatory agencies
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Binary Models Continuous Model

Highly toxic

(<50 mg/kg) Point estimates of
Hazard LD50 values

Toxic
' (>50-5000 mg/kg) - |
‘%’4 4 ;E/J "1, { &
+ Nontoxic (>2000 mg/kQ) e
Categorical Models Hazard

EPA Categories GHS Categories

w1 (250 mg/k (= 5 mg/kg) \
{ 9\1 [ §>5o < 5googr)ng/kg) ” (>5 < 50 mg/kg) OSHA
Packl ng <

Nt e Il (>500 < 5000 mg/kg) Grou Il (>50 < 300 mg/kq) Hazard
Hazard B v (>5000 mg/kg) P IV (>300 < 2000 mg/kg)

i NC (> 2000 mg/kg)
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Rat oral LD50s:
16,297 chemicals total
34,508 LD50 values

15,688 chemicals total QSAR-ready standardization , 11992 chemicals with

21,200 LD50 values Desalted, stereochemistry stripped, accurate structures
tautomers and nitro groups standardized,
valence corrected, structures neutralized

* Very toxic endpoint: 11886 entries (binary, 0/1)
* Non-toxic endpoint: 11871 entries (binary, 0/1)

EPA endpoint: 11755 entries (categorical, 4 categories)

GHS endpoint: 11845 entries (categorical, 5 categories)

LD50 endpoint: 8908 entries (continuous values)
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 Training and evaluation sets:

« 11,992 chemicals from the final inventory of chemicals with QSAR-ready
structures having rat oral acute toxicity data were split into training and test sets:
« 75% training set: 8,994 chemicals
« 25% evaluation set: 2,998 chemicals

« All endpoints training data included in same structure file
« Similar distributions and variability for values and categories
« Similar distribution of chemical structures sources
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« Prediction set:

Included lists of requlatory interest:

 ToxCast/Tox21
After QSAR-ready

- EDSP standardization:

. TSCA ' 48137 structures to be
predicted (including the

* Substances on the market evaluation set)

(EPA Dashboard list)
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Consortium Comprised 35 Participants/Groups

* Very Toxic: 32 models
* Non-toxic: 33 models
« EPA categories: 26 models Total: 139 models
 GHS categories: 23 models
« LD50: 25 models
12000 — ; ; . . . 55 x10*
it
NT
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e © [
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$ 5
8 4000 ;;
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Number of models/chemical Predictions concordance
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Steps of combining the single models into consensus

Initial models Independent consensus Consistent consensus
& predictions models/predictions models/predictions
Combining models Weight of Evidence
« VT (32 models) 9 . VT approach (WoE) « VT
« NT (33 models) « NT 5 © NT
. GHS (23 models) SHED . GHS Step + GHS
« EPA (26 models) Weidhted . EPA Majority rule - EPA
- LD50 (25 models) /mZ'j%ritti rerage . LD50 * LD30
A consensus model Consensus
per endpoint representing all
(~20-~30 models) ~140 models

Learn more:

https://www.piscltd.org.uk/wp-content/uploads/2020/01/2020.01.22 CATMoS Webinar.pdf
https://youtu.be/KibTnfRTY-0
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Performance Assessment

Consensus Model Statistics

S ey Toxie | NonTowe | EPA | GHS

Train Eval Train Eval Train Eval Train Eval
Sensitivity  0.87 0.70 0.88 0.67 0.81 0.62 0.80 0.58
Specificity 0.99 0.97 0.97 0.90 0.92 0.86 0.95 0.90

Balanced 93 084 092 078 087 074 088 074
Accuracy
In vivo
Balanced 0.81 0.89 0.82 0.79
Accuracy
The consensus predictions
[ LD50values | LDSO values perform just as well as
Tran__ Eval InVivo ___ replicate in vivo data do at
R2 0.85 0.65 0.80 predicting oral acute

RMSE 0.30 0.49 0.42 toxicity outcome
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Collaboration with ATWG partners and ICCVAM agencies
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Regulatory Toxicology and Pharmacology e
Volume 149, May 2024, 105614 =

Evaluation of in silico model predictions for
mammalian acute oral toxicity and
regulatory application in pesticide hazard
and risk assessment
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The 5 OECD Principles
1) A defined endpoint

2) An unambiguous algorithm

3) A defined domain of applicability

4) Appropriate measures of
goodness-of-fit, robustness and | | . .
predictivity l QSAR results relevant j
to regulatory purposes /

5) Mechanistic interpretation, if \\\I\u ‘ ‘ I I HLU;};

possible
Journal of Cheminformatics
J(?]‘é;']l“'r‘ﬁ”{)rmmm --December 2018, 10:10 | Cite as P E R
- OPERA models for predicting physicochemical properties A
o)

and environmental fate endpoints PEn (q)saR App
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» Curated open access datasets (https://doi.org/10.1186/s13321-018-0263-1)
* Open-source code (github.com/NIEHS/OPERA)
« Transparent unambiguous algorithms (https://gsardb.jrc.ec.europa.eu/gmrf/)
« Transparent validated performances (https://doi.org/10.1080/1062936X.2016.1253611)
» Defined applicability domain and limitations of the models
» Predictions available through:
 NICEATM'’s Integrated Chemical Environment (https://ice.ntp.niehs.nih.gov/)
« The EPA’'s CompTox Dashboard (https://comptox.epa.gov/dashboard)
* Free and open-source standalone application (github.com/NIEHS/OPERA)

Integrated
Chemical
7o Environment

PERA =

OPEnN (g)saR App “@,
) “
e )‘
s L\ ?
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OPERA standalone application: Bown T x

- Free, opensource & open-data

- Single chemical and batch mode

- Multiple platforms (Windows and Linux)

- Embeddabile libraries (java, C, C++, Python)
- Command line & Graphical user interface

OPERA models:

- Physicochemical properties
- Environmental fate
- ADME properties

-a -x -v 2
ions.txt -e logP BCF -n -v 1]

- Toxicity endpoints o ) |
Input | Browse
. Output [ [ Browse |
In p Ut 0 ptl ons. Models (i| sStandardize
- Structure IDs (CAS, DTXSID, InChiKey) D et
- Structure files (SMILES, SDF, Mol)  Dltemoe: Clatw Cloieso Dlnsiass it Do @
H - g::y(:;::::; ; [C]AR (CoMPARA) [ ] AcuteTox (CATMoS) %
L I n kS [ ] ADME properties 5” -U
. [Jrus [Jciint []cacoz 3 m
https://github.com/NIEHS/OPERA ouputomtions (7] _ Resatts summary @ B9
https://ntp.niehs.nih.gov/go/opera giiii,'.?;:;:im >
https://icheminf.biomedcentral.com/ s esor e R
articles/10.1186/s13321-018-0263-1



https://github.com/NIEHS/OPERA
https://ntp.niehs.nih.gov/go/opera
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0263-1
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0263-1
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Physchem properties Chemicals Version Environmental fate Chemicals Version

BP Boiling Point 7860 2.9 AOH Atmospheric 692 26
H s L Hydroxylation Rate '
HL enry s Jaw 2233 2.9 Bioconcentration
Constant BCF Fact 626 2.6
Octanol-water actor
18154 2. i i
LogP Partition Coefficient 815 . BioHL Blodegra('jatlon 150 26
. . Half-life
MP Melting Point 22554 2.9
RB Ready 1603 2.6
VP Vapor Pressure 6764 2.9 Biodegradability '
WS  Water Solubility 9943 2.9 Fish
Acid Di it KM Biotransformation 541 2.6
pka ¢ c 'szc'i on 6503 2.6 Half-life
onstan Soil Adsorption
Octanol/Air KOC .. 728 26
KOA 270 2.6 Coefficient

Partition Coefficient

Toxicity endpoints Chemicals Version| ADME properties Chemicals Version

ER Estrogen_R_eceptor 32464 26 FUB Fraction 3229 )8
Activity unbound
Androgen Receptor Intrinsic
AR . 47673 2.6 i
Activity Clint clearance 1346 2.8
Acute Oral Systemic
AcuteTox . 50660 2.6 Caco-2
Toxicity CACO2 el 4601 2.8

New/updated since 2021
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= B
QSAR TOOLBOX Soron

¥ Profiling ¥ Category definition » Data Gap Filling ¥ Report

Gap Filling Workflow Editor
[ , 2 2 » o
L] 3 - - -
Trend analysis Read across  (Q)SAR Automated Standardized New Impaort Export

(] Documents Filter endpaint tree.. Details for 2 (Q)SAR models
T — ; T R T BN T L
Structure e ‘]TIQ\’ Boiling Point Adapted Stein and TOO I bOX Re pOS ltO ry

Brown Methed (EPISUITE) (1.0)
[# Structure info

Opera BP (2.6)
[#] Parameters

[ Physical Chemical Properties N Tools / QSARS / OPERA models
—— Autofl bility / Self-ignition temp:

— Chemical reactivity

= OPERA models

— Explosive properties
— Flammability
~— Flash point

[ LERg ey . Supported Toolbox versions: 4.5
—— Oxidation reduction potential

—— Oxidising properties . Deve|0per: N | E H S
— Particle size o .

—{# Partition Coefficient: Categor)/‘ QSARS
— Solubility in organic solvents / fat solubil... DOWnloadS: 57

—— Stability in organic solvents and identity...

L Surface tension ] ' PEn (q,saR App Rating: 08

Only endpoint relevant — Vapour pressure . .. ;
— Viscosity ] Description:
= Water solubility

QSARs [#] Environmental Fate and Transport

Automated workflows . - = . . ) - . i
Standardized workflows B Gt e I e physicochemical properties, environmental fate, ADME ¢
(] Human Health Hazards

*

Current version: 1.0

(] Data Gap Filling Settings

At this position:
ks OPERA is a free and open-source/open-data suite ¢

information including applicability domain and accuracy
data and standardized QSAR-ready chemical structures. C

https . //repOSitO ryq sartoo | bOX .0 rg/ friendly graphical interface for Windows and Linux operati
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% NIEHS / OPERA ' Public

forked from kmansouri/OPERA

<> code % Pull requests

¥ master v

® Actions

¥ 3 branches

M projects 00 wiki

This branch is 37 commits ahead of kmansouri:master.

g kmansouri Merge pull request #34 from kmansouri/master

OPERA_Source_code
Icon.png

Install_guide.pdf

LICENSE

Logo.png
OPERA1.5_Source_code.zip
OPERA2.0_Source_code.zip
OPERA Data.zip
OPERA_models_2.9.xIsx
QMRFs.zip

README.md

[ B v R e B e R o B e R o R i D 6 I B R P

icons.zip

v2.9

OPERA 1.2 icon

v2.9

Initial commit

Added logo and icon

MATLAB source code for OPERAT.5
MATLAB source code for OPERA 2.0
v2.9

V2.9

v2.8.1

Update README.md

OPERA 1.2 icons different sizes

https://qithub.com/NIEHS/OPERA

@ security

Source code Packaged installers

Updates notifications

<% Edit Pins - % Fork 35 - 77 Star 54~
% NIEHS / OPERA  Public €2 EditPins ~ @ Watch 13
forked from kmansouri/OPERA
|~ Insights &3 Settings
<> Code 11 Pullrequests () Actions [ Projects [0 wiki @ Security [~ Insights 8 Settings
Go to file Add file ~ About o)
Releases / v2.9.1
Free and open-source application
11 Contribute ~ G Sync fork ~ (command line and GUI) providing QSAR
models predictions as well as applicability .
domain and accuracy assessment for OPERA 29 (64b|t)
77e9221 on Sep 8,2022 &) 210 commits physicochemical properties
! & kmansouri released this S 1 © © 1e6dse2

environmental fate and toxicological
endpoints.

9 months ago

>Download

6 years ago OPERA v2.9.1

the latest compiled version from the

8 months ago (See the install and quick run guide pdf file in the zip file for more info and input options)

Y Fork 35

- ¥y Star 54

Compare ~ £ U

- installer. :
7 years ago Clarifications about logdj concerns
— 010 Readme . ,
7 years ago 1. The presence of a logdj jar file on a computer does not imply a vulnerability in itself. It's a very common file in java-based tools. It is only when log4j is used on an
, 8B MIT license exposed server that the vulnerability can be a problem.
5 years ago
w 2. We do not use logdj in OPERA software. OPERA runs locally and does not connect to the internet. Our testing thus far indicates that the removal of the logdj jar file
5 years ago ® 13 watching will not affect OPERA software. OPERA should work normally with or without the logdj file as it does not depend on it
i’ 3. OPERA uses two main tools: KNIME and MATLAB. In OPERA 2.9, both KNIME and Matlab were updated to the latest version of the logd; file to deal with the
9 months ago % 35 forks "

vulnerability. For more details see https: v
For the MATLAB runtime, MathWorks has published the following in the Trust Center (version 3 of 2021-12-18)
htt

v.knime.com/changel

Report repositofy
9 months ago f P

w.mathworks.com/content/dam/mathworks

To scan and remove any unwanted files/classes you can use: https://github.com

eleases s

© OPERA 2.9 (64bit) ( Latest)
2022

on Seo 1

policies/mathworks-response-to-cve-2021-44228-logdj-vulnerability.pdf

https://qithub.com/NIEHS/OPERA/releases

Over 8000 downloads

(https://tooomm.github.io/github-release-stats/)


https://github.com/NIEHS/OPERA/releases
https://github.com/NIEHS/OPERA
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Integrated
0 Chemical
N Environment

Run Reset Union w

Chemical Input Assay Input
Select Chemicals | @ Select Assays | @
Quick List CASRN

CERAFF, ER Binding
CERAPF, ER Antagonist

CERAPPF, ER Agonist
CoMPARA, AR Binding

CoMPARA, AR Antagonist

(< N NN

CoMPARA, AR Agonist

<]

CATMoS, Rat Acute Oral Toxicity

Add chemicals with identical QSAR structures

https://ice.ntp.niehs.nih.gov/Search

Number of chemicals=5

Download Query Mixtures Clear Filter

me CASRN DTXSID Co oMPARA AR B izt C CERAPP,
hd| Xl X
minophen DTXSID: 1625 nactive Ina Inactive Inactive
Endosulfan 2.26 nactive Ina Inactive Active
3-Phenylprop-2-ena 1 DTX5ID1024835 nactive Inactive nactive Inactive Active
40 nactive Inactive nactive Inactive nactive Inactive

78-70-6 ITXSIDT025502 nactive Inactive nactive Inactive nactive Inactive
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YouTube

Kamel.mansouri@nih.gov
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The NICEATM Group ICCVAM (ATWG & EcoWG)
(2024) EPA EFED
T e — p— All international collaborators

Subscribe to NICEATM News email list
https://ntp.niehs.nih.gov/go/niceatm
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