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Philosophy

QSAR TODLBOX

« Toolbox helps registrants and authorities to
v' Use the methodologies to group chemicals into categories and

v’ Refine and expand the categories approach
v’ Provide a mechanistic transparency of the formed categories

v Fill data gaps by read-across, trend analysis and (Q)SARs
v Ensure uniform application of read-across

v’ Support the regulatory use of (Q)SAR approach
v Improve the regulatory acceptance of (Q)SAR methods




Philosophy

QSAR TODLBOX

* (Q)SAR Toolbox is a central tool for non-test data in
ECHA and OECD

« ECHA and OECD coordinate the Toolbox development



Description

QSAR TODLBOX

Toolbox is not a QSAR model and hence can not be compared with
other QSAR models

Training sets (categories) for each prediction are defined dynamically
as compared to other (Q)SAR model which have rigid training sets

Each estimated value can be individually justified based on:
v'Category hypothesis (justification) and consistency
v'Quality of measured data and
v'Computational method used for grouping and data gap filling



Description

QSAR TODLBOX

« [tis developed under the continuing peer review of:
v" Member state countries,
v Regulatory agencies
v Chemical industry and NGOs

« The predictions are getting acceptance by toxicologists and regulators
due to the:
v'International peer review process for developing the system and
v'Mechanistic transparency of the results

» The system is freely available and maintained in the public domain by
OECD
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History

Phase I - The first version (2005 - 2008)
« Emphasizes technological proof-of-concept
* Released in 2008
« Developed by LMC
Phase 11 (2008 - 2012)
« More comprehensive Toolbox which fully implements the capabilities of
the first version
« Second version was released in 2010
* Developed by LMC, subcontractors: LIMU, Lhasa Ltd and TNO
« Third version was released in 2012
« Maintenance 2013 - v. 3.2 — in January 2014
« \ersion 3.3.1 was released in December 2014
« \ersion 3.3.2 was released in February 2015

« Version 3.3.3 is expected to be released in June 30, 2015
Phase 111 (2013 - 2019 + 4 years maintenance)

 Significant focus on streamlining + new IT platform

» Knowledge and data rationalization and curation

* Implementation of Ontology, ADME

* Implementation of AOPs

« Version 4.0 will be released in spring of 2016 7
» Developed by LMC, subcontractors: LIMU and Lhasa Ltd



Main Government Donators

OECD

*European chemicals agency
*US EPA
*Environment Canada
*Health Canada
*NITE Japan

*NIES Japan

*Danish EPA

*UBA Germany
*NICNAS Australia
*DEWNA Australia
*|SS ltaly



Main Industry Donators

[ ’Oreal
DuPont
*Glvaudan
Dow chemicals
*BASF
*ExxonMobil
3M

*Firmenich SV
*SRC, Syracuse
*Unilever



Download statistics of QSAR Toolbox by registered users worldwide

Toolbox Downloads By Type
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Download statistics of QSAR Toolbox by registered users worldwide

Toolbox 3.2 Downloads By User Type

European Union

Other: 256

/‘ Academic: 295%
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Download statistics of QSAR Toolbox by registered users worldwide

Toolbox 3.2 Downloads By User Type

United 5tates and Canada

Other: 77 \

/ Academic: 106

Covernment: 67 ————

I 12

\

Industry: 225
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Download statistics of QSAR Toolbox by registered users worldwide

Toolbox 3.2 Downloads By User Type

Asia & Australia

Government: 62

IT: 20 ——1

= Academic: 329

Industry: 188
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QSAR and read-across based submissions to the ECHA

For existing substances at or above 1000 tpa*
(2011 ECHA report)

Longterm or reproductive toxicity to birds (ENV)
Long-term toxicity to fish (ENV)

Short-term toxicity to fish (ENV)
Bioaccumulationin fish (ENV)
Carcinogenicity (HH)

Developmental toxicity (HH) 29.7

Toxicity to reproduction (HH)

Genetic toxicity in vivo (HH)
W QSAR studies
M Read - across

Genetic toxicity in vitro (HH)

Repeated dose toxicity (HH)

Endpoints

Skin sensitisation (HH)

Eye irritation in vivo (HH)

Eye irritation in vitro (HH)
Skinirritation/corrosion in vivo (HH)
Skinirritation/corrosion in vitro (HH)

Acute toxicity - all routes (HH)

30 35

ENV = environmental endpoint; HH = human health endpoint
*H. Spielmann et al. ATLA 39, 481-493, 2011
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General Scheme

*Theoretical knowledge,
*Empiric knowledge,
«Computational methods,
Information technologies.
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]l Input
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>

Knowledge

]l Input

Is the chemical included in regulatory or chemical categories?
Could this chemical interact with DNA or specific proteins?
Could this chemical cause adverse effects?

Is the effect due to parent chemical or its metabolites?

20



]l Input

_—
>

Knowledge

N
-

Experimental
Data

 Are data available for assessed endpoints of target chemical?

e |s information for the data sources available?
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]l Input

N

Knowledge Experimental
Data
v v

&

Search for possible analogues using existing categorization schemes

Group chemicals based on common chemical/toxicological

Categorization mechanisms and/or metabolism
tools

Design a data matrix of a chemical category

Set the endpoints hierarchy in the data matrix
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]l Input

_—
>

Knowledge

Categorization
tools

N
-

Experimental
Data

Data gap
filling
tools

» Read-across
 Trend Analysis

* (QSAR
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]l Input

_—
>

Knowledge

Categorization
tools

<

Experimental
Data

Data gap
filling
tools
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* (QSAR
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]l Input

/ \ 480
4.60
420
Knowledge Experimental | 5|
Data =
§T3_20-
_3_00-
2.80
v v 260
ﬂ ﬂ 240
- Read-across
. Data ga . :
Categorization 1 gap Trend Analysis
filling
tools —) 0ol
0015 . (Q)SAR
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]l Input

_—

>

Knowledge

N

<

Experimental
Data

Categorization
tools

Data gap
filling
tools

——— tools

« Automated (user defined) reports:

TPRF, TMRF (QMRF), CCRF

Reporting
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]l Input

/ \ « IUCLIDS interface: XML, Web Services

© © « Submission of in silico predictions from
Toolbox to IUCLID 5
Knowledge Experimental
Data
EUCLIDSj
N— —
L Data ga -
Categorization fiIIir? ¥ Reporting
tools — toolsg — tools
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]l Input

v N\ « IUCLIDS interface: XML, Web Services

« Transfer of data from IUCLID 5 to Toolbox
Knowledge Experimental
Data
A — EUCLIDSj

N— \— _

Data ga :

Categorization fiIIir? P Reporting
tools e— toolsg — tools
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]l Input

/ \ « CATALOG interface: by XML (*.i52)

: © « Transfer of data from CATALOG to Toolbox
Knowledge Experimental
Data
N EUCLIDSj
v v
Data ga ,
Categorization fiIIir? P Reporting
tools m—) toolsg —) tools
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System Workflow

EUCIj

Chemical Profiling Endpoints Category Filling Report
input Definition data gap
Il
2 3 - 2 2 >
3y 5
—

Data gap Reporting
Knowledge Data Categorization filling tools

Base Base :' tools tools
L e—
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Input

QSAR Toolbox 3.2.0.104 [Document_2]

QSAR TOOLBOX

Document

CCCCCC=0

ey Y

I

} Profiling

Single Chemical
N

Structure

Filter endpaint tree...

101"
‘—h o1
10100
» Endpoint » Category Definition  » Data Gap Filling

Chemical List

-

¥ Ch
1 [target]

Structure

T
ﬁ_/_/_
£

Substance |dentity
CAS Number
Chemical IDs

Chemical Mame

Structural Formula
EPhysical Chemical Properties
EFEnvironmental Fate and Transport
FEcotoxicological Information
HHuman Health Hazards

66-25-1
Einecs Number:20_ .

hexanal
hexaldehyde
CCCCCC=0

B

©8®
About Update

The OECD QSAR Toolbox
for Grouping Chemicals
into Categories

Developed by LMC, Bulgaria

1 Document_2
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Input

QSAR Toolbox 2.1.2.865 [Document_2]

e

Document

QSAR TOOLBOX

¥ Input
B CAS #

¥ Chemical Name

N, Structure

:Filter endpoint tree...

»

Profiling

§ Select from Database

» Endpoint

& Select from Inventory & Select from Fie

S

» Category Definition

4 Load Database
4 Load Inventory

» Data Gap Filling

48 Load Chemical List

Chemical List

o1
10100

» Report

B About
i Update

The OECD QSAR Toolbox
for Grouping Chemicals
into Categories

Developed by LMC, Bulgaria

Documents
Document_1 o
Document_2 O=N
Structure
/
Substance Identity / e
CAS Numbher g8-G5-3
Explain QA Form
Smiles Depiction |names |cas/Name |2D/Name |cas/2p
1: High Quality 1: High Quality
A ECETOC | AMUCECETOC . gh ulty
1(N(=0)=0)cccccl O=N 1: nitrobenzene : qua !C : qua !C 1: AICS
2: benzene, nitro- 3: Aguatlc US_EF_)A FCO 3: Aguatlc US_E?A EG 2: Agquatic ECETOC
3: nitro-benzene 4: Bioaccumulation fish  4: Bioaccumulation fis 3: Aquatic OASIS
5: Biodegradation OAS]  5: Biodegradation OA!Q 4: Aquatic US-EPA ECC
6: COSING 6: COSING 5: Bioaccumulation Car
7: Carcinogenic Potency  7: Carcinogenic Poten 6: Bioaccumulation fist
8: Carcinogenicity & My 8: Carcinogenicity & M 7: Biodegradation OAS
9: DSSTox 9: DSSTox o 8: COSING
10: ECHA PR 10: ECHA PR 9: Canada DSL
11: EINECS 11: EINECS 10: Carcinogenic Poten
12: Genotoxicity OASIS  12: Genotoxicity OASI] 11: Carcinogenicity & N
13: HPVC OECD 13: HPVC OECD 12: DSSTox
14: MITI Japan 14: MITI Japan @ 13: ECHA PR
15 Phve-rham FDTGLITT 15 Dhve-rhem FDTGI ’
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Profiling

QSAR TOOLBOX

Profiing

Apply New

Profiing methods

Select All Unselect Al

Profiing Schemes

View

B Tautomers unstable

Toxicological

Repeated dose (HESS)

Custom

B Acute Oral Toxicity
| |Androgen Receptor Binding

W Cat 18. Miscellaneous cydic chemicals
tegory 1_Mew_Inorganics and deriy
tegory 10: Aromatic compounds wi
tegory 11 Aromatic compounds (noi
tegory 12 Aromatic diamine, their di
tegory 13 Imidazole, nitro imidazole:
tegory 14 Aromatic ring fused cyd
tegory 15 Miscellaneous aromatic d
tegory 16 Mon-aromatic cydic hydrg
tegory 17 Heterocydic, cydic compd
tegory 18 Miscellaneous cydic chem|
tegory 19 Alkyl carbamodi-thioic ad
tegory 2 Estrogen receptor (ER.
tegory 20 Miscellaneous non-cydic g
tegory 21a Vinyl amides, aldehydes

Delete

Metabolism/Transformations

Select All Unselect All

k Profiling

Filter endpaint tree...

» Endpoint

Structure

— Inventory Affiliation

—OECD HFV Chemical Categories
— Substance Type

— US-EPA Mew Chemical Categories
H=General Mechanistic

— Biodeg BioHC half-life (Biowin)
— Biodeg primary (Biowin 4)
—Biodeg probability (Biowin 1)

— Biodeg probability (Biowin 2)

— Biodeg probability (Biowin 5)

— Biodeg probability (Biowin &)

— Biodeg probability (Biowin T)

— Biodeg ultimate (Biowin 3)

— DMNA binding by OASIS v1.2

| — DNA binding by OECD

— DPRA Cysteine peptide depletion

T

} Category Definition

1 [target]

&

Canada DSL
DSSTOX
ECHA PR
EINECS
METI Japan
MICNAS
REACH ECB
TSCA

US HPV Challenge. ..

Mot categorized
Discrete chemical

Aldehydes (Acute ..

Mot calculated
hours - days
Biodegrades Fast
Biodegrades Fast
Biodegrades Fast
Biodegrades Fast
Biodegrades Fast
days - weeks

Mo alert found
Schiff base formers

Schiff base former...
Schiff base former. ..

Low reactive

Low reactive == Lo._.

Maoderate reactive

Moderate reactive ..

o1
10100
¥ Data Gap Filling

©®®
About Update

The OECD QSAR Toolbox
nicals
into Categories

Developed by LMC, Bulgaria

-~

1 Document_2
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Profiling

* Predefined

* General Mechanistic
* Endpoint Specific

* Empiric

e Custom

36



Profiling

Predefined
Database Affiiation
 Predefined Qgg[r;tﬂgrvﬂg:::gal Categories
* General Mechanistic Substance Type |
o B deiIl t Speci e US-EPA New Chemical Categories
* Empiric
e Custom
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Profiling

General Mechanistic
Biodeg BioHC half-life (Biowin)
Biodeg primary (Biowin 4)

* Predefined Biodeg probability (Biowin 1)

* General Mechanistic e e S

. - Biodeg probability (Biowin 5)

° Endpomt SpeCIﬁC Biodeg probability (Biowin 6)

o EIIlplI‘IC Biodeg probabilty (Biowin 7)
e Custom Biodeg ultimate (Biowin 3)

DNA binding by OASIS v.1.1

DNA binding by OECD

DPRA Cysteine peptide depletion

DPRA Lysine peptide depletion

Estrogen Receptor Binding

Hydrolysis half-ife (Ka, pH 7)(Hydrowin)
Hydrolysis half-ife (Ka, pH 8)(Hydrowin)
Hydrolysis half-ife (Kb, pH 7)(Hydrowin)
Hydrolysis half-ife (Kb, pH 8)(Hydrowin)
Hydrolysis half-ife (pH 6.5-7.4)

Ionization at pH = 1

Ionization at pH = 4

Ionization at pH = 7.4

Ionization at pH = 9

Protein binding by OASIS vi1.1

Protein binding by OECD

Protein binding potency

Superfragments

Toxic hazard dlassification by Cramer (original)
Toxic hazard classification by Cramer (with extensions)
Ultimate bindeg




Profiling

Endpoint Specific
Acute aquatic toxicity classification by Verhaar
Acute aquatic toxicity MOA by OASIS
* Predefined Aquatic toxicity classification by ECOSAR
° General Mechanistic B?nac::ur'r"lulat?nn - metabnl?sm alerts
. . Binaccumulation — metabolism half-ives
¢ EHdPOIIlt SpeCIﬁC Biodegradation fragments (BioWIN MITI)
° Empmc Carcinogenicity (genotox and nongenotox) alerts by ISS
DNA alerts for AMES, MM and CA by OASIS v.1.1
* Custom Eye irritation/corrosion Exclusion rules by BfR

Eye irritation/corrosion Inclusion rules by BfR

in vitro mutagenicity (Ames test) alerts by IS5

in vivo mutagenicity (Micronucleus) alerts by IS5
Keratinocyte gene expression

Oncologic Primary Classification

Protein binding alerts for skin sensitization by OASIS vi.1
rtER Expert System ver.1 - USEPA

Skin irritation/ corrosion Exclusion rules by BfR

Skin irritation/ corrosion Inclusion rules by BfR
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Profiling

Empiric
Chemical elements
Groups of elements
* Predefined Lipinski Rule Oasis

< L Organic functional groups
[ ]
General Mechanistic Organic functional groups (nested)

° Endpoint Specific Organic functional groups (US EPA)

o EmI)lI'IC Organic functional groups, Norbert Haider (checkmol)
Tautomers unstable

¢ Custom Toxicological

Repeated dose (HESS)
Custom

aldehydes

Anilines
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Profiling

* Predefined

* General Mechanistic
* Endpoint Specific

* Empiric

e Custom
Metabolism/Transformations
B Documented
e M 1 1 f . B Observed Mammalian metabolism
olecular transiormations B Observed Microbial metabolsm

B Observed Rat In vivo metabolism

M Observed Rat Liver S9 metabolism
B Simulated

W Autoxidation simulator

M Autoxidation simulator (alkaline medium)

M Dissociation simulation

M Hydrolysis simulator (acidic)

M Hydrolysis simulator (basic)

M Hydrolysis simulator (neutral)

M Microbial metabolism simulator

B Rat liver S9 metabolism simulator

M Skin metabolism simulator
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Endpoint

o0 “00°
| osar rooLeox @ % Bhol B pot st

» Profiling » Endpoint Category Definition  » Data Gap Filling

The OECD QSAR Toolbox |}
_ _ 2 for Grouping Chemicals
= [ 8 | ] L4 into Categories I

Export IUCLID : Inventory Da e Developed by LMC, Bulgaria

Databases Filter endpaint tree... 1 [target]
Select All | Unselect All

B Phys-chem EPISUITE e
E Environmental Fate and Transport Structure ,.r/—/_/_

Bioaccumulation ¢ E
Bioaccumulation
Bioconcentration NITE :
degradation in soil DASIS [HSubstance Identity
iodegradation NITE HPhysical Chemical Properties (1/6) M:131°C, 441, 1.
Biota-Sediment Accumulation Factor U| EEnvironmental Fate and Transport (1/4) M- 50 %. 216 Pa-
FEcotoxicological Infarmation
C FElAquatic Toxicity i
kM database Environment Canada HE Growth (111) M: 152 mg/L
Phys-chem EPISUITE
Ecotoxicological Information
Aquatic ECETOC
B Aquatic Japan MoE
V] Aquntc OAsIS

Import Delete Tautomerize

HHImmobilisation

HH Intoxication (1112) M: 16 mg/L, 18 mg...
HMaortality

ECA0

LC50 (1/25) M- 17.8 mg/L, 9.79__
LDA0

Human Health Hazards
Acute oral toxicity_
cterial mutagenidty I MRC50
Carcinogenic Potency Databa MR-LETH (171) M: 16 mgiL

tagenidty I Physiology

HUndefined Effect
IO — Sediment Toxicity
L mTerrestrial Toxicity (114) M- 38 millliters per._.
nada D5L FHuman Health Hazards i
HHAcute Toxicity ,(111) M: 4.83E3 mg/kg

HHCarcinogenicity
FEHDevelopmental Toxicity / Teratogenicity
HHGenetic Toxicity
— Immunotoxicity
—Ilrrltatlon / Corrosion (1r1) M= Irritant

1 Document 2



Endpoint

Physical Chemical Properties
Environmental Fate and Transport
Ecotoxicological Information
Human Health Hazard
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Endpoint

« Physical Chemical Properties B e T hCs
. B Chemical Reactivitcy COLIPA
* Environmental Fate and Transport M ECHA CHEM
* Ecotoxicological Information BRI
M GSH Experimental RC50
* Human Health Hazard M Phys-chem EPISUITE
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Endpoint

 Physical Chemical Properties M Environmental Fate and Transport
. M Aquatic US-EPA ECOTOX
O EnVlronmental Fa.te and Transport . Biﬂaccunﬂlulatinn Eanada
° Ecotoxicological Information :Binaccumulatinn fish CEFIC LRI
Bioconcentration NITE
* Human Health Hazard M Biodegradation in soi OASIS

M Biodegradation NITE

M Biota-Sediment Accumulation Factor US-EPA
M ECHA CHEM

M Hydrolysis rate constant OASIS

B kM database Environment Canada

M Phys-chem EPISUITE

B Terrestrial US-EPA ECOTOX
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Endpoint

. Physica] Chemical Properties B Ecotoxicological Information
. M Aquatic ECETOC
* Environmental Fate and Transport .
* Ecotoxicological Information M Aquatic OASIS
B Aquatic US-EPA ECOTOX
* Human Health Hazard e

B ECHA CHEM

M Terrestrial US-EPA ECOTOX
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Endpoint

B Human Health Hazards
M Bacterial mutagenicity 1SSSTY

Physical Chemical Properties

 Environmental Fate and TFaHSPOFt M Carcinogenic Potency Database (CPDB)

° Ecotoxicological Information | CEF’EiﬂUgEﬂiEW&J’.ﬂUtEgEﬂiEit‘,-’ IS5CAN

« H Health H d M Cell Transformation Assay ISSCTA
uman Health Hazar M Dendritic cells COLIPA

M Developmental toxiciby ILSI

B ECHA CHEM

M Estrogen Receptor Binding Affinity OASIS
M Eye Irritation ECETOC

M Genotoxicity OASIS

M Keratinocyte gene expression Givaudan
M Micronucleus ISSMIC

M Micronucleus Oasis

Bl MUNRO non-cancer EFSA

M Rep Dose Tox Fraunhofer ITEM

M Repeated Dose Toxicity HESS

B Rodent Inhalation Toxicity Database

M Skin irritation

M Skin sensitization

M Skin sensitization ECETOC

M Terrestrial US-EPA ECOTOX

M Toolbox Database example

M Toxicity Japan MHLW

M ToxRefDB US-EPA

B Yeast estrogen assay database University of Tennessee-Knoxvile (USA)




Endpoint

About - = |E
Name Donator(s)
Aquatic US-EPA ECOTOX United States Environmental Protection Agency (EPA), USA
QSAR Toolbox 3.1.0. < -
Short description Author(s)

ECOTOX isa comprehensive database, which provides
information on adverse effects of single chemical stressors to

q 5 H R Tn | ecologically relevant aquatic and terrestrial species. ECOTOX

includes more than 765,032 test records covering 9,731 aquatic =

and terrestrial species and 9,562 chemicals. The primary source Website

Data of ECOTOX data isthe peer-reviewed literature, with test results <http://cfpub.epa.gov/ecotox/>

. identified through comprehensive searches of the open literature.

The aquatic data were originally presented in a separate EPA
ﬁather lmpnrt database called AQUIRE (AQUatic Information REtrieval). AQUIRE Details

was established in 1981 b the EPA and was maintained by the + -
e Y e e AN e e T, Number of chemicals -
Disclaimer Number of data 337,204 |§|
Select Al You should consult the original scientific paper to ensure an . | Number of endpoints 147
understanding of the context of the data retrieved from the HName of endpoints BCF,NOEC,EC50,LC50,LOEC,IC50,LD50,EC3
ECOTOX database. ECOTOX attempts to be comprehensive, our ~ | yversion -

M Ecotoxicologic:

M Aquatic ECET(
Close
M Aquatic Japan -

M Aquatic OASIS
M Aquatic US-EPA ECOTCig
M ECHA CHEM Selectall
M Terrestrial US-EPA ECO| Unselect all
B Toolbox Database exar Invert selection

O AT T T T Ty

EPhysical Chemical Properties
EEnvironmental Fate and Transport
BlEcotoxicological Information
—=Aquatic Toxicity

M Verical import_ChemID, | mAccumulation (1 J.rgi
B Human Health Hazara: ! | mAvoidance (1/3)

M Bacterial mutagenicity ISSSTY | mBehavior (2/10)
|| Ef?r::f!rmg:r?rq:i F'nte_ru:'yj [{at.aq.base (E_ZF'DB]I |_mBiochemistry (2/24)
M Carcinogenicity&mutagenicity ISSCAN

: : : —HCell(s)
M Cel Transformation Assay ISSCTA

R —F Development (1/6)
M Dendritic cells COLIPA

—AEnzyme(s) (1/4) 48

M Developmental toxicity ILSI

—HFeeding Behavior (1/1)



Task C - ECHA CHEM database

C. Expansion of the repertoire of databases including data content normalization
Development of methodology to explore ECHA CHEM database

QSAR Toolbox datand ECHA CHEM contribution

Endpoint tree

QSAR Toolbox

ECHA CHEM

(without ECHA CHEM) contribution

Substances Data Substances Data
Phys-chem properties 38 000 71 000 5700 (15%) | 85000 (120%)
Environmental 4 500 58 000 4 000 (88%) | 28000 (48%)
Ecotoxicological 8 500 510 000 4 600 (54%) | 95000 (18%)
Human health 15 000 550 000 5400 (36%) | 140 000 (25%)
Total 55 000 1200 000 6 200 (9%) | 350 000 (29%)
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QSAR Toolbox databases

Contribution of REACH dissemination data
ECHA CHEM database

_ ECHA CHEM Total

Endpoint tree
Substances Data | Substances Data

Substance ldentity 6188 301 868 92 854 1538 014
Physical Chemical Properties 5738 86 453 41931 156 528
Environmental Fate and 4001 o5 759 2581 85 585
Transport
Ecotoxicological Information 4 626 94 009 11 895 608 065
Human Health Hazards 5426 95 647 18 813 687 836
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Inventories

Inventories Number of
chemicals
AICS 38760
COSING 1314
DSSTOX 3606
ECHA PR 142619
EINECS 72561
HPVC EU 4843
METI Japan 16133
REACH ECB 24074
US HPV Challenge Program 9125
TSCA 2005 65709
Canada DSL 22017
Total number 197015
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Category definition
|

Nl 31670) LN BN
QSHR TOOLBOX 6 tlj H m ?nlma About Update

} Input } Profiling } Endpoint » Category Definition] P Data Gap Filling

Categorize Delete
& into Categor
Combine Clustering Delete Delete Al Developed by LMC, Bulgaria

| El:l

Grouping methods Filter endpoint tree... |1 [target]

Predefined
Database Affiiation
CH,

=]

Inventory Affiiation s Gt cH .

( Chemical Categories Structure ﬁ_/_/i HECQO L0—CH f/_/s/ &
& QH ]

E e Type

US-EPA New Chemical Categories

General Mechani -
Biodeq BioHC half-if [HSubstance Identity

Biodeg primary ' EHPhysical Chemical Properties (456/1019) M- 131°C, 441, 1. M:-19.1°C, 035, .. M:T71 M:81,825 197 °.. M-103°C,-91.5°. M:0f

Biodag probabilty ( ) EEnvironmental Fate and Transport
Biodeg probability (¢ ) . . )
Biodeg probabilty rHBioaccumulation: Aquatic J2ns)
Biodeg probability (Biowin 6) — Bioaccumulation: Terrestrial i
Biodeg probability (Biowin 7) HHBiodegradation (34/34) M: 60 % M: 71 % M: 2 %
E‘;i‘: “d'ﬁmﬁtte | FIPhotodegradation (44/77) M: 1.67E-14 cm3/... M: 6.8E-16 cm3/m... M: 1.46E-14 cm3/...
MA binding by .2
DA binding by OECD HEStability in Water
DPRA ( peptide depletion LHTransport and Distribution Between Environm_. (36/36) M: 21.6 Pa-m3/mole  M: 0.0341 Pa-m3/... M: 0.568 Pa-m3/mole M: 14.9 Pa-m3/mole
ﬁde_dz_plemn HEcotoxicological Information
i L Aquatic Toxicity (157/1798) M: 17.8 mg/L, 9.79... M: 23.8 mglL, 27.4... M- 013mgl, 022 M 25mgl 3mg M- 0
Hydrol alf- ) — Sediment Toxicity
Hydrolysis win) L Terrestrial Toxicity (42/754) M: 38 milliliters per... M: 0.05 Active Ingr... M:17.3(12.1:19.7) .. M: 353 mg/L
Hydraol f- “
H:d: EHuman Health Hazards )
Ionization at pH = 1 HEAcute Toxicity 1031) M: 1 mg/L, =58(39;. .
CTEOT RN =5 HFCarcinogenicity ,(29/124) M: Positive, Positiv. .
. [onzatn atpri = 7.4 HHDevelopmental Toxicity / Teratogenicity (3113) M: 40 mg/L, 20 mg...
i ici M: Positive, Negati... M: Negative, Negat... M: Negative, Negat... M: N
Defined Categories HHGenetic Toxicity [(24211621) ositive, Negati egative, Nega egative, Nega £
Document_2 — Immunotoxicity
HHIrritation / Corrosion (29437 M: 2.54
— Meurotoxicity
HFRepeated Dose Toxicity (39/5306) M: 62 mg/kg/day, ... M: 10 mg/kg/day., ...
- . . [l —— A~ e (Y] .- sa

< | | =)
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Data Gap Filling

(JSAR Toolbox 3.2.0.104 [Document_

®

QSAR TOOLBOX
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|= Select/filter data

Subcategorize
Mark chemicals by WS

Mark chemicals by descriptor value

|

Mark outlier points
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[ 1] 10100 , . "
. ) . Filter points by test conditions
» Profiling » Endpoint ¢ Category Definitio| » Data Gap Filling
Mark focused chemical
|= Selection navigation Mark forused points

Go badk

Remove marked chemicals/points

Go forward Clear existing marks
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© Trend analysis Go to first
Structure
@ (Q)SAR models Go to last
Target Endpoint | ]
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<[ |= Gap filling approach
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DObserved target value: 17.8 ma,/L, Prédicted target value: 7.24 ma/L, Select/filter data
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|E| D&I‘Illtﬂrs.{dﬂh log Kow s
Gap filling approach
Make active descriptor : == |+| Descriptors/data
YN | S N . . . m Model/(Q)SAR
Remove active descriptor Calculation options
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= Visual options
E soodo s Colectdata k7T /S Information
;‘5 Pl R Change descriptor units ... CA— s Ramcous
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748 Aldehydes (Acute toxicity) (US-EPA New Chemical Categories) 1 Create predic C?'F"late Q2 0/100




Set usage of data per chemicak

Data Gap Filling

QSAR Toolbox 2.1.2.865 [Document] () Al
() Minimal
QSAR TOOLBOX () Maximal
(@) Average

() Median(s)
I Lower median
[ Higher median

~ |= Calkculation options

Data usage

Prediction approach options
Use target data for prediction

Set level of significance

B About
fisr Update
QSAR Toolbox

g Chemicals
into Categories

Developed by LMC, Bulgaria

() Mode(s)
Control I Lowest mode
Data Gap Filing Method I'---'InghESt mode
@ Read-across oK Cancel _
DUuGwuuNe |IEI m' nm

® Trend analysis
@ (Q)SAR models

| | | | | I—mee Set axes ranges

Target Endpoint <[

Ecotoxicological Information Aquatic Toxicity Descriptors | | Prediction | Adeq
Mortality LCS0 96 h Animalia
Chordata(Vertebrates) Actinopterygi(Fish)

Set units in figure title

Show confidence range

Showe intercorrelations
Trend analysis prediction of LC50,

Pimephales promelas making a linear ap == o=
Observed target v [= Information
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alue: 4.14 log(1/

1 Details of focused chemical

Details of focused point
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Copy picture
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E 6.00 1| Details of target chemical '
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E“UU All points within region
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2 300_—-——""‘# Show legend
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Report

| QSAR Toolbox 3.2.0.104 [Document_2] J
z5 P 5 ‘FE i E “C8®\
- o 1
10100 About Update

[
} Profiling » Endpoint } Category Definition } Data Gap Filling

' QSAR TOOLBOX

Repository The OECD QSAR Toolbox
or G emicals

C into Categories
Update d y Dewveloped by LMC, Bulgaria

Available data to report Prediction [1] |
Predictions

[1] 10.05.2014 11:42 [T]: 19.1(2.56;142)

(Q)SARs
Categories Prediction of LC50 for hexanal

QSAR Toolbox prediction for single chemical

QSAR Toolbox Prediction Report {TPRF v.3.2)

The template of the current report is based on "GUIDANCE DOCUMENT ON THE
VALIDATION OF (QUANTITATIVE) STRUCTURE-ACTIVITY RELATIONSHIFS MODELS"
published by OECD (September, 2007) and "GUIDANCE ON INFORMATION
REQUIREMENTS AND CHEMICAL SAFET Y ASSESSMENT / CHAFTER R.6. QSARS AND
GROUFING OF CHEMICALS" published by ECHA (May, 2008).
ay ”' | k The report provides infarmation about the target substance, chemical characteristics
shaw only relevant templates used for the grouping, the resulting boundaries of the group of chemicals (applicability

3/0/0
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QSAR TOOLBOX

Outlook

Description

General scheme and workflow
Basic functionalities

Forming categories
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How to build categories?
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Basic guidance for category formation

Recomended categorization phases:

1. Phase I. Endpoint non-specific - structure-related profilers (primary

categorization)
2. Phase Il. Endpoint specific profilers (for subcategorization) — based on endpoint

driving interaction mechanisms
3. Phase Il. Additional structure-related profilers, to further eliminate dissimilar

chemicals (to increase the consistency of category)
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Recommended Categorization Phases

Phase |. Structure based
« US EPA Categorization

« OECD Categorization Broad grouping

* Organic functional group Endpoint Non-specific
« Structural similarity

« ECOSAR

Repeating Phase | due to Multifunctionality of chemicals

60



Recommended Categorization Phases

Phase I. Structure based

« US EPA Categorization
 OECD Categorization

« Organic functional group
« Structural similarity

« ECOSAR

Broad grouping
Endpoint Non-specific

Repeating Phase | due to Multifunctionality of chemicals

Phase Il. Mechanism based

* DNA binding mechanism

» Protein binding mechanism

* Mode of action —acute aquatic toxicity
» Genotoxicity/carcinogenicity

* Cramer rules

* Verhaar rule

» Skin/eye irritation corrosion rules

Subcategorization
Endpoint Specific

Metabolism accounted for
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Recommended Categorization Phases

Phase I. Structure based

« US EPA Categorization
 OECD Categorization

« Organic functional group
« Structural similarity

« ECOSAR

Repeating Phase | due to Multifunctionality of chemicals

Phase Il. Mechanism based

* DNA binding mechanism

» Protein binding mechanism
* Mode of action —acute aquatic toxicity
» Genotoxicity/carcinogenicity

* Cramer rules

* Verhaar rule

» Skin/eye irritation corrosion rules

Metabolism accounted for

Phase lll. Eliminating dissimilar
chemicals

Apply Phase | categorization

Broad grouping
Endpoint Non-specific

Subcategorization
Endpoint Specific

Subcategorization
Endpoint Specific 4,



Basic guidance for category formation

Suitable categorization phases:

1. Phase I. Endpoint non-specific - structure-related profilers (primary
categorization)

2. Phase Il. Endpoint specific profilers (for subcategorization) — based on endpoint
driving interaction mechanisms

3. Phase Il. Additional structure-related profilers, to further eliminate dissimilar
chemicals (to increase the consistency of category)

Performing categorization:

1. The categorization phases should be applied successively

2. The application order of the phases depend on the specificity of the data gap
filling performed (data availability, endpoint specificity)

3. More categories of same phase could be used in forming categories

4. Some of the phases could be skipped if consistency of category members is
reached

5. Subcategorization should be applied at Data gap filling stage
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Example — Ecotoxicological Information
Grouping methods
General Mechanistic

DNA binding by OASIS
DNA binding by OECD o o o
Estronen Rgcettgr' Rinding ACute Aquath TOX].C].tY
Protein binding by OASIS
Protein binding by OECD
Fictein Binding Pofency Mode of Action
Superfragments
Toxic hazard classification by Cramer (original)
Toxic hazard classification by Cramer (with extensions)
Endpoint Szooi0
Acute aquatic toxicity classification by Verhaar
Acute aquatic toxicity MOA by OASIS
Aquatic toxicity classification by ECOSAR
Bioaccumuiatun — 1nictavvism alerts
Bioaccumulation — metabolism half-ives Structural Slmllal‘lty (not fOI‘ naI‘COtiCS)
Biodegradation fragments (BioWIN MITI)
Eye irrtation/corrosion Exclusion rules by BfR
Eye irritation/corrosion Inclusion rules by BfR
Micronucleus alerts by Benigni/Bossa
Mutagenicity/ Carcinogenicity alerts by Benigni/Bossa
Oncologic Primary Classification
Skin irritation/corrosion Exclusion rules by BfR Data Gap Flllll’lg AppI'O&Ch
Skin irritation/corrosion Inclusion rules by BfR
Empiric
Chemical elements Trend analysis, External QSARs
Groups of elements
Lipin=¥ Rule Oasis
Jrganic functional groups
Organic functional groups (nested)
Organic functional groups (US EPA)
Organic functional groups, Norbert Haider (checkme:)
Structure similarity
Custom
Aldehydes
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Example — Human Health Hazard
Grnup'ng methods

Genorgl Mcuianise

DNA binding by DASIS

DN& blndlng by OECD o« o . o« o
oo Pacants: Sidng Mutagenicity/Carcinogenicity

e L

Protein blndmg by OASIS
Protein binding by OECD
Protein Binding Potency Mechanism
Superfragments
Toxic hazard classification by Cramer (original)
Toxic hazard classification by Cramer (with extensions)
Endpoint Specific
Acute aquatic toxicity classification by Verhaar
Azie aquatic toxicty MOA by OASIS
Aquatic toxicity classification by ECOSAR
Bioaucumulatinn — metahnlism alerts ,
Bioaccumulation — metabolism half-ives Structural Slmllal‘lty
Biodegradation fragments (BioWIN MITI)
Eye irrtation/corrosion Exclusion rules by BfR
Eye irritation/corrosion Inclusion rules by BfR
riicronucleus alerts by Benigni/Bossa
Mutagenicity/ Carcinogenicity alerts by Benigni/Bossa
Oncologic Primary Classification
Skin wiitzton/comosion Exdlusion miles by Sik Data Gap Filling Approach
Skin irritation/corrosion Inclusion rules by BfR
Empiric
Chemical elements Trend analysis, External SARs
Groups of elements
Lipin=¥ Rule Oasis
Jrganic functional groups
Organic functional groups (nested)
Organic functional groups (US EPA)
Organic functional groups, Norbert Haider (checkme:)
Structure similarity
Custom
Aldehydes




