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Chemical Risk Assessment into the new century

Araditional toxicologyas been the major source of information

ANew regulatory polici¢s.g., REACH) tend to drastically reduce the
number of new animal experiments

Mpportunitiesto acag@ | t er nat i Mneldin@@YSARS,0 a
ReadAcross and Chemical Category
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Recent history in regulatory acceptance of (Q)SAR

2002 ICCACEFI C, Setubal, AnRegul atory
and Environment Endpointso

2003 OECD-hAdc Expert Group on (Q)SARs (first meeting)

2004 OECD endorsement of the development of a (Q)SAR Toolbox
2005 EU Scoping study on QSAR Decision Support System (Milan work:
2005 2008 EU Working group on QSARs

2006 OECD Initial design of the (Q)SAR Application Toolbox

2006 EU REACH

2008 OECD (Q)SAR Toolbox v1.0

2010 OECD (Q)SAR Toolbox v2.0
2012 OECD (Q)SAR Toolbox v3.0



Structuractivity relationshgncepts:
matching regulatory needs

A Partition Coefficient
Calculated through QSAR; usually experiments not required

A Ames test (bacterial) Mutagenicity

(Q)SARs accuracy Iin the range of experimental varghsiily (80
however toxicologists and regulators more comfortable with ax
evidence (e.g., category faeemks, chemical similarity)

A Repeated Dose , Reproductive, Developmental Toxicity
Animaland monegxpensive tests:
No reliable QSARs available;
Several mechanisms of action; Biological response difficult to fol
—p  Category / readross to fill data gaps;
—p New QSAR research necessary



JointResearciCenter
Institutefor Healthand Consumed®rotection
(formerEuropearChemical8ureau)

Computational oxicologyandModelling

A Scopingtudies

A QSARyuideline®rREACH

A QSAReportinfprmats

A Computation@lols
JRCOQSARNModelsdatabase
Toxtree expert systéontoxicityprediction
DART chemicalsankindpaseddnconcern
Toxmatch groupinghemicalbasednsimilarity

http://ihcp.jrc.ec.europa.eu/our_labs/computational toxicology/



European
Commission

JOINT RESEARCH CENTRE

Institute for Health and Consumer Protection (IHCP)

ropean Commission > JRC > IHCP > Our Laboratories > Computational Toxicology and Modelling > QSAR Tools > Toxtree

Modelling

Statdtox - Software for the
Statistical Evaluation of In
Vitro Assays

Danish (Q)SAR Database

Toxtree

Toxtree

Toxtree
implemented®

the Cramer classification scheme

an Extended Cramer scheme

the Kroes TTC decision tree

the Verhaar scheme for aquatic modes of
action

rulebases for skin and eye irritation and
corrosion

the Benigni-Bossa rulebase for
mutagenicity and carcinogenicity

the ToxMic rulebase for the in vivo

Toxtreev. 2.5

http://ihcp.jrc.ec.europa.eu/our_labs/predictive toxicology/gsar fs

—J

Toxtreev. 2.6.0

http://toxtree.sourceforge.net/download.html#Toxtree 2.6.0

http://toxtree.sourceforge.net/predict

(web version)

Toxtree (tstimation of lowc Hazard - A Decision
B Edt Ol Comgoands  Towe Hagwed  Methad i
ez Y bacoryid | Toitowsvt ZIA Totyemifoodno s

Is/toxtree

a flexible and user-friendly op@plicadon that places chemicals into categories and predicts various kinds of toxic effect by applying decision tree apprc
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https://webmail.iss.it/owa/redir.aspx?C=UL0sADQbmUWCudgSgcC1YbauZKbbktAIB6_2MZV_SM4rspHDxn84-tetBk4PjWPcnRbxx4Ipi-U.&URL=http://toxtree.sourceforge.net/predict/

L JOINT RESEARCH CENTRE

pa— Institute for Health and Consumer Protection (IHCP)

ropean Commission > JRC > IHCP > Our Laboratories > Computational Toxicology and Modelling > QSAR Tools > Toxtree

Computational Toxicology and TOXtree
Modelling Toxtree is a flexible and user-friendly open-source application that places chemicals into categories and predicts various kinds of toxic effect by applying decision tree apprc

5 Background implemented:

s the Cramer classification scheme

3 Information Sources

Select a tree
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Eve irritation and corrosion

DA binding Alerts

Protein binding Alerts

Skin sensitisation reactivity domains
” Michael Acceptors

START Biodegradability

,%dﬁ P450-Mediated Drug Metabolism

( Structure alerts for the in vivo micronudeus assay in rndents)
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. The software is made freely available as a service to scientific researchers ar




Organizatiofor EconomicCooperatiomndDevelopment
(OECD)

Computational oxicologyandModelling

A Scopingtudiesincludingfive OECDprincipleson QSARicceptance

A (Q)SARhouldeassociatediththefollowinghformation:
1. adefine@ndpoint
2. anunambiguowdgorithm
3. adefinedpplicabiligomain
4. appropriateeasuresfgoodnessetfitrobustnesand
predictivity
5. amechanistinterpretatiotipossible

A Computationalols OECD (Q)SAR Toolbox



OECD (Q)SAR Toolbox

A ProjectoomanagedyECHAANdOECD{undedyECHA
A a central tool for reat data in ECHA and OECD

A a toketpregistraatandauthoritiem use(Q)SARnethodologies
togroupchemicalsnto categoriesandto fill datagapsby readacross
trendanalysisand (@Q®ARsforassessin{ecoloxicitfhazardef

chemicalander REACH, ahdsto helpsavingostsandreducinghe
needortestingonanimals

A v3.0releasecbnOctobe012

Free download asmcumentationwww.qgsartoolbox.org



The OECD QSAR Toolbox

u SAR TOOLBOX for Grouping Chemicals

into Cateqories

www.gsartoolbox.org

.......................................

HOME ABOUT PROJECT DOWNLOAD : SUPPORT

\ i/ '1’"“]"«';’\"
i FUULDUA

Software for grouping chemicals

into categories and filling gaps
in (eco)toxicity data needed for
assessing the hazards of chemicals

OECD QSAR TOOLBOX NEWS

The category approach used in the Toolbox: July 2013

« Focuses on intrinsic properties of chemicals {(mechanism or mode of action, (eco-

5 X New training material now available,
Jtoxicological effects). S

« Allows for entire categories of chemicals to be assessed when only a few

July 2013
members are tested, saving costs and the need for testing on animals.
« Enables robust hazard assessment through mechanistic comparisons without New guidance document on aquatic toxicity and
testing. updated guidance on genetic toxicity and

enotoxic carcinogenicity now available
The QSAR Toolbox is a software intended to be used by governments, the chemical industry 4 2 t e

and other stakeholders to fill gaps in (eco-)toxicity data needed for assessing the hazards of
chemicals. The Toolbox incorporates information and tools from various sources into a logical
workflow. Grouping chemicals into chemical categories is crucial to this workflow.

January 2013

QSAR Toolbox 3.1 now available for free

More about (Q)SARs download.

OECD QSAR project | ECHA Information Toolkit Oclobier 21112




The OECD QSAR Toolbox

Q S H R T D D l?; B D X for Grouping Chemicals

into Categories

@abystep Tutoral

User manual

Strategies for grouping
chemicals to fill data gaps to
assess genetic toxicity and
genotoxic carcinogenicity

www.gsartoolbox.org
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Chemicals and data points in Toolbox 1.1 and Toolbo;

Courtesy of Ovanes Mekenyan

Parameters Toolbox 1.1: Toolbox 2.0
Chemicals| Data Points| Chemicals | Data Points
Total number of unique chemicals in the 176703 - 198815 -
Inventories
Total number of endpoints 153 325
Total number of unique chemicals and| 40901 277911 52188 533878
data points in the databases
Physical Chemical Properties 22641 45967 38298 70572

Environmental Fate and

2240 4946 3786 51950
Transport

Ecotoxicological 8638 138022 10460 317255

Human Health 7382 88976 11467 109735




Philosophy

A Impleme®ECD Guidance on Grouping of Chemitats a
flexible software and facilitate the regulatory use of QSAR
approaches

A Group chemicals itawicologically meaningful categories

A Fill data gapby reagicross or trend analysis

Attp://www.oecd.org/ofﬁcialdocuments/displaydocument/?doclanguage:en&co1
no(2007)28



Chemical Categories

A Chemical Category is a group of chemicals whose

I physicathemical and
| toxicological and/or
| ecotoxicologigaioperties and/or

I environmental fate properties

are likely to be similar or follow a regular pattern because of tf
similar chemical structure.



Chemical Categories

Not every chemical needs to be tested for every endpoint becaus:
available test results for members of the category allow an estima
the results for the untested endpoints.

Chemical 1

Chemical 2

Chemical 3

Chemical4

Endpoint1

Endpoint2

Endpoint3

Endpoint4
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read-across
interpolation

extrapolation

— QSAR model

® reliable data point

O missing data point



Workflow

A Profiling:ldentification of structural and mechanistic features o
target chemical.

A Category Definitiotdentification of other substances with the
same structural and mechanistic features.

A Filling Data Gapdse of existing experimental results to fill the ¢
gap.
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QSAR Toolbox 2.3.0.1132 [Document_1]
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¢ Profiling » Endeint » Category Definit

2. Profiling targetcharacterization

A Predefinedasses
A Mechanistidasses
A Endpoirspecificlasses
A Empyricallasses
Metabolism
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QSAR TOOLBOX

Profiling

examplejs
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} Profiling » Endpoint

Filter endpoint: tree. ..

Structure

EHPhysical Chemical Properties
[HEnvironmental Fate and Transpaort
EFEcatoxicalogical Infarmatian
EHurnan Health Hazards
P rafile

— Database Affiliation

—Irwentary Affiliation

— OECD HPY Chemical Categories

— Substance Type

—— LIS-EPA New Chemical Categories

HFGeneral Mechanistic

FHEIEndpoint Specific

F—&cute aguatic toxicity classification by Werhaar
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10100
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CHy  CHy

Aguatic ECETOC
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Bacterial mutagenicity [ISSETY
Biodegradation NITE

Carcinogenic Potency Database (CPDEB)
Carcinogenicity &mutagenicity 1ISSCAN
Cell Transformation Assay ISSCTA
ECHA CHEM

Experirnental pka

Genotoxicity DASIS
ISSCAN_vda_1150_16June011
Micronucleus ISSMIC

Micranucleus Dasis

FPhys-cherm ERISUITE

Raodent Inhalation Toxicity Database
Terrestrial US-EPA ECOTOX

AICS

Canada DEL

DSSTOX

ECHA PR

EINECS

HPC OECD

METI Japan

REACH ECB

TSCA

US HPY Challenge Program

Mat categarized

Discrete chemical
Aldehydes (Acute toxicity)

Class 5 (Mot possible to classify according to these rules)
Aldehydes
Aldehydes (Mono)



2.Profiling the Toolboxasa veryrich mechanistienformation
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All compounds carrymg an aldehydc group can potentially underge Schiff base formation with a prenary amine They are to be considered
potentially genotoxic, as demonstrated in vivo ability to react with nucleobases, without metabolic activation, forming adducts, mterbase
crons-links (both intra and mter-strand), snd DNA-protem crossinks The length of carbon cham for aliphatic skdehydes, and in general
molecular size, can strongly modulate the formation of every type of cross-link and even the accesubility of the DNA mucleobases (Romano
Zito, personal communication). DNA -protein crosslinks have been reported a4 the pranary DNA damage miduced by formaldehyde (Speit
et al 2007). The sutial sep of the reaction probably involves formuation of an unstable Schiff base with the exocyclic ammo group of
deoxyguanosine dG (1a). In the case of acetaldehyde, tas mtermediate (1b) could be stabikzed by reduction, producing N2-ethyl-dG (2)
or alternatively may react with a second molecude of acetaldehyde formung a new aldehvde adduct (3) that ultimately cyclize m an §-
hydroxypropano adduct (4). The latter exists in equlibrivan with its ring-opened aldelyyde form, and may wndergo condensation with another
guanine to form imine-Enked bis-nucleossde (¥) which m nun cyckzes 1o pyrenidopurmone (6) (Wang o ol 2000)
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Some aldeliydes may also induce hydroxvalky! adducts in DNA, but the relevance of these DNA modifications for nwitagenicity 1 unclear
(Speit a7 al. 2007)
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» Profiling » Endpoint » Category De

3.Endpointretrieveinformation
on the target anitk analogues

Data in Toolbdatabases

A Physicathemical
A Environmentahte andransport
A Ecotoxicological

A Humarmealtrendpoints

L CL
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B Terrestrial LS
[l Human Health Hazards
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3.Endpointretrievaeinformation on the target
QSAR TOOLBOX I?I? E -FE ?ﬁ' E

» Profiling » Endpoint b Category Definition b Data Gap Filling
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» Input » Profiling » Endpoint » “ategory Definitica

4. Categonpefinition
lookingfor analogues

Group in eategorghemicais
a) similatothe target;

b) withexperimentdhta

accordingpvariougriteriaof similarity
A Mechanismidviodesfaction
A Structuraimilarity

Cakegories
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Toxic hazard cl
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4.Endpoint building acategoryof analogues
®

QSAR TOOLBOX
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4.Endpointfinetuninga categorysubcategorizing
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» Profiling » Endpoint » Category Definition » Data Gap Filling

5.Data Gajpilling estimatingnissingdata

A Readacross
gualitativendpoint@ognedequiy

guantitativendpointsvherfewanalogueavailable

A TrendAnalysis

guantitativendpointsvithmanyanalogues Data Gap Filing Method

© Read-across

@ Trend analysis

@ (Q)SAR models

A QSARmodels

Target Endpaink

availablgeliablenoa nal o.gues é



5. Data gaplling: the scenario



