
Integrative Prediction Approaches in 

Genotoxicity / Carcinogenicity:

the OECD (Q)SAR Toolbox

Romualdo Benigni

Istituto Superiore di Sanitaô

Rome   Italy

rbenigni@iss.it



Chemical Risk Assessment into the new century 

ÅTraditional toxicologyhas been the major source of information

ÅNew regulatory policies(e.g., REACH) tend to drastically reduce the 

number of new animal experiments

ÅOpportunities to accept òalternativeó approaches, including (Q)SARs,

Read-Across and Chemical Category 



Recent history in regulatory acceptance of (Q)SAR

Å 2002    ICCA ïCEFIC, Setubal, ñRegulatory acceptance of QSARs for Human Health 
and Environment Endpointsò

Å 2003    OECD ad-hoc Expert Group on (Q)SARs (first meeting)

Å 2004    OECD endorsement of the development of a (Q)SAR Toolbox

Å 2005    EU Scoping study on QSAR Decision Support System (Milan workshop)

Å 2005 - 2008     EU Working group on QSARs

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

Å 2006     EU  REACH

Å 2008    OECD (Q)SAR Toolbox v1.0

Å 2010    OECD (Q)SAR Toolbox v2.0

Å 2012    OECD (Q)SAR Toolbox v3.0



Structure-activity relationshipconcepts: 

matching regulatory needs

ÅPartition Coefficient 

Calculated through QSAR; usually experiments not required

ÅAmes test (bacterial) Mutagenicity

(Q)SARs accuracy in the range of experimental variability (80-85%); 
however toxicologists and regulators more comfortable with additional 
evidence (e.g., category / read-across, chemical similarity)

ÅRepeated Dose , Reproductive, Developmental Toxicity

Animal- and money-expensive tests: 

No reliable QSARs available; 

Several mechanisms of action; Biological response difficult to formalize;

Category / read-across to fill data gaps;

New QSAR research necessary



Joint ResearchCenter
Institutefor Healthand Consumer Protection

(formerEuropeanChemicalsBureau)

ComputationalToxicologyand Modelling

ÅScopingstudies

ÅQSAR guidelinesforREACH

ÅQSAR reportingformats

ÅComputationaltools:

JRC QSARmodelsdatabase

Toxtree:       expert system fortoxicityprediction

DART:          chemicalsranking basedon concern

Toxmatch:   groupingchemicalsbasedon similarity

http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/ 



Toxtreev. 2.5

http://ihcp.jrc.ec.europa.eu/our_labs/predictive_toxicology/qsar_tools/toxtree

Toxtreev. 2.6.0

http://toxtree.sourceforge.net/download.html#Toxtree_2.6.0

http://toxtree.sourceforge.net/predict/ (web version)

https://webmail.iss.it/owa/redir.aspx?C=UL0sADQbmUWCudgSgcC1YbauZKbbktAIB6_2MZV_SM4rspHDxn84-tetBk4PjWPcnRbxx4Ipi-U.&URL=http://toxtree.sourceforge.net/predict/




Organizationfor EconomicCooperationand Development

(OECD)

ComputationalToxicologyand Modelling

ÅScopingstudies, includingñfiveOECD principleson QSAR acceptanceò

A (Q)SAR shouldbeassociatedwiththe followinginformation:

1.   a definedendpoint

2.   anunambiguousalgorithm

3.   a definedapplicabilitydomain 

4.   appropriate measuresofgoodness-of-fit,robustnessand  

predictivity

5.   a mechanisticinterpretation, if possible

ÅComputationaltools: OECD (Q)SAR Toolbox



OECD (Q)SAR Toolbox

Å   Project co-managedbyECHA andOECD, fundedbyECHA

Åa central tool for non-test data in ECHA and OECD

Å   a software tohelp registrantsand authoritiestouse(Q)SAR methodologies
togroupchemicalsintocategoriesand to fill data gapsby read-across, 
trend analysisand (Q)SARsforassessing(eco)toxicityhazardsof
chemicalsunder REACH, and thustohelp savingcostsand reducingthe 
needfortestingon animals.

Åv3.0 releasedon October2012 

Free download and documentation: www.qsartoolbox.org 



www.qsartoolbox.org



Step-by-step Tutorial

www.qsartoolbox.org



impressive structured collection 

of tools and (eco)toxicological databases 

in a single software



Parameters Toolbox 1.1: Toolbox 2.0

Chemicals Data Points Chemicals Data Points

Total number of unique chemicals in the 

Inventories

176703 - 198815 -

Total number of endpoints 153 325

Total number of unique chemicals and 

data points in the databases

40901 277911 52188 533878

Physical Chemical Properties 22641 45967 38298 70572

Environmental Fate and 

Transport
2240 4946 3786 51950

Ecotoxicological 8638 138022 10460 317255

Human Health 7382 88976 11467 109735

Chemicals and data points in Toolbox 1.1 and Toolbox 2.0
Courtesy of Ovanes Mekenyan



Philosophy

ÅImplement OECD Guidance on Grouping of Chemicals* into a 

flexible software and facilitate the regulatory use of QSAR 

approaches  

ÅGroup chemicals into toxicologically meaningful categories 

ÅFill data gaps by read-across or trend analysis

Åhttp://www.oecd.org/officialdocuments/displaydocument/?doclanguage=en&cote=env/jm/mo

no(2007)28



Chemical Categories

A Chemical Category is a group of chemicals whose

ïphysical-chemical and 

ïtoxicological and/or 

ïecotoxicologicalproperties and/or 

ïenvironmental fate properties 

are likely to be similar or follow a regular pattern because of their 

similar chemical structure. 



Chemical Categories

Not every chemical needs to be tested for every endpoint because 

available test results for members of the category allow an estimation of 

the results for the untested endpoints. 



Workflow

ÅProfiling:Identification of structural and mechanistic features of a 

target chemical. 

ÅCategory Definition:Identification of other substances with the 

same structural and mechanistic features.

ÅFilling Data Gap:Use of existing experimental results to fill the data 

gap.



Six modules in a suggestedsequential workflow

ïChemical Input of target compound(s)

ïProfiling:      estimate likely mechanism(s) of action via (Q)SAR, as 

well as observed or simulated metabolites

ïEndpoint:    select environmental fate, ecotoxicityand toxicity 

databases of interest

ïCategory Definition:   several means of grouping chemicals into a 

toxicologically meaningful category that includes the target 

molecule(s)

ïFilling Data Gap:  Read-across; Trend analysis; (Q)SAR models

ïReport



1. Input: anexample(2-methyl butanal)

SMILES



2. Profiling: target characterization

Å Predefinedclasses

Å Mechanisticclasses

Å Endpoint-specificclasses

Å Empyricalclasses

Metabolism

ÅDocumented

ÅSimulated



Profiling

example



2. Profiling: the Toolbox hasa veryrichmechanisticinformation

right-click



3. Endpoint: retrieveinformation 

on the target and its analogues

Data in Toolbox databases:

ÅPhysicalchemical

ÅEnvironmentalFate and Transport

ÅEcotoxicological

ÅHumanHealthendpoints



3. Endpoint: retrieveinformation on the target

Goal: 

estimatingTA1535 



4. CategoryDefinition: 

lookingfor analogues

Group in a categorychemicals: 

a) similartothe target;  

b) withexperimentaldata

accordingtovariouscriteriaof similarity

ÅMechanisms/ Modesofaction

ÅStructuralsimilarity



4. Endpoint: building a categoryof analogues



4. Endpoint: fine-tuninga category(subcategorizing)



5. Data Gap Filling: estimatingmissingdata 

ÅReadacross

qualitative endpoints(pos/neg/equiv) 

quantitative endpoints, whenfewanaloguesavailable

ÅTrend Analysis

quantitative endpoints, withmanyanalogues

ÅQSAR  models

available, reliable, no analoguesé..



5. Data gap filling: the scenario


