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Overall aim: to promote the development, assessment, acceptance and 
implementation of computer-based methods potentially suitable for the 
regulatory assessment of chemicals 

Applications: REACH, Water Framework Directive, Cosmetics Directive, 
Biocides Directive, Plant Protection Products Directive

Main approaches: SAR, QSAR, molecular modelling, ranking 

Computational Toxicology at the JRC

http://ecb.jrc.ec.europa.eu/qsar/

Computational methods provide information for use in hazard and risk 

assessment  Ÿ ñnon-testingò or alternative methods 
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Information requirements are largely tonnage dependent, however é

ñInformation on intrinsic properties of substances may be generated by 

means other than tests, provided that the conditions set out in Annex XI 

are metò(Article 13)

Information requirements under REACH

(Animal)testingcanbe reducedor avoidedbyñreplacingtraditional

testdatawithpredictionsorequivalentdataò

éhoweveranumberofconditionsapply
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Integrated Testing Strategies (ITS)
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Filling data gaps by read-across

Predicted to be harmful

1,2-Benzenedicarboxylic acid, 

bis(2-ethoxyethyl) ester 

Known to be harmful: 1 < log LC50 < 2

Acute fish toxicity?

diethyl phthalate

Source chemical Target chemical

Property
¸ ¹

Knowninformationon thepropertyof a substance(sourcechemical)is
usedto makea predictionof thesamepropertyfor anothersubstance
(targetchemical)thatisconsideredñsimilarò
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The analogue approachrefers to the grouping of chemicals and application of 

read-across for a single endpoint based on a relatively small number of 

analogues

Substance 1 Substance 2

Property
¸ ¹

Substance 1 Substance 2 Substance 3

Property
¸ ¹ ¸

many-to-one

¸

¹

reliable data point

missing data point

Read-across in the analogue approach

one-to-one
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Read-across in the category approach

¸

¹

reliable data point

missing data point

read-across

Trend analysis

Chemical 1 Chemical 2 Chemical 3 Chemical 4

Property 1 ¸ ¹ ¸ ¹

Property 2 ¸ ¹ ¸ ¸

Property 3 ¹ ¸ ¸ ¹

Property 4 ¸ ¸ ¸ ¸

Activity 1 ¹ ¹ ¹ ¹

Activity 2 ¸ ¸ ¸ ¸

Activity 3 ¹ ¹ ¹ ¹

Activity 4 ¹ ¹ ¹ ¹

The category approachrefers to a wider approach, based on more analogues, 

multiple endpoints, and in which trends are also apparent
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In order for a (Q)SAR result to be adequate 

for a given regulatory purpose, the 

following conditions must be fulfilled:

Å the estimate should be generated by a 

valid (reliable) model

Å the model should be applicable to the 

chemical of interest with the necessary 

level of reliability

Å the model endpoint should be relevant for 

the regulatory purpose

(Q)SAR model
applicable to 
query chemical

Scientifically
valid QSAR
model

(Q)SAR model relevant 
to regulatory purpose

Adequate
(Q)SAR 
result

Reliable
(Q)SAR 
result

Adequacy of (Q)SAR prediction

QMRF

QPRF

QPRF

http://ecb.jrc.ec.europa.eu/qsar/qsar-tools/
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The need for òadequate and reliableó documentation is met by using 
standardised reporting formats:

A (Q)SAR Model Reporting Format (QMRF) is a robust summary of a (Q)SAR 
model, which reports key information on the model according to the OECD 
validation principles

A (Q)SAR Prediction Reporting Format (QPRF) is a description and 
assessment of the prediction made by given model for a given chemical

methodology

Structure

Biological activity

QSAR

(QMRF)

Validation

Prediction

(QPRF)

Assessment

Models

Standardised (Q)SAR Reporting Formats
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A (Q)SAR should be associated with the following information:

1. a defined endpoint

2. an unambiguous algorithm

3. a defined applicability domain 

4. appropriate measures of goodness-of-fit,robustnessand predictivity

5. a mechanistic interpretation, if possible

Å Principlesadoptedby 37th Joint Meetingof ChemicalsCommitteeand Working
PartyonChemicals,Pesticides& Biotechnology; 17-19Nov2004

Å ECBpreliminaryGuidanceDocumentpublishedin Nov2005

Å OECDGuidanceDocumentpublishedin Feb2007

Å OECDGuidancesummarisedin REACHguidance(IRandCSA)

QMRFcaptures information on fulfilment of OECD validation principles, but no 
judgement or ñvalidity statementò is included

(Q)SAR Reporting Formats: QMRF
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QPRFcaptures information on the substance and its prediction, and is intended 
to facilitate considerations of the adequacy of a prediction

1. Substance information
2. General (administrative) information on QPRF
3. Information on prediction (endpoint, algorithm, applicability domain, 

uncertainty, mechanism)
4. Adequacy (optional, legislation-specific, and includes judgement and 

indicates whether additional information is needed for WoE assessment)

ÅAssessment  of adequacydepends on reliabilityand relevanceof prediction, 
but also on the availability of other information, and the consequence of being 
wrong

ÅNot just a scientific consideration, but also a policy decision

(Q)SAR Reporting Formats: QPRF
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2. Preliminary assessment of reactivity & fate

3. Classification schemes & structural alerts

1. Existing information

Outline of a non-testing strategy

4. Preliminary assessment of reactivity, fate & toxicity

5. Chemical grouping & read-across

6. QSARs

A B C

Chemical

Metabolite 1

Metabolite 2

Working Matrix

Assess adequacy

Conclusionor  
targeted testing
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Step 1: Information collection

ÅChemicalcomposition(components,purity/impurityprofile)

Å Structuregenerationandverification

Å Keychemicalfeatures(functionalgroups,protonationstates,isomers)

ÅExperimentaldata: physicochemicalproperties,(eco)toxicity,fate

ÅFreely-accessiblewebresources(ESIS,ChemSpider,PubChem,AMBIT2)

ÅDatabasesinfreely-availablesoftwaretools(OECDToolbox)

ÅCommercialdatabases(Vitic,é)

ÅEstimateddata: pre-generatedQSARorread-acrossestimates

ÅFreely-accessiblewebresources(ChemSpider,DanishQSARdatabase)

ÅChemicalcategorydatabases(OECDToolbox)
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http://ecb.jrc.ec.europa.eu/esis/

EuropeanchemicalSubstancesInformationSystem

ESIS
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PRS ïInventory Production

1
ÅStructure Generation from Name ïACD Labs Name  

2
ÅValidation of structures  by CAS-Registry random sample

3
ÅManually refinements, data mining e.g. DSSTOX

4

ÅMerge, filter, standardisation of structure representation for 
organic substances

5

ÅDescriptors: substance identification and estimated physical-
chemical data (ACDLabs, Pipeline Pilot, ADMET Predictor)

http://ecb.jrc.ec.europa.eu/qsar/information-sources/ec_inventory/
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PRS-Inventory: Availability of structures 

Availability of Structures and public experimental 

data for Pre-registered substances
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Validation of generated structures

NTS validation
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PRS-Inventory: Phys-chem descriptors

PRS Protonation state

23041

9526

1127

1126

6504

2549

11222

9292

2364

5091

0 5000 10000 15000 20000 25000

neutral at pH 7.4

fraction Twitter > 0 < 0.1

fraction Twitter > 0.1 < 0.9

fraction Twitter >  0.9

fraction - charge > 0 < 0.1

fraction - charge > 0.1 < 0.9

fraction - charge > 0.9

fraction + charge > 0 < 0.1

fraction + charge > 0.1 < 0.9

fraction + charge >  0.9

logP, pKa, logD, Water Solubility by ADMET Predictor, see benchmarking:

Calculation of molecular lipophilicity: State-of-the-art and comparison of logP 

methods on more than 96,000 compounds, Mannhold, R.; Poda, G.I.; Ostermann, 

C.; Tetko, I.V. Journal of Pharmaceutical Sciences 2009, 98(3), 861-893.
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ENDDA ðEndocrine Active Chemicals Database 

web-accessible database under development


