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(Q)(Q)SARsSARs

• (Q)SARs applications:
– Biological activities prediction
– Similarity & Diversity analysis

– Physico-chemical properties prediction

– ADME properties prediction
– Toxicology prediction

– Other ….

Drug Discovery

Regulatory
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•Target identification
•Target validation
•Hit identification
•Lead identification
•Lead Optimization

•Lead Optimization
•ADMET profiling

QSAR/QSPR
• Compound library design

• Global ADMET models
• Similarity and diversity analysis
• Global activity QSAR models

• Virtual screening
• Local activity QSAR models
• Global ADMET models

• Lead optimization
• Activity and ADMET local QSAR models



RegulatoryRegulatory

•• REACH (Registration, Evaluation and REACH (Registration, Evaluation and AuthorisationAuthorisation of of 
CHemicalsCHemicals ))

• Registration : substances produced at volumes greater than 1 
tonne per annum must be registered …. 

• Additional data required : it is estimated that additional 
environmental and toxicolgical data on approximately 30,000 
chemicals has to be acquired.

•• Alternative methods:Alternative methods:
• Article 25: “In order to avoid animal testing, testing on vertebrate 

animals … shall be undertaken only as last resort …”
• Article 13: “Information on intrinsic properties of substances may 

be generated by means other than tests, provided that the 
conditions set out in Annex XI are met. In particular for human 
toxicity, information shall be generated whenever possible by 
means other than vertebrate animal tests, through the use of 
alternative methods, for example, in vitro methods or qualitative 
or quantitative structure-activity relationship models or from 
information from structurally-related substances (grouping or 
read-across) …”

•• Alternative methods:Alternative methods:
• Article 25: “In order to avoid animal testing, testing on vertebrate 

animals … shall be undertaken only as last resort …”
• Article 13: “Information on intrinsic properties of substances may 

be generated by means other than tests, provided that the 
conditions set out in Annex XI are met. In particular for human 
toxicity, information shall be generated whenever possible by 
means other than vertebrate animal tests, through the use of 
alternative methods, for example, in vitro methods or qualitative 
or quantitative structure-activity relationship models or from 
information from structurally-related substances (grouping or 
read-across) …”



DrugDrug DiscoveryDiscovery vsvs RegulatoryRegulatory

• High-quality experimental data as input data (correct, representative, 
homogeneus)

• Meaningful structural information (molecular descriptors)    
• Predictive models (Internal and external validation)

Virtual molecules
Increase potency of drugs
Eliminate false positive

“real” molecules
Eliminate false negative
“Regulatory” requirements

Drug Discovery
Hit Identification

Lead Identification
Lead Optimization

ADMET Optimization

Regulatory
priority setting

provide mechanistic information
improve the evaluation of existing test data 

fill a data gap needed for:
hazard and risk assessment
classification and labelling
PBT or vPvB assessment

Just valid and good QSAR models are not
enough for Regulatory requirements



REACH: Annex XI REACH: Annex XI –– (Q)SAR(Q)SAR

Results of (Q)SARs may be used instead of testing when these conditions are met:

•results are derived from a (Q)SAR model whose scientific validity has been 
established;

•the substance falls within the applicability domain of the (Q)SAR model;

•results are adequate for the purpose of classification and labelling and/or risk 
assessment;

•adequate and reliable documentation of the applied method is provided. 

key principle of REACH
the responsibility for demonstrating the safe use of chemicals lies with industry

it will be the industry registrant of the chemical who needs to argue the case for
using the (Q)SAR data in the context of the Registration process. 



Valid (Q)SAR modelValid (Q)SAR model
OECD - Organisation for Economic Co-operation and Development -
principles for the validation, for regulatory purposes, of (Q)SARs

1. A defined endpoint
• ENDPOINT = physico-chemical property, biological effect, environmental fate 

parameter that can be measured and therefore modeled

• transparency – an endpoint could be determined by different experimental protocols 
and under different experimental conditions

2. An unambiguous algorithm
• transparency in the description of the model algorithm

3. A defined domain of applicability
• (Q)SARs are reductionist models 

• In terms of the types of chemical structures, physico-chemical properties and 
mechanisms of action for which the models can generate reliable predictions

4. Appropriate measures of goodness-of-fit, robusteness and 
predictivity

• Internal and external validation

5. A mechanistic interpretation, if possible.



Applicability Domain Applicability Domain 

Is the chemical 
in the structural 

domain?
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Adequacy of the resultsAdequacy of the results

• Assessing adequacy: critical step which entails also policy 
reasoning and not only scientific rationale.

– Can we use non-testing methods for filling in this data gap for this 
endpoint?

– Will the agency accept the non testing-data for this endpoint?

– What is the meaning of a negative result? Does it mean that a test 
should be run to confirm the prediction?

– Alternatively, what is the meaning of a positive result? Does it mean that 
a test should not be run since we rely on the result?

– …



Our experienceOur experience

• Evolving situation – learning-by-doing 

• Initiative by Industry to provide non-testing data to fill in data gaps

• Lessons learned:
– Context-dependent:

• How confident are we in a prediction? 
• Which supplementary information are available to support the final 

result?
• What is the endpoint under consideration?
• What are the downstream consequences of the decision?

– Use of multiple tools (commercial as well as freeware) in an 
integrated way.

– Use of multiple models with a consensus approach.
– Importance of documenting the process of generating the 

prediction. 



NonNon --testing strategytesting strategy

1. Collecting existing information

2. Preliminary assessment of reactivity and fate

3. (Q)SARs, category, read-across

4. Assessment of the result

Tools

• Commercial

• Freeware

• model development



Freeware toolsFreeware tools

• Craft (Chemical Reactivity & Fate Tool)
• Toxtree (different rulebases for toxicity predictions)

– Oral systemic toxicity (Cramer scheme) 
– Acute Fish Toxicity (Verhaar scheme) 
– Skin irritation & corrosion potential (BfR rulebase)
– Eye irritation & corrosion potential (BfR rulebase)
– Mutagenicity & carcinogenicity (Benigni-Bossa rulebase) 
– Mutagenicity & carcinogenicity (In Vivo Micronucleus rulebase)
– Biodegradation potential (START rulebase) 

• EPIWIN (US EPA)
• OECD (Q)SAR Application toolbox

– developed by OECD, ECHA and others (International effort) 
– allows the user to form categories and perform read-across (for toxicity 

and fate predictions)
• Models/tools as developed within European framework programmes

(e.g. Caesar, Opentox)
• …



ACD Labs/ACD Labs/ PhysChemPhysChem

LogP, PSA, Refractivity
Boiling Point, HDonors, HAcceptors, …

Solubility pS(pH)

LogD

pKa



ToxBoxesToxBoxes

Features

•Toxic effects of molecules are predicted solely from the chemical 
structure.

•Toxicophores are identified and displayed, giving insight as to which 
parts of the molecule are responsible for the toxic effect.

•Prediction:
•Genotoxicity (Ames test)

•Acute Toxicity

•Acute Fish Toxicity (fat head minnow and water flea)

•Health Effects (based on long term toxicity studies with adverse effects 
reported on particular organs or organ systems)

•Irritation (skin and eye)

•Reliability Index provides confidence intervals and probabilities, 
expressing the reliability of prediction numerically (assessment of the 
prediction in terms of applicability domain).



ToxBoxesToxBoxes



Integration tool: KNIMEIntegration tool: KNIME

• OPEN SOURCE pipelining program that provides a 
graphical interface to build workflows.

• Open source makes it easy for third party tools 
integration as well as development of new nodes.



ConclusionsConclusions

• The true role of non testing methods is still very much emerging in 
the regulatory framework. Learning-by-doing.

• Guidance documents (ECHA guidance, OECD principles, OECD 
chemical categories guidance): very useful … we now have to learn 
how to apply the theory.

• Consensus approach & use of multiple tools (no standalone model)

• Assessment of the adequacy of the (Q)SAR result in terms of a wide 
perspective (weight of evidence).


