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Definition of QSAR:  
Quantitative Structure-Activity Relationship 

• A QSAR is a mathematical model (often a statistical correlation) 
relating one or more parameters derived from chemical structure to a 
property or activity, e.g. a toxicological endpoint  

See e.g. EU chemicals legislation, REACH, guidance R.6: 
”QSARs and grouping of chemicals” for more information 

http://echa.europa.eu/documents/10162/13632/information_
requirements_r6_en.pdf 

http://echa.europa.eu/documents/10162/13632/information_requirements_r6_en.pdf
http://echa.europa.eu/documents/10162/13632/information_requirements_r6_en.pdf
http://echa.europa.eu/documents/10162/13632/information_requirements_r6_en.pdf
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The non-test concept 

Non-testing data can be generated by three main approaches:  

 

• (Q)SARs, (quantitative) structure-activity relationships 

 

• read-across, either by using a category or an analogue approach  

 

• expert systems 

 

Non-testing methods are based on the similarity hypothesis that 
molecules of similar structure have similar behaviour 
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”Pre-computer” QSAR – from 1899 

The use of QSAR methods to 
predict the results of test 
methods has been a part of 
chemical engineering for 
more than 100 years 

Fritz Baum, Arch. Exper. 
Pathol. Toxikol., 42, p. 119-
137, 1899:  
 

QSAR for Tadpole minimum 
narcosis concentration for 
human anaestetic agents 
used for surgery             
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Today’s (Q)SAR computer software 

• Commercial systems can be licensed (often expensive): 

   Leadscope Predictive Data Miner, MC4PC/CASE Ultra, SciQSAR, TOPKAT, 

   ACD Percepta / Tox Suite, Lhasa Derek/Sarah/Meteor Nexus,  

   HazardExpert, OASIS TIMES and COREPA, TerraQSAR, PASS, Molcode  

   Toolbox, Admet Predictor, Symmetry, MultiCASE META etc. 

 

• More and more free systems are also available: 

   OECD QSAR Application Toolbox, US EPA EPI Suite (EPIWEB), 

   VEGA/CAESAR, Toxtree, Lazar, OSIRIS, T.E.S.T., MetaPrint2D,  

   SMARTCyp, MetaPath, DTU Food/DK-EPA QSAR predictions database etc. 

 

 

 

See more e.g. on www.antares-life.eu under Software 

http://www.antares-life.eu/
http://www.antares-life.eu/
http://www.antares-life.eu/
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QSAR development and use 

• Experimental information already obtained for the property (e.g. a 
toxicity effect): A training set 

 

• Computer software analysis to find relationships between structural 
descriptors and modelled property -> mathematical equations 

 

• Many different QSAR techniques (regression, neural networks,  
classification methods etc.) 
 

Training set Analysis -> model 
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QSAR development and use 

• Experimental information already obtained for the property (e.g. a 
toxicity effect): A training set 

 

• Computer software analysis to find relationships between structural 
descriptors and modelled property -> mathematical equations 

 

• Many different QSAR techniques (regression, neural networks,  
classification methods etc.) 
 

Predictions 

Training set Analysis -> model 



8 DTU Food, Technical University of Denmark 

 

 

• Training set: 4,102 substances 
(2,299 Active and 1,803 Inactive)  
 

 

• Leave-many-out cross-validation:  

   Concordance 86.4% 

 

 

• External validation with 1,088 substances:  
Concordance 88.0% 

 
 

 

Model development 
(training set) 

Predictions for  
untested substances 

A QSAR model can contain many sub-models for different chemical classes 

Cross-Validation  
(subsets of training set) 

External validation 
(external data set) 

 
 
 
 
Example: QSAR model for  
Ames (Bacterial Reverse Mutation Test) 
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Reliability of QSARs – our experience 

• It depends (of course) on the endpoint  

 – models are not better than the underlying data 

 

• Often the experimental variance is unknown 

 

• Concordances most often between 70-85%, in some cases >90% 

 

• Applicability domain often 30-50% of 72,524 REACH pre-registered  
organic chemical substances with known structure 

  

 

 

 

“Essentially, all models are wrong, but some are useful.”  

George E.P. Box 
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Maximum Recommended Daily Dose model 

Training set  

• 1,309 drugs with data from human clinical trials 

    

Cross-validation         

• Sensitivity = 74.0% 

• Specificity = 95.2% 

 

DTU version 

• 49% of 72,524 REACH substances are within applicability domain 

 

MRDD: estimated upper dose limit beyond which a drug’s efficacy is not 
increased and/or undesirable adverse effects begin to outweigh 
beneficial effects. Derived from 3-12 months treatment period. 
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MTD (Maximum Tolerated Dose) is a dose beyond which toxicity may result 
in an unacceptable effect on survival in a two year carcinogenicity study. 
Derived from 18-24 months treatment period in rodents. 

R2=0.2 
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MRDD model – in summary 

• A (Q)SAR model was made directly on human data 

 

• It can be argued that the predictions from this (Q)SAR model give a 
more accurate estimate of Human toxic dose level than those 
derived from repeat-dose tests in rodents 

 

• Once a (Q)SAR model is made predictions can be generated for 72,524 
REACH substances in few hours  

 

• Drugs can be a very important source of information for other 
types of chemical substances 

 

Clinical trials can identify adverse effects of pharmaceuticals in humans that 
are poorly assessed in animal toxicology studies (e.g. cognitive and mood 
altering effects, etc.). 
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Other FDA models made on human data 

Commercial FDA suites made on clinical data: 

• Human Adverse Hepatobiliary Effects Suite, 5 models  

• Human Adverse Cardiological Effects Suite, 13 models 

• Human Adverse Urinary Tract Effects Suite, 6 models 
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Replacement – directly or supporting 

• In some cases QSAR predictions can be used to fill data gaps, replacing 
experimental tests  

 

• In many cases they can support assessments – for example:  

o in development of read-across cases 

o to improve evaluation of reliability of test data 

o in weight-of-evidence approach 

 

• Furthermore, QSARs can provide information beyond the regulatory 
standard information requirements 

 

• Often, many QSAR models exist for the same in vivo endpoint and/or for 
supporting mechanistic endpoints – look at the whole profile together 
with predictions for ADME to increase robustness of prediction 
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Reduction 

• In cases where animal testing is still needed, “pre-experiment” 
predictions of mechanistic properties of the substance can contribute to 
optimize the experimental design to enhance the amount of 
knowledge that can be extracted from the experiment without the use 
of more animals. 
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Prioritization 

Prioritization 

• QSAR predictions can contribute to prioritization and target relevant 
testing, e.g.:  

• between chemicals, e.g.  REACH substance evaluations  

• in a testing strategy for a chemical and  

• in early screening of new candidate chemicals, e.g. pharmaceuticals 
and substitution chemicals (see next slide ) 
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Substitution 

Substitution 

• Choosing a good candidate substance for substitution or for other 
purposes can save time and financial resources as further investment 
into a hazardous substance is halted early, and it can reduce the need 
for later animal testing 

• QSAR predictions can be made before organic synthesis has even 
taken place; the only thing needed is the molecular structure 
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Regulatory contexts 

(Q)SAR predictions for chemical substances and their metabolites/  
transformation products can be used in different regulatory contexts, e.g. 

 

• EU chemicals Regulation REACH: Before new tests are carried out 
data from valid (Q)SARs and data from structurally related substances 
(read-across approach) shall be assessed 

• EU Cosmetics Regulation: Ban on cosmetics that contain ingredients 
tested on animals  

• EU Pesticides Regulation: Evaluation of the toxicological relevance of 
metabolites and degradates of pesticide active substances 

• EU Biocides Regulation: In case of no or limited data for a given 
endpoint (Q)SARs may be considered 

• Pharmaceuticals guideline (ICH M7 2014) to assess DNA reactive 
impurities (cancer risk) 

  

To some extent QSAR applicability domains can be defined to suit the 
(regulatory) context: Optimisation for high sensitivity vs. high specificity 
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DTU Food QSAR activities 

• Development and regulatory application of QSARs >15y 
e.g. in Danish EPA, ECHA, and OECD regi 

 

• Hundreds of QSARs (DTU or licensed) 

• Physico-chemical properties 

• Absorption, distribution, metabolism 

• Biodegradation, bioconcentration,  aquatic toxicity 

• Human health 

 

• Current research to model molecular and cellular endpoints 
which are associated with in vivo effects 
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QSAR activities examples 

• Endocrine activity screening (72k substances, 2014) 

• Cancer, mutagenicity and reproductive toxicity screening (72k, 
2013) 

• Advisory classifications for 33,835 EU chemicals (2001, 2009, 2010) 

• OECD participation (validation principles, Toolbox, guidance 
documents, chemical assessments etc.) (2001-) 

• EU REACH activities (implementation projects, substance evaluations, 
cooperation with ECHA etc.) (2003-) 
 

• Projects also for DK Research Funds, EU FP7, OECD, Nordic Council of 
Ministers, US EPA etc. 
 

• Spin-out company Saxocon based on DTU Food QSAR patent (hERG 
cardiotoxicity, 2013) 
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New Danish QSAR predictions database 
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New Danish QSAR predictions database 

• QSAR predictions for >600,000 substances  

 
• >200 predictions for each substance with new versions of models / 

software 
 

• Includes so-called battery predictions where 3 different QSAR systems 
(technologies) are used for the same training set 

 

• Single substance look-up: profiling  

 

• Screening across all QSAR predicted properties and structures 

 

• Sort on chemical similarity for read-across purposes 
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ID and physical-chemical properties 
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Environmenal fate, biodegradation, bioaccumulation 
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Aquatic toxicity, ADME (absorption, distribution, metabolism, excretion),  
Human health acute toxicity 
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Skin irritation, allergy, endocrine activity,  
developmental toxicity, DNA damage (genotoxicity) 



28 DTU Food, Technical University of Denmark 

DNA damage and cancer 
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Publication of the new online database 

• Publication 18 November 2015 at: http://qsar.food.dtu.dk 

 

• Free for everyone to use 

 

• User manual with search examples etc. 

 

• Model documentations in international agreed format (“QMRFs”) 

 

• QSAR predictions profile downloadable as rtf (word)  

 

• Financial support from Danish EPA and Nordic Council of Ministers 

 

• Integration with the OECD QSAR Application Toolbox planned 

 

 

 

http://qsar.food.dtu.dk/
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Thank you! 
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