
Web Tools for Predictive Toxicology  
Model Building 

Igor V. Tetko 

Helmholtz Zentrum Muenchen & eADMET GmbH 

 
OpenTox, Munich, August 11, 2011"



OpenTox meeting 

Web tools – why? 

The widest possible dissemination of information 
Instant sharing of data and models 
Data integration from different partners 
Private/shared/public access to data and models 
Access to original sources of data 
Collaboration to develop common models 
Sharing of developed models 
Reuse of knowledge and best modeling practices  
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Highlighting web tools & resources 

CDD LtD (Spin off Eli Lilly)   2004 collaborativedrug.com 

VCCLAB (INTAS project)     2005 vcclab.org 

AMBIT (IDEA Ltd)     2005 ambit.sourceforge.net 

OCHEM (GO-Bio project, eADMET GmbH)  2011 ochem.eu   

OpenTox (FP7 project)    2010 opentox.org 

CADASTER QSPR-THESAURUS (FP7 project) 2009 cadaster.eu 

JRC QMRF Database (JRC, EU)   2008  qsardb.jrc.it 

ChemBench (UNC, NIH & EPA)   2010 chembench.mml.unc.edu 
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Database sharing 

CDD LtD (Spin off Eli Lilly) 

 

Descriptor calculation & modelling 

VCCLAB (INTAS project) 

 

Collection of descriptions and models 

JRC QMRF Database (JRC, EU) 

CADASTER QSPR-THESAURUS (FP7 project) 

 

Workflow and API for model development and publishing 

ChemBench (UNC, NIH & EPA) 

OpenTox (FP7 project) 

 

Database and workflow for model development and publishing 

OCHEM (GO-Bio project, eADMET GmbH) 

Grouping by functionality 
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DATA sharing: Collaborative Drug Discovery (CDD) 
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Concept: social network for drug discovery 

Collaborative drug discovery
Collaborative Drug Discovery (CDD)! in conjunction with a grow-

ing community of hundreds of scientists has developed a novel

collaborative web-based platform to advance drug candidates

more effectively (Figure 1B). The CDD platform can archive and

mine a broad range of diverse objects that can later be selectively

and securely shared with other researchers (or permanently kept

private, which is the default behavior). The CDD Database is a

Drug Discovery Today ! Volume 14, Numbers 5/6 !March 2009 REVIEWS

FIGURE 1

(A) Evolution of biomedical research from limited private networks to interconnected open networks. (B) Schematic overview of the CDD database.
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Collaborative Drug Discovery (CDD)  -- an importance of 
data sharing 

2011: CDD wins Bio-IT World Editors’ Choice Best Practices Award 
2011: MM4TB (More Medicines for Tuberculosis) 5 year EU funded 

project with AstraZeneca, Sanofi-Aventis 
2010: GSK, Novartis, Pfizer, and NIH Collaborations Announced 

2008: Gates Foundation 2 year grant for TB database (extended to 5 
years) 

2005: Eli Lilly co-invested in a syndicate with Omidyar Network and 
Founders Fund 

2004: CDD spun out of Lilly, UCSF signs up as first customer 
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Descriptor calculations & models development 
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Collaboration in VCCLAB 
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VCCLAB offers: 

Descriptor/property calculations 

PCLIENT: Descriptor calculation using several algorithms 

eDRAGON: Web interface to Dragon (Talete Srl) descriptor calculation tool using 
 user provided structures or CORINA (Molecular Networks GmbH) 

ALOGPS: calculation of logP and logS using ALOGPS as well as >10 other 
 methods 

 

On-line model development 

 ASNN – Associative Neural Networks 

 PNN  – Polynomial Neural Network 

 PLS  – Partial Least Squares 

 

Other tools 

 SPC – Supermagnetic Clustering 

 E-babel – on-line conversion of molecules using OpenBabel 

 UFS – Unsupervised Forward Selection of descriptors   
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Virtual Computational Chemistry Laboratory statistics 

VCCLAB: 2001-2004 INTAS project “Virtual Computational Chemistry 
Laboratory” 

 

!  More than 5000 unique users per month 

!  About 4500 registered users 

!  > 230,000 tasks are calculated per year 

!  ~ 300 citations of the primary article (~ 600 citations in Google Scholar) 

But … 

!  Across labs EU collaboration – was great to develop but difficult to support 
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Model storage:  JRC, CADASTER 

REACH guidelines (OECD principles): 

 

1)  a defined endpoint 

2)  an unambiguous algorithm 

3)  defined domain of applicability 

4)  appropriate measures of goodness-of-fit, robustness and predictivity 

5)  a mechanistic interpretation, if possible 

"  Published models may not be sufficient to fulfill all principles 

"  Am authority decision is required to decide whether models fulfills “OECD 
principles”; once validated such “OECD” models should be stored and be 
available for use in REACH registration  
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(Q)SAR Model Reporting Format (QMRF) Inventory 
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CADASTER QSPR-THESAURUS DB 
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QSPR THESAURUS: available models 
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QSPR-THESAURUS: Browser of calculated values 



OpenTox meeting 

CADASTER workshop, Maribor, September 1-2, 2011 
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Model Development & Publishing: ChemBench 

Developed with help of NIH and EPA projects 

Main motivation: enable processing of large HTS datasets, like those produced 
by PubChem (2600 bioassays with nearly 300 000 active molecules) 

 

Allows: Dataset Creation, Visualization, Modeling, Model Validation, Virtual 
Screening (predictions) 

 

Includes:  

 Random Forest 

 SVM 

 GA-kNN 

 SA-kNN 
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Web Tools for QSAR/QSPR modeling: OpenTox 

FP7 project OpenTox 2008-2011 

Based on AMBIT, RESTful services 

 

Provides webservices for model development, publishing and prediction: 

 

Extended API: 

Enables 3rd parties to develop their workflow 

 

ToxCreate: 

Method:        Lazar regression/classification 

Descriptors:  Fminer backbone refinement classes 

 

ToxPredict: 

Stores/calculates predictions for chemical compounds from ECHA list 

Uses about 20 models collected from literature and developed by the authors 
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Web Tools for QSAR/QSPR modeling: OpenTox 
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Model development using OpenTox 
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OpenTox & CADASTER collaboration using API:  

Web tools for similarity searching 

Web tools for Applicability Domain calculations 

 

Realized as calls to respective web services of OpenTox by means of LINUX 
“curl” command line tools  
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Database & model: OCHEM – On-line Chemical Modeling 
Environment http://ochem.eu 
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Molecules 

Articles 

Conditions 

Properties 

Units 

Users 

Database schema 
Simplified overview 

Evidences 

Names 
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QSPR/QSAR modelling in OCHEM 
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  Models: it’s everything about reliability 

For more details: see poster 
 
Applicability domain estimation for classification QSARs on example 

of Ames test and CYP450 inhibition 
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OCHEM statistics 

Available data   Descriptors   Algorithms 
>200k records   20 providers   10 methods 
>200 properties 
>7000 articles 
 
Model development facilities 
120M entries, e.g. 120,000 molecules with 1,000 descriptors each 
Limitation on the size of the model is 1G (mysql query) 
Parallel processing on more than 400 CPUs 
 
Available models 
LogP, aqueous solubility, solubility in 5% and 100% DMSO, several 

pKa models, AMES test, CYP450, environmental toxicity + 
several other properties in development 
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“Environmental ChemOInformatics” (ECO) school at UFS 
Schneefernerhaus, Zugspitze, http://eco-itn.eu 
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Conclusions 

Web tools are invaluable resources for collaboration on the web 

•  Important tools for REACH 

•  Development of web tools become more and more popular 

•  Several large projects, like eTOX, Open PHACTS, were launched  

•  Large companies demonstrate their interest in sharing pre-competitive data 

 

 

Future trends: 

Ontologies for better structuring of complex data and for integration of 
heterogeneous databases 

Data sharing 

Integration of in vitro and in silico data to model in vivo toxicities 

Data curation and annotation 

Text mining 
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