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Overview 

• Lhasa and Derek 

• Optibrium and StarDrop 
• Derek Nexus and StarDrop 



Who are Lhasa Limited 

• Not-for-profit organisation 

• Registered educational charity 
• Controlled by our members 

• Expertise in developing in silico prediction and database 
systems 

 

 



Derek Nexus 

• Knowledge based expert system 

• Enables the evaluation of the potential toxicity of 
chemicals 

• Decision support tool 
• Accuracy 
• Transparency 
• Supporting data 

• Covers a broad range of toxicity endpoints 

 
 



Derek Nexus 

• Knowledge base search 
for matching structural 
alerts 

• Application of rules – level 
of likelihood 

• Supporting information 
provided 
 

Alert 754 – Mutagenicity in vitro 

Bacterium - PROBABLE 



Levels of Likelihood 

• Certain 
• There is proof that the proposition is true 

• Probable 
• At least one strong argument that the proposition is true and 

no arguments against it 
• Plausible 

• The weight of evidence supports the proposition 
• Equivocal 

• An equal weight of evidence for and against the proposition 
• Doubted, Improbable, Impossible, Open, Contradicted 





Drug Discovery 

 

Target 
Selection Compound Discovery Preclinical Clinical Market 

Safety Assessment 



Lhasa and Optibrium 

• Collaboration commenced in 2013 

• Development of the Derek Nexus Module for StarDrop 
• Available as an optional module 

• Facilitates the design of safe drugs in hit-to-lead and lead 
optimisation 
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Overview 

• Impact of toxicity in pharma. R&D 

• Application of knowledge based prediction of toxicity 

• Guiding compound selection and design 

− Multi-parameter optimisation 

− Glowing Molecule 

• Example 

− Exploring a COX2 screening library 

• Short overview of StarDrop and the Derek Nexus module 

• Conclusions 
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Impact of Toxicity in Pharma R&D 

 

 

 

 

 

• 54% of pre-clinical failures due to tox/safety (18% of all candidates) 

• 22% of all clinical candidates failed due to tox/safety 

• 10.2% of approved drugs acquired black box warning, 2.9% withdrawn* 
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Data supplied by Phil Miller, Thomson Reuters 
© CMR International, a Thomson Reuters business  
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Pharmacokinetics/bioavailability Non-clinical toxicology
Clinical safety Efficacy

Industry Success Rates & Causes of Attrition 2006-10 

*Lasser, et al. (2002) JAMA 287, 2215-2220. 



Application of Knowledge Based 
Prediction of Toxicity 
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Relating confidence and accuracy 

• Derek Nexus provides a level of confidence (likelihood) for 
each prediction 
− This correlates well with accuracy  
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Segall and Barber Drug Discov. Today 19 (2014), pp. 688-693 

How Well do Expert Systems Perform? 

• CDER approved drugs 2012 (n=27) 

15, 53% 8, 29% 

3, 11% 2, 7% true prediction of clean

true prediction of dirty

false prediction of dirty

false prediction of clean

drug  indication prediction dosing 

Ingenol  
           actinic keratoses 

chromosomal damage topical treatment (cytotoxic 
mechanism) 

Aclidinium 
           COPD 

hepatotoxic  inhaled (0.4mg dose) 

Linaclotide 
           IBS 

hepatotoxic metabolised in GI tract 
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Important Caveats/Questions 

• Predict toxicity hazard 
− Risk ≈ hazard + exposure 
− Risk also depends on dose, route of administration, therapeutic index... 

• Knowledge-based prediction of toxicity widely used in 
preclinical development 
− Assessment of risk for regulatory submission 
− Design of experiments to support submissions 

• Question: How can these predictions be applied effectively in 
early drug discovery? 
− We don’t want to ‘kill’ potentially good compounds at an early stage 

due to uncertain predictions 

16 



Guiding Compound Design and Selection 
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The Objectives 
Multi-parameter optimisation 

• Identify chemistries 
with an optimal balance 
of properties 

 

• Quickly identify 
situations when such a 
balance is not possible 

−Fail fast, fail cheap 

−Only when confident 
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The Challenge 
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10,000 compounds through 10 in silico 
models is 100,000 data points! 
Q. How do you use this data  

to make decisions?  

200 compounds through 8 experimental 
assays is 1600 data points 

Q. How do you use this data  
to make decisions?  
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Approaches for MPO 
Filtering? 

Absorption 

Toxicity alert 

Potency 
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Approaches for MPO 
Desirability Functions* 

• Relate property values to how ‘desirable’ the outcome 

 

 

 

21 * Harrington EC. (1965) Ind. Qual. Control. 21 p. 494 

Simple filter: >5 
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Approaches for MPO 
Desirability Functions* 

• Relate property values to how ‘desirable’ the outcome 

 

 

 

22 * Harrington EC. (1965) Ind. Qual. Control. 21 p. 494 

Importance 
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Rang: 4-6 
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Approaches for MPO 
Desirability Functions* 

• Relate property values to how ‘desirable’ the outcome 
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Approaches for MPO 
Desirability Functions* 

• Relate property values to how ‘desirable’ the outcome 

 

 

 

24 * Harrington EC. (1965) Ind. Qual. Control. 21 p. 494 
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Approaches for MPO 
Desirability Functions* 

• Relate property values to how ‘desirable’ the outcome 

 

 

 

25 * Harrington EC. (1965) Ind. Qual. Control. 21 p. 494 
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Approaches for MPO 
Desirability Functions* 

• Relate property values to how ‘desirable’ the outcome 

 

 

 

• Combine multiple properties into ‘desirability index’ 
− Additive: 
− Multiplicative: 

• Very flexible approach allowing parameters to be weighted 

• But, does not explicitly consider uncertainty 

26 * Harrington EC. (1965) Ind. Qual. Control. 21 p. 494 
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Approaches for MPO 
Probabilistic Scoring* 

 

27 *M.D. Segall (2012) Curr. Pharm. Des. 18(9) pp. 1292-1310 
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Approaches for MPO 
Probabilistic Scoring* 

• Property data 
− Experimental or predicted 

• Criteria for success 
− Relative importance 

• Uncertainties in data 
− Experimental or statistical 

• Score (Likelihood of Success) 
• Confidence in score 

Sc
or

e 

Best Worst 

Error bars show 
confidence in 
overall score 

Data do not 
separate these 
as error bars 
overlap Bottom 50% 

may be rejected 
with confidence 

*M.D. Segall (2012) Curr. Pharm. Des. 18(9) pp. 1292-1310 
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Application to Toxicity Alerts 
E.g. Mutagenicity 

• Determine desirability function by reference to validation 
results: 

 

 

 

 

• Also need to take into account: 
− Impact of toxicity on objective of project 
− Stage of the project, e.g. opportunity to redesign to reduce risk 
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Selection Prioritise  Data 

Redesign 

Guiding Interactive Redesign 

30 
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Interpretation of a Model 
The ‘Glowing Molecule’ 

• Provides visual interpretation of structural influences on 
predicted properties 
− “Why is a property value predicted?” 

− “Where can I change this property?” 

− Interpret SAR 

− Guide efficient redesign of molecules 

 
• Avoid Black Boxes 
 

* Segall et al. (2009) Chem. & Biodiv. 6 p. 2144 



Example Application 
Exploring a COX2 screening library 
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COX2 library 
Chemical space 
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Celecoxib 
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COX2 library 
Scored excluding toxicity endpoints 
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Celecoxib 
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COX2 library 
Predicted hepatotoxicity 
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Lumiracoxib 
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COX2 library 
Scored including toxicity endpoints 
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But wait... 
Wouldn’t we miss Celecoxib?! 

 

 

 

 

• Celecoxib and Lumiracoxib would not be rejected outright 
− Highlighted hazard, confirm experimentally and consider context 

• Celecoxib does exhibit signs of hepatotoxicity, but is ‘saved’  
by its low dose and high therapeutic index* 

37 *Moore et al. (2005) Arthritis Res. Ther. 7, R644-R665 

Lumiracoxib 

Celecoxib 
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Consider Redesign Strategies 
Lumiracoxib 

• Glowing molecule 
highlights 2-Arylacetic 
acid alert 

• Interactively explore 
strategies for reducing 
risk 
− Monitor changes in 

multiple properties 
simultaneously 
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Consider Redesign Strategies 
Lumiracoxib 

• Glowing molecule 
highlights 2-Arylacetic 
acid alert 

• Interactively explore 
strategies for reducing 
risk 
− Monitor changes in 

multiple properties 
simultaneously 
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Introduction to StarDrop and the Derek 
Nexus module 
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StarDrop Helps to Guide Decisions 
From selection… to design 

• Probabilistic Scoring* 
− User-defined profile and 

weights 
− Use data from any source 
− Allow for uncertainty 
− Score for likelihood of success 

• Chemical Space and Selection 
− View property distributions 

across chemical diversity 
− Balance quality and diversity 

• Glowing Molecule 
− Interactively explore new ideas 
− Link compounds structure with 

properties 

• Interactive Visualisation 
− R-group analysis 
− Matched Molecular Pair analysis 

41 *M.D. Segall (2012) Curr. Pharm. Des. 18(9) pp. 1292-1310 
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StarDrop Helps to Guide Decisions 
From selection… to design 

• Probabilistic Scoring 
− User-defined profile and 

weights 
− Use data from any source 
− Allow for uncertainty 
− Score for likelihood of success 

• Chemical Space and Selection* 
− View property distributions 

across chemical diversity 
− Balance quality and diversity 

• Glowing Molecule 
− Interactively explore new ideas 
− Link compounds structure with 

properties 

• Interactive Visualisation 
− R-group analysis 
− Matched Molecular Pair analysis 
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Bad Good 

*M.D. Segall et al. (2006) Expert Opin. Drug. Metab. Tox. 2(2) pp. 325-337 
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StarDrop Helps to Guide Decisions 
From selection… to design 

• Probabilistic Scoring 
− User-defined profile and 

weights 
− Use data from any source 
− Allow for uncertainty 
− Score for likelihood of success 

• Chemical Space and Selection 
− View property distributions 

across chemical diversity 
− Balance quality and diversity 

• Glowing Molecule* 
− Interactively explore new ideas 
− Link compounds structure with 

properties 

• Interactive Visualisation 
− R-group analysis 
− Matched Molecular Pair analysis 

 

43 *M.D. Segall et al. (2009) Chem. & Biodiv. 6(11) p. 2144-2151 
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StarDrop Helps to Guide Decisions 
From selection… to design 

• Probabilistic Scoring 
− User-defined profile and 

weights 
− Use data from any source 
− Allow for uncertainty 
− Score for likelihood of success 

• Chemical Space and Selection 
− View property distributions 

across chemical diversity 
− Balance quality and diversity 

• Glowing Molecule 
− Interactively explore new ideas 
− Link compounds structure with 

properties 

• Interactive Visualisation 
− R-group analysis 
− Matched Molecular Pair analysis 
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StarDrop Plug-in Modules and Integration 
Extend Core Capabilities 

ADME QSAR P450 

High quality predictive 
models of key ADME 
properties 

QM simulations identify 
sites of metabolism and 
lability for major P450s 

Auto-Modeller torch3D™ 

Build and validate robust 
models tailored to your 
chemistry 

Understand and apply 3D 
SAR to identify and 
optimise novel actives 

Nova Derek Nexus™ 

Generate and prioritise 
new, relevant compound 
ideas 

Knowledge-based 
prediction of >40 toxicity 
endpoints 

BIOSTER™ MPO Explorer™ 

Explore >20k precedented 
transformations with the 
Nova module 

Develop multi-parameter 
optimisation strategies 

45 torch3D™ is a trademark of Cresset Ltd. BIOSTER™ is a trademark of Digital Chemistry Ltd. 
Derek Nexus™ is a trademark of Lhasa Limited. 
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Derek Nexus™ Module for StarDrop 
Differences with full Derek Nexus 

• Derek Nexus for StarDrop provides unique features for 
medicinal chemists and drug discovery projects, e.g. 
− Visualisation to explore toxicity risk of different 

chemistries 
− Probabilistic scoring to balance toxicity risk against other 

factors 
− Interactive design with Glowing Molecule to guide 

redesign and reduce risk of toxicity 

• The full Derek Nexus platform from Lhasa Limited 

46 Derek Nexus™ is a trademark of Lhasa Limited 

 provides access to full Derek knowledge base for expert toxicologists 
− Information on mechanism of action, biological data and references 
− Detailed annotation of structural alerts 
− Helps to design toxicology experiments 

• Reporting feature in StarDrop helps collaboration between drug 
discovery projects and preclinical toxicology 
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Conclusion 

• Addressing toxicity early in the drug                                                       
discovery process is key to improving                                                  
success rate and productivity 

• Knowledge based predictions provide a                                                  
reliable way to identify toxicity hazards                                           
(potential risk) 

• Results need to be used in context of other requirements of a 
successful drug 

• Need to take confidence into account 
− Avoid rejecting good compounds due to uncertain data 

• Reference: 
− Segall and Barber, Drug Discov. Today 19 (2014), pp. 688-693 
− Download (p)reprint from www.optibrium.com/community/publications 
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