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Overview

• Who Lhasa are and what we do

• General approaches to in silico genotoxicity prediction

• How in silico predictions can be used in the pharmaceutical development 
process

• How in silico predictions for toxicity (in Derek Nexus) currently account for 
metabolism

• How in silico predictions might develop and be used in the future



Introduction to Lhasa Limited

Established in 1983

HQ located in Leeds, United Kingdom

Not-for-profit & Educational Charity

Facilitate collaborative data sharing projects in the chemistry-related industries

Controlled by our members 

Creators of knowledge base, statistical and database systems



Origins of in silico genotoxicity prediction 
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https://www.ncbi.nlm.nih.gov/pubmed/8571398

Ridings et al.; Toxicology; 1996; 106; 267-279

Development of in silico genotoxicity prediction 

Year 2004 2005 2018

Patterns 4 7 8

132 alerts for Mutagenicity 

in Derek Nexus 2018.1



Origins of in silico genotoxicity prediction 
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Development of in silico genotoxicity prediction



Features Of Different Approaches

• Physicochemical properties can also be used as descriptors by both types of 
model (CLogP, HOMO, LUMO)

Expert Rule Statistical Approach

Correlation usually causative Correlation may not be causative

Slower To Implement Quick To implement

Rules can be based on theory alone Large data set required

Highly interpretable May not be as interpretable

Able to deal with ‘noise’ in the data More prone to errors in data

Risk of overfitting Risk of overfitting

https://www.ncbi.nlm.nih.gov/pubmed/28057482

Barber et al.; Regul. Toxicol. Pharmacol.; 2017; 84; 124-130



How Well Do They Perform?
• Against Ames mutagenicity data sets, pretty well but will depend on chemical 

space (better against published data than private)

• Expert review improves results

• For other genotoxicity endpoints more work is required

Performance 

Metric

Average 

Performance

(Public)

Average 

Performance

(Proprietary)

Balanced 

Accuracy

77% 66%

Sensitivity 74% 58%

Specificity 81% 73%

Coverage 95% 92%

Barber et al.; Reg. Tox. Pharm.; 2016; 76; 7-20

https://www.ncbi.nlm.nih.gov/pubmed/26708083

Dobo et al.; Reg. Tox. Pharm.; 2012; 62; 449-455

https://www.ncbi.nlm.nih.gov/pubmed/22321701



Considerations Of Metabolism

Why is metabolism important?

• Non-genotoxic species may have genotoxic metabolites

• Potentially genotoxic species may be deactivated by metabolism

How Do We deal With Metabolism Currently?

• Let the assay take care of it and model the assay results 

• Encode the metabolism in the model

• Predict metabolism and then predict toxicity



Considerations Of Metabolism
Type Of Alert Number Of Alerts

All mutagenicity endpoint 132

Mutagenicity requiring metabolism 46

Direct mutagenicity 58

Mixed requirement 20

Unknown 8



When Are In Silico Predictions Used?

• Where a chemical is not available for testing

• Where testing would be prohibitively expensive (large number of chemicals)

• Where time is of the essence (large number of chemicals)

• To prioritise future work

• Where guidelines indicate that in silico predictions can be used in place of 

other tests

Target 

Selection

Compound 

Screening

(up to 10,000)

Lead 

Identification

(1000s)

Preclinical

(~250)
Approval

Clinical

Trials

Phase I Phase II Phase III



What Could Be Improved?

• Better coverage of mechanisms/endpoints leading to genotoxicity not covered by 
Ames test (mainly electrophilic reactivity)

• Better advice about what to do next following a prediction

• Better integration with other available evidence (in vitro, in vivo genotoxicity assays 
and bioassays)

• More transparent information about mechanism causing toxicity, leading to better 
models

• More information about metabolism activating or deactivating compound

• Relevance beyond the species/test being modelled

• Moving from hazard to risk prediction (less binary, more quantitative predictions)



The Adverse Outcome Pathway Framework

http://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-toxicogenomics.htm

Ankley et al.; Environmental Toxicology And Chemistry; 29; 2010; 730-741 



What Could Be Improved?

• Better coverage of mechanisms/endpoints leading to genotoxicity not covered by 
Ames test (mainly electrophilic reactivity)

• Better advice about what to do next following a prediction

• Better integration with other available evidence (in vitro, in vivo genotoxicity assays 
and bioassays)

• More transparent information about mechanism causing toxicity, leading to better 
models

• More information about metabolism activating or deactivating compound

• Relevance beyond the species/test being modelled

• Moving from hazard to risk prediction (less binary, more quantitative predictions)

Easier To Identify Holes And Use More Data To fill Them

Easier To Predict Metabolism In Correct Context



The Future - AOPs

Query Compound Adverse outcome

Molecular initiating event Key event



The Future - AOPs
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The Future - AOPs

I am only interested in pathways leading to direct damage to DNA

Integrate other information with network

In Vitro Assays

In Vivo Assays

Gene/Protein expression

Integrate appropriate models with the network

Better selection of descriptors/

modelling techniques

More data available



Integrating Pathways With Assay Data
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Integrating Pathways With Assay Data
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The Benefits

1)Allows for cutting of the knowledge in different ways depending on use case

2)Allows for custom model building using descriptors appropriate to that MIE/KE

3)Allows for more precise hypothesis testing following a prediction

4)Allows for closer integration with emerging in vitro and in vivo assays

5)Allows for integration with other toxicity endpoints

6)Many more…



Additional Considerations

1)Assess exposure qualitatively and quantitatively (ADME)

2)Make predictions quantitative

3)Make in vitro to in vivo extrapolations (IVIVE)

4)Make risk assessments

5)Make an assessment of human relevance



The Future

https://www.nih.gov/news-events/nih-research-matters/finding-compounds-inhibit-zika
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Conclusions
• In silico prediction of genotoxicity has come a long way since its inception

• The predictions for these endpoints are embedded in the development process 
in a number of different places and are already proving their worth

• There is still room for improvement, particularly for predictions which do not 
relate to direct reaction with DNA

• These predictions may be improved by,
• More work
• Better models utilising all data available
• Better integration of all available evidence

• AOPs are a promising way of achieving these things as well as providing 
scope for extending beyond hazard prediction to prediction of human risk



Questions?



Work in progress disclaimer
This document is intended to outline our general product direction 

and is for information purposes only, and may not be incorporated 

into any contract. It is not a commitment to deliver any material, 

code, or functionality, and should not be relied upon. The 

development, release, and timing of any features or functionality 

described for Lhasa Limited’s products  remains at the sole 

discretion of Lhasa Limited.


