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About Lhasa Limited 

• Not-for-profit company and educational charity 

• Established 1983, headquarters in Leeds 

• Purpose is to facilitate data and knowledge sharing in 

chemistry and the life sciences 

• Develops database and in silico prediction systems 

• Worldwide membership including academia, 

government agencies and industry 



Lhasa Limited Products 

Derek Nexus - Toxicity Prediction in Mammals and Bacteria 

Sarah Nexus - (Q)SAR methodology to predict mutagenicity 

Vitic Nexus - Chemically Intelligent Toxicity Database 

Zeneth - Predicting Forced Chemical Degradation Pathways 

 - Assesses the relative purging of synthetic impurities 

Meteor Nexus - Predicts the Metabolic Fate of Chemicals in Mammals 



Summary 

• Why are alerts sufficient to identify (or rule out) mutagenic 

impurities? 

• What evidence supports their usage? 

• Using two complementary in silico systems 

• Expert and statistical 

• The importance of expert review 

• How in silico systems can assist further 



ICH M7 



SAR Analysis in ICH M7 

Impurity 
Are sufficient 

data available? 
SAR analysis 

No 

Mutagen 

Non-mutagen 

Yes 

Predict active 

Predict inactive 



Acceptance of in silico mutagenicity predictions 

 

 

• The hazard posed by mutagens has been well-

characterised 

 

• Exposure (and therefore risk) are relatively low 

• Impurities are present at low levels in pharmaceutical 

formulations 



Hazard 

• Mutagenicity is generally driven by a well understood 

molecular initiating event (MIE) 

 

 

 

 

 

 

 

• Observed in a robust, reliable in vitro assay system 

(bacterial reverse mutation assay, aka the Ames test) 

CCC 
GGG 

CTC 
GAG 

Electrophile 
DNA Adduct Gene mutation 



Predicting Hazard 

The Ashby-Tennant 
polycarcinogen 

Tennant and Ashby 



Predictive performance 

• The performance of in silico mutagenicity models varies 

by data set 

• Generally, models can predict data in public domain, but 

often struggle to predict proprietary data 

• Assisted by using proprietary data in models 
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Predictive performance for pharmaceutical 

impurities 

• Impurities are more like well-predicted public compounds 

(than poorly predicted APIs) 
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Two systems required, one expert, one statistical 



Expert and statistical systems 

Expert Statistical 

Public Private 



Commonly used in silico mutagenicity models 

Expert Statistical 

Sutter 2013 



Using two systems 



Using two systems 



Expert system 



Expert system 



Statistical results 



Statistical results 



Possible outcomes from Sarah Nexus 



Combining two systems 

Barber et al 



Expert review of in silico predictions 

• M7 guidelines 

• “If warranted, the outcome of any computer system-based analysis 

can be reviewed with the use of expert knowledge..” 

 

• We recommend that you always do some review…. 

• Be guided by the software and your knowledge… 

• Use confidence measures if they are proven to indicate accuracy 

• Use software that is transparent and highlights areas of concern 

• Use the expert commentary, mechanism and references 

• Look at relevant close examples from the models & databases 

 

• Depth of your analysis and the detail you report will vary 

• …from a cursory analysis to a well-supported argument 

 

 



Combining two systems 



Example – propyl triazoline 



Example – propyl triazoline (Derek) 



Example – propyl triazoline (Sarah) 



Example – propyl triazoline analogue (Sarah) 



Example – propyl triazoline conclusion 



Summary so far 

• Theoretical and empirical evidence supports the use of in 

silico toxicology tools for the genotoxicity risk assessment 

of pharmaceutical impurities 

• The usage is enshrined in ICH M7 guidance 

• The guidance indicates that two complimentary tools 

should be used (with expert review, as required) 

• Increases probability that mutagens will not be missed 

• Leads to a multiplicity of outcomes 

• Human expert review becomes more important with higher levels 

of computational uncertainty 



ICH M7 Classifications 



M7 Classification 

Experimental  
Data? 

Class 1 

Known mutagenic 
carcinogen 

Known mutagen 
Class 2 

Known 
non-mutagen 

Class 5 

Expert review of 2 
in silico predictions 

Q 

Class 3 

Class 4 

No experimental data 

Predicted 
non-mutagen 

Predicted mutagen 

Predicted non-mutagen by discounting positive alert(s) 
because it is shared by a known, relevant non-mutagen 

+ - 

  

• M7 classification helps define how to control impurities… 

http://www.ich.org/products/guidelines/multidisciplinary/article/mu

ltidisciplinary-guidelines.html  

http://www.ich.org/products/guidelines/multidisciplinary/article/multidisciplinary-guidelines.html
http://www.ich.org/products/guidelines/multidisciplinary/article/multidisciplinary-guidelines.html
http://www.ich.org/products/guidelines/multidisciplinary/article/multidisciplinary-guidelines.html
http://www.ich.org/products/guidelines/multidisciplinary/article/multidisciplinary-guidelines.html
http://www.ich.org/products/guidelines/multidisciplinary/article/multidisciplinary-guidelines.html


Batch process against M7 settings 

.sdf file 

API 

impurities 

• User can add additional data 
 

• Searches for carc’ and mut’ data from 
Lhasa and custom database 



ICH M7 class generated and report produced 

Each impurity is classified 
according to whether there is 

Ames or Carcinogenicity 
information in addition to the 
Derek and Sarah Predictions 

Users can also input 
experimental results for 

mutagenicity or 
carcinogencity which 

updates the ICH M7 Class 



Conclusion 

• Theoretical and empirical evidence supports the use of in 

silico toxicology tools for the genotoxicity risk assessment 

of pharmaceutical impurities 

• The usage is enshrined in ICH M7 guidance 

• The guidance indicates that two complimentary tools 

should be used (with expert review, as required) 

• Increases probability that mutagens will not be missed 

• Leads to a multiplicity of outcomes that needs to be resolved 

by human expert 

• The scope of these tools will increase to cover more of 

the workflow and assist expert review 
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