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Overview
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ωIntroduction to deep learning imputation using Alchemiteϰ

ωData set and objectives

ωModel validation

ҍComparing global and project-specific models

ҍAssessing model confidence estimates

ωApplication of a global deep learning model to project optimisation

ҍMulti-parameter optimisation for an anti-TB therapeutic objective

ωConclusions



Introduction to Deep Learning Imputation using Alchemiteϰ
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Prediction vs. Imputation

ωtǊŜŘƛŎǘƛƻƴ ǳǎŜǎ ƛƴǇǳǘ ΨŦŜŀǘǳǊŜǎΩ ǘƻ ǇǊŜŘƛŎǘ ƻƴŜ ƻǊ ƳƻǊŜ ǇǊƻǇŜǊǘȅ ǾŀƭǳŜǎ ŦƻǊ ŀ 
compound, e.g. QSAR models

ωImputation is the process of filling in the gaps in sparse experimental data using 
the limited results that are already available
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AlchemiteϰDeep Learning Imputation
hǇǘƛōǊƛǳƳΩǎexclusive partnership with Intellegens

ωLearns directly from relationships between experimental endpoints as well as SAR

ҍMakes better use of sparse and noisy experimental data than conventional QSAR models

ωΨCƛƭƭǎ ƛƴΩ ǘƘŜ ƎŀǇǎ ƛƴ ȅƻǳǊ Řŀǘŀ ŀƴŘ ƳŀƪŜǎ ǇǊŜŘƛŎǘƛƻƴǎ ŦƻǊ ΨǾƛǊǘǳŀƭΩ ŎƻƳǇƻǳƴŘǎ

ҍGenerates more accurate predictions to target high-quality compounds
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Whitehead et al. J. Chem Inf. Model. (2019) 59(3) pp. 1197-1204, B. Irwin et al. J. Chem. Inf Model. (2020) 60(6), pp. 2848ς2857
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Whitehead et al. J. Chem Inf. Model. (2019) 59(3) pp. 1197-1204, B. Irwin et al. J. Chem. Inf Model. (2020) 60(6), pp. 2848ς2857

ωEstimates uncertainty in each individual prediction

ҍHighlights the most accurate predictions on which to base decisions

ωConfidently targets high-quality compounds and prioritise experimental resources
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AlchemiteϰDeep Learning Imputation
hǇǘƛōǊƛǳƳΩǎexclusive partnership with Intellegens



Objectives and Data Set 
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Overview

ωGoal: More accurately predict TB activities and ADME properties to guide 
optimisation of compounds in a project context

ҍCompare project-ǎǇŜŎƛŦƛŎ ǾŜǊǎǳǎ ΨƎƭƻōŀƭΩ ƳƻŘŜƭǎ

ҍCompare imputation and virtual models 

ωSummary of Data

ҍGlobal data set 

o 300,000 compounds x 468 experimental endpoints across several developing-world/neglected diseases

o 3.1% complete

ҍProject data set ςa subset of global data set corresponding to a single TB project

o 495 compounds x 34 experimental endpoints

o 40.6% complete
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Imputation vs Virtual Models
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Å Imputation: These models generate 
predictions for the test data points 
using sparse assay data as input, in 
addition to molecular descriptors
ҍ¢ƘŜǎŜ ƳƻŘŜƭǎ ǘŜǎǘ ŀƴ !ƭŎƘŜƳƛǘŜ ƳƻŘŜƭΩǎ 
ŀōƛƭƛǘȅ ǘƻ ΨŦƛƭƭ ƛƴ ǘƘŜ ƎŀǇǎΩ ƛƴ ǘƘŜ 
experimental data for compounds that 
have been synthesisedand tested in some 
assays

ÅVirtual: These models are built to 
expect only molecular descriptors as 
input.
ҍ¢ƘŜǎŜ ǘŜǎǘ ŀƴ !ƭŎƘŜƳƛǘŜ ƳƻŘŜƭΩǎ ŀōƛƭƛǘȅ ǘƻ 

make predictions based only on compound 
structure, i.e., for a compound that has not 
yet been synthesisedor tested

Application to Test Set

No experimental 
data used as input

Predictions
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Assessment of Results
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Model Validation
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Global Models Test Set Results
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Median R2 Number with
R2 > 0.5

Number with
R2 > 0.3

AlchemiteImputation 0.35 159 248

AlchemiteVirtual 0.10 44 137

The Imputation model 
clearly outperforms the 
Virtual model
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Global and Project-specific Model Performance on Project Test Set
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Median R2 Number with
R2 > 0.5

Number with
R2 > 0.3

ProjectImputation 0.65 21 23

ProjectVirtual 0.21 6 16

GlobalImputation 0.61 19 24

GlobalVirtual 0.33 5 20

Global and project-specific 
Imputation models achieve 
almost identical performance

Global Virtual model 
outperforms project-specific  

Virtual model
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Focusing on the Most Confident Results
TB Activity Endpoint
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Focusing on the Most Confident Results
TB Activity Endpoint
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Focusing on the Most Confident Results
TB Activity Endpoint
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ÅExcellent correlation between model confidence (error bars) and observed accuracy

ÅOutliers clearly identified for further investigation
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Focusing on the Most Confident Results
Hepatocyte Clearance
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Focusing on the Most Confident Results
Hepatocyte Clearance
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Focusing on the Most Confident Results
Hepatocyte Clearance
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ÅEven for model with poor overall performance, we can identify accurate predictions 
that can be used with confidence
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Application of the Global Deep Learning Model
to TB Project Optimisation
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TB Project Objectives

ωDesired compound property criteria:

ωChallenges achieving a balance of activity with hepatocyte stability and solubility

ωStrategy: Explore a large virtual library enumerated around the series core

ωApply the global Alchemite Virtual model to all compounds to determine if the 
desired balanceof properties is likely to be accessible in this series

21



© 2021 Optibrium Ltd.    

Multi-Parameter Scores for TB Project
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No high-scoring compounds

D. Segall, Curr. Pharm. Des.2012, 18 (9), 1292ς1310
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