
In Silico Models to Predict Human 
Molecular Initiating Events

Timothy E H Allen

AJ Wedlake, E Gelžinytė, AM Middleton, 

JM Goodman, S Gutsell, P Kukic, PJ Russell

Lush Prize Conference

11th November 2020





Structural Alerts





Adverse Outcome Pathway

Ankley, G.T., et al. (2010) Environ. Toxicol. Chem., 29; 730.
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Model Construction

Allen, T.E.H. et al. (2018) Toxicol. Sci., 165; 213.
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Model Performance

Allen, T.E.H. et al. (2018) Toxicol. Sci., 165; 213.

Test Data

SE SP ACC MCC

AVERAGE 66.3 98.6 97.8 0.666

SD 19.0 1.9 2.1 0.148

SE: Sensitivity, SP: Specificity, ACC: Accuracy, MCC: Matthews Corelation Coefficient, 

SD: Standard Deviation



In Silico Assessment Procedure

Allen, T.E.H. et al. (2018) Toxicol. Sci., 165; 213.



Consensus Modelling

Wedlake, A.J., et al. (2020) Chem. Res. Toxicol., 33; 388.



Machine Learning



Neural Networks

Allen, T.E.H. et al. (2020) Chem. Sci., 11; 7335.



Average Model Performance

Training Data Validation Data Test Data

SE SP ACC MCC ROC-AUC SE SP ACC MCC ROC-AUC SE SP ACC MCC ROC-AUC

AVERAGE 92.1 96.5 95.8 0.901 0.99 86.9 93.2 92.5 0.822 0.96 86.2 92.9 92.2 0.814 0.96

SD 8.8 4.2 3.1 0.069 0.02 11.7 5.9 4.1 0.091 0.04 12.1 6.5 4.2 0.093 0.04

SE: Sensitivity, SP: Specificity, ACC: Accuracy, MCC: Matthews Corelation Coefficient, 

ROC-AUC: Area Under Receiver Operating Characteristic Curve, SD: Standard Deviation

Allen, T.E.H. et al. (2020) Chem. Sci., 11; 7335.



Positive Probability Curve

Allen, T.E.H. et al. (2020) Chem. Sci., 11; 7335.



Network Activation Similarity

Allen, T.E.H. et al. (2020) Chem. Sci., 11; 7335.



Amiodarone (hERG)
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Amiodarone (hERG)

Allen, T.E.H. et al. (2020) Chem. Sci., 11; 7335.



Amiodarone (hERG)

Allen, T.E.H. et al. (2020) Chem. Sci., 11; 7335.



Amiodarone (hERG)

Allen, T.E.H. et al. (2020) Chem. Sci., 11; 7335.
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Amiodarone (hERG)
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Quantitative Predictions



Ankley, G.T., et al. (2010) Environ. Toxicol. Chem., 29; 730.

Quantitative Modelling



Conventional Learning

Conventional Neural Network

Weights and biases
as fixed values

Therefore predictions
are fixed values

𝒇(𝒙) = 𝑲( 

𝒊

𝒘𝒊 𝒙𝒊 + 𝒃)



Bayesian Learning

Bayesian Neural Network

𝒇(𝒙) = 𝑲( 

𝒊

𝒘𝒊 𝒙𝒊 + 𝒃)

Weights and biases defined
as probability distributions

Gives predictions 
meaningful errors
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Best Models

Train MAE Valid. MAE Test MAE Ext. Val. MAE

AVERAGE 0.4870 0.6143 0.6202 0.9163

SD 0.0359 0.0515 0.0535 0.1968

MAE: Mean Absolute Error, SD: Standard Deviation



y = 0.3787x + 4.4327
R² = 0.5176
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Experimental Activity

Quantitative Predictions at DD2R

y = 0.3902x + 4.2138
R² = 0.6447
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Quantitative Predictions at NR3C1

y = 0.8836x + 1.2312
R² = 0.8559

2

3

4

5

6

7

8

9

10

11

2 3 4 5 6 7 8 9 10 11

P
re

d
ic

te
d

 A
ct

iv
it

y

Experimental Activity

Quantitative Predictions at CHRM3

y = 0.2573x + 5.1518
R² = 0.2145
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Quantitative Predictions at SLC6A3

Some Models (Ext. Valid. Set)



y = 0.437x + 3.6746
R² = 0.4369
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Quantitative Predictions at All Targets

All Predictions (Ext. Valid. Set)

MAE = 0.8764



Distribution of Uncertainties
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Predictions with Uncertainties

y = 0.3418x + 3.7513
R² = 0.3292
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Quantitative Predictions at Acetylcholinesterase (Ext. Valid.) with 95% CI



Exposure/Dose

Safety Decision Making



Exposure/Dose

Exposure estimate

Hazard estimate

Margin of Safety

Safety Decision Making

Exposure estimate

Hazard estimate



Conclusions

• Molecular initiating events are good targets for computational 

toxicology modelling

• We have applied a number of modelling approaches to predict these 

important interactions

• In binary classification, a combination of structural alerts, random 

forests and neural networks give the highest statistical performance 

and most confidence

• These models have been implemented at SEAC Unilever into their 

NGRA safety evaluation procedure

• Machine learning can also be used for regression modelling, and 

Bayesian learning offers opportunities to understand the uncertainty 

in predictions



So…
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