
Prediction of small molecule developability using 
large-scale in silico ADMET models

Sheffield Conference on Cheminformatics
20th June 2023

Maximilian Beckers, Noé Sturm, Nikolas Fechner and Nikolaus Stiefl

Novartis Pharma AG

Global Discovery Chemistry



2

Leveraging historical MedChem optimization data

What can we learn from the past?

Patterns and trends?
Limiting factors?

New insights for early decision making?
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• Reconstruction of Novartis 
chemical series

• Tracing compounds 
during optimization

• Analysis of property 
evolution over time

Previously …

Today
Utilize the data to get prospective tools for 

compound and series evaluation

25 Years of Small-Molecule Optimization at Novartis: A Retrospective Analysis of Chemical Series Evolution
Maximilian Beckers, Nikolas Fechner and Nikolaus Stiefl - Journal of Chemical Information and Modelling (2022)

Annotation of terminal milestones for each compound

in vitro ADMET → in vivo PK → CSP → DC → Clinic
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Scoring compounds based on in-silico predictions

No measured data!

No target activities!

bPK score
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Training dataset

Scoring compounds based on in-silico predictions

ADMET + PK + safety
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Application to Novartis internal data
2017-today

6

bPK score

P
ro

b
a
b
ili

ty

Public



Explaining bPK scores
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Shapley-value analysis

No single best profile can be identifiedCaveat: Prediction models may have seen some of the test data 
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Curation of a public dataset that resembles in 
house compound archives

Extracted from ChEMBL

▪ All compounds with annotated clinical phases (“Development Candidates”)

▪ All other compounds from the original publication of the clinical compounds (“Series”) 

▪ All other compounds in JMedChem Papers (“Unsuccessful series”)

▪ Additional Restrictions: max. 50 compounds per paper, registered no earlier than 2010
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Number of compounds per 

clinical phase

Number of 

compounds per year

Similarity to internal test 

dataset
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ChEMBL dataset

No differences for 

different clinical 

phases apparent

No trends over time 

apparent
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Exploration of alternative ML approaches

XGBoost

Graph neural network

- 'colsample_bylevel': 0.56 

- 'eta': 0.40, 'gamma': 0.09

- 'max_depth’: 1

- 'num_rounds': 80

- 'scale_pos_weight': 3.10

- 'objective': 'binary:logistic'

Different predicted 

assay endpoints

Public ChEMBL dataset

Internal test dataset

Mainly classification 

probabilities
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Last source of train-test leakage: Exploiting MELLODDY test-folds
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• MELLODDY was trained using data from other companies, which could be in our public 

dataset  

• Scaffold-based train-test splitting strategy was employed for MELLODDY

→ create subset of our public dataset not seen by MELLODDY Phase 2 models
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Application to three in-house projects
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Application to in silico generated virtual compounds

▪ Scaffold prioritization
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In-house projects

Project B

Project A

Project C

Pinot et al. Discovery of 1-(4-Methoxyphenyl)-7-oxo-6-(4-(2-oxopiperidin-1-yl)phenyl)-4,5,6,7-tetrahydro- 1H-
pyrazolo[3,4-c]pyridine-3-carboxamide (Apixaban, BMS-562247), a Highly Potent, Selective, Efficacious, and
Orally Bioavailable Inhibitor of Blood Coagulation Factor Xa, J. Med. Chem. 50, 22 (2007)
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Challenges

▪ Project specific information 

– Mode of action 

– Formulation

▪ Applicability domain

– New modalities 

▪ False negatives make training hard

– Only one out of many possible other compounds is selected as DC

– Strategic and operational reasons complicate labelling
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▪ Further application to de-novo generation of molecules

▪ bPK scores for ultra-large enumerated libraries (e.g. for virtual screening)

▪ Screening follow ups, prioritization of new scaffolds

▪ Monitoring progress of optimization projects

▪ DC identification
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Outlook
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