
Introduction

Herman van Vlijmen

In Silico Discovery, Therapeutics Discovery, Johnson & Johnson Innovative Medicine
Beerse, Belgium

Adjunct Professor Computational Drug Discovery, LACDR

Leiden Drug Development Symposium
Sep 19, 2024



What is a drug?
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Small molecule 

Esomeprazole
(Nexium)
(H+/K+ ATPase antagonist)

Other

- Peptides
- Antibody-small molecule 

conjugates
- Polynucleotides

- Antisense RNA
- siRNA
- Aptamers

- CAR-T cell therapy
- Gene therapy/editing
- …

Trastuzumab (Herceptin)
(erbB-2 antagonist)

Large molecule
(aka: biologics)

PF-07321332 (Paxlovid)
(Viral Coronavirus protease 
inhibitor)

MW ~ 500 MW ~ 150,000



New Drug Approvals: Numbers

3Nature Reviews Drug Discovery 23:88 (2024)

Large molecules Small molecules
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New Drug Approvals: Therapeutic Areas

Nature Reviews Drug Discovery 23:88 (2024)



5

Machine Learning and Artificial Intelligence in Drug 
Discovery A hot topic

5

Nature 557, S55-S57 (2018)

Pubmed: “artificial intelligence” AND “drug discovery”

500
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AI Discovered drugs in clinical trials: A first analysis

Jayatunga et al, Drug Discovery Today 29 (2024)
In the pipeline blog Derek Lowe, 13 May 2024

BUT:
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AI/ML in early discovery: Where does it make a 
difference?

Improved activity and 
property modeling
Computationally assess molecular 
properties

Generative modeling
Which molecules should we make?

(Retro)synthesis Modeling
What is the best way to make this?
Which reactions are most likely to work?
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Computer-Aided Drug Design Across Discovery (small mol)

Ligandability 
assessment

Information mining

Structure 
prediction

Free Energy of Binding

Library enrichment

Hit triage

(uHT) Virtual screening

FBLD

Structure-Based Design

Target Identification Hit Identification Hit to Lead Lead Optimization
Late Lead 

Optimization

AI/ML
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Ligand based design

Cheminformatics
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Antibodies: the main type of biologics

Antibody Therapeutics, 7:37 (2024)

Standard antibody structure Large variety of genetically engineered antibodies

CH2

CH3
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Property Optimization of biologics

Antibody Therapeutics, 4: 45 (2021)

• Thermostability
• Solubility
• Chemical stability
• Expression
• Etc.
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Large Language Models in molecular optimization
OC[C@H]1O[C@H]([C@H](O)[C@@H]1O)n2cnc3c2ncnc3CSc4ccccc4I

C#Cc1nc(nc2[nH]cnc12)Nc3cccc(c3)C(N)=O

O=[N+]([O-])c1cccc(c1)SCc2ncnc3c2ncn3[C@@H]4O[C@H](CO)[C@@H](O)[C@H]4O

CCN(CC)c1nc2c(nc(SCC(=O)NCCCN)n2CCc3c[nH]c4ccccc34)c(C)n1

O=C(O)CSCc1ncnc2c1ncn2[C@@H]3O[C@H](CO)[C@@H](O)[C@H]3O

C[C@]1(O)C(O[C@H](CO)[C@H]1O)n2cnc3c2ncnc3C(=N)N

OC[C@H]1O[C@H]([C@H](O)[C@@H]1O)n2cnc3c2ncnc3/C=C/N4CCOCC4

CCN(CC)c1nc2c(nc(SCC(=O)NCCCN)n2CCNc3nc(N)nc4[nH]cnc34)c(C)n1

COC(=O)c1ccc(cc1)SCc2ncnc3c2ncn3[C@@H]4O[C@H](CO)[C@@H](O)[C@H]4O

Cc1cc(C)c(SCc2ncnc3c2ncn3[C@@H]4O[C@H](CO)[C@@H](O)[C@H]4O)c(C)c1

CC(=O)OCCSC[C@H]1O[C@H]([C@H](OC(C)=O)[C@@H]1OC(C)=O)n2cnc3c2ncnc3C

C(#Cc1ncnc2c1ncn2C3CCOCC3)c4ccccc4

CCc1ccc(cc1)c2nc3c(nc(O)n3c4ccccc4OC)c(n2)C(N)=O

NS(=O)(=O)OC[C@H]1O[C@H]([C@H](O)[C@@H]1O)n2cnc3c2ncnc3C#Cc4ccccc4F

CCCCCCC#Cc1ncnc2c1ncn2C3O[C@H](CO)[C@@H](O)[C@H]3O

CCOc1ccccc1c2nc3c(nc(O)n3c4ccccc4)c(n2)C(N)=O

SMILES: language of small molecules

Amino acid sequence:  
language of biologics



Thank you!
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