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• 1990: Combinatorial Chemistry revolutionizes Drug 
Discovery

• 1998: Chemoinformatics: A New Era in Drug Discovery

• 2001: Mapping of the Human Genome: Health benefits
could be phenomenal

• 2017: Artificial Intelligence: Better drugs faster



The long road to a new drug
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The long road to a new drug
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Understanding human diseases is a complex and multifaceted challenge

1. Complexity of Biological Systems: The human body is incredibly complex, 
with numerous interacting systems and processes: multiple genes, proteins 
and pathways

2. Genetic Variability: Each person’s genetic makeup is unique, diseases can 
manifest differently in different individuals: universal treatments?

3. Environmental Factors: Lifestyle, diet, exposure to toxins, and other 
environmental factors: high variability between individuals and populations

4. Data Integration: Modern research generates vast amounts of data 
including genomics, proteomics, and clinical records: data integration, making 
sense of data, drawing meaningful conclusions is a challenege

Ref.:https://www.who.int/publications/i/item/9789240038929 
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Arthritic Knee Joint

Model building focusses on relevant tissues, 
key interactions and include the latest, 
most informative data: synovium & blood

Nanobodies
Pharmacokinetics

Blood Tissue 
Transports

Drug Target 
Interaction

Blood 
Biomarker

Cellular 
interactions

Comparator A

Biological View on Sites of Inflammation: Computer Model of Inflammation:

Comparator B

Input from various partners & KOLs

Building a computer model of disease

Example: Translational Disease Modeling for Rheumatoid Arthritis

Comparator C

BLOOD

SYNOVIUM

Ref.: https://www.science.org/doi/10.1126/scitranslmed.abq4419?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed 
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1. Do we understand the disease? 

2. Do we have a complete overview of disease related targets and how 
they influence the disease?

3. Was target validation accomplished? Do we have valid biomarkers?

4. Do proper and validated cellular and animal models exist for 
preclininical testing?

5. What modalities should preferentially be used for treatment?

6. Is a data strategy available to deal with vast amounts of data from 
genomics, proteomics, and later clinical records including meaningful 
decision generation and validation? 
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• Artificial Intelligence (AI) and Machine Learning (ML)
AI and ML are revolutionizing drug discovery by automating data processing

• Gene editing
CRISPR-Cas9 gene editing technology open the door for gene therapy

• Advanced Assay Development
New assay technologies for cost-effective and successful drug research

• Synthetic Biology
Access to new type of modalities

• High-Performance Computing for analyzing large datasets

• 3D Cell Cultures
Growing cells in a three-dimensional environment

Ref.: https://www.nesfircroft.com/resources/blog/what-are-the-latest-developments-in-drug-discovery-in-2023/
https://www.mdpi.com/2073-4409/13/12/1054#
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Gartner hype cycle

Ref.: https://en.wikipedia.org/wiki/Gartner_hype_cycle and https://www.gartner.com/en/documents/3887767 



Artificial Intelligence in 
Drug Discovery
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Ref.: Nature Biotechnology, 2017, 35, 604-605.

● Active research within many Biotech companies

● Examples are

Artificial Intelligence in Drug Discovery

Ref.: Drug Discovery Today, 2021, 26, 80-93.
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AI in Compound Discovery
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Preclinical
candidate

Target ID Lead ID Lead optimization

AI/ML for
Property Prediction

SAR analysis –
Explainable AI

Active Learning

Generative AI

Synthesis 
Prediction

AlphaFold

Diffusion models

Applies to biologicals and small molecules
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SAR analysis

AI/ML for multiparamter
optimization

Virtual screening &
Virtual spaces Synthesis

planning

AI-based de novo design

AI accelerates DMTA cycle by
• Turning data into knowledge for a desired property profile
• Exploiting in-silico approaches for the design of novel compounds

Structure-based design

Ligand-based design

SAR8SAR7 SAR8SAR7 SAR8SAR7

Multiparameter
optimization

Navigate Drug Discovery: Design-Make-Test-Analyse



AI Drives Design of Novel Compounds
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Virtual DMTA cycles drive design of novel compounds
• In-silico search through chemical space for optimal compound profiles

• Two key components: Compound generation & property prediction
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Ref.: https://scitechdaily.com/revolutionizing-research-how-ai-driven-chemistry-labs-are-redefining-discovery/

1.Accelerated Research and Development

2.High-Throughput Experimentation

3.Reduced Human Error

4.Data Generation and Analysis

5.Resource Efficiency

6.Transition to a Circular Economy

Self-driving labs (SDLabs)



Can we also explain the predictions?

21Ref.: https://www.netapp.com/blog/explainable-ai/



Explainable AI: why do we need it?

XAI

Understanding, 
why a prediction

is given

Building trust
in the

predictions

Is the prediction
right or wrong
due to the right

reasons?

Adapt the input
to improve
prediction

Remove blackbox-character of
neural network predictions

Picture from: Schwendicke, et al. J. Dent. Res. 2020. 99. 
002203452091571. 10.1177/0022034520915714. 
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• Utilize Advanced Data Analytics:
Leveraging AI and machine learning 

• Incorporate Model-Informed Drug Discovery and Development (MID3) 
Integration of data from various sources to create comprehensive models that predict 
drug behavior and efficacy

• Mitigate Bias
Recognizing and addressing biases in decision-making

• Enhance Collaboration
Collaborative research and open data sharing among pharmaceutical companies, 
academic institutions, and regulatory bodies

• Continuous Learning and Adaptation
Dynamic drug discovery processes with continuous learning from past successes and 
failures



Example: Large Pool of In-Silico ADMET Models

Physicochem. 
properties

• Aqueous solubility
• logP, logD, pKa  

• Caco-2 permeability
• Efflux
• Plasma protein binding
• Blood-brain barrier
• Transporter interaction

• Microsomal lability & 
clearance

• HES clearance
• CYP450-inhibition 

(CYP3A4, 2D6, 2C9)
• Site-of-metabolism
• Volume of distribution
• Halflife t1/2 
• Intrinsic clearance
• Mechanism-b. inh.
• PXR agonism 
• CYP3A4 induction

Permeability
Metabolism /
Drug-drug int.

• Target-prediction panel
for receptor, ion channel
and kinase profiles.

Safety Off-targets

• hERG channel 
• Nav1.5 and others
• Cav1.2 and others
• Phospholipidosis
• Genotoxicity (MNT)
• Organ toxicity
• Phototoxicity

In-silico Models for Targets, ADME and Safety Properties

Close collaboration between chemistry, pharmocokinetics, preclinical safety

Model collection supports multidimensional optimization.

Constant updates cover emerging chemical space.

Available to scientists via Predict360, StarDrop and LiveDesign.

Primary pIC50

Cell pIC50
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• Close collaboration across biology, chemistry
and data science is mandatory

• Advances in genomics, proteomics and other
omics technologies foster deep understanding
of diseases

• Artificial Intelligence and high-throughput
technologies speed up drug discovery

• Data analytics and decision-making tools are
compulsary to make informed decisions
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Thank you
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