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Introduction 

• The complexity of cancer has long challenged the medical 

community, driving the need for improved early detection and 

treatment.  

• Artificial intelligence (AI) has profoundly impacted oncology 

research in recent decades, resulting in innovative diagnostic and 

therapeutic approaches.  

• The critical applications of AI in oncology, focusing on 4 key areas: 

medical imaging, digital pathology, robotic surgery, and drug 

discovery.  



The role of  AI in cancer care, focusing on its applications in medical 

imaging, digital pathology, robotic surgery, and drug discovery. 



AI in the Field of Medicine 



The precision oncology process. Where AI plays a crucial role in each stage. Firstly, AI will analyze 

patient data, including molecular tests and medical images.  Secondly, AI algorithms scrutinize vast 

amounts of molecular data to identify genetic mutations and tumor biomarkers.  Thirdly, AI stores 

and uncovers new insights about personalized data. Fourthly, AI algorithms create predictive 

calculators to determine disease risk and recommend the most effective treatment targets and 

practices.  Finally, AI can access medical records to aid in monitoring patients. 



Early Detection and Diagnosis 

• Breast Cancer Risk Assessment Tool - The Gail model 

• The Gail model is widely used for estimating a woman’s risk of developing breast 

cancer. 

• The Gail model can provide a more accurate assessment of a woman’s risk of 

developing breast cancer over the next 5 years as well as throughout her lifetime, 

up to the age of 90.  



AI Models in Medical Imaging From 2022 to 

2024 



AI in Anti-Cancer Drug Discovery 

• Genomics 

• Proteomics 

• Bioinformatics 

Target 
Selection 

• Assay 
Development 

• High – 
throughput 
Screening 

Lead Discovery 
• Library 

development 

• In silico 
screening 

• Chemical 
synthesis 

Medicinal 
chemistry 

• In vivo 

• In vitro 

Pre clinical 
research Clinical trials 

The typical steps of drug discovery. 



The role of AI in different steps of drug discovery 



Conclusion 

• Over the past decade, AI has profoundly transformed the field of oncology, 

enhancing early detection, precision diagnostics, robotic-assisted surgery, 

and expediting drug discovery.  

• The AI systems have outperformed traditional methods in critical areas 

such as tumor classification and biomarker analysis.  

• However, the integration of AI into clinical practice is not without 

challenges. Problems such as dataset biases, insufficient prospective 

validation, regulatory obstacles, and cost barriers require immediate 

attention and resolution. 



Accelerating Drug Discovery with Machine Learning: Case Studies and 

Implications for Future Pharmaceuticals 

CASE STUDY-2 



Machine learning applications in the drug discovery pipeline and 

their required data characteristics 







Conclusion 

• Machine learning is transforming drug discovery by making the process 

faster, more efficient, and cost-effective.  

• It improves drug safety, efficacy, and supports the development of 

personalized treatments.  

• However, challenges such as data quality, model interpretability, and 

integration with traditional methods remain.  

• As these challenges are addressed, ML will play a crucial role in advancing 

pharmaceutical innovation and improving patient outcomes. 



This study to summarize (2000–2022) deep learning applications, datasets, methods, 

and future directions in AI-based drug discovery. 

CASE STUDY-3 



Background 

• Drug discovery is 

costly and slow 

(millions of dollars + 

years).  

 

• Deep learning (DL) 

accelerates discovery 

by learning from large 

bio-data.  

 

• DL used in all 

discovery stages: from 

target interaction to 

side effects. 

 



Deep Learning Techniques 

DL Algorithms used in drug discovery 

 CNNs (Convolutional Neural 

Networks) – feature 

extraction.  

 

 Autoencoders & VAEs – 

representation learning.  

 

 Graph Neural Networks 

(GNNs) – molecular/graph 

data.  

 

 Attention & transformer-

based models – inter-feature 

dependencies.  

 





Goal: Predict whether a drug 

binds to a target protein. DL 

models don’t require 3D 

structures 

Drug-Target Interaction  

 

Examples: 

     CNN/RNN based for sequence       
embeddings.  

     Attention models express 
interrelations.  

     Graph methods for molecular 
properties. 

 
 



Drug-Drug Interaction (DDI) Side Effect Prediction 

 DDI: how one drug affects 

another’s effect or causes 

adverse effects.  

 DL frameworks utilize 

structural, graph, and similarity 

features.  

 Technologies: GNNs, CNNs, 

BiLSTM, transformer-based for 

capturing complex patterns.  

 Performance often measured by 

AUC, precision & F1. 

 





 AI technologies used 
These are deep learning models used for DDI prediction: 





Explainable AI (XAI) in Drug Discovery 

 XAI interprets black-box DL 

models for trust & transparency.  

 

 Important for scientific insights 

and regulatory approval.  

 

 Current approaches still limited  

more work needed to produce 

meaningful explanations.  

 



Digital Twinning & Success Stories 

 Digital Twin (DT): virtual simulation of drugs, patients, workflows.  

 

 Benefits: simulate patient response & reduce real trials. 

 

 Success Stories: notable DL-assisted discoveries accelerate drug 

repurposing and novel targets. 

 



Future Challenges & Open Problems 

 Data scarcity & quality issues. 

   

 Need better models for complex drug combinations.  

 

More robust XAI needed for interpretability.  

 

 Standard benchmarks and interoperable tools for research 

community.  

 



Conclusion  

 Deep learning is transforming drug discovery, making it faster, cheaper, and 

more efficient. 

 

 DL models are effective in predicting drug-target interactions, drug-drug 

interactions, side effects, and response sensitivity. 

 

 Explainable AI (XAI) is crucial for interpretability, trust, and regulatory 

compliance. 

 

 Digital twins enable virtual simulations of drugs and patients, improving 

safety and guiding treatment strategies. 

 

 Challenges remain: data quality, complex combinations, standard 

benchmarks, and scalable explain ability. 

 





Traditional Target Identification Methods 

Some Disadvantages 

• Time-consuming  

• High cost  

• Low throughput 

•  Limited accuracy  

 

• Difficulty in complex diseases 

•  Experimental errors 

•  Ethical concerns 

•  Lack of predictive power 





Target Identification 



 

Alphafold-Target 

Identification 

 





Alphafold Algorithms 

Algorithm Used 

Deep Learning (Neural Networks)  

Attention Mechanism (Transformer architecture)  

Evoformer Block (core innovation)  

End-to-end differentiable model (Graph-based learning , Spatial geometry) 



Advantages of AlphaFold 

High accuracy (near experimental level) 

Reduces cost of drug discovery 

Fast compared to lab methods 

Predicts structures for unknown proteins 



DeepSea-Target Identification 









Advantages of Deepsea 

No need for wet lab 
experiments 

High accuracy in mutation 
prediction 

Handles large genomic 
datasets 

Faster than traditional 
methods 

Identifies hidden regulatory 
patterns 



Drug Molecule Design 



• ChemTS is an AI-based drug design tool that 
automatically generates new chemical molecules from 
scratch. 

 
 

• It combines deep learning with search algorithms to 
design novel compounds with desired properties. 

 
 

What is ChemTS? 







Advantages of ChemTS  

Cost-effective 

Reduces need for manual design 

Completely new molecules 

Can optimize multiple properties simultaneously 



What is ChemGAN? 

• ChemGAN is an AI-based generative model that uses 

Generative Adversarial Networks (GANs) to design new 

drug-like molecules. 

• It can generate novel chemical structures that do not exist in 

databases, helping accelerate drug discovery. 

 

 





Algorithm Used in ChemGAN 
• Generative Adversarial Networks (GANs)  

– Generator + Discriminator architecture  

• Deep Neural Networks (DNNs)  

• Reinforcement Learning (optional for optimization)  

• Graph-based neural networks (for molecule structure representation) 

Two networks compete → system learns to generate realistic molecules 

 





Deep Dock for Virtual 
Screening  



• DeepDock is an AI-based molecular docking tool that uses deep 
learning to predict how a drug molecule (ligand) binds to a target 
protein. 

 

• It improves the speed and accuracy of virtual screening compared to 
traditional docking methods. 

What is DeepDock? 





AI learns binding patterns directly from data instead of using fixed 

equations 



Advantages of DeepDock 

Very fast 
(screens 
millions of  
compounds) 

Higher 
accuracy 
than 
traditional 
docking 

Learns 
complex 
interaction 
patterns 

Reduces 
false 
positives 

Useful for 
large-scale 
virtual 
screening 



ADMETlab for ADMET 

Prediction  



What is ADMETlab? 

ADMETlab is an AI-based online platform used to predict 

ADMET properties of drug molecules: 

  Absorption  

Distribution  

Metabolism  

Excretion  

Toxicity 

 



Molecular Feature Extraction 

Converts molecule into 

descriptors:  

Physicochemical properties  

Structural features  



1. Random Forest (RF) 

Purpose: 

Used for classification and regression of ADMET properties  

Handles large datasets with high accuracy  

 

In ADMETlab: 

Predicts:  

Toxicity (toxic / non-toxic)  

Drug-likeness 



2. Support Vector Machine (SVM) 

Purpose: 

• Separates data into categories using decision boundaries  

• Best for binary classification problems 

  

In ADMETlab: 

Used for:  

– Predicting BBB penetration (Yes/No)  

– Identifying toxic vs non-toxic compounds 

 

3. Gradient Boosting (GBM) 

 

Purpose: 

• Improves prediction accuracy by combining multiple weak models  

• Focuses on correcting previous errors  

 

In ADMETlab: 

Used for:  

– Predicting absorption levels  

– Estimating metabolic stability 

 



4. Deep Neural Networks (DNNs) 

 

Purpose: 

• Learns complex patterns from large datasets  

• Handles non-linear relationships  

 

In ADMETlab: 

Used for:  

– Predicting multi-parameter ADMET properties simultaneously  

– Modeling complex interactions like:  

• Drug metabolism  

• Toxicity pathways 

 





Thank You 


