
Intelligent oncology:
Synergy of Artificial Intelligence + 

Oncology

Assistant professor in Artificial Intelligence in Medicine, Faculty of Advanced 
Technologies in Medicine, Iran University of Medical Sciences, Tehran, Iran

 radyraz.n@iums.ac.ir 

زاریدارھبیسن رتکد
Dr. Nasibeh Rady Raz

Ph.D. in Artificial Intelligence and Robotics



2



3



4

Swarm 

Intelligence

Machine 

Learning

Deep 

Neural 

Network

Generative 

AI

Fuzzy 

system and 

control

Distrib
uted 

Artifi
cial 

Intelligence

Optim
ization

Image 

Processing

Decision-

making

Data-

driven 

models 

pattern 

recognitio
n

AI Tools

Signal 

Processing

Natural 

Language 

Processing

Speech 

Processing



Cancer
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What is Intelligent oncology?
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Harness the power Of modern 
artificial intelligence techniques for 
the fight against cancer.



Intelligent Oncology
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Artificial Intelligence in Medicine
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Artificial Intelligence Augmented Intelligence



Intelligent Oncology
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Intelligent Oncology: Prevention
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• Risk stratification and prognosis
• Personalized Diet 



Intelligent Oncology: Screening

• AI-Enhanced Lab-on-a-Chip
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Intelligent Oncology: Diagnosis

• AI-assisted diagnosis
• virtual biopsy
• Liquid Biopsy 
• Nanorobotics
• Digital Pathology
• Digital Hematopathology
• Analyzing Signaling Pathway
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AI-assisted diagnosis
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New types of Biopsy: 
Breath biopsy for Breast Cancer 
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Breath biopsy of breast cancer using sensor array signals and machine learning analysis, 
Scientific Reports volume 11, Article number: 103 (2021) 



Digital Pathology
Digital Hematopathology
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Nanomedicine
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Analyzing Signaling Pathway for 
therapeutic targets 

18
Artificial intelligence in cancer target identification and drug discovery, Signal Transduction and 
Targeted Therapy volume 7, Article number: 156 (2022)



Intelligent Oncology: Staging
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Clinical decision support 
systems



Intelligent Oncology: Treatment
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Initial treatment 
strategy selection, 

management of use, 
prediction of tolerance 

and optimization 
program



Intelligent Oncology: Response
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• Prediction of treatment 
outcome
• reduces cancer overtreatment
• Response assessment
• Prediction cancer Treatment 

complications



Intelligent Oncology: Follow Up
AI and tele-oncology
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Prediction of gene mutations
Cancer care as a mathematical optimization problem
Cancer Recurrence Prediction
Predicting Mortality and Morbidity



Cancer Radiology

• January 2021: Visage Breast Density (Visage Imaging)

• The software application is intended for use with 
compatible full-field digital mammography to aid 
radiologists in the assessment of breast tissue 
composition

23
Claudio Luchini Et al, “Artificial intelligence in oncology: current applications and future perspectives” 
British Journal of Cancer, vol. 126, pages4–9, 2022.
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Type of Cancer Data

Radiomics Data

Description: radiomics involves extracting quantitative 
features from medical imaging data, such as MRI or CT scans.

Purpose: it aims to capture and analyze the texture, shape, 
and intensity patterns of tumors, providing additional 
information for diagnosis, prognosis, and treatment planning.

Pathological Data

Description: pathological data involves the examination of 
tissue samples from the tumor through biopsy or resection.

Purpose: pathological analysis helps determine the tumor’s 
histological type, grade, and molecular characteristics, aiding 
in treatment decisions.

Genomic Data

Description: genomic data involves analyzing the genetic 
makeup of tumors through techniques like next-generation 
sequencing (NGS).

Purpose: it provides insights into genetic mutations, 
alterations, and expression patterns, guiding personalized 
treatment approaches.
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Type of Cancer Data

Clinical Data:

Description: clinical data encompasses patient-related 
information, including demographics, medical history, and 
treatment records.

Purpose: integration of clinical data with other datasets aids in 
understanding patient-specific factors influencing tumor 
behavior and treatment responses.

Multimodal Data (MRI and CT)

Description: multimodal data combines information from 
different imaging modalities, commonly MRI and CT scans.

Purpose: combining data from multiple modalities enhances 
the overall understanding of the tumor’s characteristics, 
offering a more comprehensive view.

Multi-parametric MRI

Description: multi-parametric MRI involves acquiring images 
using various sequences such as T1-weighted, T2-weighted, 
FLAIR, DWI, and SWI.

Purpose: different sequences provide diverse information 
about the tumor’s structure, function, and blood supply, 
aiding in accurate diagnosis.
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Type of Cancer Data

MR Spectroscopy and Perfusion Imaging

Description: MR spectroscopy assesses the chemical 
composition of tissues, while perfusion imaging measures 
blood flow.

Purpose: these techniques provide information on metabolic 
activity and vascularization, assisting in tumor 
characterization.

Next-generation Sequencing (NGS)

Description: NGS is a high-throughput sequencing technology 
that analyzes DNA, RNA, or both.

Purpose: in brain tumor analysis, NGS helps identify genetic 
mutations, fusions, and variations, guiding targeted therapies.

Circulating Tumor DNA (ctDNA) Analysis:

Description: ctDNA analysis involves detecting tumor-derived 
genetic material circulating in the bloodstream.

Purpose: it enables non-invasive monitoring of tumor 
dynamics, treatment response, and the emergence of 
resistance.
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Multimodal integration for enhanced 
diagnosis, prognosis, and treatment response 
prediction in brain tumors
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Numerous public datasets

• The Cancer Imaging Archive (TCIA) is notable 
among general brain tumor datasets, offering a 
comprehensive repository of medical imaging data, 
including MRI, CT, and PET scans for various tumor 
types.
• Specific tumor types, resources such as the NCI 

TARGET dataset include dedicated sections for 
glioblastoma (TCGA-GBM) and lower-grade gliomas 
(TCGA-LGG)
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AI-enhanced preprocessing for 
precision brain tumor analysis
• BrainNet viewer, correct artifacts and distortions in 

MRI images
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Multi-modal data
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Multi-modal data
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Multi-modal data
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Multimodal data fusion for cancer 
biomarker discovery with deep learning
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37Nature Medicine volume 29, pages1113–1122 (2023)

A deep 
learning 
algorithm to 
predict risk 
of pancreatic 
cancer from 
disease 
trajectories

https://www.nature.com/nm


AI-based pathology predicts origins 
for cancers of unknown primary

• Genomics and transcriptomics to identify the origin of a tumour.
• However, genomic testing is not always performed and lacks clinical penetration 

in low-resource settings.
• Deep Learning
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Nature volume 594, pages106–110 (2021)

https://www.nature.com/


Precision cancer classification using 
liquid biopsy and advanced machine 
learning techniques

39

Precision cancer 
classification 
pipeline using 
liquid biopsy and 
advanced 
machine learning 
techniques.

Scientific Reports volume 14, Article number: 5841 (2024)

https://www.nature.com/srep


Brain Tumor Diagnosis 
during Surgery
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combine an imaging technology called stimulated Raman histology (SRH) 
with the predictive power of AI to improve current intraoperative 
pathology practice
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Innovation through collaboration
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How to get started with AI for hospital 
and clinic management systems
1.Identify your needs. What are the biggest challenges 

that your hospital or clinic is facing? What areas do you 
think AI could have the biggest impact?

2.Research AI solutions. There are a number of different 
AI solutions available for hospital and clinic 
management systems. Do some research to find 
solutions that are tailored to your specific needs.

3.Implement AI solutions carefully. It is important to 
implement AI solutions carefully and to monitor their 
performance closely. AI solutions should be integrated 
with your existing systems and workflows in a way that 
minimizes disruption.

4.Perform the task in a collaborative manner.
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What to do then?
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Challenges and Questions

• How do we ensure the ethical use of AI in healthcare?
• What are the regulatory frameworks that need to be in 

place for the safe and effective use of AI?
• How do we measure the quality and accuracy of AI in 

healthcare?
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Challenges and Ethical Considerations
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data privacy, 

interpretability of algorithms, 

potential biases in datasets



Note that !!

• AI may not replace human doctors. 
• Since doctors are trained to not only diagnose and 

treat diseases but also to provide emotional support 
to patients. 
• AI cannot replace the empathy and compassion that 

doctors bring to their work.
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