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Learning Objectives 

• Review concepts of multi-omics
• Discuss role of AI in multi-omics
• Explain How to build robust models 

of multi-omics using AI
• Show example applications in clinical 

decision support: 
• Managing and quantifying tumor 

response 
• Managing and quantifying normal 

tissue toxicities

• Sarah Mattonen, PhD, Western University
o Radiomics for supportive care interventions in head and 

neck cancer
• Lise Wei, PhD, University of Michigan

o The Effect of Stereotactic Body Radiation Therapy for 
Hepatocellular Cancer on Regional Hepatic Liver 
Function 

• Sunan Cui, PhD, Stanford University 
o Utilizing multi-omics data to improve the prediction of 

toxicities
• Rachel Ger, PhD, John Hopkins University

o Challenges in the Omics Landscape



The multi-omics of Oncology

El Naqa et al, PMB, 2017



• Purpose
• To enable detection of underlying 

themes by relating patient-specific 
‘omics’ to outcomes (e.g., treatment 
response to radiation )

• Common types
• Concatenation
• Transformation
• Modeling

Ritchie, Nature Reviews Genetics, 2015

Data Integration for Modeling Response 



= f }{ {Complication-free tumor control (P+)

Damage metric

P+=U(TCP, NTCP; θ)

• Tumor control (TCP)/Normal tissue complication (NTCP)  are multi-factorial 
and depend: radiation dose and patients’ genomic (radiogenomics) and 
imaging (radiomics) characteristics before & during radiotherapy 

El Naqa, Methods, 2016

Modeling Response in Radiotherapy



MRI-DCE perfusion

Non-AI Methods: Modeling of Liver Function

El Naqa et al, IJROBP, 2018 (CME article)

Dose modifying effect of imaging + cytokines 
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AI/ML Primer
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Artificial  
Intelligence

Originated in the 
1950s

Build  machines 
that think like 

humans

Machine 
Learning 

Originated in the 
1960s

Computer 
algorithms that 
learn from data

Deep 
Learning

Originated in the 
1970s

Based on neural 
networks that 
learn features 

El Naqa, BJR 125th Annv., 2020



A multi-objective Bayesian network (MO-BN) is used to predict multiple radiation outcomes simultaneously from multi-omics data, which
provides opportunities of finding appropriate treatment plans to solve the trade-off between competing risks in non-small lung cancer
(NSCLC).

Luo et al, Med Phys, 2018  (Editor’s Choice)

AI/ML Methods: Modeling of Lung Cancer Outcomes



Challenges for Multi-omics in Radiotherapy



Check List for AI/ML in 
Medical Physics (CLAMP)
• Purpose and justification of AI/ML 

algorithm selection 

• Dataset characteristics (acquisition, 
size, partitioning [3Ts: training, 
tuning, testing])

• ML methods
• Optimization, loss function, 

augmentation,  regularization 
• Performance metrics and evaluations 

(internal, external)

• Significance of results
• Interpretation of ML performance  
• Clinical translation and actionability



Quality assurance for AI application in the clinic
• Acceptance Testing

• To ensure that the ML tool meets all applicable 
safety and performance standards (prediction) 
and that it meets contractual specifications 

• Manufacturer includes an acceptance test 
procedure with the ML tool
• Selection of evaluation endpoint and 

definition of performance criteria (e.g., 
AUC);

• Selection of a benchmark data
• Commissioning

• The process whereby the needed tool-specific 
data/parameters are acquired and operational 
procedures are defined

• May include:
• Training data collection
• Developing procedures
• User training before first use

• Quality Assurance (QA)
• Effort to ensure treatments are given accurately, 

safely and efficiently according to established 
tests and evaluations

• Continuing Quality Improvement (CQI)
• Effort that seeks to make treatments and 

operations better by recognizing current 
weaknesses in the program, anticipating 
problems before they happen, streamlining tasks 
and responding to changes in practice 

El Naqa, Moran, Ten Haken, The Modern Technology of Radiation Oncology, V4, Van Dyke



•Multi-omics offers new opportunities to develop better understanding  
of radiation oncology processes and for personalizing therapy
• AI techniques (Machine/deep learning) can improve feature selection 

and statistical learning in multi-omics analytics and outcome modeling
•Main challenges for multi-omics with AI methods
• Proper integration of various multi-omics data
• Building robust models with AI methods from multi-omics data
• Validation and evaluation of AI-based multi-omics models across 

independent datasets
• Better interpretation of AI models is still lagging

Take Home Messages



Thank YOU!
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