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Course Schedule 
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5/02   Introduction to AI/ML/DL algorithms (Dr. El Naqa)

5/09   Training requirements for ML  (Dr. El Naqa)

5/16   Methods Assessment, Uncertainty and bias estimation (Dr. Tan)

5/23   FAIR Principles (Dr. Teer and Dr. Luo)

6/06   Best practices (Dr. Teer and Dr. Luo)

6/13   Data resources (Dr. Tan)

6/20   Hands-on Workshop 1 – Radiomics (Ms. Gorre and Mr. Carranza)

6/27   Hands-on Workshop 2 – Cancer genomics (Dr. Tan)



Lecture 1: Introduction to AI/ML/DL algorithms

Issam El Naqa, PhD
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https://link.springer.com/book/10.1007/978-3-030-83047-2

https://link.springer.com/book/10.1007/978-3-030-83047-2


What is 
AI/ML/DL? 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



Formal definition of Machine Learning (ML)
ML is:

• Field of study that gives computers the ability to learn without being 
explicitly programmed (Samuel, 1959)

• Computer program is said to learn from experience E with respect 
to some class of tasks T and performance measure P, if its 
performance at tasks in T, as measured by P, improves with 
experience E (Mitchell, 1998)

• Programming computers to optimize a performance criterion using 
example data or past experience (Alpaydin, 2009)

Related fields: ML builds on expertise from
• artificial intelligence, probability and statistics, computer science, 

information theory, neuroscience, psychology, control theory, and 
philosophy 



Machine Learning Evolution Timeline

(Adapted from E Golge) 

2012
AlexNet wins ImageNet



Machine learning by tasks

(classification, regression)

(clustering, dimensionality reduction, 
novelty detection)

(query, ranking)

(Q-learning, dynamic programming)



Machine learning by models 
Probabilistic models could be divided:

•Discriminant models
• Directly estimate posterior probabilities (logistic 

regression, neural networks, convolutional neural 
networks, random forests, support vector 
machines)

• Predict without knowing the system

•Generative models
• Model class-conditional probability and priors s 

(Bayesian networks, Markov models)
• To predict you need to know the system

Model
Input output

Model

Tseng, Oncology, 2018

Input output



Adapted from: Brownlee, 2013

The Universe of Machine Learning (ML)



Radiomics for lung cancer outcome modeling with decision trees

Ohri et al, JNM, 2016



Risk Assessment in Head & Neck

Carrier-Vallieres et al.,  Scientific report, 2017



Deep vs conventional machine learning

Zaidi and El Naqa, Annu. Rev. Biomed. Eng., 2021

Cui, Med Phys, 2020



Deep Learning (NN) Architectures
Multi-layer neural perceptron (MLP) Recurrent Neural Network (RNN)Convolutional Neural Network (CNN)

Autoencoders (AE)

Generative adversarial networks (GAN)



Population

Use computational modeling to 
describe data and summarize features

Use statistics to describe data 
and infer on  population

Adapted from Berry & Linoff, 2004; El Naqa, Kosorok, JCO-CCI, 2018

Sample
Feature extraction

Inference

Hypothesis Testing (inference)

Hypothesis Generation (Prediction)

Machine Learning vs. Epidemiology/Statistics



National and Global AI/ML interest

17https://www.ai.gov/nairrtf/86-fr-39081-responses/

https://www.ai.gov/nairrtf/86-fr-39081-responses/


18
Benjamens, S., Digital medicine, 2020



Why AI/ML in Oncology?



Some Deep/Machine Learning medical applications

Cancer cell, 2015

In silico trials

Unlocking  the blackhole of Electronic health records 

Digital medicine, 2018

Virtual Counseling

USC, 2018

Yan,  JMI, 2018

Annotation of radiological images

QuantX



A MO-BN can be used to predict multiple radiation outcomes simultaneously, which provides opportunities
of finding appropriate treatment plans to solve the trade-off between competing risks.

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

Multi-Objective Generative Models



Radiomics model for Liver Cancer by 
Deep Survival 

Wei, Physica Medica, 2021



Cui et al, IJROBP, 2021

Multi-objective multi-omics model with deep 
survival neural networks



Adaptive Radiation Oncology Decision Making with Deep Learning 

Tseng, Medical Physics, 2017 (Farrington Daniels Award) 



Software tools for Adaptive Radiotherapy Clinical 
Decision Support (ARCliDS)

Niraula et al, patent pending

ARCliDS
(operation mode)

Optimal Dose 
Decision-Maker

Artificial 
Radiotherapy 
Environment

Input 
Patient Information
Current Dose Plan

Output
Treatment Outcome

Optimal Dose  

ARCliDS
(training mode 1: Artificial RT Env)

Artificial 
Radiotherapy 
Environment

Training DataSet
Patient Information

Retrospective Dose Plan
Retrospective Treatment Outcome

Input Label

ARCliDS
(training mode 2: Optimal Dose Decision-Maker)

Optimal Dose 
Decision Maker

Training DataSet
Patient Information Trained 

Artificial 
Radiotherapy 
EnvironmentPatient Information 

+  range of dose
Treatment 

outcomes for
the range of dose

Presenter Notes
Presentation Notes
Human-computer interactions 



Deep learning for developing pan-
cancer prognostic biomarkers for 
immunotherapy from RNAseq

Ghasemi, Tarhini, et al, ASCO

• Collaboration with the Oncology Research 
Information Exchange Network® (ORIEN)–
18 centers

• Patients (n=522) with 4 primary cancer 
types

• melanoma (n=125), renal cell 
carcinoma (n=149), non-small cell 
lung cancer (n=128) and head and 
neck cancer (n=120) treated with 6  
immune checkpoint inhibitors

• Deep learning: Auto-Encoder 
Survival Deep Network (AE-SDN) 
architecture



AI/ML is nothing but perfect

• Google Flu Trends (GFT) (Ginsberg, 2009)
• GFT called out sick 2013 due to overestimation!

• Predicting pneumonia risk (Caruana, 2015)
• Patients with pneumonia and asthma to be at a lower risk 

of death from pneumonia than patients with pneumonia 
but without asthma!

• Skin cancer risk prediction (Esteva, 2017)
• Presence of a ruler as a sign of high risk would skew 

prediction

• Lung disease prediction from xray (Rajpurkar, 2017)
• Presence of tube can indicate high risk

• Covid-19 infection of AI  (Deshpande, 2020; Roberts, 
2021, El Naqa, 2021)

• Unreliable AI models for Covid-19 prediction

⇒Data quality and context matters
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Issues in ML application in Oncology

Data modeling
• Availability and sharing
• Ethics and compliance

Algorithmic modeling 
• Models’ validation
• Models’ interpretability



Ethical Challenge of Data Access

Jochems, IJROBP, 2017 



Data Democratization! 



AI/ML Validation

Depending on the level of evidence
• Selection appropriate learning algorithms
• Validation and evaluation (TRIPOD criteria)

• Internally (cross-validation 
schemes)

• Externally (independent datasets)
• Provide interpretation of machine learning prediction

Transparent Reporting of a multivariable prediction model 
for Individual Prognosis Or Diagnosis (TRIPOD)



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



AI/ML in the real-world!
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Randomized clinical trials with AI/ML/DL

Nagendran, BMJ, 2020

Zhou, Dig. Med., 2021



Luo, BJR-O, 2019

ML/DL Interpretability
Radiomics Interpretability for Liver Cancer (Grad-CAM)

Wei et al, Physica Medica, 2021

Multi-omics interpretability for Lung Cancer 

Cui et al, IJROBP, 2021



(C. Friedman)

Intelligence augmentation (IA) instead of AI

Luo, Physica Medica (Editor Choice), 2021

Data-driven ML

Human + Data-driven ML

Tighter CIs  but similar predictions! 

Human in the loop!



Can Quantum theory help develop more robust AI/ML algorithms? 

Pakela, Med  Phys, 2020, (Editor’s Choice)

Pakela et al, PMB, 2021

Treatment Planning
Image-guided radiotherapy

Clinical Decision support 

Niraula et al, Nature Sci Rep, 2021



Machine Learning at Moffitt

To transform personalized 
cancer care and accelerate 
scientific discovery in 
cancer research with 
machine/deep learning

VISION
To design, develop, 
and translate state-

of-the-art patient-
centered machine 
and deep learning 

algorithms  

MISSION

Patient-centered ML/DL for 
facilitating cancer care and 
research

VALUE
Unbiased, generalizable, 
and interpretable ML/DL  
from blended data

VALUE
Translate ML/DL findings 
into the clinic to improve 
cancer care and research

VALUE

(@ml4onco)

Moffitt.org/MachineLearning

https://moffitt.org/research-science/divisions-and-departments/quantitative-science/machine-learning/?utm_source=refferal&utm_medium=general&utm_campaign=machinelearning&utm_content=research


ML Strategic Priorities @ Moffitt
Faculty Staff (ML Engineers)

Moffitt.org/MachineLearning

https://moffitt.org/research-science/divisions-and-departments/quantitative-science/machine-learning/?utm_source=refferal&utm_medium=general&utm_campaign=machinelearning&utm_content=research


Synopsis of Faculty Research Areas
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Dr. Balagurunathan’s research is focused on understanding the physiology of the 
tumor and its relationship to the underlying genome. His interests include data 
integration from various modalities (radiology, pathology, genome) to improve 
clinical decision support, His disease foci are prostate cancer, lung cancer and B-
cell lymphomas.
Dr. Karolak’s background includes applications and development of tools from the 
fields of computational and biophysical chemistry, structural biology, mathematical 
oncology, machine learning and information theory. Her interests focus on 
understanding cancer development, progression, and variability in the response to 
treatment using models that can be translated into the clinic.

Dr. Luo’s research focuses on machine learning, systems informatics and their 
application to health outcomes, decision support, interpretable and credible 
models at both the individual and community levels for precision medicine, health 
equity and healthcare quality.

Dr. Thieu has been pursuing research in natural language processing and artificial 
intelligence with application in healthcare, education, and bioinformatics. His work 
involved standardization of mobility terminology from clinical notes, high 
throughput text mining, lexical complexity and language generation, and 
computer-assisted coding for medical billing.
Dr. Rasool focuses on developing robust and explainable machine learning models 
for various medical imaging and signal processing applications. He is also 
interested in exploring machine learning paradigms that can tackle datasets from 
multiple scales and learn to answer clinically relevant questions. Such models will 
be robust to day-to-day changes in the input data and must explain their decisions 
to users, thus building trustworthiness.
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Machine and Federated Learning Infrastructure (API)

Data Platform/Covid 
Images

Input

Django

ML/DL

High Performance 
Computing (DGX/AWS 

EC2)



Community outreach: Machine Learning League
• Advance awareness and application of Machine Learning, Deep Learning, and Artificial Intelligence (AI) 

across the multiple disciplines in cancer research by hosting biweekly discussions on current machine 
learning research and tools

43

Presenter Notes
Presentation Notes
What is the MLL? It is an open forum where we host biweekly discussions on  current research and tools in machine learning. To advance……How? We bring speakers that are doing work in the ML discipline to present there works or tools.Attendee disciplines vary as well as the speaker. There is something for everyone.Presentations are recorded when aggreged by the presenter.These recordings as accessible via our MLL website.On the website we keep past recordings and announce future speakers. Example of departments that have attended.Quantitative sciencesRevenue CycleBioinformatics coreRadiation OncologyClinical pathwaysSAILUnified CommunicationsRadiology Research Data ManagementIT Planning ServicesInformatics SupportData QualityBiostatisticsNursing AdministrationHR Program Support



Take home Messages
• Artificial  intelligence/machine learning offers new 

opportunities to develop better  understanding  of 
oncology processes and improve its workflow

• Current boom in AI/ML is driven by growth in patient-
specific information (Big data) and advances in 
computer hardware/software resources

• AI/ML will touch every aspect of oncology from 
planning to decision making and we should be ready to 
embrace it

• To overcome current barriers in AI/ML for healthcare 
emerging methods include including visualization 
(Grad-CAM),behavioral science (human-in-the loop), 
and physics-based (quantum computing) techniques

• Collaboration between stakeholders (data scientists, 
biologists, clinical practitioners, & vendors) will allow 
for safe and beneficial application of AI in biomedicine 
and oncology
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