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National and Global AI/ML interest

2Benjamens, S., Digital medicine, 2020https://www.ai.gov/wp-content/uploads/2023/01/NAIRR-TF-Final-Report-2023.pdf



Deep vs conventional machine learning

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

El Naqa, BJR 125th Annv., 2020





ML 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



ML Strategic Priorities @ Moffitt
Primary 
Faculty Staff (ML Engineers)

Moffitt.org/MachineLearning

Secondary 
Faculty



El Naqa Lab / Machine Learning
@ielnaqa

Optimal Decision Making Using Panomics Analytics with 
Federated learning

Funding resource: NIH/NCI R01 CA233487  + Supplementary  

Image-guided radiotherapy (sight & sound)

Funding resources: NIH/NCI R37 CA22221, R41 CA243722, R01CA266803

Medical Imaging and Data Resource Center (MIDRC) for Rapid Response to COVID-19 Pandemic

Funding Resource: University of Chicago (Prime: NIH/NIBIB 75N92020D00018/75N92020F0001)

http://lab.moffitt.org/elnaqa/research-projects/

Ibrahim (Abe) Oraiqat, PhD
Dipesh Niraula, PhD

Skylar Kyzer
Yasmin Saeed

Undergrad students: 

Naveena Gorre, MS

Data Science to Improve Treatment Planning for Advanced 
Prostate Cancer Patients Treated with Radiotherapy 
Funding resources (with Heather Jim) : W81XWH-22-1-0277

Ruwani Fernando, PhD

Muhammad Ali, PhD

Denis Dudas, PhD

Adaptive radiotherapy with MR-Linac
Funding source: Industrial alliance 

Glebys Gonzales, PhD

Jesutofunmi Fajemisin, MS

John Mayfield, M.D.

Palak Dave, PhD



The Pan-Omics of Oncology

El Naqa et al, PMB, 2017



Avanzo, Wei, Med Phys,  2020

Modern Radiomics



Radiomics Toolkits I: Imaging
Pre-processing: 

deblurring/denoising
Registration

Segmentation

Yang et al., JROI, 2009

El Naqa et al, Med Phys, 2006 Yang et al, Med Phys, 2010

Piert et al., 2016

Feature Extraction

https://lab.moffitt.org/elnaqa/software-tools/



Radiomics Toolkits II: Modeling (DREES)

El Naqa et al, PMB, 2006

https://lab.moffitt.org/elnaqa/software-tools/



Deep Survival Radiomics model for Liver Cancer 

12Wei et al, Physica Medica, 2021



Deep Learning Prediction of post-SBRT Liver Function Changes and NTCP 
Modeling in HCC based on DGAE-MRI

13Wei et al, Med Phys, 2023



Cui et al, IJROBP, 2021

Multi-omics response model with deep survival neural networks



Recommender System for adaptive 
intervention in radiotherapy   (ARCliDS)

Multi-institutional AI Platform for 
image interpretability (MIDRC)

Software tools (prototypes) for AI Clinical Application

Niraula, Nature Scientific Reports, 2023; Sun CMPB, 2022 Gorre, SPIE, 2023; PMB, 2023 
 User Factors in AI implementation



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



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
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Luo, BJR-O, 2019

ML Accuracy versus interpretability
Proxy models
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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

Tighter CIs  but similar predictions! 

Human in the loop!

Human + Data-driven ML



Human only

Human-in-the loop: Predicting Local Control in Liver Cancer 

Human + Machine
Machine only
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Luo et al, Front Oncol, 2022



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



Take home Messages
• Artificial  intelligence/machine learning offers new opportunities 

to develop better  understanding  of oncology and its diagnosis, 
prognosis, and treatment regimens 

• ML/DL algorithms vary in accuracy and interpretability levels and 
choice of proper algorithm(s) is an application and data dependent

• Proper development and deployment of AI/ML involves following 
guidelines (CLAMP) while adhering to ethical AI standards to 
achieve trustworthiness 

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

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



THANK YOU!

M ay 2020  |  Volume 4 7 , Issue 5

Medical Physics is an offici al  j our nal  of  the AAPM,  
the International Organization for M edical Physics (IOMP), and 

the Canadian Organization of Medical Physicists (COMP). 

Collage of f gures from articles in the Special Issue on “ The Role Machine Learning in Modern Medical Physics” , pp e125–e126 (online only, 
free available)


