
Towards Trustworthy AI for Clinical 
Oncology
Issam El Naqa, PhD, DABR, FAAPM, FIEEE, FAIMBE
Chair of Machine Learning Department, Moffitt
Senior member of Radiation Oncology & GI Departments, Moffitt
Physics and Medical Engineering, University of South Florida (adjunct)
issam.elnaqa@moffitt.org

XAI^3 Workshop at ECAI 2023
October 1st, 2023, Krakow, Poland

mailto:issam.elnaqa@moffitt.org


Acknowledgements 



What is 
AI/ML/DL?

Robotics

Inductive & Fuzzy logic 

Supervised learningUns
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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



Deep vs conventional machine learning

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



National and Global AI/ML interest

https://www.ai.gov/wp-content/uploads/2023/01/NAIRR-TF-Final-Report-2023.pdf Drabiak K., BJR, 2023

https://www.ai.gov/wp-content/uploads/2023/01/NAIRR-TF-Final-Report-2023.pdf




Why AI/ML for Oncology?



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
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Cui, Med Phys, 2020

Applications of ML/DL in Medical Physics and Radiation Oncology 



Sample Applications in Radiotherapy
Outcome modeling

Cui, IEEE TRMPS, 2018
(Best of ASTRO)

Adaptive RT

Tseng, Med Phys, 2017
(Best paper in Medical Physics)

Imaging biomarkers

Wei, Physica Medica , 2021



Radiomics deep survival model for liver cancer 

Wei et al, Physica Medica, 2021



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

Wei et al, Med Phys, 2023



A multi-objective Bayesian networks 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 et al, Med Phys, 2018  (Editor’s Choice)

Multi-Objective radiogenomics model with generative ML



Cui et al, IJROBP, 2021

Multi-objective response 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, Nature Sci Rep, 2023; Sun CMPB, 2022; 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

Ø 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



Issues in ML application in Oncology

Data modeling
• Availability and sharing
• Ethics and compliance

Algorithmic modeling 
•Models’ validation
•Models’ interpretability



Cui, Medical Physics, 2020 

What training data sample size is required?



Ethical Challenge of Data Access

Jochems, IJROBP, 2017 



Data 
Democratization! 

December 2020 | Volume 47, Issue 12

Medical Physics is an official journal of the AAPM, 
the International Organization for Medical Physics (IOMP), and 

the Canadian Organization of Medical Physicists (COMP). 

Collage of illustrations from papers from the Special Issue on Datasets hosted in The Cancer Imaging Archive (TCIA). 
Thanks to Jeff Tobler, University of Arkansas, for creating this collage. 

mp_v47_i12_cover.indd   1mp_v47_i12_cover.indd   1 1/7/2021   9:02:36 AM1/7/2021   9:02:36 AM



Machine and Federated Learning Infrastructure (API)

• Visualization

Data Platform/Covid 
Images

Input

Django

ML/DL

High Performance 
Computing (DGX/AWS 

EC2)

Gorre et al, PMB, 2023



What  evaluation plan for AI/ML?

Japkowicz and Shah, 2015



How to validate an ML/DL 
model?

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!



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

Human + Data-driven ML

Tighter CIs  but similar predictions! 

Human in the loop!



Human only

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

Human + Machine
Machine only

 

Legend 
 Pre-treatment 

microRNAs 

Clinical Factors 
 

Dosimetry 

 During-treatment 
microRNAs 

 

Positive 
Association   

 

Negative  
Association 

 Mixed 
Association   

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





Quality assurance for AI/ML 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





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

develop better  understanding  of oncology and therapeutic response
• 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) with possible prospective validation while 
adhering to ethical AI standards to achieve trustworthiness 

• Explainable AI (xAI) is key for trustworthiness & clinical translation
• To overcome current barriers in AI/ML for healthcare emerging 

methods include visualization for interpretability (Grad-CAM), 
behavioral science (human-in-the loop), 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!

May 2020 | Volume 47, Issue 5

Medical Physics is an official journal of the AAPM, 
the International Organization for Medical Physics (IOMP), and 

the Canadian Organization of Medical Physicists (COMP). 

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