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Artificial Intelligence is poised to soon be a  

routine part of our reality 

https://www.msn.com/en-us/news/technology/boston-dynamics-is-gearing-up-to-produce-thousands-of-robot-dogs/ar-BBKUhKC?ocid=spartandhp 
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• Deep Neural Network 
• Support Vector Machine 

• Random Forest 
• Conditional Random Forest 
• Naïve Bayes 

• Bayesian Additive Regression Trees 
• Logistic Regression 

• … 

• K-means clustering 
• Distribution Models 

• Density Based 
• …. 

Algorithms are widely available (R,Python, C#.Net, …), but can have issues:  
• Susceptibility to overfitting 
• Interpretability 
• Accuracy 

Classification 

Artificial Intelligence 
• Judgement 

• Reasoning 
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• All physicians would like to learn 
from experience 

 

• We don’t want to treat according 
to the “last error” or “last success” 

 

• But our memories are very selective 

 

 

• “In my experience…” 

 

 

TS Lawrence, PBDW 2018 

We are seeing ML increasingly applied across a 

wide range of Radiation Oncology tasks 

IJORBP. 2017; 97(4): 822-829  
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Scientific Reports. 2017; 7:6034 ( DOI:10.1038/s41598-017-05003-x) 

J Comput Assit Tomogr 2017; 41:455-460 

Int J Radiation Oncol Biol Phys, 2018 ; 101(2):468-478 
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124 Patients 

Med Phys. 2018 Jun 4. doi: 10.1002/mp.13029. 

External Validation 

AMIA Annu Symp Proc. 2018 Apr 16;2017:650-659. eCollection 2017. 

https://bitcoin.org/bitcoin.pdf 

Areas where ML/AI are looking like they may become viable 

parts of radiation oncology clinical processes 
 

 
•  Auto-contouring 

 

•  Auto-planning and plan evaluation 
 

•  Diagnosis and planning approach recommendation 
 

•  Radiomics predictors for risk factors 
 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=A+multiobjective+Bayesian+networks+approach+for+joint+prediction+of+tumor+local+control+and+radiation+pneumonitis+in+nonsmall-cell+lung+cancer+(NSCLC)+for+response-adapted+radiotherapy
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Shah ND, Steyerberg EW, Kent DM. Big Data and Predictive Analytics Recalibrating Expectations. JAMA. 2018;320(1):27–28. doi:10.1001/jama.2018.5602 

Big Data and Predictive Analytics - Recalibrating Expectations 

Thoughtful Identification of Risk-Sensitive Decisions 

• “Prediction modelers frequently give scant attention to the 

formal properties of clinical decisions that might make them risk 
sensitive” 

 
 

• “It is surprising how rarely good predictions are brought to bear 

on difficult clinical decisions in a way that affects clinical 
outcomes” 

Shah ND, Steyerberg EW, Kent DM. Big Data and Predictive Analytics Recalibrating Expectations. JAMA. 2018;320(1):27–28. doi:10.1001/jama.2018.5602 

Big Data and Predictive Analytics - Recalibrating Expectations 

Calibration: The Achilles Heel of Prediction 

•  Benchmarking 

•  Test stability with variations with populations 
•  Test sensitivity to unmeasured cofactors 

•  Test reliability to correctly give the known answer 
•  Clinically interpretable 
 
  

Ann Intern Med. 2015;162:W1-W73 
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Shah ND, Steyerberg EW, Kent DM. Big Data and Predictive Analytics Recalibrating Expectations. JAMA. 2018;320(1):27–28. doi:10.1001/jama.2018.5602 

Big Data and Predictive Analytics - Recalibrating Expectations 

User Trust, Transparency, and Commercial Interests 

• Hype or reality 

 
• What’s really going on in the ML black box? 

 
• Influence of commercial, or other, gain 

Shah ND, Steyerberg EW, Kent DM. Big Data and Predictive Analytics Recalibrating Expectations. JAMA. 2018;320(1):27–28. doi:10.1001/jama.2018.5602 

Big Data and Predictive Analytics - Recalibrating Expectations 

Data Quality and Heterogeneity 

• Volume and quality of data used in models 

 
• Inconsistent coding practices 

 
• Who is entering the data? 

 

• Lack of standardization of data extracted from EHR  

Challenge for ML viability  

ML proposed for 
application 

Model developed 

for relatively small 

cohort 

Much larger more 
diverse population 
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https://www.theguardian.com/technology/2016/jun/30/tesla-autopilot-death-self-driving-car-elon-musk 

There are challenges for AI 

to match the sophistication of humans  

Let’s place scripting in automation in the context of  

Failure Mode and Effects Analysis  (FMEA) 
 

 
• What could go wrong that would impact a patient?  

 

• How likely is it that this will happen?  
 

• How bad would it be if this happened?   

Working Group on Treatment Planning – Sponsoring a new task group for scripting (R. Popple et al) 
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“The computer is magic, I can disconnect my brain” 

• Set plan dose to correct dose,  

                  but automate optimization to incorrect dose  
 

• Plan only has a prescribed dose (DPV) point so it looks like 
everything is OK.  
 

• If physical dose point in high dose target were added, 
                      there would be a cross checkable sanity check 

Importance of building in sanity checks 

“The computer is magic, I can disconnect my brain” 

• Automated plan OAR metrics look OK,  
        but structure (e.g.  brain stem) is incorrectly drawn.  

 

• Automatically generated plan check says everything is OK 
 

• Dig deeper on algorithms to automate checking  
                      algorithms, still need people for visual checks 

Importance of building in sanity checks 

https://www.flickr.com/photos/96369280@N00/albums/72157684077833246  

• Special Issue of Medical Physics covering papers from 
Practical Big Data Workshop 2017 will be out soon 

 
• Includes recommendations for standards and best 

practices for ML and AI (I El Naqa et al.)     

https://www.flickr.com/photos/96369280@N00/albums/72157684077833246
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Summary 

• Medical physicists are exceptionally good at  

o  rising to the occasion to create new tools with new technologies 

o    extracting knowledge and understanding about systems from data 

o  creating standardizations and guidelines to ensure safety and efficacy 

 

 

• Machine learning solutions are developing rapidly for use in Radiation Oncology 

• True AI to execute decision frameworks are also emerging 

 

 

• Initiation of task group to promote safety and commissioning  

   guidelines for automation is underway (WGTP)  

  

• Is it is a good time to initiate similar  task group efforts for AI and ML? 

o Safety 

o Commissioning 

o Communication 

o Standards 

   


