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Disclosures
Method and System for Automated Planning of 
Radiation Therapy technology patented in 

PCT/CA2011/001130


Automated Quality Assurance (QA) and Planning 
technology patented in WO2014197994 A1


Receive royalties from RaySearch Laboratories for 
license of technology for Automated Breast 
Treatment Planning and Machine Learning-based 
Automated Treatment Planning


Have an equity interest in an AI healthcare startup, 
licensee of technology for Machine Learning-based 
for Automated Quality Assurance in Radiation 
Oncology
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Outline
Applications of Artificial Intelligence (AI) and Machine Learning (ML)

Machine Learning Architectures/Methods


Convolution Neural Networks (CNNs) → U-Net 

Generative Adversarial Networks

Reinforcement Learning

Atlas Regression Forest


Open Knowledge Based Planning (KBP) Challenge
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AI to Infer New Knowledge

AI recognizes complex data in images and 
can give quantitative metrics


Radiomics ➔ High throughput extraction 
of quantitative image features (non-human 
detectable) for biomarker discovery

4 Aerts et al. Nat Commun 2014
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AI to Make Predictions → Replicate Human Tasks

AI algorithm tested for diagnosing skin lesions representing 
the most common and deadliest skin cancers with 21 board-
certified dermatologists used as control


Bottom line

AI Algorithm matched the performance of dermatologists
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AI to Create New Processes
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Dose Prediction for Automated Treatment Planning

Image + Contours Beams Final DoseDose

Dose

Dose Prediction Optimization
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The “Black Box”

Source:	Machine	Learning	for	Humans,	Vishal	Maini	and	Samer	Sabri.	https://medium.com/machine-learning-for-humans

Source:	Hosny	et	al.,	Artificial	Intelligence	in	radiology.	Nat	Rev	Cancer	2018

Convolutional Neural Networks (CNNs)  

• Learns from very complex data, like medical images

• Automatically generates relevant features in systematic way

7 Courtesy of Leigh Conroy

https://medium.com/machine-learning-for-humans
https://medium.com/machine-learning-for-humans
https://medium.com/machine-learning-for-humans
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AI for the Clinic ➔ AI in the Clinic   
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Tension between Accuracy and Interpretability 

Machine Prediction meets Human Judgement

Workflow Integration

Courtesy of Leigh Conroy
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Potential Sources of Error in Building AI Models
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Class Imbalance & Outliers

Non-standard practice difficult to capture

Potential to confound model 

Over-fitting

Detect the signal, not the noise!

Less general and lacks inter-institutional applicability

Courtesy of Leigh Conroy

Under-fitting

Lots of historical data… not collected for this purpose

Inaccurate assumptions/simplifications of the model
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U-Net for Image Segmentation
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Dose Prediction: ResNet
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Convolution | Downsample Deconvolution | Upsample

Dose 

Distribution

Target 

Organs, Images 
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Dose Prediction: DoseNet
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Dose Prediction
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Huang et al, DenseBlocks within a 
DenseNet. Source: Densely 

Connected Convolutional Networks: 
https://arxiv.org/pdf/1608.06993.pdf

https://arxiv.org/pdf/1608.06993.pdf
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U-Net for Dose Prediction: 
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Generative Adversarial Networks (GAN) for Dose Prediction
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Mixed Density Networks for Dose Prediction
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Deep Learning for Automated Fluence Map Generation
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Reinforcement Learning

18

VTPM = Virtual 
Treatment Planning 

Network
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Images & ROIs & Dose

Atlas Regression Forests
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Novel Patient

Atlas Regression 
Forest Training

Training

Feature Extraction

A

B

C

A B C

Atlas Selection Learning 
via Cross Validation

A

B

C

A B C

Images & ROIs Feature Extraction Atlas Selection

Conditional Random Field 
Optimization and Final 

Dose Prediction

McIntosh, Purdie Phys Med Biol, 2017

Accuracy Estimation

A

B

C

A B C

Atlas Selection Learning via 
Cross Validation

Probabilistic Dose 
Prediction
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Base Small 

Bowel

Large 

Bowel

Large

+


Small

Bowel

Base Small 

Bowel

Large 

Bowel

Large

+


Small

Bowel

Input Data Variations on Automated Planning

20

Strategies
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TH-F-TRACK 5-3 (Thursday, 7/29/2021) 4:30 PM - 5:30 PM [Eastern Time (GMT-4)] 

An International Validation of Knowledge-Based Planning
Aaron Babier
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Open Knowledge-Based Planning (OpenKBP) Challenge
AAPM Grand Challenge 2020 Open Source Dataset
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Airplane

Automobile

Bird

Cat

Deer

Dog

Frog

Horse

Ship

Truck

Open source, highly curated 
datasets (e.g., ImageNet →) 


are staples of thriving artificial 
intelligence driven fields

OpenKBP Challenge is the first 
competition for knowledge-based 


planning (KBP)

Used public and private data sources 
and augmented public data with 
new plans for OpenKBP release

Applied	Optimization	Lab,	University	of	Toronto
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Open Knowledge-Based Planning (OpenKBP) Challenge
AAPM Grand Challenge 2020 Competition

23

Objective

Implement the most accurate 

KBP dose prediction method on 
a large open-access dataset 

Evaluation

All models are trained on the 

same data, and evaluated with 
standard metrics

Courtesy of Aaron Babier and Tim Chan

Dose Prediction Method

Planning CT + ROIs Predicted Dose

Applied	Optimization	Lab,	University	of	Toronto
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Open Knowledge-Based Planning (OpenKBP) Challenge
AAPM Grand Challenge 2020 Competition

24

Objective

Implement the most accurate 

KBP dose prediction method on 
a large open-access dataset 

Evaluation

All models are trained on the 

same data, and evaluated with 
standard metrics

Dose Prediction Method

Planning CT + ROIs Predicted Dose

Applied	Optimization	Lab,	University	of	Toronto

Testing Phase

Each team made one submission to the testing phase 

Winners determined based on the one submission

Scores were blinded until competition closed

Validation phase

Each team’s best validation  
submission was displayed  
on a public leaderboard

Courtesy of Aaron Babier and Tim Chan
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Challenge Leaderboard Streams
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3D Leaderboard DVH Leaderboard

Ranking Lowest average error

Ground Truth Plan dose distribution Plan DVH

Error Measure Mean absolute error  
voxel-by-voxel 

Mean absolute error at  
dose volume metrics

3D stream

DVH stream

Applied	Optimization	Lab,	University	of	Toronto

Courtesy of Aaron Babier and Tim Chan
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Challenge Participants
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Registration Active in 

Validation

Active in 

Testing

Total participants 195 73 54

Total teams 129 44 28

Number of submissions --- 1750 28

New interest to research community

57% 

say primary research is Not “Medical Physics”

62% 

say NEVER done KBP research before

Applied	Optimization	Lab,	University	of	Toronto

Courtesy of Aaron Babier and Tim Chan
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Data → Curation | Generation | Augmentation

27 Courtesy of Aaron Babier and Tim Chan

TH-F-TRACK 5-3 (Thursday, 7/29/2021) 4:30 PM - 5:30 PM [Eastern Time (GMT-4)] 
An International Validation of Knowledge-Based Planning
Aaron Babier
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Summary
Machine Learning → Dose Prediction

Machine Learning Architecture/Methods:


Convolution Neural Networks → U-Net 

Generative Adversarial Networks

Atlas Regression Forest

Reinforcement Learning


Open Knowledge-Based Planning (OpenKBP) Challenge

Voxel-based dose prediction

DVH prediction
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