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Outline

·Introduction

·!ÎÁÌÙÔÉÃÓ ÔÏÏÌÓ ÆÏÒ ȰÌÅÁÒÎÉÎÇ ÆÒÏÍ ÄÁÔÁȱ

·Applications in medicine 

·Imaging

·Treatment planning

·Clinical studies

·Future outlooks and trends

Big data is in our daily life and professional life  

·Web sites:  40 billion indexed web pages

·Youtube: 100 hrs of videos are uploaded every 

minute 

·WalMart: handels more than 1M transactions 

per hr.

Learning from data & examples

·A bank uses historical records of previous customers and 
yours to figure out a good formula for credit approval.  

·! ÐÈÙÓÉÃÉÁÎ ÍÁËÅÓ ÄÅÃÉÓÉÏÎ ÂÁÓÅÄ ÏÎ ÔÈÅ ÐÁÔÉÅÎÔȭÓ ÍÅÄÉÃÁÌ 
history and some symptoms.  

·Predict how utility usage based on temperature and 
historical data.  

·Interpolation and extrapolation scheme of experimental 
data and development of nomogram or empirical formula.  
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Big data in medicine, what and why? 

How to make sense of big data? 

How do we learn from data?

training 
examples 

Unknown 
target 

function 

Final 
Hypothesis

Hypothesis 
set

learning 
algorithm

Types of learning
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Supervised learning

Issues related to learning from data 

·How big is big? Size of the data should not be 

the sole measure.

·Avoid dark data problem. 

Computing & analytics tools are 

essential in dealing with big data

·It should be defined on a problem specific basis. 

·What clinical problems can the approach solve? 

Machine leaning and deep learning

·Traditional statistical methods ïlogistic regression, Cox regression 

·Machine learning methods ï

· decision trees (DT), a simple algorithm creates mutually exclusive 

classes by answering questions in a predefined orders; 

· Naïve Bayes (ND) classifiers, outputs probabilistic distributions among 

variables; k-nearest neighbors (k-NN); 

· Support vector machine (SVM), where a trained model will classify new 

data into categories; 

· Artificial neural net work (ANN), where models inspired by biological 

neural networks are used to approximate functions; 

· Deep learning, where multiple layers of neurons are used and is able to 

perform supervised and unsupervised learning.  
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Linear regression and support vector machine

P. Flach, Machine Learning, Cambridge Univ Press, 2012 

J. Bibault et al, Big data and machine learning in radiation oncology: State of the 

art and future prospects, Cancer Letters, in press, 2016.

https://en.wikipedia.org/wiki/Support_vector_machine

Local Linear model: A generalization to linear regression

Cluster 1 Cluster 3Cluster 2

· Local linear model: 

· Step 1: Cluster data into 

subgroups

· Step 2: Fit a linear model for each 

subgroup

· Dates back to 1970s (e.g., Diday, 
1974)

· Local linear model is more general 

than the linear model (Hastie and 

Tibshirani, 1990)
·

· Recent successful applications to:

· Risk factors in heart disease (Jin and He, 2016)

· Short -term load prediction in power systems (Dudek, 2016)

Imaging 

Modeling Treatment planning Pt setup and 

treatment delivery

·Automation

·Artificial intelligence 
· Data, imaging, image guidance & integration

https://en.wikipedia.org/wiki/Support_vector_machine
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Types of learning

(input, some output, grade for this output)

Computer Go Program

Decision: A trajectory of stone positions Decision: A trajectory of Gantry angle, 

and Couch angle

TrajectoryOptimization for VMAT

Computer Go Program

One of the essential components of AlphaGo is Monte Carlo Tree Search

(Silver et al., 2016. Nature)

Monte Carlo Tree Search (MCTS) Approach
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Monte Carlo Tree Search (MCTS) Approach

Monte Carlo tree search (Abramson, 

1987): a heuristic search algorithm that 

expands a search tree based on 

random sampling of the search space.

Chest Wall Case Comparison: Coplanar, 4pi and MCTS

Compared with coplanar: 

ÅHeart mean dose: reduced from 15 Gy to 7 Gy 

Heart V30: reduced from 7.5% to 1.7%. 

ÅLeft and right lung mean doses: reduced from 

16 Gy and 8 Gy to 11 Gy and 3 Gy, respectively

Compared with 4pi: 

ÅMCTS spares spares more on ipsilateral lung, 

heartand contralateral breast.  

ÅContralateral lungis better spared in the 4pi 

plan. 

Better quality than coplanar, competitive against 4pi

Chest Wall Case Comparison: Coplanar, 4pi and MCTS

Compared with coplanar: 

ÅHeart mean dose: reduced from 15 Gy to 7 Gy 

Heart V30: reduced from 7.5% to 1.7%. 

ÅLeft and right lung mean doses: reduced from 

16 Gy and 8 Gy to 11 Gy and 3 Gy, respectively

Compared with 4pi: 

ÅMCTS spares spares more on ipsilateral lung, 

heartand contralateral breast.  

ÅContralateral lungis better spared in the 4pi 

plan. 

Competitive against coplanar and 4pi


