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The  

Home  

Team 

• Informatics [ The Discipline] 

– “Informatics is the science of processing data for storage and retrieval; 

information science as a field.”  

• ”Big Data” [The Input] 

– "Big Data is high-volume, high-velocity and/or high-variety information 

assets that demand cost-effective, innovative forms of information 

processing that enable enhanced insight, decision making, and process 

automation.”- Gartner 

• Machine learning (“statistical learning”) [The Methodology] 

– “Machine learning explores the study and construction of algorithms that can 

learn from and make predictions on data – such algorithms overcome following 

strictly static program instructions by making data-driven predictions or 

decisions, through building a model from sample inputs.” 

 

A few definitions… 

• “Big data is like teenage 

sex: everyone talks about it, 

nobody really knows how to 

do it, everyone thinks 

everyone else is doing it, so 

everyone claims they are 

doing it too…and most don’t 

do it very well.” 

– Dan Ariely 

“Big Data” 
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Types of ML 
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Ira Kalet, PhD 
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The curse of clinical implementation: 

From n=895 to n=5 
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Kessel and Combs Critique 

• K. Hammermeister, MD (http://www.uni-mainz.de/FB/Medizin/Kardiologie/incis/Data/p4_1.htm) 

 

The Core Process begins… 

• Without common 

terminology, 

content is 

obscured…and 

we may not be 

aware of it! 

 

The “ontology”   

problem 
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• In informatics, a standard  is voluntary consensus developed or adopted by voluntary bodies 

– Can also include  

• definitions  

• a classification system or components,  

• a series of procedures to follow,  

• specifications for sizes or dimensions, materials, performance, design or operations.  

• quality measures or describe amounts of materials.  

• process, a system, a service, a practice, or a specific product.  

 

• In computer science and information science, an ontology is a formal naming and definition of 

the types, properties, and interrelationships of the entities that really or fundamentally exist for a 

particular domain of discourse.  

 

• Example: DICOM-RT is a standard, TG-263 OAR names are an ontology. 

• Functionally speaking, a relational standard=an ontology. 

 

Standards and ontologies 

Roles Professional Societies Clinic Types Specialty Groups 

Physician ASTRO Academic IHE-RO 

Physicist AAPM Community Dicom Working Group 

Vendor ESTRO Large Practice NRG 

Dosimetry Small Practice IROC 

TG 263 - Standardizing Nomenclature for Radiation Therapy 

•  group of 57 stake holders  

•  domestic and international groups  

•  representing a broad range of perspectives 

Let’s start by trying to fix the standardization problems for DVH data 

Slide courtesy of Chuck Mayo 
(U. Mich.) 

EXAMPLE: Can we just name OARs the same? 

Apply to 
Structures 

Review 
with 

Group 

Define 
Guidelines Review 

current 
practices 

Pilot 
Nomenclature 
Live in  
Volunteer Clinics  
and NRG 

Design 
Process 
Changes  

Feedback 
From Use 

Work With 
Stakeholders 

Only minor 
changes 
from Pilot 

Development Process 

Slide courtesy of Chuck Mayo 
(U. Mich.) 
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• Guidelines 
• Target Structures  

• Standardized rule based approach (10) 
• Addresses primary issues and expandable 

 
• Non-Target Structures  

• Rule based approach (15) with a few concessions 
• Specific listing of 736 defined structures 

 
• DVH Nomenclature 

Task Group findings are in parent committee review process 

Slide courtesy of Chuck Mayo 
(U. Mich.) 

We’re just now 
agreeing on the 
ontology of 
structure names!!! 

Ontology issue example: 

 “How do you designate recurrence in IMRT era?” 
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Index problem: 

 “What is a local failure in IMRT era?” 

The Standards Problem/Opportunity 
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• Why is clinical implementation so hard? 

– Nature of Big Data 

• Sparseness of Big Data 

• Quality assurance 

– Nature of machine learning 

• Algorithms only ”know what you tell them, or ask 

what you ask them to find” 

• Interpretability of complex datasets harder for 

humans than for algorithms sometimes 

Baby steps… 

You are here! 

32 Flavors of machine learning algorithms… 
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Remember, a HUMAN PHYSICIAN has to 

understand the ML output…  

Leo Breiman, 1928 - 2005 

1954 PhD Berkeley (mathematics) 

1960 -1967 UCLA (mathematics) 
 

1969 -1982 Consultant 
 

1982 - 1993 Berkeley (statistics) 
 

1984 “Classification & Regression Trees” 
(with Friedman, Olshen, Stone) 

 

1996 “Bagging” 
 

2001 “Random Forests” 

October 3, 2013 University of Utah 
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Radiation oncologists primary use of 

“machine learning” has been ”recursive 

partitioning analysis” (RPA) 

• RPA is a “brand name” 

– Classification and regression trees 

– Decision trees 

– Tree-based analysis 

• We got into the game early… 

– But we have a long ways to go in machine 

learning 

Result: Rad Onc loves RPA!! 

Example: ML for toxicity/dose response 
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RPA for thresholding doses that indicate 

toxicity… 

RPA-based method 

RPA-based method 

MDACC RPA-based method showed Myelohyoid 
muscle V69 and age were best predictors… 
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UMCG Lasso 
method showed 

pharyngeal 
constrictor 
muscle and 

cricopharyngeu
s  were best 
predictors… 

• Answer: Everyone! 

– Solid methods/different datasets 

– Dose variation was due to tumor location/site, 

and dose to OARs, not “magic dose threshold” 

– MDACC all oropharynx, block over 

cricopharyngeus m., posterior constrictors m. with 

low variability as they were partially covered by 

RP node CTVs. 

– UMCG mostly larynx, little dose to myelohyoid m. 

Who was right? 
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Problem/opportunity: We don’t have 

accessible aggregate data… 

Peeling the onion… 
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Biospecimen/pathology informatics critical 
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Data QA is science QA 
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Complex functional imaging 
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What about non-clinical data that isn’t in the 

PACS, TPS, or EMR, but can affect 

outcome? 
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What about outcome/clinical/PRO 

integration? 
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Integration of imaging information in  
designing treatments 

Jaffray, D. A. (2012) Image-guided radiotherapy: from current concept to future perspectives 
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2012.194 
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– Radiomics is “extraction and analysis of large amounts of advanced quantitative 

imaging features with high throughput from medical images obtained with 

computed tomography, positron emission tomography or magnetic resonance 

imaging.” (Kumar, 2012) 

– Radiogenomics 

•  In imaging community refers to linkage of imaging features w genomics 

• In radiation oncology community refers to genomic correlates of radiation 

response 

 

 

Radiomics/radiogenomics magnifies this 

challenge/opportunity 

Exciting time!! 

Wow! 
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Radiomics’ 

But let’s not get carried away in a  

“hype cycle”… 
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Watch out for the trough!! 

• ~20,000 US cases 

• Oropharynx cancer (OPC) is epidemic due to 

human papilloma virus (HPV) infection 

• More HPV-associated head and neck cancers 

than cervical cancers now 

Example: Oropharynx Machine 

Learning/Radiomics Challenge 

Human Papillomavirus (HPV) 

 DNA virus 

 >100 different sub-types 

 Infects skin and mucosa   

 Asymptomatic 

 Benign growths – warts 

 Oncogenic (cancer causing) types are mostly 

16 and 18 

Slide courtesy Adam Garden 
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Follow-up for overall survival 

Chaturvedi A K et al. JCO 2011;29:4294-4301 

271 samples 
from SEER 

Radiomics in head and neck cancers: 

Classification 
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Head and neck radiomics: Outcomes 

• If image features in the local region can predict 

local phenotypic alteration (per Panth et al.), can 

we predict  local oncologic outcomes (i.e. local 

control in the priamry tumor)? 

• If the major driver of local control probability 

genomically is known, can we identify genetic 

correlates of local control risk (i.e. HPV status)? 

Our challenges… 

• Can we crowdsource innovation? 

• Can we draw on “non-insider” knowledge? 

• Can we have some fun? 

Unmet needs, unanswered questions 
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2016 OPC CPM challenges 

Kaggle/MICCAI challenges 

• Binary classification 

– HPV status (1/0) 

– Local control of tumor in the primary site (1/0) 

• Can leverage demographic data 

• Half dataset with known HPV/local control available for 

training  

– Other half randomly split into “public” validation set 

(visible to end users) and “private” validation set 

– Could submit and see performance on “public” set to 

avoid overfitting 

– Winner declared on “private” dataset 

Rules of the game 
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Local Control Challenge            HPV Challenge 

Results 
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Congrats to our winners!! 

This college kid beat everyone else by *NOT 
USING RADIOMICS* 
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TRUTH: Good models are hard to find…so 

showing your work helps :) 

• Github 

– Software repository 

• Figshare 

– Data repository 

• The Cancer Imaging Archive 

– Image repository 

• Nature Scientific Data 

– Publish data/software descriptor on PubMed 

Share your models/approaches! 
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Be FAIR,  

use the FORCE! 

https://www.force11.org/node/6062 

The Future is  

FAIR 

• We need  

– Better data aggregation & quality 

– More transparent modeling 

– Shared datasets 

– Standards, standards, standards! 

– In short, more FAIR-ness  

 

 

So, we have some work to do… 
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• You, the medical 

physics 

community… 

 

 

But our real need is… 

Effective data integration is not easy or fast… 

It’s just better! 

 

We are on the edge 

of the possible… 

 looking towards the 

vistas before us! 

Thanks! 

 

Email questions/comments: 

• cdfuller@mdanderson.org 

 

mailto:cdfuller@mdanderson.org

