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What is Big Data?

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 glossary (circa 2001) Credit: Ben Chams Fotolia



Big data sources in the treatment of cancer (not comprehensive)



It’s not that simple

Credit: Sam Ogden (DFCI)

Regina Barzilay, an artificial
intelligence researcher at MIT who
was diagnosed with breast cancer
in 2014 at the age of 43, was
shocked by the paltry amount of
data upon which her doctors
based their clinical decision.
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Leveraging big data in cancer care

 Early diagnosis and prevention

 Digital pathology and molecular pathology

 Drug discovery

 Treatment decisions 

 Matching patients to clinical trials

 Anticipating adverse events
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What is AI?

 AI refers to the ability of a machine to perform tasks commonly 

associated with intelligent human behavior. 

 AI can be considered a group of iterative, "self-learning" 

techniques, which discover relationships within data that can 

evolve and often be performed faster over time.

Russel SJ et al. 2003.



Machine Learning (ML) vs Deep Learning (DL)

 Machine Learning:

 ML algorithms, exposed to training data, are able to appreciate hidden patterns 

within the data which can then be used to perform a task without explicit 

programming

 ML tasks are often broadly dichotomized into supervised or unsupervised 

learning

 Deep Learning:

 DL is a form of ML that uses layered "artificial neural networks" to develop 

sophisticated models with the ability to understand data at different levels of 

abstraction

Samuel AL. IBM J Res Dev. 1959;3:210-29.
LeCun Y, et al. Nature. 2015;521:436-44.



Natural language processing (NLP)

 NLP is any computer-based algorithm

that handles, augments, and

transforms natural language so that it

can be represented for computation

 This technology can harvest important

clinical variables trapped in the free-

text narratives within electronic medical

records

Yim W et al. JAMA Oncology



Potter D et al. JCO CCI 2020.

Since 2015, More than 100 organizations 1,426,015
patients with a primary cancer diagnosis.



Potter D et al. JCO CCI 2020.



Standardization efforts for genomic data
(Minimum Variant Level Data MVLD)

Ritter D et al. Genome Medicine 2016.



Genomics databases and selected tools for tertiary analyses



Micheel C et al. JCO CCI 2018.





AURORA: Aiming to Understand the Molecular 

Aberrations in Metastatic Breast Cancer

Aftimos P et al. Manuscript submitted.



Applications in the diagnosis and treatment 

of cancer





Detecting and classifying breast lesions using a deep convolutional neural 

network

Ribli D et al. Sci Rep 2018.



A radiomics signature predicting CD8+ TILs and response 

to CPIs

Sun R et al. Lancet Oncol 2018.



Histopathology reveals driver mutations
(but also tumor composition, gene expression and prognosis)

Fu Y et al. Nature Cancer 2020.



A deep learning tool to predict outcome of clinical trials

Artemov AV et al. December 29, 
2016. https://www.biorxiv.org/content/10.1101/095653v2.

https://www.biorxiv.org/content/10.1101/095653v2


MatchMiner

Developed at Dana Farber Cancer Institute and now Open Source



Georgetown Immuno-Oncology Registry

Courtesy Subha Madhavan



Courtesy Subha Madhavan



Limitations

 Proving generalizability and real-world applications

 Data access and equity

 Interpretability and the black box problem

 Education and expertise



mCODE™: Minimal Common Oncology Data Elements
The Initiative to Create a Core Cancer Model and Foundational EHR Data Elements



Annals of Oncology 2020. Article in press.



Credit: Andre Kahles, Gunnar Rätsch, Chris Sander
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