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Summary

1. TCIA provides access to clinical imaging of TCGA
cancers

2. Imaging data is a multi-dimensional source of
guantifiable information that can complement the TCGA
omics
a. Spatial and temporal heterogeneity
b. Bio-functional properties

3. Ongoing research is providing promising results



TCGA Imaging Data Collection

Contacted Radiology Depts at TSS supplier
Institutions

Arranged PHI compliant transfer of pre-op
clinical diagnostic images (MR, CT, NM)

Images curated by robust HIPAA compliant
automatic software with human oversight

Publicly accessible following TCGA model
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The Cancer Imaging Archive (TCIA) Is a large and growing archive of
medical images of cancer which are avallable to download for
research purposes. Learn more...
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Publicly available cases as of May 2014

BLCA - 6 KIRP - 20
BRCA—-122 LGG - 82
COAD - 5 LIHC — 65
GBM - 256 LUAD — 64
HNSC - 27 LUSC -3
KICH-15 OV -50

KIRC - 212 PRAD, READ, THCA <5
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Get images in your apps
with the new 10

TCIA REST API THE CANCER
IMAGING ARCHIVE

Develop Imaging apps that leverage TCIA using the new REST API.
Examples In Python and Java are avallable to help you get started.
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Workshops, Challenges,
Tutorials

Paper Submission
Paper Reviewing
Important Dates
Program
Organization
Sponsorship
Registration

Local Information
Graphics and Credits

Contact

SIEMENS

BOSTO

Updates September 14-18, 2014

April 24, 2014: If you were invited to submit a rebuttal, when you login into the system,  qujck Links:
it will show the status of your paper as "not accepted." Please don't panic and take is Educational Challenge

as "not accepted yet." We had to make the status visible to enable the authors of the Workshops/Challenges/Tutorials
early accepted papers to upload the final version of their papers. Also, your rebuttals Become a Sponsor
are in the system. You can't see anything because we switched the system into the MICCAI facebook page

discussion mode. Everything will be available again once the decisions are made.

April 15, 2014: Please note that the final versions of all early accepted papers are due on May 15, 2014, 23:59 PST.
We will post instructions for submitting the camera ready copy this week.

April 14, 2014: Early accept/reject decisions have been emailed to contact authors. The reviews have been posted for
all papers. The rebuttals can be submitted until Monday April 21, 2014, 23:59 PST. Early accepted/rejected papers
cannot submit rebuttals; only submissions that were invited to submit a rebuttal will have a link to rebuttal on their page.

April 9, 2014: The review deadline was April 8. We are following up on late reviews and will post as soon as we have
all reviews in. We will allow sufficient time for rebuttals.

March 11, 2014: This year, we are introducing a new MICCAI Educational Challenge!

March 10, 2014: The Workshop. Challenge and Tutorial Program has been posted. We will update the program with
links to the workshops' web pages as they become available.

February 28, 2014: The paper submission deadline is firm; there will be no extensions. We will keep the system open
for a couple of hours past the deadline, to make sure all the last-minute uploads are successful.




The Cancer Imaging Archive:
Imaging-Genomics through Open Science

The Cancer Genome Atlas &

Data Portal S5
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Data types

Data types

. CT
- MRI
- PET

Clinical diagnosis
Treatment history
Histologic diagnosis
Pathologic report/images
Tissue anatomic site
Surgical history

Gene expression

RNA sequence i
Chromosomal copy number *
Loss of heterozygosity 1
Methylation patterns :
MIRNA expression
DNA sequence
RPPA (protein)

’#3 7Y Subset for Mass Spec

Imaging
Features

- Pathologic
Features

TCGA clinical images at http://cancerimagingarchive.net




clinical imaging contribution to
data set:

Non-invasive

Provides surrogate endpoints (e.g. when there’s long
survival curves)

Temporal data: can re-image over time, - tumor tissue
acquisition is usually single time

Gives information about tumor heterogeneity (biopsy
location)

Tissue is a finite resource - imaging supports unlimited
re-use



clinical imaging analysis:

Tumor anatomic morphology
— shape, texture
e Scored with reproducibility by multiple-experts
e (Quantitative by computer image processing
Contrast dynamics
— perfusion blood flow; diffusion
Tumor matrix and its temporal response
Molecular insights (functional imaging)
— Nuclear agent tagged molecules, e.g. PET



Exploring tumor complexity
clinical implications
genotypic — epigenetic — proteomic diversity
clinical imaging pleomorphisms (MR, NM, CT)
variations in therapeutic response / survival

Can imaging contribute to prognostic or
predictive gene-driven disease “signatures” ?



GENOTYPE <-> PHENOTYPEexploring

relationships of tumor neo-vascularity ?

A TCGA Core Samples
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oRrIGINAL RESEARCH m NEURORADIOLOGY

David A. Gutman, MD, PhD
Lee A. D. Cooper, PhD
Scott N. Hwang, MD, PhD
Chad A. Holder, MD
JingJing Gao, PhD

Tarun D. Aurora, BS
William D. Dunn, Jr, BS
Lisa Scarpace, MS

Tom Mikkelsen, MD

Rajan Jain, MD

Max Wintermark, MD, MAS
Manal Jilwan, MD
Prashant Raghavan, MD
Erich Huang, PhD

Robert J. Clifford, PhD
Pattanasak Mongkolwat, PhD
Vladimir Kleper, BS

John Freymann, BA

Justin Kirby, BS

Pascal O. Zinn, MD

MR Imaging Predictors of
Molecular Profile and Survival:

Multi-institutional Study of the TCGA
Glioblastoma Data Set’

Purpose:

Materials and
Methods:

To conduct a comprehensive analysis of radiologist-made
assessments of glioblastoma (GBM) tumor size and com-
position by using a community-developed controlled ter-
minology of magnetic resonance (MR) imaging visual fea-
tures as they relate to genetic alterations, gene expression
class, and patient survival.

Because all study patients had been previously deidenti-
fied by the Cancer Genome Atlas (TCGA), a publicly avail-
able data set that contains no linkage to patient identifiers
and that is HIPAA compliant, no institutional review board
approval was required. Presurgical MR images of 75 pa-
tients with GBM with genetic data in the TCGA portal
were rated by three neuroradiologists for size, location,
and tumor morphology by using a standardized feature
set. Interrater agreements were analyzed by using the
Krippendorff a statistic and intraclass correlation coef-
ficient. Associations between survival, tumor size, and
morphology were determined by using multivariate Cox
regression models; associations between imaging features
and genomics were studied by using the Fisher exact test.
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Radiogenomics of Clear Cell Renal Cell Carcinoma: Associations between CT
Imaging Features and Mutations

Christoph A. Karlo, MD, Pier Luigi Di Paolo, MD, Joshua Chaim, DO, A Ari Hakimi, MD, Irina Ostrovnaya, PhD, Paul Russo, MD, FACS, Hedvig
Hricak, MD, PhD, Drihc), Robert Motzer, MD, James J. Hsieh, MD, PhD, Oguz AKin, MD

From the Genitourinary Imaging Group, Department of Radiology (C.AK, PLOE, J.C., HH., 0A), Uralodgy Service, Department of Surgery ¢8.AH.,
PR, Human Oncology & Pathogenesis Program (a.8.H., J.J.H), Department of Epidermiology and Biostatistics (.00, and Department of Medicine,
Genitourinar Oncology Senvice (R.M., 11 HY, Memaorial Sloan-kKettering Cancer Center, 1278 York Ave, Radiology Academic Offices, Room G278,
Meww York, MY 10065,

Dol httpeffdx. doi.orgf 0.1143/radiol.1 31 30663

Purpose

To investigate associations between computed tomographic (CT) features of clear cell renal cell carcinoma (RCCY and mutations in KL,
PBRA, SETOZ KINESC, ar BAPYT genes.

Materials and Methods

The institutional review: board approved this retrospective, hypothesis-generating study of 233 patients with clear cell RCC and waived the
informed consent regquirement. The study was HIFAS compliant. Three radiologists independently reviewed pretreatment CT images of all
clear cell RCCs without knowledge oftheir genomic profile. One radiolagist measured largest diameter and enhancement parameters of each
clear cell RCC, Associations hetween CT features and mutations in VAL, PEBRWT, SETOZ KOMSC, and B4~ genes were tested by using the
Fisher exacttest Associations between mutations and size and enhancement were assessed by using the independent Hest. Interreader
agreement was calculated by using the Fleiss k.




Radiologist Observer Projects

Archive the de-identified images
in TCIA

Create “Shared Lists” for citing and sharing
data sets with other researchers

Document the image

Correlate image features features being evaluated

with genes and clinical
data

Track reader progress

TCOA Rasiclzgy Markun Sishn

Utilize structured data capture in
standardized formats (e.g. AIM)

Check initial scoring for reader consistency




Define image features, possible answers

Font

MR Feature KEY 09/24;2013
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Create training guides

i Yasari MR Feature Guide_v1.1.pdf - Adobe Reader [_ (O}
File Edit View Window Help

v Tools Sign | Comment

Corpus Callosum Parietal - 4 Occipital - 5 Brainstem - 6




Generate structured data capture templates

m Template Builder 2.0

Author: Default User
Templates | Lexicons

Template Components

Rl 4.0

s Tumor cription™ :

Author:
Modality : |MR
eding Annotation :

Ui

Schema Version :




Radiologists use the template to assess the images

sTCGA-CS-5395 - TCGA-CS-5395 [AIM on ClearCanvas Workstation 3.5.0.1]
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Export radiologist assessments to flat files

Query API Browser

Project:
Description. TCGA KIRC (renal) Research Group

Data Provider:

group round 2 evaluations

allxml

results

URL : https://aime_cancerimagingarchive_net/serv

Name Description  Value

reviewer

patientiD

Submit

D validation
delete

MULTIPLE_TUMORS

TUMORS_LEFT_SIDE
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ces/TCGA-KIRC/Round-2/query/results

Required Default Value

false

Not Applicable
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Not Applicable

Not Applicable

Not Applicable

Precontrast
Nephrographic

Precontrast
Nephrographic

Corticomedullary

Corticomedullary

Precontrast
Corticomedullary
Nephrographic




Reader agreement analysis

0.674
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Automated feature extraction

Sandy Napel



Automated feature extraction
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Automated feature extraction
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High Throughput Feature Extraction: “Radiomics”

Texture Features

*

Shape Features
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Tissue level

Molecular level

Imaging + genomics — “radiogenomics”
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Olivier Gevaert



Imaging + genomics — “radiogenomics”
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Radiogenomics: Tumor heterogeneity / blood flow
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Advanced Imaging and Analyses add
to the Feature Space
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Summary

. TCIA provides access to clinical imaging of TCGA
cancers and surrounding tissues
. Imaging data is a multi-dimensional source of quantifiable
iInformation that can complement TCGA omics

e Spatial and temporal heterogeneity

e Bio-functional properties

e High dimensional feature sets
. Ongoing research is providing promising results



Resources Links

. Home page: http://cancerimagingarchive.net

. Data sets: https://wiki.cancerimagingarchive.net/x/mgAe

. TCGA Research: https://wiki.cancerimagingarchive.net/x/sgEe

. Ask for more information about integrating Imaging into Omics
research and analysis: cancerimagingarchive@mail.nih.gov
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