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ABSTRACT: Advanced medical imaging that is correlated with tissue samples and associated genomic analysis results provides a unique research resource. One of the goals of The Cancer Imaging Archive (TCIA) project is to collect, consistently de-identify, curate and make publicly available rich collections of imaging data.
TCIA includes many of the imaging studies used to diagnose and characterize the solid tumors that were sampled for the Cancer Genome Atlas (TCGA) initiative. These data sets are identified consistently with TCGA to facilitate correlative studies. The open source National Biomedical Imaging Archive (NBIA) software package,
developed through the Cancer Bioinformatics Grid (caBIG) initiative, was modified to improve download performance and enable hosting in a high availability, cloud computing environment. An IRB approved process for secure transport and consistent de-identification that preserves scientifically significant information in vendor
proprietary data elements has been implemented. This process, based on the open source Clinical Trial Processor software package, includes automated analysis of vendor proprietary data elements and text fields for detection of protected health information as well and multi-level security protocols. Current image collections that
are publicly available include 358,000 Magnetic Resonance images representing 285 studies of glioblastoma multiforme (GBM) that are cross-linked to the TCGA GBM data sets. Additional image collections including breast and lung cancer studies also linked to TCGA are underway. Currently over 1,725,000 images are available for
download with 600,000 more in the incoming pipeline. Researchers from 51 countries have thus far downloaded over 10 million images. TCIA adds a new dimension to the Cancer Genome Atlas research program by enabling research on new quantitative and qualitative analyses that link imaging features to genomic signatures. TCIA
also facilitates verification and validation of new computer aided analysis tools and imaging based candidate biomarkers.

TCIA is a Large and Growing Archive Service Providing Images and Related
Information for Use in Research
• Cancer researchers can use this data to test new
hypotheses and develop new analysis techniques to
advance our scientific understanding of cancer.
• Engineers and developers can build new analysis
tools and techniques using this data as test material
for developing and validating algorithms.
• Professors can use it as a teaching tool for
introducing students to medical imaging technology
and cancer phenotypes.

FIGURE 1: TCIA may be accessed a via the Analytical Tools
page from the TCGA web site:
http://tcga-data.nci.nih.gov/tcga/tcgaAnalyticalTools.jsp
or directly at: http://www.cancerimagingarchive.net .
The landing page (left) provides linkages to information about
the services provided by the TCIA and the available collections.
The login page (right) provides access to the collections.
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the Cancer Imaging Program (CIP) finds itself at the junction of two powerful scientific
requisites; the need for cross-disciplinary research and inter-institutional data-sharing to
speed scientific discovery and reduce redundancy, and the need to provide imaging
phenotype data to augment large scale genomic analysis.

• TCGA Breast Phenotype Research Group — TCGA Breast Phenotype
Research Group is part of the CIP TCGA Radiology Initiative. The group began as an ad
hoc multi-institutional research team dedicated to discovering the value of applying
controlled terminology to the MR imaging features of patients with breast cancer. This
activity is currently in the early stage of development. MR images which correlate to the
Breast Invasive Carcinoma (BRCA) data in the TCGA Data Portal are currently being
gathered for submission to TCIA. In the mean time the group is beginning preliminary
discussions around research methods and goals, as well as utilizing the existing BreastDiagnosis collection as a training set their efforts.
• TCGA Glioma Phenotype Research Group— TCGA Glioma Phenotype
Research Group is part of the CIP TCGA Radiology Initiative [1]. The group began as an
ad hoc multi-institutional research team dedicated to discovering the value of applying
controlled terminology to the MR imaging features of patients with gliomas. Research
trials that incorporate imaging present unique challenges due to nonstandard use of
terminologies, absence of uniform data collection and validation. These obstacles
traditionally limit the impact of imaging as an effective biomarker in oncology. The
purpose of this project was to assess reliability of tools and terminology developed by the
Cancer Bioinformatics Grid (caBIG) initiative when performing a multi-reader
simultaneous assessment of glioblastoma MR imaging features.

FIGURE 2: TCIA provides high quality, fully de-identified image data that are
linked through a common research participant ID to other TCGA data sets.
Publications can point to specific TCIA collections.

stage of development. Multiple modalities of images which correlate to the kidney renal clear cell carcinoma (KIRC) data in the TCGA Data Portal are currently being gathered for
submission to TCIA. In the mean time the group is beginning preliminary discussions around research methods and goals.

• TCIA is organized into Collections: typically groups of patients related
by a research aim, common disease (e.g. lung cancer), or image
modality (MRI, CT, etc).
• Additional information about the intended purpose for each Collection
can be found on the TCIA Wiki
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• CIP TCGA Radiology Initiative — Driven by input from its scientific community,

•TCGA Renal Phenotype Research Group —TCGA Renal Phenotype Research Group is part of the CIP TCGA Radiology Initiative. This activity is currently in the early
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How TCIA Enables TCGA Imaging Research Groups

FIGURE 4: Image Curation is performed by an experienced
team of experts who ensure all Protected Health Information
(PHI) is removed from the data.

• All data is processed with the RSNA's Clinical Trials
Processor (CTP) software before it leaves the
sending institution using de-identification scripts
which leverage DICOM Supplement 142 for clinical
trials image de-identification [2].
• Automated tools scan DICOM image headers and
vendor proprietary data elements to remove
protected health information and retain
scientifically valuable information.
FIGURE 3: Over 20 different institutions have already provided data to TCIA since it
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was announced in June of 2011. The table on the left indicates the collections that
are currently AVAILABLE on TCIA (green) and IN PROCESS (yellow). The (*)
indicates a private collection. The images on the right represent examples of MRI
data sets linked to TCGA samples via a TCGA participant ID. The left image is a
diffusion weighted MRI illustrating a GMB. The center image is a T2 FLAIR of a
different GBM patient. The right –most image is a breast IMR from the BRCA study.
Clinical, genetic, and pathology data linked to all TCGA image sets may be accessed
via the TCGA data portal .
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FIGURE 5. Approximately 10.5 million images have been downloaded by researchers, educators, and cancer patients in 50 countries around the world.

TCIA has

approximately 400 registered users and supports multiple active research initiatives.

CONCLUSIONS
TCIA is an actively managed information resource supported by a professional staff of image experts. The image repository supports all DICOM information objects.
An integrated wiki hosts metadata and project descriptions. The system is hosted on a redundant, scalable hardware platform that ensures 99.9 % system availability.
An IRB-Approved de-identification and curation workflow supported by a dedicated team ensures high quality data and full compliance with HIPAA and the Common
Rule.
TCIA adds a new dimension to the Cancer Genome Atlas research program by enabling research on new quantitative and qualitative analyses that link imaging
features to genomic signatures. TCIA also facilitates verification and validation of new computer aided analysis tools and imaging based candidate biomarkers.
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