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Summary 

1. TCIA provides access to clinical imaging of TCGA 

cancers 

2. Imaging data is a multi-dimensional source of 

quantifiable 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 





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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The Cancer Imaging Archive:  

Imaging-Genomics through Open Science 

Data types 
 

• Clinical diagnosis 

• Treatment history 

• Histologic diagnosis 

• Pathologic report/images 

• Tissue anatomic site 

• Surgical history 

• Gene expression 

• RNA sequence 

• Chromosomal copy number 

• Loss of heterozygosity 

• Methylation patterns 

• miRNA expression 

• DNA sequence 

• RPPA (protein) 

• Subset for Mass Spec 

Data types 
 

• CT 

• MRI 

• PET 

Clinical Features 

Genomic 
Features 

Pathologic 
Features 

Imaging 
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 

• Scored with reproducibility by multiple-experts  
• 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 ? 







Radiologist Observer Projects 

Centralized 
image 

archive 

Feature set 
development 

 Reader 
training 

Feature set 
validation 

Reader 
annotation / 

markup 

Analysis 

Publication 

Open 
Science Correlate image features 

with genes and clinical 

data 

Create “Shared Lists” for citing and sharing 

data sets with other researchers 

Track reader progress 

Check initial scoring for reader consistency 

Archive the de-identified images  

in TCIA 

Document the image  

features being evaluated 

Utilize structured data capture in 

standardized formats (e.g. AIM) 



Feature Set Development 
Define image features, possible answers 



Visual Guide 
Create training guides 



Generate structured data capture templates 
Leverage open/structured data formats, standard lexicons 



Radiologists use the template to assess the images 
Structured data capture enables reproducible science 



Export radiologist assessments to flat files 

Export to HTML, CSV or XML 



Reader agreement analysis 



Automated feature extraction 

Sandy Napel 



Automated feature extraction 

Maryellen Giger 



Automated feature extraction 

Maryellen Giger 



High Throughput Feature Extraction: “Radiomics” 

Texture Features 

Shape Features 

Window (W) 

Scale (S) 

Edge Sharpness Features 

Gabor Filter Bank 

Computational features 

Sandy Napel 



Imaging + genomics – “radiogenomics” 

Genome 

Transcriptome 

Proteome 

M
o

le
cu

la
r 

le
ve

l 
Ti

ss
u

e 
le

ve
l 

Feature 
extraction 

 

Methylome 

Feature vector  
Size ~102 

Omics data 
integration 

Radiogenomics 

Olivier Gevaert 



Imaging + genomics – “radiogenomics” 

DNA Methylation 

miRNA 

X 

SNPs 

P Protein activation 
Phenotype 

Consider 

imaging 

feature as the 

outcome or 

phenotype and 

look for 

associations 

with 

‘upstream’ 

molecular 

elements 

Copy 

Number 

Variations 

Laila Poisson 



T2 Weighted 

MR Image 

FLAIR 

MR Image 

Pre-Contrast 

T1 Weighted 

MR Image 

Post-Contrast 

T1 Weighted 

MR Image 

CEL 

NEL Laila Poisson 

Radiogenomics: Tumor heterogeneity / blood flow 

Dynamic 

Susceptibility 

Contrast-enhanced 

T2 Weighted MRI 

(DSC T2* MR)  

rCBV (green)  



Advanced Imaging and Analyses add 

to the Feature Space 

T1 pre-contrast T1 post-contrast T2 

Fluid 
Attenuated 
Inversion 
Recovery 
(FLAIR) 

Susceptibility 
Weighted 
Imaging (SWI) 

Apparent 
Diffusion 
Coefficient (ADC) 

relative Cerebral 
Blood Volume 
(rCBV) 

Average 
Diffusivity 
(TRACEW) 

Random Forests Predicted 

Overlap of Radiologist  

Prediction-Tumor Region 



Summary 

1. TCIA provides access to clinical imaging of TCGA 

cancers and surrounding tissues 

2. Imaging data is a multi-dimensional source of quantifiable 

information that can complement TCGA omics 

• Spatial and temporal heterogeneity 

• Bio-functional properties 

• High dimensional feature sets 

3. Ongoing research is providing promising results 



Resources Links 

1. Home page: http://cancerimagingarchive.net  

 

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

 

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

 

4. Ask for more information about integrating Imaging into Omics 

research and analysis: cancerimagingarchive@mail.nih.gov  
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