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Neuroimaging Predictors of Survival, Pathology and Molecular Profiles in TCGA Glioblastomas 

Glioblastoma (GBM) was among the first tumor types 

included in the TCGA data repository.   Using a subset of 

the rich genomic data available, Verhaak et. al was able to 

distinguish four distinct molecular subtypes of GBM based 

on patterns of mRNA expression and to show correlates 

with genetic alterations, and modest yet significant 

differences in overall survival and response to treatment.  

While the overall TCGA project is primarily focused on 

molecular characterization of tumors, a limited amount of 

pathology and radiology data has also been collected, 

allowing integrated analysis.   An inter-institutional cross-

disciplinary group that includes members of the Cancer 

Imaging Program (CIP) at NCI, Emory University, Thomas 

Jefferson University, Henry Ford Hospital, and University of 

Virginia has been engaged in collecting imaging data (both 

pathology and MRI images) on subjects in the TCGA GBM 

data set.  While data derived from pathology and 

neuroimaging are critical in the clinical evaluation and 

diagnosis of gliomas, the use of imaging-based features as 

predictors of molecular alterations, pathology and outcome 

is limited.  The goal here was to investigate the utility of 

imaging-based biomarkers in predicting overall survival, 

pathology features and molecular signatures. 
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Imaging Data: Data was obtained from the NBIA imaging 

portal, which hosts neuroimaging of a subset of patients 

included in the TCGA GBM Archive.  Imaging data from each 

patient was downloaded to a DICOM Workstation and 

independently reviewed by 3 trained neuroradiologists. The 

total volume of abnormal tissue was estimated, and from 

within this mass of abnormal tissue four compartments 

defined as the percentage of tumor that showed contrast 

enhancement, the proportion of tumor showing no-contrast 

enhancement, the proportion of the volume that appeared 

to be necrotic tissue, and the proportion of the estimated 

volume that appeared to be edematous tissue (Fig 1) 
 

Genomics Data: With courtesy to Verhaak et. al, molecular 

subtypes and mutation status for the TP53, PTEN, EGFR, 

NF1 an IDH1 were obtained for each patient. (Fig 2) 
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RESULTS 

Table 1: Neuroradiology derived  imaging features  were dichotomized and 
analyzed to detect significant group differences  in overall survival.  To 
assess the utility of neuroimaging features in predicting survival, several 
models which included neuroimaging derived features and standard 
phenotypic predictors including age, gender and Karnofsky performance 
score (KPS) at the time of surgery were modeled. The proportion of 
contrast enhancement was significantly associated with poorer survival. 
Further dichotomization of contrast enhancement revealed a strict 
separation between 06-33% and 34-95% 
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•Imaging based features can be used to 

develop predictive models that significantly 

predict overall survival 

•The overall percent of a tumor showing 

contrast enhancement was associated with 

significantly poorer prognosis 

 

RESULTS 

Figure 1: Examples of imaging features for the VASARI feature set 
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Table 2: Associations between imaging features and Verhaak subtypes. 
Edema, contrast enhancing tumor, and non-contrast enhancing tumor 
were found to be significant against molecular subtype. 
            

Figure 3: Kaplan-Meier survival curves for comparing survival rates 
between two dichotomized subgroups of contrast enhancement. The 
proportion of enhancing was a statistically significant predictor of shorter 
survival 

Figure 2: Integrated View of Gene Expression and Genomic Alterations 
across Glioblastoma Subtypes. Courtesy of Verhaak et. al            

Figure 5: Correlations of imaging features with genetic characteristics of 
tumor.  
            

Table 2: The correlation between molecular subtype and each of the 
neuroimaging features was assessed by Fisher’s exact test. It demonstrates 
a significant association between contrast enhancing tumor in MR images 
and Verhaak classification. A further analysis was done using dichotomized 
groups (high vs. low for each imaging feature).  This analysis demonstrated 
a significant association between low degree of contrast enhancement (0-
5%) and the Proneural subtype (p<0.01).  Similarly, the mesenchymal 
subtype was noted to have significantly lower rates of non-contrast 
enhancement compared to other tumor subtypes (p<0.01). 
 

Figure 6: Further analysis was conducted comparing shape and size of 
tumor to  mutation status.  EGFR mutant GBMs (n=11 of 49 patients with 
imaging data) were significantly larger based on the T2-weighted FLAIR 
images than wild type EGFR GBMs (p<0.05).  TP53 mutant GBMs (9 of the 
49 patients) were smaller than those that were wild type (p<0.006) based 
on the T2-weighted FLAIR images.  EGFR mutant GBMs (n=8) were 
significantly larger than TP53 mutants (n=9, p<0.0005).  
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