Correlation of Morphologic and Physiologic Phenotype of the Nonenhancing Component of Glioblastoma with Patient Survival and Genomic Expression: A TCGA Glioma Phenotype Research Group Project
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Abstract:

Purpose

Traditionally the focus of treatment planning, response assessment and patient prognosis has been based on evaluation of contrast-enhancing component (contrast-enhancing lesion, CEL) in GBMs. However, non-enhancing component (Non-enhancing lesion, NEL) of GBM also contains important information about tumor and its surrounding environment which is indicative of tumor invasiveness and aggressiveness. The purpose of this study was to correlate morphologic (MRI features) and physiologic phenotype (rCBV) of the NEL in patients with GBM, as well as key genomic markers with patient survival.

Materials & Methods

Forty-five patients had DSC T2* MR perfusion data, and a detailed assessment of the various morphologic features of NEL (percentage NEL, proportion of edema, definition of margins of NEL, T1/FLAIR ratio, deep white matter involvement, NEL crossing the midline) available from The Cancer Imaging Archive (TCIA). Relative cerebral blood volume (rCBVNEL), a physiologic measure of the NEL also was measured. Mutation and copy number variation in the key oncogneic genes EGFR, PDGFRA, PTEN and TP53 were used to stratify patient groups. Correlation of the phenotypic and the genotypic expression of GBM with overall and progression-free survival were done.

Results

We observed that worsening overall survival (log-rank p=0.0145) and progression-free survival (log-rank p=0.0223) are each associated with increasing rCBVNEL. Also associated with increased risk of death or progression in our study were the following morphologic features: Minimal (<5%) edema (OS p=0.0424; PF, p=0.0296) and NEL crossing the midline (OS, p=0.012; PF, p=0.055). The level of rCBVNEL was increased on average in tumors with poorly defined NEL margins compared to those with well defined margins (two-sample t-test p=0.0317). Using a survival regression tree that allowed selection of predictors from the dichotomized rCBVNEL measure and various morphologic features listed in the methods above we found that the overall survival can be well described using the rCBVNEL measure with the high group further divided by the T1/FLAIR ratio (log-rank p=0.0228) with mixed and infiltrative descriptions having worse survival. Interestingly, the T1/FLAIR ratio is not significantly predictive of overall survival when used alone (p=0.288). Remarkably, this split shows a difference in median survival of over one year between the lowest (median 0.50 years, 95%CI: 0.37 - inf) and highest (median: 1.62 years, 95% CI: 1.14 - 2.27) groups. We also noticed that rCBVNEL remains a prognostic indicator within various patient groups which were stratified based on genomic expression, especially within the wild-type EGFR group (log-rank p=0.0085) compared to the altered group (log-rank p=0.6400).

Conclusion

Morphologic features of NEL and genomic alterations of the tumor provide important prognostic information, yet the additional information gained from the hemodynamic parameter of NEL (rCBVNEL) seems to make it a very important prognostic biomarker in patients with GBM. This analysis also raises the question if surgical resection for GBMs should extend beyond the CEL margins for better patient prognosis and also to have a better understanding of tumor biology, which in future may guide therapy decisions based on combined results of morphologic and physiologic phenotypic expression of the tumor as well as tumor genomics.

