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Purpose

Functional diffusion mapping (fDM) is a promising new technique for monitoring glioblastoma (GBM) therapy [1,2]. Traditionally, functional diffusion maps are
derived using diffusion magnetic resonance imaging at two imaging time points - one before therapy onset and one intra- or post-therapy (typically 4-6 weeks). From
these, treatment response is assessed by quantifying changes in the apparent diffusion coefficient (ADC) values between the two time points. In our study, we have
extended the fDM analysis to assess early longitudinal changes in ADC using multiple early time points instead of the previous “snapshot”.
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Figure 1: Example of pre and post-treatment pixel distribution (FLAIR ROI)

Results

Figure 2 shows resulting relative color-coded ADC regions from CE-T1 for the short (Fig 2A) and long (Fig 2B) survival groups. Here, compared to group B, the
relative amount of green voxels (voxels with no change in ADC) in group A decreased significantly over time (P<0.01; at week 5 and onwards). Correspondingly, the
relative amount of light blue voxels for group A increased significantly over time (P<0.01; at week 4 and onwards) as well as the amount of blue voxels (P<0.001; all
visits included). We found similar results for FLAIR ROlIs; the relative amount of green voxels in group A decreased significantly compared to group B (P<0.05; all
visits included) and the relative amount of blue voxels increased significantly (P<0.01; all visits included).
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100% 100%  Figure 2: CE T1 ROI results shown. The individual
color groups follow the same trend until week 4,
after which the relative amount of light blue voxels
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Discussion

Serial graded functional diffusion maps provide a new insight into a glioblastoma patient’s response to therapy. It is challenging to choose one early time-point that
would accurately predict the response to therapy, because the timing of significant changes (anti-vascular effect vs anti-tumor effect) is strongly dependent on the type
of therapy. By looking at multiple time-points, our longitudinal assessment allows us to show early trends rather than one-time imaging changes. We observed that the
continuous relative decrease in ADC (light blue and blue regions) as shown by longitudinal fDM is associated with shorter survival (possibly reflecting infiltrative
tumor growth). Also, as confirmed by others, a relative higher number of voxels that change group status (i.e. green to blue) seem to be associated with shorter survival
[2,3]. This work demonstrates that these trends can be distinguished as early as 4 weeks after treatment onset. We acknowledge the limitation of traditional automated
registration algorithms for registering voxels from different time points in a brain experiencing substantial anatomical changes (either from tumor/edema shrinkage or
expansion), and in fact, visual interpretation of these fDM reveals that a percentage of the changing voxels in the population occur in the periphery of the tumor,
suggesting that this technique may be directly sensitive to volumetric changes in the tumor. We find this to be a positive discovery, potentially providing a method that
is capable of sensitively extracting this feature. In fact, future work such as evaluation of the spatial relationships of the graded fDM maps might highlight these effects
and provide yet a more robust and specific feature for volumetric tumor changes.
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