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Purpose:
Chemoradiotherapy for brain neoplasmsis limited by neurocognitive impairment. The pathogenesis of this toxicity is poorly

understood, however, brain white matter is known to be especially radiation sensitive.” It is not known what regional variation thereis
in white matter degradation and how this might relate to neurocognitive impairment. Using diffusion tensor imaging, our aims are to
identify regional variation in white matter degradation following chemoradiotherapy, and investigate the use of specific diffusion
indices for distinguishing pathological processes.

Methods:

Fourteen brain metastasis patients receiving whol e brain radiation therapy with or without chemotherapy underwent diffusion tensor
imaging before radiation therapy (pre-RT), after completion of radiation therapy (end-RT), and one month following radiation therapy
(one month post-RT). Interval changesin fractional anisotropy (FA), radial diffusivity (RD), and axial diffusivity (AD) were analyzed
using voxelwise tract-based spatial statistics. Mean changes within fourteen volumes representing the major supratentorial white
matter structures were also determined, and variation in pre-RT to end-RT FA changes between structures was analyzed using
repeated-measures ANOV A and post hoc t-tests. Significance level was o = 0.05 after correction for multiple comparisons.

Results:

Between pre-RT and end-RT, 87.8% and 64.6% of white matter voxels showed significant decreases and increasesin FA and RD,
respectively. Especially large FA and RD changes were seen in the fornix, inferior and superior cingula, and corpus callosum (Fig. 1).
There were similar findings for pre-RT to one month post-RT changes. From pre-RT to one month post-RT, significant AD decreases
were seen in 12.9% of white matter voxels, especially in the superior cingula and the superior longitudinal fasciculi. There was a high
amount of spatial overlap between significant FA and RD changes and significant FA and AD changes, but there was virtually no
overlap between significant AD and RD changes (Fig. 2). Repeated-measures ANOV A revealed highly significant differences
between structures in pre-RT to end-RT FA changes. Post hoc comparisons showed that the inferior cingula had a significantly greater
pre-RT to end-RT FA decrease than nearly all other structures.

Conclusions:

Widespread changesin FA and RD were seen following treatment, likely representing early demyelination.? These changes were
prominent in two components of the limbic system, cingula and fornix, which may be relevant to treatment-induced neurocognitive
impairment.®> AD decreases likely representing axonal degradation and/or astrogliosis.? The lack spatial of overlap between RD and
AD changesimplies that these indices reflect distinct pathol ogic processes. Demonstration of preferential white matter damage in the
limbic circuit supports proposals to spare these radiation-sensitive structures® and the further development of imaging biomarkers for
treatment-induced neurocognitive impairment.® The temporal and spatial independence of AD and RD changes supports existing
evidence that these indices are associated with distinct pathological processes.

Figure 1. Pre-RT to end-RT significant FA changes. Figure 2. Pre-RT to one month post-RT diffusion index overlap.
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