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Introduction: Treatment with radiation and chemotherapy may result in gliosis, edema and necrosis, which can mimic tumor recurrence in standard
MR images. Differentiating between these effects is a critical central challenge in neuro-oncology [1]. Acquisition of image guided tissue samples
can enable the association of pathological properties of the tissue with pre-surgical MR parameters [2]. Ex vivo spectroscopy also offers direct
association of pathology with a wide range of cellular metabolites [3]. The purpose of this study was to evaluate which in vivo and ex vivo MR
parameters were abl e to distinguish between tumor and treatment effect for patients with GBM.
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DTl sequence. Maps of peak height
(PH), recirculation factor (RF), and percent recovery to baseline (RECOV) were estimated from the DSC susceptibility curves. The amplitudes of
peaks corresponding to choline (Cho), creatine (Cr), N-acetylaspartate (NAA), lactate (Lac), and lipid (Lip) were estimated from the MRSI data
One to four image-guided tissue samples (about 5mm-diameter, 50mg) were collected from regions that were suspicious for recurrent tumor based on
in vivo MRI features. Samples were divided into two parts, one was fixed for histological analysis and the other frozen for analysis using high-
resolution magic angle spinning (HRMAS) spectroscopy. The ex vivo HRMAS data were acquired at 11.7 T using a Varian INOVA spectrometer
equipped with a gHX gradient nanoprobe. The data were then processed using JMRUI and a customized QUEST fitting algorithm to estimate
metabolite concentrations.

Analysis: MRI analysis: Tissue coordinates were used to define spherical ROIs of 5mm in diameter. Median values of MRI parameters were
therefore calculated within each ROIs. Histopathology: Tissue slides were given a tumor cellularity score ranging from 0~3 by a board certified
pathologist based on the contribution of tumor cellularity to total cellularity. Samples with atumor score of 0 were considered to be non-tumor (NT)
and those with a score of 2 or 3 to be tumor (TM). Samples with a score of 1 were excluded to avoid ambiguity. Statistical Analysis: A generalized
estimated equation (GEE) was performed to estimate the coefficient of each MRI variables and its associated categories (NT or TM). GEE accounts
for the fact that multiple samples were taken from the same patient. Field strength and flip angles were adjusted for related parameters.

Results: Summary statistics for MRI values between the NT and TM groups are shown in Table 1. PH was found to be higher in the TM group (p <
.02). Both in vivo MRSI and ex vivo HRMAS showed significantly lower NAA in the TM group (p <.02 and p <.001 respectively). HRMAS aso
showed lower Cr in the TM group (p <.04). By only looking at samples acquired from contrast-enhancing lesions (CE), ADC was found to be lower
(p <.05) and PH was higher (p <.04) in the TM group. Ex vivo NAA was a so lower in the TM group (p <.02).
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Table 1. Summary of MR parameters found to be significantly different Figure 2. Box-plot of overall significant MR parametersin NT and TM
between samples classified as TM and NT. groups.

Discussion: Our results showed the ability of PH, in vivo NAA, ex vivo NAA and Cr in differentiating tumor recurrence from treatment effect, which
is consistent with the clinical findings that tumor recurrence has elevated angiogenesis and causes more neurona disruption. It should be noted that
there is overlap between the two groups for these parameters (see Figure 2), which suggests that future studies should consider using a multi-variate
index to map out regions of recurrent tumor.
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