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Introduction


The data analysis consists primarily of three different areas: 1) Image analysis. 2) ADC determination. 3) Receiver Operating Characteristics (ROC).  These are discussed below.

Functool


The 3.0 T GE machine from which all of the data for this study will be obtained has a software package called ‘Functool’ that runs on the Solaris workstations that are networked to it.  This package has a substantial amount of  capability for determining ADC values and metabolite ratios, as discussed below.  However, a drawback of this package is a lack of transparency regarding how, e.g., noise is dealt with.  In view of this fact, we will conduct our own determination of ADC values and metabolite ratios, in addition to utilizing the Functool capabilities.  

In Figure 1, a 49 voxel slice MRS spectra of the PI is shown superimposed on a T2 weighted MRI scan.  In Figure 2, an individual voxel from the same MRS spectra is shown.
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Figure 1: 49 Voxel MRS slice from the PI.
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                                          Figure 2: Individual MRS spectra from the PI.

     Functool has the capability of determining the Choline (Cho), Creatin (Cr) and N-Acetyl Aspartate (NAA) ratios automatically from these spectra.  However, to be certain of the accuracy of  the Functool method, we will initially export these spectra into data files and fit these spectra manually using, e.g., the software packages MATLAB and/or IDL.  After fitting the spectra, the ratios will be determined by finding the areas and dividing.

Apparent Diffusion Coefficient
     To determine values of  the Apparent Diffusion Coefficient of water (ADCW), we plan on creating histograms of pixel intensity for each Region Of Interest (ROI), and manually circumscribing the ROIs across slices.  Average values of signal intensity will be obtained from these histograms, and then compared to the signal intensity with no diffusion weighting (b=0).  To obtain ADCW, a least squares fit to ln(Ii/ Io) = -biADCw will be made, where the y intercept is forced to be zero (ln(1) = 0).  This process is depicted in Figure 3 (1).
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Figure 3: Breast liver met circled bottom left.  No diffusion weighting (b=0) is baseline, top left. Most diffusion weighting (b=450s/mm2), top right. ADCW is slope of plot (-D in figure), bottom right (1).


Perhaps for simplicity, error bars have been omitted from this graph.  A more realistic picture is shown in Figure 4.  As can be seen in this picture, the slope of the plot (the ADC value) is obtained from performing a weighted least squares fit of the line to the data.  Assuming a linear equation, linear regression is used to obtain the slope, along with the estimated uncertainty in it (2).
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Figure 4: Plot from which the ADC value is obtained.


Similar to the metabolite ratios, we will, in addition to what Functool automatically calculates, determine our own ADC estimates using b values of 0 (no diffusion weighting), 500 and 1,000 s/mm2.

Receiver Operating Characteristics


Our ultimate goal in this study is to help facilitate non-invasive definitive diagnosis of gliomas.  To this end, we will implement Receiver Operating Characteristics (ROC) to obtain sensitivity and specificity values for MRS and DWMRI as they relate to this diagnosis.


As indicated in the ‘Experimental Methodology’ section, we do not plan on compelling additional histology, above and beyond what is ordered in the normal standard of care, for patients that choose to enroll in this imaging protocol.  We realize that the current ‘gold standard’ for definitive glioma diagnosis is a pathologic examination of tissue samples obtained from biopsy.  With this in mind, we will analyze histological data as they become available, and look for statistically significant (p < 0.05) correlations between recurrent disease, RIN, ADC value change and/or metabolite ratio change.

Conclusion


The data analysis for this study will be a very challenging, but essential part of the whole endeavor.  
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