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SynopsisSynopsis
The use of a fast, direct, Luminal Water Fraction fitting technique is compared with a more commonly used iterative method on data from 76 prostate cancer
patients with biopsy Gleason grade available. The fast method shows a similar Receiver Operating Characteristic Area Under the Curve (ROC-AUC) when used to
classify an image region as clinically significant or non-significant cancer.

IntroductionIntroduction
Luminal Water Fraction (LWF) in prostate cancer decreases with increasing Gleason grade [Sabouri]. LWF is computed by fitting the parameters of a tissue model to
signal measurements from a multi-echo sequence. It is desirable that the sequences used can cover the whole prostate in clinically reasonable scan times, and that
the fitting is rapid and reliable. 
The regularised non-negative least square (NNLS) algorithm [Bjarnason] is commonly used as a basis for fitting a distribution of T2s to the signal and the LWF is taken
to be the ratio of the area of the T2 distribution above a cut-off of 200 ms, to the area of the entire fitted distribution [Chan,Devine,Hectors]. The range of T2s in the
distribution may extend up to 2000 ms and early sequences used up to 64 echos to sample the signal decay curve out to long echo times. 

As tissues with any T2 above 200 ms are classified as "luminal", their exact T2 value is not important and it may be sufficient to use a shortened echo train with only 8
echos out to a longest echo time of about 250 ms. The time saved using a shorter echo train can be used to obtain sufficient slices for full prostate coverage.
Furthermore, because this sequence cannot then distinguish between different very long T2s, it may be adequate to assume a single long T2 for the fit, thus reducing
the number of fit unknowns. If a single short T2 is also assumed, the fitting can be reduced to just a determination of the amplitudes of two T2 components and this
can be done almost instantly by solving a system of linear equations [Atkinson]. In this abstract, we compare this rapid direct fit on 8-echo data to the slower NNLS
technique.

MethodsMethods
Patients provided written consent for research imaging as part of an ongoing study [Johnston] that included biopsy of men with a radiological Likert score of 3 (out of
5) or higher. A biopsy Gleason score of 3+3 or below was classed as not clinically significant (nPCA), and 3+4 or higher as clinically significant (csPCA). In the data used
here, there were 32 csPCA and 44 nPCA. LWF sequences for the quantitative evaluation were 32-echo (using only the first 8-echos), dTE = 31ms, 7 slices.
Visualisations are presented from an 8-echo, 17-slice sequence (in-plane resolution 1.5 mm) on additional patients. All data was acquired on a Philips 3T Achieva
using a cardiac receiver coil. A radiologist drew one ROI on the image from one echo of the LWF scan at the location of greatest radiological concern, using
information available from standard multi-parametric MRIs of each patient. 
The Luminal Water Fraction was fit using the NNLS algorithm with 200 T2 values spaced logarithmically from 10 ms to 2000 ms and the area under the fitted T2
distribution computed using trapezoidal integration. The area of the distribution above 200 ms was taken to be the luminal area. This fit is applied separately to each
voxel. An alternative direct fit was applied to signal with two unknowns per voxel - the amplitudes of a short T2 (50 ms) component and a long T2 component (300
ms). This is achieved in a single step by grouping all voxels into a matrix and using the MATLAB mldivide command.
ROC curves were calculated using the median LWF within each ROI. Confidence intervals for the ROC were estimated using the default parameters with the perfcurve
command (MATLAB 2021b) which uses a threshold averaging and bootstrap technique. 

ResultsResults
Box plots (25th-75th percentile) of the LWF within the lesion ROI for each subject were calculated from the first 8 echoes using the NNLS method and a histogram of
median ROI values are shown in Figure 1. Data from the rapid fit is shown in Figure 2. The greater spread of values for the NNLS method is likely due to the ill-posed
nature of the problem (many T2 distributions can give a similar prediction of the signal).
ROC curves for the two fits are shown in Figs 3 and 4. The ROC AUCs are 0.93 and 0.92 suggesting that the fit performance of each fit is similar.
Figure 5 shows example data from the 8-echo, 17 slice data for two patients.

Discussion and ConclusionDiscussion and Conclusion
Limitations: A single-centre, single-reader study with biopsy data only from men with a Likert score of 3 or higher. ROIs were identified using routine mpMRI scans
and the study does not evaluate the use of LWF as an isolated test. The ROC AUCs are in-sample estimates and further test data is required to assess the method
prospectively.

Reasons for mis-classification were not formally analysed, but some ROIs were noted to include tissue with both high and low LWF (the LWF maps were not used
during ROI placement) and the method appears to be better in focal peripheral zone lesions than larger regions located in the central and transition zones.

Our data from 76 patients suggests that a rapid LWF fitting achieves a near-instant fit with similar ability to discriminate clinically significant prostate cancer to a
slower, commonly used alternative. 
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Figure 1. Left. For every subject, LWF values within the
lesion ROI fit using the NNLS method. Filled box denotes

25th-75th percentile and circular marker with black dot the
median value for each subject. Subjects with a clinically

significant biopsy result are colored red and non-
significant cyan. Right. Histogram of median ROI values.

Horizontal black line denotes LWF threshold for a
sensitivity of 90% (see Fig 3).

Figure 2. Same as Figure 1 except using the rapid fit
method.

Figure 3. Receiver Operating Characteristic curve for the
NNLS fit method. Point closest to a sensitivity (true positive

rate) of 90% is shown. Red bars denote point confidence
intervals determined using threshold averaging and

bootstrap (MATLAB 2021b perfcurve command). The AUC
is 0.93 with confidence interval (0.83 - 0.97).

Figure 4. Same as Figure 3 except using the rapid fit
method. The AUC is 0.92 (0.85 - 0.96)

Figure 5. Example images from two patients acquired with
17 slice, 8-echo sequence at 1.5mm in plane resolution, fit

using the proposed rapid method. Top block show data
from a patient with Likert score 4 and negative biopsy. The

'1-LWF' row is an inverted LWF map where bright
corresponds to lower LWF (more likely to be tumour). The
colorscale for the LWF extends from green to red through
yellow, where yellow corresponds to the LWF value that

gives 90% sensitivity in Fig 4.
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