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Abstract

Background—New non-invasive methods are needed for sub-stratifying high-risk prostate
cancer patients. Magnetic resonance spectroscopic imaging (MRSI) maps metabolites in prostate
cancer, providing information on tumor aggressiveness and volume.

Purpose—To investigate the correlation between MRSI and treatment failure (TF) after radical
prostatectomy (RP).
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Methods—Two-hundred sixty-two patients who underwent endorectal MRI/MRSI followed by
RP at our institution from 2003 to 2007 were studied. MRI stage, number of voxels in the MRSI
index lesion (NILV), number of high-grade voxels (NHGV), and number of voxels containing
undetectable polyamines (NUPV) were derived. Clinical outcome was followed until August,
2014. Treatment failure was defined as 1) biochemical recurrence (BCR), 2) persistently
detectable PSA after RP, or 3) adjuvant therapy initiated in the absence of BCR. MRI/MRSI
features and clinical parameters were compared to TF by univariate Cox Proportional Hazards
Regression. After backward selection, each MRSI parameter was included in a separate regression
model adjusted for NCCN-based clinical risk score (CRS), number of biopsy cores positive
(NPC), and MRI stage.

Results—In univariate analysis, all clinical variables were associated with TF in addition to MRI
stage, NILV, NHGV, and NUPV. In multivariate analysis, NILV, NHGV, and NUPV were also
significant risk factors for TF (p=0.016, p=0.002, p=0.006, respectively). The association between
the number of tumor voxels with undetectable polyamines and the probability of treatment failure
has not been previously reported. The number of MRSI cancer voxels correlated with ECE (p <
0.0001).

Conclusions—MRSI was associated with post-radical prostatectomy treatment failure in models
adjusted for the number of positive biopsy cores and clinical risk score. This is the first report that
in radical prostatectomy patients MRSI has an association with treatment failure independent of
the number of positive biopsy cores. MRSI may help the clinician determine whether patients with
high risk disease who undergo RP are candidates for specialized additional treatment.
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1. Introduction

Prostate cancer (PCa) is the most common cancer in males and the second leading cause of
cancer deaths in the U.S. [1]. Candidates for radical prostatectomy (RP) may have clinically
low, intermediate, or high-risk disease and further prognostic data would aid the physician
making treatment decisions [2,3]. Proton MR spectroscopic imaging (*H-MRSI) permits the
analysis of metabolism as reflected by the levels of choline-containing compounds,
polyamines (spermine and spermidine), creatine, and citrate in PCa [4]. As a result,
prognosis-related features such as extracapsular extension (ECE) [5] and Gleason score [6—
8] have been linked to MRSI, and several studies have suggested a correlation between
MRSI and clinical outcome [9-11]. In 2010, Zakian, et. al. reported that both the degree of
abnormality in the ratio of total choline plus creatine to citrate (CC/C) and the MRSI tumor
volume correlated with biochemical failure after RP in 130 patients [9]. A similar result was
reported in 67 patients treated with radiation therapy [10]. However, relatively coarse spatial
resolution, long scan times and the widespread implementation of diffusion-weighted
imaging (DW-MRI) have mitigated interest in proton MRSI of the prostate.

In this study, we sought to confirm the prognostic potential of IH-MRSI in a large surgical
population with long-term followup. To this end, we retrospectively examined MRSI data
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from 403 subjects who underwent endorectal MRI/MRSI followed by radical prostatectomy.
The MRI/MRSI data were included with patient clinical data in predictive models of
treatment failure. Because of the widespread availability of individual biopsy core
information, we included the numbers of positive and negative cores in our analysis to
determine the value of MRSI metabolic data in the presence of this information.

2. Material and Methods

2.1 Data Collection

Our population consisted of 403 consecutive patients who were scheduled to undergo
endorectal MRI/MRSI followed by RP from July 2003 to December 2007. At that time, all
patients referred for MRI were scheduled for combined MRI/MRSI. One-hundred forty-one
subjects were excluded for technical or clinical reasons as follows: a) prior treatment for
PCa including neoadjuvant hormonal therapy (N = 28), b) non-commercial software used for
MRSI (N = 37), ¢) MRSI portion not performed due to the presence of a metallic hip
implant or patient discomfort leading to early exam termination (N = 15), d) data not
retrievable (N = 5), e) MRI reader data unavailable (N = 4), f) clinical followup or pathology
data unavailable (N = 8), g) biopsy < 3 weeks prior to MRI (N = 2), h) no prior positive
biopsy (N = 2), i) data acquisition error (N = 3), and j) MRSI data unusable due undetectable
metabolites and/or artifact including motion and lipid contamination (N = 37). The MRSI-
specific factors i ) and j) resulted in the exclusion of 40 patients (10% of the study
population). A retrospective waiver of authorization was granted by our institutional review
board and the study was HIPAA-compliant.

Endorectal MRI/MRSI was performed on a 1.5T scanner (Excite, G.E. Medical Systems,
Waukeshau, WI). Diagnostic imaging consisted of 2D multi-slice axial T1-weighted images
(TR/TE = 400-700/10-14 msec, slice thickness =5 mm, inter-slice gap = 0 mm, field of
view [FOV] = 24-26 cm, matrix 256x192), and 2D axial, coronal, and sagittal T2-weighted
fast spin-echo images (TR/effective TE = 4400/102 msec, echo train length = 12, slice
thickness = 3 mm, inter-slice gap = 0 mm, FOV = 14 cm, matrix = 256x192, excitations =
4). Following diagnostic MR imaging, MRSI was performed using a commercially available
prostate MRSI acquisition package (PROSE, General Electric, Waukeshau, WI) which
incorporated double spin-echo excitation [12] with spectral-spatial localization pulses [13].
Using 3-dimensional phase-encoding, voxel grids of 16x8x8 samples were acquired in 17
minutes with the following acquisition parameters: spectral width = 2500, time samples =
512, TR = 1000 ms, TE = 130 ms, 1 acquisition, spectroscopic volume of interest = 11.0 x
5.5 x 5.5 cm3, spatial resolution = 6.9 mm). The MRSI acquisition technique did not change
over the study period.

The MRSI data were processed offline on a G.E. Advantage Workstation using the Functool
software (G.E. Medical Systems, Waukeshau, W1). During post-processing, data were zero-
filled to 3 mm resolution in the superior-inferior direction and 1024 points in the spectral
dimension, Fourier transformed, automatically phased, and baseline corrected. Manual
phasing and peak alignment were performed if necessary. Numerical integration of
metabolite regions of interest was performed to determine peak areas. Voxels adjacent to the
ejaculatory ducts or prostatic urethra demonstrating elevated choline were assumed to reflect
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glycerophosphocholine in seminal fluid and were excluded from analysis. Each patient’s
MRSI data set was assigned a data quality score based on the percentage of voxels which
had interpretable levels of metabolites and no lipid contamination or baseline artifact. A data
quality score of O corresponded to fewer than 25% of voxels interpretable, while scores of 1,
2, and 3 corresponded to 25-50%, 50-75%, and 75-100% voxels interpretable, respectively.
Patients having a data quality score of O were eliminated from the analysis.

2.2 Cancer identification on imaging and pathology

All MRI examinations were interpreted by members of our Genitourinary (GU) Radiology
team who had a minimum of 3 years of experience interpreting endorectal MRI [14]. Based
on the Radiologist’s report, each patient was assigned a MRI stage score indicating the
extent of disease (scale 1-7) (see Appendix) [15]. MRSI spectral grids were overlaid on
corresponding axial-T2 weighted images as in Figure 1a. Cancerous voxels were identified
based on previously published criteria [16] by a single MR spectroscopist with greater than
10 years of experience in prostate cancer. The sextant, zone, and anterior/posterior location
of each MRSI lesion were recorded. Each tumor voxel was assigned a high, intermediate, or
low MRSI grade based on CC/C value (low grade: CC/C 0.5 < CC/C < 0.7, intermediate
grade: 0.7 < CC/C < 3.0, high grade: CC/C = 3.0) see Appendix [11]. We also recorded a
relative polyamine (PA) score which ranged from 0 (PA peak undetectable) through 2 (PA
peak = tCho peak). Figure 1B includes spectra with increasing metabolic abnormality
indicated by increasing total choline (tCho) and decreasing levels of polyamines and citrate.
The MRSI “index lesion” [9] was defined as the largest cluster of adjoining cancer voxels.

The prostatectomy specimen whole-mount preparation has been described previously [7]. A
genitourinary pathologist with >10 years of experience outlined cancer foci in fixed, stained,
microsections using green ink for predominantly Gleason score 3 morphology and black for
predominantly Gleason score = 4 morphology. Figure 1C contains the whole-mount prostate
tumor map corresponding to the prostate section image in Figure 1A. After photography and
digitization, tumor volumes were calculated using ImageJ [17].

A GU radiologist who did not participate in the original MRI readings determined the
coincidence between the MRSI lesions and pathologic lesions using methodology published
previously [18]. The radiologist was provided with spectral grids which indicated the
location of cancer voxels. These were compared to the pathologic tumor maps to determine
whether the MRSI-detected lesion matched a pathologic lesion.

2.3 Clinical Data and Treatment Failure

Clinical data including age, clinical stage, PSA value, biopsy Gleason score, and number of
positive and negative biopsy cores were obtained from a hospital database. We assigned each
patient a clinical risk score (CRS) (low, medium, or high) based on the NCCN guidelines
[19]. The NCCN CRS is generated from a weighted combination of baseline values of PSA,
clinical stage, and biopsy Gleason score to help patients and physicians make treatment
decisions (See Appendix). After radical prostatectomy, PSA testing was performed every 6—
12 months. Treatment failure (TF) was defined as 1) biochemical recurrence (BCR), 2)
persistently detectable PSA after RP, or 3) adjuvant therapy initiated in the absence of BCR.
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A patient was considered to have BCR if, after achievement of a non-detectable PSA, the
PSA rose to = 0.1 ng/mL and remained = 0.1 ng/mL on repeat assessment. The BCR date
was the date of the first PSA > 0.1 ng/mL. For persistently detectable PSA after RP, the date
of failure was the date of the initial post-surgical PSA measurement. All patients in category
(3) were treated with androgen deprivation or radiation therapy due to high-risk surgical
pathology features including positive margins and/or positive lymph nodes. The failure date
for these patients was the first day of adjuvant therapy. The end date for reporting was
August 27, 2014.

2.4 Statistical Analysis

3. Results

MRSI parameters were compared to pathologic lesion Gleason score using univariate ordinal
logistic regression for clustered data, adjusting for multiple measurements per patient.
Parameters examined were the number of voxels in each index lesion including all MRSI
grades (NILV), number of high-grade voxels (NHGV) and number of undetectable
polyamine voxels (NUPV). The pathologic Gleason scores were assigned as: 0 (negative on
pathology), < 3+4 and >3+4.

The relationship between the presence of ECE and NILV was assessed with univariate
logistic regression on a per patient basis. For the purpose of comparing MR parameters to
TF, biopsy Gleason score was dichotomized to < 3+4 or >3+4, and clinical stage to T1-T2
or T3-T4. All other variables were treated as continuous measurements. Univariate Cox
proportional hazards regression assessed the relationship between clinical, demographic and
imaging variables and TF. Time to treatment failure (TTF) was defined as the interval
between prostatectomy and TF date or last follow-up date. Patients without TF were
censored at last follow-up. We graphically assessed the univariate relationship between
NILV and TF using Kaplan-Meier curves and corresponding log-rank test, dichotomizing
NILV into < 4 voxels vs. = 4 voxels based on a previous finding that index lesions consisting
of 4 or more voxels conferred a greater risk of biochemical recurrence [9].

Multicollinearity was examined among MRSI variables. We ran separate Cox proportional
models for each MRSI parameter adjusting for clinical parameters and MRI stage. To
determine appropriate clinical parameters, backward selection methods were employed on
the following clinical variables with a=0.01 as the elimination criterion: age, number of
negative biopsy cores, number of positive cores, percent of cores positive, and NCCN-based
CRS. P-values < 0.05 were considered statistically significant. Harrell’s c-index was used to
assess the discriminatory ability of the multivariable models. Analyses were performed
using SAS 9.2 (SAS Institute, Cary, NC) and Stata SE 12 (StataCorp, College Station, TX
USA).

3.1 Clinical and Imaging Summary

The clinical characteristics of the 262 patients are described in Table 1. The majority of
patients were clinical stage T1c (59.6%) and had biopsy Gleason score = 3+3 (67.94%).
Using NCCN-based risk guidelines, 132 patients (50%) were classified as clinically low

Magn Reson Imaging. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zakian et al.

Page 6

risk, 102 patients (39%) were in the intermediate risk category, and 28 (11%) were high-risk.
Table 2 summarizes the clinical outcome. With a median follow up time of 57.6 months
(range: 0.1-124.2 months), 35 (13.4%) patients experienced treatment failure with
biochemical recurrence being the most common type of TF.

Table 3 contains the MRSI index lesion characteristics and the MRI stage for these patients.
One-hundred seventy-two patients (66%) had < 4 voxels per index lesion while 90 (34%)
had NILV = 4. The median number of voxels in the index lesion (NILV) was 3 (range 1-79)
indicating an approximate median index lesion volume of 0.428 mm3 based on an individual
nominal voxel size of 0.143 cm3. The majority of MRS lesions were located in the
peripheral zone or bridged the peripheral and transition zones. Because of the very low
number of TZ tumors, segregation by zone in the treatment failure predictive models was not
possible and the tumors for all zones were grouped together. Two-hundred thirty-five
patients (90%) had low MRI stage disease (stage 1-3) while 27 (10%) had high MRI stage
disease (stage 4-7).

3.2 MRI/MRSI comparison to clinical results

NILV was positively associated with the lesion Gleason score on whole-mount surgical
pathology (p=0.0002); however, the lesion Gleason score was not correlated with NHGV
(p=0.28), nor NUPV (p=0.055). ECE was positively associated with the total number of
cancer voxels detected by MRSI (p<0.0001).

In the univariate survival analyses, as shown in Table 4, all standard clinical variables as well
as the NCCN-based risk score were associated with TF (p < 0.0001 — p = 0.025). In addition
the number of negative biopsy cores (NNC) (p = 0.003), number of positive cores (NPC) (p
< 0.0001), and percent of cores positive (p < 0.0001) were associated with treatment failure.
Patients with clinical stage 3 or 4 had a higher risk of TF than lower stage patients, and those
with biopsy Gleason score >3+4 had a higher risk of TF than those with a lower score.
Patients in the NCCN-based high risk category had 15 times the probability of TF compared
to the low risk group [95% ClI: 6.29 —37.48]. MRI stage was associated with TF (p < 0.0001)
as were the MRSI measures NILV, NHGV, and NUPV (all p < 0.0001). There were 227
patients who did not have treatment failure and 35 who failed. One-hundred fifty-nine of the
non-failures had NILV < 4 while 68 had NILV > 4. Of the 35 patients with TF, 13 had NILV
<4 voxels and 22 had NILV = 4. Patients with NILV = 4 had significantly shorter TTF than
those with smaller MRSI index lesions (p < 0.0001) (Figure 2). There was no difference in
TTF when the large index lesion group (NILV = 4 voxels) was sub-stratified according to the
presence or absence of at least one high-grade voxel (p = 0.500).

Based on the backward selection model, the NCCN-based clinical risk score and number of
positive biopsy cores were included as predictors in the multivariate models which
incorporated MRI and MRSI findings (Table 5). In model 1 (clinical model), both clinical
risk score (p < 0.0001) and number of positive biopsy cores (p = 0.0004) were significantly
associated with the probability of TF. MRI stage was significant (p = 0.038) when added to
the clinical data (model 2). In models 3, 4, and 5, NILV (p = 0.016), NHGV (p=0.002), and
NUPV (p = 0.006) were separately added to model 2 and remained significant. The c-index
for model 1 was 0.79. For models 3-5 when MRI and MRSI information were added to the
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model, regardless of which MRSI parameters were included, the c-index was approximately
0.81 suggesting that joint information about MRI and MRSI may be predictive of treatment
failure. This observation needs to be confirmed, however, in a larger, independent study.

4 Discussion

In 262 patients, our study found that the number of voxels in the pretreatment MRSI index
lesion was a significant risk factor for treatment failure after radical prostatectomy in a
model including NCCN-based clinical risk score and number of positive biopsy cores. This
is the largest study to date relating MRSI data to long-term clinical outcome in prostate
cancer. Both NUPV and NHGV were also significantly associated with TF. The association
between the number of lesion voxels with undetectable polyamines (NUPV) and treatment
failure has not been previously reported. Our results indicate that TTF is shorter in patients
with MRSI index lesions comprised of = 4 voxels, in agreement with a prior study in a
separate, smaller patient population [9]. We further demonstrated that an increased number
of cancer voxels was associated with ECE, supporting a previous report [5].

We and others have reported a correlation between MRSI-measured metabolite ratios
containing total choline, creatine, and citrate and the pathologic Gleason score [6-8,20], and
ex vivotissue studies have related spermine, citrate, and choline-containing compounds to
Gleason grade [21,22]. These data support our hypothesis that the metabolic information
provided by MRSI helps predict TF by reflecting both lesion aggressiveness and volume.
The new finding that the number of index lesion voxels with undetectable polyamines is
associated with treatment failure tends to agree with the previously shown relationship to
aggressiveness [21] which may be due to the loss of glandular tissue when tumor is present.

The finding that MRSI parameters remained significantly associated with treatment failure
in models including the number of positive biopsy cores in addition to standard clinical
parameters, has not been previously reported. This suggests that whole-gland coverage by
MRSI provides an advantage over biopsy where the number of samples is limited. In
contrast to our previous study [9], the presence of one or more high-grade voxels in large
MRSI lesions did not increase the risk of TF. It is possible that the finding in the initial study
with fewer patients and fewer treatment failures was fortuitous. With its relatively coarse
spatial resolution, 1H-MRSI has been shown to be of limited value in low-risk, low volume
prostate cancer [7]. Our finding that metabolic tumor volume is associated with treatment
failure suggests that 'H-MRSI may have utility for identifying patients in the intermediate or
high risk category who are most likely to experience treatment failure. Further, in patients
with intermediate and high risk disease, ECE has been shown to be a strong predictor of
BCR and metastases after RP [23], and we noted a correlation between the number of index
lesion voxels and ECE. To enhance the chance of long-term survival in high-risk patients,
new treatment options including pre-surgical systemic chemotherapy, hormonal therapy, and
targeted agents are being investigated [24]. A recent study suggested that high-risk patients
undergoing RP should be further stratified based on primary Gleason pattern and the number
of high-risk criteria [3]. By noninvasively providing metabolic information reflecting
Gleason score and tumor volume, MRSI may have the ability to aid in substratification of
these patients.
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A limited number of studies have assessed the ability of other MRI contrast modalities to
predict treatment failure after RP [15,25]. A much larger number of studies have attempted
to correlate MR imaging findings with tumor aggressiveness, and a comprehensive review is
beyond the scope of this manuscript. Diffusion weighted MRI (DW-MRI) and corresponding
apparent diffusion coefficient (ADC) maps have shown promise [26-31], and combined
ADC and MRSI data have also been examined [20,26] although there is ho consensus on
whether the combination improves predictive power. The evidence that ADC correlates with
PCa aggressiveness suggests that DWI data may correlate with long-term outcome. One of
the major weaknesses of our current study was the lack of diffusion data. This was due to the
fact that DWI was not standard-of-care when patient accrual began. As the metabolic tumor
volume was found to be predictive of treatment failure, it would be extremely valuable to
evaluate both MRSI tumor volume and DWI tumor volume as predictors of TF in the same
patient population.

The study had several other limitations. The retrospective nature of the study introduces the
potential for inherent biases. Because of the limited number of patients with high-grade
tumors, we dichotomized Gleason score into < 3+4 and >3+4 groups rather than segregating
further. Our inclusion of 6 patients in the TF category who were given adjuvant therapy in
the absence of BCR may have led to an overestimation of failure events. However, the
treating physicians determined that these patients were at very high risk for failure given
their surgical pathology results.

Multiple improvements in prostate 1H-MRSI have occurred since the acquisition of the data
for this study. Three-Tesla scanners are widely available and the increased signal due to
higher field strength could be employed to shorten scan time, improve spatial resolution, or
improve spectral quality. Optimized acquisition protocols including weighted k-space
sampling and compressed sensing may reduce scan times without loss of spectral quality and
may permit 1H-MRSI without an endorectal coil [32-34]. These results suggest that 1H-
MRSI could be integrated with other MR imaging contrast modalities to provide optimal
predictive data in a clinically acceptable scan time. To overcome the need for expertise

in TH-MRSI interpretation, automated spectral interpretation methodologies are being
investigated [35,36]. Alternatively, the advent of hyperpolarized 13C-MRSI has brought
about the introduction of new techniques and tracers which may permit rapid measurement
of prostate cancer metabolism [37]. These developments suggest that the non-invasive
measurement of metabolic tumor volume could be incorporated into clinical practice.

5. Conclusions

We have shown in a population of 262 patients with up to 10 years of follow-up that the
MRSI-detected metabolic tumor volume is significantly associated with treatment failure
after radical prostatectomy. By noninvasively providing metabolic information reflecting
both tumor aggressiveness and volume, MRSI may help to identify patients with very high
risk of treatment failure who might benefit from new agents and therapeutic clinical trials.
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Abbreviations

BCR biochemical recurrence
CCi/C ratio of total choline plus creatine to citrate
CRS clinical risk score
DW-MRI diffusion-weighted MRI
ECE extracapsular extension
MRSI magnetic resonance spectroscopic imaging
NCCN National Comprehensive Care Network
NHGV number of high-grade voxels
NILV number of index lesion voxels
NPC number of positive biopsy core
NUPV number of voxels with undetectable polyamines
PA polyamines
PCa prostate cancer
PSA prostate-specific antigen
RP radical prostatectomy
tCho total choline
TF treatment failure
TTF time to treatment failure
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5. Appendix

5.1 Assignment of MRI stage score

Using the MRI exam report in the patient’s clinical record, each patient was assigned a MRI
stage score based on a 7-point scale with the following values: 1) No Tumor Seen, 2) Tumor
Seen; No extracapsular extension (ECE), 3) Can’t Rule Out ECE, 4) Unilateral ECE, 5)
Bilateral ECE, 6) Seminal Vesicle Invasion, and 7) Lymph Node Invasion.

5.2 Assignment of MRSI grade to spectrum

Each tumor voxel was assigned a high, intermediate, or low MRSI grade based on CC/C
value (low grade: CC/C 0.5 < CC/C < 0.7, intermediate grade: 0.7 < CC/C < 3.0, high grade:
CC/C = 3.0). Below are examples of spectra corresponding to each grade.
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5.3 Assignment of NCCN-based Clinical Risk Score (CRS)

In patients with non-metastatic prostate cancer, the NCCN assigns 5 risk groups based on
biopsy Gleason score, clinical stage, PSA, and biopsy core data when available: very low,
low, intermediate, high, and very high [17]. The very low risk group is differentiated from
the low risk group using biopsy core information, while the high and very high risk groups
are differentiated by clinical stage (T3b or T4 indicates very high risk (locally advanced)).
For the purposes of our study we used a simplified, 3-level risk assignment (low,
intermediate, high) which combines the NCCN very low and low risk groups, and the high
and very high risk groups. Our low risk group includes patients with clinical stage T1c or
T2a disease, biopsy Gleason score < 6 and PSA < 10 ng/mL. The intermediate group has
clinical stage T2b or T2c, or PSA 10-20 ng/mL or biopsy Gleason score = 7. Our high risk
group is characterized by clinical stage = T3a, PSA = 20 ng/mL, or biopsy Gleason score =

8.
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Figure 1.
A) Example of MRSI voxel grid overlaid on a T2-weighted image of the prostate gland in a

patient with prostate cancer. The voxels with metabolite levels indicating cancer are outlined
in red. C) Examples of spectra from healthy peripheral zone (left) and prostate cancer
(center, right). The healthy peripheral zone spectrum demonstrates a high citrate peak (Cit),
as well as choline-containing compounds (tCho), polyamines (PA), and creatine/
phosphocreatine (Cr). The central voxel spectrum has reduced polyamines and citrate
relative to choline and was considered intermediate grade. The spectrum in the voxel on the
right contains elevated choline and undetectable polyamines and was considered high grade.
C) Whole-mount histopathology section of the prostate corresponding to the image in (A).
The region outlined in black is the dominant lesion which has Gleason score = 4+4. Within
the lesion, there is artifact where fresh tissue was sampled at the time of surgery.
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Figure 2.

Results of Kaplan-Meier analysis of the association between time to treatment-failure and

the number of voxels in the MRSI index lesion (NILV). The group with greater MRSI tumor
volume as represented by NILV had significantly shorter time to treatment-failure (p <
0.0001)
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Clinical descriptive statistics (N=262 patients).

Age at Diagnosis (years)
Pre-Biopsy PSA (ng/mL)
Clinical Stage

TIc

T2 unspecified

T2a

T2b

T2c

73a

T3b

74
Biopsy Gleason Score

3+3

3+4

4+3

4+4

4+5

Median
58.8
4.9
Number
155
6
32
16
35
15
1
2
Number
178
49
22
10
3
Median

Number of Negative Cores (NNC) 9.0
Number of Positive Cores (NPC) 2.0

Percent of Cores Positive

20.0

Range
39.6-724
0.8-35.9
%
59.16
2.29
12.21
6.11
13.36
573
0.38
0.76
%
67.94
18.70
8.40
382
1.14
Range
0.0-29.0
1.0-14.0
3.7-100.0
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Clinical Outcome in 262 patients.

Table 2

Median
Follow-up time (months) 57.6
Time to failure (months) 16.3
Outcome N
No Failure 227
Treatment Failure 35
Failure Type N
BCR 19
Persistently Detectable PSA after RP 10
Adjuvant Treatment without BCR 6

Range
0.1-124.2
0.2-74.8
%
86.64
13.36
%
7.25
3.82
2.29
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MRSI Index Lesion descriptive statistics and MRI stage in 262 patients. IQR = interquartile range.

Table 3

MRS Index Lesions-total voxels

MRS/ Index Lesion Voxel Characteristics

MRSI Index Lesion Zonal Location

MRS/ Data Quality Score

MR Stage

No lesion (0 voxels)
Lesions with 1-3 voxels

Lesions with > 4 voxels

Number of voxels (NILV)

Number of high grade voxels (NHGV)
Number of voxels with undetectable
polyamines (NUPV)

Peripheral Zone
Transition Zone
Both PZ and TZ

No Lesion

~N oo o A W N -

N

79

93

90
median
3

0

0

143
14
26
79

51
119
92

29
130
76
18

%
30.1
35.5
344
range
1-79
0-55
0-63

%
54.6
5.4
9.9
30.1

195
45.4
35.1

11.06
49.62
29.01
6.87
0.38
1.91
1.14

IQR
2.0-7.0
2.0-8.0
1.0-6.0
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