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Abstract
Purpose—Radical prostatectomy (RP)has significant side effects. Pre-operative information
which could predict the long-term outcome of RP would be valuable to both patient and physician.
The purpose of this study was to determine whether pre-treatment endorectal MRI/MRSI has the
potential to predict biochemical recurrence (BCR) after RP.

Materials and Methods—130 of 202 patients who had endorectal MRI/MRSI from January
2000 to December 2002 followed by RP satisfied all inclusion criteria and were included in the
analysis. MRI and MRSI factors with potential predictive capability were compared to BCR data.
These included MRI risk score based on local extent of disease, and MRSI index lesion
characteristics including the number of voxels and degree of metabolic abnormality (MRSI grade).
Associations between MRI and MRSI variables and time-to-BCR were evaluated using Cox
Proportional Hazards regression, adjusting for known predictors of BCR such as stage, grade, and
PSA.

Results—Within a median followup period of 68 months, there were 26 biochemical failures.
MRI risk score, MRSI index lesion volume and presence of high grade voxels each correlated with
time-to-BCR. In a model which combined clinical parameters, MRI score, MRSI lesion volume
and the presence of at least one high grade voxel, the MRSI variables remained significant
whereas the MRI score dropped out.

Conclusions—MRSI index lesion volume and the presence of high grade MRSI voxels
correlate with time-to-BCR after radical prostatectomy even when adjusted for clinical data. These
results suggest pre-operative predictive utility for endorectal MRI/MRSI in patients considering
radical prostatectomy.
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Introduction
The most widely employed tools for pre-operatively predicting outcome after radical
prostatectomy are nomograms 1–3 and incorporation of pathological information obtained at
surgery improves predictive ability 3–5. Thus, a pre-operative assay which provided
surrogate data for pathological factors could improve pre-surgical prediction of recurrence.
Endorectal MRI permits the assessment of prostate cancer location and disease extent, and
contributes information related to pathological stage 6–7. Proton magnetic resonance
spectroscopic imaging (MRSI)detects metabolic abnormalities in prostate tumors which
reflect both lesion size and aggressiveness of the disease 8–9. The cohort of patients
described herein underwent pre-treatment endorectal MRI/MRSI of the prostate in the years
2000–2002. In an initial analysis, we found that both the ratio of choline plus creatine to
citrate ([Cho+Cr]/Cit) in tumor and the MRSI-measured tumor volume correlated with the
surgical Gleason score 9. The disease progression data on the same patient cohort has
matured, and the goal of the current study is to test the hypothesis that the MRSI parameters
which originally correlated with pathological aggressiveness are also correlated with time-
to-biochemical recurrence (BCR). As MRI stage information was also available for this
cohort, we assessed its relationship to BCR as well.

Materials and Methods
Patient Demographics

All patients gave informed consent according to an IRB-approved protocol. One-hundred
sixty-two patients were accrued consecutively from January of 2000 to November of 2001.
However, after exclusions (see below), there were only six patients with surgical Gleason
scores of 8 or higher. To increase the size of the higher Gleason score population, we added
40 patients who were scanned from January to December of 2002 and who had surgical
Gleason scores of 7 or more. Although the final 202 patients are not a consecutive series, the
statistical validity of the study was not affected. Of the 202 patients, 72 were excluded for
the following reasons: biopsy less than 6 weeks prior to MRI/MRSI (N = 9), MRSI data
unusable due to hardware/software failure or lipid contamination artifact (N = 27), tumor
only in transition zone (N = 9), pathological tumor map unavailable (N = 3), and prior
treatment (24). The remaining 130 patients are included in the current analysis.

MRI/MRSI Data Acquisition, Processing, and Pathological Correlation
The MRSI data acquisition and processing procedures and the pathological correlation
method have been described in detail elsewhere 9. In brief, MRI/MRSI studies were
performed on a 1.5 Tesla Signa Horizon scanner (GE, Milwaukee, WI) using a combined
pelvic phased array and endorectal coil (Medrad, Indianola, PA). MRSI data were obtained
and processed using software developed at the University of California at San Francisco10–
12. Prostatectomy specimen whole-mount sections were prepared and tumor maps were
generated9. Microsections were stained with hematoxylin and eosin and cancer foci were
outlined in ink.

Spatial correlation between MRI/MRSI data and pathology was performed as previously
described 9. An MRSI lesion was considered to match the pathological lesion if it was
located in the corresponding sextant, anterior/posterior position and within ± 1 slice of the
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corresponding pathology section. Patients with tumor only in the transition zone (TZ) as
seen histologically were censored because the MRSI acquisition software was not capable of
capturing the entire TZ in all cases.

MRI and MRSI analysis and scoring: biochemical outcome study
All procedures described above were performed prior to the publication of Reference 9.
What follows are procedures related to the current goal of assessing the relationship between
MRI/MRSI and biochemical recurrence. The MRI and MRSI parameters chosen for testing
were those deemed most likely to correlate with long-term outcome. Thus, for MRI, the
local extent of disease was tested, while for MRSI, lesion volume and degree of metabolic
abnormality were assessed.

MRI findings for the 130 patients in the current study were previously included in an
imaging-only study of MRI parameters vs. biochemical failure which included 610 patients
from 2000–200413. In the current study we used the same seven point scoring system to rank
the risk of recurrence based on MRI findings. The present population was restricted to
2000–2002 due to a change in MRSI acquisition software in 2003.

To generate quantitative MRSI criteria to relate to BCR, we defined an MRSI “index
lesion.” This was defined as the largest contiguous region of MRSI abnormality (see Fig. 1).
If two lesions had the same MRSI volume (same number of voxels), the lesion with the
greater mean CC/C value was chosen. Within the index lesion, a discrete MRSI grade
representing the degree of metabolic abnormality was assigned to each voxel (low, medium,
or high). The MRSI grade represented the degree of metabolic abnormality14. If a patient
had no abnormality detected, he was assigned an index lesion with zero voxels, no CC/C
values were reported, and no MRSI grades were assigned.

Clinical Data
Clinical, pathological, and biochemical recurrence data were obtained from a clinical
database at our institution. Biochemical recurrence was defined as a PSA value > 0.1 ng/mL
with subsequent confirmatory rise and/or treatment. PSA testing was performed every 3–4
months in the first year after surgery, every 6 months in the second year, and annually there
after. The end date for reporting was January of 2009.

Statistical Analysis
Time-to-BCR was measured from the date of radical prostatectomy until the first
documented BCR, and was estimated using the methods of Kaplan and Meier 15. Patients
without a recurrence were censored at last follow-up. The associations between MRI and
MRSI variables and time to recurrence were evaluated using Cox Proportional Hazards
regression, adjusting for known predictors of recurrence such as clinical stage, biopsy
Gleason score, and pre-treatment PSA. All p values <0.05 were considered statistically
significant. Analyses were conducted using Stata 10.0 for Windows (StataCorp, College
Station TX).

Results
Data summary for all subjects

The pre-operative clinical characteristics and the post-surgical pathologic findings of the
patients are summarized in Table 1. The distribution of MRI risk scores is shown in Table 2.
The vast majority of the patients had an MRI risk score of 2 (tumor seen, no ECE). The
MRSI index lesion data are summarized in Table 3. MRSI lesions were detected in the PZ in
117 patients. The median number of voxels in an index lesion was 3.5, comprised mainly of

Zakian et al. Page 3

J Urol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



intermediate and low grade voxels. High grade voxels were not as common: 76 of 117 index
lesions contained no high grade voxels. In the 117 patients in whom an index lesion was
assigned, 21 were false positives.

MR parameters and time-to-biochemical recurrence
The median follow-up time was 68 months and there were 26 biochemical recurrences (see
Fig. 2). The two and five year recurrence-free rates were 86% and 81% respectively. Pre-
operative PSA, biopsy Gleason score, and clinical stage were associated with time-to-BCR
in a univariate analysis(p < 0.0001, p = 0.0004, and p = 0.0007, respectively).

The results for the analysis of MRI and MRSI variables vs. time-to-BCR are included in
Table 4. Each MR parameter was included first as the only independent variable (“Covariate
only model”) and then in a univariate model adjusted for clinical stage, biopsy Gleason
score, and pre-operative PSA (“Adjusted model”). In the adjusted model, the MRI risk score
and MRSI parameters including the number of voxels in the index lesion, the numbers of
high and intermediate grade voxels, and the percentage of high grade voxels, were
significantly associated with the risk of BCR. The mean and maximum [Cho+Cr]/Cit values
were significant in the covariate-only model but not in the adjusted model.

Because the number and grade of the voxels in the MRSI index lesion were significantly
associated with BCR, we performed Kaplan-Meier analyses based on dichotomized
variables reflecting these parameters(Figs.3 and 4). Figure 3 demonstrates a significant
difference in outcome between patients with index lesions comprised of 3 or fewer voxels
compared to those with index lesions comprised of 4 or more voxels (P < 0.0001). Based on
a voxel volume of 0.125 cm3, 4 or more voxels corresponds to an index lesion volume
greater than 0.5 cm3. The presence of at least one high grade voxel was associated with a
higher rate of recurrence (P < 0.0001)(Fig. 4). To illustrate the combined effect of the
number of voxels and a high grade component, a Kaplan-Meier analysis was done with
patients segregated into four cohorts (Fig. 5). The cohort with 4 or more index lesion voxels
of which at least one was high grade had significantly poorer BCR-free survival than the
other cohorts (p < 0.0001). In fact, 19 of the 26 biochemical recurrences were in this “high
risk” cohort. The pre-surgical clinical data for this cohort included median PSA of 7.0
(range 3.5–76.8), median biopsy Gleason score of 7 (range 6–9), and median clinical stage
of T2a (rangeT1–T2c).

Patients with 4 or more index lesion voxels but without a high grade voxel fared
significantly better than those with at least one high grade voxel (Fig. 4). The pathology
findings in each of the 4 sub-groups were reviewed (Table 5). Eighteen of the 20 false
positives were in the group of index lesions comprised of 1–3 voxels and no high grade
voxels, i.e. small index lesions with relatively low metabolite ratios. Row 4 shows that in the
population with 4 or more voxels in the index lesion but without high grade voxels, 30/31
lesions were true positives. Thus, there was a pathologically-confirmed tumor in all of these
patients except one, but the lack of any high grade MRSI voxels conferred a better
prognosis. All 34 lesions with 4 or more voxels and at least one high grade voxel were true
positives.

When the dichotomized MRSI variables were incorporated in univariate models for
prediction of BCR, the p value for ≤ 3 vs. ≥ 4 voxels was 0.0003, and the p value for 0 HG
voxels vs. ≥ 1 o HG voxels was < 0.0001. In the adjusted model which included clinical
data, the p value for number of voxels was 0.07, and the p value for HG voxels was 0.002.
Thus, using the cutoff value of 3 or fewer voxels in the index lesion for predicting BCR was
not quite significant in the adjusted model. The limited number of failure events in this study
may preclude defining an optimal cutoff in voxel number. Finally, a multivariate analysis
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was performed including the clinical variables, the MRI risk score, the number of MRSI
index lesion voxels as a continuous variable, and the presence or absence of at least one high
grade voxel (Table 6). The two MRSI variables remained significant predictors of
BCR(number of voxels in index lesion: p = 0.002, presence of at least one HG voxel: p =
0.02). The MRI index became insignificant if either MRSI variable was included in the
model (p = 0.68, p = 0.71, respectively). Clinical stage was also insignificant.

Discussion
The current study demonstrates that pre-operative MRI and MRSI measurements are
associated with time-to-BCR after radical prostatectomy. The MRI risk score was positively
correlated with the probability of BCR and was an independent predictor of BCR in a model
of recurrence which included standard pre-operative clinical data. This agrees with the
results of an MRI-only study of a larger population conducted at our institution of which the
current population was a subset 13 (see Methods). Very few studies to date have attempted to
correlate endorectal MRI data with BCR after radical prostatectomy. D’Amico et. al. found
that after controlling for clinical T stage, PSA, biopsy Gleason score and percentage of
biopsy cores positive, MRI stage was prognostic in patients who were considered
“intermediate risk” but not in low risk or high risk patients 16.

The number of voxels in the MRSI index lesion as a continuous variable and the presence of
high grade voxels were significantly associated with BCR in a multivariate model including
pre-operative clinical parameters. This indicates that not only the size, but the degree of
metabolic abnormality in the MRSI index lesion is related to the risk of BCR. The predictive
utility of the MRSI parameters studied here may be related to their ability to stand as
surrogates for pathological parameters determined at surgery such as Gleason score and
tumor volume. Multiple studies have linked one or both of these parameters to the risk of
biochemical failure 4, 17–20. We previously showed in the same population a positive
correlation between the metabolic abnormality as represented by [Cho+Cr]/Cit and the
pathological lesion Gleason score 9. In the current study, the number and percentage of high
grade voxels in the MRSI index lesion were correlated with BCR. Our results strikingly
reflect the results of a pathological study by Stamey and colleagues which found that the
volume of the largest tumor and the percentage of high grade (Gleason 4/5) cancer in the
tumor were independently associated with BCR in 379 patients with peripheral zone cancer
18. Others have also reported that the amount or percentage of high grade cancer in either the
biopsy specimen 21–22 or the radical prostatectomy specimen 21–23 correlated with BCR. In
addition, Stamey, et. al. also noted that patients with relatively high percentages of high
grade disease who did not fail had much smaller tumors than those who failed. This is
similar to our result that patients with smaller index lesions (≤ 0.5 cm3) with at least one
high grade voxel fared better than patients with larger lesions and at least one high grade
voxel.

One might expect the presence of high grade MRSI voxels to correlate with increased
biopsy Gleason grade. However, in this study, the presence of one or more high grade
voxels remained significant in the model adjusted for PSA, clinical stage and biopsy
Gleason score. This suggests that the MRSI grade information is independent of the biopsy
Gleason score. One factor which may contribute to this is that due to sampling limitations,
the biopsy Gleason score may not fully reflect the aggressiveness of the tumor. Others have
shown that if the length or percentage of high grade cancer in the biopsy specimen is
included in a multivariate pre-operative prognostic model, the biopsy Gleason score
becomes insignificant 21.
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In our multivariate model which included both the number of voxels in the index lesion and
presence/absence of HG voxels, clinical stage became insignificant (p = 0.15)as a predictor
of BCR. It is possible that the combined information provided by MRSI about tumor volume
and degree of metabolic abnormality supplants the extent of disease given by the clinical
stage. In addition, there were no clinical T3 patients which could have given clinical stage
more impact. The MRI index, which also indicates local extent of disease, was also in
significant when either MRSI variable was included. However, these results should be
interpreted with caution due to the limited patient numbers in this study.

A limited number of studies have assessed endorectal MRSI as a prognostic indicator in
prostate cancer. Yu, et. al. found that within a given lobe of the prostate, the number of
suspicious MRSI voxels per cross-section correlated with the chance of pathologic ECE 24.
Since ECE is a predictor of poor outcome in prostate cancer 25–26, this study tends to
support the relationship between the number of index lesion voxels and BCR in the current
study. The same group found the strongest predictor of BCR after radiation therapy to be
MRSI tumor volume 27; however, the degree of MRSI metabolic abnormality was not
reported. The finding with respect to MRSI tumor volume is similar to ours, suggesting
MRSI may be prognostic for multiple treatment modalities. Finally, in a study of 92 men
who selected active surveillance, the finding of in apparent tumor on MRI/MRSI did not
predict which patients had eventually recurred 28.

The results of our study suggest that we can identify a population with a high likelihood of
recurrence after radical prostatectomy based on high MRSI tumor volume and grade. This
finding should be verified in a larger population. With such data, we could also determine
whether baseline MRI/MRSI data gives incremental value to the pre-operative nomogram.
Potentially, these high risk patients could be considered for inclusion in clinical trials
investigating men with high risk but clinically localized prostate cancer.

The current study had some limitations. Information on the percentage of positive cores in
the biopsy was not available for all patients and thus was not included in the model. MRI
tumor volume was not assessed because the accuracy of MRI for measuring prostate cancer
volume is limited 29. Patients with tumors only in the transition zone, as identified at
surgical pathology, were not included (see Methods). It is well-known that biochemical
failure does not necessarily reflect clinical failure and further followup on these patients
would be valuable. Finally, due to the limited number of subjects, this study should be
considered a preliminary analysis which requires validation in larger populations.

We did not include post-surgery pathological data in the multivariate model of recurrence.
The goal of the current study was to test the hypothesis that baseline MRI/MRSI data
correlated with biochemical recurrence and thus could have value in the pre-operative
setting. We believe this value comes from acting as a non-invasive surrogate for tumor
volume and aggressiveness.

Conclusions
In a model adjusted for clinical stage, biopsy Gleason score and PSA, the MRSI index lesion
volume and the presence of high grade MRSI voxels correlated with time-to-biochemical
failure after radical prostatectomy. Tumor metabolic information provided by endorectal
MRI/MRSI identified patients with a high risk for relapse after radical prostatectomy and
thus may be a predictive marker in prostate cancer. In the future, we plan to assess data from
a larger population with the goal of determining whether baseline MRI/MRSI data gives
incremental value to the pre-operative nomogram.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Example of pre-operative proton MRI/MRSI data in a patient with prostate cancer (biopsy
Gleason score = 3+4, PSA= 5.4, clinical stage = T2a). The figure contains single slice data
extracted from a three-dimensional data set. A) T2-weighted image with grid indicating
division of tissue into volume elements (voxels). B) Corresponding MRSI spectra for each
voxel in the grid. The bold box includes voxels comprising the MRSI index lesion which
have reduced citrate and elevated choline. On the left side of the peripheral zone (right side
of image), high levels of citrate indicate healthy glandular tissue. Tumor was confirmed by
surgical pathology. 3D-MRSI required 17 minutes and yielded spatial resolution of 6.25 mm
in all three dimensions with an interpolated voxel size of 0.12 cm3. Voxels were classified as
suspicious for cancer if [Cho+Cr]/Cit (CC/C) was at least 2 standard deviations above the
average healthy ratio for the peripheral zone (PZ) 30.
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Figure 2.
Kaplan-Meier time-to-biochemical recurrence (BCR) plot for 130 patients following radical
prostatectomy. There were 26 biochemical recurrences. The median time to BCR was not
reached.
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Figure 3.
Kaplan-Meier time-to-biochemical recurrence plots for 130 patients following radical
prostatectomy segregated by the number of voxels in the MRSI index lesion. The number of
voxels in the index lesion was segregated into less than or equal to 3 vs. greater than or
equal to 4 based on the median value of 3.5 voxels in all MRSI index lesions. A lesion size
of 3 voxels corresponds to 0.5 cm3.
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Figure 4.
Kaplan-Meier time-to-biochemical recurrence plots for 130 patients following radical
prostatectomy segregated by the presence or absence of high grade voxels in the MRSI
index lesion. HG = high grade. The segregation was based on the median number of HG
voxels in an index lesion being 0.
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Figure 5.
Kaplan-Meier time-to-biochemical recurrence plots for 130 patients following radical
prostatectomy segregated by the number of index lesion voxels and the presence or absence
of at least one high grade voxel in the index lesion. The cohorts included patients with ≤ 3
index lesion voxels and 0 high grade voxels, patients with ≤ 3 index lesion voxels and at
least one high grade voxel, patients with ≥ 4 index lesion voxels and 0 high grade voxels,
and patients with ≥ 4 index lesion voxels and at least one high grade voxel. HG = high
grade. Asterisk indicates significance compared to each of the other three cohorts. The
times-to-recurrence for the first 3 cohorts did not differ significantly from each other.
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Table 2

MRI index score distribution for 130 patients

MRI score N %

1 1 0.8

2 90 69.2

3 16 12.3

4 16 12.3

5 2 1.5

6 4 3.1

7 1 0.8
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Table 3

MRSI index lesion data for 130 patients.

Index Lesion Parameter Median Interquartile Range

Mean [Cho+Cr]/Cit* 1.05 (0.68 – 2.27)

# voxels in lesion 3.5 (2 – 8)

Maximum[Cho+Cr]/Cit* 1.50 (0.80 – 6.90)

# high grade voxels 0 (0 – 1)

# intermediate grade voxels 2 (1 – 5)

# low grade voxels 1 (0 – 1)

% High grade voxels 0% (0% – 20%)

% Intermediate grade voxels 50% (19% – 80%)

% Low grade voxels 11% (0%–50%)

*
There were 13 MRSI false-negative patients whose metabolic ratios were not included.
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Table 6

Results of the multivariate model for predicting biochemical recurrence.

HR 95% CI P value

PSA 1.03 (1.00 – 1.05) 0.05

Gleason <=6 ref 0.002

Gleason 7+ 25.0 (3.3 – 190)

Stage T1 ref 0.15

Stage T2A, T2B 2.87 (0.98 – 8.4)

Stage T2C 2.65 (0.68 – 10.3)

No high grade voxels ref - 0.02

≥ 1 high grade voxel 3.28 (1.18 – 9.12)

number of voxels in lesion 1.06 (1.02 – 1.10) 0.002
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