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Prostate Depiction at
Endorectal MR Spectroscopic
Imaging: Investigation of a
Standardized Evaluation
System’

PURPOSE: To investigate the accuracy and interobserver variability of a standard-
ized evaluation system for endorectal three-dimensional (3D) magnetic resonance
(MR) spectroscopic imaging of the prostate.

MATERIALS AND METHODS: The human research committee approved the
study, and all patients provided written informed consent. Endorectal MR imaging
and MR spectroscopic imaging were performed in 37 patients before they under-
went radical prostatectomy. For the 22 patients with good or excellent MR spec-
troscopic imaging data, step-section histopathologic tumor maps were used to
identify spectroscopic voxels of unequivocally benign (n = 306) or malignant (n =
81) peripheral zone tissue. Two independent spectroscopists, unaware of all other
findings, scored the spectra of the selected voxels by using a scale of 1 (benign) to
5 (malignant) that was based on standardized metabolic criteria. Descriptive statis-
tical, receiver operating characteristics (ROC), and « statistical analyses of the data
obtained by both readers were performed by using two definitions of cancer: one
based on a voxel score of 3-5 and the other based on a score of 4 or 5.

RESULTS: The scoring system had good accuracy (74.2%-85.0%) in the differen-
tiation between benign and malignant tissue voxels, with areas under the ROC curve
of 0.89 for reader 1 and 0.87 for reader 2. Specificities of 84.6% and 89.3% were
achieved when a voxel score of 4 or 5 was used to identify cancer, and sensitivities
of 90% and 93% were achieved when a score of 3-5 was used to identify cancer.
Readers demonstrated excellent interobserver agreement (k values, 0.79 and 0.80).

CONCLUSION: The good accuracy and excellent interobserver agreement
achieved by using the standardized five-point scale to interpret peripheral zone
metabolism demonstrate the potential effectiveness of using metabolic information
to identify prostate cancer, and the clinical usefulness of this system warrants testing
in prospective clinical trials of MR imaging combined with MR spectroscopic
imaging.

© RSNA, 2004

Approximately 8% of American men will receive a diagnosis of prostate cancer during their
lifetime, and 20% of these men will die of the disease (1). Despite this sizeable mortality
rate, many cases of prostate cancer are subclinical, and microscopic foci of incidental
prostate cancer can be detected in up to 40% of men at autopsy (2). The management of
early-stage prostate cancer is controversial because the methods currently available for the
noninvasive evaluation of this malignancy have substantial limitations in the differenti-
ation of patients with indolent and incidental disease from those with progressive and
life-threatening disease (3-5). As a result, there have been several studies to investigate the
role of magnetic resonance (MR) imaging in the evaluation and staging of prostate cancer,
with relatively promising results (6,7).
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More recently, the addition of meta-
bolic information obtained at three-di-
mensional (3D) endorectal MR spectro-
scopic imaging to the anatomic data
obtained at MR imaging has been shown
to improve tumor localization, tumor
staging, tumor volume estimation, and
assessment of tumor aggressiveness (8-
10). Specifically, in MR spectra acquired
from regions of prostate cancer, citrate
and polyamine levels are either sub-
stantially reduced or absent, whereas
choline levels are elevated relative to
creatine (11).

The metabolic criteria used to identify
prostate cancer have evolved from em-
piric observations made at nearly 4000
clinical MR imaging-MR spectroscopic
imaging examinations and from data ob-
tained at ex vivo high-resolution magic-
angle spinning spectroscopy of biopsy
and surgical tissues that were assessed at
subsequent full histopathologic analysis
(12,13). To our knowledge, however,
these metabolic criteria have not yet
been systematically standardized or vali-
dated for interobserver agreement and
accuracy. Therefore, this study was un-
dertaken to investigate the accuracy and
interobserver variability of a standard-
ized evaluation system for endorectal 3D
MR spectroscopic imaging of the pros-
tate.

MATERIALS AND METHODS
Study Subjects

This was a retrospective single-institu-
tion cross-sectional study. We included
all patients who underwent radical pros-
tatectomy between January and Decem-
ber 1999 and had undergone MR imaging
and 3D MR spectroscopic imaging of the
prostate (n = 37). The 37 patients were
referred for MR imaging after a diagnosis
of prostate cancer had been established
with biopsy. Patients were recruited as
part of an ongoing National Institutes of
Health study to investigate the use of MR
imaging in patients with prostate cancer,
and they were also included in a separate
study to investigate the measurement of
prostate cancer tumor volume with MR
imaging and MR spectroscopic imaging
(10). The University of California San
Francisco Committee on Human Re-
search approved all of the study proce-
dures, and written informed consent was
obtained from all patients.

The quality of each 3D MR spectro-
scopic image was rated (by J.K.) as excel-
lent (n = 10), good (n = 12), fair (n = 10),
or poor (n = 5) on the basis of signal-to-
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noise ratio data, magnetic field homogene-
ity, and the presence or absence of water-
and lipid-induced baseline distortions.
Specifically, an image was considered to
have excellent spectral quality when the
signal-to-noise ratios of all metabolites
were higher than 10, all metabolic reso-
nances were well resolved, and there
were no baseline distortions due to resid-
ual water or lipid. An image was consid-
ered to have good spectral quality when
the signal-to-noise ratios of all metabo-
lites were between 8 and 10, all metabolic
resonances were reasonably well re-
solved, and there were minimal baseline
distortions due to residual water or lipid.
Images with lower signal-to-noise ratios
were considered to have fair spectral
quality provided there was no lipid con-
tamination. Images with substantial lipid
contamination were considered to have
poor spectral quality. Patients with poor
or fair spectral data (n = 15) were ex-
cluded, and the remaining 22 patients
formed the final study group.

The mean age of the final study group
was 56 years (age range, 44-69 years).
The mean serum prostate-specific anti-
gen level was 5.9 ng/mL (range, 2.2-17.2
ng/mL), with a median value of 5.0 ng/
mL. In general, a prostate-specific anti-
gen level of 4 ng/mL or lower is consid-
ered normal; however, more exact
normal ranges account for the patient’s
race and age (14). The mean Gleason
score was 6.6 (score range, 5-8), with a
median score of 7.0. The mean period
between the MR imaging and MR spec-
troscopic imaging examinations and rad-
ical prostatectomy was 46 days (range,
2-160 days). None of the patients under-
went preoperative hormonal or radiation
therapy.

MR Imaging Techniques

MR imaging was performed by using a
1.5-T whole-body MR imaging unit
(Signa; GE Medical Systems, Milwau-
kee, Wis). The patients were imaged
while in the supine position by using a
body coil for signal excitation and a
pelvic phased-array coil (GE Medical
Systems) combined with a balloon-cov-
ered expandable endorectal coil (Med-
rad, Pittsburgh, Pa) for signal reception.
Transverse spin-echo T1-weighted im-
ages were obtained from the aortic bi-
furcation to the symphysis pubis by us-
ing the following parameters: 700/8
(repetition time msec/echo time msec),
a 5-mm section thickness, a 1-mm in-
tersection gap, a 24-cm field of view, a
256 X 192 matrix, a transverse fre-

quency direction, and one acquired sig-
nal.

Thin-section  high-spatial-resolution
transverse and coronal T2-weighted fast
spin-echo MR images of the prostate and
seminal vesicles were obtained by using
the following parameters: 6000/96 (effec-
tive), an echo train length of 16, a 3-mm
section thickness, no intersection gap, a
14-cm field of view, a 256 X 192 matrix,
an anteroposterior frequency direction
(to prevent obscuration of the prostate by
endorectal coil motion artifact), and
three acquired signals. All MR images
were routinely postprocessed to compen-
sate for the reception profile of the endo-
rectal and pelvic phased-array coils (15).

After two authors (J.K. and M.G.S.) re-
viewed the transverse T2-weighted MR
images, a spectroscopic MR imaging vol-
ume was selected to maximize coverage
of the prostate while minimizing the in-
clusion of periprostatic fat and rectal air.
Three-dimensional MR spectroscopic im-
aging data were acquired by using a water-
and lipid-suppressed double-spin-echo
point-resolved spectroscopic sequence
optimized for the quantitative detec-
tion of both choline and citrate. Water
and lipid suppression was achieved by
using the band selective inversion with
gradient dephasing technique (16). To
eliminate signals from adjacent tissues,
especially periprostatic lipids and the
rectal wall (17), outer voxel saturation
pulses also were used. Data sets were
acquired as 16 X 8 X 8 phase-encoded
spectral arrays (1024 voxels) by using a
nominal spectral resolution of 0.24-0.34
cm?®, 1000/130, and a 17-minute acquisi-
tion time. The total examination time, in-
cluding the time spent placing the coil and
positioning the patient, was 1 hour.

MR Spectroscopic Imaging Data
Processing and Analysis

Three-dimensional MR spectroscopic
imaging data were processed, aligned
with the corresponding MR imaging
data, displayed, and analyzed by using a
combination of in-house software and
Interactive Display Language (Research
Systems, Boulder, Colo) software tools
(18). The raw spectral data were apodized
with a 1-Hz Gaussian function and Fou-
rier transformed in the time domain and
in three spatial domains. Choline, cre-
atine, and citrate peak parameters (ie,
peak area, peak height, peak location,
and line width) were estimated by using
an iterative procedure that was used to
first identify statistically significant
peaks—that is, those with a signal-to-
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noise ratio higher than 5—in the magni-
tude spectrum and then estimate a fre-
quency shift that best aligned these peaks
with the expected locations of choline,
creatine, citrate, and residual water. Sub-
sequently, the spectra were phased by us-
ing the phase of the residual water and
the metabolite resonances, and baseline
values were corrected by using a local
nonlinear fit to the nonpeak regions of
the spectra.

Areas of peak choline, creatine, and ci-
trate levels were localized by using nu-
meric integration over a frequency range
that was determined according to the
metabolite peak locations and widths
(18). In regions of healthy tissue, the
peak polyamine level that resonated be-
tween the peak choline and creatine lev-
els could not be sufficiently resolved and
was incorporated into the area of the
peak choline-plus-creatine (choline-cre-
atine) level. The quantification algorithm
also yielded estimates of spectral noise
and the metabolite peak area-to-noise ra-
tio (18).

Histopathologic Identification of
Benign and Malignant
Spectroscopic Voxels

Radical prostatectomy specimens were
coated with India ink and fixed in 10%
buffered formaldehyde. Transverse step
sections were obtained in 3-4-mm inter-
vals in a plane perpendicular to the long
axis of the prostate. A pathologist (K.D.J.)
with 6 years of experience recorded the
location of all peripheral zone tumor
nodules on a standardized diagram of the
prostate and recorded the maximum
transverse diameter of all tumor nodules.
Two radiologists (F.V.C. and A.Q., with 8
and 4 years experience, respectively) in
consensus labeled the voxels on the spec-
troscopic grid that were considered to
clearly consist of benign or malignant
tissue on the basis of MR imaging and
histopathologic tumor map findings.
Voxels were only labeled as consisting of
benign or malignant tissue when there
was a clear-cut concordance between the
MR imaging (consensus reading by F.V.C.
and A.Q.) and histopathologic findings—
with no postbiopsy hemorrhage seen on
the T1-weighted MR images—and no po-
tential for partial volume effects (ie, over-
lap of tumorous voxel with surrounding
healthy tissue, ejaculatory zone, or cen-
tral gland tissues). Allowances for differ-
ences in registration between the MR im-
aging and histopathologic findings were
made. On the basis of this standard of
reference, 387 voxels—out of a total of
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1430 peripheral zone voxels in the 22
patients—were labeled as benign (n =
306) or malignant (n = 81).

Interpretation of 3D MR
Spectroscopic Imaging Data

Two experienced spectroscopists (J.K.
and M.G.S., with 13 and 4 years experi-
ence, respectively) independently re-
viewed the spectra of the 387 voxels that
had been labeled as benign or malignant.
These readers were aware that the spectra
were derived from patients with biopsy-
proved prostate cancer and represented
either benign or malignant tissue, but
they were unaware of which voxels had
been labeled benign or malignant and of
all other clinical, histopathologic, and
MR imaging findings.

The spectra were interpreted and
scored on the basis of prior research find-
ings and current understanding of pros-
tate cancer metabolism (12,13). The ci-
trate level is characteristically high in
healthy prostatic tissue because the pres-
ence of zinc inhibits the first enzyme in
the Krebs cycle (19,20). Citrate levels de-
crease with prostate cancer, but they can
also be reduced owing to prostatitis or
postbiopsy hemorrhage (21). The level of
choline, a cell membrane constituent,
increases with prostate cancer owing to
increased membrane turnover, changes
in cellular density, and phosholipid
metabolism (22,23). Polyamine levels
have been shown to decrease with pros-
tate cancer (24,25). The polyamine level
peak occurs between the creatine and
choline level peaks and cannot be en-
tirely resolved from these peaks. How-
ever, decreased polyamine levels can be
subjectively recognized as a sharper sep-
aration of the creatine and choline level
peaks (12).

The peak area choline-creatine-to-ci-
trate ratio (CC/C) and choline-to-cre-
atine ratio were calculated. The choline-
to-creatine peak area ratio can be
estimated only in cancerous regions be-
cause in healthy voxels, there is poor in
vivo spectral resolution of these metabo-
lites owing to the presence of a large
polyamine resonance. Spectroscopic vox-
els were scored on a standardized five-
point scale by using the following crite-
ria:

1. A primary score of 1-5 was assigned
on the basis of the mean normal CC/C
(26). The mean CC/C was determined to
be 0.22 = 0.013 (standard deviation) on
the basis of the results of a previously
published study (26) involving the use of
the MR spectroscopic imaging data ac-
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quisition and processing techniques used
in the present study. A score of 1 was
assigned to voxels with a CC/C 1 stan-
dard deviation from the mean normal
value. A score of 2 was assigned to voxels
with a CC/C more than 1 but 2 or fewer
standard deviations above the mean nor-
mal value. A score of 3 was assigned to
voxels with a CC/C more than 2 but 3 or
fewer standard deviations above the
mean normal value. A score of 4 was as-
signed to voxels with a CC/C more than
3 but 4 or fewer standard deviations
above the mean normal value. A score of
5 was assigned to voxels with a CC/C
more than 4 standard deviations above
the mean normal value.

2. An initial adjustment to the primary
voxel score was made to account for ele-
vation of the choline level relative to the
creatine level and for reduced polyamine
levels. When the choline-to-creatine ra-
tio was greater than or equal to 2, with a
primary voxel score of 2 or 3, the overall
score was increased to 4. When the cho-
line-to-creatine ratio was less than 2 or
there was no reduction in polyamine lev-
els, with a primary score of 4 or 5, the
overall score was decreased by 1—that is,
to 3 or 4, respectively.

3. A final adjustment to the score was
made to account for poor spectral signal-
to-noise ratios. Poor signal-to-noise ratio
was defined as a peak area-to-noise ratio
of less than 8 for voxels with a score of
3-5 and of less than 5 for voxels with a
score of 1 or 2. In the presence of a poor
signal-to-noise ratio, a score of 1 became
3, a score of 2 or 4 became 3, and a score
of 5 became 4. A score of 3 was not
changed owing to low signal-to-noise ra-
tio criteria.

This standardized voxel-scoring system
yielded a final score of 1-5 and was de-
signed so that the following interpreta-
tive scale could be applied: Voxels with a
score of 1 were considered to be likely
benign; voxels with a score of 2, probably
benign; voxels with a score of 3, equivo-
cal; voxels with a score of 4, probably
malignant; and voxels with a score of 5,
likely malignant. In addition to using
this five-point scoring system, readers
were allowed to deem spectra unusable if
they showed substantial lipid contami-
nation or misalignment of metabolite
resonance peaks.

Statistical Analyses

For all labeled voxels that were consid-
ered to be usable by both spectroscopists,
reader-assigned scores of 1-5 were com-
pared with the histopathologic reference-
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Figure 1.
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(a) Representative reception profile-corrected transverse fast spin-echo T2-weighted MR image (6000/96 [effective])

shows region of low signal intensity (arrows) that correlated with Gleason 4 + 3 cancer in the left middle region of the prostate gland
on the corresponding step-section histopathologic diagram (not shown). (b, ¢) The selected volume for spectroscopy (white box)
and a portion of the 16 X 8 X 8 spectral phase encode grid from one of eight axial spectroscopic sections are shown overlaid (fine
white line) on the transverse T2-weighted MR image (b), with the corresponding axial 0.3-cm?® proton spectral array (c). (b) The
radiologists defined the voxels in the outlined portion of the grid on the right side of the image as a region of prostate cancer and
those in the outlined portion of the grid on the left side as a region of healthy peripheral zone tissue. (c¢) The spectroscopists
accurately judged the corresponding spectra outlined on the right side of the array to represent “likely cancer” (score of 5) and those
outlined on the left side to represent healthy tissue (score of 1 or 2).

standard diagnoses of benign or malig-
nant tissue. Interreader agreement was
evaluated by using k statistics. The degree
of observer agreement was graded as fol-
lows: a k value of 0-0.20 indicated slight
agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-
0.80, substantial agreement; and 0.81-
1.00, almost perfect agreement (27).
Descriptive statistical data (sensitivity,
specificity, and positive and negative
predictive values) were determined (by
V.W.) by using two dichotomized rat-
ing systems: one with voxel scores of
1-3 indicating benignancy and a score
of 4 or § indicating malignancy and the
other with a voxel score of 1 or 2 indi-
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cating benignancy and a voxel score of
3-5 indicating malignancy.

Because of the lack of independence of
voxels in each patient, estimates of sen-
sitivity and specificity were first calcu-
lated for each patient and a x? test was
used to determine the difference in sen-
sitivity and specificity among the pa-
tients, with each patient representing a
stratum. The overall statistical estimates
were similar with and without patient
stratification. Therefore, the final results
of this analysis were based on pooled
data. Receiver operating characteristic
curves of true- versus false-positive pro-
portions of malignant voxels were gener-
ated for each reader, and the areas under

the curves were compared by using the
method of Hanley and McNeil (28).

RESULTS

Figure 1 illustrates the approach that
we used in this study to develop and
evaluate a standardized system for ana-
lyzing data obtained at MR spectro-
scopic imaging of the prostate. Figure
la shows a representative reception
profile-corrected T2-weighted fast spin-
echo transverse MR image obtained at
the middle of the prostate gland in a
patient with cancer detected in the left
lobe at radical prostatectomy. On the

Jung et al
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Figure 2. Representative proton spectra acquired from a 3D MR spectroscopic imaging data set for a patient with prostate cancer demonstrate the
spectral patterns associated with the standardized five-point scale used to interpret peripheral zone metabolism.

TABLE 1

by Readers 1 and 2

Three-dimensional MR Spectroscopic Imaging—derived Cancer Scores Assigned

Reader 1 Reader 2
Cancer Score Total Benign Malignant Total Benign Malignant
1 157 (41) 156 1 98 (26) 98 0
2 70 (18) 63 7 115 (30) 109 6
3 65(17) 48 17 69 (18) 46 23
4 46 (12) 23 23 54 (14) 35 19
5 42(11) 9 33 44 (12) 11 33
Total 380 299 81 380 299 81

380 voxels.

Note.—Data are numbers of voxels. Numbers in parentheses are percentages based on a total of

basis of knowledge gleaned from the
postprostatectomy histopathologic dia-
gram, the two radiologists in consensus
selected spectroscopic voxels that were
clearly in the region of the tumor (low
signal intensity) in the left lobe of the
prostate (right side of image) and voxels
that were in a high-signal-intensity re-
gion of the contralateral normal lobe
(Fig 1b).

The quality of the spectral data was
rated as excellent, and both spectrosco-
pists independently scored the voxels the
same way without knowledge of the MR
imaging and histopathologic results (Fig
1c). The voxels with a score of 5 (Fig 1b,
right side), as compared with the voxels
with a score of 1 or 2 on the contralateral
side, demonstrated dramatically elevated
choline-to-creatine ratios and an absence
of citrate and polyamines. If metabolic

Volume 233 - Number 3

changes in regions of prostate cancer
were always as clear as those demon-
strated in Figure 1, there would be no
need for a systematic scoring system. In
actual practice, however, the spectral pat-
terns identified in patients with prostate
cancer can range from clearly normal to
clearly abnormal. Representative spectra
that correspond to scores used in the pro-
posed interpretative five-point standard-
ized scoring system are shown in Figure
2. Numbers along the axis at the bottom
of Figure 2 represent frequencies, in parts
per million. Each metabolite resonates at
a distinct frequency.

Both spectroscopists independently
determined that 380 of the 387 selected
voxels were usable, and both of them
judged the same seven voxels to be un-
usable. In Table 1, the results of using
the five-point scoring system for all 380

Endorectal MR Spectroscopic Imaging of Prostate -

voxels (299 benign and 81 malignant
voxels) that were considered usable by
both readers are compared with the his-
topathologic reference-standard diag-
noses of benign or malignant tissue.
Both spectroscopists judged nearly the
same percentage of voxels to be clearly
normal (59% [reader 1] and 56% [reader
2] of voxels assigned score of 1 or 2),
equivocal (17% [reader 1] and 18%
[reader 2] of voxels assigned score of 3),
and clearly abnormal (23% [reader 1]
and 26% [reader 2] of voxels assigned
score of 4 or 5). The clearly normal voxels
demonstrated a mean CC/C of 0.25 *
0.12, which is not substantially different
from a previously reported value of
0.22 += 0.013 (23). However, the mean
CC/C in the healthy peripheral zone will
most likely change according to the spe-
cific MR spectroscopic imaging acquisi-
tion and processing protocol used.

The diagnoses of benign or malignant
tissue assigned to voxels at the his-
topathologic reference-standard exami-
nation and by the two readers with use of
both score definitions of cancer (voxel
score of 3-5 and voxel score of 4 or 5) are
shown in Table 2. The readers showed
substantial agreement with use of the
two dichotomized scales: The k value was
0.80 when cancer was defined as tissue
with a voxel score of 3-5 and 0.79 when
it was defined as tissue with a score of 4
or 5 (Table 3).

The descriptive statistical values cal-
culated by using the two dichotomized
rating schemes are shown in Table 4.
For both spectroscopists, sensitivity was
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moderate (69% and 64%) and specific-
ity was high (89.3% and 84.6%) when a
voxel score of 4 or 5 was used to define
cancer. Sensitivity was high (90% and
93%) and specificity was moderate (73.2%
and 69.2%) when a voxel score of 3-5
was used to define cancer. The majority
of negative predictive values for the two
readers were higher than 90% with use of
either cancer definition, but the positive
predictive values were only moderate
(44.9%-63.6%). The areas under the re-
ceiver operating characteristic curve were
0.89 for reader 1 and 0.87 for reader 2 (Fig
3). These values were not significantly
different (P = .26).

DISCUSSION

We undertook this study to investigate
the accuracy and objectivity of a stan-
dardized scoring system for endorectal
3D MR spectroscopic imaging evaluation
of the prostate, because this modality is
increasingly being used to assist in tu-
mor localization (9,10), staging (8), and
characterization (12) and in radiation
treatment planning (29,30). Our study
results show that the described standard-
ized scoring system had good accuracy
(74.2%-85.0%; areas under receiver op-
erating characteristic curve, 0.87 and
0.89) and excellent interobserver agree-
ment with use of a dichotomized scoring
system in which a voxel score of 4 or 5
and voxel scores of 3-5 indicated the
presence of cancer (x = 0.79 and k =
0.80, respectively). These data illustrate
the ability of two independent readers to
accurately and similarly label voxels as
benign or malignant with 3D MR spec-
troscopic imaging.

Our study data indicate that specifici-
ties of 84.6% and 89.3%, as compared
with a previously reported specificity of
approximately 75% (9), were achieved
when a voxel score of 4 or 5 was used to
identify cancer. The higher specificity in
our study most likely reflects our incor-
poration of additional criteria, such as
the choline-to-creatine ratio and the
presence or absence of polyamines, into
the current standardized evaluation sys-
tem, as well as the fact that only good or
excellent spectra were selected for inter-
pretation.

Sensitivity ranged from 64% to 93%
(Table 2), depending on the reader and
the cancer dichotomization scheme
used. As anticipated, the less stringent
dichotomization of cancer versus healthy
tissue based on a voxel score of 3-5 re-
sulted in higher sensitivity and lower
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TABLE 2
Diagnoses Assigned to Benign and Malignant Voxels at Histopathologic
(Reference-Standard) Analysis and by Readers 1 and 2 with Use of Both Score
Definitions of Cancer
Reader 1 Reader 2
Malignant, Malignant, Malignant, Malignant,
Cancer Score Cancer Score Cancer Score Cancer Score
Final Diagnosis 3-5 4or5 3-5 4o0r5
Benign (n = 299) 80 32 92 46
Malignant (n = 81) 73 56 75 52
Note.—Data are numbers of voxels.
TABLE 3
Distribution of Cancer Scores Assigned by Readers 1 and 2
Score Assigned by Reader 2
Score Assigned by Reader 1 1 2 3 4 5
1 85 66 6 0 0
2 13 37 18 2 0
3 0 11 36 16 2
4 0 1 9 26 10
5 0 0 0 10 32
Note.—Data are numbers of voxels (n = 380).

TABLE 4

Three-dimensional MR Spectroscopic Imaging Tumor Detection on a
Voxel-by-Voxel Basis for Readers 1 and 2

Cancer, Score 4 or 5

Cancer, Score 3-5

Positive predictive value

Negative predictive
value

Accuracy

63.6 (56/88)

91.4 (267/292)
85.0 (323/380)

Parameter Reader 1 Reader 2 Reader 1 Reader 2
Sensitivity 69 (56/81) 64 (52/81) 90 (73/81) 93 (75/81)
Specificity 89.3 (267/299) 84.6 (253/299) 73.2(219/299) 69.2 (207/299)

53.1 (52/98)

89.7 (253/282)
80.3 (305/380)

47.7 (73/153)  44.9 (75/167)

96.5 (219/227)
76.8 (292/380)

97.2 (207/213)
74.2 (282/380)

calculate the percentages.

Note.—Data are percentages. Numbers in parentheses are the numbers of prostatic voxels used to

specificity (ie, increased false-positive
cases), whereas the dichotomization
based on a score of 4 or 5 resulted in
higher specificity and lower sensitivity
(ie, increased false-negative cases). Be-
cause the use of MR imaging alone results
in high sensitivity and moderate specific-
ity (9), the dichotomization scheme
based on a score of 4 or 5 is more appro-
priate when MR imaging is used in con-
junction with 3D MR spectroscopic im-
aging.

Our study had a number of limitations.
First, the analysis methods used may
have reflected a best-case scenario, be-
cause only clearly benign and clearly ma-
lignant voxels were presented to the
spectroscopic readers for analysis, and all

of the voxels were selected from images
of good or excellent spectral quality.
However, as MR imaging technology
continues to improve and with the emer-
gence of clinical 3-T imaging units, we
expect the quality of MR spectroscopic
imaging to surpass that of current stan-
dards. Another confounding factor that
may have lowered the positive predictive
values reported in this study was the rel-
atively small proportion of malignant
voxels, which probably reflected the
overall small volume of disease in these
surgically treated patients.

With a software package for prostate
spectroscopic imaging now being com-
mercially available and a multi-institu-
tional study of endorectal prostate MR

Jung et al
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Figure 3. Receiver operating characteristic curves for 3D MR spec-
troscopic imaging results obtained by reader 1 (continuous line) and
reader 2 (dashed line). The areas under the receiver operating char-
acteristic curves for readers 1 (0.89) and 2 (0.87) were not significantly
different. + = sensitivity and specificity achieved by readers with use
of score of 3-5 to define metabolically abnormal tissue, ¢ = sensi-
tivity and specificity achieved by readers with use of score of 4 or 5 to
define metabolically abnormal tissue.

imaging combined with MR spectro-
scopic imaging having been recently
launched by the American College of Ra-
diology Imaging Network, additional re-
search is needed to further refine and val-
idate the current evaluation system for
use in spectroscopic analysis. Specifically,
future studies need to be conducted to
evaluate the described scoring system
combined with T2-weighted MR imaging
and with all spectra—regardless of their
quality—incorporated so that daily clini-
cal practice can be better replicated.

In addition, future studies will need to
address how strictly the presented quan-
titative rules for using this standardized
scoring system need to be adhered to and
whether a more qualitative assessment
based on pattern recognition will yield
equal or better accuracy. The future use
of in vitro examinations performed with
high-resolution magic-angle spectros-
copy of ex vivo prostate tissue samples
should lead to an increase in the number
of metabolic markers used to identify
prostate cancer and thereby to improved
overall accuracy of cancer diagnosis and
characterization.

In conclusion, the good accuracy and
interobserver agreement achieved by us-
ing the described standardized five-point
scale for interpreting peripheral zone me-
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tabolism indicate the potential useful-
ness of this system for metabolically
identifying prostate cancer. However,
this study was designed for the develop-
ment and evaluation of a grading system
for MR spectroscopic imaging data rather
than for the in vivo determination of the
accuracy of the system, which has yet to
be confirmed by the results of prospec-
tive trials, such as the ongoing American
College of Radiology Imaging Network
Study.
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