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Purpose: To retrospectively investigate whether the signal intensity
(SI) of prostate cancer on T2-weighted magnetic reso-
nance (MR) images correlates with the Gleason grade at
whole-mount step-section pathologic evaluation after radi-
cal prostatectomy.

Materials and
Methods:

The institutional review board approved and issued a
waiver of informed consent for this HIPAA-compliant
study of 74 patients (median age, 57.5 years; range, 32–72
years) who underwent endorectal MR imaging before rad-
ical prostatectomy, with subsequent whole-mount step-
section pathologic evaluation, between January 2001 and
July 2004. Inclusion criteria were that they had: no prior
treatment; at least one lesion of uniform Gleason grade 3
or 4 or with Gleason grade 5 components, with a bidi-
mensional diameter product of 20 mm2 or greater; no
high SI on T1-weighted MR images indicative of postbiopsy
changes; and an interval of more than 4 weeks between
biopsy and MR imaging. SI of prostate tumors, nontumor
prostatic tissue, and internal obturator muscles was mea-
sured on uncorrected and corrected T2-weighted MR im-
ages. Correlations between Gleason grades and SI ratios
were assessed by using generalized estimating equations.
SI ratios in peripheral zone (PZ) and transition zone (TZ)
lesions of the same Gleason grade were compared with an
unpaired t test.

Results: Seventy-nine Gleason grade 3, eight Gleason grade 4, and
four mixed Gleason grades 4 and 5 lesions identified at
pathologic evaluation were analyzed. Gleason grade corre-
lated significantly with tumor-muscle SI ratio for PZ tu-
mors on corrected and uncorrected images (P � .006 and
�.001, respectively). Higher Gleason grades were associ-
ated with lower tumor-muscle SI ratios. Nontumor-muscle
SI ratios did not correlate with patients’ Gleason grades.
Tumor-muscle SI ratios were lower in TZ than in PZ tu-
mors (P � .001).

Conclusion: Higher Gleason grades were associated with lower tumor-
muscle SI ratios on T2-weighted MR images. SI evaluation
on T2-weighted MR images may facilitate noninvasive as-
sessment of prostate cancer aggressiveness.
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Prostate cancer is a histologically
heterogeneous and frequently mul-
tifocal disease (1,2). Its biologic ag-

gressiveness varies greatly and is a key
predictor of outcome (2–6). Assessment
of the aggressiveness of prostate cancer
can help in the stratification of patients
for appropriate treatment (1,7).

Since its initial description 40 years
ago, the Gleason grading system has
been the reference standard for mea-
suring the biological aggressiveness of
prostate cancer (8–10). Gleason grades
range from 1 to 5, indicating gradations
from well to poorly differentiated pros-
tate cancer, respectively. When the pa-
thologist evaluates tumor aggressive-
ness, he or she assigns both a primary
and a secondary Gleason grade. The
primary grade is the pattern of cancer
that is most prevalent; the secondary
grade is the pattern of cancer that is the
second most prevalent and that ac-
counts for more than 5% of the exam-
ined specimen. If no pattern of cancer
meets the latter two criteria, the sec-
ondary grade is the same as the primary
grade. As the Gleason grade increases,
the likelihood of disease recurrence be-
comes greater (8,9,11).

Magnetic resonance (MR) imaging
with an endorectal coil is gaining accep-
tance as a tool for the noninvasive detec-
tion, localization, and staging of prostate
cancer (1,12,13). It has been estab-
lished that prostate cancer typically
demonstrates lower signal intensity (SI)

than nonneoplastic prostate tissue on
T2-weighted MR images (14,15). In ad-
dition, researchers in one study found
that quantitative measurements of SI
on T2-weighted MR images, combined
with consideration of prostate-specific
antigen (PSA) levels, could improve dif-
ferentiation between benign peripheral
zone (PZ) tissue and prostate cancer
(16). Although metabolic data from MR
spectroscopic imaging has been shown
to correlate with Gleason grade (17), to
the best of our knowledge, no studies
have been done to examine whether SI
on MR images might also correlate with
Gleason grade. Thus, the purpose of our
study was to investigate retrospectively
whether the SI of prostate cancer on
T2-weighted MR images correlates with
the Gleason grade at whole-mount step-
section pathologic evaluation after rad-
ical prostatectomy.

Materials and Methods

Patients
Between January 2001 and July 2004,
455 patients underwent endorectal MR
imaging, followed by radical prostatec-
tomy with subsequent step-section
pathologic evaluation. Three hundred
eighty-one of these patients were ex-
cluded from our study because they did
not meet one or more of the following
inclusion criteria: no treatment re-
ceived before radical prostatectomy; at
least one tumor of uniform Gleason
grade 3 or 4 or with Gleason grade 5
components, with a bidimensional di-
ameter product of 20 mm2 or greater;
no high SI on T1-weighted MR images
indicative of changes at the location of
prostate cancer on the whole-mount
pathologic step-section slices after bi-
opsy; and an interval of more than 4
weeks between biopsy and MR imaging.
Thus, a total of 74 patients (median age,
57.5 years; range, 32–72 years; median

weight, 86.6 kg; range, 59–125 kg)
were included in our study.

Men imaged through June 2003
were part of an ongoing prospective Na-
tional Institutes of Health study of the
use of MR imaging in patients with pros-
tate cancer. All patients gave informed
consent before enrollment in the pro-
spective National Institutes of Health
study, which was approved by our insti-
tutional review board and was compli-
ant with the Health Insurance Portabil-
ity and Accountability Act. From July
2003 to July 2004, prostate MR imaging
occurred as part of clinical practice for
patient evaluation. In approving our
study, the institutional review board is-
sued a waiver of informed consent for
the retrospective review of the results
of MR imaging examinations and clinical
data for all 455 patients. The median
time from biopsy to MR imaging for the
74 patients included in the study was 35
days (range, 32 days before biopsy to
189 days after biopsy), and the median
time from MR imaging to surgery was
29 days (range, 1–164 days). In all pa-
tients, a tissue diagnosis of prostate
cancer was determined with biopsy
specimens. Age, weight, serum PSA
level, and clinical stage were recorded
from the patients’ medical records by
one of two coauthors (K.K., L.W.).
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Advances in Knowledge

� There is a significant correlation
between the Gleason grade of
prostate cancer and the tumor-
muscle signal intensity (SI) ratio
on corrected (P � .006) and un-
corrected (P � .001) T2-weighted
MR images; a higher Gleason
grade is associated with a lower
tumor-muscle SI ratio.

� On T2-weighted MR images, can-
cer of Gleason grade 3 in the tran-
sition zone has a significantly
lower (P � .001) tumor-muscle SI
ratio than does cancer of the
same grade in the peripheral zone
of the prostate.

Implication for Patient Care

� MR imaging may facilitate nonin-
vasive assessment of prostate can-
cer aggressiveness.
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MR Imaging Technique and Phantom
Study
Endorectal MR imaging was performed
with a 1.5-T whole-body MR imager
equipped with both a pelvic phased-array
coil (GE Medical systems, Milwaukee,
Wis) and a commercially available bal-
loon-covered expandable endorectal coil
(Medrad, Pittsburgh, Pa) for signal recep-
tion. Patients were examined in the su-
pine position. Transverse T1-weighted
spin-echo MR images were obtained from
the aortic bifurcation to the symphysis
pubis by using the following parameters:
repetition time msec/echo time msec,
400–700/10–14; section thickness, 5
mm; intersection gap, 1 mm; field of
view, 24–26 cm; matrix, 256 � 192; and
number of signals acquired, one. Thin-
section, high-spatial-resolution trans-
verse, coronal, and sagittal T2-weighted
fast spin-echo images of the prostate and
seminal vesicles were obtained by using
the following parameters: 3650–6917/

Figure 1

Figure 1: Generation of isosurface image profiles
from phantom study. (a, b) Isosurface and projections
on a phantom. (c, d) Corresponding SI profiles for
configurations in a and b, respectively. (e) SI from
middle third of balloon-covered expandable endorec-
tal coil remained homogeneous in z-dimension.

Table 1

Patient Characteristics

Characteristic Value

Clinical data
Age (y)* 57.5 (37–72)
Weight (kg)* 86.6 (59–125)
PSA before radical prostatectomy (ng/mL)* 5.05 (0.8–76.8)

Tumor clinical stage†

T1 47 (64)
T2 25 (34)
T3 2 (3)

Tumor pathologic stage†

T2 58 (78)
T3 15 (20)
T4 1 (1)

Pathologic finding†

Extraprostatic extension 16 (22)
Seminal vesicle invasion 3 (4)
Lymph node metastasis 4 (5)
Tumor-positive margins 12 (16)

* Data are medians. Numbers in parentheses are ranges.
† Data are numbers of patients (n � 74). Numbers in parentheses are percentages.
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78–135 (effective); echo train length,
8–32; section thickness, 3 mm; no inter-
section gap; field of view, 14–20 cm; and
matrix, 256–320 � 192. The total time

for setup and acquisition was approxi-
mately 30 minutes.

Endorectal coil profiles were ob-
tained from a phantom study performed
by a medical physicist (Y.M., with 6
years of experience in MR imaging re-
search) and a radiologist (L.W., with 6
years of experience in prostate MR im-
aging research) to identify the SI isosur-
face on T2-weighted images. A spheric
phantom consisting of saline doped with
T1-shortening contrast agent (Magne-
vist; Berlex, Wayne, NJ) to yield T1 val-
ues of approximately 1 second was sur-
rounded with saline bags to mimic the
typical conductance of the human pros-
tate and was imaged with the endorectal
coil setup. Corrected and uncorrected
transverse T2-weighted MR images
were generated that were similar to
those obtained from a prostate exami-
nation. Images were exported to a sci-
entific and engineering software tool
(Matlab; MathWorks, Natick, Mass),
and SI isosurface profiles were gener-
ated both in the z-direction and, as a
function of distance to the endorectal
coil, in the in-plane direction on T2-
weighted MR images.

Image postprocessing was performed
with prostatic analytic coil correction
software (GE Medical Systems) on the
transverse T1- and T2-weighted MR im-
ages to correct for the reception profile
of the endorectal and external pelvic
phased-array coils. All MR imaging data
were transferred to the picture archiv-
ing and communication system (GE
Medical Systems) of our radiology de-
partment.

Pathologic Evaluation
After prostate resection, the specimen
was step-sectioned into 3–5-mm slices,
as previously described (18) and re-
viewed by a urologist (K.K., with 4
years of experience in uropathology)
who was not aware of the MR imaging
findings. Cancer foci were outlined in
ink on whole-mount apical and seminal
vesicle slices so as to be grossly visible
and were then photographed to provide
tumor maps. The greatest diameter and
the greatest perpendicular diameter for
each lesion on the whole-mount step-
section maps were measured, and bidi-

mensional products were calculated.
The locations of tumors were recorded
for the PZ or the transition zone (TZ)
and the base, middle, or apex of the
prostate. The pathologic stage and the
presence of extraprostatic extension,
seminal vesicle invasion, lymph node
metastasis, and tumor-positive margins
also were recorded.

MR Image Analysis
MR images and whole-mount pathologic
step-section slices were analyzed in con-
sensus by a radiologist (L.W.) and a
urologist (K.K.). The radiologist was
blinded to the Gleason grade but knew
the location of the lesion from the whole-
mount step-section pathologic maps,
which were printed in black and white
with each tumor area outlined in black.
The whole-mount pathologic step-sec-
tion slices were matched with the most
closely corresponding T2-weighted MR
images.

Tumors that had a bidimensional di-
ameter product of 20 mm2 or greater on
whole-mount pathologic maps and that
were of uniform Gleason grade 3 or 4 or
contained Gleason grade 5 components
were analyzed; if a patient had more
than one such tumor, the two largest
tumors were analyzed. On both cor-
rected and uncorrected transverse T2-
weighted images, by using the patho-
logic maps as a guide, the radiologist
(L.W.) drew a region of interest (ROI)
in the center of each tumor. He began
by locating a voxel in the center of the
tumor with the help of the cross-
referencing feature of the picture ar-
chiving and communication system,
which automatically displays a voxel
that is selected in one plane in the two
intersecting planes as well. He then
drew a round or elliptic (approximately
round) ROI around the selected voxel in
the transverse plane. To ensure that tu-
mor edges would not be included, he
drew the ROI so that its short axis was
approximately half the length of the
greatest perpendicular diameter of the
lesion as seen on the transverse image
(ROI area range, 4–10 mm2).

When a tumor extended through
both the PZ and the TZ, two separate
ROIs, one in the PZ and one in the TZ

Table 2

SI Ratios on Uncorrected and
Corrected Images

Image Type and SI Ratio Value*

Uncorrected images
Tumor-muscle SI ratio 3.57 (1.22–9.66)
Nontumor-muscle SI

ratio 5.93 (1.0–17.6)
Corrected images

Tumor-muscle SI ratio 2.42 (0.75–8.75)
Nontumor-muscle SI

ratio 3.82 (1.79–12.07)

* Data are medians. Numbers in parentheses are
ranges.

Table 3

Tumor-Muscle SI Ratios for PZ and TZ
Tumors according to Gleason Grade
for Uncorrected and Corrected
Images

Image Type, Zone,
and Gleason Grade

No. of
Tumors

Tumor-Muscle
SI Ratio*

Uncorrected images
PZ

Grade 3 49 5.3 � 1.65
Grade 4 7 2.9 � 0.60
Grade 5 3 2.05 � 0.56

TZ
Grade 3 30 2.7 � 0.65
Grade 4 1 1.66†

Grade 5 1 1.22†

Corrected images
PZ

Grade 3 49 3.4 � 1.2
Grade 4 7 1.9 � 0.40
Grade 5 3 1.2 � 0.41

TZ
Grade 3 30 2.1 � 0.50
Grade 4 1 1.07†

Grade 5 1 0.75†

Note.—For uncorrected images, P � .001 for PZ tu-
mors and P � .13 for TZ tumors of Gleason grades 3–5.
For corrected images, P � .006 for PZ tumors and P �
.09 for TZ tumors of Gleason grades 3–5.

* Data are means � standard deviations unless other-
wise specified.
† Mean value.
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portion of the tumor, were placed. The
ROIs were placed so as not to include
the prostate capsule or urethra. Mean
SI values and standard deviations in the
ROI were automatically calculated by
the picture archiving and communica-
tion system. For normalization, ROI
measurements in nontumor prostatic
tissue and the internal obturator muscle
were performed on both corrected and
uncorrected images.

To correct for SI inhomogeneity
from the endorectal coil, two ap-
proaches were used for evaluating SI
values on corrected and uncorrected
images. On uncorrected T2-weighted
transverse images, the mapped isosur-
face profile obtained from the phantom
study was used to guide ROI selection.
Round or elliptic ROIs (area range,
4–10 mm2) were placed on nontumor
prostatic tissue and internal obturator
muscle along the SI isosurface of the
tumor ROI. On T2-weighted transverse
MR images corrected with prostatic an-
alytic coil correction software, ROIs
were placed on contralateral nontumor

Figure 2

Figure 2: Prostate cancer in PZ (Gleason grade 4) in 54-year-old man (weight, 100.2 kg; PSA level, 4.4 ng/mL; tumor, clinical stage T2b and pathologic stage T3b).
(a) Whole-mount step-section pathologic tumor map shows index lesion of Gleason grade 4 in left PZ. Black outlined area represents the area of Gleason grade 4. (b) On
the corresponding transverse uncorrected T2-weighted MR image (4916.7/102.48; echo train length, 12; field of view, 14 cm; section thickness, 3 mm; no intersection
gap), ROIs were placed on center of tumor (1), on nontumor prostatic tissue (2), and on internal obturator muscle (3). PZ tumor-muscle SI ratio was 2.27. PZ nontumor
prostatic tissue-muscle SI ratio was 4.86. (c) On corresponding transverse T2-weighted MR image corrected with prostatic analytical coil correction software, ROIs were
placed on center of tumor (4), on contralateral nontumor prostatic tissue (5), and on internal obturator muscle (6). PZ tumor-muscle SI ratio was 1.82. The PZ nontumor
prostatic tissue-muscle SI ratio was 3.44.

Figure 3

Figure 3: Prostate cancers in PZ and TZ (Gleason grade 3) in 60-year-old man (weight, 80.7 kg; PSA level,
5.1 ng/mL; tumor, clinical stage T2b and pathologic stage T2c). (a) Whole-mount step-section pathologic
tumor map shows index lesion of Gleason grade 3 in right TZ (white arrow) and a second dominant lesion of
same grade in the right posterior PZ (black arrow). Outlined areas represent the tumors. (b) Corresponding
transverse T2-weighted MR image (4000/103 [effective]; echo train length, 16; field of view, 14 cm; acquisi-
tion matrix, 256 � 192; section thickness, 3 mm; no section gap) corrected with prostatic analytic coil correc-
tion software shows index lesion of Gleason grade 3 in TZ (white arrow) and second dominant lesion of same
grade in PZ (black arrow). Tumor-muscle SI ratio of 1.77 in TZ was lower than that of 3.99 in PZ. PZ tumor-
muscle SI ratio of 3.99 in this lesion of Gleason grade 3 was higher than SI ratio of 1.82 for lesion of Gleason
grade 4 in different patient shown in Figure 2.
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prostatic tissue symmetrically to the tu-
mor ROI and on internal obturator mus-
cle as close to the tumor as possible
(distance range, 6–28 mm). The mean
SI values of the ROIs were used to calcu-
late the tumor-muscle and nontumor-
muscle SI ratios.

Statistical Analysis
On both the uncorrected and corrected
images, generalized estimating equa-
tions with robust sandwich variance es-
timates and an independence working
correlation matrix were used to exam-
ine correlations between Gleason grades
and tumor-muscle and nontumor-mus-
cle SI ratios, accounting for the clus-
tering caused by patients who contrib-
uted more than one lesion. An un-
paired t test was used to test for
differences in tumor-muscle and non-
tumor-muscle SI ratios between PZ
and TZ lesions of the same Gleason
grade. In all statistical methods, a P

value of less than .05 was considered
to indicate a significant difference.
Analyses were performed with statis-
tical software (Intercooled Stata 8.0
for Windows, 2003, Stata, College
Station, Tex; SAS for Windows 9.0,
2002, SAS Institute, Cary, NC).

Results

Patient and Lesion Characteristics,
Phantom Study, and SI Ratios
Seventy-four patients with a total of
91 lesions were included in the study
(Table 1). At histopathologic examina-
tion, 17 patients each had two lesions
analyzed. Of 91 lesions, 59 (65%) were
in the PZ and 32 (35%) were in the TZ.
The Gleason grade classification was as
follows: 79 (87%), grade 3; eight (9%),
grade 4; and four (4%), mixed grades 4
and 5. At whole-mount step-section
pathologic evaluation, the median lesion

diameter was 16 mm (range, 5–48
mm), the median greatest perpendicu-
lar diameter was 8 mm (range, 4–38
mm), and the median bidimensional
product was 144 mm2 (range, 20–1824
mm2). Of 74 patients, 16 (22%) had
extracapsular extension, three (4%) had
seminal vesicle invasion, and four
(5%) had pelvic lymph node metasta-
sis. Figure 1 shows the endorectal pro-
file generated from the phantom study.
Table 2 lists the median values and
ranges for the SI ratios measured on the
uncorrected and corrected images.

Correlation of SI Ratio and Gleason Score
Uncorrected images.—Gleason grade
correlated significantly with tumor-mus-
cle SI ratio for PZ tumors (P � .001),
and tumors with a higher Gleason grade
demonstrated lower SI ratios (Table 3,
Figs 2–4). The nontumor-muscle SI ra-
tios in the PZ did not differ significantly
across patients with different Gleason
grades (P � .4), and this finding indi-
cated that no significant bias existed in
our measurements (Table 3).

Corrected images.—Gleason grade
correlated significantly with tumor-mus-
cle SI ratio for PZ tumors (P � .006);
Gleason grade also correlated with tu-
mor-muscle SI ratio for TZ tumors but
not to a significant degree (P � .09)
(Table 3, Fig 4). In both the PZ and the
TZ, tumors with a higher Gleason grade
demonstrated lower SI ratios. The non-
tumor-muscle SI ratios demonstrated
no significant difference across patients
with tumors of different Gleason grades
in the PZ (0.63) or in the TZ (P � .31),
and this finding indicated that no signif-
icant bias existed in our measurements
(Table 3).

TZ Tumor versus PZ Tumor
Uncorrected images.—Lesions in the TZ
classified as Gleason grade 3 had a sig-
nificantly lower (P � .001) mean tumor-
muscle SI ratio than did lesions in the
PZ classified as the same grade (Table 3;
Figs 3, 4). The numbers of lesions in the
TZ classified as Gleason grade 4 and
mixed grades 4 and 5 were too small for
formal analysis.

Corrected images.—Lesions in the
TZ classified as Gleason grade 3 had a

Figure 4

Figure 4: Box plots of tumor-muscle SI ratios on T2-weighted MR images according to Gleason grade of
tumors in PZ tumor (a) on corrected (b) and uncorrected images and in TZ tumor (c) on corrected and (d) un-
corrected images. Red crosses � mean for that group, box � middle 50% of values, black line in box �
group median, lines at bottom and top of error bars � minimum and maximum values, respectively.
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significantly lower (P � .001) mean tu-
mor-muscle SI ratio than did lesions in
the PZ classified as the same grade (Ta-
ble 3; Figs 3, 4).

Basal Tumor versus Middle Tumor versus
Apical Tumor
Uncorrected images.—Most of the tu-
mors classified as Gleason grade 3 were
in the middle and apex of the prostate.
For these two regions, the mean tumor-
muscle SI ratios of lesions classified as
Gleason grade 3 did not differ signifi-
cantly (P � .05) (Table 4). The numbers
of tumors classified as Gleason grade 4
and mixed grades 4 and 5 were too
small for formal analysis.

Corrected images.—The mean tu-
mor-muscle SI ratios for lesions classi-
fied as Gleason grade 3 did not differ
significantly (P � .05) for those in the
middle and the apex of the prostate (Ta-
ble 4).

Discussion

Endorectal MR imaging, with and with-
out MR spectroscopic imaging, has the

capacity to aid in the detection, localiza-
tion, and staging of prostate cancer
(19–24). Furthermore, MR spectro-
scopic imaging may have a role in the
evaluation of tumor aggressiveness, be-
cause metabolic data from MR spectro-
scopic imaging correlate with the Glea-
son grade of prostate cancer (17). How-
ever, to the best of our knowledge, the
capacity of MR imaging alone to provide
information about tumor aggressiveness
has not been explored. Engelhard et al
(16) used the SI ratio on T2-weighted
MR images and serum PSA level to dif-
ferentiate benign disease from prostate
cancer in the PZ, by using needle biopsy
histopathologic findings as the standard
of reference. Although their study did
not address tumor aggressiveness spe-
cifically, findings from it suggested that
quantitative evaluation of SI ratios on
MR images could provide more infor-
mation than visual evaluation alone re-
garding the nature of the tissue in a
lesion. Therefore, we decided to inves-
tigate whether a correlation existed be-
tween SI ratios on T2-weighted MR im-
ages and Gleason grades of tumors at

whole-mount step-section pathologic
evaluation after radical prostatectomy.
We found that lower tumor-muscle SI
ratios were associated with higher Glea-
son grades, although there was some
overlap between the SI ratios for tu-
mors of different grades, perhaps be-
cause of tissue heterogeneity. We also
found that, for all lesions classified as
Gleason grade 3, mean tumor-muscle SI
ratios were significantly lower in the TZ
than in the PZ (P � .001).

The mechanism underlying our find-
ings is not entirely clear to us. We spec-
ulate that the lower SI values in more
aggressive tumors may be caused by a
higher cellular density. Schiebler et al
(25) demonstrated that the SI of pros-
tate lesions on T2-weighted MR images
is associated with lesion cellularity, as
well as presence and amount of fluid
contents, collagen, and fibromuscular
stroma. Quint et al (26) and Schiebler
et al (25) reported that, histologically,
prostate cancer consisted of regions of
tightly packed glandular elements with
very little open space and high cellular
density. The reason that the SI values of

Table 4

Tumor-Muscle SI Ratios according to Gleason Grade and Location of Tumor for Uncorrected and Corrected Images

Image Type and Tumor Location

Gleason Grade 3 Gleason Grade 4 Gleason Grade 5

No. of Lesions
Tumor-Muscle
SI Ratio* No. of Lesions

Tumor-Muscle
SI Ratio* No. of Lesions

Tumor-Muscle
SI Ratio*

Uncorrected images
PZ

Apex 21 5.6 � 1.5 4 2.7 � 0.46 0 . . .
Middle 25 5.3 � 1.8 1 3.9† 1 2.6†

Base 3 3.8 � 0.75 2 2.8 � 0.69 2 1.8 � 0.39
TZ

Apex 5 2.75 � 0.76 1 1.66† 0 . . .
Middle 24 2.7 � 0.66 0 . . . 0 . . .
Base 1 2.5† 0 . . . 1 1.22†

Corrected images
PZ

Apex 21 3.4 � 0.96 4 1.8 � 0.45 0 . . .
Middle 25 3.5 � 1.5 1 2.4† 1 1.7†

Base 3 2.6 � 0.18 2 2.0 � 0.22 2 0.96 � 0.05
TZ

Apex 5 2.5 � 0.74 1 1.07† 0 . . .
Middle 24 2.0 � 0.42 0 . . . 0 . . .
Base 1 2.1† 0 . . . 1 0.75†

* Data are means � standard deviations unless otherwise specified.
† Mean value.
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tumors of the same grade are lower for
those in the TZ than for those in the PZ
could be related to the underlying histo-
logic differences between TZ and PZ tu-
mors (27,28). For example, microscop-
ically, PZ cancer typically contains cubic
cells with eosinophilic cytoplasm and
vesicular nuclei, whereas TZ cancer of-
ten has columnar cells with pale cyto-
plasm and small dark nuclei (27–29).

The use of an endorectal coil with a
phased-array coil substantially increases
the signal-to-noise ratio in MR imaging
of the prostate and thereby improves
tumor detection, localization, and stag-
ing (16,30,31). However, it also creates
obstacles to the comparison of SI values
across patients, since the SI is substan-
tially higher in regions close to the endo-
rectal coil and decreases rapidly with
increasing distance from it (32). This SI
profile may vary from patient to patient,
depending on the orientation of the en-
dorectal coil at insertion. Furthermore,
there may be signal variations along the
z-axis of the endorectal coil, and the
anterior phased-array coil also contrib-
utes some signal. For these reasons, SI
cannot be compared directly across pa-
tients who have undergone MR imaging
of the prostate (33). Two approaches
may be used to solve this problem:
(a) Image postprocessing may be imple-
mented to correct for the reception pro-
files of endorectal and phased-array coils,
which is feasible with commercial soft-
ware. (b) An endorectal coil profile may
be acquired from a phantom to guide
placement of ROIs along a uniform sig-
nal profile, referred to as an isosurface.
The latter approach does not require
image SI correction. Both approaches
were used in our study and showed con-
sistent results, indicating that our find-
ings are unlikely to have been influenced
by bias. Even though the phantom study
showed that SI from the middle third of
the endorectal coil remained homoge-
neous in the z-dimension, we performed
all ROI measurements for the tumor,
the nontumor prostate tissue, and the
internal obturator muscle on the same
transverse MR image to minimize po-
tential bias.

Another potential source of error in
quantifying prostate cancer is the par-

tial volume effect (34). To prevent the
partial volume effect from adjacent non-
tumor prostatic tissue, only the two
largest lesions in the prostate that met
the specified size criteria were ana-
lyzed. Furthermore, by using the cross-
referencing tool of the picture archiving
and communication system, ROIs were
placed on the centers of tumors to pre-
vent tumor edge effects.

Our analysis was based on Gleason
grades assigned at the time of mapmak-
ing, the dates of which preceded the
new consensus on Gleason grading. The
new consensus document, published in
2005, was largely based on empiric ob-
servation rather than on validated data,
and, therefore, we did not believe there
was a strong need to reevaluate the
pathologic samples for our study (10).

Correction of signal nonuniformity
when using surface coils in MR imaging
is an active area of research (35,36).
Several groups have investigated post-
processing methods to minimize the sig-
nal nonuniformity of endorectal MR im-
aging. Some have suggested methods
that would not require additional acqui-
sition but would require more advanced
algorithms to correct for the bias field
effect (32,33,37). Others have proposed
methods that require additional data ac-
quisition (36). Our study results suggest
that such postprocessing methods have
potential clinical utility in the noninva-
sive assessment of prostate cancer ag-
gressiveness.

One limitation of this study was the
exclusion of a number of patients be-
cause of technical and clinical issues.
Although the median time from biopsy
to MR imaging was 35 days, some pa-
tients still demonstrated substantial bi-
opsy changes on T1-weighted MR im-
ages and corresponding SI loss at T2-
weighted MR imaging, which made their
data sets unusable. Other limitations
were the relatively small numbers of tu-
mors with uniform Gleason grade 4 or
with Gleason grade 5 components in the
study group; this limitation prevented
us from comparing the SI ratios for such
tumors in different regions of the pros-
tate.

Another limitation of our study was
that the acquisition parameters (repeti-

tion time, echo time, echo train length)
varied within a very wide range. Such
variation could have been a source of
error, as it contributes to variation in
tumor-muscle SI ratio measurements on
T2-weighted MR images among patients.

Our findings suggest that, in addi-
tion to providing anatomic information
for tumor detection, localization, and
staging, T2-weighted endorectal MR im-
aging may have the potential to allow
noninvasive assessment of prostate can-
cer biological aggressiveness, which could
help in the stratification of patients for
appropriate treatment. Future studies
with larger numbers of patients and
prospective quantitative T2 measure-
ment are warranted to confirm our find-
ings.
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