Downloaded from www.ajronline.org by Queen's Univ on 03/06/14 from | P address 130.15.241.167. Copyright ARRS. For personal use only; all rights reserved

Genitourinary Imaging * Original Research

Prostate Cancer Detection in
Patients With Total Serum
Prostate-Specific Antigen Levels
of 4-10 ng/mL: Diagnostic Efficacy
of Diffusion-Weighted Imaging,
Dynamic Contrast-Enhanced MRI,
and T2-Weighted Imaging

Tsutomu Tamada’
Teruki Sone!
Hiroki Higashi'
Yoshimasa Jo?
Akira Yamamoto'
Akihiko Kanki'
Katsuyoshi Ito’

Keywords: cancer screening, early diagnosis of cancer,
MRI, prostate-specific antigen, prostatic neoplasms

DOI:10.2214/AJR.10.5923

Received October 9, 2010; accepted after revision
January 28, 2011.

This study was supported by a Japan Society for the
Promotion of Science Grant-in-Aid for Scientific
Research (grant 21591582).

'Department of Radiology, Kawasaki Medical School,
577 Matsushima, Kurashiki City, Okayama 701-0192,
Japan. Address correspondence to T. Tamada

(ttamada@med.kawasaki-m.ac.jp).

2Department of Urology, Kawasaki Medical School,
Kurashiki City, Okayama, Japan.

AJR2011;197:664-670
0361-803X/11/1973-664

© American Roentgen Ray Society

664

OBJECTIVE. The purpose of this study is to evaluate the utility of T2-weighted imaging,
dynamic contrast-enhanced MRI (DCE-MRI), and diffusion-weighted imaging (DWI) for
detecting prostate cancer in patients with total serum prostate-specific antigen (PSA) levels
of 4-10 ng/mL, which is referred to as the “gray zone.”

MATERIALS AND METHODS. Fifty patients with gray-zone PSA levels underwent
MRI before biopsy. According to the sites of biopsy, the prostate was divided into eight re-
gions on MRI scans. These regions were evaluated individually for the following features:
detectability of prostate cancer on per-region and per-patient bases, and relationship between
tumor size and positive or negative MRI findings for tumor detection.

RESULTS. On a per-region basis, the sensitivity and specificity of tumor detection were
36% and 97% for T2-weighted imaging, 43% and 95% for DCE-MRI, 38% and 96% for DWI,
and 53% and 93% for the combined method of MRI, respectively. The sensitivity of com-
bined MRI to detect tumor was significantly higher than those of the individual methods (p <
0.001 to p = 0.001). Tumor size was significantly larger in regions with positive MRI findings
than in regions with negative MRI findings (p = 0.004). On a per-patient basis, sensitivity and
specificity of combined MRI to detect prostate cancer were 83% and 80%, respectively.

CONCLUSION. Combined T2-weighted imaging, DWI, and DCE-MRI findings ap-
pear to be potentially useful for detecting and managing prostate cancer, even when per-
formed for patients with gray-zone PSA levels.

ore than 190,000 men in the Unit-
ed States received a diagnosis of
prostate cancer in 2009, and the
disease is the second leading
cause of cancer deaths among men [1]. In Ja-
pan, which has the second highest life expec-
tancy (78.64 years) in the world, the growing
elderly population has led to a sharp increase
in the number of prostate cancer cases among
elderly men, and prostate cancer is now ex-
pected to show the highest increase in mortal-
ity rate compared with other common can-
cers, such as stomach and lung cancer [2-5].
Early diagnosis of prostate cancer is es-
sential to reduce mortality rates. The se-
rum prostate-specific antigen (PSA) test of-
fers one of the best tests for early detection
of prostate cancer [6, 7]. This noninvasive
test is thus currently in wide use as a method
of screening for prostate cancer, particular-
ly in the elderly male population [8]. How-
ever, although PSA level has high sensitivity
for prostate cancer detection, its specifici-
ty is insufficient when PSA levels are rela-

tively low, such as within the so-called “gray
zone” of 4-10 ng/mL [9]. The positive pre-
dictive value (PPV) of PSA for prostate can-
cer detection using transrectal ultrasound
(TRUS)—guided biopsy or radical retropubic
prostatectomy is estimated to be 30—42% in
patients with gray-zone PSA levels [10-12].
This is because, apart from prostate cancer,
several noncancerous causes, such as benign
prostatic hyperplasia and chronic prostatitis,
can increase PSA levels [13]. Accordingly,
about 70% of men with gray-zone PSA levels
may undergo unnecessary biopsy [14]. Ac-
curate detection of prostate cancer thus has
the potential for decreasing unnecessary bi-
opsies. So far, only a few studies using T2-
weighted imaging or MR spectroscopic im-
aging (MRSI) have shown their potential in
detecting prostate cancer in patients with
gray-zone PSA levels [15-17].

The utility of combined MRI using T2-
weighted imaging, dynamic contrast-en-
hanced MRI (DCE-MRI), diffusion-weight-
ed imaging (DWI) with apparent diffusion
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coefficient (ADC), and MRSI in the diagno-
sis of localized prostate cancer arising not
only in the peripheral zone (PZ) but also in
the transition zone (TZ) has been clarified in
recent years in a number of clinical studies
[18-25]. In the studies that included patients
with higher PSA levels (> 10 ng/mL), sen-
sitivity, specificity, accuracy, PPV, and neg-
ative predictive value (NPV) for the detec-
tion of prostate cancer using combined MRI
were 69-95%, 63-96%, 68-92%, 75-86%,
and 80-95%, respectively [18-20, 23-25].
However, to our knowledge, no studies with
multiparametric MRI focusing on the detec-
tion of prostate cancer in men with gray-zone
PSA levels have been reported.

The aim of this study was to evaluate the
utility of T2-weighted MRI, DCE-MRI, and
DWI for the detection of prostate cancer in
patients with total serum PSA levels of 4-10
ng/mL.

Materials and Methods
Patient Characteristics

This retrospective study was approved by the
institutional review board, and the need for in-
formed consent from patients was waived.

A total of 54 men with gray-zone PSA levels un-
derwent MRI of the prostate within 3 months be-
fore TRUS-guided biopsy between January 2006
and December 2009 in our institution. Four pa-
tients were excluded because of incomplete MRI
examination (n = 2) or cryptogenic intraprostatic
hemorrhage (n = 2). Thus, 50 men (mean age, 70
years; range, 40—84 years) were included in this
study. Mean PSA level was 6.84 ng/mL (median,

6.68 ng/mL; range, 4.06-9.94 ng/mL). The mean
interval between biopsy and MRI was 23 days
(range, 1-87 days). None of the patients was diag-
nosed with prostate cancer before MRI.

A total of 12 specimens (eight from the PZ and
four from the TZ) were taken from each patient
during TRUS-guided systematic prostate biop-
sy by an urologist with 15 years of experience in
prostate biopsy.

MRI

After intramuscular administration of gluca-
gon to decrease intestinal peristalsis, prostate
MRI was performed in all patients under fasting
conditions. MRI was performed with a 1.5-T MRI
scanner (Signa Excite High speed, GE Health-
care) with a maximum gradient amplitude of 33
mT/m and a maximum slew rate of 77 mT/m/s.
A body coil was used for signal excitation, with a
multichannel phased-array torso coil (catalog no.
S75292E, GE Healthcare) for signal reception.

MRI protocols included axial and coronal T2-
weighted fast spin-echo (FSE) imaging, axial T2-
weighted echo-planar imaging (EPI), axial DWI,
axial DCE-MRI, and axial unenhanced and con-
trast-enhanced TI-weighted FSE imaging. Axial
DWI was performed using a multisection spin-
echo single-shot EPI sequence. ADC maps were
reconstructed by calculating the ADC in each pix-
el of each slice. DCE-MRI was performed using
an FSE sequence or a 3D T1-weighted gradient-
echo liver acquisition with volume acceleration
(LAVA) sequence. Data acquisition for DCE-MRI
began simultaneously with initiation of IV injec-
tion of gadopentetate dimeglumine (Magnevist,
Bayer Schering Pharma) at 0.1 mmol/kg body

TABLE |: MRI Parameters Used in the Current Study

weight at a rate of 3 mL/s via a power injector
(Sonic Shot 50, Nemoto Kyorindo), followed by
a 40-mL saline flush at 3 mL/s as a gadopentetate
dimeglumine injection. Multiphase DCE images
were obtained every 30 seconds for 150 seconds in
an FSE sequence (six phases) or every 20 seconds
for 120 seconds in a LAVA sequence (seven phas-
es) without breath-holding by patients.

The acquisition parameters for the MRI pulse
sequences are listed in Table 1.

Image Interpretation and Data Analysis

Two radiologists with 11 and 7 years of expe-
rience in prostate MRI conducted a consensus
review of MRI examinations for the 50 patients.
The reviewers were aware that patients had been
referred for MRI on suspicion of prostate cancer
with PSA levels of 4-10 ng/mL but were blinded to
all other clinical and histopathologic findings. Fur-
thermore, the reviewers were blinded to the find-
ings of the other sequences at the time of review.

Intraprostatic hemorrhage was considered to be
present when an area of signal hyperintensity was
identified within the prostate gland on T1-weight-
ed imaging. Two patients who were diagnosed
with intraprostatic hemorrhage on T1-weighted
imaging were excluded from this study because of
the limited accuracy caused by bleeding for tumor
localization of prostate cancer on MRI.

According to the sites of biopsy, the prostate
gland was divided into eight regions on MRI scans
[19, 26] (Fig. 1). To distinguish PZ and TZ, re-
viewers mainly used T2-weighted MRI scans, be-
cause zonal anatomy of the prostate can be seen
only on these images [27]. Landmarks used to
distinguish PZ and TZ were the urethra, capsule

Sequence
T1-Weighted | T2-Weighted | T2-Weighted
Parameter FSE FSE EPI DWI (Single-Shot EPI) DCE-MRI (FSE) DCE-MRI (LAVA)
TR (ms) 425 3600 2500 5000 350 47
TE (ms) 9.3 102 80 63.8 9 2.2
Bandwidth (kHz) 31.2 20.8 250 250° 31.2 62.5
Echo-train length 2 16 NA NA 3 NA
Matrix size 320 x 256 320320 256 x 256 128 x 192 256 x 128 288x 192
FOV (cm) 24 x 24 24 % 24 24 % 24 36x36 27 x 217 35x35
No. of acquisitions 3 4 8 8 1 0.78
Slice thickness (mm) 5 4 5 5 5 3
Interslice gap (mm) 1 0.5 1 1 2.5 0
Parallel imaging factor NA NA NA 2 NA 2
Scantime 2min42s 4min47s 2min43s 2min40s 3min(30sx6phases) | 2min20s (20 s x 7 phases)

Note—Diffusion-weighted imaging (DWI) was performed with motion-probing gradient pulses applied sequentially along three orthogonal orientations with two b
factors (0 and 800 s/mm?). DCE-MRI = dynamic contrast-enhanced MRI, EPI = echo-planar imaging, FSE = fast spin-echo, LAVA = liver acquisition with volume

acceleration, NA = not applicable.
aFrequency-encoding direction.
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Fig. 1—Schematic illustration showing 12 sites of core needle biopsy in eight areas of prostate on MRl scans.
According to sites of biopsy (1-12), prostate gland was divided into eight areas on MRl scans. That s, base
rightin peripheral zone (PZ) (1), middle right and far lateral right in PZ (2 and 3), apex rightin PZ (4), ventral and
dorsal rightin transition zone (TZ) (5 and 6), base leftin PZ(7), middle left and far lateral leftin PZ (8 and 9), apex
leftin PZ (10), and ventral and dorsal leftin TZ (11 and 12) as biopsy sites were designated as base right (Area
1), middle right (Area 2), apex right (Area 3), TZ right (Area 4), base left (Area 5), middle left (Area 6), apex left
(Area7),and TZ left (Area 8), respectively. (Reprinted with permission from [19])

of the prostate gland, and the surgical pseudo-
capsule. In the PZ, sections through the bladder
neck and proximal prostatic urethra were consid-
ered as the base, whereas the prostatic apex was
defined by the doughnut-shaped appearance of the
distal prostatic urethra. The remainder of the PZ
was considered as the middle [28]. These regions
were evaluated individually with regard to the
detectability of prostate cancer. Prostate cancer
was localized independently on each MRI study
according to standard criteria. On MRI scans, le-
sions fulfilling the following criteria were regarded
as prostate cancer: first, on T2-weighted imaging
(FSE or EPI or both), a circumscribed round or tri-
angular-shaped area in the PZ with homogeneous
signal hypointensity and mass effect [29] or an area
in the TZ with homogeneous signal hypointensity,
ill-defined margins, and lack of capsule [27]; sec-

ond, on DWI and ADC maps, an area with focal
signal hyperintensity on DWI and with focal sig-
nal hypointensity on the ADC map relative to back-
ground prostatic parenchyma; or finally, on DCE-
MRI, an area with focal early enhancement until
the third phase in the FSE sequence or the fourth
phase in the LAVA sequence (60 seconds after ad-
ministration of contrast medium). In the interpre-
tation of images from DWI and DCE-MRI, we
referred to T2-weighted imaging, to confirm ana-
tomic positions after the assessment of each image.

The tumor site on each MRI scan was consid-
ered to match histologic findings if the tumor de-
picted on the image was present in the same region
of the prostate indicated in the pathology report
for the TRUS-guided biopsy specimen. First, on
a per-region basis, diagnostic sensitivity, specific-
ity, accuracy, PPV, and NPV were calculated for

T2-weighted imaging, DWI, DCE-MRI, and the
combination of all three MRI techniques (com-
bined MRI). In combined MRI, when a positive
finding according to the criteria mentioned previ-
ously was recognized for at least one of the three
methods in each region for each patient, the re-
gion was considered to contain prostate cancer.
Next, on a per-patient basis, diagnostic sensitivity,
specificity, accuracy, PPV, and NPV were calcu-
lated for T2-weighted imaging, DWI, DCE-MRI,
and combined MRI. On a per-patient basis, when
each MRI technique and combined MRI showed a
positive finding for at least one of the eight regions,
that patient was considered to have prostate cancer.
In addition, reviewers also recorded the tumor
volume and Gleason score of prostate cancer in
positive biopsy sites from the pathology report for
the TRUS-guided biopsy specimen after the MRI
interpretation. An index of tumor size was calcu-
lated using the total cancer length within each bi-
opsy specimen instead of tumor volume [19].

Statistical Analysis

Differences in sensitivity, specificity, PPV, and
NPV between any two MRI methods were test-
ed using the McNemar test. The Mann-Whitney U
test was used to determine significant differenc-
es in indexes of tumor size and Gleason score for
pathologically diagnosed prostate cancer between
regions of positive and negative MRI findings.
Statistical analyses were performed using SPSS
software (version 17.0, SPSS). All statistical tests
were two sided, and p values of 0.05 or less were
considered indicative of a significant difference.

Results
Prostate Biopsy Results

TRUS-guided prostate biopsy revealed pros-
tate cancer in 35 of 50 patients (70%) and in

TABLE 2: Detection of Prostate Cancer Using Various MRI Methods in 50 Patients With Gray-Zone Prostate-Specific

Antigen Levels

MRI Method Sensitivity Specificity Accuracy PPV NPV

Per-region basis (n=400)

T2-weighted imaging 36(37/103) 97 (289/297) 82(326/400) 82(37/45) 81(289/355)

DWI 38(39/103) 96 (286/297) 81(325/400) 78(39/50) 82(286/350)

DCE-MRI 43(44/103) 95(282/297) 82(326/400) 75(44/59) 83(282/341)

Combined MRI? 53(55/103) 93(277/297) 83(332/400) 73(55/75) 85(277/325)
Per-patient basis (n="50)

T2-weighted imaging 60(21/35) 87(13/15) 68 (34/50) 91(21/23) 48(13/27)

DWI 69(24/35) 87(13/15) 74 (37/50) 92 (24/26) 54(13/24)

DCE-MRI 74(26/35) 80(12/15) 76 (38/50) 90(26/29) 57(12/21)

Combined MRI? 83(29/35) 80(12/15) 82 (41/50) 91(29/32) 67(12/18)

Note—Data are percentages, with values used to calculate these percentages provided in parentheses. DCE-MRI = dynamic contrast-enhanced MRI, DWI = diffusion-
weighted imaging, NPV = negative predictive value, PPV = positive predictive value.
aCombined MRI refers to combined use of T2-weighted imaging, DWI, and DCE-MRI.
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103 of 400 regions (26%). Among the 103
positive regions, 74 (72%) were located in
the PZ and the rest were in the TZ. PZ le-
sions consisted of 19 in the base, 33 in the
middle, and 22 in the apex. The median Glea-
son tumor score was 7 (range, 6—10), and the
mean index for tumor size was 0.31 (range,
0.06-0.94).

Detection of Prostate Cancer

Sensitivity, specificity, accuracy, PPV, and
NPV on both a per-region basis and a per-pa-
tient basis are shown in Table 2. On a per-re-
gion basis, the sensitivity of combined MRI
to detect tumor was higher than those for T2-
weighted imaging, DWI, and DCE-MRI indi-
vidually (53% vs 36-43%), although specific-
ity was slightly decreased (93% vs 95-97%).
Sensitivity differed significantly between T2-
weighted imaging and combined MRI (p <
0.001), between DWI and combined MRI (p <
0.001), and between DCE-MRI and combined
MRI (p = 0.001). Specificity differed signif-
icantly between T2-weighted imaging and
combined MRI (p < 0.001), between DWI
and combined MRI (p = 0.004), and between
DCE-MRI and combining MRI (p = 0.031).
No significant differences were observed for
any other pairwise comparisons.

On a per-patient basis, sensitivity, specific-
ity, accuracy, PPV, and NPV of combined MRI
to detect prostate cancer were 83%, 80%, 82%,
91%, and 67%, respectively, showing the in-
crease of sensitivity and PPV and the decrease
of specificity and NPV compared with those
on a per-region basis. The sensitivity of com-
bined MRI to detect tumor was higher than
those for T2-weighted imaging, DWI, and
DCE-MRI individually (83% vs 60-74%), al-
though specificity was equivalent or slightly
decreased (80% vs 80—-87%). Sensitivity dif-
fered significantly between T2-weighted im-
aging and combined MRI (p = 0.008). No
significant differences were observed for any
other pairwise comparisons.

Comparison of Tumor Size and Gleason Score
Between Regions of Positive and Negative MRI
Findings of Prostate Cancer

The index of tumor size was significant-
ly larger in regions of positive MRI find-
ings (0.36 £ 0.20) than in regions of negative
MRI findings (0.25 + 0.19; p = 0004). Actu-
ally, the mean total cancer length in regions
of positive and negative MRI findings was
6.7 mm and 3.6 mm, respectively. Converse-
ly, the Gleason score for regions of positive
MRI findings (7.17 + 0.83) was comparable
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to that for regions of negative MRI findings
(7.45 £ 1.34), with no significant difference.

Tumor Detection by Three MRI Methods in
Prostate Cancer With Positive MRI Findings
Positive MRI findings were seen in 55
of 103 regions (53%). These lesions could
be diagnosed only on T2-weighted imag-
ing in five regions, only by DWI in two re-
gions, only by DCE-MRI in nine regions, by
both T2-weighted imaging and DWI in four
regions, by both T2-weighted imaging and
DCE-MRI in two regions, by both DWI and

C

DCE-MRI in seven regions, and by all three
methods in 26 regions (Figs. 2—4).

Discussion

Our region-based analysis using 1.5-T pros-
tate MRI for the detection of prostate cancer
in patients with gray-zone PSA levels showed
that sensitivity was low (36-53%), specificity
was very high (93-97%), and accuracy, PPV,
and NPV were moderately high (81-83%, 73—
82%, and 81-85%, respectively). Sensitivity
was significantly higher for combined MRI
(53%) than for T2-weighted imaging, DCE-

D

Fig. 2—72-year-old man with prostate-specific antigen level of 4.22 ng/mL and positive results of transrectal
biopsy. Transverse MRI of prostate indicated Gleason score of 9in middle right and transition zone (TZ) right

regions.

A, T2-weighted fast spin-echo image (3600/102) shows peripheral zone (PZ) cancer (arrows) in middle right
region as homogeneous hypointense lesion with mass effect.

B, Diffusion-weighted image shows PZ cancer (arrows) as focal hyperintensity.

CandD, PZ canceris seen as focal early enhancement on dynamic contrast-enhanced MRI using liver
acquisition with volume acceleration sequence in first (unenhanced; C) and fourth (arrows, D) phases. Cancer
lesionin TZ right region could not be detected by any of three MRI techniques.
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Fig. 3—67-year-old man with PSA level of 8.34 ng/mL and positive results of transrectal biopsy. Transverse MRI
of prostate indicated Gleason score of 7 in middle right, apex right, transition zone (TZ) right, base left, middle

left, apex left, and TZ left regions.

A, T2-weighted fast spin-echo (FSE) image (3600/102) shows peripheral zone (PZ) cancer (arrows) as
homogeneous signal hypointense lesion with mass effectin middle left region of PZ.
B, Diffusion-weighted image shows PZ cancer (arrows) as focal signal hyperintensity in middle right region of

PZ.

Cand D, No areas of focal early enhancement representing prostate cancer were observed on dynamic
contrast-enhanced MRI using FSE sequences of first (unenhanced; C) and third (D) phases. Left middle cancer
could thus be detected only by T2-weighted imaging, whereas right middle cancer could be detected only by

diffusion-weighted imaging.

MRI, or DWI individually, although it was
not high enough to be used as a screening or
detection tool in this subset of patients. Sen-
sitivity for combined MRI in this study was
lower than that in recent reports (69-88%),
whereas specificity, accuracy, PPV, and NPV
were almost equivalent [18, 19, 23, 25]. This
difference could be attributable to a differ-
ence in PSA levels of patients, because these
previous studies included patients with PSA
levels not only in the gray zone but also those
with PSA levels higher than 10 ng/mL.
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Several factors can be considered contrib-
utory to the decreased sensitivity for pros-
tate cancer detection in patients with gray-
zone PSA levels. First, in our results, tumor
size rather than Gleason tumor score showed
a significant difference between regions of
positive and negative MRI findings. Because
spatial resolution would be a limiting factor
for imaging small tumors, higher resolution
may increase the sensitivity, especially in the
low-resolution study such as DWI. Second, a
recent study of 18 patients with almost gray-

zone PSA levels (range, 2.27-10.99 ng/mL;
median, 4.59 ng/mL) reported that the de-
gree of intermixed normal tissue within the
prostate cancer affects ADC values and T2
properties [30]. That is, although ADC val-
ues and T2 signal intensities are low in dense
prostate tumors, they resemble those of nor-
mal prostatic tissue in sparse tumors [30].
Furthermore, among the 55 lesions with pos-
itive MRI findings in the present study, 16
(29%) were diagnosed by only one of the
three MRI methods of T2-weighted imaging,
DCE-MRI, and DWI. This finding suggests
that the contribution of tissue characteristics
such as morphologic changes on T2-weight-
ed MRI, tumor vascularity on DCE-MRI,
and water diffusion showing the degree of
cellular density on DWI varies among pros-
tate tumors in patients with gray-zone PSA
levels [31]. Therefore, in prostate cancer with
gray-zone PSA levels, both tumor size and
tissue heterogeneity may limit the detect-
ability of tumor by combined MRI using T2-
weighted imaging, DWI, and DCE-MRI.

The decrease in detectability induced by
such unfavorable factors may be overcome by
using an endorectal coil to provide a substantial
increase in the signal-to-noise ratio [32] or by
the addition of MRSI to provide metabolic in-
formation about prostate tissue [15, 31, 33].
However, these techniques are disadvantaged
by the discomfort associated with coil inser-
tion, long acquisition time, and possible vari-
ability in results depending on shimming or
postprocessing [18, 31] and may thus be unsuit-
able for daily clinical use in the detection of
prostate cancer. A recent prospective study
with 3-T MRI comparing a body-array coil and
an endorectal coil reported that T2-weighted
MRI with an endorectal coil had significantly
higher image quality and tumor detectability in
comparison with a body-array coil [34]. On the
other hand, the ranges of ADC values of pros-
tate cancer obtained using 1.5-T MRI (600—
1000 s/mm?) were almost equivalent whether
an endorectal coil (0.96-1.45 x 10 mm?/s)
[21, 35, 36] or body-array coil (0.93-1.21 x 1073
mm?/s) was used [18, 37, 38].

Compared with region-based analysis, pa-
tient-based analysis showed increased sensi-
tivity (60—83%) and PPV (90-92%), almost
equivalent accuracy (68-82%), and de-
creased specificity (80-87%) and NPV (48—
67%). In particular, both the high sensitiv-
ity and the moderate NPV on combined MRI
will help urologists to decide whether to per-
form prostate biopsy or follow up using PSA
in patients with gray-zone PSA levels.
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Fig. 4—72-year-old man with PSA level of 8.07 ng/mL and positive results of transrectal biopsy. Transverse MRI
of prostate indicated Gleason score of 6 in transition zone (TZ) left region.

A, T2-weighted fast spin-echo (FSE) image (3600/102) shows benign hyperplastic nodules (arrows) as
heterogeneous hypointense lesions with hyperintense spots in TZ right and TZ left regions.

B, Diffusion-weighted image shows TZ cancer (arrow) as focal signal hyperintensity in TZ left region.

Cand D, No areas of focal early enhancement suggestive of prostate cancer were observed on dynamic
contrast-enhanced MRI using FSE sequences of first (unenhanced; C) and third (D) phases. Left TZ cancer
could thus be detected only on diffusion-weighted imaging.

Some limitations in the current study war-
rant consideration. First, in this study, MRI
findings were not compared with the results of
step-section tumor mapping using the whole
prostate after radical prostatectomy. Some
subjects diagnosed as cancer-free by system-
atic TRUS-guided prostate biopsy may thus
actually have had prostate cancer. Second,
the sample size might have been too small
to compare detectability among individual
methods of MRI. Third, the use of two differ-
ent sequences in DCE-MRI might have influ-
enced the tumor detectability of DCE-MRI.
Fourth, in this study, prostate biopsy was per-
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formed only systematically. Additional biop-
sy targeting the lesion with positive MRI find-
ings might have increased the detectability of
prostate cancer. Finally, because this study
was designed as a retrospective investigation,
subject selection might have shown sampling
biases, such as postponement of prostate bi-
opsy for various clinical reasons by patients
or urologists. Such selection bias might be
associated with the relatively high preva-
lence (70%) of biopsy-proven prostate cancer
among patients with gray-zone PSA levels in
this study. Further prospective investigations
with larger patient populations in whom there

is a direct correlation between findings on his-
tologic sections and corresponding MRI stud-
ies are needed to clarify the clinical value of
prostate MRI in detecting tumors in patients
with gray-zone PSA levels.

In conclusion, these results indicate that an
MRI protocol including T2-weighted imaging,
DWI, and DCE-MRI can provide clinically
useful information to urologists confronting
the problem of managing patients with gray-
zone PSA levels. Combined T2-weighted im-
aging, DWI, and DCE-MRI findings appear to
be potentially useful for detecting and manag-
ing prostate cancer, even if they are performed
for patients with gray-zone PSA levels.
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