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Usefulness of Apparent Diffusion Coefficient Map in
Diagnosing Prostate Carcinoma: Correlation with

Stepwise Histopathology

Kengo Yoshimitsu, MD,'* Keijiro Kiyoshima, MD,* Hiroyuki Irie, MD,"
Tsuyoshi Tajima, MD,' Yoshiki Asayama, MD,' Masakazu Hirakawa, MD,’
Kousei Ishigami, MD,"' Seiji Naito, MD,” and Hiroshi Honda, MD"

Purpose: To elucidate the performance of apparent dif-
fusion coeflicient (ADC) map in localizing prostate carcl-
noma (PC) using stepwise histopathology as a reference.

Materials and Methods: Preoperative MR images of 37
patients with PC who had undergone radical prostatec-
tomy were retrospectively evaluated. First, T2-weighted
images (T2WI) alone were interpreted (T2WI1 reading), and
then T2WI along with ADC map were interpreted (T2W1/
ADC map reading). Sextant-based sensitivity and speci-
ficity, and the ratio of the detected volume to the whole
tumor volume (% tumor volume) were compared between
the two interpretations, and results were also correlated
to Gleason's scores (GS). ADC values were comrelated to
histological grades.

Results: Sensitivity was significantly higher in T2W1/
ADC map reading than in T2WI reading (71% vs. 51%),
but specificity was similar (81% vs. 60%6). By adding ADC
map to T2WI, % tumor volume detected increased signif-
icantly In transitional zome (TZ) lesions, but not In
peripheral zone (PZ) lesions. % tumor volume detected
with T2ZWI/ADC map reading showed a positive correla-
tion with GS of the specimens. Less differentiated PC
were associated with lower ADC values and higher de-
tectability.

Conclusion: T2WI/ADC map reading was better than T2WI
reading tn PC detection and localization. This approach
may be particularly useful for detecting TZ lesions and
biologically aggressive lesions.
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PROSTATE CARCINOMA (PC]) is one of the most com-
mon malignancies in males, and it accounts for approx-
tmately 30,000 new annual deaths in the United States
(1). To date, surgical resection of the whole organ has
been the only method of eradicating this type of malig-
nancy: however, less invasive alternative local thera-
ples, including intensive modulated radiation therapy
(IMRT), high-intensity focused ultrasound (HIFU). and
brachytherapy, are being introduced due to the in-
creasing clinical demand for the preservation of func-
tional aspects of the prostate and related organs (2-4),

The current role of MRI in the diagnosis of PC is
primarily based on T2-weighted images (T2WI1), and this
approach has remained relatively limited in terms of
usefulness, as it can mainly be used to determine
whether or not a leston extends beyond the confinement
of the organ capsule (5), a measure used for determin-
ing the indication for radical prostatectomy. Also, in the
cases ol the less invasive local theraples mentioned
above, the current approach is to cover the whole or-
gan, regardless of the location or bulk of the tumor
within the organ, provided extracapsular extension of
the tumor has been excluded (2-4). Because PC can be
multifocal and involve any part of the organ, more pre-
cise localization and focal targeting of lesions may be
beneficial for patients, potentially rendering retreat-
ment for the recurrent tumors possible, in addition to
maximizing the options for the preservation of lunction.

Various MR approaches have been investigated and
applied to localize PC: such attempts have included
dynamic studies and MR spectroscopy, which provided
promising but inconsistent results (6-16). Diffusion-
weighted Images (DWI) and calculated apparent diffu-
sion coefficient (ADC) mapping are additional ap-
proaches, involving the representation of the Brownian
movement of water molecules. This new parameter dil-
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fers from conventional T1 or T2 relaxivity, dynamic en-
hancement characteristics, or spectroscopic informa-
tion. This DWI or the ADC map has been applied for
examining various part of the body, in particular to
detect or differentiate malignancies (17-20). Regarding
PC, several preliminary investigations have been spo-
radically reported (21-25), with promising results. In
this article, we applied the ADC map obtained from DWI
to the diagnosis of PC, and evaluated its performance at
detecting and localizing PC using stepwise histopatho-
logical data as a gold standard. We also correlated the
results to the histological grades of the lesions and
Gleason's scores (GS) of the specimens, in order to
characterize the potential clinical usefulness of this
novel technique.

MATERIALS AND METHODS
Patients

Between January 2000 and March 2004, 124 patients
underwent radical prostatectorny at our [nstitute.
Among these patients, 37 who had undergone preoper-
ative MRI (including DW imaging) were retrospectively
selected, and these 37 patients formed the present
study population. One of the 37 subjects had received
hormonal therapy prior to surgery, The age of the se-
lected patients ranged from 56 to 75 years old (mean =
66 years). The preoperative prostate-specific antigen
(PSA) level ranged from 0.7 to 54.8 ng/mL, with a mean
of 11.9 (normal range < 4.00 ng/mL). All subjects had
undergone transrectal or transperineal biopsy prior to
MR imaging and had been pathologically diagnosed
with malignant focl in the prostate, The period between
biopsy and MR ranged from six to nine weeks (mean =
7.2 weeks), and the period between MR and surgery
ranged from zero to eight weeks (mean = 2.5 weeks).
The institutional review board at our hospital did not
require that written informed consent be obtained for
this study due to its retrospective nature. The current
study was designed and performed according to the
declaration of Helsinki (26).

MR Equipment and Parameters

A total of two 15T units (Magnetom Symphony and
Vision; Siemens, Erlangen, Germany) were used with a
pelvic multichannel phased-array coil (12 channels).
After routine T1-weighted spin-echo [TR/TE/number of
excitations [NEX] = 500 msec/ 12 msec/2) axial Images
had been obtained, T2-weighted fast spin-echo (TR/
TE/Turbo factor/NEX = 3000 msec/102 msec/15/3,
slice thickness = 5 mm, interslice gap = 30%) axial and
coronal images with axial DWI were obtained using the
single-shot spin-echo echo-planar imaging (EPI) tech-
nique. The matrix and field-of-view of the T1- and T2-
weighted images (T1WI and T2WI) were 256 % 512, and
20 em, respectively. The slice thickness and gap of DWI
were identical to those of routine TIWI and T2WI. Se-
quential sampling of the k-space was used with echo-
time (TE) = 110-135 msec and bandwidth = 1250 Hz/
pixel, and 128 lines of data were acquired in 0.3
seconds, No parallel Imaging technique was applied.
Other parameters included a field-of-view = 240 mm,
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matrix size = 128 = 128, and the acquisition of lour
signals. All images were obtained while the patients
maintained normal and consistent breathing, and a
fat-saturated pulse was used for the DWI to exclude
severe chemical-shift artifacts. A contrast-enhanced
dynamic study was performed and postcontrast T1WI
were obtained in all cases, the detalls of which are not
given here, as they are out of the scope of this work.
DWI were acquired with motion-probing gradient
pulses applied along three (x-, y-, and z-axes) directions
with three b factors of 0, 500, and 1000 seconds/mm®.
ADC maps were automatically generated on the oper-
ating console using all seven images (b = 0 and two
b-values in each direction), and the ADC values were
obtained by measuring the intensity of the map.

Pathological Map Preparation

One experienced pathologist created transverse sec-
tions of the specimens: the most apical and basic sides
of the specimen were cut to a thickness of 6 mm, and
the remaining portion (majority of the specimen) were
cut to a thickness of 4 mm. Each section of each spec-
imen was digitally photographed together with a ruler
along the edge, which serve as a size reference, and the
areas of the PC that had been microscopically deter-
mined were marked on the digital photographs by the
pathologist (pathological map) using commercially
available presentation software (Microsoft PowerPoint
2002; Microsoft Corporation, Redmond, WA, USA). All
PC foci, including infiltrating focl that did not form
apparent masses, were marked on the map and divided
into the sextants according to their location, as lollows:
right and left apices (lower third), midglands (middle
third), and bases (upper third). Lesions consisting of
uniform histological grades were also documented as
such on the photograph, This pathological map was
used as the gold standard in this study.

Assessment

First, we subdivided the glands of all patients into sex-
tants on the MR images. The presence of PC in each
sextant was retrospectively evaluated and recorded by
two radiologists in a consensus. Initially, T2WI alone
(T2WI reading) were interpreted and then T2WI and the
ADC map (T2ZWI/ADC map reading) were interpreted.
The readers were informed that the patients had under-
gone surgery for PC, but no other clinical information,
(e.g., PSA level or biopsy results) was provided to the
readers. On either T2WI or the ADC map, areas with
apparently lower signal intensity than that of the sur-
rounding tissue were considered to represent PC, ac-
cording to the previously reported descriptions
(5-16,21-25). Regarding T2WI/ADC map reading,
when the findings on either sequence were equivocal,
those on the ADC map were considered to have priority,
if image degradation is not prominent. Sensitivity and
specificity were thus calculated based on the sextant
evaluation and the results of the two interpretations
were compared,

We then directly compared the MR images and the
pathological map on a lesion basis, and we excluded
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positive sextants in which the noncancerous areas had
been interpreted as PC on the MR images (false-positive
lestons in positive sextants): thus the true sensitivity
was calculated. As for a lesion whose location at least
partially overlapped on the MR images and on the
pathological map, the lesion was considered false-pos-
itive when the maximum transverse diameter mea-
sured at MRI was out of the range of 50% to 150% of the
maximum transverse diameter measured on the patho-
logical map (16). Lesions seen at MRI were only consid-
ered truly positive If the suspected foci were In the same
relative portion of the prostate.,

We also marked the approximate areas of PC on a
pathological map, which had been detected on MR im-
ages (detected PC) using MR images as reference, and
the areas of the whole PC and the detected PC were
traced and measured using NIH software (NIH Image,
version 1.63: National Institutes of Health, Bethesda,
MD, USA). Volume was calculated by multiplying the
measured areas by thickness (0.4 cm). False-positive
lestons, including those In positive sextants as defined
above, were excluded in this evaluation. Thus, % tumor
volume (percentage of the tumor volume detected to the
whole tumor volume; range = 0-100%) per patient was
compared between the T2ZWI reading and T2WI1/ADC
map reading. The lesions were subclassified into pe-
ripheral zone (PZ) and transitional zone (TZ) lesions
according to their location on the pathological map, and
these two groups were compared in terms of % tumor
volume per patient. Then, the % tumor volume per
patient was also correlated to the GS of the patients.

Lesions with uniform histological grades that were
larger than 1 cm in their short axes were selected on the
pathological map and their ADC values were measured
at the corresponding sites on the ADC map by one
radiologist, even when there were no detectable abnor-
mal areas on the ADC map. Correlation of ADC value
and histological grades was thus evaluated. We also
evaluated the detectability of these lesions in correla-
tion with the their histological grades.

Finally, by comparing the MR images and pathologi-
cal maps, we selected areas of PC larger than 1 em in
their short axes that had not been detected on ADC map
(false-negative lesions). The possible reasons for these
lesions not being detected on MR images were analyzed.
We also selected areas of low signal intensity larger
than 1 em in their short axes on the ADC map that did
not correspond to PC on the pathological map (false-
positive lesions). The corresponding sites were marked
on the pathological map, and pathological detalls of
these areas were then reevaluated by the pathologist.

RESULTS

In one patient, microscoplc evaluation of the resected
gland revealed no PC, although preoperative biopsy had
suggested the presence of PC in one of the sextants. A
total of 222 sextants in 37 patients were evaluated,
among which 147 sextants were positive and 75 were
negative for the presence of PC. A total of 79 and 105
positive sextants, and 45 and 46 negative sextants were
correctly diagnosed with T2WI reading and T2WI/ADC
map reading, respectively. Among the 79 and 105 pos-
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itive sextants that were classified as positive, 45 and 31
were excluded for the calculation of true sensitivity be-
cause they were regarded as noncancerous areas on the
lesion-based evaluation. The sensitivity, true sensitiv-
ity, and specificity of T2ZWI reading were 53%, 23%, and
60%. whereas the sensitivity. true sensitivity, and spec-
ificity of the T2ZWI1/ADC map reading were 71%, 50%,
and 61%, respectively. There was a significant differ-
ence between the two interpretations in terms of the
sensitivity and true sensitivity (P < 0.01, McNemar chi-
squared test), but no difference in the specificity (P =
0.97).

The areas of PC on the pathological map ranged from
3 mum to 22 mm in their shortest dimension (mean = 7
mm). The calculated volumes of PC per patient ranged
from O to 5.75 cm® (mean = 1,49 cm®). There were 261
and 151 areas of the PC in PZ and TZ; the sum of tumor
volume were 38.8 and 16.3 cm”, respectively. The ma-
Jority (33/37) of our patients had areas of PC in both PZ
and TZ. The mean % tumor volume per patient detected
by T2WI reading were 20% [range = 0-100%), 41%
(range = 0-100%), and 7% (range = 0-91%), for total
lesions, the PZ lesions, and TZ lesions, respectively. The
mean % tumor volume per patient detected by T2W1/
ADC map reading for lotal lesions, the PZ lesions, and
TZ lesions, were 47% (range = 0-100%), 48% (range -
0-100%), and 44% (range = 0-100%), respectively.
Overall (not per patient, but total sum) % tumor volume
by T2WI reading were 30%, 55%, and 20%, for total
lesions, the PZ lesions, and TZ lesions, respectively.
Overall % tumor volume by T2ZWI/ADC map [or total
lesions, the PZ lesions, and TZ lesions, reading were
55%. 57%, and 52%, respectively. Addition of the ADC
map to T2WI interpretation revealed a significant in-
crease in % tumor volume in total lesions (P = 0.0002,
Wilcoxon signed rank test) and in TZ lesions (P <
0.0001), but not in PZ lesions (P = 0. 158, not significant
INS]).

For the resected spectmens in 35 patients (exclud-
ing one patient whose specimen revealed no evidence
of PC and another who had received hormonal ther-
apy). GS were assigned. There was a weak but signif-
icant correlation between % tumor volume by T2WI1/
ADC map reading and GS (p = 0.40, P = 0.022,
Spearman'’s rank correlation test) (Fig. 1). Patients
with higher GS tended to have higher % tumor vol-
ume, namely had more chance for PC to be detected
by T2WI/ADC map reading. No significant correlation
was observed between % tumor volume detected by
T2WI reading alone and GS (P = 0.41, NS). Because it
has been reported that the larger the tumor is, there
is the better correlation between tumor volume mea-
sured on T2WI and histopathologic volume (14), we
might need to exclude the effect of the volume of PC in
evaluating the correlation between % tumor volume by
T2WI1/ADC map reading and GS. We therefore evalu-
ated the partial correlation coefficient between either
tumor volume or GS and % tumor volume detected
(Table 1). The results showed that % tumor volume
detected with T2W1/ADC map reading significantly cor-
related to GS, but not to tumor volume, and also that %
tumor volume detected with T2WI reading correlated to
the tumor volume, but not to GS.
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Figure 1. Correlation between % tumor volume detected by
T2WI and ADC map Interpretation and GS of the specimens.
There was a weak but significant correlation (p = 0.40, P =
0.022, Spearman’s rank correlation test). ADC Vol% = % tu-
mor volume detected with T2WI and ADC map interpretation,
GS = Gleason's scores,

Regarding the ADC value measurement, 53 lesions
with uniform histological grades that were larger than
1 em in their short axes were selected from 36 pa-
tients. There were 21, 26, and six lesions, in well-,
moderately-, and poorly-differentiated adenocarcino-
mas, respectively. The mean size (short axis diameter)
of these lesions was 1.14 cm (range: 1.0-1.9 cm),
1.23 cm (1.0-2.2 em), and 1.03 em (1.0-1.2), respec-
tively, showing no significant difference (P = 0.38,
one-way factorial analysis of variance [ANOVA]). The
ADC values of well-, moderately-, and poorly-differ-
entiated PC were 1.19 = 0.15, 1.10 = 0.24, and
0.93 = 0.20 % 10~ mm*/second (mean * standard
deviation [SD]), respectively. Significant difference in
ADC values was seen only between well- and poorly-
differentiated PC (P = 0.019), and difference between
well- and moderately-differentiated, or that between
moderately- and poorly-differentiated PC was not sig-
nificant (P = 0.38 and 0. 13, one-way factorial ANOVA
with Scheffe’s post hoc test). There was a subtle but

Table 1

Partial Correlation Coefficient Based on Spearman’s Rank
Correlation Coefficient Between Either Tumor Volume or
Gleason's Score and % Tumor Volume Delected by T2WI
Reading Alone and T2WI/ADC Map Reading

% Tumor volume detected

Taw| T2WIADC map
Tumor volume
Partial p 0.4439 0.045
P-value 0.0109 0.8065
Gleason's score
Partial p -0.0535 0.3507
P-value 0.7712 0.0491

T2WI = T2-weighted image reading, T2WUADC map = T2-weighted
image and apparent diffusion coefficient map reading, p = correla-
tion coefficient.
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Figure 2. Correlation between ADC values and histological
grades of PC. ADC values of well-, moderately-, and poorly-
differentiated adenocarcinoma were 1.19 * 0.15, 1.10 + 0.24,
and 0.93 * 0.20 ¥ 10 mm?/second (mean ¢ SDJ, respec-
tively. Difference was significant only between well- and poor-
ly-differentiated carcinoma (P = 0,019, one-way factorial
ANOVA with Schefle's post-hoc test). There was a subtle, but
significant correlation (Spearman’s rank correlation test, p =
-0.144, P = 0,045). A horizontal line in the middle of each box
indicates a median of each group. [Color figure can be viewed
in the online issue, which is available at www.intersclence.
wiley.com.|

significant correlation between the histological
grades and ADC values (p = -0.18, P = 0.014, Spear-
man's rank correlation) (Fig. 2). Of these 53 lesions,
13 (62%), 24 (92%). and six (100%) were detected on
the ADC map, In well-, moderately-, and poorly-dif-
ferentiated adenocarcinomas. respectively. The de-
tectability of these lesions differed significantly
among histological grades (Kruskal-Wallis test, P <
0.01) and a significant correlation was observed,
whereby the less differentiated lesions were associ-
ated with higher detectability (P < 0.01, Cochran-
Armitage test [or trend).

As for false-positive lesions, 54 foci were selected
from 27 patients. The pathological details of these
lesions Included hyperplastic nodules in 22, normal
structure in 14 (periejaculatory duct tissue in five,
asymmetric central zone tissue in four, base of the
seminal vesicle in three, asymmetric anterior fibro-
muscular stroma in one, and vermontanum in one),
intraacinar hemorrhage in 10, and chronic prostatitis
in eight. As for false-negalive lesions, 15 foct in 15
patients were selected. Possible causes for these
false-negatives were well-differentiated infiltrative le-
sions with preserved gland formation in six lesions,
susceptibility artifact from rectal or intestinal gas in
four lesions, and susceptibility artifact from metallic
prosthesis at the hip joint in one lesion. Causes for
the remaining four lesions remained unknown. Rep-
resentative cases are shown in Figs. 3, 4, and 5.




Cc s
Figure 3. A 69-year-old man with a preoperative PSA level of 12.5
ng/mi.. There was a moderately differentiated adenocarcinoma at
the left TZ (C 5 = 8) confined within the gland. Both T2WI (a)
and ADC map () clearly demonstrated carcinoma as low signal
intensity areas (arrows). An encircled area represents the carci-
noma on the pathological map (e). [Color figure can be viewed in

the online issue, which is available at www.intersclence wiley.com.|
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Figure 4. A63-year-old male with an initial PSA level of 16 ng/ml.
The patient recetved hormonal therapy using chronmadinone ace-
tate and leuprorelin acetate for three months and the PSA level
decreased to 0.8 ng/ml. just before sungery. There was a moderate

Iy~ to poorty-differentiated adenocarcinoma at the right PZ, confined
within the gland. GS was not evaluated because of cellular degen

eration. On T2ZWI (a), approximately two thirds of the gland on the
right exhibited low signal intensity (arrows), On ADC map (b, an
area of low signal was localized al the right PZ (arows), which
corresponded well to the area of carcinoma shown on the patholog-
ical map (e) (encircled areas). [Color figure can be viewed in the
online issue, which is available at www.interscience. wiley.com.|
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Figure 5. A 59-year-old male with a preoperative PSA level of 0.7
ng/mL and positive biopsy results, There was a small focus (3 mm
in diameter) of well-differentiated adenocarcinoma at the apex of the
gland (not shown), with a GS of 3 + 2 = 5. The major portion of the
gland was free of carcinoma cells, There were several areas of low
signal intensity, both on T2WI (&) and ADC map (b) {armows); how-
ever, there was no carcinoma at the corresponding sites on the
pathological map (e). Hyperplastic glandular and interstitial cells
were noted at theses sites upon reevaluation of the specimen. [Color
figure can be viewed in the online issue, which is available at
www.interscience wiley.com.|

36

137

DISCUSSION

Previous investigators have reported significant differ-
ence in ADC values between PC and normal prostatic
tissue, using biopsy-proven histopathology as a reler-
ence (21-25), To date, there have been few reports re-
garding PC detection with DWI or ADC mapping in
patients who had undergone prostatectomy. We there-
fore attempted in the present study to clarify the clinical
usefulness and significance of DWI or ADC mapping
using a stepwise histopathology as a gold standard.

According to our results, sextant-based sensitivity
and true sensitivity improved significantly, i.e., up to
71% and 50%, respectively, when the ADC map was
interpreted along with T2WI, although the specificity
remained unchanged at around 60%. In terms of the
volume of PC, T2WI/ADC map reading detected approx-
imately one-half of the tumor in the gland. Previously
reported sensitivity and /or detection rate of PC on MRI
(i.e.. T2WI with or without spectroscopy). has been in a
range between 20% to 80% (6-16). Recently, Hom el al
(16) reported a detection rate of around 20% using
endorectal coil MR images and MR spectroscopy for
cases of PC in PZ, and using meticulous histopathologic
evaluation methods and strict eriteria. Our data also
revealed a rather low sensitivity or detection rate, at
least in part because we also used the pathological map
as a strict gold standard, including all small foci of PC.
Another explanation for this low sensitivity may have
been the criteria we used to detect PC in our study.
Namely, we considered “areas with low signal intensity
relative to the surrounding tissue” as PC in both PZ and
TZ; however, Li et al (27) recently applied more metic-
ulous criteria to diagnose TZ lesions and achieved bet
ter results. Although the application of different criteria
might have improved the sensitivity, our present data
suggest that a T2WI1/ADC map reading cannot be used
as a reasonable guide yel in localization of PC in the
context of local therapies such as IMRT or HIFU. Prac-
tical use of ADC maps may therefore be limited at
present, for example, to a guide for rebiopsy in patients
with high PSA levels but with negative biopsy resulis.

To improve sensitivity of the T2WI/ADC map reading,
it will be necessary to detect well-dilferentiated PC with
glandular formation, which was the most common
cause of [alse negativity in our series. In our evaluation
of the lesions larger than 1 cm in the shortest dimen-
sion, the ADC values of well-differentiated PC were sig-
nificantly higher than moderately- or poorly-differenti-
ated PC, and nearly one-half of these leslons were
visually missed on the T2WI/ADC map interpretation.
The pathological architecture of these lesions, namely,
preserved glandular formation with a significant vol
ume of fluid-filled luminal space, which is similar to
that of normal prostatic glandular tissue, supports the
relatively high ADC values of these lesions; these fea-
tures rendered it difficult to detect such lesions on the
ADC map. Improving the signal-to-noise ratio (SNR) by
using 3T hardware or a coil with more channels may
help detect these lesions. Concurrent usage of a parallel
imaging technique (24,28,29) may also help reduce the
susceptibility artifacts, the second most common cause
of false negativity.



138

To improve specilficity, it will be necessary to dilfer-
entiate between hyperplastic nodules and PC; the lack
of such differentiation was the most common cause of
false positivity in our results. Again, improving the SNR
by either the use of 3T hardware or new coils may help
differentiate these two entities. The second most com-
mon reason for [alse positivity was normal prostatic
tissue, including periejaculatory duct tissue, central
zone tissue, tissue at the base of the seminal vesicle,
and so on. The ADC values of these structures were
0.97 = 0.18 x 10 mm?/second (not shown in the
results), which were within the range of ADC values of
PC. Precise anatomic evaluation may obviate this mis-
diagnosis; however, it would remain difficult to discrim-
inate these structures from focal involvement of PC on
an ADC map. Combination with MR spectroscopy or
dynamic MR study may be of some help in resolving this
problem,

The promising aspects of our findings are as follows.
First, the T2WI/ADC map reading significantly in-
creased the detection of PC located in TZ. In terms of the
% tumor volume, the detection rate of T2WI1/ADC map
reading was approximalely 50% regardless of the loca-
tion of PC, whereas that of T2WI reading alone was
significantly worse in the case of lesions In TZ than in
those in PZ. Because PC in TZ has remained a diagnos-
tic problem either for transrectal ultrasound (US) or
conventional MR, use of DWI and ADC maps could be of
aid in the detection of lesions in TZ in particular, Al-
though Li et al (27) recently reported improved detec-
tion of PC in TZ using the combined criteria of T2WI1 and
postcontrast TIWI, adding information of ADC map
might further improve the detection of PC in TZ.

A second promising point suggested by our results
was that the higher the histological grade of PC, the
lower the ADC values of PC, which increases the
chances of PC being detected on an ADC map. This
finding may also be related to the positive correlation
between % tumor volume detected by T2WI/ADC map
reading and GS (Table 1). Such information may be
clinically important because it may suggest that the
biologically aggressive components or subsets of PC are
more likely to be detected by T2WI/ADC map reading
than would less aggressive components. As the histo-
logical grade or GS increases, there have been shown to
be more chances of cellular architectures exhibiting
little gland formation, such as medullary or solid pat-
terns (30.31);: these features may explain the low ADC
values in these lesions. Although the ADC values ob-
tained in our study were comparable to the previously
reported values (21-25), this is the first study to reveal
the relationship between histological grade or GS and
ADC values in cases of PC,

A third promising Issue suggested by the results from
but a single patient was that the areas of PC was rela-
tively clearly depicted on ADC map within areas of dif-
fusely decreased signal intensity on T2WI; this was a
patient who had received preoperative hormonal ther-
apy (androgen deprivation) (Fig. 4). It was already well
known that posthormonotherapy prostatic tissue be-
comes atrophic and diffusely hypointense, which im-
pairs pertinent MR detection of PC (32,33). The ADC

Yoshimitsu et al.

map might be of help in evaluating patients still under-
golng or following hormonal therapy.

There are several limitations to the present study.
First, this study was retrospective in nature, and all
patients in this series had undergone biopsy prior to
MR examination. Although the period between biopsy
and MR examination in our study was more than one
month, which is reportedly sufficient to avoid biopsy
effects on MR images (34.35), the histopathological
evaluation revealed intraacinar hemorrhage, which was
the third most common cause of [alse positivity, An-
other technical aspect related to the retrospective na-
ture of the study was the subtle differences between MR
images and pathological section in terms of the slice
interval and slice direction; such differences might have
exerted an influence on the precise correlation between
the depicted abnormality and the lesions observed on
the pathological map. Prospective studies are needed
that are designed in such a manner that MR examina-
tion is performed prior to biopsy and in which the MR
and pathological sections are identical. In addition, due
to the limitation associated with the hardware, TE of
EPI used for the DW1 was rather long (1 10-135 msec) in
our study, as compared to that of previous reports (96~
120 msec) (21-25). This long TE may have led to the low
SNR of the images, particularly in cases involving tis-
sues with short T2 characteristics, which in turn pos-
sibly led to the incorrect calculation of ADC values. Use
of a parallel imaging technique might have improved
this situation, allowing for a shorter TE (24,28,29), al-
though this technique was not available at the time we
started this study. Third, because of the significant
image distortion of the ADC map, we did not perform
any volume measurement on MR images, although in
this study, such measuremenis were carried out on the
pathological map by encircling the approximate area of
PC by visual inspection using MR images as a reference.
Again, a parallel imaging technique would have been
useful to reduce the image distortion secondary to the
susceptibility effect from intestinal gas or metallic pros-
thesis (24,28,29), which would in turn have enabled us
to measure the areas of interest on the ADC map.

In conclusion, the ADC map derived from DWI of MRI
performed with a phased array coil without parallel
imaging technique significantly improved PC detection
and localization when interpreted together with T2WI,
although the performance of this method might not yet
be sufficient for It to serve as a guide for local therapies.
This novel approach to the diagnosis of PC is expected
to be particularly useful for the detection of PC lesions
located in TZ, as well as detection of lesions with rela-
tively little differentiation, and lesions with a relatively
high GS.
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