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To determine the interpatient variability of prostate pe-
ripheral zone (PZ) apparent diffusion coefficient (ADC)
and its effect on the assessment of prostate cancer
aggressiveness.

The requirement for institutional review board approval
was waived. Intra- and interpatient variation of PZ ADCs
was determined by means of repeated measurements of
normal ADCs at three magnetic resonance (MR) examina-
tions in a retrospective cohort of 10 consecutive patients
who had high prostate-specific antigen levels and negative
findings at transrectal ultrasonographically-guided biopsy.
In these patients, no signs of PZ cancer were found at
all three MR imaging sessions. The effect of interpatient
variation on the assessment of prostate cancer aggressive-
ness was examined in a second retrospective cohort of
51 patients with PZ prostate cancer. Whole-mount step-
section pathologic evaluation served as reference standard
for placement of regions of interest on tumors and normal
PZ. Repeated-measures analysis of variance was used to
determine the significance of the interpatient variations
in ADCs. Linear logistic regression was used to assess
whether incorporating normal PZ ADCs improves the pre-
diction of cancer aggressiveness.

Analysis of variance revealed that interpatient variabil-
ity (1.2-2.0 X103 mm?/sec) was significantly larger
than measurement variability (0.068 X107® mm?/sec *
0.027 [standard deviation]) (P = .0038). Stand-alone tu-
mor ADCs showed an area under the receiver operating
characteristic curve (AUC) of 0.91 for discriminating low-
grade versus high-grade tumors. Incorporating normal PZ
ADC significantly improved the AUC to 0.96 (P = .0401).

PZ ADCs show significant interpatient variation, which
has a substantial effect on the prediction of prostate can-
cer aggressiveness. Correcting this effect results in a sig-
nificant increase in diagnostic accuracy.

©RSNA, 2012
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nly 15% of men diagnosed with

prostate cancer show a disease-

specific mortality. The mortality
in the United States in 2010 was 30000,
with 220000 new cases of prostate
cancer diagnosed (1). Thus, to tailor
treatment from more radical therapy to
active surveillance protocols, accurate
cancer aggressiveness risk stratification
is very important. The most useful es-
timator of cancer aggressiveness is the
Gleason score, a histopathologic scor-
ing system used for biopsy and pros-
tatectomy specimens. It has become
such an integral part in prostate cancer
evaluation that patient management is
largely influenced by the assessment
thereof (2-4).

Recently, the apparent diffusion
coefficient (ADC) determined from
diffusion-weighted = magnetic  reso-
nance (MR) imaging was shown to be
inversely correlated to Gleason score
(5-7). As a result, ADC has been pro-
posed as useful noninvasive biomarker
for prostate cancer aggressiveness
(5,7). However, the discriminative
power of ADC depends in part on the
variability of the ADC measurement.
This variability is machine (ie, ven-
dor, settings, noise) and patient de-
pendent, the latter caused by natural

Advances in Knowledge

B [arge interpatient variability
exists for normal peripheral zone
apparent diffusion coefficients
(1.2-2.0 xX10~% mm?/sec) derived
from diffusion-weighted MR im-
aging at 3 T; this interpatient
variability is significant (P =
.0058).

® Correcting for interpatient vari-
ability results in a significant
increase in diagnostic accuracy
for separating low-grade and
high-grade cancer (area under
the receiver operating character-
istic curve: from 0.91 to 0.96; P
=.0401).

® A clinically useful nomogram is
created that may aid radiologists
in improving their assessment of
prostate cancer aggressiveness.

tissue heterogeneity. On the basis of
the large interpatient distribution of
normal peripheral zone (PZ) ADCs
(1.2-2.2 X1073 mm?/sec) observed at
a single MR imager, we hypothesize
that a substantial histophysiologic het-
erogeneity between patients must exist
(interpatient variation) (7,8).

Interpatient ADC variation could
affect the discriminative power of
ADC both for prostate cancer locali-
zation and for the determination of
prostate cancer aggressiveness. Since
normal prostate PZ tissue fluctuates
significantly in ADC, the ADCs of an
aggressive tumor may show similar
fluctuations. If normal PZ and tumor
ADC are correlated, considering both
simultaneously may lead to better esti-
mates of aggressiveness.

The purpose of this study was to
determine the interpatient variability of
prostate PZ ADCs at 3-T MR imaging
and the effect this has on the assess-
ment of prostate cancer aggressiveness.

Materials and Methods

Patients

Imaging data of two retrospective pa-
tient cohorts were used in our exper-
iments. The requirement to obtain
institutional review board approval
was waived for both cohorts because
this study does not fall within the re-
mit of the Medical Research Involving
Human Subjects Act. Therefore, our
study could be performed in the Neth-
erlands without an approval by an ac-
credited research ethics committee.
To determine the significance of the
interpatient variance relative to the
measurement variability, we included
10 consecutive patients (from February
2008 to June 2011; interval between
imaging examinations, 6-12 months)
who had undergone repeated measure-
ments of normal PZ ADCs at three sep-
arate MR imaging sessions at 3 T. The
indication for the studies was a contin-
uously high prostate-specific antigen
(PSA) level and at least one transrec-
tal ultrasonographically-guided biopsy
with negative findings. Patients were
followed up if the PSA level remained

high. In these patients no PZ cancer
was found at all three imaging sessions
by an expert radiologist (J.O.B., with
18 years of experience). If a suspicious
lesion was indicated by the radiologist,
subsequent MR-guided biopsy found no
traces of tumor.

A second cohort was included to
determine the effect of the interpatient
variation of ADC on the prediction of
PZ prostate cancer aggressiveness. Be-
tween August 2006 and January 2009,
70 consecutive patients with biopsy-
proven PZ prostate cancer, scheduled
to undergo radical prostatectomy, were
referred from the departments of urol-
ogy at the Radboud University Nijme-
gen Medical Centre and the Canisius
Wilhelmina Hospital in Nijmegen, the
Netherlands, for clinically routine pre-
operative MR imaging of the prostate
(7). Figure 1 details the inclusion of pa-
tients in flow charts.

MR Imaging Protocol
MR imaging of the prostate was per-
formed by using a 3-T MR imager (Trio
Tim; Siemens, Erlangen, Germany).
The first cohort of 10 patients was im-
aged with only the pelvic phased-array
coils.

The second cohort was imaged with
the use of combined endorectal coil
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(Medrad, Pittsburgh, Pa) and pelvic
phased-array coils. The endorectal coil
was filled with a 40-mL perfluorocarbon
preparation (Fomblin, Solvay-Solexis,
Milan, Italy).

In both cohorts peristalsis was
suppressed with an intramuscular
administration of 20 mg butylscopol-
aminebromide (Buscopan; Boehringer-
Ingelheim, Ingelheim, Germany) and
1 mg of glucagon (Glucagen; Nordisk,
Gentofte, Denmark).

The MR imaging protocol included
in anatomic T2-weighted turbo spin-
echo sequences in axial, sagittal, and
coronal planes covering the entire pros-
tate and seminal vesicles. Axial diffu-
sion-weighted imaging was performed
by wusing a single-shot echo-planar
imaging sequence with diffusion mod-
ules and fat suppression pulses imple-
mented. Water diffusion was measured
in three-scan trace mode by using b
values of 0, 50, 500, and 800 sec/mm?.
ADC maps were automatically calcu-
lated by the imager software by using
all b values. Complete pulse sequence
details can be found in Table 1 for the
first cohort containing 10 patients with
repeated measurements and Table 2 for
the second cohort.

Reconstructed Whole-Mount Step-Section
Preparation

The second cohort of patients under-
went radical prostatectomy after im-
aging. After the radical prostatectomy,
prostate specimens were uniformly
processed and entirely submitted for
histologic investigation. After his-
tologic staining, all specimens were
evaluated by one expert urologic pa-
thologist (C.A.H.v.d.K., with 17 years
of experience). Each individual tumor
was graded according to the 2005 In-
ternational Society of Urological Pa-
thology Modified Gleason Grading
System (9).

PZ tumors, with a size of greater
than 0.5 mL in volume, were divided in
two groups and classified as low- and
high-grade tumors. Tumors with a Glea-
son grade 4 or 5 component were de-
fined as high-grade tumors. Low-grade
tumors were defined as tumors harbor-
ing only Gleason grades 2 and 3.

Eligible patients
n =56 patients Excluded patients
n =5 patients
l—) Motion Artifacts, n=3
— = Hemorrhage, n= 1
Logistic regression L eeE
Ghosting, n=1
(tumor ADC) OSHng, n
n =62 tumors
I
Low-grade tumor High-grade tumor
n=21 n=41
Prostatectomy Prostatectomy
n=21 n=41
1
¥ v JI—Iﬁ
Incorrect test (FN) Correct test (TN) Incorrect test (FP) Correct test (TP)
n=6 n=15 n=>5 n=36
a.
Eligible patients
n = 56 patients Excluded patients
n =5 patients
%’ Motion Artifacts, n=3
— T Hemorrhage, n= 1
Logistic regression N ~
(tumor + normal PZ ADC) Ghosting, n =1
n = 62 tumors
Low-grade tumor High-grade tumor
n=21 n=41
Prostatectomy Prostatectomy
n=21 n=41
I
¥ ¥ 2 2
Incorrect test (FN) Correct test (TN) Incorrect test (FP) Correct test (TP)
n=2 n=19 n=1 n=40

b

Figure 1:  Flowcharts expressing the diagnostic accuracy of (a) the method including only
tumor ADC and (b) the method incorporating both tumor and normal PZ ADC. FN = false nega-
tive, FP = false positive, TN = true negative, TP = true positive.

Annotation of MR Images
All annotations were performed by us-
ing an MR viewing and reporting system
developed in-house. In the first cohort
the center section of the prostate in the
axial direction was used to annotate the
PZ. For this section the whole PZ was
annotated and the median ADC was ex-
tracted from this annotation.

For the second cohort, ADC maps
were acquired in the same orienta-
tion and of similar thickness as the

histopathologic step-section. A previ-
ously described translation technique
was used to match every tumor con-
taining histopathologic step-section to
a corresponding ADC map (7). With
histopathologic examination used as the
reference standard, a region of inter-
est (ROI) was placed by one radiologist
(T.H., with 4 years of experience) and
one urologist (1 year of experience) in
consensus on the ADC maps. The size
and extent of the ROI were chosen such
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Table 1

Pulse Sequence Details for the First Patient Cohort with Repeated Measurements

Section No. of In-plane
Sequence Sequence Type  Thickness (mm) Sections Resolution (mm) TR (msec) TE (msec) Signals Acquired GRAPPA  bValues (mm?%sec)

T2-weighted axial TSE 3.5-4 13-19 0.6 3540 104 2-3

T2-weighted coronal ~ TSE 3.5-4 15-19  0.6-0.8 3350 105 2-3

T2-weighted sagittal ~ TSE 3.5-4 15-19  0.6-0.8 3810 105 2-3

Diffusion weighted SE-EPI 3.5-4 15-20  1.6-2.0 2300 61 6-10 2 0, 50, 500, 800
T1-weighted dynamic  GRE (FLASH 3D) 3.5-4 14 1.8 37 1.47 1

contrast enhanced

Note.—In-plane resolution is the same in both directions. FLASH 3D = fast low-angle shot three dimensional, GRAPPA = generalized autocalibrating partially parallel acquisition, GRE = gradient-
recalled echo, SE-EPI = spin-echo echo-planar imaging, TE = echo time, TR = repetition time, TSE = turbo spin echo.

Table 2

Pulse Sequence Details for the Second Patient Cohort

Section No. of
Sequence Sequence Type  Thickness (mm) Sections In-plane Resolution TR (msec) TE (msec) Signals Acquired GRAPPA b Values (mm?/sec)
T2-weighted axial TSE 4 15-19 04 3540 104 2
T2-weighted coronal ~ TSE 4 15-19 05 3350 105 2
T2-weighted sagittal ~ TSE 4 15-19 0.5 3810 105 2
Diffusion weighted SE-EPI 4 15-19 2.0 2800 81 10 2 0, 50, 500, 800
T1-weighted dynamic  GRE (FLASH 3D) 4 14 1.8 37 1.47 1
contrast enhanced

Note.—In-plane resolution is the same in both directions. FLASH 3D = fast low-angle shot three dimensional, GRAPPA = generalized autocalibrating partially parallel acquisition, GRE = gradient-
recalled echo, SE-EPI = spin-echo echo-planar imaging, TE = echo time, TR = repetition time, TSE = turbo spin echo.

that it matched the tumor size and ex-
tent obtained from histologic examina-
tion as closely as possible. Median ADCs
were extracted for each tumor section
separately. In clinical practice, the ADC
section revealing the lowest signal inten-
sity for tumor alerts radiologists. There-
fore, for each individual PZ tumor, the
tumor section revealing the lowest ADCs
was used for further assessment (7).
Last, to determine the effect of
incorporating normal PZ ADCs in the
prediction of cancer aggressiveness, an
ROI was placed in the normal PZ tissue
of every patient. This region was always
selected adjacent to the tumor, to be
the most representative area of normal
PZ ADC at the tumor location. This was
done to attempt to minimize intrapa-
tient heterogeneity. Median ADCs were
extracted from all ROIs. Median values
were used because they are more ro-
bust to image artifacts that might occur
due to ADC calculation by the imager.

Statistical Analysis

Our first hypothesis was that there is a
significant degree of interpatient varia-
tion in normal PZ ADCs. This was as-
sessed by using a repeated-measures
analysis of variance. Mauchly sphericity
test was performed to test the hypo-
thesis of sphericity. If sphericity could
be assumed the Greenhouse-Geisser
corrected P value was reported. The
repeated measure was the median
ADC of normal PZ tissue, which was
obtained three times for each of the 10
patients in the first cohort.

Our second hypothesis was that
joint analysis of the normal PZ ADCs
and the tumor ADCs will result in an
improved prediction of cancer aggres-
siveness, because this implicitly cor-
rects for the interpatient variations in
normal PZ ADC. Multivariate linear
logistic regression was used to test this
hypothesis. We can express a regres-
sion model of cancer grade as follows:

z=C+ BADC, + ByADC, (1)

e
1+e°

P (@)

The p indicates the probability that a
cancer is high grade and the ADC var-
iables indicate the median ADC of the
corresponding ROI. Subscripts T and N
are tumor and normal PZ, respectively.
The B terms are the regression coeffi-
cient corresponding to these variables.
Equation (2) represents the conversion
from z to the probability p.

The linear logistic regression re-
sults in values for B, and B, and the
significance of these variables in the re-
gression model. Two regression models
were created to compare diagnostic per-
formance: one model using only tumor
ADCs and one using tumor and normal
PZ ADCs. SPSS (version 16.0.01; SPSS,
Chicago, Ill) was used for the statistical
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Table 3

Clinical and Pathologic Characteristics
for the Second Patient Cohort

Characteristic Finding
No. of patients 51
Clinical characteristics*
PSA level (ng/mL) 6.8 (1.7-42)
Age (y) 64 (49-69)
Pathologic characteristics
(per patient)
Stage T2a 5
Stage T2¢ 23
Stage T3a 18
Stage T3b 4
Stage T4 1
Gleason grade (per tumor)
3+2
3+3 18
2+4 1
3+4 13
3+4+5 4
4+3 13
4+3+5 5
4+4 2
4+5 3

* Data are the mean, and numbers in parentheses are
the range.

analysis. Furthermore, a visual assess-
ment is given for the correlation be-
tween tumor ADC and normal PZ ADC
by plotting the low- and high-grade tu-
mors with respect to their ADCs and
the corresponding normal PZ ADCs.

Our third hypothesis was that the
improved prediction of prostate cancer
aggressiveness may result in a signifi-
cant improvement in diagnostic accu-
racy in separating low- and high-grade
cancer. Receiver operating character-
istic (ROC) curves were constructed
for a standalone tumor ADC regres-
sion model and the regression model,
which incorporates normal PZ ADCs.
The areas under the ROC curves were
tested for significant differences by us-
ing the Rockit software package (Kurt
Rossmann Laboratories, University of
Chicago, Chicago, IIl) (10).

Nomogram Construction

Additionally, the regression model in-
corporating tumor and normal PZ ADC

21
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Figure 2: Three median ADC measurements of the PZ of 10 patients. The black dots represent the individ-
ual measurements, the vertical axis shows the median ADC, and the horizontal axis shows to which patient

the measurement belongs.

was used to construct a nomogram by
evaluating the obtained equation for
a range of ADCs. The ranges used to
construct the nomogram were 0.5-1.7
%103 mm?/sec for the tumor ADC and
0.8-2.2 X107 mm?/sec for the normal
PZ ADC. These ranges are slightly larger
than the ranges found in this study to ac-
commodate more extreme values.

For the first cohort of 10 patients, no
patients were excluded. The median pa-
tient age was 58.5 years (47-67 years).
The median PSA level at the time of the
first MR imaging was 8.25 (1.8-26).
For the second cohort of 70 con-
secutive patients, 56 patients had a
clinically important tumor (> 0.5 mL).
Of the remaining 14 patients, 11 had
a tumor in the central gland and three
had a PZ tumor smaller than 0.5 mL.
Of the 56 patients, five patients were
excluded due to severe motion artifacts
(n = 3), hemorrhage (n = 1), or ghost-
ing (n = 1). Characteristics of these pa-
tients are reported in Table 3. In the
remaining 51 patients, a total of 62 dif-
ferent PZ tumors were found. Of these
tumors, 21 were low-grade tumors and
41 were high-grade tumors. The mean
ADC for the low-grade tumors was 1.35
X107 mm?/sec += 0.26 (standard de-
viation) and for the high-grade tumors
was 0.926 X107% mm?/sec + 0.18. The

mean value of the normal PZ for pa-
tients with a low-grade tumor was 1.65
x1073 mm?/sec = 0.21 and 1.60 x1073
mm?/sec = 0.21 for patients with a
high-grade tumor.

Assessment of Interpatient Variation in
Normal PZ ADCs

Normal PZ ADCs differed significantly
between patients relative to measure-
ment variability (Mauchly sphericity
test, P < .0001; Greenhouse-Geisser
corrected P value, P = .0058) as as-
sessed by using the repeated-measures
analysis of variance. The ADC measure-
ments are plotted in Figure 2.

Effect of Including Normal PZ ADCs in the
Prediction of Cancer Aggressiveness
Normal PZ ADC correlates with ADC
of high-grade tumors. Its addition to
the regression model results in a sig-
nificantly improved prediction of ag-
gressiveness (P = .013). This was deter-
mined by using the logistic regression
procedure; the results are summarized
in Table 4.

Both regression models show a sig-
nificant contribution of the tumor ADC
(P =.003). Normal PZ ADCs also show
a significant contribution to the regres-
sion model (P = .013).

The regression model using stand-
alone tumor ADCs can then be ex-
pressed as

z=10.76 -9.103ADC, 3),
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and the model combining tumor and
normal PZ ADCs can be expressed as

Table 4

Results of Linear Logistic Regression for Three Regressions Based on

z=0.126 - 18.82ADC, + 13.43ADC,, (4). Equations (1) and (2)

In combination with Equation (2), these i Tumor an'd Normal PZ
models result in a probability that a given W71 B SELTIADE

sample is a high-grade cancer. The model Parameter Value PValue Value PValue
incorporating normal PZ ADC (Eq [4]), B, 9 e _am s
together with the data used in the regres- 5 - _ 13.43 013
sion, is shown in Figure 3. This plot in- c 1076 000 0:126 :978

dicates that a relatively high tumor ADC
might still constitute a high-grade tumor
if the normal PZ ADC is high. In addition,
one can appreciate that using a static
threshold on tumor ADC (a vertical line/
contour in Fig 3) to determine cancer
aggressiveness could result in incorrect
diagnosis in some patients.

Note.—Table shows regressions performed by using only tumor ADC and by using tumor and normal PZ median ADC. The 8
parameters are regression parameters and their value and significance are shown respectively for each regression. Subscripts
Tand N = tumor and normal PZ tissue, respectively. C = regression constant.

2.1
Diagnostic Performance of the Regression = = Decision Boundary .
Models 19 H * Low-Grade
Including normal PZ significantly (P = _  High-Grade
.0401) improved diagnostic accuracy. The e 1.7 . . .
ROC curves for the regression models in E PPt
Equations 3 and 4 are shown in Figure 4. =15 [ ,-"‘
. o . -
The area under the curve increases from E b . T
0.91 to 0.96. We have also included flow < 1.3 . e R .
charts detailing the diagnostic accuracy & - . ° ,_—“'
of both tests in Figure 1. g 1.1 .",'-" T
Nomogram § 0.9 e P - 5 .
The constructed nomogram is shown in a __-"‘ Ve : ‘_ ‘ *
Figure 5. This nomogram can be used 0.7 - -
in a clinical setup to quickly look up the : :
change of a certain region with the PZ 0.5 ' ' ' ' ' '
1 1.2 1.4 1.6 1.8 2 2.2

being an aggressive cancer.

Normal PZ median ADC (mm?2/s)

Figure 3:  Decision Boundary at P = .5 of the logistic regression model. The line represents the
decision boundary, the green dots the low-grade cancer, and the red dots the high-grade cancers.

In this study we have shown that there
is significant interpatient variation in
normal PZ ADCs (1.2-2.0 X107% mm?/
sec), which cannot be solely attributed
to measurement variability (average
measurement, 0.068X10™% mm?/sec
+ 0.027 [standard deviation]). We hy-
pothesize that the interpatient variations
arise from natural variations in prostate
physiology. Normal PZ ADC mean and
standard deviation were comparable
between patients imaged with only a
pelvic phased- array coil (first cohort)
and patients imaged with an endorectal
coil (second cohort): mean ADC for the
first cohort was 1.60 X107% mm?/sec *

0.18 and for the second cohort was 1.61
x107% mm?/sec + 0.22.

Second, adding normal PZ ADCs to
the linear logistic regression results in a
significantly improved prediction of can-
cer aggressiveness (P = .013). This sug-
gests that tumor ADCs should not be
considered absolute but that these values
are influenced by “background” variation
of normal PZ tissue composition.

Third, the improvement also results
in an increased area under the ROC
curve, from 0.91 to 0.96 (P < .05), and
thus an improved diagnostic accuracy.

This study had a number of limita-
tions. First, the use of ADC to assess ag-
gressiveness of transition zone tumors
has not been investigated in this study.
Second, this study was limited to the
PZ. This was done because it is known
that ADC in PZ and transition zone tu-
mors can differ substantially. However,
the majority of prostate tumors arise in
the PZ. Third, the annotation of ROlIs
was performed by a single observer;
the effect of the interobserver variabil-
ity on the regression model was not as-
sessed. In addition, placement of the
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Figure 4:  ROC curve of the regression models. The red line shows the diag-
nostic accuracy when including the adjacent PZ tissue median ADC in addition
to the tumor ADC. The blue line shows the diagnostic accuracy when only using
tumor ADC.
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Figure 5:  Contour of the probabilities of having an aggressive cancer given the adjacent PZ

tissue ADC (vertical axis) and the tumor ADC (horizontal axis). The point corresponding to these
two values will correspond to the probability of a high-grade cancer. The probability values are

specified along the contours and in the bar on the right of the figure.

ROIs might have been influenced by the
fact that the readers were not blinded
to the histopathologic findings. Fourth,
our nomogram must be tested and
validated in a prospective multireader
study. Fifth, the inclusion criteria for
the first cohort included high PSA level.
The high PSA level might influence the
ADC of the PZ; however, the effect of
the PSA level on the ADC was not in-
vestigated in this study.

In conclusion, PZ ADCs show a sig-
nificant interpatient variation, which
has a significant effect on the prediction

of prostate cancer aggressiveness. Cor-
recting this effect results in a significant
increase (from 0.91 to 0.96 area under
the ROC curve, P = .0401) in diagnostic
accuracy.

Disclosures of Potential Conflicts of Interest:
G.J.S.L. Financial activities related to the present
article: Dutch Cancer Society (KWF) grant to insti-
tution (grant KUN2007-3971). Financial activities
not related to the present article: none to disclose.
Other relationships: none to disclose. T.H. No po-
tential conflicts of interest to disclose. C.H.v.d.K.
No potential conflicts of interest to disclose. J.O.B.
Financial activities related to the present article:
none to disclose. Financial activities not related to

the present article: grant to institution from Dutch
Cancer Society (KWF). Other relationships: none
to disclose. H.J.H. Financial activities related to
the present article: none to disclose. Financial ac-
tivities not related to the present article: stock/
stock options in QView Medical (small start-up in
medical image analysis software). Other relation-
ships: none to disclose.

References

1. Siegel R, Naishadham D, Jemal A. Can-
cer statistics, 2012. CA Cancer J Clin
2012;62(1):10-29.

2. Blute ML, Bergstralh EJ, locca A, Scherer
B, Zincke H. Use of Gleason score, prostate
specific antigen, seminal vesicle and margin
status to predict biochemical failure after rad-
ical prostatectomy. J Urol 2001;165(1):119-
125.

3. Egevad L, Granfors T, Karlberg L, Bergh
A, Stattin P. Percent Gleason grade 4/5
as prognostic factor in prostate cancer di-

agnosed at transurethral resection. J Urol
2002;168(2):509-513.

4. Narain V, Bianco FJ Jr, Grignon DJ, Sakr
WA, Pontes JE, Wood DP Jr. How accu-
rately does prostate biopsy Gleason score
predict pathologic findings and disease free
survival? Prostate 2001;49(3):185-190.

5. Itou Y, Nakanishi K, Narumi Y, Nishizawa Y,
Tsukuma H. Clinical utility of apparent diffu-
sion coefficient (ADC) values in patients with
prostate cancer: can ADC values contribute to
assess the aggressiveness of prostate cancer?
J Magn Reson Imaging 2011;33(1):167-172.

6. Turkbey B, Pinto PA, Mani H, et al. Prostate
cancer: value of multiparametric MR imag-
ing at 3 T for detection—histopathologic
correlation. Radiology 2010;255(1):89-99.

7. Hambrock T, Somford DM, Huisman HJ, et
al. Relationship between apparent diffusion
coefficients at 3.0-T MR imaging and Glea-
son grade in peripheral zone prostate can-
cer. Radiology 2011;259(2):453-461.

8. Vargas HA, Akin O, Franiel T, et al. Diffu-
sion-weighted endorectal MR imaging at 3
T for prostate cancer: tumor detection and
assessment of aggressiveness. Radiology

2011;259(3):775-784.

9. Epstein JI, Allsbrook WC Jr, Amin MB,
Egevad LL; ISUP Grading Committee. The
2005 International Society of Urological Pa-
thology (ISUP) Consensus Conference on
Gleason Grading of Prostatic Carcinoma.
Am J Surg Pathol 2005;29(9):1228-1242.

10. Metz CE, Herman BA, Roe CA. Statistical
comparison of two ROC-curve estimates ob-
tained from partially-paired datasets. Med
Decis Making 1998;18(1):110-121.

266

radiology.rsna.org = Radiology: \olume 265: Number 1—October 2012



