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1.5-T multiparametric MRI using PI-RADS:
a region by region analysis to localize the
index-tumor of prostate cancer in patients
undergoing prostatectomy

Lars A Reisæter1,2, Jurgen J Fütterer3, Ole J Halvorsen2,4,
Yngve Nygård5, Martin Biermann1,2, Erling Andersen6,
Karsten Gravdal4, Svein Haukaas2,5, Jan A Monssen1,
Henkjan J Huisman3, Lars A Akslen2, Christian Beisland2,5 and
Jarle Rørvik1,2

Abstract
Background: The use of multiparametric magnetic resonance imaging (mpMRI) to detect and localize prostate cancer

has increased in recent years. In 2010, the European Society of Urogenital Radiology (ESUR) published guidelines for

mpMRI and introduced the Prostate Imaging Reporting and Data System (PI-RADS) for scoring the different parameters.

Purpose: To evaluate the reliability and diagnostic performance of endorectal 1.5-T mpMRI using the PI-RADS to

localize the index tumor of prostate cancer in patients undergoing prostatectomy.

Material and Methods: This institutional review board IRB-approved, retrospective study included 63 patients (mean

age, 60.7 years, median PSA, 8.0). Three observers read mpMRI parameters (T2W, DWI, and DCE) using the PI-RADS,

which were compared with the results from whole-mount histopathology that analyzed 27 regions of interest. Inter-

observer agreement was calculated as well as sensitivity, specificity, positive predictive value (PPV), and negative pre-

dicted value (NPV) by dichotomizing the PI-RADS criteria scores �3. A receiver-operating curve (ROC) analysis was

performed for the different MR parameters and overall score.

Results: Inter-observer agreement on the overall score was 0.41. The overall score in the peripheral zone achieved

sensitivities of 0.41, 0.60, and 0.55 with an NPVof 0.80, 0.84, and 0.83, and in the transitional zone, sensitivities of 0.26, 0.15,

and 0.19 with an NPVof 0.92, 0.91, and 0.92 for Observers 1, 2, and 3, respectively. The ROC analysis showed a significantly

increased area under the curve (AUC) for the overall score when compared to T2W alone for two of the three observers.

Conclusion: 1.5 T mpMRI using the PI-RADS to localize the index tumor achieved moderate reliability and diagnostic

performance.
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Introduction

Prostate cancer (PCa) is a significant health problem;
with an estimated 417,000 new cases in 2012, it is the
most common new cancer (23%) in men in Europe (1).
Radical prostatectomy and radiotherapy are currently
the recommended whole-gland treatments for organ-
confined PCa (2), but active surveillance and focal
therapies, such as cryosurgery and high-intensity
focused ultrasound (HIFU), are also used.
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Over the last decade, different methods have been
introduced for the detection, localization, characteriza-
tion, and staging of PCa (3–6). Use of standard mor-
phologic T2-weighted (T2W) magnetic resonance
imaging (MRI) rather than clinicopathological charac-
teristics and nomograms in the work-up of PCa has
improved local staging (7,8). Several studies support
the important finding that most patients have an
index tumor responsible for prognosis and outcome
(9,10). However, the concept and definition of index
tumor is not accepted by all urologists. The definition
of index tumor varies to some degree also between
pathologists, but an initiative was taken by the
International Society of Urological Pathology (ISUP)
to agree upon a definition, i.e. the ISUP consensus con-
ference (11).

The use of functional imaging techniques in
multiparametric MRI (mpMRI), such as diffusion-
weighted imaging (DWI), dynamic contrast-enhanced
MRI (DCE), and magnetic resonance spectroscopy
imaging (MRSI), have further improved diagnostic per-
formance (12).

Studies on mpMRI of the prostate performed in
expert centers have revealed encouraging diagnostic
performance (6,13–16), leading to increased use of
MRI. The variety in both imaging protocols and diag-
nostic criteria has made the comparison of results and
clinical utility difficult. To reach a consensus on the
standardization of protocols and interpretation, the
European Society of Urogenital Radiologists (ESUR)
published guidelines for prostate imaging protocols and
the interpretation of mpMRI, and introduced the
Prostate Imaging Reporting and Data System (PI-
RADS) as a new scoring system (17). PI-RADS scoring
uses specific diagnostic criteria and scores are in the
range of 1–5 for each MRI parameter (T2W, DWI,
DCE, MRSI, and overall score) (17,18).

The multifocal nature of PCa is a challenge for
biopsy procedures, focal therapy, and treatment
decisions.

The aim of our study was to evaluate and compare
the reliability and diagnostic performance of individual
and combined PI-RADS parameters from endorectal
1.5-T mpMRI, using PI-RADS, to localize the index
tumor of prostate cancer in patients undergoing
robotic-assisted laparoscopic prostatectomy (RALP).

Material and Methods

Patients

In 2010, a total of 72 consecutive patients with biopsy-
proven PCa underwent an endorectal 1.5-T mpMRI
prior to RALP at our hospital. A retrospective study
was performed from which patients were excluded if

they had pathologically insignificant tumors according
to Epstein criteria (19) (size �10mm with a Gleason
score of �3þ3) or if the data were incomplete, as
shown in Fig. 1. The study was approved by the
Regional Committee for Medical and Health
Research Ethics, and all patients gave their written
consent.

MRI protocol

With patients in the supine position, MRIs were
acquired using a 1.5-T whole-body MRI unit
(Avanto; Siemens Medical Systems, Erlangen,
Germany), using an integrated endorectal and pelvic
phased-array coil (MR Innerva; Medrad, Pittsburgh,
PA, USA) for signal reception. The endorectal coil
was inserted and inflated with a volume of approxi-
mately 40–50mL bariumsulfate (Mixobar�, Bracco
Imaging SpA, Milan, Italy). All patients were
injected twice with 2mL betylscopolamin 20mg/mL
(Buscopan; Boehringer Ingelheim GmbH, Ingelheim
am Rhein, Germany), both prior to the examination
and prior to the DCE, in order to suppress bowel
peristalsis.

All images (T2W, DWI, and DCE) covered the
entire prostate gland. For contrast enhancement, we
used gadoterate meglumin 0.2mL/kg, (Dotarem�,
Guerbet SA, Aulnay-sous-Bois, France). All axial
images were obtained using the same positioning
angle (center of position and location) as used for the
T2W images. For the DWI sequence, we used b values
of 50, 400, and 800. In our DCE sequence, the time

Fig. 1. Inclusion of patients.
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resolution was 6.16 s. The scan parameters were con-
sistent for all patients included in the study, with a
turbofactor of 16 with the TSE sequence, and all par-
ameters as tabulated in Table 1.

Postprocessing

Calculated, color-coded parametric maps were fused
with T2W images using in-house software (20). The
software calculates ADC maps from the DWI images
and converts the variation in gadolinium concentration,
using pharmacokinetic modeling (21,22), into Ktrans,

where the start of enhancement is calibrated using the
external iliac artery.

MRI interpretation

Three observers, who all had more than 5 years of
experience in reading prostate MRIs, read the MRI
datasets independently and in a blind fashion.
Observer 1 had more than 5 years’ experience in read-
ing mpMRI of the prostate (more than 800 prostate
mpMRI examinations), Observer 2 had more than 10
years of experience (more than 2000 mpMRI examin-
ations), while observer 3 had more than 5 years of
experience (more than 400 prostate mpMRI examin-
ations). The observers were only informed of biopsy-
proven PCa and were blinded to clinical/biochemical
results and to the extent of the biopsy findings. To har-
monize the use of scoring criteria, the observers per-
formed a pilot study that was not part of this study
on 20 patients with histology-proven PCa and
mpMRI prior to prostatectomy.

The prostate gland was divided into 27 regions
according to the Villers scheme and based on the
zonal distribution published by McNeal (23). All
regions were individually scored and annotated on sep-
arate drawings or directly in the database by the

observers using the PI-RADS. The images of each
patient were read sequentially in a single session by
the observers in the following order: T2W, DWI, and
DCE. Finally, an overall score was given to each sep-
arate region based on the information from all
sequences.

Histopathology evaluation

Whole-mount, step-section examinations were carried
out on the prostatectomy specimens at 5mm intervals
perpendicular to the rectal surface, corresponding to
the axial MRI images. Two experienced pathologists
(OJH, KG) outlined the presence and extent of each
patient’s PCa on drawings from the histological sec-
tions of the entire prostate. For each specimen, all
PCa locations were indicated and a Gleason score
was assigned. The presence of a pathologic index
tumor was determined by the pathologists using criteria
from the ISUP consensus conference, identifying either
a single tumor, the tumor with the highest Gleason
score (regardless of size), or the tumor with largest
volume when multiple tumors with equal Gleason
scores were found (11). The volume of the tumors
was estimated using routine pathologic measurements
(24) and by multiplying the maximum tumor dimen-
sions by height and by 0.52 (&volume of a sphere
inscribed in a cube). Both pathologists were blinded
to MRI findings.

Data analysis

From the histopathology reports and drawings, all
index tumors were noted in the corresponding region
within the database in consensus by KG and observer
2. In the case of large tumors involving several regions,
regions with less than 20% involvement were con-
sidered negative for tumor. A true match was defined

Table 1. Imaging protocol; scan parameters of mpMRI.

Sequence Plane

Repetition

time/echo

time (msec)

Section

thickness

(mm)

Intersection

gap

(mm) Matrix

Field of view

(mm)

Acquisition

time

T2W Sagittal 3030/98 4 0.8 320� 256 200� 200 3:06 min

T2W Coronal 3000/98 4 0.4 320� 256 200� 200 4:05 min

T2W Axial 4840/84 3 0.8 320� 256 200� 200 4:18 min

T1 VIBE Axial 7.23/2.55 3 0.8 192� 192 250� 250 20 s

DWI (b50, 400, 800) Axial 3000/72 3 0.8 128� 128 128� 128 5:33 min

DCE TWIST þ C Axial 4.24/1.66 3 0.8 512� 512 192� 138 6:58 min

DCE TWIST, dynamic contrast-enhanced time-resolved interleaved stochastic trajectories sequence; DWI, diffusion weighted imaging; iPAT 2, time

resolution¼ 6.16 seconds þ C, with intravenous contrast; T1, T1-weighted imaging; T2W, T2-weighted imaging; VIBE, volumetric interpolated breath-

hold examination.
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by the observer’s identification of a focal abnormality
on the mpMRI, giving the region a score of �3, and by
histopathology’s proving the existence of an index
tumor. If the observers/radiologists forgot to score a
region, this region was excluded from the statistical
analysis.

Statistical analysis

All data were collected using a multidimentional
CakePHP application framework (25). A table of pros-
tate regions kept the radiology and the pathology
scores for all 27 prostate regions in a separate record
for each combination of MR series and observer, and
for pathology. Data were re-aggregated using a limited
set of SQL views using MySQL (26) and statistical ana-
lyses were performed using ‘R’ (27).

We did not adjust for clustered data. Reliability and
diagnostic performance were analyzed separately and in
combinations for all the parameters (T2W, DWI, DCE,
and overall score) in all regions scored. Interobserver
agreement was calculated using the PI-RADS scores
from all regions and allowed stratification into periph-
eral zone regions and transition zone regions.

Patient data were summarized using descriptive stat-
istics by tabulating median values, means, and ranges
for continuous variables. Sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive
value (NPV) with a 95% CI were calculated. ROC
curves were created for the different parameters
(T2W, DWI, DCE, and overall score) and further
tested for covariance and significance in performance
between parameters by comparing the area under the
curve (AUC) using bootstrapping with 2000
repetitions.

Cohen’s Kappa was used to estimate interobserver
agreement between two observers (28), and Light’s
Kappa (29) was used to estimate inter-observer agree-
ment between all three observers. The 95% CI of
Kappa values was calculated based on an exact test
of Collett (30) between two observers, and bootstrap-
ping with 1000 repetitions was used when calculating
CI between all three observers. All statistical tests were
two-sided, and statistical significance was defined on
the basis of a P value of less than 0.05 or a Z-score >2.

Results

Patient characteristics are shown in Table 2. A total of
63 patients (with a total of 1701 regions) met the inclu-
sion criteria and were analyzed. Histopathology
revealed an index tumor in 365 (21%) of all the 1701
regions, of which 311 (85%) were located in the periph-
eral zone and 54 (15%) in the transition zone.
Furthermore, histopathology demonstrated an index

tumor in a median of five out of 27 regions per patient
(range, 1–19).

The inter-observer agreement by the three observers
was 0.41 (Lights Kappa) for overall score and the high-
est inter-observer agreement for two observers (2/3) of
0.49 (Cohen Kappa), which increased to 0.57 when
using the highest score given within any of the

Table 2. Patient characteristics of patients in our study

(n¼ 63).

Age (years)

Mean 60.7

Median 61.6

Range (42.9–70.3)

Biopsy – mpMRI (days)

Mean 130.3

Median 99

Range (–24–455)

mpMRI operation (days)

Mean 62.8

Median 70

Range (1–155)

Index tumor size, maximum diameter (mm)

Mean 29.1

Median 30

Range (10–35)

Regions with index tumor

Index 365

Peripheral zone 311

Transition zone 54

PSA (mg/L)

Mean 11.6

Median 8.0

Range (3–81.4)

Index tumor volume (cm3)

�0.5 8

0.5� 1.0 5

1.0� 2.0 13

>2.0 37

Index tumor Gleason grade

3þ3 11

3þ4 33

3þ5 1

4þ3 11

4þ4 2

4þ5 4

5þ4 1
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index–tumor regions per patient. The inter-observer
agreement was reduced for all three observers in the
transition zone when compared to that in the peripheral
zone, a reduction which was most prominent between
observers 1 and 2 and observers 1 and 3, as shown in
Table 3.

Overall score achieved the highest sensitivity of 0.41,
0.60, and 0.55 and NPVs of 0.80, 0.84, and 0.83 in the
peripheral zone for observers 1, 2, and 3, respectively.
Sensitivity was significantly reduced in the transition
zone when compared to the peripheral zone, as shown
in Table 4. An example of a characteristic correctly
localized index tumor is shown in Fig. 2 (mpMRI)
and Fig. 3 (histopathology).

We found significantly improved AUCs in the per-
ipheral zone for overall score (0.64 and 0.72) when
compared to T2W (0.59 and 0.68), and improved
AUC for DWI (0.62 and 0.72) when compared to
T2W (0.59 and 0.68) for observers 1 and 2, respectively.
Observers 1 and 3 had a significantly reduced effect of
DCE compared to overall score in the peripheral zone.
Observers 1 and 2 both had significantly improved
AUCs in the peripheral zone for the highest score of
any one of the combined parameters (T2W, DWI, or
DCE), when compared to the highest score of T2W or
DWI. None of the observers had increased AUCs for
overall score when compared to any of the highest
scores with any combination of the three parameters,
T2W, DWI, or DCE, as shown in Table 5 and Fig. 4.

When comparing the differences between observers’
AUCs, we found that observer 2 had significantly
improved AUCs for all parameters and all combin-
ations of parameters when comparing the AUCs of
observer 1. The AUC was significantly improved for
DWI and DCE for observer 2 when compared to obser-
ver 3. Between observers 1 and 3, the AUC was signifi-
cantly improved for observer 3 for all parameters
except DCE. In the transitions zone there were no sig-
nificant differences in the AUCs of the three observers
for any of the parameters or combinations of param-
eters. Detection in five of the 63 patients (7.9%), none
of the three observers detected the index tumor. The
index tumors in these five patients were all located in
the peripheral zone, with between one and five regions
involved. Gleason scores for these tumors were all
3þ4¼ 7, with a volume of 0.1–2.1 cm3. In three of
these five patients additional significant PCa not repre-
senting the index tumor was identified by the observers.
An example of such is shown in Fig. 5 (mpMRI) and
Fig. 6 (histopathology).

Discussion

The observers achieved a moderate inter-observer
agreement of 0.41 for overall score. Some papers have T
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been published with higher inter-observer agreement in
mpMRI used to localize PCa (31,32). The latest report
showing inter-observer agreement when comparing the
Likert scale with PI-RADS used 16 regions and esti-
mated inter-observer agreement by concordance correl-
ation coefficients rather than kappa coefficients (33). All
but the studies of Turkbey et al. and Bratan et al. have
fewer regions than our study, and achieve a higher
inter-observer agreement (16,34).

The inter-observer agreement was particularly
reduced for DCE in the transition zone when compared
to the peripheral zone, and this difference was most
prominent between observer 1 and the other two obser-
vers. One reason for this reduced inter-observer agree-
ment in the transition zone was the low prevalence of
index tumors here and the PI-RADS criteria ‘‘focal
enhancement in an unusual place’’ may be difficult to
anticipate, especially in the transition zone. With more
experience/training of the radiologists in the use of PI-
RADS in a wide spectrum of cases, the inter-observer
agreement may have improved.

Fig. 2. Multiparametric MRI (mpMRI) of a typical index tumor that was correctly localized. (a) DCE Ktrans parametric map: focal and

asymmetric enhancement of a tumor in the right side of the peripheral zone. (b) DWI with b value 800: the tumor shows a high signal

in the right side of the peripheral zone. (c) ADC map: the tumor shows low values in the right side of the peripheral zone. (d)

Perfusion curve: the tumor shows a typical type-3 curve, fast enhancement, and wash-out. (e) T2W images: the tumor is sharply

defined with low signal intensity in the right side of the peripheral zone.

Fig. 3. Whole-mount histopathology from a typical index tumor,

shown in Fig. 2. Hematoxylin-Eosin (HE) stain; densely growing

tumor in the right side of the peripheral zone; Gleason grade 4 þ

4, score 8 (inset magnification�40).
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The overall score assigned by the observers was com-
pared with three combinations in each region: the high-
est score of either T2W or DWI, the highest score of
either T2W or DCE, or the highest score of one of the
three parameters, T2W, DWI, or DCE. We found no
significant differences in any of these combinations
when comparing them to overall score. Our results sup-
port the idea that performing both DCE and DWI does
not necessarily increase diagnostic performance regard-
ing localization of the index tumor. We underestimated
the extent of the index-tumor regions by only localizing
approximately 50% of the tumor, and this is in accord-
ance with the results of previous studies (3,35).
Interestingly, almost 90% of all PCa localized by
mpMRI comprised index tumors, which is in accord-
ance with previous studies that used a variable number
of regions (36,37) and indicates that mpMRI does not
increase the identification of insignificant PCa. A diag-
nostic test with AUCs of 0.65, 0.73, and 0.70, as we
achieved, is not perfect, but it might be beneficial for

IMRT-purposes and for urologists making decisions
regarding nerve-sparing surgery.

Our study design focused on index-tumor regions,
and some of the false-positive regions indeed contained
significant PCa not representing index-tumor, which
lead to a lower specificity than studies reporting on
all PCa tumors. We achieved lower diagnostic perform-
ance compared to previously reported studies with con-
sensus readings or studies that took a lesion-by-lesion
approach with fewer regions (4–6,14,15,38). The rea-
sons for our lower diagnostic performance could be:
(i) the use of a stringent analysis; (ii) the use of a
higher number of regions; (iii) that we had no consen-
sus readings between radiologists or between radiolo-
gists and pathologists; or (iv) a mixture of these
possible reasons. Our diagnostic performance was in
concordance with the ‘‘neighboring approach’’ in the
study by Turkbey et al. (16) and comparable to the
results from the studies of both Bratan et al. (34) and
Rosenkrantz et al. (35). The diagnostic performance in

Table 5. Area under the curve (AUC) with confidence intervals (CI) in ROC analyses of three observers for the different param-

eters (T2W, DWI, DCE) and the highest score of either T2W or DWI, T2W or DCE, or T2W, DWI, or DCE and overall score.

All regions Peripheral zone Transition zone

AUC CI AUC CI AUC CI

T2W All observers 0.65 0.63–0.66 0.65 0.63–0.67 0.54 0.51–0.57

Observer 1 0.59 0.56–0.61 0.59 0.56–0.61 0.52 0.49–0.56

Observer 2 0.68 0.65–0.71 0.68 0.64–0.71 0.54 0.48–0.59

Observer 3 0.67 0.65–0.70 0.68 0.65–0.71 0.52 0.48–0.56

DWI All observers 0.67 0.65–0.68 0.65 0.63–0.67 0.56 0.53–0.59

Observer 1 0.62 0.60–0.65 0.63 0.61–0.66 0.52 0.48–0.56

Observer 2 0.72 0.69–0.75 0.73 0.69–0.76 0.55 0.49–0.61

Observer 3 0.67 0.64–0.69 0.68 0.64–0.70 0.57 0.52–0.62

DCE All observers 0.65 0.64–0.67 0.65 0.63–0.67 0.59 0.56–0.63

Observer 1 0.61 0.59–0.64 0.61 0.59–0.64 0.57 0.51–0.63

Observer 2 0.70 0.67–0.73 0.70 0.67–0.73 0.58 0.52–0.64

Observer 3 0.65 0.62–0.68 0.65 0.61–0.68 0.58 0.52–0.64

Highest score of either

T2W or DWI

Observer 1 0.63 0.61–0.66 0.64 0.61–0.67 0.53 0.48–0.57

Observer 2 0.72 0.70–0.75 0.73 0.69–0.76 0.57 0.50–0.64

Observer 3 0.70 0.67–0.72 0.70 0.67–0.73 0.57 0.51–0.63

Highest score of either

T2W or DCE

Observer 1 0.63 0.60–0.66 0.63 0.60–0.66 0.58 0.52–0.65

Observer 2 0.73 0.70–0.76 0.73 0.70–0.77 0.57 0.51–0.64

Observer 3 0.70 0.67–0.73 0.69 0.66–0.73 0.58 0.52–0.64

Highest score of either

T2W, DWI, or DCE

Observer 1 0.65 0.62–0.68 0.65 0.62–0.68 0.57 0.51–0.63

Observer 2 0.74 0.71–0.77 0.73 0.70–0.77 0.57 0.50–0.64

Observer 3 0.70 0.67–0.73 0.70 0.66–0.73 0.58 0.52–0.65

Overall score All observers 0.69 0-67–0.70 0.69 0.67–0.71 0.59 0.55–0.62

Observer 1 0.64 0.61–0.67 0.65 0.62–0.68 0.57 0.51–0.63

Observer 2 0.72 0.69–0.75 0.73 0.69–0.76 0.53 0.48–0.59

Observer 3 0.69 0.67–0.72 0.70 0.67–0.73 0.57 0.51–0.63
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the transition zone was lower than that in the retro-
spective study by Akin (14), and in general, we had a
very poor performance in transition zone index tumors.
This may be explained by a selection bias as a result of
large tumors in the study of Akin and the fact that they
used a more lesion-to-lesion–based approach with only
12 regions. Additionally, they did not use DWI and
DCE in the study by Akin, but rather relied on T2W
images alone.

The variation in diagnostic performances between
the observers in our study can be explained by differ-
ences in level of experience using Pi-RADS, as well as
differences in experience in interpreting mpMRI in gen-
eral. Our result is not completely supportive of the find-
ings in the study by Vargas et al. (39), in which they
found no significantly improved diagnostic perform-
ance using T2W images in combination with DWI as
compared to the use of T2W images alone. In addition,
the index tumors of our study had a higher percentage
of Gleason scores �3 þ 4 than those in the study of
Vargas et al. (39), which may also explain the difference
in results.

Fig. 5. An undetected index tumor in the right side of the peripheral zone with additional PCa detected with mpMRI in the left side of

the peripheral zone. (a) DCE Ktrans parametric map: asymmetric enhancement in the left side of the peripheral zone. (b) DWI with b

value 800: no obvious area of high signal intensity. (c) ADC map: a lesion with low signal intensity in the left side of the peripheral zone.

(d) Perfusion curve: a lesion with curve type 3; fast enhancement, and wash-out. (e) T2W images: a well-defined lesion with low signal

intensity in the left side of the peripheral zone and diffuse lower intensity in the right side of the peripheral zone but no obvious tumor

by PI-RADS criteria.

Fig. 6. Whole-mount histopathology (HE-stain) from incorrect

index-tumor localization by mpMRI using PI-RADS. Index tumor

with scattered glands in greater amount of connective tissue

located in the right side of the peripheral zone was not identified.

(inset magnification�40); the additional tumor with denser

growth in the left peripheral zone was identified by mpMRI; both

tumors had Gleason grade 3 þ 4, score 7.
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By using the Epstein criteria, we identified four of the
six patients with a rather low index–tumor volume of
0.3–0.6 cm3, indicating that PI-RADS has the potential
to detect even small index tumors. Some may argue that
a shrinkage factor should have been included, but since
the Epstein criteria and the consequences of the Epstein
criteria are based on pathology and not radiology, we
did not adjust for a shrinkage factor. The non-detected
index tumors were all localized in the peripheral zone
and had limited secondary Gleason grade 4 compo-
nents. In two of these five patients, the index tumors
had a volume of only 0.1 cm3 and 0.2 cm3, respectively,
and both were present in one region only. The other
three patients had an index tumor located in three to
five regions. It is challenging to achieve exact corres-
pondence in location and angle when comparing
mpMRI with histopathology whole-mount sections.
Further, following prostatectomy, the prostate is
deformed due to ex-vivo changes in anatomy and hist-
ology, resulting both in shrinkage and in mismatches
between the pathologic findings and the imaging
maps. Turkbey et al. (16) also addressed this problem
when evaluating the usefulness of 3T mpMRI for
detecting PCa and found increased sensitivities and spe-
cificities for all MRI parameters (T2W, DWI, and
MRSI) when using a more tolerant approach. In our
study, we used a stringent approach with one-to-one
correlation, but regions with less than 20% involvement
were considered negative for tumor and achieved almost
the same values for diagnostic performance as Turkbey
et al. using the tolerant misalignment approach (16).
Our proposed 20% criterion for large tumors involving
several regions thus seems appropriate.

There are limitations with our study. The differences
between the MRI parameters should be interpreted with
care, since the parameters in our study were read
sequentially and information from one parameter
could influence the interpretation of the next parameter.
Prostate tumors, including index tumors, are often het-
erogeneous tumors with different Gleason scores in each
of the regions involved. In our analysis, we did not com-
pensate for the differences in Gleason scores between
each separate region of the index tumor but instead
gave all affected regions an overall pathologic Gleason
score. The precision of our PI-RADS scoring is thus not
directly correlated to the distribution/heterogeneity of
Gleason score findings within the index tumors.

In our analysis, all the radiologists forgot to score
some of the regions when reading mpMRI using PI-
RADS, resulting in missing data. These missing
regions, at most eight regions of 1701 (0.47%), were
excluded from the analysis. The numbers of regions
that were not annotated by the radiologist yet had an
index tumor were at most two of 365 regions (0.55%).
The magnitude of our missing data did not alter our

conclusion. We did not adjust for clustered data or per-
form analyses of the different risk groups of patients. In
the future, use of 3T MRI machines, higher temporal
resolution (<4 s) in DCE, advances in postprocessing
tools, and systematic training of prostate radiologists
could improve the diagnostic performance of mpMRI
using PI-RADS.

In conclusion 1.5 T mpMRI using the PI-RADS
to localize the index tumor achieved moderate reliabil-
ity and diagnostic performance. Performing both
DWI and DCE did not increase diagnostic perform-
ance of localization. Almost all index tumors were
detected (92%).
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