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Abstract

Background: Wide variations in acquisition protocols and the lack of robust diagnostic
criteria make magnetic resonance imaging (MRI) detection of prostate cancer (PCa) one
of the most challenging fields in radiology and urology.
Objective: To validate the recently proposed European Society of Urogenital Radiology
(ESUR) scoring system for multiparametric MRI (mpMRI) of the prostate.
Design, setting, and participants: An institutional review board–approved multicentric
prospective study; 129 consecutive patients (1514 cores) referred for mpMRI after at
least one set of negative biopsies.
Intervention: Transfer of mpMRI-suspicious areas on three-dimensional (3D) transrec-
tal ultrasound images by 3D elastic surface registration; random systematic and
targeted cores followed by core-by-core analysis of pathology and mpMRI character-
istics of the core locations. The ESUR scores were assigned after the procedure on
annotated Digital Imaging and Communications in Medicine archives.
Outcome measurements and statistical analysis: Relationships between ESUR scores
and biopsy results were assessed by the Mann-Whitney U test. The Yates correction and
Pearson x2 tests evaluated the association between categorical variables. A teaching set
was randomly drawn to construct the receiver operating characteristic curve of the ESUR
score sum (ESUR-S). The threshold to recommend biopsy was obtained from the Youden
J statistics and tested in the remaining validation set in terms of sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy.
Results and limitations: Higher T2-weighted, dynamic weighted imaging and dynamic
contrast-enhanced ESUR scores were observed in areas yielding cancer-positive cores. The
proportion of positive cores increased with the ESUR-S aggregated in five increments
(ESUR-S 3–5: 2.9%; ESUR-S 6–8: 11.1%; ESUR-S 9–10: 38.2%; ESUR-S 11–12: 63.4%; and
ESUR-S 13–15: 83.3%; p < 0.0001). A threshold of ESUR-S �9 exhibited the following
characteristics: sensitivity: 73.5%; specificity: 81.5%; positive predictive value: 38.2%;
negative predictive value: 95.2%; and accuracy: 80.4%. Although the study was not
designed to compare repeat biopsy strategies, more targeted cores than random system-
atic cores were found to be positive for cancer (36.3% compared with 4.9%, p < 0.00001).
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1. Introduction

Variations in magnetic resonance imaging (MRI) protocols

and the lack of robust diagnostic criteria make MRI detection

of prostate cancer (PCa) one of the most challenging fields of

radiology and urology [1–3]. Multiparametric MRI (mpMRI)

provides a noninvasive approach to characterizing the

anatomy (T2-weighted [T2w] MRI), angiogenesis (dynamic

contrast-enhanced [DCE] MRI), and cell density (diffusion-

weighted MRI) of the prostate parenchyma [4,5].

Although accumulating evidence supported the rele-

vance of mpMRI in PCa diagnosis [4,6,7], the widespread

acceptance of this method was hampered by the absence of

consensus on diagnostic criteria and of systems to quantify

the risk of obtaining a positive core [2,8,9].

However, European urology and radiology experts

convened to research areas of consensus on the conduct,

interpretation, and reporting of multiparametric MRI of the

prostate [6]. The European Society of Urogenital Radiology

(ESUR) recently published a unified scoring system for

mpMRI [10], named the Magnetic Resonance Prostate

Imaging Reporting and Data System (MR PI-RADS),

to emulate the Breast Imaging Reporting and Data System

(BI-RADS) score successfully implemented for breast cancer
Table 1 – Magnetic resonance imaging units and sequences at particip

MRI unit and workstation Type T2w MRI

Toulouse and Paris I

MRI unit 1.5T AchievaTM

(Philips Medical Systems, Best,

The Netherlands)

Endorectal pelvic

phased-array coil and

SENSE cardiac coil

(Philips Medical

Systems)*

Fat spin echo in

three planes,

TR/TE 3300 ms/13

Extended WorkSpaceTM

(Philips Healthcare, Best,

The Netherlands)

Slice parameters Thickness 2.5 mm,

gap 0.25 mm

* Paris 1: no endorectal coil FOV and matrix FOV 170 � 153 mm

TSE factor 20, voxe

0.72 � 0.96 mm

Functional imaging

Duration Duration 1 min 45

Paris 2

1.5T Avanto

(Siemens Healthcare,

Erlangen, Germany)

Eight-channel pelvic

phased-array coil

(Signa Excite, GE)

Fat spin echo in

three planes,

TR/TE 1300 ms/12

ICAD VividlookTM

(ICAD, Nashua, NH, USA)

Slice parameters Thickness 3.5 mm,

gap 0 mm

FOV and matrix FOV 18 � 18 cm, m

192 � 256 mm, flip

1408, voxel 0.9 � 0

Functional imaging

Acquisition time 5 min

MRI = magnetic resonance imaging; T2w = T2-weighted; DCE = dynamic contrast-

TR/TE = time of repetition/time of echo; T1w = T1-weighted; FFE = fast field e

ADC = apparent diffusion coefficient.
to reduce interobserver variability, increase the diagnostic

value of the technique, and improve communication

between clinicians and radiologists [10,11].

Although derived from a critical appraisal of the

literature, the proposed ESUR scoring system has not yet

been validated in a real-life study. We took advantage of the

development of MRI/transrectal ultrasonography (TRUS)

fusion technology [12] to evaluate the predictive values of

the ESUR scoring system in a cohort of 129 consecutive

patients with a total of 1514 cores.

2. Materials and methods

2.1. Patients

This prospective study was institutional review board–approved (CPP-

DC2011/37), and informed consent was obtained from all patients. From

May to November 2011, 129 consecutive patients with a history of negative

TRUS-guided biopsies of the prostate were referred for repeat biopsies.

2.2. 1.5-T multiparametric magnetic resonance imaging

Fast spin-echo T2w-MRI images were first acquired in three planes.

Diffusion-weighted imaging (DWI) comprised multiple b-value acquisi-

tion and apparent diffusion coefficient (ADC) mapping in the same
ating centers

DCE MRI DWI MRI

0 ms

Fat-saturated T1w FFE,

3D scan mode,

TR/TE 11 ms/4.6 ms

TR/TE shortest as

possible/72 ms

Thickness 3 mm, gap 0 mm Thickness 5 mm, SENSE

sequence with P reduction

2.00

,

l

FOV 130 � 116 mm;

flip angle 258,

voxel 1.16 � 1.16 mm

FOV 370 � 286 mm, flip angle

908, voxel 2.26 � 2.89 mm

14 consecutive postgadolinium

dynamic sequences,

reconstruction voxel

0.51 � 0.51 � 5.0

b values 0, 600, 800 s/mm2

in the same plane as T2;

voxel 1.93 � 1.95 � 5.0

s Gradient echo sequence

13 s per sequence

First acquisition 1 min 47 s,

second for diffusion-weighted

ADC 1 min 20 s

0 ms

Fat-saturated T1w FFE,

3D scan mode,

TR/TE 5.11 ms/1.85 ms

TR/TE 3700 ms/104 ms

Thickness 3.5 mm, gap 0 mm Thickness 3.5 mm, SENSE

sequence with P reduction

2.00

atrix

angle

.7 mm

FOV 20 � 20 cm, flip angle 108,

voxel 1.4 � 1.4 mm

FOV 18 cm, matrix

192 � 256 mm; flip angle

1408, voxel 1.27 � 1.27 mm

Consecutive postgadolinium

dynamic sequences

b values 0, 100, 500,1000,

2000 s/mm2 in the same

plane as T2;

voxel 1.93 � 1.95 � 3.5

Gradient echo sequence

8.5 s/sequence over 5 min

20 slices, 4 min

enhanced; DWI = diffusion-weighted imaging; SENSE = sensitivity encoding;

cho; 3D = three-dimensional; FOV = field of view; TSE = turbo spin echo;
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planes as T2w sequences. DCE MRI was obtained by fat-saturated T1-

weighted fast-field echo sequence and a temporal resolution of 8.5–15 s,

following an intravenous bolus injection of gadoterate meglumine

(Guerbet, France). Details of MRI sequences have been described

elsewhere [2,13], MRI units and sequences are presented in Table 1.

2.3. Magnetic resonance imaging/three-dimensional real-time

ultrasonography fusion–guided biopsy

Biopsies comprised sextant random systematic cores and targeted cores

of suspicious areas on mpMRI. A typical suspicious lesion was well

[(Fig._1)TD$FIG]

Fig. 1 – Target definition and elastic surface registration, axial representations o
resonance imaging (MRI), diffusion-weighted imaging MRI, and dynamic contra
score sum (ESUR-S) of 13 lesion in the anterior aspect of the right transition z
reconstruction from MRI; the prostate volume is contoured in the axial, sagittal
three-dimensional transrectal ultrasonography (3D TRUS). (d) Elastic surface reg
driven by changes in the patient’s positioning, deformations in rectal wall, or d
highlighted by colored tags could alternatively be displayed within MRI- or 3D
circumscribed and of low signal intensity on T2w imaging, showing

restricted diffusion on ADC maps and early and intense enhancement

with rapid washout on DCE imaging [2]. The decision to target a specific

location and the technique for biopsy were left to the discretion of each

investigator.

Cores were taken using a commercially available MRI/three-

dimensional (3D) TRUS fusion–guided system (Koelis, LaTronche, France)

that provided three separate functions: (1) precise 3D TRUS targeting, in

the millimeter range, of a predefined location; (2) recording of the core

spatial location; and (3) the ability to fuse MRI–Digital Imaging and

Communications in Medicine archives and real-time TRUS images [12,14].
f the prostate, are presented in the first column. (a) T2-weighted magnetic
st-enhanced MRI demonstrate a European Society of Urogenital Radiology
one that is highlighted by a yellow tag in the first column. (b) Surface
, and coronal T2-weighted MRI acquisitions. (c) Surface reconstruction of
istration by means of an algorithm that controls the prostate constraints
isplacement of the prostate. After registration, the MRI-suspicious areas
TRUS–registered volumes.
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Briefly, MRI data were loaded in the workstation to obtain

segmentation of the prostate volume (Fig. 1). Regions of interest were

superimposed on mpMRI-suspicious areas. Real-time prostate 3D

reconstruction was obtained from one axial and two oblique 608

acquisitions using a 3D end-fire endorectal probe (HD9, Philips Medical

Systems, Best, The Netherlands). 3D TRUS and MRI reconstructions were

finally registered by means of an algorithm that controls the prostate

constraints [12].

Targeted cores were first taken, followed by random systematic

cores. For both modalities, 3D TRUS acquisition was repeated with the

needle in situ to register its precise location within the prostate volume.

At the end of the procedure, all cores, numbered consecutively, were

referenced to MRI and 3D TRUS archives (Fig. 2).

2.4. Postprocedure analysis

Each biopsy was annotated in terms of (1) location in 1 of the 16

sectors of the diagram provided by the European Consensus Meeting

[6] and the ESUR [10], (2) random systematic compared with targeted

cores, and (3) presence and length of cancer, Gleason grade. The length
[(Fig._2)TD$FIG]

Fig. 2 – Postprocedure analysis of the European Society of Urogenital Radiolog
(mpMRI) Digital Imaging and Communications in Medicine archives; for clarity
Tagging of a suspicious focus in the right peripheral zone. (c,d) Transfer to the th
surface registration ([c] T2-weighted magnetic resonance imaging; [inset] 3D T
TRUS with the needle left in place. (f) Reverse transfer to the mpMRI model. T
determined after the procedure by comparison with the initial mpMRI Digital
of the biopsy was not available. The mpMRI features of the area of the

biopsy were characterized according to the ESUR system [10], which

graded the level of suspicion for each MRI sequence from 1 to 5

(Table 2), the sum of the ESUR scores (ESUR-S) (range: 3–15), and the

Likert scale [15].

2.5. Statistical analysis

The elementary unit for analysis was the core annotated with pathology

and mpMRI results. We present mean and standard deviations or 95%

confidence intervals (CIs) for continuous variables and percentages for

categorical variables.

The relationship between mpMRI scores and biopsy results was

assessed by the nonparametric Mann-Whitney U test. The Yates correction

and Pearson x2 tests were used to evaluate the association between

categorical variables. All reported p values are two-sided. Statistical

significance was set at p < 0.05.

A teaching set of two-thirds of the study population was randomly

drawn to construct the receiver operating characteristic curves of the

mpMRI scoring systems. The thresholds to recommend a biopsy were
y (ESUR) characteristics of multiparametric magnetic resonance imaging
’s sake, only the pictures pertaining to the target are presented. (a,b)
ree-dimensional transrectal ultrasonography (3D TRUS) model by elastic
RUS). (e) Recording of the spatial location of the cores by repeating 3D

he actual ESUR characteristics of the site sampled by the cores was
Imaging and Communications in Medicine archives (a).



Table 2 – The Likert scale and the European Society of Urogenital Radiology Prostate Imaging Reporting and Data System scoring system for
T2-weighted, diffusion-weighted, and dynamic contrast-enhanced imaging

Likert scale

Score 1 Clinically significant disease highly unlikely to be present

Score 2 Clinically significant cancer unlikely to be present

Score 3 The presence of clinically significant cancer is equivocal

Score 4 Clinically significant cancer likely to be present

Score 5 Clinically significant disease highly likely to be present

European Society of Urogenital Radiology scoring system

T2-weighted imaging for the peripheral zone

1 Uniform high signal intensity

2 Linear, wedge-shaped, or geographical areas of lower signal intensity, usually not well demarcated

3 Intermediate appearances not in categories 1/2 or 4/5

4 Discrete, homogeneous low-signal focus/mass confined to the prostate

5 Discrete, homogeneous low-signal-intensity focus with extracapsular extension/invasive behavior or mass effect on the capsule (bulging), or broad

(>1.5-cm) contact with the surface

T2-weighted imaging for the transition zone

1 Heterogeneous transition zone adenoma with well-defined margins: ‘‘organized chaos’’

2 Areas of more homogeneous low signal intensity; however, well marginated, originating from the transition zone/benign prostatic hyperplasia

3 Intermediate appearances not in categories 1/2 or 4/5

4 Areas of more homogeneous low signal intensity, ill defined: ‘‘erased charcoal sign’’

5 Same as 4, but involving the anterior fibromuscular stroma or the anterior horn of the peripheral zone, usually lenticular or water-drop shaped

Diffusion-weighted imaging

1 No reduction in ADC compared with normal glandular tissue; no increase in signal intensity on any high–b value image (�b800)

2 Diffuse, hyper signal intensity on �b800 image with low ADC; no focal features; however, linear, triangular, or geographical features are allowed

3 Intermediate appearances not in categories 1/2 or 4/5

4 Focal area(s) of reduced ADC but isointense signal intensity on high–b value images (�b800)

5 Focal area/mass of hyper signal intensity on the high–b value images (�b800) with reduced ADC

Dynamic contrast-enhanced imaging

1 Type 1 enhancement curve

2 Type 2 enhancement curve

3 Type 3 enhancement curve

+1 For focal enhancing lesion with curve type 2–3

+1 For asymmetric lesion or lesion at an unusual place with curve type 2–3

ADC = apparent diffusion coefficient.

Table 3 – Multiparametric magnetic resonance imaging and
pathologic characteristics in 1125 random systematic and 399
targeted coresy

Random
systematic

cores,
n = 1125

Targeted
cores,

n = 399

p value

ESUR T2 score (1–5) 1.5 � 0.6 3.3 � 0.9 <0.00001*
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estimated from the Youden J statistics (sensitivity + specificity � 1) and

tested in the remaining one-third of the population in terms of

diagnostic performance.

The characteristics of positive cores were compared according to the

thresholds of the Likert scale and ESUR-S. For statistical analysis, the

pathologic results were split into two groups adapted from Harnden

et al. [16] (cancer length <3 mm and no Gleason pattern 4/5 vs cancer

length �3 mm or Gleason pattern 4/5).
ESUR DWI score (1–5) 1.4 � 0.6 3.6 � 1.2 <0.00001*

ESUR DCE score (1–5) 1.2 � 0.6 2.5 � 1.3 <0.00001*

ESUR sum of scores

(3–15)

4.2 � 1.4 9.4 � 2.6 <0.00001*

Likert score (1–5) 1.6 � 0.7 3.5 � 1.0 <0.00001*

Peripheral zone, no. 1120 277 <0.000018

Transition zone, no. 5 122

Positive for cancer, no. 55 145 <0.000018

Negative, no. 1070 254 OR: 11.4,

95% CI, 8.1–16.1

Length of cancer in

positive cores, mm

2.0 � 1.9 5.2 � 3.1 <0.00001*

Gleason score

�3 + 3 21 57

3 + 4 25 75 (NS) p = 0.3

�4 + 3 9 13

ESUR = European Society of Urogenital Radiology; T2 = T2-weighted

imaging; DWI = diffusion-weighted imaging; DCE = dynamic contrast-

enhanced; OR = odds ratio; CI = confidence interval; NS = not significant.
y Mean and standard deviation are provided for quantitative variables.
* Mann-Whitney U test.

8 Yates corrected x2.
3. Results

3.1. Population

A total of 129 consecutive patients (mean age: 64.7 � 6.9 yr

[range: 47–79]) were enrolled for repeat biopsies (mean

number of prior biopsy sessions: 1.3 � 0.7 [range: 1–4]).

Digital rectal examination (DRE) was unremarkable in 107

patients and suspicious in 22 patients (nodule smaller than

half a lobe). Mean prostate-specific antigen (PSA) at biopsy

was 9.6 � 5.9 ng/ml (range: 2.7–40.0), and prostate volume

(MRI estimate) was 51.1 � 28.1 cm3 (range: 12–192). Loca-

tions in the 16-sector map of random systematic cores

(n = 1125) and targeted cores (n = 399) and proportions of

positive cores are presented in Figure 3. PCa was demonstrat-

ed in 200 of 1524 cores (13.1%) (Table 3) or, alternatively, in 62

of 129 patients (48.1%).
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Fig. 3 – Absolute number of cores taken and proportion positive for cancer (in parentheses) per sector. Random systematic cores are in red (n = 1125), and
targeted cores are in blue (n = 399). L = left; R = right.

Table 4 – Multiparametric magnetic resonance imaging
characteristics of 1524 cores, as a function of the presence or
absence of prostate cancer

Negative cores,
n = 1324

Positive cores,
n = 200

p value*

ESUR T2 score (1–5) 1.8 � 0.9 3.3 � 1.1 <0.00001

ESUR DWI score (1–5) 1.7 � 0.9 3.6 � 1.5 <0.00001

ESUR DCE score (1–5) 1.4 � 0.8 2.7 � 1.4 <0.00001

Sum of scores (3–15) 4.9 � 2.2 9.7 � 3.5 <0.00001

Likert score (1–5) 1.8 � 0.9 3.6 � 1.3 <0.00001

ESUR = European Society of Urogenital Radiology; T2 = T2-weighted

imaging; DWI = diffusion-weighted imaging; DCE = dynamic contrast-

enhanced.
* Mann-Whitney U test.
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3.2. Biopsy results

Targeted cores were more often found positive than were

random cores (36.3% compared with 4.9%, p < 0.00001). The

odds of demonstrating the presence of cancer were 11.4

higher in a targeted core than in a random core (Table 3)

and varied within the prostate (odds ratios [95% CI]: 9.6

[5.6–16.5], 14.0 [7.9–24.7], and 12.1 [5.9–24.8] for the base,

midprostate, and apex, respectively; all p < 0.00001)

(Fig. 3). Targeted cores yielded longer segments of cancer

(5.2 � 3.1 mm and 2.0 � 1.9 mm in targeted and random

cores, respectively; p < 0.00001), although no differences

were found in terms of Gleason patterns. Cancer was shown

in 62 patients: in 21 patients by random and targeted cores,

35 patients by targeted cores only, and 6 patients by random

cores only.

3.3. Predictive values of multiparametric magnetic resonance

imaging characteristics

Higher ESUR scores were observed in positive cores (Table 4).

The percentage of positive cores increased proportionally to

T2w and DWI ESUR scores, whereas an indentation was

observed for DCE MRI (Fig. 4). Consequently, the ESUR-S was
also strongly related to the percentage of positive cores ( p for

trend < 0.0001).

A continuous increase in the proportion of positive

cores was observed when ESUR-S was aggregated in

five increments (mean [95% CI]: 2.9% [1.8–3.9], 11.1%

[7.7–14.6], 38.2% [28.6–47.8], 63.4% [52.8–74.1], and 83.3%

[73.1–93.6] for increasing increments of ESUR scores; p for

trend < 0.0001) (Fig. 5). The yield also increased in
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Fig. 5 – Proportion of cores positive for cancer according to the European Society of Urogenital Radiology score sum (ESUR-S), the ESUR-S in five
increments, and the five classes of the Likert scale.
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Fig. 4 – Proportion of cores positive for cancer according to T2-weighted (T2w) magnetic resonance imaging (MRI), diffusion-weighted imaging (DWI) MRI,
and dynamic contrast-enhanced (DCE) MRI European Society of Urogenital Radiology (ESUR) score sum. The number of cores taken for each condition is
presented in parentheses.
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proportion to the five increments of the Likert scale (mean

[95% CI]: 1.9% [0.7–3.0], 7.3% [5.2–9.6], 14.8% [9.9–19.6],

48.6% [38.9–58.3], and 72.0% [62.8–81.3]; p for trend

< 0.0001)) (Fig. 5).

The balance between sensitivity and specificity for

different thresholds was analyzed by the receiver operating

characteristic curves of ESUR-S and the Likert scoring

systems (Fig. 6). Both showed excellent areas under the

curve (0.86 [95% CI, 0.83–0.89] and 0.84 [95% CI, 0.82–0.88],

respectively), suggesting clinically relevant predictive

characteristics.

The Youden J statistics indicated threshold values of 3 for

the Likert scale and 9 for the ESUR-S in the random training

set of 1005 cores. The predictive characteristics for these
thresholds were then assessed in the validation set (Table 5).

While both systems exhibited excellent negative predictive

values in the 95% range, the ESUR-S showed a higher positive

predictive value (58.0% compared with 38.2% for ESUR-S and

the Likert systems in the validation set, respectively) and

accuracy (89.1% compared with 80.4%).

We then used the threshold value of 9 to compare the

cancer features of positive cores. Of the 1524 cores, 1286

cores (84.4%) were ESUR-S <9, of which only 64 cores (4.9%)

were found positive for cancer (45 cores with adverse

pathologic features [16], ie, cancer length�3 mm or Gleason

pattern 4/5). Of the 238 cores collected in ESUR-S �9

locations, 136 cores (57.1%) were positive for cancer, of which

118 cores exhibited adverse pathologic features.



Table 5 – Receiver operating characteristics of the European Society of Urogenital Radiology sum of scores and the Likert scale in a training
set and a validation set randomly drawn from the total cohort of 1524 cores*

Training set,
n = 1018

Validation set,
n = 506

Positive cores, no. (%) 132 (12.9) 68 (13.4)

Random systematic cores, no. (%) 750 (73.7) 375 (74.1)

Targeted cores, no. (%) 268 (26.3) 131 (25.9)

ESUR score Likert Scale ESUR score Likert scale

AUC of the ROC curve 0.855 � 0.019 0.845 � 0.019 0.873 � 0.022 0.848 � 0.024

Youden-selected threshold �9 �3 – –

Sensitivity, % (95% CI) 67.4 (58.7–75.3) 75.0 (66.7–82.1) 69.1 (56.7–79.8) 73.5 (61.4–83.5)

Specificity, % (95% CI) 92.3 (90.3–94.0) 79.9 (77.1–82.5) 92.2 (89.2–94.5) 81.5 (77.5–85.0)

Positive predictive value, % (95% CI) 56.7 (48.6–64.6) 35.7 (30.1–41.7) 58.0 (46.5–68.9) 38.2 (29.8–47.1)

Negative predictive value, % (95% CI) 95.0 (93.3–96.3) 95.5 (93.7–96.9) 95.1 (92.4–96.8) 95.2 (92.4–97.0)

Overall accuracy, % (95% CI) 89.1 (87.0–90.9) 79.3 (76.6–81.7) 89.1 (86.0–91.6) 80.4 (76.6–83.7)

ESUR = European Society of Urogenital Radiology; AUC = area under the curve; ROC = receiver operating characteristics; CI = confidence interval.
* The predictive characteristics of multiparametric magnetic resonance imaging are presented for ESUR sum of scores �9 and Likert scale �3 thresholds, as

determined by the Youden J statistics.
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Fig. 6 – Receiver operating characteristic curves for (A) the European Society of Urogenital Radiology (ESUR) score sum and (B) the Likert scale.
CI = confidence interval.
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4. Discussion

In this paper, we showed the ability of the ESUR score to

stratify mpMRI findings by cancer suspicion, as befits a

clinically relevant scoring system. The objective of the

present study was not to compare two modalities—

random systematic and targeted—of sampling the pros-

tate volume.

Although the ESUR system was based on literature

evidence and consensus, it still lacked validation in a real-

life setting. We took advantage of the archives produced by

the 3D elastic registration system of Koelis image fusion

technology to study the relationship between MRI scores and

pathology findings in 129 patients referred for repeat

biopsies.
As recently emphasized, cancer detection was tradition-

ally assessed on a patient-by-patient basis; however, with

the development of targeted biopsy techniques, cancer

detection may be better assessed by lesion or biopsy core

[17]. Indeed, one major limitation in studies pertaining to

the diagnosis of PCa is that no proof of the absence of cancer

can be obtained in patients found negative on TRUS-guided

biopsies, while minute correlations (eg, whole-mount

specimens) between pathology and mpMRI are possible

in the others, amounting to a classic verification bias. To

avoid this pitfall, the present study used the core, not the

sextant or the general geometry of the cancer in specimens,

as the elementary unit for analysis. The large number of

cores targeted on suspicious foci (n = 399) and of random

cores (n = 1125) encompassed all possible combinations of



E U R O P E A N U R O L O G Y 6 2 ( 2 0 1 2 ) 9 8 6 – 9 9 6994
mpMRI and pathology findings, thereby allowing an

unbiased evaluation.

The proportional increase between percentage of posi-

tive cores and T2w and DWI scores fully validated the ESUR

system for these two modalities (Fig. 4). For DCE, a drop was

observed for score 3 that is assigned to several different

conditions—that is, a typical type 3 enhancement curve or a

less suspicious type 2 curve but with ‘‘focal enhancement’’

or ‘‘asymmetric lesion’’ or ‘‘at an unusual place’’ [10]. It was

therefore a complex indicator that showed limitations in

the present experiment. In addition, DCE is subject to

variations in acquisition and spatial resolution [2]. We

suggest that this indicator might be adapted or clarified by a

compendium of reference cases, similar to that which

ensured the rapid promotion of the BI-RADS system [18].

However, the recommended use of MRI in PCa is

multiparametric [1,10], bringing into question the best

way to sum up multidimensional results into a single score.

The ESUR recommended a five-point scale to standardize

the level of suspicion of the referent radiologist [10].

The Likert five-point scale showed continuous progres-

sion of the percentage of positive cores with increasing

scores. Using score 3 and higher as threshold, the scale

provided adequate sensitivity and specificity (73.5% and

81.5%, respectively) but a suboptimal positive predictive

value (38.2%) (Table 5). We hypothesized that the structured

analytic process of determining the ESUR scores for each of

the three modes would perform better than the less

structured Likert scale. The sum of the three ESUR scores

provided a simple indicator (ESUR-S) that was split into

classes to meet the ESUR recommendation of a five-point

scale.

ESUR-S showed an almost linear progression in

the percentage of positive biopsies, ranging from 2.9% for

ESUR-S 3–5 to 83.3% for ESUR-S 13–15 (Fig. 5), suggesting

that the ESUR-S would constitute a clinically relevant

indicator to recommend a biopsy in a specific location.

The threshold of 9, as suggested by the Youden J statistics

in the teaching set, exhibited in the validation set clinically

relevant sensitivity (69.1%), specificity (92.2%), and positive

and negative predictive values (58.0% and 95.1%, respec-

tively) with adequate accuracy (89.1%). In the context of

repeat biopsies, the observed excellent specificity would

prove invaluable to drive attention to suspicious locations,

while the ability to predict with high confidence the

absence of cancer (negative predictive value) would control

the number of unnecessary cores.

Still, because of suboptimal sensitivity, some cancer foci

would be missed. In the present cohort, 1286 cores were

taken in ESUR-S <9 areas, of which 64 cores (4.9%)

were found positive for cancer. Conversely, restricting the

biopsies to ESUR-S �9 would have detected 136 of 200

positive cores (68%). Although it is acknowledged that the

significance of a core cannot be asserted without taking

into account the results of the others, these figures strongly

support the concept of targeting cores to locations found

suspicious on mpMRI, as proposed by Emberton’s group

and others [17,19,20]. In addition, further studies will be

needed to assess the respective values of clinical predictors
(eg, DRE and PSA) and innovative predictors (eg, mpMRI and

new biomarkers).

Precise registration of the core location was a crucial

prerequisite. Indeed, to achieve homogeneous sampling of

the prostate [21], one has to mentally integrate the real-time

two-dimensional TRUS images into a 3D representation of

the anatomic environment. Although this cognitive process

was recently shown to achieve relevant accuracy in targeting

mpMRI-suspicious foci [20], the process remained prone to

imprecision, as evidenced by the differences in detection

rates among operators of similar experience [22] and the

discordances between consecutive sets or biopsies [23,24] or

between biopsies and prostatectomy specimens [25–28].

Different expedients have been proposed. One is the use of

a fixed grid as in brachytherapy for the transperineal

approach; however, because of needle deflection during

insertion [29], the method was reported to be liable to

inaccuracy. Others reported a millimeter range of precision in

transperineal targeting with a custom-made system of

biplane ultrasonography–MRI and ad hoc software. Although

ill adapted to the diagnostic biopsies that are routinely done

transrectally, this method would provide a valuable asset in

future MRI-guided focal therapy [30]. Other systems using

tracking sensors on the needle guide [31] or the probe [17,32]

managed to monitor their positions within the pelvis, but

they could not account for the motions of the prostate

induced by the probe or the needle.

Elastic surface registration was developed to overcome

these limitations. This technology was shown to control

the deformations induced by the biopsy [12] and was

proved in a phantom model to target, with 100% accuracy

and millimetric precision, randomly located 0.5-cm3

hypoechoic lesions [14]. As shown in Table 3, image fusion

targeted biopsies were 11-fold more likely to show PCa than

random cores, providing strong simultaneous evidence for

the relevance of mpMRI in PCa diagnosis and of fusion

technology in guiding the cores. The relevance of targeted

biopsies was also shown with a prototype electromagnetic

tracking device [17] and with in-gantry MRI-compatible

tracking devices [33]. However, to our knowledge, the

present report is the first to use freely available commercial

technology [17] in that setting.

Finally, the sole objective of this study was to report the

relationship between mpMRI characteristics and pathology.

For this purpose, data on 1524 cores was prospectively

accumulated and analyzed on a core-by-core basis.

Conversely, as the evaluation of strategies for biopsy was

not an objective, no recommendations were given to the

investigators in that respect. Therefore, the differences in

the yields of targeted and random systematic biopsies

should be considered suggestive but not conclusive,

pending further studies.

5. Conclusions

The ESUR scoring system for multiparametric MRI of the

prostate was shown to provide clinically relevant stratifi-

cation of the risk of showing PCa in a given location. Only a

few cancers were detected solely by random cores, as
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opposed to the larger yield of cores targeted at mpMRI-

suspicious locations.

As a whole, the validation of the ESUR scoring system

and precise targeting of TRUS-guided biopsies now

provide convincing leverage in the challenging field of PCa

diagnosis.
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