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Abstract
Purpose MRI has limited ability to detect multifocal disease or the full extent of prostate involvement with clinically significant
prostate cancer (sPC). We compare the spatial co-localization at sextant resolution ofMRI lesions and histopathological mapping
by combined targeted and extended systematic biopsies.
Materials and methods Sextants were mapped for sPC (ISUP group ≥ 2) by 24-core transperineal systematic biopsies in 316
patients with suspicion for sPC and by MR lesions of PI-RADS score of ≥ 3. The gold standard is combined systematic (median
23 cores) and targeted biopsies.
Results Of 316 men, 121 (38%) harbored sPC. Of these 121 patients, 4 (3%) had a negative MRI. MRI correctly identified 117/
121 (97%) patients with sPC. In these patients, mpMRI missed no additional sPC in 96 (82%), while MRI-negative sPC lesions
were present in 21 patients (18%). Of 1896 sextants, 379 (20%) harbored sPC.MR-positive sextants contained sPC in 26% (337/
1275), compared to 7% (42/621) in MR-negative sextants. On a patient basis, sensitivity was 0.97, specificity 0.22, positive
predictive value 0.43, and negative predictive value 0.91. On a sextant basis, sensitivity was 0.73, specificity 0.38, positive
predictive value 0.26, and negative predictive value 0.93.
Conclusion MpMRI mapping agreed well with histopathology with, at the observed sPC prevalence and on a patient basis,
excellent sensitivity and negative predictive value, and acceptable specificity and positive predictive value for sPC. However,
18% of sPC was outside the mpMRI mapped region, quantifying limitations of MRI for complete localization of disease extent.
Key Points
• Currently, exclusive MRI mapping of the prostate for focal treatment planning cannot be recommended, as significant prostate
cancer may remain untreated in a substantial number of cases.

• At the observed sPC prevalence and on a patient basis, mpMRI has excellent sensitivity and NPV, and acceptable specificity and
PPV for detection of prostate cancer, supporting its use to detect suspicious lesions before biopsy.

• Despite the excellent global performance, 18% of sPC was outside the mpMRI mapped region even when a security margin of
10 mm was considered, indicating that prostate MRI has limited ability to completely map all cancer foci within the prostate.
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Abbreviations
AS Active surveillance
Bx Biopsy
DCE Dynamic contrast-enhanced imaging
DRE Digital-rectal examination
DWI Diffusion-weighted imaging
EPI Echo-planar imaging
GP Gleason pattern
GS Gleason score
ISUP International Society of Urological Pathology
mpMRI Multiparametric magnetic resonance imaging
MRI Magnetic resonance imaging
NPV Negative predictive value
PC Prostate cancer
PI-RADS Prostate Imaging Reporting and Data System
PPV Positive predictive value
PSA Prostate specific antigen
RP Radical prostatectomy
SB Systematic transperineal saturation
sPC Significant prostate cancer
STARD Standards of Reporting of Diagnostic Accuracy
START Standards of Reporting for MRI-targeted

Biopsy Studies
TB MRI-targeted biopsy
TRUS Transrectal ultrasound

Introduction

The role of multiparametric magnetic resonance imaging
(mpMRI) in prostate cancer (PC) management has constantly
evolved during the last decade [1, 2]. It is currently recom-
mended to target MR lesions in men suspected of harboring
PCa despite negative systematic biopsies, and MRI is increas-
ingly being used to guide biopsies in biopsy-naïve men, due to
the high accuracy of MRI-guided targeted biopsy techniques
[3–6]. Most recently, the utilization of MRI as a triage test
prior to biopsy has been proven by the PROMIS and
PRECISION trials [7, 8]. Nonetheless, MRI has limited ability
to detect multifocal disease or the full extent of prostate in-
volvement with clinically significant prostate cancer (sPC).

A recent study of Kenigsberg et al reported that Gleason
pattern (GP) 4 extra-focal disease defined as any GP 4 not
detected by mpMRI and transrectal ultrasound systematic bi-
opsy outside of an ablation zone was present in 15/59 (25%)
of cases [9]. Of these, 35% were ipsilateral and 65% contra-
lateral to MRI [9]. 80% were Gleason score (GS) 3 + 4
(International Society of Urological Pathology, (ISUP)
Grade 2), 10% GS 4 + 3 (ISUP Grade 3), and 10% GS 4 + 4
(ISUPGrade 4) [9]. Only 50% of these were less than 5 mm in
cross-sectional length on radical prostatectomy (RP) specimen
[9]. Ablation of only the MRI lesion plus a 10-mm margin or
performing an ipsilateral hemi-ablation would have left

residual GP 4 tumor foci in 24% and 19% of cases [9].
However, using biopsies as reference tests, the negative pre-
dictive value (NPV) to rule out sPC was 88–95% [1, 10].
Recent studies using RP specimen as reference test demon-
strated that about 85% of sPC foci were correctly identified by
mpMRI using the Prostate Imaging Reporting and Data
System (PI-RADS) [11, 12].

The purpose of this study was to compare the spatial accu-
racy of mpMRI to the combined mapping information of all
extended systematic and targeted biopsy cores on MRI/
transrectal ultrasound (TRUS)-fusion biopsies. Specifically,
we analyzed spatial agreement on sextant, hemisphere, and
patient bases.

Material and methods

This retrospective analysis was performed in a patient cohort
of a previously reported study [13]. The institutional and gov-
ernmental ethics committee approved the study and waived
informed consent. This study analysis included the patient
data of the prior study of which an analysis has been published
previously regarding a comparison of radiomicmachine learn-
ing with ADC values [13]. In comparison, here, we investigate
spatial co-localization of MRI-detected lesions to systematic
and targeted biopsies that has not been evaluated previously.

Patient cohort

The examined patient cohort includes 316 consecutive pa-
tients with a clinical indication for prostate biopsy based on
PSA elevation and clinical examination or participation in our
active surveillance program who were examined on a single
3T MR System in 2015–2016 and subsequently underwent
MRI/TRUS-fusion biopsy at our institution. Inclusion and ex-
clusion criteria have been described previously [13]. Baseline
epidemiological and clinical characteristics including tumor
location, pathological findings, and clinical assessment are
shown in Table 1.

MR imaging

MR images were acquired at 3 Tesla (Magnetom Prisma,
Siemens Healthcare, Erlangen, Germany) using the standard
multi-channel body coil and integrated spine phased-array
coil, according to the European Society of Urogenital
Radiology (ESUR) guidelines [2]. As per the institutional pro-
tocol, axial, coronal, and sagittal T2-weighted (T2) images,
echo-planar imaging (EPI) diffusion-weighted images
(DWI), and dynamic contrast-enhanced (DCE) images were
acquired. The full diagnostic prostate MRI protocol is shown
in Supplementary Table 1. Clinical interpretation by board-
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certified radiologists included PI-RADS assessment for each
detected lesion and a pictogram indicating lesion location [15].

Systematic and targeted MRI/TRUS-fusion biopsies

All men underwent transperineal grid-directed biopsy per-
formed under general anesthesia with rigid software registra-
tion using BiopSee (MEDCOM, Darmstadt, Germany).
Targeted fusion biopsy (FTB) of MRI-suspicious lesions
was performed first (interquartile range (IQR) 3–5 cores, me-
dian 4 per lesion) followed by systematic saturation biopsy
(20–26 cores, median 23 cores), as previously described [4,
12]. This biopsy approach combining FTBs and transperineal
systematic saturation biopsies (SBs) has been validated
against and confirmed concordance to RP specimen [12]. A
median of 29 biopsies (IQR 24–33) were taken per patient
with the number of biopsies adjusted to prostate volume
[16]. Histopathological results of targeted regions and
whole-gland assessment served as standard of reference.
Most importantly, according to the Ginsburg Study group pro-
tocol, a sextant scheme of the prostate tailored to the
transperineal approach has been used for analysis of the cor-
rect identification of the lesions’ localization [16].

MR lesion segmentation

Apparent diffusion coefficient (ADC), b value = 1500 s/mm2

(B1500), and T2w images were upsampled to 0.25-mm in-
plane resolution and 3-mm slice thickness using the medical
imaging toolkit (MITK, www.mitk.org) [17, 18]. Three-
dimensional (3D) volumes of interest (VOI) were manually
drawn using the MITK polygon tool by one investigator (P.S.
with 6 months experience in prostate MRI) separately on T2w
images and ADC images using series and slice information
and pictograms given in the clinical reports under supervision
of a board-certified radiologist with 8 years of experience in
prostate MRI (D.B.). A total of 462 lesions were segmented.
In addition, prostate contours were segmented manually on
T2w images and automatically partitioned into sextants using
the midsagittal plane and four additional angulated planes
according to the biopsy protocol, and named RA, RM, and
RP and LA, LM, and LP, indicating right/left and anterior/
mid/posterior locations, respectively [16]. Figure 1 depicts
example segmentations of lesions and sextants (see figure
legends for details).

Pathological workup

Histopathological analyses were performed under supervision
of one dedicated uropathologist (A.S., 6-year experience) ac-
cording to International Society of Urological Pathology
standards.

Table 1 Patients’ epidemiological and clinical characteristics according
to START criteria [14]

Men included in analysis (n = 316)

Age (years)

Median (IQR) 64 (58–71)

sPC found in MR Lesion (n (%)) 140 (30%)

peripheral zone 91 (20%)

transition zone 49 (11%)

No sPC found in MR Lesion 322 (70%)

Pre-Biopsy PSA (ng/ml) median (IQR) 6.9 (5.0–9.9)

Pre-Biopsy PSA density median (IQR) 0.16 (0.10–0.24)

Suspicious DRE 91 (29%)

Number of previous biopsy cores (range) 12 (10–14)

MR index lesion per patient (n (%))

No Lesion 38 (12%)

PI-RADS 2 12 (4%)

PI-RADS 3 72 (23%)

PI-RADS 4 114 (36%)

PI-RADS 5 80 (25%)

MRI assessment per lesion (n (%))

Total 462 (100%)

PI-RADS 2 25 (5%)

PI-RADS 3 162 (35%)

PI-RADS 4 179 (39%)

PI-RADS 5 96 (21%)

Patients without MR Lesions 38

Patients with MR Lesions 278 (100%)

Number of MR

Lesions per patient (n (%))

1 lesion 133 (48%)

2 lesions 111 (40%)

3 lesions 29 (10%)

4 lesions 5 (2%)

Days MRI to biopsy, median (IQR) 1 (1–9)

Number of cores per patient (median, range) 29 (24–33)

Targeted cores per lesion 4 (3–5)

Systematic cores 23 (20–26)

Per-patient MR/TRUS Gleason score/ISUP
grade (n (%))

No PC 126 (40%)

6 (3 + 3)/1 69 (22%)

7a (3 + 4)/2 80 (25%)

7b (4 + 3)/3 15 (5%)

8 (4 + 4)/4 12 (4%)

9a (4 + 5)/5 9 (3%)

9b (5 + 4)/5 5 (2%)

IQR interquartile range, PSA prostate-specific antigen, MRI magnetic
resonance imaging, PI-RADS Prostate Imaging Reporting and Data
System, sPC clinically significant PC, ISUP International Society of
Urologic Pathology, DRE digital rectal examination
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Image post-processing and statistical analysis

Recently, Le Nobin et al published that MRI underestimated
the boundaries of PC lesions compared to RPE specimen. They
proposed a three-dimensional securitymargin of 10mm around
the MRI lesion to account for lesion underestimation by MRI
[19]. Accordingly, all lesion VOIs were not only analyzed as
they appeared, but in addition were automatically dilated to
generate a set of VOIs including a security margin of 10 mm
around MR lesions [19]. The intersections of standard and di-
lated VOIs with sextant VOIs were determined and sextants
assigned the maximum PI-RADS score given to any
intersecting MR lesion. Sextant-specific systematic biopsy his-
topathology was assigned to all MR sextant VOIs and aug-
mented by calculating the maximum ISUP grade between sys-
tematic histopathology and histopathology from FTB to sex-
tants intersecting with MR lesions (the latter was performed
only for standard VOIs and not for dilated VOIs) to create a
sextant map of histopathology ground truth. SPC was defined
as ISUP grade ≥ 2 and a positive MRI as a PI-RADS score of
≥ 3 in any lesion.

Spatial matching between the histopathological ground
truth map and mpMRI mapping was performed on standard
VOIs and dilated VOIs. In addition to sextant spatial
matching based on the Ginsburg scheme, it was determined
if hemispheres could be identified that were predicted free
of sPC by mpMRI [16]. Sensitivity, specificity, PPV, and
NPV were calculated for standard and dilated lesion VOIs
on (i) a sextant, ii) a hemisphere basis, and (iii) for the
whole prostate, by examining the coincidence of patholog-
ical and radiological index lesions at the respective degree
of spatial resolution. An additional stratification according
to a history of no prior biopsy, prior negative biopsy, and
active surveillance was performed to investigate effects on
the distribution of sPC. The distribution of sPC across pa-
tients, hemispheres, and sextants was calculated and
depicted as flow diagrams.

Statistical analyses were performed using R version
3.3.0 (R Foundation for Statistical Computing, Vienna,
Austr ia) [20] . Report ing fol lowed Standards of
Reporting of Diagnostic Accuracy (Supplementary
Material 2) [21].

Fig. 1 Figure illustrating post-processing of MR imaging. Top panel:
axial T2-weighted image (left), b value = 1500 s/mm2 image (middle)
and ADC map (right) demonstrate a suspicious lesion (arrows) in PZa/
PZpl in the right midportion of the prostate with marked signal increase
on b = 1500, a markedly decreased ADC value and suspicious
homogeneous hypointensity on the T2w image, PI-RADS 5. Middle
panel: sextants are spatially defined as shown for right and left anterior
(yellow), middle (blue), and posterior (green) locations and shown
together with the radiologically defined lesion (red) in axial (left),

coronal (middle), and sagittal (right) planes. Bottom panel: volume
renderings of the prostate segmentation seen from anteriorly superiorly
with sextants shown (left) and lesion shown by decreasing the opacity of
the sextant volumes (middle). The right diagram shows the definition of
the zonal safety margin of 10 mm (purple) around the radiological lesion
(red), with segmentation and masking of this zonal margin according to
sextants and prostate boundary (green, cyan, and yellow contours from
anteriorly to posteriorly), defining the three right (RA, RM, RP) of six
sextants to be formally considered positive within the security margin
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Results

Of the 316 patients included in the study, 173 (55%) were
biopsy naïve, 94 (30%) had received one to five prior negative
biopsies (one: 62, two: 23, three: 4, four: 3 and five: 2 patients,
respectively), and 49 (16%) were enrolled into active surveil-
lance at the time of the MR exam.

In total, 121 of 316 patients (38%) harbored at least one
sPC lesion. Clinical data and pathological outcome according
to the Standards of Reporting for MRI-targeted Biopsy
Studies (START) are provided in Table 1. On per-patient anal-
ysis (Fig. 2), 269 men wereMR positive and 47men wereMR
negative. One hundred seventeen out of the 269 MR-positive
men harbored sPC while 152 were false positive. For MRI-
negative patients, 43 out of 47 were correctly called negative
on MRI, while MRI did not detect four sPC-positive men.
Sensitivity was 0.97, specificity 0.22, positive predictive value
(PPV) 0.43, and negative predictive value (NPV) 0.91. The
results for sPC definition as ISUP grade ≥ 3 and MRI suspi-
cion defined as PI-RADS ≥ 4 are shown in Supplementary
Figure 2–4.

On the hemisphere level (Fig. 3), 192 of 632 hemispheres
(30%) harbored sPC. 396 (63%) hemispheres were MR pos-
itive and 236 (37%) were MRI negative. One hundred sixty
six (42%) out of the 396 MR-positive hemispheres harbored
sPC, while 230 (58%) were false positive. For MRI-negative
hemispheres, 210 (89%) of 236 were correctly called negative
on MRI, while MRI did not detect sPC presence in 26 (11%)
of hemispheres. Sensitivity was 0.86, specificity 0.48, PPV
0.42, and NPV 0.89 (Table 2). Hemispheric results for sPC
definition as ISUP grade ≥ 3 andMRI suspicion defined as PI-
RADS ≥ 4 are given in Supplementary Figure 6–8.

On the sextant level (Fig. 4), 379 of 1896 sextants (20%)
harbored sPC. 660 (35%) sextants were MR positive and 1236
(65%)wereMRI negative. Two hundred fifty-four (38%) out of
the 660 MR-positive sextants harbored sPC, while 406 (62%)
were false positive. For MRI-negative sextants, 1111 (90%) of
1236were correctly called negative onMRI, whileMRI did not
detect sPC presence in 125 (10%) of sextants. Sensitivity was
0.67, specificity 0.73, PPV 0.38, and NPV 0.90 (Table 2).

On the sextant level including the security margin of 10 mm,
379 of 1896 sextants (20%) harbored sPC. 1275 (67%) sextants

Fig. 2 Distribution of MR
imaging results and results of
histopathology stratified to the
MR findings (MR positive versus
MR negative) based on a per-
patient basis
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were MR positive and 621 (33%) were MRI negative. Three
hundred thirty-seven (26%) out of the 1275MR-positive sextants
harbored sPC, while 938 (74%) were false positive. For MRI-
negative sextants, 579 (93%) of 621 were correctly called nega-
tive on MRI, while MRI did not detect sPC presence in 42 (7%)
of sextants. Sensitivity was 0.73, specificity 0.38, PPV 0.26, and
NPV 0.93 (Table 2). Sextant results for sPC definition as ISUP
grade ≥ 3 and MRI suspicion defined as PI-RADS ≥ 4 are given
in Supplementary Figure 9–11.

Lastly, even though at least one suspicious MRI lesion
harboring sPC was identified in 117/121 (97%) patients, there
was additional sPC found outside MRI lesions assessed as
suspicious (PI-RADS ≥ 3) in 70 men (60%) (Fig. 2). This
number was reduced to 21 men (18%) with the added security
margin of 10 mm.

Example cases in which sPC remained outside the mpMRI-
mapped disease territories despite the use of the security mar-
gin are shown in Supplementary Figure 1, while
Supplementary Figure 2 shows a case with successful map-
ping of all sPC (see figure legends for details).

Discussion

The potential of mpMRI to detect sPC is influenced by several
issues. First, correct lesion detection by mpMRI occurred in
97% of patients and was comparable to recent publications,
using both, combined FTB and SB cores, or radical prostatec-
tomy specimen as reference tests [1, 12, 22]. Hence, on a pa-
tient basis, the results generated in clinical routine at our center
with dedicated prostate MR readers are in line with the accu-
racy of a recently published study by Panebianco et al [1].
Missed sPC lesions included only Gleason Score 3 + 4 disease,
respectively, ISUP grade 2 lesions. When only PI-RADS ≥ 4
lesions would be considered suspicious, significant cancer

would be missed in 18 men (15%). These men had ISUP grade
2 disease in 16/18 cases (89%). Only two cases harbored
Gleason score 4 + 3, respectively, ISUP grade 3. Based on
these results, three conclusions could be drawn. First, on a
patient basis, mpMRI is a sensitive diagnostic tool to detect
sPC, missing sPC in 3%. Compared to the reference test of
combined targeted and systematic biopsy, the results are in line
with recently published data from Ahmed et al and Mortezavi
et al, but slightly increased compared to Panebianco et al and
De Visschere et al [1, 7, 23, 24]. The NPV is comparable to a
recent meta-analysis of Moldovan et al (88%) [10]. Second,
these data emphasize the current status of PI-RADS 3 lesions.
Although called indeterminate, PI-RADS 3 lesions harbored
sPC in 19%. This is in line with the results of the multicentric
PRECISION data (12%), the publication of Venderink et al
(17%), and the results of Meng et al, using an institutional
Likert scale, but increased compared to the data of Ullrich
et al (4%) [8, 25–27]. However, based on our results and in
line with the PRECISION data and in particular to Venderink
et al, an mpMRI Likert score 3–5 should be called cancer
suspicious and undergo targeted prostate biopsy [8, 27]. The
observed specificity and PPVobserved in this study were lower
compared to the same definition of csPC in the recently pub-
lished PROMIS study (0.45 and 0.65). However, sensitivity
and NPV are higher compared to PROMIS (0.88 and 0.76).
In fact, the performance in this study at a PI-RADS cut-off of
≥ 4 is closer to the PROMIS performance. This might be
caused by differences in the sPC prevalence and differences
in MR interpretation, as the MRI interpretation in the
PROMIS trial was done by an internal University College of
LondonHospital score, which is quite comparable to PI-RADS
but slightly different. While our data at the more sensitive PI-
RADS ≥ 3 cut-off are therefore well-suited to examine the dis-
tribution of MR-invisible sPC and confirm the ability of MRI
to successfully guide biopsies to detect sPC with very high

Fig. 3 Distribution of MR
imaging results and results of
histopathology stratified to the
MR findings (MR positive versus
MR negative) based on a
hemispheric basis
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Table 2 Performance of mpMRI for different PI-RADS cut-offs and different definitions of sPC on a patient basis, for hemispheres, and on a sextant
level

Topology PI-RADS Gleason/ISUP Sensitivity Specificity PPV NPV

Patient ≥ 3 ≥ 3 + 4 / 2 0.97 (117/121) 0.22 (43/195) 0.43 (117/269) 0.91 (43/47)

Biopsy-naïve 0.96 (77/80) 0.23 (21/93) 0.52 (77/149) 0.88 (21/24)

Repeat biopsy 0.96 (26/27) 0.19 (13/67) 0.32 (26/80) 0.93 (13/14)

AS 1.00 (14/14) 0.26 (9/35) 0.35 (14/40) 1.00 (9/9)

Patient ≥ 3 ≥ 4 + 3 / 3 1.00 (41/41) 0.17 (47/275) 0.15 (41/269) 1.00 (47/47)

Biopsy-naïve 1.00 (32/32) 0.17 (24/141) 0.21 (32/149) 1.00 (24/24)

Repeat biopsy 1.00 (7/7) 0.16 (14/87) 0.09 (7/80) 1.00 (14/14)

AS 1.00 (2/2) 0.19 (9/47) 0.05 (2/40) 1.00 (9/9)

Patient ≥ 4 ≥ 3 + 4 / 2 0.85 (103/121) 0.52 (102/195) 0.53 (103/196) 0.85 (102/120)

Biopsy-naïve 0.86 (69/80) 0.55 (51/93) 0.62 (69/111) 0.82 (51/62)

Repeat biopsy 0.85 (23/27) 0.49 (33/67) 0.40 (23/57) 0.89 (33/37)

AS 0.79 (11/14) 0.51 (18/35) 0.39 (11/28) 0.86 (18/21)

Patient ≥ 4 ≥ 4 + 3 / 3 0.95 (39/41) 0.43 (118/275) 0.20 (39/196) 0.98 (118/120)

Biopsy-naïve 0.97 (31/32) 0.43 (61/141) 0.28 (31/111) 0.98 (61/62)

Repeat biopsy 1.00 (7/7) 0.43 (37/87) 0.12 (7/57) 1.00 (37/37)

AS 0.50 (1/2) 0.43 (20/47) 0.04 (1/28) 0.95 (20/21)

Hemisphere ≥ 3 ≥ 3 + 4 / 2 0.86 (166/192) 0.48 (210/440) 0.42 (166/396) 0.89 (210/236)

Biopsy-naïve 0.87 (111/127) 0.50 (110/219) 0.50 (111/220) 0.87 (110/126)

Repeat biopsy 0.80 (35/44) 0.44 (63/144) 0.30 (35/116) 0.88 (63/72)

AS 0.95 (20/21) 0.48 (37/77) 0.33 (20/60) 0.97 (37/38)

Hemisphere ≥ 3 ≥ 4 + 3 / 3 0.94 (61/65) 0.41 (232/567) 0.15 (61/396) 0.98 (232/236)

Biopsy-naïve 0.92 (48/52) 0.41 (122/294) 0.22 (48/220) 0.97 (122/126)

Repeat biopsy 1.00 (11/11) 0.41 (72/177) 0.09 (11/116) 1.00 (72/72)

AS 1.00 (2/2) 0.40 (38/96) 0.03 (2/60) 1.00 (38/38)

Hemisphere ≥ 4 ≥ 3 + 4 / 2 0.74 (143/192) 0.70 (310/440) 0.52 (143/273) 0.86 (310/359)

Biopsy-naïve 0.76 (97/127) 0.73 (159/219) 0.62 (97/157) 0.84 (159/189)

Repeat biopsy 0.68 (30/44) 0.69 (100/144) 0.41 (30/74) 0.88 (100/114)

AS 0.76 (16/21) 0.66 (51/77) 0.38 (16/42) 0.91 (51/56)

Hemisphere ≥ 4 ≥ 4 + 3 / 3 0.85 (55/65) 0.62 (349/567) 0.20 (55/273) 0.97 (349/359)

Biopsy-naïve 0.85 (44/52) 0.62 (181/294) 0.28 (44/157) 0.96 (181/189)

Repeat biopsy 0.91 (10/11) 0.64 (113/177) 0.14 (10/74) 0.99 (113/114)

AS 0.50 (1/2) 0.57 (55/96) 0.02 (1/42) 0.98 (55/56)

Sextant ≥ 3 ≥ 3 + 4 / 2 0.67 (254/379) 0.73 (1111/1517) 0.38 (254/660) 0.90 (1111/1236)

Biopsy-naïve 0.69 (178/259) 0.75 (584/779) 0.48 (178/373) 0.88 (584/665)

Repeat biopsy 0.61 (52/85) 0.69 (332/479) 0.26 (52/199) 0.91 (332/365)

AS 0.69 (24/35) 0.75 (195/259) 0.27 (24/88) 0.95 (195/206)

Sextant ≥ 3 ≥ 4 + 3 / 3 0.77 (102/133) 0.68 (1205/1763) 0.15 (102/660) 0.97 (1205/1236)

Biopsy-naïve 0.75 (79/105) 0.68 (639/933) 0.21 (79/373) 0.96 (639/665)

Repeat biopsy 0.79 (19/24) 0.67 (360/540) 0.10 (19/199) 0.99 (360/365)

AS 1.00 (4/4) 0.71 (206/290) 0.05 (4/88) 1.00 (206/206)

Sextant ≥ 4 ≥ 3 + 4 / 2 0.58 (221/379) 0.86 (1300/1517) 0.50 (221/438) 0.89 (1300/1458)

Biopsy-naïve 0.62 (160/259) 0.87 (679/779) 0.62 (160/260) 0.87 (679/778)

Repeat biopsy 0.49 (42/85) 0.84 (402/479) 0.35 (42/119) 0.90 (402/445)

AS 0.54 (19/35) 0.85 (219/259) 0.32 (19/59) 0.93 (219/235)

Sextant ≥ 4 ≥ 4 + 3 / 3 0.68 (91/133) 0.80 (1416/1763) 0.21 (91/438) 0.97 (1416/1458)

Biopsy-naïve 0.68 (71/105) 0.80 (744/933) 0.27 (71/260) 0.96 (744/778)

Repeat biopsy 0.71 (17/24) 0.81 (438/540) 0.14 (17/119) 0.98 (438/445)

AS 0.75 (3/4) 0.81 (234/290) 0.05 (3/59) 1.00 (234/235)
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sensitivity, in combination with the main result of this study of
some significant disease being invisible to MRI they indicate
that the exclusion of sPC and therewith the avoidance of biop-
sies by MRI is more variable and requires further multi-
institutional assessment and improvement of MR technique
and interpretation. In addition, the gain in sensitivity resulting
from calling PI-RADS 3–5 lesions suspicious comes at the risk
of decreasing the specificity. This is mainly driven by calling
PI-RADS 3 lesions cancer suspicious. In our cohort, 19% of
PI-RADS 3 lesions harbored csPC, leading to a high number of
false-positive lesions in this category. However, this is in line
with the results of the recently published PRECISION trial
(12% detection of csPC) [8] and the publication by Meng
et al [26], but higher compared to Ullrich et al (4%) [25]. The
specificity in our cohort might also be affected by differences in
interpreting PI-RADS between readers and institutions, as
mentioned in 25% of the MRI scans performed in the
PRECISION trial, that have been picked for expert reading [8].

With the development of focal therapy options for PC treat-
ment, there is a need for accurate determination of the eligibility
and spatial treatment planning for such procedures. Kenigsberg
et al reported that GP 4 extra-focal disease defined as any GP 4
not detected by mpMRI and TRUS systematic biopsy outside
of an ablation zone was present in 15/59 (25%) of cases [9]. For
focal treatment options, analysis of the accuracy of mpMRI on
sextant or hemisphere basis is mandatory. In addition, the ref-
erence test for MRI accuracy is important. Our study provides
an assessment of the performance of mpMRI without biopsy
compared to extended biopsy mapping. It is expected that the
larger number of SB in this study provides a better assessment
of true histopathology and can account for most of the disease

found in RP specimen, as demonstrated previously [12]. The
18% of sPC outside the mpMRI targets plus a 10-mm security
margin compares well with the 25% as there probably remains a
small number of undiagnosed sPC by our biopsy approach [9].
Based on hemispheric analysis, mpMRI correctly ruled out sPC
in 89% of hemispheres. This is important for hemigland treat-
ment, e.g., in high-intensity focused ultrasound. Interestingly, a
10-mm safety margin around the MRI lesion to attenuate wide-
known significant underestimation of the tumor lesion volume
on MRI, as propagated by Le Nobin et al, did not influence the
detection accuracy on hemispheric basis (not shown in the re-
sults) [19, 28, 29]. Thus, our results do not support that mpMRI
and targeted biopsies alone could be safely used as an upfront
approach prior to focal treatment. As a consequence, a system-
atic biopsy approach is still necessary to determine near-total
whole-gland pathology for a secure hemigland treatment.

On sextant analysis, the results (67% sensitivity, 90% NPV)
were comparable with a previous analysis using whole-gland
specimen as reference test [12] and also comparable to a meta-
analysis ofMoldovan et al [10]. In our study, the NPVof 90% is
achieved by considering PI-RADS 3–5 lesions as cancer suspi-
cious, while in the previous study, PI-RADS 2 lesions have
been called suspicious to gain maximum patient security, in-
cluding potential over detection [12]. This difference likely rep-
resents a performance gain since the introduction of PI-RADS
version 2. In conclusion, only applying targeted cores to PI-
RADS 3–5 lesions seems to be appropriate with a satisfying
NPV. Interestingly, when applying a 10-mm safety margin, the
rate of missing sPC decreased to 7%, supporting saturation
biopsy of the target lesion, as proposed by Le Nobin et al
[19]. In addition, to gainmaximum security, systematic biopsies

Table 2 (continued)

Topology PI-RADS Gleason/ISUP Sensitivity Specificity PPV NPV

Sextant with a 10-mm margin ≥ 3 ≥ 3 + 4 / 2 0.89 (337/379) 0.38 (579/1517) 0.26 (337/1275) 0.93 (579/621)

Biopsy-naïve 0.89 (230/259) 0.38 (296/779) 0.32 (230/713) 0.91 (296/325)

Repeat biopsy 0.87 (74/85) 0.37 (179/479) 0.20 (74/374) 0.94 (179/190)

AS 0.94 (33/35) 0.40 (104/259) 0.18 (33/188) 0.98 (104/106)

Sextant with a 10-mm margin ≥ 3 ≥ 4 + 3 / 3 0.95 (126/133) 0.35 (614/1763) 0.10 (126/1275) 0.99 (614/621)

Biopsy-naïve 0.93 (98/105) 0.34 (318/933) 0.14 (98/713) 0.98 (318/325)

Repeat biopsy 1.00 (24/24) 0.35 (190/540) 0.06 (24/374) 1.00 (190/190)

AS 1.00 (4/4) 0.37 (106/290) 0.02 (4/188) 1.00 (106/106)

Sextant with a 10-mm margin ≥ 4 ≥ 3 + 4 / 2 0.79 (300/379) 0.61 (923/1517) 0.34 (300/894) 0.92 (923/1002)

Biopsy-naïve 0.81 (210/259) 0.60 (471/779) 0.41 (210/518) 0.91 (471/520)

Repeat biopsy 0.73 (62/85) 0.62 (296/479) 0.25 (62/245) 0.93 (296/319)

AS 0.80 (28/35) 0.60 (156/259) 0.21 (28/131) 0.96 (156/163)

Sextant with a 10-mm margin ≥ 4 ≥ 4 + 3 / 3 0.88 (117/133) 0.56 (986/1763) 0.13 (117/894) 0.98 (986/1002)

Biopsy-naïve 0.89 (93/105) 0.54 (508/933) 0.18 (93/518) 0.98 (508/520)

Repeat biopsy 0.88 (21/24) 0.59 (316/540) 0.09 (21/245) 0.99 (316/319)

AS 0.75 (3/4) 0.56 (162/290) 0.02 (3/131) 0.99 (162/163)

PI-RADS Prostate Imaging Reporting and Data System, PPV positive predictive value, NPV negative predictive value, AS active surveillance
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still cannot be omitted, supporting the recent European
Association of Urology (EAU) guidelines recommendation [5].

Our study is subject to several limitations. We did not have
radical prostatectomy (RP) data available, which serve as ref-
erence histopathological assessment. However, the sensitivity
of the extended systematic and targeted biopsy performed here
has been shown to detect 97% of sPC compared to RP speci-
men [12] and confirmed it as a robust reference test compared
to the known limited performance of the 12-core TRUS as a
screening test as recently confirmed by the PROMIS and
PRECISION trials [7, 8]. The study design was retrospective;
however, all eligible patients undergoing MRI and fusion bi-
opsy were analyzed. MRI interpretation at a high-volume cen-
ter might represent a potential bias and limit the generalizability
of our analysis. This being said, to achieve high-confidence
MRI results, special training, accreditation, and certification
of radiologists with special interest in prostate MR reporting
is mandatory. In this context, one should be aware of potential

differences acrossMR reading [30]. Lastly, the definition of the
sextant scheme according to the Ginsburg study is not the only
systematic option. Alternatively, one could employ the 27-
region scheme published by Dickinson et al, which was used
for concordance analyses previously [12, 31–33].

Conclusion

MpMRI mapping agreed well with histopathology, with an
overall excellent sensitivity for sPC and, at the sPC prevalence
observed in the study cohort, very good negative predictive
value to rule out sPC on a patient basis. However, 18% of sPC
was outside the mpMRI-mapped prostate tissue, quantifying
known limitations of MRI for assessment of disease extent.
While complete spatial mapping of sPC by mpMRI appears
limited, detection of the presence of sPC is possible at very
high sensitivity based on the presence of an MR index lesion.

Fig. 4 Distribution of MR
imaging results and results of
histopathology stratified to the
MR findings (MR positive versus
MR negative) based on sextant
level
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by MRI: comparison to ADC values. Radiology 31:173064. https://doi.
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