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Abstract

Background Multiparametric-magnetic resonance imaging (mpMRI) can accurately detect high-grade and larger prostate
cancers (PC).

Aims To evaluate the ability of 1.5 T magnetic field mpMRI-targeted Prostate Biopsies (PBx) in predicting PC in comparison
with blind 24-core saturation PBx (sPBx).

Methods We prospectively collected data from patients undergoing transrectal sPBx and, if needed, targeted PBx of sus-
pected lesions based on the 16-‘region-of-interest’ (ROI) PI-RADS graph. Data remodeling: for each ‘target’ (each suspected
lesion at mpMRI), we identified all the 16 ‘ROIs’ into which the lesion extended: these single ‘ROIs’ were identified as
‘macro-targets’. For each ‘ROI” and ‘macro-target’, we compared the mpMRI result with that of a saturation and targeted
biopsy (if performed).

Results 1.5T mpMRI showed a PI-RADS value >3 in 101 patients (82.1%). We found a PC in 50 (40.6%). Negative-positive
predictive values for mpMRI were 82-45%, respectively. Of the 22 patients with normal mpMRI, four had a PC, but none
had a clinically significant cancer. After the data remodeling, we demonstrated the presence of PC in 228 ‘ROIs’: (a) only
in targeted biopsies in 15 ‘ROIs’/’macro-targets’ (6.6%); (b) only in sPBx in 177 ‘ROIs’ (77.6%); (c) in both targeted and
sPBx in 36 ‘ROIs’ (15.8%).

Discussion 81.8% of patients with normal 1.5T mpMRI were negative at PBx. Performing only targeted PBx may lead to
lack of PC diagnosis in about 50% of patients.

Conclusions In patients with suspected PC and a previous negative PBx, a normal mpMRI may exclude a clinically signifi-
cant PC, avoiding sPBx.
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of indolent diseases) and the cost/benefit correlation of
diagnostic techniques. The introduction of recent imaging
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sampling to overcome the limitations of traditional ‘blind’
prostate biopsy (PBx) [1].

Several studies conclude that mpMRI may be useful not
only in improving the detection of PC, but also and above
all in helping PC management, identifying the biological
aggressiveness of the cancer, and accurately staging the
disease, both of which can facilitate selection of appropri-
ate treatment [2].

It has been demonstrated that mpMRI can accurately
detect high-grade and larger tumors, and that it is particu-
larly useful in detecting clinically significant diseases [3,
4]: a recent review demonstrated that the rate of detection
of clinically significant diseases ranges from 44 to 87%
[5].

According to EAU guidelines, the first step recom-
mended in the histologic diagnosis of PC is to perform
10-12 core PBx’s, when > 12 cores are not significantly
more conclusive [6]. This kind of PBx is also characterized
by a high false-negative rate (20-30%) [7]. Consequently,
about one-third of patients with persistent suspicion of PC
after a first standard PBx with negative findings do have
PC [8]. Patients with persistent suspicion of PC thus often
undergo mpMRI and then targeted PBx procedures. Diag-
nostic accuracy is high, as documented in several stud-
ies [9]. mpMRI is sometimes performed before the first
PBx, to improve the detection of clinically significant PC
[10-12]. As recommended by EAU guidelines, mpMRI-
targeted biopsies should be added to systematic ones, in
the case of positive mpMRI. Due to the high risk that a
tumor is either being missed or that its most aggressive
part is not identified by mpMRI-targeted PBx, saturation
biopsies (sPBx) must be added to targeted cores: however,
this high number of cores may hit a small but not clini-
cally significant cancer, contributing to overdetection and
overtreatment.

There is a large body of evidence, suggesting that
mpMRI-targeted PBx has a higher detection rate of
detecting clinically significant PC when compared with
systematic biopsy, although some concerns remain about
the impact of the real cost-effective value of mpMRI [13].
There are only a few studies comparing saturation biop-
sies and mpMRI-targeted sampling in patients with a first
negative standard PBx, but they do demonstrate that tar-
geted biopsies can decrease the detection rate of PC, with a
higher number of Gleason score 6’s than sPBx can provide
[14-16].

Most of the recently published studies have focused
exclusively on the sensitivity of mpMRI-targeted biopsies
or on the impact of various fusion techniques on diagnosing
PC[13].

The aim of our study was to evaluate whether adding
1.5 T magnetic field mpMRI-targeted PBx improves PC
detection in patients undergoing blind 24-core sPBx.

@ Springer

Methods

From January 2013 to December 2016, at the Urologic
Clinic of the Padova University Hospital, we prospectively
collected data from patients undergoing blind sPBx and,
if needed, data from other targeted biopsies of suspected
lesions reported at 1.5 T mpMRI for persistent suspected
PC (‘normal clinical practice’).

We enrolled all patients who had already undergone a
first 10/12-core PBx (according to prostate volume) with
suspected PC due to PSA increase and/or positive digital
rectal examination. We excluded all patients with records
of more than one set of 10/12 core PBxs, or patients who
had previously undergone TURP or other low urinary tract
endoscopic procedures. All enrolled all the patients under-
went 1.5 T mpMRI at the Department of Radiology of the
Padova Hospital. Table 1 lists the parameters used during
mpMRI.

All mpMRI were evaluated by two skilled radiologists
(CSL-AL). Lesions with a PI-RADS score (version 1) of
> 3 were considered suspicious for PC. Findings identified
by radiologists are shown in the PI-RADS scheme with 16
‘Regions of Interest’ (‘ROIs’) [Fig. la].

After mpMRI, all patients underwent transrectal TRUS-
guided blind sPBx with one additional core for each
mpMRI-suspected lesion. The procedure was performed by
one of the skilled urologists with the patient in the lithotomic
position, under local anesthesia (10 cc 2% lidocaine injected
at the level of the apex and the vesico-prostatic angle, bilat-
erally) and light sedation (1-2 cc Fentanyl i.v.). A transrec-
tal end-fire and side-fire US probe (Siemens BE9-4™) was
used. A 18-gauge needle was used for tru-cut.

In view of the high level of skill of the urologists per-
forming PBx (more than 700 cases each), targeted cores
were taken using cognitive fusion, based on suspected
lesions found on the 16-region PI-RADS graph. If a sus-
pected lesion appeared at mpMRI, the operator performed
first the target PBx and then the sPBx. Radiologists were
present during the procedure and reviewed the cases prior
to biopsy.

All cores were immediately stretched and placed in 24
labeled tissue cassettes between nylon sponges, without
orientation of the specimens, as we previously described
[17]. All slides were analysed by a single experienced uro-
pathologist (MPG) using contemporary diagnostic criteria
for HGPIN, ASAP, and PC.

Pathology assessment of the biopsy cores included core
length, number and location of positive cores, percentage
of cancer involvement in any positive core, presence of
perineural invasion, and Gleason scores.

All data were reported according to the START recom-
mendations [18].
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Table 1 Parameters used during 1.5 T mpMRI

Tirm axial pelvis T1 axial pelvis T2 axial pelvis T2 sagittal T2 axial T2 coronal DWI axial VIBE axial
No. slices 40 40 40 30 23 23 18 1
Dist. factor (%) 20 20 20 10 10 10 0 20
Phase encoding AP AP AP AP R>L R>L AP R>L
Phase oversamp. (%) 0 0 0 50 80 80 0 70
FOV (mm) 380 380 380 180 180 180 260 260
FOV phase (%) 81 81 81 100 100 100 100 100
Thickness (mm) 5 5 5 3 3 3 3 3
TR (ms) 3060 520 2620 7000 7000 7000 4000 5.44
TE (ms) 55 8.6 120 110 108 112 91 1.98
TI 160 -
Average 1 1 5 5 5 10 1
concatenations 4 1 1 1 1 1 1
Matrix 256X 166 256x 143 320208 320x256  320%226  320x254 192x192 192x 180
Phase resolution (%) 80 73 80 80 71 80 100 94
IPAT 2 2 2 2 2 2 2 2
B values 50-400-1000
Aquisition time (min) 1.10 0.53 2.50 7.09 7.09 7.09 6.14 6.18
Voxel size (mm) 1.9%x1.5%5 1.0x0.7%x5 1.5x1.2%x5 0.7%0.7%x3 0.7x0.7%x3 0.7x0.7x3 14x14%x3 14x14x%3

“ Sixteen Regions of Interest

Ten posterior (p) glandular regions - mediolobar and lateral
at base and mid; lobar at apex.
Six anterior (a) glandular and stromal regions.

base

mid

apex

Fig.1 a PI-RADS scheme with 16 ‘Regions of Interest’. b Example of data remodeling: the mpMRI lesion involving ‘ROI’ 6p and 7p is trans-

formed in two ‘macro-targets’

Power calculation

The minimum sample size was calculated using a statistical

formula shown below:

N = [ZZPQ]/é, where N=minimum sample size for a
comparative study design [2]; Z=the standard normal
deviation corresponding to 95% level of significance the
value obtained from a normal distribution table is 1.96;
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P =prevalence rates obtained from Fiitterer [5] =44-87%
(=0.44-0.87); 6 =absolute precision, that is, value required
(in percentage points) which in actual term describes the
maximum difference between the population rate and the
sample rate that can be tolerated; taken for this study to be
10% (0.1); DEFF =estimated design effect=1.

The result was a minimum sample size from 43 to 94
patients, according to the different accuracy rates reported
in the literature [5].

Definition

As clinically significant disease, we considered a PC found
in more than two cores (or maximum cancer core inva-
sion > 5 mm), or Gleason score > 6, according to the defini-
tion proposed by Ahmed et al. [19].

Data remodeling model

After a first evaluation of the correlation between mpMRI
findings and PBx results, we analysed the biopsy results
using the 16 ‘ROIs’ of the map of the prostate as points of
reference. For each ‘ROI’, we compared the mpMRI result
with that of a saturation and targeted biopsy (if performed).

Table 2 lists the scheme used for sPBx and the corre-
sponding ‘ROI’ of the PI-RADS scheme.

For this analysis, we had to perform a preliminary oper-
ation: for each ‘target’ (each suspected lesion at mpMRI
evaluation), we identified all the 16 ‘ROIs’ into which the
lesion extended: these single ‘ROIs’ were identified as
‘macro-targets’.

Although some cores (e.g., core 1) only sampled material
from ‘ROI” 5p, there were other single cores which sampled
several ‘ROIs’, e.g., core 5 samples; ‘ROIs’ 1p, 2p, 3p, and
4p. Conversely, each single radiologic ‘ROI’ could be sam-
pled or covered by several bioptic cores. For example, ‘ROI’
2p was sampled by cores 2, 3, 4, 7, and 8.

A single biopsy performed on a target lesion encompass-
ing two or more defined ‘ROIs’ of the prostate was consid-
ered to contain multiple discrete biopsy samples. This sin-
gle core contains material from multiple radiological ‘ROI’.
This sample was then considered as if it was multiple dis-
crete samples, and the result from the single core was then
attributed to all ‘ROIs’ involved in the radiological image.

For example, in Fig. 1b, the lesion identified by mpMRI
involves ‘ROI’ 6p and 7p. If a single sample encompass-
ing both ‘ROIs’ is taken from this lesion; and if a cancer
is identified, both ‘ROIs’ were considered to be neoplastic.

To summarize, all areas identified by the radiological
map, e.g., 2p, 3p, 4p., etc., were considered as ‘ROIs’. Sus-
pected lesions encompassing two or more ‘ROIs’ were iden-
tified as ‘macro-targets’.
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Table2 Scheme used for sPBx and the corresponding ‘ROI” of the

PI-RADS scheme

Core no. Site

Corresponding ‘ROI’
of PI-RADS scheme

1 Peri-apex right Sp

2 Anterior-lateral right 2p—4p

3 Intermediate lateral right 2p—4p

4 Posterior right 2p-4p

5 Postero-lateral right 1p—2p-3p—4p
6 Apex right 5p

7 Anterior para-median right 2p—4p

8 Intermediate para-median right ~ 2p—4p

9 Posterior para-median right 2p—4p

10 Postero-medial right 1p-3p

11 Transitional right la—2a-3a
12 Transitional anterior right la—2a-3a
13 Peri-apex left 10p

14 Anterior-lateral left Tp-9p

15 Intermediate lateral left Tp-9p

16 Posterior left Tp-9p

17 Postero-lateral left 6p—7p—8p-9p
18 Apex left 10p

19 Anterior para-median left Tp-9p

20 Intermediate para-median left Tp-9p

21 Posterior para-median left Tp-9p

22 Postero-medial left 6p—8p

23 Transitional left 4a—-5a—6a
24 Transitional anterior left 4a—-5a—6a
Table 3 Demographic data of patients

Characteristics Value

Age (median, IQR)
Familiarity
Negative
Positive
Digital rectal examination
Negative
Positive
Prostate volume at TRUS (mean, range)
PSA (median, IQR)
PSA free/total (median, IQR)

62 (57-68) years

113
10

112
1

54.59 (20-149) cc
6.27 (4.75-8.9) ng/ml
17 (11-24) %

Legenda: IQR interquartile range

Results

A total number of 123 patients were prospectively col-
lected. Their demographic characteristics are listed in

Table 3.
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Patients

1.5T mpMRI showed a PI-RADS value of >3 in 101 patients
(82.1%). We found a PC in 50 patients (40.6%).

The distribution of patients according to mpMRI and
results of PBx are reported in Table 4.

Considering all patients with negative sPBx (73 cases),
mpMRI was normal in 24.7% (18/73), with 75.3% (55/73) of
false positives. Negative and positive predictive values were
82 and 45%, respectively.

Considering the cases with suspected mpMRI (101
patients) [Fig. 2a], the biopsies were negative at both sPBx
and targeted samplings in 55 (54.4%), whereas 46 patients
(45.5%) had a PC. Among the latter, PC was found:

on targeted biopsies in 28 patients (60.9%);

on saturation biopsies in 46 patients (100%).

With only targeted PBx, we would have non-diagnosed
18 patients with PC (39.1%).

Clinically significant PC

Of the 22 patients with normal mpMRI, four received a
diagnosis of PC, but none had a clinically significant can-
cer. Consequently, there were no patients (0%) with normal
mpMRI with a clinically significant PC.

Globally, we found a clinically significant PC in only
54% of patients with a cancer (27/50): all were suspected at
mpMRI. Of the 23 patients with a not clinically significant
neoplasm, mpMRI was normal or suspected in 4 and 19
cases, respectively. Consequently, the negative and positive
predictive value of mpMRI in diagnosing a clinically signifi-
cant PC was 100% e 26.7%, respectively.

Lesions

Overall, mpMRI identified a total number of 159 suspected
lesions (mean 1.57/patient). Of these, only 33 (20.75%) were
found to be positive for PC (corresponding to the total of 28
patients diagnosed as affected by PC).

Focusing now on the 16 ‘ROIs’ of the prostate map,
we subdivided all the glands into a total of 1968 ‘ROIs’
(=16 ‘ROIs’ x 123 patients). mpMRI revealed a total of
230 suspected ‘macro-targets’. Table A1 (Appendix) shows

Table 4 Distribution of patients according to mpMRI and results of
PBx

Result of PBx
Normal Cancer
mpMRI Normal 18 4 22
Suspected 55 46 101
Total 73 50 123

the distribution of single suspected lesions identified with
mpMRI in the various ‘ROIs’.

Considering all the PBx performed, cancer was found in
224 ‘ROIs’, as shown in Table 5.

Targeted biopsies

Of these 230 suspected ‘macro-targets’, 51 (43.5%) were
positive for PC at biopsy. Table A2 (Appendix) lists the
specific distribution of these positive cores diagnosed by a
targeted PBx.

Saturation biopsies

Focusing now on cases in which mpMRI identified one or
more suspected areas, considering only the blind saturation
biopsies, we found a PC in 213 ‘ROIs’. Table A3 (Appendix)
lists the distribution of positive cores diagnosed by sPBx in
the various ‘ROIs’.

Saturation and targeted biopsies

Overall, we demonstrated the presence of PC in 228 ‘ROIs’:

only in targeted biopsies in 15 ‘ROIs’/‘macro-targets’
(6.6%);

only in saturation biopsies in 177 ‘ROIs’ (77.6%);

in both targeted and saturation biopsies in 36 ‘ROIs’
(15.8%).

Figure 2b shows the subdivision of single positive ‘ROIs’
according to the different approach (targeted versus sPBx).

Figure 3 shows the spatial distribution of the 228 ‘ROIs’
positive for PC, according to the type of biopsy performed.

Discussion

Analysis of our data showed that 81.8% of patients (18/22)
with normal mpMRI were negative at PBx, whereas a PC
was found in 18.2%, confirming the high negative predictive
value of this imaging technique, already noted in the litera-
ture [20]. However, the most interesting finding was that
all patients with a normal mpMRI were also negative for a
clinically significant PC at blind sPBx. From the viewpoint
of clinical practice, this result indicates that sPBx could be
avoided in the case of a normal mpMRI. In addition, com-
paring the results of targeted and saturation biopsies in cases
of suspected mpMRI, targeted samplings identified patients
with PC: nevertheless, these patients (100%) could have
been identified by the 24-core blind sPBx alone.
Consequently, the contribution of mpMRI in identi-
fying patients with PC was nil (!). In fact, focusing on
the ‘macro-targets’ identified by mpMRI, the advantage

@ Springer



Aging Clinical and Experimental Research

PC diagnosed by sPBx: 46 pts PC diagnosed by sPBx: 4 pts
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Fig.2 a Subdivision of negative (green) and positive (red) cores in the group of suspected (left box) and negative (right box) mpMRI, according
to sPBx and targeted PBx (yellow). b Schematic subdivision of single positive ‘ROIs’ according to the different approach (targeted versus sPBx)
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Table 5 Distribution of ‘ROIs’ according to mpMRI and results of
PBx

Result of PBx
Normal Cancer
mpMRI Normal 1556 182 1738
Suspected 188 42 230
Total of ‘ROIs’ 1744 224 1968

of targeted biopsies was limited, revealing cancer in only
6.6% of the ‘macro-targets’ in the total of neoplastic
‘ROIs’.

These findings are not easy to compare with other
reported studies on this topic, because most of them
involved a 12-core scheme for saturation biopsies: our
24-core scheme performs better, but is not the standard
PBx approach used in the current practice [17, 21].

Another peculiarity of our work is that, whereas stud-
ies reported in the literature often compare only targeted
PBx with sPBx (frequently defined by a 12-core PBx),
thus demonstrating that the false-negative rate for sPBx is
20-24%, we compared sPBx with sPBx + targeted biopsies
[22].

A recent publication by Hansen et al. analysed the
role of mpMRI in patients who underwent targeted and
24-core sPBx, confirming the low probability of finding a

mid

1 4
6.7% 22.2%

o
0%

D

apex apex

%
2 3
16.7% | 21.4%

base

apex

significant PC when the mpMPRI is negative, but stressing
the role of PSA density in selecting patients as candidates
for active surveillance [23].

With our novel data remodeling method, we demonstrate
that a 24-core sPBx can identify all significant PC, whereas
targeted PBxs alone would not be able to identifiy 77.6% of
‘ROIs’ resulting positive for PC at sPBx.

These findings do not differ greatly from those in the lit-
erature, in which the few studies comparing patients under-
going saturation with targeted biopsies confirmed the better
diagnostic power of a larger sampling. A recent prospective
randomized study by Porpiglia et al. did, in fact, demonstrate
that, in patients with suspected PC, prebiopsy mpMRI allows
greater numbers of PCs (both significant and not significant)
to be detected, compared with 12-core PBx [20]. Obviously,
these results cannot be compared with our findings, not only
because the above-mentioned authors performed mpMRI in
biopsy-naive patients, but also because they used a 12-core
PBx. Nevertheless, our study also seems to confirm the pos-
sibility that patients with suspected PC but, with normal
mpMRI, could avoid PBx.

This seems to be a very interesting point when evaluat-
ing the high costs of both mpMRI and repeated PBx—not
only from the economic viewpoint, but also considering
the risk of post-PBx complications and the impact of over-
diagnosis and overtreatment. Moreover, because the cost-
effectiveness of different diagnostic strategies is highly

Totale ofdi 228 Total of 15
neoplastic ‘ROIs’ neoplastic ‘ROIs’
identified by sPBX identified

and targeted PBx. ONLY by targeted PBx.

% Distribution of neoplastic ‘ROIs’
identified by sPBX
and targeted PBx.

% Distribution of neoplastic ‘ROIs’
identified ONLY by
targeted PBx (6.6%).

T T LEGENDA (%)
0
-0.1—4.9
base [ .. 599
10-149
- 15-19.9
-20—24.9
25-299
-30—34.9
35-39.9
40-449
mid 45-499
50-54.9
55-59.9
60-64.9
65-69.9
70-749
apex 75-79.9
80-849
- 85-89,9
-90—94,9
- 95-99.9
100
Total of 36 Total of 177
neoplastic ‘ROIs’ neoplastic ‘ROIs’
identified by BOTH Identified
targeted-PBx and sPBx. ONLY by sPBx.
% Distribution of neoplastic ‘ROIs’ | % Distribution of neoplastic ‘ROIs’
identified by BOTH identified ONLY by
targeted-PBx and sPBx (15.8%). sPBx (77.6%).

Fig.3 Spatial distribution of the 228 ‘ROIs’ positive for PC, according to the type of biopsy performed
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sensitive to a number of key parameters, further prospec-
tive studies are needed to understand if 1.5T mpMRI could
play a definite cost-effective role in detecting PC [24].

Our study has several limitations: (a) the sample size
is low, which does not allow practical definitive conclu-
sions; (b) we used a 1.5 T mpMRI, instead of a 3.0 T;
(c) no external evaluation of the mpMRI images was
made to reduce bias due only to internal interpretation,
although two skilled radiologists examined the images;
(d) PI-RADS version 1 was used to identify suspected
areas (the introduction of version 2 was 2 years after the
start of our study); (e) a cognitive fusion technique was
used instead of a software method, although a recent meta-
analysis shows that cognitive fusion does not show inferior
results to MRI-fusion techniques for detection of both all
PC and significant PC [25]. In general, another limitation
is represented by the reproducibility attained by a single-
center study, which cannot be compared with results from
a multicenter study.

The strengths of this works are: (a) the results are
reported according to START recommendations; (b) the
results of blind saturation (24-core scheme) and targeted
PBx are compared; (c) a novel datum remodeling method
is introduced, through interpretation of single ‘ROIs’ the
prostate, allowing a better interpretation of the effect of
the 24-core sPBx scheme.

In conclusion, our study confirmed that a normal 1.5T
mpMRI in patients with suspected PC and a previous nega-
tive PBx may exclude a clinically significant PC, avoid-
ing sPBx, its possible complications, and the risk of both
overdiagnosis and overtreatment.

Targeted samplings after mpMRI do not seem to be bet-
ter at identifying clinically significant PC in comparison
with blind 24-core sPBx. Performing only targeted PBx
may lead to lack of PC diagnosis in about 50% of patients.

This work is only a pilot study, useful for justifying
continued research, to solve limitations and improve tar-
gets. Further evaluations with 3T mpMRI are needed to
confirm these findings, and for better selection of patients
requiring repeated biopsies, also in view of the costs of
both mpMRI and sPBx.
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