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were established for all the samples, both target lesions 
defined by mp-MRI, and random biopsies. PI-RADS score 
was correlated with the histological results, divided in three 
groups (benign tissue, atypia and carcinoma) and with Glea-
son groups, divided in four categories considering the new 
Grading system of the ISUP 2014, using t test. Multivariate 
analysis was used to correlate PI-RADS and Gleason cat-
egories to PSA level and abnormalities axial diameter. When 
the random core biopsies showed carcinoma (mp-MRI false-
negatives), PSA value and lesions Gleason median value 
were compared with those of carcinomas identified by mp-
MRI (true-positives), using t test.
Results There was statistically significant difference 
between PI-RADS score in carcinoma, atypia and benign 
lesions groups (4.41, 3.61 and 3.24, respectively) and 
between PI-RADS score in Gleason < 7 group and Glea-
son > 7 group (4.14 and 4.79, respectively). mp-MRI per-
formance was more accurate for lesions > 15 mm and in 
patients with PSA > 6 ng/ml. In systematic sampling, 130 
(11.25%) mp-MRI false-negative were identified. There was 
no statistic difference in Gleason median value (7.0 vs 7.06) 
between this group and the mp-MRI true-positives, but a 
significant lower PSA median value was demonstrated (7.08 
vs 7.53 ng/ml).
Conclusion mp-MRI remains the imaging modality of 
choice to identify PCa lesions. Integrating US-guided ran-
dom sampling with US/mp-MRI fusion target lesions sam-
pling, 3.49% of false-negative were identified.

Keywords Prostate cancer lesions · Prostate mp-MRI · 
PI-RADS score · mp-MRI/US fusion biopsy · US random 
core biopsy

Abstract 
Aims and objectives To evaluate the diagnostic accuracy 
of mp-MRI correlating US/mp-MRI fusion-guided biopsy 
with systematic random US-guided biopsy in prostate cancer 
diagnosis.
Materials and methods 137 suspected prostatic abnor-
malities were identified on mp-MRI (1.5T) in 96 patients 
and classified according to PI-RADS score v2. All target 
lesions underwent US/mp-MRI fusion biopsy and prostatic 
sampling was completed by US-guided systematic random 
12-core biopsies. Histological analysis and Gleason score 
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Introduction

Prostate cancer (PCa) is the second most common disease 
and the second cause of cancer-related death in men [1]. 
Approximately, 14.0% of men will be diagnosed with pros-
tate cancer at some point during their lifetime, based on 
2010–2012 data [2].

Definite diagnosis of the existence of PCa is given by 
histological analysis, which provides the clinician with 
information on the Gleason score that correlates with PCa 
prognosis, obtained by biopsies on suspect areas [3]. The 
first application technique, introduced for the first time in 
1989 [4], was a single biopsy of a target nodule identified 
by ultrasound examination [5]. The current standard tech-
nique for a prostate biopsy is random transrectal ultrasound 
(TRUS)-guided needle insertion, which consists of taking 
from 10 to 14 cores; this approach leads to a cancer detection 
rate that ranges from 27 to 40.3% [6, 7].

However, this methodology is not completely accu-
rate and presents several limitations. TRUS biopsy yields 
upgrading of PCa in at least 25% of patients: identification 
of microfocal “cancers” of little clinical significance deter-
mines a potential problem in men with suspect PCa, which 
could undergo unnecessary surgical treatment [8, 9]. On the 
other hand, standard TRUS biopsy undersamples sites far 
from the needle access (anterior gland), and false negatives 
are represented by nearly 35% of cases [10] [11].

Magnetic Resonance Imaging (MRI) [12, 13] is recom-
mended by the European Association of Urology (EAU), 
National Comprehensive Cancer Network (NCCN) and 
European Society of Urogenital Radiology (ESUR) guide-
lines in patients with persistently elevated or incremented 
PSA levels, and/or previous negative biopsies. The aim is to 
evaluate the gland and identify lesions which could undergo 
target biopsy [14, 15], in a population including men in 
active surveillance programs (AS). Many authors have 
underlined the role of this method and its clinical potential 
in increasing accuracy of the biopsy, by yielding information 
and assisting clinicians in the selection of men who might 
not benefit from biopsies alone [12, 14, 16, 17].

The use of multiparametric MRI (mp-MRI) has shown 
to reduce the risk of overdetection and overtreatment of 
non significant lesions and to improve the early detection of 
clinically significant PCa [18, 19].

Hoeks et al., by working with 3-T multiparametric MRI 
and a body coil, detected twice as many cancers with tar-
geted biopsy as others have reported using conventional 
ultrasound guidance (detection rate of 41 vs. 18%). On the 
other hand, with MRI-targeted biopsies, the detection rate 
of insignificant cancers, are lower than with systematic blind 
biopsy [20].

The combination of mp-MRI images with ultrasound 
real-time techniques allows for the integration of the high 

sensitivity and negative predictive value given by mp-MRI 
with the advantages of transrectal ultrasound [20].

Despite the large volume of literature describing the dif-
ferent techniques used to detect and confirm prostate cancer, 
there continues to be great attention on how to obtain opti-
mal results by selecting the most suitable diagnostic tool. In 
this sense, the aim of this study was to evaluate the perfor-
mance of mp-MRI in the detection of prostate lesions and 
the characterization of the malignant ones, as determined 
by correlating such data with histological findings obtained 
through ultrasound fusion biopsy. We also performed pro-
static sampling through TRUS-guided random biopsies to 
analyze false-negative cases and identify in which cases mp-
MRI could be inaccurate.

Materials and methods

In this retrospective study, approved by the ethical commit-
tee of the Campus Bio-Medico University where patients 
were tested, we evaluated 96 prostate mp-MRI examina-
tions which were performed at the Department of Radio-
logical Sciences for biochemical or clinical suspects of 
PCa, between October 2015 and June 2016. Only patients 
who underwent mp-MRI/TRUS fusion target biopsy were 
included. All patients were biopsy naïve.

Mp-MRI examinations were performed using a 1.5T 
scanner (Magnetom Aera Siemens Erlangen, Germany) by 
positioning a dedicated six-channel body coil over the pel-
vis, with the patient in the supine position. After localizer 
sequences were taken in three orthogonal planes, the follow-
ing protocol was adopted:

1. Sagittal T2-weighted Turbo Spin Echo;
2. Coronal T2-weighted Turbo Spin Echo;
3. Axial T2- weighted Turbo Spin Echo;
4. Axial T1-weighted Turbo Spin Echo;
5. Axial T2-weighted Spectral Attenuated Inversion 

Recovery;
6. CIS-3D SE PROSTATE; three-dimensional Chemi-

cal Shift Imaging Magnetic Resonance Spectroscopy 
acquires in a number of spectra proportional to the voxel 
contained in the 2D or 3D matrix;

7. Axial single shot echo-planar diffusion-weighted 
sequence with diffusion-sensitizing gradient applied 
along the x, y, z axes and with a b value of 50, 500, 800 
and 1000 s/mm2.

8. Axial T1-weighted dynamic volumetric interpo-
lated breath-hold examination (VIBE) fat suppressed 
sequence. The contrast agent, gadobenate-dimeglu-
mine  (Multihance®; Bracco Imaging, Milan, Italy), 
was administered in a concentration of 0.2 mmol/kg; 
it was injected with an automatic injector through a 20 
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G intravenous cannula at the rate of 4 ml/s, followed 
by infusion of 15 ml saline solution at the same speed. 
The contrast agent and the sequence started simul-
taneously to assess the perfusion of the organ. The 
sequence was acquired once before and 18 times after 
the contrast injection (echo trains), for a total duration 
of 3.7 ± 0.5 min. Subtracted images were automatically 
derived from DCE-MRI.

9. Axial T1-weighted VIBE Fat Suppressed sequence.

Technical parameters for each sequence are summarized 
in Table 1.

Each exam had a duration of 31.46 ± 7.2 min.
Following image acquisition, the exams were transferred 

to a dedicated workstation (Syngo.via, Siemens, Erlangen, 
Germany); each mp-MRI exam was preliminarily evaluated 
by two experienced radiologists, and the prostate suspicious 
lesions were identified.

All lesions were classified using the PI-RADS version 2 
lexicon [21], on the basis of morphological and functional 
findings.

PI-RADS version 2 uses a 5-point scale based on the like-
lihood that a combination of mp-MRI findings on high reso-
lution T2-weighted (T2W), diffusion-weighted MRI (DWI), 
and dynamic contrast-enhanced MRI (DCE) correlates with 
the presence of a clinically significant cancer for each lesion 
in the prostate gland [18, 22].

All the patients with a suspicious prostate cancer lesion 
(PI-RADS 4 and 5 and PI-RADS 3, sustained by significant 
clinical data) underwent MRI-TRUS fusion biopsy. Fol-
lowing assessment by dedicated radiologists, the mp-MRI 
exams were stored in a CD-ROM, imported on the naviga-
tion system (Urostation Koelis, Grenoble, France) and fused 
with real time ultrasound images.

During TRUS scanning, an acquisition of a transverse 
section of the prostate was locked and the corresponding 

axial mp-MRI image was identified, using three anatomi-
cal target points as reference: prostate apex, base and pos-
terior edge. The prostate contouring was then performed 
manually. Once images were locked together, the two 
methodologies were automatically synchronized. The 
navigation system allowed to perform an ultrasound exam 
following the study on mp-MRI imaging in real time. The 
movement of the US endorectal probe was synchronized 
with the mp-MRI images which could also be adjusted 
in the 3D volume to correspond to US images even in 
oblique plans.

The biopsies were performed on the MRI/US fusion 
target lesions, previously identified on mp-MRI images, 
and on other 12 random cores (cranial right, basal right, 
equator 1 right, equator 2 right, caudal right, apex right, 
cranial left, basal left, equator 1 left, equator 2 left, caudal 
left, apex left) an average of four cores were obtained for 
each target lesion biopsy. The obtained samples were ana-
lyzed by a pathologist with at least 10 years of experience.

Based on cell morphology and dysplasia grading, 
lesions were histopathologically classified in three groups: 
malignant lesions, atypia or high-grade prostatic intraepi-
thelial neoplasia, and benign prostate tissue [3, 23].

For the histological pattern classification of malignant 
lesions, we considered the International Society of Uro-
logical Pathology (ISUP) 2014 Consensus Conference on 
Gleason Grading of Prostatic Carcinoma, which split the 
Gleason score of 7 into two groups, 3 + 4 (called group 
grade 2) versus 4 + 3 (called group grade 3); we based this 
criteria on the current data which indicate a worse prog-
nosis for the second group [24]. In our study, we divided 
lesions into 4 classes, based on the Gleason score: < 7, 
7a (obtained by sum of 3 + 4), 7b (obtained by sum of 
4 + 3), and > 7.

Table 1  Study protocol adopted for multiparametric MRI (mp-MRI) at 1.5T

TE time of echo, TR time of repetition, TSE turbo spin echo, STIR short tau inversion recovery, VIBE volumetric interpolated breath-hold exami-
nation, FSE fast spin echo

Sequence Slice thickness 
(mm)

TR (ms) TE (ms) Voxel size (mm) FoV (mm) Nex Concatenation

Sagittal T2 TSE 3.0 4000.0 114.0 0.7 × 0.7 × 3 180 × 180 2 2
Coronal T2W TSE 3.0 4400.0 114.0 0.7 × 0.7 × 3 180 × 180 2 2
Axial T2W TSE 3.0 4000.0 114.0 0.7 × 0.7 × 3 180 × 180 2 2
Axial T1W TSE 3.0 568.0 11.0 0.8 × 0.8 × 3 200 × 200 2 2
Axial T2W STIR 3.0 5310.0 95.0 0.8 × 0.8 × 3 200 × 200 2 2
CIS3D SE 4.0 690.0 120.0 0.8 × 0.8 × 0.8 7
Axial SSEP DWI 4.0 4300.0 73.0 0.9 × 0.9 × 0.9 240 × 240 1
Axial T1W DCE VIBE FSE 4.0 4.46 1.63 1.2 × 1.2 × 4 260 × 260 1 1
Axial T1W VIBE FSE 2.0 4.76 1.82 1 × 1 × 1 200 × 200 2 1
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Lesions were also divided according to PSA serum level 
(< 10 ng/ml and ≥ 10 ng/ml) and lesions maximum diam-
eter on axial planes (< 15 mm and ≥ 15 mm).

The statistical comparison between PI-RADS score, con-
sidered as a non-parametric variable, and the histological 
results was carried out using the t test, to evaluate mp-MRI 
accuracy in predicting lesion characteristics.

Subsequently, statistical comparisons between PI-RADS 
scores and Gleason scores were carried out using the t test, 
to evaluate mp-MRI accuracy in predicting histological 
behaviour in malignant lesions.

Bonferroni test was used to perform a multivariate analy-
sis correlating PI-RADS and Gleason score to PSA levels 
and lesions maximum diameter on axial planes.

The carcinomas foci identified by random sampling US-
guided biopsies, which, therefore, represented mp-MRI 
false-negatives, were also analyzed. Student t test was used 
to compare PSA values, lesions maximum dimensions and 
lesions Gleason median value of this group with PSA value, 
lesions maximum dimension and lesions Gleason median 
value of PCa identified by mp-MRI (true-positives).

Statistical significance was set at p < 0.05. All statistical 
analysis was performed using the IBM statistical package 
for social sciences (SPSS, version 18).

Results

The mean age of patients was 66.9 years (SD 7.9; range 
between 45 and 84 years); the mean PSA level at the time 
of the biopsy was 14.1 (SD 3.5; range between 0.29 and 
29.2 ng/ml).

Considering the prostate tissue histological characteris-
tics, of the 137 target lesions, 71 (51.82%) were carcinoma 
(group A), 13 (9.49%) were atypia or high grade prostatic 
intraepithelial neoplasia (group B) and 53 (38.69%) were 
reported as benign prostate tissue (group C). The mean 
value of PI-RADS was 4.41 (SD = 0.60) for group A, 3.61 
(SD = 0.87) for group B, and 3.24 (SD = 0.81) for group C, 
as shown in Fig. 1.

The differences between group A and group B, between 
group B and group C, and between group A and group C 
were statistically significant.

The median Gleason score of cancer-positive targets was 
3 + 4 (range, 3 + 3 to 4 + 5) in group A. Lower grade can-
cer (Gleason score < 7) (group 1) was identified in 16 of 71 
(22.54%) cancer-positive targets (G3 + 3); Gleason score 
classified as 7a (G3 + 4) (group 2) was identified in 27 of 
71 (38.02%) lesions; Gleason score classified as 7b (G4 + 3) 
(group 3) was identified in 14 of 71 (19,72%) lesions; higher 
grade cancer (Gleason score > 7) (group 4) was identified in 
14 of 71 (19.72%) cancer-positive targets (G4 + 4, 8 targets; 
G4 + 5, 5 targets; G5 + 4, 1 target).

The mean value of PI-RADS was 4.14 (SD = 0.53) for 
group 1, 4.12 (SD = 0.45) for group 2, 4.31 (SD = 0.85) 
for group 3, and 4.79 (SD = 0.42) for group 4, as shown in 
Fig. 2. The only statistically significant difference was found 
between group 1 and group 4.

For carcinoma lesions, the median PSA correlated to the 
Gleason score as follows: 5.65 ng/ml (range 1.1–10.5 ng/
ml) in Gleason group 1; 6.15 ng/ml (range 2.4–11.2 ng/ml) 
in Gleason group 2; 6.72 ng/ml (range 0.29–16.3 ng/ml) in 
Gleason group 3; and 13.19 ng/ml (range 4.07–35.5 ng/ml) 
in Gleason group 4.

The only two groups of patients showing a significantly 
different median value of PI-RADS were the ones with a 
low PSA level and GS ≤ 7, and with high PSA levels and 
GS > 7. No statistically significative difference was observed 
in PI-RADS median value between the group with low PSA 
and GS > 7 and other groups, neither was it found between 
groups with high PSA and GS ≤ 7 and other groups. The 
results of the multivariate analysis are reported in Fig. 3.

For carcinoma lesions, the median lesions maximum 
diameter value on axial planes correlated to the Gleason 

Fig. 1  The chart shows PI-RADS value in the three histological 
groups. The standard deviation is also reported (a malignant lesions; 
b atypia or high-grade prostatic intraepithelial neoplasia; c benign 
prostate tissue)

Fig. 2  The chart shows PI-RADS value in the four Gleason groups. 
The standard deviation is also reported
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score as follows: 11.94 mm (range 6–20 mm) in Gleason 
group 1; 13.22 mm (range 5–27 mm) in Gleason group 2; 
15.57 mm (range 7–30 mm) in Gleason group 3; and 20 mm 
(range 9–35 mm) in Gleason group 4.

The only two groups showing a statistically significant 
different PI-RADS median value were the groups with a 
smaller diameter and Gleason ≤ 7 and the group with a 
larger diameter and Gleason > 7. No statistically significant 
difference was observed in PI-RADS median value between 
the group with smaller diameter and Gleason > 7 and other 
groups, or between the group with larger lesions and Glea-
son ≤ 7 and other groups. The results of the multivariate 
analysis are reported in Fig. 4.

In a total of 1152 (12 samples × 96 patients) random 
US-guided systematic biopsies, only 40 cases (3.47%) out 
of 18 patients showed the presence of carcinoma (mp-MRI 
false negative).

Also, all the 40 foci showed a Gleason score lower or 
equal to the Gleason score of the target lesion in the same 
patient, except for one random biopsy, which showed a 
lesion with a Gleason score of 8 compared to the target 
lesion which showed a Gleason of 7 (4 + 3).

Between the mp-MRI false-negative group and the mp-
MRI true-positives, there was no significantly statistic dif-
ference in the Gleason median value (7.0 vs 7.06), while a 
significant lower PSA median value (7.08 vs 7.53 ng/ml) 
and a lower median maximum diameter of the lesions (7.2 
vs 21.1 mm) were demonstrated.

Discussion

The importance of the prostate biopsy in the diagnosis of 
PCa is a well-established concept in literature [22].

The current standard of care in clinical practice for a first 
time prostatic biopsy involves the acquisition of 10–14 ran-
dom cores by US-guide sampling, which results in a cancer 
detection rate of 27–40.3%. In particular, Serefoglu et al. 
found that the false-negative rate associated to the 12-core 
prostate biopsy technique was higher than 30% [25]. There-
fore, in the past couple of decades, in literature, a tendency 
to increase the number of cores was expressed, to sample 
undetected foci of carcinoma and reduce the false-negative 
rate. Yet the evaluation of detection rates of 18-, 20- and 
24-random cores prostatic biopsies, besides the advantage of 
a more accurate cancer detection rate [26–28], demonstrated 
an increase of risks and complications (such as bleeding, 
urinary obstruction, vasovagal reaction and infection). In 
this context, the fusion of US examination with images of a 
previous mp-MRI prostatic evaluation, has been proposed 
[5, 18, 29, 30], to increase the diagnostic accuracy of US 
random biopsies in the detection of occult prostatic lesions, 
as well as to identify clinically significant high-risk tumors.

Mp-MRI has gained an important and well-established 
role in the characterization of PCa lesions by providing 
a useful tool to predict lesions behaviour, based on the 
evaluation of different features such as high cell densities 
(expressed by DWI/ADC sequences), morphological vari-
ation of glandular tissue (visualized by T2 signal intensity) 
and neoangiogenesis (expressed by DCE) [18, 19, 23].

In accordance with the data available in literature, our 
results showed that the PI-RADS scores obtained through 
the evaluation of mp-MRI prostate exams, correlates with 
the macroscopic nature of the examined lesion, and distin-
guishes benign from malignant tissue.

Fig. 3  The chart shows the multivariate analysis, using Bonferroni 
test. Population was split in four groups considering the Gleason 
score [X1; ≤ 7 (0) and > 7 (1)] and the lesion size [X2 < 15 mm (0) 
and ≥ 15 mm (1)]: group 0,0 (Gleason ≤ 7 and lesion size < 15 mm), 
group 1,0 (Gleason > 7 and lesion size < 15 mm), group 0,1 (Glea-
son ≤ 7 and lesion size ≥ 15 mm), group 1,1 (Gleason > 7 and lesion 
size ≥ 15 mm). The population marginal means of groups 0,0 and 1,1 
were significantly different (Bonferroni test)

Fig. 4  The chart shows the multivariate analysis, using Bonferroni 
test. Population was split in four groups considering the Gleason 
score [X1;  ≤  7 (0) and  >  7 (1)] and the PSA level [X2;  <  6  ng/ml 
(0) and ≥ 6 ng/ml (1)]: group 0,0 (Gleason ≤ 7 and PSA < 6 ng/ml), 
group 1,0 (Gleason > 7 and PSA < 6 ng/ml), group 0,1 (Gleason ≤ 7 
and PSA ≥ 6 ng/ml), group 1,1 (Gleason > 7 and PSA ≥ 6 ng/ml). 
The population marginal means of groups 0,0 and 1,1 were signifi-
cantly different (Bonferroni test)
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We also demonstrated that the PI-RADS scores corre-
late with microscopic features of cancer lesions, based on 
Gleason classification, with the best capability to distin-
guish very aggressive lesions (Gleason > 7) from slightly 
aggressive lesions (Gleason < 7). The performance of mp-
MRI, expressed in term of PI-RADS score, decreases in the 

evaluation of carcinoma with intermediate behaviour, clas-
sified as Gleason 7 (group grade 2 and group grade 3). In 
agreement with the literature [31–33], Gleason 7 carcinoma 
harbors an element of high-grade pattern carcinoma, and 
it is intermediate in clinical aggressiveness between pat-
terns group grade 1 and group grade 4 and 5. It has been 

Fig. 5  MRI prostate exam in a 74-year-old patient with PSA of 
11,6 ng/ml. T2WI (a) shows a hypointense, round-shaped nodule of 
low SI in the anterior peripheral zone of about 16x9 mm of diameter 
(arrow). The lesion demonstrates high SI on the high-b-value image 
of the DWI (b) (arrow), low ADC value (c) (arrow), strong contrast 

enhancement (d) with early and high peak enhancement with wash-
out on the DCE curve (e). The corresponding PI-RADS was 4. The 
histological result of mp-MRI/US guided biopsy of target lesion con-
firmed a Gleason 8 (4 + 4) PCa
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demonstrated that all men with Gleason less than 7 and 
many men with Gleason 7 (3 + 4) could be considered low 
grade cancer and could be object of active surveillance or 
radical prostatectomy without requiring pelvic lymph node 

removal, due to low risk of diffusion. On the other hand, 
men with a Gleason greater than 8 have been considered 
high risk patients, with higher recurrence percentage, requir-
ing a more aggressive therapeutic choice, such as radio- or 

Fig. 6  MRI prostate exam in a 64-year-old man with a PSA of 
3.5 ng/ml (increasing from 1.1 in 1 year) and two negative prior biop-
sies. In the contest of the equator right side adenoma T2 W sequence 
shows a little and insidious focal hypointense area (a) (arrow). The 
area has reduced ADC but isointense SI on b-1000 DW images (b, c) 

(arrow). On DCE there was no suspicious contrast enhancement (d) 
and the DCE curves show a linear pattern (e). The corresponding PI-
RADS was 3. A clinically significant PCa could not be excluded and 
the mp-MRI/Us fusion biopsy was executed. The histological result 
confirmed a Gleason 6 (3 + 3) PCa
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chemotherapy. Partin et al. demonstrated that men with 
Gleason 8 disease had similar tumor extent to Gleason 7 
(4 + 3) rather than Gleason 9–10 [34, 35]. Therefore, the 
identification of the highest grade lesions will impact on the 
chance that these patients have for effective cure. Our results 
demonstrate that the mp-MRI using PI-RADS total score 
successfully identifies well-differentiated cancer (Fig. 5), 
which progresses slowly, and poorly differentiated cancer, 
which progresses rapidly, but it is less successful in sub-
dividing moderately differentiated cancer, which have an 
intermediate malignant potential (Fig. 6). We investigated 
the cause of mp-MRI limits and the cases in which mp-MRI 
missed PCa lesions identification.

Therefore, once mp-MRI detectability was assessed and 
true positives were analyze, histological results by mp-MRI/
US guided target biopsies and histological results by US 
random sampling core biopsies were compared and mp-MRI 
false negative lesions behaviour were analyzed.

Several studies have found that MRI/US-fusion biopsy 
detect PCa in 34–37% of patients with prior negative TRUS 
biopsies, with one-third of these patients harboring high-
grade cancer as defined by a Gleason score > 7 [36].

Prostate cancer is considered multifocal, small, inter-
mingled with benign stroma, and not uniformly distributed 
within the gland cancer. This is the reason for which the US 
random biopsy still maintains an important role in the cur-
rent clinical practice [37]. However, data coming from the 
literature in all oncological fields, clearly reflect the need 
to rely on less invasive techniques, while at the same time 
maintaining maximum accuracy; this is a fundamental con-
cept to avoid unnecessary treatment and overdiagnosis.

If Ting et al. demonstrated that the combination of ran-
dom US-guided and target mp-MRI/US fusion-guided biop-
sies doubled the detection of insignificant PCa, when com-
pared to target mp-MRI/US fusion-guided alone [29], on the 
other hand, Bjurlin et al. showed that a biopsy strategy com-
bining random US-guided with mp-MRI/US-fusion biopsies 
can also increase the detection rate of significant PCa, when 
compared to mp-MRI/US-fusion biopsy alone [37]. In our 
study, 40/1152 (3.49%) cores of the random sampling US-
guided biopsies showed the presence of carcinoma, that was 
otherwise missed on mp-MRI examination. These lesions 
had a Gleason median value of 7.0 ± 0.8, which expressed 
an intermediate behaviour. The data analysis from this group 
of patients, showed that only one target lesion was identified 
at mp-MRI exam, and a lower PSA value and lower target 
lesion maximum diameter were demonstrated, compared to 
PSA level and target lesion maximum diameter of the rest 
of the population.

In agreement with a recent review, our results showed that 
mp-MRI detectability is higher for more clinical aggressive 
lesions [37], since these have a higher metabolism as well 

as speed of growth, which are parameters directly related to 
PSA serum level increase and lesion dimension.

Analyzing histologic behaviour of these microfoci of car-
cinoma, undetected on mp-MRI exams, we demonstrated 
that they did not have a Gleason score greater than the Glea-
son of mp-MRI identified lesions. Therefore, these false-
negatives did not impact on patient management and did not 
modify their clinical prognosis. This data is consistent with 
recent findings from a large prospective study which showed 
that MRI/US-fusion biopsy can detect as many Gleason 7 or 
greater tumors, while simultaneously avoiding the detection 
of 44% of lower grade disease [29].

This study has some limitations. First of all, it was ret-
rospectively performed in a single institution. Second, the 
study population was relatively small and the Gleason sub-
groups were not equal in number, with a greater number of 
lesions in the patient group with a Gleason score of 7 and 
this may have influenced the accuracy of PI-RADS statis-
tics. However, patients rate for each group is representative 
of general population and in accordance with other recent 
works.

Our findings suggest that US/mp-MRI fusion biopsy rep-
resents the elective method to perform prostatic biopsy in 
a safe and efficacy way and that the PI-RADS score sig-
nificantly correlates with prostatic lesions aggressiveness. 
As a matter of fact, among all cancer lesions, tumors with 
a Gleason greater than 7 were associated with a PI-RADS 
score of 5 out of 32 lesions (23.19% of cases). PI-RADS 
score resulted more accurate in lesions with maximum diam-
eter larger than 15 mm and in patients with PSA greater 
than 6 ng/ml. Moreover, with the exception of one case, in 
each mp-MRI exam, the prostate cancer lesion with the more 
aggressive behaviour was correctly identified, and, for this 
reason, the management of patients was not impacted by the 
few mp-MRI missed lesions.

In conclusion, the data we present may quite confidently 
state that mp-MRI remains the imaging modality of choice 
to identify PCa lesions, and to guide target biopsies—due 
to its high diagnostic accuracy—in clinical impacting can-
cer lesions identification.
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