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Objectives: Transrectal ultrasound-guided biopsy (TRUS-GB) 
is the current reference standard procedure for diagnosis of 
prostate cancer (PCa) but this procedure has limitations re-
lated to the low detection rate (DR) described in the literature. 
The aim of the study was to evaluate the DR efficiency, and 
complication rate in a pure “in-bore” magnetic resonance im-
aging-guided biopsy  (MRI-GB) series according to the Pros-
tate Imaging Reporting and Data System, version 2 (PI-RADS 
v2). Materials and Methods: From July 2015 to April 2018, a 
series of 142 consecutive patients undergoing MRI-GB were 
prospectively enrolled. According to the European Society 
of Urogenital Radiology guidelines, the presence of clinically 
significant PCa (csPCa) on multiparametric magnetic res-
onance imaging was defined as equivocal, likely, or highly 
likely according to a PI-RADS v2, score of 3, 4, or 5, respec-
tively. Results: Of 142 patients, 76 (53.5%) were biopsy na-
ive and 66 (46.5%) had ≤ 1 previous negative set of random 
TRUS-GB findings. The MRI-GB findings were positive in 75 of 
142 patients with a DR of 52.8%. Of the 76 patients with ≤ 1 
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Introduction 

Prostate cancer (PCa) is the principal neoplasm diag-
nosed in men after 65 years of age [1]. In  suspected cases 
a random transrectal ultrasound-guided biopsy (TRUS-

© 2020 The Author(s)
Published by S. Karger AG, Basel

Received: February 8, 2019
Accepted: April 4, 2019
Published online: March 20, 2020

previous set of TRUS-GB, 43 had PCa found by MRI-GB, with a 
DR of 57.3%. The DR in the 66 biopsy-naive patients was 48% 
(32/66). Of the 75 patients with positive biopsy findings, 54 
(80.5%) were found to have csPCa on histological examina-
tion. Of these 54 patients, 28 had an International Society of 
Urological Pathology grade 2; 5 had grade 3, 19 had grade 4, 
and 2 had grade 5. Considering the anatomic distribution of 
the index lesions using the PI-RADS v2 scheme, the proba-
bility of PCa was greater for lesions located in the peripheral 
zone (55 of 75, 73.3%) than for those in the central zone (20 
of 75, 26.7%). Conclusions: Our study conducted on 142 pa-
tients confirmed the greater DR of csPCa by MRI-GB, with a 
very low number of cores needed and a negligible incidence 
of complications, especially in patients with a previous neg-
ative biopsy. MRI-GB is optimal for the diagnosis of anterior 
and central lesions.
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GB) is the current reference standard procedure for di-
agnosis [2], but this procedure has limitations related to 
the low detection rate (DR) described in the literature. 
From a radiological point of view, PCa is  isoechoic or 
slightly hypoechoic in 37–50% of cases, and this makes 
it not always ecographically identifiable [3]. Moreover, 
the distribution of the neoplasm is not homogeneous in 
the gland and in a non-negligible percentage of cases 
(25–30%), it can arise from the anterior part of the gland 
(anterior horn of the peripheral gland, central or transi-
tional zones, and fibromuscular stroma). Thus, a random 
TRUS-GB can miss 40–50% of PCa cases [4, 5], with 
a relevant number of clinically significant tumors, espe-
cially in larger glands. An increase of sampling can im-
prove the overall DR,  but this may lead to an increase in 
the overdiagnosis of non-clinically significant diseases 
and on the other hand an increase in the morbidity associ-
ated with the procedure. In fact, the risk of complications 
especially increases with an increase of the number of 
cores taken [6]. In patients with a previous negative bi-
opsy with persistent clinical suspicion of PCa, the choice 
of the correct diagnostic approach remains an open ques-
tion. The DR decreases with repeated biopsies  (10–20% 
for the second mapping and 5–9% for the third) [7, 8]. 
In the diagnosis and staging of PCa other imaging tech-
nique are used [9–11] but magnetic resonance imaging 
(MRI) and in particular multiparametric MRI (mpMRI) 
has been shown to improve detection, location, and stag-
ing of PCa [12, 13]. Using T2-weighted imaging and 
combining functional studies such as diffusion-weighted 
imaging (DWI), dynamic contrast-enhanced MRI (DCE-
MRI), or mpMRI improves the identification of PCa 
within the gland [14–18]. Numerous studies have high-
lighted that mpMRI can improve the tumor’s risk group 
classification and could reduce false-negative rates and 
the necessity for repeat biopsies in both biopsy-naive pa-
tients and those with previous negative biopsy findings 
[19–21]. In particular the use of prostatic MRI-guided bi-
opsy (MRI-GB) techniques [cognitive, MRI/ultrasound 
(MRI/US) fusion and direct “in-bore” MRI-GB] can im-
prove PCa detection, especially of clinically significant 
tumors, which are more frequently under-sampled dur-
ing random TRUS-GB [22–24]. The introduction of the 
Prostate Imaging Reporting and Data System (PI-RADS) 
and in particular the update of version 2 of the PI-RADS 
score (published in December 2014) represents an im-
portant diagnostic tool given the emergence of MRI-GB 
techniques. The aim of the study was to evaluate the DR, 
efficiency, and complication rate in a pure “in-bore” 
MRI-GB series according to PI-RADS v2.

Materials and Methods

Study Method and Population
From July 2015 to April 2018, a series of 142 consecutive 

patients undergoing MRI-GB were prospectively enrolled. In-
dications for MRI-GB included patients with an elevated pros-
tate-specific antigen (PSA) serum level and/or abnormal digital 
rectal examination (DRE) findings and ≤ 1 suspicious area on the 
mpMRI scan. We included both patient biopsy “naïve” and patient 
with previous TRUS-GB. According to the European Society of 
Urogenital Radiology guidelines, the presence of clinically sig-
nificant PCa (csPCa) on mpMRI is defined as equivocal, likely, 
or highly likely according to a PI-RADS v2, score of 3, 4, or 5, 
respectively [25]. The local institutional review board approved 
the present study.

MRI Examination and Analysis
All the mpMRI examinations were performed with a 1.5T 

whole body scanner (Achieva XR; Philips Medical Systems, 
Best, Netherlands) with a 32-channel phased-array surface coil 
and endorectal coil. After local 3-plane acquisition, required 
for the correct positioning of the sequences, morphological and 
functional studies were performed. Morphological studies of the 
prostate gland were obtained using turbo spin echo T2-weighted 
sequences (echo time 100 ms, repetition time 4,074 ms, slice 
thickness 3 mm, slice spacing 0.3 mm, field of view 180 × 180 
mm, and matrix size 276 × 205) in the sagittal, axial, and coro-
nal planes, including the seminal vesicles and the entire prostate 
gland. For the functional study, DWI, DCE-MRI, and magnetic 
resonance spectroscopic (MRS) acquisitions were performed. 
DWI acquisition was performed in the axial plane, using a sin-
gle-shot echo-planar imaging sequence, with 3 b-values (0, 600, 
and 1,500 s/mm2), a slice thickness of 3 mm, field of view of 
180 × 180 mm, and matrix size of 80 × 71. The DCE-MRI was 
obtained using a 3-dimensional (3D) T1-weighted, high-resolu-
tion isotropic volume examination sequence during the intrave-
nous injection of a contrast bolus of 0.1 mmol/kg body weight 
of meglumine gadobenate (MultiHance, Bracco Diagnostics Inc., 
Milan, Italy) at a flow rate of 3.5 ml/s, followed by 15 ml of saline 
solution. Twenty-three 3D data sets, 1 before and 22 after contrast 
administration were acquired with a 10 second temporal resolu-
tion and a total duration of 4 minutes (depending on the volume 
of the prostate gland). The first data set acquired before contrast 
agent administration, was used to detect any residual blood from 
the previous biopsy. The MRS was obtained using the 3D chemi-
cal shift imaging sequence with  the following parameters: matrix 
10 × 10 × 12 phase-encoding steps with a nominal voxel size of 
<  0.5 cm3, spectral selective suppression of water and lipid sig-
nals, and an interactive automatic shimming up to a line width 
at half height of the water resonance peak of 15 to 20 Hz. The 
volume of interest was aligned to the axial T2-weighted images 
and centered on each prostate to maximize coverage of the whole 
gland, thus minimizing contamination by the surrounding tissue. 
Finally, a turbo spin echo T2-weighted sequence (echo time 100 
ms,  repetition time 3,445 ms, slice thickness 4 mm,  slice spacing 
0.4 mm, field of view 260 × 260 mm,  and matrix size 260 × 178) 
in the axial plane was acquired from the aortic bifurcation to the 
symphysis pubis in order to evaluate the pelvic lymph nodes and 
bone. All the mpMRI scans were assessed by 1 reader (M.V.) with 
10 years of specific experience in prostate MRI who was unaware 
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of the patient information. The DWI and DCE-MRI scans were 
processed using an independent workstation with dedicated soft-
ware (ViewForum, Philips Medical Systems). Regions of interest 
positioned on the suspected areas were used to calculate the cor-
responding value of the apparent diffusion coefficient for DWI. 
Semiquantitative MRI perfusion was performed using the same 
workstation with analysis of DCE-MRI data sets and signal in-
tensity-time curve generation. For MRS, spectral information was 
overlaid on T2-weighted images. The relevant metabolites were 
citrate (a marker of benign tissue), creatine (insignificant for diag-
nosis but difficult to resolve from choline), and choline (a marker 
of malignant tissue). In quantitative analysis, for each available 
voxel, the absolute values (in parts per million) of choline, cre-
atine, and citrate were calculated, and the peak integrals of all 
metabolites were estimated as the choline plus creatine to citrate 
ratio. Using qualitative analysis, the peak heights of citrate and 

choline were visually compared. All lesions were scored using the 
PI-RADS v2 score according to the European Society of Urogen-
ital Radiology guidelines for evaluation and reporting of prostate 
mpMRI findings [24]. For each patient, the index lesion was de-
fined as the lesion with the greatest PI-RADS v2 score. In the case 
of ≤ 2 lesions with the highest PI-RADS v2 score, the one with 
extra-prostatic extension was considered as the index lesion. If no 
extra-prostatic extension was  found, the largest of the tumors was 
considered the index lesion [25].

Biopsy Procedure
The biopsies were  transrectally performed, within 2 weeks of 

the mpMRI, by a single urologist with considerable experience 
in MRI-GB, using the 1.5T MRI scanner (Achieva XR, Philips 
Medical Systems), with the patients in the prone position. An 
18-guage automatic core needle and a titanium double-shot bi-

Table 1. Clinical and radiological features of patients undergoing in-bore biopsy 

Overall population
(n = 142)

Age, years
Median
IQR

PSA, ng/ml
Median
IQR

PSA density, ng/ml/cm3

Median 
IQR

Prostate volume, cm3

Median 
IQR

Previous TRUS–GB, n (%)
No
Yes

Index lesion diameter, mm
Median
IQR

Index lesion location, n (%)
Anterior
Posterior

Index lesion site, n (%)
Peripheral 
Central

Index lesion PI-RADS v2 score, n (%)
3
4
5

MRI–GB cores taken per patient
Median
IQR

ISUP grade group, n (%)
Negative
1
2
3
4
5

Biopsy+ patients
(n = 75)

Biopsy- patients
(n = 67)

p

  65
  60–70

    6.2
    4.2–9

    0.11
    0.08–0.20

  50
  34.5–66.7

  76 (53.5)
  66 (46.5)

  12
    9–16

  43 (69.7)
  99 (69.7)

107 (75.4)
  35 (24.6)

  65 (45.8)
  51 (35.9)
  26 (18.3)

    1
    1–2

  67 (47.2)
  21 (14.8)
  28 (19.7)
    5 (3.5)
  19 (13.4)
    2 (1.4)

67
63–71

  7
  4.8–9.9

  0.14
  0.1–0.28

40
31.5–58

43 (57.3)
32 (42.7)

12
  9–16

28 (37.3)
47 (62.7)

55 (73.3)
20 (26.7)

19 (25.3)
34 (45.3)
22 (29.3)

  1
  1–2

  0 (0)
21 (28)
28 (37.3)
  5 (6.7)
19 (25.3)
  2 (2.7)

63
58–67

  5.4
  4–8.1

  0.1
  0.07–0.16

55.4
41.7–71

33 (49.3)
34 (50.7)

11
  8–16

15 (22.4)
52 (77.6)

52 (77.6)
15 (22.4)

46 (68.7)
17 (25.4)
  4 (6)

  2
  1–2

67 (100)
  0 (0)
  0 (0)
  0 (0)
  0 (0)
  0 (0)

< 0.001

0.03

0.001

< 0.001

0.2

0.2

0.04

0.3

< 0.001

0.03

–
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opsy gun were used. All patients received oral antibiotic prophy-
laxis with ciprofloxacin 500 mg twice daily, starting from the day 
before the procedure and for 2 days after. Before biopsy, DRE was 
performed to evaluate any anatomic or pathological condition that 
could hinder transrectal biopsy and to approximate the position of 
the gland. A periprostatic nerve blockade for local anesthesia with 
lidocaine 2% was administered before the biopsy. Axial and sa-
gittal T2-weighted images were obtained to visualize the prostate 
and identify the target lesion. For the MRI-GB, a nonmagnetic 
portable biopsy device (DynaTRIM, Invivo, Gainesville, FL) and 
a dedicated software package for device tracking and target loca-
tion  (DynaCAD, Invivo, Gainesville, FL) were also used. These 
tools allow one to direct the needle, which is visible on the MRI 
scans because of the gadolinium inserted into the needle guide, 
within the target lesion using a 3D system for alignment of the 
biopsy arm in the space. Multiple T2-weighted acquisitions in the 
axial and sagittal planes along the axis of the needle allow one to 
assess the correct position with respect to the target lesion in or-
der to establish the direction and depth of the needle movements. 
These procedures can be repeated more than once, if targeting is 
not certain, according to the lesion size or subjective judgment of 
the operator. Only the index lesion in each patient was scheduled 
for the MRI-GB. The number of cores taken was related to the 
size of the lesion. The cores were taken out along the long axis of 
the lesion, with a maximum of 2 biopsies taken for each needle. 
Finally, the patients were evaluated 1 hour and 7 to 10 days after 
the procedure to evaluate and record possible complications. The 
specimens were processed by routine pathological fixation with 
formalin solution and evaluated by a single dedicated uropathol-
ogist with 20 years of experience. Cancer cells retrieved in the 
MRI-GB specimens were used as the reference standard to deter-
mine the positivity of the biopsy. The criteria for clinical signifi-
cance concerning PCa was an International Society of Urological 
Pathology prognostic group disease ≥ 2.

Statistical Analysis
Each statistical evaluation was performed using the Statisti-

cal Package for Social Science (SPSS®, IBM Corp, Armonk, NY) 
v21 for Macintosh®. Continuous and categorical variables were 

reported as medians with interquartile range (IQR) and frequen-
cies with percentages, respectively. The Mann-Whitney test and 
Pearson’s Chi-Square test were used to test the association be-
tween continuous and categorical variables, respectively.

Uni- and multi-variate Logistic Regression models with the en-
ter method were used to investigate predictors of PCa and csPCa 
detection by the MRI-GB. Two-tailed p < 0.05 were considered 
statistically significant. 

Results

The clinical, radiological, and pathological character-
istics of the entire population are listed in table 1. Of 142 
patients, 76 (53.5%) were biopsy naive and 66 (46.5%) 
had ≤ 1 previous negative set of random TRUS-GB find-
ings. The median diameter of the index lesion was 12 
mm (range: 3–32 mm, IQR: 9–16 mm). The MRI-GB 
findings were positive in 75 of 142 patients with a DR 
of 52.8%. Of the 76 patients with ≤ 1 previous set of 
TRUS-GB, 43 had PCa found by MRI-GB, with a DR 
of 57.3%. The DR in the 66 biopsy-naive patients was 
48% (32 of 66). The total PSA level and PSA density 
were significantly greater in patients with positive MRI-
GB findings (p < 0.001 for density). Of the 75 patients 
with positive biopsy findings, 54 (80.5%) were found 
to have csPCa on histological examination. Of these 
54 patients, 28 had International Society of Urological 
Pathology grade 2, 5 had grade 3, 19 had grade 4, and 
2 had grade 5. Regarding the PI-RADS v2 score, the 
patients diagnosed with PCa had a PI-RADS v2 score 
that was significantly greater than those with negative 
biopsy findings (p < 0.001). Overall, in  patients with a 
PI-RADS v2 score of 3, 4, and 5, PCa was retrieved in 

Table 2. Location of index lesion by mpMRI and bioptic results stratified according to previous biopsy status and bioptic findings

Biopsy näive patients
(n = 76)

Previous negative biopsies
(n = 66)

Biopsy+ patients
(n = 75)

Biopsy- patients
(n = 67)

p

Index lesion location, n (%)
Anterior
Posterior

Index lesion site, n (%)
Central
Peripheral

Index lesion location, n (%)
Anterior
Posterior

Index lesion site, n (%)
Central
Peripheral

  7 (16.3)
36 (83.7)

10 (23.3)
33 (76.7)

13 (40.6)
19 (59.4)

14 (43.8)
18 (56.3)

10 (30.3)
23 (69.7)

9 (27.3)
24 (72.7)

  5 (14.7)
29 (85.3)

  6 (17.6)
28 (82.4)

0.1

0.5

0.001

0.02
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19, 34, and 22 cases, respectively. Overall, considering 
the anatomic distribution of the index lesions using the 
PI-RADs v2 scheme, the probability of PCa was greater 
for lesions located in the peripheral zone (55/75, 73.3%) 
than for those in the central zone (20/75, 26.7%). The 
distribution of positive lesions according to the location 
is listed in table 2. In the subset of the 76 biopsy-naive 
patients, the proportion of PCa retrieved in the anterior 
lesions (7/43, 16.3%) was less than that observed in the 
posterior lesions (36/43, 83.7%). PCa was more likely to 
be found in the peripheral zone (76.7%) than in the cen-
tral zone (23.3%), but the difference was not statistically 
significant. In contrast, in the 66 men with ≤ 1 previous 
biopsy, the proportion of tumors found in the central and 
anterior sites of the gland was significantly greater. PCa 
was found in 14 of the centrally located lesions (43.8%) 
compared with 18 peripheral lesions (56.3%, p < 0.02).  
MRI-GB revealed PCa in 13 anterior lesions (40.6%) 
compared with 19 lesions (59.4%) located in the poste-
rior sites of the gland (p < 0.001). In the 32 men with 
positive MRI-GB findings, the correlation between the 
PI-RADS v2 score and Gleason score in the MRI-GB 
cores was statistically significant (R¼0.839, 95% confi-
dence interval [CI], 0.535–0.951, p 0.003). Stratifying 
the index lesions according to the median diameter of 12 
mm, 2 groups were identified: 28 lesions > 12 mm and 42 

lesions ≤ 12 mm. The MRI-GB cores were more likely to 
be positive in the latter group (54.7 vs. 32.2% for lesions 
≤ 12 mm and > 12 mm, respectively), with a slight statis-
tical significance (p 0.058).

On uni-variate analysis, age ≤ 65 years (p < 0.001), 
PSA density ≤ 0.15 ng/ml/cm3 (p < 0.01), PI-RADS 4 
(p < 0.001), and PI-RADS 5 (p < 0.001) correlated with 
biopsy positivity. Multi-variate analysis showed that 
only PI-RADS 4 and PI-RADS 5 (hazard ratio [HR], 
4.69, 95%CI 0.92–23.74) were independent predictors 
of MRI-GB positivity (P 0.04, table 3). Similarly, a PI-
RADS 4 (HR, 7.09, 95%CI 1.45–34.73) and 5 (HR, 
9.14, 95%CI 0.77–48.49) were independent predictors 
of csPCa on multi-variate analysis (P¼0.02 and P¼0.04, 
respectively; table 4). No complications were  observed 
during the procedures.

Discussion

TRUS-GB remains the gold standard for the primary 
diagnosis of PCa. In some cases (about 20%) PCa is not 
detected at the first biopsy; but high-grade prostatic in-
traepithelial neoplasia, atypical small acinar proliferation 
can be found in the initial histology. Persistent high or 
rising PSA or a suspect finding in DRE are recommenda-

Table 3. Uni- and multi-variate logistic regression model predicting PCa by MRI-GB (n = 75)

Age, years
PSA, ng/ml
PSA density, ng/ml/cm3

< 0.15
≥ 0.15

Previous TRUS-GB
No
Yes

Index lesion site
Peripheral
Central

Lesion location
Posterior
Anterior

Index lesion PI-RADS v2 score
3
4
5

Index lesion diameter, mm
Cores taken, n

Uni-variate analysis

HR (95% CI) p

Multi-variate analysis

HR (95% CI) p

  1.1 (1.04–1.16)
  1.1 (1.04–1.2)

Ref
  2.5 (1.2–5.16)

Ref
  0.72 (0.25–1.3)

Ref.
  1.26 (0.58–2.72)

Ref
  0.5 (0.23–1.02)

Ref
  4.84 (2.2–10.67)
13.32 (4.04–43.85)
  1.05 (0.99–1.12)
  2.27 (0.46–9.96)

< 0.001
0.2

0.01

0.3

0.6

0.06

< 0.001
< 0.001
0.08
0.03

1.06 (0.99–1.12)
–

Ref.
2 (0.83–4.81)

–

–

–

Ref.
4.8 (2.06–11.31)
8.69 (2.38–31.73)
–
0.59 (0.39–0.88)

0.054

0.12

–

–

–

< 0.001
0.001
–
0.01
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tions for re-biopsy, which has a DR between 20 and 35% 
[26–28]. Moreover, re-biopsies improve DR of PCa, so 
solely increasing the number of biopsy cores may also 
contribute to the detection of clinically insignificant dis-
ease with significant repercussions in terms of the quality 
of life [29–31]. Lastly, during the TRUS-GB, the lesions 
of the posterior region of the prostate are sampled while 
the anterior and central lesions are almost never sampled. 
mpMRI allows for the accurate detection and location of 
csPca.  Actually, mpMRI is recommended by the Euro-
pean Association of Urology in men with a persistent 
clinical suspicion of PCa despite a negative TRUS-GB 
[32]. Presenting preliminary data on 70 patients we high-
lighted that MRI-GB resulted in the greater detection of 
PCa, with a very low number of cores needed and a neg-
ligible incidence of complications [33]. The new results 
of the study, conducted on 142 patients showed that 
MRI-GB has a high DR for csPCa (PI-RADS v2 score 
correlated) with a low number of cores taken, especially 
for lesions located in the central and anterior regions of 
the prostate. MRI-GB can potentially reduce the sam-
pling error associated with conventional biopsy by pro-
viding better disease location and characterization. Sev-
eral MRI-GB methods have been proposed. In the 
cognitive technique, TRUS-GB is planned using a mental 
reconstruction of MRI scans provided by the operator. 

Despite the reduced costs, this method has a long learn-
ing curve and is extremely dependent on the physician’s 
expertise to obtain an accurate sampling of the index le-
sions. The DR of PCa for cognitive technique increases 
with the PI-RADS score, particularly when PI-RADS 4 
and 5 are biopsied. MRI/US fusion biopsy is a method to 
align a pre-registered MRI scan with an intraprocedural 
ultrasound scan in order to identify and target suspected 
lesions within the gland through dedicated hardware 
platforms targeting areas found during mpMRI and not 
clearly visible during ultrasound scanning. MRI/US fu-
sion guided biopsy has higher sensitivity, accuracy, and 
specificity than a TRUS-GB and no significant difference 
for the treatment zone between combined biopsies and 
targeted areas. Another advantage of the fusion technique 
is the ability to perform a systematic biopsy during the 
same session, because ≤ 16% of men have no suspicious 
signs. The “in-bore” MRI-GB technique is carried out 
within the mpMRI scanner, and diagnostic quality im-
ages used to identify areas of interest are registered with 
the interventional images (often acquired at 1–1.5T). The 
target lesion is biopsied using non-magnetic guidance 
from serial scans during the procedure. The advantages 
consist of real-time feedback with needle placement, 
fewer sampled cores, and a low likelihood of missing the 
target. The disadvantages of “in-bore” MRI include the 

Table 4. Uni- and multi-variate logistic regression model predicting csPCa by MRI-GB (n = 54)

Age, years
PSA, ng/ml
PSA density, ng/ml/cm3

< 0.15
≥ 0.15

Previous TRUS-GB
No
Yes

Index lesion site
Peripheral
Central

Index lesion location
Posterior
Anterior

Index lesion PI-RADS v2 score
3
4
5

Index lesion diameter, mm
Cores taken, n

Uni-variate analysis

HR (95% CI) p

Multi-variate analysis

HR (95% CI) p

  1.16 (1.09–1.24)
  1.15 (1.05–1.25)

Ref.
  3.44 (1.67–7.09)

Ref
  1.26 (0.64–2.48)

Ref.
  1.31 (0.6–2.84)

Ref.
  2.2 (1.06–4.56)

Ref.
  9.32 (3.58–24.29)
27.62 (8.3–92)
  1.08 (1.02–1.14)
  0.7 (0.48–1.05)

< 0.001
0.001

0.001

0.5

0.5

0.04

< 0.001
< 0.001
0.01
0.08

  1.13 (1.05–1.22)
  1.05 (0.94–1.17)

Ref.
  1.5 (0.5–4.59)

–

–

Ref.
  1.21 (0.48–3.08)

Ref.
  8.41 (2.93–24.16)
12.32 (3.07–49.46)
  1.02 (0.92–1.12)
–

0.001
0.4

0.5

–

–

0.7

< 0.001
< 0.001
0.7
–
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longer operative time, higher costs, initial expertise re-
quired with the software dedicated to drive the targeted 
cores, and the inability to perform concomitant system-
atic TRUS-GB. Our experience with MRI-GB conducted 
on 142 patents confirmed the feasibility and reproduc-
ibility of an “in-bore” strategy with a 1.5T MRI scanner 
using a 32-channel coil. Both 1.5 and 3T scanners are 
currently used for PCa detection, with the latter becom-
ing increasingly preferred, owing to the higher signal/
noise ratio and consequently, improved image quality. A 
comparison between the diagnostic performance of the 2 
systems is lacking, although many investigators [34–38] 
have obtained comparable results, even with various 
technological equipment and experience levels. Many 
factors affect image quality other than the magnetic field 
strength. Thus, optimization of the acquisition parame-
ters and the use of appropriate contemporary technology 
are very important in  obtaining adequate and reliable 
diagnostic examination findings [25]. The overall DR 
(52.8%) in the present study was high and higher than 
previous reports considering men with a ≤ 1 previous set 
of TRUS-GB (DR 41.5%) [21, 39–42]. Furthermore, it is 
very important to highlight that 54/75 patients (72%) 
were found to have csPCa. Although we cannot yet rec-
ommend mpMRI as a first-line diagnostic tool in every 
case owing to its low availability and high costs [2], the 
use of a targeted biopsy can be  suggested in a  repeat 
biopsy setting because it can achieve a significantly 
greater cancer DR, overcoming those reported with re-
peat systematic biopsies [6, 7]. In particular, in the series 
of patients with previous negative biopsies, we observed 
that a significant proportion of tumors found in the cen-
tral and anterior sites of the gland was significantly 
greater (p < 0.001 for the anterior lesion). This data 
shows the importance of mpMRI in the location  of le-
sions in the anterior and central region of the prostate, 
especially in patients with previous negative biopsies. 
Hambrock et al. [41] reported a cancer DR of 59%, of 
which 93% were clinically significant in 68 men with ≤ 2 
TRUS-GB findings who had undergone mpMRI and then 
MRI-GB. When comparing the MRI-GB group with a 
matched reference group who had undergone repeat 
TRUS-GB, MRI-GB detected significantly more tumors 
than the standard repeated TRUS-GB (22% in the second 
and 15% in the third TRUS-GB). More recently, in their 
preliminary experience with the “in-bore” technique us-
ing a 1.5T magnet equipped with a 32-channel body coil 
and an endorectal coil, Panebianco et al. [43] showed a 
DR of 80% for PCa in 23 patients with 2 cores obtained 
for each patient. Remarkably, 90% of these PCa lesions 

had a Gleason score ≤ 7. These percentages were greater 
than those reported in previous series with the same 
equipment, although the inclusion criteria were slightly 
more selective. However, the number of patients with a 
history of previous TRUS-GB was not reported. Further-
more, our experience reinforces 2 important issues re-
lated to the MRI-GB technique. First, the superiority of 
MRI-GB compared with TRUS-GB to decrease the de-
tection of low-risk PCa. As reported in a recent review, 
MRI-GB resulted in greater detection of significant PCa 
compared with standard TRUS-GB (relative sensitivity 
1.26, 95%CI 1.08–1.46) [16]. The ability of MRI to pre-
vent unnecessary TRUS-GB and reduce overtreatment 
could lead to lower costs and greater quality of life when 
the costs of follow-up and treatment are considered. In 
addition, the “in-bore” MRI-GB has the great advantage 
of real-time feedback for needle placement and correct 
sampling of the lesion compared with other MRI-guided 
procedures (cognitive technique and MRI/US fusion), 
avoiding mistakes in sampling and potentially reducing 
false-negative results. However, in our cohort, among the 
patients with negative findings, 17 (25.4%) and 4 (6%) 
had PI-RADS 4 and 5 respectively. In respect to the pre-
liminary cohort [33], the false-negative rates related to 
the initial learning curve of the procedure were  im-
proved. Otherwise, the limits of mpMRI in the diagnosis 
of PCa are still evident. Anterior PCa lesions remains a 
diagnostic challenge considering their  underestimated 
frequency. Several series have demonstrated the high ca-
pability of mpMRI to detect PCa lesions located  in the 
anterior regions of the prostate that are missed by stan-
dard TRUS-GB [44, 45]. In our study we observed a sig-
nificant rate of anterior tumors of the prostate especially 
in patients with a previous negative TRUS-GB. Ouzzane 
et al. [46] reported that the detection of PCa was im-
proved by performing targeted cores after mpMRI. In a 
cohort of 324 patients who underwent mpMRI and 26-
core (transperineal 14-core plus transrectal 12-core) bi-
opsy, Komai et al. [47] found that 20% of men harbored 
an anterior lesion and on targeted biopsy, 86% were 
proved to have PCa. Moreover, 40% of PCa lesions were 
missed during the first set of 12-core biopsy. However, 
accurate sampling of the anterior region of the gland is 
not practical using a TRUS-guided approach. The cor-
relation between the PI-RADS v2 score of  mpMRI and 
csPCa are highlighted in our results. These data  show the 
good diagnostic performance of the MRI-GB procedure 
and the high capability of mpMRI to predict the biologi-
cal aggressiveness of neoplastic lesions. However, a sig-
nificant percentage of patients with no suspicious MRI 
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target were found to have csCPa on systematic biopsy 
[25]; For this reason the inability to perform concomitant 
systematic TRUS-GB in conjunction with MRI-GB is a 
limitation of the “in-bore” technique, especially in biop-
sy-naive patients. The overall PCa DR and DR of csPCa 
are greatest when targeted biopsy and systematic biopsy 
are evaluated in conjunction with each other [47]. The 
additional findings of systematic biopsy reflect the mul-
tifocality of PCa. Therefore, the combination of both bi-
opsy methods represent the best approach for the predic-
tion of the final tumor grade. In contrast, in patients with 
previous negative biopsy findings and persistent PCa 
suspicion, MRI-GB without repeat systemic biopsy 
could represent the best management after recent and 
adequate systemic prostate sampling. In spite of having 
increased the number of patients compared to the prelim-
inary study the present study was not devoid of limita-
tions comparable to the previous study (the number of 
patients, patients included only those men with positive 
findings at mpMRI, no follow-up data, and no prostate 
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specimen histological examinations that could confirm 
the results of negative MRI-GB findings). However, we 
believe that this study confirms even more the fundamen-
tal role of MRI and in particular of the “in-bore” MRI-
GB in the diagnosis of PCa, in particular in patients with 
previous negative TRUS-GB, selecting with greater pre-
cision the csPCa in these patients. 

Conclusions

After the preliminary evaluation on 70 cases, our 
study conducted on 142 patients confirmed the greater 
DR of csPCa of MRI-GB, with a very low number of 
cores needed and a negligible incidence of complica-
tions, especially in patients with a previous negative bi-
opsy, MRI-GB is optimal for the diagnosis of anterior 
and central lesions. Further data  are needed to evaluate 
the clinical results compared with those from systematic, 
cognitive, or fusion biopsy.
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