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Abstract 

Background: The objective of our study was to analyze the data of our biopsies, determine a detection rate (DR), 
compare it with the data in the literature and draw possible deductions, so as to offer the patient the possibility of not 
having other biopsies in the future.

Methods: We have enrolled 189 biopsy-naive patients in the period between September 2018 and December 2020. 
Each patient underwent multiparametric (mp)-MRI which was reviewed by our team of radiologists. In our center, 
each examination is examined by 4 radiologists separately with an overall final result. Through the t student test, any 
statistically significant differences between the DRs and the concordance rate between the positive cores and the 
suspected area on MRI were analyzed for each urologist who performed the procedure.

Results: The absolute (DR) was 69.3% (131/189 patients). The relative DR for each PIRADS score was 41% for PIRADS 
3, 70.2% for PIRADS 4, 89.3% for PIRADS 5. We found a high percentage of agreement between the positive biopsy 
samples and the suspicious area identified on MRI: 90.8% (119/131 patients). There were no statistically significant 
differences between the DRs of the urologists who performed the procedure (p = 0.89), nor for the percentage of 
agreement between the positivity of the core and the suspected area on MRI (p = 0.92).

Conclusions: MRI in the future could become the gold standard for performing MRI fusion-guided biopsies to have 
a better diagnostic result and avoid rebiopsies. A team MRI reading allows greater accuracy in identifying the sus-
pected lesion, which is demonstrated by a high rate of agreement with the positivity of the cores (90.8%). There is a 
cost problem due to the need to carry out the mpMRI but it could have less impact in the future. In addition, the MRI 
provides useful information on the extent of the disease (e.g., cT3a/b) which allows you to better plan the surgical 
strategy or other therapies.

Keywords: Imaging in urology, Prostate cancer, Urologic oncology, mp-MRI, Detection rate of prostate cancer, 
Prostatic fusion biopsy, Software-guided fusion biopsy

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Background
Prostate cancer (PC) is the second most commonly 
diagnosed cancer in men, with an estimated 1.1 mil-
lion diagnoses worldwide in 2012, accounting for 15% 
of all cancers diagnosed [1]. PC is the fourth most com-
mon cancer type in Egypt with an incidence rate of 
about 4.5% among male cancer patients. Despite having 
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a low mortality rate, prostate cancer greatly impacts the 
patients’ quality of life  [2].

Multiparametric magnetic resonance imaging (mp-
MRI) combining T2-weighted (T2w) imaging with diffu-
sion-weighted (Dw) imaging, dynamic contrast-enhanced 
(DCE) imaging and/or magnetic resonance spectroscopy 
(MRS) has yielded promising results in prostate cancer 
detection and localization  [2, 3].

T2-weighted sequences of the prostate provide ana-
tomic information and should include a triplanar (axial, 
coronal, and sagittal) or comparable sequence  [4].

The PIRADS v2 has given guidance to standardize 
zonal reporting, which helps urologists use information 
from the report regarding on T2-weighted sequence and 
zonal location to identify suspicious areas  [5].

The current literature regarding the role of multipara-
metric MRI and fusion-guided biopsies in urologic prac-
tice was reviewed establishing improved accuracy of 
fusion biopsies over systematic biopsies. They are a supe-
rior method for detection of the true grade of cancer for 
both biopsy naïve and patients with prior negative biop-
sies, choosing appropriate candidates for active surveil-
lance, and monitoring progression on active surveillance  
[6].

The mp-MRI has a good ability to identify significant 
lesions, which can be confirmed by prostate biopsy or 
on surgical specimen, although some lesions (given the 
multifocality of the PC) are not identified by MRI [7]. 
The increase in mp-MRI is steadily increasing but many 
countries face the problem of availability and costs. 
Prostate mpMRI is used by Italian urologists mainly for 
detection and for preoperative staging of PCa. Further 
improvements in terms of mpMRI availability and report 
standardization are required  [8].

Method
An increasing number of MRI-fusion biopsies are per-
formed in our center. After more than two years of 
experience, we have examined the detection rate (DR) 
of biopsy-naive patients and looked for possible correla-
tions for a DR of our center higher than many data in the 
literature (Fig. 1).

In our study, we have enrolled 189 biopsy-naive 
patients in the period between September 2018 and 

December 2020. Each patient underwent mp-MRI which 
was reviewed by our team of radiologists. In our center, 
each examination is examined by 4 radiologists sepa-
rately, with moderate experience in mp-MRI (each has 
read over 60 mp-MRI), with an overall final result. The 
evaluation score system was PIRADS score v2. Each radi-
ologist assigned a PIRADS score to be attributed to the 
suspicious area in his opinion. If there was agreement 
in the report of the 4 radiologists, no group review was 
expected. Otherwise, they were reviewed collectively 
until a final report was created.

The median value of PSA was 8.3 ng/dL (Range 0.48–
50.1). For each biopsy the PIRADS score, the clini-
cal staging (cTNM) was evaluated using the MRI, the 
PSA value and the histological result. The concordance 
between the PIRADS area identified and the positive 
histological sample was also evaluated. All biopsies were 
performed MRI-targeted + systematic. The procedures 
were performed by 4 fully trained urologists for standard 
transrectal ultrasound-guided biopsy (each performed 
over 100 procedures) which followed a further update to 
be able to start performing software-based fusion biopsy 
(Fig. 2).

In our center we only use the transrectal approach.
To image the prostate, the patient will be placed on an 

MRI table. A series of images will be taken of the pros-
tate and its surrounding area. For the best resolution of 
the images it is important for the patient to lie very still 
during the test. A special dye visible on the MRI will be 
injected intravenously toward the end of the examina-
tion. The MRI takes about 45–60 min.

MRI of the prostate was performed using a 1.5 T MR 
scanner system (MAGNETOM Avanto, Siemens Health-
care, Erlangen, Germany) equipped with 45 mT/m gra-
dients strength and a phased array coil together with an 
endorectal coil. MRI protocol included a T1-weighted 
TSE sequence in the axial plane (FOV 400  mm, matrix 
size 236 × 384  mm, typical TR 583  ms, TE 10  ms, slice 
thickness 3  mm). High-resolution T2-weighted TSE 
sequences were obtained in the axial, sagittal and coronal 
planes (FOV 200 mm, matrix size 320 × 320, typical TR 
3970 ms, TE 120 ms, slice thickness 3 mm, without gap) 
(Fig. 3).

Diffusion weighted images (DWI; FOV 260 × 221, 
matrix size 97 × 162, typical TR 5200  ms, TE 89  ms, 
b-values 50–1000–1400  s/mm2, slice thickness 3  mm) 
and dynamic contrast enhancement (DCE) images (FOV 
200, matrix size 160 × 160, TR 4.65 ms, TE 1.64 ms, slice 
thickness 3 mm) were obtained in the axial plane, match-
ing the high-resolution T2-weighted images.

The software used was BkFusion—MIM® 6.9.4 ®
The radiologist will analyze the images and help 

to create a three dimensional image of the prostate, 

Fig. 1 PIRADS v2 assessment categories
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indicating abnormal areas or suspicious lesions, mark-
ing these on the images. These images will then be 
transferred electronically to the urologist’s procedure 
room, where the biopsy will take place. Antibiotic 
prophylaxis is started the day before (usually amoxi-
cillin/clavulanate, fosfomycin or, alternatively fluoro-
quinolones), and digital rectal examination (DRE) was 

performed in order to evaluate any potential anatomic 
or pathologic condition.

Prostate biopsies are performed under transrectal 
ultrasound guidance. MRI/Ultrasound Fusion technol-
ogy now allows you to use the obtained MRI images 
and target suspicious areas that have been identified on 
those images by the radiologist. Before performing the 

Fig. 2 a Biopsy Sector View, with the prostatic anatomical diagram; b, c. Contour and Dose Surfaces Preview, with the three-dimensional diagram 
of perfomed biopsies. The green line shows the trajectory of biopsy inside the suspicious area (bordered by purple line) during transrectal biopsy
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biopsy, the urologist must make the contour to identify 
the images seen on MRI and make them coincide with 
the suspicious areas marked on the images available 
on the ultrasound monitor. These images will then be 
merged with the real-time transrectal ultrasound image 
of the prostate. This will allow for targeted sampling of 
suspicious areas (usually 1–4). Once the target cores 
have been performed, systematics can be carried out in 
the remaining parts of the prostate. Normally a random 
biopsy involves 12 samples in all (6 for each lobe, 1 for 
each portion of the prostate). Target cores may vary at 
the discretion of the urologist. So, if, for example, 3 tar-
get withdrawals are carried out on the "right lateral base" 
area, the remaining 11 cores must be added, therefore 14 
in total (Fig. 4).

Through the t student test, any statistically significant 
differences between the DRs and the concordance rate 
between the positive cores and the suspected area on 
MRI were analyzed for each urologist who performed the 
procedure.

Results
The absolute detection rate (DR) was 69.3% (129/189 
patients). Sixty-eight patients had PIRADS score 3 on 
MRI, 74 patients PIRADS score 4, 47 patients PIRADS 
score 5.

The relative DR for each PIRADS score was 41% for 
PIRADS 3, 70,2% for PIRADS 4, 89.3% for PIRADS 5.

Clinical staging was assessed on the basis of MRI and 
histology. Positivity of the samples bilaterally was consid-
ered cT2c (according to the EAU guidelines, non-palpa-
ble and biopsy positive prostate cancer, with no evidence 
of extracapsular extension to MRI should be considered 

T1c, but is often discordant from the final histological 
examination).

Thirty-three patients had 3 + 3 Gleason Score (GS), 
44 patients had 3 + 4 GS, 31 patients had 4 + 3 GS, 11 
patients had 4 + 4 GS, 6 patients had 4 + 5 GS, 1 patient 
had 5 + 4 GS and 3 patients had ASAP (Atypical small 
acinar proliferation).

Patients with GS 3 + 3 can be considered clinically 
insignificant, potentially candidates for active surveil-
lance, according to the number of positive cores or 
patient choice. Of these, 10 were classified as PIRADS 3 
lesions, 16 as PIRADS 4 and 7 as PIRADS 5. Thus it is 
evident that the PIRADS classification does not directly 
correlate with the grade of the tumor (Fig. 5).

We found a high percentage of agreement between the 
positive biopsy samples and the suspicious area identified 
on MRI: 90.8% (119/129 patients). The degree of agree-
ment was not affected by the PIRADS score.

Grading of positive biopsies was not always correlated 
with PIRADS score, although slightly higher in patients 
with PIRADS 5.

There were no statistically significant differences 
between the DRs of the urologists who performed the 
procedure (p = 0.89), nor for the percentage of agreement 
between the positivity of the core and the suspected area 
on MRI (p = 0.92).

Discussion
Currently the European guidelines do not oblige to per-
form MRI in naive patients. Nevertheless, emerging clini-
cal trial data support the adoption of this technology as 
part of the standard of care for the diagnosis of PC  [9].

Fig. 3 TRUS view during fusion biopsy. The green line shows the trajectory of biopsy inside the suspicious area
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In a study of Veeru Kasivisvanathan et al. the detection 
rate of MRI-targeted biopsies and standard biopsies was 
compared. In this study a total of 500 men underwent 
randomization. In the MRI-targeted biopsy group, 71 of 
252 men (28%) had MRI results that were not suggestive 
of prostate cancer, so they did not undergo biopsy. Clini-
cally significant cancer was detected in 95 men (38%) in 
the MRI-targeted biopsy group, as compared with 64 of 
248 (26%) in the standard-biopsy group  [10].

There are many data in the literature on the DR but 
they are very varied and it is difficult to establish a limit 
within which to define the accuracy of MRI fusion-
guided biopsy [11].

In a study of Tang et al., which totally 13 cohorts in 12 
studies, with 3225 men were included, targeted biopsies 
had a DR of 43.1%  [12].

Analyzing some data in the literature, such as the study 
of D’Agostino et al. where the DR for PIRADS 3, 4, and 5 
were 27.8%, 63.6% and 60, respectively  [12], and compar-
ing it with our data we believe that novelty in our study, 
which probably allowed us to have a higher DR, was hav-
ing a multiteam of radiologists who made the MRI more 
accurate. This allows a better DR with less need of having 
to undergo the patients to a new biopsy.

We also believe that biopsies must be performed tar-
get + systematic to have a complete clinical staging and, 
although infrequent, be able to have positive biopsies 
even in areas not suspected by MRI.

Another question is whether to prefer the transrectal 
biopsy (TRB), more classic and familiar to urologists, or 
the transperineal biopsy (TPB), recently on the rise with 
some potential advantages.

The detection rates of the TPB are equivalent or higher 
than the TRB. In addition, TRB carries a small but clini-
cally significant and increasing risk of sepsis. TPB, 
whether targeted for MRI or not, consistently results in 
zero or near zero rates of serious infections. Another 
important advantage is greater accessibility to front with-
drawals. [13].

Despite the urologist’s greater familiarity in performing 
TRB, the future direction, including our center, will likely 
be to perform TPB only.

There are currently several studies in the literature on 
the need to use bipatametric (bp) MRI Vs mpMRI. Some-
times bpMRI can give the same results as mpMRI but 
several procedures are required for such a result (700–
800 cases as threshold for reliable interpretation with 
bpMRI)  [14]. However, other studies, such as that by 
Mostafa Alabousi et al., show no significant difference in 
diagnostic test accuracy was found between mpMRI and 
bpMRI in the diagnosis of prostate cancer in treatment-
naïve patients, with the advantage that bpMRI may rep-
resent a faster, cheaper and gadolinium-free alternative 
to mpMRI  [15, 16].

It is not possible to predict in retrospect how many 
biopsies could be positive without the PIRADS system 
but, since there is high percentage of agreement between 
the positive biopsy samples and the suspicious area iden-
tified on MRI (90.8%), it is reasonable to think the DR 
would have been lower. Furthermore, it is difficult to 
establish whether the same DR would have been obtained 
using the cognitive fusion technique. However in the 

Fig. 4 a Suspicious lesion found in the transitional zone (TZ). MRI 
examination shows an elliptical focus of homogenous decreased 
T2 signal (A; axial T2w), increased DWI signal (B; axial DWI b-800), 
hypervascularity (C; axial DCE-MRI), and reduced signal on ADC (D; 
axial ADC map), within the anterior transition zone. b Suspicious 
lesion in peripheral zone (PZ), MRI examination shows an elliptical 
focus of decreased T2 signal (A; axial T2w), increased DWI signal (B; 
axial DWI b-800), hypervascularity (C; axial DCE-MRI), and reduced 
signal on ADC (D; axial ADC map), within the right dorsolateral 
peripheral zone
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literature, as in the study by Yasuhiro Yamada et al., there 
is evidence that software-guided magnetic resonance 
imaging-ultrasound fusion-targeted biopsies offers a 
greater detection rate for smaller targeted lesions and 
also superior ability to sample greater cancer core length 
compared with cognitive fusion-targeted biopsies  [17].

MRI provides useful information on the extent of the 
disease (e.g., cT3a/b) which allows you to better plan the 
surgical strategy or other therapies (Fig. 6).

There are limitations to the study, such as a small 
number of patients, the retrospectivity of the study and 
the degree of variability due to the execution (opera-
tor dependent) of the MRI fusion biopsy, but which can 
still offer interesting future outlook. In our study we used 
the best currently available (mpMRI in naive patients, 

software-based fusion biopsy) combining with a team 
radiological approach, obtaining a better DR, which is 
the main objective of our study, that is to avoid having to 
undergo as much as possible at rebiopsy (Table 1).

Conclusion
MRI in the future could become the gold standard for 
performing MRI fusion-guided biopsies to have a better 
diagnostic result and avoid rebiopsies. A team MRI read-
ing allows greater accuracy in identifying the suspected 
lesion, which is demonstrated by a high rate of agreement 
with the positivity of the cores (90.8%).

The training of the urologist who performs the biopsy 
and the accuracy of the MRI are fundamental for the DR 
of prostate cancer through MRI fusion-guided biopsy, 

T0 Tis T2a T2b T2c T3a T3b

T0  57/179 (31%) 

Tis  6/179 (3%) 

T2a  50/179 (28%) 

T2b  19/179 (10%) 

T2c  31/179 (17%) 

T3a  13/179 (7%) 

T3b  1/179 (1%) 

Fig. 5 Graph shows the advantage of performing target + systematic sampling being able to obtain a T2b and T2c (red zone) clinical staging to 
better plan the surgical strategy

T0 Tis T2a T2b T2c T3a T3b

T0 57/179 (31%)

Tis 6/179 (3%)

T2a 50/179 (28%)

T2b 19/179 (10%)

T2c 31/179 (17%)

T3a 13/179 (7%)

T3b 1/179 (1%)

Fig. 6 Graph shows the advantage of performing mp-MRI by allowing staging of cT3a-cT3b (red zone) neoplasms
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which in our experience has produced good results 
for the value of the MRI assessed by a multiteam of 
radiologists.

There is a cost problem due to the need to carry out 
the mpMRI but it could have less impact in the future, for 
example with a greater and more effective use of bpMRI 
or cost reduction in the procedure.

In addition, the MRI provides useful information on 
the extent of the disease (e.g., cT3a/b) which allows you 
to better plan the surgical strategy or other therapies.
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