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Background: This study aimed to estimate whether multiparametric magnetic resonance imaging
(mpMRI)-transrectal ultrasound (TRUS) fusion biopsy (FUS-TB) increases the detection rates of clinically
significant prostate cancer (csPCa) compared with TRUS-guided systematic biopsy (TRUS-GB).

Methods: This retrospective study focused on patients who underwent mpMRI before prostate biopsy (PB)
with Prostate Imaging Reporting and Data System version 2 (PI-RADS v2) scores >3 and prostate-specific
antigen (PSA) level between 2.5 and 20 ng/mL. Before FUS-TB, the biopsy needle position was checked
virtually using three-dimensional mapping. After confirming the position of the target within the prostate,
biopsy needle was inserted and PB was performed. Suspicious lesions were generally targeted with 2 to
4 cores. Subsequently, 10-12 cores were biopsied for TRUS-GB. The primary endpoint was the PCa
detection rate (PCDR) for patients with PCa who underwent combined FUS-TB and TRUS-GB.

Results: According to PI-RADS v2, 76.7% of the patients with PI-RADS v2 score >3 were diagnosed
with PCa. The PCDRs in patients with PI-RADS v2 score of 4 or 5 were significantly higher than those
in patients with PI-RADS v2 score of 3 (3 ws. 4, P<0.001; 3 vs. 5, P<0.001; 4 vs. 5, P=0.073). According to
PCDR, the detection rates of PCa and csPCa in the FUS-TB were significantly higher than that in the
TRUS-GB.

Conclusions: Following detection of suspicious tumor lesions on mpMRI, FUS-TB use detects a higher
number of PCa cases compared with TRUS-GB.
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Introduction

Prostate cancer (PCa) is the fourth most common cancer
diagnosed and the sixth most common cause of cancer death
in Japanese males (1). To date, screening for PCa using
prostate-specific antigen (PSA), digital rectal examination
(DRE), and transrectal ultrasound (TRUS), based on several
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guidelines, remains controversial (2). Although the PSA test
is widely used and seems to increase the detection of PCa of
any stage (3), it has a poor specificity for clinically significant
PCa (csPCa); hence, approximately 60-70% of patients
with increased PSA levels who underwent initial biopsies

have negative PCa results (4). Additionally, up to 45% of
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patients diagnosed with PCa are at low-risk according to
the D’Amico risk stratification (2,5). The use of DRE as a
screening modality is not recommended because there is a
lack of evidence regarding its benefits. Therefore, DRE was
not included in the major screening trials (6). Furthermore,
the presence of hypoechoic lesions on TRUS is not
always specific to PCa; therefore, the accuracy of TRUS
in diagnosing PCa relies on the operator’s knowledge and
experience (7-9).

TRUS-guided systemic biopsy (TRUS-GB)
through the transperineal route is one of the standard
techniques for detecting PCa and avoiding PB-related
infectious complications. The technique can help collect
10-14 template cores of the prostate (10-12). However,
TRUS-GB is known for its low sensitivity and specificity
in detecting PCa, with an overall cancer detection rate of
27-40.3% (2,13). Furthermore, 750,000 men diagnosed with
suspicious PCa using the aforementioned screening modalities
underwent unnecessary biopsies, with the accompanying pain,
inconvenience, financial burden, and risk of infection (14).
Therefore, it is necessary to identify and improve alternate
methods of diagnosis in patients with positive predictive values
so as to avoid unnecessary biopsies (15).

Multiparametric magnetic resonance imaging (mpMRI),
including T2-weighted imaging (T2WI), diffusion-weighted
imaging, and dynamic contrast material enhancement, is a
powerful tool for identifying csPCa (12,16,17). Additionally,
in 2012, the European Society of Urogenital Radiology
recommended using the Prostate Imaging Reporting and
Data System (PI-RADS) to determine whether lesions
detected by mpMRI reflect PCa risk (18). In 2015, PI-RADS
version 2 (PI-RADS v2) simplified the rules for reporting
modified imaging sequences for identifying csPCa (19). Men
who had positive results on the mpMRI underwent MRI-
targeted biopsy with the use of real-time ultrasonographic
guidance (20). However, it is possible to miss csPCa using
MRI-TRUS fusion targeted biopsy (FUS-TB) alone (21).

Thus, this study aimed to estimate whether FUS-TB
increases the detection rates of csPCa compared with TUR-GB.

We present the following article in accordance with the
STARD reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-250).

Methods
Patients

This retrospective study enrolled 580 consecutive patients
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who had undergone mpMRI before prostate biopsy (PB)
from February 2015 to February 2020 at Chuno Kosei
Hospital. We reviewed their clinical and pathological
records, focusing on PI-RADS v2 scores >3 and serum
PSA levels in the range 2.5-20 ng/mL (19). According
to the 2010 American Joint Committee on Cancer
Staging Manual, we excluded patients with lymph node
involvement, distant metastases, or clinical stage T4 tumors
from the study (22). We also excluded patients with urinary
tract infections, those who had undergone PB before 2014,
and those with a serum PSA level of >20 ng/mL.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
protocol was approved by the Institutional Review Board of
Chuno Kosei Hospital (R2-7) and Gifu University (30-031)

and informed consent was taken from all the patients.

mpMRI protocol

Prior to PB, mpMRI was performed with Phillips Achieva
1.5 Tesla system (Philips Medical Systems, Best, The
Netherlands) using a 5-channel sensitivity Encoding parallel
imaging cardiac coil covering the entire prostate. PI-RADS
v2 criteria were used to describe the mpMRI findings, and
this was done by two radiologists with more than 10 years
of clinical experience each.

Prostate biopsy protocol

A cleansing enema and antibiotics were used before biopsy
in all patients. An 18-G BARD® MAX-CORE® disposable
core biopsy instrument (C.R. Bard Medical, United States)
was used to perform TRUS-GB under local anesthesia.
Transrectal PB, including TRUS-GB and FUS-TB, was
performed by an experienced single urologist (HU) using
Urostation® between February 2015 and March 2018 or
using TRINITY® between April 2018 and February 2020
(Koelis, Meylan, France) with the three-dimensional (3D)-
TRUS-based biopsy mapping technique. MRI images were
imported into the Urostation® or TRINITY®. The contour
of the prostate was delineated on T2WI, and a target was
marked using the resizable circle. Following DRE, the
3D-TRUS probe (end-fire 3D-transrectal transducer) was
inserted into the rectum. The entire prostate was scanned by
3D-TRUS, with the probe kept in the same place, and the
image created was saved in the workstation. Subsequently,
the probe was moved from the apex of the prostate to the
base and from side to side until an angle of 60° was covered
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Figure 1 The method of multiparametric magnetic resonance imaging (mpMRI)-transrectal ultrasound fusion targeted biopsy (FUS-TB). (A)

Before FUS-TB, biopsy needle position was checked virtually using three-dimensional (3D) mapping. (B,C) The position of the collected

biopsy core was checked again using the 3D mapping (B, axial view; C, sagittal view).

in all direction. This provided a panoramic view of the
entire prostate. Before FUS-TB, the biopsy needle position
was checked virtually using 3D mapping (Figure 1A). After
confirming the position of the target within the prostate,
the biopsy needle was inserted and PB was performed.
The position of the biopsy core from which the sample
is to be collected was checked again using 3D mapping
(Figure 1B,C). If the biopsy core did not penetrate the center
of the target, we performed a re-biopsy at a similar position.
For suspicious lesions on biparametric MRI (PI-RADS
v2 scores >3), 2—-4 targeted cores were usually selected
depending on lesion size. Subsequently, we obtained 10-12
cores—including medial and lateral cores from bilateral
sextant prostate regions where no indications of PCa were
noted on mpMRI—for TRUS-GB. The complications
according to the type of PB were evaluated according to the
Clavien-Dindo classification (23).

Pathological analysis

The PB specimens were evaluated by a single pathologist at
Chuno Kosei Hospital according to the 2005 International

© Translational Andrology and Urology. All rights reserved.

Society of Urological Pathology guidelines (24). The
definition of csPCa was having at least one core with a
Gleason score (GS) of 3+4 or 6 and a maximum cancer core
length (MCCL) >5 mm. Insignificant cancer was defined as
having a core with a GS <6 and an MCCL <4 mm (25).

Endpoints

Based on the PI-RADS v2 criteria, the PCa detection rate
(PCDR) on mpMRI was defined as the primary endpoint
in patients who were suspected of having PCa (i.e., csPCa
or clinically insignificant PCa) via the combined FUS-TB
and TRUS-GB. Based on the PI-RADS v2 score and GS
obtained from the PB samples, the detection rate of csPCa
was defined as the secondary endpoint.

Statistical analysis

Data were analyzed using the Statistical Package for the
Social Sciences software version 19.0 (International Business
Machines Corp., Armonk, NY, USA). We used Student’s
t-test or Mann-Whitney U test and the McNemar test to
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Figure 2 According to the Prostate Imaging Reporting and Data
System version 2 (PI-RADS v2), 76.7% of patients with PI-RADS
v2 score >3 were diagnosed with PCa. The PCDRs in patients with
PI-RADS v2 score of 4 or 5 were significantly higher than those
with PI-RADS v2 score of 3 (3 vs. 4, P<0.001; 3 vs. 5, P<0.001;
4 vs. 5, P=0.073).

compare continuous variables and categorical variables,
respectively. All P values were two-sided, and statistical
significance was set at P<0.05.

Results
Patient demographic

This study enrolled a total of 391 patients, 300 of
whom (76.7%) were diagnosed as having PCa after PB.
The median age and initial PSA level were 71 years
[interquartile range (IQR), 67-77 years] and 6.03 ng/mL
(IQR, 4.62-8.96 ng/mL), respectively. Abnormal DRE was
observed in 66 (16.9%) patients. According to PI-RADS v2
criteria, 159 (40.7%), 186 (47.6%), and 46 (11.7%) patients
were diagnosed with category 3, 4, and 5 PCa, respectively.

All the complications related to PB were < grade 2
according to the Clavien-Dindo classification. None of the
patients died or was readmitted due to PB.

Comparison of cancer detection

PCDRs according to the PI-RADS v2 criteria are shown
in Figure 2. A total of 76.7% of the patients with PI-RADS
v2 score >3 was diagnosed with PCa. The PCDRs in
patients with PI-RADS v2 score of 4 or 5 were significantly
higher than those in patients with PI-RADS v2 of 3 (3 vs.
4, P<0.001; 3 vs. 5, P<0.001; 4 vs. 5, P=0.073). Of these,
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113 patients (37.7%) were diagnosed with PCa using FUS-
TB alone, while 43 patients (14.3%) who tested negative
in FUS-TB were left undiagnosed. The PCDR of csPCa
was 46% for those who underwent combined FUS-TB and
TRUS-GB.

Table 1 shows the comparison between FUS-TB and
TRUS-GB for PCDR. The detection rates of PCa and
csPCa following FUS-TB were significantly higher than
that those following TRUS-GB.

The association between Gleason score and the method of
prostate biopsy regarding clinically significant PCa

Details of the patients diagnosed with csPCa using
PB samples are shown in Tzble 2. Following PB, the
concordance rate of both csPCa and GS or no evidence of
PCa was 48.8%. FUS-TB was associated with a significantly
lower rate of diagnosis than the TRUS-GB (30.0% wvs.
13.6%, respectively, P<0.001). Additionally, 55 patients
(18.3%) diagnosed with negative PCa underwent TRUS-
GB alone, although c¢sPCa could not be overlooked in
12 patients (4.7 %) undergoing FUS-TB alone.

Discussion

It is still controversial whether the use of either FUS-TB or
TRUS-GB alone has the ability to diagnose PCa in biopsy-
naive patients with suspicious lesions on MRI. Hansen ez /.
showed that the combined use of FUS-TB and TRUS-GB
is significantly superior to either FUS-TB or TRUS-GB
alone in detecting PCa in patients with a GS of 7-10 and a
PI-RADS v2 score of 4 or 5 (P<0.001) (26). For three lesions
based on the PI-RADS score, the detection rate of csPCa was
lower with FUS-TB than that with combined FUS-TB and
TRUS-GB (P=0.063), with no significant difference (26).
Mannaerts et /. showed that the combined FUS-TB
and TRUS-GB improved PCDRs from 5% to 15%
when compared with TRUS-GB alone (27). A definitive
diagnosis of unilateral disease was made via mpMRI in
22% of patients positive for csPCa with combined FUS-
TB and TRUS-GB, whereas bilateral csPCa was detected
with FUS-TB alone (27). Although TRUS-GB is highly
sensitive for characterizing index lesions, it often misses
the detection of secondary lesions (27). TRUS-GB did not
contribute to considerable changes in the PCDR (P>0.9) or
the detection rate of csPCa (P=0.67), although the PCDR
and the csPCa detection rate with TRUS-GB were 51%
(27 patients) and 82% (22 patients), respectively. Additionally,
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Table 1 Comparison of cancer detection between two groups
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Covariates FUS-TB TRUS-GB P value
Prostate cancer (number, %) 271 (90.3) 235 (78.3) <0.001
Gleason score (number, %) 0.036

3+3 76 (25.3) 95 (31.7)

3+4 86 (28.7) 56 (18.7)

3+5 4(1.3) 5(1.7)

4+3 52 (17.3) 37 (12.3)

4+4 31(10.3) 22 (7.3)

4+5 12 (4.0) 11 3.7)

5+3 2(0.7) 3(1.0)

5+4 5(1.7) 4 (1.3)

5+5 3(1.0) 2(.7)
Maximum cancer core length (mm, median, interquartile range) 6.3 (3.0-9.0) 3.0 (0.9-6.0) <0.001
Clinically significant prostate cancer (number, %) 241 (80.3) 165 (55.0) <0.001
Clinically significant prostate cancer per core (number, %) 522 (46.7) 352 (8.9) <0.001
Insignificant prostate cancer (number, %) 59 (19.7) 135 (45.0) <0.001

FUS-TB, magnetic resonance imaging-transrectal ultrasound fusion targeted biopsy; TRUS-GB, transrectal ultrasound guided systematic

biopsy.

Table 2 The association between Gleason score and the method of prostate biopsy regarding clinically significant prostate cancer

FUS-TB (number, %)

GS

Negative 6 7 8 9,10
Negative 91 (23.3) 11 (2.8) 32(8.2) 9(2.3) 3(0.8)
6 1(0.3) 32(8.2) 35 (9.0) 4(1.0) 1(0.3)
7 11(2.8) 13 (3.3) 51 (13.0) 12 (3.1) 7(1.8)
8 1(0.3) 3(0.8) 14 (3.6) 10 (2.6) 2 (0.5
9,10 1(0.3) 1(0.3) 6(1.5) 2(0.5) 7(1.8)

FUS-TB, magnetic resonance imaging-transrectal ultrasound fusion targeted biopsy; TRUS-GB, transrectal ultrasound guided systematic

biopsy; GS, Gleason score.

the detection rates of csPCa and clinically insignificant
PCa with FUS-TB were 36% and 15%, respectively (28).
The combined use of FUS-TB and TRUS-GB produced
a 20% reduction in risk of increased GS based on final
histopathology (29). Interestingly, among patients initially
diagnosed with low-risk PCa via TRUS-GB, 44.3% were
subsequently diagnosed with intermediate-risk PCa via
FUS-TB (29). In this study, using mpMRI images as the
reference standard, combined FUS-TB and TRUS-GB had
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a significantly higher diagnostic accuracy for csPCa than
TRUS-GB alone. Moreover, higher PCDR was noted for
targeted cores than for systemic cores. To date, combined
FUS-TB and TRUS-GB is considered necessary for the
detection of csPCa.

It is important to evaluate the necessity of PB and use
noninvasive imaging to guide biopsy location (30). The
prebiopsy mpMRI may have several potential advantages in
localizing PCa and noninvasively assessing risk; thus, this
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imaging modality is now routinely used in several clinical
centers (12). Since real-time TRUS also visualizes an MR-
suspicious lesion, the accuracy of biopsy targeting improved
and the detection rate of csPCa thereby increased (7). It is
known that the accurate interpretation of TRUS images
relies on the operator’s ability. However, the combined use of
TRUS and mpMRI would increase their ability to visualize
PCa, thereby enhancing the diagnostic accuracy of PCa.
Thus, these two imaging modalities can compensate for
lack of the operator’s expertise or operator-dependency (7).
Conversely, csPCa lesions that were not observed on MRI
may have been underestimated than those that diagnosed
csPCa on MRI (13). Consequently, MRI accuracy for PCa
identification may differ between different centers and
even between radiologists with different experiences and
interpretation techniques (13). The Prostate MRI study
trial reported a sensitivity of 93% and negative predictive
value of 89% when identifying csPCa using mpMRI (31).
However, Johnson er al. reported that mpMRI to detect
csPCa using prostatectomy specimens as a reference
standard had a lower sensitivity of 63% (32). A previous
systemic review assessed the diagnostic accuracy of mpMRI
for the detection of csPCa and found accuracy, sensitivity,
and specificity ranges of 44-87%, 58-96%, and 23-87%,
respectively (33). It is therefore important to make every
effort to improve the precision of interpreting mpMRI and
TRUS results towards developing a clinically significant
FUS-TB (7). Additionally, the radiologist and urologist are
required to share information regarding the imaging and
biopsy results to arrive at a final diagnosis (7).

PI-RADS plays an essential role in detecting csPCa using
mpMRI in order to select appropriate candidates for PB (17).
Pooled meta-analyses with random-effect models showed
that the positive predictive value for csPCa was 8% with
PI-RADS 2, 13% with PI-RADS 3, 40% with PI-RADS 4,
and 69% with PI-RADS 5 (34). Han ez 4l. reported that the
PCDR is 0% in patients with PI-RADS 1 and 4.6% in those
with PI-RADS 2 (35). In our series, patients with PI-RADS
1 or 2 underwent TRUS-GB due to high PSA. The PCDR
in these patients was 14.3% (data not shown). Additionally,
approximately 90% of the patients did not undergo PB
because they were diagnosed with PI-RADS 1 or 2 based on
mpMRI findings. Indeed, PCa was undiagnosed in 30-48%
of patients as it was not visible on MRI (36). However, on
the contrary, unnecessary PB was avoided in several patients
with PI-RADS 1 or 2 in our series.

Our study has several limitations. First, this was a
retrospective study with an inherent bias. Second, this was
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a nonrandomized study with no control group of patients.
Third, as PB was not performed in all patients with PI-
RADS v2 scores of 1 or 2, underestimation is possible.
Fourth, a relatively high detection rate of csPCa was
obtained in this study. Finally, in this study, we did not
use prostatectomy specimens, and only focused on the
correlation between mpMRI and biopsy pathology.

Conclusions

mpMRI is an emerging modality in the diagnosis, staging,
and treatment planning of PCa. If suspicious tumor
lesions are detected on mpMRI, the rate of diagnosis of
PCa is higher with FUS-TB compared with TRUS-GB.
Additionally, FUS-TB may improve risk stratification and
reduce the need for repeat biopsy. Further comparative
studies to identify the optimal methods for FUS-TB
procedure, to evaluate cost-effectiveness, and to identify
ways to avoid unnecessary PB are required.
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