
Abstract. Background/Aim: The aim of this study was to
evaluate the cancer detection rate (CDR) using magnetic
resonance imaging-transrectal ultrasound (MRI-TRUS)
fusion-guided transperineal targeted biopsy (TB). Patients and
Methods: We included 401 consecutive patients, of which 161
were biopsy-naïve. All underwent prebiopsy bi-parametric
MRI; patients with positive MRI [prostate imaging reporting
and data system (PI-RADS≥3)] underwent TB. Biopsy-naïve
patients with positive MRI underwent TB and systematic
biopsies (SBs). MRI-negative patients underwent SBs.
Clinically significant prostate cancer (csPCa) was defined as
ISUP ≥2. The added value of SB was defined as an upgrade
from a negative biopsy or ISUP of 1 in TB to csPCa in SB.
Results: The median (interquartile range) age was 69
(range=63-74) years, and PSA was 6.9 (range=4.5-11) ng/ml.
The overall CDR was 65%, with csPCa occurring in 48%. In
cases of PI-RADS 5, CDR was 91%, and csPCa was 77%. The
added value of SB was 2%. Conclusion: Transperineal TB
biopsies using MRI-TRUS fusion yield a high CDR.

Multiparametric magnetic resonance imaging (mpMRI) may
detect and localize clinically significant (cs) prostate cancer
(PCa) with high precision (1, 2). Targeted transrectal
biopsies using different navigation systems yield high cancer

detection rates (CDRs) but are associated with significant
infections (3-5). It is well known that transperineal prostate
biopsies cause significantly fewer infections (6-8), but few
studies have evaluated the performance of transperineal
targeted biopsies (TBs) using image fusion. The aim of this
study was to evaluate the CDR using MRI-transrectal
ultrasound (TRUS) fusion-guided transperineal TB.

Patients and Methods

Patients and inclusion. A total of 550 patients were prospectively
included in a two-center randomized control study on the role of
antibiotic prophylaxis when using transperineal TB with MRI-
TRUS fusion. The results reported in this paper are based on 401
consecutive patients from Oslo University Hospital (OUH). The
inclusion period was from November 2019 to March 2021. The
study was approved by the Regional Committees for Medical and
Health Research Ethics (2019/1266) and has been registered at
ClinicalTrials.gov (NCT04146142). Written informed consent was
obtained from all patients prior to inclusion. Biopsies were
performed at the Department of Urology, OUH.

Inclusion criteria included: Elevated PSA or PSA density >0.15
ng/ml2, pathological digital rectal exploration (DRE), patients
under active surveillance (AS) scheduled for routine re-biopsy,
suspicion of recurrence after external beam radiation treatment
(EBRT), routine biopsy at one year after partial prostate ablation
using high-intensity focused ultrasound (HIFU). Exclusion criteria
included: A high risk of post-biopsy infection and an allergy to the
study drug. Endpoints included: CDR of anyPCa and csPCa at TB,
maximum cancer core length (MCCL), and added value of SB.

MRI. Pre-biopsy MRI of the prostate was performed in all patients.
At OUS, we used a 1.5T AvantoFit MRI system (Siemens
Healthineers, Erlangen, Germany) with a bi-parametric protocol
including high-resolution 3DT2 weighted images with multiplanar
reconstruction and axial diffusion-weighted images (DWI). In 9%
of cases, MRI was performed at external radiological centers using
similar bi-parametric protocols. All examinations were performed
without an endorectal coil. Interpretation was done in accordance
with the Prostate Imaging Reporting and Data System (PI-RADS
v2) (2). MRI was classified as positive in case of PI-RADS ≥3. The
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index tumor was defined as the largest tumor in T2W images with
the lowest apparent diffusion coefficient (9). 

Biopsy procedure. The MRI prostate volume was segmented, and
the index tumor was annotated in the 3T2w images. An elastic
image fusion and organ tracking-based navigation system was used
for all biopsies (Koelis®Trinity Perine, Meylan, France), using a
free-hand technique with a linear guide fixated to the TRUS
transducer (Figure 1).

Patients were placed on a surgical table with legs placed in
stirrups to obtain a lithotomy position. The scrotum was elevated
and fixated with a sterile drape (Steri-Draps™). Shaving of the
perineum was performed where necessary. Pre-biopsy surgical

disinfection was performed using cotton swabs soaked in
chlorhexidine (Fresenius Kabi, Oslo, Norway). 

Local anesthesia (LA) was achieved using 1% lidocaine blended
with 4 ml of 8.4% sodium bicarbonate. NaHCO3 was used to
achieve a physiological pH of 7, in order to reduce discomfort.
Twenty ml of the solution was placed cutaneously/subcutaneously
in a fan shape 2 cm above the anus. Deep anesthesia was achieved
using 20 ml of solution placed at the prostatic apex, bilaterally in
the levator ani, and along the path of the needle. An automated 3D
side-fire ultrasound probe was introduced into the rectum (Koelis
Steady Pro, France) allowing full freedom of movement. 

A minimum of one biopsy core TB was obtained from the index
tumor. In cases of biopsy-naïve patients or those with negative MRI,
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Figure 1. Magnetic resonance imaging (MRI) findings and performed target biopsies. A 58-year-old man (PSA: 11 ng/ml; prostate volume: 34 ml) underwent
bi-parametric MRI of the prostate, demonstrating a 30×25×15 mm PI-RADS 5 lesion (white arrows) localized anterior in the prostate’s apex and middle
part on T2 WI and ADC map (A, B). Patient had primarily undergone 4 cores MRI- transrectal ultrasound (TRUS) cognitive fusion guided transrectal
biopsies with negative findings and 10 systematic random biopsies, of which one core revealed 2.5 mm prostate cancer ISUP 1. Due to the discrepancy
between PI-RAD 5 suspicion in MRI and histological findings, MRI-TRUS elastic fusion and organ tracking-based transperineal targeted biopsies were
performed. Target cores (red bars) oriented toward the lesion (yellow ellipse) on axial (C) and sagittal (D) MRI-TRUS fusion image diagnosed prostate
cancer with ISUP 1 in 6, 6, and 7 mm, respectively. This patient was treated with MRI thermometry-guided transurethral prostate ablation.



6-12 additional systematic biopsies (SBs) were performed. 3D
registration of each biopsy trajectory allowed for adequate
distribution and registration of all cores, providing a 3D digitalized
biopsy cartography. 

One hour was set aside for preparation, consultation, and biopsy
procedure, probe in/out time was estimated to 20-30 min. Biopsy
time itself was about 5-10 min.

The procedure was performed by two urologists with 11 and 6
years of experience performing TBs using image fusion, as well as
one urological resident who was a novice to the technique at the
start of inclusion.

Histology. The number of biopsies and location of each biopsy core
was noted on the pathology form in accordance with the 3D
registration from the Koelis Trinity device. Results are reported in
accordance with the International Society of Uropathology (ISUP
grade group), from ISUP grade group (GG) 1-5 (10). Clinically
significant prostate cancer (csPCa) was defined as GG ≥2. An added
value of SB was defined as an upgrade from a negative or GG 1 at
TB to csPCa in SB.

Statistics. Patient characteristics were described using median values
with interquartile ranges (IQRs). Cancer detection rates with 95%
confidence intervals are reported. The maximum cancer core lengths
are reported as median values with IQRs. All analyses were

performed using IBM SPSS v27 (IBM, Armonk, NY, USA) and
MedCalc version 16.2 (MedCalc Software, Ostend, Belgium).

Results

The results from 401 patients were included in the analysis,
of which 40% (161/401) were biopsy-naïve (Figure 2). The
median (IQR) age was 69 (range=63-74) years with a median
PSA of 6.9 (4.5-11) ng/ml. The overall median PSA densities
were 0.17 ng/ml2 and 0.24 ng/ml2 in cases of PI-RADS 5.
Clinical data are specified in accordance with the PI-RADS
score of the index tumor in Table I. The median time from
MRI to biopsy was 27 days (range=10-59).

MRI was positive in 87% of patients (348/401). Index tumor
was located in the peripheral zone in 80% (278/348) and in the
transitional zone in 20% of cases (70/348) (Table II). TBs were
performed in all MRI-positive patients, and 46% (161/348)
underwent additional SBs. The median (IQR) number of TB
and SB was 4 (range=3-4) and 5 (range=3-7), respectively. In
MRI-negative patients, the number of SBs was 10 (10-12). The
index tumors’ median (IQR) biopsy core length was 14
(range=11-15) mm, and MCCL was 8 (range=4-10) mm. In
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Figure 2. Flowchart of included and excluded patients.



SBs, the biopsy core length was 12 (range=10-15) mm, and
MCCL was 4 (range=2-6) mm. The overall CDR of anyPCa
was 65% (260/401, 95%CI=57-73), and CDR for csPCa was
48% (194/401, 95%CI=42-56). In the index tumor, anyPCa
was found in 66% (231/348, 95%CI=58-76), and csPCa was
found in 53% (183/348, 95%CI=45-61). In PI-RADS 5 lesions,
anyPCa was found in 91% (125/137, 95%CI=76-100), and
csPCa was found in 77% (106/137, 95%CI=63-95). Table III
demonstrates the CDR according to PI-RADS score.

The added value of SB was 2% (3/161, 95%CI=0-5). In
1% of cases (1/161, 95%CI=0-3), the TB was negative,
while SB detected csPCa. In 1% of cases, TB showed a GG
1, while SB demonstrated GG 2. A higher GG was detected
in the SB in 2% (4/161, 95%CI=1-6) of those with csPCa in
TB. In MRI-negative patients, the CDRs for anyPCa and
csPCa were 30% (16/53, 95%CI=17-49) and 17% (9/53,
95%CI=8-32), respectively. All cases of csPCa were found
in patients previously treated with HIFU. In 8% (4/53),
csPCa was found in the treated lobe.

Discussion

In this study, the overall CDR of anyPCa was 65% with 91%
in PI-RADS 5 tumors when using transperineal TBs and
image fusion under local anesthesia. These results are
consistent with our previous multicenter study, which
demonstrated 94% anyPCa in PI-RADS 5 tumors when using
the same technique (8). 

A recent systematic review by Bhavan et al. reported that
transperineal technique achieved higher CDRs than transrectal
biopsies, and had lower infection rates (11). Therefore, a
transperineal technique should be preferred over a transrectal
approach. 

In our study, the added value of SB in addition to TB for
detecting csPCa was 2%. For comparison, Exterkate et al.
reported an added value of 1.3% in SB in patients with a
prior negative SB (12). In contrast, other studies report 4-5%
added value of SB as an addition to TB in biopsy-naïve

patients (13, 14). The reasons for these variations are
unknown but may be due to patient selection and different
numbers of SB, which were lower in our study than in the
study by van der Leest et al. (5 vs. 12) (13). We also used
image fusion in all patients, while the MRI-FIRST study
used image fusion in only 30% (14). By not using image
fusion, it is possible that the SB detected csPCa that was
accidentally missed by the TB. The European Association of
Urology (EAU) currently recommends SB as an addition to
TB in biopsy-naïve patients (15).

A recent randomized trial demonstrated non-inferiority of
TB compared to SB in biopsy naïve men for detecting csPCa
(16). Although SB may not surely improve CDRs, they may
provide better risk stratification and patient selection for
appropriate treatments such as focal therapy (17). SB may
also increase the number of positive cores, which is relevant
in risk-classification systems such as the National
Comprehensive Cancer Network (18).

In our study, SBs were performed in all 53 MRI-negative
patients, and csPCa was found in 17%. This is higher than
that in other studies reporting on biopsy-naïve patients.
According to a Cochrane meta-analysis, SBs detect csPCa in
8% of biopsy-naïve patients with a negative MRI result (19).
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Table I. Clinical data in accordance to PIRADS score.

   PI-RADS index tumor                Prostate volume (ml)              Tumor volume (ml)                         PSA (ng/ml)                           PSA density

                   n               %               Median              IQR              Median               IQR                 Median              IQR               Median               IQR

1-2              53             13                   26                 16-36                 n.a                    n.a                      2.9                1.2-6.8                0.11              0.05-0.21
3                  74             19                   49                 32-70                 0.3               0.13-0.50                6.2                4.4-9.1                0.12              0.08-0.22
4                 137            34                   44                 31-62                 0.5               0.26-0.85                6.7                4.5-10                0.16               0.1-0.24
5                 137            34                   38                 29-50                 2.0               1.02-4.42                9.6                5.9-14                0.24              0.15-0.38
Total           401           100                  40                 27-58                 0.7               0.32-1.99                6.9                4.5-11                0.17              0.10-0.28

PSA: Prostate specific antigen; IQR: interquartile range; PI-RADS: prostate imaging reporting and data system.

Table II. Biopsy results according to location.

                                                         Index tumor

                                        n                    CDR                    n                  %

Peripheral zone              278              Any PCa             179                 64
                                                              csPCa                135                 49
                                                           Negative               99                 36
Tranzitional zone             70              Any PCa               52                 74
                                                              csPca                  39                 56
                                                           Negative               18                 26

Pca: Prosate cancer; csPCA: clinically significant prostate cancer; CDR:
cancer detection rate. 



However, in our study, all cases of cancer were found in
MRI-negative patients who had previously been treated for
csPC using HIFU. Since our MRI-negative group was
heterogeneous and highly selected, comparison is difficult. 

In our study, the median MCCL of TB and SB was 8 mm
and 4 mm, respectively. The median MCCL in patients with a
negative MRI was 3 mm, indicating that SB detect small-
volume cancers of uncertain clinical importance. Other studies
report similar results, where the MCCL of target biopsies was
a significant predictor of cancer volume and pathological T-
stage, while no such correlation was demonstrated for SB (20,
21). Studies also report that SBs reveal smaller cancer volumes
of uncertain clinical benefit, and most report that SB increase
the risk of detecting insignificant cancer (16, 22). 

Limitations. This study was limited in that the population was
heterogeneous and included biopsy-naïve patients, patients
under active surveillance, and patients previously treated for
PCa. This makes it difficult to compare CDRs and the added
value of SB to studies reporting on biopsy-naïve or re-biopsy
patients only. Furthermore, we used a bi-parametric MRI
protocol (T2w+DWI), while the recommended standard is
multiparametric MRI (T2w+DWI+DCE). This may have
affected the overall CDR in this study. The biopsy strategy
was not standardized for all patients, and the numbers of TBs
and SBs performed were based on clinical judgment. Although
this may have affected the CDR in this study, it represents
clinical practice.

Conclusion

Transperineal prostate biopsy using a free-hand MRI-TRUS
fusion technique under local anesthesia in an outpatient
setting is a highly accurate diagnostic tool in prostate cancer
diagnostics. Transperineal TB offer equally high detection
rates compared to transrectal TB; because of significantly
less infections, a transperineal approach should be preferred.
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