
4

INTRODUCTION

Some prostate cancers (PCas) are visible on transrectal 
ultrasound (TRUS) and can be targeted by an experienced 
ultrasonographer or urologist [1,2], but detecting clinically 
significant PCa (csPCa; defined as at least one core with 
a Gleason score of 3+4 or 6 with a maximum cancer core 
length longer than 4 mm) [3] with TRUS is dif f icult. 
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Multi-parametric magnetic resonance imaging (mpMRI) has been increasingly used to diagnose clinically significant prostate 
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ing on the patients’ risk and the location and size of suspicious lesions on mpMRI. Fusion image-guided prostate biopsy has the 
potential to allow precise management of prostate cancer, including active surveillance, radical treatment, and focal therapy.
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To improve the detection rate of  csPCa, accurate needle 
placement into the cancerous lesion is essential. Recently, 
multi-parametric magnetic resonance imaging (mpMRI) 
has been increasingly used to diagnose csPCa because of its 
usefulness in detection with a combination of anatomical 
and functional data [4,5]. In the 2014 European Association of 
Urology guidelines, mpMRI was regarded as a particularly 
accurate method for detecting anterior tumors that are 
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usually missed by systematic transrectal biopsy, and thus 
have the risk of a repeat (targeted) biopsy [6]. 

Since mpMRI has improved the detection of the csPCa in 
the prostate [7-9], several magnetic resonance imaging (MRI)-
guided biopsy methods have been used, such as MRI-TRUS 
fusion image-guided biopsy, in-bore MRI-targeted biopsy, and 
cognitive biopsy. MRI-TRUS fusion imaging provides MRI 
information with TRUS images, which are used in prostate 
biopsy. This technique combines the superior visibility of 
MRI for targeting suspicious lesions with TRUS for real-time 
guidance. In-bore MRI-targeted biopsy is a direct method 
using MRI [10,11]. A systematic review showed no significant 
differences in detection of PCa between MRI-TRUS fusion 
image-guided biopsy and in-bore MRI-targeted biopsy (p=0.13), 
and between MRI-TRUS fusion image-guided biopsy and 
cognitive biopsy (p=0.11) [12]. However, in-bore MRI-targeted 
biopsy is not acceptable in most hospitals because of its high 
expense and time constraints, and the frequent need for 
general anesthesia. Cognitive biopsy is a target biopsy based 
on the examiner’s suspicions of a lesion on mpMRI without 
any fusion device. Cognitive biopsy has improved accuracy 
over conventional systematic biopsy [13-16]. Haffner et al. [13] 
reported that the accuracy of targeted biopsy detection was 
better than that of systematic biopsies for significant cancer 
detection (p<0.001). They also found that the maximal cancer 
core length was 5.56 mm for targeted biopsies and 4.70 mm 
for systematic biopsies (p=0.002). Similarly, Park et al. [14] 
reported that cancer detection was significantly higher in 
cognitive biopsies (29.5%) than in systematic biopsies (9.8%) 
(p=0.03). These authors also found a significantly higher 
positive percent core in cognitive biopsies than in systematic 
biopsies (p<0.001). In men with previous negative biopsies, 
the cancer detection rate of cognitive targeted biopsies (45.5%) 
was significantly higher than that of systematic biopsies 

(24.4%) (p=0.01) [15]. However, human error was reported as a 
disadvantage of cognitive biopsy when the target is less than 
10 mm in diameter and there is the inability to track the 
location of each biopsy site [17]. Specialists with experience 
in prostate biopsy s have performed cognitive fusion biopsies 
with success [13-16,18].

This review article focuses on the development of mpMRI 
for detecting csPCa and MRI-TRUS fusion image-guided 
prostate biopsy. We also review the prospects for tailored 
treatment enabled by development of accurate detection and 
localization of csPCa with MRI-TRUS fusion image-guided 
prostate biopsy.

1. Detection of csPCa with mpMRI
For detection of  csPCa, mpMRI can be performed 

at 1.5Tesla (T) or 3.0T, using either a combination of  an 
endorectal coil and a pelvic phased-array coil, or a pelvic 
phased-array coil only. The use of the endorectal coil and 
3.0T imaging is optional [19,20]. Currently, mpMRI includes 
a combination of  high-resolution T2-weighted images 
(T2WIs), and at least two functional MRI techniques, such 
as diffusion-weighted images (DWIs), the apparent diffusion 
coefficient (ADC), or dynamic contrast-enhanced (DCE) MRI 
(Fig. 1) [19]. These techniques provide better characterization 
than T2WIs with only one functional technique [1]. Mag-
netic resonance spectroscopy is considered as an optional 
modality and has been relegated to the research setting 
[19]. Within mpMRI components, the relative clinical value 
of  its component techniques differs. T2WIs provide the 
best depiction of  the intra-prostatic structures, such as 
the zones, urethra, ejaculatory ducts, and capsule [1]. DCE 
imaging is used for evaluating tumor vascularity [21]. In a 
previous report, DCE was able to detect tumor vascularity 
in 92.9% of patients with csPCa [22]. DWI quantifies free 

T2WI DWI ADC Dynamic

Fig. 1. mpMRI of a representative case suspected with prostate cancer. mpMRI includes a combination of high-resolution T2WIs, DCE images, DWIs, and 
ADC. The lesion suspected as cancer was diagnosed in the anterior in transition zone (in the white arrows) on mpMRI, which was diagnosed as 
Prostate Imaging and Reporting and Data System category 5. mpMRI, multi-parametric magnetic resonance imaging; T2WI, T2-weighted image; 
DCE, dynamic contrast-enhanced; DWI, diffusion-weighted image; ADC, apparent diffusion coefficient. A 1.5Tesla magnet (Signa HDx) with an 
8-channel cardiac coil.
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water motion, also known as ‘Brownian’ motion [23]. An 
ADC map is calculated from DWI, and is able to assess the 
aggressiveness of  PCa. The ADC corresponds to greater 
restriction in free water motion. This is likely achieved 
on the basis of increased cellular density compared with 
normal prostate tissue, and cancer tissue shows a lower ADC 
value than normal prostate tissue [23]. Furthermore, ADC 
values correlate with Gleason scores [24-26]. However, benign 
prostatic hyperplasia and prostatitis show high-signal 
intensity on DWIs and a low ADC, which suggest cancer 
lesions [1]. Therefore, detection of  PCa in the transition 
zone is regarded as challenging [27]. Previous reports have 
shown that localization and pathological diagnosis of the 
index lesion, which is the lesion with the highest Gleason 
score or large volume, was accurately achieved in >92% of 
patients [28,29]. In a comparative histological study between 
PCa foci that were detected and missed using mpMRI, 
histopathological features of cancer size, Gleason score, and 
solid growth were significantly different between detected 
and missed tumors on mpMRI (p<0.0001) [30]. Independent 
predictors of identification of significant PCa by mpMRI 
were size (odds ratio [OR], 5.38; p=0.0077), Gleason score 
(OR, 5.12; p=0.0094), and solid growth (OR, 17.83; p<0.0001) in 
multivariate analysis [30].

To standardize evaluation and reporting of  mpMRI 
findings for diagnosing PCa, the European Society of 
Urogenital Radiology published guidelines, termed the 
Prostate Imaging and Reporting and Data System (PI-
RADS) [1]. PI-RADS categories range from 1 to 5, with 5 
the most likely to represent csPCa [1]. In a diagnostic meta-
analysis, the sensitivity and specificity were 0.78 (95% 
confidence interval [CI], 0.70–0.84) and 0.79 (95% CI, 0.68–0.86), 
respectively [31]. A previous report showed that the areas 
under curves (AUCs) for cancer detection with PI-RADS in 
the peripheral zone and transition zone were 0.97 and 0.60, 
respectively [32]. Based on these results, PI-RADS is regarded 
as a reliable method of diagnosing PCa. PI-RADS version 
2 improves and standardizes communication between 
radiologists and urologists to detect or exclude the presence 
of csPCa with a high likelihood [33].

2. Diagnostic accuracy of detecting csPCa with 
MRI-targeted biopsy
In a systematic review, the overall PCa detection rate 

was not significantly different between any methods of 
MRI-targeted biopsy and TRUS-guided biopsy [12]. However, 
the detection rates of PCa per core demonstrated that MRI-
targeted biopsy cores had a significantly higher yield of PCa 
detection compared with TRUS-guided biopsy cores (relative 

yield: 3.91 [95% CI, 3.17–4.83], yield of MRI-guided biopsy: 0.41 
[95% CI, 0.33–0.49], yield of TRUS-guided biopsy: 0.10 [95% CI, 
0.08–0.13]) [12]. In detection of csPCa, MRI-targeted biopsy 
detected csPCa significantly more frequently than did TRUS-
guided biopsy, with a relative sensitivity of 1.16 (95% CI, 1.02–
1.32; sensitivity for MRI-targeted biopsy: 0.90 [95% CI, 0.85–0.94], 
sensitivity for TRUS-guided biopsy: 0.79 [95% CI, 0.68–0.87]) [12]. 
MRI-targeted biopsy detected significantly less insignificant 
PCa than did TRUS-guided biopsy, with a relative yield of 0.47 
(95% CI, 0.35–0.63; yield for MRI-guided biopsy: 0.07 [95% CI, 
0.04–0.10], yield for TRUS-guided biopsy: 0.14 [95% CI, 0.11–0.18]) 
[12]. With regard to comparison of MRI-targeted biopsy, in-bore 
MRI-targeted biopsy had a significant advantage compared 
with cognitive biopsy for overall detection of PCa (p=0.02). 
However, there was no significant difference in detection of 
PCa between MRI-TRUS fusion image-guided biopsy and in-
bore MRI-targeted biopsy (p=0.13) [12].

In a meta-analysis of  16 reports with 1,926 patients, 
MRI-targeted biopsy was performed with the transrectal 
approach based on MRI before the biopsy [34]. Additionally, 
TRUS-guided biopsy was performed without information of 
MRI, with a range of eight to 12 cores depending on prostate 
volume. MRI-targeted biopsy and TRUS-guided biopsy did 
not differ in overall PCa detection rates (sensitivity, 0.85; 
95% CI, 0.80–0.89 vs. sensitivity, 0.81; 95% CI, 0.70–0.88) [34]. 
However, detection of csPCa in MRI-targeted biopsy was 
higher than that in TRUS-guided biopsy (sensitivity, 0.91; 
95% CI, 0.87–0.94 vs. sensitivity, 0.76; 95% CI, 0.64–0.84), and 
there was a lower rate of  insignificant cancer detection 
(sensitivity, 0.44; 95% CI, 0.26–0.64 vs. sensitivity, 0.83; 95% CI, 
0.77–0.87) [34]. Subgroup analysis showed an improvement 
in significant detection of csPCa by MRI-targeted biopsy in 
men with a previous negative biopsy than in men with an 

Fig. 2. Composition of MRI-TRUS fusion image-guided prostate biopsy. 
MRI-TRUS fusion image-guided prostate biopsy comprises image reg-
istration (rigid or elastic), the needle tracking method (electromagnetic 
tracking, mechanical position encoders, or image-based software 
tracking), and the route of biopsy (transperineal or transrectal). MRI-
TRUS, magnetic resonance imaging-transrectal ultrasound.
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initial biopsy (relative sensitivity, 1.54; 95% CI, 1.0–2.57 vs. 
relative sensitivity, 1.10; 95% CI, 1.00–1.22) [34].

3. Clinical results of MRI-TRUS fusion image-guid-
ed prostate biopsy with different devices
Recently, some devices of  MRI-TRUS fusion image-

guided prostate biopsy have become commercially available. 
These devices differ by type of image registration of rigid or 
elastic and the needle tracking method of electromagnetic 

tracking or mechanical position encoders vs. image-based 
software tracking (Fig. 2). In image registration, rigid image 
registration overlays mpMRI images to TRUS images 
during the biopsy without adjusting for deformation of 
the prostate owing to the pressure of the TRUS probe [35]. 
However, elastic fusion adopts deformation, and therefore, it 
is expected to be more accurate than rigid image registration 
(Fig. 3) [36,37]. In 2013, the BioJet (D&K Technologies 
GmbH, Barum, Germany) was introduced to Japan [38]. 
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Navigation on axial image (2D)
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3D prostate image
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PZ
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Fig. 4. Process of MRI-TRUS fusion image-guided prostate biopsy with BioJet version 2.0. (A) First, the operator marks the target point on the work 
station. Transperineal template coordinates are shown on the monitor. Biopsy simulation is performed in a 3D model of the prostate. (B) Trans-
perineal template-assisted biopsy is then performed by viewing axial and sagittal real-time fusion 2D images of the prostate. For a difficult case 
of the template-assisted transperineal approach due to the pelvis, transperineal free-hand biopsy is performed by viewing axial and sagittal real-
time fusion 2D images of the prostate. (C) After each biopsy, biopsy needle tracking is recorded in 2D and 3D fusion images of the prostate. 3D, 
three-dimensional; 2D, two-dimensional; TZ, transition zone; PZ, peripheral zone.
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Fig. 3. Elastic fusion of MRI and TRUS. 
Three-dimensional information is trans-
ferred from mpMRI to TRUS of the pros-
tate with elastic image fusion software. 
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transrectal ultrasound; mpMRI, multi-
parametric MRI.
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BioJet version 2.0 induces elastic registration and uses the 
needle tracking method with a mechanical position-encoded 
stepper; elastic registration matches the corresponding point 
landmarks and aligns them with contours of the prostate 
surface [39]. Using a position-encoded mechanical stepper, 
the three-dimensional (3D) location of the TRUS probe is 
calculated by direct attachment to the mechanical stepper 
[39]. Angle sensors in the mechanical stepper encode and 
automatically relay the 3D position of the probe and needle 
to the computer [39]. Fig. 4 shows the process of an MRI-
TRUS fusion image-guided transperineal biopsy with 
BioJet version 2. In our experience, the detection rate of 
csPCa of lesions with the PI-RADS category 5 is 80% [39]. 
Furthermore, detection rates for biopsy-proven csPCa among 
targeted lesions ≤10 mm and >10 mm are similar to those 
with PI-RADS categories of 4 (50% vs. 51%; p=0.707) and 5 
(75% vs. 68%; p=0.386) [39]. We found that receiver operating 
characteristic curves with PI-RADS categories showed areas 
under the curves (AUCs) that were significantly greater 
than non-discrimination for all targeted lesions (AUC, 0.835; 
95% CI, 0.792–0.879; p<0.0001), lesions ≤10 mm (AUC, 0.855; 
95% CI, 0.805–0.905; p<0.0001), and lesions >10 mm (AUC, 
0.835; 95% CI, 0.844–0.903; p<0.0001) [39]. Our results showed 
the advantages of MRI-TRUS fusion image-guided prostate 
biopsy. A previous report showed that, with a similar device, 
BiopSee (Pi Medical Ltd, Athens, Greece), transperineal MRI-
TRUS fusion image-targeted biopsy detected 79% of csPCas 
in analysis of  whole-mount specimens [40]. The Artemis 
system (Eigen, Grass Valley, CA, USA), which uses elastic 
fusion and position-encoded joints in robotic arms, is used for 
transrectal targeted biopsy. A previous report showed that 
the cancer core detection rates in targeted biopsies (9.4%) 
were significantly higher than those in 12-core systematic 
biopsy cores (5.7%; p<0.05) [41]. Furthermore, the median 
lesion core length (3.75 mm vs. 2.86 mm; p<0.05) and the 
percentage of cancer core length (34.3% vs. 26.1%; p<0.05) in 
targeted biopsies were significantly higher than those in 12-
core systematic biopsies [41]. The UroNav system (Invivo, 
Gainesville, FL, USA) uses elastic fusion and electromagnetic 
needle tracking. A previous study showed that transrectal 
target biopsies with the UroNav (n=461) diagnosed 30% 
more PCas with a Gleason score ≥4+3 than did 12-core 
template systematic biopsies (n=469) (173 cases vs. 122 cases; 
p<0.001) [42]. In another report, the cancer detection rate 
for transrectal targeted biopsy using the UroNav system 
was significantly higher (48.1%, 39/81 patients) than that 
for transrectal biopsy with visual registration (34.7%, 52/150 
patients; p=0.04) or 12-core transrectal systematic biopsy 
(32.0%, 32/100 patients; p=0.03) [43]. In the Urostation system 

(Koelis, Meylan, France), elastic fusion and 3D TRUS image 
needle tracking are used [44]. A previous study showed that 
targeted biopsies with the Urostation had significantly 
higher overall cancer detection rates (31% vs. 7.5%; p<0.001) 
and detection rates for clinically significant cancers (43% 
vs. 37%; p=0.03) than did 12-core systematic biopsy in 152 
patients with prostate-specific antigen levels <10 ng/mL 
[45]. Additionally, the cancer core length in targeted biopsy 
cores (median, 8 mm) was significantly higher than that in 
systematic biopsy cores (median, 4 mm; p<0.0001, n=152) [45].

In localization of  csPCa in the prostate, concordance 
between the index lesion location on biopsy and radical 
prostatectomy specimens is 95%. A previous study inve-
stigated 135 patients who had cancer diagnosed with T2WI 
and DWI-ADC sequences on 1.5T or 3.0T MRI [29]. This 
study showed that concordance of  the primary Gleason 
pattern between targeted biopsy and radical prostatectomy 
specimens was 90% based on the results of  MRI-TRUS 
fusion image-guided biopsy.

4. Controversy in MRI-TRUS fusion image-guided 
prostate biopsy

1) Approach of the biopsy: transperineal or tran-
srectal?

There are no clear recommendations regarding the 
transrectal or transperineal approach. For systematic TRUS-
guided biopsy, cancer detection rates are comparable for 
both approaches [46,47]. With regard to complications, the 
incidence rates of infection and rectal bleeding are higher 
with transrectal prostate biopsy than with the transperineal 
approach [48]. Furthermore, lesions that are located in the 
anterior part of the prostate, particularly in high-volume 
prostates, might be missed in transrectal prostate biopsy. 
Transperineal prostate biopsy usually ensures greater 
comfort of the patient. Previous studies have suggested that 
transrectal biopsy might have a higher risk of infection 
than the transperineal approach because fecal bacteria can 
enter the blood circulation after retrieving specimens from 
the prostate [49]. Transperineal biopsy has been reported 
to be more painful than transrectal biopsy [50]. Therefore, 
spinal anesthesia is performed for transperineal biopsy and 
thus it might not be suitable for outpatient procedures. 
However, few groups have reported the possibility of 
obtaining a transperineal biopsy under local anesthesia [51].

Tewes et al. [52] introduced the process of the decision for 
which biopsy approach to use (transperineal vs. transrectal) 
with BioJet. In this process, the approach was decided on the 
basis of the patient’s wishes after detailed information of the 
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risks and advantages of the transrectal and transperineal 
approaches [52]. Additionally, these authors considered that 
prostate size, tumor localization according to MRI, and the 
patients’ general condition were important for the decision 
[52]. They achieved a high detection rate of PCa. They found 
that sensitivity/specificity for tumor detection with a PI-
RADS category ≥4 were 81%/69% for transrectal biopsy and 
86%/84% for transperineal biopsy [52]. Based on previous 
studies, a flexible choice of the biopsy approach is required 
depending on the patients’ risk (e.g., poorly controlled case of 
diabetes mellitus, hemorrhoids), and the location and size of 
suspected cancer lesions on mpMRI.

2) Image registration in MRI and TRUS: elastic fu-
sion vs. rigid?

Because elastic fusion compensates for possible defor-
mation caused by insertion of the ultrasound probe into 
the rectum, it is expected to perform better than rigid 
registration. A systematic review and meta-analysis 
evaluated elastic versus rigid image registration in MRI-
TRUS fusion image-guided prostate biopsy [53]. This analysis 
showed that the detection odds ratios for significant PCa 
were 1.45 (95% CI, 1.21–1.73; p<0.0001) and 1.40 (95% CI, 
1.13–1.75; p=0.002) for the elastic and the rigid registration 
sub groups, respectively, and there was no significant diffe-
rence between the subgroups (p=0.83). However, rigid regis-
tration requires cognitive optimization of registration, and 
accurate cognitive fusion should be performed after rigid 
software-assisted fusion. Therefore, rigid registration would 
be appropriate for experts in cognitive fusion, but not for 
those without this knowledge. Because there have been no 
prospective comparisons between elastic and rigid image 
registration, a randomized, prospective, comparative study is 
required to investigate this issue.

5. Prospects of tailor-made medicine of PCa by 
development of MRI-targeted biopsy
With development of MRI-targeted biopsy, high accuracy 

of detection and spatial location of csPCa has been achieved. 
This development has contributed to management of PCa, 
such as active surveillance, radical prostatectomy, and 
focal therapy. Active surveillance is a standard option for 
patients with low-risk PCa [54]. Currently, serum prostate-
specific antigen kinetics [55] and pathological findings [56] 
of  follow-up systematic biopsy are monitored in patients 
under active surveillance. A limitation of the present active 
surveillance is that prostate-specific antigen kinetics is 
not cancer-specific, with fluctuation by inflammation and 
mechanical manipulation. Additionally, systematic biopsy 
lacks reliability for predicting disease progression during 
active surveillance [56]. Therefore, image-based active 
surveillance has been reported. In a retrospective study of 
image-based monitoring of targeted biopsy-proven PCa in 
active surveillance, the potential of longitudinal monitoring 
of TRUS-visible biopsy-proven cancer was reported in an 11-
year experience [57]. In multivariate analysis for predicting 
pathological progression, an increase of ≥25% in diameter of 
the biopsy-proven lesion (hazard ratio, 15.314; p=0.023) and 
an upgrade of Doppler grade (hazard ratio, 37.409; p=0.019) 
were significant risk factors [57]. Clinical studies of mpMRI-
based active surveillance are ongoing because mpMRI is a 
promising risk stratification tool and should be considered 
for men on active surveillance [58]. In radical prostatectomy, 
the usefulness of  real-time monitoring of  TRUS-visible 
csPC lesions during robot-assisted radical prostatectomy has 
been reported [59]. A clinical study showed that three of 
four patients who were highly suspected as having capsule 
invasion achieved a negative surgical margin [59]. This was 
shown by real-time navigation of the TRUS-visible csPC 

Fig. 5. Process of focal therapy for localized prostate cancer with high-intensity focused ultrasound. MRI-TRUS elastic fusion image-guided trans-
perineal biopsy is performed with the BioJet system. The recorded localization of mpMRI-visible csPCa is converted to the treatment planning 
screen of TRUS images on a workstation of the HIFU device (Sonablate 500). The treatment range is determined and csPCa is treated. Contrast-
enhanced MRI is performed at 2 weeks after treatment for evaluation of the treatment effect. MRI-TRUS, magnetic resonance imaging-transrectal 
ultrasound; mpMRI, multi-parametric magnetic resonance imaging; 3D, three-dimensional.
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location during robot-assisted radical prostatectomy.
Multi-focality of PCa has been reported to be as high as 

80% [60]. However, recent evidence suggests that csPCa is the 
responsible lesion for disease progression [61,62]. Therefore, 
treatment of  csPCa would potentially achieve control of 
tumor progression. Based on the concept and development 
of diagnosis of csPCa, clinical trials of focal therapy have 
been conducted for localized PCa treatment [63]. The aim 
of focal therapy is to treat clinical significant cancer with 
minimal injury to the urethra, sphincter, neurovascular 
bundle, and bladder neck [64]. Although there have been 
a few clinical studies in Asia, only one prospective clinical 
trial of focal therapy with high-intensity focused ultrasound 
(HIFU) based on MRI-TRUS elastic fusion image-guided 
transperineal prostate biopsy has been reported [65]. Fig. 5 
shows the treatment process of focal therapy for localized 
PCa with HIFU by a Japanese group.

CONCLUSIONS

MRI-TRUS fusion image-guided prostate biopsy achieves 
higher accuracy of detection and spatial location of csPCa 
compared with systematic biopsy. With development of 
biopsies, prostate management could progress to precise 
tailor-made medicine, such as active surveillance, radical 
treatment, and focal therapy.
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