
Abstract. Objectives: Transrectal ultrasound (TRUS)-guided
random biopsies is the gold standard when diagnosing prostate
cancer. A new 3D system with organ tracking, allows accurate
targeted biopsies using magnetic resonance imaging (MRI) and
TRUS soft image fusion. The aim of the study was to evaluate
the accuracy of targeted biopsies. Materials and Methods:
Retrospective study of 90 consecutive patients with suspected
prostate cancer underwent MRI prior to biopsy using 3D T2w
and diffusion weighted imaging (12 min protocol). Suspicious
tumours (MRI targets) were highlighted on axial T2w images
and classified as high, moderate or low degree of cancer
suspicion. Navigation system: Urostation(Koelis®, Grenoble,
France). Primary endpoint: Rate of successful targeted biopsies.
Positive biopsies with Gleason score. Results: MRI was positive
in 80/90 (89%) patients, in which 115 MRI targets were
identified and biopsied. There were 112/115 (97%) successful
biopsies inside target, and 60/115 (52%) targets were positive
for cancer. Positive biopsies according to degree of cancer
suspicion were: high 50/55 (91%), medium 6/22 (27%) and low
4/38 (10%). All MRI-negative patients had negative random
biopsies. Conclusion: The high rate (97%) of successful biopsies
in this study indicates that targeted biopsies using MRI and
TRUS soft image fusion technique might be an accurate method. 

The use of magnetic resonance imaging (MRI) prior to
prostate biopsy is commonly used for tumour detection (1-
3). However, conventional biopsies cannot verify whether it

is actually the cancer suspicious MRI targets that have been
biopsied. A positive MRI finding accompanied by a negative
biopsy might cause a diagnostic dilemma. This is why
different image fusion systems, with different ranges of
targeting error, have been developed in order to provide MRI
targeted biopsies (4-11). 

A new soft image fusion system with organ tracking
provides 3D image documentation of the biopsy track. This
method allows both virtual and targeted biopsies of
suspicious areas to be identified on MRI. The 3D biopsy map
shows the spatial distribution of the biopsies performed, and
verifies that all regions have been sampled. In addition, the
distribution of positive and negative biopsies can be used for
treatment planning or supplementary biopsies, if needed. The
targeting error of the system used in this study was estimated
to be 0.76±0.52 mm (12).

The aim of this study was to evaluate the accuracy of
targeted biopsies using MRI and TRUS soft image fusion.

Materials and Methods

Ninety patients referred to prostate biopsy due to elevated prostate-
specific antigen (PSA) were included between December 2010 and
May 2011. The study was performed as a quality control study with
permission from the local Ethical Committee at Oslo University
Hospital. Eleven patients were referred for the initial (first) biopsy,
62 for re-biopsy (first-sixth), and 17, due to biochemical recurrence
(BCR) after radiotherapy (RT). The clinical data are summarized in
Table I. All previous biopsies had been performed using standard
TRUS method by urologists at university hospitals or private
outpatient clinics. The PSA registered was the latest value measured
prior to the biopsy. The prostate volume was measured using TRUS
during the biopsy procedure. 

MRI procedure. All MRI examinations were performed immediately
prior to the biopsy session on a 1. 5 Tesla Avanto® MRI (Siemens,
Erlangen, Germany) using a 6-channel Body MATRIX® coil
(Siemens, Erlangen, Germany). All patients were asked to empty
their bladder and bowel prior to examination. No anti-peristaltic
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drugs were administered. The sequences used were: axial 3D T2
weighted (T2w), axial diffusion weighted imaging (DWI) with
apparent diffusion (ADC) map calculated from b50 and b1000. In
addition, an axial DWI using b2000 was obtained. The MRI
acquisition parameters are summarized in Table II. 

MRI post-processing procedures. The software program nordic
ICE® (NordicNeuroLab, Bergen, Norway) was used for colour-
highlighting different DWI parameters, and a “drag and drop”
overlay technique was used to superimpose semi-transparent
colour maps onto the T2w images (Figure 1). Colour maps with
the following DWI parameters were used: i) T2-corrected b1000,
ii) ADC and iii) b2000. T2-corrected b1000 images were used in
order to avoid the T2 shine through as seen in native DWI. Cut-
off values used to remove noise and highlight areas of interest
were: ADC map (mm2/s): min 50×10–5 and max 250×10–5, T2-
corrected b1000 signal intensity (SI): min 30, max 35, b2000 (SI):
min 10, max 15. 

Definition of cancer-suspicious regions (MRI targets). Tumour
suspicion was defined according to the following parameters:
Signal quality: Tumour signal was defined as homogenous
intermediate low T2 signal (between fat and muscle). 
Signal intensity (T2-corrected b1000, ADC and b2000): High signal
areas relative to muscle in T2-corrected b1000 images and b2000.
ADC value <130×10–5 mm2/s in peripheral zone and <100×10–5

mm2/s in the transition zone. 

Location of the tumour: Tumours in the peripheral zone and ventral
part of the transition zone (ventral to urethra) were regarded as more
suspicious than similar findings in the posterior part of the transition
zone since these areas are known to harbour the vast majority of
tumours (13-16). 
Tumour size: The largest diameter served as the reference for
tumour size (17).
Tumour shape: Lenticular shaped and poorly defined areas were
defined as suspicious (13, 18, 19). 

Classification on MRI findings. Presence or absence of MRI targets:
Each MRI examination was classified as either positive or negative
with respect to presence of MRI targets.
Classification of MRI targets according to degree of cancer
suspicion: Each MRI target was sub-classified as having a low,
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Table I. Demographic and clinical data of 90 patients referred for biopsy due to elevated prostate specific antigen (PSA) and suspected prostate
cancer.

Biopsy group n Median age (years) Median PSA (ng/ml) Median volume (ml)
(range) (range) (range)

Initial biopsy 11 64 (52-77) 7.3 (5-74) 30 (9-42)
First re-biopsy 24 62 (50-75) 5.8 (2-14) 29 (13-70)
Second re-biopsy 18 63 (55-73) 9.9 (5-46) 36 (24-115)
Third re-biopsy 8 64 (61-80) 19.1 (9-39) 29 (20-47)
Fourth re-biopsy 4 64 (63-66) 16.2 (6-27) 74 (35-100)
Fifth re-biopsy 7 66 (54-70) 14.4 (12-31) 50 (23-95)
Sixth re-biopsy 1 77 (77 ) 50.0 (55) 58 (58)
Biopsy after RT 17 69 (51-79) 4.5 (1-18) 19 (8-40)

Total no. of patients 90 64 (50-80) 7.0 (1-74) 28 (8-115)

RT: Radiotherapy.

Table II. MRI sequences and acquisition parameters.

Sequence Slice thickness (mm) FOV (mm) Matrix (pixels) TR (ms) TE (ms) BW b Value Scan time (min:sec)

Sag T2tse 5 380×272 162×256 2900 97 201 00:45
Ax T2spc* 1 292×292 384×387 2000 123 650 07:02
Ax DWI 4 300×300 128×128 2600 81 1648 50, 1000 03:15
AxDWI 5 250×250 68×114 2400 120 1512 2000 01:34

FOV: Field of view, TR: time of repetion, TE: time of echo, BW: band width. *T2spc: High resolution 3D aquisition with 0.9mm isotropic voxels.

Table III. MRI and biopsy results in 90 patients with suspected prostate
cancer.

Biopsy results, n (%) Total

MRI Positive Negative

Positive 54 68 26 32 80 89
Negative 0 0 10 100 10 11



moderate, or high degree of cancer suspicion depending on how
many sequences the tumour was visible: high degree (all
sequences), moderate degree (two or three sequences) and low
degree (one or two sequences). This is similar to a system used by
Pinto et al. (7).

A maximum of three cancer-suspicious areas were identified in
each patient and termed MRI target 1, 2 and 3 according to the size,
where MRI target 1 was the largest.
MRI and ultrasound soft image fusion procedure: The technical
details of the soft image fusion acquisition have been described in a
previous study (12). Key features of this system are organ tracking
and compensation for tissue deformation during the procedure.
Organ tracking means that the prostate gland is the geometrical
reference during the procedure, making it unsusceptible to patient
movement. Compensation of gland deformation during the
procedure is essential in order to obtain the highest possible
accuracy and reduce the range of targeting error.

Three essential steps are involved in the fusion process:
Firstly: Prior to the biopsies, the MRI T2w sequence was loaded
into the Urostation® (Koelis, Grenoble, France). In a semiautomatic
process, the system registered the prostate volume in 3D, and
suspicious areas were manually highlighted as red spherical targets
on the axial T2w images. The targets were made small enough to
ascertain that a successful biopsy truly was inside the suspected
tumour and they were directed towards the areas with the lowest
ADC signal. The diameters of the targets were 4-6 mm (volume
0.03-0.1 ml). 
Secondly: A TRUS examination obtained a 3D volume of the
prostate gland using an ultrasound probe with an internally rotating
head. The final step involved software fusion of the MRI and
ultrasound volumes. This is in accordance to the process described
by Cornud et al. (20).
Biopsy procedure: All biopsies were performed using a real-time
transrectal ultrasound end-fire probe (3D AccuvixV10; Medison®

Korea) with 18Gx25cm biopsy needle (True-Core®II; Angiotech,
Vancouver, Canada). 

Each biopsy was immediately followed by a 3D-TRUS
acquisition (3-5 s) with the needle still in the prostate gland. Both
the needle track and the MRI target were displayed on the fused
volume. The accuracy of biopsy needle position was found to be
0.76±0.52 mm (12, 20).
Targeted biopsies: A minimum of two biopsies was obtained from
each MRI target. After each biopsy the needle was visualized in 3D
within the gland, in order to evaluate whether the biopsy had been
within the MRI target or not. 

Random biopsies: 12-Core biopsy procedures were performed in all
MRI-negative and selected MRI-positive patients. Selection criteria
for the MRI-positive patients were based on age, PSA, degree of
MRI findings, number of previous biopsies and whether focal
treatment was an option or not. Both targeted and random biopsy
needle tracks were saved in 3D for retrospective evaluation. A
superimposed sextant grid was used to improve the spatial
distribution of random biopsies (Figure 2b).
Histopathological procedure: The biopsies were examined by
uropathologists and classified as either positive or negative.
Positive biopsies were scored according to the Gleason scoring
system (21). Gleason score 7A and 7B were combined as Gleason
score 7. 

Unsuccessful biopsies, atypical small acinar cell proliferation
(ASAP) and inflammation were classified as negative biopsies. 
Evaluation of the biopsy location: The needle track was visualized
in real-time during the procedure and documented and stored in 3D
fusion images using the software provided. As a rule, random
biopsies were obtained from MRI-negative areas (i.e. no cancer-
suspicious areas). 

Results

Positive MRI examinations were found in 80 out of 90 patients
(89%), and 54 out of 90 patients (60%) had a positive biopsy.
All ten patients with negative MRI had negative biopsies. The
overall accuracy of MRI was 64/90 (71%), using the biopsy
results as the reference. 

In 80 patients, 115 MRI targets were identified. Successful
biopsies (i.e. biopsy inside the MRI target) were achieved in
112/115 (97%), of which 60/115 (52%) were positive for
cancer. The degrees of cancer suspicion for the 115 MRI
targets were high in 55/115 (48%), medium in 22/115 (19%),
and low in 38/115 (33%).

Positive biopsies with respect to the degree of cancer
suspicion on MRI were high: 50/55 (91%), medium: 6/22
(27%) and low: 4/38 (10%). The results of the MRI findings
and targeted biopsies are summarized in Table III and IV.

Forty-two patients underwent random biopsies: all of the
patients with a negative MRI and 32 patients with a positive
MRI. Positive biopsies were found in 6/42 (14%), all in
patients with positive targeted biopsies. Four patients had
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Table IV. Biopsy results of 115 MRI targets in 80 patients with respect to the degree of cancer suspicion at MRI.

Degree of MRI Number of Biopsy verified inside Biopsy results, Others*, n
tumour suspicion MRI targets the MRI target, n(%) n(%)

Yes No Positive Negative ASAP Inflammation

High 55 54 (98) 1 (2) 50 (91) 5 (9) 1 0
Medium 22 21 (95) 1 (5) 6 (27) 16 (73) 0 1
Low 38 37 (97) 1 (3) 4 (10) 34 (90) 3 1
Total 115 (100) 112 (97) 3 (3) 60 (52) 55 (49) 4 2

Biopsies outside target (three patients) were classified as negative. *Defined as negative biopsies, including atypical small acinar cell proliferation
(ASAP) and inflammation. 



Gleason score 6, and two had Gleason score 7. Retrospective
evaluation of the MR images was able to identify 4/6
cancers, while two could not be identified. One of these foci
was Gleason score 7. However, none of the positive random
biopsies caused an overall upgrading of the Gleason score in
any patient, since all patients had identical Gleason scores in
the targeted biopsy. All patients with negative MRI had
negative random biopsies. Gleason scores according to the
biopsy groups are summarized in Table V.

Discussion

The main limitation of this study was the selection of
patients. Our hospital is a referral hospital for a larger region,
and we included a very heterogeneous and selected patient
group. As a result, comparison of our data to those of other
groups, was not possible.

However, the main question when evaluating the accuracy
of this method, is whether the needle was within the MRI
target or not. In previous studies, the range of targeting error
using the Urostation® was reported to be around 1 mm (4, 12). 

Three important factors implied a high clinical accuracy:
Firstly, real-time 3D TRUS enables biopsy visualization
and documentation, both during the procedure and
retrospectively. Secondly, the high rate of positive biopsies
in MRI targets with a high degree of cancer suspicion
indicates that the needle was in the desired location.
Thirdly, the target volumes were not larger than 0.1 ml,
which might indicate that targeted biopsies from small
lesions are indeed possible.

Criteria for selecting patients for random biopsies were
not rigid. When MRI identified a highly suspicious tumour in
a patient with several previous negative biopsies, only
targeted biopsies were performed. However, patients without
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Figure 1. Continued
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Figure 1. MRI of the prostate gland in a patient referred to the initial biopsy
due to elevated PSA. The MR images demonstrate a suspicious tumour in
the right basis (arrows), verified by a targeted biopsy. a: Axial 3D T2w
image shows the tumour as a slightly lentiform area with homogeneous,
intermediate low signal, b: Diffusion-weighted image (DWI) demonstrates
the tumour with a high signal on b1000, c: Apparent diffusion coefficient
(ADC) map presents the tumour as having a low signal, equal to impaired
diffusion. This indicates high cellular density (i.e. cancerous tissue), d: On
DWI using b2000, the tumour exhibits a slightly elevated signal, e: Post-
processing MRI colour overlay image where the diffusion parameter T2-
corrected bmax is superimposed on the T2w image. A two-colour scale was
used, and high signal areas were coloured bright yellow. Cut-of-values were
used in order to filter out low signal areas, f: The ADC map is
superimposed on the T2w image using an inverted perfusion scale (rainbow
colour scale). Cut-off values were adjusted, in order for the red-pink-white
colours to represent low ADC values (<100 mm2/s), while green/blue
reveals high ADC values (>170 mm2/s), g: This image demonstrates the
superimposed b2000 image. A two-colour scale was used as described in
(e). It displays the improvement of the spatial resolution, and the ability to
detect tumours accurately compared to the native b2000.

Figure 2. a: Axial real-time fusion image as seen by the operator when performing the targeted biopsies. The image shows the suspicious tumour marked
as a red circle within the prostate volume. The biopsies were documented inside the MRI target and appear as red cylinders. Histopathological results
showed Gleason score 3+4 in this case. b: Coronal real time fusion image shows the spatial distribution of random biopsies in an MRI-positive patient.
The histopathological results of random biopsies were negative, and marked as green. The superimposed grid helps obtain biopsies from all sextants.



previous biopsies, or unilateral findings, underwent both
targeted and random biopsies in order to select patients for
focal therapy as proposed by Baco et al. at the 4th
International Symposium on Focal Therapy and Imaging in
Prostate and Kidney Cancers 2011, Leiden, Holland. 

Tan et al. (22) showed that only the detection rate of small
and insignificant cancer increased in case of re-biopsies.
However, we found 28/59 (47%) positive biopsies in the
patient group undergoing the first, second and third re-
biopsy, and 17/28 (60%) were of Gleason score 7 and 8.

Since only a few patients had undergone prostatectomy,
we were unable to perform reliable statistical tests in order to
present sensitivity and specificity. Therefore, the true rate of
false-positive and -negative findings remains unknown.

MRI protocol and detection of tumours. Lately, consensus
reports and guidelines have been published in order to
recommend an MRI protocol, and define tumour-suspicious
areas (13). Our protocol differed in some aspects. Most
importantly, we did not use dynamic contrast enhancement
(DCE), and we did not use an endorectal coil. This might have
reduced the sensitivity of MRI. However, few publications have
actually compared the performance of DCE and DWI using
prostatectomy as the reference. One study (n=58) found that
DCE performed slightly better in the peripheral zone when
combined with DWI than DWI performed alone (AUC=0.90,
95% CI=0.86-0.93 vs. AUC=0.84, 95% CI=0.80-0.88). No
differences were found in the transitional zone (14). Recently,
a biopsy study (n= 168) compared the performance of DCE
and DWI, and found a better performance of DWI compared
to DCE, although not significantly (23). 

The definition and classification of the degree of tumour
suspicion is subject to controversy, although a recent attempt
has been made in order to standardize the criteria (13). An
important reason why we did not use the PI-RADS criteria
described in the ESUR 2012 guidelines was because we did not

use DCE-MRI. The criteria for tumour detection using the other
sequences were similar, although the actual scoring system was
different. In this study, we defined the degree of suspicion based
upon how many sequences were visible. As noted previously,
this is similar to the classification system used by Pinto et al.,
although not based on the same sequences (7). This
classification method is highly susceptible to inter-observer
variability, which was another major limitation of this study. 

Future Aspects 

A more accurate biopsy technique might reduce the need for
both random biopsies and re-biopsies. Furthermore, targeted
biopsies should be implemented in the diagnostic workup before
deciding the type of curative treatment or active surveillance (4).

Conclusion

The high rate (97%) of successful biopsies in this study
indicates that targeted biopsies using MRI and TRUS with a
soft image fusion technique might be an accurate method. 
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