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Abstract
Introduction: Transrectal ultrasound  (TRUS)‑guided random biopsies are used to be the gold 
standard when diagnosing prostate cancer. A  relatively new system with organ tracking that 
fuses real‑time TRUS images with previously acquired multiparametric magnetic resonance 
imaging  (mpMRI) images for prostate biopsy guidance is presented here. The primary goal of 
the study is to correlate  (1) the mpMRI findings with the Gleason score grading of the prostate 
biopsies performed under mpMRI‑TRUS elastic fusion and  (2) the prostate‑specific antigen  (PSA) 
levels with the Gleason grading. Materials and Methods: Between January 2017 and August 2018, 
58  patients had targeted prostate biopsy using mpMRI‑TRUS elastic fusion technique  (Urostation). 
These patients had previously the mpMRI of the prostate at our center using three‑dimensional 
T2‑weighted imaging, diffusion‑weighted imaging, and dynamic contrast enhanced imaging. 
Of all 58  patients, 32  patients were classified as having Prostate Imaging‑Reporting And Data 
System  (PI‑RADS) 4/5, 21 patients as PI‑RADS 3, and five as PI‑RADS 2. Results: Twenty‑seven 
patients had positive biopsies for prostate cancer. Positive results were found in 25  patients having 
PI‑RADS 4/5  (25 out of 32). Of these patients, 20 had positive specimens from the dominant 
lesion, four from both the targeted lesion and nontargeted areas, and one from a nontargeted area. 
Positive results were found in two patients classified as PI‑RADS 3 from targeted and nontargeted 
areas. These results show that 78% of the patients classified by mpMRI as PI‑RADS 4/5 and 10% 
of the patients classified as PI‑RADS 3 had positive biopsies for prostate cancer. The results also 
showed a correlation between the PI‑RADS score on mpMRI, the Gleason score, and the PSA 
levels. Conclusion: mpMRI‑TRUS fusion biopsy is a safe and accurate method for targeted prostate 
biopsies. Our preliminary results are comparable to the published international numbers and show 
a good correlation between the PI‑RADS classification and histopathology, as well as correlation 
between PI‑RADS, Gleason scores, and PSA levels of positive biopsies.
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Introduction
Prostate cancer is the second most common 
cancer in men. In fact, about one in seven 
men will be diagnosed with this disease 
during their lifetime. However, most cases 
are detected at an early stage and are 
low risk, posing little or no threat to the 
patient. Biopsy is required for diagnosis 
and grading. The gold standard method still 
present in the guidelines uses a conventional 
two‑dimensional  (2D) transrectal 
ultrasound  (TRUS) guidance for prostate 
biopsy.[1,2] This method is not however 
standardized, as significant difference 

in prostate cancer detection rates exists 
among operators. It has poor detection rates 
not exceeding 40% at the first biopsy run 
and 20% at the second biopsy run, due to 
ineffective sampling.[3] It can be harmful 
to the patients when considering that 1% 
will develop prostatitis, which may lead 
to urosepsis in a third of these cases, and 
one‑third of those developing urosepsis will 
die.[4‑6]

The TRUS/multiparametric magnetic 
resonance imaging  (mpMRI) fusion 
biopsy was thus introduced as a safe and 
accurate method and revolutionized the 
concept of the prostate biopsy from a 
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totally nontargeted approach to a more precise and targeted 
technique having less harmful complications for the patient. 
Using the transperineal (TP) approach will avoid the risk of 
urosepsis while the transrectal approach will decrease the 
number of biopsies by targeting the dominant lesion.[7]

Background

Nontargeted prostate biopsies done under TRUS guidance 
are prone to sampling error.[8] They have high rates of 
false‑positive results diagnosing clinically nonsignificant 
cancer and high rates of false‑negative results missing 
clinically significant cancer.[8] mpMRI brought better 
resolution, better anatomical visualization, and most 
importantly the capability to visualize clinically significant 
prostate cancer, as well as functional assessment. It also 
allows assessment of tumor aggressiveness.[8] It combines 
high‑resolution T2‑weighted image  (T2WI) with functional 
techniques such as diffusion‑weighted imaging and dynamic 
contrast‑enhanced, allowing better delineation of the anatomy, 
better evaluation of both peripheral and transition zones, as 
well as better evaluation of the tumor vascularity. It adds to 
the sensitivity and specificity of diagnosing prostate cancer.[8]

Targeted biopsy techniques have then emerged. These 
included the in‑bore magnetic resonance  (MR)‑guided 
fusion which can be cumbersome, the cognitive 
MR‑ultrasound  (MR‑US) fusion, and the device‑mediated 
MR‑US fusion.[8] Biopsies targeted using MR images 
combined with real‑time 3D TRUS allow us to reliably 
identify the spatial location of the index lesion in the 
prostate and characterize its aggressiveness.

The mostly recognized indications of the mpMRI/TRUS 
fusion biopsy include biopsy‑naïve men, men with prior 
negative biopsy, men with low‑risk disease considering 
active surveillance, men with enlarged prostate  >40  mL, 
and men with guided registration for focal therapy.[9]

Trinity offers multimodality images with the possibility 
of fusing, with high accuracy, the images of mpMRI as 
well as positron emission tomography (PET)‑computed 
tomography with the dedicated Koelis console for 
performing and recording targeted and nontargeted 
biopsies, both by the transrectal and TP approaches.
[10‑12] The biopsies’ information is digitized and can be 
recalled for quality control, rebiopsy, or planning targeted 
treatment.[13]

In comparing among the mostly recognized device-
mediated fusion platforms (UroNav, Artemis and 
Urostation), Urostation Trinity (Koelis) offers unique 
features of an US image acquisition. It relies on automatic 
instead of manual probe rotation, elastic image instead of 
rigid image registration and fusion. It also uses image-based 
(TRUS-TRUS) registration tracking mechanism, taking into 
account patient and prostate movement and deformation 
instead of electromagnetic tracking or mechanical arm with 
encoders. Urostation has a 3‑s delay for image acquisition.[9]

Previous cognitive and device‑mediated techniques were 
totally based on the US probe position, did not account 
for the movement of the patient and the prostate as well 
as prostate deformation, were real time, but had a rigid 
fusion mechanism.[9] In a prospective study comparing 
12‑core random systematic biopsy and 4‑core targeted 
biopsy, cognitive and device‑mediated fusion techniques 
had similar results. Similar results were also reported in 
the PROFUS trial  (prospective blinded comparison).[8] In 
a study of 391  patients, device‑mediated fusion was better 
at detecting clinically significant cancer and limiting 
clinically nonsignificant cancer detection.[8] The PROMIS 
study also showed comparable results, with an 18% 
increase in significant cancer detection, 5% decrease in 
nonsignificant cancer detection, thus avoiding biopsy in 
27% of patients.[14] The PRECISION study also revealed 
the increased yield of detecting less nonsignificant cancer, 
avoiding biopsies using targeted versus standard biopsy 
approach.[3] Other studies showed a higher detection rate 
of significant cancer with four instead of two targeted 
cores.[15] Device‑mediated fusion also has a role in ruling 
out clinically significant cancer, with studies showing that 
none of the men with negative MRI had any Gleason 
more than 4.[16] The men with Prostate Imaging‑Reporting 
And Data System  (PI‑RADS) 1–2 had 100% Negative 
predictive value (NPV) for the detection of Gleason 4/5.[17] 
In men with prostate‑specific antigen (PSA) <10 mg/dL, 
Prostate Volume (PV) <33 mL, normal MRI was associated 
with NPV of 93.7%–97.5% for clinically significant 
disease.[18] Other studies showed that MRI‑TRUS fusion 
biopsies increased the yield of first‑round prostate biopsies 
in patients with a prostate volume >40 mL.[19]

The mpMRI/TRUS fusion technique has a role in ruling in 
clinically significant cancer. Diagnosis of high‑risk disease 
was made 30% more than with the standard biopsy while 
diagnosis of low‑risk disease was made  <17% with the 
standard biopsy.[20] It showed increased cancer length per 
biopsy core and better detection of high‑grade cancer with 
high Gleason score and of clinically significant cancer, with 
improved clinical‑pathological correlation.[21] These results 
were seen in biopsy‑naïve men and in men with prior 
negative biopsy. It has thus a role in reducing over‑detection 
and over‑treatment.[9] In men with low‑risk cancer, repeat 
by targeted biopsy improves risk stratification and allows 
selection of men appropriate for active surveillance without 
repeating the biopsy.[9]

Materials and Methods
Between January 26, 2017, and August 28, 2018, 58 patients 
had targeted prostate biopsy using mpMRI‑TRUS elastic 
fusion technique under Trinity. These patients have 
previously had mpMRI of the prostate at our center or other 
centers with re‑reads and re‑classification of PI‑RADS from 
our center using the PI‑RADS v2 in our mpMRI reading. 
The MRI protocol used in our institution (on the 1.5T GE 
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Healthcare Signa MRI scanner) included a sagittal, coronal, 
axial T2weighted FSE (T2wFSE) sequences centered on 
the prostate (field‑of‑view [FOV] 21.0 cm, slice thickness 
3.5 mm, slice gap 0.3 mm) as well as diffusion weighted 
(DW) sequence (b value of 1000, FOV 33.0 cm, slice 
thickness 3.5 mm, slice gap 0.3 mm), a coronal T2wFSE 
for the whole pelvis as well as axial T1 LAVA pre and 
postgadolinium dynamic acquisition for the prostate (FOV 
30.0 cm, slice thickness 4 mm, temporal resolution of 10 
seconds/acquisition, Matrix 256/256).

All our patients had a fleet enema before the examination. 
Patients’ selection to perform mpMRI was decided by the 
referring urologists. All the mpMRI prostate readings and 
reclassification were done by two trained and certified 
radiologists having attended each at least one workshop in 
mpMRI of the prostate.

The age range was between 51 and 79  years. Of all 
58 patients, 32 patients were classified as having PI‑RADS 
4/5, 21 patients as PI‑RADS 3, and 5 patients as PI‑RADS 
2. To note that some patients had more than one lesion.  In 
our study, we grouped our patients by PI‑RADS category 
according to the highest PI‑RADS of the index lesion. The 
biopsies of the other lesions were considered as targeted 
biopsies in the pathology vials and the results of the study, 
but not in the PI‑RADS category. All patients had a recent 
negative urine culture, underwent bowel preparation, 
and received antibiotic coverage. Anticoagulation and 
antiplatelet therapy when applicable was withheld, before 
the biopsy.

The mpMRI examinations were downloaded by a 
radiologist, and the 3D‑reconstructed images, as well as 
the target lesions, were placed on the station screen before 
the biopsy session. About 8  min was needed to perform 
this preliminary step. On the examination day, 3D TRUS 
acquisition was also performed by the radiologist, and the 
images were fused with the mpMRI‑reconstructed images. 
Ten minutes is also needed to achieve this step.

The biopsy session was performed in the presence of the 
radiologist and referring urologist, lasting for about 10 min. 
Nursing staff was always present during all the examination 
sessions. Ten milliliters of 1% lidocaine was injected as a 
local anesthetic at the neurovascular bundle through the 
transrectal probe before the biopsy. Patients had targeted 
biopsies of the index lesion and the other lesions if present, 
and most of them had guided nontargeted registered 
biopsies in the rest of the prostate zones [Figure 1]. A mean 
of 6.4 biopsies from the dominant lesions and a mean of 
five biopsies from the nontargeted areas from the peripheral 
zones of both lobes were performed. The navigation system 
used was Urostation Trinity. It uses an elastic image fusion 
and an organ‑based tracking technique, enabling freehand 
3D transrectal biopsy mapping and accurate tracking of the 
prostate, compensating for both patient‑ and probe‑induced 
mobility. The whole procedure length from image 

downloading and fusion to biopsy performance lasted 
about 30  min. A  single radiologist  (operator) performed 
all the examination steps, including the biopsies, whether 
by himself or by assisting the referring urologists who 
wanted to acquire the biopsies specimens themselves. The 
targeted specimens were sent in one vial to the pathology 
laboratories. Nontargeted specimens were sent in two 
separate vials and labeled “right” and “left” according to 
the biopsy side. No reported complications of uncontrolled 
bleeding or sepsis were noted in all biopsied patients.

Results
The total number of cores taken was 662. This averages 
to 11.4 biopsy cores per patient. All five PI‑RADS 
2 patients had negative results, i.e., nonclinically significant 
prostate cancer  (NCSPC). From the 21 PI‑RADS 
3  patients, two patients had clinically significant prostate 
cancer  (CSPC)  (Gleason 6 and Gleason 7  [3  +  4]), one in 
the targeted area and the other in the nontargeted area. The 
other 19 patients had NCSPC.

From the PI‑RADS 4 and 5  patients, 25  patients had 
positive biopsies, 24 were in the targeted areas, and five 
were in the nontargeted areas. These overlapping results 
in the targeted and nontargeted areas are because some 
patients had positive biopsies from both areas  [Figure  2]. 
In particular, two patients with PI‑RADS 4 as well as 
two others with PI‑RADS 5 categories were found to 
have positive biopsies from both areas. This sums up 
to 78% positive biopsies in the PI‑RADS 4/5 category, 
10% positive biopsies in the PI‑RADS 3 category, and 
100% negative biopsies in the PI‑RADS 2 category. In 
total, we had 27 patients with positive biopsies [Table 1].

Nontargeted biopsies were positive in six out of the 
27 patients or 22% of the time. Of these, two patients had 
only the nontargeted biopsies positive. The CSPC detected 

Figure 1: Targeted biopsies from two suspicious nodules in the left 
transitional zone at the level of the midgland and base, as well as 
nontargeted biopsies from the right peripheral zone, were taken under 
Trinity
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in the nontargeted areas were primarily adjacent to the 
targeted areas. Results were also classified according to 
the Gleason score on the pathology report  [Table  1] and 
according to the PSA levels [Table 2].

All patients with Gleason 8 and 9 are PI‑RADS 5. Gleason 
7  (3  +  4) patients are 92% PI‑RADS 4/5  (mainly 5) and 
8% PI‑RADS 3. Gleason 6  patients are 91% PI‑RADS 
4/5  (mainly 4) and 9% PI‑RADS 3. 90% of the patients 
with negative biopsies have PSA  <10. 10% of the patients 
with negative biopsies have PSA 10–20. Patients with 
PSA  >20 have Gleason 7 and 9 only. Only one patient 
with PSA  <10 has Gleason 9. Only one patient with 
PSA 10–20 has Gleason 8.

Discussion
Many papers have shown that mpMRI/TRUS fusion 
biopsy of the prostate resulted in increased detection of 
clinically significant cancer, decreased detection of low‑risk 
cancer, and improvement in patient outcome.[1] Our results 
show a positive correlation between mpMRI findings and 
pathology results comparable to the previously published 
series for patients having biopsies performed under Trinity 
in 15 European centers. Our study sample was however 
much smaller as we had difficulty to introduce this new 
modality in our medical environment. We had to convince 
the urologists to shift their practice from performing the 

TRUS non-targeted biopsies under regular US, to the MRI-
US fusion technique in the radiology department. Both the 
specialized radiologist and referring urologist were present 
during the biopsy session. Only about one‑third of the yearly 
hospital load was transferred to us during the study period.

The mean detection rate for CSPC for PI‑RADS 5 lesions 
was 80% while for PI‑RADS 4 lesions was 50%. In our 

Table 1: Prostate Imaging‑Reporting And Data System 
scores with corresponding Gleason scores

PI‑RADS Negative Gleason 6 Gleason 7 Gleason 8 Gleason 9
2 5 0 0 0 0
3 19 1 1 0 0
4 4 6 5 1 0
5 3 4 6 0 3
PI‑RADS: Prostate Imaging‑Reporting And Data System

Table 2: Gleason scores according to prostate‑specific 
antigen levels

PSA 
(ng/mL)

Negative Gleason 6 Gleason 7 Gleason 8 Gleason 9

<10 28 10 9 0 1
10‑20 3 1 1 1 0
>20 0 0 2 0 2
PSA: Prostate‑specific antigen

Figure 2: Histopathology results according to PI-RADS classification. Legend: (T: Targeted; NT: Non-targeted) *Clinically significant cancer (CSC): PIRADS 
3: 2 patients, PIRADS 4: 12 patients, PIRADS 5: 13 patients. Grey = positive

58 Patients

mpMRI
PIRADS 2
5 patients

Histopathology
Negative
5 patients

mpMRI
PIRADS 3 
21 patients

Histopathology
Positive

2 patients* (T & NT)

Histopathology
Negative

19 patients

mpMRI
PIRADS 4
16 patients

Histopathology
+T –NT

9 patients*

Histopathology
-T +NT

1 patients*

Histopathology
+Both

2 patients*

Histopathology
-Both

4 patients

mpMRI
PIRADS 5
16 patients

Histopathology
+T –NT

11 patients*

Histopathology
-T +NT

0 patient*

Histopathology
+Both

2 patients*

Histopathology
-Both

3 patients
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series, it was 75% for PI‑RADS 4, 81.25% for PI‑RADS 5, 
and 78% for PI‑RADS 4 and 5 combined. As for PI‑RADS 
3 lesions, the CSPC detection rate was around 18% in 
the European series, while it was 10% in our series.[22] A 
major limitation of our study was the number of patients 
enrolled, which was much smaller than the other European 
studies. We had no positive biopsies in cases labeled 
PI‑RADS 2. We had also a positive correlation between 
mpMRI PI‑RADS and Gleason scoring. All Gleason 8 and 
above were PI‑RADS 4/5. All PI‑RADS 3 lesions were 
Gleason 7 or 6. Most Gleason 7 patients are PI‑RADS 4/5.

Nontargeted biopsies were positive in 22% of the patients. 
Of them, two patients were positive for nontargeted 
biopsies only. These results align with the recommendations 
of few papers in performing targeted and nontargeted 
biopsies.[23] A good correlation was noted among patients 
with PSA  <10  ng/mL having negative biopsies and with 
patients with PSA  >20  ng/mL having high Gleason score 
of more than 7. The presence of negative biopsies for 
PI‑RADS 4/5 lesions may be attributed to the imaging 
limitations, including sensitivity and specificity of mpMRI, 
or to inadequate sampling due to the lesion location in the 
apex and anterior region, and to the fact that all patients 
with negative biopsies had PSA <10 ng/mL.

The operator’s performance is also crucial. All the required 
steps are essential to get positive biopsies including proper 
mpMRI reading, downloading images to Trinity, adequate 
target placement on the 3D‑reconstructed prostate volume, 
fusion with US images, and adequate biopsy sampling. 
Inaccurate performance of the operator in any of these 
steps may result in biopsy failure.

Limitation of positive specimens detected by the 
TRUS‑MRI fusion technique in the apical and anterior 
lesions was also described by Hossack et  al.[24] This 
highlights the role of performing TP‑  targeted MRI/US 
elastic fusion which is a newer technique, also available 
on Trinity. The TP approach has the advantages of lower 
risk of infective complications, fever, sepsis, and rectal 
bleeding. It provides an easier approach to the lesions 
located in the anterior and apical zones. It is a safe and 
accurate procedure. However, it requires inpatient stay 
and deep sedation in comparison to the local anesthesia in 
TR biopsies. New trends of performing TP biopsy in an 
outpatient setting under local anesthesia using Trinity have 
been described and is available online.[13] Both TR and 
TP biopsies did not show, however, difference in terms of 
postbiopsy acute retention or hematuria.[24,25]

The prostate volume of the patients in our study ranged 
between 12 and 155  mL, some of them having had prior 
TURP. However, the prostate volume was not taken into 
consideration when evaluating the results. The concept 
of taking the PSA density  (PSA‑D) in addition to the 
PI‑RADS classification into consideration in deciding 
for the prostate biopsy performance was not a standard 

approach when we started our study. de Gorski et  al. 
concluded that TR MRI/US fusion biopsies increased the 
yield of first‑round prostate biopsies in patients with a 
prostate volume  >40 cm3.[26] The Cambridge pathway[27] 
of assessing prostate cancer in 2018 includes TP fusion 
biopsy for anterior lesions, TR fusion biopsy for posterior 
lesions, and systemic biopsy for PSA‑D >0.2 and negative 
MRI  (PI‑RADS 2). The PSA‑D is calculated by dividing 
the PSA by the prostate volume. The NPV of MRI increases 
from 0.84 to 0.91 if the PSA‑D  ≤0.15 becomes  ≤0.1. Our 
present personal approach in patients selection criteria 
for prostate biopsies was modified since March 2019. It 
takes into account the PSA-D in addition to the PIRADS 
score. We nowadays perform fusion biopsy for patients 
with PI‑RADS 2 if the PSA‑D >0.2, as well as targeted 
and nontargeted biopsies for PI‑RADS 3 if the PSA‑D 
>0.12, and for all the PI‑RADS 4/5 patients.  We did not 
also include the target lesion volume in our study, although 
some articles provide this information.

Another limitation of our study was the nonseparation 
of the nontargeted lesions in a separate vial. Only two 
additional vials from the right or left gland zones were sent 
for all the specimens because of economic issues with the 
pathology department. As a result, the active surveillance 
of these lesions would not be precise as for the targeted 
lesion, if a second‑look biopsy is to be taken from the 
registered biopsy tracts under Trinity. We took too many 
cores with an average of 11.4 cores per patient, 6.4 from the 
targeted dominant lesion, and five from nontargeted areas 
from both peripheral zones. We could have taken less cores 
from the targeted lesions as described by Baco et al.[7] and 
hence benefiting from the decreased rate of complications, 
resulting from the decreased passes numbers. As we are 
becoming more trained and experienced with the modality, 
we intend to decrease the number of targeted biopsies from 
the dominant lesion to 4 instead of 6.4.

Conclusion
Trinity provides basic functions for accurate guidance 
in transrectal and TP MRI/US elastic fusion for prostate 
cancer, with the availability of a second‑look recall 
capability for future control and monitoring of detected 
lesions under active surveillance. It can also fuse PET 
images to evaluate for recurrence and to guide focal 
therapy after the installation of the complementary 
microwave Katty system for focal prostate cancer 
ablation on the Trinity platform. The preliminary 
clinical trial results of the FOSTINE study at Hospital 
Cochin, Paris, in focal prostate cancer treatment are 
very promising in this respect in terms of cancer control 
and significant decrease in the complications related to 
prostatic surgery  (hematuria, acute urinary symptoms, 
hematospermia, and rectorrhagia). We hope to be able 
in the near future to present a new series of patients 
undergoing focal therapy under Trinity.
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