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Abstract

Purpose To explore the usability and diagnostic accuracy for prostate cancer of three multiparametric magnetic resonance
imaging (mpMRI)/transrectal ultrasound (TRUS)-guided fusion biopsy systems operated by the same urologists.

Methods We performed a prospective, observational study including patients that underwent prostate biopsy due to a visible
lesion in mpMRI (PI-RADS > 3). We consecutively assessed two platforms with a rigid image registration (BioJet, D&K
Technologies and UroNav, Invivo Corporation) and one with an elastic registration (Trinity, KOELIS). Four urologists
evaluated each fusion system in terms of usability based on the System Usability Scale and diagnostic accuracy based on
the detection of prostate cancer.

Results We enrolled 60 consecutive patients that received mpMRI/TRUS-guided prostate biopsy with the BioJet (n=20),
UroNav (n=20) or Trinity (n=20) fusion system. Comparing the rigid with the elastic registration systems, the rigid registra-
tion systems were more user-friendly compared to the elastic registration systems (p =0.012). Similarly, the prostate biopsy
with the rigid registration systems had a shorter duration compared to the elastic registration system (p <0.001). Overall,
40 cases of prostate cancer were detected. Of them, both the BioJet and UroNav fusion systems detected 13 prostate cancer
cases, while the Trinity detected 14. No significant differences were demonstrated among the three fusion biopsy systems
in terms of highest ISUP Grade Group (p >0.99).

Conclusions Rigid fusion biopsy systems are easier to use and provide shorter operative time compared to elastic systems,
while both types of platforms display similar detection rates for prostate cancer. Still, further high-quality, long-term results
are mandatory.
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Introduction

Prostate biopsy (PB) is considered the cornerstone of pros-

b4 Toannis Sokolakis tate cancer (PCa) diagnosis and it is listed among the most
sokolakisi @ gmail.com common urological interventions [1]. Even though PB was
traditionally performed through a systematic transrectal
ultrasound (TRUS)-guided approach [2], multiparamet-
ric magnetic resonance imaging (mpMRI) has recently
altered the diagnostic algorithm of PCa, as it increases the
detection rate of clinically significant PCa both in biopsy-
naive patients and in patients with prior negative PB [3,
4]. MpMRI-targeted PB may be performed either through
a cognitive or an image-fusion approach [5]. Both tech-
niques provide similar detection rates, although it seems
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that fusion-targeted PB may slightly improve the detection
rate of clinically significant PCa in experienced hands [6, 7].

Multiple mpMRI/TRUS-guided fusion systems are cur-
rently approved for PB, with each system presenting its own
advantages and disadvantages [8]. The commercially avail-
able platforms can fuse the mpMRI with the TRUS data
through an elastic or a rigid registration [9]. Despite the
indirect evidence supporting that there is no significant dif-
ference in the detection rate of PCa between both registra-
tion systems, to date, no study has directly compared elastic
versus rigid registration systems regarding their usability
and diagnostic accuracy for clinically significant and insig-
nificant PCa [10]. The latter is predominantly attributed
to the fact that urology departments performing mpMRI/
TRUS-guided fusion PB opt for one biopsy system and, thus,
direct comparisons of different biopsy systems in terms of
user-friendliness and intra- or interobserver agreement were,
so far, not possible.

Within this framework, we aimed to explore the usabil-
ity and diagnostic accuracy of three different MRI/TRUS-
guided fusion PB systems operated by the same urologists.

Materials and methods
Study design

We performed a prospective, observational study at the
Department of Urology and Pediatric Urology, Julius-
Maximilians-University of Wiirzburg, Wiirzburg, Ger-
many and report its findings based on the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement for cohort studies [11]. All patients
undergoing PB due to a visible lesion in mpMRI (PI-
RADS > 3) were considered eligible and were enrolled

4 urologists (2 trainces, 2 scniors)) A total of 20 biopsics
performing 5 biopsics with cach
fusion system

J with cach fusion system

Trinity

UroNav
(Invivo Corporation,
Gainesville, Florida, USA)

after providing written informed consent. On the contrary,
we excluded patients undergoing PB without identified
lesions in mpMRI, as well as patients on active surveil-
lance due to prior PCa diagnosis.

We intended to obtain a new MRI/TRUS-targeted fusion
biopsy system in our department. Therefore, we consecu-
tively evaluated the BioJet (D&K Technologies GmbH,
Barum, Germany), UroNav (Invivo Corporation, Gaines-
ville, Florida, USA) and Trinity (KOELIS, Grenoble,
France) fusion biopsy systems from April to August 2017.
Both, the BioJet and UroNav platforms fuse the mpMRI
with the TRUS data through a rigid registration, while the
Trinity platform performs this fusion through a non-rigid
(elastic) approach.

Four urologists with no prior experience on mpMRI/
TRUS fusion PB assessed the usability, user-friendliness
and diagnostic accuracy of each fusion system for the detec-
tion of PCa. In particular, two trainees, who had previously
accomplished approximately 40 TRUS-guided biopsies, and
two senior urologists, who had already accomplished more
than 250 TRUS-guided biopsies, performed five consecutive
mpMRI/TRUS-guided fusion PBs with each system. Over-
all, twenty biopsies were carried out with each fusion PB
system. Apart from a trained nurse, during the procedure, all
operators were alone in the operating room and performed
the biopsy without any surveillance. The step-by-step study
protocol is illustrated in Fig. 1.

After successfully performing the corresponding biop-
sies, all operators completed the System Usability Scale
(SUS). The SUS is a 100-point scale consisting of ten ques-
tions that evaluate the learnability and user-friendliness of a
given technology [12]. The SUS score for each technology
is converted to a grading scale, with scores 90—100 ranking
this technology as A-class, 80—89 as B, 70-79 as C, 60-69
as D and 0-59 as F [13].

BioJet «
(D&K Technologics GmbH,
Barum, Germany)

( Each urologist completed the
System Usability Scale
after performing 5 biopsics with
cach fusion system

(KOELIS, Grenoble, France)

Fig.1 Study design
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Prostate biopsy procedure

All included patients underwent mpMRI at our institution
with a 3 Tesla scanner using an external phased-array coil.
The mpMRI protocol included T,-weighted imaging, dif-
fusion-weighted imaging and, when indicated, a dynamic
contrast-enhanced sequence based on the PI-RADS v2 [14].
All mpMRI-targeted biopsies were performed with the cor-
responding fusion PB system via a transrectal approach
under local anesthesia. A specialized radiologist on prostate
mpMRI identified and marked all targets intraoperatively.
From each identified target, two or three cores were taken
based on the size of the lesion. Subsequently, all patients
underwent systematic 12-core PB. All cores were evaluated
by specialized uropathologists and were classified according
to the International Society of Urological Pathology (ISUP)
Grade Group [15]. After undergoing PB, all patients were
hospitalized and were evaluated clinically for any postopera-
tive complications. The following day, post-void residual
was determined, and all patients were discharged.

Outcomes

The primary outcome of our study was the usability based
on the SUS and the operative time between elastic and rigid
registration platforms. Secondary outcomes included: (i) the
usability based on the SUS and the operative time of each
mpMRI/TRUS-guided fusion system; (ii) the detection rate
of clinically significant and insignificant PCa between elastic
and rigid registration platforms; (iii) the overall detection
rate of clinically significant and insignificant PCa of each
fusion system combined with the systematic 12-core PB; (iv)
the perioperative and postoperative safety of each mpMRI/
TRUS-guided fusion system.

Statistical analysis

We summarized all baseline characteristics with descrip-
tive statistics in the form of median with interquartile range
(IQR) or frequencies with proportions. For continuous
variables, we applied the Mann—Whitney test to compare
between elastic and rigid platforms and the Kruskal-Wallis
test to compare among the three fusion systems. For the lat-
ter, Dunn’s pairwise comparisons were performed using the
method of Bonferroni to calculate adjusted p values. On the
contrary, for categorical variables, we applied the Fisher’s
exact test. All analyses were undertaken using the R statis-
tical software (version 3.6.3) and two-sided p values lower
than 0.05 were considered statistically significant.

Results
Baseline characteristics

We enrolled 60 consecutive patients with a median age of 64
(IQR: 61-70) years that received mpMRI/TRUS-guided PB
with the BioJet (n=20), UroNav (n=20) or Trinity (n=20)
fusion system. Overall, 16 (27%) patients had a highest PI-
RADS score of 3, 28 (46%) of PI-RADS 4 and 16 (27%)
of PI-RADS 5. No statistically significant differences were
detected in the baseline characteristics among the three
groups. The baseline characteristics of all included patients
are depicted in Table 1.

System usability scale
The four urologists evaluated the user-friendliness of the

three fusion systems after performing the correspond-
ing biopsies. The UroNav presented user-friendliness of

Table 1 Baseline characteristics

X . Baseline characteristic Overall BioJet Trinity UroNav p value
of the included patients n=60 n=20 n=20 n=20

Age (years) 64 (61-70) 66 (61-70) 64 (62-67) 64 (61-74) 0.76
PSA (ng/ml) 7(5-9) 8 (6-9) 7(5-8) 6 (5-8) 0.32
Prostate volume (mL) 50 (45-56) 50 (47-52) 47 (43-56) 51 (44-57) 0.81
PSA density 0.1 (0.1-0.2) 0.1 (0.1-0.2) 0.2 (0.1-0.2) 0.1 (0.1-0.2) 0.58
Positive DRE 20 (33%) 7 (35%) 5 (25%) 8 (40%) 0.70
Previous biopsy 12 (32%) 4 (22%) 0 (0%) 8 (40%) 0.31
Highest PI-RADS score 0.65

3 16 (27%) 4 (20%) 6 (30%) 6 (30%)

4 28 (46%) 12 (60%) 9 (45%) 7 (35%)

5 16 27%) 4 (20%) 5 (25%) 7 (35%)

Values presented as median (IQR); n (%). Statistical tests performed: Kruskal-Wallis test; Fisher’s exact

test

DRE Digital Rectal Examination, /QR interquartile range, PI-RADS prostate imaging—reporting and data

system, PSA prostate-specific antigen
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class C (median 72.5, IQR 63.8, 80.6), the BioJet of class
D (median 65, IQR 63.8, 68.1) and the Trinity of class F
(median 38.8, IQR 37.5, 45). Based on the SUS score, the
rigid registration systems (BioJet and UroNav) were more
user-friendly compared to the elastic registration platform
(Trinity), p=0.012. Similarly, when comparing among the
three systems, a statistically significant difference was also
demonstrated, p=0.031. Of note, compared to the junior

urologists, the two senior urologists rated all fusion systems
with a higher user-friendliness score based on the SUS scale.

Moreover, the operative time was significantly shorter
with the rigid registration systems compared to the elastic
registration system, p <0.001. Interestingly, the two senior
urologists performed faster the biopsies with all fusion
systems compared to the junior urologists. The compari-
sons between rigid and elastic registration systems are

Table 2 .C.OITlparlson Qf ela§tlc Outcome Overall
versus rigid image registration =60
systems in terms of usability

Rigid image registration  Elastic image registration  p value

and PCa detection rate

System usability scale 62.5 (55, 68.1)

65 (63.8,78.1) 38.8 (37.5, 45) 0.012

Junior urologists 62.5 (45, 65) 65 (63.8, 65) 38.8 (38.1,39.4)
Senior urologists 68.8 (60,79.4) 78.8 (73.1, 80.6) 48.8 (43.1, 54.4)
Operative time (min) 18 (16-25) 17 (15-18) 28 (26-29) <0.001
Junior urologists 20.5 (18-25) 18 (17-20.2) 27 (27.5-28.8)
Senior urologists 16.5 (15-26.5) 15 (13.8-16.2) 27 (25.2-28.8)
PCa diagnosis 40 (67%) 26 (65%) 14 (70%) 0.78
Highest ISUP grade group 0.98
1 8 (13%) 5 (12%) 3 (15%)
2 12 20%) 8 (20%) 4 (20%)
3 10 (17%) 7 (18%) 3 (15%)
4 6 (10%) 4 (10%) 2 (10%)
5 4 (7%) 2 (5%) 2 (10%)

Values presented as median (IQR); n (%). Statistical tests performed: Kruskal-Wallis test; Fisher’s exact

test

ISUP International Society of Urological Pathology, /OR interquartile range, PCa prostate cancer

Bold statistical significance p < 0.05

Table 3 Comparison of the

N 3 Outcome Biolet Trinity UroNav p value
three fusion biopsy systems n=20 n=20 =20
in terms of usability and PCa
detection rate System usability scale 65 (63.8, 68.1) 38.8 (37.5, 45) 72.5 (63.8, 80.6) 0.031
Junior urologists 65 (65, 65) 38.8 (38.1,39.4) 62.5(61.2,63.8)
Senior urologists 68.8 (64.4,73.1) 48.8 (43.1,54.4) 81.2 (80.6, 81.9)
Operative time (min) 16 (15-18) 28 (26-29) 17 (15-20) <0.001
Junior urologists 18 (17-18.8) 27 (27.5-28.8) 20 (17.2-21.8)
Senior urologists 15 (14.2-16) 27 (25.2-28.8) 15 (13.2-16.8)
PCa diagnosis 13 (65%) 14 (70%) 13 (65%) >0.99
Highest ISUP grade group >0.99
1 2 (10%) 3 (15%) 3 (15%)
2 4(20%) 4(20%) 4 (20%)
3 4(20%) 3 (15%) 3 (15%)
4 2 (10%) 2 (10%) 2 (10%)
5 1(5%) 2 (10%) 1 (5%)

Values presented as median (IQR); n (%). Statistical tests performed: Kruskal-Wallis test; Fisher’s exact

test

ISUP International Society of Urological Pathology, /OR interquartile range, PCa prostate cancer

Bold statistical significance p < 0.05
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presented in Table 2, while the comparisons among the
three fusion biopsy platforms can be seen in Table 3.

Detection rate and safety

Overall, 40 cases of PCa were detected. Of them, both the
BioJet and UroNav fusion systems detected 13 PCa cases,
while the Trinity detected 14. Eight patients presented
with clinically insignificant and 32 with clinically signifi-
cant PCa. No significant differences were demonstrated
between rigid (BioJet and UroNav) and elastic (Trinity)
registration systems in terms of highest ISUP Grade Group,
p=0.98. Similarly, when comparing among the three fusion
biopsy systems, no statistically significant differences were
detected, p>0.99. All relevant measures and comparisons
are available in Tables 2 and 3.

During the course of the study, no severe perioperative
and postoperative adverse events were observed. In particu-
lar, no cases of excessive bleeding were reported, and no
urinary catheter was placed after PB. Accordingly, none
of the included participants developed postoperative fever
or acute urinary retention. Overall, only transient hemato-
spermia, hematuria or hematochezia were reported among
most participants.

Discussion

Our findings demonstrate that rigid registration platforms
may be easier to use compared to elastic registration plat-
forms among urologists with no prior experience with a
mpMRI/TRUS-guided fusion biopsy system. In an attempt
to classify the evaluated biopsy systems, UroNav was graded
with the highest score followed by BioJet and Trinity. Of
note, the operative time was significantly shorted with the
rigid registration platforms compared to the elastic plat-
forms. Still, it should be highlighted that all three evaluated
MRI/TRUS-guided fusion biopsy systems presented simi-
lar detection rates for both clinically significant and insig-
nificant PCa diagnosis. Importantly, the senior urologists
performed faster the biopsies with all fusion systems and
attributed to all fusion systems higher SUS scores compared
to the junior urologists. Hence, no definite conclusions on
the long-term use of each individual fusion biopsy system
can be drawn from the evaluation of only five early applica-
tions per investigator.

The predominant difference between the three included
fusion systems is the type of image registration [16—18].
Rigid fusion systems combine the mpMRI and TRUS
images before PB and do not adjust for potential deforma-
tions of the prostate gland during the procedure, such as
patient movement or pressure of the gland with the probe

[19]. On the other hand, elastic fusion systems compensate
for such deformations by scanning the prostate gland before
the acquisition of each core [19]. However, this scanning
increases the operative time and, based on our analysis,
negatively affects the usability of the system.

It should be highlighted that our findings are in line with
both experimental and clinical studies comparing the two
image registration techniques. Even though initial experi-
mental studies have tended to slightly favor elastic regis-
tration systems, novel ex vivo data demonstrate that rigid
and elastic registration display similar results [20, 21]. In
particular, based on a high-quality, multi-operator phantom
study, the authors concluded that elastic and rigid registra-
tion display similar registration errors and that elastic reg-
istration does not improve the diagnostic accuracy of the
PB [19].

To date, only one clinical study has compared the two
image registration techniques for the detection of PCa. More
specifically, Delongchamps et al. included, in a single cohort
study, 131 patients that underwent rigid mpMRI/TRUS
image registration and 133 that underwent elastic registra-
tion. The rigid mpMRI-targeted fusion PB detected 46 of
the 60 total PCa cases, whereas the elastic mpMRI-targeted
fusion PB detected 35 of the 44 total cases. All undetected
cases in both groups by systematic PB were histologically
classified as clinically insignificant PCa. Overall, no signifi-
cant differences were observed between the rigid and the
elastic mpMRI-targeted fusion PB for the detection of clini-
cally significant PCa [22].

Similarly, a meta-analysis indirectly compared rigid and
elastic image registration for the detection of clinically sig-
nificant and any PCa, demonstrating that the two registration
techniques display similar detection rates. In particular, the
authors compared rigid mpMRI-targeted fusion PB versus
systematic PB and elastic mpMRI-targeted fusion PB versus
systematic PB. The detection rate of clinically significant
PCa of rigid mpMRI-targeted fusion PB versus system-
atic PB was 1.40 (95% CI 1.13-1.75, p=0.002), while the
detection rate of elastic mpMRI-targeted fusion PB versus
systematic PB was 1.45 (95% CI 1.21-1.73, p <0.0001).
Therefore, the authors indirectly concluded, based on the
similar detection rates of the two fusion techniques versus
systematic PB (p =0.83), that rigid and elastic image reg-
istration techniques display similar diagnostic accuracy for
PCa [10]. Still, this comparison should have been preferably
addressed in the form of a network meta-analysis.

Accumulating evidence indicates that the mpMRI/
TRUS-guided fusion PB may not be superior to a cog-
nitive fusion in terms of PCa diagnosis [23, 24] Given
that the cognitive approach does not require any addi-
tional training from the operator, the relatively low grade
of user-friendliness of all evaluated fusion biopsy plat-
forms demonstrated by our study may discourage some
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clinicians from preferring these platforms compared to
the cognitive approach. Another limitation of the mpMRI-
targeted PB is that it requires high level of expertise and
training for accurate interpretation of the prostate mpMRI
findings [25]. Even specialized radiologists and experi-
enced urologists on prostate mpMRI display limited inter-
reader and intraoperator reproducibility [26]. Therefore,
the interest has turned to novel diagnostic modalities [27].
Recently, micro-US-guided PB emerged as a promising
alternative to mpMRI-targeted PB, as it seems more user-
friendly than mpMRI-targeted PB and, interestingly, pro-
vides similar detection rates to mpMRI-targeted PB [28].

Strengths and limitations

It should be highlighted that the available literature is
inconclusive about the superiority of one image registra-
tion technique over the other. In this scope, we provide, to
our knowledge, the first study that aims to compare three
different mpMRI/TRUS-guided fusion biopsy systems
regarding usability and significant or insignificant PCa
detection. Our findings suggest that both rigid and elastic
image registration techniques display similar detection
rates for PCa diagnosis. Additionally, by demonstrating
that the PB with an elastic image registration platform is
time-consuming and may be inconvenient for the opera-
tor, we pointed out another potential limitation of elastic
image registration platforms compared to rigid platforms.

Nevertheless, our study presents some limitations,
relevant to its non-randomized and single-center design,
as well as to its relatively small sample size in terms of
participating urologists and patients. Given that we con-
secutively assessed three fusion biopsy systems and that
we evaluated the usability and diagnostic accuracy of
each system for approximately 1 month, the absence of
randomization could not be avoided. It should be also
highlighted that, at baseline, all investigators had no prior
experience with fusion PB. However, by the third device,
each of the investigators had prior experience of ten
fusion biopsies, which may have affected operative time
and comfort assessment of the devices. As a surrogate, in
an attempt to provide comparable outcomes, the number
of biopsies, the involved operators and the biopsy proto-
col remained identical for all biopsy systems. Similarly,
due to the short duration of our study, the small size of
participants and operators may limit the generalizability
of our findings. Thus, our study may be underpowered
in detecting any differences among the included mpMRI/
TRUS-guided fusion biopsy systems, if they exist. Based
on the previous notion, we did not evaluate the positivity
rate of each fusion system concerning only the targeted
biopsy cores. Moreover, considering the established role

@ Springer

of mpMRI in PCa diagnosis, it was beyond the scope of
the present study to compare mpMRI/TRUS-guided PB
with the systematic PB.

Future perspectives

It should be stressed that, although mpMRI is an integral
part of PCa diagnostic algorithm, given the scarcity of
available data regarding the detection rate of clinically
significant and insignificant PCa between rigid and elas-
tic fusion biopsy systems, further well-designed, large-
scale studies are needed to elucidate this field of research.
Ideally, randomized or multicenter trials with both expe-
rienced and novice operators are necessary to validate
and strengthen the robustness of our findings. Similarly,
because of the sequential test orders of the fusion devices,
a randomization was not methodologically feasible. In an
ideal future study, each of the investigators should start
with a different device so that the usability and diagnostic
accuracy of each fusion system may be adequately tested.
Accordingly, fusion mpMRI may increase costs for every
health care system and, therefore, future comparative stud-
ies should aim to explore whether the fusion approach is
superior to the cognitive approach in terms of PCa diag-
nosis. It should be also noted that studies comparing the
detection rates of mpMRI-targeted PB with other novel
diagnostic modalities such as micro-US-guided PB are
expected with great interest.

Conclusion

Our results indicate that rigid fusion biopsy systems are
easier to use and provide shorter operative time compared
to elastic systems. Prior experience with TRUS-guided
transrectal prostate biopsy seems to positively affect usa-
bility and operating time of the mpMRI/TRUS-guided
fusion PB systems. Through direct comparisons, we dem-
onstrated that elastic and rigid image registration platforms
display similar detection rates for clinically significant and
insignificant PCa. Still, the non-randomized design and the
small sample size of our study limits its external validity
and, therefore, further high-quality, long-term trials are
warranted to corroborate our findings.
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