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Abstract

Background: The extensive use of multiparametricmagnetic resonance imaging (mpMRI) has led to an evenmore
widespread use of different targeted biopsy techniques and approaches. The best way of performing targeted
biopsies and the effect of operator expertise have still to be defined.
Objective: To compare the rate of detection of clinically significant prostate cancer (csPCa) of different mpMRI
targeted approaches and to assess the role of operator expertise in the detection of csPCa.
Design, setting, and participants: We included 244 consecutive patients who underwent both 12-core transrectal
ultrasound (TRUS) biopsy and mpMRI targeted biopsy with either a cognitive biopsy (CB) or fusion biopsy (FB)
approach during the same session between 2013 and 2016 at a single tertiary referral centre.
Intervention: All men underwent 1.5-T mpMRI with an endorectal coil. All biopsies were performed by three
operators as their first cases of targeted biopsy. Lesions with a Prostate Imaging Recording and Data System (PI-
RADS) v.2 score of �3 detected at mpMRI were targeted.
Outcomemeasurements and statistical analysis: csPCawas defined as diseasewith a Gleason score at biopsy of�7.
Operator expertise was coded as the progressive number of targeted biopsies performed by each physician.
Multivariable logistic regression analyses (MVA) were used to assess the association between the targeted biopsy
technique (FB vs CB) and operator expertise for detection of csPCa. Covariates consisted of prostate-specific
antigen, prostate volume, PI-RADS v.2 (3 vs >3), number of targeted cores per MRI lesion, and digital rectal
examination (negative vs positive). The same analyses were performed for patients undergoing FB only after
accounting for the FB approach (transrectal vs transperineal). A lowess smoothing weighted functionwas used to
graphically assess the effect of operator expertise on the probability of detecting csPCa, after accounting for all
confounders.
Results and limitations: Overall, 157 patients (64%) underwent FB and 87 (36%) underwent CB. The overall csPCa
detection rate was 58% for FB and 45% for CB (p = 0.07). A significantly higher rate of csPCa detection in targeted
samples was observed for FB compared to CB (57% vs 36%; p = 0.002). On MVA, FB and operator expertise were
significantly associated with a higher probability of csPCa detection in targeted samples (odds ratio [OR] 2.4 and
1.7, respectively; both p � 0.03). When the same analyses were repeated for patients undergoing FB, operator
expertise remained an independent predictor of csPCa detection (OR 1.9; p = 0.004). An increase in the probability
of detecting csPCa with the number of procedures performed was observed after accounting for all confounders.
Conclusions: We demonstrated that FB had higher detection rate than CB for csPCa. Moreover, operator expertise
was significantly associated with higher detection rates for csPCa.
Patient summary: When different targeted biopsy techniques were compared, fusion biopsy provided a higher
detection rate compared to cognitive biopsy for clinically significant prostate cancer (csPCa). Moreover, we found

s an important predictor of the detection of csPCa, regardless of the procedure used.
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1. Introduction

Currently available guidelines suggest a 12-core transrectal
ultrasound (TRUS)-guided prostate random biopsy as the
standard of care for the initial diagnosis of prostate cancer
(PCa) [1]. However, misdiagnosis of clinically significant PCa
(csPCa), histologic upgrading at radical prostatectomy, and
overdetection of clinically insignificant PCa are major
drawbacks of this method [2–5]. In order to improve the
PCa diagnostic pathway, multiparametric magnetic reso-
nance imaging (mpMRI) of the prostate has the ability to
identify csPCa lesions accurately [6,7]. In this context, recent
studies have provided evidence of higher diagnostic
accuracy of mpMRI in detecting csPCa when compared to
TRUS-guided random biopsy in both the initial and repeat
biopsy settings [8–10]. This has led to a trend towards
greater use of targeted biopsy (TB) with a consequent
reduction in overdiagnosis and overtreatment of clinically
insignificant disease [11–13]. However, to date discordant
data have been reported regarding the optimal technique
(cognitive mpMRI/TRUS biopsy [CB] vs fusion mpMRI/TRUS
biopsy [FB] vs in-bore mpMRI-guided biopsy) and approach
(transrectal [TR] vs transperineal [TP]) for TB of the prostate
[14–16]. For this reason, the best method for targeting
mpMRI-detected suspicious lesions is still under debate
[14,15,17–19]. Moreover, it is likely that besides the
approach used, other operator-dependent variables such
as physician expertise in TB can influence the performance
characteristics. However, the impact of operator expertise
on detection of csPCa has not been properly tested yet [20–
22]. This is key, since the learning curve may influence the
TB diagnostic performance and ultimately impact on correct
patient management. To address these gaps, we compared
the rate of csPCa detection for different TB approaches
(visually registered TB, cognitive approach; TR and TP
software-registered TB, fusion approach) and assessed the
role of operator expertise in the detection of csPCa at a
single tertiary referral centre.

2. Patients and methods

2.1. Study population

The study cohort consisted of 244 consecutive assessable patients who
underwent mpMRI of the prostate with subsequent TB (FB or CB) and
concomitant systematic biopsy in a single tertiary referral centre
between January 2013 and December 2016. Data were prospectively
collected from the first case performed.

2.2. mpMRI

All patients underwent a 1.5-T mpMRI study (Achieva and Achieva
dStream; PhilipsMedical Systems, Best, The Netherlands) with a phased-
array surface coil and an endorectal coil (BPX-15; Bayer Medical Care,
Indianola, PA, USA). According to the European Society of Urogenital
Radiology guidelines [6], the imaging protocol consisted of multiplanar
T2-weighted images, diffusion-weighted imaging (with long b value and
apparent diffusion coefficient map), dynamic contrast-enhanced MRI,
and T1-weighted images with fat suppression. For patients who had
previously received one or more sets of biopsies, all mpMRI scans were
performed at least 4 wk after prostate biopsy, and precontrast T1-
weighted images were recorded to rule out postbiopsy hemorrhagic
artifacts. The mpMRI images were scored and reported according to
Prostate Imaging Reporting and Data System (PI-RADS) v.2 [23] by three
radiologists with at least 8 yr of experience in prostate mpMRI. Imaged
lesions with a PI-RADS score of �3 were considered suspicious for PCa
and were thus targeted.

2.3. Prostate biopsy technique and histopathology examination

Lesions visualized on mpMRI as suspicious for PCa were submitted to TB
using either a software registration (FB) or a visual registration (CB)
approach. Each patient also underwent a standard 12-core random
biopsy during the same session, in accordance with current guidelines
[1]. TRUS was performed using a Flex Focus 500machine with a biplanar
transducer (BK Medical, Herlev, Denmark). CBs and FBs were carried out
by three urologists, each of whom had performed at least 200 prostate
biopsies but were naïve for TB techniques. Each operator performed TB
using one specific approach (operators 1, 2, and 3 performed CB, TR FB,
and TP FB, respectively) regardless of any preferences. Operators 1, 2, and
3 performed 87, 70, and 87 TBs, respectively. Every biopsywas performed
using an 18-gauge needle and a biopsy gun providing a specimen size of
18–22 mm using a TR approach only for CBs and either a TR or a TP
approach for FBs.

For the FB technique, the patient’s data and prostate mpMRI images
were first entered into the BioJet fusion system (D&K Technologies,
Barum, Germany) [24]. Then segmentation and contouring of the
prostate and the suspicious lesion were performed by the urologist
under the supervision of an experienced radiologist. For the TP approach,
a standard brachytherapy grid with 5-mm spacing was also used.
Technical data and use of the BioJet fusion system have previously been
described [25]. The decision on the type of TB approach used was left to
the discretion of each treating physician, regardless of the characteristics
of the individual patient and the lesion being targeted. All prostate
biopsy specimens were analyzed by two dedicated uropathologists.
2.4. Variable definition

Complete clinical data consisting of age at biopsy, prostate-specific
antigen (PSA) values (ng/ml), digital rectal examination (DRE; negative
vs positive), prostate volume defined at TRUS (ml), PI-RADS score (3 vs
>3), biopsy technique (FB vs CB), biopsy approach (TR vs TP), number of
target cores per MRI lesion, and previous biopsy (none vs prior negative
biopsy) were available for all patients.

Operator expertise was coded as the progressive number of TBs
performed by each physician. Each physician started from his own first
TB case.

2.5. Outcomes

The study endpoint was comparison of the rate of csPCa detection for
different TB techniques (FB vs CB) and approaches (TR vs TP) and to
assess the role of operator expertise in csPCa detection in contemporary
patients with a positive mpMRI. csPCa was defined as disease with a
Gleason score at biopsy of �7.

2.6. Statistical analysis

Our statistical analysis consisted of four steps. First, the median and
interquartile range and the frequency and proportion were reported for
continuous and categorical variables, respectively. A Mann-Whitney U

test and a x2 test were applied to assess the statistical significance of
differences in medians and proportions, respectively.



Table 1 – Descriptive characteristics for 244 patients undergoing mpMRI of the prostate with subsequent targeted (fusion or cognitive) and
concomitant systematic biopsy in a single tertiary care referral centre between 2013 and 2016

Variable Overall (n = 244) Fusion biopsy (n = 157, 64.3%) Cognitive biopsy (n = 87, 35.7%) p value

Median age at biopsy, yr (IQR) 66 (60–73) 67 (61–73) 62 (58–70) 0.002
Median PSA, ng/ml (IQR) 7 (4.8–10) 7.3 (5.2–10.5) 6 (4–9) 0.03
Digital rectal examination, n (%) 0.006
Negative 212 (86.9) 129 (82.2) 83 (95.4)
Positive 32 (13.1) 28 (17.8) 4 (4.6)

Median prostate volume, ml (IQR) 47 (37–65) 46 (37–62) 50 (37–75) 0.2
PI-RADS score 0.8
3 94 (38.5) 59 (37.6) 35 (40.2)
>3 150 (61.5) 98 (62.4) 52 (59.8)

Median target cores per MRI lesion, n (IQR) 3 (2–3) 3 (2–3) 2 (2–5) <0.001
Median lesions at mpMRI, n (range) 1 (1–3) 1 (1–3) 1 (1–3) 0.6
Overall detection of PCa, n (%) 0.2
No 86 (35.2) 50 (31.8) 36 (41.4)
Yes 158 (64.8) 107 (68.2) 51 (58.6)

Overall detection of csPCa, n (%) 0.07
No 114 (46.7) 66 (42) 48 (55.2)
Yes 130 (53.3) 91 (58) 39 (44.8)

csPCa detection in target samples, n (%) 0.002
No 124 (50.8) 68 (43.3) 56 (64.4)
Yes 120 (49.2) 89 (56.7) 31 (35.6)

Previous biopsy, n (%) 0.04
No prior biopsy 131 (53.7) 76 (48.4) 55 (63.2)
Prior negative biopsy 113 (46.3) 81 (51.6) 32 (36.8)

IQR = interquartile range; PSA = prostate-specific antigen; PCa = prostate cancer; csPCa = clinically significant PCa; mpMRI = multiparametric magnetic
resonance imaging; PI-RADS = Prostate Imaging Recording and Data System.

Table 2 – Multivariable logistic regression model predicting
clinical significant prostate cancer in 244 patients undergoing
mpMRI of the prostate with subsequent targeted (fusion or
cognitive) and concomitant systematic biopsy in a single tertiary
care referral centre between 2013 and 2016

Predictor Multivariable analysis

OR (95% CI) p value

Prostate-specific antigen 1.07 (1.01–1.14) 0.03
Digital rectal examination
Negative Reference –

Positive 1.2 (0.5–3.2) 0.5
Prostate volume a 0.98 (0.97–0.99) 0.01
PI-RADS score
3 Reference –

>3 4.5 (2.4–8.5) <0.001
Number of target cores per MRI lesion 1.1 (0.8-1.5) 0.3
Targeted biopsy
Cognitive Reference –

Fusion 2.4 (1.1–5.1) 0.03
Log operator expertise b 1.7 (1.2–2.3) 0.001

MRI = magnetic resonance imaging; OR = odds ratio; CI = confidence
interval; PI-RADS = Prostate Imaging Recording and Data System.
a Prostate volume at transrectal ultrasonography.
b Logarithmic transformation of operator expertise.
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Second, multivariable logistic regression analyses were performed to
assess the association of TB technique (FB vs CB) and operator expertise
(modeled using a natural log function) with csPCa detection. Predictors
included PSA, DRE (negative vs positive), prostate volume, PI-RADS score
(3 vs >3), and number of targeted cores per MRI lesion.

Third, the same analyses were performed in the subgroup of patients
undergoing FB to assess the association of approach (TR vs TP) and
operator expertise (modeled using a natural log function) with csPCa
detection. Covariates were the same as those included in the previous
model.

Fourth, to produce the learning curve for the FB technique, lowess
smoothing weighted functions were used to graphically assess the effect
of operator expertise on the probability of detecting csPCa after
accounting for all the variables included in the logistic model.

Finally, the same analyses were used in a multivariable approach to
plot the learning curve effect for each operator.

All statistical tests were performed using the RStudio graphical
interface v.0.98 for R software environment v.3.0.2 (R Foundation for
Statistical Computing, Vienna, Austria). All tests were two-sided with a
significance level set at p < 0.05.

3. Results

Descriptive characteristics for the patient population are
reported in Table 1. Overall, 157 patients (64%) underwent
FB and 87 (36%) underwent CB. A TR approach was used for
all patients who underwent CB. In the FB group, a TR
approach was used for 70 men (45%) and a TP approach for
87 (55%). The overall PCa detection ratewas 68% and 59% for
FB and CB, respectively (p = 0.2). The overall csPCa detection
rate was 58% and 45% for FB and CB, respectively (p = 0.07).
A significantly higher csPCa detection rate in targeted
samples was observed for FB relative to CB (57% vs 36%;
p = 0.002).
Onmultivariable regression analyses, FB (odds ratio [OR]
2.4, 95% confidence interval [CI] 1.1–5.1; p = 0.03) and
operator expertise (OR 1.7, 95% CI 1.2–2.3; p = 0.001) were
significantly associated with a higher probability of
detecting csPCa in targeted samples (Table 2). Furthermore,
PSA (OR 1.07, 95% CI 1.01–1.14; p = 0.03), prostate volume
(OR 0.98, 95% CI 0.97–0.99; p = 0.01), and PI-RADS score >3
(OR 4.5, 95% CI 2.4–8.5; p < 0.001) reached independent
predictor status (Table 2).



Table 3 – Multivariable logistic regression model predicting
clinically significant prostate cancer in 157 patients undergoing
multiparametric MRI of the prostate with subsequent fusion and
concomitant systematic biopsy in a single tertiary care referral
centre between 2013 and 2016

Predictor Multivariable analysis

OR (95% CI) p value

Prostate-specific antigen 1.14 (1.04–1.28) 0.008
Digital rectal examination
Negative Reference –

Positive 1.6 (0.6–4.7) 0.3
Prostate volume a 0.97 (0.95–0.99) 0.006
PI-RADS score
3 Reference –

>3 3.8 (1.7–8.7) 0.001
Number of target cores per MRI lesion 0.7 (0.5–1.1) 0.2
Biopsy approach
Transrectal Reference –

Transperineal 4.1 (1.4–12.9) 0.01
Log operator expertise b 1.9 (1.2–2.8) 0.004

MRI = magnetic resonance imaging; OR = odds ratio; CI = confidence
interval; PI-RADS = Prostate Imaging Recording and Data System.
a Prostate volume at transrectal ultrasonography.
b Logarithmic transformation of operator expertise.
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On multivariable analyses for the group of patients
undergoing FB, operator expertise remained an indepen-
dent predictor of csPCa detection in targeted samples (OR
1.9, 95% CI 1.2–2.8; p = 0.004). Moreover, a TP approach (OR
[(Fig._1)TD$FIG]
Fig. 1 – The operator learning curve for fusion biopsy. Probability of detecting
specific antigen, prostate volume, PI-RADS v.2 score, number of targeted cores
examination, and fusion biopsy approach (transrectal vs transperineal).
PI-RADS = Prostate Imaging Recording and Data System.
4.1, 95% CI 1.4–12.9; p = 0.01), PSA (OR 1.14, 95% CI 1.04–1.28;
p = 0.008), prostate volume (OR 0.97, 95% CI 0.95–0.99;
p = 0.006), and PI-RADS score >3 (OR 3.8, 95% CI 1.7–8.7;
p = 0.001) reached independent predictor status (Table 3).

Figure 1 shows the learning curve for FB. The probability
of detecting csPCa was plotted against operator expertise
after accounting for several confounders. We observed a
sharp increase in the probability of detecting csPCa, from
53% during the first procedures to 83% when reaching
60 procedures. Thereafter, the detection rate showed a slow
nonsignificant increase up to 85% at 80 procedures without
reaching any plateau.

Finally, when we assessed the learning curve effect for
each operator in a multivariable fashion, operator expertise
remained an independent predictor of csPCa detection in
targeted cores (OR 1.03, 1.06, and 1.01 for operators 1, 2, and
3, respectively; all p < 0.04). Figures 2–4 show the learning
curve effect for the three operators. The number of
procedures performed influenced the probability of detect-
ing csPCa in targeted cores for each operator. Specifically,
csPCa detection ranged from 30% during the first procedure
to 57% when reaching 60 procedures for operator 1 (who
performed CB), from 15% to 78% for operator 2 (who
performed TR FB), and from 70% to 83% for operator 3 (who
performed TP FB). The effect of operator expertise on csPCa
detection was more pronounced for operator 2 than for
operators 1 and 3.
clinically significant prostate cancer (PCa) after accounting for prostate-
per magnetic resonance imaging–detected lesion, digital rectal



[(Fig._2)TD$FIG]

Fig. 2 – Learning curve for operator 1 (cognitive targeted biopsy). Probability of detecting clinically significant prostate cancer (PCa) after accounting
for prostate-specific antigen, prostate volume, PI-RADS v.2 score, number of targeted cores per magnetic resonance imaging–detected lesion, and
digital rectal examination.
PI-RADS = Prostate Imaging Recording and Data System.
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4. Discussion

The widespread use of mpMRI of the prostate to detect PCa
has led to increasing utilization of TB [11–13]. To date, the
optimal technique (FB vs CB) and the optimal approach (TR
vs TP) for performing mpMRI-guided TB of the prostate
remain unclear and existing data on this topic are
contradictory [14,15,17–19]. To try to solve this issue, we
used a cohort of consecutive patients who underwent
mpMRI-guided TB at a single tertiary referral centre and
compared csPCa detection rates for different TB approaches.
We hypothesized that FB could significantly improve the
csPCa detection rate relative to CB. Moreover, we compared
the TP and TR approaches in the FB setting. Furthermore,
given the fact that prostate biopsy outcomes are multifac-
torial, we hypothesized that operator expertise might
influence TB performance, regardless of the technique used.

Our findings confirmed our three hypotheses and are
noteworthy. First, we observed that the FB technique was a
significant predictor of csPCa detection. Specifically, FB had
2.4-fold higher probability of detecting csPCa relative to CB
(95% CI 1.1–5.1; p = 0.03). The added value of software-
registered TB compared to visually registered TB is the
software visualization of prostate and lesions contours,
which helps the physician in accurate deployment of the
needle in the prostate. Nonetheless, most mpMRI lesions
are visible on ultrasound. Van de Ven et al [26] reported that
43% and 62% of PI-RADS 4 and 5 lesions, respectively, appear
as hypoechoic areas in ultrasound images. According to our
results, use of a software registration approach (FB),
together with the ultrasound image interpretation, yielded
higher accuracy in the diagnosis of csPCa. To date there is no
strong evidence suggesting that one technique is better
than the other. In the context of CB in a randomized study,
Panebianco et al [27] reported exceptional and promising
data regarding PCa detection rates in biopsy-naïve patients
with PI-RADS�3 lesions onmpMRIwho underwent 12-core
TRUS biopsy combined with CB TB. Among patients
randomized to the TRUS biopsy group, 215/570 (38%) were
diagnosed with PCa. Conversely, among 440 patients with
positive mpMRI, 417 (95%) were found to have PCa [27]. In
the present study, 51/87 patients (59%) in the CB cohort
were diagnosed with PCa (Table 1). Despite the existence of
different studies comparing CB and FB with different
conclusions, the main meta-analysis [19] evaluating differ-
ent TB techniques failed to demonstrate a significant
advantage of any of them with regard to PCa and csPCa
detection. It is of note that the studies comparing FB and CB
that were included in this meta-analysis were limited by a
small sample size [17,28,29] or the use of nonstandardized



[(Fig._3)TD$FIG]

Fig. 3 – Learning curve for operator 2 (transrectal fusion targeted biopsy). Probability of detecting clinically significant prostate cancer (PCa) after
accounting for prostate-specific antigen, prostate volume, PI-RADS v.2 score, number of targeted cores per magnetic resonance imaging–detected
lesion, and digital rectal examination.
PI-RADS = Prostate Imaging Recording and Data System.
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mpMRI reporting systems [16]. Therefore, further prospec-
tive and especially randomized studies are needed to
definitively and reliably assess whether FB has a signifi-
cantly higher csPCa detection rate relative to CB.

Second, the subgroup analysis for patients undergoing FB
revealed that the TP approach had a higher csPCa detection
rate compared to the TR approach. Specifically, TP FB had a
4.1-fold higher probability of detecting csPCa relative to the
TR approach (95% CI 1.4–12.9; p = 0.01). Unfortunately, our
findings cannot be directly compared to other cohorts, since
to the best of our knowledge our study represents the first
attempt to compare TR versus TP in the specific setting of
FB. The same topic was addressed in the standard biopsy
setting, although no significant differences in the PCa
detection rate were found between the two approaches
[14,15]. One might argue that patients undergoing TP rather
than TR FB are more likely to present with different
characteristics, especially for lesion localization, given the
fact that anterior lesions aremore likely to be targeted using
a TP approach. Nonetheless, our data provide no evidence of
a statistically significant difference between the TR and TP
FB cohorts, especially in terms of lesion localization
(anterior lesions in 30/70 [42%] of the TR group vs 30/87
[29%] of the TP group; p = 0.18). A possible explanation of
our findingsmay reside in the different transducers used for
the two approaches. Specifically, sagittal sections were
performed using a convex transducer in the TR approach,
which led to deformation of the prostate. Conversely,
sagittal sections were performed using a linear transducer
in the TP approach. This could result in more accurate
synchronization between mpMRI and ultrasound images of
the prostate in the TP approach.

Third, we observed that operator expertise significantly
affected the probability of csPCa detection in a cohort of
patients submitted to TB, after accounting for several
confounders (OR 1.7, 95% CI 1.2–2.3; p = 0.001). To the best
of our knowledge, the current study represents the first
report to provide this evidence using a multivariable
approach and taking into account different TB techniques.

Fourth, the positive impact of operator expertise on
detection of csPCa was confirmed in subgroup analyses for
the FB cohort after accounting for several confounders (OR
1.9, 95% CI 1.2–2.8; p = 0.004). To the best of our knowledge,
we are the first to assess the learning curve for FB in a
multivariable fashion. Other authors have previously
demonstrated the presence of a learning curve effect in
the TB field, describing an increase over time in the PCa
detection rate [20–22]. Gaziev and colleagues [20] demon-
strated the existence of a learning curve for PCa detection in
the FB setting. However, these authors exclusively focused
on the TP approach and did not account for several
confounders such as PSA, DRE, prostate volume, PI-RADS
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Fig. 4 – Learning curve for operator 3 (transperineal fusion targeted biopsy). Probability of detecting clinically significant prostate cancer (PCa) after
accounting for prostate-specific antigen, prostate volume, PI-RADS v.2 score, number of targeted cores per magnetic resonance imaging–detected
lesion, and digital rectal examination.
PI-RADS = Prostate Imaging Recording and Data System.
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score, and number of target cores per mpMRI lesion, which
may all influence prostate biopsy outcomes. By accounting
for these related factors we could provide a more realistic
assessment of the impact of operator expertise on the
ability to detect csPCa. Calio et al [21] reported data for three
large consecutive cohorts of biopsy-naïve patients under-
going FB. They identified a learning curve effect via
multivariable association, whereby a higher csPCa detection
rate was observed for their most recent cohort. By contrast,
we observed a learning curve effect for each consecutive TB
for both CB and FB. When we graphically assessed the
overall effect of operator expertise for the FB subgroup of
patients after accounting for several confounders (Fig. 1),
we observed that csPCa detection probability increased
with the number of procedures performed. Specifically,
there was a sharp increase in the csPCa detection
probability from 53% initially to 83% when 60 procedures
were reached. Thereafter, the learning curve appeared quite
long, with a maximum detection rate of 85%. These findings
seem to suggest that in the early phase of the learning curve
there may be a certain probability of misdiagnosing csPCa
and that at least 60 procedures are needed to reach an
acceptable csPCa detection rate. It is of note that even after
60 procedures we failed to observe a plateau in the learning
curve, which implies that a training program is needed to
ensure a high probability of success in this specific biopsy
setting.

Finally, assessment of the learning curve effect for each
operator confirmed that operator expertise is an indepen-
dent predictor of csPCa detection in targeted cores
(Figs. 2–4). For each operator we observed that the higher
the number of TBs performed, the greater was the
probability of detecting csPCa. It is of note that the
learning curve effect was more pronounced for operator 2,
who performed TR FB, in comparison to operators 1 and 3,
who performed CB and TP FB, respectively. Specifically, the
probability of detecting csPCa in targeted cores during the
initial cases was inferior to that for the other operators.
This suggests that initial familiarization with the software
and the synchronization process might be more compli-
cated for TR FB. Nonetheless, after approximately 60 cases,
operator 2 reached a csPCa detection probability of �80%,
which is higher than the rate achieved by operator 1 (CB)
and slightly lower than that of operator 3 (transperineal
FB). Thus, FB resulted in a higher csPCa detection rate
relative to CB (Table 2). Operator 3, who performed TP FB,
had the weakest learning curve effect. Specifically, the
probability of detecting csPCa was approximately 70% for
the initial case and increased to �85% for the last cases.
The present data therefore suggest that a TP FB approach
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seems to be the easiest technique for performing TBs and
the one with the highest csPCa detection rate.

Our study is not devoid of limitations. First, our findings
originated from observational data. As a consequence, they
should be interpreted with caution. It should be noted that
the reliability of observational data in comparison to data
originating from randomized controlled trials (RCTs) is still
a controversial topic. Anglemyer et al [30], in a meta-
analysis assessing the impact of study design (RCT vs
observational) on the effect of measures estimated,
concluded that there is a little difference between the
results obtained from RCTs and observational studies, and
no significant differences between effects of the study
design [30]. Second, the small size of our cohort means that
our findings need to be confirmed in a larger cohort. Third,
our cohort is heterogeneous. Specifically, it comprised both
biopsy-naïve and prior negative-biopsy patients submitted
to different techniques without any randomization, and
thus there is a risk of selection bias. However, the results
from this study still represent real clinical practice and
therefore must be considered generalizable. Finally, TBs
were performed with a unique fusion software system, so
our data might not be applicable to patients undergoing FB
with other fusion software systems or with different
synchronization methods (ie, elastic and rigid fusion
registration) [31].

5. Conclusions

We demonstrated that FB had higher rate of csPCa detection
relative to CB. In particular, within the FB setting a TP
approach was superior to a TR approach in detecting csPCa.
Moreover, we found that operator expertise was an
important predictor of detection of csPCa, regardless of
the procedure used.
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