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Abstract

Introduction: The aim of this study was to evaluate the performance of multiparametric magnetic resonance imaging
(mpMRI)-ultrasound (US) fusion-targeted biopsies (TB) in men with primary and repeated biopsies comparing the
cancer detection rate (CDR) of random biopsies (RB) + TB versus only TB.

Methods: The present study is a real-life study on patients with primary and prior negative prostate biopsies with
suspicious PCa. A total of 130 men with prostate-specific antigen (PSA) value >2.5ng/dL and/or abnormal digital rectal
examination (DRE) were included in the study and subjected to mpMRI. Patients with >2 previous biopsies and/or
with =3 suspected lesions on MRI and/or prostate imaging-reporting and data system (PIRADS) value =4 (n:30 pts)
were subjected only to TB on the areas indicated by mpMRI. All the other patients (n:70 pts) were subjected to standard
random laterally directed |0-core plus TB on the areas indicated by mpMRI.

Results: The overall CDR was 53% (53/100). In relation to PIRADS score, the overall CDR was 0, 40% (12/30), 56.83%
(29/51), and 84% (11/13) for PIRADS 2, 3, 4, and 5, respectively. According to biopsy modality, CDR for RB + TB was
50% (35/70) and CDR for TB was 60% (18/30) with a p-value of 0.3632.

Discussion: MRI-US fusion biopsy is associated with a high CDR of clinically significant PCa (csPCa). MRI-US fusion
biopsy could be a reasonable approach in patients with previous negative biopsy and high PIRADS score on MRI, to
ensure a high CDR of csPCa and to reduce the diagnosis of clinically insignificant tumors.
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Introduction first of all the multiparametric magnetic resonance imag-
ing (mpMRI) of the prostate. The association of
T2-weighted with diffusion-weighted and dynamic con-
trast-enhanced (DCE) imaging has excellent sensitivity for
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the detection and localization of PCa* so much that the
most recent European and American Urological (EAU)
Association recommends a 1012 core systematic TRUS
biopsy including a target biopsy (TB) of any mpMRI sus-
picious lesions during repeated biopsy.?3

Several studies showed that mpMRI combined with
MRI-ultrasound (US) fusion technology, which consists
in merging previously captured MRI images with live
TRUS images, is a promising method in the detection of
PCa with high cancer detection rate (CDR) of >60%.%7
Early trials of TB included men with primary biopsy or
with previous negative biopsies comparing CDR in ran-
dom and targeted biopsies, especially in terms of clinically
significant PCa (csPCa).%® Some authors suggested that
mpMRI-US fusion TB is superior to standard biopsy
either in terms of capturing csPCal®!2 or in terms of
morbidity.

Today, this has led to a new important question for clin-
ical practice: is a standard biopsy still necessary if a tar-
geted one was also performed? Moreover, which is the
optimal setting for patients who should be subjected to
fusion biopsy? Considering these questions, the aim of this
study was to prospectively evaluate the performance of
mpMRI-US fusion targeted biopsies in men with primary
and repeated biopsies comparing the CDR of RB + TB
versus TB especially in terms of csPCa. The relationship
of increasing number of previous biopsies and the CDR
was also analyzed. We finally correlate CDR with the
prostate imaging-reporting and data system (PIRADS)
scoring system.

Materials and methods

Study design and population

The present study is a single-center study based on daily
clinical practice. Patients at first or with previous negative
prostate biopsies have been examined; their risk of having
PCa was assessed by prostate-specific antigen (PSA) value
and/or digital rectal examination (DRE). The study was
conducted after receiving approval of the protocol from
our institutional board committee of Policlinico Hospital
and informed consent was obtained from all patients.
Between September 2015 and March 2016, 130 men with
PSA value >2.5ng/dL and/or abnormal DRE visited out-
patient clinic of the Department of Urological Sciences,
Policlinico Umberto-I, were included in the study.
Inclusion criteria were the following: age > 50years,
PSA>2.5ng/dL, at least one suspicious lesion on mpMRI,
and signed informed consent. All patients were subjected
to mpMRI (T2-weighted with diffusion-weighted and
DCE imaging) in the Department of Radiology. A total of
30 men with no suspicious lesions on mpMRI were
excluded from the protocol and were followed in urologi-
cal daily outpatient clinics. A population of 100 patients

was finally included in the study. Moreover, we divided
the population into two non-randomized groups: patients
with>2 previous biopsies and/or with=3 suspected
lesions on MRI and/or PIRADS value =4 (n:30 pts) were
subjected only to targeted biopsy (TB), using the areas
depicted by mpMRI as landmarks. The other patients (n:70
pts) were subjected to the standard, laterally directed, ran-
dom 10-core biopsy, including TB on the areas indicated
by mpMRI. The mean number of samples per procedure
was 6 for TB. In Table 1, characteristics of the population
are summarized.

Multiparametric MRI

To evaluate the prostate gland, examinations were per-
formed on a 3T or 1,5T magnets upon availability
(MAGNETOM Avanto and Verio, Siemens Medical
Solutions) equipped with a phased-array coil and an endo-
rectal coil. The MRI protocol included the following
sequences: T2-weighted (T2w) turbo spin-echo sequences
(repetition time (TR), 4500ms; echo time (TE) 110ms;
thickness, 3mm; and matrix, 352 X 352) in axial, sagittal,
and coronal planes. Diffusion-weighted imaging sequences:
slice thickness, 3mm; TR, 3100ms; TE, 102 ms; and expo-
nential b values of 0, 500, 1.000 s/mm? on the 1,5 T magnet.
Additional b value of 2.000 s/mm? was performed on the
3T magnet. DCE-MRI was obtained using a gradient-
echoT1-weighted sequence in axial planes (TR, 3ms; TE,
2 ms; thickness, 3 mm; time resolution, 12 sections/3 s; and
matrix, 320 X 192). Collected data were reviewed by using
PI—RADS v.2 classification system.

Prostate biopsy

MRI-US fusion technique uses software algorithms and
dedicated hardware to overlay the data obtained from MRI
and US examinations, delivering a greater accuracy of the
prostate biopsy. The system used for this study is the
Urostation (Koelis—Grenoble, France). The procedure
involves the following steps. First, prostate gland needs to
be outlined through axial T2 images where three key points
must be set: prostate base, apex, and rear portion. This pro-
cess allows the software to create a three-dimensional
model of the gland where the operator proceeds to draw
areas, which represent target lesions previously identified
by MRI. Finally, the fusion process between MRI and US
images takes place.

Biopsies were performed in dorsal lithotomy, with tran-
srectal approach. A 18-G biopsy gun with a sample length of
18 mm was employed. In targeted biopsy, at least two cores
per lesion were taken, depending on lesion size. In system-
atic biopsy, the needle was placed according to a 10-core
custom scheme: two cores from the basal portion (lateral
and paramedial), two from the midgland (lateral and para-
medial), and one from the apex (on each side of the gland).
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Table I. Characteristics of the population.

No. of patients Total: 100 Mean Median IQR
TB + RB: 70 RB: 30
Age (year) 66 61-71.5
PSA (ng/dL) 6.38 5-9.5
Prostate volume 385 29.5-50
DRE

Normal 86

Abnormal 14
No. of lesions per patient (MRI)  3.51 3 1-6
Biopsies per patients (TOT) I 4-18
Random biopsies I 0-12
Target biopsies 439 4 3-5.25
Core length (mm)

Target 3.25 24443

Random 1.95 1.57-2.18
No. of prior biopsies:

Primary biopsy 46

| 29

2 18

>3 7
PIRADS score:

2 6

3 30

4 51

5 13
Histology

Each biopsy core was labeled, processed, and examined
separately by our expert uropathologist, who was blinded
to MRI results. Clinical significance of PCa was defined
according to Epstein et al.!? criteria: Gleason score > 6 or
Gleason score 6 with 50% involvement of PCa per core or
PCa detected in more than two cores.

Statistical analysis

To compare variables among different patients’ settings,
the statistical analysis was based on a -test. The test was
designed as a two-tailed test, with 5% Type I error. In par-
ticular, a Welch Two Sample #-test was used to verify dif-
ferences in the groups. Univariate regression analysis of
the risk factors for Gleason score (age, ER, PSA, prostate
volume, RM, PIRADS, number of prior biopsies) was per-
formed and p values less than 0.05 were considered statis-
tically significant.

Results

A total of 100 patients were included. We stratified the
whole population on the basis of PIRADS score (6 pts with
PIRADS 2, 30 pts with PIRADS 3, 51 pts with PIRADS 4
and 13 pts with PIRADS 5), number of previous biopsies
(46 pts at primary biopsy, 29 pts with one previous nega-
tive biopsy, 18 pts with 2 previous negative biopsies and 7

pts with>3 previous negative biopsies), and the Fusion
biopsy modality (random + target (70 pts) and only target

(30 pts)).

Overall CDR

The overall CDR was 53% (53/100). In relation to PIRADS
score, the overall CDR was 0, 40% (12/30), 56.83%
(29/51), and 84% (11/13) for PIRADS 2, 3, 4, and 5,
respectively. In relation to number of previous biopsies,
the overall CDR was 54.34 % (25/46) for primary biopsy
and 34.48% (10/29), 72.22% (13/18) and 71.43% (5/7) for
1, 2,>3 prior negative biopsies, respectively.

The distribution of Gleason score at biopsy in relation
to PIRADS and to the number of previous biopsies is spec-
ified in Table 2.

CDR in RB+ TB and in TB groups

According to biopsy modality, CDR for RB +TB was
50% (35/70) and CDR for TB was 60% (18/30) with a p
value of 0.3632. Tumor was located outside the suspicious
mpMRI focus area (that means RB+and TB-) in 5/70
cases (4 cases GS 6 and 1 case GS 7), but the total cancer
length was less or equal to 0.2 cm. In RB + TB group, 5/70
(7.14%) patients resulted TB+ and also RB+,and 25/70
(35.71%) patients resulted TB+ but RB—.

For RB + TB according to number of previous biopsies,
the CDR was 46.87% (15/32), 38% (8/21), 69.23% (9/13),
and 75% (3/4) for primary biopsy, 1, 2,>3 prior negative
biopsies, respectively, and for only TB, the CDR was
71.42% (10/14), 25% (2/8), 80% (4/5), and 66.66% (2/3)
for primary biopsy, 1, 2,>3 prior negative biopsies,
respectively, with a p value >0.1.

Table 2 summarizes biopsy results in relation to
PIRADS score and to number of previous biopsies, in the
whole population and in the RB + TB versus TB groups.

Detection of clinically significant PCa

Regarding the detection of csPCa, see Figures 1 and 2.

Univariate analysis

Finally, we calculated a univariate analysis: in the univari-
ate analysis, PIRADS score is the best predictor of the
Gleason score and was significantly associated with this
variable (Pearson’s coefficient p<0.05) showing a strong
positive correlation (beta for PIRADS =4 is 0.52 and beta
for PIRADS=5is 1).

Discussion

PCa is the most common tumor in men and actually the
third tumor-related cause of death.! Over the past 10 years,
the widespread use of PSA as a screening test has led to an
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Table 2. Cancer detection rate (CDR) and Gleason Pattern in correlation to the number of prior biopsies and PIRADS score.

Biopsy results No. of patients 100 CDR GS 6 GS73+4 GS 8-10
RB+TB 70 TB 30 “4+3)

Overall CDR 53/100 53% 27(50.94%) 21 (39.62%) 5(9.43%)

CDRRB+TB 35/70 50% 17(29.31%) I5 (25.86%) 3(5.17%)

CDRTB 18/30 60% (p=0.3632) 10 (55.55%) 6 (33.33%) 2 (11.11%)

TB neg/RB pos 5 5% 4(80%) 1(20%) -

CDR in relation to no. of prior biopsies
Primary Biopsy 46

25/46 (54.34%)

13/25 (52%)
4/10 (40%)
8/13 (61.54%)
2/7 (40%)

11712 (91.67%)
14/29 (48.28%)
2/11 (18.18%)

10/25 (40%)
5/10 (50%)
4/13 (30.77%)
2/7 (40%)

112 (8.33%)
13/29 (44.83%)
6 (54.55%)

2/25 (8%)
1/10 (10%)
1/13 (7.69%)
1/7 (20%)

0
229 (6.9%)
3/11 (27.27%)

| 29 10/29 (34.48%)

2 18 13/18 (72.22%)

>3 7 5/7 (71.43%)
Primary biopsy 32 15/32 (46.87%)
RB+TB

| 21 8/21 (38.09%)

2 13 9/13 (69.23%)

>3 4 3 /4 (75%)
Primary 14 10/14 (71.42%)
Biopsy TB

| 8 2/8 (25%)

2 5 4/5 (80%)

>3 3 2/3 (66.66%) *p > 0.1

CDR in relation to PIRADS score

PIRADS 2 6 0
PIRADS 3 30 12/30 (40%)
PIRADS 4 51 29/51 (56.86%)
PIRADS 5 13 11713 (84.62%)
RB+TB

2 6

3 26 10/26 (38%)

4 31 19/31(61%)

5 7 6/7 (85%)
TB

2

3 4 2/4 (50%)

4 20 11/20 (55%)

5 6 5/6 (83%) *p>0.1

increased number of clinically insignificant diagnoses of
cancer, leading to a concrete possibility of overtreatment. !4
For these reasons, International Guidelines do not recom-
mend PSA as a screening test for early diagnosis of PCa,
despite a large European study on PCa screening using
PSA test showed a reduction in mortality from PCa.??

In the last few years, research has been focused on
developing more accurate imaging techniques with a view
to overcome the actual limits of PSA. Many efforts were
spent to identify significant lesions, which represent the
real target in order to avoid overtreatment.'-16 In this con-
test, mpMRI combining diffusion and dynamic studies has
shown favorable results for significant PCa.l” More
recently, several studies showed that mpMRI combined
with MRI-US fusion biopsy is a promising method for the
diagnosis of PCa, particularly for high-risk PCa.%7 Despite
these promising results, EAU guidelines recommend

mpMRI only in patients with previous negative random
biopsy (RB) with suspicious PCa, with a Grade B
recommendation.?

Real-life studies have gained a growing diffusion
because this type of work has the potential to improve the
quality and delivery of medical care, to reduce the overall
costs and to improve the outcomes by accelerating the
understanding of how good is to incorporate new therapies
and technologies into everyday clinical practice.'® To our
knowledge, this is the first study that specifically analyzes
the role of MRI-US fusion biopsy in everyday clinical
practice. In this experience, we report an overall CDR of
53% of which Gleason 6 was 50.9% and Gleason =7 was
49.1%. Comparing the two groups (RB + TB vs. TB), we
observed an overall CDR of 50% and 60%, respectively.
Gleason =7 was interesting because it was 31% in the
group of RB+TB and 44% in the group of only TB
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Figure I. (a) Number of patients with insignificant and significant PCa by the combination of TB/RB in relation to number of prior
biopsies. (b) Number of patients with insignificant and significant PCa by combination of TB only (lesion-based biopsy) in relation to

number of prior biopsies.

(p=0.3632), with considerably fewer cores taken in the
group of only TB (6.1 range 3—11 vs. 13.62 range 11-18;
p<<0.05). Moreover, according to Epstein criteria, in our
experience we report a high proportion of csPCa either in
the group of RB + TB 25/35 (71%) or in the group of only
TB 15/18 (83%). We believe that these results indicate that
adding more cores than 12, like in an extended or satura-
tion biopsy protocol, seems to have no meaningful advan-
tages in terms of overall CDR and particularly for clinically
significant CDR.!%2® Mozer et al.2! in a prospective not
randomized experience including only patients at first
biopsy observed a high rate of clinically significant cancer
in the group of only TB compared with standard RB (12-
cores, p <0.03). Sonn et al.?? reported similar results in a
population with previous negative biopsy (21.7% vs.

14.7). In our experience, in a population of first and previ-
ous negative biopsy, we did not observe any significant
differences between the two groups (TB vs. RB + TB) in
terms of clinically significant CDR (83% vs. 71%). On the
contrary, in the group of RB + TB, we report a high pro-
portion of insignificant PCa in patients with 2 or 3 previ-
ous negative biopsies, with four cases of Gleason 6 and
only one case of Gleason 7 located outside the suspicious
mpMRI focus area. Moreover, in the group of only TB, we
report 3/10 cases of insignificant PCa only in the primary
biopsy population and no case in patients with previous
negative biopsy (Figure 2). It is true that the group of only
TB could be considered a very selected population (two or
more lesions classified as PIRADS 4/5); however, the
mean PIRADS in the group of RB + TB and TB was 3,52
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score.

and 4.12, respectively. Our data in a homogeneous popula-
tion such as that in clinical practice seem to confirm the
results reported in randomized clinical trials.621,22
Another important point about the use of MRI-US
fusion biopsy in clinical practice is whether the target tech-
nique should be followed by random biopsies. Considering
our results, we believe that the utility of a standard biopsy
in addition to a target one can be considered limited in the
naive population. On the other hand, it should be consid-
ered “contraindicated” in patients with previous negative
biopsies and suspicious lesions on mpMRI (PIRADS 4/5),
given the high percentage of insignificant PCa observed in
previous biopsy population comparing the two groups
(RB+TB vs. only TB). Arsov et al.?? reported similar

results in a large randomized clinical trial comparing
RB + TB with only TB; they concluded that an important
improvement in CDR for the combined biopsy approach
over MRI-targeted biopsy alone could be excluded in
patients with previous negative biopsy. Moreover, same
results were reported by Siddiqui et al.” that in a large
series of 1003 patients at first and repeat biopsy, they con-
cluded that the utility of standard biopsy in addition to tar-
geted biopsy was found to be limited both in a biopsy
naive population and in the population with previous nega-
tive biopsies. In fact in this study, 200 men were needed to
biopsy by standard biopsy in addition to targeted biopsy to
diagnose one additional high-risk tumor. Furthermore, for
each additional high-risk tumor diagnosed, 17 additional
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low-risk tumors would also be diagnosed. Conversely,
Borkowetz et al.,? in a population with first and repeated
biopsies, concluded that more clinically significant cancer
(12%) was found by systematic biopsy in addition to target
biopsy. Comparing our results of RB+ TB group with
those reported by Borkowetz et al.’s study showed a sig-
nificant difference in terms of mean cores taken per patient
(21 vs 13.62) and a different approach in RB procedure
(transrectal vs transperineal). Moreover, in the study by
Borkowetz et al., adding a systematic random biopsy to a
target biopsy detects 50% more tumors with clinically
insignificant Gleason score 6. We believe that a transrectal
approach and a mean number 21 cores, which is compara-
ble with a saturation biopsy model, do not represent the
standard for clinical practice. Our results are similar to
those reported by Siddiqui et al.” where the number of
cores taken per patient was comparable with our experi-
ence either for target model or for systematic random
model, but in the group of SB + TB we report only one in
Gleason 7 located outside the mpMRI focus area.

Our results support those reported by Siddiqui et al.”
We suggest that in patients with previous RB and two or
more lesions classified as PIRADS 3/4/5 on MRI, only
TB is a reasonable approach to ensure a high CDR of
csPCa and to reduce the diagnosis of insignificant ones.
Moreover, we believe that in patients with previous neg-
ative RB a prospective comparison between MRI-
targeted biopsy alone and systematic TRUS-biopsy is
now justified.

Our study has some limitations: it is a single-centered
study with a limited population which could raise the ques-
tion of whether our results are reproducible in other cent-
ers. In our experience, the mpMRI was made by radiologists
with vast experience (more than 10years) with mpMRI
interpretation and it is well known how there can be a dif-
ferent interpretation of PIRADS score among different
centers as reported recently by Hansen et al. They observed
a disagreement between initial and tertiary centers in 54%
of cases.?* We believe that this is a crucial point for the
reproducibility of the method in clinical practice; however,
the increasing popularity of mpMRI in primary centers and
the consensus meeting between radiologists could lead in
the near future to greater uniformity of image interpreta-
tion. Another limitation of our study was that patients with
negative mpMRI were excluded from the trial. However,
the high negative predictive value of mpMRI (86%), espe-
cially for Gleason 7 or greater (98%), supports our design.!”
Moreover, we had performed only TB in a very selected
population (two or more lesions PIRADS 3/4/5). On the
other hand, the rate of significant cancer in relation to
PIRADS 4-5 was reported to be very high in several expe-
riences (74%-98%)° and range between 80% and 83% in
our study population. In our study, univariate analysis
shows that PIRADS score is the best predictor for Gleason
score and it was significantly associated with this
variable.

Conclusions

In conclusion, in our experience, MRI-US fusion biopsy
(RB + TB and only TB) is associated with a high CDR of
csPCa. Moreover, MRI-US fusion biopsy (only TB) could
be a reasonable approach in patients with a previous nega-
tive biopsy and high PIRADS score on MRI, to ensure a
high CDR of significant PCa and to reduce the diagnosis
of insignificant ones. Further randomized clinical trials are
necessary to establish the right role of MRI-US fusion
biopsy (only TB) in clinical practice.
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