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Abstract

Introduction: To evaluate and compare the benefits of multiparametric magnetic resonance imaging (mpMRI) in combination with fusion prostate biopsy (fPBx)
and find out what happened with patients underwent single MRI without fPBx.

Materials and methods: 725 patients underwent prostate mpMRI. Sixty-five of these patients additionally underwent ultrasound-guided fPBx. Prostate lesions were
scored using the Prostate Imaging Reporting and Data System version 2, and the results were verified with prostate biopsies.

Results: Sixty-five patients (52%) underwent fPBx after mpMRI, and 60 patients (48%) underwent mpMRI alone as ordered by their physician. Of the 65 men who
underwent fPBx, PCa was verified in 33 men (50.77%) who exhibited suspicious lesions on mpMRI, whereas 20 men (30.77%) yielded negative results, although
suspicious lesions were observed by mpMRI. Among the 65 men, 7 (10.76%) and 5 (7.7%) men had atypical small acinar proliferation and chronic prostatitis,
respectively. The mean PCa detection rate for standard biopsy was 21.9% (SD, 26.4), whereas that of the mpMRI combined with fPBx was 49.5% (SD, 41.9) (p-value
<0.0001).

Of the 53 patients who underwent biopsy, 13 patients underwent the algorithm mpMRI/fPBx for first-line diagnosis, with nearly 70% patients (n=9) experiencing
positive results.

Conclusion: fPBx detected considerably more cases of PCa than standard biopsies, demonstrating the clear advantages of the former method. Because of the well-

known low specificity of mpMRI, this method alone is insufficient for the diagnosis of PCa if no further diagnostic interventions are planned.

Introduction

Prostate cancer (PCa) is the most common cancer among the
European population [1]. Prostate biopsies are recommended to verify
PCa in patients with elevated prostate-specific antigen (PSA) levels
and/or suspicious digital rectal exams (DREs) or Prostate Imaging
Reporting and Data System (PIRADS) scores [13 upon mpMRI
(European Association of Urology [EAU] Guidelines). The role of
biopsies has changed since their introduction; in addition to cancer
detection, biopsies are used for making clinical decisions regarding
therapeutic planning and as follow-up tests for active surveillance. Data
about histology, prostate specific antigen density, tumor location and
extent are essential for accurate risk assessment regarding the biology
and clinical aggressiveness of the encountered tumors [2-4].

The 10-12-core transrectal ultrasound-guided systematic mapping
biopsy (TRUS-GB) is still the primary diagnostic modality for the
detection of PCa [1,5]; however, this approach has a significant false-
negative rate of up to 47%, with up to 38% of patients undergoing a
repeat prostate biopsy within 5 years [6-8].
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The current index and extent of cancer is often underestimated,
leading to a high rate of cancer upgrading and upstaging [9-11].
mpMRI as a single diagnostic tool for detecting PCa has limitations.
The sensitivity (up to 93%) is high, but this can be compromised by
motion artifacts, lack of standardized acquisition, analysis methods and
lack of experience, leading to variabilities in the results. The specificity
of 41% is low, and common signal alterations include postbiopsy
changes, hyperplastic nodules and inflammation.

Hence, mpMRI alone is not recommended for the detection of
PCa and should not be used as a single examination for patients having
prostate or PSA alterations although imaging and nuclear medical
techniques become fundamental in the detection of prostate cancer
[12-15].
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We retrospectively evaluated the advantages of mpMRI combined
with fPBx and distinguished inadequate decisions resulting from a
single mpMRI.

Patients and methods

Patients

We performed a single-center retrospective study at the Department
of Urology and the Department of Radiology of Hanusch Krankenhaus,
Vienna. Data of 125 men were retrospectively collected from November
2016 to November 2017. The patients were classified into five groups, of
which four (i.e., PCa, negative biopsy, atypical small acinar proliferation
[ASAP], and chronic prostatitis) underwent both mpMRI and fPBx. The
inclusion criteria were having at least one prior negative prostate biopsy
with a suspicion of PCa (i.e., abnormal DRE, elevated PSA levels or PSA
velocity) and findings of ASAP or high-grade prostatic intraepithelial
neoplasia (HGPIN) in at least four biopsy samples further selected
cases of young patients in excellent physical conditions.

The collected data included age, PSA level, PIRADS version 2,
Gleason Score (GS), number of positive standard biopsy and mpMRI
plus US-guided fPBx (combined biopsy), and tumor volume.

In total, 60 patients underwent mpMRI alone, as recommended
by their treating physician, after referral to the radiologic department
following the diagnosis of elevated PSA levels or suspected PCa;
however, they were lost to follow-up after obtaining their radiological
report. These data were documented using Microsoft® Excel (Microsoft
Corp, Redmond, WA, USA) and then transferred to NCSS 10 Statistical
Software 2015 version (NCSS, LLC., Kaysville, UT, USA) for statistical
analysis. STATISTICA version 12 (Statsoft, Palo Alto, CA, USA) was
also used for the statistical analysis.

The study was planned according to the guidelines in the synthesis
of qualitative research (ENTREQ) on equator-network.org [16]. All
procedures followed were in accordance with the ethical standards of
the responsible committee on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. For this study, formal
consent of patients was not required.

Multiparametric magnetic resonance imaging

All patients underwent mpMRI performed on a 1.5-Tesla MR
scanner (Philips Achieva Version 2 Series, Phillips, Amsterdam,
The Netherlands) using a multichannel external phase array body
coil, including T2-weighted imaging (T2WI) dynamic contrast—
enhanced and diffusion-weighted imaging (DWI). The imaging
protocol of PIRADS version 2 was followed according to the following
recommendations of the American College of Radiology (ACR):
reference slice thickness, 3 mm and field of view, 160 mm for DWT and
180 mm for T2WT in three planes. Further, we used four B values (0, 100,
1000, and 1500 s/mm?) for interpreting DWI. The results were analyzed
and classified by experienced uroradiologists. DWI and T2WI were
used for analyzing the peripheral zone (PZ) and transitional zone (TZ),
respectively, and notable regions of interest (ROIs) were given an MRI
suspicion score according to the PIRADS 2 scoring system following
the ACR/European Society of Urogenital Radiology recommendations
[17]. The lesions detected in the TZ were assessed in axial, sagittal, and
coronal planes, while those detected in the PZ were assessed only in the
axial plane. The lesions were scored from 1 to 5, with 1 indicating the
lowest suspicion of PCa. The TZ in the T2WT sequence was classified
as PIRADS 1 if homogeneous intermediate signal intensity/normal
was noted; PIRADS 2, circumscribed hypointense or heterogeneous
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encapsulated nodules/benign prostatic hyperplasia; PIRADS 3,
heterogeneous signal intensity with obscured margins and also includes
others that do not qualify as PIRADS 2, 4, or 5; PIRADS 4, lenticular or
non-circumscribed, homogeneous, moderately hypointense and <1.5
cm in the greatest dimension; and PIRADS 5, same as 4 except with
>1.5 cm in the greatest dimension or definite extraprostatic extension/
invasive behavior. The PZ in the DWTsequence was classified as PIRADS
1 if no abnormality on apparent diffusion coefficient (ADC) and a high
b-value on DWI were noted; PIRADS 2, for indistinct hypointensity
on ADC; PIRADS 3, for focal mildly/moderately hypointense on ADC
and isointense/mildly hyperintense on high b-value DWI); PIRADS 4,
for focal markedly hypointense on ADC and markedly hyperintense on
high b-value DWT and with <1.5 cm in the greatest dimension; PIRADS
5, the same as 4 but with 21.5 cm in the greatest dimension or definite
extraprostatic extension/invasive behavior. The images were saved on a
CD for transfer to the ultrasound system [18] (Figure 1a).

Ultrasound-guided fPBx

The MR images were entered into the ultrasound system (Aplio
500 Toshiba). The patients were prepared for MRI according to our
department’s specific protocol [19]. T2ZW MRI sequences were fused
to the real-time ultrasound. The fusion of the methods is provided
on electromagnetic position sensors that allow the registration of
simultaneous movements of the ultrasound and MRI pictures.

Biopsies were performed wunder antibiotic prophylaxis
dependent on the results of rectal swab, and 93% of patients received
flourochinolons. For patients with grade >2 lesions on MRI, 3-5
targeted biopsy specimens were first obtained from the described and
marked ROIs (Figure 1a and 1b.) and 12-core systematic biopsies were
then performed independent of MRI results in the axial plane. The
protocol entails that samples encompassing the bilateral anterior, apex,
mid, base, and lateral locations be obtained [14]. A spring-loaded gun
(18-Gauge needle) was used, and biopsies were performed using an
end-fire transrectal probe (Toshiba 11¢3) by a single urologist supported
by two uroradiologists. The patients were in the lateral position and
received local anesthesia according to the department’s protocol with a
lidocaine suppository plus a periprostatic nerve block [15]. mpMRI and
fPBx were performed with a 1-5-week interval. The specimens were
graded based on the International Society of Urological Pathology and
World Health Organization guidelines.

Result

The demographics are presented in Table 1. One hundred and
twenty-five patients underwent mpMRI. The mean age was 64 (standard
deviation [SD], 10) years, and patients diagnosed with PCa had an
average age of 68 (SD, 10) years. Sixty-five patients underwent fPBx, of
whom 33 patients were verified to have PCa via both biopsy techniques.
Twenty patients had negative results, although suspicious lesions were
noted by mpMRI. Of the cohorts with positive and negative biopsy
results (n=53), 13 patients (24.52%) underwent the combined biopsy
technique for first-line diagnosis, of whom 9 patients (69.2%) were
verified to have PCa and 4 patients (30.8%) were not.

Sixty patients underwent mpMRI alone. We tried to contact these
patients who underwent mpMRI only to determine what was done after
MRI

The mean tumor diameter by MRI was 10.7 (SD, 5.2) mm, and the
mean volume of PCa was 45.9 (SD, 1.3) cc, while that of the normal
prostate (i.e., negative biopsies, ASAP, and chronic prostatitis) was 48.2
(SD, 17.8) cc. The mean PSA level of the patient population was 9.81
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Figure 1. a) History of DWI b:0 (top right) where a suspicious area could be found; DWI b:1500 (top left) presents a typical hyperintense area right in the peripheral zone and the
corresponding hypointense area in ADC (bottom right), which established the diagnosis of PIRADS 4. T2W image (bottom left) shows a possible lesion that is verified by DWI and ADC.
b) The fusion of suspicious areas in MRI and the corresponding ultrasound with the region of interest. The result proves the MRI suspicion, Gleason score 8 (4+4).

Abbreviations: ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; PIRADS, Prostate Imaging Reporting and Data System

Table 1. Patient demographics

Group Patient [#]

Pca 33
eg. BX 20
MRI without
BX 60
ASAP 7
chron. 5
Prostatitis
Total 125
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[%]
264
16
48
5.6
4

100.00%

Distribution | Mean age[y]

(SD)
68(10)
64(9)
62(10)
62(9)
64(7)
64(10)

Mean PSA
[ng/ml] (SD)

15.5(24)
7.6(4.7)

7.2(4.6)

9.1(3.8)

8.1(3.4)
9.81(13.6)

doi: 10.15761/RDI.1000163

Mean Size
TU MRI
[mm] (SD)

10(5)
13(6)

8(4)
12(6)
10.7(5.2)

Mean P-Vol

[g] (SD)
48.2(17.8)
47.0(9.6)
43.60(10.9)
48.7(7.8)
50.00(10.2)

45.9(12.3)

Mean
PIRADS
(SD)

3.8(0.9)
3.7(0.8)

2.72(1)
3.5(0.8)
42(0.5)
3.3(1.1)

Mean Mean Mean Mean Fusion
Gleason- Standard .
Gleanson- . Deduction
Score Score Fusion| Deduction [%] (SD)
Standard [%] (SD) °
6.9(1.0) 7.1(0.9) 24.5(27.8) 56.2(40.7)
8.3(5.3) 5.0(11.2)

21.9264) | 49.5(41.9)
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(SD, 13.6) ng/ml. The mean PSA levels of patients with PCa, negative
biopsy findings, ASAP, chronic prostatitis, and of those who only
underwent mpMRI were 15.5 (SD, 24), 7.6 (SD, 4.7), 9.1 (SD, 3.8), 8.1
(SD, 3.4), and 7.2 (SD, 4.6) ng/ml, respectively. The mean GS of patients
examined using the standard/combined biopsy techniques was 6.9 (SD
1.0)/7.1 (SD, 0.9), and the mean PIRADS was 3.3.

The mean PCa detection rate for the standard was 21.9% (SD,
26.4), whereas that of the mpMRI combined with fPBx was 49.5% (SD,
41.9). The scatterplot (Figure 2) is shown as a function of the standard
detection rate and the rate of the fusion biopsy per patient. The
x-axis indicates the fPBx detection rate, while the y-axis indicates the
detection rate of the standard protocol. The size of the spots represents
the number of patients who had the same set of data. Figure 3 shows the
data distribution as histograms. The standard protocol is represented as
vertical lines, and the detection rate of fPBx as horizontal bar charts.

The histogram of the fPBx detection rate shows a U-distribution,
whereas the detection rate of the standard protocol is crooked on the
right side. As shown in Figure 4, the standard protocol yielded almost
100% of positive specimens. The greatest frequency detected with the
standard biopsy techniques was 0% and 8%. (Figure 4). Meanwhile,
fPBx yielded a 100% detection rate in 11 patients. Twelve patients had
negative fPBx, but they had at least one positive biopsy on the standard
biopsy technique.

The box plot (Figure 5) shows the detection rate of both cohorts.
The median detection rate of the standard method is 12.5% (IRQ 0.25),
while that of the combined method is 50% (IRQ: 1). This result means
that the combination of the standard and combined biopsy techniques
yielded at least 50% of the positive results. The Grading scores of
the combined technique were higher (range, 7-9) than those of the
standard biopsy (range, 6-9).

The standard technique had a detection rate of 24.5% (SD, 27.8),
and the combined had a rate of 56.2% (SD, 40.7). For patients with

ASAP, the detection rate of the standard biopsy was 8.3% (SD, 5.3), and
for the combined technique, the detection rate was 5% (SD, 11.2).

Overall, 629 samples were obtained, of which 468 samples were
analyzed using the standard biopsy technique. One hundred and one
samples (21.6%) were positive.

One hundred and sixty-one samples were analyzed using the
combined technique, and 81 (50.3%) were positive. The odds ratio was
3.679.

Testing the proportion under H, P, = P,versus H P K P, using
the two-sided Wald chi-squared test (P1-P2) resulted in a significant
p-value of <0.0001. The majority of the combined biopsy techniques
resulted in the positive biopsy cohort having a PIRADS score of 4 and
5 (n=33, 81.8%; PIRADS 2: 5 [15.1%]; PIRADS 3: 1 [3.1%]; PIRADS 4:
20 [60.6%], PIRADS 5: 7 [21.2%]).

The majority of the “mpMRI alone” cohort (n= 60) had a PIRADS
score of 2, but to emphasize the significance of mpMRI, 40% of the
cohort had a PIRADS score X3; therefore, fPBx is indicated (PIRADS
2:36 [60%], PIRADS 3: 7 [11.7%], PIRADS 4: 14 [23.3%], and PIRADS
5:3 [5%]).

Using the standard biopsy technique, an average of 10% and a
median of 8% of the group had PIRADS 2, an average and a median of
42% of the group had PIRADS 3, an average of 20% and a median of
13% of the group had PIRADS 4, and an average of 36% and a median
of 29% of the group had PIRADS 5.

In contrast, when using the combined technique, an average of
20% and a median of 0% of the group had PIRADS 2, an average and
a median of 50% of the group had PIRADS 3, an average of 44% and a
median of 33% of the group had PIRADS 4, and an average of 90% and
a median of 100% of the group had PIRADS 5 (Figure 6).

The cohort of the selected cases represent a significant result
according to (p= 0.000001) age. According to the PIRADS results, no
significance was found (p=0.952486).

Scatter plot of the detection rate of the standard biopsy and combined biopsy (%)
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Figure 2. Scatterplot showing the detection rate of the standard biopsy and the combined biopsy techniques
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Figure 4. Comparison of the detection rate between the standard and combined biopsy techniques
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Figure 5. Detection rate of both biopsy techniques. The combined biopsy technique yielded higher detection
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Figure 6. Both diagrams show the proportion between the standard and combined biopsy techniques on PIRADS results

In the case of 60 patients who underwent only mpMRI, we
contacted 38 (63%) men to ask what their physician recommended
after MRI. The remaining 22 (37%) patients were not available or did
not provide any information.

Of these patients, 58% (n=22) had a PIRADS score of 2 and follow
up was recommended by their physician, three patients (13% (n=5))
with a PIRADS score of 3 underwent a fPBx resulting in PCa, and
two patients remain under surveillance. Two patients with a PIRADS
score of 4 (21% / n=8) underwent fPBx with positive results, and three
patients had negative standard biopsies with their urologists. Three
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men were under surveillance at the time we contacted them. The three
patients with PIRADS scores of 5 (8% / n=3) obtained a fPBx showing
prostate cancer.

Discussion

Our study reveals that men with mpMRI results X PIRADS 3 should
undergo a standard + target biopsy.

A repeat prostate biopsy is recommended for patients with initially
negative biopsies but a lingering suspicion of PCa, i.e., elevated PSA
levels, a suspect DRE, or ASAP or HGPIN in prior biopsies [20]. In
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addition to the quality of the initial biopsies, another important factor
affecting the rate of false-negative results is the quality of the samples
obtained in the extended initial biopsies, which yield a false-negative
rate of up to 30%. Newer imaging modalities are more accurate in
visualizing and detecting clinically significant PCa, facilitating the
precise sampling of ROIs [2,21].

We examined the role of mpMRI and fPBx in patients undergoing
at least their second biopsy and in young patients (median age
52,9 years) with a suspicion of PCa based on the combined biopsy
techniques as a part of the first workup. To evaluate the MRI results of
these patients, we included a large number of patients who underwent
prostate mpMRI but did not have a biopsy. The patients underwent
MRI alone according to the discretion of their treating urologists. In
this cohort, most men (60%) had MRIs with a PIRADS score of 2, while
the remaining 40% had PIRADS scores of 3-5. The MRI results were
analyzed by two uroradiologists. The acquired information about these
patients underlines the necessity that a fPBx should be required in
cases beginning at PIRADS 3. Patients with PIRADS 4 still undergoing
surveillance or standard biopsies, should avoid standard biopsies which
are significantly inferior to fPBx.

However, 24% of patients with a PIRADS score of <2 were diagnosed
with significant PCa [22]. Additionally, biopsy remains the method of
choice to verify or exclude any prostate malignancies.

A pre-evaluation rationalizing the use of MRI prior to biopsy
could be an aim in PCa diagnosis to limit biopsies, but it is not
currently recommended [23]. The EAU guidelines recommend a repeat
biopsy using mpMRI in cases of persisting clinical suspicion of PCa
[24]. Although the PROMIS study showed that 25% of their patients
underwent mpMRI as a triage test before conducting the first prostate
biopsy [15,25], the usefulness of mpMRI alone is questionable if the
biopsy is excluded in an a-priori decision. Moreover, the combined
method of mpMRI plus fPBx should be recommended for patients who
must undergo a repeat prostate biopsy; furthermore, for special cases
(i.e., young patients and a high suspicion of PCa), mpMRI can provide
additional information for detecting PCa as soon as possible.

In our study, the number of positive specimens was significantly
higher in the fPBx cohort than in the standard biopsy cohort (81/161
vs. 101/468; p<0.0001) among those with confirmed PCa. In the
current study, any up- or downgrading of the imaging and definitive
pathological results after prostatectomy were not evaluated, unlike in
a previous study [23]. The mean GS of the standard (6.9; SD, 1.0) and
combined biopsy techniques (7.1; SD, 0.9) is inadequate for drawing
conclusive results. The number of clinically significant lesions confirmed
via biopsy was lower than those confirmed via mpMRI. A total of 20
(60.6%) patients with verified PCa had a GS of K7, while 13 (39.4%)
had a GS of 6, providing evidence that mpMRI tends to detect higher
risk disease. The selected patients receiving mpMRI and {PBx for first-
line diagnosis were young (aged between 46 and 61 years, median 52,9
years) and in excellent physical condition. Patients who knew the facts
and advantages of mpMRI and fPBx underwent the combined biopsy
technique for first-line diagnosis. According to the results, nearly 70%
of patients with first-line biopsy had PCa, demonstrating that patients
should undergo mpMRI and fPBx for early detection of detect PCa and
not only for rebiopsies.

The detection rate and accuracy of both biopsy methods based on
the PIRADS findings present better results with the combined biopsy
technique than with the standard biopsy technique (Figure 6). For
PIRADS 2, we found better results with the standard biopsy technique,
but it should be noted that this finding was because of the total number
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of cases. Of course, there is the question of whether PIRADS 2 should
be biopsied at all.

Combining mpMRI with fPBx may reduce the overdiagnosis of
clinically insignificant cancers, while improving the detection rate of
clinically significant cancers compared with the standard TRUS biopsy
[15]. In general, fPBx has a similar performance to MRI-targeted biopsy
in terms of detecting PCa and other clinically significant cancers [1],
although fPBx has the advantage of being less complex. Additionally,
targeted cores contain more tumors than systematic cores and improve
risk stratification and therapy planning [26,27]. However, this modality
should be improved to reduce the number of collected biopsy cores,
avoiding general anesthesia and the need for an MRI-guided biopsy to
accurately determine the positive biopsies of significant PCa. Imaging
techniques continue to play an prominent role in whether detecting
clinically significant PCa is important in active surveillance and enable
the possibility for focal therapy [28,29]. Finally, the combination of
MRI and ultrasound, including fusion biopsy, increases the detection
rate of PCa, particularly clinically significant PCa. Standard biopsy
alone has a lower detection rate than fPBx. Thus, mpMRI is definitely
a useful supporting modality in detecting PCa for first-line diagnosis,
particularly in special cases such as in this study, and offers the
possibility of early PCa detection.

mpMRI alone is insufficient as a diagnostic modality for patients
with suspected PCa and even for determining patient management,
and for best results and best patient care, a combination of all available
methods should be performed [30].

Conclusion

The combination of MRI and ultrasound, including fusion biopsy,
increases the detection rate of PCa, particularly clinically significant
PCa. Standard biopsy alone has a lower detection rate than fPBx. Thus,
mpMRI is definitely a useful supporting modality for detecting PCa as
well as first-line diagnosis. Importantly, our findings indicate that the
use of mpMRI alone is inadequate as a diagnostic modality for patients
with suspected PCa. Especially used as single tool occasionally without
consequences concerning PIRADS [ 3 results. In this case a fusion
biopsy is strongly recommended.
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