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Abstract: The primary objective of this study was to demonstrate the high accuracy of multiparamet-
ric magnetic resonance imaging and ultrasound fusion (mpMRI/US)-guided targeted prostate biopsy
for the detection of clinically significant prostate cancer (PCa) and to show that adapted systematic
biopsy (AdSB) does not provide additional benefit in detecting clinically significant prostate cancer
(PCa). In total, 283 patients have been included in the study. All patients underwent the mpMRI/US
biopsies, which have been performed with the “BioJet” fusion system (D&K Technologies, Barum,
Germany) using the transperineal approach by a single interventional radiologist. Lesion-targeted
and systematic biopsies have been done when 2–4 cores have been taken from each PI-RADS 3–5
lesion, followed by AdSB. This study demonstrated that targeted prostate biopsy is sufficient for safe
and sensitive identification of clinically significant PCa in primary biopsy-naïve cases without the
need to perform adapted systematic biopsy.

Keywords: prostate cancer; mpMRI/US; TRUS-guided biopsy

1. Introduction

Prostate cancer (PCa) is the most prevalent oncological disease in males in Western
Europe, including Lithuania [1]. Before the multiparametric magnetic resonance imaging
(mpMRI) era, the principal method to diagnose PCa and determine the risk was a systematic
12-core transrectal ultrasound (TRUS)-guided biopsy [2]. Unfortunately, TRUS-guided
biopsy is performed randomly, without targeting the tumor, and leads to over-diagnosing of
clinically insignificant cancer in up to 50% of cases and not diagnosing clinically significant
cancer in up to 18% of men, particularly if the tumor is in the apical or anterior regions of
the prostate [3,4]. In addition, TRUS-guided biopsy causes side effects including bleeding,
pain, and severe systematic infection [5,6]. To tackle this problem, new methods are being
established which lead to increased biopsy accuracy based on the prostate mpMRI. One
of the most promising and easily accessible prostate biopsy techniques is the mpMRI and
ultrasound fusion (mpMRI/US)-guided prostate biopsy, which uses a specially designed
system and software to fuse mpMRI images with real-time TRUS [7]. This technique allows
us to target suspicious lesions much more accurately than systemic TRUS-guided prostate
biopsy, a little bit more accurately than transrectal cognitive guidance prostate biopsy, and
gives advantages of this tactic mainly due to fewer biopsy cores taken that give lower
rates of complications and better tolerance for the patient [8–10]. Based on the Cochrane
meta-analysis, MRT-FIRST and 4M clinical trials, the absolute added value of systematic
biopsy for the detection of clinically significant PCa is known to be lower than that of
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targeted biopsy [11]. Nowadays, it is important to get an answer whether targeted prostate
biopsy enhances the detection of clinically significant PCa and safely obviates the need
for systemic biopsy in primary patients, as some controversies remain [12,13]. This study
aimed to prove the high accuracy of mpMRI/US-guided targeted prostate biopsy for the
detection of clinically significant PCa and demonstrate that adapted systematic biopsy
(AdSB) does not provide additional benefit for the detection of clinically significant PCa.

2. Materials and Methods
2.1. Patients and Samples

All patients who underwent primary mpMRI/US-targeted prostate biopsy for sus-
pected localized PCa at the National Cancer Institute (Lithuania) between November 2019
and February 2022 were included in the study. The Regional Bioethics Committee approved
the study (No. 2019/11-166-654 and 2020-LP-68), and informed consent was obtained from
all participants.

All 1.5T and 3T mpMRI scans have been performed in the same institution according
to the standardized protocol, while external images have been re-evaluated pre-operatively.
The PI-RADSv2.1 scoring system was used to report mpMRI results. Contouring of the
prostate margins and target lesions was performed by two experienced radiologists using
the transverse T2 TSE images. The mpMRI/US biopsies have been performed with the
“BioJet” fusion system (D&K Technologies, Barum, Germany) using the transperineal
approach by a single interventional radiologist. Furthermore, we used this technique that
avoids rectal wall puncturing, which leads to a near-zero risk of infection [14]. For all
patients, a prostate biopsy was performed under general anesthesia. Only 1 g of Cefazolin
was used during the procedure for the prevention of UTI, based on the findings of a
literature meta-analysis [15].

For all patients, lesion-targeted and systematic biopsies have been performed. Lesion-
targeted biopsy 2-4 cores have been taken from each PI-RADS 3-5 lesion, followed by a
systemic 12-core biopsy ignoring index lesions. Thus, the median number of cores taken
from the lesions by the targeted prostate biopsy was 4 (DS = 1.68), while 12 cores in median
(SD = 4.8) were taken during systematic sampling. In general, the median number of biopsy
cores performed at one procedure was 16 (SD = 4.5). Slight biopsy variations were allowed
in large-size prostates and/or large-size target lesions. All biopsy samples have been
evaluated by urological pathologists from the National Center of Pathology (Lithuania)
and reported according to the EAU recommendations [16]. Clinically significant PCa was
defined as ISUP grade group ≥ 2 detected at any biopsy core.

2.2. Statistical Analysis

In our study, descriptive statistics were used to outline main patient characteristics
(age, PSA, PSA density (PSAD), prostate volume, and mpMRI findings). According to
the PI-RADS score, all patients were divided into two groups: clinically significant can-
cer with ISUP ≥ 2 with a PI-RADS score ≥ 3 and clinically insignificant PCa. Unpaired
t-tests were used to assess the differences between these groups, and values were given as
mean ± standard deviation (SD). Sensitivity, specificity, negative predictive value (NPV),
and positive predictive value (PPV) of mpMRI/US-guided biopsy in diagnosing clinically
significant PCa (ISUP ≥ 2) with a PI-RADS score ≥ 3 were evaluated with providing
supremacy to the dominant lesion in each patient. P-value was calculated as the proba-
bility that the observed sample area under the Receiver Operating Characteristic (ROC)
curve is found when, in fact, the true area under the ROC curve is 0.5 (null hypothesis:
area = 0.5). The significance level of p < 0.05 was used for the evaluation of statistical
hypotheses. The combined histological results of MRI/US-guided and 12-core systematic
biopsy cores were used as a reference. All statistical tests were performed using SPSS 28.0
(IBM Corp., Armonk, NY, USA).
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3. Results
3.1. Comparison of Diagnostic Values of Targeted and Systematic Prostate Biopsies

In total, 283 patients have been included in the study (17 cases were excluded due
to the clinical and anatomical reasons; data of these cases are not shown). Clinical and
radiological characteristics of the study cohort are provided in Table 1.

Table 1. Clinical and radiological characteristics of the study cohort. PSA—prostate-specific antigen,
mpMRI—multi-parametric magnetic resonance imaging, ADC—apparent diffusion coefficient, ISUP—
The International Society of Urological Pathology, GG—prostate cancer grade group.

Variable Patients (n = 283)

Age, years Mean 63.59
SD 7.41

PSA, ng/mL Mean 7.67
SD 5.89

PSA density, ng/mL/cc Mean 0.19
SD 0.49

Prostate volume, mL Mean 50.84
SD 23.18

mpMRI targets quantity, n Mean 1.51
SD 0.65

mpMRI target volume, mL Mean 1.21
SD 1.96

mpMRI ADC value µm2/s Mean 634.56
SD 204.85

PI-RADS V2.1 score, n (%) 3 11 (3.9%)
4 190 (67.1%)
5 82 (29.0%)

ISUP grade group, n (%) No PCa 56 (19.8%)
GG1 130 (45.9%)
GG2 62 (21.9%)
GG3 28 (9.9%)
GG4 7 (2.5%)

The overall detection rate of PCa in the cohort was 80.21% (227/283), while targeted
MRI/US-guided biopsy and adapted systematic biopsy detected PCa in 74.56% (211/283)
and 48.76% (138/283) of patients (p < 0.001), respectively.

The clinically significant disease was detected in 34.28% (97/283) of patients un-
dergoing prostate biopsy. The detection rate of clinically significant disease by targeted
MRI/US-guided biopsy was 34.28% (97/283), which accounted for 45.97% (97/211) of
all PCa diagnoses. Meanwhile, the detection rate of clinically significant disease after
AdSB was significantly lower (8.48%; 24/283; p < 0.001), which accounted just for a small
number 17.39%; 24/138) of all PCa cases in comparison to targeted methodology only
(17.39% vs. 45.97%; p < 0.001 Figure 1).

Among patients with clinically significant PCa detected by targeted prostate biopsy
(n = 97), AdSB reconfirmed clinically significant PCa diagnosis just for 24.74% (n = 24)
of patients. In patients for whom no clinically significant PCa was detected by targeted
biopsy, also, no clinically significant cancer was detected by AdSB. AdSB identified 16 ad-
ditional cases of clinically insignificant PCa for patients with no signs of cancer on targeted
prostate biopsy.
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Figure 1. The comparison of diagnostic value of targeted and systematic prostate biopsy (n = 283).
AdPB—12-core systematic biopsy ignoring index lesions, mpMRI/US fusion targeted prostate biopsy.

Based on the PI-RADS v2.1 system, the detection rate of clinically significant disease
after the targeted prostate biopsy was dependent on PI-RADS’s group and was predominant
among cases with PI-RADS 5 (PI-RADS 3 vs. PI-RADS 4 vs. PI-RADS 5, while p < 0.001;
Figure 2). Meanwhile, the results of AdSB showed no associations with PI-RADS scores of
mpMRI (PI-RADS-3 0.00% vs. PI-RADS-4 7.92% vs. PI-RADS-5 11.00%, p = 0.415).
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Figure 2. Concordance between PI-RADS v2.1 category and histology after targeted biopsy. Note—
statistically significant association between the proportion of clinically significant lesions (Gleason
3 + 4 or higher) for each category of PI-RADS v2.1 (p < 0.001, n = 283).

ISUP grade group score was also predominantly higher in the PI-RADS 5 group as
compared to PI-RADS 4 and PIRADS 3 groups, and the results are shown in Table 2.
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Table 2. Different prostate cancer grade group detection rates according to PI-RADS scores. GG—
prostate cancer grade group.

PI-RADS-3 PI-RADS-4 PI-RADS-5 Total, n = 283

n % n % n % n %

GG score after targeted
prostate biopsy

No PCa 7 63.63 57 30.00 8 9.76 72 25.44
GG1 4 36.37 80 42.10 30 36.59 114 40.28
GG2 0 0.0 35 18.42 27 32.92 62 21.90
GG3 0 0.0 16 8.42 12 14.63 28 9.89
GG4 0 0.0 2 1.05 5 6.10 7 2.47

Total 11 100.00 190 100.00 82 100.00 283 100.00

Chi-Square Tests, the value of p < 0.001

PI-RADS v2.1—prostate imaging reporting and data system version 2.1

When using a PI-RADS v2.1 score ≥4 as a positive test result to detect ISUP ≥2 PCa,
the sensitivity and specificity of MRI/US-targeted biopsy reached 35.56% and 92.31% with
a Youden-selected cut-off value of PI-RADS v2.1 ≥ 4 (area under the curve (AUC) = 0.639
(95% confidence interval (CI): 0.6–0.7) Figure 3). NPV of MRI/US-targeted biopsy was
7.02% (95% CI: 3.792-11.677), while PPV was 98.88% (95% CI: 94.22-99.96, p = 0.0007).
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Figure 3. Sensitivity and specificity of targeted and systematic biopsy in diagnosing ISUP ≥2 prostate
cancer by (a) mpMRI/US-targeted prostate biopsy; (b) Adapted systematic prostate biopsy. AUC—
Area Under the Curve.

Using the same approach, the sensitivity and specificity of AdSB group were 8.52%
and 92.31%, respectively, with a Youden-selected cut-off value of PI-RADS v2.1 ≥ 4
(AUC = 0.504; 95% CI: 0.6–0.7 Figure 3). The NPV of the method was 5.04% (95% CI:
2.717–8.459), and PPV was 95.47% (95% CI: 78.33–99.85; p = 0.910).

3.2. Associations with Clinical and Radiological Variables

Statistical analysis revealed that the patients with clinically significant PCa were
significantly older (65.08 (SD = 7.24) vs. 62.82 (SD = 7.4) years, p = 0.007) and harbored
significantly lower prostate volume (44.25 (SD = 17.83) vs. 54.27 (SD = 24.89), mL, p < 0.001)
as compared to cases with the clinically insignificant disease. No significant difference was
identified in PSA, PSA density level, and target lesion size between targeted and systematic
biopsy groups (all p > 0.05).

Most cases with clinically significant disease 54.64% (53/97) were detected by the first
targeted core, while the second and third targeted samples detected an extra 16.49% (16/97)
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and 28.87% (28/97) of cases, respectively. For 78.95% of patients with additional biopsies,
the regions of interest (ROI) were greater than 0.5 cm3 or 8 mm in diameter. According
to mpMRI, the most common ROIs were in the peripheral zone of the prostate (66.10%),
followed by the transition zone (27.51%) and fibromuscular stroma (6.39%). There were
no statistically significant differences between clinically relevant and non-significant PCa
detection rates using target and AdSB, depending on lesion location on mpMRI.

4. Discussion

Systematic ultrasound-guided biopsy leads to sampling errors that delay the diagnosis
of clinically significant PCa, overdiagnosis of clinically insignificant PCa, and misclas-
sification of the disease. Based on literature data, it is known that the detection rate of
clinically significant PCa in primary patients undergoing random systematic biopsy is only
23% [17]. It is known that repeated biopsies give even worse results: secondary systematic
biopsy—14% and third repeated biopsy—6% for clinically significant PCa detection [18].
In this study, the clinically significant disease was detected in 34.28% of cases by targeted
biopsy only; meanwhile, the detection rate of clinically significant disease after systematic
biopsy only was just 8.48%. These results have essentially the same trend compared to the
data reported in the literature. According to the PRECISION trial, men who underwent
MRI-targeted biopsy had a significantly higher rate of ISUP ≥ 2 cancer detection than
those who underwent systemic biopsy (38% vs. 26%, p = 0.005, detection ratio 1.46) [12].
In the mpMRI era, saturating prostate biopsy also has rare indications and is used only in
exceptional cases, i.e., secondary patients with negative mpMRI (PI-RADS 1-2 scores) and
elevated PSA. According to the literature, the frequency of detection of clinically significant
prostate cancer after saturation biopsy (24 biopsy cores) is only 16% [19].

It has been reported that 8–24% of clinically significant PCa may go unnoticed on
mpMRI when a tumor has been diagnosed following radical prostatectomy [20]. However,
according to our data, the overall detection rate of PCa improved only from 74.56% to 80.21%
when an adapted systematic prostate biopsy was performed. A combination of systematic and
targeted biopsy schemes has previously been suggested to provide the highest PCa detection
rate, and our results are consistent with this fact [21]. However, based on our results, adapted
systematic prostate biopsy improved the overall detection rate of PCa but did not provide
additional benefit for the detection of clinically significant disease.

The European Association of Urology recommends for primary patients to perform
targeted plus systematic biopsy and targeted-only biopsy for secondary patients if their
PIRADS score is ≥3, but our data suggest that only targeted biopsy could be performed
safely in biopsy-naïve patients with a PIRADS score ≥ 3 by avoiding systematic biopsy
and maintaining a high clinically significant PCa detection rate. We substantiate this on
the fact that in patients for whom no clinically significant PCa was detected by targeted
prostate biopsy, also, no clinically significant cancer was detected by adapted systemic
prostate biopsy. Other randomized Controlled Trials focusing on primary patients with
a positive MRI found that targeted biopsy detected significantly more ISUP > grade 2
cancers than a systemic biopsy (risk difference, −0.11 (95% CI: −0.2–0.0); p = 0.05) [22].
Another extremely important fact is that targeted biopsy without systematic biopsy reduces
the detection of ISUP grade 1 PCa compared to systematic biopsy. In the PRECISION
and 4M trials, the detection rate of clinically insignificant PCa was significantly lower in
the targeted biopsy group as compared to the systematic-only biopsy group (9% vs. 22%,
p < 0.001, detection ratio of 0.41 for PRECISION; 14% vs. 25%, p < 0.001, detection ratio
of 0.56 for 4M) [12,22]. According to the PROMIS study, a negative MRI could avoid
unnecessary TRUS biopsies in 28% of patients, while 21% would be confirmed based on
true negative results, but 7% would not be justified based on false negative results [23].
However, according to the presented results, it is not possible to assess whether these
clinically significant PCa detected by targeted-only biopsy would have been detected by
additional systematic biopsy. Moreover, we cannot ignore the fact that the number of biopsy
cores performed by targeted biopsy is significantly lower compared to a systematic biopsy
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(median number of cores: 2–7 vs. median number of cores: 8–15), and the detection ratio
(i.e., the ratio of the detection rates obtained by targeted biopsy alone and by systematic
biopsy alone) is in the superiority of targeted biopsy (1.12 (95% CI: 1.02–1.23) for ISUP
grade ≥ 2 PCa and 1.20 (95% CI: 1.06–1.36) for ISUP grade ≥ 3 PCa) [24]. This fact is also
reflected in our study.

An equally important question remains to be answered as to how many targeted biopsy
cores are required for the detection of clinically significant disease during transperineal
MRI/US-guided prostate biopsy. Based on the literature, in men undergoing mpMRI/US-
guided biopsy, the first two biopsy cores diagnose the most clinically significant cancers.
However, there remains a proportion of men who would benefit from additional diagnostic
cores, particularly those with foci greater than 8 mm in diameter [25]. In our trial, the second
and third targeted samples detected an extra 16.49% and 28.87% of clinically significant
PCa cases. These additional samples detected 45.36% of all clinically significant PCa cases,
indicating that at least three targeted biopsy cores might be reasonable for patients with an
ROI greater than 0.5 cm3 or 8 mm in diameter.

The main limitation of this study is the relatively small sample size, especially of the
PI-RADS 3 group. We cannot ignore the fact that 19.78% of all cases with PCa have not been
diagnosed by both types of biopsy, and we do not know how many truly false negative
findings we have. To confirm this fact, a repeated biopsy will be performed for this patient
in surveillance protocol.

5. Conclusions

In the mpMRI era, systematic prostate biopsy loses its relevance in clinical practice to
select the appropriate treatment for PCa patients. The frequency of clinically insignificant
PCa detection and over-diagnosis rates can be reduced by completely replacing adapted
systematic biopsy with targeted MRI/US-guided prostate biopsy. This study demonstrates
that targeted prostate biopsy is sufficient for safe and sensitive identification of clinically
significant PCa in primary biopsy-naïve cases without the need to perform an adapted
systematic biopsy.
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