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Simple Summary: The selection of proper candidates for prostate biopsy after magnetic resonance
imaging (MRI) has usually been studied in the overall population with suspected prostate cancer
(PCa). However, the performance of these tools can change regarding the Prostate Imaging-Reporting
and Data System (PI-RADS) categories. We compared three different tools: PSA density, MRI-ERSPC
risk calculator and Proclarix in 567 men with suspected PCa (PSA > 3 ng/mL and/or abnormal rectal
examination) in one academic institution. All patients underwent multiple transrectal ultrasound
guided biopsies after a multiparametric MRI was performed. We concluded that in the overall
population, MRI-ERSPC RC outperformed PSA density and Proclarix, whereas in patients with
lesions PI-RADS < 3 Proclarix was better than the other tools. However, no tool guaranteed 100%
detection of clinically significant PCa in PI-RADS 4 and 5.

Abstract: Tools to properly select candidates for prostate biopsy after magnetic resonance imaging
(MRI) have usually been analyzed in overall populations with suspected prostate cancer (PCa).
However, the performance of these tools can change regarding the Prostate Imaging-Reporting and
Data System (PI-RADS) categories due to the different incidence of clinically significant PCa (csPCa).
The objective of the study was to analyze PSA density (PSAD), MRI-ERSPC risk calculator (RC),
and Proclarix to properly select candidates for prostate biopsy regarding PI-RADS categories. We
performed a head-to-head analysis of 567 men with suspected PCa, PSA > 3 ng/mL and/or abnormal
rectal examination, in whom two to four core transrectal ultrasound (TRUS) guided biopsies to
PI-RADS ≥ three lesions and/or 12-core TRUS systematic biopsies were performed after 3-tesla
mpMRI between January 2018 and March 2020 in one academic institution. The overall detection
of csPCa was 40.9% (6% in PI-RADS < 3, 14.8% in PI-RADS 3, 55.3% in PI-RADS 4, and 88.9% in
PI-RADS 5). MRI-ERSPC model exhibited a net benefit over PSAD and Proclarix in the overall
population. Proclarix outperformed PSAD and MRI-ERSPC RC in PI-RADS ≤ 3. PSAD outperformed
MRI-ESRPC RC and Proclarix in PI-RADS > 3, although none of them exhibited 100% sensitivity for
csPCa in this setting. Therefore, tools to properly select candidates for prostate biopsy after MRI
must be analyzed regarding the PI-RADS categories. While MRI-ERSPC RC outperformed PSAD and
Proclarix in the overall population, Proclarix outperformed in PI-RADS ≤ 3, and no tool guaranteed
100% detection of csPCa in PI-RADS 4 and 5.

Keywords: clinically significant prostate cancer; PSA density; Proclarix; MRI-ERSPC; magnetic
resonance imaging
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1. Introduction

Early detection of clinically significant prostate cancer (csPCa) decreases the specific
mortality of PCa [1]. The classic diagnostic approach to PCa, based on systematic biopsies
after elevated serum prostate-specific antigen (PSA) and/or abnormal digital rectal exam-
ination (DRE) [2], has been disapproved due to high rates of unnecessary biopsies and
an over detection of insignificant PCa (iPCa) [3]. Recent improvements in early detection
of csPCa come from multiparametric magnetic resonance imaging (mpMRI) and guided
biopsies [2].

The efficacy of this new diagnostic strategy for csPCa can still be improved by a proper
selection of candidates for prostate biopsy, particularly in uncertain cases [3]. The current
negative predictive value (NPV) of mpMRI, when the Prostate Imaging-Reporting and Data
System (PI-RADS) category is below 3, reaches 95% [4,5], and that is why most clinicians
recommend avoiding biopsies in these cases. Conversely, men with PI-RADS categories
greater than 3 have a likelihood of csPCa ranging from 55% to 95% [6], and almost all
clinicians recommend scheduling prostate biopsies in these circumstances. The probability
of csPCa in PI-RADS category 3 is not higher than 20%, making this an uncertain case [7,8].

Among the proposed tools for improving the proper selection of candidates for
prostate biopsy after mpMRI, PSA density (PSAD) has recently emerged, as MRI pro-
vides the most accurate measurement of prostate volume without additional cost [9]. PSAD
has been analyzed according to PI-RADS categories and different thresholds have been
proposed depending on the results [10]. Currently, there is no ideal marker to use after
mpMRI [11]; the new marker Proclarix might be an adequate candidate due to its high
sensitivity for csPCa but has not yet been analyzed by PI-RADS category [12,13]. This
test has recently been introduced, providing a risk score of csPCa from 1 to 100% with a
cut-off at 10%, obtaining a high sensitivity and a high negative predictive value (90 and 95%
respectively) [14]. It is based on the serum determination of Thrombospondin-1, Cathepsin
D, PSA and % fPSA, together with age. In addition, predictive models are attractive tools
when they incorporate easily assessed clinical variables, when they are externally validated,
and when web or smartphone applications (apps) are provided for their easy use in clinical
practice, as in the case of the recent MRI-ERSPC risk calculator (RC). However, none of
these has been evaluated by the PI-RADS category [15].

Since the incidence of csPCa increases by PI-RADS category, we hypothesized that
changes in the predictive value of tools to improve the proper selection of candidates for
prostate biopsy will be expected [10]. Therefore, we primarily seek to change the evaluation
paradigm of these tools after verifying our hypothesis. We analyzed the usefulness of
PSAD, the MRI-ERSPC RC, and the new marker Proclarix in a population of men with
suspected PCa, as well as evaluating them by PI-RADS category.

2. Materials and Methods
2.1. Design, Setting and Participants

This is a prospective comparative study between PSAD, MRI-ERSPC RC and Proclarix
in 567 consecutive men with suspected PCa due to PSA levels > 3 ng/mL and/or abnormal
DRE scheduled for a 3-tesla mpMRI prior to biopsy from 15 January 2018 to 20 March 2020
in one academic institution. Twelve core transrectal ultrasound (TRUS) systematic-biopsies
were performed in all participants, and two to four core TRUS cognitive fusion biopsies
were taken in those patients with suspicious lesions (PI-RADSv.2 ≥ 3). Men with PCa on
active surveillance and those with symptomatic benign prostatic hyperplasia treated with 5-
α-reductase inhibitors were excluded. This project was approved by the Institutional Ethics
Committee (PR-AG129/2020), and informed consent was obtained from study participants.

2.2. Intervention

Proclarix was assessed from serum samples obtained just before prostate biopsies were
performed and stored at −80 ◦C (Collection 0003439; https://biobancos.isciii.es (accessed
on 13 December 2021)). Thrombospondin 1 (THBS-1), Cathepsin D (CTD), total PSA, and
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free PSA were determined at Proteomedix (Zurich-Schlieren, Switzerland). THBS-1 and
CTD levels were measured with specific immunoassays described previously [16]. Total
PSA and free PSA were analyzed for all samples with the Roche Cobas immunoassay system
(Roche Diagnostics, Rotkreuz, Switzerland), and age was calculated using an algorithm that
reported a score ranging from 0% to 100% [14,17]. PSAD (ng/mL/cc) was estimated from
the PSA level determined in the Proclarix assessment and the prostate volume reported in
the pre-biopsy mpMRI. The MRI-ERSPC likelihood of high-grade PCa (Gleason ≥ 3 + 4)
was estimated for every man through the SWOP web application (Prostate Cancer Research
Foundation, Reeuwijk) at www.prostatecancer-riskcalculator.com (accessed on 21 January
2022) [18]. The MRI-ERSP RC includes serum PSA (0.5 to 50 ng/mL), repeat biopsy
(yes/no), DRE (normal/abnormal), prostate volume (10–110 cc), age (50–75 years), and
PI-RADSv.1 [15]. For these calculations, the MRI-based prostate volume was introduced
as well as the PI-RADSv.2 categories [19]. When the observed values were not within the
accepted range, the closest minimum or maximum accepted value was entered.

2.3. Endpoint Measurements

The CsPCa detection rate and avoidable prostate biopsies were the primary endpoint
measurements. CsPCa was confirmed when the ISUP (International Society of Uropathol-
ogy) grade group was ≥2 [20,21].

2.4. Statistical Analyses

The association between quantitative variables was assessed with the Mann–Whitney
U test and the Kruskal–Wallis test. The associations between qualitative variables were
analyzed with a Chi-square test. The odds ratios (OR) and 95% confidence interval (95% CI)
were also estimated. Receiver operating characteristic (ROC) curves were constructed and
areas under the curve (AUC) were estimated and compared with the DeLong test [22,23].
A decision curve analysis (DCA) was performed to study the net benefits [24] and clinical
utility curves (CUC) were generated to assess the difference between missed csPCa and
avoided biopsies across the continuous likelihood of csPCa [25]. The performance of
predictors with the selected thresholds were analyzed based on sensitivity, specificity,
positive and negative predictive values (PPV and NPV), accuracy, rates of avoided biopsies,
and rate of missed csPCa. A p-value of less than 5% was considered significant. SPSS v.25
(IBM Corp., Armonk, NY, USA) and R programming language v.3.3.1 (The R Statistical
Foundation, Vienna, Austria) were used.

3. Results
3.1. Characteristics of the Study Population and Distribution of Overall PCa, csPCa, and iPCa by
PI-RADS Category

The characteristics of the study population are summarized in Table 1. We highlight
a median age of 69 years and a PSA of 7.0 ng/mL. In addition, 19.2% of patients had an
abnormal DRE, 23.5% were repeated biopsies, and 8.6% had a family history of PCa. The
distribution by PI-RADS categories was 17.6% with PI-RADS < 3, 29.8% with PI-RADS 3,
33.5% with PI-RADS 4, and 19% with PI-RADS 5. The overall rate of detected PCa was
52.6%, 40.9% of csPCa, and 11.7% of iPCa. CsPCa was detected in 6% of men with PI-RADS
< 3, 14.8% in PI-RADS 3, 55.3% in PI-RADS 4, and 88.9% in PI-RADS 5, p < 0.001.

www.prostatecancer-riskcalculator.com
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Table 1. Characteristics of the study cohort.

Characteristic Measurement

Number of cases 567
Median age, years (IQR) 69 (63–74)

Median total PSA, ng/mL (IQR) 7.0 (4.9–11.2)
Abnormal DRE, n (%) 109 (19.2)

Median free PSA, ng/mL (IQR) 1.1 (0.7–1.7)
Median prostate volume, mL (IQR) 55 (40–76)
Median percent free PSA, % (IQR) 15.1 (10.7–20.6)

Median PSA density, ng/mL/cc (IQR) 0.13 (0.09–0.21)
Repeat biopsy, n (%) 133 (23.5)

Family history of PCa, n (%) 48 (8.6%)
PI-RADS, n (%)

1–2 100 (17.6)
3 169 (29.8)
4 190 (33.5)
5 108 (19.0)

Overall PCa detection, n (%) 298 (52.6)
csPCa detection, n (%) 232 (40.9)
iPCa detection, n (%) 66 (11.7)

IQR = Interquartile range; PCa = Prostate Cancer; csPCa = clinically significant PCa; iPCa = insignificant PCa.

3.2. Overall Efficacy, Net Benefit, and Clinical Utility of mpMRI, PSAD, MRI-ERSPC RC, and
Proclarix, and Overall Performances after the Selection of Appropriate Thresholds

ROC curves analyzing the efficacy of mpMRI, PSAD MRI-ERSPC RC, and Proclarix
for the detection of in the overall population study are presented in Figure 1a. MRI-ERSPC
RC showed an AUC of 0.856 (95% CI: 0.824–0.888); mpMRI, 0.831 (95% CI: 0.705–0.786);
Proclarix, 0.745 (95% CI: 0.705–0.786); and PSAD, 0.740 (95% CI: 0.698–0.782), with p = 0.038.
DCAs showed the highest net benefit for mpMRI at threshold probabilities between 0.1 and
0.45, while MRI-ERSPC RC when the threshold probability was higher, Figure 1b. CUCs
showed the largest area between csPCa missed and avoided biopsy rates at all threshold
probabilities, as shown in Figure 1c.
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Based on the highest possible sensitivity for csPCa, the selected threshold for mpMRI
was PI-RADS 2, with 10% for Proclarix, 0.07 ng/mL/cc for PSAD, and 3% for MRI-ERSPC
RC. The performances of these tools based on the selected thresholds are summarized in
Table 2. We note that mpMRI exhibited a sensitivity of 97.4%, avoiding 17.6% of prostate
biopsies. These parameters were 97.4% and 16.8%, respectively, for Proclarix, 90.1% and
21.0% for PSAD, and 94.4% and 20.6% for MRI-ERSPC RC. The NPVs were 94%, 93.7%,
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80.7%, and 88.9%, respectively. The Grade Group (GG) of missed csPCa for each tool are
also summarized in Table 2.

Table 2. Overall performance of mpMRI, Proclarix, PSAD, and MRI-ERSPC model for csPCa detection.

Parameter mpMRI Proclarix PSAD MRI-ERSPC

Cut-off 1–2 PI-RADS 10% 0.07 ng/mL/cc 3%
Sensitivity (%) 226/232 (97.4) 226/232 (97.4) 209/232 (90.1) 219/232 (94.4)
Specificity (%) 94/335 (28.1) 89/335 (26.6) 96/335 (28.7) 104/335 (31.0)

Negative predictive value (%) 94/100 (94.0) 89/95 (93.7) 96/119 (80.7) 109/117 (88.9)
Positive predictive value (%) 226/467 (48.4) 226/472 (47.9) 209/448 (46.7) 219/450 (48.7)

Accuracy (%) 320/567 (56.4) 315/567 (55.6) 305/567 (53.8) 323/567 (57.3)
Avoidable biopsies 100/567 (17.6) 95/567 (16.8) 119/567 (21.0) 117/567 (20.6)

Misdiagnosis of csPCa (%) 6/232 (2.6) 6/232 (2.6) 23/232 (9.9) 13/232 (5.6)
GG2 4 3 10 8
GG3 1 2 6 1
GG4 1 1 4 2
GG5 0 0 3 0

mpMRI = multiparametric magnetic resonance imaging; PSAD = prostate-specific antigen density; csPCa =
clinically significant prostate cancer; PI-RADS = prostate imaging-report and data system; GG = grade group.

3.3. Efficacy, Net Benefit, Clinical Utility, and Performance of PSAD, MRI-ERSPC RC, and
Proclarix by PI-RADS Category

We will now analyze the behavior of MRI-ERSPC RC, PSAD, and Proclarix for the
detection of by PI-RADS category using the previously selected thresholds. ROC curves
and the AUCs for every tool are presented in Figure 2. We note different morphologies
of these curves and AUCs by PI-RADS categories and in those observed in the overall
population. The AUCs of MRI-ERSPC RC in men with PI-RADS < 3 was 0.516 (95% CI:
0.338–0.693), Figure 2a; 0.657 (95% CI: 0.547–0.766) in men with PI-RADS 3, Figure 2b; 0.676
(95% CI: 0.601–0.752) in men with PI-RADS 4, Figure 2c; and 0.765 (95% CI: 0.605–0.926) in
men with PI-RADS 5, Figure 2d, with p = 0.031. We found that the largest AUC in men with
PI-RADS ≤ 3 was for Proclarix, at 0.610 (95% CI: 0.416–0.803) in men with PI-RADS < 3,
Figure 2a and 0.703 (95% CI: 0.620–0.786) in those with PI-RADS 3, Figure 2b, with p = 0.039.
In contrast, PSAD exhibited the highest AUC in men with PI-RADS >3, at 0.704 (95% CI:
0.631–0.777) in men with PI-RADS 4, Figure 2c and 0.826 (95% CI: 0.706–0.945) in those with
PI-RADS 5, Figure 2d, with p = 0.028. DCAs by PI-RADS category showed a net benefit
of Proclarix over PSAD and MIR-ERSPC RC in men with PI-RADS ≤ 3, especially at low
threshold probabilities of csPCa, while neither tool exhibited a clear net benefit in men with
PI-RADS 4 and 5. The CUCs by PI-RADS category are shown in Figure 3a–d. We noted that
the area between the rates of avoided biopsies and missed csPCa was greater for Proclarix
in men with PI-RADS ≤ 3 and for PSAD in men with PI-RADS > 3.
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Proclarix, PSAD, and MRI-ERSPC RC using the selected thresholds with the highest
sensitivity for csPCa by PI-RADS category are summarized in Table 3. We found that
Proclarix was able to detect 100% of csPCa in men with negative mpMRI and men with
PI-RADS 3, avoiding 30% and 21.3% of prostate biopsies, respectively. Proclarix was also
able to reduce 12.1% of prostate biopsies in men with PI-RADS 4 but misdiagnosed 4.8%
of csPCa; these rates were 5.6% and 1%, respectively, in men with PI-RADS 5. PSAD was
able to avoid between 29% and 9.3% of prostate biopsies by PI-RADS categories but missed
between 50% and 4.2% of csPCa, respectively. MRI-ERSPC RC was able to avoid between
63% and 0% of prostate biopsies by PI-RADS categories but missed between 83.3% and 0%
of csPCa, respectively. The GG distribution of misdiagnosed csPCa by PI-RADS category
for each tool is also shown in Table 3.

Table 3. Characteristics of Proclarix, PSAD and MRI-ERSPC regarding PI-RADS category.

PI-RADS Sensitivity Specificity NPV PPV Accuracy Avoidable Biopsies Misdiagnosis of csPCa GG2 GG3 GG4 GG5

Proclarix (cut-off 10%)

1–2 6/6(100) 30/94
(31.9)

30/30
(100)

6/70
(8.6)

36/100
(36) 30/100 (30) 0/6 (0) 0 0 0 0

3 25/25
(100)

36/144
(25.0)

36/36
(100)

25/133
(19.8)

61/169
(36.1) 36/169 (21.3) 0/25 (0) 0 0 0 0

4 100/105
(95.2)

18/85
(21.2)

18/23
(78.3)

100/167
(59.9)

118/190
(62.1) 23/190 (12.1) 5/105 (4.8) 2 1 1 1

5 95/96
(99.0)

5/12
(41.7)

5/6
(83.3)

95/102
(93.1)

100/108
(92.6) 6/108 (5.6) 1/96 (1.0) 1 0 0 0

PSAD (cut-off 0.07 ng/mL/cc)

1–2 3/6 (50) 26/94
(27.7)

26/29
(89.7)

3/71
(4.2)

29/100
(29.0) 29/100 (29.0) 3/6 (50.0) 1 1 1 0

3 21/25
(84.0)

41/144
(28.5)

41/45
(91.1)

21/124
(16.0)

62/169
(36.7) 45/169 (26.2) 4/25 (16.0) 4 0 0 0

4 93/105
(88.6)

13/85
(27.1)

23/35
(65.7)

93/155
(60.0)

116/190
(61.1) 35/190 (18.4) 12/105 (11.4) 4 3 3 2

5 92/96
(95.8)

6/12
(50.0)

6/10
(60.0)

92/98
(93.9)

98/108
(90.7) 10/108 (9.3) 4/96 (4.2) 0 2 1 1

MRI-ERSPC model (cut-off 3%)

1–2 1/6 (16.7) 58/94
(61.7)

58/63
(92.1)

1/37
(2.7)

59/100
(59) 63/100 (63) 5/6 (83.3) 3 1 1 0

3 21/25 (84) 46 (31.9) 46/50
(92)

21/119
(17.6)

67/169
(39.6) 50/169 (29.6) 4/25 (16) 4 0 0 0

4 103/105
(98.1) 2/86 (2.3) 2/4 (50) 103/186

(15.3)
104/190

(54.8) 4/190 (2.1) 2/105 (1.9) 1 1 0 2

5 96/99
(100) NA NA 96/108

(88.9)
96/108
(87.9) 0/108 (0) 0/96 (0) 0 0 0 0

PI-RADS = prostate imaging-report and data system; NPV = negative predictive value; PPV = positive predictive
value; csPCa = clinically significant prostate cancer; GG = grade group.

4. Discussion

This is the first head-to-head study between PSAD, the externally validated MRI-
ERSPC predictive model, and the new marker Proclarix for the proper selection of candi-
dates for prostate biopsy after mpMRI. Morote et al. [26] analyzed the behavior of Proclarix
in the same series of patients but in the subgroup of men with PI-RADS 3 category. The re-



Cancers 2022, 14, 2702 7 of 9

sults obtained demonstrated that Proclarix outperformed PSAD in the detection of csPCa in
this specific scenario (PI-RADS 3 category), considered the most uncertain of PI-RADS. This
present work incorporated an evaluation of Proclarix in all PI-RADS categories compared
to PSAD and the predictive model. New and clinically relevant information is provided
from the analysis of these tools by PI-RADS category, in addition to the study carried out
in the overall population of men with suspected PCa, which has been the most frequent
method to report their performances. Clinicians need to know when, where, and how they
should use these tools to avoid unnecessary prostate biopsies in exchange for acceptable
rates of failure to detect csPCa. The relevant questions that clinicians ask are: (1) How
many biopsies are we willing to perform to improve the current negative predictive value
of mpMRI?; (2) What is the csPCa loss rate that we are willing to accept by PI-RADS
category?; and (3) At what cost? For these purposes, we demonstrate that analysis by
PI-RADS category is required.

When the entire population of men with suspected PCa was analyzed, the MRI-ERSPC
model was the most efficient tool for csPCa detection. In addition, the MRI-ERSPC model
exhibited a net benefit over PSAD and Proclarix and outperformed both according to the
differential area between rates of avoided biopsies and missed csPCa shown in the CUCs.
However, the performance of these tools changed when analyzed by the PI-RADS category.
The new marker Proclarix, which is very sensitive for csPCa [12,13], was the most efficient
and clinically useful tool in men with PI-RADS ≤ 3. Proclarix increased the negative
predictive value of mpMRI from 94% to 100%, while a prostate biopsy was required in
70% of men with negative mpMRI [4,5]. In contrast, PSAD recommended prostate biopsy
in 69% of men with negative mpMRI, leaving 50% of csPCa undetected [10,26]. Finally,
MRI-ERSPC RC recommended biopsy in 37% of men with negative mpMRI but missed
83.3% of csPCa. In men with the challenging PI-RADS category 3, Proclarix was also
the most efficient tool, and exhibited 100% sensitivity for csPCa while avoiding 21.3% of
prostate biopsies. PSAD would avoid 26.2% of prostate biopsies but would miss 16% of
csPCa. MRI-ERSPC RC would avoid 29.6% of prostate biopsies but would also miss 16%
of csPCa. In men with PI-RADS 4, PSAD was the most efficient tool, avoiding 18.4% of
prostate biopsies but missing 11.4% of csPCa. Proclarix would avoid 12.1% of prostate
biopsies but would miss 4.8% of csPCa. MRI-ERSPC RC would avoid 9.3% of prostate
biopsies and would miss 4.2% of csPCa. Finally, in men with PI-RADS 5, in whom 88.9%
of csPCa was detected, PSAD was also the most efficient tool, avoiding 9.3% of prostate
biopsies while missing 4.2% of csPCa. Proclarix would avoid 5.6% of prostate biopsies
and would miss 1% of csPCa. MRI-ERSPC RC would not avoid any prostate biopsies.
The PI-RADS > 3 are categories with high and very high-risk of csPCa in addition to an
increased aggressiveness [27–29]. Therefore, clinicians are unwilling to miss any csPCa
to avoid some prostate biopsies; therefore, only tools that guarantee 100% sensitivity for
csPCa are acceptable in this category.

This study has some limitations. Although 567 men with suspected PCa was a sizeable
cohort and there was an accurate representation of the incidence of the PI-RADS category,
the low cases of csPCa in men with negative mpMRI and PI-RADS category 3 is a limitation.
MRI-ERSP RC was designed to use PI-RADS v.1 in men up to 75 years old with serum
PSA up to 20 ng/mL and prostate volume up to 110 ccs; however, we used PI-RADS v.2
and did not limit age or prostate volumes. Additionally, since it is a prospective study
in a single center, the risk of bias could be higher. An external and multicenter analysis
should be performed. Finally, although the used definition of csPCa in prostate biopsies is
widespread, it does not represent the true pathology observed in surgical specimens.

5. Conclusions

This study suggests a change in the paradigm of evaluating tools for the proper selec-
tion of candidates for prostate biopsy after mpMRI. Evaluations in the entire population
of men with suspected PCa are insufficient. We suggest that evaluations of these tools
regarding PI-RADS categories are needed to provide clinicians with sufficient and useful
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information to meet their expectations for the early detection of csPCa. MRI-ERSPC RC,
was the most effective tool for the adequate selection of candidates for prostate biopsy
when the entire population was analyzed. However, Proclarix was the most useful in men
with PI-RADS ≤ 3. None of the tools exhibited the 100% sensitivity desired for csPCa
in high and very high-risk PI-RADS categories. Taking into consideration the results of
this study, Proclarix seems to be a relevant tool. It is especially useful in those men with
PI-RADS ≤ 3 lesions in the mpMRI to decide whether to biopsy the patient.

Author Contributions: Conceptualization, J.M. and M.C.; formal analysis, J.M. and M.C.; data cura-
tion, M.T., A.C., L.R., R.M., M.E.S., I.d.T. and J.P.; writing—original draft preparation, M.C. and J.M.;
writing—review and editing, J.M., A.S. and E.T.; supervision, J.M. and E.T.; project administration,
A.S. and E.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Vall d’Hebron
Hospital (PR-AG129/2020, approved on 10 October 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Hugosson, J.; Roobol, M.J.; Månsson, M.; Tammela, T.L.J.; Zappa, M.; Nelen, V.; Kwiatkowski, M.; Lujan, M.; Carlsson, S.V.;

Talala, K.M.; et al. A 16-Yr Follow-up of the European Randomized Study of Screening for Prostate Cancer. Eur. Urol. 2019, 76,
43–51. [CrossRef] [PubMed]

2. Mottet, N.; van den Bergh, R.C.N.; Briers, E.; van den Broeck, T.; Cumberbatch, M.G.; de Santis, M.; Fanti, S.; Fossati, N.;
Gandaglia, G.; Gillessen, S.; et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer-2020 Update. Part 1: Screening,
Diagnosis, and Local Treatment with Curative Intent. Eur. Urol. 2021, 79, 243–262. [CrossRef]

3. Grossman, D.C.; Curry, S.J.; Owens, D.K.; Bibbins-Domingo, K.; Caughey, A.B.; Davidson, K.W.; Doubeni, C.A.; Ebell, M.;
Epling, J.W.; Kemper, A.R.; et al. Screening for Prostate Cancer: US Preventive Services Task Force Recommendation Statement.
JAMA 2018, 319, 1901–1913. [CrossRef] [PubMed]

4. Sathianathen, N.J.; Omer, A.; Harriss, E.; Davies, L.; Kasivisvanathan, V.; Punwani, S.; Moore, C.M.; Kastner, C.; Barrett, T.; van
den Bergh, R.C.; et al. Negative Predictive Value of Multiparametric Magnetic Resonance Imaging in the Detection of Clinically
Significant Prostate Cancer in the Prostate Imaging Reporting and Data System Era: A Systematic Review and Meta-Analysis.
Eur. Urol. 2020, 78, 402–414. [CrossRef] [PubMed]

5. Moldovan, P.C.; van den Broeck, T.; Sylvester, R.; Marconi, L.; Bellmunt, J.; van den Bergh, R.C.N.; Bolla, M.; Briers, E.;
Cumberbatch, M.G.; Fossati, N.; et al. What Is the Negative Predictive Value of Multiparametric Magnetic Resonance Imaging
in Excluding Prostate Cancer at Biopsy? A Systematic Review and Meta-Analysis from the European Association of Urology
Prostate Cancer Guidelines Panel. Eur. Urol. 2017, 72, 250–266. [CrossRef] [PubMed]

6. Mazzone, E.; Stabile, A.; Pellegrino, F.; Basile, G.; Cignoli, D.; Cirulli, G.O.; Sorce, G.; Barletta, F.; Scuderi, S.; Bravi, C.A.; et al.
Positive Predictive Value of Prostate Imaging Reporting and Data System Version 2 for the Detection of Clinically Significant
Prostate Cancer: A Systematic Review and Meta-Analysis. Eur Urol. Oncol. 2021, 4, 697–713. [CrossRef]

7. Schoots, I.G. MRI in Early Prostate Cancer Detection: How to Manage Indeterminate or Equivocal PI-RADS 3 Lesions? Transl
Androl. Urol. 2018, 7, 70–82. [CrossRef] [PubMed]

8. Maggi, M.; Panebianco, V.; Mosca, A.; Salciccia, S.; Gentilucci, A.; di Pierro, G.; Busetto, G.M.; Barchetti, G.; Campa, R.;
Sperduti, I.; et al. Prostate Imaging Reporting and Data System 3 Category Cases at Multiparametric Magnetic Resonance for
Prostate Cancer: A Systematic Review and Meta-Analysis. Eur. Urol. Focus 2020, 6, 463–478. [CrossRef]

9. Dianat, S.S.; Rancier Ruiz, R.M.; Bonekamp, D.; Carter, H.B.; Macura, K.J. Prostate Volumetric Assessment by Magnetic Resonance
Imaging and Transrectal Ultrasound: Impact of Variation in Calculated Prostate-Specific Antigen Density on Patient Eligibility for
Active Surveillance Program. J. Comput. Assist. Tomogr. 2013, 37, 589–595. [CrossRef]

10. Morote, J.; Celma, A.; Diaz, F.; Regis, L.; Roche, S.; Mast, R.; Semidey, M.E.; de Torres, I.M.; Planas, J.; Trilla, E. Prostatic-Specific
Antigen Density Behavior According to Multiparametric Magnetic Resonance Imaging Result. Urol. Oncol. 2020, 38, 410–417.
[CrossRef]

11. Osses, D.F.; Roobol, M.J.; Schoots, I.G. Prediction Medicine: Biomarkers, Risk Calculators and Magnetic Resonance Imaging as
Risk Stratification Tools in Prostate Cancer Diagnosis. Int. J. Mol. Sci. 2019, 20, 1637. [CrossRef]

http://doi.org/10.1016/j.eururo.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/30824296
http://doi.org/10.1016/j.eururo.2020.09.042
http://doi.org/10.1001/JAMA.2018.3710
http://www.ncbi.nlm.nih.gov/pubmed/29801017
http://doi.org/10.1016/j.eururo.2020.03.048
http://www.ncbi.nlm.nih.gov/pubmed/32444265
http://doi.org/10.1016/j.eururo.2017.02.026
http://www.ncbi.nlm.nih.gov/pubmed/28336078
http://doi.org/10.1016/j.euo.2020.12.004
http://doi.org/10.21037/tau.2017.12.31
http://www.ncbi.nlm.nih.gov/pubmed/29594022
http://doi.org/10.1016/j.euf.2019.06.014
http://doi.org/10.1097/RCT.0b013e318296af5f
http://doi.org/10.1016/j.urolonc.2019.12.013
http://doi.org/10.3390/ijms20071637


Cancers 2022, 14, 2702 9 of 9

12. Steuber, T.; Tennstedt, P.; Macagno, A.; Athanasiou, A.; Wittig, A.; Huber, R.; Golding, B.; Schiess, R.; Gillessen, S. Thrombospondin
1 and Cathepsin D Improve Prostate Cancer Diagnosis by Avoiding Potentially Unnecessary Prostate Biopsies. BJU Int. 2019, 123,
826–833. [CrossRef]

13. Steuber, T.; Heidegger, I.; Kafka, M.; Roeder, M.A.; Chun, F.; Preisser, F.; Palisaar, R.-J.; Hanske, J.; Budaeus, L.; Schiess, R.; et al.
PROPOSe: A Real-Life Prospective Study of Proclarix, a Novel Blood-Based Test to Support Challenging Biopsy Decision-Making
in Prostate Cancer. Eur. Urol. Oncol. 2021. [CrossRef]

14. Klocker, H.; Golding, B.; Weber, S.; Steiner, E.; Tennstedt, P.; Keller, T.; Schiess, R.; Gillessen, S.; Horninger, W.; Steuber, T.
Development and Validation of a Novel Multivariate Risk Score to Guide Biopsy Decision for the Diagnosis of Clinically
Significant Prostate Cancer. BJUI Compass 2020, 1, 15–20. [CrossRef]

15. Alberts, A.R.; Roobol, M.J.; Verbeek, J.F.M.; Schoots, I.G.; Chiu, P.K.; Osses, D.F.; Tijsterman, J.D.; Beerlage, H.P.; Mannaerts, C.K.;
Schimmöller, L.; et al. Prediction of High-Grade Prostate Cancer Following Multiparametric Magnetic Resonance Imaging:
Improving the Rotterdam European Randomized Study of Screening for Prostate Cancer Risk Calculators. Eur. Urol. 2019, 75,
310–318. [CrossRef]

16. Endt, K.; Goepfert, J.; Omlin, A.; Athanasiou, A.; Tennstedt, P.; Guenther, A.; Rainisio, M.; Engeler, D.S.; Steuber, T.;
Gillessen, S.; et al. Development and Clinical Testing of Individual Immunoassays for the Quantification of Serum Glycoproteins
to Diagnose Prostate Cancer. PLoS ONE 2017, 12, e0181557. [CrossRef]

17. Macagno, A.; Athanasiou, A.; Wittig, A.; Huber, R.; Weber, S.; Keller, T.; Rhiel, M.; Golding, B.; Schiess, R. Analytical Performance
of Thrombospondin-1 and Cathepsin D Immunoassays Part of a Novel CE-IVD Marked Test as an Aid in the Diagnosis of Prostate
Cancer. PLoS ONE 2020, 15, e0233442. [CrossRef]

18. Roobol, M.J.; Steyerberg, E.W.; Kranse, R.; Wolters, T.; van den Bergh, R.C.N.; Bangma, C.H.; Schröder, F.H. A Risk-Based Strategy
Improves Prostate-Specific Antigen-Driven Detection of Prostate Cancer. Eur. Urol. 2010, 57, 79–85. [CrossRef]

19. Weinreb, J.C.; Barentsz, J.O.; Choyke, P.L.; Cornud, F.; Haider, M.A.; Macura, K.J.; Margolis, D.; Schnall, M.D.; Shtern, F.;
Tempany, C.M.; et al. PI-RADS Prostate Imaging—Reporting and Data System: 2015, Version 2. Eur. Urol. 2016, 69, 16–40.
[CrossRef]

20. Epstein, J.I.; Egevad, L.; Amin, M.B.; Delahunt, B.; Srigley, J.R.; Humphrey, P.A. The 2014 International Society of Urological
Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma: Definition of Grading Patterns and Proposal
for a New Grading System. Am. J. Surg. Pathol. 2016, 40, 244–252. [CrossRef]

21. Epstein, J.I.; Zelefsky, M.J.; Sjoberg, D.D.; Nelson, J.B.; Egevad, L.; Magi-Galluzzi, C.; Vickers, A.J.; Parwani, A.V.; Reuter, V.E.;
Fine, S.W.; et al. A Contemporary Prostate Cancer Grading System: A Validated Alternative to the Gleason Score. Eur. Urol. 2016,
69, 428–435. [CrossRef]

22. Creelman, C.D.; Wayne, D. ROC Curves for Discrimination of Linear Extent. J. Exp. Psychol. 1968, 77, 514–516. [CrossRef]
[PubMed]

23. DeLong, E.R.; DeLong, D.M.; Clarke-Pearson, D.L. Comparing the Areas under Two or More Correlated Receiver Operating
Characteristic Curves: A Nonparametric Approach. Biometrics 1988, 44, 837–845. [CrossRef]

24. Vickers, A.J.; Elkin, E.B. Decision Curve Analysis: A Novel Method for Evaluating Prediction Models. Med. Decis. Mak. 2006, 26,
565–574. [CrossRef]

25. Borque-Fernando, Á.; Esteban-Escaño, L.M.; Rubio-Briones, J.; Lou-Mercadé, A.C.; García-Ruiz, R.; Tejero-Sánchez, A.; Muñoz-
Rivero, M.V.; Cabañuz-Plo, T.; Alfaro-Torres, J.; Marquina-Ibáñez, I.M.; et al. A Preliminary Study of the Ability of the 4Kscore
Test, the Prostate Cancer Prevention Trial-Risk Calculator and the European Research Screening Prostate-Risk Calculator for
Predicting High-Grade Prostate Cancer. Actas Urológicas Españolas 2016, 40, 155–163. [CrossRef]

26. Morote, J.; Campistol, M.; Triquell, M.; Celma, A.; Regis, L.; de Torres, I.; Semidey, M.E.; Mast, R.; Santamaria, A.; Planas, J.; et al.
Improving the Early Detection of Clinically Significant Prostate Cancer in Men in the Challenging Prostate Imaging-Reporting
and Data System 3 Category. Eur. Urol. Open Sci. 2022, 37, 38–44. [CrossRef]

27. Boesen, L.; Nørgaard, N.; Løgager, V.; Balslev, I.; Bisbjerg, R.; Thestrup, K.C.; Jakobsen, H.; Thomsen, H.S. Prebiopsy Biparametric
Magnetic Resonance Imaging Combined with Prostate-Specific Antigen Density in Detecting and Ruling out Gleason 7–10
Prostate Cancer in Biopsy-Naïve Men. Eur. Urol. Oncol. 2019, 2, 311–319. [CrossRef]

28. Abreu-Gomez, J.; Wu, M.; McInnes, M.D.F.; Thornhill, R.E.; Flood, T.A.; Schieda, N. Shape Analysis of Peripheral Zone
Observations on Prostate DWI: Correlation to Histopathology Outcomes after Radical Prostatectomy. Am. J. Roentgenol. 2020, 214,
1239–1247. [CrossRef]

29. Boschheidgen, M.; Schimmöller, L.; Arsov, C.; Ziayee, F.; Morawitz, J.; Valentin, B.; Radke, K.L.; Giessing, M.; Esposito, I.;
Albers, P.; et al. MRI Grading for the Prediction of Prostate Cancer Aggressiveness. Eur. Radiol. 2021, 32, 2351–2359. [CrossRef]

http://doi.org/10.1111/bju.14540
http://doi.org/10.1016/j.euo.2020.12.003
http://doi.org/10.1002/bco2.8
http://doi.org/10.1016/j.eururo.2018.07.031
http://doi.org/10.1371/journal.pone.0181557
http://doi.org/10.1371/journal.pone.0233442
http://doi.org/10.1016/j.eururo.2009.08.025
http://doi.org/10.1016/j.eururo.2015.08.052
http://doi.org/10.1097/PAS.0000000000000530
http://doi.org/10.1016/j.eururo.2015.06.046
http://doi.org/10.1037/h0025930
http://www.ncbi.nlm.nih.gov/pubmed/5665590
http://doi.org/10.2307/2531595
http://doi.org/10.1177/0272989X06295361
http://doi.org/10.1016/j.acuro.2015.09.006
http://doi.org/10.1016/j.euros.2021.12.009
http://doi.org/10.1016/j.euo.2018.09.001
http://doi.org/10.2214/AJR.19.22318
http://doi.org/10.1007/s00330-021-08332-8

	Introduction 
	Materials and Methods 
	Design, Setting and Participants 
	Intervention 
	Endpoint Measurements 
	Statistical Analyses 

	Results 
	Characteristics of the Study Population and Distribution of Overall PCa, csPCa, and iPCa by PI-RADS Category 
	Overall Efficacy, Net Benefit, and Clinical Utility of mpMRI, PSAD, MRI-ERSPC RC, and Proclarix, and Overall Performances after the Selection of Appropriate Thresholds 
	Efficacy, Net Benefit, Clinical Utility, and Performance of PSAD, MRI-ERSPC RC, and Proclarix by PI-RADS Category 

	Discussion 
	Conclusions 
	References

