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Abstract

Prostate cancer (PCa) biomarkers, especially urine-based ones, are useful tools able to improve the diagnosis and management of the
disease. They help physicians to determine if a biopsy is required, mainly with prostate-specific antigen (PSA) levels between 4.0 and 10.0ng/
mL, and therefore avoid unnecessary biopsies. Urine biomarkers can differentiate a clinically significant PCa and thus guide toward the most
appropriate treatment. Diagnostic accuracy of novel urine-based test is higher than PSA level. The present manuscript aims at showing the most
complete and updated information about urine-based biomarkers for the detection of clinically significant PCa, i.e. PCA3, SelectMDx, ExoDx
Prostate IntelliScore, and Mi-Prostate score. The literature basing their diagnostic efficacy is extensive in the case of PCA3, however limited for
the remaining ones. Long-term, prospective, head-to-head comparisons, and real-world studies are required to complete and corroborate the
available results. Besides this, the European Association of Urology has included in their guidelines the use of urine-based tests for deciding
whether or not to undergo an initial or repeat biopsy. Further investigations will be the basis for the approval and widely use of these tests in
routine clinical practice.
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Introduction

Prostate cancer (PCa) is the second most frequent carcinoma Biomarkers for the detection of PCa
diagnosed among men (7.1% of all cancers), and the fifth
leading cause of cancer death worldwide (3.8% of all cancer-
related deaths) [1]. According to GLOBOCAN, 1,276,106 new
cases and 358,989 deaths were reported in 2018. Besides the
elevated incidence, survival rate has improved over the last
decades because the disease is diagnosed at earlier stages [2].
PCa represents a major health concern, and is associated with
important healthcare costs [3]. Advanced age, family history, and

Since its introduction in 1990s, PSA testing has led to the
detection of a higher number of cases; however, the lack of
specificity for detecting a significant PCa has also entailed an
increased number of unnecessary biopsies, over diagnosis, and
overtreatment in patients with indolent disease [7]. Generally,
indolent disease has not impact on the quality of life or the life
expectancy, and it is managed by following watchful waiting
or active surveillance [8]. Patients with indolent disease who
receive a treatment can experience complications without
decreasing their risk for dying due to the cancer [9,10]. Therefore,
differentiating the types of PCa, i.e. very low and low risk versus

ethnicity are well-established risk factors for PCa [2]. It shows
diverse clinic pathological and progression expressions. At early
stage, the disease is often asymptomatic [2]. The diagnosis is
based on a digital rectal examination (DRE), serum prostate-
specific antigen (PSA) levels, and Trans rectal ultrasound (TRUS)-
guided biopsy [4]. PSA levels >4.0ng/mL are frequently used as a
threshold for recommending a prostate biopsy [5]. The positive
predictive value (PPV) of PSA for detecting a PCa is 25-40% in
men with a level 4-10ng/mL. Nevertheless, 65-75% of men within
this PSA range have a negative result in the biopsy, and up to 15%
of those with PCa present with PSA level <4.0 ng/mL [5,6]. Nevertheless, the quantification of the Gleason score (GS)

in the biopsy is relatively subjective, and the random prostate

intermediate and significant, by means of histological, genetic or
genomic analyses has become necessary for the choice of the most
appropriate management. On the other hand, one of the most
relevant parameters used for determining the disease stage and
grade (and, in turn, the prognosis) is the Gleason grading system
[11].
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biopsy may cause under-sampling [8,12]. For this reason, there is
aneed for avoiding subjectivity and interpretations when grading.
Advances in molecular biology have led to the identification of
biomarkers implicated in the carcinogenesis of PCa [6]. Over the
lastdecade, anumber of tests have been commercialized, including
urine-based (ExoDx Prostate IntelliScore, EPI, SelectMDx, prostate
cancer antigen 3, PCA3, Mi-Prostate score, MiPS) blood-based
(Four Kallikrein Score, Prostate Health Index), and tissue-based
ones (Oncoytype DX, Prolaris, ConfirmMDx, Decipher) [13]. An
ideal biomarker for the detection of PCa should be obtained non-
invasively, specific for clinically significant PCa (csPCa), able to
differentiate a significant from indolent disease, inexpensive, and
easily accessible [7]. Additionally, there is a demand for improving
the sensitivity and specificity of the tests [8].

Available evidence on urine biomarkers
PCA3

The Progensa PCA3 assay determines the ratio PCA3/PSA

mRNA in a sample of urine collected after DRE. The PCA3 is a gene
that is highly up-regulated in PCa [14]. It has been established a
PCA3 cut-off value of 25, with lower values indicating a reduced
risk for a positive biopsy [7]. The key validation study of PCA3
was performed by Marks et al. [15], who collected urine samples
from 233 men with PSA level = 2.5ng/mL and at least a previous
negative biopsy. A summary of most representative results from
studies using PCA3 is shown in Table 1. The biopsy identified PCa
in 26.5% of patients. The area under the curve (AUC) for detecting
a positive PCa was 0.68 (95% confidence interval, 95% CI, 0.60-
0.76). The PCA3 showed a differential sensitivity, specificity, PPV,
and negative predictive value (NPV) depending on the cut-off value
selected. By evaluating a PCA3 cut-off value of 35, the sensibility
and specificity were 58% and 72%, respectively; however with
a value of 50, they were 47% and 81%. Further validation data
derived from 1,072 patients in the placebo arm of the REDUCE
trial [16].

Table 1: Summary of the most representative results from studies using PCA3.

Reference Study Design N AUC Sensitivity (%) | Specificity (%) | DLR+ / PPV (%) | DLR- / NPV (%)
Hessels et al. [14] Prospective 108 0.72 67 83 N.A. 90
Marks et al. [15] Prospective 233 0.68 47-87 28-81 N.A. N.A.
Deras etal. [17] Prospective 570 0.68-0.70 50-61 71-80 N.A. N.A.
Haese etal. [18] Prospective 463 0.66 35-73 51-82 N.A. N.A.
Wang et al. [19] Prospective 187 0.71 52.9 80 69.7 66.1
Aubin etal. [16] Prospective * 1,072 0.75 48.4 78.6 N.A. N.A.
Roobol et al. [20] Prospective 721 0.63-0.68 22.9-84.4 4.7-89.7 17.1-31.1 N.A.
de la Taille et al. [22] Prospective 516 0.76 50-84 55-83 N.A. N.A.
Crawford et al. [23] Prospective 1,962 | 0.71-0.72 N.A. N.A. N.A. N.A.
Gittelman et al. [24] Prospective 466 0.74 77.5 57.1 33.6 90
Tombal et al. [25] Prospective * 1,024 N.A. 69-87 26-71 5-33 83-99
Rubio-Briones et al. [28] Prospective 321 0.75 56.4-100.0 26.9-74.4 N.A. N.A.
Wei etal. [29] Prospective 859 0.78-0.79 0.42-0.76 0.52-0.91 80 88
Rubio-Briones et al. [32] Prospective 838 0.70-0.72 28.3-76.2 53.9-78.3 30.6-40.4 76.3-87.0

AUC: area under the curve; DLR+, positive diagnostic likelihood ratio; DLR-, negative diagnostic likelihood ratio; PPV: positive predictive value;
NPV: negative predictive value; N.A.: not available. *Placebo arm from REDUCE ftrial.

PCA3 scores were evaluated before the biopsies at year 2 and
4. A total of 190 patients (17.7%) showed a positive biopsy over
this period of time. The AUC for PCA3 was 0.69 (95% CI, 0.65-
0.74), significantly higher than serum PSA (0.612; 95% CI, 0.57-
0.66). When introducing clinical variables (prostate volume, age
and family history), AUC increased to 0.75 (95% CI, 0.71-0.79).
Furthermore, the PCA3 score at year 2 was able to significantly
predict the biopsy outcome at year 4. Diverse further studies,
systematic reviews and meta-analyses have confirmed the
acceptable accuracy of PCA3 for detecting PCa [17-33]. Roobol et
al. [20] in a prospective study evaluated the use of PCA3 as a first-
line diagnostic test in 721 men. The number of avoided biopsies
was 4.4%, 26.1%, 51.7%, and 87.5% when PCA3 score was =10,
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220, 235, and 2100, respectively. The AUC with PCA3 was 0.64
(95% ClI, 0.58-0.69) for total patients, 0.68 (95% CI, 0.56-0.80) in
men with previous negative biopsy, and 0.63 (95% CI, 0.56-0.69)
in those with PSA <3.0.

The sensitivity and specificity ranged between 22.9-84.4%
and 4.7-89.7%, respectively. The NPV varied from 17.1% to 31.1%.
Hu et al. [26] in a systematic review and meta-analysis involving
16 research studies and 6,693 individuals, explored the diagnostic
value of PCA3 with a cut-off value of 35ug/L. Overall results were:
sensitivity (0.57; 95 % CI, 0.55-0.59), specificity (0.71; 95 % CI,
0.70-0.73), positive likelihood ratio (2.12; 95 % CI, 1.89-2.38),
negative likelihood ratio (0.55; 95% CI, 0.50-0.61), diagnostic
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odds ratio (3.93; 95 % CI, 3.28-4.72), and AUC of 0.71. Similarly,
Cui Y et al. in a systematic review and meta-analysis with 46
clinical trials and 12,295 subjects, showed a pooled sensitivity of
0.65 (95% CI, 0.63-0.66), specificity of 0.73 (95% CI, 0.72-0.74),
positive likelihood ratio of 2.23 (95% CI, 1.91-2.62), negative
likelihood ratio of 0.48 (95% CI, 0.44-0.52), diagnostic odds ratio
of 5.31 (95% CI, 4.19-6.73, and AUC of 0.75 (95% CI, 0.74-0.77).

SelectMDx

SelectMDx is a molecular test that detect HOXC6 and DLX1
mRNA levels in urine obtained after DRE [7]. The most important
validation study was carried out by Van Neste et al. [9] they
collected urine samples of patients after DRE and previously to
the prostate biopsy (initial or repeated). The summary of most
representative results from studies using SelectMDx is shown in
Table 2. The biopsy was underwent based on a PSA level 23 ng/

mL, abnormal DRE, or family history of PCa. A first cohort of 519
patients participated in the exploratory analysis of RNA levels
(HOXC4, HOXC6, TDRD1, DLX1, KLK3, and PCA3 gene) [9]. The
combination of HOXC6 and DLX1 mRNA levels showed the highest
AUC (0.76; 95% CI, 0.71-0.81) for detecting high-grade PCa (GS
>7). Moreover, the PPV and NPV were 27% and 94%, respectively.
A second cohort of 386 patients participated in the validation
study, where the HOXC6/DLX1 gene signature was tested together
with traditional clinical variables (PSA density, previous biopsies,
PSA level, age, family history, DRE) [9]. A highest AUC, 0.87
(95% CI, 0.81-0.93), was found when variables were introduced
in the model, a 98% of NPV and 53% reduction in unnecessary
biopsies. Subsequently, Haese et al. [34], in a multicenter and
multinational study (The Netherlands, France and Germany),
evaluated SelectMDx for detecting csPCa prior to an initial biopsy
in a training (1,039 men) and a validation (916) cohort.

Table 2: Summary of the most representative results from studies using Select MDx.

Reference Study Design N AUC Sen(soi/t i)vity Spe(coi/(f) i)city PPV (%) NPV (%)

Van Neste et al. [9] Prospective 905 * 0.76-0.87 91 36 27 98
Haese et al. [34] Prospective 1,955 0.82-0.85 89-93 47-53 34-43 95
Hendriks et al. [35] Retrospective 172 0.83 N.A. N.A. N.A. N.A.
Tilki et al. [36] Prospective 443 0.82 94 46 45 95
Pepe et al. [37] ** Prospective 125 N.A. 55.6 65.8 27.8 87
Wysock et al. [38] Prospective 114 0.67 45.5-54.5 75.0-78.6 N.A. N.A.

Rubio-Briones et al. [39] Retrospective 492 0.67-0.74 58.0-100.0 0.5-75.9 14.1-28.2 91.7-100.0

Busetto et al. [40] Prospective 52 0.93 94.1-100.0 73.3-91.4 36.8-84.2 97.0-100.0

AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value; N.A.: not available

* Total patients (training and validation cohorts).
** Use of Select MDx in individuals in active surveillance (off-label).

In the latter, the AUC for HOXC6/DLX1 mRNA was 0.85
(95% CI, 0.83-0.88), 93% of sensitivity, 47% of specificity, 43 of
PPV, and 95% of NPV. Individuals with PSA <10 ng/mL (n=715)
showed an AUC of 0.82 (95% CI, 0.79-0.86), 89% of sensitivity,
53% of specificity, 34% of PPV, and 95% of NPV. Further studies
have complemented the information of provided in the validation
studies [35-40]. Tilki et al. [36], in a prospective study with
443 men undergoing an initial biopsy, revealed an AUC with
SelectMDx of 0.82 (95% CI, 0.78-0.86) for the detection of GS =7
PCa. Sensitivity, specificity, PPV, and NPV were 94% (95% CI, 89-
98%), 46% (95% CI, 40-52%), 45% (95% CI, 42-47%) and 95%
(95% CI, 90-97%), respectively.

By following SelectMDx, 34% of biopsies could be avoided.
Hendriks et al. [35] evaluated the association between SelectMDx
and multiparametric magnetic resonance imaging (mpMRI)
outcomes in 172 patients from the study of Van Neste et al. [9] who
had undergone this imaging technique. The AUC of SelectMDx with
mpMRI was 0.83 (95% CI, 0.77-0.89), in comparison with 0.66
(95%CI, 0.58-0.74) of PSAand 0.65 (95% CI, 0.57-0.74) with PCA3.
Pepe et al. [37] evaluated the diagnostic accuracy of SelectMDx for
detecting csPCa in 125 patients in active surveillance. Post-DRE
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urine was obtained from 45 patients, and of them, 9 (20%) were
re-classified as csPCa. Results with SelectMDx were: 55.6% of
sensitivity, 65.8% of specificity, 27.8% of PPV, 87% of NPV, and
70.3% of diagnostic accuracy. Finally, Wysock et al. [38] compared
a blood-based test, Four Kallikrein score, with SelectMDx in 114
men with elevated PSA. The AUC for SelectMDx was 0.67 (95%
CI, 0.52-0.83) for detecting a csPCa. With a cut-off value of 7.5,
sensitivity and specificity were 54.5% and 75.0%, respectively;
however, with a value of 12 were 45.5% and 78.6%.

ExoDx Prostate IntelliScore

The EPI is an assay aimed at determining the expression of
a 3-gene signature (Exosomal PCA3, the oncogenic gene fusion
rearrangement TMPRSS2: ERG, and the SAM-pointed domain-
containing Ets transcription factor, SPDEF) in a first-catch urine
sample [41]. In contrast to PCA3 and SelectMDx, EPI does not
require a previous DRE. It provides a risk score, between 0 and
100. A score 215.6 is associated with an increased risk for grade
group (GG) =2 PCa [41]. An early evaluation of EPI in 195 men
with suspicious DRE and/or PSA levels revealed a good prediction
of both any cancer and high-grade PCa [42]. The summary of the
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most representative results from studies using EPI is shown in
Table 3. The combination of EPI with standard of care (SoC; PSA,
age, race, and family history) showed a greater differentiation

between high-grade (GS 27) and GS <6 biopsy, with an AUC of

0.80 (95% CI, 0.73-0.88) versus 0.67 (95% CI, 0.58-0.78) with SoC
alone. The main validation study was conducted by McKiernan

et al. [43], when compared EPI plus SoC versus SoC alone to
discriminate GS 27 from GS 6 and benign PCa on initial biopsy.
In an initial training cohort (255 men), the ability for detecting
a high-grade PCa with EPI plus SoC was significantly higher than
SoC alone in terms of AUC (0.77; 95% CI, 0.71-0.83 versus 0.66;
95% CI, 0.58-0.72).

Table 3: Summary of the most representative results from studies using ExoDx Prostate Intelli Score

Reference Study DESIGN N AUC Se“(soi/f)i)"ity Spe(f,i/gdty PPV (%) | NPV (%)
Donovan et al. [42] Prospective 195 0.8 90 57.5 36.9 97.5
McKiernan et al. [43] Prospective 774 * 0.73-0.77 90 36.1 36 89.8
McKiernan et al. [44] Prospective 503 0.71 90 33.6 38.8 87.9
McKiernan et al. [45] Prospective 229 0.66 82.1 26.9 N.A. 91.5
Tutrone et al. [46] PmSpe“ive'txgiiﬁiszed' blinded, | g NA. 92 30 38 87

AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value; N.A.: not available

* Total patients (training and independent cohorts).

In a subsequent independent validation (519 patients), the
AUC was also significantly superior with EPI plus SoC (0.73; 95%
CI, 0.68-0.77 versus 0.63; 95% CI, 0.58-0.68) [42]. A total of 27%
of biopsies could be avoided when used a cut-off value of 215.6. A
further validation study with 503 patients with PSA level 2-10ng/
mL corroborated the greater accuracy of EPI plus SoC than SoC
alone (AUC of 0.71; 95% CI, 0.66-0.76 versus 0.62; 95% CI, 0.57-
0.67) [44]. With a cut-off value of 15.6, up to 26% of biopsies
could be avoided, missing 7% of GG 22 PCa, and achieving a NPV
of 89%. When evaluated to 226 patients with a previous negative
biopsy and underwent repeat biopsies, EPI alone showed an NPV
of 92% and could avoid 26% of unnecessary biopsies [45]. The
AUC with EPI alone (0.66; 95% CI, 0.55-0.78) was higher than the
European Randomised Study of Screening for Prostate Cancer
risk calculator (0.47; 95% CI, 0.36-0.58) and PSA (0.54; 95% CI,
0.43-0.66). In a recent prospective, randomized, blinded, two-
armed clinical study, Tutrone et al. [46] have evaluated the impact
of EPI on the shared biopsy decision process between patients
and urologists. All patients had an EPI, however in the EPI arm
(n=458) patients received EPI results for the biopsy decision-
making versus the control arm (n=484) in which patients did not
receive the EPI results, and urologists proceeded with SoC. As a

result, EPI arm was able to detect 30% more cases of high-grade
PCa than the control arm, missing approximately 49% fewer cases
than SoC.

Mi-Prostate score

The MiPS is a test that evaluates the combination of PCA3
and TMPRSS2: ERG together with PSA or the Prostate Cancer
Prevention Trial risk calculator in a post-DRE urine sample. In
an early study, Salami et al. [47] revealed that the combination
of PSA, TMPRSS2: ERG, and PCA3 provided an AUC of 0.88 (95%
Cl, 0.75-0.98) for predicting PCa on a subsequent biopsy. The
summary of the most representative results from studies using
MiPS is shown in Table 4. Cornu et al. [48] also demonstrated
that PSA density, TMPRSS2: ERG, and PCA3 was independently
associated with prostatic biopsy outcome (AUC of 0.73). Tomlins
etal. [49] evaluated and validated risk models, including MiPS, for
the detection of PCa and PCa (GS>6) on biopsy in a cohort of 1,225
men. The AUC for detecting high-grade PCa was 0.77 when using
PSA, TMPRSS2: ERG, and PCA3; and 0.78 when using the Prostate
Cancer Prevention Trial high-grade risk calculator (instead of
PSA). Between 35% and 47% of biopsies could be avoided by
using MiPS.

Table 4: Summary of the most representative results from studies using Mi-Prostate score.

Reference Study Design N AUC Sensitivity (%) | Specificity (%) PPV (%) NPV (%)
Salami et al. [47] Prospective 48 0.88 80 90 N.A. N.A.
Cornu et al. [48] Prospective 291 0.73 N.A. N.A. N.A. N.A.

Tomlins et al. [49] Prospective 1,225 0.77-0.78 N.A. N.A. N.A. N.A.

AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value; N.A.: not available

* Total patients (training and independent cohorts).
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Clinical implications of urine biomarkers

Biomarkers have demonstrated to improve the diagnosis
and discriminate a PCa with indolent course from those with
unfavorable prognosis [7,50]. Post-DRE urine samples are a
rich source of biomarkers for PCa [51]. The urine can be easily
collected in a urology clinic, and it does not constitute an extra
burden in the routine clinical practice. Therefore, post-DRE urine
represents a minimally invasive option that provide enough
material for an accurate diagnosis [51]. Moreover, novel urine-
based tests have the potential to help physicians to determine
the need for a biopsy, especially in men with PSA levels 4.0-10.0
ng/mL [13]. Urine biomarkers have demonstrated the ability to
avoid unnecessary biopsies in clinical practice; up to 26% with
PCA3, 53% with SelectMDx, 27% with EPI, and 47% with MiPS.
Although there are no comparison studies between biomarkers
so far, the diagnostic accuracy of SelectMDx seems to be higher
than PCA3, in terms of sensitivity, specificity, PPV, NPV, and AUC.
By contrast, PCA3 is also the only urine biomarkers that has also
been associated with prognosis, by predicting the upgrading to GS
>7 during active surveillance, or the tumor volume, extracapsular
extension and positive surgical margins in prostatectomy
specimens [52]. At the same time, the use in clinical practice of
mpMRI has increased among men with a negative biopsy or even
biopsy naive [50]. The median NPV for a csPCa is about 88.1
[53]. Besides this, mpMRI is time-consuming, resource-intensive,
and needs sufficient access to an MRI scanner [6]. Urine-based
biomarkers can be used in clinical practice for the selection of
candidates requiring a further evaluation, especially those with no
mpMRI-visible lesions. However, the published literature points
to a complementary effect of biomarkers and mpMRI6, achieving
a NPV of up to 91% [32,50].

Caveats and Limitations with their Clinical Use

Although urine biomarkers provide worthwhile information
about the disease, they should be considered as a complementary
tool for the decision-making process, and not be used as a first-
line for the diagnosis of PCa [54]. Diverse international Societies
(such as the European Association of Urology, EAU, National
Comprehensive Cancer Network, or the American Urological
Association), have highlighted the lack of clear evidence about
their benefit as primary screening test [55-57]. Yet, to avoid
unnecessary biopsies, the EAU recommends further risk-
assessment (risk-calculator, imaging; strong recommendation), or
an additional serum or urine-based test (weak recommendation)
in asymptomatic men with normal DRE and PSA level 2-10ng/
mL [57]. ExoDx Prostate IntelliScore and MiPS assay are currently
considered as investigational; thus, PCA3 and SelectMDx are
the only urine-based tests that could be widely implemented in
clinical practice for this setting.

Itis necessary to indicate that most of patients (84%) from the
main validation study of SelectMDx were prostate biopsy naive [9].
PCA3 is the unique urine test that has been approved by the U.S.
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Food and Drug Administration for patients who are candidates
for repeat biopsy [58]. The EAU also suggest the complementary
use of urine-based tests (PCA3 and SelectMDx) in the decision-
making for men with an elevated risk of PCa with a prior negative
biopsy and candidate for repeat biopsy [57]. The development
and validation process of candidate urine biomarkers is long and
requires large prospective studies, with a significant number
of participants, and an adequate follow-up time. To date, the
literature basing their diagnostic efficacy is extensive in the case
of PCA3; however it is limited for SelectMDx, EPI, and MiPS. There
are also no studies evaluating the implementation of each urine
biomarker in routine clinical practice. Additional head-to-head
comparison studies between biomarkers are also necessary. On
the other hand, the price (PCA3 $300-500, SelectMDx $300, EPI
$600) and availability of the biomarkers are factors that may limit
their progress and implantation to clinical practice [59].

Future Perspectives

The increasing use of urine-based biomarkers for PCa will
improve patient stratification and diagnosis, and thus allow more
personalized therapies and follow-up schemes [60]. Further
long-term, prospective, and real-world studies will complete and
validate the available information about urine-based biomarkers,
required to be implemented in routine clinical practice. Moreover,
given the number of potential biomarkers, it is likely that the
combination of biomarkers may perform better than the simple
pairing [61]. In addition, urine biomarkers together with mpMRI
has already demonstrated to provide a more accurate risk
assessment of the disease [13].

Conclusion

A new era has emerged with the development of biomarkers
having higher specificity than PSA for the detection of csPCa. The
PCa biomarkers, especially urine-based ones, are useful tools
able to improve the diagnosis and management of the disease.
Urine biomarkers can help physicians to determine if a biopsy
is required, mainly with PSA levels, especially in the grey zone
(between 4.0 and 10.0ng/mL), and therefore avoid unnecessary
biopsies. Moreover, they are valuable tools to differentiate csPCa
from indolent disease, provide information about prognosis,
and thus guide toward the most appropriate treatment. Further
investigations will be the basis for the approval and widely use of
these tests in routine clinical practice.
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