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ABSTRACT

BACKGROUND: Urine is a promising biological fluid for prostate cancer (PCa) diagnostics due to its non-invasive col-

lection and wide range of biomarkers. The aim of this study was to assess the role of urinary PSA (uPSA) and urinary Zinc

(uZinc) as biomarkers for the diagnosis of PCa in combination with routine parameters of standard of care (SOC — blood

PSA, abnormal DRE, age) and MRI in patients candidates for prostate biopsy.

METHODS: Urine samples after prostatic massages were collected from men with suspected PCa scheduled for prostate

biopsy. Quantification of uPSA was performed by ECLIA platform and confirmed by ELISA assay, while uZinc measure-
ment was evaluated by ICP-MS and confirmed by colorimetric in vitro assay. Six multivariate logistic regression analysis

were performed to assess diagnostic performance of uPSA and uZinc (urine), SOC and MRI alone, and combination of
MRI+SOC, MRI+urine and SOC+MRI+urine. The discriminative power of the logistic models was assessed by calculat-

ing the area under the receiver operating characteristic (ROC) curves (AUC).

RESULTS: Two hundred thirty-eight patients were included in the analysis; 145 of them were diagnosed with PCa.

Urine test showed a better discrimination of HS from CP, in respect of uPSA and uZinc alone, both for PCa of any grade

and Gleason Score >7 (4+3) (AUC 0.804 and 0.823 respectively). ROC curve combining SOC+MRI+urine showed an

AUC=0.882, that is statistically different from SOC or MRI alone, or MRI+SOC (P=0.0001, P=0.0001, and P=0.008

respectively). PCa risk algorithm designed considering SOC+MRI+urine results in potential reduction of 57% of unnec-

essary biopsies compared to the current standard parameters.

CONCLUSIONS: The loss of uPSA and Zinc production and secretion during neoplastic transformation of the prostate

could potentially represent a hallmark of PCa. Its combination with age, PSA and DRE, as well as with mpMRI could

represent an interesting approach to improve the diagnostic accuracy of PCa.

(Cite this article as: Amparore D, De Cillis S, Granato S, Ortenzi M, Della Corte M, Sica M, et al. Urinary PSA-
ZINC biomarker outperforms standard of care in early detection of prostate cancer. Minerva Urol Nephrol 2024 Jun 12.
DOI: 10.23736/S2724-6051.24.05783-5)
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he decline in prostate cancer (PCa) mortality

over recent years can be attributed primarily
to the widespread adoption of early screening ex-
aminations.! Nonetheless, the ongoing debate in
the realm of PCa screening revolves around the
delicate balance between identifying potentially
life-threatening PCa cases that can benefit from
therapy and avoiding unnecessary treatment for
low-risk cancers that might lead to complica-
tions.2

The term “clinically significant” is widely
used to differentiate PCa (csPCa) that may
cause morbidity and/or death from potentially
harmless tumor subtypes. This differentiation is
critical because “non-clinically significant” PCa
(ncsPCa) that cause no damage or symptoms are
commonly found.Despite the concerns about
over-diagnosis and over-treatment serum PSA
test remains the only laboratory exam for this
pathology.

Currently, multiparametric Magnetic Reso-
nance Imaging (mpMRI) has been incorporated
into European guidelines® as a recommended
diagnostic tool to enhance the ability to de-
tect csPCa,* while in the past decade, there has
been extensive research into various serum and
urine biomarkers.5 Although several novel tests
have become commercially available, none of
them has been routinely adopted due to limited
evidence supporting their benefits over the es-
tablished standard of care (SOC) for the general
population.®

During the process of neoplastic transfor-
mation, glandular cells undergo progressive
alterations. This observation suggests that the
transformation of prostate tissue can impact the
composition of prostatic fluid. Based on this, the
measurement of molecules normally and physio-
logically produced by the prostate in urine could
provide useful information.”

It was observed that the amount of Zinc in the
urine (uZinc) was lower in patients with can-
cer compared to those with a negative biopsy
result, with a gradual decline as the disease ad-
vanced.8 Similarly, the mean levels of PSA in
urine (uPSA) in PCa were lower when compared
to those in healthy individuals, with a declining
trend associated with increasing tumor stage.®

In light of these findings, the aim of this study
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is to find out if the use of uPSA and uZinc as bio-
markers in combination with routine parameters
is able to better identify men with PCa among
candidates for prostate biopsy.

Materials and methods
Study population and study design

Men candidate to first prostate biopsy were pro-
spectively enrolled in the study. Prostate biopsy
indication was decided according to European
Guidelines3 based on age, PSA levels, DRE find-
ings and mpMRI suspicious for PCa.

Inclusion criteria were: age <75 years, PSA>4
ng/mL and unsuspected DRE; Suspected DRE;
Suspected magnetic resonance imaging; PSA>20
ng/mL; No previous prostate biopsy in the last 6
months or diagnosis of prostate carcinoma.

The study was conducted according to the
Declaration of Helsinki principles. Human in-
vestigations were performed after approval of
the study by the Scientific Ethics Committee of
San Luigi Gonzaga Hospital — AA.SS.LL. TO3
—TO4 —TOS (Prot. No. 6387). Written informed
consent was received from each participant be-
fore inclusion in the study and specimens were
anonymized before analysis.

Urine samples were collected after a standard-
ized DRE and before the biopsy. Histological
specimens consisted of 6-20 core biopsy samples
obtained with ultrasound guidance for both stan-
dard and fusion biopsies. Samples were divided
into 3 groups, on the base of histological findings
and Gleason Score (GS): healthy individuals; pa-
tients with GS<7 (3+4) — ISUP<3; patients with
GS>7 (4+3) — ISUP>3.

Sample collection, processing and analysis

For the sample collection, 45 mL of voided urine
were collected after prostate massage to extract
prostatic secretions, through three digital com-
pressions in each lobe starting from the base,
moving downwards to the middle and the apex
in a timelapse of 30 seconds.

After a gentle shake of the sample, an aliquot
of 15 mL was stored at -80 °C within 5 minutes
from collection.

Urinary samples collected before prostate biop-
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sy were tested for the presence of uPSA and uZinc.

Quantification of uPSA was performed by
ELISA assay (R&D Systems, R&D Systems,
Inc., Minneapolis, MN) after optimization on
urine matrix following the manufacturer’s in-
struction.® uZinc measurement was determined
by inductively coupled plasma mass spectrom-
etry (ICP-MS).

The concentration of both uPSA and uZinc
has been normalized on the volume of urine col-
lected.

Study endpoints and statistical analysis

We tested differences in uPSA, uZinc and routine
parameters (blood PSA, age, DRE outcome, Pi-
RADS) between healthy individuals and patients
with prostate cancers of any grade.Pearson’s cor-
relation analysis was performed to determine
whether there was correlation between urinary
biomarkers, routine parameters and GS.

We performed univariate and multivariate lo-
gistic regression analysis to evaluate the uPSA
and uZinc diagnostic performance of detecting
all PCa or PCa with GS<7(3+4) (ISUP<3) or
GS>7(4+3) (ISUP>3). The discriminative power
of the logistic models was assessed by calculat-
ing the area under the receiver operating charac-
teristic (ROC) curves (AUC).

We compared first the diagnostic performance
of three different multivariate logistic regression
models including known risk factors for prostate
cancer. The first model, denominated SOC mod-
el included serum PSA levels, age at biopsy and
abnormal DRE. The second model (Urine mod-
el) included uPSA and uZinc levels. The third
model (SOC+urine model) included both uPSA
and uZinc levels as well as serum PSA, age and
abnormal DRE.

Second, we generated four different multi-
variate logistic regression models by consider-
ing the PIRADS value (MRI), alone or in com-
bination with the previous parameters to obtain
MRI, MRI+SOC, MRI+urine, SOC+MRI+urine
models.

Comparisons of AUCs provided by different
models were determined using DeLong’s meth-
od. In order to estimate potential optimism intro-
duced by overfitting, the predictive models were
internally validated through bootstrap method
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TABLE [.—Patient characteristics.

Patients, N. 247

Evaluable samples, N. (%) 238 (96)

Age, years, mean (median; IQR) 69 (70; 64-75)
PSA, ng/mL, mean (median; IQR) 17.5(7.4;5.3-11)

DRE abnormal, N. (%) 74 (31)
PCa diagnosis, N. (%) 145 (61)
GS 6, N. (%) 9(6.2)
GS 7 (3+4), N. (%) 57 (39.3)
GS 7 (4+3), N. (%) 40 (27.6)
GS 8, N. (%) 19 (13.1)
GS 9-10, N. (%) 20 (13.8)

PSA: prostate specific antigen; DRE: digital rectal examination;
PCa: prostate cancer; GS: Gleason Score; IQR: InterQuartile
Range.

(1000 bootstrap samples). Statistical analyses
were performed with MedCalc® Statistical Soft-
ware version 19.8 (MedCalc Software Ltd., Os-
tend, Belgium).

Results
Patient characteristics

Among the N.=247 men initially assessed for eli-
gibility, 9 urine samples were excluded from the
study for difficulty with collection equipment.
Ultimately, N.=238 men were included in this
study.

The median age of the participants in the study
was 70 years, with an interquartile range (IQR) of
64-75 years. The median PSA level was 7.4 ng/
mL, with an IQR of 5.3-11 ng/mL. Approximate-
ly 31% of the men had abnormal digital rectal
examination (DRE). Out of the total participants,
93 (39%) were found to be cancer-free (classified
as healthy subjects), while 145 (61%) received
a positive biopsy outcome. Among those with
positive biopsy results, 9 (6.2%) had a GS of 6,
57 (39.3%) had a GS of 7 (3+4), 40 (27.6%) had
aGS of 7(4+3), 19 (13.1%) had a GS of 8, and 20
(13.8%) had a GS of 9 or 10 (Table I).

Quantification of uPSA and uZinc

The ROUT method was developed as a method
to identify outliers from nonlinear regression.!0
At first, we used it to identify uPSA value out-
liers in order to remove them (Q=0.1%): 1 for
healthy, 5 for GS<7 (3+4) and 3 for GS>7 (4+3)
(Figure 1A). The same for uZinc, for which out-
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Figure 1.—Quantification of uPSA in different groups.
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Figure 2.—Quantification of uZinc in different groups.

lier values were excluded: 2 for healthy, 2 for

GS<7 (3+4) and 3 for GS>7 (4+3) (Figure 2A).
After outliers detection, 14 samples with

uPSA and/or uZinc outlier value were excluded

(N.=224).

TABLE Il.—Quantification of uPSA (4) and uZinc (B) in
different groups.

Quantification of uPSA revealed a mean con-
centration equal to 142.4 pg in healthy samples,
56.7 ug in GS<7 (3+4) and 45.7 pg in GS>7
(4+3) observing a gradual decrease in uPSA lev-
els at increasing GS (Table II [A]). The mean
levels of uPSA were significantly lower in pa-
tients with GS<7 (3+4) and GS>7 (4+3) com-
pared to healthy subjects (P=0.0001) (Figure 1A,

Diagnosis Mean (ug)  Median (p25-p75) P Table II [A])

(A) Quantification of uPSA in different groups. Subsequently, ROC curves were generated to
Healthy 1424 119.7(73.4-1994)  ref assess the diagnostic utility of uPSA in GS<7
GSsTGT) e T 333 (19-96.7) - 00001 (344) ys. healthy subjects and GS>7 (4+3) vs.
GS>7 (4+3) 45.7 13.9 (3.3 -84.8)  0.0001 ;

P for trend<0.0001 healthy spb;ects. The AUC for the ROC curve

(B) Quantification of uZinc in different groups. was statistically significant for both patient
ggﬁlthé Y j;g A (;‘8 gégﬂg-;é) fesf groups, with values of 0.768 and 0.795, respec-

<7 (3+ : 7 (18.9- 69. N : .
GS>7 (443) ] 309(173-484) 0.0103 tively. This suggests that the assessment of uPSA

P for trend: 0.0005

bPSA: blood prostate specific antigen; uZINC: urinary zinc; GS:
Gleason Score; ref: Reference; NS: Not significant.
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effectively served as a reliable predictor for the
presence of PCa of any grade (Figure 1B, C).
Quantification of uZinc revealed a mean con-
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Figure 3.—Differences between healthy individuals and PCa patients for urine and standard parameters.

centration equal to 53.8 ug in healthy patients,
49.9 ngin GS<7 (3+4) and 35.1 pgin GS>7 (4+3)
observing a gradual decrease in uZinc levels at
increasing GS (Table II [B]). The mean levels of
uZinc were significantly lower only in patients
with GS>7 (4+3) compared to healthy subjects
(P=0.01). No differences were observed between
patients with GS<7 (3+4) and healthy subjects
(Figure 2A, Table II [B]). uZinc displayed a mild
diagnostic capability only in GS>7 (4+3) patients
(AUC=0.634), suggesting that uZinc loss could
be a sign of advanced PCa (Figure 2B, C).

Our findings revealed statistically significant
differences between healthy individuals and PCa
patients in several parameters, including uPSA,
uZinc, age, DRE, and PIRADS values (as shown
in Figure 3, with P values of 0.0001, 0.0088,
0.0044, 0.0007, 0.0001, respectively), with the
exception of blood PSA (bPSA).

Vol. 76 - No. ??

There was no notable correlation discovered
between urinary biomarkers and standard param-
eters, except for uPSA and PiRADS, which ex-
hibited a significant correlation. Notably, a sig-
nificant inverse correlation was detected between
GS and both uPSA and uZinc (Supplementary
Digital Material 1: Supplementary Table I).

These findings imply that a decrease in uPSA
and uZinc levels may serve as an indicator of
PCa progression when considered alongside rou-
tine indicators.

Diagnostic accuracy of uPSA and uZinc levels in
PCa patients

To evaluate whether uPSA and uZinc can be con-
sidered biomarkers of PCa progression, we first
evaluated their diagnostic capacity individually
and then a model was defined considering the two
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Figure 4.—Diagnostic per-
formance of uPSA and uZinc All PCa PC aGS 27 (4+3)
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molecules simultaneously to evaluate the possi-
bility of representing a potential PCa signature.

We assessed the role of uPSA and uZinc, indi-
vidually and in combination, as biomarkers for di-
agnosis of PCa of any grade or with a GS>7 (4+3).

The analysis showed the AUC for uPSA and
uZinc alone were 0.797 and 0.604 in All PCa
and 0.807 and 0.638 in GS>7 (4+3) respectively
(Figure 4, Supplementary Digital Material 2:
Supplementary Table II).

As shown in Supplementary Table II, the
AUC of the combined detection of uPSA and
uZinc (urine model) was higher for PCa of any
grade and GS>7 (4+3) (0.804 and 0.823 respec-
tively) than the AUC of both biomarkers alone.
In particular, the combination of uPSA and uZinc
provides higher Specificity and Sensitivity com-
pared to individual analyte both in PCa of any
grade and in PCa GS>7 (4+3).

Taken together, these results suggested that
combined detection of uPSA and uZinc can pro-
vides better discrimination of healthy individuals
from patients with prostate cancer.

Three logistic regression models were cre-
ated and ORs calculated as shown in Table III.
The routinary use of bPSA, Age and DRE (SOC

TABLE IIL.—ORs for SOC, urine, SOC+urine models.

Model Odd Ratio 95% CI
ORs for SOC, urine, SOC+urine models
SOC (PSA+DRE+Age) 2.813 1.562-5.065
Urine 7.439 3.981-13.899
SOC+Urine 11.063 5.782-21.167

model) is associated with PCa diagnosis with an
OR of 2.8. It is interesting to notice that the intro-
duction of urinary biomarkers (uPSA and uZinc)
together (urine model) and their association with
bPSA, age and DRE (SOC+Urine model) can in-
crease the probability to find out PCa with OR of
7.4 and 11.1 respectively.

The predictive performance in detecting PCa
for the three different models was evaluated
by ROC curve analysis. Urine and SOC+Urine
models provided an AUC of 0.804 and 0.843, re-
spectively, that are statistically significantly dif-
ferent from SOC alone (P=0.0089 and P=0.0001,
respectively); in addition, SOC+Urine model
appears to be statistically significantly different
from Urine model alone (P=0.023). Internal vali-
dation for the three models showed an optimism
estimated of 0.001 (Figure 5, Supplementary
Digital Material 3: Supplementary Table III).
Both Urine and SOC+Urine models showed a

100 7 ==y =+ SOC
e - == Urine
K X
_. 809 - — 50C+Urine
> 6094 g
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£~ {
2 a0d4f¢;
(] 0
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SOC: standard of care; OR: odds ratio; CI: Confidence Interval;
PSA: prostate specific antigen; DRE: digital rectal examination.
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Figure 5.—Diagnostic performance of Standard and Urine
parameters, alone or in combination.
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specificity of 42.9% at 95% of Sensitivity, high-
er than SOC alone (13.2%). At this sensitivity,
urine and the combination of SOC+urine showed
higher positive predictive value (PPV), negative
predictive value (NPV) and number need to pre-
dict (NNP), hence greater capacity in accurately
classifying biopsies results compared to SOC
(Supplementary Table III).

Combination of uPSA and uZinc with MRI re-
sults

The use of MRI-risk assessment is becoming the
gold standard for identifying the need for biopsy
in men suspected of having PCa in order to re-
ducing the number of unnecessary procedures.

Among the 183 patients who underwent
mpMRI, logistic regression models were created
and ORs calculated as shown in Table IV. The
routinary use of prostate MRI is associated with
PCa diagnosis with an OR of 6.1, which increas-
es at 6.6 in MRI+SOC, at 12.3 in MRI+urine and
13.6 in SOC+MRI+urine.

ROC curve analysis showed that MRI+urine
and SOC+MRI+urine models provided an AUC
of 0.868 and 0.882, respectively, that are statisti-

TABLE IV.—ORs for SOC, MRI, urine models and com-
binations.

Model OR 95% CI

ORs for SOC, MRI, Urine models and combinations.
SOC 2.387 1.247-4.568
MRI 6.070 2.559-14.395
Urine 8.174 4.068-16.423
MRI+SOC 6.620 3.307-13.252
MRI+Urine 12.291 5.977-25.282
SOC+MRI+Urine 13.647 6.637-28.059

OR: odds ratio; MRI: magnetic resonance imaging; SOC: standard
of care; CI: Confidence Interval.

AMPARORE

cally significantly different from MRI (P=0.0001
both) and from MRI+SOC (P=0.0081, 0.004, re-
spectively) while no differences were evident be-
tween MRI and MRI+SOC (Figure 6, Supplemen-
tary Digital Material 4: Supplementary Table V).
Internal validation for the four models showed
an optimism estimated of 0.001. MRI+urine
and SOC+MRI+urine models displayed higher
PPV, NPV and NNP compared to MRI alone and
MRI+SOC (Supplementary Table I'V).

PCa risk probability by using uPSA and uZinc
biomarkers

In order to define the clinical utility of biomark-
ers for early detection of prostate cancer, the
capability of potential reduction of biopsy on
healthy individuals should be assessed. On the
basis of multivariate regression models we tried
to fit the probability of having cancer against the
outcome of the biopsy. We selected three differ-
ent cut-off probabilities corresponding to 97.5%,
95% and 90% of sensitivity.

For SOC+Urine model the cut-off were 0.25,
0.33 and 0.39, respectively.

For SOC+MRI+Urine model the cut-off were
0.27,0.36 and 0.45, respectively.

The diagnostic performance of SOC+Urine
and SOC+MRI+Urine models to have PCa with
GS<7(3+4) or GS>7(4+3) was also evaluated.

For SOC+Urine a probability of>0.25 identi-
fied 93% (55/59) of GS<7(3+4) and 97% (72/74)
of GS>7(4+3) cancers, while only 58% (53/91)
of healthy individuals (Supplementary Digital
Material 5: Supplementary Table V (a)). For
SOC+MRI+urine model a probability of>0.27
identified 96% (52/54) of GS<7(3+4) and 98%

100 - D SOC 100 ... MRI+SOC
forlat == MRI - --MRI+Urine
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combination.
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(54/55) of GS>7(4+3) cancers, while only 43%
(33/77) of healthy individuals (Supplementary
Digital Material 5: Supplementary Table V (b)).

The use of SOC+Urine and SOC+MRI+Urine
model at 0.25 and 0.27 of probability, respec-
tively displayed a potential reduction of 42% and
57% of unnecessary biopsies, respectively, by
missing less than 3% of all cancers.

For higher probability, the higher potential
saved biopsies is associated with the chance of
missing more than 7%, of cancers.

Discussion

The actual advantages of PSA screening for PCa
diagnosis and its influence on natural history of
the disease remains a topic of debate across USA
and Europe.!1-13

Nowadays there is an urgent need in this field
to find and confirm new biomarkers that can help
spare patients from unnecessary biopsies and
lower the chances of overdiagnosis and over-
treatment for PCa.”

While several tests have displayed the po-
tential to enhance the diagnostic and treatment
processes, there is a notable absence of prospec-
tive studies confirming their impact on disease
outcomes. Nevertheless, the most recent update
of the European Association of Urology’s (EAU-
ESTRO-SIOG) guidelines did not recommend
any of these tests to supplement the standard of
care, considering only mpMRI as an “intermedi-
ate” diagnostic tool,!4 even with some controver-
sies, !5 16 to increase the diagnostic accuracy and
potentially guide the prostate biopsy.!7- 18

At the moment, there is a growing focus on ex-
ploring urine-based biomarkers for various uro-
logical cancers, making it a particularly appeal-
ing bio-fluid in the field of clinical proteomics.!®

The measurement of uPSA represents an in-
teresting parameter to obtain information about
prostate physiology and pathology, as the pres-
ence of neoplastic transformation.!! The detect-
able level of PSA in urine is directly linked to
PSA expression in prostate tissue and is not as-
sociated with PSA levels in the bloodstream.

In a recent study, Occhipinti et al.9 demon-
strated that uPSA levels, lower in patients with
PCa in comparison to healthy men, has the po-

8 MINERVA UROLOGY AND NEPHROLOGY

URINARY PSA-ZINC BIOMARKER

tential to distinguish clinically significant PCa
from less aggressive forms.

In the same manner, previous studies demon-
strated that the level of zinc in prostate tissue,
prostatic secretion and urine is substantially low-
ered in the presence of neoplastic transformation
compared to non-malignant pathologies and nor-
mal glands8. 20 indicating that the analysis of uZ-
inc can effectively distinguish between patients
harboring PCa and those with other conditions,
making it a promising candidate biomarker.

In the current study, levels of both uPSA and
uZinc were evaluated in urine samples of pa-
tients undergoing first prostate biopsy for sus-
pected PCa. We recorded that both uPSA and uZ-
inc are lower in patients with PCa in comparison
to healthy men, with a gradual decrease among
increasing histologic grade. More specifically,
uPSA levels were significantly different between
healthy individuals, subjects with PCa GS<7
(3+4) to subjects with PCa>7 (4+3) (P<0.001),
while uZinc levels were only significantly differ-
ent in patients diagnosed with PCa>7(4+3), sug-
gesting the possibility to discern csPCa and nc-
sPCa. Performance of the combined analysis of
uPSA plus uZinc (urine model) showed a higher
diagnostic capability (AUC 0.804) compared
to uPSA and uZinc alone for All PCa (AUC of
0.797 and 0.604, respectively). This advantage
was found to be persistent even when analyz-
ing diagnostic accuracy for csPCa, as the urine
model (AUC 0.823) outperformed the uPSA and
uZinc sampling alone (AUC 0.807 and 0.638, re-
spectively).

Based on this consideration, attempting to as-
sess the real clinical role of the Urine model along
with the best timeframe for its execution within
the PCa diagnostic algorithm, its diagnostic ca-
pability was compared with the fundamental as-
sessments indicated by the guidelines in suspect-
ed PCa: the SOC (SOC model: DRE, bPSA, age)
and the mpMRI. When comparing the AUC of
the urine test with the SOC, urine model shows a
higher diagnostic accuracy for PCa (AUC 0.804
vs. 0.677, respectively, P=0.008). Moreover,
urinary test showed an additive value in combi-
nation with SOC, giving even better diagnostic
results (AUC 0.843). These findings suggest its
potential benefit at early stages of the diagnostic
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pathway of PCa, paving the way for the design
of future studies on its use as a screening tool;
furthermore, its ability to effectively distinguish
between csPCa and ncsPCa, strengthen the value
of the the test.

Aiming to evaluate the role of the Urine test
on the complete diagnostic pathway for PCa
indicated by the European guidelines, we also
analyzed its performance in patients undergone
mpMRI before prostate biopsy. In this subcohort,
the diagnostic accuracy of performing combined
mpMRI and Urinary test (AUC 0.868) was sig-
nificantly higher (P=0.004) than the diagnostic
accuracy of performing SOC+MRI (AUC 0.778).
Moreover, the combination of SOC+MRI+urine
test further improved the accuracy of the mod-
el, reaching an AUC of 0.882. Considering this
evidence, the combination of the Urine model,
mpMRI, and the assessment of standard param-
eters works synergistically. The simultaneous
evaluation of these factors has the potential to
enhance accuracy in identifying suitable can-
didates for prostate biopsy, thereby decreasing
the risks associated with false positive and false
negative results. Nevertheless, in the last years,
we have witnessed incremental availability of
diagnostic tools for PCa involving both blood
or urine biomarker testing and MRI strategies
that can enhance clinical routines, enabling more
effective early detection of PCa and offering
valuable insights for biopsy decision-making.?!
Among those biomarkers Prostate Health Index
(PHI),?2. 23 4Kscore,2* Select MDx,2> PCA326. 27
and ConfirmMDx28 showed promising results,
yet the optimal sequence and timing remains to
be determined and international guidelines do
not recommend execution of any of these mark-
ers before the first biopsy, because of concerns
about effectiveness in certain instances and costs.

The urine model could be competitive consid-
ering these aspects, being the urine sample eas-
ily obtainable. Moreover, uZinc measurement is
currently employed in certain clinical biochem-
istry laboratories to identify instances of indus-
trial zinc exposure, while uPSA measurement
is conducted via ELISA assay, widely available
technology in most of clinical biochemistry labo-
ratories. In addition, this research group is put-
ting effort into the creation of a device for the
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rapid home testing of uPSA and uZinc that could
probably be performed at a negligible cost once
development cost will be overcome.29 30

Taken all these considerations together can be
inferred to entail easily affordable costs, particu-
larly since the available literature affirms that
urine-based tests have proven to be more cost-
effective than blood-based tests for PCa diagno-
sis.3! Furthermore, given the high diagnostic ac-
curacy demonstrated, especially when combined
with SOC, the use of the urine test could lead to
a reduction of the number of mpMRI performed
in a selected patient population, especially when
combining it with nomograms.32 33 This consid-
eration is in line with findings of recent litera-
ture, which claim that using selected urine-based
reflex tests to guide biopsy decisions is more
cost effective than MRI in men with PSA rang-
ing from 4 to 10 ng/mL.34 Lastly, according to
our simulation strategies of implementation of
Urine model with SOC and MRI+SOC at 0.25
and 0.27 of probability, a potential reduction of
42% and 57% of unnecessary biopsies, respec-
tively, was found. With these strategies less than
3% of all cancers were missed. Decreasing the
number of unnecessary biopsies and therefore
reducing the risk of complications, overdiagno-
sis and overtreatment has the potential to reduce
both the economic and clinical burden of PCa
diagnosis.

Limitations of the study

The current study is not devoid of limitation. The
first limitation of our study is that not the whole
patients underwent mpMRI for biopsy decision-
making. Secondly, this study was conducted in a
single referral center, limiting the effective rep-
resentation of general daily practice. Thirdly, the
heterogeneity in the quality of mp-MRI and the
absence of centralized reading could potentially
influence our findings. Fourthly, the broad di-
versity within the analyzed population, although
reflective of real-life situations, may impact the
validity of our results regarding various biopsy
techniques. Lastly, another limitation arises from
the inability to accurately estimate the real posi-
tive and negative predictive values of both target-
ed and systematic biopsies: in cases of negative
biopsy, radical prostatectomy is not performed,
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making it challenging to assess the actual preva-
lence of PCa in our cohort of patients.

Conclusions

The loss of PSA and Zinc production and se-
cretion by the prostatic gland during neoplastic
transformation could potentially represent a hall-
mark of PCa. Its combination with standard diag-
nostic parameters such as age, PSA and DRE, as
well as with mpMRI could represent an interest-
ing approach to improve the diagnostic accuracy
of PCa.
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Supplementary Table I.—Correlation matrix for urine and standard parameters.

SUPPLEMENTARY DIGITAL MATERIAL 1

Correlation matrix for urine and standard parameters
Age bPSA DRE PIRADS | uPSA uZINC | GS
Age 1 0,16* 0,15% 0,17* -0,07 -0,11 0,23%*
bPSA 0,16* 1 0,13* 0,09 -0,07 -0,05 0,19%*
DRE 0,15% 0,13* 1 0,15% -0,06 -0,12 0,36%*
PIRADS 0,17* 0,09 0,15* 1 -0,24%* 0,06 0,47%*
uPSA -0,07 -0,07 -0,06 -0,24** 1 0,35%* | -0,47**
uZINC -0,11 -0,05 -0,12 0,06 0,35%* 1 -0,22%**
GS 0,23* 0,19%* 0,36** 0,47** | -0,47%* | -0,22%* 1

bPSA: blood prostate specific antigen; DRE: digital rectal examination; PIRADS: Prostate Imaging
Reporting & Data System; uPSA: urine prostate specific antigen; uZINC: urinary zinc; GS: Gleason

Score.




SUPPLEMENTARY DIGITAL MATERIAL 2

Supplementary Table 1l.—Combination of uPSA and uZinc in All PCa and in GS>7 (4+3).

Combination of uPSA and uZinc in All PCa and in GS > 7 (4+3).
Model AUC SE (ggg/?fslilrté) (gse‘r’l/f,lté\szi)
uPSA 0.797 0.031 42 21
All PCa uZinc 0.604 0.039 16 10
Urine 0.804 0.030 43 32
uPSA 0.807 0.034 41 19
GS>74+3 uZinc 0.638 0.043 25 11
Urine 0.823 0.032 43 35

UPSA: urine prostate specific antigen; uZINC: urinary zinc; PCa: prostate cancer; GS: Gleason
Score; AUC: area under curve.



SUPPLEMENTARY DIGITAL MATERIAL 3

Supplementary Table I1l.—Comparison between SOC, urine, SOC+urine models.
Comparison between SOC, Urine, SOC+Urine models
95% Spec Sens
Model AUC SE cl p Optimism | (95% | (95% | PPV | NPV | NNP
Sens) | Spec)
0.607-
soc 0677 | 0.036 | | ref - 0.001 132 | 233 | 615 | 632 | 39
_ 0.745-
Urine 0804 | 0.030 | . | 00089 | ref 0.001 429 | 303 | 706 | 848 | 18
. 0.792-
SOC+Urine | 0.843 | 0.026 | ... | 00001 | 00231 | 0001 42,9 | 417 | 706 | 848 | 18

SOC: standard of care; AUC: area under curve; Cl: Confidence Interval; PPV: positive predictive
value; NPV: negative predictive value; ref: reference.



SUPPLEMENTARY DIGITAL MATERIAL 4

Supplementary Table IV.—Comparison between MRI, SOC, Urine models and combinations.

Comparison between MRI, SOC, Urine models and combinations.
95% Spec Sens
Model AUC SE cl p Optimism | (95% | (95% | PPV | NPV | NNP
Sens) | Spec)
0.586-
soc 0659 | 004 | T | ref - 00001 | 182 | 139 | 629 | 83 | 29
0.688-
MRI 0757 | 0032 | o | 0.0407 | ref 00001 | 325 | 292 | 664 | 823 | 21
_ 0.734-
Urine 0799 | 0.033 | | 0.0069 | ns 00001 | 442 | 25 | 71,3 | 88 | 17
0.711-
MRI+SOC 0778 | 0.034 | o | 0.0005 | ns 00001 | 325 | 204 | 664 | 823 | 20
. 0.810-
MRI+Urine 0868 | 0.026 | o . | 0.0001 | 0.0001 | 00001 | 533 | 398 | 748 | 879 | 16
. 0.826-
SOC+MRI+Urine | 0.882 | 0024 | . | 0.0001 | 0.0001 | 0.0001 61 | 556 | 781 | 893 | 15

MRI: magnetic resonance imaging; SOC: standard of care; AUC: area under curve; Cl: Confidence
Interval; PPV: positive predictive value; NPV: negative predictive value; ref: reference.



SUPPLEMENTARY DIGITAL MATERIAL 5

Supplementary Table V.—Saved unnecessary biopsies in SOC+Urine model (a) and
SOC+MRI+urine model (b).

Saved unnecessary biopsies in SOC+Urine model

. v
Cut-off All Non-Cancer G(s 31)7 G(f+23)7 cmlszidN unlfeaéeesgary
(probability) N (%) N (%) N (%) N (%) (%) Biog;(igs N

0 224 (100) 91 (100) 59 (100) 74 (100) 0 (0) 0 (0)
0.25 180 (80) 53 (58) 56 (95) 72 (97) 5 (4) 38 (42)
0.33 172 (77) 50 (55) 53 (89) 70 (95) 10 (8) 41 (45)
0.39 152 (68) 41 (45) 43 (73) 68 (92) 18 (17) 50 (55)

Saved unnecessary biopsies in SOC+MRI+Urine model

0 186 (100) 77 (100) 54 (100) 55 (100) 0(0) 0(0)
0.27 133 (72) 33 (43) 52 (96) 54 (98) 3(3) 44 (57)
0.36 127 (68) 30 (39) 49 (91) 52 (95) 8(7) 47 (61)
0.46 113 (61) 28 (36) 43 (80) 48 (87) 18 (17) 49 (64)

SOC: standard of care; GS: Gleason Score; MRI: magnetic resonance imaging.



