
Page 1/17

Prospective validation of a urine-based proteomics
test for predicting clinically significant prostate
cancer in biopsy-naive patients
Enrique Gómez Gómez 

Reina Sofía University Hospital, Maimonides Institute of Biomedical Research of Cordoba (IMIBIC),
University of Cordoba (UCO) https://orcid.org/0000-0002-8753-3306
Ana Morillo 
Kirubel Nigusu Jobre 

Department of Biomarker Research, Mosaiques diagnostics GmbH https://orcid.org/0009-0001-5548-
049X
Guillermo Lendinez 
Ana Blanca 

Maimonides Institute of Biomedical Research of Cordoba (IMIBIC)
Daniel Lopez Ruiz 
Jose Parada 
Isabel Heidegger 

Medical University Innsbruck https://orcid.org/0000-0003-1517-5746
Zoran Culig 

Medical University of Innsbruck https://orcid.org/0000-0002-5001-6153
Antonio Lopez-Beltran 

S. Orsola-Malpighi Hospital https://orcid.org/0000-0003-3161-8164
Julia Carrasco-Valiente 
Harald Mischak 

Mosaiques Diagnostics
Rafael Antonio Medina-López 

Virgen del Rocio University Hospital (HVR), Department of Urology; Institute of Biomedicine of Seville
(IBIS) https://orcid.org/0000-0002-4514-4329
Juan Campos Hernandez 
Maria Frantzi 

Department of Biomarker Research, Mosaiques diagnostics GmbH

Article

https://doi.org/10.21203/rs.3.rs-8933198/v1
https://doi.org/10.21203/rs.3.rs-8933198/v1
https://orcid.org/0000-0002-8753-3306
https://orcid.org/0009-0001-5548-049X
https://orcid.org/0009-0001-5548-049X
https://orcid.org/0000-0003-1517-5746
https://orcid.org/0000-0002-5001-6153
https://orcid.org/0000-0003-3161-8164
https://orcid.org/0000-0002-4514-4329


Page 2/17

Keywords: Biomarker, mpMRI, Proteomics, Prostate cancer, Urine

Posted Date: March 8th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-8933198/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: Yes there is potential conflict of interest.

https://doi.org/10.21203/rs.3.rs-8933198/v1
https://creativecommons.org/licenses/by/4.0/


Page 3/17

Abstract
Background and objective: Prostate cancer (PCa) remains a major health burden, while existing
diagnostic approaches are limited by overdiagnosis that leads to unnecessary biopsies, and by
underdetection of clinically significant disease (csPCa). This study aims to prospectively validate a urine-
based 19-biomarker model (19-BM) using capillary electrophoresis–mass spectrometry (CE-MS) for
predicting csPCa in patients at risk.

Methods: 161 biopsy-naïve patients at risk for csPCa underwent pre-biopsy CE-MS analysis in urine,
multiparametric magnetic resonance imaging (mpMRI), and biopsy at two major hospitals. The 19-BM
performance was assessed in comparison with Prostate-Specific Antigen (PSA), European Randomized
Study of Screening for Prostate Cancer (ERSPC), and mpMRI. Performance metrics included Area Under
the ROC Curve (AUC), sensitivity, specificity, negative, and positive predictive values. 100 patients
receiving radical prostatectomy were evaluated to investigate the correlation of the 19-BM scores with
the prostatectomy pathology.

Key findings and limitations:The 19-BM scores achieved an AUC of 0.79, outperforming PSA (AUC 0.54,
p<0.0001), ERSPC (AUC 0.63, p=0.0108), PSAD (AUC 0.61, p=0.0021) and mpMRI (AUC 0.65, p= 0.0069).
In patients with low Prostate Imaging Reporting and Data System scores (PI-RADS), 19-BM showed a
sensitivity of 75% and specificity 90%. Prospective validation of a previous nomogram combining 19-BM
with mpMRI yielded an AUC of 0.82 (with specificity of 91%, sensitivity 62%).

Conclusions: After prospective validation, the 19-BM demonstrates robust performance in predicting
csPCa. The urine-based 19BM can serve as a valuable complement to current diagnostic methods,
potentially reducing the need for unnecessary invasive procedures, also when combined with mpMRI.

Advancing practice
What does this study add?

This study prospectively validates a urine-based biomarker model (19-BM) as a robust tool for predicting
clinically significant prostate cancer (csPCa) in prostate cancer diagnostic pathway. The 19-BM
outperforms clinically applicable diagnostic approaches, demonstrating strong discriminative ability.
When combined with mpMRI, the 19-BM further improves diagnostic accuracy, supporting its role as a
non-invasive tool that enables patient stratification to assist clinical decision-making in patients at risk
for csPCa. 

Patient summary

In this paper, we investigated whether a urine test could enhance the diagnostic pathway for detection of
csPCa, and potentially reduce unnecessary biopsies. 
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1. Introduction
Prostate cancer (PCa) is a major global health concern1. It is the second most frequently diagnosed
cancer among men worldwide, with approximately 1.4 million new cases and 375,000 deaths recorded in
20202. For localized PCa, the prognosis is generally favorable; therefore, early and accurate detection is
critical1. Till recently, diagnostic pathways started with serum prostate-specific antigen (PSA) testing

and digital rectal examination (DRE)3,4. However, the limited specificity of PSA results in a high number
of unnecessary biopsies5 and contributes to the overdiagnosis and overtreatment of clinically
insignificant prostate cancer (insPCa)3. Additionally, DRE alone demonstrates low sensitivity and

specificity for excluding PCa6. To improve diagnostic accuracy, multiparametric magnetic resonance
imaging (mpMRI) has increasingly been incorporated into  patients’ risk stratification and biopsy
guidance4,7,8. Despite this, mpMRI faces limitations, including technical quality9, inter-reader variability10

and a modest positive predictive value (PPV) of approximately 35% for csPCa. Consequently, suspicious
mpMRI findings—classified according to the Prostate Imaging Reporting and Data System (PI-RADS)
often require additional targeted biopsies for confirmation11. Emerging urinary biomarkers are being
investigated to improve early detection, refine risk stratification, and guide biopsy decisions, aiming to
reduce unnecessary invasive procedures12. CE-MS-based proteomics has proven to be a powerful
platform for urinary biomarker discovery, due to its non-invasive nature, proteome stability, and high-
resolution analytical performance13. The 19-biomarker model (19-BM), initially developed using this
approach, demonstrated high accuracy in distinguishing csPCa from insPCa13. Subsequent validation
studies have reported high sensitivity  and specificity, outperforming PSA and the European Randomized
Study of Screening for Prostate Cancer (ERSPC-3/4) risk calculator3,13.  This present study aims to
prospectively validate the urine-based 19-BM, employing CE-MS, for the prediction of csPCa in biopsy-
naïve patients within the current diagnostic pathway.

2. Patients and Methods
2.1 Study design

This study followed the guidelines for reporting tumor marker prognostic studies (REMARK)14 and for
biomarker identification and reporting in clinical proteomics15. An overview of the study is provided in
Figure 1. Prospective validation: The validation study examined patients suspected of having csPCa who
underwent mpMRI and Trans Rectal Ultrasound (TRUS)-guided prostate biopsy at two major Hospitals,
between January 2022 and March 2025 (Figure 1A). The research protocol was approved by the local
Hospital Research Ethics Committee (nº 340, ref 5454), and all participants provided informed consent.
A sample size of 170 patients was estimated to provide 80% power at a two-sided significance level of
0.05, assuming a loss to follow-up of <5%, resulting in an expected analyzable cohort of 161 patients.
This calculation takes into account that the distribution and percentage of csPCa according to the
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International Society of Urological Pathology (ISUP) criteria ≥2 will be at least 30% and that
approximately 40-50% of patients are expected to present as low risk in the marker. The patient
population included individuals referred for prostate biopsy based on clinical factors, with an ERSPC
3/4+DRE of ≥ 4 for csPCa and PSA < 20ng/ml. All patients underwent mpMRI, and those with PIRADS≤ 2
were only selected if PSAD ≥ 0.15ng/cc2. Urine samples were prospectively collected before biopsy and
subsequent CE-MS analysis was performed. Participants without suspicious mpMRI findings underwent
systematic 12-core TRUS biopsy, and those with suspicious lesions on mpMRI received combined
targeted +/- systematic biopsies. An expert urologic pathologist evaluated the biopsy specimens using
the 2019 International Society of Urological Pathology's modified criteria16. csPCa was defined as an
ISUP≥2. Patient characteristics are summarized in Table 1, including summary statistics per clinical
centre (Supplementary Table S1). Evaluation of prostatectomy cohort: Patients receiving radical
prostatectomy (RP; Figure 1B) as part of the FIS trial17 funded by Science and Innovation Ministry (ISC III,
FEDER) were considered to assess the correlation between 19-BM scores with the pathology at RP.
Ethical approval was obtained from the Reina Sofia Hospital Research Ethics Committee (approval
number PI22/01769), and informed consent was obtained from all participants. A summary of the
patient variables is provided in Supplementary Table S2. 

2.2 Prostate mpMRI Scan

Prostate mpMRIs were conducted using 3T systems (MagnetomVida, Siemens AG, Erlangen, Germany)
with the 18-channel and a 3T MRI system (Ingenia, Philips, Eindhoven, Netherlands) 32-channel phased-
array body coils. The imaging protocol included T1-weighted, T2-weighted in three orthogonal planes,
diffusion-weighted for Virgen del Rocio Hospital, and dynamic contrast-enhanced techniques, which was
performed only at Reina Sofia Hospital. Lesions were identified and localized based on the prostate
sectors as recommended by the PIRADS version 2.1 by JP and DLR with more than 10 years of
experience in genitourinary mpMRI. Furthermore, a final assessment category was assigned for each
patient. The images were analyzed using the Picture Archiving and Communication System (PACS) (Vue
PACS, Philips), Syngo.via, MRI prostate software and Siemens systems. Grouping of the patients based
on PIRADS score is provided in Supplementary Table S3. 

2.3 Urine Collection, Storage, and Proteomics Analysis

Urine samples were collected before biopsy, adhering to established protocols without preceding any
prostate massage or DRE13. Voided urine specimens were obtained using sterile containers and
promptly stored at -20°C until processing. Urine fractionation and peptide extraction were performed
following well-established standard operating protocols (SOP)13 also described in detail in

Supplementary Text. CE-MS analysis and data processing followed the previously developed SOPs18 and
ISO13485 standards, generating quality-controlled urinary datasets19,20. In brief, mass over charge
signals were converted into a single mass, with each peptide accompanied by molecular mass,
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migration time and normalized signal intensity21. Normalization was based on 29 internal calibrants
(Supplementary Text)22. 

2.4 Model Scoring and Statistical Analysis

Descriptive statistics (proportions, means, standard deviations, medians, and interquartile ranges) were
calculated using RStudio (v2024.12.1+563) and are summarized in Table 1. Biomarker scores were
generated using SVM-based MosaCluster software (v1.7.0) based on the 19BM model13 that integrates
19 peptide markers (listed in Supplementary Table S4). Diagnostic performance was assessed by
sensitivity, specificity, ROC curves with confidence intervals, and AUC, using a validated cutoff of −0.0713.
Comparisons of AUCs were performed using the DeLong test, and classification scores across PI-RADS
and ISUP grade groups were compared using the Kruskal–Wallis test in R studio (Version
2024.12.1+563). Diagnostic nomograms incorporating the 19-BM biomarker, ERSPC scores, and clinical
variables and/or mpMRI findings were developed using multiple linear regression. Clinical utility was
evaluated by decision curve analysis23 to estimate net benefit across biopsy decision thresholds. The
performance of PSA density (PSAD) and the urinary 19-BM score for prostate cancer detection was
further evaluated by clinical significance. PSAD was calculated as serum PSA divided by prostate
volume (ng/mL/cc), and 19-BM scores were analyzed as continuous variables. Test performance across
quartile-based cutoffs was assessed by relative positive fractions in three diagnostic groups (ISUP 1,
biopsy-selected patients, and ISUP ≥2), normalized to the lowest cutoff. Test value distributions were
visualized using kernel density estimates, with clinically relevant cutoffs indicated.

3. Results
3.1 Cohort characterization 

Patients with csPCa had higher PSA density (p=0.017) and ERSPC risk scores (p=0.004, Table 1)
compared with those with insPCa. DRE findings differed significantly between groups (p<0.001), with a
higher proportion of pathological DREs in csPCa. PI-RADS scores were also significantly higher in the
significant PCa group (p=0.006). No significant differences were observed for age, PSA level, prostate
volume, family history, biopsy type, lesion location, or prior biopsy status (all p>0.05; Table 1).

3.2 Prospective validation of 19-BM  

The 19-BM scores significantly distinguished patients with csPCa (ISUP ≥ 2; p<0.001; Figure 2A). A
statistically significant difference in 19-BM scores was also shown across patients with different ISUP
grades (p<0.001; Kruskal-Wallis test), suggesting that 19BM scores are associated with increasing tumor
grade (Figure 2B). Urinary 19-BM, PSA, ERSPC, and mpMRI were comparatively analyzed for their
effectiveness in identifying csPCa. Urinary 19-BM exhibited the highest discriminative ability with an AUC
of 0.79 (95% CI:0.72–0.86; Figure 2C) with a sensitivity of 94% and a specificity of 52% significantly
outperforming PSA [AUC 0.54 (0.45-0.63; 95% CI) p<0.0001], ERSPC [AUC 0.63 (0.55-0.72; 95% CI)
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p=0.0108], PSAD [AUC 0.61 (0.53-0.69; 95% CI)p=0.0021] and mpMRI [AUC 0.65 (0.57-0.72; 95% CI) p=
0.0069](Figure 2C). Sub-analysis in patients with low PIRADS scores (n=19), demonstrated a specificity
of 90%, sensitivity of 75%, NPV of 93% and PPV of 67%, indicating notable performance within the low
PIRADS subgroup.

3.2 Validation of nomogram with mpMRI 

The diagnostic precision of the 19-BM, along with mpMRI, in identifying csPCa was validated with an
estimated AUC of 0.82 (p = 0.19,95% CI: 0.76 – 0.89), indicating a strong discrimination of csPCa from
insPCa. The combined nomogram exhibited a specificity of 90% and a sensitivity of 64%, and NPV of
91% (82.3-96.8; 95% CI) and PPV of 62% (50.8-71.6; 95% CI), respectively. This nomogram has superior
diagnostic ability but not significantly better than 19-BM alone (AUC difference=0.03; p=0.19, 95% CI:
-0.02–0.08). The diagnostic performance of the nomogram was compared with another nomogram
combining ERSPC scores with mpMRI using ROC curve analysis (shown in Figure 3A). The AUC values
for the nomograms were: 19-BM and mpMRI (0.82) and ERSPC and mpMRI (0.70). These findings reveal
that the 19-BM and mpMRI Nomogram is significantly better than the ERSPC and mpMRI nomogram
(AUC difference =0.13; p=0.003, 0.04–0.21; 95% CI). The decision curve analysis (Figure 3B) indicated
that the 19-BM model consistently provided a greater net benefit compared to the other available
variables by their own. 

3.4 19-BM reduces the over-detection of insignificant PCa in the current diagnostic pathway

To investigate added value over the state of the art for guiding the diagnostic pathway, we have
compared the levels of relative positive fractions of insPCa and csPCa, as described in the methods,
between the PSAD,19-BM, and the nomogram reported herein within the current diagnostic path, defined
by a PSA level of >3ng/ml (Figure 4A-B-C-D). Across increasing cutoff values, both PSAD, the urinary 19-
BM score, and the nomogram, without and with mpMRI, demonstrated declining relative positive
fractions in all diagnostic groups. However, the urinary 19BM score showed better separation between
insignificant and csPCa than PSAD. For PSAD (Figure 4A), the relative positive fractions for ISUP 1 and
ISUP ≥2 cancers declined in a largely parallel manner, indicating limited discrimination and a higher risk
of over-detection of insignificant PCa. In contrast, the 19-BM scores exhibited a bigger decline in
positivity among ISUP 1 cancers, while maintaining higher positivity for ISUP ≥2 cancers across clinically
relevant cutoffs (Figure 4B). At thresholds where detection of csPCa remained substantial, the
proportion of positive tests among insignificant cancers was markedly lower for the 19BM score
compared with PSAD density, indicating that the urinary 19BM score is associated with reduced over-
detection of insignificant prostate cancer while preserving detection of clinically significant disease.
Improved proportions for insPCa correctly classified as negative based on the nomogram were
demonstrasted both when including and also without mpMRI (Figure 4C-D).

3.5 Prediction of ISUP at RP 



Page 8/17

As the correlation between ISUP grade in biopsy and radical prostatectomy (RP) specimen is not always
perfect, the 19-BM scores were further correlated with the pathology after radical prostatectomy. 100
patients receiving RP (as summarized in Figure 1B) were considered17. The analysis revealed a
discrimination between csPCa and insPCa (Supplementary Figure SF1) and, also, a clear positive
correlation with an increased ISUP and adverse pathology in RP specimens (defined as pT3 and/or
≥ISUP 3) (Supplementary Figure SF2; p< 0.01).

Discussion
This prospective multicenter validation study confirms the diagnostic potential of the urine-based (19-
BM as a non-invasive tool for predicting csPCa in biopsy-naïve patients, including those with low PIRADS
scores. Our findings demonstrate that 19-BM achieved superior diagnostic accuracy compared with
current diagnostic pathways, introducing further options in this process. Importantly, the integration of
19-BM with mpMRI further enhanced predictive performance, supporting its potential role as a
complementary test in the diagnostic pathway.  This is of added value with the focus on introducing
structure early diagnoses, and trying to further improve the detection of csPCa while reducing
unnecessary biopsies and overdiagnoses 24,25.The 19-BM demonstrated an AUC of 0.79, with a
sensitivity of 91% and a specificity of 64%, outperforming PSA (AUC 0.46), ERSPC (AUC 0.64), and
mpMRI (AUC 0.65). These findings are consistent with previous validation studies showing that urinary
proteomic signatures can accurately differentiate between clinically significant and indolent prostate
cancer. The robust discrimination observed across independent cohorts reinforces the reproducibility
and reliability of the 19-BM model, particularly given the use of standardized CE-MS workflows under
ISO13485-certified conditions. This standardization minimizes analytical variability and supports the
model’s potential for clinical translation.

 The combination of 19-BM with mpMRI in a diagnostic nomogram yielded an improved AUC of 0.82, yet
not significantly better that the 19-BM alone. Both net benefit analysis and distribution of positive
fractions for ins and csPCa suggests that incorporating 19-BM into existing diagnostic algorithms could
reduce unnecessary biopsies while maintaining a high detection rate for csPCa. The superiority of the
nomogram including the 19-BM with mpMRI compared with the nomogram including ERSPC and mpMRI
model (AUC 0.70) underscores the added value of proteomic information over conventional clinical
parameters and others urinary biomarkers tested in similarly designed cohorts26. A particularly
noteworthy finding is the performance of 19-BM in patients with low PIRADS scores (≤3), where the AUC
reached 0.73 with 75% sensitivity and 90% specificity. Detecting significant disease in this subgroup
remains challenging, as mpMRI alone exhibits limited sensitivity for low-grade lesions. The ability of 19-
BM to identify a subset of patients with csPCa despite non-suspicious mpMRI findings suggests that
urinary proteomics may capture tumor-related molecular alterations not visible via imaging27,28. This
highlights the potential of 19-BM as a rule-in or triage test in cases where imaging is inconclusive or
negative but clinical suspicion persists. Our findings align with recent literature supporting the
integration of urinary biomarkers such as SelectMDx, PCA3, and ExoDx into clinical workflows, though
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19-BM appears to offer a broader proteomic signature with superior discriminatory power29. An
additional advantage is the non-invasive nature of the approach considering that urine sampling does
not require any prior prostate massage or digital rectal examination. Moreover, unlike gene-expression-
based assays, the proteomic approach directly reflects disease-related physiological processes, offering
stability and reproducibility advantages in clinical practice30,31.

Nevertheless, several limitations should be acknowledged. Although the study employed a prospective
design and included independent validation across two major centers, the sample size—particularly
within the low PI-RADS subgroup—was relatively small, which may have limited statistical power. In
addition, heterogeneity between the two hospitals was observed, as reflected by differences in the
detection rate of clinically significant prostate cancer (csPCa) (63.7% in one center versus 30% in the
other). However, this variability may reflect the pragmatic study design and the consistent performance
of the biomarker across settings. Finally, future studies should focus on cost-effectiveness analyses and
integration into risk stratification algorithms.

In summary, this study provides strong prospective evidence supporting the clinical validity of the urine-
based 19-BM proteomic test for detecting clinically significant prostate cancer in current diagnostic
pathways. The 19-BM outperformed PSA, ERSPC, and mpMRI alone and, when combined with mpMRI,
achieved the highest overall accuracy and clinical net benefit. The model’s strong performance in biopsy-
naïve patients with low PIRADS scores further underscores its potential as a complementary non-
invasive tool to optimize patient selection for biopsy, reduce overtreatment, and improve prostate cancer
diagnostic precision.

Conclusion
The urine-based 19-BM demonstrates robust performance in predicting clinically significant prostate
cancer. This proteomics test, when combined with magnetic resonance imaging, can serve as a valuable
complement to current diagnostic methods, potentially reducing the need for unnecessary invasive
procedures.
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Table 1 is available in the Supplementary Files section.

Figures

Figure 1

Study overview including A) biopsy-naïve patients at risk for clinically significant PCa (csPCa) and B)
patients receiving radical prostatectomy (RP). Abbreviations: mpMRI= multiparametric Magnetic
Resonance Imaging; PCa= Prostate cancer; PI-RADS= Prostate Imaging–Reporting and Data System;
PSAD= Prostate-Specific Antigen Density; PSA= Prostate-Specific Antigen; ERSPC= European
Randomized Study of Screening for Prostate Cancer; DRE= Digital Rectal Examination; TRUS=
Transrectal Ultrasound; SOP= Standard Operating Procedure; CsPCa= Clinically Significant Prostate
Cancer; CE-MS= Capillary Electrophoresis–Mass Spectrometry; QC= Quality Control; SVM= Support
Vector Machine; ROC-AUC= Area Under the Receiver Operating Characteristic Curve; NPV= Negative
Predictive Value; PPV= Positive Predictive Value; ISUP= International Society of Urological Pathology;
RP= Radical Prostatectomy; pT stage= pathological Tumor Stage.



Page 14/17

Figure 2

A) Comparison of 19-BM Scores according to cancer significance (csPCa, ISUP ≥ 2) using Kruskal-Wallis
test, p < 0.001. B) Panel B illustrates the distribution of 19-BM scores among ISUP grades 1 to 4. The box
plot for each grade shows the median, the interquartile range, and individual data points. C) ROC curve
comparison of 19-BM, PSA, mpMRI and ERSPC in the evaluation of diagnostic performance.
Abbreviations: PCa= Prostate cancer; ISUP= International Society of Urological Pathology; ROC= Receiver
Operating Characteristic; PSA= Prostate-Specific Antigen; ERSPC= European Randomized Study of
Screening for Prostate Cancer; mpMRI= multiparametric Magnetic Resonance Imaging.
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Figure 3

A) ROC curves comparing the diagnostic performance of 19-BM and mpMRI nomogram with ERSPC and
mpMRI nomogram. B)Analysis of decision curves comparing the net advantages of various diagnostic
approaches for prostate cancer at different high-risk thresholds. Abbreviations: ROC= Receiver Operating
Characteristic; mpMRI= multiparametric Magnetic Resonance Imaging; ERSPC= European Randomized
Study of Screening for Prostate Cancer; PSA= Prostate-Specific Antigen.
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Figure 4

Performance of PSAD and 19-BM score for PCa risk stratification. A) Relative positive fraction
(sensitivity) for detecting PCa across increasing PSAD cutoffs (ng/ml/cc). Curves are shown for
insignificant cancer (ISUP grade group 1; red), patients selected for biopsy (proxy; green), and csPCa
(ISUP ≥2; blue). The grey shaded area represents the distribution of PSAD in the cohort. Vertical dashed
lines indicate pre-specified or clinically relevant PSAD. B) Relative positive fraction across increasing 19-
BM. Curves represent the same outcome groups as in panel A. The grey shaded area shows the
distribution of urinary biomarker scores in the cohort, and vertical dashed lines denote selected decision
thresholds. C) Relative positive fraction across increasing monogram scores with and D)without mpMRI.
Abbreviations: PSAD= Prostate-Specific Antigen Density; ISUP= International Society of Urological
Pathology; mpMRI= multiparametric Magnetic Resonance Imaging.
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