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ABSTRACT

Objective: This study aimed to compare test sensitivity for detecting aggressive prostate cancer and test
specificity (measured by reduction in prostate biopsies) between algorithm-triage and standard system-
atic biopsy in elderly men with suspected prostate cancer.

Methods: This randomised controlled trial enrolled men > 70 years old suspected of prostate cancer
and randomised them 1:1 to algorithm-triage or standard systematic biopsies. The algorithm arm used
a 10-gene mRNA panel from urine and plasma samples, integrated with clinical characteristics and PSA
measurements to predict prostate cancer with International Society of Urological Pathology grade group
> 2. Patient-reported outcomes measures were collected using the Functional Assessment of Cancer
Therapy-Prostate (FACT-P) scores or subdomains throughout a 24-month follow-up. ClinicalTrials.gov:
NCT04079699.

Results: A total of 202 men were included between October 2019 and September 2021. The study was
terminated early due to algorithm underperformance. The algorithm-triage arm detected fewer indolent
cancers (7.9% vs. 19%, absolute difference —10.9 percentage points, 95% confidence interval [Cl]: —21.0
to —1.0 pp, P =0.039) but also fewer clinically significant cancers (26% vs. 40%, absolute difference —13.9
percentage points, 95% Cl: —27.6 to —0.1 pp, P = 0.051) compared to systematic biopsy. Patient-reported
outcomes showed no significant between-group differences in FACT-P scores or subdomains throughout
24-month follow-up (differences 0.1-2.2 points, all P> 0.05), indicating comparable quality of life.
Conclusion: The biomarker-based algorithm-triage reduced biopsy numbers but also detected fewer
clinically significant prostate cancers. Quality of life was comparable between approaches.
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Introduction ) . .
ExoDx Prostate Intelliscore have shown promising results while

Prostate cancer remains a prevalent malignancy among men,
necessitating accurate diagnostic methods for early detection
and improved outcomes. Traditional diagnostic approaches
including prostate-specific antigen (PSA) testing, digital rectal
examination (DRE), and subsequent biopsy demonstrate nota-
ble limitations in specificity, potentially leading to overdiagnosis
and overtreatment [1, 2]. The well-documented limitations of
PSA in predicting aggressive disease have driven the develop-
ment of novel biomarkers aimed at enhancing diagnostic accu-
racy [3]. Several novel biomarkers have emerged to improve
diagnostic accuracy and reduce unnecessary biopsies. Urine-
based biomarkers include PCA3 (Prostate Cancer Antigen 3),
which offers superior specificity compared to PSA [4], and
MyProstateScore (MPS) incorporating TMPRSS2-ERG gene
fusion, demonstrating an area under the curve of 0.82 for detect-
ing clinically significant prostate cancer [5]. SelectMDx and

potentially reducing unnecessary biopsies [6, 7]. Blood-based
biomarkers such as Prostate Health Index (PHI) and 4Kscore Test
demonstrate superior performance compared to PSA alone,
with studies showing 30-31% reduction in unnecessary biop-
sies while maintaining sensitivity for aggressive disease [8, 9].
Our research group developed a predictive algorithm utilising
biomarkers from urine and plasma combined with clinical
parameters. In a multicentre study, 524 men (median age 65
years; 77% Caucasian) who underwent prostate biopsy between
2014 and 2015 were evaluated; this cohort represented 21% of
2,528 initially enrolled men with prostate symptoms or elevated
PSA. The algorithm was retrospectively applied to these biopsy
results and was not used to determine whether biopsy was
needed. It achieved 97% sensitivity and 97% negative predictive
value for Gleason score > 3+4, as well as 99% sensitivity and 99%
negative predictive value for Gleason score > 4+3 [10-13]. The
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approach could have reduced indolent cancer detection by 32%
while missing only 0.8% of GS = 7 cancers.

However, a parallel validation study among 314 biopsy-naive
men detected by unsystematic PSA screening (median age 68
years, median PSA 6.5 pg/L, enrolled between November 2018
and September 2021) revealed significantly lower performance,
with only 87% sensitivity and 42% specificity for detecting ISUP
GG = 2 prostate cancer [14]. Clinical parameters alone
outperformed the biomarker panel, highlighting challenges in
translating promising algorithms to clinical practice.

Older men with suspected prostate cancer present a distinct
clinical challenge. They are particularly vulnerable to procedural
complications due to reduced physiological reserve and high
comorbidity burden [15], and many may not benefit from
aggressive diagnostic evaluation [16, 17]. Contemporary Nordic
diagnostic guidance emphasises individualised approaches
balancing detection of clinically significant disease against
procedural burden [18]. We conducted a randomised controlled
trial to evaluate whether a biomarker algorithm improves clinical
decision-making in men aged 70 and older, enabling more
individualised risk stratification while maintaining sensitivity for
aggressive disease.

Patients and methods

The study was a randomised controlled single-centre trial of the
algorithm and systematic biopsy in patients of age 70 years or
above who were under suspicion of prostate cancer.

Inclusion criteria

Subjects were included in the study if they met all of the follow-
ing criteria: suspicion of prostate cancer due to elevated PSA and/
or palpable tumour in the prostate, indication for DRE and trans-
rectal ultrasound with biopsy, age > 70 years, PSA < 20, and ability
to provide informed written consent (competent adults only).

Exclusion criteria

Men were excluded from the study if they had been previously
diagnosed with prostate cancer, were receiving treatment influ-
encing PSA levels, had medical conditions that in the opinion of
the investigator might interfere with the study (such as previous
cancer-related therapy), had a life expectancy of less than 10
years, or had undergone prostate DRE within 24 h or ejaculation
within 24 h prior to enroliment.

Randomisation (1:1) was used to assign patients to one of the
following study arms: Arm A was the experimental arm where
the algorithm determined whether to perform a prostate biopsy,
and Arm B was the standard arm where every patient was
offered a systematic prostate biopsy.

Subjects who fulfilled the inclusion criteria were asked to
participate. An independent data manager from Odense Patient
Explorative Network (OPEN) generated the permuted block
allocation table, and the randomisation process was executed
within the Research Electronic Data Capture (REDCap) database.

Study data were collected and managed using REDCap
electronic data capture tools hosted at Odense University
Hospital [19, 20].

Patients who were randomised to the standard arm followed
the normal clinical evaluation with standard systematic prostate
biopsy, 10 to 12 cores. Although multiparametric magnetic
resonance imaging (mpMRI) was not standard of care for initial
prostate cancer evaluation in biopsy-naive men at study
initiation, it was recommended by contemporary guidelines
prior to repeat biopsy.

Patients who were randomised to the experimental arm had
blood and urine samples collected and underwent transrectal
ultrasound for determining prostate size. The biomarker
analyses were then combined with the clinical data in the
algorithm, as an initial diagnostic test. Based on the results,
patients who were identified with a high-risk of having an
aggressive cancer by the algorithm followed the normal
procedures as described above, including prostate biopsies. The
patients who were identified with a low-risk of having ISUP GG >
2 prostate cancer according to the biomarker panel were not
offered prostate biopsies; instead, they entered the follow-up
directly. Secondary endpoint data were collected at 6, 12, and
24 months with Functional Assessment of Cancer Therapy-
Prostate (FACT-P) questionnaire completion. Analysis and
reporting were planned following completion of patient
enrollment and the 2-year follow-up.

Urine and plasma processing

Each participant provided approximately 60 ml of first-void
urine and 12 ml of peripheral whole blood (collected in two 6 ml
EDTA vials) without undergoing a prior DRE. Urine was concen-
trated using Amicon Ultra-15 Centrifugal Filter Units (3 kDa cut-
off) at 3220xg as previously described [11, 13]. Urine samples
were collected in the morning from non-fasting participants,
immediately placed on ice, and processed within 48 h.

Blood samples underwent centrifugation at 805 g for 10 min
to separate plasma. Nucleic acid extraction for both RNA and
DNA was performed using the NUCLISENS® easyMAG®
Automated DNA/RNA extraction system (bioMérieux, Marcy-
I'Etoile, France). After purification, nucleic acids were either
immediately analysed or stored at —80°C for subsequent analysis.
The RNA quality was maintained through strict adherence to
protocols specifically designed to prevent degradation, with
particular attention to storage and transport conditions.

Algorithm calculation

The biomarker test for estimating ISUP GG > 2 prostate cancer
probability has been comprehensively documented elsewhere
[11, 12]. The test combines biomarker measurements with sev-
eral clinical variables: patient age, prostate size, prior biopsy his-
tory, and PSA. These clinical factors are incorporated as
independent variables within a logistic regression framework to
enhance and calibrate the probability assessments for ISUP GG
> 2 prostate cancer. This integrated approach, combining



biomarkers with clinical parameters through logistic regression,
enables more accurate and patient-specific risk evaluations with
greater clinical utility. While the test provides predictions at
three sensitivity thresholds (high, medium, and low), our study
utilised the high sensitivity threshold for ISUP GG > 2 grade
prostate cancer.

Primary endpoint

The two co-primary endpoints were: (1) test sensitivity, defined
as the number of patients diagnosed with clinically significant
prostate cancer (ISUP GG = 2) in each study arm, and (2) test
specificity, defined as the proportion of patients who under-
went prostate biopsy in each arm. These endpoints assess
whether the algorithm-triage approach maintains high sensitiv-
ity for detecting aggressive disease while improving specificity
through reduction in unnecessary biopsies.

Secondary endpoints

Secondary endpoints included the number diagnosed with
ISUP GG = 3 prostate cancer and quality of life assessed using
FACT-P at baseline, 6, 12, and 24 months post-randomisation.
Subscale scores were considered valid when > 50% of items
were completed, with prorated scoring for missing items.

Sample size and statistical analysis

This randomised controlled trial was designed with two co-
primary endpoints: (1) test sensitivity for detecting clinically sig-
nificant prostate cancer (ISUP GG > 2) and (2) test specificity
measured by reduction in the proportion of patients undergo-
ing prostate biopsy. Sample size calculation (a = 0.05, f = 0.2,
80% power) was based on the hypothesis of a 50% relative
reduction in indolent prostate cancer detection (from 20% to
10%), which required 196 patients per arm [21, 22]. This hypoth-
esis was informed by our previous multicentre study [10],
which demonstrated that approximately 26% of the popula-
tion would be classified as low-risk and potentially spared
biopsy using the high-sensitivity threshold of the algorithm,
while maintaining high sensitivity for clinically significant dis-
ease (ISUP GG = 2).

We intended to enroll 350 patients per arm (700 total) to
ensure adequate statistical power across more conservative
effect size scenarios. A sensitivity analysis confirmed statistical
power > 95% with relative reductions as low as 40%.

We analysed the data using the intention-to-treat approach,
with P < 0.05 considered statistically significant. Statistical
analysis was performed using R version 4.5.2 (2025-10-31).

Analysis of detection and biopsy rates

To compare cancer detection and biopsy rates between the algo-
rithm and systematic biopsy groups, we calculated the percent-
age of cases detected and percentage biopsied by each approach
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along with 95% confidence intervals. A two proportion z-test was
used to calculate two-sided P-values and confidence intervals.

Analysis of patient-reported outcomes

Linear mixed-effects models were used to analyse longitudinal
changes in FACT-P scores, with fixed effects for time point, treat-
ment group, and their interaction, plus random subject inter-
cepts. Models were fitted using restricted maximum likelihood
estimation with diagnostic checks for normality and homosce-
dasticity. Estimated marginal means were calculated and com-
pared between groups at each time point using Tukey’s method.
A change of 6 points or more in FACT-P total score was consid-
ered clinically meaningful. Similar models were fitted for each
subscale.

Patient comorbidity burden was assessed using a modified
Charlson Comorbidity Index derived from diabetes, chronic
obstructive pulmonary disease, ischaemic heart disease,
dementia, other malignancy, and age-adjusted points, categorised
as very low (0), low (1-2), moderate (3-4), or high risk (= 5).

Results

The study was terminated prior to reaching the target enrol-
ment of 700 as initial monitoring suggested poor algorithm per-
formance, which was later confirmed by our validation study
[14]. Nevertheless, a total of 202 men were randomised between
October 2019 and September 2021. Table 1 summarises the
baseline demographics of both groups. Protocol deviations
were documented as illustrated in the Figure 1. Three partici-
pants declined post-randomisation follow-up procedures but
did not formally withdraw consent and were included in the
intention-to-treat analysis.

Table 1. Demographic and clinical characteristics by study group
comparison of baseline characteristics between participants randomised to
algorithm-triage (n = 101) and standard systematic biopsy (n = 101).

Variable Algorithm Standard biopsy
Group size, n 101 101
Age (IQR)/years 75(72,77) 76 (74,78)
Height (IQR)/cm 176 (172,180) 178(173,182)
Weight (IQR)/kg 80 (74, 88) 84 (75, 88)
Body Mass Index (IQR)/kg/m? 26 (24, 28) 26 (24, 28)
Prostate volume (IQR)/ml? 54.0 (40.0, 72.0) 58.5(42.0, 82.5)
PSA (IQR)/ng/ml 8(6,12) 8(6,12)
PSA density (IQR)/ng/ml? 0.14(0.10, 0.22) 0.14 (0.09, 0.24)
Patients with suspect DRE, n (%) 18 (18%) 32 (32%)
Prebiopsy MR, n (%) 2(2.0%) 1(1.0%)
Previous negative biopsy, n (%) 3(3.0%) 4 (4.0%)
Charlson Risk Category Low 1(1.0%) 0 (0.0%)
Charlson Risk Category Moderate 76 (75%) 84 (83%)
Charlson Risk Category High 24 (24%) 17 (17%)

Data are presented as median with interquartile range (IQR) unless otherwise
specified.

IQR: interquartile range; DRE: digital rectal examination; MRI: magnetic
resonance imaging; PSA: prostate-specific antigen.

2Prostate volume measured by transrectal ultrasound.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram for a randomised controlled trial comparing biomarker algorithm-triage
versus standard systematic prostate biopsy among men aged > 70 years with suspected prostate cancer at Odense University Hospital, Denmark (October

2019-September 2021). The diagram illustrates enrollment (n = 223 assessed
biopsy arm (n = 101), allocation and protocol adherence, follow-up completio

Detection and biopsy rates

In the algorithm-triage arm, eight of 101 participants (7.9%)
were diagnosed with indolent prostate cancer compared to 19
of 101 (19%) in the systematic biopsy group. The difference in
detection rates between arms was —10.9 percentage points (pp)
(95% confidence interval [Cl]: —=21.0 to —1.0 pp, P = 0.039).
Regarding biopsy procedures, 57 of 101 participants (56%) in
the algorithm group underwent prostate biopsies compared to
89 of 101 (88%) in the systematic biopsy arm. The difference in
biopsy rates was —31.7 pp (95% Cl: —44.2 to —19.1 pp, P<0.001).

In the algorithm-triage arm, 26 of 101 participants (26%)
were diagnosed with higher grade prostate cancer compared to
40 of 101 (40%) in the systematic biopsy group. The difference in
detection rates between arms was —13.9 pp (95% Cl: —=27.6 to
—0.1 pp, P=0.051). A comprehensive breakdown of diagnostic
outcomes stratified by algorithm prediction category is
presented in Table 2.

For even higher grade disease (ISUP GG = 3), the algorithm-
triage arm identified 15 of 101 participants (15%) compared to 21
of 101 (21%) in the systematic biopsy group. The difference in
detection rates for high-grade disease was —5.9 pp (95% Cl: =17.0
t0 6.0 pp, P =0.358).

Table 3 summarises the distribution of algorithm results by
biopsy status.

Only three men underwent prebiopsy mpMRI (one in the
algorithm arm and two men in the systematic biopsy arm).

for eligibility), randomisation to algorithm-triage arm (n = 101) or systematic
n, and analysis population for both arms.

Quality of life outcomes

Linear mixed-effects analysis of FACT-P scores showed no statis-
tically significant differences between treatment groups
throughout the 24-month follow-up. The between-group differ-
ence in total FACT-P score at 24 months was 0.4 points (P=0.225.
All five FACT-P subdomains showed similarly minimal between-
group differences (all P> 0.05).

Discussion

Our randomised controlled trial, while terminated prematurely,
evaluated two co-primary endpoints: test sensitivity for detect-
ing clinically significant prostate cancer and test specificity
measured by reduction in unnecessary biopsies. Although the
study achieved the specificity endpoint with a significant
reduction in biopsy procedures (31.7 pp, P < 0.001), the algo-
rithm failed to maintain non-inferior sensitivity for detecting
aggressive prostate cancer. The algorithm-triage detected
fewer clinically significant cancers (26% vs. 40%, P = 0.051)
compared to standard biopsy, a finding that led to early termi-
nation and limits interpretation of the sensitivity endpoint.
However, the trial’s early termination due to the algorithm’s
underperformance highlights a critical challenge in translational
medicine: the gap between initial developmental promise and
true clinical efficacy. While our algorithm showed exceptional



Table 2. Diagnostic outcomes in the algorithm-triage arm (n = 101)
stratified by algorithm prediction result among men aged > 70 years with
suspected prostate cancer enrolled at Odense University Hospital, Denmark
(October 2019-September 2021).

Outcome Positive Negative No algorithm
algorithm algorithm results
n 63 30 8
No biopsy 15 (24%) 24 (80%) 5 (62%)
Biopsy performed 48 (76%) 6 (20%) 3 (38%)
Negative biopsy 19 (30%) 2 (6.7%) 2 (25%)
ISUP GG =1, n (%) 7 (11%) 1(3.3%) 0(0.0%)
ISUP GG =2, n (%) 9 (14%) 1(3.3%) 1(12%)
ISUP GG =3, n (%) 5(7.9%) 2 (6.7%) 0 (0.0%)
ISUP GG =4, n (%) 2 (3.2%) 0 (0.0%) 0 (0.0%)
ISUP GG =5, n (%) 6 (9.5%) 0 (0.0%) 0 (0.0%)

ISUP GG: International Society of Urological Pathology Gleason Grade group.

Data show the number and percentage of participants who underwent
prostate biopsy and corresponding pathological findings (ISUP GG) for each
algorithm result category: positive (high risk of ISUP GG = 2, n = 63), negative
(low risk of ISUP GG = 2, n = 30), or no result available (n = 8). The algorithm
integrated urine and plasma biomarkers (10-gene mRNA panel) with clinical
variables (age, prostate volume, PSA, prior biopsy history). Data are
presented as counts with percentages.

sensitivity in earlier developmental studies [10], it failed to
replicate this performance in a randomised, real-world setting,
detecting fewer clinically aggressive cancers. This finding is
corroborated by our recent validation study [14], which reported
significantly lower performance metrics, with a negative
predictive value of only 89%. This emphasises that a biomarker’s
performance can be highly dependent on the patient population
and clinical context in which it is applied.

The landscape of prostate cancer diagnostics has rapidly
evolved, shifting towards integrated, risk-stratified pathways
that incorporate imaging. Recent large-scale trials, such as the
STHLM3-MRI study, have demonstrated that combining a risk
prediction model with biparametric MRI and targeted biopsies
can significantly reduce overdiagnosis while maintaining
detection rates for clinically significant cancers [23-25]. Similarly,
the PROMIS trial demonstrated the high negative predictive
value of mpMRI, allowing for the avoidance of a substantial
number of biopsies [26]. Recent advances include the
development of 18-gene MyProstateScore version 2.0 (MPS2)

Table 3. Comparison of diagnostic outcomes between biomarker
algorithm-triage and standard systematic biopsy in men aged 70 years and
older with suspected prostate cancer.

Biopsy outcome Algorithm Standard biopsy

n 101 101

No biopsy 44 (44%) 12 (12%)
Negative biopsy 23 (23%) 0 (30%)
ISUPGG =1, n (%) 8 (7.9%) 19(19%)
ISUP GG =2, n (%) 1(11%) 9(19%)
ISUP GG =3, n (%) 7 (6.9%) 1(11%)
ISUP GG =4, n (%) 2 (2.0%) 4 (4.0%)
ISUP GG =5, n (%) 6 (5.9%) 6 (5.9%)

ISUP GG: International Society of Urological Pathology Gleason Grade group.

Randomised controlled trial comparing the biomarker algorithm to standard
systematic prostate biopsy.
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showing 95% sensitivity and potential to avoid 40% of
unnecessary biopsies [5], and the emergence of biparametric
MRI  approaches that demonstrate non-inferiority to
multiparametric MRI while improving accessibility [27].

Contemporary developments in artificial intelligence offer
additional promise. The MRI-based Predicted Transformer for
Prostate Cancer (MRI-PTPCa) foundation model, trained on
nearly 1.3 million image-pathology pairs, achieved area under
the curve values above 0.978 with grading accuracy of 89.1%
[28]. These findings suggest that a standalone biomarker
algorithm, while useful for risk stratification, may be suboptimal
as a primary biopsy decision-making tool without the inclusion
of powerful imaging modalities such as MRI. Our results
underscore this point, as the algorithm’s underperformancein a
biopsy-naive cohort suggests it may be better suited as a
complementary tool within a more comprehensive diagnostic
pathway.

No significant FACT-P differences were observed between
groups, which is consistent with prior work [29]. Reducing
biopsy numbers did not translate to measurable improvements
in quality of life. However, FACT-P is designed for established
cancer patients and may not capture diagnostic-specific distress
in screening populations.

Our study has several important limitations. The premature
termination resulted in a smaller sample size than originally
planned, which reduced our statistical power, particularly for
sub-analyses and less common outcomes such as aggressive
disease. The single-centre design also limits the generalisability
of our findings. However, a major strength is the study’s
randomised design, which provides a high level of evidence for
evaluating the clinical utility of a diagnostic algorithm, even in
cases where the results are negative. The transparent reporting
of algorithm failure is a critical scientific contribution, providing
an important counterpoint to a field often dominated by
positive findings from developmental studies.

Future research should focus on optimising diagnostic
pathways by integrating multiple modalities. Combining
refined biomarker algorithms with mpMRI in a sequential or
parallel approach may offer the best balance of reducing
unnecessary procedures while maintaining high sensitivity for
higher grade disease. Larger, multicentre trials are needed to
validate such integrated pathways across diverse patient
populations.

In conclusion, the implementation of the biomarker-based
decision algorithm resulted in fewer biopsies being taken,
though this was accompanied with a lower detection of
aggressive prostate cancers. When comparing quality of life as
reported by patients, no substantial differences were observed
between those who underwent algorithm-triage biopsies
versus those who received standard systematic biopsies.
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