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Abstract

Background: A 2‐gene urine‐based molecular test that targets messenger RNAs

known to be overexpressed in aggressive prostate cancer (PCa) has been described

as a helpful method for detecting clinically significant prostate cancer (grade group

[GG] ≥2). We performed an external validation of this test in men undergoing initial

prostate biopsy (Bx) within a Spanish opportunistic screening scenario.

Methods: We analyzed archived samples from 492 men who underwent prostate Bx

in an opportunistic screening scenario, with prostate‐specific antigen (PSA) 3 to

10 ng/mL and/or suspicious digital rectal exploration (DRE) and without previous

multi‐parametric magnetic resonance imaging (mpMRI). Urinary biomarker mea-

surements were combined with clinical risk factors to determine a risk score, and

accuracy for GG ≥ 2 PCa detection was compared with PCA3, European randomized

screening in prostate cancer (ERSPC), and prostate biopsy collaborative group

(PBCG) risk calculators in a validation workup that included calibration, dis-

crimination, and clinical utility analysis.

Results: In our cohort, the detection rates for GG1 and GG ≥ 2 PCa were 20.3% and

14.0%, respectively. The median PSA level was 3.9 ng/mL and 13.4% of subjects had

suspicious DRE findings. The median risk score for men with GG ≥ 2 PCa was 21

(interquartile range: 14‐28), significantly higher than benign+GG1 PCa (10, 6‐18),
P < .001, achieving the highest area under the curve among the models tested, 0.749

(95% confidence interval: 0.690‐0.807). The urine test was well‐calibrated, while

ERSPC showed a slight underestimation and PBCG a slight overestimation of risk.

Assuming a GG2 non‐detection rate of 11% without using mpMRI, use of the urinary

biomarker‐based clinical model could have helped avoid 37.2% of excess biopsies
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while delaying the diagnosis of eight patients (1.6% of the entire cohort) with

GG ≥ 2 PCa.

Conclusions: In this first evaluation in an opportunistic screening population, the

urinary biomarker‐based test improved the detection of clinically significant PCa.

Facing men with elevated PSA and/or suspicious DRE, it could be a useful tool to

help avoid excess initial Bx and to identify patients most likely to benefit from Bx.
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1 | INTRODUCTION

Early detection of prostate cancer (PCa) continues to represent a

dilemma for clinicians and patients. Despite evidence of survival

benefit associated with the diagnosis and treatment of clinically

significant PCa (csPCa),1–4 the low specificity of screening by

prostate‐specific antigen (PSA) and digital rectal exploration (DRE)

has led to excess prostate biopsies and “over‐detection” of lower‐risk
cancers,5,6 treatment of which lacks proven benefit.7–9 Prostate

biopsy procedures and interventional cancer treatment may carry

significant risks, especially for patients with co‐morbidities.10,11

There is an unmet need for improved detection of csPCa.

We previously demonstrated how to improve an opportunistic

screening for PCa detection using PCA3 as a single biomarker after

PSA and DRE in patients with PSA ≥ 3 ng/mL,12 but did not achieve

sufficient accuracy for detection of grade group 2 (GG2) PCa. We

then tested PCA3 within a previously published nomogram13 and

validated its usefulness when added to standard risk factors to im-

prove significantly the discrimination ability of a predictive model of

high‐grade PCa with some lower statistical power compared with the

generation cohort.14

A urinary biomarker‐based test that combines HOXC6 and DLX1

messenger RNA (mRNA) levels with clinical variables (PSA density,

DRE, and age) has emerged as a method capable of predicting the

presence of GG2 and higher PCa on prostate Bx.15,16 In the initial

validation study, the clinical model achieved an area under the curve

(AUC) of 0.86 (95% confidence interval [CI]: 0.80‐0.92) and a nega-

tive predictive value (NPV) of 98% for the detection of GG2 or higher

PCa.15 The urine test was then included in the European Association

of Urology guidelines for improving PCa diagnosis between PSA 2 to

10 ng/mL.17 More recently, the clinical model was further optimized

and validated in a multinational cohort of men with PSA < 10 ng/mL,

resulting in an AUC of 0.82 (0.79‐0.86) and NPV of 95%.16

In the present paper, we performed an additional external valida-

tion of the urinary mRNA‐based clinical model in an opportunistic

screening setting and compared it with PCA3 (using the same archived

urine samples) and two risk calculators (RC). Because no single RC has

clearly shown superiority18 over others, we chose the well‐known RC

built on the European randomized screening in prostate cancer (ERSPC‐
RC) and sextant Bx (http://www.prostatecancer‐riskcalculator.com/

seven‐prostate‐cancer‐riskcalculators) and a recently published RC19

derived from a multicenter study (prostate biopsy collaborative group,

PBCG‐RC) and based on transrectal ultrasound‐guided (TRUS) Bx with

10 to 12 cores.

2 | MATERIALS AND METHODS

2.1 | Study population

Under the approval of our Ethical Committee (ref 2010.20) and

written consent, we retrospectively included 492 men who were

consecutively enrolled in an organized opportunistic screening sce-

nario between 2010‐2016. The inclusion criteria for the study were

PSA between 3 and 10 ng/mL and/or suspicious DRE, submitted for

initial Bx and without magnetic resonance imaging (MRI). We ex-

cluded patients with previous Bx, cases where the urinary risk score

could not be calculated for different reasons (8.9% of the submitted

samples) and patients taking 5α‐reductase inhibitors. TRUS‐guided
Bx with a minimum of 10 cores was planned.

2.2 | Sampling and handling

Urine (20‐30mL) was obtained after a standardized DRE following

recommendations for the PCA3 test, and 2.5mL were processed

using the Progensa PCA3 urine specimen transport kit (Hologic, Inc,

San Diego) and then stored at −80°C. Before shipping samples from

the full cohort, a pilot set of 30 samples were shipped on dry ice to

the testing lab (MDxHealth, SA, Nijmegen, NL), to verify mRNA sta-

bility and valid assay results. Samples were tested and results ana-

lyzed according to Haese et al16 Laboratory and scientific personnel

was blinded with respect to biopsy outcome at the time of testing.

2.3 | Predictive models

Urinary mRNA‐based risk scores were provided by MDxHealth,

blinded to Bx results. TRUS‐derived total prostate volume was cal-

culated using the prostate ellipse formula (0.52 × length × width ×

height). 10 to 12 core systematic laterally directed TRUS‐guided
biopsies were performed. All biopsy specimens were evaluated by a
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single experienced uropathologist (AC). Predictions of GG2 PCa for

the ERSPC‐RC were obtained through its web tool case by case by

two different investigators (ABF and LME) and 18 cases with no

concordance were re‐calculated together. In eight cases prostatic

volume was out of range (111‐182cc) for the RC and 110cc (upper

accepted limit) was chosen. Predictions for GG2 PCa the PBCG‐RC
(http://riskcalc.org/PBCG/,accessed 29 Sep2018) were obtained ap-

plying its published algorithm by R language programming v3.5.2

(The R Foundation for Statistical Computing, Vienna, Austria).

2.4 | Statistical analysis

Mean, median, interquartile range for quantitative variables, and ab-

solute and relative frequencies by categories for qualitative variables

were described. For the external validation, we compared distribution

of variables between men with or without GG2 PCa in our cohort

using a non‐parametric Mann‐Whitney test, as quantitative variables

did no show a normal distribution, and χ2 test for categorical variables.

As previously published, we used standardized methodology20 to

analyze probability distributions provided by models, represented by

box plots and probability density functions. Concordance between

predicted and observed frequencies were plotted by calibration

curves. Discrimination ability was estimated by receiver operating

characteristics curves using the area under the curve (AUC),

sensitivities, specificities, positive, and NPVs. The optimal cut‐off was

estimated by clinical utility curves (CUC).

3 | RESULTS

In Table 1 we can observe the main characteristics of our series com-

pared with the two published validation cohorts,15,16 Median age, pros-

tate volume, and PSAd were 62.4‐years‐old, 46.09 cc, and 0.11 ng/mL,

respectively, and 13.4% had suspicious DRE. In 323 men (65.6%) the Bx

showed no PCa, while in 100 (20.3%) we diagnosed GG1 PCa and in 69

(14.02%) ≥GG2 PCa.

In Figure 1 we show box plots of the different models' dis-

tribution for subjects with ≥GG2 PCa compared with (GG1 or no

PCa). ERSPC‐RC tended to show lowest probabilities (median for

≥GG2 subgroup = 8) while PBCG‐RC showed the highest (median:

25.58), with the urine test falling in between (median: 21) for our

cohort (Table 2). All variables, including PSA, PSAD, and PCA3,

showed statistically significant differences between the presence of

sPCa versus non PCa +GG1 PCa (Table 2).

The urinary biomarker‐based test achieved an AUC for ≥GG2

PCa of 0.749 (95% CI: 0.690‐0.807). AUCs for the rest of the models

are shown in Figure 2, all of them being in the range of 0.666‐0.736
except PSA alone (0.591). With the aim of finding optimal cut‐offs for
the three main analyzed models, we plotted probability distribution

TABLE 1 Cinical characteristics of validation cohorts from this study and two previous publications15,16

Published validation cohorts

Validation cohort (IVO) Van Neste et al15 Haese et al16

Patients (n) 492 386 715

Number of cores, mean

(median; IQR)

12.2 (12; 12‐12) NA 11.9 (12; 12‐12)

Age (years), mean (median; IQR)/

range

62.4 (62; 58‐67)/40‐81 64.9 (65; 60‐70)/NA 64 (64; 59‐69)/39‐84

PSA, ng/mL, mean (median; IQR)/

range

4.30 (3.85; 3.32‐4.95)/0.43‐9.91 11.9 (7.3; 5.2‐10.9)/NA 5.5 (5.4; 4.1‐7.2)/0.28‐9.9

Familial PCa; no, yes, NA (%) 80.51 19.5, ⋯ 32.4, 19.1, 48.4 70, 15, 15

Scheduled for first Bx, n (%) 492 (100) 342 (89) 715 (100)

TRUS‐prostate volume, mL, mean

(median; IQR)/range

46.09 (42.00; 31.20‐54.40)/10.14‐182.00 51 (45; 35‐62)/NA 45.7 (42; 30‐57.9)/12‐137

PSAD, ng mL−1 mL−1, mean

(median; IQR)/range

0.11 (0.09; 0.07‐0.14)/0.01‐0.65 0.25 (0.15; 0.10‐0.25)/ND‐ND 0.14 (0.12; 0.09‐0.18)/0.01‐0.59

Suspicious DRE, (%) 66 (13.4) 119 (31.3) 124 (17)

Suspicious TRUS, (%) 64 (13) NA NA

PCa diagnosis, n (%) 169 (34.3) 181 (46.9) 388 (45.7)

• GG1 100 (59.2) 90 (50.0) 175 (53.5)

• GG2‐3 60 (35.5) 51 (28.3) 124 (37.9)

• GG4‐5 9 (5.4) 39 (21.6) 28 (8.6)

Abbreviations: Bx, biopsy; DRE, digital rectal examination; GG, grade group; IQR, interquartile range; IVO, Instituto Valenciano Oncología; PCa, prostate

cancer; PSAD, prostate‐specific antigen density; sPC, significant prostate cancer; sPCa, significant prostate cancer; TRUS, transrectal ultrasound.

Bold values are clinically relevant.
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functions (PDF; Figure S1). Due to the significant overlap of these

curves, this approach was not suitable to find a reliable cut‐off for
any of the three models. Calibration curves (Figure 3) for the three

models show a mild underestimation for the ERSPC‐RC along all the

predictions versus a great overestimation shown by the PBCG‐RC,
while the urine test showed an almost perfect calibration between

the predicted and the observed probabilities.

In our context of a low ≥GG2 PCa incidence (14.02%), CUC was

used to find an optimal cut‐off where the non‐diagnosis rate of

≥GG2 PCa could be accepted by the clinician and patient, while

balancing with the health system administration and how many Bx

could be spared. In Figure 4, we can observe the relation of these

concepts by the CUC for each l model. The interpretation in row

numbers is shown in Table S1, where at a cut‐off of 9% is shown as

the best model if we accepted for all of them around a 10% of the

non‐detection rate of ≥GG2 PCa, corresponding to a potentially

avoided Bx rate of 37%. If we translated these figures to a popu-

lation of 1000 men, we would expect 140 ≥GG2 PCa. At a urine test

cut‐off of 9%, we would miss 16 cases and would save 372 Bx

(see Table S2 and Figure S2).

F IGURE 1 Box plots showing the distribution of assigned probabilities of ≥GG2 PCa in the subgroup of no PCa‐GG1 versus ≥GG2, for the
urine test, ERSPC‐RC and PBCG‐RC. ERSPC, European randomized screening in prostate cancer; GG2, group grade 2; PBCG, prostate biopsy
collaborative group; PCa, prostate cancer [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 2 Distribution of different variables in validation cohort: total cohort and comparative analysis by no PCa‐GG1 versus ≥GG2

IVO Cohort

IVO cohort No PCa or nsPCa sPCa

Patients, n (%) 492 423 (86) (No PCa:323/

nsPCa:100)

69 (14)

PSA, ng/mL, mean (median; IQR),

range

4.30 (3.85; 3.32‐4.95), 0.43‐9.91 4.22 (3.83; 3.31‐4.84), 0.43‐9.91 4.82 (4.08; 3.47‐5.86), 1.83‐9.84 .015

PSAD, mean (median; IQR), range 0.11 (0.09; 0.07‐0.14), 0.01‐0.65 0.11 (0.09; 0.07‐0.13), 0.01‐0.65 0.15 (0.14; 0.09‐0.19), 0.04‐0.33 <.001

Urine biomarker‐based test, mean (median; IQR), range

Risk of sPCa % 14.95 (12; 1‐21), 1‐72 13.56 (10; 6‐18), 1‐72 23.42 (21; 14‐28), 4‐63 <.001

PCA3, mean (median; IQR), range

• Risk of sPCa 51.57 (40.50; 15.00‐68.50), 0‐353 46.46 (37; 13.50‐63), 0‐353 82.90 (59; 43.00‐90.00), 3‐344 <.001

ERSPC‐RC, mean (median; RIQ), range

• Risk of sPCa % 6.15 (3; 2‐6), 0‐83 4.89 (3; 1‐6), 0‐83 13.91 (8; 3‐21), 1‐69 <.001

PBCG, mean (median; IQR), range

• Risk of sPCa % 22.39 (19.77; 14.67‐26.83),
3.38‐66.52

21.38 (19.29; 14.32‐25.48),
3.38‐66.52

28.64 (25.58; 17.32‐37.16),
8.55‐66.01

<.001

Abbreviations: Bx, biopsy; DRE, digital rectal examination; ERSPC, European randomized screening in prostate cancer; GG; group grade; IQR, interquartile

range; IVO, Instituto Valenciano Oncología; nsPC, nonsignificant prostate cancer (GG1); PBCG, prostate biopsy collaborative group; PCa, prostate cancer;

PSAD, PSA density; RC, risk calculator; sPCa; significant prostate cancer (≥GG2); TRUS; transrectal ultrasound.

Bold values are clinically relevant.
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F IGURE 2 AUC for the prediction of ≥GG2

PCa for the tested variables and models. AUC,
area under the curve; ERSPC, European
randomized screening in prostate cancer; GG2,

group grade 2; PCa, prostate cancer; PBCG,
prostate biopsy collaborative group; PSA,
prostate‐specific antigen [Color figure can be

viewed at wileyonlinelibrary.com]

F IGURE 3 Calibration curves for expected and observed probabilities of ≥GG2 PCa for (A) the urinary biomarker‐based clinical model,

(B) ERSPC‐RC, and (C) PBCG‐RC. ERSPC, European randomized screening in prostate cancer; GG2, group grade 2; PBCG, prostate biopsy
collaborative group; PCa, prostate cancer; RC, risk calculator
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In Table S3, we observe the distribution of urinary risk score

probabilities and findings in our 492 patients. Additionally, in Table

S4, sensitivities, specificities, positive predicted value, and NPVs are

provided for different cut‐off points.

4 | DISCUSSION

To our knowledge, this is the first evaluation of the 2‐gene urine test in

an opportunistic screening cohort. Subject characteristics differed when

compared with the initial validation study,15 and we did not reproduce

the high discrimination ability shown in the original paper (AUC: 0.86;

95% CI: 0.80‐0.92).15 The reasons behind this are the important clinical

differences between van Neste et al and our cohort, as highlighted in

Table 1. Our series is clearly typical from an opportunistic screening

scenario, where PSA and PSAd medians are lower, and the high rate of

suspicious DRE observed by the generation cohorts (38% and 31%) is not

the rule. When we compared our series to a more similar population,

such as Haese et al,16 sensitivity, and NPV to detect ≥GG2 PCa are 88%,

89%, 96%, and 95%, respectively (Table S4).

It is known that for screening purposes, PSA ≥ 3 ng/mL is the

most accepted cut‐off, as between 3 to 4 ng/mL there is a 26.9% risk

of PCa but just 6.7 of GG2.21 Thus, in our external validation, we use

it as PSA cut‐off. Therefore, among the different analyzed models,

the urine test has shown better accuracy than ERSPC and PBCG‐RC,
PSAd or PCA3 but has not been studied in PSA < 3 ng/mL.

We could not find sufficient discriminative capacity to find reliable

cut‐offs for any of the tested models by means of PDF curves. In our

cohort, ERSPC‐RC underestimated the observed sPCa frequencies, while

PBCG‐RC overestimates them in our series. This lack of calibration does

not indicate that a validated nomogram has poor predictive accuracy, just

that a different threshold point must be investigated.

The urinary biomarker‐based clinical model was initially generated

with the prevalence of GG2 PCa of 21% and 23% in the training and

internal validation cohorts15 in the van Neste's paper, but it was recently

optimized in the Haese's paper, with a prevalence of 19% and 21% of

≥GG2 PCa.16 The 14% prevalence of ≥GG2 PCa in our series is lower,

justifying the performance of both RC. Although there were a great

number of men with no sPCa (≥GG2) with very low sPCa probabilities,

we were able to obtain clinical utility by the CUC curves. In the whole

cohort, a urine test risk threshold of 9% would save 37% of the Bx if we

accepted at this first scenario a non‐detection rate of sPCa around 10%

for ≥GG2 PCa, which taken together with our ≥GG2 PCa prevalence

means eight patients out of 492 men, four GG2, three GG3, and one

GG4. Together with Haese's results,16 we show the test's role in opti-

mizing the selection of men with PSA<10ng/mL to rule out high‐grade
PCa.

From a realistic and clinical point of view, it is noteworthy

that at the initial Bx setting, a cut‐off of 9% outperforms the rest

of the RC and other tested biomarkers with an AUCs of 0.749, so

this might be a target population to use the biomarker for a

better selection of patients for MRI testing. These figures

are similar to those from the subgroup of patients with PSA <

10 ng/mL from the van Neste et al generation cohorts, with a

GG2 PCa prevalence of 14,4%, which showed an AUC of 0.78

(95% CI: 0.68‐0.88) compared with another common risk calcu-

lator such as PCPTRC, which showed an AUC of 0.66 (95% CI:

0.57‐0.75; P = .071 and P = .001).15

The cost‐effectiveness of the urine test was demonstrated in the

Netherlands22 and has been recently published in four other European

F IGURE 4 Clinical utility curves showing the non‐detection rates of ≥GG2 PCa (blue curve) and the corresponding rates of potentially saved
Bx rate (red curve) for every threshold probability, depicted for (A) the urine test, (B) ERSPC‐RC, and (C) PBCG‐RC. ERSPC, European
randomized screening in prostate cancer; GG2, group grade 2; PBCG, prostate biopsy collaborative group; PCa, prostate cancer [Color figure
can be viewed at wileyonlinelibrary.com]
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countries including Spain.23 It is not the objective of this work to enter

in cost‐effectiveness issues, but in our present external validation, the

test is also compared with user‐friendly and free access risk calculators,

overcoming their results.

We are aware we enter the era of the spreading of the multi‐
parametric MRI (mpMRI) use for PCa diagnosis and characterization, as

highlighted in the introduction. Having said that, biomarkers have to be

compared with mpMRI, as has been the rule.24–26 In fact, the association

between urine tests and MRI results has been evaluated. The median risk

score was significantly higher in patients with a suspicious significant

lesion on mpMRI compared with no suspicion of significant PCa (P< .01),

also showing a correlation with prostate imaging reporting and data

system scoring, and achieving an AUC of 0.83 for the prediction of

mpMRI compared with 0.66 for PSA and 0.65 for PCA3.27 We believe

that urinary biomarker‐based test could be a potential and useful tool in

those Centers with no easy and reliable availability for MRI before first

Bx, as it could avoid around 37% of initial Bx in men with PSA between 3

to 10ng/mL and/or suspicious DRE or maybe select those cases where a

mpMRI might be ordered before the first Bx to optimize its use.

5 | CONCLUSIONS

In this first evaluation of the 2‐gene urine test in an opportunistic

screening setting, we demonstrated clinical utility in scenarios of the

low expected prevalence of GG ≥ 2 PCa. Use of the test could help

avoid approximately one‐third of initial biopsies biopsy in biopsy

naïve men with PSA 3 to 10 ng/mL, while improving the identification

of men who might benefit from Bx.
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