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A B S T R A C T

Background: Prostate cancer (PCa) is the second most commonly diagnosed cancer in men. To date, the role of
the combined application of long non-coding RNAs (PCA3, DLX1, HOXC6, TMPRSS2:ERG) for obtaining the
most accurate method of detection of PCa has not yet been comprehensively investigated.
Methods: In total 240 persons were included in the retrospective study. Among them were 150 patients with
confirmed PCa, 30 patients with benign prostatic hyperplasia, 30 patients with active chronic prostatitis and
30 healthy volunteers. In all patients, the urine samples were collected prior to biopsy or treatment. Poly-
merase chain reaction with reverse transcription was performed to detect the expression level of PCA3,
HOXC6, DLX1 and the presence of the TMPRSS2:ERG transcript.
Results: PCA3 was detected in urine samples in all cases. Using a PCA3 score of 56 allowed the differentiation be-
tween PCa and all other cases with a sensitivity of 61% and specificity of 96% (p < 0.001) while a PCA3 score
threshold value of 50 resulted in a differentiation between clinically significant PCa (ISUP grades 2–5) and all
other cases with a sensitivity of 93% and specificity of 93% (p < 0.001). The TMPRSS2:ERG expression in urine
was detected exclusively in the group of patients with PCa and only in 16% of all cases.
Conclusions: PCA3 score detected in urine demonstrated moderate sensitivity and good specificity in differentia-
tion between PCa and non-PCa and high sensitivity and specificity in differentiation between clinically signifi-
cant PCa and non-PCa.

1. Introduction

Prostate cancer (PCa) is the second most commonly diagnosed can-
cer in men, with an estimated 1.4 million newly diagnosed cases world-
wide [1]. Currently, the only marker widely used for early detection, di-
agnostics and treatment efficiency assessment is prostate-specific anti-

gen (PSA), a member of the 15-gene family of kallikrein-related pepti-
dases 3 (KLK3) [2]. As an independent predictor of prostate cancer, PSA
is better than either digital rectal examination (DRE) or transrectal ul-
trasound (TRUS) [3]. The main drawback of PSA application for PCa
detection is that this marker is organ- but not cancer-specific: it may be
elevated due to non-malignant conditions including benign prostatic
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hypertrophy (BPH), acute or chronic prostatitis (CP), or after TRUS,
catheterization of the urinary bladder, or DRE, hindering differential di-
agnosis of cancer [4,5]. The sensitivity of the PSA test in detecting clini-
cally significant cancer is suboptimal and is about 51%. Prostate cancer
is detected in almost every 4th man with a normal PSA level [6]. The
use of PSA for screening of PCa led to hyper-diagnosis and increased de-
tection of non-threatening forms of PCa (which do not require active
treatment in most cases) [7], the result of which is mainly the perfor-
mance of highly traumatizing surgical interventions with potentially se-
vere complications and unjustified significant economic losses on the
part of the state and the patient. The situation in the context of PCa di-
agnosis is further aggravated by the high level of false-negative results
of puncture biopsy of the prostate, which reaches 46% [8] and does not
allow diagnosing the existing malignancy in almost every second pa-
tient. However it is necessary to recognize the recent improvement of
these indicators since the introduction of magnetic resonance imaging
(MRI)-targeted biopsy and its wide use instead of a systematic one [9,
10].

In the last decade a spectrum of serum and urine markers has been
actively investigated and proposed for clinical usage to reduce the num-
ber of unnecessary prostate biopsies in men with abnormal PSA results
but doubtful imaging or/and clinical findings or after negative prostate
biopsies associated with rising suspicion of PCa [11–13]. Among uri-
nary markers, the most studied and promising are long non-coding
RNAs such as prostate cancer antigen 3 (PCA3) score, a fusion of the
transmembrane protease serine 2 (TMPRSS2) and the ERG gene (TM-
PRSS2-ERG), Homeobox C6 Protein (HOXC6) and Distal-Less Home-
obox 1 (DLX1) [14]. According to recent data diagnostic performance
of PCA3 score measured in urine is superior compared to PSA for the
detection of PCa. The main indication is a triage to determine whether a
repeat prostate biopsy is required after an initially negative result,
nonetheless, its clinical effectiveness for this purpose is still unclear.
Also, there is conflicting data about whether the PCA3 score could inde-
pendently predict the International Society of Urological Pathology
(ISUP) prostate cancer grade [15–17]. When the urine expression of
TMPRSS2-ERG was added to the PCA3 score the PCa prediction im-
proved, allowing to avoid 27% of unnecessary prostate biopsies, how-
ever, this tumour marker is still under investigation [13,18]. The detec-
tion of HOXC6 and DLX1 mRNA expression in urine is used to assess
the risk of both presence of PCa on biopsy as well as the prediction of
high-grade malignancy. A combination of HOXC6/DLX1 urine expres-
sion measurement and prostate MRI in men with elevated PSA had a
negative predictive value of 93% [19]. However, this combination is
not widely used and its clinical feasibility requires further investiga-
tions.

In the light of the above data, it could be concluded that diagnostic
markers for PCa are insufficiently effective and do not meet the modern
challenges of oncologic urology. The search for a non-invasive, highly
specific, sensitive and economically affordable method of early diagno-
sis of this disease is one of the priority tasks of modern medicine. To
date, the role of combined application of markers determined in urine
such as long non-coding RNAs (PCA3, DLX1, HOXC6, TMPRSS2:ERG)
for obtaining the most accurate method of detection of PCa, which was
the goal of this project, has not yet been comprehensively investigated.

2. Materials and methods

2.1. Ethics statement

The study was approved by the Ethical Committee of Danylo Halyt-
sky Lviv National Medical University, Ukraine, and was executed ac-
cording to ethical standards formulated in the Declaration of Helsinki
1975. This research was performed at the Urology Department of Lviv
National Medical University and the General and Molecular Pathophys-

iology Department of Bogomoletz Institute of Physiology of the Na-
tional Academy of Sciences of Ukraine during the years of 2020–2022.

2.2. General data

In total 240 persons were included in the retrospective study. The
mean age was 62.99 ± 6.67 years. Among them there were 150 pa-
tients (62.5%) with confirmed PCa utilizing standard 12 core TRUS-Bx:
there were 39 cases (16.25%) of clinically insignificant prostate cancer
(ciPCa) which is grade 1 according to the ISUP and 111 cases (46.25%)
of clinically significant cancer (scPCa) which is ISUP grade > 1. The in-
clusion criteria were: suspicious for PCa clinical/laboratory/imaging
findings such as an increased serum PSA level in accordance with the
age of the patient, positive DRE, features of PCa based on multipara-
metric prostate MRI or/and ultrasonography (USG) data. Additionally,
30 patients with BPH (12.5%) and 30 patients with active CP (12.5%)
were enrolled into the study. All cases of BPH were histologically con-
firmed using transurethral resection of the prostate according to clinical
indications. Patients with CP and with positive DRE or suspicions for
PCa features according to imaging data (multiparametric prostate MRI/
USG) were excluded from the study. The additional exclusion criteria
for the subgroup with CP were an abnormal level of serum PSA (>3 ng/
ml) 3 months after the appropriate antimicrobial/anti-inflammation
treatment and clinical improvement according to laboratory findings
(expressed prostatic secretion microscopy and bacteriological cultur-
ing). For reference, 30 healthy volunteers were included in the study
(inclusion criteria were: no clinical/laboratory suspicion or history of
prostate disease, serum PSA < 2.5 ng/ml, prostate volume ≤ 30 ml).
PSA data was collected retrospectively from the histories of patients.
The method used for PSA detection was immunochemical with electro-
chemiluminescent detection (ELICA). Clinical characteristics of groups
and subgroups of the patients are presented in Table 1.

2.3. Sample collection and processing

In all cases, 50 ml of first-catch morning urine was collected into a
sterile container. In all patients, the urine samples were collected prior
to biopsy or treatment. The sampling was carried out after massaging
the prostate gland to exfoliate the cells in the prostatic part of the ure-
thra, according to standard methodology (3 S per lobe). Urine samples
were stored for no>2 h at a temperature of +4 °C. Centrifugation was
then performed to obtain urine sediment with subsequent stabilization
of nucleic acids using RNAlater (Thermo Fisher Scientific, USA) for fur-
ther storage of clinical material for 7 days at a temperature of +4 °C.

Table 1
The mean age and mean serum PSA level in groups and subgroups of pa-
tients.
Group/subgroup N Mean age ± SD,

years
Mean PSA serum level ± SD, ng/
ml

PCa all grades 150 63.0 ± 6.59* 11.97 ± 23.19‡

PCa ISUP grade 1 39 60.98 ± 6.52* 7.04 ± 6.03†

PCa ISUP
grade > 1

111 63.71 ± 6.49* 13.57 ± 26.56**, ***,†

BPH 30 61.15 ± 6.69* 2.06 ± 0.90**,†, ‡

Chronic prostatitis 30 62.56 ± 7.22* 7.36 ± 3.58†

Healthy 30 65.19 ± 6.16* 1.24 ± 0.64***, †, ‡

PCa = prostate cancer, BPH = benign prostatic hyperplasia, ISUP = Interna-
tional Society of Urological Pathology prostate cancer grade, SD = standard de-
viation.
*p > 0,05.
**p = 0.022.
*** p = 0.011.
‡<0,05.
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2.4. Messenger RNA isolation from urine and qPCR data

RNA from fixed samples was isolated using phenol–chloroform ex-
traction. Polymerase chain reaction with reverse transcription (RT-
PCR) was performed to detect the expression level of PCA3, HOXC6,
DLX1 and the presence of the TMPRSS2:ERG transcript. Reverse tran-
scription was performed using random hexamer primer and reverse
transcriptase M-mulv (Thermo Fisher Scientific, USA). Quantitative de-
termination of messenger RNA (mRNA) was carried out using two-step
PCR using TaqMan® probes (Thermo Fisher Scientific, USA):
Hs01371938_m1, Hs03063375_ft and Hs02758991_g1 (GAPDH mRNA
determination). The latter sample was used as internal control with
control samples in a volume of 10 μl containing 5 μl TaqMan® Gene
Expression Master Mix, 0.5 μl TaqMan® probe and 3.5 μl cDNA. This
stage was carried out by one-time heating to a temperature of 50 °C for
120 s, then to 95 °C for 120 s, followed by 45 cycles of amplification
with temperature changes: 95 °C − 3c, 60 °C − 30c. Transcript expres-
sion in the studied sample was considered positive if amplification was
observed in duplicates; provided there is amplification in the positive
control sample and no amplification in the negative control sample.
Urinary PCA3 mRNA levels were normalized to the amount of prostate-
derived RNA to calculate a PCA3 score using the standard methodology
[20]. The HOXC6, DLX1 and TMPRSS2:ERG expression levels were pre-
sented as relative units (RU).

2.5. Statistical analysis

Microsoft Excel 2019 and SPSS v.22 software packages were used
for the statistical data processing. The data distribution normality was
evaluated using Shapiro–Wilk test. The ANOVA method was used to as-
sess the difference in expression levels in patients’ subgroups. The re-
sults were considered statistically significant when the p-value
was < 0.05. The correlation was measured by means of the Pearson
method. The diagnostic performance of expression levels for diagnos-

tics of PCa was evaluated using receiver operating characteristics (ROC)
analysis.

3. Results

3.1. PCA3 analysis

The mean PSA in all groups was 8.81 ± 18.87 ng/ml. The PCA3
was detected in urine samples in all cases. There was a significant dif-
ference in mean PCA3 score between the group with PCa and groups
with BPH, CP, and healthy persons: 69.33 ± 31.58 vs 30.89 ± 20.23,
18.0 ± 16.36 RU, 8.20 ± 2.51 accordingly (p < 0.001). However,
there was no such difference between groups with BPH and CP
(p = 0.244), and between the group with CP and healthy persons
(p = 0.488). We observed a significantly lower PCA3 score in the sub-
group with ciPCa (ISUP grade 1) compared to csPCa (ISUP grade > 1)
which was 42.97 ± 8.09 vs 78.58 ± 31.55 (p < 0.001), Fig. 1. There
was a statistically significant difference in the mean PCA3 score be-
tween the subgroup with clinically significant PCa and all other sub-
groups (p < 0.001), nevertheless there was no such difference between
subgroups with clinically insignificant PCa and BPH (p = 0.223).

Analysis of mean PCA3 score inside the subgroups with PCa of dif-
ferent ISUP grades revealed a difference between the subgroup of ISUP
grade 1 and subgroups with ISUP grades 2–5 (p < 0.01). Albeit, there
was no difference in mean PCA3 score between subgroups with PCa
ISUP grade 2 and ISUP grade 3 (p = 0.457) and also between sub-
groups with PCa ISUP grade 3 and ISUP grade 4 (p = 0.590). The dif-
ference in mean PCA3 score between subgroups with PCa ISUP grade 5
and ISUP grades 1–4 was substantial (p < 0.001). The detailed statisti-
cal characteristics of PCA3 scores in groups and subgroups of patients
are presented in Table 2.

Moreover, the PCA3 score demonstrated higher values in high-grade
prostate cancer compared to low grade, Fig. 2. As a result of correlation
analysis between the PCA3 score and prostate cancer ISUP grade, we re-

Fig. 1. Box plot of PCA3 score in groups of patients.
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Table 2
The detailed statistical characteristics of PCA3 scores in groups and sub-
groups of patients.

N Mean SD 95% Confidence
Interval for Mean

Min. Max.

Lower
Bound

Upper
Bound

PCa all grades 150 69.33* 31.58 64.23 74.42 18.0 180.0
PCa ISUP

grade 1
39 42.97**,***,

҂
8.09 40.35 45.60 18.0 56.17

PCa ISUP
grade > 1

111 78.58**,‡ 31.55 72.65 84.52 39.30 180.0

PCa ISUP
grade 2

36 62.16҂ 9.43 58.97 65.35 39.30 89.0

PCa ISUP
grade 3

30 71.57҂ 20.13 64.05 79.09 41.37 120.0

PCa ISUP
grade 4

23 80.95҂ 28.43 68.65 93.24 44.60 136.0

PCa ISUP
grade 5

22 112.56҂ 43.71 93.18 131.94 46.39 180.0

BPH 30 30.89*,†,‡,*** 20.23 23.34 38.45 16.92 98.0
CP 30 18.0*,†,‡ 16.36 11.89 24.11 7.52 101.0
Healthy 30 8.20*,‡ 2.51 7.27 9.14 3.59 13.91

PCa = prostate cancer, BPH = benign prostatic hyperplasia, CP = chronic
prostatitis, ISUP = International Society of Urological Pathology prostate can-
cer grade, SD = standard deviation.
* p < 0.001.
** p < 0.001.
*** p < 0.001.
†p = 0.244.
‡ p < 0.001.
҂ p < 0.001.

ceived a strong positive correlation: the Pearson correlation coefficient
amounted 0.685 (p < 0.001).

According to ROC-analysis, a PCA3 score of 56 allowed the differen-
tiation between PCa and all other cases with a sensitivity of 61% and

specificity of 96% (AUC = 0.995, 95% CI = 0.920–0.989, p < 0.001).
Using a PCA3 score threshold value of 50 resulted in a differentiation
between clinically significant csPCa (ISUP grades 2–5) and all other
cases with a sensitivity of 93% and specificity of 93% (AUC = 0.966,
95% CI = 0.943–0.989, p < 0.001), Fig. 3.

3.2. HOXC6 and DLX1 analysis

Surprisingly, in our study, HOXC6 and DLX1 expression in urine af-
ter the prostate massage was detected only in 43 (18%) and in 9
(3,75%) of 240 cases respectively. Due to the small sample size, the lat-
ter was excluded from the currently presented analysis. Moreover, there
was no detectable HOXC6 expression in urine in the group of patients
with BPH or in healthy persons. The mean HOXC6 expression in the
group with PCa (n = 26; 11%) was lower compared to the group with
active CP (n = 17; 7%) but did not meet statistical significance:
36.31 ± 12.54 RU vs 48.18 ± 26.79 RU (p = 0.057). Of note, that in
100% of PCa cases, urine expression of HOXC6 was detected in a clini-
cally significant variant of disease: ISUP grade 2 (n = 4), ISUP grade 3
(n = 8), ISUP grade 4 (n = 6), ISUP grade 5 (n = 8). However, there
was no difference in mean HOXC6 expression between subgroups of
csPCA (p > 0.05).

3.3. TMPRSS2:ERG analysis

Similarly to HOXC6 and DLX1, TMPRSS2:ERG expression in urine
after prostate massage was detected only in a small number of cases,
particularly exclusively in the group of patients with PCa (n = 39;
16%), namely: ISUP grade 1 (n = 6), ISUP grade 2 (n = 5), ISUP grade
3 (n = 11), ISUP grade 4 (n = 11), ISUP grade 5 (n = 6). No urine ex-
pression of TMPRSS2:ERG was detected in groups of patients with BPH,
CP and in healthy persons. In contrast to HOXC6 and DLX1, there was a
significant difference in mean TMPRSS2:ERG expression in urine be-
tween subgroups of csPCa and ciPCa: 41.14 ± 10.21 RU vs
19.67 ± 5.16 RU (p < 0.001). In addition, there was a significant dif-

Fig. 2. Box plot of PCA3 score in subgroups of patients with PCa of different ISUP grades.

4



CO
RR

EC
TE

D
PR

OO
F

Y. Mytsyk et al. Clinical Biochemistry xxx (xxxx) 1–8

Fig. 3. ROC-analysis of PCA3 score in differentiation between PCa and all other cases (left graph) and differentiation between clinically significant PCa (ISUP grades
2–5) and all other cases (right graph).

ference in mean TMPRSS2:ERG expression values between subgroups of
patients with PCa of ISUP grade 3 and ISUP grade 5 (p = 0.032), Fig. 4.

In correlation analysis, the TMPRSS2:ERG expression was associ-
ated with prostate cancer ISUP grade: a strong positive correlation was
discovered, and the Pearson correlation coefficient amounted to 0.683
(p < 0.001). The detailed statistical characteristics of TMPRSS2:ERG
expression in urine in subgroups of patients with PCa are presented in
Table 3.

The ROC-analysis allowed differentiation between clinically signifi-
cant and clinically insignificant PCa with a sensitivity of 94% and speci-
ficity of 100 % using the threshold of TMPRSS2:ERG expression in the

urine of 29 RU (AUC = 0.980, 95% CI = 0.941–0.100, p < 0.001),
Fig. 5.

4. Discussion

In the last decade, the progressive development of genomics and the
introduction of genetic assays led to significant improvement in the de-
tection of malignant diseases in oncologic urology. A wide spectrum of
scientific data demonstrates a prominent potential of RNAs, mRNAs
and microRNAs (miRNAs) measured in blood serum, urine and tissues
as diagnostic tumour markers [21–25]. Howsoever, currently, the only
tumour marker which is widely used for PCa detection is PSA although

Fig. 4. Box plot of TMPRSS2:ERG expression in urine in subgroups of patients with PCa.
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Table 3
The detailed statistical characteristics of TMPRSS2:ERG expression in urine in
subgroups of patients with PCa.

N Mean SD 95% Confidence Interval
for Mean

Min. Max.

Lower
Bound

Upper
Bound

PCa ISUP
grade 1

6 19.67* 5.16 14.25 25.09 11.0 25.0

PCa ISUP
grade 2

5 38.74* 18.10 16.26 61.22 22.0 67.0

PCa ISUP
grade 3

11 35.04*, † 2.76 33.18 36.90 33.0 43.0

PCa ISUP
grade 4

11 44.26* 6.50 39.89 48.63 34.0 56.43

PCa ISUP
grade 5

6 48.62*, † 11.34 36.71 60.53 33.63 66.50

Total 39 37.84 12.36 33.83 41.85 11.0 67.0

PCa = prostate cancer, ISUP = International Society of Urological Pathology
prostate cancer grade, SD = standard deviation.
* p < 0.001 when PCa ISUP grade 1 compared to ISUP grades 2–5.
†p = 0.244 when PCa ISUP grade 3 compared to ISUP grade 5.

it is not cancer-specific. In our study, we investigated the performance
and limitations of a combination of long non-coding RNAs (PCA3, TM-
PRSS2:ERG, HOXC6 and DLX1) as urinary markers for improvement of
PCa diagnostics.

PCA3 is the most prostate cancer-specific gene described to date. Ac-
cording to recent data, in real clinical conditions, the main indication
for PCA3 score measurement in urine is a determination of whether a

repeat prostate biopsy is necessary after a previously negative biopsy.
According to Hessels et al., in a study of PCA3 measurement using
quantitative RT-PCR assay in urine sediments after prostate massage for
the detection of PCa, the test had a sensitivity of 67% and a negative
predictive value of 90% [26]. Later Wei et al. demonstrated a 42% sen-
sitivity with a specificity of 91% at a threshold PCA3 score of 60 in pri-
mary biopsy setting and a positive predictive value of 80% suggesting
that this assay may be used in the primary diagnostics [27]. In our
study, PCA3 urine expression was detected in all cases. ROC-analysis
using a threshold PCA3 score of 56 allowed the differentiation between
PCa of all grades and non-PCa with a sensitivity of 61% and specificity
of 96% (AUC = 0.995, 95% CI = 0.920–0.989, p < 0.001) while a
PCA3 score threshold of 50 resulted in a differentiation between clini-
cally significant PCa and non-PCa with a sensitivity of 93% and speci-
ficity of 93% (AUC = 0.966, 95% CI = 0.943–0.989, p < 0.001). The
hypothesis that higher PCA3 scores are associated with high-grade PCa
is based on the suggestion that with decreasing differentiation, tumour
cells become more invasive and could therefore more easily be spread
into the ductal system of the prostatic gland after DRE. Although sev-
eral studies failed to confirm this hypothesis: in most studies PCA3 in-
dependently predicted low-volume tumours and clinically insignificant
PCa but was not associated with locally advanced disease and demon-
strated only limited ability to predict high-grade cancer [28,29]. On the
contrary, in our study we observed a strong positive correlation be-
tween PCA3 score and PCa ISUP grade, the Pearson correlation coeffi-
cient was 0.685 (p < 0.001).

According to literature another two most promising biomarkers for
PCa are HOXC6 and DLX1. In a large study (n = 519 – main cohort;
n = 386 – validation cohort) Van Neste et al. used reverse transcrip-

Fig. 5. ROC-analysis of TMPRSS2:ERG urine expression in differentiation between clinically significant and clinically insignificant PCa.
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tion-quantitative polymerase chain reaction to measure HOXC6 and
DLX1 mRNA urine levels: both markers in combination with clinical pa-
rameters such as PSA, PSA density, DRE, family history of PCa and age
demonstrated good prediction ability for the detection of high-grade
PCa with AUC of 0.90 in the validation cohort and with AUC of 0.86 in
the training cohort [15]. Unlike PCA3, in our study, HOXC6 and DLX1
urine expression after the prostate massage was detected only in 43
(18%) and in 9 (3,75%) of 240 cases respectively. HOXC6 was detected
only in patients with PCa and with CP, also there was no significant dif-
ference in mean marker expression values between both groups
(p = 0.057). Taking into consideration, that in all PCa cases, urine ex-
pression of HOXC6 was detected only in a clinically significant variant
of the disease, this marker could be potentially used only as an additive
to PSA or PCA3 assays to decide the need for prostate biopsy. High ex-
pression of this marker in both groups with PCa and active CP can be
explained by its potential role in either inflammatory and tumour-
associated signalling pathways, however, this suggestion requires fur-
ther investigations. The extremely low detection rate of DLX1 urine ex-
pression in our study was an unexpected finding and hindered the ap-
plication of this marker for diagnostic purposes.

Earlier it was reported that ERG is the most commonly overex-
pressed oncogene in PCa. In Tomlins et al. study TMPRSS2-ERG fusion
was detected in 50% of PCas whereas overexpression of these markers
was never observed across BPH tissue samples [30]. In a large cohort
(n = 1225), diagnostic models incorporating TMPRSS2-ERG had a sig-
nificantly greater AUC compared to PSA in predicting PCa of all ISUP
grades (0.693 vs 0.585, p < 0.001) and high-grade (ISUP grade > 1)
PCa on biopsy (0.729 vs 0.651, p < 0.001) [13]. In our study TM-
PRSS2:ERG expression in urine after the prostate massage was detected
only in a minor subset of cases, particularly exclusively in the group of
patients with PCa (16%) of all ISUP grades. Likewise in PCA3, there was
a significant difference in mean TMPRSS2:ERG expression in urine be-
tween subgroups of csPCa and ciPCa. The differentiation between clini-
cally significant and clinically insignificant PCa using the threshold of
TMPRSS2:ERG expression in the urine of 29 RU was possible with a sen-
sitivity of 94% and specificity of 100 %, while the accuracy of the assay
was the highest among all markers investigated in this study
(AUC = 0.980, 95% CI = 0.941–0.100, p < 0.001). Such data to some
extent correlates with previous studies and reflects the potentially im-
portant role of TMPRSS2:ERG in the detection of high-grade PCa, espe-
cially in cases when PSA or PCA3 tests are doubtful.

The main limitations of our study were: confirmation of PCa diagno-
sis based only on TRUS-Bx results and verification of CP diagnosis based
only on clinical and laboratory data.

5. Conclusions

In our study PCA3 score detected in urine demonstrated moderate
sensitivity and good specificity in differentiation between PCa and non-
PCa and high sensitivity and specificity in differentiation between clini-
cally significant PCa and non-PCa. Both HOXC6 and TMPRSS2:ERG
markers could be used only in combination with PSA or PCA3 tests
when their results are doubtful, with TMPRSS2:ERG preferred as it has
shown the best indicators of sensitivity and specificity.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgement

This study was supported by a grant from the Ministry of Healthcare
of Ukraine (registration number 0120U101556).

References

[1] M.B. Culp, I. Soerjomataram, J.A. Efstathiou, F. Bray, A. Jemal, Recent Global
Patterns in Prostate Cancer Incidence and Mortality Rates, Eur. Urol. 77 (2020)
38–52, https://doi.org/10.1016/j.eururo.2019.08.005.

[2] S.K. Hong, Kallikreins as Biomarkers for Prostate Cancer, Biomed Res. Int. 2014
(2014) 526341, https://doi.org/10.1155/2014/526341.

[3] W.J. Catalona, J.P. Richie, F.R. Ahmann, M.A. Hudson, P.T. Scardino, R.C.
Flanigan, J.B. DeKernion, T.L. Ratliff, L.R. Kavoussi, B.L. Dalkin, W.B. Waters, M.T.
MacFarlane, P.C. Southwick, Comparison of digital rectal examination and serum
prostate specific antigen in the early detection of prostate cancer: results of a
multicenter clinical trial of 6,630 men, J. Urol. 151 (1994) 1283–1290, https://
doi.org/10.1016/s0022-5347(17)35233-3.

[4] R. Kirby, The role of PSA in detection and management of prostate cancer,
Practitioner. 260 (2016) 17–21, 3.

[5] M. Adhyam, A.K. Gupta, A Review on the Clinical Utility of PSA in Cancer
Prostate, Indian, J. Surg. Oncol. 3 (2012) 120–129, https://doi.org/10.1007/
s13193-012-0142-6.

[6] I.M. Thompson, D.K. Pauler, P.J. Goodman, C.M. Tangen, M.S. Lucia, H.L.
Parnes, L.M. Minasian, L.G. Ford, S.M. Lippman, E.D. Crawford, J.J. Crowley, C.A.
Coltman, Prevalence of Prostate Cancer among Men with a Prostate-Specific
Antigen Level ≤4.0 ng per Milliliter, N. Engl. J. Med. 350 (22) (2004) 2239–2246.

[7] R. Arnsrud Godtman, E. Holmberg, H. Lilja, J. Stranne, J. Hugosson,
Opportunistic testing versus organized prostate-specific antigen screening:
outcome after 18 years in the Göteborg randomized population-based prostate
cancer screening trial, Eur. Urol. 68 (2015) 354–360, https://doi.org/10.1016/
j.eururo.2014.12.006.

[8] J.-L. Descotes, Diagnosis of prostate cancer, Asian, J. Urol. 6 (2019) 129–136,
https://doi.org/10.1016/j.ajur.2018.11.007.

[9] M. Ahdoot, A.R. Wilbur, S.E. Reese, A.H. Lebastchi, S. Mehralivand, P.T.
Gomella, J. Bloom, S. Gurram, M. Siddiqui, P. Pinsky, H. Parnes, W.M. Linehan, M.
Merino, P.L. Choyke, J.H. Shih, B. Turkbey, B.J. Wood, P.A. Pinto, MRI-Targeted,
Systematic, and Combined Biopsy for Prostate Cancer Diagnosis, N. Engl. J. Med.
382 (2020) 917–928, https://doi.org/10.1056/NEJMoa1910038.

[10] M. Eklund, F. Jäderling, A. Discacciati, M. Bergman, M. Annerstedt, M. Aly, A.
Glaessgen, S. Carlsson, H. Grönberg, T. Nordström, STHLM3 consortium, MRI-
Targeted or Standard Biopsy in Prostate Cancer Screening, N. Engl. J. Med. 385
(2021) 908–920, https://doi.org/10.1056/NEJMoa2100852.

[11] M. Stovsky, E.A. Klein, A. Chait, K. Manickam, A.J. Stephenson, M. Wagner, M.
Dineen, Y. Lotan, A. Partin, J. Baniel, A. Kestranek, P. Gawande, null Boris
Zaslavsky, Clinical Validation of IsoPSATM, a Single Parameter, Structure Based
Assay for Improved Detection of High Grade Prostate Cancer, J. Urol. 201 (2019)
1115–1120, https://doi.org/10.1097/JU.0000000000000185.

[12] Z. Qin, J. Yao, L. Xu, Z. Xu, Y. Ge, L. Zhou, F. Zhao, R. Jia, Diagnosis accuracy of
PCA3 level in patients with prostate cancer: a systematic review with meta-
analysis, Int. Braz. J. Urol. 45 (2019), https://doi.org/10.1590/S1677-
5538.IBJU.2019.0360.

[13] S.A. Tomlins, J.R. Day, R.J. Lonigro, D.H. Hovelson, J. Siddiqui, L.P. Kunju, R.L.
Dunn, S. Meyer, P. Hodge, J. Groskopf, J.T. Wei, A.M. Chinnaiyan, Urine TMPRSS2:
ERG Plus PCA3 for Individualized Prostate Cancer Risk Assessment, Eur. Urol. 70
(2016) 45–53, https://doi.org/10.1016/j.eururo.2015.04.039.

[14] V. Cucchiara, M.R. Cooperberg, M. Dall’Era, D.W. Lin, F. Montorsi, J.A.
Schalken, C.P. Evans, Genomic Markers in Prostate Cancer Decision Making, Eur.
Urol. 73 (4) (2018) 572–582.

[15] L. Van Neste, R.J. Hendriks, S. Dijkstra, G. Trooskens, E.B. Cornel, S.A. Jannink,
H. de Jong, D. Hessels, F.P. Smit, W.J.G. Melchers, G.H.J.M. Leyten, T.M. de Reijke,
H. Vergunst, P. Kil, B.C. Knipscheer, C.A. Hulsbergen-van de Kaa, P.F.A. Mulders,
I.M. van Oort, W. Van Criekinge, J.A. Schalken, Detection of High-grade Prostate
Cancer Using a Urinary Molecular Biomarker-Based Risk Score, Eur. Urol. 70
(2016) 740–748, https://doi.org/10.1016/j.eururo.2016.04.012.

[16] R. Gunelli, E. Fragalà, M. Fiori, PCA3 in Prostate Cancer, Methods Mol. Biol.
2292 (2021) 105–113, https://doi.org/10.1007/978-1-0716-1354-2_9.

[17] M.J. Duffy, Biomarkers for prostate cancer: prostate-specific antigen and beyond,
Clin. Chem. Lab. Med. 58 (2020) 326–339, https://doi.org/10.1515/cclm-2019-
0693.

[18] D.P. Ankerst, M. Goros, S.A. Tomlins, D. Patil, Z. Feng, J.T. Wei, M.G. Sanda, J.
Gelfond, I.M. Thompson, R.J. Leach, M.A. Liss, Incorporation of Urinary Prostate
Cancer Antigen 3 and TMPRSS2:ERG into Prostate Cancer Prevention Trial Risk
Calculator, Eur. Urol. Focus 5 (2019) 54–61, https://doi.org/10.1016/
j.euf.2018.01.010.

[19] G. Lendínez-Cano, A.V. Ojeda-Claro, E. Gómez-Gómez, P. Morales Jimenez, J.
Flores Martin, J.F. Dominguez, J. Amores, J.M. Cozar, J. Bachiller, A. Juárez, R.
Linares, E. Garcia Galisteo, J.L. Alvarez Ossorio, M.J. Requena Tapia, J. Moreno
Jimenez, R.A. Medina Lopez, AEU-PIEM/2018/000 Investigators, Prospective
study of diagnostic accuracy in the detection of high-grade prostate cancer in
biopsy-naïve patients with clinical suspicion of prostate cancer who underwent the
Select MDx test, Prostate 81 (12) (2021) 857–865.

[20] I.L. Deras, S.M.J. Aubin, A. Blase, J.R. Day, S. Koo, A.W. Partin, W.J. Ellis, L.S.
Marks, Y. Fradet, H. Rittenhouse, J. Groskopf, PCA3: a molecular urine assay for
predicting prostate biopsy outcome, J. Urol. 179 (2008) 1587–1592, https://
doi.org/10.1016/j.juro.2007.11.038.

[21] J. Mateo, G. Seed, C. Bertan, P. Rescigno, D. Dolling, I. Figueiredo, S. Miranda, D.
Nava Rodrigues, B. Gurel, M. Clarke, M. Atkin, R. Chandler, C. Messina, S.
Sumanasuriya, D. Bianchini, M. Barrero, A. Petermolo, Z. Zafeiriou, M. Fontes, R.
Perez-Lopez, N. Tunariu, B. Fulton, R. Jones, U. McGovern, C. Ralph, M. Varughese,

7

https://doi.org/10.1016/j.eururo.2019.08.005
https://doi.org/10.1155/2014/526341
https://doi.org/10.1016/s0022-5347(17)35233-3
https://doi.org/10.1016/s0022-5347(17)35233-3
https://doi.org/10.1007/s13193-012-0142-6
https://doi.org/10.1007/s13193-012-0142-6
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0030
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0030
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0030
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0030
https://doi.org/10.1016/j.eururo.2014.12.006
https://doi.org/10.1016/j.eururo.2014.12.006
https://doi.org/10.1016/j.ajur.2018.11.007
https://doi.org/10.1056/NEJMoa1910038
https://doi.org/10.1056/NEJMoa2100852
https://doi.org/10.1097/JU.0000000000000185
https://doi.org/10.1590/S1677-5538.IBJU.2019.0360
https://doi.org/10.1590/S1677-5538.IBJU.2019.0360
https://doi.org/10.1016/j.eururo.2015.04.039
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0070
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0070
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0070
https://doi.org/10.1016/j.eururo.2016.04.012
https://doi.org/10.1007/978-1-0716-1354-2_9
https://doi.org/10.1515/cclm-2019-0693
https://doi.org/10.1515/cclm-2019-0693
https://doi.org/10.1016/j.euf.2018.01.010
https://doi.org/10.1016/j.euf.2018.01.010
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0095
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0095
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0095
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0095
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0095
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0095
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0095
https://doi.org/10.1016/j.juro.2007.11.038
https://doi.org/10.1016/j.juro.2007.11.038


CO
RR

EC
TE

D
PR

OO
F

Y. Mytsyk et al. Clinical Biochemistry xxx (xxxx) 1–8

O. Parikh, S. Jain, T. Elliott, S. Sandhu, N. Porta, E. Hall, W. Yuan, S. Carreira, J.S.
de Bono, Genomics of lethal prostate cancer at diagnosis and castration resistance,
J. Clin. Invest. 130 (2020) 1743–1751, https://doi.org/10.1172/JCI132031.

[22] M.F. Berger, E.R. Mardis, The emerging clinical relevance of genomics in cancer
medicine, Nat. Rev. Clin. Oncol. 15 (2018) 353–365, https://doi.org/10.1038/
s41571-018-0002-6.

[23] Y. Mytsyk, V. Dosenko, M.A. Skrzypczyk, Y. Borys, Y. Diychuk, A. Kucher, V.
Kowalskyy, S. Pasichnyk, O. Mytsyk, L. Manyuk, Potential clinical applications of
microRNAs as biomarkers for renal cell carcinoma, Cent European, J. Urol. 71
(2018) 295–303, https://doi.org/10.5173/ceju.2018.1618.

[24] Y. Mytsyk, V. Dosenko, Y. Borys, A. Kucher, K. Gazdikova, D. Busselberg, M.
Caprnda, P. Kruzliak, A.A. Farooqi, M. Lubov, MicroRNA-15a expression measured
in urine samples as a potential biomarker of renal cell carcinoma, Int. Urol.
Nephrol. 50 (5) (2018) 851–859.

[25] Y. Mytsyk, Y. Borys, L. Tumanovska, D. Stroy, A. Kucher, K. Gazdikova, L.
Rodrigo, P. Kruzliak, R. Prosecky, P. Urdzik, V. Dosenko, MicroRNA-15a tissue
expression is a prognostic marker for survival in patients with clear cell renal cell
carcinoma, Clin. Exp. Med. (2019), https://doi.org/10.1007/s10238-019-00574-7.

[26] D. Hessels, J.M.T. Klein Gunnewiek, I. van Oort, H.F.M. Karthaus, G.J.L. van
Leenders, B. van Balken, L.A. Kiemeney, J.A. Witjes, J.A. Schalken, DD3PCA3-
based Molecular Urine Analysis for the Diagnosis of Prostate Cancer, Eur. Urol. 44
(2003) 8–16, https://doi.org/10.1016/S0302-2838(03)00201-X.

[27] J.T. Wei, Z. Feng, A.W. Partin, E. Brown, I. Thompson, L. Sokoll, D.W. Chan, Y.
Lotan, A.S. Kibel, J.E. Busby, M. Bidair, D.W. Lin, S.S. Taneja, R. Viterbo, A.Y. Joon,
J. Dahlgren, J. Kagan, S. Srivastava, M.G. Sanda, Can urinary PCA3 supplement
PSA in the early detection of prostate cancer? J. Clin. Oncol. 32 (2014) 4066–4072,
https://doi.org/10.1200/JCO.2013.52.8505.

[28] M. Auprich, A. Bjartell, F.-K.-H. Chun, A. de la Taille, S.J. Freedland, A. Haese, J.
Schalken, A. Stenzl, B. Tombal, H. van der Poel, Contemporary role of prostate
cancer antigen 3 in the management of prostate cancer, Eur. Urol. 60 (2011)
1045–1054, https://doi.org/10.1016/j.eururo.2011.08.003.

[29] G. Ploussard, X. Durand, E. Xylinas, S. Moutereau, C. Radulescu, A. Forgue, N.
Nicolaiew, S. Terry, Y. Allory, S. Loric, L. Salomon, F. Vacherot, A. de la Taille,
Prostate cancer antigen 3 score accurately predicts tumour volume and might help
in selecting prostate cancer patients for active surveillance, Eur. Urol. 59 (2011)
422–429, https://doi.org/10.1016/j.eururo.2010.11.044.

[30] S.A. Tomlins, D.R. Rhodes, S. Perner, S.M. Dhanasekaran, R. Mehra, X.-W. Sun, S.
Varambally, X. Cao, J. Tchinda, R. Kuefer, C. Lee, J.E. Montie, R.B. Shah, K.J.
Pienta, M.A. Rubin, A.M. Chinnaiyan, Recurrent fusion of TMPRSS2 and ETS
transcription factor genes in prostate cancer, Science 310 (2005) 644–648, https://
doi.org/10.1126/science.1117679.

8

https://doi.org/10.1172/JCI132031
https://doi.org/10.1038/s41571-018-0002-6
https://doi.org/10.1038/s41571-018-0002-6
https://doi.org/10.5173/ceju.2018.1618
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0120
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0120
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0120
http://refhub.elsevier.com/S0009-9120(23)00083-8/h0120
https://doi.org/10.1007/s10238-019-00574-7
https://doi.org/10.1016/S0302-2838(03)00201-X
https://doi.org/10.1200/JCO.2013.52.8505
https://doi.org/10.1016/j.eururo.2011.08.003
https://doi.org/10.1016/j.eururo.2010.11.044
https://doi.org/10.1126/science.1117679
https://doi.org/10.1126/science.1117679

	The performance and limitations of PCA3, TMPRSS2:ERG, HOXC6 and DLX1 urinary markers combined in the improvement of prostate cancer diagnostics
	1. Introduction
	2. Materials and methods
	2.1. Ethics statement
	2.2. General data
	2.3. Sample collection and processing
	2.4. Messenger RNA isolation from urine and qPCR data
	2.5. Statistical analysis

	3. Results
	3.1. PCA3 analysis
	3.2. HOXC6 and DLX1 analysis
	3.3. TMPRSS2:ERG analysis

	4. Discussion
	5. Conclusions
	Acknowledgement
	References


	fld81: 
	fld82: 
	fld118: 
	fld126: 
	fld138: 
	fld139: 
	fld150: 


