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Introduction The most common malignant neoplasm of the urinary tract is prostate cancer (PCa), which 
is a heterogeneous disease, ranging from very slowly developing and slightly benign to progressing, aggres-
sive, metastatic and fatal, even when properly treated. Existing, imperfect diagnostic methods often lead 
to over-diagnosis and over-treatment of PCa. That is why new, better PCa biomarkers are being developed.
Material and methods This review summarizes the current results of the most promising and clinically 
used PCa biomarkers, as well as having the potential to create new diagnostic and prognostic tools, based 
on the Web of Science (www.apps.webofknowledge.com) and Scopus (www.scopus) databases. com).
Results Limited specificity of the prostate-specific antigen (PSA) test brings a need to develop new and 
better diagnostic tools. In the last few years, new approaches for providing significantly better biomark-
ers, an alternative to PSA, have been introduced. Modern biomarkers show improvement in being used 
as not only a diagnostic procedure, but also for staging, evaluating aggressiveness and managing the 
therapeutic process. We describe the methods recommended in the diagnosis of PCa and new PCa mo-
lecular diagnostics technologies. Individual biomarkers are used in various stages of the PCa diagnostic 
process, which was presented on the developed diagnostic flowchart describing the role of biomarkers  
in prostate cancer management.
Conclusions Given the diverse nature of PCa, one diagnostic test will not answer all questions, so the  
use of several diagnostic methods will allow physicians to provide patients with better, personalized  
clinical advice.
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far, the final recognition depends on the histopatho-
logical report of adenocarcinoma in the core biopsy 
of the prostate gland. False positive PSA test results, 
in patients with benign prostatic hyperplasia (BPH) 
and/or prostatitis, may result in systematic transrec-
tal ultrasonography (TRUS) – controlled prostate bi-
opsy (Bx). Additionally, PSA – based screening may 
lead to over-diagnosis and potentially over-treatment 
of PCa, which would never be of clinical relevance. 
There is a clinically unmet need to develop biomark-
ers that will help control PCa treatment strategies. 
Several diagnostic tools are available on the PCa 
laboratory market. There are new biomarkers for se-
rum, urine and even tissue samples [5].
New biological markers, such as TMPRSS2-ERG 
fusion gene, and the non-coding RNA (PCA3) [6] 

INTRODUCTION

Prostate cancer (PCa) is the most common malignant 
neoplasm of the urinary tract. PCa ranks second in 
incidence and fifth in mortality among all malignan-
cies. The life risk of PCa diagnosis is reported as one 
in nine men, but the risk of death may be as low as 
2% [1]. The current recommendations for PCa diag-
nosis are based on the guidelines of the European 
Association of Urology (EAU-ESTRO-SIOG), which 
consist in analyzing the concentration of prostate- 
-specific antigen (PSA), as well as conducting a digital 
rectal examination (DRE) for abnormalities [2]. How-
ever, DRE has low sensitivity [3], while PSA is rather 
organ-, but not tumor-specific (low specificity), and 
has a low positive predictive value (~30%) [4]. Thus 
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or kallikrein included in basic PHI (prostate health 
index) or 4K tests [7], have been shown to increase 
sensitivity and specificity PSA, potentially avoiding 
biopsy and reducing over-diagnosis. Modern bio-
markers used in prostate diagnosis have been listed 
in Table 1.
The guidelines recommend using these tests, addi-
tionally to standard methods, as an effective diag-
nostic tools for cancer diagnosis. Irregularities re-
sulting from the mentioned tests are an indication 
for prostate biopsy [2]. Finally, risk calculators can 
be helpful in determining (individually) the potential 
risk of cancer, thus reducing the number of unneces-
sary biopsies [8].
This review is based on current knowledge about 
available diagnostic and prognostic molecular mark-
ers of PCa, contained in the databases of Web of Sci-
ence (www.apps.webofknowledge.com) and Scopus 
(www.scopus.com). It describes (Table 1) biomarkers 
serum-, urine-, tissue-based using diagnostic values 
such as: AUC – area under the ROC (receiver operat-
ing characteristic) curve, sensitivity, specificity and 
the ability to avoid unnecessary biopsy.
The purpose of this article is to present the methods 
currently recommended for the diagnosis of PCa as 
well as other tests that can potentially create new 
diagnostic and prognostic tools.

Serum-based biomarkers

Prostate-specific antigen 

A PSA count >4 ng/ml has a specificity of 94%, but 
only 20% sensitivity in PCa detection. Such low sen-
sitivity makes the test of little use in PCa screening. 
Only 1 in 4 men with elevated PSA will be diagnosed 
with PCa, while patients with PSA <1 ng/ml are still 
10% likely to develop the disease [9].
An increased PSA value is observed in both PCa and 
adenoma patients. Despite the use of several diagnos-
tic models containing clinical data such as patient age, 
family history of PCa, PSA derivatives (e.g. PSAD  
– PSA density, PSAV – PSA velocity), PSA as a screen-
ing method, leads to over – diagnosis and, consequent-
ly, to over – treatment [10]. For this reason, newer and 
better methods of diagnosing PCa are sought [11].

Prostate Health Index (PHI Beckman Coulter, 
Atlanta, GA, USA)

The PHI test was approved by the US Food and Drug 
Administration (FDA) to diagnose PCa in 2012.  
It measured three values (total PSA, free PSA, pre-
cursor PSA – (-2) proPSA), based on which PCa 
probability is calculated – the so-called ‘phi result’ 

(based on the following mathematical formula ‘phi 
result’ = (-2) proPSA / fPSA) x √ tPSA) [12]. First, 
the PHI test was developed to predict the probabil-
ity of both any PCa or high-grade cancer. Usually, 
the use of PHI with cut-off ≥25 could avoid 40% of 
biopsies, at the expense of not detecting 5% high-
grade cancers. The test is recommended for men 
whose serum PSA count is between 2 and 10 ng/ml 
and whose DRE showed no abnormalities. A study 
by White and colleagues confirmed that PHI tests 
save up to 40% of unnecessary prostate biopsies 
[13]. Second, the PHI test also makes it possible 
to assess the likelihood of PCa progression during 
active surveillance. Therefore it is used to monitor 
patients [14].
The 2015 National Comprehensive Cancer Network 
(NCCN) guidelines recommended the use of PHI for 
early detection of prostate cancer, but did not rec-
ommend its use as a first-line study in all patients. 
Being a cost-effective blood test, PHI should be used 
both before prostate biopsy and when determining 
further course of treatment [15].

4KScore (OPKO Lab, Nashville, TN, USA)

The 4K test includes a specially-developed PCa diag-
nostic algorithm that includes as many as four kal-
likreins in blood plasma. The analysis includes a 4K 
panel = total PSA (tPSA), free PSA (fPSA), intact 
PSA and human kallikrein 2 (hK2). Additionally, the 
algorithm also takes into account the patient's age, 
DRE test results, and prostate biopsy history. A calcu-
lation of the above data allows to assess the probabil-
ity of high-grade PCa [16]. Its use is recommended in 
patients undergoing initial and repeated biopsy. Using 
4KScore with a cut-off risk of 9%, the risk calculated 
would avoid 43% biopsies at the expense of missing 
2.4% high-grade PCa [17]. Several prospective mul-
ticenter studies have shown, that both PHI and 4KS-
core tests, performed better prediction of clinically 
significant PCa (csPCA) then using PSA and free/to-
tal PSA in men with PSA between 2–10 ng/ml [13].
According to many experts, 4KScore blood sampling 
allows the diagnosis of PCa at the early stages of can-
cer development [18]. Additionally, it helps to assess 
the risk of occurrence and development of aggressive 
PCa even in 20 years, with an accuracy of 0.8–0.9 
area under the ROC [17] curve (AUC) (Table 1).

Urine-based biomarkers

Progensa (Gen-Probe Inc., San Diego, California, USA)

The prostate cancer gene 3 (PCA3) detects long 
non-coding RNA (lncRNA), which can be detected 
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in urine sediments obtained after three strokes  
of prostate massage in DRE. Its expression may be 
up to 80 times higher in patients with PCa than  
in benign prostatic hyperplasia. The test was FDA-
approved in 2012. The Progensa PCA3 calculates the 
ratio of value PCA3 mRNA (messenger RNA) ver-
sus PSA mRNA. Commercially available Progensa 
PCA3 urine test outweighs the total and percentage 
of free/total PSA for detecting PCa in biopsy-naïve 
men [20]. A PCA3 test result <20 indicates a very 
low probability of significant cancer (<15%), re-ex-
amination should be considered after 6–12 months. 
This test result justifies refraining from prostate bi-
opsy, which undoubtedly improves patient comfort 
and prevents suffering from unwanted complica-
tions that may occur. A PCA3 test value >35 sug-

gests an increased risk of PCa and justifies prostate 
biopsy. Adopting the 35 threshold to make a biopsy 
decision makes for the most reliable risk of a positive 
biopsy. For test results between 20 and 35, it is rec-
ommended to retest after 6 months [21]. Numerous 
studies indicate that the PCA3 result has greater ac-
curacy in general detection of PCa in repeat biopsy 
settings compared to tPSA and f/tPSA. However, 
the data on the association of the PCA3 result with 
clinically significant prostate cancer (csPCa) and its 
use for monitoring in active surveillance (AS) is con-
tradictory [20, 22].
Currently, the main indication for the Progensa 
PCA3 test is whether it is necessary to repeat the 
biopsy after an initially negative. This indication  
is only approved by the FDA, because, there is a high 

Table 1. Modern biomarkers used in prostate cancer diagnosis

Biomarker test Molecular markers AUC Sensitivity /  
Specificity

Unnecessary biopsy 
reduction

Other
characteristics

Co
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r i
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l b
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y

Serum-based biomarkers

Prostate-specific  
antigen (PSA) PSA 0.55 [20] 60% / 79% [40] NA Treatment monitoring

PHI total PSA, free-PSA, 
p2PSA isoform 0.71 [19] 82% / 80% [12] 40% [13]

Reduce unnecessary Bx
Prediction of high-grade PCa
active supervision monitoring 

4KScore total PSA, free-PSA, 
intact PSA, hK2 0.8–0.9 [17] 75% / 63% [19] 43% [18]

Reduce unnecessary Bx
PCa metastases risk prediction 
(up to 20 years later); previous 

negative biopsy/biopsies

Urine-based biomarkers

ExoDX Prostate
IntelliScore

Exosomal RNA
(SPDEF, PCA3, ERG) 0.70 [26] 92% / 34% [26] 27% [26] Improved identification

of high-grade PCa

MiPS
Mi(chigan)  

Prostate Score

PCA3 and 
TMPRSS2-ERG mRNA 0.69 [25] N/A/ 93% [25]

93% / 33% [32] 35–47% [25] Predict the risk of PCa and csPCa

Progensa
(PCA3)

long non-coding (lnc) 
RNAs 0.73 [21] 69% / 65% [21] 23–38% [22] Previous negative  

biopsy/biopsies

SelectMDX HOXC6 and DLX1
mRNA 0.71–0.81 [23] 91% / 36% [23] 53% [23] Prediction of high-grade PCa

C 
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fir
m
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on
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f t

es
t r
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ul

ts

Tissue-based biomarkers

ConfirmMDx

DNA  
hypermethylation  

GSTP1, APC, RASSF1
  

0.74 [27] 68% / 64% [27]

NA

Prediction of true negative 
prostate biopsies

Prolaris mRNA expression
(31 genes) 0.78 [32] NA Monitoring of tumor  

aggressiveness

OncotypeDx mRNA expression
(17 genes) 0.73 [32] NA Monitoring of tumor  

aggressiveness

Decipher mRNA expression
(22 genes) 0.79 [31] 73% / 74% [31] Treatment monitoring

ProMark
Protein biomarker 

test
(8 proteins)

0.72 [27] 90% / 85% [27] Monitoring of tumor  
aggressiveness

AUC – area under the ROC (receiver operating characteristic) curve; PSA – prostate-specific antigen; NA – not applicable; Bx – biopsy; PCa – prostate cancer;  
PHI – prostate health index; csPCa – clinical significant prostate cancer
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risk of missing high-grade PCa (HGPCa) with low 
value of PCA3 [21].

SelectMDx (MDx Health, Irvine, CA, USA)

SelectMDx test is a non-invasive examination in-
volving the analysis of a urine sample obtained af-
ter strokes of prostate during DRE. The presence  
of HOXC6 and DLX1 mRNA genes levels is assessed 
to evaluate the risk of both: the presence of any PCa 
during biopsy, and the risk of detecting high-grade 
PCa. At the same time, with a low risk of PCa, it al-
lows to avoid unnecessary prostate biopsy. Van Neste 
and colleagues, using the SelectMDx test, estimated 
that 42% of the total number of biopsies and 53%  
of unnecessary biopsies could be avoided [23]. 

TMPRSS2-ERG Fusion

Another gene associated with PCa and detectable 
in urine after DRE is the fusion of TMPRSS2-ERG. 
Studies have shown that TMPRSS2-ERG levels were 
associated with csPCa. Fusion trans-membrane ser-
ine protease 2 (TMPRSS2) and ERG gene can be de-
tected in 50% of PCa [24]. However, its low sensitiv-
ity reduces its meaning as a standalone test.

MiPS (University of Michigan, MLabs)

The Michigan Prostate Score (MiPS) was released 
in 2013 and is a test covering serum PSA, urinary 
PCA3 mRNA and urinary TMPRSS2: ERG. Using 
the MiPS test, Tomlins et al. showed the possibility 
of avoiding from 35 to 47% of biopsies [25].

ExoDx Prostate IntelliScore urine exosome test 
(Exosome Diagnostics, Inc., Waltham, MA, USA)

ExoDx Prostate IntelliScore (EPI) uses the exo-
somal level of RNA expression of three genes (e.g. 
SPDEF, ERG and PCA3) to predict the probabil-
ity of high-grade PCa from Grade Group (GG) 2  
or higher [26]. EPI is the only test for this indica-
tion, except for multi-parameter magnetic resonance 
imaging (mpMRI), which does not contain PSA  
or a PSA derivative in the test algorithm. As such, 
EPI is a ‘standalone’ test that is not based on any 
other parameters to calculate the result compared 
to the exosomal RNA markers measured in a urine 
sample. This allows clinicians to use the test result 
in conjunction with other clinical variables, includ-
ing clinical nomograms, mpMRI or standard care 
risk calculators. The use of the ExoDx Prostate In-
telliScore urine exosome test avoided 27% of unnec-
essary biopsies compared to standard care [26].

Tissue-based biomarkers

ConfirmMDx (MDxHealth, Inc, Irvine, CA, USA)

The ConfirmMDx test is based on the concept that 
benign prostate tissue near the focus of PCa shows 
pronounced epigenetic changes. If PCa were omitted 
during biopsy, demonstration of epigenetic changes  
in benign tissue would indicate the presence of cancer.
The ConfirmMDx test determines the level of meth-
ylation of the promoter regions of three genes (APC 
– adenomatous polyposis coli, RASSF1 – ras associa-
tion (RalGDS/AF-6) domain family member 1 and 
GSTP1 – glutathiones-transferase pi1) in benign 
prostate tissue. GSTP1 is involved in DNA detoxi-
fication, RASSF1 is involved in cell cycle regulation, 
and APC is involved in apoptosis, cell migration and 
cell adhesion [27].
An outcome of the test, comprising DNA-methyla-
tion intensity, is the better stratification of patient 
risk and significantly better score than current risk 
prediction models such as PCPTRC (prostate cancer 
prevention trial risk calculator) and PSA. In this way 
it can help to identify patients’ histopathologically 
negative biopsies containing high – grade PCa.
However, given the limited data available and the 
widespread use of multi-parametric magnetic reso-
nance imaging (mpMRI) in repeat biopsy settings, no 
recommendations can be made regarding the routine 
use of ConfirmMDx [27].

OncotypeDx (Genomic Health, Redwood, CA, USA)

OncotypeDx Genomic Prostate Score (GPS – genom-
ic prostate score) test is based on RNA determination 
of 12 carcinogens and 5 reference genes, based re-
verse transcription polymerase chain reaction, when 
examining prostate tissue obtained during prostate 
biopsy or after surgery. This is the only test intended 
for patients diagnosed with low grade PCa (Glea-
son score 3 + 3 and 3 + 4). The test result (GPS) 
is then assessed on a scale of 0 to 100 for tumor ag-
gressiveness. It lets recognize adverse pathology and 
biochemical recurrence after RP (radical prostatec-
tomy) in men with low and intermediate risk pros-
tate cancer. It can also improve the risk stratification 
in men with newly diagnosed disease [28].
	
ProMark (Metamark, Cambridge, MA, USA)

The Promark test is a protein-based prognostic as-
say that predicts the aggressiveness of cancer in 
patients with biopsy Gleason scores of 3 + 3 and  
3 + 4. The test estimates (8 protein signature) eight 
protein markers and gives a score of 0 to 1. It pre-
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Several complex models have been developed to assess 
the risk of PCa GS ≥7 as biopsy outcome, including 
e.g.: The Prostate Cancer Prevention Trial (PCPT) 
model, Stockholm Model 3 (STHLM3) [34], Rotter-
dam Prostate Cancer Risk Calculator (RPCRC) [35].
Lately, a lot of research has been done on risk predic-
tion models connecting new, emerging biomarkers 
(e.g.: 4K panel [36] SelectMDx [37] PCA3 [22] PHI 
[13, 19]) and standard clinical data. The results show 
a biopsy reduction of 40–55%, with only 2% csPCa 
missing.
The possibilities of using modern, well-studied bio-
markers incorporated in RC of PCa management 
have been shown in Figure 1, which was developed 
on the basis of the drawing provided in [38].

Development studies

Development work is ongoing in the field of PCa 
biomarkers, and many new markers are currently 
in the preclinical phase. Emerging biomarkers in-

dicts adverse pathology during RP and provides  
a personalized prediction that the cancer can be 
managed without aggressive treatment, or an indi-
cation that aggressive therapy may be appropriate. 
Blume-Jensen et al., in their study [29] showed that 
the T-point risk ≤0.33, anticipate benign pathology 
95%, 81.5% and 87.2% in the D'Amico groups re-
spectively. But for the risk result >0.8, the predic-
tive value of adverse pathology was 76.9% in all risk 
groups. 

Decipher (GenomeDx, San Diego, CA, USA) 

The Decipher genomic classifier measures the levels 
of RNA expression of 22 different genes. These sig-
natures are available for both RP and prostate bi-
opsy samples. The test is presented as a score from 
0 to 1.0 (a higher score means a higher probability 
of clinical metastasis). The Decipher test calculates 
the likelihood of clinical metastases within 5 years of 
RP and 10-year mortality specific for prostate cancer 
in men with high risk pathology or high risk clinical 
features after RP. It could be a useful tool at diag-
nosis and for local therapy planning for newly PCa 
patients [30].
The Decipher test is not the only independent predic-
tor of clinical metastases in patients with biochemi-
cal recurrence after surgery. But it also determines 
the time of postoperative radiotherapy [31].

Prolaris (Myriad Genetics, Inc., Salt Lake City, UT, USA)

Prolaris is a novel prognostic assay that measures 
tumor biology (cell-cycle progression score), in order 
to improve accuracy of risk stratification for men 
with localized prostate cancer.
The Prolaris test combines the RNA expression 
levels of 31 genes involved in cell cycle progression 
and 15 housekeeping genes to generate a Prolaris 
Score™. It has been shown to be a strong predictor 
of oncologic outcomes, and adds information that is 
new and independent of standard clinicopathologic 
features, such as PSA and Gleason score. Test can 
be safely used to guide patient selection for active 
surveillance or definitive treatment [32].

Risk calculators

The aim of all biomarkers is to increase anticipation 
of prostate cancer risk in the initial and repeat bi-
opsy setting. Risk calculators (RCs) use the combi-
nation of biomarkers and clinical parameters. A sys-
tematic review shows that there are numerous risk 
stratification tools RCs (n = 127), but only six RCs 
have been confirmed in study populations [33].

Figure 1. Role of biomarkers in prostate cancer management.
PSA – prostate-specific antigen; DRE – digital rectal examination;  
TRUS – transrectal ultrasonography; MRI – magnetic resonanse imaging;  
PHI – prostate health index; PCa – prostate cancer; CRPC – castration-resis-
tant prostate cancer; ISUP – International Society of Urological Pathology; 
CTCs – circulating tumor cells
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necessary, to get the best assay for personalized 
treatment.
It should be noted that the main areas of application 
of molecular biomarkers in the context of clinical 
management of PCa are:

a)	 diagnostics (e.g.: PHI, 4KScore, PCA3, Select-
MDx),

b)	 prognostics (e.g.: Prolaris, OncotypeDx, Deci-
pher).

This review presents commercially available tests 
and new genetic biomarkers in risk stratification, 
especially in patients not previously treated with bi-
opsy. The search for new prostate cancer (PCa) diag-
nostic biomarkers is a hot topic in the modern cancer 
diagnosis community.
Given the complex and heterogeneous nature of PCa, 
one diagnostic test will not answer all questions, so the 
use of several diagnostic methods will allow clinicians 
to give patients better, personalized clinical advice.
For this reason, it is necessary to conduct further 
clinical research on new genetic markers that may 
be used in diagnosis and prognosis of prostate cancer.
These innovative tools can thus change and improve 
the PCa diagnostic pathway.
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clude: circulating tumor cells (CTCs) are studied 
for use as mCRPCa (metastatic castration-resistant 
prostate cancer) prognostic biomarker and for pre-
dicting treatment efficacy, micro-RNA-based tests,  
a 4-metabolite panel (sarcosine, alanine, glycine and 
glutamate) in the post-urine period derived from 
DRE called - Prostarix Risk Test (Boswick Laborato-
ries) and other biomarkers based on long non-coding 
RNA (lncRNA) (test – MALAT1, SChLAP1, TINCR, 
CCAT1) or exosomes [39]. One mitochondrial DNA 
test, Mitomics (Broomfield, CO), is currently avail-
able. Mitomics offers the Prostate Core Mitomics 
Test which measures mitochondrial DNA variants 
in an initial negative prostate biopsy to determine 
whether a patient should undergo repeat biopsy.  
The test is performed on the initial negative prostate 
biopsy tissue [38].

CONCLUSIONS 

New technologies for detecting prostate cancer are 
appearing regularly. There is widespread agree-
ment on the need for the stratification tools to 
improve early detection of clinically significant 
prostate cancer and to reduce over-diagnosis and 
over-treatment. However, head-to-head compari-
sons of biomarkers and risk calculators (RCs) are 
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