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Prostate cancer (PCa) has a variable biological potential. It constitutes the second most common cancer
amongst men worldwide and the fifth most common cancer in Saudi Arabia. Identifying men at higher
risk of developing PCa, differentiating indolent from aggressive disease and predicting the likelihood of
progression will improve decision-making and selection for active surveillance protocols. Biomarkers
have been utilized for PCa screening and predicting cancer behavior and response to treatment. The pros-
tate specific antigen (PSA) screening helps detect PCa in early stages, while implementing a plan for man-
agement and outcome. However, PSA screening is still controversial, due to the risks of over diagnosis and
treatment, and its inability to detect a good proportion of advanced tumors. Alternatively, a new era of
PCa biomarkers has emerged with higher PCa specificity than PSA and its isoforms hopefully improving
screening methods, such as Prostate Health Index (PHI) score, Progensa Prostate Cancer Antigen 3 (PCA3),
Mi-Prostate Score (MiPS), Prostate Stem Cell Antigen (PSCA), 4Kscore test, and Urokinase Plasminogen
Activation (uPA and uPAR). Few novel biomarkers have shown promise in preliminary results. This
review will display promising biomarkers including some important FDA approved ones, highlighting
their clinical implication and future place in the PCa puzzle, along with addressing their current
limitations.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Among men, globally the prostate cancer (PCa) is the 2nd most
common diagnosed malignancy, while it is the 5th most commonly
in Saudi Arabia. It continues to be the 5th leading cause of cancer
death worldwide (Bray et al. 2018). Approximately 1.3 million
new cases were diagnosed worldwide in 2018 (Bray et al. 2018),
with a wide range of incidence rates of more than 25-fold (Wong
et al. 2016), depending on screening programs, diagnostic tools,
and predisposing risk factors among different populations (Wong
et al. 2016). The lowest incidence of PCa was reported in Asia, fol-
lowed by Africa, America, and Europe, with a parallel mortality to
the incidence rates (apart from Africa, which has the highest mor-
tality rate) (McGinley et al. 2016). Acid phosphatase was the first
PCa biomarker known more than 80-year ago, when Gutmans
et al discovered an increase in acid phosphatase activity in the
serum of most men with metastatic PCa, and only in one out of
88 men with non-cancerous conditions (Gutman and Gutman,
1938). This was supported later by the decline in serum acid phos-
phatase following castration in men with advanced PCa, which was
also associated with clinical relief (Huggins, 1942).

Recently, biomarker assays were widely used for both predic-
tion and prognosis. Several FDA approved biomarkers became
available to provide clinicians and patients with facts concerned
about the risk of future disease and treatment outcomes. This
review will discuss commercially available biomarkers utilized in
clinical practice for PCa diagnosis, including their validity and pos-
sible shortcomings.
able 1
rostate cancer biomarkers in clinical use.

Biomarker Sample Role

PSA Blood Screening
Diagnostic

fPSA
tPSA
�2pro-PSA

Blood Diagnostic
with better performance

PSA density
PSA velocity
PSA doubling time

Blood Diagnostic
Prognostic
Predictor of recurrence?

PCA3 Urine
Tissue

Diagnostic
Indicator for repeat biopsy

4K score Blood Diagnostic
Percent risk of high-grade cancer o
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uPA
uPAR
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Blood

Prognostic
Increased in PCa with bone metast

PSCA Tissue Blood Prognostic
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higher stage, and the presence of m
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Prolaris
Decipher

Tissue Prognostic

SA: Prostate-specific antigen; fPSA: free PSA; tPSA: total PSA; PCA3: prostate cancer an
rokinase plasminogen activation receptors; PSCA: prostate stem cell antigen.
2. What are the prostate cancer Biomarkers?

The biomarker is defined as an indicator to evaluate the risk of a
disease or it’s existent, according to the US Food and Drugs Admin-
istration (FDA). Another more widespread definition which is given
by the US National Institutes of Health (NIH) is measuring and
evaluating an indicator related to normal biological changes,
pathogenic process, and response to pharmacological or therapeu-
tic intervention (Ilyin et al., 2004). These biomarkers result from
tumor cells and / or the body’s response to a malignancy process.
Regardless of the definition, an ideal biomarker should be detected
by a non-invasive and an inexpensive test. The test should also
have high specificity and sensitivity, and it should have the ability
to accurately differentiate cancerous tissues from benign tissues
and aggressive tumors from inconsiderable tumors (Biomarkers
Definitions Working G, 2001).

Some authors have proposed the structured, phased-model for
the development and validation of biomarkers (Pepe et al., 2001),
which were later adopted and modified (Bensalah et al., 2007;
Paradiso et al., 2009). This structure was similar to that used in
developing drugs, including introductory studies, clinical valida-
tion, longitudinal retrospective review, prospective studies and
finally, cancer control research.

The current review will highlight the biomarkers which are of
clinical interest for management of PCa (Table 1), such as screening
and early detection, staging and/or confirmation of the disease,
predicting the risk of recurrence or progression, predicting or mon-
itoring the effectiveness of treatment and identifying patients who
Biochemical characteristic

Kallikrein-related peptidase 3 Secreted serine protease

Isoforms and cleavage
forms of PSA

Kinetic characterization of PSA

Non-coding mRNA
Highly up-regulated in PCa

n biopsy
Algorithm combines clinical data with serum tPSA, fPSA,
intact PSA (iPSA), and hK2.
Score formula = [�2]proPSA/free PSA) � p

PSA

asis
Precursor for serine protease and its receptor for degradation
of extra cellular matrix

re,
etastasis

Membrane glycoprotein. Specific production in the prostate
and possible target for therapy
Prognostic
RNA-based genetic panels
Include 85 genes

tigen 3; PHI: prostate health index; uPA: urokinase plasminogen activation; uPAR:
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will most likely respond to a given therapy, potentially identifying
the molecular targets of modern therapies, and patients who will
benefit from such a therapeutic regimen (Paradiso et al., 2009).
3. Diagnostic biomarkers

3.1. Prostatic specific antigen (PSA)

PSA belongs to the family of human kallikrein proteins, it is a
glycoprotein, encoded by the KLK3 gene and has several isoform
(Lukes et al., 2001). The FDA first approved PSA testing in 1986,
where it was indicated as a prognostic marker for PCa, a function
which has never been challenged. Introduction of PSA revolution-
ized PCa screening and diagnosis, with significant increase in the
incidence of PCa due to diagnosis at earlier stages, with consequent
reduction in mortality rates (Bjartell, 2013).

Despite being organ-specific, PSA is not cancer-specific. PSA
levels might be increased in some non-malignant diseases such
as benign enlargement and prostatitis. In men with serum PSA
level of the gray zone between 4 and 10 ng/ml, makes it difficult
to point out patients with cancer from those with benign changes
or from patients undergoing urethral manipulation (Thompson
et al., 2005). It became one of those markers routinely used to
detect, stratify risk, and monitor treatment outcome (Thompson
et al., 2005). PSA has a low specificity, however, it is the most com-
monly used diagnostic tool for PCa, especially when it is combined
with digital rectal examination (DRE) and trans-rectal ultrasound
(TRUS) (Heidenreich et al., 2011). Nevertheless, widespread use
of PSA has led to a significant increase in diagnostic prostate cancer
biopsies, a condition which might not be clinically significant dur-
ing one’s lifetime. Over-diagnosis can sometimes result in
overtreatment which results in an unnecessary morbidities and
psychological burden for patients Heijnsdijk et al., 2009).

PSA-based PCa screening is still a matter of controversy, and the
current relevant question is to screen or not to screen. To improve
its diagnostic and prognostic accuracy, PSA density, velocity and
doubling time have been used. PSA velocity and doubling time
are correlated with PCa diagnosis at biopsy, despite the insignifi-
cant evidence supporting the additional value of both measures
to the absolute PSA alone (Vickers et al., 2009). Nevertheless, the
annual percentage change in PSA can predict accurately the aggres-
siveness of PCa than a single PSA measurement (Wallner et al.,
2013). On the other hand, PSA doubling time has a high sensitivity
for recurrence prediction after radical prostatectomy or radiother-
apy (Vickers and Brewster, 2012). When adding long-term PSA
velocity to models with baseline PSA and age-adjusted ratio the
detection and mortality of PCa increased respectively from 2.7 to
5.3 and from 2.3 to 3.4 (Orsted et al., 2013). Of interest, in men
with a low PSA, biopsy is not indicated in increasing PSA velocity.
Instead, in an increased PSA velocity a repeated PSA measurement
should be considered within shorter period of time. Despite the
fact that monitoring of PSA over time can improve decision-
making, biopsy should be done when indicated regardless of PSA
velocity (Vickers et al., 2014).
3.2. Prostate Health index (PHI)

PSA is found in 2 forms; free (fPSA) and complex. Around 75%,
10% and 2% of serum PSA is bound to a1-antichymotrypsin, a2-
macroglobulin, and a1-proteinase inhibitor, respectively. To
improve the diagnostic accuracy of the PSA test alone for tPSA con-
centration between 4 and 10 ng/ml, the FDA has approved the use
of fPSA ratio (%fPSA) [(fPSA/tPSA) � 100] as a useful tool (Graefen
et al., 2002). A high total PSA with a low fPSA level generally indi-
cates a risk of more aggressive PCa (Catalona et al., 2000).
The BPH-associated PSA (BPSA), pro-PSA, and intact fPSA are 3
unique isoforms of PSA [25]. The PSA is activated by the effect of
human glandular kallikrein-2 over the inactive pro-PSA. Truncated
forms of pro-PSA [�2] (proPSA) are a pro-PSA with the remaining
non-cleaved amino acids, which are increased in cancerous cells
(Mikolajczyk et al., 2002). They have the highest specificity for
PCa screening, and are considered efficient predictors of PCa
aggressiveness (Catalona et al., 2004).

PCa detection significantly improved when utilizing the PSA
isoform [�2] (proPSA) and its derivatives ratio: %proPSA [proPSA
devided by (fPSA � 1000) � 100 (Sokoll et al., 2008a, 2008b;
Stephan et al., 2009). The PHI formula can improve the diagnosis
of PCa by combining tPSA, fPSA and [�2] (proPSA); (PHI = [�2]pr
oPSA/free PSA) � p

PSA).This single PHI score improves the clinical
decision-making, screening and prediction of aggressiveness of PCa
(Catalona et al., 2011; Jansen et al., 2010; Guazzoni et al., 2011). Of
interest, %p2PSA and further modified PHI, using respectively 2-
and 3-PSA markers, revealed better detection of PCa than tPSA
and %fPSA, as shown by better specificities at high sensitivities.
This can reduce unnecessary prostate biopsies. Moreover, these
biomarkers may detect aggressive PCa more accurately due to
the significant correlations between %p2PSA and PHI with Gleason
score (Jansen et al., 2010; Guazzoni et al., 2012).

Furthermore, in a multicenter prospective study of more than
650 men underwent prostate biopsy the PHI has been validated.
They were over 50-years of age with PSA of 4–10 ng/ml and normal
DRE (Loeb et al., 2015). The PHI was able to detect clinically signif-
icant PCa with more accurate than PSA alone, %fPSA, or [�2]
proPSA. Therefore, PHI seems to reduce prostate biopsies and the
overdiagnosis of indolent diseases. The FDA has approved two
biomarkers recently, including proPSA (as part of the PHI) and
PCa antigen 3 (PCA3) (Sartori and Chan, 2014).

3.3. Prostate cancer antigen 3 (PCA3)

This is an FDA approved urine-based assay to test for PCa. It is
designed to evaluate the need to repeat the biopsy in previous neg-
ative specimen. It is a noncoding messenger RNA (mRNA), which
shows overexpression in 95% of PCa with a median 66-fold upreg-
ulation. Being prostate-specific, its expression is not impacted by
non-prostatic cancers or benign non-prostate tissue, and it is inde-
pendent of prostate volume (Bussemakers et al., 1999; Hessels
et al., 2003). Its significant overexpression in primary specimen
and metastatic PCa highlights its importance as a promising diag-
nostic tool in urine and tissue (Hessels et al., 2003; de Kok et al.,
2002).

Groskopf and colleagues developed a urinary assay,
transcription-mediated amplification (TMA) method (PCA3, Gen-
Probe Incorporated) for PCA3 assessment (Groskopf et al., 2006).
This method depends on measuring both PCA3-mRNA and PSA-
mRNA in first-catch urine samples collected after DRE, thus provid-
ing higher instructive rates compared to samples obtained without
performing DRE (Sokoll et al., 2008a, 2008b). This is because DRE
induces pressure within the prostate with the consequent shed-
ding and release of prostate cells through the prostatic ducts and
into the urethra. The PCA3 score is a ratio between PCA3-mRNA
and PSA-mRNA [(PCA3-mRNA divided by PSA-mRNA) � 1000)]
(Sokoll et al., 2008a, 2008b). PCA3 score is significantly correlated
with tumor volume and Gleason score in prostatectomy speci-
mens, therefore, it may be a novel molecular marker for classifica-
tion of PCa patients (Nakanishi et al., 2008). Furthermore, the
urinary PCA3 score was also correlated with the probability of a
positive biopsy (Deras et al., 2008). However, the prognostic value
of PAC3 and its ability to predict the presence of PCa still lacks clin-
ical validation. Nevertheless, PCA3 urine assay improves specificity
and accuracy of PCa detection in the PSA gray zone (Marks et al.,
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2007; van Gils et al., 2007a), thus preventing unnecessary prostate
biopsies (van Gils et al., 2007b).

3.4. Mi-Prostate score (MiPS)

This test screens for the presence of two PCa biomarkers; the
PCA3 gene and an RNA biomarker resulted from abnormal fusion
of TMPRSS2 and ERG (T2-ERG) (Salami et al., 2013). The T2-ERG
gene fusion is present in 50% of PCa patients, but its role in the
development of disease is not known. The new urine multiplex test
is an algorithm that better assesses for T2-ERG gene fusion assay,
PCA3, as well as serum PSA (University of Michigan MLabs) to pre-
dict the risk of detecting PCa on biopsy. The combined MiPS mul-
tivariable algorithm was found to be more specific than any of
the individual variables, with 80% and 90% sensitivity and speci-
ficity, respectively (Salami et al., 2013). This algorithm was vali-
dated in 1225 men in detecting PCa on biopsy or higher Gleason
scores (�7) and was significantly better than PSA alone (Tomlins
et al., 2016). Therefore, MiPS can reduce unnecessary prostate
biopsies.

3.5. 4Kscore panel Algorithm

The 4Kscore test (OPKO Lab, Miami, FL) is another promising
serum-based biomarker that combines clinical data of age, DRE,
previous biopsy results, with serum concentrations of 4 kallikreins
(4k), including tPSA, fPSA, intact PSA (iPSA), and human kallikrein 2
(hK2). It can be used in patients considering an initial prostate
biopsy due to an elevated PSA level, an abnormal DRE or in men
with prior negative biopsy with a currently elevated PSA. It can
predict the possibility of detecting high-grade disease (GS � 7)
on prostate biopsy. Patients with a 4Kscore of 1%-7.5% are consid-
ered low risk, thus deferring biopsy safely while following-up by
PSA. On the other hand, a score of �20 indicates high-risk disease
necessitating prostate biopsy.

The European Randomized Study of Prostate Cancer Screening
(ERSPC) has developed the test where measurements of these four
kallikreins were correlated with a positive biopsy (Vickers et al.,
2010; Benchikh et al., 2010; Vickers et al., 2008). In patients with
PSA � 3.0, the 4k panel increased the sensitivity of high-grade
PCa detection compared to clinical variables alone (Benchikh
et al., 2010; Salagierski and Schalken, 2012). The diagnostic perfor-
mance of the 4k panel was comparable to that of PHI for predicting
GS � 7 cancer with PSA levels between 3 and 15 ng/ml, and both
tests performed better than age-stratified PSA in the prediction
of high-grade cancer (Salagierski and Schalken, 2012).

In the cohort of 1012 men undergoing prostate biopsy at 26 US
independent sites, a 4Kscore cutoff of 7.5% risk spares 360 biopsies
while missing 16 of 215 aggressive PCa detected on biopsy (Lin
et al., 2017). In addition, the 4k panel has been studied in men
on active surveillance, but it did not showmuch better results than
PSA when combined with a clinical model considering age, BMI,
prostate volume, previous negative biopsies, and amount of posi-
tive biopsy cores (Lin et al., 2017).
4. Prognostic biomarkers

4.1. Urokinase plasminogen activation (uPA and uPAR)

The urokinase plasminogen activation system represents a
potential target for PCa biomarkers due to its vital role in the pro-
cess of extracellular matrix degradation. It is involved in different
phases of cancer initiation and progression. uPA is an inactive pre-
cursor of serine protease. It is secreted as a zymogen (pro-uPA)
then binds to its specific soluble cell-surface receptor (uPAR), lead-
ing to the transformation into plasmin from plasminogen
(Andreasen et al., 2000). Due to its wide range of substrate speci-
ficities plasmin activates a proteases cascade involved in multiple
degradation process of various forms of extracellular matrix pro-
teins. Binding of uPA to its receptor results in the activating a cas-
cade of events which results in angiogenesis, cell proliferation,
migration and tissue (Andreasen et al., 2000; Basire et al., 2006).

Increased serum levels of uPAR has been associated with distant
metastases and poor prognosis (Duffy, 2002; Stephens et al., 1999).
Similarly, increased serum levels of uPA is significantly correlated
with tumor progression, and it is considered to be a poor prognos-
tic marker of PCa (Shariat et al., 2007; Lilja et al., 2007; Miyake
et al., 1999a, 1999b). The expression of uPA and uPAR is upregu-
lated in aggressive prostate cancer. Furthermore, both markers
are correlated with metastatic potential of PCa (Cozzi et al.,
2006). In the specimen of PCa post radical surgery the overexpres-
sion of both uPA and its inhibitor (PAI-1) were found related to
aggressive disease and recurrence (Miyake et al., 1999a, 1999b).

The uPAR can significantly predict PCa biopsy specimens in
patients with elevated PSA, improving the regression model accu-
racy for PCa prediction (Steuber et al., 2007). Higher levels of uPA
have been also associated with advancing PCa stage and bone
metastases (Duffy, 2002; Hienert et al., 1988; Miyake et al.,
1999a, 1999b), and may strongly predict biochemical and/or
aggressive recurrence and distant metastasis (Gupta et al., 2009).
However, uPAR only seems to be helpful in predicting the presence
of poor pathologic characteristics, rather than significant predic-
tion of PCa (Milanese et al., 2009).

4.2. Prostate stem cell antigen (PSCA)

PSCA was identified in LAPC-4 xenograft model of prostate can-
cer cells after analysis of genes upregulation. It is a cell surface
antigen with 30% homology to stem cell antigen type-2 (SCA-2).
It is located on chromosome 8q24.2 and encodes a 123 amino acid
glycoprotein, a glycosyl phosphatidylinositol- anchored cell sur-
face protein related to the Ly-6/Thy-1 family of cell surface anti-
gens (Reiter et al., 1998). The PSCA is a misnomer, where it is
neither an exclusive protein in prostate cells nor a marker for stem
cells (Antica et al., 1997). PSCA overexpression in PCa may result
from gene amplification due to its genetic location on chromosome
8q24.2, especially in metastatic and recurrent PCa, indicating poor
prognosis (Sato et al., 1999). Its located near to the c-myc onco-
gene, which is more active in recurrent and metastatic disease
(Nupponen et al., 1998), may also explain the overexpression of
PSCA in PCa patients.

PSCA is expressed in basal and secretory epithelial cells as well
as neuroendocrine cells of the prostate (Gu et al., 2000). Immuno-
histochemical studies show that PCSA is detected in more than 80%
of primary PCa tissues and metastatic lesions as well (Gu et al.,
2000); Lam et al., 2005). Increased PSCA expression in PCa is more
related to aggressive PCa: higher score and stage, distant metas-
tases and risk of biochemical failure (Gu et al., 2000; Han et al.,
2004; Joung et al., 2010). Patients with advanced PCa, who
expressed PSCA, had worse disease-free survival than those who
do not express PSCA (Raff et al., 2009; Hara et al., 2002).

Reverse transcription polymerase chain reaction (RT-PCR) anal-
ysis for PSCA revealed a positive correlation between greater levels
of PSCA mRNA expression and metastatic PCa (Lam et al., 2005;
Dannull et al., 2000). Therefore, the PSCA expression in PCa
patients can be a predictor of poor prognosis (Reiter et al., 1998;
Cher et al., 1994), an indicator of high-risk disease and metastasis,
making it a promising aid in molecular staging (Joung et al., 2007).
Of interest, PSCA seems to be an important biomarker for predict-
ing benign prostate hyperplasia (BPH) in patients who are at a
higher risk of developing PCa (Fawzy et al., 2015).



Fig. 1. Prostate cancer biomarker assays and the clinical decision-making.
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4.3. Genetic panels in PCa prognosis

Currently, three commercially available RNA-based genetic
panels have been validated in men with PCa, including Prolaris�,
Oncotype DX�, and Decipher�. However, the commercial assays
have their own difficulties to be used effectively due to the variable
tumor bulk present in needle cores at first diagnosis. In addition,
these expression panels lack head-to-head prospective comparison
in a given patient cohort. Nevertheless, they include 85 genes,
where there is virtually no interference among these panels, also
such tissue-based tests require no additional biopsy, owing to
the fact that the individual’s existing biopsy is used. Results can
be generated from as little as 1-mm of cancerous tissue.

The Prolaris test (Myriad Genetics, UT, USA) assesses the
expression of 31 genes that is part of cell-cycle progression
(CCP), an essential regulatory step in cancer development, and a
stronger prognostic factor than PSA. The CCP score independently
predicts biochemical recurrence (BCR) after radical prostatectomy
on univariate and multivariate analysis, HR: 1.89 and 1.77 respec-
tively. It is also related to the time of death from PCa on univariate
and multivariate analysis, HR: 2.92 and 2.57 respectively (Cuzick
et al., 2011). Prolaris test generates a score ranging from �3
to +3, based on gene expression levels; higher scores correlate with
increasing probability of adverse events following treatment. The
test was separately evaluated in over 2500 patients at different
institutions, with a concordance index of 0.72 and 0.85 for bio-
chemical recurrence and cancer specific mortality (Punnen et al.,
2014).

The Cancer of the Prostate Risk Assessment post-Surgical
(CAPRA-S) score is based on the histopathological examination of
the prostate post radical surgery to predict risks of future relapse
and mortality. Furthermore, when combining both the CAPRA-S
and CCP scores the new index is better for both the overall cohort
as well as the low-risk subset than each score alone. Of interest, the
Prolaris test affected the physician decision of management in 65%
of cases, with a 40% reduction in treatment to less interventional
options (Crawford et al., 2014).

The Oncotype DX� test (Genomic Health, CA, USA) includes 17-
gene-expression panels through PCR and it analyzes tissue samples
from prostate biopsy. It yields a Genomic Prostate Score (GPS), a
measurement of gene expression within prostate tumors, on a
scale of 1–100, where higher scores indicate a more suggestive
pathology. Of note, GPS score should be utilized together with of
other related clinical factors. The GPS predicted high-grade
(Gleason �4 + 3; OR: 2.3) and high-stage (�pT3; OR: 1.9) disease
on radical prostatectomy specimens after controlling other clinical
variables (Klein et al., 2014; Cullen et al., 2014). The Oncotype DX
test of the prostate needle biopsy can predict the aggressiveness of
the cancer and facilitate making better decision of earlier interven-
tion versus active surveillance (Fig. 1).

Decipher� (GenomeDX Biosciences, BC, USA) is a genomic clas-
sifier, which tests 22-gene-expression signatures that have been
identified and associated with PCa aggressiveness after radical
prostatectomy and is approved to assess the risk of metastasis after
treatment. The test generates a score between 0 and 1 in incre-
ments of 0.1. In a multivariable analysis the only significant prog-
nostic factor for both early metastasis and PCa-specific death was
found is the Decipher test. It has a good correlation to disease-
specific survival (AUC = 0.75) (Erho et al., 2013). The higher the
scores the earlier death from PCa. Decipher genomic classifier
has been compared with the CAPRA-S score as a predictor of
PCa-specific mortality in 185 men at a higher risk of recurrence
after radical prostatectomy of whom 25 experienced PCa-
associated death. For patient with aggressive disease Decipher
reclassified many high-risk PCa patients based on the CAPRA-S
score � 6. Decipher scores can predict PCa-specific mortality
(HR: 11.26) independently, with a collective incidence of death
linked to prostate cancer of 45% at 10 years (Cooperberg et al.,
2015). The AUC for Decipher was 0.79 for predicting 5-year metas-
tasis after radical prostatectomy, exceeding that of clinical models
(Karnes et al., 2013). These finding can improve decisions of intro-
ducing adjuvant radiotherapy to PCa patients with higher Decipher
scores, while preserving salvage radiotherapy to low scores
patients (Den et al., 2015).

5. Conclusion

Prostate cancer is a heterogeneous disease with variations
within a single tumor and among different tumor deposits; there-
fore, tissue sampling is critical. Multiple novel promising biomark-
ers are commercially available to improve prediction of PCa in men
with an elevated PSA and guide management, such as PSA iso-
forms, PHI score, PCA3, MiPS, 4Kscore Panel Algorithm, uPA, uPAR
and PSCA. They improve screening methods and diagnosis, moni-
toring PCa patients, assessment of therapeutic response and guid-
ing molecular targeted therapy. The commercially approved gene-
expression profiles can predict disease prognosis and clinical
response to treatment. Of interest, despite the fact that these
biomarkers can provide valuable information about the disease,
these markers should not be used as a first line in the diagnosis
of PCa. Currently, no single biomarker seems to be superior, and
all these genetic signatures should be considered as only one piece
of the puzzle in the decision-making process.

Declaration of Competing Interest

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

Acknowledgements

This work was a non-financial project. Authors would like to
acknowledge Faculty of Medicine, Umm Al-Qura University.



A.M. Nassir / Saudi Journal of Biological Sciences 27 (2020) 1148–1154 1153
References

Andreasen, P.A., Egelund, R., Petersen, H.H., 2000. The plasminogen activation
system in tumor growth, invasion, and metastasis. Cell. Mol. Life Sci. 57 (1), 25–
40. https://doi.org/10.1007/s000180050497.

Antica, M., Wu, L., Scollay, R., 1997. Stem cell antigen 2 expression in adult and
developing mice. Immunol. Lett. 55 (1), 47–51. https://doi.org/10.1016/s0165-
2478(96)02682-x.

Basire, A., Sabatier, F., Ravet, S., et al., 2006. High urokinase expression contributes
to the angiogenic properties of endothelial cells derived from circulating
progenitors. Thromb. Haemost. 95 (4), 678–688. PMID: 16601839.

Benchikh, A., Savage, C., Cronin, A., et al., 2010. A panel of kallikrein markers can
predict outcome of prostate biopsy following clinical work-up: an independent
validation study from the European Randomized Study of Prostate Cancer
screening, France. BMC Cancer 10, 635. https://doi.org/10.1186/1471-2407-10-
635.

Bensalah, K., Montorsi, F., Shariat, S.F., 2007. Challenges of cancer biomarker
profiling. Eur. Urol. 52, 1601–1609. https://doi.org/10.1016/j.
eururo.2007.09.036.

Biomarkers Definitions Working G, 2001. Biomarkers and surrogate endpoints:
preferred definitions and conceptual framework. Clin. Pharmacol. Ther. 69(3),
89–95. https://doi.org/10.1067/mcp.2001.113989.

Bjartell, A.S., 2013. Next-generation prostate-specific antigen test: ready to use. Eur.
Urol. 64, 700–702. https://doi.org/10.1016/j.eururo.2013.06.052.

Bray, F., Ferlay, J., Soerjomataram, I., et al., 2018. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J. Clin. 68 (6), 394–424. https://doi.org/
10.3322/caac.21492.

Bussemakers, M.J., van Bokhoven, A., Verhaegh, G.W., et al., 1999. DD3: a new
prostate-specific gene, highly overexpressed in prostate cancer. Cancer Res. 59,
5975–5979. PMID: 10606244.

Catalona, W.J., Bartsch, G., Rittenhouse, H.G., et al., 2004. Serum pro-prostate
specific antigen preferentially detects aggressive prostate cancers in men with 2
to 4 ng/ml prostate specific antigen. J. Urol. 171, 2239–2244. https://doi.org/
10.1097/01.ju.0000127737.94221.3e.

Catalona, W.J., Partin, A.W., Sanda, M.G., et al., 2011. A multicenter study of [-2]pro-
prostate specific antigen combined with prostate specific antigen and free
prostate specific antigen for prostate cancer detection in the 2.0 to 10.0 ng/ml
prostate specific antigen range. J. Urol. 185, 1650–1655. https://doi.org/
10.1016/j.juro.2010.12.032.

Catalona, W.J., Southwick, P.C., Slawin, K.M., et al., 2000. Comparison of percent free
PSA, PSA density, and age-specific PSA cutoffs for prostate cancer detection and
staging. Urology 56, 255–260. https://doi.org/10.1016/s0090-4295(00)00637-3.

Cher, M.L., MacGrogan, D., Bookstein, R., et al., 1994. Comparative genomic
hybridization, allelic imbalance, and fluorescence in situ hybridization on
chromosome 8 in prostate cancer. Genes Chromosom. Cancer 11 (3), 153–162.
PMID: 11034097.

Cooperberg, M.R., Davicioni, E., Crisan, A., et al., 2015. Combined value of validated
clinical and genomic risk stratification tools for predicting prostate cancer
mortality in a high-risk prostatectomy cohort. Eur. Urol. 67 (2), 326–333.
https://doi.org/10.1016/j.eururo.2014.05.039.

Cozzi, P.J., Wang, J., Delprado, W., et al., 2006. Evaluation of urokinase plasminogen
activator and its receptor in different grades of human prostate cancer. Human
Path 37, 1442–1451. https://doi.org/10.1016/j.humpath.2006.05.002.

Crawford, E.D., Scholz, M.C., Kar, A.J., et al., 2014. Cell cycle progression score and
treatment decisions in prostate cancer: results from an ongoing registry. Curr.
Med. Res. Opin. 30 (6), 1025–1031. https://doi.org/10.1185/
03007995.2014.899208.

Cullen, J., Rosner, I.L., Brand, T.C., et al., 2014. A biopsy-based 17-gene genomic
prostate score predicts recurrence after radical prostatectomy and adverse
surgical pathology in a racially diverse population of men with clinically low-
and intermediate-risk prostate cancer. Eur. Urol. 68 (1), 123–131. https://doi.
org/10.1016/j.eururo.2014.11.030.

Cuzick, J., Swanson, G.P., Fisher, G., et al., 2011. Prognostic value of an RNA
expression signature derived from cell cycle proliferation genes in patients with
prostate cancer: a retrospective study. Lancet Oncol. 12 (3), 245–255. https://
doi.org/10.1016/S1470-2045(10)70295-3.

Dannull, J., Diener, P.A., Prikler, L., et al., 2000. Prostate stem cell antigen is a
promising candidate for immunotherapy of advanced prostate cancer. Cancer
Res. 60, 5522–5528.

de Kok, J.B., Verhaegh, G.W., Roelofs, R.W., et al., 2002. DD3(PCA3), a very sensitive
and specific marker to detect prostate tumors. Cancer Res. 62, 2695–2698.
PMID: 11980670.

Den, R.B., Yousefi, K., Trabulsi, E.J., et al., 2015. Genomic classifier identifies men
with adverse pathology after radical prostatectomy who benefit from adjuvant
radiation therapy. J. Clin. Oncol. 33 (8), 944–951. https://doi.org/10.1200/
JCO.2014.59.0026.

Deras, I.L., Aubin, S.M., Blase, A., et al., 2008. PCA3: a molecular urine assay for
predicting prostate biopsy outcome. J. Urol. 179, 1587–1592. https://doi.org/
10.1016/j.juro.2007.11.038. DOI: 10.1073/pnas.95.4.1735. DOI: 10.1172/
JCI100974.

Duffy, M.J., 2002. Urokinase-type plasminogen activator: a potent marker of
metastatic potential in human cancers. Biochem. Soc. Trans. 30 (2), 207–210.
https://doi.org/10.1042/bst0300207.
Erho, N., Crisan, A., Vergara, I.A., et al., 2013. Discovery and validation of a prostate
cancer genomic classifier that predicts early metastasis following radical
prostatectomy. PLoS ONE 8 (6), e66855. https://doi.org/10.1371/journal.
pone.0066855.

Fawzy, M.S., Mohamed, R.H., Elfayoumi, A.R., 2015. Prostate stem cell antigen
(PSCA) mRNA expression in peripheral blood in patients with benign prostatic
hyperplasia and/or prostate cancer. Med. Oncol. 32, 74. https://doi.org/10.1007/
s12032-015-0529-7.

Graefen, M., Karakiewicz, P.I., Cagiannos, I., et al., 2002. Percent free prostate
specific antigen is not an independent predictor of organ confinement or
prostate specific antigen recurrence in unscreened patients with localized
prostate cancer treated with radical prostatectomy. J. Urol. 167, 1306–1309.
PMID: 11832719.

Groskopf, J., Aubin, S.M., Deras, I.L., et al., 2006. APTIMA PCA3 molecular urine test:
development of a method to aid in the diagnosis of prostate cancer. Clin. Chem.
52 (6), 1089–1095. https://doi.org/10.1373/clinchem.2005.063289.

Gu, Z., Thomas, G., Yamashiro, J., et al., 2000. Prostate stem cell antigen (PSCA)
expression increases with high gleason score, advanced stage and bone
metastasis in prostate cancer. Oncogene 19, 1288–1296. https://doi.org/
10.1038/sj.onc.1203426.

Guazzoni, G., Lazzeri, M., Nava, L., et al., 2012. Preoperative prostate-specific antigen
isoform p2PSA and its derivatives, %p2PSA and prostate health index, predict
pathologic outcomes in patients undergoing radical prostatectomy for prostate
cancer. Eur. Urol. 61, 455–466. https://doi.org/10.1016/j.eururo.2011.10.038.

Guazzoni, G., Nava, L., Lazzeri, M., et al., 2011. Prostate-specific antigen (PSA)
isoform p2PSA significantly improves the prediction of prostate cancer at initial
extended prostate biopsies in patients with total PSA between 2.0 and 10 ng/
ml: results of a prospective study in a clinical setting. Eur. Urol. 60, 214–222.
https://doi.org/10.1016/j.eururo.2011.03.052.

Gupta, A., Lotan, Y., Ashfaq, R., et al., 2009. Predictive value of the differential
expression of the urokinase plasminogen activation axis in radical
prostatectomy patients. Eur. Urol. 55, 1124–1133. https://doi.org/10.1016/j.
eururo.2008.06.054.

Gutman, A.B., Gutman, E.B., 1938. An ‘‘Acid ‘‘ phosphatase occurring in the serum of
patients with metastasizing carcinoma of the prostate gland. J Clin Invest. 17
(4), 473–478. https://doi.org/10.1172/JCI100974.

Han, K.R., Seligson, D.B., Liu, X., et al., 2004. Prostate stem cell antigen expression is
associated with gleason score, seminal vesicle invasion and capsular invasion in
prostate cancer. J. Urol. 171, 1117–1121. https://doi.org/10.1097/01.
ju.0000109982.60619.93.

Hara, N., Kasahara, T., Kawasaki, T., et al., 2002. Reverse transcription-polymerase
chain reaction detection of prostate-specific antigen, prostate-specific
membrane antigen, and prostate stem cell antigen in one milliliter of
peripheral blood: value for the staging of prostate cancer. Clin. Cancer Res. 8
(6), 1794–1799. PMID: 12060619.

Heidenreich, A., Bellmunt, J., Bolla, M., et al., 2011. EAU guidelines on prostate
cancer. Part 1: screening, diagnosis, and treatment of clinically localized
disease. Eur. Urol. 59, 61–71. https://doi.org/10.1016/j.eururo.2013.09.046.

Heijnsdijk, E.A., der Kinderen, A., Wever, E.M., et al., 2009. Overdetection,
overtreatment and costs in prostate-specific antigen screening for prostate
cancer. Br. J. Cancer 101 (11), 1833–1838. https://doi.org/10.1038/sj.
bjc.6605422.

Hessels, D., Klein Gunnewiek, J.M., van Oort, I., et al., 2003. DD3(PCA3)-based
molecular urine analysis for the diagnosis of prostate cancer. Eur. Urol. 44, 8–
15. https://doi.org/10.1016/s0302-2838(03)00201-x.

Hienert, G., Kirchheimer, J.C., Pfluger, H., Binder, B.R., 1988. Urokinase-type
plasminogen activator as a marker for the formation of distant metastases in
prostatic carcinomas. J. Urol. 140 (6), 1466–1469. https://doi.org/10.1016/
s0022-5347(17)42074-x.

Huggins, C., 1942. Effect of orchiectomy and irradiation on cancer of the prostate.
Ann. Surg. 115 (6), 1192–1200. https://doi.org/10.1097/00000658-194206000-
00030.

Ilyin, S.E., Belkowski, S.M., Plata-Salaman, C.R., 2004. Biomarker discovery and
validation: technologies and integrative approaches. Trends Biotechnol. 22,
411–416. https://doi.org/10.1016/j.tibtech.2004.06.005.

Jansen, F.H., van Schaik, R.H., Kurstjens, J., et al., 2010. Prostate-specific antigen
(PSA) isoform p2PSA in combination with total PSA and free PSA improves
diagnostic accuracy in prostate cancer detection. Eur. Urol. 57, 921–927.
https://doi.org/10.1016/j.eururo.2010.02.003.

Joung, J.Y., Cho, K.S., Kim, J.E., et al., 2010. Prostate stem cell antigen mRNA in
peripheral blood as a potential predictor of biochemical recurrence in high-risk
prostate cancer. J. Surg. Oncol. 101, 145–148. https://doi.org/10.1002/jso.21445.

Joung, J.Y., Yang, S.O., Jeong, I.G., et al., 2007. Reverse transcriptase-polymerase
chain reaction and immunohistochemical studies for detection of prostate stem
cell antigen expression in prostate cancer: potential value in molecular staging
of prostate cancer. Int. J. Urol. 14, 635–643. https://doi.org/10.1111/j.1442-
2042.2007.01787.x.

Karnes, R.J., Bergstralh, E.J., Davicioni, E., et al., 2013. Validation of a genomic
classifier that predicts metastasis following radical prostatectomy in an at risk
patient population. J. Urol. 190 (6), 2047–2053. https://doi.org/10.1016/j.
juro.2013.06.017.

Klein, E.A., Cooperberg, M.R., Magi-Galluzzi, C., et al., 2014. A 17-gene assay to
predict prostate cancer aggressiveness in the context of Gleason grade
heterogeneity, tumor multifocality, and biopsy undersampling. Eur. Urol. 66
(3), 550–560. https://doi.org/10.1016/j.eururo.2014.05.004.

https://doi.org/10.1007/s000180050497
https://doi.org/10.1016/s0165-2478(96)02682-x
https://doi.org/10.1016/s0165-2478(96)02682-x
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0015
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0015
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0015
https://doi.org/10.1186/1471-2407-10-635
https://doi.org/10.1186/1471-2407-10-635
https://doi.org/10.1016/j.eururo.2007.09.036
https://doi.org/10.1016/j.eururo.2007.09.036
https://doi.org/10.1067/mcp.2001.113989
https://doi.org/10.1016/j.eururo.2013.06.052
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0045
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0045
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0045
https://doi.org/10.1097/01.ju.0000127737.94221.3e
https://doi.org/10.1097/01.ju.0000127737.94221.3e
https://doi.org/10.1016/j.juro.2010.12.032
https://doi.org/10.1016/j.juro.2010.12.032
https://doi.org/10.1016/s0090-4295(00)00637-3
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0065
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0065
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0065
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0065
https://doi.org/10.1016/j.eururo.2014.05.039
https://doi.org/10.1016/j.humpath.2006.05.002
https://doi.org/10.1185/03007995.2014.899208
https://doi.org/10.1185/03007995.2014.899208
https://doi.org/10.1016/j.eururo.2014.11.030
https://doi.org/10.1016/j.eururo.2014.11.030
https://doi.org/10.1016/S1470-2045(10)70295-3
https://doi.org/10.1016/S1470-2045(10)70295-3
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0095
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0095
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0095
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0100
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0100
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0100
https://doi.org/10.1200/JCO.2014.59.0026
https://doi.org/10.1200/JCO.2014.59.0026
https://doi.org/10.1016/j.juro.2007.11.038.DOI:10.1073/pnas.95.4.1735.DOI:10.1172/JCI100974
https://doi.org/10.1016/j.juro.2007.11.038.DOI:10.1073/pnas.95.4.1735.DOI:10.1172/JCI100974
https://doi.org/10.1016/j.juro.2007.11.038.DOI:10.1073/pnas.95.4.1735.DOI:10.1172/JCI100974
https://doi.org/10.1042/bst0300207
https://doi.org/10.1371/journal.pone.0066855
https://doi.org/10.1371/journal.pone.0066855
https://doi.org/10.1007/s12032-015-0529-7
https://doi.org/10.1007/s12032-015-0529-7
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0130
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0130
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0130
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0130
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0130
https://doi.org/10.1373/clinchem.2005.063289
https://doi.org/10.1038/sj.onc.1203426
https://doi.org/10.1038/sj.onc.1203426
https://doi.org/10.1016/j.eururo.2011.10.038
https://doi.org/10.1016/j.eururo.2011.03.052
https://doi.org/10.1016/j.eururo.2008.06.054
https://doi.org/10.1016/j.eururo.2008.06.054
https://doi.org/10.1172/JCI100974
https://doi.org/10.1097/01.ju.0000109982.60619.93
https://doi.org/10.1097/01.ju.0000109982.60619.93
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0170
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0170
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0170
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0170
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0170
https://doi.org/10.1016/j.eururo.2013.09.046
https://doi.org/10.1038/sj.bjc.6605422
https://doi.org/10.1038/sj.bjc.6605422
https://doi.org/10.1016/s0302-2838(03)00201-x
https://doi.org/10.1016/s0022-5347(17)42074-x
https://doi.org/10.1016/s0022-5347(17)42074-x
https://doi.org/10.1097/00000658-194206000-00030
https://doi.org/10.1097/00000658-194206000-00030
https://doi.org/10.1016/j.tibtech.2004.06.005
https://doi.org/10.1016/j.eururo.2010.02.003
https://doi.org/10.1002/jso.21445
https://doi.org/10.1111/j.1442-2042.2007.01787.x
https://doi.org/10.1111/j.1442-2042.2007.01787.x
https://doi.org/10.1016/j.juro.2013.06.017
https://doi.org/10.1016/j.juro.2013.06.017
https://doi.org/10.1016/j.eururo.2014.05.004


1154 A.M. Nassir / Saudi Journal of Biological Sciences 27 (2020) 1148–1154
Lam, J.S., Yamashiro, J., Shintaku, I.P., et al., 2005. Prostate stem cell antigen is
overexpressed in prostate cancer metastases. Clin. Cancer Res. 11 (7), 2591–
2596. https://doi.org/10.1158/1078-0432.CCR-04-1842.

Lilja, H., Vickers, A., Scardino, P., 2007. Measurements of proteases or protease
system components in blood to enhance prediction of disease risk or outcome
in possible cancer. J. Clin. Oncol. 25 (4), 347–348. https://doi.org/10.1200/
JCO.2006.08.5035.

Lin, D.W., Newcomb, L.F., Brown, M.D., et al., 2017. Evaluating the four Kallikrein
panel of the 4Kscore for prediction of high-grade prostate cancer in men in the
canary prostate active surveillance study. Eur. Urol. 72, 448–454. https://doi.
org/10.1016/j.eururo.2016.11.017.

Loeb, S., Sanda, M.G., Broyles, D.L., et al., 2015. The prostate health index selectively
identifies clinically significant prostate cancer. J. Urol. 193 (4), 1163–1169.
https://doi.org/10.1016/j.juro.2014.10.121.

Lukes, M., Urban, M., Zalesky, M., et al., 2001. Prostate-specific antigen: current
status. Folia Biol. 47, 41–49. PMID: 11321246.

Marks, L.S., Fradet, Y., Deras, I.L., et al., 2007. PCA3 molecular urine assay for
prostate cancer in men undergoing repeat biopsy. Urology 69, 532–535. https://
doi.org/10.1016/j.urology.2006.12.014.

McGinley, K.F., Tay, K.J., Moul, J.W., 2016. Prostate cancer in men of African origin.
Nat. Rev. Urol. 13 (2), 99–107. https://doi.org/10.1038/nrurol.2015.298.

Mikolajczyk, S.D., Marks, L.S., Partin, A.W., Rittenhouse, H.G., 2002. Free prostate-
specific antigen in serum is becoming more complex. Urology 59, 797–802.
https://doi.org/10.1016/s0090-4295(01)01605-3.

Milanese, G., Dellabella, M., Fazioli, F., et al., 2009. Increased urokinase-type
plasminogen activator receptor and epidermal growth factor receptor in serum
of patients with prostate cancer. J. Urol. 181 (3), 1393–1400. https://doi.org/
10.1016/j.juro.2008.10.147.

Miyake, H., Hara, I., Yamanaka, K., et al., 1999a. Elevation of serum levels of
urokinase-type plasminogen activator and its receptor is associated with
disease progression and prognosis in patients with prostate cancer. Prostate 39
(2), 123–129. https://doi.org/10.1002/(sici)1097-0045(19990501)39:2<123::
aid-pros7>3.0.co;2-2.

Miyake, H., Hara, I., Yamanaka, K., et al., 1999b. Elevation of urokinase-type
plasminogen activator and its receptor densities as new predictors of disease
progression and prognosis in men with prostate cancer. Int. J. Oncol. 14, 535–
541. https://doi.org/10.3892/ijo.14.3.535.

Nakanishi, H., Groskopf, J., Fritsche, H.A., et al., 2008. PCA3 molecular urine assay
correlates with prostate cancer tumor volume: implication in selecting
candidates for active surveillance. J. Urol. 179, 1804–1809. https://doi.org/
10.1016/j.juro.2008.01.013.

Nupponen, N.N., Kakkola, L., Koivisto, P., Visakorpi, T., 1998. Genetic alterations in
hormone-refractory recurrent prostate carcinomas. Am. J. Pathol. 153 (1), 141–
148. https://doi.org/10.1016/S0002-9440(10)65554-X.

Orsted, D.D., Bojesen, S.E., Kamstrup, P.R., Nordestgaard, B.G., 2013. Long-term
prostate-specific antigen velocity in improved classification of prostate cancer
risk and mortality. Eur. Urol. 64 (3), 384–393. https://doi.org/10.1016/j.
eururo.2013.01.028.

Paradiso, A., Mangia, A., Orlando, C., et al., 2009. The Integrated Oncology Program
of the Italian Ministry of Health. Analytical and clinical validation of new
biomarkers for early diagnosis: network, resources, methodology, quality
control, and data analysis. Int J Biol Marker 24, 119–129. PMID: 19787622.

Pepe, M.S., Etzioni, R., Feng, Z., et al., 2001. Phases of biomarker development for
early detection of cancer. J. Natl Cancer Inst. 93 (14), 1054–1061. https://doi.
org/10.1093/jnci/93.14.1054.

Punnen, S., Freedland, S.J., Presti Jr, J.C., et al., 2014. Multi-institutional validation of
the CAPRA-S score to predict disease recurrence and mortality after radical
prostatectomy. Eur. Urol. 65 (6), 1171–1177. https://doi.org/10.1016/j.
eururo.2013.03.058.

Raff, A.B., Gray, A., Kast, W.M., 2009. Prostate stem cell antigen: a prospective
therapeutic and diagnostic target. Cancer Lett. 277 (2), 126–132. https://doi.
org/10.1016/j.canlet.2008.08.034.

Reiter, R.E., Gu, Z., Watabe, T., et al., 1998. Prostate stem cell antigen: a cell surface
marker overexpressed in prostate cancer. PNAS 95 (4), 1735–1740.

Salagierski, M., Schalken, J.A., 2012. Molecular diagnosis of prostate cancer: PCA3
and TMPRSS2: ERG gene fusion. J. Urol. 187, 795–801. https://doi.org/10.1016/j.
juro.2011.10.133.

Salami, S.S., Schmidt, F., Laxman, B., et al., 2013. Combining urinary detection of
TMPRSS2:ERG and PCA3 with serum PSA to predict diagnosis of prostate cancer.
Urol. Oncol. 31, 566–571. https://doi.org/10.1016/j.urolonc.2011.04.001.
Sartori, D.A., Chan, D.W., 2014. Biomarkers in prostate cancer: what’s new?. Curr.
Opin. Oncol. 26 (3), 259–264. https://doi.org/10.1097/CCO.0000000000000065.

Sato, K., Qian, J., Slezak, J.M., et al., 1999. Clinical significance of alterations of
chromosome 8 in high-grade, advanced, nonmetastatic prostate carcinoma. J.
Natl Cancer Inst. 91 (18), 1574–1580. https://doi.org/10.1093/jnci/91.18.1574.

Shariat, S.F., Roehrborn, C.G., McConnell, J.D., et al., 2007. Association of the
circulating levels of the urokinase system of plasminogen activation with the
presence of prostate cancer and invasion, progression, and metastasis. J. Clin.
Oncol. 25, 349–355. https://doi.org/10.1200/JCO.2006.05.6853.

Sokoll, L.J., Ellis, W., Lange, P., et al., 2008. A multicenter evaluation of the PCA3
molecular urine test: pre-analytical effects, analytical performance, and
diagnostic accuracy. Clin. Chim. Acta 389 (1–2), 1–6. https://doi.org/10.1016/j.
cca.2007.11.003.

Sokoll, L.J., Wang, Y., Feng, Z., et al., 2008. [-2]proenzyme prostate specific antigen
for prostate cancer detection: a national cancer institute early detection
research network validation study. J. Urol. 180, 539–543. https://doi.org/
10.1016/j.juro.2008.04.015.

Stephan, C., Kahrs, A.M., Cammann, H., et al., 2009. A [-2]proPSA-based artificial
neural network significantly improves differentiation between prostate cancer
and benign prostatic diseases. Prostate 69, 198–207. https://doi.org/10.1002/
pros.20872.

Stephens, R.W., Nielsen, H.J., Christensen, I.J., et al., 1999. Plasma urokinase receptor
levels in patients with colorectal cancer: relationship to prognosis. J. Natl.
Cancer Inst. 91 (10), 869–874. https://doi.org/10.1093/jnci/91.10.869.

Steuber, T., Vickers, A., Haese, A., et al., 2007. Free PSA isoforms and intact and
cleaved forms of urokinase plasminogen activator receptor in serum improve
selection of patients for prostate cancer biopsy. Int. J. Cancer 120 (7), 1499–
1504. https://doi.org/10.1002/ijc.22427.

Thompson, I.M., Ankerst, D.P., Chi, C., et al., 2005. Operating characteristics of
prostate-specific antigen in men with an initial PSA level of 3.0 ng/ml or lower.
JAMA 294, 66–70.

Tomlins, S.A., Day, J.R., Lonigro, R.J., et al., 2016. Urine TMPRSS2:ERG Plus PCA3 for
individualized prostate cancer risk assessment. Eur. Urol. 70 (1), 45–53. https://
doi.org/10.1016/j.eururo.2015.04.039.

van Gils MP, Cornel EB, Hessels D, et al. Molecular PCA3 diagnostics on prostatic
fluid.

van Gils, M.P., Hessels, D., van Hooij, O., et al., 2007b. The time-resolved
fluorescence-based PCA3 test on urinary sediments after digital rectal
examination; a Dutch multicenter validation of the diagnostic performance.
Clin. Cancer Res. 13 (3), 939–943. https://doi.org/10.1158/1078-0432.CCR-06-
2679.

Vickers, A.J., Brewster, S.F., 2012. PSA velocity and doubling time in diagnosis and
prognosis of prostate cancer. Br J Med Surg Urol. 5 (4), 162–168. https://doi.org/
10.1016/j.bjmsu.2011.08.006.

Vickers, A.J., Cronin, A.M., Aus, G., et al., 2008. A panel of kallikrein markers can
reduce unnecessary biopsy for prostate cancer: data from the European
Randomized Study of Prostate Cancer Screening in Goteborg, Sweden. BMC
Med 6, 19. https://doi.org/10.1186/1741-7015-6-19.

Vickers, A.J., Cronin, A.M., Aus, G., et al., 2010. Impact of recent screening on
predicting the outcome of prostate cancer biopsy in men with elevated
prostate-specific antigen: data from the European Randomized Study of
Prostate Cancer Screening in Gothenburg, Sweden. Cancer 116, 2612–2620.
https://doi.org/10.1002/cncr.25010.

Vickers, A.J., Savage, C., O’Brien, M.F., Lilja, H., 2009. Systematic review of
pretreatment prostate-specific antigen velocity and doubling time as
predictors for prostate cancer. J. Clin. Oncol. 27 (3), 398–403. https://doi.org/
10.1200/JCO.2008.18.1685.

Vickers, A.J., Thompson, I.M., Klein, E., et al., 2014. A commentary on PSA velocity
and doubling time for clinical decisions in prostate cancer. Urology 83 (3), 592–
596. https://doi.org/10.1016/j.urology.2013.09.075.

Wallner, L.P., Frencher, S.K., Hsu, J.W., et al., 2013. Changes in serum prostate-
specific antigen levels and the identification of prostate cancer in a large
managed care population. BJU Int. 111 (8), 1245–1252. https://doi.org/10.1111/
j.1464-410X.2012.11651.x.

Wong, M.C., Goggins, W.B., Wang, H.H., et al., 2016. Global incidence and mortality
for prostate cancer: analysis of temporal patterns and trends in 36 countries.
Eur. Urol. 70 (5), 862–874. https://doi.org/10.1016/j.eururo.2016.05.043.

https://doi.org/10.1158/1078-0432.CCR-04-1842
https://doi.org/10.1200/JCO.2006.08.5035
https://doi.org/10.1200/JCO.2006.08.5035
https://doi.org/10.1016/j.eururo.2016.11.017
https://doi.org/10.1016/j.eururo.2016.11.017
https://doi.org/10.1016/j.juro.2014.10.121
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0255
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0255
https://doi.org/10.1016/j.urology.2006.12.014
https://doi.org/10.1016/j.urology.2006.12.014
https://doi.org/10.1038/nrurol.2015.298
https://doi.org/10.1016/s0090-4295(01)01605-3
https://doi.org/10.1016/j.juro.2008.10.147
https://doi.org/10.1016/j.juro.2008.10.147
https://doi.org/10.1002/(sici)1097-0045(19990501)39:2&lt;123::aid-pros7&gt;3.0.co;2-2
https://doi.org/10.1002/(sici)1097-0045(19990501)39:2&lt;123::aid-pros7&gt;3.0.co;2-2
https://doi.org/10.3892/ijo.14.3.535
https://doi.org/10.1016/j.juro.2008.01.013
https://doi.org/10.1016/j.juro.2008.01.013
https://doi.org/10.1016/S0002-9440(10)65554-X
https://doi.org/10.1016/j.eururo.2013.01.028
https://doi.org/10.1016/j.eururo.2013.01.028
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0310
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0310
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0310
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0310
https://doi.org/10.1093/jnci/93.14.1054
https://doi.org/10.1093/jnci/93.14.1054
https://doi.org/10.1016/j.eururo.2013.03.058
https://doi.org/10.1016/j.eururo.2013.03.058
https://doi.org/10.1016/j.canlet.2008.08.034
https://doi.org/10.1016/j.canlet.2008.08.034
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0335
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0335
https://doi.org/10.1016/j.juro.2011.10.133
https://doi.org/10.1016/j.juro.2011.10.133
https://doi.org/10.1016/j.urolonc.2011.04.001
https://doi.org/10.1097/CCO.0000000000000065
https://doi.org/10.1093/jnci/91.18.1574
https://doi.org/10.1200/JCO.2006.05.6853
https://doi.org/10.1016/j.cca.2007.11.003
https://doi.org/10.1016/j.cca.2007.11.003
https://doi.org/10.1016/j.juro.2008.04.015
https://doi.org/10.1016/j.juro.2008.04.015
https://doi.org/10.1002/pros.20872
https://doi.org/10.1002/pros.20872
https://doi.org/10.1093/jnci/91.10.869
https://doi.org/10.1002/ijc.22427
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0395
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0395
http://refhub.elsevier.com/S1319-562X(20)30045-0/h0395
https://doi.org/10.1016/j.eururo.2015.04.039
https://doi.org/10.1016/j.eururo.2015.04.039
https://doi.org/10.1158/1078-0432.CCR-06-2679
https://doi.org/10.1158/1078-0432.CCR-06-2679
https://doi.org/10.1016/j.bjmsu.2011.08.006
https://doi.org/10.1016/j.bjmsu.2011.08.006
https://doi.org/10.1186/1741-7015-6-19
https://doi.org/10.1002/cncr.25010
https://doi.org/10.1200/JCO.2008.18.1685
https://doi.org/10.1200/JCO.2008.18.1685
https://doi.org/10.1016/j.urology.2013.09.075
https://doi.org/10.1111/j.1464-410X.2012.11651.x
https://doi.org/10.1111/j.1464-410X.2012.11651.x
https://doi.org/10.1016/j.eururo.2016.05.043

	A piece in prostate cancer puzzle: Future perspective of novel molecular signatures
	1 Introduction
	2 What are the prostate cancer Biomarkers?
	3 Diagnostic biomarkers
	3.1 Prostatic specific antigen (PSA)
	3.2 Prostate Health index (PHI)
	3.3 Prostate cancer antigen 3 (PCA3)
	3.4 Mi-Prostate score (MiPS)
	3.5 4Kscore panel Algorithm

	4 Prognostic biomarkers
	4.1 Urokinase plasminogen activation (uPA and uPAR)
	4.2 Prostate stem cell antigen (PSCA)
	4.3 Genetic panels in PCa prognosis

	5 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


