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Abstract: Prostate cancer (PCa) is the second most common cancer in men worldwide. A large 

proportion of PCa are latent, never destined to progress or affect the patients’ life. It is of utmost 

importance to identify which PCa are destined to progress and which would benefit from an early 

radical treatment.  Prostate-specific antigen (PSA) remains the most used test to detect PCa. Its 

limited specificity and an elevated rate of overdiagnosis are the main problems associated with 

PSA testing. New PCa biomarkers have been proposed to improve the accuracy of PSA in the 

management of early PCa. Commercially available biomarkers such as PCA3 score, Prostate 

Health Index (PHI), and the four-kallikrein panel are used with the purpose of reducing the 

number of unnecessary biopsies and providing information related to the aggressiveness of the 

tumor. The relationship with PCa aggressiveness seems to be confirmed by PHI and the four-

kallikrein panel, but not by the PCA3 score. In this review, we also summarize new promising 

biomarkers, such as PSA glycoforms, TMPRSS2:ERG fusion gene, microRNAs, circulating 

tumor cells, androgen receptor variants, and PTEN gene.  All these emerging biomarkers could 

change the management of early PCa, offering more accurate results than PSA. Nonetheless, 

large prospective studies comparing these new biomarkers among them are required to know 

their real value in PCa detection and prognosis.
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Introduction
Prostate cancer (PCa) is the second most common cancer in men worldwide, with an 

estimated incidence of 1.1 million new cases in 2012.1 The highest rate of incidence 

has been observed in western countries, at least partially due to the widespread use of 

prostate-specific antigen (PSA) testing. Thus, in the USA, PCa is the most frequent 

tumor, with 1,64,690 new estimated cases for 2018.2 Actually, a large proportion of 

PCa are latent, never destined to progress or affect the patients’ life. Klotz3 has esti-

mated that the percentage of patients with a low risk of progression is between 50% 

and 60% of newly diagnosed cases. Thus, the overdiagnosis of indolent tumors is a 

major problem associated with PCa early diagnosis.

In fact, PCa is a very heterogeneous disease, with abysmal differences in clinical 

evolution, ranging from clinically insignificant tumors to lethal castration-resistant 

PCa (CRPC). Because of the side effects of treatments used in PCa, it is critical to 

select the patients for whom active treatment is required. Active surveillance has been 

proposed to reduce the negative effects of overdiagnosis and overtreatment, delaying 

any kind of definitive treatment and applying it only if there is evidence of progression. 
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Patients with biopsy Gleason score 6, PSA <10 µg/L, and a 

low percentage of biopsy material involved with cancer are 

candidates for active surveillance.4

Different risk classification tools have been developed to 

distinguish patients with early PCa according to the progno-

sis, including the D’Amico classification system,5 the Cancer 

of the Prostate Risk Assessment  score,6 and the National 

Comprehensive Cancer Network (NCCN) risk groups clas-

sification.7 Table 1 describes the different risk classification 

systems. All these systems recognize a low risk of progression 

for patients with a biopsy Gleason score ≤6. Actually, several 

authors suggest that Gleason score 6 disease should not be 

labeled as cancer because these tumors have an extremely 

low potential of metastasis, although they have the hallmarks 

of cancer from a pathological perspective.8

Understanding the biological bases of the clinical hetero-

geneity of PCa is one of the greatest challenges for the best 

management of PCa patients. Several recent studies have inves-

tigated the molecular bases of PCa and have drawn attention to 

the remarkable heterogeneity of this tumor. Rubin et al9 showed 

a significant frequency increase in genomic amplifications and 

deletions (p: 0.013) and in nonsynonymous point mutations 

(p: 0.008) with increasing Gleason score in a group of 426 

clinically localized PCa patients treated with radical prostatec-

tomy. On the other hand, Lapointe et al10 using cDNA micro-

arrays containing 26,000 genes distinguished three different 

molecular subtypes of PCa, suggesting a basis for improved 

prognostication and treatment stratification. More recently, the 

researchers of the Cancer Genome Atlas Research Network11 

identified seven different molecular subtypes, remarking PCa 

heterogeneity. This study described a molecular taxonomy in 

which 74% of PCa were classified in one of seven subtypes 

defined by ERG fusions (46%), ETV1/ETV4/FLI1 fusions or 

overexpression (8%, 4%, 1%, respectively), or by SPOP (11%), 

FOXA1 (3%), and IDH1 (1%) mutations.

In this review, we summarize the recent progress regard-

ing the new emerging biomarkers related to PCa in the era 

of personalized medicine. Table 2 shows a summary of the 

commercially available blood and urine biomarkers used in 

clinical practice.

Many of these biomarkers also provide valuable prog-

nostic information that could have important implications 

for the adequate selection of patients for active surveil-

lance or for radical treatment. Furthermore, advances in 

genomic techniques have allowed the description of new 

promising PCa biomarkers, such as TMPRSS2:ERG fusion 

gene, micro RNAs (miRNAs), and circulating tumor cells 

(CTCs), PTEN. On the other hand, several tissue biomark-

ers, among them the commercially available Prolaris® 

and Oncotype DX® tests, have been proposed to provide 

an accurate assessment of cancer aggressiveness. Finally, 

androgen receptor splice variant-7 (AR-V7) is useful to 

select the treatment in patients with advanced PCa. Figure 

1 shows an overview of PCa biomarkers according to the 

test’s clinical utility.

PSA-derived PCa biomarkers
Prostate Health Index (PHI)
PSA, also known as human kallikrein 3, is a glycoprotein 

that circulates into the blood bound to protease inhibitors, 

among them α1-antichymotrypsin and α2-macroglobulin. 

Only a small amount is not protein bound and is called free 

PSA (fPSA). The percentage of fPSA to total PSA (%fPSA) 

Table 1 Risk classification systems of PCa

D’Amico classification5

Low risk Gleason score ≤6, PSA<10 µg/L, clinical 
stage ≤T2a

Intermediate risk Gleason score ≤7, PSA 10–20 µg/L, clinical 
stage ≤T2b

High risk Gleason score >7, PSA>20 µg/L, clinical 
stage T2c

CAPRA score*,6

Level Points
PSA at diagnosis 2–6.0 µg/L 0

6.1–10 µg/L 1
10.1–20 µg/L 2
20.1–30 µg/L 3
>30 µg/L 4

Age at diagnosis <50 years old 0

≥50 years old 1
T stage T1/T2 0

T3 1
Percent of biopsy cores 
involved with cancer

<34% 0

≥34% 1

NCCN classification7

Very low risk Gleason score ≤6, PSA<10 µg/L, Stage T1c, 
not more than two cores with cancer, 
<50% of core involved with cancer, and PSA 
density <0.15

Low risk Gleason score ≤6, PSA<10 µg/L, Stage T1c 
or T2a

Intermediate risk Gleason score 7, PSA 10–20 µg/L, Stage 
T2b–T2c

High risk Gleason score ≥8, PSA≥20 µg/L, Stage T3a

Note: *The CAPRA score is the sum of the points assigned for each variable and 
classifies patients into low, intermediate, and high risk. A CAPRA score of 0 to 
2 indicates low-risk; a CAPRA score of 3 to 5 indicates intermediate-risk; and a 
CAPRA score from 6 to 10 indicates high-risk.
Abbreviations: CAPRA, Cancer of the Prostate Risk Assessment; NCCN, 
National Comprehensive Cancer Network; PCa, prostate cancer; PSA, prostate-
specific antigen.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pharmacogenomics and Personalized Medicine 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

85

Biomarkers in prostate cancer

is significantly decreased in patients with PCa, although an 

overlap of results is observed comparing patients with and 

without PCa. Thus, the clinical interpretation of %fPSA 

results is complicated, and probably this test only provides 

additional information in the decision to perform prostate 

biopsies when levels reach extreme values.12 Besides %fPSA, 

other PSA derivatives have been proposed as PCa biomarkers, 

including PSA-based nomograms, with the aim to reduce the 

number of unnecessary prostate biopsies (Table 3).

More recently, fPSA have been found to include the 

isoforms benign PSA, intact PSA (iPSA) and proPSA, a 

precursor form of PSA (Figure 2). Initial results obtained 

about proPSA suggested its value in the detection of PCa. 

Currently, the [-2]proPSA, the most stable form of proPSA, 

could be measured using an automated immunoassay devel-

oped by Beckman Coulter, called p2PSA.

The PHI combines total PSA, fPSA, and p2PSA, accord-

ing to the formula (p2PSA/fPSA)* √ total PSA. The test was 

approved by the US Food and Drug Administration (FDA) in 

June 2012 for the detection of PCa in men >50 years, PSA 

between 4 and 10 µg/L, and a nonsuspicious digital rectal 

examination (DRE).

Table 2 Emerging PCa biomarkers commercially available

Panel Manufacturer Specimen Description Clinical usefulness Approved 
by FDA

PHI13,14 Beckman 
Coulter

Serum Measures total PSA, fPSA, 
and p2PSA

PCa detection and prognosis Yes

Four-kallikrein panel 
(4Kscore)19

Opko Serum or plasma Measures total PSA, fPSA, 
iPSA, and hK2

PCa detection and prognosis No*

PCA332 Hologic Urine collected after 
prostate massage

Measures mRNA PCA3 in 
relation to mRNA PSA

PCa detection. Contradictory 
results concerning prognosis

Yes

Circulating tumor cells 
(CellSearch® platform)66

Janssen 
Diagnostics

Whole blood Measures circulating tumor 
cells on CellSearch platform

Associated with decreased 
overall survival in metastatic PCa

Yes

OncotypeDX® AR-V7 
Nucleus Detect75,77

Epic Sciences Whole blood Measures expression of 
AR-V7 in the nucleus of 
circulating tumor cells

To select treatment for CRPC 
patients

No*

Note: *These biomarkers are available from CLIA-certified clinical laboratories.
Abbreviations: AR-V7, androgen receptor splice variant-7; CLIA, Clinical Laboratory Improvement Amendment; CRPC, castration-resistant PCa; FDA, US Food and Drug 
Administration; fPSA, free PSA; hK2, human kallikrein 2; iPSA, intact PSA; PCa, prostate cancer; PCA3, prostate cancer gene 3; PHI, Prostate Health Index; PSA, prostate-
specific antigen.

Screening and

early detection

When to

rebiopsy?
Prognosis

Personalized

treatment

Monitoring

disease

PSA

PHI

4Kscore

miRNAs*

PHI

4Kscore

PTEN* 

TMPRSS2:ERG*

OncotypeDX® AR-V7

nucleus detect

PHI

4Kscore

PCA3 score

TMPRSS2:ERG*

PSA

CTCs (CellSearch®

platform)

Tissue

Urine or

blood

OncotypeDX® AR-V7

nucleus detect

Prolaris®

OncotypeDX®

ProMark®

miRNAs*

PTEN*

TMPRSS2:ERG*

Figure 1 Overview of PCa biomarkers according to the test’s clinical utility.
Note: *Biomarker in evaluation.
Abbreviations: AR-V7, androgen receptor splice variant-7; CTCs, circulating tumor cells; PCa, prostate cancer; PCA3, prostate cancer gene 3; PHI, Prostate Health Index; 
PSA, prostate-specific antigen.
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PHI demonstrated a higher accuracy than total PSA and 

%fPSA to predict the presence of PCa at biopsy, showing 

area under curves (AUCs) from 0.703 to 0.77 according to 

a meta-analysis published in 2013.13 Similar results have 

been shown by a recent meta-analysis evaluating PHI in men 

with PSA from 2 to 10 µg/L at first biopsy, reporting AUCs 

of 0.74 and 0.63 for PHI and %fPSA, respectively.14 In our 

experience, PHI outperforms %fPSA, obtaining AUCs of 

0.748 and 0.70, respectively. On the other hand, we found 

a relationship between PHI and prostate volume, obtaining 

AUCs of 0.818, 0.716, and 0.654 for patients with a prostate 

volume of ≤35, 36–50, and >50, respectively.15 In this regard, 

Tosoian et al16 recently underlined the value of prostate vol-

ume in the interpretation of PHI values. According to this 

group, PHI density has a higher discriminative ability to 

detect clinically significant PCa (AUC 0.84) than PHI (AUC 

0.76) or %fPSA (0.75).

Furthermore, PHI showed an association with the 

aggressiveness of the tumor, with higher levels in patients 

Table 3 Description of PSA derivatives proposed for PCa 
detection

Test biomarker Description

%fPSA Percentage of free PSA to total PSA
PSA-specific 
reference ranges

Age-specific reference limits for serum PSA

PSA velocity The rate of rise of the PSA over time, given in  
µg/L/year

PSA doubling time Number of months it takes for the PSA to double
PSA density Quotient between PSA serum levels and the 

volume of the prostate
Complexed PSA PSA bound to α1-antichymotrypsin, measured with 

the assay Advia Centaur complexed PSA
PSA-based 
nomograms

Graphical representations of a multivariate logistic 
regression analysis based on demographic, clinical, 
and biochemical variables, including age of the 
patient, family history of PCa, DRE, prostate 
volume, and PSA serum levels

PSA glycoforms Changes in PSA glycosylation patterns in serum 
related to PCa

Abbreviations: DRE, digital rectal examination; fPSA, free PSA; PCa, prostate 
cancer; PSA, prostate-specific antigen.

Figure 2 Molecular forms of PSA.
Notes: In serum, PSA (80%–95%) circulates mainly as a complexed form (cPSA) bound to several protease inhibitors (e.g., α1 anti-chymotrypsin and α2 macroglobulin). 
Free PSA is a small fraction of total PSA, which is also composed by three different subfractions: BPSA, iPSA, and proPSA. The native form of proPSA is [-7] proPSA, which 
contains a 7-amino acid N-terminal pro-leader peptide. Through the proteolytic cleavage of this peptide, promoted by the kallikrein hK2, the other truncated forms of 
proPSA, known as [-2], [-4], and [-5] proPSA, are produced.
Abbreviations: ACT, alpha 1-antichymotrypsin; BPSA, benign PSA; cPSA, complexed PSA; hK2, human kallikrein 2; iPSA, intact PSA; PSA, prostate-specific antigen.
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with aggressive PCa. According to our results, PHI was sig-

nificantly higher in patients with a Gleason score ≥7 than in 

patients with Gleason score 6. Besides, we found significant 

values for PHI in patients with clinical stage T2–T3 than in 

patients with stage T1c.17 On this matter, De la Calle et al18 

recently underlined that higher PHI values were significantly 

associated with a Gleason score ≥7, reporting an AUC of 

0.815 to detect aggressive PCa. Furthermore, the authors 

reported that PHI has a higher specificity (36%) to detect 

aggressive PCa than total PSA (17%) and %fPSA (19%) at 

95% sensitivity.

Four-kallikrein panel
Several studies remark the usefulness of the four-kallikrein 

panel in the detection and prognosis of PCa. The panel 

comprises total PSA, fPSA, iPSA, and human kallikrein 2, a 

glycoprotein with high homology to PSA. The four-kallikrein 

panel outperforms total PSA in predicting the outcome of a 

prostate biopsy in several cohorts of men enrolled in screen-

ing studies, showing AUCs from 0.674 to 0.832. Furthermore, 

adding DRE, the panel demonstrated an excellent diagnostic 

performance for high-grade PCa (Gleason score ≥7), showing 

AUCs from 0.798 to 0.873 in previously screened men and 

from 0.837 to 0.903 in unscreened men.19

This panel has been commercialized by Opko Diag-

nostics with the name of 4Kscore. The test combines the 

four-kallikrein panel together with patient age, DRE, and 

the history of prior biopsy in an algorithm that calculates 

the individual patient’s risk of high-grade PCa. Thus, the 

aim of the test is to reduce the overdetection of PCa, offer-

ing biopsy only to those patients with an elevated risk of 

high-grade PCa. A multi-institutional prospective trial 

developed in the USA, evaluating 1012 men undergoing a 

prostate biopsy, confirmed the value of 4Kscore. The authors 

documented that the test could discriminate between patients 

with and without Gleason score ≥7 with an AUC of 0.821. 

The authors indicated that 30% of biopsies could be avoided 

using a cutoff value of 6%, delaying diagnosis for 1.3% of 

high-grade PCa patients.20 Similar results have been found 

by Braun et al21 in a cohort of 749 men submitted to biopsy 

based on total PSA ≥3.0 µg/L, %fPSA ≤20%, or a suspicious 

DRE. According to this study, the four-kallikrein panel can 

reduce the number of men requiring biopsy. Therefore, 17% 

of biopsies could be avoided using a threshold of 6% risk of 

high-grade PCa, whereas diagnosis would be delayed for 8 

of 208 (3.8%) patients with high-grade PCa. Furthermore, 

the authors showed an AUC of 0.784 for a model including 

age, the four-kallikrein panel, and DRE.

Additionally, the test has been able to predict the long-

term development of distant metastasis. Results published 

by Stattin et al22 showed that 4Kscore measured at 50 and 

60 years old provides risk stratification of patients, classi-

fying patients into two groups according to the probability 

of developing distant metastasis 20 years later. The authors 

concluded that the four-kallikrein panel could aid biopsy 

decision making in patients with a modest PSA elevation 

in midlife.

A recent study published by Lin et al23 evaluated the abil-

ity of 4Kscore to predict the presence of high-grade PCa in 

718 men enrolled on active surveillance in nine centers. They 

showed that a clinical model including 4Kscore significantly 

(p: 0.043) improved the accuracy to predict reclassification 

compared with a clinical model including PSA at the first 

surveillance biopsy, showing AUCs of 0.783 and 0.740, 

respectively. However, no differences between both models 

were obtained when the prediction of reclassification at 

subsequent biopsies was studied (AUC 0.754 vs. 0.755).

PSA glycoforms
PSA, like most serum tumor markers, is a glycoprotein. 

Specific changes in PSA glycosylation patterns have been 

described in LNCaP tumor cells.24 Further studies demon-

strated that these differences are also measurable in serum, 

showing different glycosylation patterns between PCa 

patients and healthy subjects.25 Based on existing literature, 

the most significant alterations found in PSA molecule were 

in α2-3-linked sialic acid and core fucosylation.

Significant increase of α2,3-sialic acid in PCa patients 

compared with benign prostatic hyperplasia (BPH) patients 

have been reported by Ohyama et al26 More recently, Llop 

et al27 underlined that the serum α2,3-sialic acid percent-

age of PSA also identifies aggressive PCa and correlates 

with Gleason score. The cufoff value of 30% differentiates 

between high-risk PCa and the groups of BPH, low- and 

intermediate-risk PCa with a sensitivity and specificity of 

85.7% and 95.5%, respectively. The AUC obtained for this 

test was higher (0.966) than the AUC obtained for total PSA 

(0.865) and %fPSA (0.562).

Several authors reported a significant increase of PSA 

fucosylation in PCa patients in comparison to healthy con-

trols28 together with a significant correlation with Gleason 

score.29 However, a decrease in core fucosylation levels in 

PSA from high-risk PCa compared with BPH patients was 

detected in other study.27

Nowadays, glycoproteomic analysis still remains a 

challenge. Comparison between independent studies is 
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very difficult because of the large number of techniques 

used and the lack of a reference method. Most authors use 

lectin-based methodologies, but other analytical techniques 

such as high-performance liquid chromatography, capillary 

electrophoresis, and mass spectrometry have been used alone 

or in combination. The future application of glycosylation 

PSA analysis to clinical practice could offer additional tools 

to improve accuracy of PCa diagnosis. More studies are 

needed for validating these promising results before clinical 

implementation.

Molecular biomarkers
PCA3
Several studies have suggested that a large number of long 

noncoding RNAs are functional and, through regulatory 

mechanisms, are involved in carcinogenesis processes. 

Recently, several long noncoding RNAs have been reported 

to be deregulated in PCa, including PCGEM, PCAT-1, and 

the prostate cancer gene 3 (PCA3).

The PCA3 gene, initially called Differential Display 

Code 3, was identified in 1999 by Bussemakers et al30 who 

described a strong overexpression of PCA3 gene in prostatic 

tumors compared with normal prostate tissue. The gene 

encoding PCA3 is located on chromosome 9q21-22 in anti-

sense orientation and consists of four exons and three introns. 

There is an alternative polyadenylation at three different 

sites of exon 4 (4a, 4b, and 4c) yielding three transcripts of 

different sizes. Additional studies described four extra tran-

scription start sites and two new differentially spliced exons 

(2a and 2b). PCA3 gene is inserted in the intron of a second 

gene, PRUNE2 or BMCC1, which is implicated in the control 

of oncogenic transformation, and it has been proposed that 

PCA3 regulates PRUNE2 levels through the formation of a 

double-stranded RNA.31

The mRNA PCA3 is measured using quantitative real-

time polymerase chain reaction (qRT-PCR) in a urine sample 

obtained after a prostate massage in order to obtain the 

maximum amount of prostatic cells. This measurement must 

be performed simultaneously with the mRNA of PSA gene, 

which has a similar expression in cancerous and benign cells. 

Thus, a PCA3 score based on the ratio of PCA3 mRNA to 

PSA mRNA can be determined. The Progensa PCA3 test, 

currently commercialized by Hologic, is a semiautomated 

assay that includes isolation, amplification, hybridization, 

and quantification of PCA3 and PSA mRNAs using the 

DTS systems.

The PCA3 test obtained the Conformité européenne in 

2006 and was approved by the FDA in 2012 to decide the 

repetition of the prostate biopsy in men ≥50 years of age who 

have had one or more previous negative prostate biopsies. 

Several studies have evaluated the PCA3 discrimination 

ability describing their sensitivity and specificity, using ROC 

curve analysis and multivariate logistic regression models. 

These studies showed that PCA3 score outperforms PSA and 

%fPSA.32 According to a meta-analysis recently published, 

the overall sensitivity, specificity, and AUC values were 0.63, 

0.88, and 0.82, respectively, for case-control studies, and 

0.65, 0.73, and 0.75, respectively, for prospective studies.33 

This meta-analysis included 46 different studies, underlying 

that the cutoff of 35 was used in 26 institutions. However, 

the choice of the most appropriate cutoff for PCA3 score 

remains controversial, and the FDA suggests that a PCA3 

score <25 is associated with a decreased probability of 

positive biopsy. In this regard, Roobol et al34 showed that 

the PCA3 sensitivity was 68%, 84%, and 97%, respectively, 

for the cutoffs of 35, 20, and 10. Also, according to these 

authors, 26% of aggressive PCa were missed using the cutoff 

of 35. On the other hand, the authors of this study remarked 

that false-positive results are an additional problem using 

PCA3 score, finding that 69% of patients with PCA3 score 

≥100 did not have a positive biopsy. A similar conclusion 

was reported by Schröder et al,35 although in this study sig-

nificant efforts to detect a PCa were performed in patients 

with PCA3 score ≥100.

The relationship of PCA3 score with PCa aggressiveness is 

controversial. Merola et al36 found a correlation between PCA3 

and tumor aggressiveness, in terms of Gleason score, using a 

threshold of 51. These results are consistent with those reported 

by additional studies37,38; however, other authors disagree, 

showing that PCA3 is not correlated with Gleason score.39,40

TMPRSS2:ERG fusion gene
Genomic rearrangements are often observed in several 

hematologic malignancies and also in solid tumors, including 

PCa.41 The recent publication of the Cancer Genome Atlas 

molecular taxonomy of PCa identifies E26 transformation-

specific (ETS) rearrangements as the most common subtype, 

involving 58% of tumors.11

The TMPRSS2:ERG gene rearrangements could be 

detected in urine samples obtained after a prostate mas-

sage using qRT-PCR. PSA mRNA is used for normaliza-

tion and the ratio TMPRSS2:ERG mRNA/PSA mRNA is 

known as TMPRSS2:ERG score. The combination of the 

TMPRSS2:ERG and PCA3 scores has been proposed as a 

way to improve the prediction of the presence of PCa in the 

biopsy. A prospective multicenter study published by Leyten 
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et al42 assessed the independent additional predictive value 

of TMPRSS2:ERG score and PCA3 score in relation to 

the European Randomized Study of Screening for Prostate 

Cancer (ERSPC) risk calculator in a cohort of 443 men. The 

authors reported that both scores significantly increased the 

predictive value obtained with the ERSPC risk calculator. The 

AUC of the ERSPC risk calculator increased from 0.799 to 

0.842 when PCA3 and TMPRSS2:ERG scores were added. In 

addition, TMPRSS2:ERG score – but not PCA3 score – was 

associated with the biopsy Gleason score and the tumor clini-

cal stage. The prospective study by Tomlins et al43 showed 

the value of the PCA3 and TMPRSS2:ERG scores when they 

were added to the Prostate Cancer Prevention Trial (PCPT) 

risk calculator based on PSA and several clinical variables. 

The AUCs increased from 0.639 for the PCPT risk calculator 

to 0.762 by adding both TMPRSS2:ERG and PCA3 scores. 

PCA3 and TMPRSS2:ERG scores were also evaluated to 

predict the high-risk PCa, with an AUC of 0.779 when both 

biomarkers were added.

Otherwise, McKiernan et al44 have developed the ExoDx 

Prostate IntelliScore urine exosome assay that measures 

PCA3, SPDEF, and ERG, obtaining a gene score. The test 

can differentiate (AUC 0.74) the patients with high-risk 

PCa from those with low-risk PCa and benign disease. The 

AUC increased to 0.77 when this score was added to other 

variables, such as PSA level, age, race, and family history. 

The authors concluded that this test improves the accuracy to 

detect high-risk PCa among men with elevated PSA levels, 

saving unnecessary biopsies.

MicroRNAs
While 90% of the genome is transcribed to mRNA, only 2% 

of this is finally translated into protein. The remaining 98% 

are noncoding RNA, including small nucleolar RNA, small 

interfering RNA, piwi-interacting RNA, long noncoding 

RNA, and miRNA.45 miRNAs are small (≈20 nucleotides) 

and single-stranded RNAs. They act as posttranscriptional 

gene regulators by partial complementary base pairing to 

specific mRNAs. Our knowledge about these molecules 

has exponentially grown since the identification of the first 

miRNA, lin-4, in 1993 by Lee et al.46 Their involvement 

has been described in the control of very important cellular 

processes such as cell differentiation, proliferation, apopto-

sis, and also in carcinogenesis. Accordingly, in recent years, 

miRNAs have been extensively studied and proposed as 

potential biomarkers for many diseases, including cancer.

Different studies have shown an aberrant expression 

profile of miRNAs in several types of cancer including 

PCa. Cumulative results show that miRNAs are involved 

in all steps of PCa development, such as cell proliferation, 

differentiation, and progression. For instance, the members 

of miR-34 family and let-7 family have been found involved 

in the regulation of cancer stem cells in PCa.47,48 Other miR-

NAs regulate the apoptosis process. Thus, miR-21 is usually 

upregulated in PCa, which results in a significantly reduced 

cell apoptosis mediated by its action on different targets like 

PTEN.49 Cellular apoptosis can also be blocked through the 

regulation of the antiapoptotic protein BCL2. BCL2 gene is 

a known target of several miRNAs, such as miR-15, miR-16, 

miR-205, and the miR-34 family.50–52

On the other hand, miRNAs are regulators of epithelial–

mesenchymal transition (EMT) and mesenchymal–epithelial 

transition (MET)53 events through the regulation of key 

proteins involved in these processes.54–56 Through the EMT 

process, an epithelial cell assumes a mesenchymal cell 

phenotype and exhibit proprieties like enhanced migratory 

capacity, invasiveness, and elevated resistance to apoptosis. 

This mechanism could be adopted by PCa tumor cells, thus, 

acquiring the ability to penetrate the walls of lymphatic or 

blood vessels to invade other tissues in the body. Subse-

quently, metastatic cells can reacquire epithelial character-

istics, similar to cells in their corresponding primary tumor, 

through the MET.

Although accumulated evidences suggest that miRNAs 

are a powerful tool that could improve the diagnosis and 

management of PCa, their clinical implementation depends 

on many factors. The usefulness of miRNAs depends 

directly on the ability to obtain quality-assured results and 

on the standardization of the measurement. This is why the 

accurate quantification of the miRNA has been one of the 

investigators’ challenges during the last years. miRNAs can 

be hybridized to microarrays to identify specific profiles of 

different cancers. One of the most used techniques for vali-

dating miRNAs is qRT-PCR. Besides, digital PCR is a direct 

method for quantifying nucleic acids, particularly useful for 

samples with low amount of miRNAs, showing a high degree 

of sensitivity and precision compared with qRT-PCR.

In a previous review,57 we detected substantial differences 

among 30 studies evaluating the usefulness of circulating 

miRNAs as PCa biomarkers. We found that 74 miRNAs 

had been suggested as biomarker candidates, but only 25 of 

them were congruently associated with PCa in more than 

one study. In fact, only miR-141, miR-375, and miR-21 

appeared repeatedly in more than 10 studies. Discordant 

results among studies could be related to methodological 

variations or differences in the cohorts. Several signatures 
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have been proposed to increase accuracy obtained with PSA 

in PCa detection and prognosis. In this regard, Mihelich et 

al58 suggested a panel of 14 miRNAs to discriminate Gleason 

grade and to predict biochemical recurrence after radical 

prostatectomy. The authors developed an miR risk score 

that accurately classified a subset of patients with low risk 

of biochemical recurrence, which had a negative predic-

tive value of 0.941. Similarly, Al-Qatati et al59 showed that 

miR-16, miR-148a, and miR-195 in plasma are significantly 

related to a Gleason score ≥8. The authors concluded that 

these miRNAs may discriminate between intermediate- and 

high-risk Gleason scores, suggesting that their deregulation 

leads to PCa progression, resistance, and metastasis.

Other authors have suggested the analysis of miRNAs 

in urine as a method to obtain relevant information of the 

tumor, because of the anatomical localization of the prostate 

in relation to the urethra. Salido-Guadarrama et al60 obtained 

an AUC of 0.738 for an miR-100/200b signature in urine pel-

let comparing 73 patients with high-risk PCa and 70 patients 

with BPH. In our experience, a significant upregulation of 

miR-21, miR-141, and miR-375 was found in urinary pellets 

of PCa patients compared with healthy subjects, while miR-

214 was found significantly downregulated.61

CTCs
Tumor cells can acquire the ability to pass vessel walls and 

enter into the bloodstream. These cells, called CTCs, are 

found in circulation, which may facilitate the establishment 

of metastatic focus. Detection of CTCs in blood is technically 

quite challenging and requires highly sensitive techniques due 

to their relative scarcity, ~1 CTC to 106–109 normal blood 

cells.62 High proportions are commonly found in advanced 

metastatic stages, but they are very rare in early stages. Apart 

from their scarcity, CTCs present a heterogeneous pheno-

type, as a result of intratumor heterogeneity and differences 

between primary tumor and metastases.63 CTCs’ heterogene-

ity has been linked with therapy resistance and may play a role 

in characterizing genetic changes during cancer progression, 

aiding in therapeutic decisions.64

Currently, only the CellSearch® platform has obtained 

the approval of the FDA for monitoring of metastatic breast, 

colon, and PCa.65 CellSearch allows the sensitive detection 

of CTCs by a direct method, based on immunomagnetic 

capture followed by a combination of positive and negative 

immunological selections.

Data are emerging regarding the usefulness of CTCs 

in PCa, and the number of publications has increased pro-

gressively in recent years.  However, there are few studies 

assessing CTCs in patients with localized PCa. In a review 

published by Maas et al,66 no sufficient evidence was found 

to support the prognostic value of CTC in localized PCa. 

The clinical utility of CTCs has been evaluated primarily 

for their application in patients with metastatic PCa. In 

advanced stages, androgen deprivation therapy (ADT) is the 

main strategy to slow PCa progression. Despite good initial 

response rates (80%–90%), nearly all men develop resistance 

to ADT. New therapies have been developed, but there is a 

lack of predictive biomarkers for the management of CRPC 

patients. In this context, the prognostic value of CTC for 

overall survival and disease response has been extensively 

evaluated, including Phase III clinical trials SWOG S0421 

and COU-AA-301. Baseline CTCs’ positivity (≥5 CTCs/7.5 

mL) has been related with worse overall survival.67 In addi-

tion, CTCs have been proposed as a surrogate biomarker for 

assessment of responses to therapy in CRPC patients.68 A 

recent meta-analysis based on a total of 10 studies (including 

1206 patients) supports these findings.69

Androgen receptor
The AR signaling axis plays a key role in both androgen-

dependent PCa and CRPC.70 Despite initial response rates 

of 80%–90%, nearly all tumors eventually regrow after a 

certain period developing CRPC. Some miRNAs (miR-21, 

miR-31, miR-34, and miR-124) were reported to target AR. 

Moreover, AR can also regulate the expression of several 

miRNAs (miR-21, miR-27a, miR-34, miR-125b, miR-221, 

and let-7), and therefore affect several pathways involved in 

CRPC development.71 For this reason, they have been pro-

posed as potential diagnostic markers and therapeutic targets. 

Furthermore, according to the researchers of the Cancer 

Genome Atlas Research Network, the tumors with SPOP or 

FOXA1 mutations have the highest levels of AR activity of 

all genotypically identified PCa subgroups.11

AR transcription factor is the main driver of CRPC 

development and of acquired resistance to drugs given for the 

treatment of CRPC, such as abiraterone and enzalutamide,72,73 

while a minority of patients have CRPC that is non-AR 

driven. Molecular mechanisms behind AR reactivation in 

CRPC include AR gene amplification and overexpression, 

AR mutations, and expression of constitutively active AR 

variants (AR-Vs).74

AR-Vs have been frequently detected in CRPC. They are 

truncated AR proteins lacking the AR ligand-binding domain 

(AR-LBD).75 Because AR-Vs contain the AR DNA-binding 

domain and the AR transcriptional activation domain, they 

can regulate transcription. Besides, AR-Vs are not regulated 
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by hormonal therapies currently used in the clinic because 

of the lack of AR-LBD. Multiple AR-Vs derived from AR 

gene rearrangements and/or alternative splicing have been 

characterized. AR-V7 has been widely studied due to its fre-

quency of detection in CRPC,76 as well as its potential clinical 

utility as a marker for treatment selection in metastatic CRPC 

patients.77 Patients with AR-V7 are associated with resistance 

to abiraterone and enzalutamide but taxane chemotherapies 

appear to be more efficacious in these patients. AR-V7 can 

be measured in both tissue and CTCs derived from CRPC 

patients.75,77 The test has been commercialized by Epic Sci-

ences with the name OncotypeDX AR-V7 Nucleus Detect.

PTEN
PTEN gene is frequently mutated or deleted in several human 

tumors, including PCa. Data presented by the researchers of 

the Cancer Genome Atlas Research Network show that this 

gene was deleted or mutated in 17% of the PCa samples, par-

ticularly in ERG fusion-positive cases.11 Additionally, PTEN 

may be also inactivated by epigenetic mechanisms, such as 

promoter methylation78 or aberrant expression of miR-21.49 

PTEN is a tumor suppressor gene located on chromosome 

band 10q23, which regulates the activity of the phosphati-

dylinositol 3-kinase pathway, a family of enzymes involved 

in cellular functions such as cell growth, differentiation, 

proliferation, motility, and survival.

Immunohistochemistry and fluorescence in situ hybrid-

ization (FISH) have been used to evaluate PTEN loss in 

formalin-fixed paraffin-embedded tissues, although FISH 

must be used as confirmatory assay in cases with ambigu-

ous PTEN immunohistochemistry results or heterogeneous 

PTEN protein loss.79,80 PTEN loss in biopsy Gleason score 6 

tumors was identified in patients with a high risk of upgrad-

ing at radical prostatectomy.81 Furthermore, a recent meta-

analysis containing 10 independent cohort studies, which 

includes 2154 cases with positive expression of PTEN and 

1006 PTEN deletion cases, showed that PTEN deletion is 

related to biochemical recurrence.82 Finally, PTEN loss has 

been related to a shorter survival in advanced PCa patients 

treated with abiraterone acetate.83

Prognostic tissue biomarkers
Historically, the Gleason score has been the most valuable 

predictor of PCa prognosis. Patients with a biopsy Glea-

son score ≥7 require a radical treatment (prostatectomy or 

radiotherapy) because of the high risk of disease progres-

sion. In contrast, patients with a biopsy Gleason score 6 

could probably have a PCa with low risk of progression, 

and active surveillance is the best option for them. Gleason 

score combined with other factors such as clinical stage, 

PSA serum levels, PSA density, number of positive cores, 

and the percentage of each core involved with cancer has 

been incorporated into models to select patients for active 

surveillance.84 However, risk of misclassification using these 

models is not negligible.

Novel tissue-based genomic biomarkers have been used to 

help in post-biopsy decision, offering additional information 

in risk stratification, aiding to personalize therapies. Two of 

these tests have been validated on men with low-risk PCa, 

the Prolaris test and the Oncotype DX test, developed by 

Myriad Genetics (Wakara Way, Salt Lake City, UT, USA) 

and Genomic Health (Redwood City, CA, USA), respectively. 

The NCCN recommends these tests for very-low and low-

risk PCa in patients with at least 10 years of life expectancy 

to choose between active surveillance and definitive therapy.

The Prolaris test measures the aggressiveness of PCa 

evaluating a panel of 31 cell cycle progression genes related 

to cancer proliferation (FOXM1, CDC20, CDKN3, CDC2, 

KIF11, KIAA0101, NUSAP1, CENPF, ASPM, BUB1B, 

RRM2, DLGAP5, BIRC5, KIF20A, PLK1, TOP2A, TK1, 

PBK, ASF1B, C18orf24, RAD54L, PTTG1, CDCA3, MCM10, 

PRC1, DTL, CEP55, RAD51, CENPM, CDCA8, ORC6L) 

and 15 housekeeping genes (RPL38, UBA52, PSMC1, RPL4, 

RPL37, RPS29, SLC25A3, CLTC, TXNL1, PSMA1, RPL8, 

MMADHC, RPL13A;LOC728658, PPP2CA, MRFAP1). The 

test is based on the results obtained by Cuzick et al85 evaluat-

ing 585 patients with clinically localized PCa diagnosed by 

needle biopsy between 1990 and 2003 and managed conser-

vatively. The authors showed that the accuracy of predicting 

10-year PCa-specific mortality increases adding this test 

to the available clinicopathological variables. Besides, the 

Oncotype DX test is a quantitative RT-PCR assay evaluat-

ing five housekeeping controls (ACTB, GAPDH, RPLP0, 

GUSB, TFRC) and 12 PCa-related genes representing four 

biological pathways with a role in prostate tumorigenesis: 

androgen signaling (AZGP1, FAM13C1, KLK2, SRD5A2), 

cell proliferation (TPX2), cellular organization (FLNC, GSN, 

GSTM2, TPM2), and stromal response (BGN, COL1A1, 

SFRP4). The test offers a genomic prostate score related with 

the probability of recurrence after radical prostatectomy and 

adverse pathology (primary Gleason pattern 4 or any pattern 

5 and/or pT3 disease) at surgery.86

On the other hand, the ProMark® test is a multiplex 

immunofluorescent signature developed by Metamark 

(Cambridge, MA, USA), which involves eight proteins that 

provide information about the aggressiveness of tumor.87 
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This test is also recommended by NCCN for very-low 

and low-risk PCa in patients with at least 10 years’ life 

expectancy to choose the more appropriate treatment. The 

biomarkers included in this test were selected evaluating 

their ability to equally predict aggressive prostate pathol-

ogy and lethal outcome regardless of whether they were 

measured in low- or high-grade cancer regions from each 

patient. This procedure ensures the robustness of the test 

to errors related to biopsy sampling variation that occurs 

because of PCa heterogeneity.88 This approach suggests 

that ProMark test could be used to distinguish low-risk 

from high-risk PCa in biopsy samples with high accuracy. 

However, at the moment, the test has not been validated 

for this use.

Conclusion
The available genomic and proteomic assays previously 

described could improve the predictive value over other 

PCa risk classification systems based on clinicopathologic 

variables. Nevertheless, further studies are necessary to 

validate these tests in order to aid in personalized treatment 

decisions. In contrast, the novel serum and urine biomarkers 

are used to select patients for biopsy. The published results 

showed that PCA3 score, PHI, and 4Kscore can reduce the 

number of unnecessary biopsies, outperforming  total PSA 

and %fPSA. Besides, several reports documented their role 

to repeat biopsy in patients with a previous negative result. 

Actually, persistent increases in PSA serum levels in patients 

with previous negative biopsy remain a clinical dilemma. 

Approximately 75% of patients with PSA between 2 and 

10 µg/L have a negative result in the biopsy. Nevertheless, a 

significant false-negative detection rate must be considered 

because sampling errors are frequent, involving 10%–20% 

of clinically significant PCa.89 Strategies to decide when and 

in which cases repetition of biopsy is necessary are required. 

Published data suggest that new emerging biomarkers could 

also improve the accuracy of total PSA and %fPSA in pre-

dicting the presence of PCa at repeated biopsy. Besides, PHI 

and 4Kscore provide with high accuracy an individual risk of 

high-grade PCa. In contrast, the relationship of PCA3 score 

with tumor aggressiveness remains unclear, with studies 

showing opposite results.

On the other hand, although screening studies to select 

miRNA or gene expression profiles are laborious and 

expensive, the technological innovations and bioinformatics 

approaches make these studies more viable. Bioinformatics 

tools and the development of next-generation sequencing 

technologies have enabled the identification of novel genomic 

profiles and their clinical application for PCa management. 

Furthermore, improvement in methodology is required to 

better evaluate miRNAs and circulating tumor DNA in 

PCa patients, despite the fact that preliminary results are 

promising.

To conclude, emerging biomarkers could change the 

management of early PCa, offering more accurate results 

than current biomarkers. Nonetheless, large prospective 

studies comparing these new emerging biomarkers among 

them are required to know their real value in PCa detection 

and prognosis.
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