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Biomarkers in prostate cancer detection

BY KARL H PANG, SAIFUL MIAH AND JAMES WF CATTO

rostate cancer (PCa) is the second
) most common cancer in men

with an estimated prevalence

of 1.1 million worldwide in 2012.
This heterogeneous disease resulted in
approximately 307,000 deaths, making it
the fifth leading cause of cancer-related
death in men worldwide [1]. The incidence
of PCa varies more than 25-fold worldwide
in part due to different practices of
prostate-specific antigen (PSA) testing and
subsequent prostate biopsy (PBx).

The diagnosis and staging of PCa is
based on digital rectal examination
(DRE), PSA blood levels, imaging (multi-
parametric (mp) MRI, cross-sectional
abdominopelvic CT and bone scan) and
histological verification by PBx. Historically,
a transrectal ultrasound-guided PBx (TRUS-
PBx) was offered as a result of a raised
age-specific PSA or suspicious findings on
DRE [2]. However, TRUS-PBx is an invasive
procedure associated with risks including
infection, haematuria, haematospermia
and pain [3]. Over 100,000 TRUS-PBx are
performed annually in the UK and the
incidence of detecting PCa in men with a
PSA between 4 and 10ng/mlis around 30%,
and around 15% of PCa detected by TRUS-
PBx have a PSA level below a4ng/ml [4]. Men
who have an initial negative PBx but have a
rising PSA are subject to repeat PBx (rPBx).
This automatic approach may increase
healthcare costs and put patients at risk
of PBx complications. In addition, there is
arisk of over-diagnosing and over-treating
clinically insignificant PCa.

A randomised-controlled trial (RCT) of 731
men did not show any mortality differences
at 10 years between radical prostatectomy
(RP) and watchful waiting (WW) in screen-
detected clinically organ-confined PCa [5].
The world's largest RCT on RP versus radical
radiotherapy versus active monitoring also
did not show any survival benefits within
the three groups at 10 years [6]. Therefore,
treating low-risk organ-confined localised
disease may not be necessary.

What is important is predicting PBx
outcomes and identifying men at risk of
significant high-grade disease (Gleason
score 4+3=7 and above) in order to reduce
the number of unnecessary PBx and to allow
amore personalised PBx and treatment
decision. Prostate biopsy decision-making is

difficult and there are different biomarkers,
imaging adjuncts and nonograms / risk
calculators that may help improve diagnosis
of significant disease on initial PBx and
predict outcomes of rPBx in men with
negative initial PBx. Current European
guidelines suggest that one set of rPBx is
warranted where there is a suspicious DRE,
rising / persistently elevated PSA value

and a histopathological finding suggestive
of potential malignancy (atypical small
acinar proliferation - ASAP, high-grade
prostatic intraepithelial neoplasia - HGPIN,
intraductal carcinoma) on initial biopsy.
There are no further recommendations on
subsequent rPBx [2].

Over the past two decades, there have
been promising discoveries of biomarkers
and molecular and clinical scores to
improve PCa detection, stratify patient for
rPBx and to predict biochemical recurrence
following radical treatment. The aim of the
current review is to discuss current US Food
and Drug Administration (FDA) approved
and experimental biomarkers and tests for
PBx decision (Table 1).

Prostate-specific antigen
Prostate-specific antigen, also known as
kallikrein-3 (KLK3), is a glycoprotein enzyme

encoded in humans by the KLK3 gene. PSA
is present in the blood in multiple forms
known as isoforms, and some of these forms
are more cancer-specific. PSA testing was
introduced in the late 1980s to aid PCa
diagnosis. Whilst PSA is relatively organ-
specific, elevations in serum PSA levels
are not cancer-specific. The threshold for
an abnormal PSA level has been 4.0ng/ml
and the associated estimated sensitivity
and specificity are 21-44% and 91-92%
respectively. Moreover, many men may
have PCa despite having a low PSA level.
Free/total (f/t) PSA ratio may be used to
differentiate benign prostate hyperplasia
(BPH) from PCa. It stratifies the PCa risk
with 4-10ng/ml total PSA and negative DRE.
In areported study, 56% of men with f/t
PSA <0.10 were found to have PCa on PBx,
in contrast only 8% of men with f/t PSA
>0.25ng/ml were found to have PCa [7].

A few tests measuring a range of KLK in
serum and plasma are now commercially
available, including the FDA-approved
Prostate Health Index (PHI) test and the
four kallikrein score (4K). Both the PHI and
the 4K score are used with the intention of
reducing the number of unnecessary PBx
[8,9].

Table 1. FDA approved and experimental biomarkers and tests discussed in this review.

Biomarker / Components

test

PSA Kallikrein-3 enzyme

PHI ([2]proPSA/fPSA) VPSA

4K 4 Kallikreins: fPSA, tPSA, intact
PSA + kallikrein-like peptidase
2 (hK2)

PCA3 Prostate Cancer Antigen-3
ncRNA

PCA3 Score PCA3/PSA mRNA ratio x 1000

Mi-Prostate Plasma PSA + urinary PCA3 +

Score T2-ERG

ExoDx PCA3 + T2-ERG exosomal RNAs

Prostate + SPDEF

Intelliscore

SelectMDx HOXC6 + DLX1 mRNA levels and

Score clinical factors*

ConfirmMDx Methylation of RASSF1, GSTP1

and APC genes

Sample type Utility FDA
approved

Blood Initial / rPBx  Yes

Blood Initial PBx Yes

Blood Initial PBx No

Urinary rPBx Yes

Urinary + Blood Initial PBx No

Urinary Initial PBx No
Urinary Initial PBx No
Tissue biopsy rPBx No

*clinical factors: age, DRE, PSA, PSA density, prostate biopsy and family history.
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Prostate Health Index

The PHI blood test combines fPSA and tPSA
and the [-2]pro-PSA isoform (p2PSA) and

is calculated using the following formula
([-2]pro-PSA/fPSA) x V/PSA. Isoforms of
PSA have similar biological roles but differ
in sequence and structural form. PHI was
approved by the FDA in 2012 for men with
PSA levels between 4 and 10ng/ml. PHI can
improve the detection of high-risk PCa and
is associated with PCa aggressiveness [10].
Many prospective trials have shown that
PHI outperforms its individual components
of total, free and [-2]pro-PSA for detecting
clinically significant PCa and reducing the
number of unnecessary PBx (11-15) [11-15].
A recent systematic review (SR) showed

an additional value by the increase in area
under the curve (AUC) value by 2-11%

[16]. The PHI has also been shown to add
predictive value to mpMRI in detecting
significant PCa in a rPBx population [17].

4K score
The 4K score measures four kallikrein
markers, fPSA, tPSA, intact PSA and
kallikrein-like peptidase 2 (hK2). A
prospective US study enrolled 1012
men and showed that the 4K score
demonstrated excellent diagnostic
performance in detecting significant PCa
(AUC 0.82) with a possible reduction of
30-58% in the number of PBx [18]. A meta-
analysis analysed 8500 men and showed
that the 4K score is associated with an
improvement of 8-10% in predicting biopsy-
confirmed PCa with an estimate of avoiding
48-56% of current PBx [19]. However, unlike
PHI, the 4K score is not yet FDA approved.
When comparing 4K with PHI, a study
of 531 men found similar performances
in both tests in detecting significant PCa
(AUC 4K, 71.8 vs. PHI, 71.1) and reducing the
number of unnecessary PBx [20].

The PHI and 4K score measure only
a few known isoforms of PSA that give
meaningful information if they are present
atagiven time. IsoPSA is a structure-based
(rather than concentration-based) test that
incorporates the entire spectrum of PSA
structural changes. IsoPSA has been shown
in a prospective study to be more superior
than standard PSA at predicting PCa (versus
benign) and high-grade PCa (versus low-
grade and benign). Once validated, IsoPSA
may be another potential assay that would
help to better select at risk men for PBx
[21].

Prostate cancer antigen 3

PCA3 is a long non-coding RNA discovered
in 1999 and was FDA approved in 2012
[22,23]. It has been shown to be useful
when used in conjunction with PSA

(PCA3 score, PCA3/PSA mRNA ratio x

1000) to predict PCa on rPBx. Unlike PSA,
PCA3 is organ and PCa-specific. It can be
detected in urinary samples (PROGENSA®
assays), more readily after DRE and has

a sensitivity of ~67% and a specificity of
~83%. A European prospective multicentre
study [24] and the REDUCE RCT [25]
demonstrated that the PCA3 score is
higher in men with a positive biopsy than
in men with a negative biopsy. PCA3 score
increases with PCa volume, however,
there are conflicting data about whether it
independently predicts the Gleason score.
When comparing the diagnostic accuracy
of PCA3 with PHI to predict PCa in men
undergoing initial PBx, PCA3 performed
better at diagnosing overall PCa (AUC
0.71vs. PHI, 0.65), but less so at detecting

significant PCa (AUC 0.55 vs. PHI, 0.80) [26].

Currently, the main use of the PROGENSA®
testis to aid rPBx decisions, but its clinical
effectiveness for this purpose is uncertain
[27].

Mi-Prostate Score

Gene rearrangements have been
described in multiple cancers. The
TMPRSS2-ERG fusion gene comprises
the androgen-responsive genes TMPRSS2
(transmembrane protease, serine 2) and
erythroblast transformation-specific (ETS)-
related genes (ERG), and was observed in
~40-80% of PCa in 2005 [28]. Both genes
are located on chromosome 21, and the
TMPRSS2-ERG score is calculated using
the formula (TMPRSS2-ERG mRNA/PSA
RNA copies) x 100,000. The Mi-Prostate
Score (MiPS) combines the prognostic
significance of urinary TMPRSS2-ERG
(T2:ERG) and urinary PCA3 with serum PSA
to generate a PCa risk assessment score.
Although not yet FDA approved, the MiPS
has been shown to be more superior to
PSA alone in predicting biopsy-confirmed
PCa and high-grade disease in a validation
cohort of 1225 samples. The AUC for MiPS
at predicting high-grade PCa was 0.75; vs.
PSA alone, 0.59; vs. PSA+T2:ERG, 0.69; vs.
PSA+PCA3, 0.73[29].

ExoDx

The ExoDx Prostate Intelliscore is an
urinary test which measures PCA3 and
T2-ERG exosomal RNA levels, normalised
with SAM pointed domain-containing
ETS transcription factor [30]. The test
was validated on 195 urinary samples

and showed good clinical performance in
predicting high-grade PCa with a NPV of
97.5% [31]. Recently, a larger validation
cohort of 519 men was analysed and
combining the ExoDx test with clinical
‘standard of care’ (SOC) risk factors such as
PSA, age, race and family history resulted
in improved prediction of high-grade PCa

compared to SOC alone (AUC, 0.73 vs. SOC,
0.63). Using a predefined cut point, 27%
PBx would have been avoided, missing 5%
of patients with high-grade Gleason 4+3=7
PCa[32].

SelectMDx

The SelectMDx test is based on urinary
mRNA biomarker. HOXC6 and DLX1
mRNA levels have been shown to be good
predictors for the detection of high-grade
PCa. Risk scores combining HOXC6 and
DLX1 mRNA levels with clinical risk
factors such as age, DRE, PSA, PSA density,
prostate biopsy and family history are able
to accurately detect high-grade clinically
significant PCa. Using a validation cohort
of 386 urinary samples, SelectMDx had

an AUC of 0.90 for predicting high-grade
PCa. Choosing a cut-off with a negative
predictive value (NPV) of 98% for high-
grade PCa, a reduction of PBx by 42% and
areduction of the unnecessary PBx by 53%
were obtained [33].

ConfirmMDx

Epigenetic events such as DNA
methylation, histone modifications and
microRNA (miRNA) regulation have been
well studied in PCa [34]. The ConfirmMDx
testis a tissue-based epigenetic test

that quantifies the methylation level of
promoter regions of three genes (RASSF1,
GSTP1and APC) in benign prostatic tissue
[35]. The MATLOC study analysed archived
negative initial PBx samples from 498
men and showed a NPV of 90% [36]. The
DOCUMENT multicentre USA trial also
analysed archived negative PBx samples
from 350 men and showed a similar NPV of
88% [37].

A multicentre study showed a negative
predictive value of 88% when methylation
was absent in all three markers, suggesting
that rPBx could be avoided in these
men [36,38]. Given the limited currently
available data, no recommendation can be
made regarding its routine application.

Short and microRNAs

Evolving information on the roles of
microRNAs (miRNAs) has established them
as potential biomarkers and therapeutic
targets. They are utilised as urinary markers
for diagnosing urological cancers and
appear to show great potential in managing
cancers [39,40]. PCA3 is not used within
the UK National Health System due to its
unclear biological function and high cost in
preventing degradation prior to laboratory
evaluation. Short or microRNAs appear to
be promising biomarkers as their small size
protects them from endogenous RNase
degradation. A short-RNA within PCA3
termed PCA3-shRNA has been discovered
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“Prostate biopsy decision-making is difficult and there are different biomarkers, imaging
adjuncts and nonograms / risk calculators that may help improve diagnosis of significant
disease on initial PBx and predict outcomes of rPBx in men with negative initial PBx.”

and is expressed in both urinary and
PBx specimens. This short RNA is
overexpressed in PCa urinary samples
when compared with BPH samples and
appears to function by regulating mRNA
through complementary base binding.
With more validation, PCA3-shRNA may
replace the current longer PCA3 assay
[41,42].

Many studies report numerous
upregulated and downregulated
miRNAs, with conflicting data. This
reflects different profiling strategies,
differences in analytical thresholds,
study design (samples and methods)
and disease heterogeneity. miRNA
expression is variable and differs
according to the phases of development
(initiation, progression or metastasis) or
treatment exposure (ADT, radiotherapy,
chemotherapy).

Many studies have looked into miRNA
as diagnostic and prognostic biomarkers.

Fabris et al. conducted a systematic
review and highlighted plasma miRNAs
that were consistently altered in PCa with
diagnostic properties. These miRNAs
include upregulatory, miR-141, 375, 221, 21;
and downregulatory, miR-181a [43].

Conclusion

Prostate cancer is a heterogeneous
disease and over the past decade many
biomarkers, tests and risk scores have
been developed to aid initial and rPBx
decisions in order to reduce over-
diagnosis and over-treatment of clinically
insignificant disease, and to identify
high-grade clinically significant disease to
allow personalised treatment decisions.
Atest or scoring system through a multi-
modal approach incorporating molecular
markers, imaging (mpMRI) and clinical
risk parameters appears to be more
appropriate in optimising personalised
PBx decisions.
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