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Prostate cancer biomarkers can be measured in urine, blood or tissue. A variety of tests that analyse patients' biomarkers

have been developed to improve diagnosis, prognosis and to help stratify individual's risk of prostate cancers. Liquid

biopsy biomarkers are easy-to-use and non-invasive. They guide the decision-making process, determine whether the

patient requires treatment or can be monitored under active surveillance, and help choose the best treatment option.

Keywords: cancer biomarkers ; prostate cancer ; liquid biopsy ; prognosis ; diagnosis ; early detection ; prostate biopsy ;

non-invasive ; urology ; urine biomarkers

1. Introduction: Prostate Cancer Diagnosis

The traditional diagnosis of PCa is based on the assessment of serum prostate-specific antigen (PSA) levels, digital rectal

examination (DRE), followed by biopsy under the guidance of transrectal ultrasonography (TRUS). Serum PSA levels are

commonly used for detection, risk stratification, and monitoring of PCa . In screening programs, high PSA levels, despite

a normal DRE, lead to the diagnosis of PCa in more than 60% of asymptomatic patients. Unfortunately, it results in a high

number of unnecessary biopsies and the detection of asymptomatic cancers with low clinical risk 

Currently, the gold-standard test to confirm cancer is the histopathological result of a prostate biopsy. Unfortunately, this

invasive procedure is painful, expensive, and may pose a risk of complications (e.g., infection or sepsis). Furthermore, the

procedure is prone to significant sampling error. It is therefore essential to avoid unnecessary biopsies .

This highlights the need to develop more precise methods to identify clinically relevant PCa, such as liquid biopsy-derived

biomarkers.

Liquid biopsy is a minimally invasive procedure that analyses even small targets, which allows its usefulness in screening,

diagnosis, prognosis, follow-up and therapeutic management . Prostate Cancer biomarkers can be detected in blood,

urine and tissue (Figure1.)
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Liquid biopsy biomarkers are proving to be a promising new diagnostic and prognostic approach to help optimize the pre-

biopsy decision and stratify whether the patient requires treatment or can be monitored under active surveillance.



There are the following types of biomarkers (Figure 2.):

Diagnostic biomarkers provide information about the potential risk of prostate cancer.

Prognostic biomarkers show the possible course of the disease in a given patient regardless of whether or not a

treatment is administered. A prognostic biomarker indicates an increased (or decreased) likelihood of a future clinical

event, disease recurrence or progression for an individual patient

Predictive biomarkers related to the assessment of a patient's response to a given treatment and indicating the

likelihood of a particular outcome depending on whether a therapeutic intervention is undertaken (e.g. hormonal status)



2. Urine Biomarkers

Urine is obtained non-invasively and contains fluid excreted from the prostate gland, including products from prostate

cancer cells . For many urinary biomarkers, performing a DRE is crucial as it increases fluid excretion from the prostate.

To date, four prostate cancer tests are available with proven clinical utility.

The Progensa PCA3 test (Hologic Inc., Marlborough, MA, USA) is a test that measures PSA messenger RNA (mRNA)

and PCA3 mRNA detectable in the first catch urine sample after DRE.

It is the first urine biomarker test approved in 2006 by the European Union, Canada  and in 2012 by the FDA. The FDA

recommends its use in men ≥ 50 years old to support repeat biopsy decision-making in whom one or more previous

prostate biopsies have been negative and for whom repeat biopsy is recommended based on current standards of care

. However, some clinical studies  report the benefits of using the test as early as the first biopsy.

Numerous studies  have shown that the diagnostic value of the test increases when adding other predictors (i.e.,

age, PSA value, DRE result or prostate volume). Therefore, the producer recommends its use in combination with

standard diagnostic parameters .

MyProstateScore (MPS, LynxDx, Ann Arbor, MI, USA (previously known as MiPS—Michigan Prostate Score)) is an

algorithm that measures mRNA, PCA3 and TMPRSS-ERG (abnormal fusion of TMPRSS2 and ERG (T2-ERG))

expression in urine from the first collection after DRE and serum PSA.

More than 50% of patients with PCa have an ERG gene fusion with TMPRSS2 . This translocation is associated with

poor patient prognosis—an increased risk of recurrence and mortality from PCa.

The test is indicated for men with suspicious PSA levels who are considered for initial or repeat biopsy. The test result

validates the need for biopsy and predicts the risk of high-grade prostate cancer (GS > 7) in a diagnostic needle biopsy

. Values range from 0 to 100, and the higher the score, the greater the risk of aggressive cancer.

The ExoDx Prostate (IntelliScore) (EPI, Exosome Diagnostics, Waltham, MA, USA) assesses the exosomal RNA

expression of three genes (ERG, PCA3 and SPDEF) involved in the initiation and progression of PCa. ExoDx prostate is a

test performed from a urine sample that does not require prior DRE testing. Exosomal RNA is derived from exosomes,

small membrane vesicles secreted by several cell types, including immune and cancer cells . The high potential of

exosomes as biomarkers is due to their structure—a lipid bilayer protects the contents from degradation by proteases.

The test scores range from 1 to 100, and a cut-off point of 15.6 indicates men at increased risk of HG PCa (≥GG2) at

subsequent biopsy, making the test helpful in validating the need for biopsy in men at risk. The test is recommended for

men aged ≥50 years who are in the PSA "grey zone" (2–10 ng/mL) to distinguish a benign (HG1; when the test value <

15.6) from high-grade PCa (HG2 ≥ 15.6) 

The study  of PCa biomarkers with a blinded control arm showed that ExoDx helped avoid unnecessary biopsies when

the test was negative and increased the detection of HG PCa by 30% compared with a control arm without ExoDx (SOC

alone). Compared to SOC, the test missed 49% fewer HG PCa. The study showed that ExoDx improved patient

stratification and influenced the decisions made by (68%) urologists about biopsy (with rising PSA being the main reason

for not following ExoDx results).

SelectMDx (MDxHealth, Inc., Irvine, CA, USA) is a urine-based test after DRE that measures three biomarkers: DLX1

(progression gene), HOXC6 (cell proliferation gene), KLK3 (reference gene) and clinical risk factors (age, DRE, PSA and

prostate volume which can be calculated from the TRUS measurements substituted into the formula: height × width ×

length × 0.523). HOXC6 and DLX1 mRNA levels are assessed to estimate the risk of PCa on biopsy and the presence of

high-risk cancer.

Men with elevated PSA levels in the "grey zone" (4–10 ng/mL) and/or an abnormal DRE result are subjects for whom an

initial biopsy is considered. The result determines whether the patient is at high or low risk of PCa. It supports clinical

decision-making and stratifies patients into those who may benefit from biopsy and early cancer detection and others for

whom it is better to avoid this invasive procedure and continue with routine screening or active surveillance.
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3. Serum Biomarkers

Serum biomarkers, determined from blood samples, are produced by healthy and abnormal cells. PSA is undoubtedly the

most widely studied cancer biomarker, but its clinical utility due to low specificity and specificity raises the need to find a

test with better diagnostic values. Three tests that may have a positive impact on clinical practice are described below.

The Prostate Health Index (PHI; Beckman Coulter Inc., Brea, CA, USA), determined from a serum test, includes total

PSA (tPSA), free, non-protein-bound PSA (fPSA) and (–2)proPSA (the fPSA isoform resulting from incomplete processing

of the PSA precursor).

Determination of PHI values is indicated in men with PSA levels in the "grey zone" (4–10 ng /mL) and an unsuspected

digital rectal examination (DRE) result , at age ≥50 years. The PHI score is calculated from the formula: ((–

2)proPSA/fPSA) × √PSA.

High PHI values indicate an increased likelihood of detecting prostate cancer, so when a biopsy (initial or repeat) is

recommended, consideration should be given to using this less invasive method.

The PHI score has a better diagnostic value than considering each of the indices (tPSA, fPSA) separately improves

the detection of PCa  improves clinical decision-making and predicts PCa aggressiveness .

The 4Kscore (Opko Health Inc., Miami, FL, USA) is a test developed to identify HG-PCa in patients with a suspicious

DRE or elevated serum PSA. total PSA (tPSA), free PSA (fPSA), intact PSA (iPSA) and serum levels of human kallikrein 2

(hK2). It then compares the values obtained in the algorithm with the patient's age, DRE and results of previous prostate

biopsies. However, it can be performed by any man over 35 years of age who wants to assess his personalized risk of

disease in the future.

The 4K test, although not designed to assess the predicted course of already diagnosed prostate cancer, has also been

used in patients with csPCa to identify candidates for more intensive therapy. It has also been used to improve treatment

selection and thus increase the chance of cure in patients suspected of having an underestimated malignancy. The

4Kscore provides an estimate of a patient's risk of developing distant metastases within ten years.

Stockholm 3 Model (S3M) combines serum biomarkers (total PSA, free PSA, free/total PSA ratio, hK2, MIC1 and MSMB

with genetic markers (254 single nucleotide polymorphisms [SNPs] and an unclassified variable for SNP HOXB13). The

test also considers clinical data (age, previous prostate biopsy—family history, use of 5-alpha reductase inhibitors) and

prostate examination (DRE, prostate volume). The S3M available in Sweden, Norway, Denmark, and Finland is in clinical

use to predict the risk of aggressive prostate cancer and assess the need for biopsy. The S3M research team at

Karolinska Institute is currently working with two major laboratories in Europe and laboratories in the US and Canada to

introduce the test in additional countries around the world.

Studies  prove that S3M reduces overdiagnosis and the number of prostate biopsies while maintaining

sensitivity for clinically significant prostate cancer.

Long-term follow-up of PSA replacement (as part of the standard prostate cancer diagnostic procedure) with Stockholm3

in prostate cancer detection in primary care in the Stavanger region of Norway showed that the implementation was

beneficial. Compared with PSA, S3M reduced the proportion of clinically insignificant PCa (from 58% to 35%) and the

number of biopsies performed (from 29.0% to 20.8%). This management may also lead to a reduction in healthcare costs.

It has been estimated that direct healthcare costs decreased by 23–28% per male studied .

S3M is not suitable for men who have previously been diagnosed with or treated for prostate cancer or under follow-up

after prostate cancer. It has no proven value for men diagnosed with prostate cancer or who have undergone a biopsy or

other examination by a urologist within the last six months. The S3M was shown to be superior to prostate-specific

antigen (PSA) as a screening tool for prostate cancer in all men aged 50–70 years. The S3M may reduce unnecessary

biopsies without compromising the ability to diagnose prostate cancer with a Gleason score of at least 7.

4. Tissue Biomarkers

Tissue biomarkers analyze changes in nucleic acid expression and composition of tissue collected during needle core

biopsy of the prostate. The main concept is to detect changes in the histologically normal field neighbouring prostate

cancer. This helps to verify whether the patient requires an additional biopsy.

ConfirmMDx (MDxHealth)

[20]

[21][22] 

[23] [21][24][25]

[26][27][28][29][30]

[31]



ConfirmMDx (MDxHealth, Inc., Irvine, CA, USA) is a tissue-based epigenetic assay that uses methylation-specific PCR

(MSP) to analyze three prostate-cancer-related changes in DNA methylation patterns of suppressor genes (GSTP1, APC

and RASSF1) in biopsy tissue (formalin-fixed and paraffin-embedded). All these biomarkers were isolated from biopsy-

positive tissue.

ConfirmMDx is a molecular test clinically validated for predicting prostate cancer risk in men who have had a traditional

thick-needle prostate biopsy that did not reveal the presence of cancer cells in collected histopathological material. In

many cases, prostate biopsy results are falsely negative. The biopsy specimen may not be cancerous, and the

histopathological result will not reveal the presence of cancer. However, due to the "halo effect", tissue with a normal

morphological appearance will show epigenetic changes, indicating the presence of cancer. Using the test,

histopathological material that has already been taken—during a prostate biopsy—can be re-examined in a detailed

epigenetic analysis quantifying the level of methylation of promoter regions of three genes in benign prostate tissue

assessing with high accuracy the presence of cancer cells in neighbouring areas.

ConfirmMDx offers the opportunity to avoid unnecessary repeat biopsies. It allows a decision to be made on whether to

include (rule-in) or exclude (rule-out) therapy. High-risk men with a previously negative biopsy may have undetected

cancer after the test. Patients with a previous "false negative" biopsy result should be included for repeat biopsy and

appropriate treatment.

It also allows low-risk men to be excluded from repeat biopsies, protecting the patient from unnecessary stress and

possible complications and reducing healthcare costs. This test increases the negative predictive value.

Recently, molecular characterization of PCa has become increasingly important, and a wide range of biomarker-based

liquid biopsy tests are commercially available to assist urologists in clinical decision-making. The prostate cancer liquid

biopsy biomarkers listed above have a high NPV and therefore help prevent unnecessary biopsies.

From a clinical point of view, it is critical to identify assays for the early detection of aggressive PCa subtype when it can

still be treated effectively. Recent years have led to the development of totally non-invasive tests, i.e., (ExoDx Prostate At-

Home Collection) where first catch, nondigital rectal examination urine specimens appeared helpful in identifying

aggressive (Gleason score 7–10) PCa in a racially diverse patient cohort. Similarly, the four-kallikrein panel showed

effectiveness in identifying aggressive PCa in a multiethnic population.

Current research focuses on comparing biomarker tests with mpMRI and on the extent to which they can complement

each other.

It seems that soon, molecular biomarkers, clinical and histopathological features and diagnostic imaging will have to be

used in a complementary rather than a competitive manner to ensure the best possible selection of patients for mpMRI

and eventual biopsy.
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