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Abstract

Purpose of review—This review is intended to provide an overview of the current state of

biomarkers for prostate cancer (PCa), with a focus on biomarkers approved by the US Food and

Drug Administration (FDA) as well as biomarkers available from Clinical Laboratory

Improvement Amendment (CLIA)-certified clinical laboratories within the last 1–2 years.

Recent findings—During the past 2 years, two biomarkers have been approved by the US FDA.

These include proPSA as part of the Prostate Health Index (phi) by Beckman Coulter, Inc and

PCA3 as Progensa by Gen Probe, Inc. With the advances in genomic and proteomic technologies,

several new CLIA-based laboratory-developed tests have become available. Examples are

Oncotype DX from Genomics Health, Inc, and Prolaris from Myriad Genetics, Inc. In most cases,

these new tests are based on a combination of multiple genomic or proteomic biomarkers.

Summary—Several new tests, as discussed in this review, have become available during the last

2 years. Although the intended use of most of these tests is to distinguish PCa from benign

prostatic conditions with better sensitivity and specificity than prostate-specific antigen, studies

have shown that some of them may also be useful in the differentiation of aggressive from

nonaggressive forms of PCa.
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INTRODUCTION

Prostate cancer (PCa) is the most common noncutaneous solid tumor in men in the United

States. However, the mortality of PCa ranks number 5 [1,2]. In 2013, the estimated new

cases will exceed 230 000, with approximately 29 000 deaths (~12%). About 60% of all PCa
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diagnosis occurs in men at age 66 or older and 97% occurs in men at 50 or older, with early

diagnosis between the ages 35 and 40 being rare. African-American men have a 60%

increased rate of being diagnosed with PCa compared with Caucasian or Hispanic/Latino

men. Asian men have a 50% lower incidence of PCa than Caucasian men [2,3]. According

to longitudinal statistics, men have a one in six chance of being diagnosed with PCa and a

one in 35 chance of dying from PCa. Men surviving PCa are the largest population of male

cancer survivors and comprise approximately 40% of all cancer survivors [4]. In the large,

national registry of biopsy-proven PCa cases, nearly 45% have received a radical

prostatectomy, which makes it the most common curative treatment in men less than 75

years old [5].

With the introduction of prostate-specific antigen (PSA) testing, the number of PCa

diagnoses has increased, but the rate of dying from PCa has decreased [6–10]. Although a

routine test, PSA screening has garnered a lot of criticism over the years due to the

possibility of over detection, which leads to over treatment [11–14]. In particular, the

controversial recommendation against PCa screening by the United States Preventive

Services Task Force has generated a lot of debate about PSA-based screening [15▪▪]. Despite

significant efforts to find an improved biomarker to replace PSA, as of today, PSA still

remains the first-line biomarker option for the detection of PCa. The great majority of bio-

markers published during the last few years are still in the investigation or validation phase.

The fact remains that the clinical validation and translation of discovered biomarkers into

clinical diagnostics, with approval/clearance by the US Food and Drug Administration

(FDA), often takes 5–10 years.

The current focus of PCa biomarker research is to find markers for aggressive disease.

However, there is no consensus on the definition of aggressiveness. The most widely used

definition for high-risk localized PCa is the National Comprehensive Cancer Network

(NCCN) guideline defined as biopsy Gleason sum greater than or equal to 8, PSA greater

than 20 ng/ml or clinical stage greater than or equal to T3a [16]. However, most clinicians

will consider PCa as aggressive with a Gleason sum greater than or equal to 7 (3 +4 or 4

+3). Jonathan Epstein (Johns Hopkins University) defines men with very low risk PCa as

having the following criteria: Stage T1c, PSA density less than 0.15 ng/ml/cm3, Gleason

score of less than or equal to 6 with no Gleason pattern of 4 or 5, and with two or fewer

cores with cancer (not more than 50% cancer in any one core) out of a 12-core biopsy [17].

The goal for biomarker research is to find a biomarker or a combination of biomarkers that

can predict PCa aggressiveness, either before or after biopsy.

The present review provides an update on newly FDA-approved tests, as well as Clinical

Laboratory Improvement Amendments (CLIA)-based clinical laboratory developed tests

(LDTs), that became available in 2012 and 2013. These tests take advantage of some of the

recent advances in genomics and proteomics. The challenge with these biomarkers is to

provide improved clinical sensitivity and specificity. In some instances, the new biomarkers

can be associated with the relative aggressiveness of clinical PCa. It should be noted that the

landscape of PCa biomarkers is evolving rapidly so that some of the current emerging bio-

markers may not be relevant in the future, whereas new ones may become available for

clinical use over time.
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REGULATORY (FOOD AND DRUG ADMINISTRATION) APPROVED TESTS

The importance of using an FDA-approved test is the assurance that both analytical and

clinical performances of the test have been reviewed and approved by the regulatory agency.

These are important criteria for an acceptable cancer diagnostic test. The analytical

requirements for a robust biomarker assay include precision, trueness, specificity,

interference, and carryover. The clinical considerations include diagnostic accuracy, area

under the curve (AUC) by receiver-operating characteristic analysis, and positive (PPV) and

negative predictive values (NPV). Clinicians need to establish the test’s clinical utility and

determine the clinical acceptance for (and by) their patients [18▪]. The other potential benefit

of an FDA-approved test is that the patient’s health insurance is more likely to reimburse for

the cost of the test.

proPSA AND PROSTATE HEALTH INDEX

proPSA, which contains a seven amino acid pro leader peptide, is a molecular form of free

PSA (fPSA), and is more likely to be associated with PCa. Truncated forms of proPSA also

exist in serum, which contain five, four, or two more amino acids than PSA. The [2] proPSA

(p2PSA) form has been identified as the most prevalent form in tumor extracts, which

suggests a role for these molecular forms of PSA for the early detection of PCa, and for

possibly identifying aggressive PCa [19,20,21▪▪,22▪,23,24].

Prostate health index (phi) developed by Beckman Coulter, Inc in partnership with the NCI

Early Detection Research Network was approved by the FDA in 2012. This new test is

actually a mathematical formula of three biomarkers –(p2PSA/fPSA) × PSA½. By use of

this calculation, the clinician will be able to see each individual result as well as make a

potentially better informed recommendation to the patient. The intended use of phi is to

distinguish PCa from benign prostatic conditions in men aged 50 years and older with a total

serum PSA between 4 and 10 ng/ml, and in whom the digital rectal examination is not

suspicious for cancer [25]. Two recent studies published by Lazzeri et al. [21▪▪,22▪]

demonstrated that the use of p2PSA and phi significantly improved the predictive accuracy

for detection of PCa. In the first study of about 650 men from five European centers,

patients had PSA levels between 2 and 10 ng/ml. The researchers demonstrated that p2PSA

and phi improved the detection of PCa with a Gleason score of greater than or equal to 7

disease compared with PSA and fPSA. In the other study by Lazzeri et al., in a small cohort

of about 150 men with a positive family history of PCa, phi significantly outperformed tPSA

and %fPSA (AUCs 0.73, 0.55, and 0.60, respectively) for the detection of aggressive PCa.

PROSTATE CANCER ANTIGEN 3 AND PROGENSA

Prostate cancer antigen 3 (PCA3 or DD3) is a prostate-specific gene. The Progensa PCA3

assay is an in-vitro nucleic acid amplification test. The assay measures the concentration of

prostate cancer gene 3 (PCA3) and PSA RNA molecules and calculates the ratio of PCA3

RNA molecules to PSA RNA molecules (PCA3 score) in postdigital rectal examination

(DRE) urine specimens. Gen-Probe, Inc obtained FDA approval in 2012 with the intended

use for men who have a suspicion of PCa based on PSA level and/or DRE and/or one or

more negative biopsy results. A PCA3 score less than 25 is associated with a decreased
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likelihood of PCa [26▪▪,27,28]. In a recent study by Crawford et al. [26▪▪], lowering the

PCA3 score cutoff to 10 from 35 reduced the number of false positives by 34.5%, whereas

the false-negative rate increased by only 5.6%. In a review written by Vlaeminick-Guillem

et al. [27], they summarized 11 clinical studies conducted at six multicenters and five

individual centers that encompassed a total of 2737 men. Seven of the studies used the

currently available FDA-approved test kit (Progensa). AUC values ranged from 0.66 to 0.75.

Sensitivity ranged from 53 to 69%, with specificity ranging from 71 to 83%. For patients

who had a previous negative biopsy, sensitivity averaged 52.6% and specificity averaged

71.6%, which gives a PPV of about 40% and a NPV of about 80%. The overall accuracy is

about 66%. Overall, PCA3 appears promising, and the specimen for PCA3 analysis is easily

obtained after DRE.

CLINICAL LABORATORY IMPROVEMENT AMENDMENTS-BASED

LABORATORY-DEVELOPED TESTS

These tests have not been approved by the FDA but are offered under a laboratory’s CLIA

certificate. The LDT is required to demonstrate certain analytical performances. However,

the validation is much more limited as compared with the requirements for regulatory

approval. The major concern is the variability of such validation studies from laboratory to

laboratory. Some of the LDTs described here have undergone extensive validations while

others have very limited data available. Caution should be exercised in judging the

acceptance of some of these tests.

ONCOTYPE DX

As a LDT, Genomic Health Inc offers the Oncotype DX Prostate Cancer Assay. The

Oncotype DX was developed to test small (1 mm) fixed paraffin-embedded tissue samples

that were obtained by needle biopsy. The assay measures the expression of 12 cancer-related

genes which represent four different biological pathways [androgen pathway (AZGP1,

KLK2, SRD5A2, and RAM13C); cellular organization (FLNC, GSN, TPM2, and GSTM2);

proliferation pathway (TPX2); and stromal response (BGN, COL1A1 and SFRP4)] and five

reference genes (used to normalize and control preanalytical and analytical variability),

which are algorithmically combined to calculate the Genomic Prostate Score [29▪▪].

Together with NCCN risk criteria, GPS improves risk discrimination of PCa into very low,

low and modified intermediate risk in order to help clinicians select appropriate candidates

for active surveillance.

PROLARIS SCORE

As a LDT, Myriad Genetics, Inc offers a molecular test that directly measures tumor cell

growth characteristics to stratify disease risk of progression. By testing formalin-fixed

paraffin-embedded tissue obtained by biopsy or prostatectomy, Myriad tests 46 different

gene expressions, which include 31 cell cycle progression (CCP) genes and 15 housekeeper

genes that were selected because of correlation with proliferation of PCa [30,31,32▪]. They

found that low expression is associated with a low risk of disease progression, whereas high
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expression is more indicative of higher risk of disease progression, suggesting either close

monitoring or additional therapy for the latter group of patients.

PROSTARIX

Prostarix is an LDT performed by the CLIA lab at Metabolon, Inc and offered through

Boswick Laboratories. The test is to aid clinicians in the decision for initial or repeat

prostate biopsy in men with negative DRE and modestly elevated PSA levels. Prostarix

DRE urine test is based on a proprietary metabolic signature of four metabolites determined

by liquid chromatography–mass spectrometry (LC-MS) on the pellet obtained from a

centrifuged urine specimen. Similar to the PCA3 test, the urine needs to be collected

immediately after a vigorous DRE [33▪▪,34–36]. McDunn et al. [33▪▪] analyzed over 500

prostate tissue samples (331 prostate tumors and 178 cancer free). Through the use of gas

chromatography–mass spectrometry and LC-MS-MS, the study was able to find

significantly different metabolite profiles between tissue that contained PCa and tissue that

was cancer free. The profile improved prediction of organ confinement (AUC from 0.53 to

0.62) and 5-year recurrence (AUC 0.53–0.64).

TMPRSS2:ERG AND Mi-PROSTATE SCORE

The recurrent TMPRSS2-ERG fusion is a common rearrangement in diagnosed PCa cases

[37–39]. The TMPRSS2-ERG (or T2-ERG) fusion has a low sensitivity of 37% but a high

specificity of 93%, which gives a PPV of 94% after a DRE. Even though the specificity is

high, most PCa tumors have multiple foci, which make T2-ERG more heterogeneous. One

way to overcome this heterogeneity is to combine T2-ERG with other markers [40▪▪,41,42].

There have been several studies that investigated the association of T2-ERG with

aggressiveness of PCa. In one study, among 1180 men who were treated by a radical

prostatectomy, T2-ERG was found in 49% of the cases [42]. There was a significant

correlation with high stage tumor (P <0.01), but there was little correlation with Gleason

score (P =0.58), lethality (P =0.99), and biochemical reoccurrence (P =0.60). In earlier

studies, there were demonstrated correlations with higher Gleason score (P =0.01) and

lethality (P <0.01) in a smaller group of men (n=111) who were diagnosed with low-grade

PCa. In yet another study, T2-ERG was highly expressed in patients with T3-T4, Gleason

more than or equal to 7 disease (P =0.003 and P <0.01, respectively).

The Mi-Prostate Score (University of Michigan Health System) combines the urine tests for

PCA3 from Progensa, T2:ERG, and serum PSA levels to produce a risk assessment of PCa

that potentially indicates the likelihood of aggressive cancer. This test has been validated on

approximately 2000 urine specimens [40▪▪,41,42].

ConfirmMDx

ConfirmMDx, offered by MDxHealth, Inc, detects an epigenetic field effect based on DNA

methylation [43▪,44,45]. It is intended to distinguish patients who have a true negative

biopsy from those who may have occult cancer with a 90% negative predictive value (NPV).

MDx uses prostate core specimens collected during a 12-core biopsy (with a requirement of

a minimum of eight cores from the left/right base, mid and apex and two additional
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locations). Owing to molecular changes at the DNA level in cells that are adjacent to cancer

foci, MDx is able to diagnosis PCa in specimens that are otherwise histologically benign

because of a ‘halo effect’ that a cancerous lesion can have.

PROSTATE CORE MITOMIC TEST

The Prostate Core Mitomic Test (PCMT) is based on detecting large-scale mitochondrial

DNA (mtDNA) deletions in prostate biopsy core specimens. PCMT purports detection of

molecular changes at the mtDNA level in benign tissue that is adjacent to noninterrogated

cancer tissue [46,47▪]. Clinical validation is based on 396 patients (143 were histologically

benign and 253 were histologically malignant) and approximately 1700 prostate core

specimens. Based on the discovery of a 3.4-kb mtDNA deletion, Mitomics is able to provide

a test sensitivity of about 85% [46]. Additional studies are needed to validate the

performance characteristics of this test.

OTHER POTENTIAL BIOMARKERS

The following are two additional tests that may be available clinically in the future.

4K Score (OPKO, Inc)

A panel of four kallikriens – total PSA, free PSA, intact PSA, and kallikrein-related peptide

2 (hK2), were combined to generate the 4K score [48,49▪▪,50]. Without hK2, the other three

PSA isoforms are similar to the PSA isoforms used in the Prostate Health Index discussed

earlier. Several recent European studies indicated that the 4K score could be used to

distinguish between pathologically insignificant and aggressive disease and reduce

unnecessary biopsies. In one of the studies, the AUC for 4K Score (0.83) improved over the

AUC for total PSA (0.68) for the prediction of PCa at biopsy [49▪▪]. It is anticipated that this

test will be available in 2014 in the United States from the CLIA-certified OURLab

Urologic Reference Laboratory.

ProMark (Metamark Genetics)

ProMark is a biopsy-based PCa prognostic test detecting multiple protein biomarkers (n =8)

using a fully automated immunofluorescent imaging platform. In a study presented at a

recent meeting of the Society of Urologic Oncology, the combined eight biomarkers had an

AUC of 0.72 (unpublished data). The test will be available in 2014 from the Metamark

Genetics CLIA-certified laboratory.

CONCLUSION

In most cases, the new tests discussed are based on a combination of multiple genomic or

proteomic biomarkers. Although the intended use of most of these tests is to distinguish PCa

from benign prostatic conditions with better sensitivity and specificity than PSA, studies

have shown that many of them are also useful in differentiation of aggressive from

nonaggressive forms of PCa. In the next few years, we expect more new tests will become

available to help clinicians in the prediction of aggressive PCa, and therefore help them

make better clinical decisions for treating PCa patients.
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KEY POINTS

• Recently two new tests have been approved by the US FDA that provide

additional information on the need for performing a prostate biopsy.

• A number of LDTs are available by CLIA-certified labs using urine or tissue

already obtained from a prostate biopsy. These tests should be used with caution

and the clinician should judge the utility and acceptance of these tests based on

their patients’ needs and desires.

• Even though the United States Preventive Services Task Force recommends

against the use of PSA as a first-line test, the two newly FDA-approved tests

incorporate PSA into the algorithm that is used.
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