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Risk stratification of men with clinically localized prostate cancer has historically relied on
basic clinicopathologic parameters such as prostate specific antigen level, grade group,
and clinical stage. However, prostate cancer often behaves in ways that cannot be
accurately predicted by these parameters. Thus, recent efforts have focused on
developing tissue-based genomic tests that provide greater insights into the risk of a
given patient’s disease. Multiple tests are now commercially available and provide
additional prognostic information at various stages of the care pathway for prostate
cancer. Indeed, early evidence suggests that these assays may have a significant impact
on patient and physician decision-making. However, the impact of these tests on
oncologic outcomes remains less clear. In this review, we highlight recent advances in
the use of tissue-based biomarkers in the treatment of prostate cancer and identify the
existing evidence supporting their clinical use.
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INTRODUCTION

Until recently, the only available means for risk-stratifying men with clinically localized prostate
cancer (PCa) was through the use of clinicopathologic variables such as prostate-specific antigen
(PSA) level, histologic grade group, and clinical stage (I, 2). Based on these variables, several
nomograms and risk calculators were developed to quantify the risk of disease aggressiveness and
assist in patient counseling. The most widely used risk assessment tools include the Partin tables, the
Memorial Sloan Kettering Cancer Center (MSKCC) nomogram (3), and the Cancer of the Prostate
Risk Assessment (CAPRA) score (4). The Partin tables and MSKCC nomogram are used to predict
pathologic tumor and nodal stage following radical prostatectomy (RP). Additionally, the MSKCC
nomogram provides information on post-operative cancer-specific and progression-free survival.
Likewise, the CAPRA score predicts post-operative pathology including the presences of high-risk
features and lymph node involvement as well as recurrence free survival at 3 and 5 years (5-7).
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Although these tools offer a reasonable degree of predictive
ability, advances in molecular biology have given birth to a
variety of urine, blood, and tissue-based tests that provide the
physician and patient with additional information about a given
patient’s risk for a number of treatment outcomes (8-11). In this
review, we aim to discuss tissue-based assays that have become
commercially available over the past several years and appraise
their utility for treatment planning in men with PCa (Table 1).

Decipher

The Decipher test (Decipher Biosciences, San Diego, CA, USA)
uses a microarray platform to measure the expression levels of 22
genes (LASP1, IQGAP3, NFIB, S1PR4, THBS2, ANO7, PCDH7,
MYBPCI1, EPPKI1, TSBP, PBX1, NUSAP1, ZWILCH, UBE2C,
CAMK2N1, RABGAPI1, PCAT-32, GLYATL1P4, PCAT-80,
TNFRSF19) that participate in multiple biologic pathways,
such as cell proliferation, differentiation, adhesion and cell
cycle progression, and androgen receptor signaling (28). The
test requires the extraction of RNA from formalin-fixed paraffin-
embedded tissue and a tumor specimen measuring at least

TABLE 1 | Summary of available tissue-based biomarkers and indications.

0.5 mm (29). A Decipher Biopsy score is generated when the
assay is performed on biopsy tissue, and a Decipher Radical
Prostatectomy score is generated when the assay is performed on
a RP specimen. Both scores are reported as a number ranging
from 0 to 1. A score of 0 to 0.45 is defined as low-risk, 0.46 to 0.6
is average-risk, and above 0.61 is high-risk.

The Decipher Biopsy report provides an assessment of adverse
pathology at time of RP, as well as the risk of metastasis and PCa-
specific mortality at 5 and 15 years, respectively. The Decipher
Radical Prostatectomy report provides similar information with
respect to risk of metastasis and prostate-cancer specific
mortality, with the goal of guiding decision-making regarding
the use of adjuvant radiotherapy, however the clinical utility of
this test has never been prospectively validated. Given the recent
results of GETUG-AFU 17, RADICALS-RT, and RAVES
summarized in the ARTISTIC meta-analysis, which suggest
similar outcomes to a strategy of salvage radiotherapy when
compared to adjuvant radiotherapy for patients with high-risk
histopathologic findings, the utility of genomic classifiers (GCs)
may now be somewhat limited in this clinical setting (30-33).

Test Name Manufacturer Genetic Material tested Endpoint Test Target Population Reference
Report
Repeat Biopsy
ConfirmMDx  MDxHealth Methylation status of 3 genes Risk of PCa on Likelihood Men with negative biopsy Stewart et al. (12), Partin
(GSTP1, RASSF1, APC) repeat biopsy of PCain  and considering second one et al. (13), Van Neste
% etal. (14)
After Biopsy: Active Surveillance vs. Intervention
Prolaris Myriad Expression levels (RNA) of 31 cell-cycle 10-year risk of CCP Men with PCa on biopsy Cuzick et al. (15, 16)
Biopsy Genetics progression genes PCa-specific Score: 0-6
mortality
Decipher GenomeDx Expression levels (RNA) of 22 genes 5-year risk GC Score:  Men with localized PCa Cooperberg et al. (17),
Biopsy Biosciences (LASP1, IQGAPS, NFIB, S1PR4, THBS2, metastasis 0-1.0 Klein et al. (18), Ross
ANO7, PCDH7, MYBPC1, EPPK1, Likelihood of high etal (19)
TSBP, PBX1, NUSAP1, ZWILCH, UBE2C,  grade PCa on RP
CAMK2N1, RABGAP1, 10-year risk of
PCAT-32, GLYATL1P4, PCAT-80, PCa-specific
TNFRSF19) mortality
Oncotype Genomic Expression levels (RNA) of 12 genes Likelihood of GGG~ GPS Men with very low- and low-  Cullen et al. (20), Klein
DX Health (AZGP1, KLK2, SRD5A2, FAM13C, FLNC, 1 or GGG2 on RP  Score: O-  risk PCa* etal (21)
GSN, TPM2, GSTM2, TPX2, BGN, Likelihood of 100
COL1A1, SFRP4) organ-confined
PCa on RP
ProMark Metamark Quantitative levels of 8 proteins Risk of ProMark ~ Men with GGG 1 or 2 on Shipitsin et al. (22),
(DERL1, CUL2, SMAD4, PDSS2, HSPA9, GGG = 3 or non- Score: 0-  biopsy Blume-Jensen et al. (23)
FUS, pS6, YBOX1) organ confined 100
PCa on RP
PTEN/ Metamark PTEN deletion and TMPRSS2:ERG fusion Risk Men with GGG 1 or 2 on Yoshimoto et al. (24)
TMPRSS2: groups biopsy
ERG
Management after RP: Further Treatment vs. Observation
Prolaris Myriad Expression levels (RNA) of 31 cell-cycle 10-year risk of BCR  CCP Men after RP Cuzick et al. (25),
Genetics progression genes Score: 0-6 Cooperberg et al. (17)
Decipher GenomeDx Expression levels (RNA) of 22 genes 5-year risk of GC Score:  Men with high-risk pathology ~ Karnes et al. (26), Den
Biosciences metastasis 0-1.0 or high-risk clinical features etal. (27)

10-year risk of PCa
specific mortality

after RP

PCa, prostate cancer; BCR, biochemical recurrence; CCP, cell cycle progression; GC, genomic classifier; GGG, Gleason grade group; GPS, genomic prostate score; RP, radical

prostatectomy.
*based on NCCN risk group.

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 676716


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Basourakos et al.

Tissue-Based Biomarkers for Prostate Cancer

Open questions include the clinical benefit of risk stratification
with GCs for the selection of adjuvant radiotherapy in select
patients with multiple risk factors (34), the possibility of GCs to
identify a population unlikely to benefit from salvage
radiotherapy (35), and the possible application of GCs in the
selection of patients to undergo androgen deprivation therapy as
an adjunct to salvage radiotherapy (36).

The expression signature of the genomic classifier that
underlies the Decipher test was originally developed using RP
specimens from a cohort of men treated at the Mayo Clinic (28).
A panel of more than 1.4 million genomic markers, including
coding and non-coding RNAs, were compared between 192 men
with metastatic PCa and 353 controls. The area-under-curve
(AUCQ) for the genomic classifier was 0.90 in the original cohort
and was additionally validated in a second cohort of 186 patients
where the AUC was 0.75. In this study, the genomic classifier was
the strongest predictor of metastasis in a multivariable analysis
(P < 0.001). After the initial validation, further studies expanded
its use to predict metastasis (18, 19, 37) and prostate-cancer
specific survival after RP (26, 38).

Most of the data to support Decipher Biopsy come from studies
done on RP specimens. However, in 2016, Knudsen et al.
demonstrated the applicability of the Decipher test in tissue
derived from biopsy specimens (39). The authors were able to
show that almost 95% of the transcriptomic information extracted
from RP specimens could also be derived from biopsy tissue with
high correlation (r = 0.96) (39). Several subsequent studies
demonstrated the clinical efficacy of the Decipher Biopsy test (40-
42). For example, Klein et al. found that Decipher score from
prostate biopsy specimens was a significant predictor of metastasis
within 10 years after RP with an AUC of 0.8 (43).

Multiple studies have evaluated the role of Decipher testing in
clinical decision making (44-46). For example, PRO-ACT was a
prospective study that evaluated the treatment decisions of 15
community urologists before and after exposure to the Decipher
test results (47). In total, 60% of patients with high-risk disease
were reclassified as low risk based on the results of this test and
the decision to proceed with adjuvant radiation was changed in
30% of cases. Additionally, 42% of patients who were initially
recommended to undergo adjuvant therapy were subsequently
reassigned to observation following Decipher testing. In this
study, the use of Decipher significantly changed urologists’
adjuvant treatment recommendations for men who were at
high risk of metastasis post-prostatectomy (P < 0.001) (47).
PRO-IMPACT demonstrated similar results (45). This was a
prospective study evaluating the impact of Decipher testing on
decision making for adjuvant and salvage radiation therapy in
265 post-prostatectomy patients found to have either adverse
pathology or a rising PSA. Prior to Decipher testing, observation
was recommended for 89% of patients considering adjuvant
radiation and 58% of patients considering salvage treatment.
After Decipher testing, 18% of treatment recommendations
changed in the adjuvant radiation arm and 32% in the salvage
arm. In both groups, the Decipher test was associated with
significant decrease in decisional conflict for both physicians and
patients (P < 0.001). Finally, the role of Decipher has been

evaluated as a guide for androgen deprivation therapy after
adjuvant or salvage radiotherapy post-prostatectomy (48). In this
setting, a low Decipher score predicts a more favorable prognosis
and may change treatment intensification strategies (40). Recently,
Jairath et al. performed a systematic review on the available
evidence on Decipher and its role on PCa management (40). The
authors concluded that in multiple studies Decipher was an
independent prognostic factor for adverse pathology, biochemical
failure, metastasis, and cancer-specific and overall survival.
Decipher’s utility seems to be more important for intermediate-
risk PCa as well as post-prostatectomy decision-making.
According to the guidelines from the National Comprehensive
Cancer Network (NCCN), the Decipher test may be offered to men
with very-low, low- and intermediate-risk PCa on biopsy and a life
expectancy of at least 10 years. The goal of the test in this context is
to aid in the selection of candidates for active surveillance. Post-
prostatectomy, the Decipher test may be offered to men with pT2
disease and positive surgical margins or any pT3 disease to aid in the
decision whether to undergo adjuvant radiation therapy (49).

Prolaris

The Prolaris Molecular Score (Myriad Genetics, Salt Lake City,
UT, USA) assay measures the expression of 31 cell cycle
progression (CCP) genes related to cancer proliferation and
can be performed on either a biopsy or RP specimen (25). The
CCP score ranges from 0 to 10, with a high score indicating a
more aggressive cancer and correlating with a high risk for
disease progression (15, 16). Each 1-unit increase reflects a
doubling in gene expression level, suggesting a more aggressive
tumor. The CCP score has been used for men with newly
diagnosed PCa (Prolaris biopsy test) as well as men who have
already undergone prostatectomy (Prolaris post-prostatectomy
test). The Prolaris biopsy test reports the risk of 10-year PCa-
specific mortality and 10-year metastasis with definitive
treatment, whereas the Prolaris post-prostatectomy test reports
the risk of 10-year biochemical recurrence.

The Prolaris assay is comprised by an index of 31 genes which
were felt most reliably to model the entirety of the identified set of
CCP genes. The predictive utility of this gene signature was first
reported in a retrospective study which showed a significant
correlation between the CCP score and clinical outcomes in two
separate cohorts, the first comprised of 366 patients who had
undergone and the second 337 men with localized PCa diagnosed
by a transurethral resection who were managed conservatively. The
CCP score was associated with risk of biochemical recurrence (HR
1.77,95%CI 1.40-2.22, P < 0.001) in the prostatectomy cohort and
PCa specific mortality (HR 2.57,95%CI 1.93-3.43, P < 0.001) in the
conservatively managed cohort (16).

The predictive utility of the CCP score was first defined in a
2011 report in which the authors used two different patient
cohorts for validation (16). The first cohort had 366 patients who
had undergone RP, and the second cohort had 337 men with
clinically localized PCa diagnosed by a transurethral resection
(TURP) who were managed conservatively. In this study, the
CCP score was associated with risk of biochemical recurrence
(HR 1.77, 95%CI 1.40-2.22, P < 0.001) in the prostatectomy
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cohort and PCa specific mortality (HR 2.57, 95%CI 1.93-3.43,
P < 0.001) in the conservatively managed cohort (16).

The Prolaris post-prostatectomy test was subsequently
validated on another independent cohort of 413 men by
Cooperberg and co-workers (17). In this study the authors
demonstrated that when controlling for clinicopathologic
factors, CCP score was a strong predictor of biochemical
recurrence with each increase in score (HR 2.1, 95%CI 1.6 to
2.9, P <0.001) (17). Based on this finding, Prolaris may be used
to select men who are candidates for post-prostatectomy
adjuvant therapy. A later study by Koch et al. showed that
men with increased CCP score who had biochemical
recurrence after RP had increased risk of systematic disease,
suggesting that this patient population could benefit from earlier
adjuvant therapy (10, 50).

The Prolaris biopsy test can facilitate decision-making
process for men considering active surveillance versus localized
treatment (surgery or radiation). Bishoff et al. evaluated the CCP
score in prostate biopsy specimens of 582 men who underwent
radical prostatectomy and demonstrated that increased biopsy
CCP score was associated with biochemical recurrence (HR per
score unit 1.47, 95%CI 1.23-1.76, P < 0.001) and metastatic
progression (HR per score unit 4.19, 95%CI 2.08-8.45, P < 0.001)
(51). In 2015, Cuzick et al. demonstrated in a study of 585 men
undergoing active surveillance that biopsy CCP score is an
independent predictor of prostate-cancer specific mortality
(HR per score unit 1.76, 95%CI 1.44-2.14, P < 0.001) after
adjusting for Gleason score, PSA, extent of disease, and clinical
stage (15).

The Prolaris biopsy test also provides a 10-year PCa specific
mortality risk upon combining the patient’s PSA, clinical stage,
% of positive cores, biopsy grade group, and AUA risk group
(52). The PROCEDE-1000, a large, prospective registry with
almost 1,600 participants, showed that the CCP score resulted in
a change in treatment for 47.8% of patients (53). More
specifically, treatment was deescalated in 75% of cases and
escalated in 25% of cases. In spite of CCP score’s use as a
means to help physicians and patients reach personalized
treatment decisions, no prospective data have shown clinical
superiority of the decisions that the test informs.

According to the NCCN guidelines (49), Prolaris biopsy test
may be recommended to men with very-low, low-, and favorable
intermediate-risk PCa on biopsy and a life expectancy of at least
10 years.

PTEN/TMPRSS2:ERG
The PTEN/TMPRSS2:ERG (Metamark, Cambridge, MA, USA)
assay detects the presence of both PTEN and the fusion TMPRSS2:
ERG genes in biopsy specimens. Deletion of PTEN and/or
presence of TMPRSS2:ERG indicates more aggressive PCa (54).
PTEN is a tumor suppressor gene that helps regulate cell
division by modifying other proteins and lipids via phosphatase
action. PTEN loss results in deactivation of the PI3K signaling
pathway which controls cell growth and proliferation (55). Loss
of PTEN in PCa has been associated with high cancer grade
group, tumor progression and poor outcomes (56, 57).
Yoshimoto et al. demonstrated that men with homozygous

PTEN deletion are more likely to develop late biochemical
recurrence (P = 0.005) (24).

TMPRSS2:ERG fusion gene is a common chromosomal
rearrangement in PCa. While TMPRSS2:ERG fusion gene has
not been found to be a strong predictor of biochemical
recurrence and PCa-specific mortality, its presence is
associated with higher T-stage and higher risk of metastasis
(58, 59). Ahearn et al. showed that loss of PTEN in the presence
of TMPRSS2:ERG fusion is independently associated with PCa
progression (60). Heterozygous or homozygous PTEN loss was
associated with PCa specific mortality in the absence of ERG
fusion. However, this association was not seen in patients with a
loss of PTEN in the presence of ERG fusion. Therefore, the
presence of TMPRSS2:ERG fusion may modulate the effects of
PTEN loss on the disease biology (10, 60).

The impact of the PTEN/TMPRSS2:ERG tissue assay on the
decision making process regarding therapy has not been
studied yet. However, the MyProstateScore (LynxDx, Inc.,
Ann Arbor, Michigan, USA) test is a recent advancement that
uses urinary TMPRSS2:ERG, urinary PCa antigen 3, and serum
PSA to rule out grade group =2 cancer in biopsy naive men
(61). Currently, PTEN/TMPRSS2:ERG is available as a
standalone test for men with atypical pathology, high-grade
prostatic in situ neoplasia and those with grade group 1 or 2
PCa to provide risk stratification (10). However, both PTEN
mutations and TMPRSS2:ERG fusions are regularly tested as
part of commercially available next generation sequencing
(NGS) panels such as FoundationOne CDx (62). The latter is
the first FDA-approved tissue-based broad companion
diagnostic (CDx) that is clinically and analytically validated
for all solid tumors.

The PTEN/TMPRSS2:ERG assay is not recommended as
standalone test for routine use in the most recent NCCN
guidelines. However, germline genetic testing is now supported
by NCCN guidelines for all men with high-risk, very-high-risk,
regional or metastatic PCa as well as men with PCa who have
Ashkenazi Jewish ancestry or family history of high-risk
germline mutations (e.g. BRCA1/2, Lynch Syndrome).
Furthermore, men with PCa and positive family history for
cancer (brother or father or multiple family members with PCa
under the age of 60 or more than three cancers on the same side
of family) should also undergo germline genetic testing (49).

Oncotype DX

Oncotype DX (Genomic Health, Redwood City, CA, USA) is
an assay that utilizes reverse transcriptase-PCR to measure the
expression levels of 12 cancer genes and five housekeeping
genes. The 12 cancer genes are components of four major
cellular pathways: proliferation (TPX2), androgen receptor
pathway (AZGP1, KLK2, SRD5A2, FAM13C) cellular
organization (FLNC, GSN, TPM2, GSTM2) and stromal
response (BGN, COL1A1, SFRP4). The combination of these
genes is used to calculate the Genomic Prostate Score (GPS),
which ranges from 0 to 100. GPS correlates with the
probability of adverse pathology, such as primary grade
group and/or non-organ confined disease at the time of
prostatectomy (63).
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Initially introduced for breast (64) and colon cancer (65),
the Oncotype Dx test was approved for use in PCa in 2013.
Klein et al. validated Oncotype DX using three cohorts of
patients: prostatectomy discovery cohort, prostate biopsy
cohort, and an independent prostate biopsy validation cohort
(21). The authors first explored 732 candidate genes in the
prostatectomy discovery cohort and identified 288 genes
predictive of clinical recurrence and 198 genes predictive of
aggressive disease after adjustment for PSA, grade group, and
clinical stage. These genes were then evaluated in a prostate
biopsy cohort to identify a subset that is associated with
adverse pathology at prostatectomy. This analysis led to the
development of current test’s 17 gene panel which was
independently validated in an unrelated 395 patients with
available prostate biopsy and prostatectomy pathology.
Notably, this cohort included only men with low-volume
intermediate-risk PCa. GPS predicted high-grade and high-
stage disease at RP. Another study by Cullen et al. showed
that GPS score can predict adverse pathology at prostatectomy
but also eventual post-treatment biochemical recurrence
(HR 2.73, 95%CI 1.84-3.96, P < 0.001 per 20 GPS units
increase) (20).

Regarding the role of Oncotype DX in clinical decision
making, Badani et al. performed a prospective study in 158
men with very low to low-intermediate risk PCa to assess the
impact of incorporating Oncotype DX on treatment
recommendations (66). The authors found that the use of
Oncotype DX resulted in an 18% overall change in treatment
recommendation. More specifically, active surveillance increased
from 41 to 51%, prostatectomy decreased from 21 to 19% and
radiation therapy decreased by 33%.

Furthermore, while the predictive utility of the Oncotype
DX score to prognosticate adverse pathologic or clinical
outcomes has been well validated, its prospective utility as a
decision aid to modify treatment recommendations still
requires validation in PCa. However, based on advances in
the field of breast cancer, it is hopeful that this translation will
be fruitful. While the Oncotype DX score for breast cancer was
initially validated in the NSABP B20 cohort as a predictive
marker for distant metastases (67), a more recent prospective
trial, TAILORx, has demonstrated prospective utility as a
decision aid to identify a subgroup of women with higher
risk, early stage node-negative disease in whom omission of
chemotherapy is appropriate (68-70).

According to the NCCN guidelines, Oncotype DX may be
offered to men with very-low, low- or favorable intermediate-risk
PCa on biopsy and a life expectancy of at least 10 years (49).

ConfirmMDx

ConfirmMDx for PCa (MDxHealth, Inc., Irvine, CA, USA) is a
tissue-based assay that can be used for risk stratification of men
with negative prior prostate biopsies. This test involves
quantifying the methylation of promoter regions of three
tumor suppressor genes (RASSF1, GSTPI, and APC) in
benign prostate biopsy tissue (14, 71). When the CpG islands
expand in the promoter regions of these genes, there is an
increased risk for PCa development. The concept behind this

test is that the normal prostatic tissue surrounding an area of
adenocarcinoma will undergo epigenetic changes (72).

The two major studies that validate the use of ConfirmMDx are
the Methylation Analysis to Locate Occult Cancer (MATLOC) and
Detection of Cancer Using Methylated Events in Negative Tissue
(DOCUMENT) (12, 13). The MATLOC study demonstrated that
ConfirmMDx has sensitivity and specificity of 68 and 64%,
respectively, for identifying occult PCa, defined as having a
negative biopsy followed by a positive biopsy within 30 months.
Furthermore, it showed that ConfirmMDx decreased the number of
unnecessary prostate biopsies by up to 64% (12). The DOCUMENT
study showed that ConfirmMDx is an independent predictor for
PCa when compared to other clinicopathologic parameters and has
a negative predictive value of almost 90% (13). Furthermore, Van
Neste et al. concluded that men with low DNA-methylation levelsin
benign biopsies had a negative predictive value of 96% for high-
grade cancer (73). The most recent clinical trial on ConfirmMDx is
PASCUAL (NCT02250313), which has yet to be reported after
termination in 2018. Nevertheless, it's important to note that these
trials were performed prior to the adoption of prostate MRI in the
diagnostic algorithm of PCa. Therefore, the role of ConfirmMDx
should be reevaluated in the era of MRI-targeted prostate biopsies.

Regarding the role of ConfirmMDx in clinical decision
making, Wonju et al. found that only 4.4% of men with
negative ConfirmMDx had repeat biopsy, compared to a 43%
repeat biopsy rate in the PLCO trial (74). In this study, all the
repeat biopsies of patients with negative ConfirmMDx were also
negative. Moreover, Van Neste et al. demonstrated that if a
probability threshold of 15% is applied, then 30 unnecessary
repeat biopsies could be avoided per 100 patients (9, 73).

CONFIRMMDX has not been incorporated in the most
recent NCCN guidelines.

ProMark

The ProMark test (Metamark, Cambridge, MA, USA) is a protein-
based assay that measures the levels of eight proteins (DERLI,
CUL2, SMAD4, PDSS2, HSPA9, FUS, pS6, and YBOX1) in
a prostate biopsy specimen through quantitative immuno
fluorescence. These proteins participate in cell signaling, stress
response and cell proliferation (9). The concept behind evaluating
protein levels is based on the significant intratumoral heterogeneity
that characterizes PCa. Thus, a protein-based panel aims to provide
information derived from the most aggressive cells that might
exist in a tumor.

ProMark reports a score from 0 to 1 that reflects the probability
of Gleason score >4 + 3 disease or non-organ confined disease on
RP. The test is meant to be used by men who are NCCN very-low
or low-risk and considering active surveillance.

Initially, Shipitsin et al. reported 12 protein biomarkers that
predicted PCa aggressiveness and lethal outcome in both high-
and low-Gleason areas (22). In 2015, Blume-Jensen et al. used
eight of the 12 protein biomarkers in 381 matched prostate
biopsy and prostatectomy specimens to validate the eight-
biomarker assay as a predictor of prostate pathology (23).
More specifically, they showed that a “favorable” score of
<0.33 is predictive of favorable pathology in 95% of very low-
risk and 81.5% of low-risk NCCN patients. The predictive value

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 676716


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Basourakos et al.

Tissue-Based Biomarkers for Prostate Cancer

for non-favorable pathology was 76.9% at biomarker risk scores
>0.8 across all risk groups. The authors also performed a
validation study in 276 cases and were able to show that the
eight-protein biomarker separates favorable from non-favorable
disease as well as Gleason score 6 disease versus non-Gleason
score 6 disease (AUC 0.68 and 0.65, respectively).

According to the NCCN guidelines, ProMark is
recommended for men with very-low or low-risk PCa on
biopsy and a life expectancy of at least 10 years (49).

Limitations of Tissue-Based Biomarkers

Tissue biomarkers for PCa need to be used within the context of
their limitations. First, the majority of the tissue-based
biomarkers have been validated in cohorts primarily
consisting of White Caucasian men. However, there are
multiple reports demonstrating that the aggressiveness of PCa
differs among races (75-78). This stands true especially for
African American men in whom there is a higher incidence and
mortality secondary to PCa (79). While there is emerging data
suggesting that the mortality difference between African
American and White males may be a product of unequal
access to care rather than genetics, this is still an area of
active research. Therefore, the use of genetic risk classifiers in
African American men likely requires further validation.
Second, most of the tissue-based biomarkers have inconsistent
coverage from insurances in the United States. Thus, the
financial burden may preclude their use for certain patient
populations. Third, there is lack of data regarding cost-
effectiveness. Lobo et al. demonstrated that a Decipher-based
care model could lead to cost savings of approximately 25%
without any significant change in life expectancy (80). However,
the literature lacks similar reports on the other available tissue
biomarkers Fourth, the heterogeneity and multifocality of
primary PCa should not be ignored. As demonstrated by
Salami et al. gene expression assays performed on low-grade
PCa biopsy tissue may not provide meaningful information on
the presence of coexisting unsampled aggressive disease (81).
More specifically, multifocal, low-grade and high-grade PCa
foci can exhibit distinct prognostic expression signatures within
the same case. Recent studies have also characterized significant
changes to the genomic classifier scores in some patients
depending on the biopsy core or area of the prostatectomy
specimen analyzed suggesting the challenges of genomic risk
classification in tumors with clonal and genomic heterogeneity
(81-83). Fifth, many of the tissue biomarker related studies
were performed in the pre-MRI era. Thus, it remains unclear if
biomarkers provide clinically useful information in the
management of localized PCa beyond MRI-guided
interventions and treatment decisions. Furthermore, given the
lack of head-to-head comparative studies, there is no level 1
evidence to establish the superiority of a single tissue biomarker
over another and thus the choice of biomarker falls to the
patient or clinician and may be somewhat dependent on
financial factors (49). Therefore, there is no tissue-based
biomarker that is considered “better” than others and it is
each individual clinician’s decision after discussion with his
patients which to choose. Moreover, as recommended by the

American Society of Clinical Oncology and the European
Association of Urology, while tissue-based biomarkers could
aid in the decision-making process for some men with PCa,
they should not be offered routinely to everyone (84, 85).
Finally, it needs to be highlighted that the literature lacks
prospective studies supporting the role of tissue biomarkers as
means to guide specific therapies (e.g. salvage or adjuvant
treatment) and impact PCa-specific outcomes. Trials similar
to the TAILORKX trial in breast cancer need to be performed for
PCa tissue biomarkers to evaluate their impact in disease
specific outcomes.

Conclusions and Future Directions

A multitude of tissue-based genomic tests have emerged in
recent years, providing prognostic information beyond that of
standard clinicopathologic variables. These assays are available at
various stages in the care pathway of PCa and offer insight into
the risk of high-grade disease, rate of metastasis, and cancer-
specific survival. However, many challenges lie ahead. To date,
Decipher and Prolaris have the most supporting data available
but, again, neither has been proven superior in comparative
studies. Although some tests have demonstrated an ability to
significantly impact management—guiding the pursuit of active
surveillance, definitive therapy, and adjuvant radiation post-
prostatectomy, there is lack of prospective studies supporting
their impact on disease specific outcomes. Given the multiple
commercial options for tissue-based biomarkers, it is likely that
market forces including industrial investments in direct-to-
consumer and direct-to-provider advertising will be major
drivers of assay uptake and usage in clinical practice.
Representation in national guidelines has already begun and
will likely continue to grow as more genomic markers of PCa are
discovered. However, incorporation in the daily clinical practice
and insurance coverage still constitute areas that more work
needs to be done so physicians and patients can benefit. Such
assays may soon claim a central role in the management of men
with PCa and deserve recognition as facilitators of an
individualized approach to patient care.

AUTHOR CONTRIBUTIONS

All authors contributed to data gathering and manuscript
drafting and review. All authors contributed to the article and
approved the submitted version.

FUNDING

JH receives research support from the Frederick J. and Theresa
Dow Wallace Fund of the New York Community Trust. JH also
receives salary support from NIH R01 CA241758, PCORI CER-
2019C1-15682 and CER-2019C2-17372. ]S is supported by the
Frederick J. and Theresa Dow Foundation of the New York
Community Trust and a Damon Runyon Cancer Research
Foundation Physician Scientist Training Award.

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 676716


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Basourakos et al.

Tissue-Based Biomarkers for Prostate Cancer

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Epstein JI, Walsh PC, Carmichael M, Brendler CB. Pathologic and Clinical
Findings to Predict Tumor Extent of Nonpalpable (Stage T1c) Prostate Cancer.
JAMA (1994) 271(5):368-74. doi: 10.1001/jama.1994.03510290050036

. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJJr., Dotan ZA, DiBlasio

CJ, et al. Postoperative Nomogram Predicting the 10-Year Probability of
Prostate Cancer Recurrence After Radical Prostatectomy. J Clin Oncol (2005)
23(28):7005-12. doi: 10.1200/JCO.2005.01.867

. Memorial Sloan Kettering Cancer Center. Pre-Prostatectomy Nomogram

(2021). Availble at: https://www.mskcc.org/nomograms/prostate/pre_o
[Retrieved January, 21 2021].

. University of California San Francisco. Prostate Cancer Risk Assessment and

the UCSF-CAPRA Score (2021). Available at: https://urology.ucsf.edu/
research/cancer/prostate-cancer-risk-assessment-and-the-ucsf-capra-score
[Retrieved January, 21 2021].

. Cooperberg MR. Prostate Cancer Risk Assessment: Choosing the Sharpest

Tool in the Shed. Cancer (2008) 113(11):3062-6. doi: 10.1002/cncr.23920

. Zhao KH, Hernandez DJ, Han M, Humphreys EB, Mangold LA, Partin AW.

External Validation of University of California, San Francisco, Cancer of the
Prostate Risk Assessment Score. Urology (2008) 72(2):396-400. doi: 10.1016/
jurology.2007.11.165

. May M, Knoll N, Siegsmund M, Fahlenkamp D, Vogler H, Hoschke B, et al.

Validity of the CAPRA Score to Predict Biochemical Recurrence-Free
Survival After Radical Prostatectomy. Results From a European Multicenter
Survey of 1,296 Patients. ] Urol (2007) 178(5):1957-62; discussion 1962.
doi: 10.1016/j.juro.2007.07.043

. Cooperberg MR, Cowan JE, Lindquist KJ, Kobayashi Y, Simko JP, Bengtsson

H, et al. Multiple Tissue Biomarkers Independently and Additively Predict
Prostate Cancer Pathology Outcomes. Eur Urol (2021) 79(1):141-9.
doi: 10.1016/j.eururo.2020.09.003

. Alford AV, Brito JM, Yadav KK, Yadav SS, Tewari AK, Renzulli J. The Use of

Biomarkers in Prostate Cancer Screening and Treatment. Rev Urol (2017) 19
(4):221-34. doi: 10.3909/riu0772

Clinton TN, Bagrodia A, Lotan Y, Margulis V, Raj GV, Woldu SL. Tissue-
Based Biomarkers in Prostate Cancer. Expert Rev Precis Med Drug Dev (2017)
2(5):249-60. doi: 10.1080/23808993.2017.1372687

Cucchiara V, Cooperberg MR, Dall’Era M, Lin DW, Montorsi F, Schalken JA,
et al. Genomic Markers in Prostate Cancer Decision Making. Eur Urol (2018)
73(4):572-82. doi: 10.1016/j.eururo.2017.10.036

Stewart GD, Van Neste L, Delvenne P, Delree P, Delga A, McNeill SA, et al.
Clinical Utility of an Epigenetic Assay to Detect Occult Prostate Cancer in
Histopathologically Negative Biopsies: Results of the MATLOC Study. J Urol
(2013) 189(3):1110-6. doi: 10.1016/j.juro.2012.08.219

Partin AW, Van Neste L, Klein EA, Marks LS, Gee JR, Troyer DA, et al.
Clinical Validation of an Epigenetic Assay to Predict Negative
Histopathological Results in Repeat Prostate Biopsies. /| Urol (2014) 192
(4):1081-7. doi: 10.1016/j.juro.2014.04.013

Van Neste L, Bigley ], Toll A, Otto G, Clark J, Delree P, et al. A Tissue Biopsy-
Based Epigenetic Multiplex PCR Assay for Prostate Cancer Detection. BMC
Urol (2012) 12:16. doi: 10.1186/1471-2490-12-16

Cuzick ], Stone S, Fisher G, Yang ZH, North BV, Berney DM, et al. Validation
of an RNA Cell Cycle Progression Score for Predicting Death From Prostate
Cancer in a Conservatively Managed Needle Biopsy Cohort. Br J Cancer
(2015) 113(3):382-9. doi: 10.1038/bjc.2015.223

Cuzick J, Swanson GP, Fisher G, Brothman AR, Berney DM, Reid JE, et al.
Prognostic Value of an RNA Expression Signature Derived From Cell Cycle
Proliferation Genes in Patients With Prostate Cancer: A Retrospective Study.
Lancet Oncol (2011) 12(3):245-55. doi: 10.1016/S1470-2045(10)70295-3
Cooperberg MR, Simko JP, Cowan JE, Reid JE, Djalilvand A, Bhatnagar S,
et al. Validation of a Cell-Cycle Progression Gene Panel to Improve Risk
Stratification in a Contemporary Prostatectomy Cohort. J Clin Oncol (2013)
31(11):1428-34. doi: 10.1200/JC0O.2012.46.4396

Klein EA, Yousefi K, Haddad Z, Choeurng V, Buerki C, Stephenson AJ, et al. A
Genomic Classifier Improves Prediction of Metastatic Disease Within 5 Years
After Surgery in Node-Negative High-Risk Prostate Cancer Patients Managed
by Radical Prostatectomy Without Adjuvant Therapy. Eur Urol (2015) 67
(4):778-86. doi: 10.1016/j.eururo.2014.10.036

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ross AE, Johnson MH, Yousefi K, Davicioni E, Netto GJ, Marchionni L, et al.
Tissue-Based Genomics Augments Post-prostatectomy Risk Stratification in a
Natural History Cohort of Intermediate- and High-Risk Men. Eur Urol (2016)
69(1):157-65. doi: 10.1016/j.eururo.2015.05.042

Cullen ], Rosner IL, Brand TC, Zhang N, Tsiatis AC, Moncur J, et al. A Biopsy-
based 17-Gene Genomic Prostate Score Predicts Recurrence After Radical
Prostatectomy and Adverse Surgical Pathology in a Racially Diverse
Population of Men With Clinically Low- and Intermediate-risk Prostate
Cancer. Eur Urol (2015) 68(1):123-31. doi: 10.1016/j.eururo.2014.11.030
Klein EA, Cooperberg MR, Magi-Galluzzi C, Simko JP, Falzarano SM,
Maddala T, et al. A 17-Gene Assay to Predict Prostate Cancer
Aggressiveness in the Context of Gleason Grade Heterogeneity, Tumor
Multifocality, and Biopsy Undersampling. Eur Urol (2014) 66(3):550-60.
doi: 10.1016/j.eururo.2014.05.004

Shipitsin M, Small C, Choudhury S, Giladi E, Friedlander S, Nardone J, et al.
Identification of Proteomic Biomarkers Predicting Prostate Cancer
Aggressiveness and Lethality Despite Biopsy-Sampling Error. Br ] Cancer
(2014) 111(6):1201-12. doi: 10.1038/bjc.2014.396

Blume-Jensen P, Berman DM, Rimm DL, Shipitsin M, Putzi M, Nifong TP,
et al. Development and Clinical Validation of an in Situ Biopsy-Based
Multimarker Assay for Risk Stratification in Prostate Cancer. Clin Cancer
Res (2015) 21(11):2591-600. doi: 10.1158/1078-0432.CCR-14-2603
Yoshimoto M, Cunha IW, Coudry RA, Fonseca FP, Torres CH, Soares FA,
et al. FISH Analysis of 107 Prostate Cancers Shows That PTEN Genomic
Deletion is Associated With Poor Clinical Outcome. Br | Cancer (2007) 97
(5):678-85. doi: 10.1038/sj.bjc.6603924

Sommariva S, Tarricone R, Lazzeri M, Ricciardi W, Montorsi F. Prognostic
Value of the Cell Cycle Progression Score in Patients With Prostate Cancer: A
Systematic Review and Meta-Analysis. Eur Urol (2016) 69(1):107-15.
doi: 10.1016/j.eururo.2014.11.038

Karnes R], Choeurng V, Ross AE, Schaeffer EM, Klein EA, Freedland SJ, et al.
Validation of a Genomic Risk Classifier to Predict Prostate Cancer-Specific
Mortality in Men With Adverse Pathologic Features. Eur Urol (2018) 73
(2):168-75. doi: 10.1016/j.eururo.2017.03.036

Den RB, Santiago-Jimenez M, Alter J, Schliekelman M, Wagner JR, Renzulli Ii
JF, et al. Decipher Correlation Patterns Post Prostatectomy: Initial Experience
From 2 342 Prospective Patients. Prostate Cancer Prostatic Dis (2016) 19
(4):374-9. doi: 10.1038/pcan.2016.38

Erho N, Crisan A, Vergara IA, Mitra AP, Ghadessi M, Buerki C, et al.
Discovery and Validation of a Prostate Cancer Genomic Classifier That
Predicts Early Metastasis Following Radical Prostatectomy. PLoS One
(2013) 8(6):¢66855. doi: 10.1371/journal.pone.0066855

Decipher Biosciences. (2021). Available at: from https://decipherbio.com/wp-
content/themes/decipher/assets/pdf/decipher-prostate-specimen-
preparation-shipping-Instructions.pdf [Retrieved January 21, 2021].
Kneebone A, Fraser-Browne C, Duchesne GM, Fisher R, Frydenberg M,
Herschtal A, et al. Adjuvant Radiotherapy Versus Early Salvage Radiotherapy
Following Radical Prostatectomy (TROG 08.03/ANZUP RAVES): A
Randomised, Controlled, Phase 3, non-Inferiority Trial. Lancet Oncol
(2020) 21(10):1331-40. doi: 10.1016/51470-2045(20)30456-3

Sargos P, Chabaud S, Latorzeft I, Magne N, Benyoucef A, Supiot S, et al.
Adjuvant Radiotherapy Versus Early Salvage Radiotherapy Plus Short-Term
Androgen Deprivation Therapy in Men With Localised Prostate Cancer After
Radical Prostatectomy (GETUG-AFU 17): A Randomised, Phase 3 Trial.
Lancet Oncol (2020) 21(10):1341-52. doi: 10.1016/S1470-2045(20)30454-X
Parker CC, Clarke NW, Cook AD, Kynaston HG, Petersen PM, Catton C,
et al. Timing of Radiotherapy After Radical Prostatectomy (RADICALS-RT):
A Randomised, Controlled Phase 3 Trial. Lancet (2020) 396(10260):1413-21.
doi: 10.1016/S0140-6736(20)31553-1

Vale CL, Fisher D, Kneebone A, Parker C, Pearse M, Richaud P, et al.
Adjuvant or Early Salvage Radiotherapy for the Treatment of Localised and
Locally Advanced Prostate Cancer: A Prospectively Planned Systematic
Review and Meta-Analysis of Aggregate Data. Lancet (2020) 396
(10260):1422-31. doi: 10.1016/S0140-6736(20)31952-8

Dalela D, Santiago-Jimenez M, Yousefi K, Karnes RJ, Ross AE, Den RB, et al.
Genomic Classifier Augments the Role of Pathological Features in Identifying
Optimal Candidates for Adjuvant Radiation Therapy in Patients With
Prostate Cancer: Development and Internal Validation of a Multivariable

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 676716


https://doi.org/10.1001/jama.1994.03510290050036
https://doi.org/10.1200/JCO.2005.01.867
https://www.mskcc.org/nomograms/prostate/pre_o
https://urology.ucsf.edu/research/cancer/prostate-cancer-risk-assessment-and-the-ucsf-capra-score
https://urology.ucsf.edu/research/cancer/prostate-cancer-risk-assessment-and-the-ucsf-capra-score
https://doi.org/10.1002/cncr.23920
https://doi.org/10.1016/j.urology.2007.11.165
https://doi.org/10.1016/j.urology.2007.11.165
https://doi.org/10.1016/j.juro.2007.07.043
https://doi.org/10.1016/j.eururo.2020.09.003
https://doi.org/10.3909/riu0772
https://doi.org/10.1080/23808993.2017.1372687
https://doi.org/10.1016/j.eururo.2017.10.036
https://doi.org/10.1016/j.juro.2012.08.219
https://doi.org/10.1016/j.juro.2014.04.013
https://doi.org/10.1186/1471-2490-12-16
https://doi.org/10.1038/bjc.2015.223
https://doi.org/10.1016/S1470-2045(10)70295-3
https://doi.org/10.1200/JCO.2012.46.4396
https://doi.org/10.1016/j.eururo.2014.10.036
https://doi.org/10.1016/j.eururo.2015.05.042
https://doi.org/10.1016/j.eururo.2014.11.030
https://doi.org/10.1016/j.eururo.2014.05.004
https://doi.org/10.1038/bjc.2014.396
https://doi.org/10.1158/1078-0432.CCR-14-2603
https://doi.org/10.1038/sj.bjc.6603924
https://doi.org/10.1016/j.eururo.2014.11.038
https://doi.org/10.1016/j.eururo.2017.03.036
https://doi.org/10.1038/pcan.2016.38
https://doi.org/10.1371/journal.pone.0066855
https://decipherbio.com/wp-content/themes/decipher/assets/pdf/decipher-prostate-specimen-preparation-shipping-Instructions.pdf
https://decipherbio.com/wp-content/themes/decipher/assets/pdf/decipher-prostate-specimen-preparation-shipping-Instructions.pdf
https://decipherbio.com/wp-content/themes/decipher/assets/pdf/decipher-prostate-specimen-preparation-shipping-Instructions.pdf
https://doi.org/10.1016/S1470-2045(20)30456-3
https://doi.org/10.1016/S1470-2045(20)30454-X
https://doi.org/10.1016/S0140-6736(20)31553-1
https://doi.org/10.1016/S0140-6736(20)31952-8
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Basourakos et al.

Tissue-Based Biomarkers for Prostate Cancer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Prognostic Model. J Clin Oncol (2017) 35(18):1982-90. doi: 10.1200/
JCO.2016.69.9918

Zhao SG, Chang SL, Spratt DE, Erho N, Yu M, Ashab HA, et al. Development
and Validation of a 24-Gene Predictor of Response to Postoperative
Radiotherapy in Prostate Cancer: A Matched, Retrospective Analysis.
Lancet Oncol (2016) 17(11):1612-20. doi: 10.1016/S1470-2045(16)30491-0
Karnes RJ, Sharma V, Choeurng V, Ashab HA, Erho N, Alshalalfa M, et al.
Development and Validation of a Prostate Cancer Genomic Signature That
Predicts Early ADT Treatment Response Following Radical Prostatectomy.
Clin Cancer Res (2018) 24(16):3908-16. doi: 10.1158/1078-0432.CCR-17-2745
Spratt DE, Yousefi K, Deheshi S, Ross AE, Den RB, Schaeffer EM, et al.
Individual Patient-Level Meta-Analysis of the Performance of the Decipher
Genomic Classifier in High-Risk Men After Prostatectomy to Predict
Development of Metastatic Disease. J Clin Oncol (2017) 35(18):1991-8.
doi: 10.1200/JC0O.2016.70.2811

Cooperberg MR, Davicioni E, Crisan A, Jenkins RB, Ghadessi M, Karnes RJ.
Combined Value of Validated Clinical and Genomic Risk Stratification Tools
for Predicting Prostate Cancer Mortality in a High-Risk Prostatectomy
Cohort. Eur Urol (2015) 67(2):326-33. doi: 10.1016/j.eururo.2014.05.039
Knudsen BS, Kim HL, Erho N, Shin H, Alshalalfa M, Lam LLC, et al.
Application of a Clinical Whole-Transcriptome Assay for Staging and
Prognosis of Prostate Cancer Diagnosed in Needle Core Biopsy Specimens.
J Mol Diagn (2016) 18(3):395-406. doi: 10.1016/j.jmoldx.2015.12.006
Jairath NK, Dal Pra A, Vince RJr., Dess RT, Jackson WC, Tosoian JJ, et al. A
Systematic Review of the Evidence for the Decipher Genomic Classifier in
Prostate Cancer. Eur Urol (2021) 79(3):374-83. doi: 10.1016/j.eururo.
2020.11.021

Nguyen PL, Haddad Z, Ross AE, Martin NE, Deheshi S, Lam LLC, et al.
Ability of a Genomic Classifier to Predict Metastasis and Prostate Cancer-
Specific Mortality After Radiation or Surgery Based on Needle Biopsy
Specimens. Eur Urol (2017) 72(5):845-52. doi: 10.1016/j.eururo.2017.05.009
Nguyen PL, Martin NE, Choeurng V, Palmer-Aronsten B, Kolisnik T, Beard
CJ, et al. Utilization of Biopsy-Based Genomic Classifier to Predict Distant
Metastasis After Definitive Radiation and Short-Course ADT for Intermediate
and High-Risk Prostate Cancer. Prostate Cancer Prostatic Dis (2017) 20
(2):186-92. doi: 10.1038/pcan.2016.58

Klein EA, Haddad Z, Yousefi K, Lam LL, Wang Q, Choeurng V, et al.
Decipher Genomic Classifier Measured on Prostate Biopsy Predicts
Metastasis Risk. Urology (2016) 90:148-52. doi: 10.1016/j.urology.
2016.01.012

Lobo JM, Dicker AP, Buerki C, Daviconi E, Karnes RJ, Jenkins RB, et al.
Evaluating the Clinical Impact of a Genomic Classifier in Prostate Cancer
Using Individualized Decision Analysis. PLoS One (2015) 10(3):¢0116866.
doi: 10.1371/journal.pone.0116866

Gore JL, du Plessis M, Santiago-Jimenez M, Yousefi K, Thompson DJS, Karsh
L, et al. Decipher Test Impacts Decision Making Among Patients Considering
Adjuvant and Salvage Treatment After Radical Prostatectomy: Interim Results
From the Multicenter Prospective PRO-IMPACT Study. Cancer (2017) 123
(15):2850-9. doi: 10.1002/cncr.30665

Marascio J, Spratt DE, Zhang ], Trabulsi EJ, Le T, Sedzorme WS, et al.
Prospective Study to Define the Clinical Utility and Benefit of Decipher
Testing in Men Following Prostatectomy. Prostate Cancer Prostatic Dis (2020)
23(2):295-302. doi: 10.1038/s41391-019-0185-7

Michalopoulos SN, Kella N, Payne R, Yohannes P, Singh A, Hettinger C,
et al. Influence of a Genomic Classifier on Post-Operative Treatment
Decisions in High-Risk Prostate Cancer Patients: Results From the PRO-
ACT Study. Curr Med Res Opin (2014) 30(8):1547-56. doi: 10.1185/
03007995.2014.919908

Berlin A, Murgic J, Hosni A, Pintilie M, Salcedo A, Fraser M, et al. Genomic
Classifier for Guiding Treatment of Intermediate-Risk Prostate Cancers to
Dose-Escalated Image Guided Radiation Therapy Without Hormone
Therapy. Int ] Radiat Oncol Biol Phys (2019) 103(1):84-91. doi: 10.1016/
jijrobp.2018.08.030

National Comprehensive Cancer Network. Prostate Cancer (Version 2.2021).
(2021). Available at: https://www.nccn.org/professionals/physician_gls/pdf/
prostate.pdf [Retrieved August 25, 2020].

Koch MO, Cho JS, Kaimakliotis HZ, Cheng L, Sangale Z, Brawer M, et al. Use
of the Cell Cycle Progression (CCP) Score for Predicting Systemic Disease and

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Response to Radiation of Biochemical Recurrence. Cancer Biomark (2016) 17
(1):83-8. doi: 10.3233/CBM-160620

Bishoft JT, Freedland SJ, Gerber L, Tennstedt P, Reid ], Welbourn W, et al.
Prognostic Utility of the Cell Cycle Progression Score Generated From Biopsy
in Men Treated With Prostatectomy. J Urol (2014) 192(2):409-14.
doi: 10.1016/j.juro.2014.02.003

“Understanding the Prolaris Report”. In: Myriad Prolaris. Available at: https://
prolaris.com/understanding-the-prolaris-report/ [Retrieved Feb 28,2021].
Shore ND, Kella N, Moran B, Boczko J, Bianco FJ, Crawford ED, et al. Impact
of the Cell Cycle Progression Test on Physician and Patient Treatment
Selection for Localized Prostate Cancer. J Urol (2016) 195(3):612-8.
doi: 10.1016/j.juro.2015.09.072

Jamaspishvili T, Berman DM, Ross AE, Scher HI, De Marzo AM, Squire JA,
et al. Clinical Implications of PTEN Loss in Prostate Cancer. Nat Rev Urol
(2018) 15(4):222-34. doi: 10.1038/nrurol.2018.9

Cairns P, Okami K, Halachmi S, Halachmi N, Esteller M, Herman JG, et al.
Frequent Inactivation of PTEN/MMACI in Primary Prostate Cancer. Cancer
Res (1997) 57(22):4997-5000.

Bertram J, Peacock JW, Fazli L, Mui AL, Chung SW, Cox ME, et al. Loss of
PTEN is Associated With Progression to Androgen Independence. Prostate
(2006) 66(9):895-902. doi: 10.1002/pros.20411

Koksal IT, Dirice E, Yasar D, Sanlioglu AD, Ciftcioglu A, Gulkesen KH, et al. The
Assessment of PTEN Tumor Suppressor Gene in Combination With Gleason
Scoring and Serum PSA to Evaluate Progression of Prostate Carcinoma. Urol
Oncol (2004) 22(4):307-12. doi: 10.1016/j.urolonc.2004.01.009

Pettersson A, Graff RE, Bauer SR, Pitt MJ, Lis RT, Stack EC, et al. The
TMPRSS2:ERG Rearrangement, ERG Expression, and Prostate Cancer
Outcomes: A Cohort Study and Meta-Analysis. Cancer Epidemiol Biomarkers
Prev (2012) 21(9):1497-509. doi: 10.1158/1055-9965.EPI-12-0042

Song C, Chen H. Predictive Significance of TMRPSS2-ERG Fusion in Prostate
Cancer: A Meta-Analysis. Cancer Cell Int (2018) 18:177. doi: 10.1186/s12935-
018-0672-2

Ahearn TU, Pettersson A, Ebot EM, Gerke T, Graff RE, Morais CL, et al. A
Prospective Investigation of PTEN Loss and ERG Expression in Lethal Prostate
Cancer. ] Natl Cancer Inst (2016) 108(2):djv346. doi: 10.1093/jnci/djv346
Tosoian JJ, Trock BJ, Morgan TM, Salami SS, Tomlins SA, Spratt DE, et al.
Use of the MyProstateScore Test to Rule Out Clinically Significant Cancer:
Validation of a Straightforward Clinical Testing Approach. J Urol (2021) 205
(3):732-9. doi: 10.1097/7U.0000000000001430

U.S. Food and Drug Administration. Foundationone CDx - P170019. (2017).
Available at: https://www.fda.gov/medical-devices/recently-approved-
devices/foundationone-cdx-p17001.

Kornberg Z, Cooperberg MR, Cowan JE, Chan JM, Shinohara K, Simko JP,
et al. A 17-Gene Genomic Prostate Score as a Predictor of Adverse Pathology
in Men on Active Surveillance. J Urol (2019) 202(4):702-9. doi: 10.1097/
JU.0000000000000290

Albain KS, Barlow WE, Shak S, Hortobagyi GN, Livingston RB, Yeh IT,
et al. Prognostic and Predictive Value of the 21-Gene Recurrence Score Assay
in Postmenopausal Women With Node-Positive, Oestrogen-Receptor-
Positive Breast Cancer on Chemotherapy: A Retrospective Analysis of
a Randomised Trial. Lancet Oncol (2010) 11(1):55-65. doi: 10.1016/S1470-
2045(09)70314-6

Gray RG, Quirke P, Handley K, Lopatin M, Magill L, Bachner FL, et al.
Validation Study of a Quantitative Multigene Reverse Transcriptase-
Polymerase Chain Reaction Assay for Assessment of Recurrence Risk in
Patients With Stage II Colon Cancer. J Clin Oncol (2011) 29(35):4611-9.
doi: 10.1200/JC0O.2010.32.8732

Badani KK, Kemeter MJ, Febbo GF, Jeffrey Lawrence H, Denes BS, Rothney
MP, et al. The Impact of a Biopsy Based 17-Gene Genomic Prostate Score on
Treatment Recommendations in Men With Newly Diagnosed Clinically
Prostate Cancer Who are Candidates for Active Surveillance. Urol Pract
(2015) 2(4):181-9. doi: 10.1016/j.urpr.2014.10.010

Paik S, Shak S, Tang G, Kim C, Baker ], Cronin M, et al. A Multigene Assay to
Predict Recurrence of Tamoxifen-Treated, Node-Negative Breast Cancer.
N Engl ] Med (2004) 351(27):2817-26. doi: 10.1056/NEJMo0a041588
Sparano JA, Gray RJ, Makower DF, Pritchard KI, Albain KS, Hayes DF, et al.
Adjuvant Chemotherapy Guided by a 21-Gene Expression Assay in Breast
Cancer. N Engl ] Med (2018) 379(2):111-21. doi: 10.1056/NEJM0a1804710

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 676716


https://doi.org/10.1200/JCO.2016.69.9918
https://doi.org/10.1200/JCO.2016.69.9918
https://doi.org/10.1016/S1470-2045(16)30491-0
https://doi.org/10.1158/1078-0432.CCR-17-2745
https://doi.org/10.1200/JCO.2016.70.2811
https://doi.org/10.1016/j.eururo.2014.05.039
https://doi.org/10.1016/j.jmoldx.2015.12.006
https://doi.org/10.1016/j.eururo.2020.11.021
https://doi.org/10.1016/j.eururo.2020.11.021
https://doi.org/10.1016/j.eururo.2017.05.009
https://doi.org/10.1038/pcan.2016.58
https://doi.org/10.1016/j.urology.2016.01.012
https://doi.org/10.1016/j.urology.2016.01.012
https://doi.org/10.1371/journal.pone.0116866
https://doi.org/10.1002/cncr.30665
https://doi.org/10.1038/s41391-019-0185-7
https://doi.org/10.1185/03007995.2014.919908
https://doi.org/10.1185/03007995.2014.919908
https://doi.org/10.1016/j.ijrobp.2018.08.030
https://doi.org/10.1016/j.ijrobp.2018.08.030
https://doi.org/10.3233/CBM-160620
https://doi.org/10.1016/j.juro.2014.02.003
https://prolaris.com/understanding-the-prolaris-report/
https://prolaris.com/understanding-the-prolaris-report/
https://doi.org/10.1016/j.juro.2015.09.072
https://doi.org/10.1038/nrurol.2018.9
https://doi.org/10.1002/pros.20411
https://doi.org/10.1016/j.urolonc.2004.01.009
https://doi.org/10.1158/1055-9965.EPI-12-0042
https://doi.org/10.1186/s12935-018-0672-2
https://doi.org/10.1186/s12935-018-0672-2
https://doi.org/10.1093/jnci/djv346
https://doi.org/10.1097/JU.0000000000001430
https://www.fda.gov/medical-devices/recently-approved-devices/foundationone-cdx-p17001
https://www.fda.gov/medical-devices/recently-approved-devices/foundationone-cdx-p17001
https://doi.org/10.1097/JU.0000000000000290
https://doi.org/10.1097/JU.0000000000000290
https://doi.org/10.1016/S1470-2045(09)70314-6
https://doi.org/10.1016/S1470-2045(09)70314-6
https://doi.org/10.1200/JCO.2010.32.8732
https://doi.org/10.1016/j.urpr.2014.10.010
https://doi.org/10.1056/NEJMoa041588
https://doi.org/10.1056/NEJMoa1804710
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Basourakos et al.

Tissue-Based Biomarkers for Prostate Cancer

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Sparano JA, Gray RJ, Ravdin PM, Makower DF, Pritchard KI, Albain KS,
et al. Clinical and Genomic Risk to Guide the Use of Adjuvant Therapy for Breast
Cancer. N Engl ] Med (2019) 380(25):2395-405. doi: 10.1056/NEJMoal904819
Sparano JA, Gray RJ, Makower DF, Pritchard KI, Albain KS, Hayes DF, et al.
Prospective Validation of a 21-Gene Expression Assay in Breast Cancer.
N Engl ] Med (2015) 373(21):2005-14. doi: 10.1056/NEJMoal510764

Trock BJ, Brotzman MJ, Mangold LA, Bigley JW, Epstein JI, McLeod D, et al.
Evaluation of GSTP1 and APC Methylation as Indicators for Repeat Biopsy in
a High-Risk Cohort of Men With Negative Initial Prostate Biopsies. BJU Int
(2012) 110(1):56-62. doi: 10.1111/j.1464-410X.2011.10718.x

Heichman KA, Warren JD. DNA Methylation Biomarkers and Their Utility
for Solid Cancer Diagnostics. Clin Chem Lab Med (2012) 50(10):1707-21.
doi: 10.1515/cclm-2011-0935

Van Neste L, Partin AW, Stewart GD, Epstein JI, Harrison DJ, Van Criekinge
W. Risk Score Predicts High-Grade Prostate Cancer in DNA-methylation
Positive, Histopathologically Negative Biopsies. Prostate (2016) 76(12):1078—
87. doi: 10.1002/pros.23191

Wojno K], Costa FJ, Cornell RJ, Small JD, Pasin E, Van Criekinge W, et al.
Reduced Rate of Repeated Prostate Biopsies Observed in ConfirmMDx
Clinical Utility Field Study. Am Health Drug Benefits (2014) 7(3):129-34.
Chornokur G, Dalton K, Borysova ME, Kumar NB. Disparities At Presentation,
Diagnosis, Treatment, and Survival in African American Men, Affected by
Prostate Cancer. Prostate (2011) 71(9):985-97. doi: 10.1002/pros.21314
Moses KA, Orom H, Brasel A, Gaddy J, Underwood W3rd3rd. Racial/ethnic
Differences in the Relative Risk of Receipt of Specific Treatment Among Men
With Prostate Cancer. Urol Oncol (2016) 34(9):415.e7-12. doi: 10.1016/
j.urolonc.2016.04.002

Hoffman RM, Gilliland FD, Eley JW, Harlan LC, Stephenson RA, Stanford JL,
et al. Racial and Ethnic Differences in Advanced-Stage Prostate Cancer: The
Prostate Cancer Outcomes Study. J Natl Cancer Inst (2001) 93(5):388-95.
doi: 10.1093/jnci/93.5.388

Deka R, Courtney PT, Parsons JK, Nelson T], Nalawade V, Luterstein E, et al.
Association Between African American Race and Clinical Outcomes in Men
Treated for Low-Risk Prostate Cancer With Active Surveillance. JAMA (2020)
324(17):1747-54. doi: 10.1001/jama.2020.17020

DeSantis CE, Miller KD, Goding Sauer A, Jemal A, Siegel RL. Cancer Statistics
for African Americans, 2019. CA Cancer ] Clin (2019) 69(3):211-33.
doi: 10.3322/caac.21555

80.

81.

83.

84.

85.

Lobo JM, Trifiletti DM, Sturz VN, Dicker AP, Buerki C, Davicioni E, et al.
Cost-Effectiveness of the Decipher Genomic Classifier to Guide Individualized
Decisions for Early Radiation Therapy After Prostatectomy for Prostate
Cancer. Clin Genitourin Cancer (2017) 15(3):¢299-309. doi: 10.1016/
j.clgc.2016.08.012

Salami SS, Hovelson DH, Kaplan JB, Mathieu R, Udager AM, Curci NE, et al.
Transcriptomic Heterogeneity in Multifocal Prostate Cancer. JCI Insight
(2018) 3(21):e123468. doi: 10.1172/jci.insight.123468

. Punnen S, Stoyanova R, Kwon D, Reis IM, Soodana-Prakash N, Ritch CR,

et al. Heterogeneity in Genomic Risk Assessment From Tissue Based
Prognostic Signatures Used in the Biopsy Setting and the Impact of
Magnetic Resonance Imaging Targeted Biopsy. J Urol (2021) 205(5):1344—
51. doi: 10.1097/JU.0000000000001559

Wei L, Wang J, Lampert E, Schlanger S, DePriest AD, Hu Q, et al.
Intratumoral and Intertumoral Genomic Heterogeneity of Multifocal
Localized Prostate Cancer Impacts Molecular Classifications and Genomic
Prognosticators. Eur Urol (2017) 71(2):183-92. doi: 10.1016/j.eururo.
2016.07.008

Eggener SE, Rumble RB, Beltran H. Molecular Biomarkers in Localized
Prostate Cancer: Asco Guideline Summary. JCO Oncol Pract (2020) 16
(6):340-3. doi: 10.1200/JOP.19.00752

Mottet N, van den Bergh RCN, Briers E, Van den Broeck T, Cumberbatch
MG, De Santis M, et al. Eau-Eanm-Estro-Esur-Siog Guidelines on Prostate
Cancer-2020 Update. Part 1: Screening, Diagnosis, and Local Treatment With
Curative Intent. Eur Urol (2021) 79(2):243-62. doi: 10.1016/j.eururo.
2020.09.042

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Basourakos, Tzeng, Lewicki, Patel, Al Hussein Al Awamlh, Venkat,
Shoag, Gorin, Barbieri and Hu. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 676716


https://doi.org/10.1056/NEJMoa1904819
https://doi.org/10.1056/NEJMoa1510764
https://doi.org/10.1111/j.1464-410X.2011.10718.x
https://doi.org/10.1515/cclm-2011-0935
https://doi.org/10.1002/pros.23191
https://doi.org/10.1002/pros.21314
https://doi.org/10.1016/j.urolonc.2016.04.002
https://doi.org/10.1016/j.urolonc.2016.04.002
https://doi.org/10.1093/jnci/93.5.388
https://doi.org/10.1001/jama.2020.17020
https://doi.org/10.3322/caac.21555
https://doi.org/10.1016/j.clgc.2016.08.012
https://doi.org/10.1016/j.clgc.2016.08.012
https://doi.org/10.1172/jci.insight.123468
https://doi.org/10.1097/JU.0000000000001559
https://doi.org/10.1016/j.eururo.2016.07.008
https://doi.org/10.1016/j.eururo.2016.07.008
https://doi.org/10.1200/JOP.19.00752
https://doi.org/10.1016/j.eururo.2020.09.042
https://doi.org/10.1016/j.eururo.2020.09.042
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Tissue-Based Biomarkers for the Risk Stratification of Men With Clinically Localized Prostate Cancer
	Introduction
	Decipher
	Prolaris
	PTEN/TMPRSS2:ERG
	Oncotype DX
	ConfirmMDx
	ProMark
	Limitations of Tissue-Based Biomarkers
	Conclusions and Future Directions

	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


