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Introduction

Prostate cancer is the most common non-dermatologic
cancer in the United States, with an estimated 3.3 million
men in the United States living with the disease in 2016.
In 2017, an estimated 161,000 new cases and 26,000 deaths
are expected (1,2). The majority of incident cases diagnosed
are organ-confined. While active surveillance is often an
appropriate management strategy, many patients with
newly diagnosed prostate cancer undergo some form local
treatment with curative intent. Radical prostatectomy (RP)
remains the most common treatment modality for men
under 65 years of age, though decreases with age (1).

Survival outcomes after RP are generally excellent, but
between 30-40% of men will suffer biochemical recurrence
after surgery (3). Predicting which patients are most likely
to recur is essential. While there are clinical tools that take
into account preoperative variables to estimate risk of disease
recurrence after surgery, its predictive accuracy is improved
if pathologic information is available from the prostatectomy
specimen. Several studies have consistently demonstrated that
three adverse pathologic findings—extra-prostatic extension
(EPE), positive surgical margins (PSM), and seminal vesicle
invasion (SVI)—are the most closely associated with disease
recurrence and progression.

Three randomized trials—SWOG 8794, EORTC 22911,
and ARO 96-02—have demonstrated reduced biochemical
recurrence in patients with high-risk pathologic features who
underwent adjuvant radiotherapy (RT) after RP as compared
to surveillance (4-7). Meta-analysis of these results shows a
hazard ratio of 0.48 (P<0.00001, 95% CI: 0.42-0.56) favoring
adjuvant RT (8). The data for reduced clinical progression
and improved survival is less clear. SWOG S8794 was the

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

only study to demonstrate that adjuvant RT reduced clinical
progression (P=0.05), and improved overall survival (74% wvs.
66%) and metastasis-free survival (71% vs. 61%) (4,9). The
AUA and ASTRO guidelines published in 2013 recommend
that adjuvant RT after RP should be offered (8).

Alternatively, there is a survival benefit for salvage
radiation over surveillance at the time of biochemical
recurrence, particularly if given at a low prostate-
specific antigen (PSA) (10). This approach avoids the
potential morbidity of early RT and avoids over treating
approximately one-half of patients with adverse pathologic
features who would have been cured with surgery alone.
Additional arguments against the use of adjuvant radiation
are the persistent debate regarding any survival benefit, and
the significant genitourinary and rectal toxicities stemming
from radiation. The degree of postoperative stress urinary
incontinence, as well as the time required to recover
functional continence after prostatectomy, is worsened by
adjuvant radiation (5,11). Indeed, there is evidence that
increasing the time between prostatectomy and RT—i.e.,
opting for possible salvage versus more prompt adjuvant
treatment—may reduce the local toxicities of radiation (12).
Perhaps in part as a result of the above, and despite the
AUA/ASTRO guidelines, there has been a measurable
decline in use of adjuvant RT in patients with adverse
features at prostatectomy (13).

Given the risks of adjuvant radiation and the significant
number of patients for whom would be eligible to receive
it, accurate patient selection becomes increasingly
important. There have been several attempts to improve
risk stratification for disease recurrence after prostatectomy
using clinical nomograms derived from a combination of

Transl Cancer Res 2018;7(Suppl 6):S704-S710


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2018.07.16

Translational Cancer Research, Vol 7, Suppl 6 July 2018

pre- and post-prostatectomy data.

In 2005, Stephenson and colleagues published a
nomogram using both pre- and post-operative pathologic
data after RP to predict the risk of disease progression,
defined as a PSA >0.4ng/mL; local recurrence confirmed on
biopsy; development of distant metastasis; disease specific
mortality; or initiation of androgen deprivation or RT (14).
In addition to PSM, extracapsular extension (ECE), and
SVI, the nomogram incorporates preoperative PSA,
pathologic Gleason score, lymph node involvement (LNI),
and year of surgery. Using these variables, their nomogram
had a concordance index of 0.79 to predict disease
progression.

Similarly, the CAPRA-S nomogram, first published by
Cooperberg and colleagues in 2011, utilized data from
about 4,000 patients enrolled in the Cancer of the Prostate
Strategic Urologic Research Endeavor (CaPSURE)
database (15). It also employed preoperative PSA, along
with PSM, ECE, SVI, pathologic Gleason score, and LNI.
When combined, the concordance index for the nomogram
was 0.77 for prediction of recurrent prostate cancer.

The use of these and other nomograms does appear
to influence treatment decisions, and may decrease
overtreatment with adjuvant radiation (16). However,
there has been a push to identify biomarkers to improve
postoperative risk stratification. Here we review two such
tests: the Decipher genomic classifier (GC) (GenomeDx
Biosciences), and Prolaris cell cycle progression (CCP)
score (Myriad Genetics).

Prolaris® (CCP score)—Myriad Genetics, Salt
Lake City, Utah

Genes that regulate CCP are upregulated during tumor
proliferation and have previously demonstrated prognostic
value in breast cancer (17). In a 2011 study, the prognostic
value of CCP genes was first tested in cohort men with
prostate cancer treated with RP (18). Tumor RNA was
extracted from 410 archived prostatectomy specimens
obtained between 1985 and 1995. A CCP score was
derived based 31 CCP genes which were normalized
using 15 housekeeping genes. Each 1 unit change in CCP
score represented an approximate doubling of the level
of CCP gene expression. After a median follow-up of
9.4 years and 148 (36%) of men experiencing a biochemical
recurrence, the CCP score was significantly associated
with time to biochemical recurrence (adjusted HR 1.74,
95% CI: 1.39-2.17; P<0.001). Importantly, the CCP score
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was independently associated with biochemical recurrence
accounting for PSA, Gleason score, stage and margin status.
The CCP score was only weakly correlated with clinical
variables, and there was heterogeneity of CCP score within
each Gleason score group. This study also observed that
the CCP score was independently associated with prostate
cancer-specific mortality among 337 men diagnosed on
TURP who were conservatively managed.

These findings were validated in a 2013 study of 413
prostatectomy patients treated at a large, academic center (19).
RNA was extracted from the dominant tumor focus of
archived RP tissue and the CCP score was generated. The
authors examined the independent prognostic information
of the CCP score over the CAPRA-S score. Most patients
(67%) were CAPRA-S low-risk and nearly 20% experienced
a biochemical recurrence after a median follow-up of 85
months. The CCP score was modestly but significantly
correlated with CAPRA-S (r=0.21, P<0.001) and there
was significant CCP heterogeneity within each CAPRA-S
risk group. On multivariate analysis, the CCP score was
significantly associated with biochemical recurrence after
adjusting for CAPRA-S score (HR 1.7, 95% CI: 1.3-2.3;
P<0.001).

The CCP score can also be derived from a prostate
biopsy and is independently associated with biochemical
recurrence (20,21) and death from prostate-cancer
(22,23). In summary, the CCP score significantly improves
the ability to predict recurrence after prostatectomy
independent of the clinical variables that have been
classically used to estimate post-operative risk of recurrence.

Decipher® (GC)—GenomeDx Biosciences,
Vancouver, British Columbia

The Decipher test has emerged as a method to improve the
ability to estimate the risk of postoperative metastasis and
identify candidates for adjuvant therapy. A 2013 study first
identified and internally validated a GC to predict metastasis
after RP for men who experienced a rising PSA (24).
The authors used formalin-fixed paraffin embedded tissue
from 545 RP specimens obtained at the Mayo Clinic from
1987-2001 to extract RNA from the dominant tumor focus.
Using a case-control design, the cases included 213 RP
patients who experienced metastasis after having a rising
postoperative PSA and controls included patients who were
without evidence of disease or had an elevated PSA but
no evidence of metastasis within 5 years postoperatively.
Among over 1 million candidate RNA features, the authors
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identified 22 that were differentially expressed between
cases and controls. These included both coding and non-
coding RNAs that were related to a variety of cellular
processes such as proliferation, structure, motility, cell cycle
progression, immune response, and androgen signaling.
Based on these 22 markers, a GC score was developed that
ranged from 0 to 1, with higher scores indicating a higher
risk of metastasis. There was heterogeneity of GC scores
within Gleason score category such that patients with
Gleason 7 disease and a high GC score were more likely
to metastasize, and patients with Gleason 8 and higher
disease with a low GC score were less likely to metastasize.
The GC score outperformed prediction models that
included clinical variables only (AUC 0.75 vs. 0.69), and
on multivariable analysis the GC was the only variable
significantly associated with metastasis (OR 1.36, 95% CI:
1.16-1.60; P<0.001) after adjusting for all relevant clinical
and pathologic characteristics. The GC also outperformed
all other known genomic markers associated with prostate
cancer progression, including the CCP score.

The GC was validated on a separate cohort of RP
patients treated at the Mayo Clinic from 2000-2006 (25).
Among 219 patients with high-risk pathologic features,
69 developed metastases over a median follow-up of
6.7 years. On multivariable analysis predicting time to
metastasis, GC score was the only significant variable
(HR 1.51, 95% CI: 1.29-1.76; P<0.001) when controlling
for pathologic variables (Gleason score, preoperative PSA,
seminal vesical invasion, surgical margins status, LNI,
ECE) and use of adjuvant therapy. When categorizing the
GC into low (GC <0.4, 60% of cohort), intermediate (GC
0.4-0.6, 20% of cohort), and high risk (GC >0.6, 20% of
cohort), the 5-year risk of metastatic disease was 2.4%,
6% and 22.5%, respectively. There was again significant
heterogeneity of GC scores within each Gleason score
category: 60% and 36% of men with Gleason 7 and >8,
respectively, were GC low risk and unlikely to develop
metastatic disease. This observation suggests some men
with higher grade tumors may be spared adjuvant therapy.

The performance of the GC was then examined in a large
RP cohort in which no patient received adjuvant therapy (26).
RP specimens were obtained from 1992-2010 and all
patients with a postoperative PSA <0.2 and high-risk
pathologic features were included. Using a case-control
study design, 260 patients were included of whom 99
developed metastatic disease. On multivariable analysis,
the GC score was independently associated with time to
metastatic disease (HR 1.26, 95% CI: 1.08-1.47; P<0.01)
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after adjusting for individual clinical factors and models
including both clinical factors and GC score outperformed
models that included clinical only or GC only. Other
models adjusted for CAPRA-S score and a nomogram-
predicted probability of metastasis, and the GC remained
significant in both models. In attempting to identify which
patients benefit most from having a GC score, patients
with a low predicted risk of metastasis based on clinical
factors (CAPRA-S <3) rarely experienced metastasis (8%),
while those with a high predicted risk (CAPRA-S >5) had
a relatively high rate of metastasis (39-72%). The authors
propose that the GC was most useful in patients with an
intermediate risk of metastasis based on clinical factors
(CAPRA-S 3-5) who had a range of metastasis from 4-17%
based on GC score.

The GC score was tested in another large cohort of
RP patients with high-risk features who did not have any
adjuvant therapy (27). Patients had RP from 1987-2008
and all were pathologic NO with an undetectable PSA, a
median follow-up of 7.8 years, and a median Decipher score
of 0.35. The primary outcome was development of rapid
metastasis (within 5 years of RP). The authors observed
moderate correlation of the GC score with Gleason score
and CAPRA-S score. Among CAPRA-S high-risk patients,
32% were classified as GC low risk and only one of these
patients developed rapid metastasis. The prediction model
that included the GC score plus the nomogram-estimated
risk performed better (AUC 0.79) than models using the
nomogram only (AUC 0.75), CAPRA-S (AUC 0.72) and
GC only (0.77). On multivariable analysis, GC score was
the only predictor of rapid metastasis (OR 1.48 per 0.1 unit
increase, 95% CI: 1.07-2.05; P=0.018) when controlling for
CAPRA-S in one model and the nomogram predicted risk
in another. Finally, the GC score outperformed 19 other
known predictive genetic markers of prostate cancer risk.

There was a recent meta-analysis that combined 855
patients from five studies to determine the performance
of the GC to predict metastasis after RP (28). There were
82 metastatic events and median GC score was 0.37. There
was modest but statistically significant correlation of GC
with Gleason score (r=0.27), extraprostatic extension
(r=0.20), seminal vesical invasion (r=0.19), and lymph node
invasion (r=0.13) but no correlation with margin status
or PSA. When classified by GC risk category, 60.9% of
patients were low risk (<0.45) and had a 5-year risk of
metastasis of 2.4%, 22.6% were intermediate risk (0.45-0.6)
with a 5.8% risk of metastasis, and 16.5% were high risk
(>0.6) with a 15.2% risk of metastasis. On multivariable
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analysis, GC score was independently associated with
time to metastasis (HR 1.3 for each 0.1 unit increase, 95%
CI: 1.14-1.47). The c-index of the predictive model with
clinical variables only was 0.76, which improved to 0.81 after
addition of GC score.

Several of these studies also incorporated a decision
curve analysis and determined that risk prediction models
that incorporated the GC had improved net clinical benefit
compared to clinical models only, due to fewer false-positive
results that would have been unnecessarily treated with
adjuvant radiation (25-27).

As the GC score has prognostic value and can improve
postoperative risk stratification, two studies have evaluated
the ability of the GC to predict which high-risk patients are
best suited for adjuvant radiation versus observation and
salvage radiation. The first study included 186 men from
the GenomeDx prostate cancer database who had high-
risk features after RP and had a Decipher test (29). Median
follow-up after RP was 10 years, 51% were treated with
adjuvant radiation, and 19 patients developed metastatic
disease. As demonstrated in prior studies, the GC improved
the ability to predict metastatic disease over clinical models,
and 43% of clinically average- and high-risk patients
were reclassified as GC low risk. Each 0.1 unit increase
in GC was significantly associated with an increased risk
of metastatic disease (HR 1.9). When stratifying patients
according to low (<0.4) and high (>0.4) GC risk, there was
no significant difference in risk of metastasis among low-
risk patients treated with adjuvant (0%) or salvage (0%)
radiation. However, patients with a high GC score had
a lower risk of metastasis after adjuvant radiation (6%)
compared to after salvage radiation (23%). The authors
concluded that outcomes after adjuvant and salvage
radiation were similar for GC low risk patients, but GC
high risk patients were best treated with adjuvant radiation.
These findings reinforce GC as a prognostic marker of
metastasis after RP, and the authors note that GC “may
be a predictive marker that can belp determine which patients
will benefit from [adjuvant radiation] as opposed to [salvage
radiation]”.

A second study included 512 RP patients from four
academic institutions in the GenomeDx prostate cancer
database of whom 21.9% received adjuvant radiation, 42%
were treated with initial observation and salvage radiation,
and 58% were observed (30). All adverse pathologic features
at RP and an undetectable postoperative PSA. Sixty-two
men (12.1%) experienced a clinical recurrence, defined as a
biopsy-proven local recurrence or radiographic metastasis.
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On multivariable analysis, high (>0.6) versus low (<0.45)
Decipher score (HR 2.93, 95% CI: 1.58-5.55; P<0.01) and
use of adjuvant radiation (HR 0.34, 95% CI: 0.11-0.82;
P=0.01) were independently associated with time to clinical
recurrence after adjusting for pathologic characteristics. The
coefficients from this multivariable model were converted
into a simple risk score that included > pT3b, pathologic
Gleason score 8-10, LNI and high Decipher score.
Stratification by risk score was associated with 10-year risk
of clinical recurrence (5.6% for score of 0 up to 57.4% for
score of 4). Patients with a risk score <2 had similar 10-year
risks of clinical recurrence whether they were treated with
adjuvant radiation (3.5%) versus initial observation (9.3 %,
P=0.18). However, patients with a risk score of >2 had lower
risk of recurrence if treated with adjuvant radiation (10.1%)
compared with initial observation (42.1%, P=0.012). As
approximately 75% of the patients in this cohort had a risk
score of <2, the authors hypothesize that many patients can
be spared adjuvant radiation and that “it might not be prudent
to withhold [adjuvant radiation] in favor of an initial observation
approach” for patients with a risk score >2.

In addition to predicting the risk of prostate cancer-
specific mortality after RP (31) and the development of
metastatic disease after receipt of salvage radiation (32),
modelling studies have also shown that the GC score
can improve postoperative decision-making (33). Finally,
results of the GC test help physicians make postoperative
treatment recommendations. One study surveyed
26 radiation oncologists and 20 urologists about 11 RP
cases without and with GC results (34). Adding GC
results changed treatment recommendations for 35% and
45% of patients for radiation oncologists and urologists,
respectively, without increasing the total number of people
referred for radiation. The results of the GC also helped
improve agreement in treatment recommendations between
radiation oncologists and urologists.

The PRO-IMPACT study published in 2017 was a
multi-center study testing the ability of the GC to impact
treatment recommendations for patients being considered
for adjuvant and salvage radiation (35). Among 150 patients
with high-risk features after RP who were candidates for
adjuvant radiation, 32% had high-risk GC scores and
the addition of the GC score lead to an 18% change in
treatment recommendations. Among 114 patients being
considered for salvage radiation therapy, 41.7% had high-
risk GC scores and the addition of the GC score led to a
32% change in treatment recommendations. The higher
the GC score generally led to more intensive therapy
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recommendations. In addition, the integration GC score
was associated with less decisional conflict and less patient
anxiety.

Cost effectiveness data for post-prostatectomy genetic
testing is limited, but there have been some attempts at
incorporating this information into decision making (36).
Using a Markov model, Lobo and associates analyzed the
cost effectiveness of using the Decipher GC score to select
patients for adjuvant radiation (37). They compared the
estimated differences in cost based on a Quality of Life
Years (QALY) model between administering adjuvant RT
according to GC risk stratification and two control groups:
use of adjuvant RT in all post-prostatectomy cases and
for those according to existing patterns of care (i.e., in the
case of adverse pathologic findings). Assuming an assay
cost of $4,000, using adjuvant RT according to GC risk
stratification was less costly than when used in all post-
prostatectomy patients, and was also associated with greater
QALY. When compared to patients with adverse pathology,
treatment based on GC risk stratification was similarly
cost-effective: there was an improvement in QALY, and an
estimated reduction in expected incidence of metastasis at
5 and 10 years.

In summary, the GC score is prognostic of metastasis
and death after RP for men with high-risk features and
can reclassify many patients from clinical risk alone. The
two studies performed to date suggest that patients with
a low GC risk score could be spared adjuvant radiation
therapy, whereas those with a high GC risk score should
be considered for adjuvant radiation. While these studies
suggest the potential role for Decipher as a predictive
biomarker for response to adjuvant versus salvage
radiation, they are limited by their retrospective design and
prospective studies are required to validate these findings.

Discussion

The role of clinical nomograms remains important in
predicting disease recurrence after prostatectomy, but
the addition of genetic markers appears to add useful
information. However, given the added cost of testing, and
the limited additional utility, it is important to identify the
best candidates for these additional tests.

Patients at highest for recurrence—that is, those with
multiple pathologic risk factors and high scores on the
various nomograms—imay not benefit much from additional
genetic data. Existing information about the patient’s disease
is likely to be sufficient to reliably predict recurrence,
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and allow for a strong recommendation on the part of the
consulting physician. Indeed, in his recent study using the
National Cancer Database, Sineshaw et /. noted that while
there is an overall decline in the use of adjuvant RT, those
with the highest pathologic risk factors were most likely to
undergo treatment (13). However, the majority of patients
who undergo RP do not fall in the highest risk groups. For
example, of the 3,800+ patients analyzed in the CaPSURE
database for the creation of the CAPRA-S nomogram,
those with scores >5 made up <7% of the entire patient
sample (15). For the majority of low and intermediate risk
patients, where recommendations are less clear, the utility
of additional testing may prove most useful. In attempting
to identify which patients benefit most from having a GC
score, Ross er 4l. found that patients with a low predicted
risk of metastasis based on clinical factors (CAPRA-S <3)
rarely experienced metastasis (8%), while those with a high
predicted risk (CAPRA-S >5) had a relatively high rate of
metastasis (39-72%). The largest effect size for adding a
GC score was for intermediate risk patients based on clinical
factors (CAPRA-S 3-5), leading the authors to conclude that
the GC was most useful in this group.

While there is ample evidence to demonstrate the
utility of genetic markers in decision making, the available
clinical studies are limited by their retrospective nature, and
cost effectiveness data is limited by statistical models that
may differ from real world data. Further studies will help
improve patient selection in order to maximize the impact
of adjuvant radiation while minimizing cost and potential
side effects.
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