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Abstract

Background: Better prostate cancer risk stratification is necessary to inform medical
management, especially for African American (AA)men, forwhom outcomes are particu-
larly uncertain.
Objective: To evaluate the utility of[5_TD$DIFF] both a cell cycle progression (CCP) score and a
clinical cell-cycle risk (CCR) score to predict clinical outcomes in a large cohort of men
with prostate cancer highly enriched in an AA patient population.
Design, setting, and participants: Patients were diagnosed with clinically localized
adenocarcinoma of the prostate and treated at The Ochsner Clinic (New Orleans, LA,
USA) from January 2006 to December 2011. [6_TD$DIFF]CCP[3_TD$DIFF] scores were derived from archival
formalin-fixed, paraffin-embedded biopsy tissue. CCR scores were calculated as the
combination of molecular (CCP score) and clinical (Cancer of the Prostate Risk Assess-
ment [CAPRA] score) components.
Intervention: Active treatment (radical prostatectomy, radiation therapy alone, or radi-
ation and hormone therapy) or watchful waiting.
Outcomemeasurements and statistical analysis: The primary outcomewas progression
to metastatic disease. Association with outcomes was evaluated via Cox proportional
hazards survival analysis and likelihood ratio tests.
Results and limitations: The final cohort included 767 men, of whom 281 (36.6%) were
AA. After accounting for ancestry, treatment, and CAPRA in multivariable analysis, the
CCP score remained a significant predictor of metastatic disease (hazard ratio [HR] 2.04;
p < 0.001) [7_TD$DIFF], and therewas no interactionwith ancestry (p = 0.20) or treatment (p = 0.09).
The CCR score was highly prognostic (HR 3.86; p < 0.001), and as with the CCP score,
there was no interaction with ancestry (p = 0.24) or treatment (p = 0.32). Limitations
include the retrospective study design and the use of self-reported ancestry information.
Conclusions: ACCR score provided significant prognostic information regardless of ances-
try. The findings demonstrate that AA men in this study cohort appear to have similar
prostate cancer outcomes to non-AA patients after accounting for all available molecular
and clinicopathologic variables.
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Patient summary: In this study we evaluated the ability of a combined molecular and
clinical score to predict the progression of localized prostate cancer. We found that the
combined molecular and clinical score predicted progression to metastasis regardless of
patient ancestry or treatment. This suggests that the combinedmolecular and clinical score
may be a valuable tool for determining the risk ofmetastasis in menwith newly diagnosed
prostate cancer in order to make appropriate treatment decisions.
© 2018 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-

vecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Localized prostate cancer has a highly variable natural
history. This leads to significant clinical uncertainty
regarding appropriate management for patients with newly
diagnosed low-risk disease, with options ranging from
radical intervention to surveillance with the potential for
deferred treatment [1,2]. Prognostic molecular biomarkers
in the postbiopsy and postsurgical settings have recently
emerged as important clinical adjuncts to standard
clinicopathologic features for evaluating the aggressiveness
of newly diagnosed localized disease [1,3]. The goal of such
markers is to improve clinical management by providing
prognostic information that is independent of clinicopath-
ologic variables.

The need for better prognostic markers is especially
urgent for African American (AA) men, who are more
frequently diagnosed with prostate cancer [4,5], have
higher prostate-specific antigen (PSA) levels [6], and are
2.5 times more likely to die from their disease than non-AA
men in the USA [4,5]. Although this disparity has been well
documented [7], it remains unclear whether the difference
reflects underlying biology or non [8_TD$DIFF]-disease-related factors.
Thus, there is an acute information gap in our understand-
ing of the behavior of prostate cancer in AA men [9_TD$DIFF], and the
need for better risk discrimination potentially afforded by
prognostic markers is particularly acute in this population.

The American Urologic Association (AUA) and American
Cancer Society (ACS) guidelines on prostate cancer screen-
ing both identify AA ancestry as an indicator of poor
prognosis [8,9]. Recent studies have also indicated that very
low-risk AA men are at higher risk of adverse pathology
after radical prostatectomy compared to risk-matched
counterparts of other ancestries [10,11]. Because ancestry
may impact disease outcome, it is critical that the
performance of prostate cancer prognostic markers [10_TD$DIFF]is
carefully validated in AA patients. This need is especially
urgent given the recent rapid adoption of active surveillance
protocols for many low-risk prostate cancer patients,
regardless of ancestry [12,13].

The cell cycle progression (CCP) score is awell-validated
prognostic RNA expression signature that is based on
expression levels of 31 CCP genes [14]. Previous studies
have demonstrated the ability of this score to predict
prostate cancer outcomes in numerous clinical settings
and patient cohorts [14–17]. The molecular CCP score has
also been combined with the Cancer of the Prostate Risk
Assessment (CAPRA) score in a validated prognostic model
[18,19]. It has been shown that this combined clinical cell-
cycle risk (CCR) score provides better prediction of adverse
outcomes compared to clinical or molecular components
in isolation [19]. However, evidence that the CCP or CCR
scores provide useful prognostic information in AA
patients is relatively sparse [20]. In addition, it has been
shown that PTEN expression provides prognostic informa-
tion [11_TD$DIFF]in some clinical settings [21], with emerging evidence
that the frequency of PTEN loss in prostate cancer varies by
ancestry [17].

Given the importance of improving risk discrimination
among AA patients, we evaluated the prognostic utility of
the CCP score and PTEN expression in predicting clinical
outcomes in a cohort of men with localized prostate cancer
highly enriched in AA patients.

2. Patients and methods

2.1. Patients

This retrospective study included patients diagnosed with clinically
localized adenocarcinoma of the prostate who were treated at The
Ochsner Clinic (New Orleans, LA, USA) between January 1, 2006 and
December 31, 2011 with available biopsy formalin-fixed, paraffin-
embedded (FFPE) tumor block (IRB #2013.243.A). Biopsies had been
prospectively collected in a curated tissue bank. Patients were excluded
from the study if they had any prior prostate therapy, a presurgical PSA
level >100 ng/ml, histology on diagnostic biopsy other than adenocarci-
noma of prostate, or nonlocalized disease (clinical T4 or M1). We also
excluded patients who were treated with transurethral resection of the
prostate, cryosurgery, or laser vaporization of the prostate.

Clinical and demographic data at the time of diagnosis were collected
for each patient via chart review and included all the variables required
to calculate a CAPRA score (presurgical serum PSA, biopsy Gleason
scores, clinical stage, percent needle cores positive, and age at diagnosis)
[18]. Self-reported ancestry was categorized as either AA or non-AA. In
this study population, almost all non-AA patients were non-Hispanic
Caucasians. Initial treatment type, progression of prostate cancer,
subsequent treatment, vital status, cause of death, and the dates
associated with these events were collected from The Ochsner Clinic
tumor registry and/or medical chart review.

2.2. Patient outcomes

The primary clinical outcome was progression to metastatic disease, as
confirmed by imaging. Disease-specific mortality (DSM) was an
exploratory clinical outcome. Date and cause of death were sought
from the Louisiana State Cancer Registry and National Death Index, and
were used if prostate cancer death occurred within 6 mo of last patient
contact with The Ochsner Clinic Department of Urology.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Time to clinical outcomeswasmeasured in days elapsed since date of
diagnosis. All non-events were censored at the date of last follow-up
with The Ochsner Clinic or 10 yr from the date of diagnosis, whichever
occurred first. Patients without follow-up were censored at the date of
last contact with the clinic.

2.3. Biomarker testing

All molecular testing was completed blinded to patient outcomes at
Myriad Genetics. CCP testing was performed as previously described
with the exception that quality criteria were modified to allow for lower
RNA content and greater RNA degradation in the archival tissue [14,19]. A
board-certified pathologist (Z.S.) identified carcinoma tissue for analysis
from FFPE biopsy samples. Selected tissue regions were macrodissected
and deparaffinized (Deparaffinization Solution; Qiagen, Valencia, CA,
USA) and RNA extraction was performed using miRNeasy (Qiagen). The
expression of 31 CCP genes and 15 housekeeper genes was quantified in
triplicate using TaqMan Low Density Arrays (Applied Biosystems, Foster
City, CA, USA).

The CCP score was calculated as the average expression of the CCP
genes normalized by the expression of the housekeeper genes
[14]. CCP scores were considered not passing if the expression for
more than nine CCP genes was missing or if the standard deviation for
the triplicate score was >0.5. The CCR score was calculated as a linear
combination of the CCP and CAPRA scores (0.39 � CAPRA
+ 0.57 � CCP) [19].

PTEN immunohistochemistry was performed using rabbit monoclo-
nal antibody 138G6 (Cell Signaling Technology, Danvers, MA, USA) as
previously described [22]. Negative PTEN expression was defined as no
staining in�90% of tumor cells, and positive PTEN expression as staining
in >10% of tumor cells.
Table 1 – Demographic and clinical characteristics by ancestry

Parameter Non-African American

Men
(n)

Median (IQR)
or %

Median age at diagnosis (yr) 486 66 (59–73)
Median prebiopsy PSA (ng/ml) 486 5.8 (4.4–8.3)
Biopsy Gleason score
<7 249 51.2
3 + 4 = 7 106 21.8
4 + 3 = 7 51 10.5
>7 80 16.5

Clinical stage
T1 342 70.4
T2 122 25.1
T3 22 4.5

Clinical node status
N0 231 98.7
N1 3 1.3

Median positive cores (%)b 486 42.9 (25.0–66.7)
Median number of cores 486 12.0 (11.0–13.0)
PTEN
Positive 391 88.9
Negative 49 11.1

Median CCP score 486 0.3 (�0.2 to 1.0)
Median CAPRA score 486 3 (2–5)
Median CCR score 486 1.3 (0.7–2.2)

IQR = interquartile range; PSA = prostate-specific antigen; CAPRA = Cancer of the P
risk.
a Calculated using Fisher's exact test or a Wilcoxon test.
b The exact number of positive cores was missing for 46 patients. However, the p
2.4. Statistical analysis

Analyses are detailed in the Supplementary material and followed a
prespecified statistical analysis plan. The main goal of the study was to
test the interaction between race and CCP or CCR with metastasis as the
outcome. The interaction between race and CCP or CCR scoreswas tested
under the null hypothesis that there is no interaction between the
variables of interest. All molecular data were generated blinded to
patient outcome. Descriptive statistics for continuous variables included
patient count, median, and interquartile range (IQR) and were compared
between ancestral subgroups (AA vs non-AA). A multivariable Cox
proportional hazardsmodel was used to evaluate the prognostic value of
the CCP score after accounting for other clinical covariates.

A predicted risk curve for metastatic disease within 7 yr of diagnosis
as a function of the CCR score was produced for the range of CCR scores
observed. All p values are two-sided and p � 0.05 was considered
statistically significant unless otherwise indicated. Analyses were
performed using R v.3.0.2 or later (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results

3.1. Patient cohort

The cohort included 969 eligible cases. Passing CCP scores
were generated for 772 men (80%), five of whom were
missing clinical information. The final cohort consisted of
767 men with complete molecular and clinical information
for subsequent analyses, including 281 AA men (36.6%).
There were no significant differences in demographic and
African American p value a

Men
(n)

Median (IQR)
or %

281 63 (58–70) <0.001
281 6.9 (5.0–11.7) <0.001

140 49.8 0.23
77 27.4
29 10.3
35 12.5

214 76.2 0.22
56 19.9
11 3.9

136 100 0.30
0 0

281 46.2 (30.8–66.7) 0.24
281 12.0 (11.0–13.0) 0.45

247 96.5 <0.001
9 3.5

281 0.3 (�0.2 to 0.8) 0.52
281 3 (2–5) 0.06
281 1.4 (0.8–2.3) 0.38

rostate Risk Assessment; CCP = cell cycle progression; CCR = clinical cell-cycle

ercentage positive cores was inferred to be �34% or >34% for these patients.
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Fig. 1 – Cell cycle progression (CCP) score according to ancestry and Cancer of the Prostate Risk Assessment (CAPRA) score. CAPRAT interaction,
p = 0.035. AA = African American; Int = intermediate.
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clinical characteristics between non-AA and AA men
(Table 1), with the exception of age at diagnosis (66 vs
63 yr; p = 0.00019), median PSA (5.8 vs 6.9 ng/ml;
p < 0.001), and loss of PTEN expression (11.1% vs 3.5%;
p < 0.001). Therewere no ancestry-based differences in CCP
score distribution within each CAPRA risk category (Fig. 1).

The majority of men (n = 646; 84.2%) received definitive
treatment, defined as radical prostatectomy, radiation
therapy alone, or radiation and hormone therapy. Other
primary treatments included hormone therapy only (n = 50;
6.5%) and watchful waiting (n = 49; 6.4%). Treatment was
unknown for 22 men (2.9%). There were no differences in
primary treatment by ancestry (Supplementary Table 1).
Clinical and demographic characteristics by treatment are
shown in Supplementary Table 2.

Clinical outcomes by ancestry and treatment type are
given in Supplementary Table 3. The median follow-up
time for men without metastatic disease who were alive
at last follow-up was 5.6 yr (IQR 4.2–6.8) and did not
differ by ancestry (non-AA: 5.6 yr, IQR 4.2–6.8; AA: 5.7 yr,
IQR 4.4–6.9).
Table 2 – Multivariable Cox regression models of progression to metas

Variable a

CCP score
CAPRA score
Ancestry (African American/non-African American)
Primary treatment
Radical prostatectomy
Radiation
Radiation with adjuvant hormone therapy
Hormone therapy only
Watchful waiting
Unknown

CI = confidence interval; HR = hazard ratio; CAPRA = Cancer of the Prostate Risk A
a The clinical cell-cycle risk was not included in multivariable analyses because
b HR calculated per unit score.
3.2. Association of clinical and molecular variables with

metastatic disease

In univariate analyses, the CCP score was a significant
predictor of progression to metastatic disease (hazard ratio
[HR] per unit score 2.74, 95% confidence interval [CI] 2.08–
3.55; p < 0.001). CAPRA score and primary treatment were
also significant predictors, while PTEN expression was not
(HR 0.48, 95% CI 0.20–1.41; p = 0.16). The rate of metastatic
disease was positively correlated with the CCP score
(Fig. 2A). Specifically, the Kaplan-Meier estimate of the
probability of progression to metastatic disease was 2%
among men with CCP scores <1 and increased to 18% for
CCP scores of 1–2 and 38% for CCP scores >2.

In the preplanned multivariable analysis, CCP score
was a highly significant predictor of metastatic disease
after adjusting for CAPRA score, ancestry, and treatment
(HR per unit score 2.04, 95% CI 1.47–2.79; p < 0.001;
Table 2). There was no evidence of interaction between
CCP score and ancestry (p = 0.20), initial treatment
(overall p = 0.094), or CAPRA scores (p = 0.84), indicating
tatic disease

HR b (95% CI) p value

2.03 (1.47–2.78) <0.001
1.71 (1.46–2.02) <0.001
0.52 (0.23–1.06) 0.072

Reference 0.25
2.92 (1.10–7.72)
1.00 (0.38–2.65)
1.72 (0.60–4.99)
1.05 (0.0081–8.63)
2.30 (0.23–11.20)

ssessment; CCP = cell cycle progression.
it is a multivariable combination of CAPRA and CCP.
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Fig. 2 – (A) Progression to metastatic disease and (B) disease-specific mortality by cell cycle progression (CCP) score risk category.
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that the HR for CCP is independent of these variables.
Results did not differ materially when the subset of
patients for whom treatment was unknown were
excluded (Supplementary Table 4). The c-index for the
CCP-only model in predicting metastatic disease was
0.774. The c-index for the CAPRA-only model improved
from 0.88 to 0.90 on addition of CCP scores. This provides
supporting evidence that the CCP score adds prognostic
information to that provided by clinical variables alone.
Furthermore, the CCR includes approximately 20% more
information than a CAPRA-only model (Supplementary
Fig. 1).

The CCR score was highly prognostic in univariate
analysis (HR per unit score 3.86, 95% CI 2.91–5.23;
p < 0.001) and properly accounted for all the prognostic
clinical variables included (Supplementary Fig. 1). There
was no interaction between CCR and treatment (p = 0.32)
or ancestry (p = 0.24). The CCR-based estimated risk for
progression to metastatic disease did not differ signifi-
cantly by ancestry (Fig. 3), and the CCR score distributions
were similar (median 1.41 for AA vs 1.34 for non-AA;
p = 0.38; Supplementary Fig. 2). The CCR score was also
prognostic in the subset of menwho had definitive therapy
(n = 646), defined as radical prostatectomy, primary
radiation therapy alone, or primary radiation therapy
and androgen deprivation therapy (Supplementary Fig. 3).
The amount of new prognostic information provided by
the CCR score can be illustrated by comparing the
difference in predicted risk between CCR-only and
CAPRA-only prognostic models (Fig. 4). In addition, most
men who progressed to metastatic disease had substan-
tially higher estimated risks after addition of the CCP score
to the prediction model.

3.3. Association of clinical and molecular variables with DSM

The association between CCP and DSM was highly signifi-
cant in univariate analysis (HR per unit score 3.10, 95% CI
2.01–4.72; p < 0.001). The Kaplan-Meier estimated proba-
bility of the progression rate to DSMwas 1.7% for thosewith
CCP scores<1 and increased to 5% and 28% for CCP scores of
1–2 and >2, respectively (Fig. 2B). The c-index for a CAPRA-
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Fig. 4 – Clinical cell-cycle risk (CCR) score and progression to metastatic disease according to Cancer of the Prostate Risk Assessment (CAPRA) risk
category.

[(Fig._3)TD$FIG]

Fig. 3 – The 7-yr risk of metastasis by ancestry. AA = African American; CCR = clinical cell-cycle risk; HR = hazard ratio; CI = confidence interval.
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only model was 0.91 and this improved to 0.94 after
addition of CCP. However, the limited number of DSM
events (n = 15) precludes a rigorous evaluation of this
endpoint.

4. Discussion

An important application of personalized medicine is
tailoring the aggressiveness of clinical intervention based
on an assessment of patient prognosis. It has become
evident that some early-stage cancers are indolent and can
be safely monitored, while others require immediate
intervention [23,24]. However, applying this strategy in
the clinical setting requires accurate risk discrimination,
especially in prostate cancer, for which physicians can use a
myriad of treatment options ranging from deferred
treatment to multimodal interventions.
Clinical uncertainty about the prognosis of newly
diagnosed prostate cancer among AA men is particularly
acute [25]. Previous studies have documented numerous
differences in prostate cancer between AA and non-AA
men [7,11,26]. These differences include disease presenta-
tion, diagnosis, treatment, and distant oncologic outcomes,
all suggesting a more aggressive disease phenotype in AA
men. The reasons underlying these observations are
unclear, but could be driven by a combination of biologic,
socioeconomic, and/or cultural factors. To this point, the
disparities in outcomes between AA and non-AA patients
tend to be reduced in studies that either focused on
intensively screened populations or that were conducted
at institutions where patient access to the health system
was equal [27,28].

In this study, the higher frequency of PTEN loss among
AA men was confirmed [17]. However, this did not impact
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risk discrimination, as PTEN expressionwas not significant-
ly associated with progression to metastatic disease. The
study also showed that ancestry does not appear to impact
the prognostic information provided by the CCP score, with
no significant differences in HRs according to ancestry
(p = 0.20). This is consistent with a previous study that
showed equivalent CCP HRs in a cohort that included 81 AA
men [20]. Furthermore, the predicted risk for metastatic
disease did not differ between AA and non-AA patients after
accounting for all available molecular and clinicopathologic
prognostic information in this study cohort (Fig. 3). These
data may indicate that both the molecular score and the
derived predicted risk (based on the CCR score) could be
used to help in guiding appropriate clinical management of
both AA and non-AA patients with newly diagnosed
prostate cancer.

This study has several limitations. First, ancestry was
self-reported. This may introduce error and limit the
generalizability of the conclusions, as population-based
genetic heterogeneity was not addressed [29]. Although
obtaining genetic information for this patient population
could have provided more precise ancestry information,
this was impractical within the scope of the study. Second,
the study was retrospective in nature. To minimize the
sample bias that can occur in retrospective studies, we
studied a population-based disease cohort that was
prospectively collected and molecular testing was per-
formed for as many evaluable men as possible. This design
conforms to best practice as defined by several peer-
reviewed guidelines for biomarker validation [30]. In
addition, patients were not randomly assigned to treat-
ment regimens. Although clinical information is available,
factors that might have guided treatment choices remain
unknown and no conclusions can be drawn about the
relative efficacy of different therapies. The clinical follow-
up is also somewhat limited (median 5.6 yr) and conclu-
sions regarding late metastatic events require caution.
Finally, the men in this study were mostly treated, and
therefore the data presented add little to the evidence that
the CCP score can help in selecting men for deferred
treatment. However, the study expands the evidence that
the test can identify men at high risk of failing on standard
therapy.

5. Conclusions

Appropriate clinical management of newly diagnosed
prostate cancer depends on accurate risk discrimination.
This is the first study to robustly evaluate the impact of
ancestry on the prognostic performance of this molecular
test. The study indicates that the prognostic information
provided by the CCP score is independent of ancestry and
therefore could be used to improve risk discrimination
among both AA and non-AA men with localized prostate
cancer.
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