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A B S T R A C T

Purpose
The optimal timing of postoperative radiotherapy (RT) after radical prostatectomy (RP) is
unclear. We hypothesized that a genomic classifier (GC) would provide prognostic and
predictive insight into the development of clinical metastases in men receiving post-RP RT and
inform decision making.

Patients and Methods
GC scores were calculated from 188 patients with pT3 or margin-positive prostate cancer, who
received post-RP RT at Thomas Jefferson University and Mayo Clinic between 1990 and 2009. The
primary end point was clinical metastasis. Prognostic accuracy of the models was tested using the
concordance index for censored data and decision curve analysis. Cox regression analysis tested
the relationship between GC and metastasis.

Results
The cumulative incidence of metastasis at 5 years after RT was 0%, 9%, and 29% for low,
average, and high GC scores, respectively (P � .002). In multivariable analysis, GC and pre-RP
prostate-specific antigen were independent predictors of metastasis (both P � .01). Within the low
GC score (� 0.4), there were no differences in the cumulative incidence of metastasis comparing
patients who received adjuvant or salvage RT (P � .79). However, for patients with higher GC
scores (� 0.4), cumulative incidence of metastasis at 5 years was 6% for patients treated with
adjuvant RT compared with 23% for patients treated with salvage RT (P � .01).

Conclusion
In patients treated with post-RP RT, GC is prognostic for the development of clinical metastasis
beyond routine clinical and pathologic features. Although preliminary, patients with low GC scores
are best treated with salvage RT, whereas those with high GC scores benefit from adjuvant
therapy. These findings provide the first rational selection of timing for post-RP RT.

J Clin Oncol 33:944-951. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Despite the significant stage migration in prostate
cancer (PCa) after the introduction of prostate-
specific antigen (PSA) in clinical practice, a signifi-
cant proportion of contemporary patients harbor
adverse pathologic characteristics at radical prosta-
tectomy (RP).1 These individuals are frequently
treated with postoperative radiotherapy (RT) alone
or RT plus hormonal therapy.2 However, the opti-
mal timing of postprostatectomy RT is a subject of
continuous debate. Advocates for adjuvant RT
(ART) argue that this treatment modality might
maximize cancer control outcomes. However, sal-
vage RT (SRT) can minimize overtreatment while
offering acceptable oncologic outcomes.

Multiple retrospective analyses have compared
ART with SRT, with some studies demonstrating
improvement in biochemical no evidence of disease
(bNED)3,4 favoring ART and others indicating that
early SRT (triggered at a PSA between 0.3 and 0.5
ng/mL) does not compromise outcomes.5 Given the
even balance of the published literature, prospective
randomized trials (Radiotherapy and Androgen De-
privation in Combination After Local Surgery
[RADICALS],6 French Genitourinary Tumor Group
trial 17/0702,7 and Radiotherapy—Adjuvant Versus
Early Salvage [RAVES]8) are under way comparing
ART with SRT.

Because of the rarity of data in this field and the
unresolved controversy between ART and SRT, we
sought to integrate a novel biomarker test to
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improve clinical decision making regarding post-RP RT. We hypoth-
esized that the use of a validated PCa genomic classifier (GC) could
distinguish between men who would benefit from ART and those in
whom SRT would be the optimal approach.

PATIENTS AND METHODS

Patient Cohort

The GenomeDx PCa genomic database was used to extract the data of all
patients with pT3 disease and/or positive surgical margins who received
post-RP RT between 1990 and 2009. A total of 198 patients had available GC
scores and clinical data for nomogram computation. Ten patients (5%) who
received neoadjuvant hormonal therapy (n � 3) and/or had lymph node
invasion (n�6) or who received RT after metastatic disease onset (n�1) were
excluded. A total of 188 patients from Thomas Jefferson University (Philadel-
phia, PA; n � 137) and Mayo Clinic (Rochester, MN; n � 51) formed our
analytic data set.9,10 Patients were treated to a median dose of 66.6 Gy using
conventional fractionation by either three-dimensional conformal RT or
intensity-modulated RT techniques. Photons of 10 to 25 MV were used, with
the clinical target volume delineated on computed tomography to include the
prostatic fossa and periprostatic tissues. There was no statistical difference in
use of intensity-modulated RT or pelvic fields or use of androgen-deprivation
therapy in conjunction with RT between SRT and ART.11,12

The primary end point for the analysis was clinical metastasis (regional or
distant) documented radiographically on computed tomography or bone
scan. ART and SRT were defined by PSA levels of � 0.2 and � 0.2 ng/mL
before initiation of RT,9 consistent with randomized clinical trials.6,8 This
study follows the REMARK criteria for evaluation of prognostic biomarkers.13

The Thomas Jefferson University and Mayo Clinic institutional review boards
reviewed and approved the research protocol under which the validation
studies were conducted.

Specimen selection and processing have been described previously.9,10

After microarray quality control using the Affymetrix Power Tools packages
(Affymetrix, Santa Clara, CA),14 probe set summarization and normalization
were performed with the SCAN algorithm, which normalizes each batch
individually by modeling and removing probe- and array-specific background
noise using only data from within each array.15

Calculation of GC, Nomograms, and Combined Models

The expression values for the 22 prespecified biomarkers that constitute
the GC were extracted from the normalized data matrix and entered into the
locked random forests algorithm with tuning and weighting parameters de-
fined as reported previously.9,10,16 The GC read-out is a continuous risk score
between 0 and 1, with higher scores indicating a greater probability of metas-
tasis.16 GC scores were rounded to two significant digits.

Cancer of the Prostate Risk Assessment Postsurgical (CAPRA-S) score
was indirectly derived from a regression equation using seven variables.17

Stephenson 5-year nomogram survival probability was calculated using eight
clinicopathologic variables based on the locked Cox proportional hazards
regression model.18 The combined GC plus CAPRA-S and GC plus Stephen-
son models were trained for predicting the metastasis end point and locked on
an independent data set as reported previously.16 The training data set in-
cluded 186 patients with 69 patients with metastatic disease. Overall, 47%,
49%, and 35% of patients had positive margins, extraprostatic extension, and
seminal vesicle invasion, respectively.

Statistical Analyses

Age at RP, preoperative PSA level (log2 transformed), and time from RP
to RT were considered continuous variables. Pathologic Gleason score (� 7 v
� 7), extraprostatic extension (present v absent), seminal vesicle invasion
(present v absent), surgical margin status (positive v negative), and treatment
modality (ART v SRT) were considered categorical variables. In time-to-event
analyses, event times were defined as the time from completion of RT to
metastasis date.

The prognostic accuracy of the CAPRA-S, Stephenson nomogram, GC,
and combined models was established according to time-dependent receiver
operating characteristic curves for survival data using the nearest neighbor
estimator described by Heagerty et al.19 Cumulative incidence curves were
constructed using Fine-Gray competing risks analysis to estimate the risk of
metastasis over time.20 As a result of the small number of events, penalized
likelihood Cox regression methods (LASSO and Firth) were used for identifi-
cation of the most prognostic risk factors to ensure the robustness of the
analyses and avoid overestimation of the resulting hazard ratios (HRs).21,22

Decision curve analysis was used to determine the net benefit derived from the
use of the GC, CAPRA-S, GC plus CAPRA-S model, and GC plus Stephenson
model.23 The significance level was P � .05 for all statistical tests, and analyses
were performed in R version 3.0 (http://www.r-project.org/).

RESULTS

The clinical characteristics of the study cohort are listed in Table 1.
Seventy-two percent of men had extraprostatic extension, 35% had
seminal vesicle invasion, and 78% had positive margins. Twenty-one
percent of patients had a Gleason score of � 8. Fifty-one percent of
patients received ART (89% within 12 months of RP), and overall,
patients received RT at a median of 5 months (range, 1 to 160 months)

Table 1. Demographics and Clinical Characteristics of Eligible Patients

Characteristic

Validation Cohort
(N � 188)

No. of
Patients %

Patient age, years
Median 61
Range 42-78
IQR (Q1-Q3) 56-66

Preoperative PSA, ng/mL
Median 7.8
Range 0.4-80.4
IQR (Q1-Q3) 5.3-12.3

Pathologic Gleason score
� 6 28 14.9
7 (3 � 4) 60 31.9
7 (4 � 3) 50 26.6
� 8 48 25.5
Unknown 2 1.1

Extraprostatic extension 136 72.3
Seminal vesicle invasion 65 34.6
Surgical margins 147 78.2
Pre-RT PSA, ng/mL

Median 0.2
Range 0-39
IQR (Q1-Q3) 0.1-0.7

RT modality
Adjuvant RT 96 51.1
Salvage RT 89 47.3
Unknown 3 1.6

ADT 56 29.8
Time from RP to RT, months

Median 5
Range 1-159.7
IQR (Q1-Q3) 3.6-15.3

Abbreviations: ADT, androgen-deprivation therapy; IQR, interquartile range;
PSA, prostate-specific antigen; RP, radical prostatectomy; RT, radiation ther-
apy; Q, quartile.
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after RP. Thirty percent of patients received hormonal therapy with
RT. The median follow-up times after RP and after RT were 10 and 8
years, respectively. Overall, 19 patients (10%) developed metastasis
after post-RP RT, with a median time to metastasis of 3 years (inter-
quartile range, 1 to 5 years; Table 1).

Using the CAPRA-S scoring model, the majority of the patients
were categorized as either at average risk (50%) or high risk (45%) for
disease progression (Appendix Fig A1A, online only). In contrast, the
rates of men with previously described cut points for low (� 0.4),
average (0.4 to 0.6), and high (� 0.6) GC scores were 39%, 41%, and
20%, respectively (Appendix Fig A1B). GC scores had a modest cor-
relation with Gleason score (Spearman’s � � 0.26; P � .001).

The survival concordance index (c-index) for predicting metas-
tasis at 5 years after RT was 0.66 (95% CI, 0.56 to 0.78) for the
CAPRA-S model, 0.83 (95% CI, 0.27 to 0.89) for the GC score, and
0.85 (95% CI, 0.79 to 0.93) for the CAPRA-S plus GC model (Fig 1A).
Similar results were observed using the Stephenson nomogram (Ap-
pendix Fig A2, online only). Of the 19 patients who developed metas-
tasis, 16 patients (84%) had average or high GC scores (GC � 0.4), and
two patients had the highest possible GC score (0.39) still categorized
as low risk.

Consistent with the survival c-index, decision curve analysis
showed that the models including GC (GC alone and GC plus
CAPRA-S) were superior to clinicopathologic models (Fig 1B). Com-
pared with scenarios where no prediction model would be used for a
post-RP RT treatment decision (ie, treat all or treat none), the GC-
based models had a higher net benefit than clinical models across a
wide range of decision threshold probabilities (approximately 0% to
25% risk of metastasis). Furthermore, reclassification analysis shows
that 71 patients (43%) with average- and high-risk CAPRA-S scores
had their risk downgraded to GC low risk, and notably, 68 (96%) of
these 71 patients remained metastasis free on study follow-up (Appen-
dix Table A1, online only).

Univariable analysis demonstrated that GC, preoperative PSA
levels, and RT modality were significant predictors of metastasis (Ta-
ble 2). In multivariable analysis, only pre-RP PSA levels and GC were
independent predictors of metastasis (Table 2). As a continuous vari-
able, for every 10% increase in GC score, the HR for metastasis was
1.90 (95% CI, 1.31 to 2.75; P � .001). When analyzed as a categorical
variable, high GC scores (� 0.6) had an HR of 9.58 (P � .013)
compared with low GC scores (� 0.4) (Appendix Table A2, online
only). Results of the multivariable analysis were confirmed using
LASSO penalized regression for sparse data and rare events. Even with
large values of the penalty parameter �, GC had a nonzero hazard
coefficient and was the first variable to enter the model, confirming its
significance in predicting metastasis in multivariable analysis despite
the few metastasis events in this cohort (Fig 1C). In a multivariable
model that included GC and CAPRA-S, both of these variables were
significant predictors of metastasis, with HRs of 1.69 (per 0.1-unit
increase; P � .001) and 1.28 (per 1-unit increase; P � .028), respec-
tively (Table 2).

Cumulative incidence plots depicted the estimated incidence of
metastasis, after stratifying patients according to GC and CAPRA-S
risk groups (Fig 2). The 5-year cumulative incidence rates of metasta-
sis in patients with low, average, and high CAPRA-S scores were 13%,
2%, and 14%, respectively (P � .04). The 5-year cumulative incidence
rates of metastasis in patients with low, average, and high GC scores
were 0%, 9%, and 29%, respectively (P � .002).

Next, the prognostic models were evaluated for their ability to
predict benefit from RT modality. Cumulative incidence plots for
metastasis comparing ART with SRT were stratified by CAPRA-S and
GC groups (Fig 3). The low and average CAPRA-S risk groups were
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collapsed into one group, and the average and high GC score groups
were similarly collapsed into one group as a result of limitations in
sample size for this subset analysis. When comparing patients treated
with ART versus SRT, the 5-year incidence of metastasis was 0%
versus 7% (P � .02), respectively, for patients with CAPRA-S less than
5 (Fig 3A) and 7% versus 21% (P � .1), respectively, for patients with
CAPRA-S � 5 (Fig 3B). Stratified by GC, no differences in outcomes
were observed comparing ART and SRT for patients with a GC score
less than 0.4 (0% v 0%, respectively; P � .7; Fig 3C). In contrast, the
results in patients with a GC score � 0.4 were significant and favored
ART, with 5-year metastasis incidence of 6% versus 23% for SRT
(P � .008; Fig 3D).

A sensitivity analysis was performed considering different PSA
level thresholds (ie, � 0.1, 0.1 to 0.5, and � 0.5 ng/mL) at RT initiation
(Figs 4A and 4B). This analysis again showed that for patients in the
low-risk GC group (� 0.4), no significant differences in cumulative
incidence of metastasis were observed regardless of PSA level at RT
(P � .47). In the high-risk GC group, for patients who received RT
when PSA was less than 0.1 ng/mL (these patients by contemporary
criteria would be considered to be true ART patients), the cumulative
incidence of metastasis at 5 years was 0%, which is significantly better
than the incidence of patients who received RT when PSA was between
0.1 and 0.5 ng/mL (ie, early SRT) or who received RT when PSA was
greater than 0.5 ng/mL (ie, late SRT), who had a 12% and 26%

Table 2. Results of Cox� Proportional Hazards Analysis of GC (continuous), Clinical Risk Factors, and CAPRA-S

Model and Variable

UVA MVA†

HR 95% CI P HR 95% CI P

Model I
Patient age, years 1.02 0.96 to 1.09 .5041 1.02 0.95 to 1.1 .5643
Log2 preoperative PSA, ng/mL 1.66 1.10 to 2.52 .0158 2.12 1.31 to 3.45 .0022
Pathologic Gleason score � 7 Reference 1 Reference 1
Pathologic Gleason score � 7 2.36 0.89 to 6.00 .0837 1.08 0.33 to 3.22 .8889
Extraprostatic extension 2.43 0.75 to 12.28 .1489 1.67 0.45 to 9.05 .4648
Seminal vesicle invasion 1.46 0.55 to 3.71 .4343 0.65 0.20 to 2.01 .4561
Surgical margins 0.64 0.23 to 2.10 .424 1.31 0.43 to 4.62 .6397
Time from RP to RT, months 1.00 0.97 to 1.02 .9802 1.01 0.97 to 1.04 .7165
Adjuvant RT (reference: salvage RT) 0.29 0.09 to 0.89 .0219 0.37 0.11 to 1.05 .0621
GC‡ 1.66 1.23 to 2.23 � .001 1.90 1.31 to 2.75 � .001

Model II
CAPRA-S§ 1.31 1.05 to 1.63 .0185 1.28 1.03 to 1.61 .0282
GC‡ 1.61 1.20 to 2.15 � .001 1.69 1.24 to 2.31 � .001

Abbreviations: CAPRA-S, Cancer of the Prostate Risk Assessment Postsurgical; GC, genomic classifier; HR, hazard ratio; MVA, multivariable analysis; PSA,
prostate-specific antigen; RP, radical prostatectomy; RT, radiation therapy; UVA, univariable analysis.

�According to Firth’s penalized likelihood method where CIs are obtained via profile penalized likelihood.
†In MVA, all available covariates were used and no variable selection was performed. For variable selection, LASSO was performed as shown in Figure 1C.
‡GC reported per 0.1-unit increase.
§CAPRA-S reported per 1-unit increase.
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cumulative incidence of metastasis at 5 years after RT, respectively
(P � .02). Finally, Cox proportional hazards demonstrated that pa-
tients with higher GC scores who received ART had an 80% reduction
in risk (HR, 0.20; 95% CI, 0.04 to 0.90; P � .04) compared with
patients who received SRT (Appendix Table A3, online only). No
benefit for ART was observed over SRT in patients with a low GC score
(HR, 0.76; 95% CI, 0.11 to 5.76; P � .8).

DISCUSSION

Postprostatectomy RT significantly reduces the risks of PSA progres-
sion and local recurrence and may reduce the risk of distant metastases
and PCa-specific mortality.24 However, there is a critical need within
the genitourinary oncologic community to determine the optimal
timing of postprostatectomy RT to avoid overtreatment and toxicities
and realize the clinical benefits. Three prospective randomized trials
comparing ART with initial observation for men with either pT3
disease or margin-positive (R1) resection (Southwest Oncology

Group 8794,25,26 European Organisation for Research and Treatment
of Cancer 22911,27,28 and ARO 96-02/AUO AP/09/9529,30) have dem-
onstrated a benefit of ART in terms of bNED and local control at both
5- and 10-year follow-up. In addition, at 10 years, the Southwest
Oncology Group trial demonstrated a benefit in overall survival and
metastasis-free survival.26 However, this was not recapitulated in the
European Organisation for Research and Treatment of Cancer trial,
and the ARO 96-02 trial was not powered for overall survival. In these
trials, the 5-year bNED rate for the observation arm was approxi-
mately 50%, suggesting that adoption of ART for all men with
positive-margin or pT3 disease would result in significant overtreat-
ment. Furthermore, the use of ART has been shown to be associated
with acute and late GI toxicity, urinary stricture, and incontinence,31

all representing potential patient management and quality-of-life out-
comes challenges.

The current American Urologic Association/American Soci-
ety for Radiation Oncology consensus guidelines reflect the chal-
lenge of counseling and decision making in this setting.32 Many
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experts have advocated for the identification of novel biomarkers
to tailor treatment decisions.33,34 To that end, we used a multi-
institutional data set to examine the prognostic and predictive
ability of a GC to determine the potential benefit of ART and SRT.
We demonstrate that the GC is highly prognostic in the setting of
postprostatectomy RT and that the GC may be a predictive marker
that can help determine which patients will benefit from ART as
opposed to SRT. This supports the importance of local therapy in
the setting of presumed occult metastatic disease.35,36

Within the literature, there are more than 100 published risk
assessment tools,37 yet few are validated instruments. The most com-
monly referenced include the Stephenson postoperative nomogram18

and the CAPRA-S score.17 Recently, decision curve analysis has dem-
onstrated that CAPRA-S score appropriately identified patients in
whom adjuvant therapy is most appropriate, and CAPRA-S has been
shown to be robust for prediction of PCa-specific mortality.38 In our
study, first, we observed that GC downgraded risk in approximately
43% of CAPRA-S average- and high-risk patients to low risk GC, and
96% of these reclassified patients remained metastasis free on study
follow-up. Accordingly, the c-index for predicting metastasis after RT
was 0.66 for CAPRA-S but 0.83 for GC, with only a small gain to 0.85
for the combined model. Second, although we found that CAPRA-S
retains significance in multivariable analysis with GC for predicting
metastasis, it was observed that CAPRA-S score failed to discriminate
patients who would benefit from ART. For patients with a less than
50% CAPRA-S risk of biochemical recurrence after RP,35 ART was
statistically associated with improved outcomes compared with SRT;
however, for patients with a greater than 50% risk of biochemical
recurrence by the CAPRA-S model, no significant differences were
observed. This is juxtaposed to the utilization of GC, in which there
was no difference noted between patients treated with ART or SRT
regardless of pre-RT PSA levels for patients with low GC scores,
whereas there was a statistically significant decrease in development of
metastases in men with high GC scores who received ART.

Currently, ART is being used in approximately 10% of pa-
tients with at least one adverse pathologic feature (positive-margin

or pT3 disease).39-43 Given this low rate, some have questioned the
extent to which preference-based and participatory decision mak-
ing is occurring in routine clinical practice among patients and
physicians.44 This study provides intriguing evidence to assist in
the nuanced discussion of postprostatectomy treatment. This
study adhered to the prospective collection of specimens before
outcome ascertainment,45 and GC scores were determined with
blinding to all clinical information.

There are a few limitations in this study. First, the data ana-
lyzed are retrospective, and the selection of ART as opposed to SRT
varied among physicians and patients. Second, there were no con-
crete guidelines for the incorporation of androgen-deprivation
therapy with postprostatectomy RT. Third, this study only in-
cluded patients who received RT and thus could not identify a
patient population in whom postprostatectomy RT could be with-
held completely.

Despite these limitations, the findings of the study are
particularly intriguing and provide a unique, more individual-
ized approach in the management of postprostatectomy patients
with adverse pathologic findings. Although a biomarker should
not substitute for the shared patient-physician decision-making
process, the integration of GC can provide additional insight into
the aggressiveness of a man’s PCa and more appropriately guide his
postprostatectomy therapy selection. This study suggests that for
men with a high GC score receiving SRT further intensification of
therapy may be warranted; this is currently being examined in the
Radiation Therapy Oncology Group 96-01 study, a prospective
phase III randomized trial comparing SRT with SRT plus high-
dose bicalutamide. Given that this cohort consists of high-risk
patients by clinicopathologic nomograms and the utilization of a
GC allowed for significant downstaging, this study has major
ramifications in terms of both potential for overtreatment and
substantial cost savings to the US health care system.46 Thus, the
GC is a valuable tool to aid in management of men with PCa
undergoing prostatectomy.
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Fig 4. Cumulative incidence curves to evaluate benefit for three preradiotherapy prostate-specific antigen (PSA) levels (� 0.1, 0.1 to 0.5, and � 0.5 ng/mL) stratified
by (A) low genomic classifier (GC) score (� 0.4) and (B) high GC score (� 0.4). RT, radiotherapy.
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GLOSSARY TERMS

Cancer of the Prostate Risk Assessment (CAPRA)
score: a 0 to 10 score based on a multivariable Cox model that
predicts biochemical and clinical (metastasis and mortality) end
points after primary treatment for prostate cancer. A postsurgical
version (CAPRA-S) offers improved prediction of the same end
points after radical prostatectomy.

Cox proportional hazards regression model: a statis-
tical model for regression analysis of censored survival data, ex-
amining the relationship of censored survival distribution to one
or more covariates. This model produces a baseline survival
curve, covariate coefficient estimates with their standard errors,
risk ratios, 95% CIs, and significance levels.

decision curve analysis: an approach to evaluating the dis-
crimination and calibration of different prognostic tests or mod-
els. A decision curve plots net benefit for a given model across a
range of threshold probabilities. Net benefit is calculated as true
positives minus false

positives, with the false-positive term weighted by the threshold proba-
bility. The threshold probability indicates the likelihood of a positive
finding at which an intervention would be undertaken, given the results
of the test or model.

prostate-specific antigen (PSA): a protein produced by cells of
the prostate gland. The blood level of prostate-specific antigen (PSA) is
used as a tumor marker for men who may be suspected of having pros-
tate cancer. Most physicians consider 0 to 4.0 ng/mL to be the normal
range. Levels of 4 to 10 and 10 to 20 ng/mL are considered slightly and
moderately elevated, respectively. PSA levels have to be complemented
with other tests to make a firm diagnosis of prostate cancer.

REMARK criteria: guidelines for reporting tumor marker studies,
which include a statement of objectives and a description of patient
population and treatments received, biologic materials, and assay meth-
ods. Criteria also include guidelines for reporting data, results, and
discussion.
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Appendix

Table A1. Reclassification Between GC and CAPRA-S

Model

CAPRA-S Score (No. of patients) Total Patients

� 3 3-5 � 5 No. %

GC score
� 0.4 2 42 29 73 41.2

Metastasis 0 1 2
0.4-0.6 5 31 35 71 40.1

Metastasis 0 1 5
� 0.6 3 15 15 33 18.6

Metastasis 1 2 5
Total patients

No. 10 88 79 177�

% 5.6 49.7 44.6

Abbreviations: CAPRA-S, Cancer of the Prostate Risk Assessment Postsurgical; GC, genomic classifier.
�Eleven patients with missing CAPRA-S scores were excluded from this analysis.

Table A2. Results of MVA Cox� Proportional Hazards Analysis of GC (categorical, � 0.4, 0.4-0.6, and � 0.6) and Clinical Risk Factors

Variable HR 95% CI P

Patient age, years 1.01 0.94 to 1.09 .7189
Log2 preoperative PSA, ng/mL 2.04 1.25 to 3.39 .0046
Pathologic Gleason score � 7 Reference 1
Pathologic Gleason score � 7 1.67 0.54 to 4.98 .3621
Extraprostatic extension 1.54 0.41 to 8.32 .5464
Seminal vesicle invasion 0.61 0.18 to 1.96 .4139
Surgical margins 1.21 0.39 to 4.32 .7495
Time from RP to RT, months 1 0.96 to 1.03 .9014
Adjuvant RT (reference: salvage RT) 0.39 0.11 to 1.14 .0868
GC score

� 0.4 Reference 1
0.4-0.6 2.29 0.55 to 11.11 .258
� 0.6 9.58 2.38 to 47.02 .0013

Abbreviations: GC, genomic classifier; HR, hazard ratio; MVA, multivariable analysis; PSA, prostate-specific antigen; RP, radical prostatectomy, RT, radiation therapy.
�Using Firth’s penalized likelihood method.

Table A3. Results of Cox Proportional Hazards Analysis Evaluating Impact of RT Modality Within GC Categories

Model and RT Modality HR 95% CI P

Model I (GC � 0.4 subset)
Salvage RT Reference 1
Adjuvant RT 0.76 0.11 to 5.46 .787

Model II (GC � 0.4 subset)
Salvage RT Reference 1
Adjuvant RT 0.20 0.04 to 0.90 .0357

Abbreviations: GC, genomic classifier; HR, hazards ratio; RT, radiation therapy.
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Utilization of biopsy-based genomic classifier to predict distant
metastasis after definitive radiation and short-course ADT for
intermediate and high-risk prostate cancer
PL Nguyen1, NE Martin1, V Choeurng2, B Palmer-Aronsten2, T Kolisnik2, CJ Beard1, PF Orio1, MD Nezolosky1, Y-W Chen1, H Shin2,
E Davicioni2 and FY Feng3

BACKGROUND:We examined the ability of a biopsy-based 22-marker genomic classifier (GC) to predict for distant metastases after
radiation and a median of 6 months of androgen deprivation therapy (ADT).
METHODS: We studied 100 patients with intermediate-risk (55%) and high-risk (45%) prostate cancer who received definitive
radiation plus a median of 6 months of ADT (range 3–39 months) from 2001–2013 at a single center and had available biopsy
tissue. Six to ten 4 micron sections of the needle biopsy core with the highest Gleason score and percentage of tumor involvement
were macrodissected for RNA extraction. GC scores (range, 0.04–0.92) were determined. The primary end point of the study was
time to distant metastasis. Median follow-up was 5.1 years. There were 18 metastases during the study period.
RESULTS: On univariable analysis (UVA), each 0.1 unit increase in GC score was significantly associated with time to distant
metastasis (hazard ratio: 1.40 (1.10–1.84), P= 0.006) and remained significant after adjusting for clinical variables on multivariable
analysis (MVA) (adjusted hazard ratio: 1.36 (1.04–1.83), P= 0.024). The c-index for 5-year distant metastasis was 0.45 (95%
confidence interval: 0.27–0.64) for Cancer of the Prostate Risk Assessment score, 0.63 (0.40–0.78) for National Comprehensive
Cancer Network (NCCN) risk groups, and 0.76 (0.57–0.89) for the GC score. Using pre-specified GC risk categories, the cumulative
incidence of metastasis for GC40.6 reached 20% at 5 years after radiation (P= 0.02).
CONCLUSIONS: We believe this is the first demonstration of the ability of the biopsy-based GC score to predict for distant
metastases after definitive radiation and ADT for intermediate- and high-risk prostate cancer. Patients with the highest GC risk
(GC40.6) had high rates of metastasis despite multi-modal therapy suggesting that they could potentially be candidates for
treatment intensification and/or enrollment in clinical trials of novel therapy.

Prostate Cancer and Prostatic Diseases advance online publication, 24 January 2017; doi:10.1038/pcan.2016.58

INTRODUCTION
Radiation and androgen deprivation therapy (ADT) is a standard
therapy for contemporary patients with intermediate and high-risk
prostate cancer.1 While many men will be cured with this
treatment, there remains a proportion of men who will progress
after therapy and develop metastatic disease. For these men,
intensification of therapy beyond standard duration ADT and
radiation may be required to further reduce the risk of metastasis.
Because intensification of therapy using longer durations of

ADT, second-generation anti-androgens, chemotherapy or novel
agents carries risk of additional toxicity, it is critically important to
correctly identify the subgroup of patients who may be in need of
such intensification. While clinical factors such as PSA, T-category
and Gleason score have traditionally been used to risk-stratify
patients, their accuracy has been significantly enhanced in the last
few years by genomic-based tests. However, most genomic tests
for prostate cancer have been discovered or validated in either the
post-prostatectomy setting or more recently the active surveil-
lance setting, and it remains unknown whether they can predict
for a clinically meaningful end point such as distant metastasis
after definitive radiation and ADT.

For example, the Oncotype Dx test from Genomic Health is used
on biopsy tissue from National Comprehensive Cancer Network
(NCCN) very low through intermediate risk prostate cancer and
gives the risk of harboring adverse pathology (pT3 or Gleason ⩾ 4
+3) at prostatectomy.2 The Prolaris test from Myriad Genetics can
predict 10-year prostate cancer specific mortality with conserva-
tive management from biopsy tissue or biochemical recurrence
from radical prostatectomy tissue.3 Finally, the Decipher test from
GenomeDx Biosciences can be used on both biopsy and
prostatectomy specimens to predict the risk of distant metastasis
after prostatectomy.4–6

In this study, we examined whether the biopsy-based 22-gene
Decipher genomic classifier (GC) can be used to accurately predict
for the risk of distant metastasis in a contemporary cohort with
both intermediate and high-risk prostate cancer who all received
radiation and ADT.

MATERIALS AND METHODS
Patient selection and treatment
Our initial cohort included 153 patients who received radiation and ADT at
the Dana-Farber/Brigham and Women’s Cancer Center from 2001–2013 for

1Department of Radiation Oncology, Dana-Farber/Brigham and Women’s Cancer Center and Harvard Medical School, Boston, MA, USA; 2GenomeDx Biosciences, Vancouver, BC,
Canada and 3Department of Radiation Oncology, University of California at San Francisco, San Francisco, CA, USA. Correspondence: Dr PL Nguyen, Department of Radiation
Oncology, Dana-Farber/Brigham and Women’s Cancer Center and Harvard Medical School, 75 Francis Street, Boston, MA 02115, USA.
E-mail: pnguyen@LROC.harvard.edu
Received 21 July 2016; revised 14 September 2016; accepted 12 October 2016

Prostate Cancer and Prostatic Diseases (2017) 00, 1–7

www.nature.com/pcan

http://dx.doi.org/10.1038/pcan.2016.58
mailto:pnguyen@LROC.harvard.edu
http://www.nature.com/pcan


NCCN intermediate or high-risk prostate cancer and had archived formalin-
fixed paraffin-embedded tissue available. Twenty-six patients did not have
adequate tumor tissue for RNA extraction while 27 patients did not pass pre-
specified microarray quality control thresholds and were thus excluded from
analysis. GC scores were calculated for the remaining 100 patients,
consisting of 55 intermediate risk and 45 high-risk patients. Of note, the
clinical characteristics between those with adequate vs inadequate tissue for
analysis was similar except for a higher proportion of positive biopsy cores in
those with adequate tissue (median 50% vs 33%, Po0.001; Supplementary
Table 1). The duration of ADT was at the discretion of the treating physician,
and most (68%) received 6 months of ADT with a range of 3–39 months. The
ADT was typically started 2 months before the initiation of radiation.
Radiation was external beam alone for 97% of the patients to a median dose
of 72 Gy (range: 68.4–81.0 Gy). Included patients had all consented to a
prospective tissue collection protocol, and this study was approved by the
Dana-Farber/Harvard Cancer Center Institutional Review Board.

Specimen collection and processing
Six to ten 4 micron sections of the needle biopsy core with the highest
Gleason score and percentage of tumor involvement were macrodissected
for RNA extraction. GC scores were determined from the Decipher prostate
cancer classifier assay (GenomeDx Biosciences Laboratory, San Diego, CA,
USA) as previously described.4,5 Cancer of the Prostate Risk Assessment
(CAPRA) was calculated as previously described5 while substituting
pre-operative PSA with pre-radiation PSA. Risk categorization of GC and
CAPRA were based on prior publications.5,7,8 The primary end point of the
study was distant metastasis following radiation therapy. Secondary end
points evaluated were biochemical failure (nadir plus 2 definition) and
castrate resistance (defined as any rise in PSA despite being on salvage ADT
for biochemical failure).

Statistical analysis
Duration of ADT (⩽6 months vs 46 months), biopsy Gleason (⩽3+4 vs
⩾ 4+3) and clinical stage (oT2b vs ⩾ T2b) were treated as categorical
variables while age at radiation therapy (RT), pretreatment PSA (log 2
transformed), and percent positive cores were modeled as continuous
covariates. In time to event analyses, event times were defined as the time
from initiation of RT to metastases or date of last follow-up.
The performance of GC, CAPRA and NCCN risk categories were compared

and contrasted by measuring their ability to (1) independently predict
metastases using univariable (UVA) and multivariable (MVA) penalized Cox
regression;9 (2) discriminate risk among patients using survival receiver
operating characteristic curves and their respective c-indices;10 (3) exhibit
clinical usefulness by plotting out decision curves adapted to survival data;11

and (4) stratify metastatic risk using cumulative incidence curves12 based on
their previously published cutpoints. Least absolute shrinkage and selection
operator (LASSO) regression was a secondary penalized method used to
assess the relative importance of the variables of interest in predicting
metastasis. Furthermore, it has been demonstrated that LASSO regression
without penalization on the exposure variable produces an estimate of the
coefficient of the exposure variable of minimal bias with as few as three
events per variable.13 This method was also applied to the data. Confidence
intervals for survival c-indices were computed via the bootstrap. The
c-indices were considered statistically significant if the lower bound of the
95% confidence interval exceeded 0.50. The significance level was set at 0.05
for all tests while analyses were performed in R v3.0. With an anticipated
event rate of 0.13, this study had 80% power to detect a hazard ratio of 1.54
per 0.1 unit increase in continuous genomic biomarker score.

RESULTS
Patient characteristics
Patient characteristics are provided in Table 1. The median age of
patients in the study was 67 years (range, 45–87) and 16% of
patients were African–American. Thirty percent of patients had a
biopsy Gleason ⩽ 3+4, 36% had Gleason 4+3, and 34% of patients
had Gleason 8 or 9 disease. The median pretreatment PSA
was 7.3 ng ml−1 (interquartile range: 4.7–-14.9 ng ml− 1) while the
median time between biopsy and radiation therapy was 4.5 months.
Sixty-eight percent of patients received 6 months of ADT, 1%
received 3 months of ADT, and the remaining 31% received
12–39 months of ADT. Eighty-seven percent received both

a gonadotropin-releasing hormone agonist and an anti-androgen.
The median follow-up on censored patients was 5.1 years
(interquartile range: 3.4-6.3) and 18 patients developed metastasis
during study follow-up. During this same period, 28 patients had
biochemical failure while 12 developed castrate resistant disease.

Calculation of GC and CAPRA scores
The distributions of GC and CAPRA scores are presented in
Figure 1. The median GC score for this biopsy-based cohort was
0.39 (interquartile range: 0.22–0.61). The median CAPRA score for
these patients was 5 (interquartile range: 4–6). We observed a
significant positive correlation between GC and biopsy Gleason

Table 1. Demographic and clinical characteristics of eligible patients

Variables Cohort

No. of patients (%) 100 (100%)

Patient age, year
Median (Range) 67 (47, 85)
IQR (Q1, Q3) 60–71

Race, n (%)
African–American 16 (16%)
Caucasian 79 (79%)
Other 5 (5%)

Pretreatment PSA (ng ml− 1)
Median (Range) 7.3 (1.5, 103)
IQR (Q1, Q3) 4.7–14.9

Biopsy gleason group, n (%)
⩽ 6 7 (7%)
7 (3+4) 23 (23%)
7 (4+3) 36 (36%)
8 15 (15%)
⩾ 9 19 (19%)

Clinical stage, n (%)
⩽ T2a 64 (64%)
⩾ T2b 35 (35%)
Tx 1 (1%)

Percent positive biopsy cores
Median (range) 50 (7.7, 100)
IQR (Q1, Q3) 33–75

NCCN risk category, n (%)
Intermediate 55 (55%)
High 45 (45%)

Time from biopsy to radiation therapy, months
Median (range) 4.5 (0.8, 25.7)
IQR (Q1, Q3) 4.0–5.5

Follow up of censored patients, year
Median (range) 5.1 (1.3, 11.9)
IQR (Q1, Q3) 3.4–6.3

Type of radiation therapy, n (%)
EBRT 97 (97%)
Brachy 1 (1%)
EBRT + Brachy 2 (2%)

Type of androgen deprivation therapy, n (%)
Bicalutamide 1 (1%)
Combined androgen blockade 87 (87%)
Leuprolide 12 (12%)

Abbreviations: EBRT, external beam radiation therapy; IQR, interquartile
range; NCCN, National Comprehensive Cancer Network.
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score (r= 0.38, Po0.001; Supplementary Figure 1) as well as
CAPRA scores (r= 0.37, Po0.001).

Ability of GC to predict for metastases and secondary end points
On UVA of baseline clinical and genomic risk factors we found
only GC was a significant predictor of metastasis, associated with a

40% increase in the risk of metastasis per 0.1 unit increase in score
(HR: 1.40; 95% confidence interval (CI): 1.10–1.84; P= 0.006;
Table 2). The CAPRA score had a hazard ratio of 1.15 per unit
increase but was not statistically significant (P= 0.271). Likewise,
NCCN high-risk (ref: intermediate risk) was not significantly
predictive of metastasis (HR: 2.00; 95% CI: 0.78-5.35; P= 0.147).

Figure 1. Distributions of the study cohort by (a) Cancer of the Prostate Risk Assessment (CAPRA), (b) genomic classifier risk scores.

Table 2. Results of cox proportional hazards analysis of GC, clinical risk factors and CAPRA

Variables UVA MVA

HR 95% LB 95% UB P-value HR 95% LB 95% UB P-value

Model I Age at radiation therapy, year 1.05 0.98 1.12 0.185 1.03 0.95 1.11 0.484
Log2 pretreatment PSA 1.36 0.88 2.09 0.164 1.26 0.78 2.04 0.343
ADT duration 4 6 months 1.18 0.42 3.01 0.741 1.18 0.30 4.47 0.812
Biopsy gleason ⩾ 4+3 2.24 0.77 8.67 0.149 1.34 0.41 5.49 0.643
Clinical stage ⩾ T2b 0.58 0.18 1.58 0.298 0.71 0.19 2.37 0.585
Percent positive coresa 0.99 0.97 1.01 0.335 0.99 0.96 1.01 0.181
Biopsy deciphera 1.40 1.10 1.84 0.006 1.36 1.04 1.83 0.024

Model II CAPRAb 1.15 0.90 1.51 0.271 0.96 0.70 1.31 0.777
Biopsy deciphera 1.40 1.10 1.84 0.006 1.44 1.08 1.98 0.012

Model III NCCN high 2.00 0.78 5.35 0.147 1.11 0.42 2.99 0.839
Biopsy deciphera 1.40 1.10 1.84 0.006 1.37 1.06 1.78 0.014

Model IV Biopsy gleason ⩾ 4+3 2.24 0.77 8.67 0.149 1.53 0.50 6.19 0.480
Biopsy deciphera 1.40 1.10 1.84 0.006 1.32 1.03 1.73 0.025

Abbreviations: ADT, androgen deprivation therapy; CAPRA, Cancer of the Prostate Risk Assessment; GC, genomic classifier; HR, hazard ratio; LB, lower bound;
MVA, multivariable analysis; NCCN, National Comprehensive Cancer Network; UB, upper bound; UVA, univariable analysis. aHRs reported per 10% increase.
bHRs reported per 1 unit increase.

Table 3. LASSO regression hazard ratios for GC and clinical risk factors using a penalty parameter optimized via cross-validation

Variables LASSO with penalization on all variables LASSO without penalization on biopsy decipher

Order of entry into LASSO model HR using optimized penalty of 0.049

Age at radiation therapy, years 6 NA
Log2 pretreatment PSA 5 NA
ADT duration 4 6 months 7 NA
Biopsy gleason ⩾ 4+3 4 NA
Clinical stage ⩾ T2b 3 0.98
Percent positive coresa 2 0.95
Biopsy deciphera 1 1.44

Abbreviations: ADT, androgen deprivation therapy; GC, genomic classifier; HR, hazard ratio; LASSO, least absolute shrinkage and selection operator; NA, not
applicable. aHRs reported per 10% increase.
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When adjusting for relevant clinical variables in MVA including
stage, Gleason, PSA, percent of positive cores, duration of ADT and
year of treatment, we observed a small reduction in the GC hazard
ratio (HR: 1.36; 95% CI: 1.04–1.83) but it remained a significant
predictor of metastasis (P= 0.024). LASSO regression established

that GC was the most important variable in predicting metastasis
as it was the first variable to enter the model followed by percent
of positive biopsy cores with age at RT being the last and,
therefore, least important variable (Table 3; Figure 2a). LASSO
regression without penalizing GC, but with a cross-validated

Figure 2. (a) Least absolute shrinkage and selection operator (LASSO) coefficient path demonstrating the order of importance of genomic
classifier (GC) and clinical variables in predicting metastasis. Moving from right to left, the order of nonzero hazards coefficients represents the
order of variable importance. (b) LASSO coefficient path without penalization on GC using a cross-validated penalty parameter of 0.049,
represented by a vertical dashed line. Only GC, percent of positive cores and clinical stage have nonzero hazards coefficients at this level of
penalization. This model estimates a less biased hazard ratio for GC when the number of events per variable is low. (c) Survival c-indices at 5
years following radiation therapy (RT) for GC, Cancer of the Prostate Risk Assessment (CAPRA) and National Comprehensive Cancer Network
(NCCN) risk. (d) Decision curve analysis comparing net benefit at 5 years post-RT of GC and CAPRA across various threshold probabilities.
Compared with ‘treat none’ and ‘treat all’ scenarios (in which no risk prediction model is employed) to make treatment decisions, across a
range of threshold probabilities GC had the highest net benefit compared with the clinical-only CAPRA risk model. The net benefit is defined
as a measure of the relative value of benefits from identifying higher risk men that should for example, receive more intensive therapy (for
example, longer duration hormonal suppression) and harms (for example, morbidity of long-term androgen deprivation therapy (ADT))
associated with the GC and CAPRA risk models.
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penalty parameter of 0.049 on all other variables, produced a
hazard ratio for GC of 1.44 (Table 3; Figure 2b), closely
corroborating the results from MVA.
In a separate MVA that included both GC and CAPRA, as well as

one that included GC and NCCN risk, GC’s independent predictive
capability was consistent across models with HR’s of 1.44
(p = 0.012) and 1.37 (p = 0.014), respectively. Neither CAPRA nor
NCCN were significant predictors in these models and each saw a
large variance in their hazard ratios when compared with their
UVA results. Similar results were observed when GC was modeled
with biopsy Gleason score (Table 2).
Cox regression analysis on secondary end points demonstrated

that only CAPRA was a significant predictor of biochemical failure

on UVA (HR: 1.23; 95% CI: 1.01-1.49; P= 0.042; Supplementary
Table 2) but neither of the models were significant predictors on
MVA. With respect to the development of castrate resistant
disease, GC was a significant predictor on UVA as well as after
adjusting for NCCN risk (HR for GC: 1.43; 95% CI: 1.01-2.09;
P= 0.044) and for CAPRA (HR for GC: 1.48; 95% CI: 1.00–2.45;
P= 0.049; Supplementary Table 3).
We next evaluated the discrimination performance of GC, which

had a survival c-index at 5 years following RT for predicting
metastasis of 0.76 (95% CI: 0.57–0.89; Figure 2c). This compared
favorably to a c-index of 0.45 for CAPRA (95% CI: 0.27–0.64) and
0.63 for NCCN (95% CI: 0.40–0.78), as only the GC’s c-index
confidence interval did not contain 0.5. The c-index showed

Figure 3. (a) Cumulative incidence curves in which patients are stratified by National Comprehensive Cancer Network (NCCN) risk categories.
(b) Cumulative incidence curves in which patients are stratified by Cancer of the Prostate Risk Assessment (CAPRA) risk categories.
(c) Cumulative incidence curves in which patients are stratified by genomic classifier (GC) risk categories. (d) Cumulative incidence curves in
which patients are stratified by GC risk using an exploratory cutoff of 0.2. RT, radiation therapy.
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consistent discrimination by GC over time, as the c-index of GC for
predicting metastasis at 10 years following RT was 0.78 (95% CI:
0.60–0.87; Supplemental Figure 2). Decision curve analysis also
demonstrated that the net benefit of using GC for treatment
decisions was generally higher than basing clinical decisions on
either the CAPRA risk model or naively choosing to either treat all
patients or to treat none (Figure 2d). Therefore, irrespective of the
threshold probability for making a treatment decision based on
the GC risk model, decision curve analysis shows that using GC will
improve decision-making.

Metastatic risk stratification
When studying risk stratification, there was not a significant
difference in the cumulative incidence of metastasis between
NCCN high and intermediate patients (P= 0.238; Figure 3). CAPRA
appeared to stratify risk better but the differences were not
statistically significant (P= 0.215). However, pre-determined GC
risk groups showed a significant ability to stratify patient risk
of metastasis, with the 26% of patients in the high genomic
risk group (GC40.6) experiencing a 5-year cumulative risk of
metastasis of 20% after radiation and ADT (P= 0.02). The low
and intermediate genomic risk group curves overlapped
beyond 5 years as the number of patients at risk within each
group dropped substantially thereafter. In exploratory analysis, we
found that patients with a GC score ⩽ 0.2 had a 0% cumulative
incidence of metastasis throughout the period of follow-up
(P= 0.07).

DISCUSSION
To the best of our knowledge, this study of contemporary
intermediate and high-risk patients treated with radiation and a
median of 6 months of ADT is the first to demonstrate that a
biopsy-based 22-gene GC can predict for distant metastases after
definitive radiation and ADT. We found that the GC outperformed
clinical variables and accurately predicted the 5-year risk of distant
metastases with a c-Index of 0.76. In addition, while this study
contained mostly men with intermediate risk disease, the 26%
with a high GC score (40.6) had a 5-year risk of distant metastasis
of 20% despite treatment with both radiation and ADT.
The clinical implication of this study is that the GC, which

was developed on men treated with prostatectomy, may be
used to accurately risk-stratify men for metastatic failure after
radiation and ADT. For the 26 percent of men with a high GC
score, there was a high-risk of metastases at 5 years despite
radiation and ADT, and these men may need to consider
treatment intensification, such as with longer duration ADT which
has been shown to improve survival for locally advanced
disease,14,15 or with docetaxel which has shown early promise in
the initial report of RTOG 05-21 (ref. 16), or with entry into a trial
of novel therapies for aggressive prostate cancer. Dose was not
predictive of metastasis in this cohort, and whether further
radiation dose intensification could benefit men with a high GC
score remains unknown. Conversely, for the 28% of men who had
a GC score ⩽ 0.2, the risk of metastases appeared to be very low.
While this cutpoint was exploratory and will need validation
before being considered for clinical use, it raises the possibility
that sometime in the future, given the lack of development of
metastases in these men, and the increasing recognition of the
harms of ADT,17,18 men with a GC score ⩽ 0.2 may be reasonable
candidates for forgoing ADT and choosing dose-escalated
radiation alone, which is currently an NCCN-endorsed option for
some men with intermediate and even select men with high-risk
disease.1

Although further studies in larger data sets will be needed to
validate the risk-adapted treatment paradigm described above,
this study highlights the significant value that GCs may have for

patients who choose radiation as primary management of their
prostate cancer. The GC outperformed clinical variables in
predicting for distant metastasis, and this may reflect the fact
that the classifier is able to measure multiple pathways at once,
including information about androgen signaling, cell-cycle pro-
gression and chromosome structure maintenance.19 Another
advantage of the GCs is that they are reproducible lab-based
assays that do not depend on institutional expertize, as opposed
to Gleason grading, which can be highly variable depending on
the expertize of the reading pathologist.20,21 Finally, recent data
suggests that GCs may also have the advantage of being less
sensitive to sampling error.2

Work by Freedland et al.22 has also highlighted the potential
value of genomics in radiation-managed men. In their study of
147 radiation-managed men of whom about half received ADT
and half did not, a 33 gene classifier based on cell-cycle
progression (Myriad) was associated with the risk of biochemical
failure after radiation. It was also associated with the risk of
prostate-cancer mortality, although the number of events was
small at 6. Our study, which uses a different GC, adds to this
literature by focusing exclusively on men treated with both
radiation and ADT, and emphasizing the highly clinically
significant end point of distant metastasis. This has allowed us
to identify a subgroup representing 26% of the men who remain
at high-risk of distant metastasis despite treatment both with
radiation and ADT and, therefore, need consideration of even
further treatment intensification.
A limitation of the current study is the size of the data set and

length of follow-up, and so further studies will be needed to
validate these findings in larger data sets with longer follow-up. In
addition, the hypothesis that patients with very low GC score ⩽ 0.2
may be able to omit ADT requires further testing in previously
treated cohorts as well as in prospective studies, which are
currently being planned. Finally, while the GC score was
prognostic for distant metastasis, it did not have a significant
association with biochemical recurrence. This may reflect the fact
that the test was originally developed to specifically predict for
distant metastasis and generally only a minority of biochemical
recurrences will lead to distant metastasis. Another consideration
is that none of the patients in this study received a multi-
parametric magnetic resonance imaging, and it has previously
been shown that magnetic resonance imaging can add some
prognostic information to clinical variables through upstaging or
through detecting potentially higher grade lesions.23 Future
studies should evaluate how GC adds to prognostic value when
multiparametric magnetic resonance imaging has also been
performed,24 although studies with the cell-cycle progression
score suggest that the magnetic resonance imaging and the
genomic information are capturing different types of prognostic
information.25

CONCLUSION
In summary, this is the first report of the ability of a 22-gene
biopsy-based GC to accurately predict distant metastasis in men
with intermediate or high-risk prostate cancer treated with
radiation and a median of 6 months of ADT. Patients with the
highest GC risk (GC40.6) had high rates of metastasis despite
multi-modal therapy and could potentially be candidates for
intensification of therapy and/or entry into clinical trials of novel
therapy.
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Decipher Genomic Classifier
Measured on Prostate Biopsy Predicts
Metastasis Risk
Eric A. Klein, Zaid Haddad, Kasra Yousefi, Lucia L. C. Lam, Qiqi Wang, Voleak Choeurng,
Beatrix Palmer-Aronsten, Christine Buerki, Elai Davicioni, Jianbo Li, Michael W. Kattan,
Andrew J. Stephenson, and Cristina Magi-Galluzzi

OBJECTIVES To evaluate the ability of the Decipher genomic classifier in predicting metastasis from analysis
of prostate needle biopsy diagnostic tumor tissue specimens.

MATERIALS AND
METHODS

Fifty-seven patients with available biopsy specimens were identified from a cohort of 169 men
treated with radical prostatectomy in a previously reported Decipher validation study at Cleve-
land Clinic. A Cox multivariable proportional hazards model and survival C-index were used to
evaluate the performance of Decipher.

RESULTS With a median follow up of 8 years, 8 patients metastasized and 3 died of prostate cancer. The
Decipher plus National Comprehensive Cancer Network (NCCN) model had an improved C-index
of 0.88 (95% confidence interval [CI] 0.77-0.96) compared to NCCN alone (C-index 0.75, 95%
CI 0.64-0.87). On multivariable analysis, Decipher was the only significant predictor of metas-
tasis when adjusting for age, preoperative prostate-specific antigen and biopsy Gleason score (De-
cipher hazard ratio per 10% increase 1.72, 95% CI 1.07-2.81, P = .02).

CONCLUSION Biopsy Decipher predicted the risk of metastasis at 10 years post radical prostatectomy. While further
validation is required on larger cohorts, preoperative knowledge of Decipher risk derived from biopsy
could indicate the need for multimodality therapy and help set patient expectations of therapeutic
burden. UROLOGY 90: 148–152, 2016. © 2016 The Authors. Published by Elsevier Inc.

Accurate assessment of the biological potential of
prostate cancer (PCa) at initial diagnosis is im-
portant for optimal treatment planning and de-

cision making. Increased risk of metastasis is one factor that
can influence the decision to not offer active surveil-
lance, perform an extended lymph node dissection, or use
adjuvant therapy. Decipher is an extensively validated
genomic classifier that predicts metastasis and PCa mor-
tality after radical prostatectomy (RP).1-3 Prior validation
studies evaluated the performance of Decipher using tumor
tissue obtained from RP specimens. In the present study,
we assessed the ability of the locked 22-biomarker signa-
ture, Decipher, measured on diagnostic needle biopsy speci-
mens to predict the occurrence of metastasis at 10 years

post RP, and compared its performance to tumor tissue ob-
tained from the corresponding RP specimens.

MATERIALS AND METHODS

Specimen Collection and Processing
Cases were selected based on availability of prostate needle biopsy
specimens from a cohort of 169 patients treated with RP at Cleve-
land Clinic between 1987 and 2008, which were previously used
to evaluate Decipher for prediction of metastasis within 5 years
of RP.4 In that study, patients were selected if they met at least
one of the following criteria: (1) preoperative prostate-specific
antigen (PSA) >20 ng/mL, (2) stage pT3 or margin positive, or
(3) pathologic Gleason score ≥8. From this cohort, 57 patients
who had both preoperative diagnostic needle biopsy specimens
and matched RP specimens for genomic analysis were selected.
The study was approved by the Cleveland Clinic Institutional
Review Board.

All tissues used in the study were rereviewed by an expert geni-
tourinary pathologist (CMG) and graded according to 2005 In-
ternational Society of Urological Pathology criteria.5 RNA was
extracted from diagnostic biopsy specimens from the core with
at least 1 mm of the highest Gleason pattern and linear length
of tumor; for RP specimens, the block with the highest grade was
used.4 Twenty-five to 100 ng of RNA from each specimen was
amplified for transcriptome-wide microarray expression analysis
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using an established platform.4 Median RNA extracted from
formalin-fixed paraffin embedded tissues from the 1980s and 1990s
was 269.5 ng (interquartile range [IQR] 112.0-537.1 ng) and
214.5 ng (IQR 97.0-384.5 ng), respectively.

Calculation of Risk Models
The Stephenson post RP, Cancer of the Prostate Risk Assess-
ment Postsurgical (CAPRA-S) Score clinical models and Deci-
pher scores were calculated as described previously.4,6,7

Statistical Analysis
The primary objective of the present study was to validate biopsy
Decipher for prediction of metastasis within 10 years after RP.
Secondary objectives included validation of Decipher for pre-
diction of primary Gleason pattern 4 or greater on RP speci-
men, pT3 disease (extraprostatic extension or seminal vesicle
invasion), and rapid metastasis (RM, metastasis within 5 years
post RP). Statistical analyses were performed in R v3.1 (R Foun-
dation for Statistical Computing, Vienna, Austria), with all tests
of significance as 2-sided at the 0.05 level. Taking into account
the small sample size and number of events, Firth’s penalized like-
lihood Cox regression method was used to evaluate the perfor-
mance of Decipher in univariable and multivariable analyses.8 This
method ensures the robustness of the analyses with a small number
of events to avoid overestimation of the resulting estimates. Least
absolute shrinkage and selection operation (LASSO) was also used
to determine the most important variables in the multivariable
analysis (MVA).9 Time-dependent C-indices were constructed
using the nearest neighbor estimator described by Heagerty et al.10

with a span parameter of 0.001. The C-index of the combined
models was estimated by subjecting the model to bootstrapping
with 1000 resamples. For secondary end points, logistic regres-
sion analysis was used.

RESULTS
Demographic, clinical, and follow-up data of the patient
cohort are provided in Table 1. The median year of surgery
was 1998 (IQR 1994-2002) and the median patient age
at RP was 62 years (IQR 58-67). The median preopera-
tive PSA was 6.3 ng/mL (IQR 5.1-11.1); 63% had clini-
cal stage T1c; and 61% had a biopsy Gleason score of 6,
mirroring the demographic, clinical, and pathologic char-
acteristics of our entire population of RP patients oper-
ated on in this era.7 Based on National Comprehensive
Cancer Network (NCCN) risk categories, 40%, 47%, and
7% of patients had low-, intermediate- and high-risk dis-
eases, respectively. Of the 57 patients, 8 (14%) devel-
oped metastasis and 11 died, including 3 (5%) from PCa
and 8 (14%) from non-PCa causes. The median follow-
up of the censored patients was 8 years (IQR 6-11).

The median Decipher score on biopsy specimens was 0.38
(IQR 0.29-0.49). Based on previously established cutoffs,
38 (67%) had low (<0.45), 14 (25%) had intermediate
(0.45-0.60), and 5 (9%) had high (>0.60) Decipher scores
(Fig. 1). Overall, 46% of NCCN risk group patients were
reclassified as lower or higher Decipher risk (Table 2). Patho-
logic details for the RP specimens are provided in Table 3.
Twenty-five patients (44%) were upgraded to Gleason 3 + 4
or greater, 36 (63%) had extraprostatic extension, 6 (11%)

had seminal vesicle invasion, and 44 (77%) were CAPRA-S
intermediate- or high-risk. The median Decipher score on
the RPs was 0.29 (IQR 0.18-0.44), and 75%, 11%, and 13%
had low, intermediate, and high Decipher scores, respec-
tively. Overall, Decipher scores on tumor derived from the
RPs reclassified 62% of CAPRA-S risk groups into lower-
or higher-risk categories (Supplementary Table S1).

For the primary end point of the presence of metastasis
within 10 years after RP, biopsy Decipher had a C-index
of 0.80 (95% confidence interval [CI] 0.58-0.95) com-
pared to 0.75 (95% CI 0.64-0.87) for the NCCN risk group
(Fig. 2). A combined model of Decipher plus NCCN had
an improved C-index of 0.88 (95% CI 0.76-0.96). In a sen-
sitivity analysis, we determined the C-index at other time
points (ie, 5-10 years post RP), which showed consistent
C-index values (Supplementary Figure S1). On univariable
analysis, only a biopsy Gleason score of ≥8 (hazard ratio
[HR] = 8.6, 95% CI 1.42-55.98, P = .02) and biopsy De-
cipher (HR = 1.85 per 10% increase, 95% CI 1.22-2.87,
P = .004) were significant predictors of metastasis (Table 4).
On MVA with clinical risk factors, biopsy Decipher re-
mained a significant predictor of metastasis (HR = 1.72 per
10% increase, 95% CI 1.07-2.81, P = .02). LASSO regres-
sion showed that biopsy Decipher and biopsy Gleason score
were the remaining variables in the model when the penalty
parameter was optimized (Supplementary Figure S2). Similar
results were observed when we modeled Decipher with the
rereviewed biopsy Gleason score (Supplementary Table S2).
Biopsy Decipher remained significant when modeled with

Table 1. Patient demographic and clinical characteristics

Variables Validation Cohort (N = 57)

Race, n (%)
Caucasian 44 (77.2)
African-American 11 (19.3)
Asian 2 (3.5)

Patient age (y)
Median (Q1, Q3) 62 (58, 67)

Year of surgery
Median (Q1, Q3) 1998 (1994, 2002)

Preoperative PSA (ng/mL)
Median (Q1, Q3) 6.3 (5.1, 11.1)

Clinical stage
T1c 36 (63.1)
T2a 18 (31.6)
T2b 3 (5.3)

Biopsy Gleason score, n (%)
≤6 35 (61.4)
7 14 (24.6)
≥8 4 (7.0)
Unknown 4 (7.0)

NCCN risk category, n (%)
Low 23 (40.4)
Intermediate 27 (47.4)
High 4 (7.0)
Unknown 3 (5.3)

Follow-up of censored
patients post RP (y)
Median (Q1, Q3) 8 (6, 11)

NCCN, National Comprehensive Cancer Network; PSA, prostate-
specific antigen; Q, quartile; RP, radical prostatectomy.
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NCCN risk groups (Supplementary Table S3). Biopsy De-
cipher was also a significant predictor for two of the sec-
ondary end points, including primary Gleason grade 4 or
greater (C-index = 0.71, 95% CI 0.56-0.86) and rapid me-
tastasis (C-index = 0.87, 95% CI 0.76-0.97), but not for
pT3 disease (Supplementary Table S4). Similar results were

observed for RP Decipher (Supplementary Figure S3,
Supplementary Tables S5, S6).

COMMENT
In the present study, we demonstrate for the first time that
a robust genomic classifier previously validated to predict
the risk of metastasis at 10 years after RP measured on pros-
tatectomy tissue1,4 holds similar predictive ability when mea-
sured on preoperative diagnostic biopsies from the same
prostates. Using C-index and MVA, biopsy Decipher out-
performed NCCN clinical risk grouping, biopsy Gleason
score, and preoperative PSA; for every 10% increase in the
Decipher score, the HR increased by 1.72. Notably, com-
bining Decipher with NCCN risk groups increased the
C-index from 0.75 to 0.88, suggesting that Decipher cap-
tures a considerable portion of PCa biology available on
diagnostic needle biopsies obtained in routine clinical prac-
tice. Biopsy Decipher scores were also predictive of other
key outcomes, including the presence of primary Gleason
pattern 4/5 disease and an elevated risk of metastasis within
5 years.

This work builds on recent observations using other
genomic markers4,11,12 showing that meaningful and

Figure 1. Decipher distribution. Bx, biopsy.

Table 2. Decipher risk stratification within NCCN risk groups

Number of Mets/Total
Number of Patients

(Row %)

Bx Decipher Risk Group

TotalLow (<0.45) Intermediate (0.45-0.6) High (>0.6)

NCCN risk group Low 0 of 20 (86.9%) 0 of 3 (13.1%) 0 of 0 (0%) 23
Intermediate 0 of 13 (48.1%) 4 of 9 (33.3%) 2 of 5 (18.5%) 27
High 1 of 3 (75 %) 1 of 1 (25%) 0 of 0 (0%) 4
Unknown 0 of 2 (66.7%) 0 of 1 (33.3%) 0 of 0 (0%) 3

Total 38 14 5 57

Bx, biopsy; Mets, metastasis; other abbreviations as in Table 1.

Table 3. Patient pathologic characteristics

Variables
Validation Cohort

(N = 57)

Pathologic Gleason score, n (%)
≤6 10 (17.5)
7 35 (61.4)
≥8 12 (21.1)

Extraprostatic extension, n (%)
36 (63.2)

Seminal vesicle invasion, n (%)
6 (10.5)

Positive surgical margins, n (%)
33 (57.9)

CAPRA-S risk category, n (%)
Low 13 (23)
Intermediate 31 (54)
High 13 (23)

CAPRA-S, cancer of the prostate risk assessment postsurgical.
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clinically actionable biologic information can be obtained
from routine diagnostic biopsies. We have recently out-
lined a new “Genomic Paradigm” for the use of such in-
formation in the selection and management of patients for
active surveillance,13 and clinical utility studies have con-
firmed that use of such tests can increase the percentage of
patients in each NCCN risk group who choose to go on
active surveillance.14 Based on published work demon-
strating that patients with high Decipher scores in RP speci-
mens benefit from adjuvant rather than salvage radiation
therapy,15 preoperative knowledge of Decipher status derived
from biopsy could indicate the need for multimodality therapy
and help set patient expectations of therapeutic burden.
This observation is emphasized by the fact that 5 of the 8

patients in this study who developed metastatic disease did
so within 5 years, suggesting that Decipher can identify those
with the most aggressive disease in need of intensified therapy.

The strengths of our study include use of biopsy tissue
obtained in routine clinical practice, expert pathologic
review and tissue harvesting, and use of a robust measure
of tumor biology, a hard and meaningful clinical end point
(metastases), and reasonable follow-up time. The main
weakness of the present study is the relatively small sample
size and low event rate, although this was mitigated by the
use of Firth’s penalized likelihood Cox regression method
and LASSO regression to avoid overfitting. Another limi-
tation of our study was the high rate of patients with clini-
cal stage T1c tumor, which prevented us from including

Figure 2. Survival C-index at 10 years post RP for biopsy variables. Bx, biopsy; CI, confidence interval; RP, radical prostatectomy.

Table 4. Univariable and multivariable Cox regression using Firth’s penalized likelihood method for metastasis predic-
tion post RP

Variables

UVA MVA†

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Patient age (y) 0.96 (0.86-1.07) .48 0.97 (0.87-1.13) .7
Log2 preoperative PSA (ng/mL) 0.95 (0.44-2.20) .89 0.92 (0.44-2.12) .82
Biopsy Gleason score ≤6 Ref 1 Ref 1
Biopsy Gleason score 7 4.09 (0.79-24.62) .09 2.94 (0.51-18.23) .22
Biopsy Gleason score ≥8 8.60 (1.42-55.98) .02 5.88 (0.73-42.39) .09
Biopsy Decipher* 1.85 (1.22-2.87) .004 1.72 (1.07-2.81) .02

CI, confidence interval; MVA, multivariable analysis; Ref, reference; UVA, univariable analysis; other abbreviations as in Table 1.
* Decipher is reported per 0.1 unit increase.
† Four patients with missing Gleason score were excluded from the MVA.
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this risk factor in the MVA. We tried to address this limi-
tation by fitting a multivariable model with NCCN and
biopsy Decipher.

CONCLUSION
Biopsy Decipher predicted the risk of metastasis at 5- and
10-years post RP. While further validation is required on
larger cohorts, our findings strongly suggest that Deci-
pher could be a useful tool at diagnosis for improved local
therapy planning for newly diagnosed PCa patients.
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Abstract

Background: Despite salvage radiation therapy (SRT) for recurrent prostate cancer (PCa) after
radical prostatectomy (RP), some patients still progress to metastases. Identifying these men
would allow them to undergo systemic therapy including testing novel therapies to reduce
metastases risk.
Objective: To test whether the genomic classifier (GC) predicts development of metastatic
disease.
Design, setting, and participants: Retrospective multi-center and multi-ethnic cohort study
from two academic centers and one Veterans Affairs Medical Center in the United States
involving 170 men receiving SRT for recurrent PCa post-RP.
Outcome measurements and statistical analysis: Time from SRT to development of metastatic
disease tested using Cox regression, survival c-index, and decision curve analysis. Performance
of GC was compared to the Cancer of the Prostate Risk Assessment Score and Briganti risk
models based on these metrics.
Results and limitations: With a median 5.7 yr follow-up after SRT, 20 patients (12%) developed
metastases. On multivariable analysis, for each 0.1 unit increase in GC (scaled from 0 to 1), the
hazard ratio for metastasis was 1.58 (95% confidence interval 1.16–2.17; p = 0.002). Adjusting
for androgen deprivation therapy did not materially change the results. The c-index for GC was
0.85 (95% confidence interval 0.73–0.88) versus 0.63–0.65 for published clinico-pathologic risk
models. The 5-yr cumulative incidence of metastasis post-SRT in patients with low, interme-
diate, and high GC scores was 2.7%, 8.4%, and 33.1%, respectively (p < 0.001).
Conclusions: While validation in larger, prospectively collected cohorts is required, these data
suggest GC is a strong predictor of metastases among men receiving SRT for recurrent PCa post-
RP, accurately identifying men who are excellent candidates for systemic therapy due to their
very high-risk of metastases.
Patient summary: Genomic classifier and two clinico-pathologic risk models were evaluated
on their ability to predict metastases among men receiving salvage radiation therapy for
recurrent prostate cancer. Genomic classifier was able to identify candidates for further
therapies due to their very high-risk of metastases.

# 2016 European Association of Urology. Published by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

* Corresponding author. Department of Radiation Oncology, Sidney Kimmel Medical College at
Thomas Jefferson University, Sidney Kimmel Cancer Center, 111 South 11th Street, Philadelphia,
PA 19107-5097, USA. Tel. +1 (215) 955-0284; Fax: +1 (215) 955-0412.
E-mail address: Robert.Den@jeffersonhospital.org (R.B. Den).

http://dx.doi.org/10.1016/j.eururo.2016.01.008
0302-2838/# 2016 European Association of Urology. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://dx.doi.org/10.1016/j.eururo.2016.01.008
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Robert.Den@jeffersonhospital.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eururo.2016.01.008&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eururo.2016.01.008&domain=pdf
http://dx.doi.org/10.1016/j.eururo.2016.01.008
http://creativecommons.org/licenses/by-nc-nd/4.0/


1. Introduction

Our ability to predict outcomes following salvage radiation

(SRT) for recurrent disease after radical prostatectomy (RP)

is poor. A prior study evaluated 1540 men treated with SRT

at multiple academic centers [1]. The best nomogram

predicted 6-yr prostate specific antigen (PSA) control with

69% accuracy. This compares poorly to other prostate cancer

(PCa) nomograms, which predict PCa death (a more

definitive endpoint) with 80% accuracy or higher at

diagnosis [2], post-RP [1,3], or at initial rising PSA post-

RP [4]. While intermediate endpoints (eg, rising PSA) are

important, assessment of risk factors for hard endpoints

such as metastasis are needed.

Advancements in genetics and high throughput ‘‘omics’’

coupled with a robust biomarker discovery program have

resulted in several commercially available tissue-based

molecular markers for PCa prognosis [5]. While these

markers have been evaluated in multiple populations, only

one has been examined on patients receiving radiation as

primary curative therapy [6] and none in men all receiving

SRT. Based upon performance in other populations, a

promising test is the Decipher genomic classifier (GC)

[7–9]. Unlike other tests that examined a limited number of

genes in their discovery [5], GC examined the whole tumor

gene expression profile. Thus, GC has the theoretical

advantage of capturing the entire tumor biology in one

signature. GC was developed among men undergoing RP at

the Mayo Clinic to predict metastases using a nested case-

control study design [7]. It has subsequently been evaluated

in multiple independent populations receiving varying

degrees of postoperative radiation [8,10,11], but never in

men who all received SRT. Importantly, these prior studies

all included men who received adjuvant radiation, some of

whom were cured with surgery alone. As such, it is

impossible to assess whether GC predicted response to

radiation or the likelihood of the surgery being curative,

which invariably would also relate to metastases risk.

Therefore, it is crucial to assess the ability of GC to identify

metastases risk in a more homogenous group of men who

all recurred and all received SRT to address whether GC

predicts outcomes after SRT.

To test whether GC predicts metastases after SRT, we

performed a multi-center study of men undergoing SRT

post-RP. Our population included men from two tertiary-

care referral centers and a Veterans Affairs (VA) hospital,

which contained nearly 50% African-American men. Impor-

tantly, no man in this study cohort was included in the GC

development. Thus, this study is an independent evaluation

of GC’s ability to predict metastases in men undergoing SRT.

We hypothesized GC would predict metastases with high

accuracy, especially compared with standard clinico-

pathologic variables and two clinico-pathologic risk mod-

els: the Cancer of the Prostate Risk Assessment Post-

Surgical (CAPRA-S) model [12] and the Briganti risk model

[13], which was developed for predicting biochemical

recurrence following early SRT. Neither of these clinico-

pathologic risk models were initially designed to predict

metastasis. The Briganti model, however, represents a

recent and relevant risk model for post-SRT patients while

CAPRA-S has been externally validated on a European

cohort to predict metastasis [14].

2. Materials and methods

2.1. Study cohort

A total of 170 RP patients who received postoperative SRT without prior

neoadjuvant or adjuvant therapy and without lymph node invasion were

included. Lymph node invasion was defined by the presence of at least

one node with a tumor. Seventy prostatectomy patients treated at

Durham VA between 1991 and 2010 with postoperative SRT were

obtained for analysis (Supplementary Fig. 1). Patients analyzed from

Thomas Jefferson University (n = 61; yr of RP 1991–2009) and Mayo

Clinic (n = 39; yr of RP 2000–2006) were obtained from a prior validation

study wherein GC had been performed using RP tumor tissue testing GC

for predicting metastases in men undergoing postoperative radiation

(adjuvant and salvage) [11]. Of the 188 patients in this prior study, only

100 received radiation with PSA > 0.2 ng/ml (ie, SRT), and were thus

included in the current study. Importantly, no patient in the current

study was included in the GC development [7,11]. Radiation therapy

regimens were as previously described where patients were treated to a

median dose of 66.6 Gy [11,15]. At all three institutions, only the

prostatic fossa is typically radiated for node negative patients. The

primary endpoint for the current study was metastasis (regional or

distant) detected using computed tomography and/or a bone scan. SRT

was defined as radiation for PSA > 0.2 ng/ml or by radiation following

salvage androgen deprivation therapy (ADT). Concurrent ADT with SRT

was defined as ADT administered within 3 mo of SRT [16–18]. ADT was

delivered at the discretion of the providing physician at each institution

with a median administration time of 12 mo post-RP. The study met the

REporting [4_TD$DIFF]recommendations for [5_TD$DIFF]tumor MARKer [6_TD$DIFF]prognostic [7_TD$DIFF]studies

criteria for evaluation of prognostic biomarkers [19]. The Institutional

Review Boards at Durham VA, Thomas Jefferson University, and Mayo

Clinic approved this study.

2.2. Tumor tissue sampling, RNA extraction, and testing

RP tumor specimens from Durham VA patients were selected after

restaging and regrading from the original hematoxylin and eosin slides.

Formalin-fixed paraffin embedded tumor blocks with the highest

Gleason grade, and if present, extraprostatic extension or seminal

vesicle invasion were selected. Using a hematoxylin and eosin slide

freshly prepared from the formalin-fixed paraffin embedded block, the

target region of tumor was selected to additionally have >80% tumor by

area to minimize presence of benign glands. The tumor was sampled

using a single 1.0-mm diameter disposable biopsy punch tool (Miltex,

York, PA, USA). RNA extraction, Affymetrix Human Exon 1.0 ST

oligonucleotide microarray (Affymetrix, Santa Clara, CA, USA) data

generation and preprocessing were as previously described [11]. The

approach for tissue selection and analysis was identical at the other sites,

as we have previously described [11].

2.3. Calculation of GC, clinico-pathologic risk models, and

combined models

GC is a locked risk model developed on a nested case-control data set

consisting of 545 patients from the Mayo Clinic [7] which is independent

of the cohorts involved in the current study and thus there are no

overlapping patients. The expression values for the 22 prespecified

biomarkers constituting GC were extracted from the normalized data

matrix and entered into the random forest algorithm that was locked
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with defined tuning and weighting parameters as reported previously

[7]. Thus, each patient received only a single GC score. The GC read-out is

a continuous score between 0 and 1, with higher scores indicating

greater metastatic potential [7,8]. Previously established and locked cut-

points of 0.45 and 0.60 were used to categorize patients into low-,

intermediate-, and high-risk groups. These cut-points were selected by

optimizing the hazard ratio (HR) between both the intermediate- and

high-risk categories versus the low-risk category using an independent

data set [10,20].

CAPRA-S scores [12] and Briganti scores were as previously described

[13]. The models in which GC was combined with either clinico-

pathologic variables or a clinico-pathologic risk model were generated

by internally fitting a Cox model on the combined variables of interest.

2.4. Statistical analyses

In time-to-event analyses, event times were defined as time from SRT

completion to metastases or date of last follow-up if no metastases.

The prognostic accuracy of CAPRA-S, Briganti, GC, and the combined

models was established based on time-dependent receiver operating

characteristic curves (survival c-index) [21]. Confidence intervals (CIs)

for time-dependent c-indices were computed via bootstrap resampling.

Cumulative incidence curves of metastasis risk were constructed using

Fine-Gray competing risks analysis with death as a competing risk. To

address issues potentially arising due to a few events [8_TD$DIFF], penalized

likelihood Cox regression methods (least absolute shrinkage and

selection operator [LASSO] and Firth) were used for identifying the

most prognostic risk factors ensuring robustness of the analyses while

avoiding overestimation of risk factors [22]. As the penalty parameter, l,

in a LASSO regression tends to 0, more variables begin to have a nonzero

HR in a multivariable model. The order in which variables appear

indicates their order of importance in predicting metastasis. An

extension of decision curve analysis to survival data was used to

determine the net benefit from the use of GC, CAPRA-S, and Briganti risk

models [23]. Survival c-indices were considered statistically significant if

the lower bound of the 95% exceeded 0.50. The significance level was

0.05 for all tests and analyses were performed in R v3.0.

3. Results

3.1. Patient characteristics

Our cohort was 32% African-American men and 68%

Caucasian-American. Consistent with a high-risk cohort

who all failed prostatectomy, 53% had extraprostatic

extension, 27% seminal vesicle invasion, and 81% had positive

margins (Table 1). Eighteen percent had a pathologic Gleason

score � 8. Median PSA prior to SRT was 0.6 ng/ml (range,

0.1–39; interquartile range, 0.4–1.7). Median time from

prostatectomy to SRT was 12 mo (range, 1–160; interquartile

range, 5–31). Nineteen percent received concurrent (within

3 mo of SRT) ADT with radiation and 18% received

nonconcurrent ADT (ie, >3 mo of SRT delivery). Median

follow-up post-RP and post-SRT among patients who did not

develop metastases or die was 7.4 yr and 5.7 yr, respectively.

During follow-up, 20 (12%) patients developed metastases.

Complete clinical data to calculate CAPRA-S and Briganti risk

models was available for 163 patients with 18 metastases.

CAPRA-S categorized 9.2% of these patients as low-risk while

41.8% were deemed low-risk by GC (Fig. 1).

3.2. GC as a predictor of metastases

Univariable analysis demonstrated that GC, pathologic

Gleason score � 4+3, extraprostatic extension, and pre-

SRT PSA all significantly predicted post-SRT metastasis

(Table 2). GC remained an independent predictor after

adjusting for other clinical variables including concurrent

[(Fig._1)TD$FIG]

Fig. 1 – Distribution of the study cohort by (A) Cancer of the Prostate
Risk Assessment Score, (B) Briganti (categorized by tertiles), and (C)
genomic classifier risk scores.
CAPRA-S = Cancer of the Prostate Risk Assessment Score; GC = genomic
classifier.
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ADT (Table 2). Each 0.1 unit increase in GC score increased

the risk of metastasis by 1.58 (95% CI 1.16–2.17; p = 0.002).

On multivariable analysis (MVA) adjusting for any ADT,

whether concurrent or otherwise, GC remained significant-

ly predictive of metastases (HR 1.56; p = 0.003; Supple-

mentary Table 1). The estimates of the HRs from a LASSO

Cox regression captures the importance of GC in predicting

metastasis as it was the first variable to enter the penalized

model (Fig. 2A), corroborating results from the MVA. The

final and least important variable to enter the model was

age at RP. Further, the addition of GC to any individual

clinico-pathologic variable or risk model significantly

improved their ability to discriminate risk (Fig. 2B). Finally,

the 5-yr cumulative incidence of metastasis post-SRT in

patients with low, intermediate, and high GC scores using

the previously locked cut-points of 0.45 and 0.60 was 2.7%,

8.4%, and 33.1%, respectively (p < 0.001; Fig. 3C).

3.3. Comparison of models to predict metastases

The survival c-index for GC (0.85; 95% CI 0.73–0.88) at 5 yr

post-SRT was substantially higher than for CAPRA-S (0.63;

95% CI 0.49–0.78) or Briganti (0.65; 95% CI 0.54–0.81;

Fig. 2C). The sensitivity and specificity for GC (to predict

metastasis at 5 yr post-SRT) was 94% and 54% using the

0.45 cut-off compared with 67% and 86% using the 0.60 cut-

off (Supplementary Fig. 3). While both Briganti and CAPRA-

S models significantly predicted metastases on univariable

analysis, neither was significantly correlated with metasta-

ses when modeled with GC on MVA (Table 2). Cumulative

incidence plots for metastasis by risk-category showed that

only GC significantly stratified risk (Fig. 3A–C). Consistent

with the better survival c-index, decision curve analysis

Table 1 – Demographic and clinical characteristics of eligible
patients.

Variables Study Cohort

No. patients (%) 170 (100)

Patient age, yr

Median (range) 61 (39, 75)

IQR (Q1, Q3) 56–66

Race, n (%)

African-American 54 (31.8)

Caucasian 115 (67.6)

Other 1 (0.6)

Preoperative PSA (ng/ml)

Median (range) 8.3 (0.4, 80.4)

IQR (Q1, Q3) 5.5–13.5

Pathologic Gleason score, n (%)

�6 25 (14.7)

7 (3 + 4) 72 (42.4)

7 (4 + 3) 42 (24.7)

�8 30 (17.6)

Unknown 1 (0.6)

Extraprostatic extension, n (%)

89 (52.7)

Seminal vesicle invasion, n (%)

45 (26.6)

Positive surgical margins, n (%)

137 (80.6)

Pre-SRT PSA (ng/ml)

Median (range) 0.6 (0.1, 39.0)

IQR (Q1, Q3) 0.4–1.7

Time from RP to SRT, mo

Median (range) 12.4 (1.3, 159.7)

IQR (Q1, Q3) 5.0–31.0

Concurrent ADT, n (%)

33 (19.4)

ADT administered at any time, n (%)

63 (37.1)

ADT= androgen deprivation therapy, IQR= interquartile range; PSA= prostate

specific antigen; RP= radical prostatectomy; RT= radiation treatment.

Table 2 – Cox univariable and multivariable analysis of clinico-pathologic variables, genomic classifier, Cancer of the Prostate Risk
Assessment Post-Surgical, and Briganti risk models for prediction of metastasis.

UVA MVA

Variables HR (95% CI) p-value HR (95% CI) p-value

Model I Patient age, yr 1.00 (0.93 -1.07) 0.992 0.99 (0.91 -1.07) 0.757

Log2 Preoperative PSA 1.22 (0.76 -1.96) 0.417 1.28 (0.79 -2.11) 0.315

Pathologic Gleason Score �3+4 Ref 1.000 Ref 1.000

Pathologic Gleason Score �4+3 3.45 (1.37 -9.57) 0.008 1.46 (0.47 -4.76) 0.513

Extraprostatic Extension 3.16 (1.18 -10.34) 0.021 1.34 (0.38 -5.32) 0.655

Seminal Vesicle Invasion 1.80 (0.68 -4.50) 0.225 0.68 (0.21 -1.99) 0.483

Positive Surgical Margins 0.50 (0.19 -1.49) 0.197 0.59 (0.21 -1.82) 0.335

Time from RP to SRT, months 0.98 (0.94 -1.00) 0.105 0.99 (0.95 -1.02) 0.397

Log2 Pre-SRT PSA 1.08 (1.03 -1.11) 0.004 1.14 (0.88 -1.48) 0.327

ADT 4.28 (1.66 -12.66) 0.002 2.74 (0.99 -8.54) 0.051

GCa 1.66 (1.25 -2.20) <0.001 1.56 (1.14 -2.12) 0.003

Model II CAPRA-Sb 1.20 (0.99 -1.46) 0.068 1.12 (0.92 -1.37) 0.241

GCb 1.66 (1.25 -2.20) <0.001 1.63 (1.22 -2.18) <0.001

Model III Brigantic 1.28 (1.00 -1.65) 0.022 1.14 (0.90 -1.45) 0.244

GCa 1.66 (1.25 -2.20) <0.001 1.62 (1.21 -2.18) <0.001

CI = confidence interval; MVA = multivariable analysis; UVA, univariable analysis.
a Genomic classifier hazard ratios reported per 0.1 unit increase.
b Cancer of the Prostate Risk Assessment Post-Surgical hazard ratios reported per 1 unit increase.
c Briganti hazard ratios reported per 25 unit increase.
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showed GC had a higher net-benefit compared with other

examined clinico-pathologic models (Fig. 2D) across a wide

range of decision threshold probabilities (�0–25% metasta-

sis risk).

3.4. Impact of concurrent ADT on GC’s predictive ability

Percentages of patients in low-, intermediate-, and high-risk

GC groups who received concurrent ADT were 17.4%, 20.8%,

and 22.6%, respectively. A subset analysis to evaluate the

effect of concurrent ADT on GC risk group outcomes was

performed (Fig. 3D). Removing patients that received

concurrent ADT with SRT, who tended to be higher-risk,

resulted in an overall decreased metastasis risk, although GC

remained strongly predictive of metastases post-SRT with

5-yr cumulative incidences for low, intermediate, and high

scores of 1.5%, 10.8%, and 28.8%, respectively (p = 0.009).

3.5. GC can reclassify men assigned to risk groups by CAPRA-S

or Briganti

Figure 1 shows the distributions of CAPRA-S, Briganti, and GC

scores. Using CAPRA-S, most patients were categorized as

intermediate- (55%) or high-risk (36%) for disease progres-

sion (Fig. 1A). As Briganti risk model does not specify risk

groups, convenience cut-points were used to approximate

[(Fig._2)TD$FIG]

Fig. 2 – (A) Least absolute shrinkage and selection operator coefficient path demonstrating the importance of genomic classifier (GC) and clinico-
pathologic variables in the prediction of metastasis. The optimal penalty parameter indicated by a vertical dashed line was found using 5-fold cross-
validation. (B) Survival c-indices for prediction of metastasis at 5 yr post-salvage radiation therapy (SRT) of clinico-pathologic variables, GC, and
combined GC plus clinico-pathologic models evaluated on individual data sets dependent upon the completeness of the clinico-pathologic variable of
interest. Error bars indicate the 95% confidence interval. (C) Survival c-indices at 5 yr post-SRT for GC, Cancer of the Prostate Risk Assessment Score,
and Briganti risk models for prediction of metastasis, and (D) decision curve analysis comparing net benefit at 5 yr post-SRT of GC, Cancer of the
Prostate Risk Assessment Score, and Briganti risk models across various threshold probabilities for prediction of metastasis.
ADT = androgen deprivation therapy; CAPRA-S = Cancer of the Prostate Risk Assessment Score; CI = confidence interval; EPE = extraprostatic extension;
GC = genomic classifier [2_TD$DIFF]; pPSA = preoperative prostate specific antigen; SRT = salvage radiation therapy; SVI = seminal vesicle invasion; RT = radiation
therapy.
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tertiles of risk model-predictions, which were compared with

GC tertiles for reclassification analysis. Using Briganti, the

distribution of patients grouped approximately by tertiles

was 27%, 43%, and 30% for low-, intermediate-, and high-risk

respectively (Fig. 1B). Reclassification analysis shows that

31 (39%) patients in the upper two tertiles of risk by Briganti

were ‘down-graded’ to the first tertile by GC and notably

30 (97%) of these patients remained metastasis-free during

follow-up (Supplementary Table 2). With regards to CAPRA-

S, 73 (49%) patients who were categorized as intermediate- or

high-risk were reclassified as GC low-risk of which 70 (96%)

remained metastasis-free during follow-up.

[(Fig._3)TD$FIG]

Fig. 3 – Cumulative incidence curves of metastasis in which patients are stratified by (A) Cancer of the Prostate Risk Assessment Score risk categories,
(B) tertiles of Briganti risk scores, (C) genomic classifier risk categories, and (D) genomic classifier risk categories after excluding those patients whom
received concurrent androgen deprivation therapy.
CAPRA-S = Cancer of the Prostate Risk Assessment Score; GC = genomic classifier; SRT = salvage radiation therapy.
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3.6. Subset analysis of men receiving early SRT

As Briganti was developed for patients receiving early SRT

(pre-SRT PSA � 0.5 ng/ml), we performed a secondary

analysis to calculate the c-index for this subset (n = 78).

Within this subset, only GC had a significant c-index of

0.79 (95% CI 0.72–0.85; Supplementary Fig. 2A) with neither

Briganti (c-index 0.44; 95% CI 0.34–0.78) nor CAPRA-S

(c-index 0.68; 95% CI 0.46–0.82) performing well. Similar

results were obtained in another secondary analysis using

PSA � 1.0 ng/ml definition for early SRT (Supplementary

Fig. 2B).

4. Discussion

Treating patients with biochemical recurrence post-RP is

challenging. Several studies found SRT may be a second

chance of cure, especially in individuals without distant

metastasis [1,24–26]. However, as frequently observed in

medicine, a one-size-fits-all strategy is not necessarily

optimal. Indeed, while SRT can achieve long-term cancer

control in some patients, the response might be poor in

others. In this context, the ability to predict long-term cancer

control in these individuals is of outmost importance, as it

allows for an informed counseling of patients, a more

individualized follow-up scheme, and potentially more

effective treatment strategies. While some prediction models

are available for these patients [1,13], their performance is

suboptimal. To address this limitation, we tested the

performance characteristics of the previously established

and locked GC in predicting metastasis after SRT in men with

recurrent disease post-RP. We relied on a multi-institutional,

multi-ethnic cohort, of which none were included in the GC

development, to maximize generalizability of our findings.

Our study has several important findings. Firstly, on MVA,

GC was an independent predictor of metastasis in patients

treated with SRT post-RP. Each 0.1-unit increase in GC was

associated with a 62% increase in metastasis risk. Indeed, GC

separated a group with a 5-yr cumulative metastasis

incidence of 2.7% versus 33.1%. This indicates that GC is able

to correctly capture and categorize tumor aggressiveness.

Secondly, while the number of events was modest, we

explored how GC affected the predictive ability of tools based

on clinical tumor characteristics (eg, CAPRA-S and Briganti)

and found when GC was added to the multivariable models,

these tools were not significantly linked with metastases risk.

Moreover, when GC was modeled with individual clinico-

pathologic variables, only a minor improvement in discrimi-

nation performance was observed versus GC alone. This

suggests the examined genomic biomarker signature (GC)

explains all the variability captured by routinely available

clinical tumor characteristics. Thirdly, GC had the most

favorable discrimination accuracy versus CAPRA-S and

Briganti risk models, highlighting that this genomic bio-

marker captures variation in tumor behavior beyond the

ability of conventional clinical models.

To put these findings in clinical terms, we tested GC’s

ability to reclassify men assigned to risk-groups by CAPRA-S

and Briganti risk models with the caveat that neither of

these clinico-pathologic risk models were initially designed

to predict metastasis. Almost 40–50% of patients classified as

intermediate- or high-risk by CAPRA-S and/or the Briganti

model were reclassified to low-risk by GC. Nearly all of these

patients (96–97%) remained metastasis free during follow-

up. This implies GC may optimize the prediction in a large

proportion of patients that would otherwise be classified

incorrectly as intermediate- or high-risk.

Our findings were confirmed, when, in secondary analysis,

we limited our inquiry to patients treated with SRT alone

(ie, without concurrent ADT), or to patients treated with early

SRT. Taken together, these observations imply GC has

important clinical implications and incorporating GC in

clinical practice can greatly improve our ability to predict

outcomes of patients with recurrent PCa undergoing SRT.

Given GC’s accuracy to predict metastases risk, the next

step is to better understand GC’s clinical utility. Despite

absence of completed randomized trials comparing adju-

vant to salvage radiation, most urologists in both Europe

and the United States [27] use SRT as a de facto standard of

care. Given the strong prognostication from GC, it appears

that patients with high GC should be considered for

systemic therapy in addition to SRT. For these men, the

recommendation is not to forego SRT, but rather that SRT

may not be enough and these patients are good candidates

for clinical trials or for additional therapies to combine with

SRT including docetaxel, which was recently shown to have

a survival benefit as adjuvant treatment for men with high-

risk PCa undergoing radiation plus ADT [28] as well as

several other settings [29,30].

Our study is not without limitations. Firstly, our results

were derived from retrospective observational data and,

therefore, the indication and selection of patients to undergo

SRT was not standardized nor was the lymph node dissection

standardized. This is evidenced by the variable time points at

which SRT was received. Secondly, the number of events was

modest. Thirdly, not enough follow-up data was available to

address more definitive endpoints, such as cancer-specific

and overall mortality. Larger sample sizes with longer follow-

up are needed. Although most patients were imaged with

conventional computed tomography and bone scans, there

was a lack of standardization and absence of novel imaging

modalities (eg, sodium fluoride positron emission tomogra-

phy) to detect metastases. Also, imaging intervals were at the

discretion of the ordering physician. Finally, validation in

larger and more generalized and prospective cohorts is

necessary using PCa death as the endpoint.

5. Conclusions

Despite these limitations, our findings are particularly

intriguing and provide a unique, more individualized

approach to managing men receiving SRT post-RP. Indeed,

the GC biomarker provides accurate and comprehensive

insight regarding tumor aggressiveness in these individuals.

Specifically, this biomarker accurately down-staged almost

50% of patients predicted to harbor very aggressive tumors

by clinical features. Most importantly, it accurately

identifies a group of men with a 33% 5-yr risk of metastases
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despite SRT who may be excellent candidates for inclusion

into clinical trials for novel therapies due to their very high-

risk of metastases despite local salvage therapy.
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ORIGINAL ARTICLE

Efficacy of post-operative radiation in a prostatectomy cohort
adjusted for clinical and genomic risk
AE Ross1,13, RB Den2,13, K Yousefi3, BJ Trock1, J Tosoian1, E Davicioni3, DJS Thompson4, V Choeurng3, Z Haddad3, PT Tran5, EJ Trabulsi2,
LG Gomella2, CD Lallas2, F Abdollah6, FY Feng7, EA Klein8, AP Dicker2, SJ Freedland9,10, RJ Karnes11 and EM Schaeffer12

BACKGROUND: To date, there have been no published trials examining the impact of salvage radiation therapy (SRT) in the
post-operative setting for prostate cancer (PCa). We conducted a retrospective, comparative study of post-operative radiation
following radical prostatectomy (RP) for men with pT3 disease or positive margins (adverse pathological features, APF).
METHODS: 422 PCa men treated at four institutions with RP and having APF were analyzed with a primary end point of metastasis.
Adjuvant radiation treatment (ART, n= 111), minimal residual disease (MRD) SRT (n= 70) and SRT (n= 83) were defined by PSA levels
of o0.2, 0.2–0.49 and ⩾ 0.5 ng ml− 1, respectively, before radiation therapy (RT) initiation. Remaining 157 men who did not receive
additional therapy before metastasis formed the no RT arm. Clinical–genomic risk was assessed by Cancer of the Prostate Risk
Assessment Post-Surgical (CAPRA-S) and Decipher. Cox regression was used to evaluate the impact of treatment on outcome.
RESULTS: During the study follow-up, 37 men developed metastasis with a median follow-up of 8 years. Both CAPRA-S and
Decipher had independent predictive value on multivariable analysis for metastasis (Po0.05). Adjusting for clinical–genomic risk,
SRT and no RT had hazard ratios of 4.31 (95% confidence interval, 1.20–15.47) and 5.42 (95% confidence interval, 1.59–18.44) for
metastasis compared with ART, respectively. No significant difference was observed between MRD-SRT and ART (P= 0.28). Men with
low-to-intermediate CAPRA-S and low Decipher value have a low rate of metastatic events regardless of treatment selection. In
contrast, men with high CAPRA-S and Decipher benefit from ART, however the cumulative incidence of metastasis remains high.
CONCLUSIONS: The decision as to the timing and need for additional local therapy following RP is nuanced and requires providers
and patients to balance risks of morbidity with improved oncological outcomes. Post-RP treatment can be safely avoided for men
who are low risk by clinical–genomic risk, whereas those at high risk should favor enrollment in clinical trials.

Prostate Cancer and Prostatic Diseases advance online publication, 3 May 2016; doi:10.1038/pcan.2016.15

INTRODUCTION
Aggressive treatment approaches that have not yet been shown
to improve overall survival are controversial within oncology,
particularly in the management of men with prostate cancer
(PCa).1,2 Three randomized clinical trials in men with non-
metastatic PCa following surgical resection showed that treatment
with adjuvant radiation therapy (ART) as compared with observa-
tion resulted in lower rates of biochemical recurrence, yet had
conflicting impact on metastasis-free and overall survival.3–5 Given
the disparate findings, there has been an increase in utilization of
salvage radiation therapy (SRT)6 with concomitant decrease in
ART, despite no randomized prospective trial evidence supporting
this clinical decision. Although multiple randomized clinical trials
are ongoing,7,8 results are not expected for several years. Thus,
patients and physicians are left with much consternation and
doubt as they attempt to balance potential toxicities from
overtreatment with the possibility of missing a window for cure.
Currently, in the immediate post-operative period risk models

exist, which can predict an individual patient’s risk of metastatic
progression. Among these are clinical derived risk models, such as

Cancer of the Prostate Risk Assessment Post-Surgical (CAPRA-S),
which combines clinical and pathological data via the use of a
scoring system.9,10 CAPRA-S has been externally validated for
prediction of biochemical recurrence, disease progression and
PCa-specific mortality.11,12 More recently, tissue-based genomic
testing in the form of Decipher has been developed and validated
to predict metastasis-free survival.13,14 Decipher has been
examined in multiple cohorts and post-prostatectomy settings
and has been found to be an independent predictor of metastasis
among men followed expectantly and those receiving post-
operative ART and SRT.15–17 CAPRA-S and Decipher have also been
shown to potentially help in the selection of men for ART as
opposed to SRT, but these studies have lacked an untreated post-
prostatectomy cohort and were subject to bias. Here, using a
multi-institutional database, we evaluate the combination of
clinico-pathological and genomic risk in the context of post-
operative therapeutic choices including adjuvant and salvage
therapy as well as expectant management of disease with adverse
pathological features.
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MATERIALS AND METHODS
Patient cohort
Multiple prior studies have demonstrated that the presence of adverse
pathological features defined as positive surgical margins, extracapsular
extension or seminal vesicle invasion portend for higher rates of bio-
chemical recurrence, development of metastases and death from PCa.4

A total of 422 patients with PCa treated with radical prostatectomy (RP)
between 1990 and 2010 who had adverse pathological features, and no
lymph node metastasis were identified from four academic institutions;
Mayo Clinic (n=86); Durham Veterans Affairs (n=104); Johns Hopkins
Medical Institution (n= 114); and Thomas Jefferson University (n= 118); see
Figure 1 for schematic representation. Patient tumors were deposited into
the GenomeDx PCa genomic resource information database; institutional
review boards at the participating institutions approved the research
protocol under which the data were collected.
All patients reached an undetectable PSA following surgery. Patients

received either no post-operative treatment before development of
metastasis or were treated with either ART or SRT using three-
dimensional conformal radiation therapy or intensity modulated radiation
therapy to a median dose of 66.6 Gy using conventional fractionation.
There was no statistical difference in the use of intensity modulated
radiation therapy, pelvic fields or concurrent androgen deprivation therapy
between men who underwent ART or SRT.18,19

The primary end point for the analysis was incidence of clinical metastasis
(regional or distant) documented radiographically on computed tomo-
graphy or bone scan. ART, minimal residual disease SRT (MRD-SRT) and
SRT were defined by initiation of therapy at PSA levels of o0.2, 0.2–0.49
and ⩾ 0.5 ng ml−1, respectively. Patients who did not receive additional
therapy (RT or ADT) before metastatic onset were considered as the control
group defined as ‘no RT’. Patients who received SRT with a pre-raditation
therapy (RT) PSA 410 ng ml− 1 were excluded from the analysis (n=8).
In addition, eight patients received ADT after RT and none of the
patients received any other systemic agents (other than ADT) before
metastatic onset.

Specimen collection and handling
Specimen selection and processing has been described previously.20,21

Following microarray quality control using the Affymetrix Power Tools
packages,22 probeset summarization and normalization was performed
utilizing the single-channel array normalization algorithm.23 None of these
samples were used in the development of the Decipher genomic classifier.24

Calculation of clinical and genomic risk of metastasis
Clinical risk of metastatic progression was calculated with CAPRA-S score
using six clinico-pathological variables as described previously.9 Genomic risk
of metastatic progression was calculated with the Decipher test. In brief,
expression values for the 22 pre-specified biomarkers that constitute
Decipher were extracted from the normalized data matrix and entered into
the locked random forest algorithm with tuning and weighting parameters
defined as reported previously.20 The Decipher read-out is a continuous risk
score between 0 and 1, with higher scores indicating a greater probability of
metastasis.24 Decipher scores were rounded to two significant digits.

Statistical analysis
To compare clinico-pathological variables across treatment groups, Fisher’s
exact test and the analysis of variance F-test were used for categorical and
continuous variables, respectively. In time to event analyses, event times
were defined as the time from RP to metastasis. Cumulative incidence
curves were constructed using Fine–Gray competing risks analysis to
estimate the risk of metastasis over time.25 Cox univariable and
multivariable proportional hazards model was used to evaluate the impact
of treatment on outcome after adjustment for CAPRA-S and Decipher.
Predicted risk curves were based on a Kaplan–Meier estimate of the
baseline risk. The results of the multivariable model were confirmed by
competing risks regression and Firth’s penalized likelihood method, with
no substantive change in hazard ratios or P-values.26,27 Tests for treatment
interaction with CAPRA-S and Decipher were also performed. In a
sensitivity analysis, a multivariable Cox proportional hazards model was

Figure 1. Study diagram.
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fitted with MRD-SRT and SRT treated as time-dependent covariates. All
statistical tests were two-sided and analyses were performed in R v3.1
(R Foundation, Vienna, Austria).

RESULTS
Out of the 422 men with adverse pathological features, 37
developed metastasis. Median follow-up among those who did
not develop metastasis was 8 years (interquartile range (IQR),
5–11). Clinical and pathological variables for each treatment group
are summarized in Table 1. Extraprostatic extension and positive
surgical margins rates were significantly different among the
treatment groups (both Po0.001) with the no RT group having

the lowest positive surgical margin rate and highest rate of
extraprostatic extension. Median PSA at the time of MRD-SRT was
0.30 ng ml− 1 (IQR, 0.25–0.40) and 1.00 ng ml− 1 (IQR, 0.65–2.20) at
the time of SRT. During study follow-up, 3 (3%), 4 (6%), 11 (13%)
and 19 (12%) patients developed metastases in the ART, MRD-SRT,
SRT and no RT groups, respectively. Median follow-up among
censored patients was 7 (IQR, 5–10), 8 (IQR, 5–11), 8 (IQR, 5–12)
and 8 (IQR, 5–11) years for ART, MRD-SRT, SRT and no RT groups,
respectively.
Distribution of CAPRA-S and Decipher risk scores are depicted in

Supplementary Figure S1. On the basis of previously defined
CAPRA-S risk categories,15 6, 58 and 36% of men were classified as
low (0–2), intermediate (3–5) and high risk (6-12), respectively and
the cumulative incidence of metastasis at 10 years post RP was 11.3,
3.3 and 21.4%, respectively. In contrast, Decipher score classified 57,
27 and 16% as low (o0.45), intermediate (0.45–0.60) and high risk
(40.60), respectively. Cumulative incidence of metastasis at 10
years post RP was 6.8, 10.3 and 21.9% for these risk groups.
On multivariable analysis, both CAPRA-S and Decipher scores

were independent predictors of metastasis (Table 2 and
Supplementary Table S1). SRT and no RT had a hazard ratio of
4.31 (95% confidence interval, 1.20–15.47) and 5.42 (95%
confidence interval, 1.59–18.44) compared with ART, respectively,
when adjusting for CAPRA-S and Decipher. In contrast, no
statistical difference was seen when comparing MRD-SRT to ART
(P= 0.28). Adjusting for concurrent ADT with RT did not
significantly alter the results (Supplementary Table S2). Results
of the multivariable model remained similar when MRD-SRT and
SRT were treated as time-dependent covariates or when patients
(n= 8) with ADT after RT were excluded from the analysis
(Supplementary Tables S3 and S4). Because there was no evidence
that treatment effect was dependent on baseline clinical or
genomic risk (P= 0.16 for CAPRA-S and P= 0.39 for Decipher),
subsequent survival models did not include an interaction term.
Prediction curves for 10-year risk of metastasis based on these

models are presented in Supplementary Figure S2. For both risk
models (CAPRA-S or Decipher), 10-year risk of metastasis increased

Table 1. Demographic and clinical characteristics of eligible patients (n= 422)

Variables ART MRD-SRT SRT No RT Pa

No. patients (%) 111 70 83 158

Patient age, year 0.85
Median (Q1, Q3) 60 (57, 64.5) 60.5 (56.2, 64) 62 (56.5, 66) 62 (57, 65)

Preoperative PSA, ng ml−1 0.07
Median (Q1, Q3) 7.2 (5.3, 10.6) 7.7 (5.4, 12.3) 8.3 (5.2, 15.5) 8.8 (5.8, 13)

Pathological Gleason score, n (%) 0.13
⩽ 3+4 59 (53.2) 50 (71.4) 41 (49.4) 84 (53.2)
4+3 24 (21.6) 13 (18.6) 24 (28.9) 32 (20.3)
8 15 (13.5) 4 (5.7) 9 (10.8) 18 (11.4)
⩾ 9 13 (11.7) 3 (4.3) 9 (10.8) 24 (15.2)

Extraprostatic extension, n (%) o0.001
65 (58.6) 34 (48.6) 50 (60.2) 118 (74.7)

Seminal vesicle invasion, n (%) 0.23
36 (32.4) 15 (21.4) 24 (28.9) 36 (22.8)

Positive surgical margins, n (%) o0.001
92 (82.9) 59 (84.3) 71 (85.5) 76 (48.1)

Concurrent ADT, n (%) o0.001
10 (9.1) 9 (12.9) 15 (18.1) 0 (0.0)

Time from RP to RT, months NA
Median (Q1, Q3) 5 (3, 10) 13 (6, 29) 9 (5, 31) NA

PSA at RT inititation, ng ml−1 NA
Median (Q1, Q3) 0.10 (0.05, 0.19) 0.30 (0.25, 0.40) 1.00 (0.65, 2.20) NA

Metastasized, n NA
3 4 11 19

Abbreviations: ADT, androgen deprivation therapy; ART, adjuvant radiation therapy; MRD, minimal residual disease; RP, radical prostatectomy; SRT, salvage
radiation treatment . aP-values are computed using analysis of variance F-test if the variable is continuous or Fisher's exact test if the variable is categorical. All
P-values are two-sided.

Table 2. Cox multivariable analysis of treatment groups adjusted by
Decipher and CAPRA-S

Risk factor Hazard ratio
(95% CI)

P

Panel A—CAPRA-S
continuous

Deciphera 1.28 (1.08–1.52) 0.004
CAPRA-Sb 1.39 (1.18–1.62) o0.001
ART Reference 1
MRD-SRT 2.30 (0.51–10.33) 0.28
SRT 4.31 (1.20–15.47) 0.02
No RT 5.42 (1.59–18.44) 0.007

Panel B—CAPRA-S
categorical

Deciphera 1.26 (1.05–1.50) 0.01
CAPRA-S⩽ 5 Reference 1
CAPRA-S 6-12 5.37 (2.48–11.65) o0.001
ART Reference 1
MRD-SRT 2.51 (0.56–11.31) 0.23
SRT 4.52 (1.26–16.21) 0.02
No RT 5.31 (1.57–18.03) 0.007

Abbreviations: ART, adjuvant radiation treatment; CAPRA-S, cancer of the
prostate-risk assessment post-surgical; CI, confidence interval; MRD,
minimal residual disease; SRT, salvage radiation treatment. aDecipher
reported per 10% increase. bCAPRA-S reported per unit increase.
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consistently with rising scores. Among men at low or intermediate
Decipher risk, there was a wider separation of metastatic
outcomes based on treatment group when compared with men
with low or intermediate CAPRA-S scores. Predicted risk of
metastasis at 10 years post RP increased consistently with rising
CAPRA-S scores, from 0 to 22% for ART, from 1 to 45% for MRD-
SRT, from 2 to 65% for SRT and 2 to 70% for no RT group. Similarly,
predicted risk of metastasis increased consistently with rising
Decipher scores, from 1 to 21% for ART, from 2 to 33% for MRD-
SRT, from 4 to 64% for SRT and 4 to 65% for the no RT group.
Group level 10-year risk of metastasis for CAPRA-S score, and
Decipher score are provided in Supplementary Table S5. As both
CAPRA-S and Decipher scores had independent prognostic ability
for metastasis, we constructed prediction curves for 10-year risk
of metastasis taking both factors into account (Figure 2). In a
sensitivity analysis, similar results were observed when ART
10-year risk of metastasis was adjusted using the formula
described by King (Supplementary Figure S3).28

DISCUSSION
Despite its high incidence, the optimal management for PCa
remains contentious. In the post-prostatectomy setting, a uniform
strategy is inadequate and can result in simultaneous over- and
under-treatment resulting in unnecessary toxicity and burden to
the health-care system as well as missed opportunities for cure.
The imprecise identification of patients at highest risk of
metastatic disease and death from PCa highlights the need for
additional risk stratification beyond the clinical features. Herein we
also incorporate both clinical and genomic information providing
improved assessment of metastatic risk in the context of post-
operative radiation.
Our group has previously reported decreased incidence of

metastasis in men who underwent ART (6%) as compared with
SRT (23%) in the intermediate to high genomic-risk groups.16

However, advocates of salvage radiation have always postulated
that RT initiated at low PSA values (we have coined this MDR-SRT)
is as effective as ART. In this work, with a much larger population
of men, we explore differences in outcomes of salvage RT based
on PSA values. Multivariable analysis revealed SRT (PSA

X0.5 ng ml− 1) and no RT were associated with an approximate
fivefold increased rates of metastasis when compared with ART or
SRT administered in the setting of MRD (PSA 0.2–0.49 ng ml− 1).
These findings are consistent with the approximate fourfold risk
observed by Den et al.16, when initiation of RT was dichotomized
around a PSA threshold of 0.2 ng ml− 1 and support a beneficial
effect of earlier application of secondary local treatment in
attaining longer term oncological control as was observed in
clinical trials.29 There appeared to be minimal utility associated
with SRT instituted at higher PSA levels (⩾0.5 ng ml− 1), supporting
previous evidence that the window of curability following
biochemical recurrence remains small, and that radiation therapy
has maximal oncological benefit when delivered at low PSAs.30

Importantly, the data does not suggest that SRT be omitted in
men with higher PSA levels but rather that radiation therapy alone
in these men is unlikely to be curative and strong consideration
should be given to the addition of systemic therapy. Furthermore,
we found that PSA level following prostatectomy as opposed to
timing of radiation was the major determinant of response (with
no significant difference in the timing of radiation and an earlier
median time to radiation among the SRT patients when compared
with MRD-SRT patients). Of note, we found no significant
difference in metastases risk between ART and MRD-SRT.
However, as the hazard ratio of MRD-SRT was 42 with wide
confidence intervals, it is unclear whether MRD-SRT does indeed
provide similar efficacy as ART or whether our study was
underpowered to detect a benefit of ART. Ultimately, more
studies are needed to address this point.
There are major clinical ramifications to this study as there is

increased utilization of prostatectomy amongst men with inter-
mediate and high-risk disease—as these men are more likely to
have adverse pathological features and subsequent biochemical
recurrence.10 Given the multiple competing factors influencing
patient decision-making, more personalized guidance is needed
for this population. Genomic risk stratification assays guide
treatment decisions and improve outcomes.31,32 This study
provides men and their physicians with risk-estimates for
metastatic development, which empowers patients to tailor
therapy to meet their values and desires through using an
individualized threshold of risk (Figure 2).

Figure 2. Prediction curves of metastasis for treatment groups at 10 years adjusted by categorical Cancer of the Prostate Risk Assessment Post-
Surgical (CAPRA-S) and Decipher score. ART, adjuvant radiation therapy; MRD, minimal residual disease; SRT, salvage radiation therapy.
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In addition to its retrospective design, this study has limitations
that merit discussion. First, treatment approach was not randomly
assigned and thus varied based on provider biases, institutional
biases and patient preferences. Although we adjusted for risk
among the cohorts, it is important to note that some men in the
ART cohort would be expected to have been cured with surgery
alone while all men receiving SRT by definition failed initial
attempts for disease control and this bias, although accounted for,
remains a limitation for comparisons of ART to SRT. Further, while
patients receiving observation only were imaged at the time of
biochemical recurrence and then yearly thereafter until the time
of metastasis, those patients receiving radiation therapy did not
have systematic yearly imaging, often with serial staging
performed only after PSA rise or once they were symptomatic.
Thus, ascertainment bias may have accounted for some of the
differences between groups. In addition, while greater than in
previous studies, the sample size and number of observed events
limited the study power. Further, data regarding men with PSAs
detected at an ultrasensitive range were not available, and thus no
conclusions can be made in that regard. This study had several
distinctive strengths, including long median follow-up, a no RT
‘natural history’ group in addition to well defined adjuvant and
salvage therapy groups and use of a validated genomic and
clinical predictors of metastasis.
In summary, our results demonstrate the use of clinical and

genomic predictors to improve personalized decision-making
following RP. These tools may encourage some men and their
providers to select observation following prostatectomy despite
the presence of adverse pathological features and a detectable
PSA. For men at high clinico-genomic risk, adjuvant radiation
therapy may be selected as it results in the lowest incidence of
metastatic disease. Indeed, for men at highest risk, clinical trials
incorporating novel agents on a backbone of adjuvant radiation
therapy should be encouraged. Ultimately, these results could
support an individualized approach to the management of men
with adverse pathological features following prostatectomy. This
would have major ramifications for patient quality of life and the
efficient use of health-care resources.
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