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Abstract

Background: Decipher Biopsy is a commercially-available gene expression classifier used in
risk-stratification of newly diagnosed prostate cancer (PCa). Currently, there are no prospective
data evaluating its clinical utility. We seek to assess the clinical utility of Decipher Biopsy in
localized PCa patients.

Methods: A multi-institutional study of 855 men who underwent Decipher Biopsy testing
between February 2015 — October 2019. All patients were tracked through the prospective
Michigan Urological Surgery Improvement Collaborative and linked to the Decipher Genomics
Resource Information Database (GRID®; NCT02609269). Patient matching was performed by
an independent third-party (ArborMetrix Inc.) using two or more unique identifiers. Cumulative
incidence curves for Time to Treatment (TTT) and Time to Failure (TTF) were constructed using
Kaplan-Meier estimates. Multivariable Cox proportional hazard models were used to evaluate
the independent association of high-risk Decipher scores with the conversion from AS to radical
therapy and treatment failure (biochemical failure or receipt of salvage therapy).

Results and limitations: 855 patients underwent Decipher Biopsy testing during the study
period. Of the 855 men, 264 proceeded to AS (31%), and 454 (53%) received radical therapy.
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In men electing AS, after adjusting for NCCN risk group, age, PSA, prostate-volume, body-mass-
index, and percent positive cores, a high-risk Decipher score was independently associated with
shorter TTT (HR 2.51, 95% CI 1.52-4.13 p <0.001). Similarly, in patients that underwent radical
therapy, a high-risk Decipher score was independently associated with TTF (HR 2.98, 95%ClI
1.22-7.29, p=0.01) on multivariable analysis. Follow-up time was a limitation.

Conclusion: In a prospective statewide registry, high-risk Decipher Biopsy score was strongly
and independently associated with conversion from AS to definitive treatment and treatment
failure. These real-world data support the clinical utility of Decipher Biopsy. An ongoing phase 3
randomized trial (NCT04396808) will provide level 1 evidence of the clinical impact of Decipher
biopsy testing.
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Introduction:

Methods:

Long-term data support the safety of active surveillance (AS) for men with low-risk, and
well-selected favorable intermediate-risk prostate cancer.1~3 However, some men on AS
experience disease progression and metastasis, and there remains variability in the use

of AS.# Much of this variability is potentially related to concerns of disease progression
and lack of confidence in clinical and pathologic tools given the documented clinical
heterogeneity within traditional National Comprehensive Cancer Network (NCCN) or
Cancer of the Prostate Risk Assessment (CAPRA) risk groups.>® Strategies to improve
risk stratification of these patients include the use of clinical nomograms, multiparametric
MRI, and tissue-based gene expression classifiers.”:8

There are several commercially-available gene expression classifiers intended to provide
additional prognostic information to men with newly-diagnosed prostate cancer. All of
these tests measure expression of a specific set of genes using tissue from prostate needle
cores.®11 While each of these tests has robust analytical validity, the majority of the
published data are retrospective studies using archival specimens. Additionally, in the case
of Decipher, while there is a substantial body of data using prostatectomy specimens to
predict metastasis, there are less prospective outcomes data evaluating the performance of
Decipher Biopsy in men with newly diagnosed prostate cancer.12-16 Given the increasing
use of genomic classifiers in men considering AS, there is a critical need to understand both
the performance of a given assay and its potential impact on clinical care.In this study, we
performed a retrospective analysis using a large prospective statewide collaborative registry
to better understand the real-world clinical utility of Decipher Biopsy in men initially
managed with either AS or who receive definitive therapy with surgery or radiotherapy.

Study Cohort

Michigan Urological Surgery Improvement Collaborative (MUSIC) is a statewide
collaborative with prospective data collection funded by Blue Cross Blue Shield of
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Michigan. It is composed of 44 practices and includes over 90% of practicing Urologists

in the state of Michigan.1® All practices have either an exemption or approval from the

local internal review board to participate in the collaborative. Each MUSIC practice employs
data abstractors with standardized training who prospectively collect patient information,
including demographics, clinical variables, treatment, and additional variables.

Between February 2015 — October 2019, 855 patients from 25 different sites in the MUSIC
collaborative with clinically-localized prostate cancer underwent testing with the Decipher
Prostate Biopsy assay (Decipher Biosciences) during their routine clinical care. Decipher
data was obtained through the Decipher prospective Genomics Resource Information
Database (GRID®; NCT02609269), a prospective registry, which was cross-referenced with
the MUSIC registry based on two or more identifiers (medical record number, patient name,
date of birth, treatment date, and biopsy date) using an independent third-party (Arbormetrix
Inc.). Patients were eligible for inclusion in the study if they underwent Decipher Biopsy
testing for localized prostate cancer and could be matched with the Decipher GRID registry.
Importantly, the biopsy used for Decipher Biopsy testing is termed the index biopsy, while
the biopsy resulting in the diagnosis of prostate cancer is referred to as the diagnostic biopsy.
For 750/855 (88%) of patients these were the same biopsy.

Patients included in the time on AS analysis were required to have met two criteria, as

per established MUSIC protocols: 1) clinicians have explicitly stated in the medical record
that AS is their primary management strategy, and 2) patients must not have received any
definitive treatment within six months of diagnosis.1® Patients managed by watchful waiting
(as specified by their treating physician) were excluded.

Decipher Biopsy

Endpoints

Decipher Biopsy testing was performed as previously described.20 Briefly, Decipher testing
utilizes a microarray platform to perform whole-transcriptome RNA expression analysis.
Scores are derived from the expression of 22 genes. Decipher scores are a continuous
variable reported on a scale of 0 to 1. These scores are then stratified to three risk-categories:
low (<0.45), intermediate (= 0.45 — < 0.6) and high (= 0.6). In this study, Decipher scores
were analyzed as an ordinal variable based on pre-defined risk categories (low, intermediate
and high) and also as a continuous variable. Use of both methods allows evaluation of
Decipher scores associations across risk categories, and for every 0.1 increase in score.

The primary endpoints for analysis were determined a priori. For men on AS, the primary
endpoint was time to treatment (TTT), which was defined as time from Decipher Biopsy
testing until radical therapy (i.e. radical prostatectomy or radiotherapy). For men that
underwent radical therapy, the primary endpoint was time to treatment failure (TTF), defined
from date of treatment completion until biochemical failure or receipt of salvage therapy.
Treatment failure for patients undergoing prostatectomy was defined as PSA =0.2 ng/mL.
For patients who received radiotherapy, treatment failure was defined in accordance with

the Phoenix definition of biochemical failure (PSA rise of = 2 ng/mL above the nadir).2!
Salvage therapy included any form of oncologic therapy used for a patient with a detectable
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PSA after radical therapy, including salvage hormone therapy, radiotherapy, or other ablative
therapies (e.g. cryotherapy) for prostate cancer.

Patients who received initial cryotherapy or androgen deprivation therapy alone were
classified as “other” in our treatment stratification. Patients under this treatment class
were included in our analysis to compare Decipher Biopsy scores to clinicopathologic
variables; however, these patients were excluded from our time to event analyses. Patients
who underwent definitive treatment without PSA follow-up data were also excluded from
primary endpoint analyses.

Sensitivity Analysis—TTT for patients initially managed with AS was also analyzed
where time zero was the date of initial diagnostic biopsy rather than at time of initial
Decipher biopsy (index biopsy).

Statistical Analysis

Results:

Patient characteristics were compared between those with low/intermediate Decipher scores
and those with high Decipher scores based on previous analyses.22 Median Decipher

scores were compared across NCCN-risk groups, Cancer of the Prostate Risk Assessment
(CAPRA) risk groups, and Grade Groups using Wilcoxon tests, and violin plots were
constructed. One minus Kaplan-Meier method was utilized for time-to-event analysis to
generate cumulative incidence curves for duration on AS (TTT) and time to treatment failure
(TTF). Multivariable Cox proportional hazards regression was performed to evaluate the
association of Decipher scores with time on AS and time to failure following radical therapy.
Variables included in multivariable models were selected a priori based on published
literature23 and included age, NCCN risk category, Log PSA, Log prostate volume, body
mass index, percent positive cores, and Decipher score. The TTF model additionally
included treatment modality (i.e. RP vs. radiotherapy). Statistical analyses were performed
in R version 3.6.2 (R Foundation, Vienna, Austrid).?* All statistical tests were two-sided
using a 5% significance level.

Patient Characteristics

The 855 patients in this cohort had a median age of 66 years (IQR 60-72 years). Patient
characteristics are given in Table 1, and a breakdown of patient characteristics by Decipher
risk category is given in Supplementary Table 1. A total of 641 (75%) patients were self-
reported white and 112 (13%) were self-reported black race. At the time of diagnosis, the
median PSA level was 5.9 ng/ml (IQR 4.4-8.9 ng/ml), and 83% of patients had cT1 or

T2a disease at diagnosis. Also, 60% of patients had either Grade Group 1 or 2 disease at
diagnosis. Of the 105 patients (12%) who were diagnosed with prostate cancer prior to their
index Decipher biopsy, the median time from diagnostic biopsy to their index Decipher
biopsy was 15.7 months (IQR 11.7-32.4 months. An analysis of all men diagnosed with
prostate cancer in MUSIC during our study period, stratified by receipt of Decipher Biopsy
testing, demonstrates men undergoing Decipher Biopsy testing were more likely to have
intermediate-risk disease. (p < 0.001; Supplementary Table 2).
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Initial management was AS in 264 individuals (30.9%), RP in 236 (27.6%), and RT in 218
(25.5%). There were also 55 patients treated with primary ADT alone, 25 patients who
underwent primary cryotherapy, and 66 patients classified as “other” who had no treatment
recorded. For the patients initially managed on AS, 116 (44%) underwent subsequent
primary treatment at a median of 15.2 months (IQR 8.0-22.5). For patients who stayed

on AS, the median follow-up was 25.2 months (IQR 12.7-34.1). For patients who underwent
RP (inclusive of those who were managed by AS prior to RP), pathologic characteristics

are given in Supplementary Table 3. A total of 58 patients (18%) experienced treatment
failure following RP, and the median time to failure was 6.4 months (IQR 4.3-9.6) after RP.
Additionally, 10 (3.7%) patients experienced treatment failure following RT, and the median
time to failure was 13.3 (IQR 4.0-22.0) months. Patients who underwent definitive treatment
with no subsequent BCR had a median follow-up of 15.8 months (IQR 8.4-22.7).

Correlation of Decipher with Clinical Variables

Decipher scores were assessed within biopsy Grade Group strata, and there was substantial
variability of Decipher scores within each Grade Group (Figure 1A). Overall, increasing
Decipher score was correlated with increasing Grade Group (p<0.001). This variability
within standard clinical risk stratification categories was also observed when comparing
Decipher scores according to NCCN risk group (p<0.001, Figure 1B) and CAPRA risk
groups. (p<0.001, Figure 1C).

Clinical Utility of Decipher in Active Surveillance

To assess the impact of Decipher score on length of time on AS, patients initially managed
on AS were stratified according to Decipher risk category. A total of 241 patients were
included in this analysis, with 23 patients being excluded due to incomplete follow-up

data. In the cumulative incidence analysis, men with high-risk Decipher scores spent
significantly less time on AS (median 13.6 months, IQR 3.5-24.9) than men with Decipher
low/intermediate risk scores (median 33.0 months; p<0.001) (Figure 2). A repeat analysis
assessing the differences between individual Decipher Biopsy risk groups (low, intermediate,
and high) yields similar results (Supplemental Figure 1). At the time of data collection
greater than 25% of patients with Decipher low/intermediate scores remained on AS,
making the IQR unable to be reported. To evaluate patients initially managed on AS,

we assessed grade group reclassification on subsequent biopsies for patients with NCCN
low and favorable intermediate risk prostate cancer stratified by Decipher Biopsy risk
(Supplementary Table 4). Among NCCN low risk patients, reclassification was observed

in 20/58 (34%) of patients with lower Decipher scores compared to 3/8 (38%) with high
Decipher scores. Among NCCN favorable intermediate risk patients, reclassification was
observed in 11/43 (26%) of patients with lower Decipher scores compared to 2/7 (29%) with
high Decipher scores.

When analyzing Decipher scores as an ordinal variable on multivariable analysis, high-risk
Decipher scores were associated with a significantly greater likelihood of undergoing
definitive treatment (HR 2.51, 95% CI 1.52-4.13; p <0.001, Table 2). Similar findings were
observed when analyzing Decipher scores as a continuous variable (HR 1.20 per 0.1 unit
score increase, 95% CI 1.07-1.35; p=0.002, Supplemental Table 5).
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Association of Decipher Scores and Time to Treatment Failure after Radical Therapy

To assess the performance of Decipher scores in predicting treatment failure, we analyzed
a total of 479 evaluable patients who underwent definitive treatment either initially or

after a period of AS and had complete follow-up data. These patients were stratified into
two categories: Decipher low/intermediate-risk and Decipher high-risk using the locked
Decipher cut-points. Patients with high-risk Decipher scores had significantly shorter TTF
than lower Decipher score patients (p = 0.007, Figure 3). Similar results for TTF were
demonstrated on repeat analysis assessing differences between low, intermediate, and high-
risk Decipher Biopsy groups (Supplemental Figure 2).

This finding held true on multivariable analysis, when Decipher scores were analyzed as
an ordinal variable with a HR of 2.98 (95%CI 1.22-7.29, p=0.01, Table 2). Similar results
were observed when analyzing Decipher scores as a continuous variable, HR 1.26 (95%ClI
1.02-1.544, p=0.026, Supplemental Table 5).

Discussion:

Decipher initially received Molecular Diagnostic Services (MolDx) approval for Centers
for Medicare and Medicaid Services (CMS) coverage for use as a post-RP test to help

with post-operative decision making. More recently, the Decipher Biopsy pre-treatment test
has been evaluated in multiple studies.16:2526 These studies range from showing disease
reclassification, change in management, and improved prognostication and discrimination in
men with low-, intermediate-, and high-risk disease. Due to the accumulation of data across
these risk strata, Decipher Biopsy recently received MolDx approval for localized prostate
cancer in cases where the test may impact clinical decision-making. Despite prospective
data supporting clinical utility in the post-RP setting, there are limited data describing
utility in the biopsy setting. To date, there have been no prospective studies evaluating the
use of Decipher Biopsy on common oncologic endpoints for early-stage disease. These
intermediate endpoints (e.g., TTT and TTF), although unlikely to be formal statistical
surrogate endpoints for overall survival, are clinically relevant as they trigger subsequent
therapy.

The present study addresses a current knowledge gap in the field of gene expression
biomarkers. To date, there are multiple retrospective studies demonstrating that Decipher,
Oncotype Dx, and Prolaris are prognostic in men with favorable-risk disease pre-treatment.
However, this is the first study performed on purely prospectively collected data analyzing
Decipher in men on AS and following radical therapy, studying the performance in

the intended use population. Our data reveal that men with high Decipher scores are

more likely to receive radical therapy sooner by more than 1.5 years, and that men

with high Decipher scores are over two-fold more likely to experience treatment failure
after radical therapy. These data are consistent with prior retrospective studies supporting
the prognostic performance of Decipher in newly diagnosed prostate cancer. Cooperberg
and colleagues retrospectively analyzed 408 patients with low risk prostate cancer using
the Decipher microarray platform, which allows simultaneous assessment of a large
number of molecular signatures.® They demonstrated that the only independent predictor
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of biochemical recurrence after adjusting for CAPRA and PSA density was the average
genomic risk score.

Recently, Lonergan et al reported a retrospective analysis of men with early stage prostate
cancer managed by active surveillance who had undergone either Decipher, Prolaris,

or Oncotype DX testing. They pooled all patients together regardless of test used and
dichotomized outcomes according to the high-risk vs. lower-risk threshold provided on
the test report of each assay. On multivariable analysis, they demonstrated that high
genomic risk score was independently associated with biopsy reclassification from GG1
to GG2 or higher at initial surveillance biopsy (HR 2.81, 95%CI 1.21-6.52) and 1-3
years after the initial biopsy (HR 2.02, 95%CI 1.16-3.54). Furthermore, a high genomic
risk score was independently associated with reclassification at first surveillance biopsy to
GG3 or higher cancer (HR 6.77, 95%CI 1.58-29.08). It is unclear whether grouping of
various test thresholds provides a consistent risk estimate across these platforms.2’ Notably,
multiparametric MRI did not significantly predict for any of these endpoints.22

Another key study assessing the performance of molecular classifiers in men with newly
diagnosed favorable risk prostate cancer is the post-hoc analysis from the Prostate Cancer
Active Surveillance Study (PASS).28 This prospective observational cohort retrospectively
evaluated tissue from initial prostate biopsy specimens and determined Oncotype Dx risk
scores to measure its association with adverse surgical pathology. While this study included
only 101 men, it demonstrated that the Oncotype Dx score was independently associated
with time to development of adverse pathology when accounting only for GG. However,
when also adjusting for PSA density the classifier did not reach statistical significance (HR
1.17 (95%CI 1.00-1.43), p=0.06). This is in contrast to the current study, that included
nearly every prognostic variable for time on AS reported recently by Cooperberg et al,
where Decipher score remained independently prognostic.23

Our group previously demonstrated that the use of gene expression classifiers are associated
with patient and provider decision-making.2’ The current data provides evidence of an
association between baseline molecular classifier risk and duration of AS. Combined with
prior studies, these data suggest that men with early stage prostate cancer with a high
Decipher score are more likely to rapidly transition off of AS and are more likely to

recur after radical therapy. With growing understanding that early reclassification on AS

is predominantly due to undersampling on initial diagnostic biopsy, these findings merit
thoughtful assessment of risk prior to proceeding with AS in Decipher high risk patients and
further support the importance of early confirmatory testing.

This study has limitations. The length of follow-up is relevant for the endpoints analyzed,
but longer follow-up is needed to assess the impact of Decipher score on endpoints, such

as time to metastasis. In addition, the data relating Decipher score to the duration on AS

are insufficient to demonstrate a causal relationship, given the nature of this study. Also, we
can not account for the influence receipt of ADT has on lower rates of TTF in patients who
received radiation for definitive treatment. Collectively, however, this does not explain the
independent association of Decipher scores and TTF. There is variability in how molecular
classifiers are used among providers, and data on the cause of withdrawal from AS (e.g., due
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to progression vs. patient anxiety) are not collected in MUSIC. Despite these limitations,
this prospectively tracked, multi-institutional cohort allows for an improved understanding
of Decipher testing in everyday clinical practice.

In men with newly diagnosed prostate cancer, Decipher Biopsy score is independently
associated with time on AS and time to treatment failure after radical therapy. The ongoing
G-MAJOR clinical trial (NCT04396808) is assessing the use of molecular classifier testing
in a prospective randomized trial in favorable risk prostate cancer to further establish the
clinical utility of these tests.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

Violin plots showing the median and distribution of Decipher Biopsy scores for each
pathologic grade group (Fig. 1A), NCCN risk strata (Fig. 1B), and CAPRA risk strata
(Fig. 1C)(red dash line notates high-risk Decipher score cutpoint, blue dash line notates

Intermediate-risk Decipher score cutpoint)

Abbreviations:CAPRA, Cancer of the Prostate Risk Assessment; NCCN, National

Comprehensive Cancer Network; Int. Fav, Favorable-intermediate risk; Int.Unfav.;
Unfavorable-intermediate risk
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Figure2.

Cumulative incidence curve comparing patients with high-risk Decipher scores to those with
low/intermediate Decipher scores to analyze time to treatment, from time of index biopsy

Abbreviation: Int, intermediate
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Cumulative Incidence of Treatment Failure
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Figure 3.

Cumulative incidence curve comparing patients with high-risk Decipher scores to those with
low/intermediate Decipher scores to analyze time to failure from the index biopsy
Abbreviation: Int, intermediate
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Patient characteristics.

All
Age (time of diagnosis)
Median (IQR) 66 (60-72)
<55 78 (9.1%)
55-64 277 (32.4%)
65-74 500 (58.5%)
Race
Black 112 (13.1%)
Asian 8 (0.9%)
Native American 1(0.1%)
White 641 (75%)
Unknown/Other 93 (10.9%)
BMI (kg/m?)
Median (IQR) 28.6 (25.8-31.7)
<25 161 (19.1%)
25.1-30 386 (46%)
>30 293 (34.9%)
Charlson Comorbidity index
0 20 (2.3%)
1 121(14.2%)
22 714 (83.5%)

Index Decipher Biopsy

Grade Group

1 184 (21.9%)
2 302 (36%)

3 194 (23.1%)
45 159 (19%)
PSA

Median (IQR) 6.1 (4.4-9.2)
0-4 ng/ml 163 (19%)
4.1-10 ng/ml 507 (59.1%)
10.1-20 ng/ml 111 (12.9%)
>20 77 (9%)
Clinical T-stage

T1 607 (71.6%)
T2 224 (26.4%)
T3/4 17 (2%)

Number of positive cores
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All

1-2 274 (32.6%)
3-4 222 (26.4%)
>4 344 (41%)
NCCN Risk Group
Low 159 (19.1%)
Favorable-Intermediate 258 (30.9%)
Unfavorable-Intermediate 331 (39.7%)
High 86 (10.3%)
Treatment
AS 264 (30.9%)
EBRT 218 (25.5%)
RP 236 (27.6%)
Other 137 (16%)

Page 15

Abbreviations: AS, active surveillance; BMI, body mass index; EBRT, external beam radiation therapy; IQR, interquartile range; NCCN, National

Comprehensive Cancer Network; PSA, prostate-specific antigen; RP, radical prostatectomy
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Table 2

Decipher scores analyzed as ordinal variable

Risk of Progression to Definitive Therapy Decipher asan ordinal variable

Variable HR | 95% Confidencelnterval | p-value
High-risk Decipher 251 | 1.52,4.13 <0.001
Age 0.98 | 0.95,1.01 0.29
Ordinal NCCN risk strata 1.67 | 1.27,2.20 <0.001
Log PSA 0.8 | 0.64,1.0 0.05
Log Prostate Volume (cc) 0.9 | 0.56,1.42 0.65
BMI (kg/m?) 0.98 | 0.94,1.02 0.36
Percent Positive Cores (10% increase) | 1.24 | 1.06, 1.45 0.008
Risk of Treatment Failure after Radical Therapy Decipher asan ordinal variable
Variable HR | 95% Confidencelnterval | p-value
High-risk Decipher 298 | 1.22,7.29 0.02
Age 0.95 | 0.91,1.0 0.03
Ordinal NCCN risk strata 1.02 | 0.64,1.62 0.92
LogPSA 0.98 | 0.74,1.29 0.86
Log Prostate Volume (cc) 1.62 | 0.68, 3.89 0.27
BMI (kg/m?) 0.98 | 0.91,1.05 0.55
Percent Positive Cores (10% increase) | 1.16 | 1.01, 1.33 0.03
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Abbreviations: BMI, Body Mass Index; HR, hazard ratio; NCCN, National Comprehensive Cancer Network; Ordinal NCCN risk strata: low,
favorable intermediate, unfavorable intermediate, high; PSA, Prostate-specific antigen
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