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Abstract

Background: Although the Decipher genomic classifier has been validated as a
prognostic tool for several prostate cancer endpoints, little is known about its role
in assessing the risk of biopsy reclassification for patients on active surveillance, a
key event that often triggers treatment.
Objective: To evaluate the association between Decipher genomic classifier scores
and biopsy Gleason upgrading among patients on active surveillance.
Design, setting, and participants: This was a retrospective cohort study among
patients with low- and favorable intermediate-risk prostate cancer on active
surveillance who underwent biopsy-based Decipher testing as part of their clinical
care.
Outcome measurements and statistical analysis: We evaluated the association
between the Decipher score and any increase in biopsy Gleason grade group
(GG) using univariable and multivariable logistic regression. We compared the area
under the receiver operating characteristic curve (AUC) for models comprising
baseline clinical variables with or without the Decipher score.
Results and limitations: We identified 133 patients for inclusion with a median age
of 67.7 yr and median prostate-specific of 5.6 ng/ml. At enrollment, 75.9% had GG1
and 24.1% had GG2 disease. Forty-three patients experienced biopsy upgrading. On
multivariable logistic regression, the Decipher score was significantly associated
lsevier B.V. on behalf of European Association of Urology. This is an open access article
mmons.org/licenses/by-nc-nd/4.0/).
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with biopsy upgrading (odds ratio 1.37 per 0.10 unit increase, 95% confidence inter-
val [CI] 1.05–1.79; p = 0.02). The Decipher score was associated with upgrading
among patients with biopsy GG 1 disease, but not GG2 disease. The discriminative
ability of a clinical model (AUC 0.63, 95% CI 0.51–0.74) was improved by integra-
tion of the Decipher score (AUC 0.69, 95% CI 0.58–0.80).
Conclusions: The Decipher genomic classifier score was associated with short-term
biopsy Gleason upgrading among patients on active surveillance.
Patient summary: The results from this study indicate that among patients with
prostate cancer undergoing active surveillance, those with higher Decipher scores
were more likely to have higher-grade disease found over time. These findings indi-
cate that the Decipher test might be useful for guiding the intensity of monitoring
during active surveillance, such as more frequent biopsy for patients with higher
scores.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

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

Active surveillance is the recommended initial management
strategy for most patients with low-grade prostate cancer
and an option for selected patients with favorable
intermediate-risk disease and is now adopted by the major-
ity of eligible patients [1]. Evidence from randomized trials
and institutional cohort studies supports the long-term
safety of active surveillance and its effectiveness as a strat-
egy to avoid or defer definitive treatment [2,3]. Nonetheless,
20–60% of patients who are initially enrolled in active
surveillance ultimately experience reclassification of their
disease according to changes in biopsy Gleason grade,
prostate-specific antigen (PSA) levels, or cancer volume
[4,5]. As a result, up to half of patients undergo definitive
treatment in the near term, most frequently because of
Gleason upgrading [6]. A smaller number of patients with
clinically low-risk features ultimately experience clinically
significant progression over time, underscoring the need
for close monitoring to detect early signs of reclassification
[7]. Estimating the risk of disease reclassification during
active surveillance on the basis of standard clinical param-
eters is imperfect, leading to patient anxiety, avoidable
treatment, and imprecision in monitoring (eg, overuse or
underuse of surveillance testing) [8–10].

Genomic classifiers measuring features associated with
prostate cancer aggressiveness developed largely in
patients with high-risk disease provide robust predictions
of disease outcome, yet little is known about their role in
estimating the trajectory of untreated favorable-risk pros-
tate cancer [11]. The Decipher classifier (GenomeDx Bio-
sciences, Vancouver, BC, Canada) is a tissue-based
platform evaluating the expression of 22 genes selected
from whole-transcriptome analysis and reflecting pathways
involved in cellular proliferation, differentiation, immune
modulation, and androgen-receptor signaling. The test has
been widely validated as both a prognostic and a predictive
marker associated with several clinical outcomes, including
adverse pathology at prostatectomy, biochemical recur-
rence, metastasis, and prostate cancer mortality after treat-
ment [12,13]. However, less information is available
regarding its utility in predicting the outcome for patients
being managed with active surveillance. Such information
would be useful as a means for tailoring the approach to
clinical management, with potential for moderating surveil-
lance protocols for those at lowest risk and for intensifying
or foregoing surveillance for patients most likely to experi-
ence reclassification or disease progression [8].

In this study we evaluated the association between Deci-
pher genomic classifier scores and biopsy outcomes among
patients with favorable-risk prostate cancer managed with
initial active surveillance [14]. Analytic and clinical valida-
tion of commercially available genomic tests were largely
conducted using archival tissue obtained in the era before
widespread use of prostate magnetic resonance imaging
(MRI), an approach that significantly improves the accuracy
of sampling and reduces the risk of initial misclassification
[5,15,16]. Therefore, commensurate with current clinical
practice, we conducted our study in a contemporary cohort
of patients managed with active surveillance following a
prostate biopsy guided by MRI-ultrasound fusion.
2. Patients and methods

2.1. Study design and patient selection

We performed a retrospective cohort study of patients enrolled on active

surveillance for prostate cancer who underwent Decipher testing. We

identified subjects from a prospectively maintained institutional repos-

itory of patients with known or suspected prostate cancer undergoing

prostate MRI and prostate biopsy at a single tertiary care center. The pri-

mary study objective was to examine the association between a patient’s

baseline Decipher score (scale 0–1.0 units) and Gleason upgrading dur-

ing active surveillance, defined as an increase in Gleason grade group

(GG) on subsequent biopsy. The secondary objectives were to evaluate

the performance of clinical prediction models with or without the geno-

mic classifier score, and to identify a clinical threshold for the Decipher

score in predicting Gleason upgrading. In addition, we evaluated the

association between Gleason upgrading and the clinically reported Deci-

pher risk groups: low (score <0.45), intermediate (score 0.45–0.60), and

high (score >0.60).

Of 1432 patients undergoing prostate MRI-ultrasound fusion biopsy,

we identified 133 who elected for initial active surveillance and under-

went at least one additional biopsy and Decipher testing between July

2016 and November 2020. Patients with low-risk prostate cancer (Glea-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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son score � 3 + 3, cT1 stage, PSA �10 ng/ml) and select patients with

favorable intermediate-risk prostate cancer (Gleason score � 3 + 4 with

no more than 1 core with Gleason pattern 4, �cT2 stage, PSA 10–20 ng/

ml) detected on combined systematic and MRI-ultrasound fusion tar-

geted biopsy (MRF-TB) were enrolled in the active surveillance program

and included in an institutional review board–approved prospective

data registry. The institutional surveillance protocol consisted of semi-

annual PSA testing, a confirmatory prostate biopsy within 1 yr of diagno-

sis, and subsequent prostate MRI and prostate biopsy on a yearly or bien-

nial basis. Protocols for MRI and MRF-TB were as previously described

[17]. Genomic testing was routinely offered to patients considering

active surveillance without restriction according to disease characteris-

tics. We compiled clinical, pathology, and sociodemographic informa-

tion, including prostate MRI findings and the Decipher score.
2.2. Statistical analysis

We compiled clinicopathologic variables, Decipher scores, and biopsy

upgrading status for each patient. Categorical variables are reported as

the frequency and proportion; continuous variables are reported as the
Table 1 – Baseline characteristics of patients with favorable-risk
prostate cancer undergoing active surveillance and Decipher geno-
mic testing

Variable Result

Median age, yr (IQR) 67.7 (62.4–71.4)
Median body mass index, kg/m2 (IQR) 27.1 (25.0–30.5)
Median prostate-specific antigen, ng/ml (IQR) 5.6 (4.3–7.1)
Biopsy Gleason grade group 1, n (%) 101 (75.9)
Biopsy Gleason grade group 2, n (%) 32 (24.1)
Race/ethnicity, n (%)
White 120 (90.2)
Black/African American 8 (6.0)
Latino 3 (2.3)
Other 2 (1.5)

Median prostate volume, ml (IQR) 46.0 (32.6–59.0)
Median Decipher score (IQR) 0.39 (0.39–0.48)
Decipher risk category, n (%)
Low (score <0.45) 94 (64.4)
Intermediate (score 0.45–0.60) 37 (25.3)
High (score >0.60) 15 (10.3)

IQR = interquartile range.

Table 2 – Comparison of characteristics for patients who did and did not

Variable No biopsy upgrad
(n = 90)

Median age, yr (IQR) 68.0 (62.4–70.9)
Median PSA, ng/ml (IQR) 5.6 (4.1–7.0)
Median body mass index, kg/m2 (IQR) 26.8 (24.7–30.4)
Median PSA density, ng/ml/ml (IQR) 0.12 (0.08–- .18)
Median prostate volume, ml (IQR) 45.0 (33.5–57.1)
Decipher risk category, n (%)
Low (score <0.45) 60 (66.7)
Intermediate (score 0.45–0.60) 23 (25.6)
High (score >0.60) 7 (7.8)

Median Decipher score (IQR) 0.39 (0.25–0.46)
Median positive SBx cores, n (IQR) 2 (1–4)
PI-RADS score, n (%)
1–2 22 (25.0)
3 7 (7.9)
4 39 (44.4)
5 20 (22.7)

Increase in PI-RADS score, n (%) 22 (28.2)

IQR = interquartile range; PI-RADS = Prostate Imaging-Reporting and Data System
median and interquartile range (IQR). We used McNemar’s test for sta-

tistical analysis of proportions, and the Kruskal-Wallis test was for con-

tinuous variables. We constructed multivariable logistic regression

models to evaluate the association between baseline characteristics,

including the Decipher score, and biopsy Gleason upgrading. Variables

that were significantly associated with upgrading on univariable analy-

sis were included in the model, as well as a priori variables shown to be

associated with Gleason upgrading in prior studies (age, PSA density,

number of biopsy cores positive for cancer, and prostate MRI findings).

We compared the performance of a baseline clinical model with the

Decipher classifier alone and a combined model consisting of clinical

parameters and Decipher score. We used Youden’s index to identify a

potential threshold for the Decipher score that could be clinically used

to identify patients at greater risk of reclassification during active

surveillance. All statistical analyses were performed using SPSS v27

(IBM, Armonk, NY, USA).
3. Results

The study sample consisted of 133 patients initially man-
aged with active surveillance who underwent Decipher
testing. The median age at enrollment was 67.7 yr (IQR
62.4–71.4) and the median PSA at diagnosis was 5.6 ng/ml
(IQR 4.3–7.1; Table 1). In this cohort, 66 men (49.6%) had
Decipher testing performed on their initial diagnostic
biopsy and 67 (50.4%) had testing on a subsequent biopsy.
The biopsy Gleason grade at enrollment was GG1 for
75.9% and GG2 for 24.1%. The median interval between
biopsies was 13.6 mo (IQR 11.9–16.9), and the median Deci-
pher score was 0.39 (IQR 0.25–0.48). The Decipher risk
group reported was low for 64.4%, intermediate for 25.3%,
and high for 10.3% of patients. A change in prostate MRI
PI-RADS score occurred in 41 patients (30.7%).

In total, 43 patients (32.3%) experienced biopsy upgrad-
ing. The median Decipher score was 0.39 (IQR 0.25–0.46)
among patients with upgrading and 0.41 (IQR 0.32–0.54)
among those without upgrading (p = 0.06; Table 2). The dis-
tribution of upgrading events did not differ significantly by
experience biopsy Gleason upgrading during active surveillance

ing Biopsy upgrading
(n = 43)

p value

66.3 (61.9–73.2) 0.93
5.6 (4.4–7.2) 0.97
28.1 (25.3–30.9) 0.20
0.12 (0.08–0.16) 0.69
47.0 (31.0–60.0) 0.81

0.27
24 (55.8)
12 (27.9)
7 (16.3)
0.41 (0.32– 0.54) 0.06
3 (1–4) 0.53

0.57
8 (18.6)
5 (11.7)
20 (46.5)
10 (23.2)
10 (32.2) 0.68

; PSA = prostate-specific antigen; SBx = systematic biopsy.



Table 3 – Multivariable logistic regression analysis of factors associated with biopsy Gleason upgrading during active surveillance

Variable Odds ratio (95% CI) p value

Age 1.02 (0.97–1.07) 0.44
Baseline PI-RADS score 0.77
1–2 Reference
3 0.63 (0.14–2.82) 0.55
4–5 1.02 (0.36–2.89) 0.97

Prostate-specific antigen density (per 0.1 unit) 0.83 (0.50–1.44) 0.52
Decipher score (per 0.1 unit) 1.37 (1.05–1.79) 0.02
Three or more positive systematic biopsy cores 2.55 (1.04–6.29) 0.04

CI = confidence interval; PI-RADS = Prostate Imaging-Reporting and Data System.
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Decipher risk group (28.6% in the low-risk, 34.3% in the
intermediate-risk, and 50.0% in the high-risk group; p =
0.27). On univariable analysis, increasing Decipher score
was associated with greater odds of upgrading (odds ratio
[OR] 1.24 per 0.10 unit; p = 0.045). When stratified by diag-
nostic Gleason grade group, the Decipher score was associ-
ated with upgrading among patients with GG1 (OR 1.29 per
0.10 unit; p = 0.047) but not among those with GG2 disease
(p = 0.41). On multivariable logistic regression analysis, the
Decipher score remained significantly associated with the
odds of biopsy upgrading (OR 1.37 per 0.10 units; p =
0.02; Table 3).

The baseline clinical model showed modest discrimina-
tion of biopsy upgrading (area under the receiver operating
characteristic curve [AUC] 0.63, 95% CI 0.51–0.74). The AUC
for Decipher alone was 0.60 (95% CI 0.49–0.70). A combined
model including the Decipher score and clinical variables
improved the AUC to 0.69 (95% CI 0.58–0.80; Fig. 1). A Deci-
pher score cutoff of 0.475 maximized the sensitivity and
specificity for prediction of biopsy upgrading while on AS.
At a dichotomous threshold of 0.475, the sensitivity and
specificity for biopsy upgrading were 41.9% and 78.9%,
Fig. 1 – Discriminative performance of clinical models for prediction of biopsy
Decipher genomic score. AUC = area under the receiver operating characteristic
respectively, with modest discrimination for biopsy upgrad-
ing (AUC 0.60, 95% CI 0.52–0.69). Among patients with Deci-
pher scores of <0.475 versus �0.475, the incidence of biopsy
upgrading was 26.0% vs 48.6% (p = 0.02). On univariable
analysis, Decipher scores �0.475 were associated with
higher odds of biopsy upgrading (OR 2.69, 95% CI 1.22–
5.92; p = 0.01). On multivariable logistic regression analysis,
Decipher scores �0.475 were independently associated
with higher odds of biopsy upgrading (OR 3.71, 95% CI
1.45–9.50; p = 0.01).
4. Discussion

We found that the Decipher genomic classifier score was
associated with subsequent biopsy upgrading among
patients enrolled on active surveillance for low-risk or
favorable intermediate-risk prostate cancer. In this contem-
porary cohort of patients undergoing prostate MRF-TB, the
Decipher score stratified the risk of reclassification indepen-
dently of clinical features, including PSA density and MRI
findings. Integration of the Decipher score improved the
upgrading during active surveillance with and without integration of the
curve.
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discriminative performance of a model based on baseline
clinical parameters and prostate MRI, although the overall
performance remained modest. We further found that,
according to the lower distribution of Decipher scores in
the active surveillance population, reported risk groupings
were not informative for predicting Gleason upgrading. As
a result, distinct cut points or consideration of the classifier
as a continuous measure of risk may have the most utility
in active surveillance. These data provide novel quantitative
information regarding thepossibility of integrating this base-
line genomic classifier information in clinical counseling.

Among patients with GG1 but not GG2 prostate cancer
choosing active surveillance, Decipher scores were indepen-
dently associated with Gleason upgrading on a subsequent
biopsy. This additional predictive information may have
greater utility for patients with low risk than for those with
low to intermediate risk, who have a two- to fourfold higher
risk of reclassification on the basis of clinical and pathology
parameters [18,19]. Although a large body of evidence has
been accumulated on the associations between the Deci-
pher score and clinical and pathology outcomes, there is lit-
tle direct evidence concerning its short-term prognostic
significance for patients managed with active surveillance.
The findings from this study suggest that the Decipher clas-
sifier may be useful in identifying patients whose initial
biopsies may have been misclassified or will experience
progression of their disease in the short term. However,
we did not identify a significant association between the
Decipher score and biopsy upgrading among the subset of
patients with GG2 disease. This may reflect the smaller
sample size relative to GG1 and lower power for this com-
parison, the contributions of biopsy sampling leading by
chance to detection of a higher proportion of Gleason pat-
tern 4 disease, or the possibility that the Decipher score is
indeed not associated with further biopsy upgrading in this
group.

The setting of this study in the contemporary era of MRF-
TB increases the generalizability of the results, as MRI is
increasingly used to improve the initial assessment of can-
cer grade. However, it is important to note that prostate
MRI does not eliminate the possibility of misclassification
[5]. In this context, we found that baseline clinical parame-
ters—including PSA density, number of cores positive for
cancer, MRI findings, and age—offered only marginal dis-
criminative ability for prediction of biopsy upgrading but
were improved by the addition of the Decipher classifier.
Therefore, further optimization of prediction tools for active
surveillance outcomes remains an important and still
unmet clinical need [20,21].

Our findings build on prior studies of surrogate end-
points for active surveillance candidacy. For example,
Herlemann and colleagues [12] evaluated 647 patients
diagnosed with National Comprehensive Cancer Network
(NCCN) very low-, low-, and favorable intermediate-risk
prostate cancer treated with initial prostatectomy. In this
cohort, the Decipher score was an independent predictor
of adverse pathology (high grade and/or high stage at
prostatectomy; OR 1.34 per 0.1 unit increase, 95% CI
1.11–1.63) [12]. Similarly, Kim and colleagues [22] analyzed
Decipher scores for biopsies from 266 patients with NCCN
very low-, low-, and favorable intermediate-risk prostate
cancer and reported that the Decipher score was an inde-
pendent predictor of adverse pathology on prostatectomy
(odds ratio 1.29 per 10% increase, 95% CI 1.03–1.61 per 0.1
unit increase). However, by directly evaluating outcomes
for patients managed with active surveillance, our findings
fill an important gap in knowledge and indicate reveal an
association between. Decipher scores and biopsy upgrading.
Furthermore, as reclassification events constitute the most
significant triggers for conversion to active treatment, our
results may have implications for questions on health-
related quality of life and cost-effectiveness in future
studies.

The reclassification events in our study were assessed
over a relatively short interval after enrollment in active
surveillance. Nearly one-third of patients in this study expe-
rienced biopsy Gleason upgrading, which is a larger propor-
tion than reported for large institutional cohorts such as the
multi-institutional Canary Prostate Active Surveillance
Study, in which 27% of patients experienced Gleason reclas-
sification at median follow-up of 4.1 yr [23]. This suggests
that the upgrading observed was largely because of initial
biopsy sampling error rather than disease progression
[24]. Serial molecular profiling of prostate biopsies using
immunohistochemistry and next-generation sequencing
has also identified the potential contributions of short-
term clonal progression of low-grade disease [25]. Regard-
less of the cause of upgrading, the potential role of a geno-
mic classifier in enhancing estimates of a patient’s
trajectory at the time of active surveillance addresses an
important clinical need. The overall modest performance
of even a refined clinical model incorporating prostate
MRI and genomic testing in this study underscores the need
to improve risk estimation for patients enrolled on active
surveillance.

We found that the distribution of Decipher scores among
active surveillance patients was narrow and, as expected,
clustered at the lower end of the risk distribution. As a
result, different groupings may be required for distinguish-
ing risk among active surveillance patients, as the existing
reporting classifications may be better suited for the wider
spectrum of genomic risk. Although the Decipher score as a
continuous variable (per 0.1 unit) was associated with Glea-
son upgrading, significant differences could not be appreci-
ated when using the Decipher standard risk groups
generated in clinical reporting (low, intermediate, and high)
that are applied in the setting of more advanced disease.
Assessing a putative clinical cut point that would maximize
sensitivity and specificity in this select group of patients
yielded a binary classification value of 0.475; scores above
this threshold were associated with a nearly fourfold higher
odds of biopsy upgrading. A theoretical clinical application
of these findings would include offering Decipher testing
broadly to patients with Gleason 3 + 3 disease for whom
disease reclassification would lead to actionable differences
in management, such as those with a stronger inclination
for undergoing definitive treatment because of younger
age, less comorbidity, and preference. For patients with
the lowest risk of disease reclassification, as assessed via
clinical and genomic features such as a Decipher score
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<0.475, reducing the intensity of surveillance by increasing
the intervals between biopsies, or avoiding biopsy alto-
gether, might be feasible. However, these findings require
further study in larger cohorts and over longer periods of
surveillance, or explicit investigation in a randomized trial.

The study has several limitations. Selection of patients
for Decipher testing may not have occurred at random
and could potentially favor use in patients at higher risk
of disease reclassification for whom testing was undertaken
to confirm suitability for active surveillance. However, Deci-
pher testing was routinely offered without known system-
atic preference for those at higher risk, and patient
baseline disease characteristics are consistent with widely
accepted criteria for adoption of active surveillance [6]. A
higher incidence of short-term reclassification was also
reported in studies of patients receiving genomic testing
that may relate to the preferential use of genomic testing
in higher-risk populations [26]. In addition, we defined
biopsy upgrading as any increase in biopsy Gleason score,
an approach used in prior studies, but this may fail to
account for more substantial changes in risk such as a
simultaneous increase in tumor volume [27]. Although all
prostate MRI scans were reviewed by expert genitourinary
radiologists at our institution, central re-review of scans
to apply the PRECISE criteria for MRI progression [28] was
not conducted for this study. Lastly, the sample size and
follow-up are insufficient for assessment of meaningful dis-
tant longitudinal outcomes. Despite these limitations, the
strengths of the study include novel data on Decipher test-
ing with outcomes for patients enrolled in a contemporary
active surveillance program.
5. Conclusions

The Decipher genomic classifier score was associated with
biopsy Gleason upgrading among patients with low-risk
prostate cancer enrolled in active surveillance who had
undergone MRI-enhanced biopsy procedures.
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