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Abstract

Background: Management of localized or recurrent prostate cancer since the 1990s has been based on risk stratification using
clinicopathological variables, including Gleason score, T stage (based on digital rectal exam), and prostate-specific antigen (PSA).
In this study a novel prognostic test, the Decipher Prostate Genomic Classifier (GC), was used to stratify risk of prostate cancer pro-
gression in a US national database of men with prostate cancer.

Methods: Records of prostate cancer cases from participating SEER (Surveillance, Epidemiology, and End Results) program registries,
diagnosed during the period from 2010 through 2018, were linked to records of testing with the GC prognostic test. Multivariable
analysis was used to quantify the association between GC scores or risk groups and use of definitive local therapy after diagnosis in
the GC biopsy-tested cohort and postoperative radiotherapy in the GC-tested cohort as well as adverse pathological findings after
prostatectomy.

Results: A total of 572 545 patients were included in the analysis, of whom 8927 patients underwent GC testing. GC biopsy-tested
patients were more likely to undergo active active surveillance or watchful waiting than untested patients (odds ratio [OR] ¼2.21, 95%
confidence interval [CI] ¼ 2.04 to 2.38, P< .001). The highest use of active surveillance or watchful waiting was for patients with a low-
risk GC classification (41%) compared with those with an intermediate- (27%) or high-risk (11%) GC classification (P< .001). Among
National Comprehensive Cancer Network patients with low and favorable-intermediate risk, higher GC risk class was associated
with greater use of local therapy (OR ¼ 4.79, 95% CI ¼ 3.51 to 6.55, P< .001). Within this subset of patients who were subsequently
treated with prostatectomy, high GC risk was associated with harboring adverse pathological findings (OR ¼ 2.94, 95% CI ¼ 1.38 to
6.27, P¼ .005). Use of radiation after prostatectomy was statistically significantly associated with higher GC risk groups (OR ¼ 2.69,
95% CI ¼ 1.89 to 3.84).
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Conclusions: There is a strong association between use of the biopsy GC test and likelihood of conservative management. Higher
genomic classifier scores are associated with higher rates of adverse pathology at time of surgery and greater use of postoperative
radiotherapy.
In this study the Decipher Prostate Genomic Classifier (GC) was used to analyze a US national database of men with prostate cancer.
Use of the GC was associated with conservative management (ie, active surveillance). Among men who had high-risk GC scores and
then had surgery, there was a 3-fold higher chance of having worrisome findings in surgical specimens.

Since the 1990s, the management of localized or recurrent pros-
tate cancer has been based on risk stratification using clinicopa-
thological variables, including Gleason score, T stage (based on
digital rectal examination), and prostate specific antigen (PSA).
Prognostic discrimination is improved by incorporation of these
variables together into multivariable models. Other variables,
like PSA density, extent of biopsy core involvement, and Gleason
pattern, may help in prognostication (1). The performances of
most published models are modest and there is a clinical need
for biomarkers to improve prognostication and prediction for per-
sonalized treatment decision making.

The GC is one such method developed to meet this need (2).
The GC has been validated in randomized clinical trials in men
with newly diagnosed intermediate-risk, high-risk, postprostatec-
tomy, biochemically recurrent, nonmetastatic castration resist-
ant, and metastatic hormone sensitive prostate cancers (2-6).
The GC has been shown to consistently improve prognostic dis-
crimination, add independent prognostic information above and
beyond clinicopathological variables, and change treatment deci-
sions.

In 2019, The San Francisco Consensus Statement on prostate
cancer biomarkers (7) was published with the aim of helping to
guide future research on biomarker use. This Statement focused
on 6 key points for adopting novel biomarkers: (a) use in a setting
where a change in management is possible from the biomarker
result; (b) ensure that prognostic biomarkers are independently
predictive when incorporated into multivariable models; (c)
ensure that prognostic biomarkers improve discrimination for
clinically meaningful endpoints such as distant metastasis and
cause-specific and overall survival; (d) assess in high-quality
studies [eg, using Simon criteria (8)]; (e) assess in diverse patient
populations; and (f) ensure that test results are conveyed to
patients that may affect shared decision-making with their
physician regarding changing management of their disease (9).
While the GC meets all 6 of these criteria, to our knowledge its
use has not yet been assessed using a US population-based data
source. The purpose of this report is to characterize GC usage and
its association with treatment decisions for men diagnosed with
prostate cancer in the United States.

Methods
The Surveillance, Epidemiology, and End Results (SEER) program
of the National Cancer Institute collects cancer incidence infor-
mation, including patient demographic data, clinical characteris-
tics of the cancer (primary site, histology, grade, behavior, stage,
extent of disease), first course of treatment, and follow-up infor-
mation. At the time of this study, SEER covered approximately
34.6% of the US population and captured at least 98% of incident
cancer cases within the catchment areas (10). In 2021, records
from the Decipher GC and SEER cancer registries [SEER-18 (11)]
were linked for the first time.

Records from participating SEER Program registries for pros-
tate cancer patients diagnosed during the period from 2010

through 2018 were linked to records of GC testing conducted
between 2013 and 2020 with Decipher GC (Veracyte, San Diego,
CA). Linkage was tested and validated by using personally identi-
fiable information with cancer records within each registry by a
third-party honest broker (IMS, Rockville, MD). The SEER regis-
tries collect data on sex, age at diagnosis, race and ethnicity, mar-
ital status, census tract socioeconomic status, and year of
diagnosis. Data for which SEER does not code specific comorbid-
ities include performance status, radiotherapy details (eg, dose,
volume), and systemic therapy details (eg, agent, duration, dose).
All treatment information collected by the SEER registries came
from the medical records recorded by the managing physician(s)
in the treatment plan and administered within the first 6 months
after diagnosis (before disease progression or recurrence) and are
defined as “First Course of Treatment (or Therapy)”.

Clinical and pathological variables within SEER were used in
all analyses, and any overlapping data found in the Decipher GC
database were only used for linkage. The only data merged from
the Decipher GC database were the continuous and categorial GC
score and year the test was conducted. Very low and low
National Comprehensive Cancer Network (NCCN) risk groups (12)
were combined because PSA density was unavailable within
SEER. Patients who were otherwise intermediate risk but did not
have available data on percentage of positive cores were catego-
rized as intermediate (not otherwise specified [NOS]).

Summary statistics for continuous and categorical demo-
graphic, clinical, and pathological characteristics were reported
as medians (IQRs) and counts (percentages), respectively. GC
scores (range 0-1) and GC risk groups (locked commercial cut
points, defined as low [<0.45], intermediate [0.45-0.60], and high
risk [>0.6]) were used for continuous and categorical analyses
(13). Neighborhood socioeconomic status was defined using the
Yost index, which comprises multiple domains related to socioe-
conomic status (14). The statistical significance of differences in
clinicopathological variables across GC risk groups was deter-
mined by Kruskal-Wallis tests for continuous data and v2 tests
for categorical data. Standardized mean differences (SMD) are
reported between GC tested and untested populations.

Multivariable logistic regression was used to quantify the
association between GC scores or risk groups and use of definitive
local therapy (radical prostatectomy [RP] or radiation therapy
[RT]) after diagnosis in the GC biopsy-tested cohort and radio-
therapy in the GC prostatectomy-tested cohort. Variables in the
model included GC score (continuous variable), age (continuous,
per 5 years), diagnosis year (pre-2015, 2016, 2017, 2018), race
(Asian or Pacific Islander, Black, Hispanic [all races], White,
other), marital status (single, married, separated, unknown), cen-
sus tract socioeconomic quintile (1 through 5), PSA (continuous,
log2 transformed), percentage of positive cores, clinical grade
group, and T stage. Similar models were fit for the occurrence of
adverse pathology (15) (eg, pathological stage T3/4, lymph node
invasion [LNI], or pathological grade group [pGG] 4 to 5) among
GC RP-tested cohorts. Patients with missing covariate data were
excluded from multivariable models. A Bonferroni-Holm
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adjustment was applied to GC P values across models where both
continuous and categorical GC effects were estimated. All analy-
ses were performed using R version 3.6.3 (R Foundation for
Statistical Computing, Vienna, Austria).

A total of 581 393 incident prostate cancer patients were diag-
nosed between 2010 and 2018 and included in the linkage. We
excluded patients who were younger than 40 years or who had
“T0” disease (Figure 1). Among the patients with GC testing
ordered, we excluded those who had tumors for which the tissue
sample used for GC was more than a year from their initial diag-
nosis, had repeated tests ordered, or had a test ordered but did
not have a reported GC (either due to failing quality control such
as insufficient tumor for testing or test cancellation by patient or
provider). A total of 572 545 patients (563 618 unordered þ 3949

GC biopsy þ 4978 GC RP) were included in the analysis, of which

8927 patients underwent GC testing.

Results
Associations and trends with GC testing
Ordering for GC prostatectomy tests was made available in a lim-

ited capacity in 2013, while GC biopsy tests were first offered in

2016 with coverage approval only for low-risk prostate cancer

(Figure 2). The GC-tested cohort was younger, more likely to be

non-Hispanic White, married, and of higher census tract socioe-

conomic status compared with the untested cohort

(Supplementary Table 1, Supplementary Figure 1, available

online). Higher GC scores were associated with higher clinical or

Figure 1. CONSORT diagram. SEER ¼ Surveillance, Epidemiology, and End Results.
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pathological grade and stage (Figure 3), higher percentage of posi-
tive cores and PSA, higher likelihood of de novo metastasis and
lymph node invasion, and higher NCCN risk group classification
(all P< .001, Supplementary Figure 2, available online).
Supplementary Table 2 (available online) shows clinical and
pathological characteristics of patients stratified by test type and
GC risk classification.

We conducted several analyses with different multivariable
risk tools, including the international staging collaboration for
cancer of the prostate (STAR-CAP) staging model (data available
on request). In short, the breakdown among stages is similar and
did not change the findings. We chose to display the data from
NCCN risk groups because these are used by NCCN guidelines
and are most familiar to physicians.

Characteristics of the biopsy GC test at the time of
diagnosis
Treatment information for the GC biopsy tested cohort stratified
by GC risk classification is given in Supplementary Tables 3
(available online). On multivariable logistic regression, GC
biopsy–tested patients were more likely to undergo active surveil-
lance or watchful waiting (AS/WW) than untested patients (OR ¼
2.21; 95% CI ¼ 2.05 to 2.39, P< .001, Supplementary Table 4, A,
available online). This relationship remained when GC biopsy–
tested patients were compared with untested patients, with ini-
tial diagnosis in 2016 and onward (ie, over the time period when
GC biopsy testing was available) (OR ¼ 2.05; 95% CI ¼ 1.88 to 2.23,
P< .001, Supplementary Table 4, B, available online).

Among patients with GC biopsy test results, AS/WW was high-
est for those with GC low-risk classification (41%) compared with
those with intermediate (27%) or high (11%) GC risk (P< .001). AS/
WW rates were higher in the GC biopsy tested cohort compared
with the untested cohort when compared within NCCN strata
both overall and when restricted to the time frame in which the
GC biopsy test was offered (Table 1). There were consistently
higher proportions of patients on AS/WW in the lower GC risk
group classification and less AS/WW in higher GC risk patients
since the test was introduced in 2016 (Table 1, Figure 4).

Among GC biopsy–tested patients, both prostatectomy and
radiotherapy were increasingly more likely to be used in patients
with higher GC risk; prostatectomy (22% of GC low, 30% of GC
intermediate, and 39% of GC high risk, P< .001) and radiotherapy
(16% of GC low, 24% of GC intermediate, and 35% of GC high risk,
P< .001, Supplementary Table 3, available online). Among NCCN
low- and favorable-intermediate patients with GC biopsy test
results, multivariable logistic regression showed a statistically
significant association between the use of local therapy (radiation

and/or surgery) and both GC score (OR ¼ 1.35, 95% CI ¼ 1.26 to
1.44 per 0.1 increase, P< .001) and GC risk groups (OR ¼ 1.89, 95%
CI ¼ 1.44 to 2.49, P< .001, and OR ¼ 4.69, 95% CI ¼ 3.44 to 6.39,
P< .001) for intermediate and high vs low risk, respectively
(Table 2).

Within the subset of patients with low or favorable intermedi-
ate NCCN risk classification at the time of biopsy and who were
subsequently treated with prostatectomy (n¼ 361), GC biopsy
high-risk findings (>0.6) were associated with nearly 3 times the
odds that the patient harbors adverse pathology (OR ¼ 2.88, 95%
CI ¼ 1.35 to 6.17, Bonferroni-Holm adjusted P¼ .01)
(Supplementary Table 5, available online). We performed addi-
tional analyses to modify the definition of adverse pathology (eg,
to include only patients with pT3b disease or GG3). The results
were similar (OR ¼ 1.29, 95% CI ¼ 1.09 to 1.52 per 0.1 change in
GC) on adverse pathology defined as pT3þ, pGG 4 to 5, or LNþ
(OR ¼ 1.35, 95% CI ¼ 1.13 to 1.62 per a 0.1 change in GC on
adverse pathology defined as pT3bþ, pGG3-5, or LNþ).

Characteristics of the GC test after radical
prostatectomy
Because GC was first available for prostatectomy patients, we
examined the treatment patterns for men post-RP
(Supplementary Table 6, available online). Results from multi-
variable logistic regression analyses regarding the use of radia-
tion therapy after prostatectomy in men with adverse
pathological features (ie, pT3/4, LNþ, or pGG 4 to 5) and GC pros-
tatectomy testing are summarized in Supplementary Table 7
(available online). Use of postoperative radiotherapy was statisti-
cally significantly associated with higher GC risk group (GC low
risk as reference, GC intermediate risk [OR ¼ 1.55, 95% CI ¼ 1.04
to 2.31], GC high risk [OR ¼ 2.69, 95% CI ¼ 1.89 to 3.84]), as well as
higher PSA, higher pathological stage, and lymph node–positive
disease. In contrast, diagnosis year, race, and Yost index were not
statistically significantly associated with receipt of radiotherapy
postprostatectomy. Radiation after prostatectomy rates overall
in the GC tested were not substantially increased as compared to
GC untested patients with adverse pathologic features (Figure 4).

Discussion
This study is the first, to our knowledge, to analyze the use of
Decipher GC among men with prostate cancer in the United
States with linkage to the 2013-2018 data from the cohort-
based SEER Program registries. The results of this study vali-
dated the correlation of GC scores with NCCN risk groups, but
with marked heterogeneity in GC scores within a given risk

Figure 2. Test-ordering volume over time. GC ¼ genomic classifier.
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group (1). Patients with lower GC scores were statistically signif-
icantly associated with increased use of conservative manage-
ment compared with untested patients (16). GC testing itself
was not associated with higher rates of postprostatectomy
radiotherapy (9). However, patients with high GC scores were
more likely to receive postprostatectomy radiotherapy than
untested patients. Finally, we found that patients with clinically
low or favorable-intermediate risk with higher GC scores were
statistically significantly more likely to have adverse pathology
at time of prostatectomy (17).

These data show that patients with GC testing were more
likely to choose active surveillance; this finding is a correlation
and does not necessarily indicate clear causation. It’s possible
that physicians or patients who ordered or asked for the test
were already more inclined to consider active surveillance and
that the results confirmed, but did not actually influence, that
decision. The only way to prove that the tests change behavior
would be to do a randomized trial with and without the test, or a
trial in which clinicians and patients recorded their initial treat-
ment preference before the test results were known, followed by

Figure 3. Forest plot of GC score distributions by clinical and pathological characteristics for GC biopsy and GC prostatectomy scores, respectively. Data
are presented as median (first quartile [Q1], third quartile [Q3]), with low, intermediate, and high regions defined by previously locked commercial cut
points. GC ¼ genomic classifier.

Table 1. Active surveillance/watchful waiting proportions within NCCN risk groups in the GC tested and untested cohortsa

NCCN risk group

Very low
and low

Favorable
intermediate

Intermediate,
not otherwise

specified
Unfavorable
intermediate

High and
very high Total

Untested 26.9%
(33076/122857)

12.6%
(6312/49965)

7.0%
(1855/26577)

3.3%
(3216/96327)

1.7%
(1871/111753)

11.3%
(46537/410717)

Untested (2016þ) 42.2%
(13652/32376)

17.1%
(3003/17526)

8.9%
(616/6956)

4.1%
(1436/35276)

1.9%
(784/42370)

14.5%
(19544/134804)

GC biopsy tested 57.4% (577/1006) 29.1% (224/769) 13.3% (21/158) 9.8% (93/952) 3.2% (15/465) 27.7% (930/3353)
GC biopsy low risk 65.2% (356/546) 40.2% (130/323) 16.7% (11/66) 17.9% (57/318) 7.8% (8/103) 41.4% (562/1359)
GC biopsy intermediate risk 55.1% (158/287) 28.2% (64/227) 11.3% (6/53) 8.3% (20/241) 4.2% (5/118) 27.3% (253/926)
GC biopsy high risk 36.4% (63/173) 13.7% (30/219) 10.3% (4/39) 4.1% (16/393) 0.8% (2/244) 10.8% (115/1068)

aGC ¼ genomic classifier; NCCN ¼ National Comprehensive Cancer Network.
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recording their preference after the results were obtained. G-
MAJOR (NCT04396808), a randomized phase 3 trial conducted by
the Michigan Urological Surgery Improvement Collaborative

(MUSIC) aims to answer this question as well as to determine if
the use of genomic testing leads to improved quality of life and
oncological outcomes.

Figure 4. Rates of (A) active surveillance/watchful waiting among NCCN low and favorable-intermediate risk men and (B) radiation after radical
prostatectomy among men with adverse pathological features (pT3/4, LNþ, or pGG 4 to 5) in the GC untested and GC biopsy (A) and prostatectomy (B)
tested cohorts. Vertical bars indicate 95% confidence intervals. GC ¼ genomic classifier; LNþ ¼ lymph-node positive; NCCN ¼ National Comprehensive
Cancer Network; pGG ¼ pathological grade group.

Table 2. Multivariable logistic regression results for use of local therapy (radiation or surgery) in NCCN low/favorable-intermediate
patients (n¼ 1482 patients/616 instances of local therapy with nonmissing covariate values)a

Variable

GC score model GC risk group model

Multivariable OR (95% CI) P Multivariable OR (95% CI) P

GC score 1.35 (1.26 to 1.44) <.001a,b — —
GC risk group: intermediate vs low — — 1.89 (1.44 to 2.49) <.001a,b

GC risk group: high vs low — — 4.69 (3.44 to 6.39) <.001a,b

Age (per 5 years) 0.92 (0.84 to 1.00) .04b 0.91 (0.84 to 0.99) .03b

Diagnosis year 2016 vs �2015 0.66 (0.23 to 1.91) .45 0.79 (0.28 to 2.27) .67
Diagnosis year 2017 vs �2015 0.77 (0.28 to 2.17) .62 0.90 (0.32 to 2.50) .83
Diagnosis year 2018 vs �2015 0.50 (0.18 to 1.41) .19 0.58 (0.21 to 1.64) .31
Race NH Black vs NH White 1.01 (0.70 to 1.47) .94 1.02 (0.70 to 1.47) .93
Race NH Asian/Pacific Islander vs NH White 1.90 (0.94 to 3.83) .07 1.90 (0.94 to 3.84) .07
Race Hispanic (all races) vs NH White 1.12 (0.67 to 1.89) .66 1.17 (0.69 to 1.97) .56
Race NH other/unknown vs NH White 1.32 (0.58 to 2.98) .51 1.36 (0.59 to 3.10) .47
Marital status separated vs married 0.74 (0.48 to 1.14) .17 0.72 (0.47 to 1.11) .14
Marital status single vs married 0.67 (0.46 to 0.99) .04b 0.67 (0.45 to 0.98) .04b

Marital status unknown vs married 0.62 (0.36 to 1.07) .08 0.61 (0.35 to 1.05) .08
Census tract SES quintile 2 vs 1 0.83 (0.46 to 1.51) .55 0.88 (0.48 to 1.60) .68
Census tract SES quintile 3 vs 1 0.87 (0.50 to 1.52) .62 0.85 (0.49 to 1.50) .58
Census tract SES quintile 4 vs 1 0.62 (0.37 to 1.06) .08 0.63 (0.37 to 1.07) .09
Census tract SES quintile 5 vs 1 0.60 (0.36 to 1.01) .05 0.60 (0.36 to 1.00) .05b

Log2(PSA) 1.01 (0.83 to 1.23) .91 0.99 (0.82 to 1.21) .93
Percent positive cores (per 10%) 1.27 (1.18 to 1.37) <.001b 1.28 (1.19 to 1.37) <.001b

Clinical grade group 2 vs 1 4.55 (3.55 to 5.82) <.001b 4.71 (3.67 to 6.04) <.001b

Clinical stage T2 vs T1 1.12 (0.83 to 1.51) .48 1.10 (0.81 to 1.48) .55

a Bonferroni-Holm adjusted P values. CI ¼ confidence interval; GC ¼ genomic classifier; NCCN ¼ National Comprehensive Cancer Network; NH ¼ non-Hispanic;
OR ¼ odds ratio; PSA ¼ prostate-specific antigen; SES ¼ socioeconomic status.

b P< .05.
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Although prior studies have demonstrated the comparable
performance of the GC in Black or African American patients, the
current study identified a disparity in who undergoes GC testing.
This study showed that underrepresented racial and ethnic
minority groups and those with lower census tract socioeconomic
status were less likely to undergo GC testing (18).

The present study demonstrated an association with GC test-
ing itself and the GC test results with clinically relevant observa-
tions on multivariable analyses. Given the consistent observation
that GC use changes disease management, it is probable that
future real-world studies will show a blunted effect of the prog-
nostic value of the GC given patients with higher GC scores are
treated more aggressively and those with lower GC scores are
treated more conservatively. This would be a success and a
desired byproduct of GC utilization, to cause change in manage-
ment that reduces over- and undertreatment, ultimately improv-
ing patient outcomes.

The current results describe real-world associations, trends,
and practice patterns and should not be viewed as causal given
the study design and potential limitations. First, while we present
comparisons between GC-tested and -untested cohorts on
restricted timelines and adjust for both demographic and clinico-
pathological factors in all models, the observational nature of the
SEER data may introduce potential unmeasured or unmeasurable
confounding factors that, if accounted for, could alter the meas-
ured effect of GC. Second, multivariable regression analyses were
limited to patients without missing covariate values, which may
introduce bias. Third, given the rapid increase in use of the GC
test even beyond the linked years in this study, the follow-up is
insufficient to assess long-term prognostic value with survival
outcomes. Fourth, other key endpoints, including biochemical
failure, local recurrence, and distant metastasis, are not available
in either of the linked registries. Finally, SEER does not contain
information on use of specific imaging modalities (eg, magnetic
resonance imaging), which could impact treatment decisions
(19,20).

In the United States, there was a correlation between GC
scores and NCCN risk groups. There is an association between
the use of the biopsy GC test and likelihood to undergo conserva-
tive management. Additionally, higher genomic classifier scores
are associated with higher rates of adverse pathology at the time
of surgery and greater use of postoperative radiotherapy.
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