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Clinical Utility of Gene Expression
Classifiers in Men With Newly
Diagnosed Prostate Cancer
abstract

Purpose Tissue-based gene expression classifiers (GECs) may assist with management
decisions in patients with newly diagnosed prostate cancer. We sought to assess the current use of GEC tests and determine how the test results are associated with primary
disease management.
Methods In this observational study, patients diagnosed with localized prostate cancer
were tracked through the Michigan Urological Surgery Improvement Collaborative registry. The utilization and results of three GECs (Decipher Prostate Biopsy, Oncotype
DX Prostate, and Prolaris) were prospectively collected. Practice patterns, predictors of
GEC use, and effect of GEC results on disease management were investigated.
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Results Of 3,966 newly diagnosed patients, 747 (18.8%) underwent GEC testing. The
rate of GEC use in individual practices ranged from 0% to 93%, and patients undergoing GEC testing were more likely to have a lower prostate-specific antigen level, lower
Gleason score, lower clinical T stage, and fewer positive cores (all P < .05). Among patients with clinical favorable risk of cancer, the rate of active surveillance (AS) differed
significantly among patients with a GEC result above the threshold (46.2%), those with
a GEC result below the threshold (75.9%), and those who did not undergo GEC (57.9%;
P < .001 for comparison of the three groups). This results in an estimate that, for every
nine men with favorable risk of cancer who undergo GEC testing, one additional patient
may have their disease initially managed with AS. On multivariable analysis, patients
with favorable-risk prostate cancer who were classified as GEC low risk were more likely
to be managed on AS than those without testing (odds ratio, 1.84; P = .006).
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Conclusion There is large variability in practice-level use and GEC tests ordered in patients with newly diagnosed, localized prostate cancer. In patients with clinical favorable
risk of cancer, GEC testing significantly increased the use of AS. Additional follow-up
will help determine whether incorporation of GEC testing into initial patient care favorably affects clinical outcomes.
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INTRODUCTION
Accurate risk stratification is critical for patients
with localized prostate cancer given the diverse
management options available. Although active
surveillance (AS) is now recognized as a preferred
treatment option for patients with low-risk
prostate cancer, more than one third of patients
will experience disease progression that requires
treatment.1-3 Men with favorable intermediaterisk prostate cancer are rarely entered onto
AS, yet growing data suggest that some may be
safely treated with AS to avoid immediate radical
therapy.4
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Multiple new tissue biomarkers have surfaced
to aid in risk stratification of newly diagnosed
patients, with a goal of improving prognostic
accuracy compared with routine clinicopathologic variables. On the basis of multiple retrospective development and validation studies,
there are now three widely available tissue-based
gene expression classifiers (GECs) for use in this
setting: Prolaris (Myriad Genetics, Salt Lake
City, UT), Oncotype Dx Prostate (Genomic
Health, Redwood City, CA), and Decipher Prostate Biopsy (GenomeDx, Vancouver, Canada).5-12
These tools are now included in the National
Comprehensive Cancer Network (NCCN)
ascopubs.org/journal/po JCO™ Precision Oncology
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guidelines as options to aid in decision making for
men with newly diagnosed localized prostate cancer, although other national guidelines caution
against their routine use.13,14 Each of these tests
are RNA-based prognostic biomarkers that analyze a distinct multigene panel that predicts oncologic end points, which range from the likelihood
of harboring unrecognized high-grade disease to
death as a result of prostate cancer at 10 years.
Although published data have demonstrated the
prognostic utility of these tests compared with
clinicopathologic data alone,7,9,11,12 there is limited
understanding of how these tools influence treatment decisions in the contemporary setting.
One unique aspect of these tests is the continuous
scale used to report risk, whether for near-term
adverse pathology end points or more distant survival end points. Although proposed thresholds
that separate low-risk from high-risk patients are
provided on each of the test reports, these thresholds have not been prospectively validated. This is
in contrast to breast cancer, for which analogous
tests have become incorporated into guidelines as
a result of multiple prospective trials that validate
discrete cut points for management decisions.15-17
Because the emergence of multiple GEC tests—
each with various measurement scales, thresholds, outcomes, and reporting tools—is recent, it
is unclear how these tests affect real-world management decisions.
To address this complex issue in localized prostate cancer, we sought to perform a prospective
clinical utility study by tracking the use of GECs
in patients with newly diagnosed prostate cancer
and comparing treatment decisions according to
GEC result. To capture GEC use and subsequent
management across a broad cohort of patients,
this study was performed through the Michigan
Urological Surgery Improvement Collaborative
(MUSIC), a consortium of more than 90% of
urology practices in the state of Michigan. We
hypothesized that GEC use would be highly
variable and that results would correlate closely
with subsequent treatment decisions, specifically
that rates of AS would be higher in GEC-defined
low-risk patients.
METHODS

within MUSIC. The MUSIC consortium was
established in 2012 and is composed of 44 academic and community practices with more than
250 urologists across Michigan. In each participating practice, trained abstractors prospectively enter a standardized set of demographic
and pathologic data for every patient with a new
prostate cancer diagnosis into an electronic clinical registry. Abstractors also enter data related to
treatment—radical prostatectomy, radiotherapy,
or other (primary androgen deprivation therapy,
high-intensity focused ultrasound, cryotherapy,
or other ablative technologies)—and follow-up
data. Each site obtains regulatory exemption from
local institutional review boards to participate in
MUSIC, and funding is provided by Blue Cross
Blue Shield of Michigan.
In this analysis, we included all men who were
newly diagnosed with clinically localized prostate cancer between January and September
2017. Subsequent treatment decisions (AS, prostatectomy, or radiotherapy) were tracked until
the analytic data set was locked on April 1, 2018.
Clinical and Pathologic Variable Definitions
Data elements collected included age, ethnicity,
prostate-specific antigen (PSA) level, number of
positive cores from biopsy, primary and secondary Gleason patterns, prostate volume, clinical
T stage, body mass index (BMI), and comorbidity scores. Prostate magnetic resonance
imaging (MRI) was categorized according to
maximum prostate imaging and reporting data
system (PIRADS) version 2 score as reassuring
(PIRADS 1 to 3) or nonreassuring (PIRADS 4
to 5). Using standard clinicopathologic parameters, patients were categorized according to the
favorable-risk prostate cancer stratification that
has been widely disseminated in the MUSIC
consortium as a way to identify patients who
may be most appropriate for AS.18 Favorable-risk
prostate cancer was defined by a biopsy Gleason
score of 6 or low-volume, Gleason 3 + 4 = 7 disease (defined as three or fewer cores positive and
no core with > 50% cancer volume). Patients
were separately grouped for analysis using the
NCCN risk classification system.13

Study Population
Beginning in January 2017, the use and results of
three GEC tests (Prolaris, OncotypeDx Prostate,
and Decipher Biopsy) were prospectively tracked
2

GEC Data
For the three GEC tests, individual thresholds
to separate low versus high risk were defined in
ascopubs.org/journal/po JCO™ Precision Oncology
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accordance with published data and test reports
for each of these assays.19 A summary of the
three assays and cut points used to define GEC
low-risk disease are listed below:
• Decipher Biopsy (GenomeDx Biosciences):
Microarray platform, with score composed
of 22 RNA biomarkers reported on a scale
of 0 to 1. Threshold for low versus high risk
is 0.45.
• Oncotype Dx Prostate (Genomic Health):
Quantitative real-time polymerase chain
reaction platform, with score composed of
17 genes and reported on a scale of 0 to 100.
Threshold for low versus high risk is the
probability of adverse surgical pathology
greater than 20%.
• Prolaris (Myriad Genetics): Quantitative
real-time polymerase chain reaction platform, with score composed of 46 genes and
reported on a scale of 1 to 10. Threshold for
low versus high risk is 10-year mortality risk
of 3% or greater.
For patients who had more than one test performed (n = 13), only the initial test was included
in the analysis.
End Points
The primary study outcome was GEC testing
status (did not undergo GEC testing v underwent GEC testing with result below threshold
v underwent GEC testing with result above
threshold). The secondary outcome was the initial disease management strategy selected (AS
v definitive treatment v no treatment). Each
patient’s primary disease management strategy
was determined 6 months after diagnosis and
categorized as definitive treatment or no treatment. Patients whose data were lost to follow-up,
deceased, or switched practices for follow-up care
were excluded from the evaluation of treatment
because MUSIC no longer collected treatment information. Patients who were still missing treatment data at the time of analysis because
of a lag in data entry were also excluded.
Statistical Analyses
Patient characteristics were compared between
those who did and did not undergo GEC testing using χ2 tests for the overall cohort as well as

for patients with favorable-risk prostate cancer.
The rate of GEC testing was summarized and
compared at the practice level. The proportion
of patients with a test result above the threshold was then summarized by the type of the test
used (Prolaris v Oncotype DX v Decipher). The
primary management strategy was then compared across three groups defined by the performance and result of the GEC test: no test,
GEC test below the threshold, and GEC test
above the threshold. The number needed to test
calculations are described in the Appendix. A
mixed-effects logistic regression model was performed in the favorable-risk subgroup to assess
the association between GEC testing and adoption of AS. The model included the performance
and result of the GEC test (above or below the
threshold) as the primary predictor (with no
test as the reference group). The model also
adjusted for patient and practice-level characteristics, including patient age, ethnicity, PSA level,
biopsy Gleason score, clinical T stage, comorbidity, BMI, practice size, and practice type
(academic v private). The model also included
random intercepts for practices to account for
between-practice variability in the use of AS. All
covariates were selected in advance. The statistical analyses were performed in SAS version 9.4
(SAS Institute, Cary, NC), and statistical significance was set at .05.
RESULTS
A total of 3,966 men were diagnosed with localized prostate cancer during the study period and
were included in the study cohort. Of these, 747
patients (18.8%) underwent biopsy GEC testing. Table 1 lists the patient characteristics stratified by GEC use. Patients who underwent GEC
testing were more likely to have a lower PSA
level, lower biopsy Gleason score, fewer total
positive cores, and a lower clinical T stage
(P < .01 for each). In addition, patients with
GEC testing had more comorbidities and were
more likely to be treated at larger urology practices as well as private rather than academic
practices (P < .01 for each). The median time
to GEC testing after diagnosis was 0.4 months
(interquartile range, 0.2 to 0.9 months), and
the median time to MRI after diagnosis was 1.7
months (interquartile range, 1.1 to 2.7 months).
Of the 1,618 patients (40.8%) who were diagnosed with favorable-risk prostate cancer on the
ascopubs.org/journal/po JCO™ Precision Oncology
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basis of MUSIC criteria, 336 (20.8%) underwent testing. Among this subgroup, patients
who underwent a GEC test were more likely to
be African American and to have a higher biopsy
Gleason score (3 + 4 v 6), fewer positive cores,
and NCCN intermediate- rather than low-risk
cancer (P < .05 for each; Appendix Table A1).
Similar to the overall cohort, patients with
favorable-risk prostate cancer who underwent a
GEC test were more likely to be treated at larger
and private urology practices (P < .05 for each).
Rates of GEC testing at each of the 44 individual
practices were compared (Fig 1). Rates of GEC
testing at each practice ranged from 0% to 93%
(P < .001). Seven practices ordered a GEC test
on more than 50% of patients with newly diagnosed prostate cancer.
Among the 747 patients who underwent GEC
testing, 439 (59%) were tested with Prolaris, 81
(11%) with OncotypeDx, and 227 (30%) with
Decipher. The relative use of these three assays
for those practices that ordered at least one test
is shown in Appendix Fig A1. Using the prespecified thresholds, the probability of a high- versus
low-risk test result differed significantly depending on the test (Fig 2). For example, less than
30% of patients with favorable-risk prostate cancer tested with Prolaris had a result above the
proposed AS threshold compared with approximately 50% of patients tested with OncotypeDx
or Decipher (P < .001). This was even more pronounced in the subgroup with a Gleason score
of 6: 14% of patients tested with Prolaris had a
GEC score above the low-risk threshold versus
40% and 58% of patients tested with OncotypeDx and Decipher, respectively (P < .001).
Of the initial 3,966 patients, six patients died
before treatment, 16 were lost to follow-up,
and 157 switched practices during follow-up
care. These patients were missing subsequent
treatment data. Another 220 patients were also
missing treatment information because of a lag
in data entry. Therefore, a total of 3,567 patients
were included in the evaluation of treatment
decision (Table 2). Of these, 687 (19%) underwent GEC testing, and, overall, rates of AS differed significantly among patients with a GEC
result above the threshold (16.3%), those with
a GEC test less than or equal to the threshold
(64.7%), and those who did not undergo GEC
testing (25.7%; P < .001). GEC testing was performed in 367 (17.6%) of 2,080 patients with
4

unfavorable risk; 61 of these men (16.6%) had
a low-risk result, and 17 (27.9%) elected AS for
initial management.
Of the 1,487 patients with favorable-risk disease but with treatment data, 320 (22%) underwent GEC testing. The rate of AS was 57.9%
among those without a GEC test compared with
75.9% among those with a GEC result below
the threshold and 46.2% among those with a
test result above the threshold (P < .001). Of the
1,475 patients favorable-risk disease with evaluable MRI data, 189 (13%) underwent prostate
MRI in the first 6 months after diagnosis. Only
30 patients with favorable-risk disease underwent both MRI and GEC testing; this represented 16% of patients who underwent MRI
and 9% of patients who underwent GEC testing
(Appendix Table A2). When analysis was controlled for patient and practice-level characteristics, patients with a GEC test result below the
threshold were significantly more likely than
those without a GEC test to receive AS (odds
ratio, 1.84; P = .006; Table 3). Rates of GEC
testing according to provider (n = 130) also were
assessed in patients with favorable-risk disease
and ranged from 0% to 95%. GEC testing and
use of AS appeared to be independent of each
other at a provider level, which indicated the
absence of any provider-specific effect (correlation coefficient r = 0.16; Appendix Fig A2).
With 63% of patients with favorable-risk prostate cancer harboring GEC low-risk disease in
this cohort (203 of 320 who underwent GEC
testing), these data suggest that, for every nine
patients with favorable-risk disease who undergo
testing, one patient will receive AS who would
have otherwise undergone primary therapy.
Conversely, 117 (37%) of 320 GEC-tested
patients with favorable-risk prostate cancer were
considered molecularly high risk, and 46 (39%)
of these 117 patients selected initial definitive
management compared with 337 (29%) of 1,167
untested patients. This suggests that, for every
26 patients with favorable-risk prostate cancer
who undergo testing, one patient will undergo
primary therapy rather than AS on the basis of
testing results (Appendix).
DISCUSSION
AS is a standard of care management approach
for men with low-risk prostate cancer, and the
ascopubs.org/journal/po JCO™ Precision Oncology
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Table 1. Patient and Practice Characteristics Stratified by GEC Testing
All Patients
(N = 3,966)

GEC Test Performed
(n = 747)

GEC Test Not Performed
(n = 3,219)

P

371 (9.4)

65 (8.7)

306 (9.5)

.79

55-64

1,417 (35.7)

270 (36.1)

1,147 (35.6)

≥ 65

2,178 (54.9)

412 (55.2)

1,766 (54.9)

2,819 (82.4)

470 (81.2)

2,349 (82.7)

African American

492 (14.4)

97 (16.8)

395 (13.9)

Other

109 (3.2)

12 (2.1)

97 (3.4)

535 (13.8)

116 (15.6)

419 (13.4)

4.1-10

2,442 (62.9)

484 (65.2)

1,958 (62.4)

10.1-20

574 (14.8)

102 (13.7)

472 (15.0)

> 20

329 (8.5)

40 (5.4)

289 (9.2)

Characteristic
Age at diagnosis, years
< 55

Ethnicity
White

.062

PSA at diagnosis, ng/mL
0-4

.003

Biopsy Gleason score
≤6

1,226 (31.3)

215 (28.8)

1,011 (31.9)

3+4

1,242 (31.7)

296 (39.7)

946 (29.9)

4+3

656 (16.8)

141 (18.9)

515 (16.3)

8

434 (11.1)

60 (8.0)

374 (11.8)

9-10

356 (9.1)

34 (4.6)

322 (10.2)

2,864 (74.2)

588 (78.8)

2,276 (73.1)

996 (25.8)

158 (21.2)

838 (26.9)

947 (29.2)

192 (30.3)

755 (29.0)

1,702 (52.5)

319 (50.4)

1,383 (53.0)

591 (18.2)

122 (19.3)

469 (18.0)

1-2

1,329 (34.7)

279 (37.5)

1,050 (34.0)

3-4

853 (22.3)

203 (27.3)

650 (21.1)

>4

1,649 (43.0)

262 (35.2)

1,387 (44.9)

0

2,773 (70.3)

505 (67.6)

2,268 (70.9)

1

683 (17.3)

124 (16.6)

559 (17.5)

≥2

490 (12.4)

118 (15.8)

372 (11.6)

< .001

Clinical stage
T1
T2 or higher

.001

TRUS volume, mL
< 30
30-60
> 60

.479

No. of positive cores
< .001

Charlson comorbidity index
.008

BMI, kg/m2
744 (19.0)

148 (20.0)

596 (18.8)

25.1-30

≤ 25

1,692 (43.3)

340 (46.0)

1,352 (42.6)

> 30

1,475 (37.7)

251 (34.0)

1,224 (38.6)

Low

1,018 (27.3)

188 (25.4)

830 (27.7)

Intermediate

1,845 (49.4)

437 (59.1)

1,408 (47.0)

115 (15.5)

756 (25.3)

.065

NCCN risk group

High

871 (23.3)

< .001

(Continued on following page)
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Table 1. Patient and Practice Characteristics Stratified by GEC Testing (Continued)

Characteristic

All Patients
(N = 3,966)

GEC Test Performed
(n = 747)

GEC Test Not Performed
(n = 3,219)

439 (58.8)

439 (58.8)

—

P

Test ordered
Prolaris
OncotypeDx

81 (10.8)

81 (10.8)

—

Decipher

227 (30.4)

227 (30.4)

—

1,450 (36.6)

277 (37.1)

1,173 (36.4)

Practice size, No. of urologists
≤4
5-10

697 (17.6)

58 (7.8)

639 (19.9)

> 10

1,819 (45.9)

412 (55.2)

1,407 (43.7)

Academic

1,423 (35.9)

232 (31.1)

1,191 (37.0)

Private

2,543 (64.1)

515 (68.9)

2,028 (63.0)

< .001

Practice type
.002

NOTE. Data presented as No. (%).
Abbreviations: BMI, body mass index; GEC, gene expression classifier; NCCN, National Comprehensive Cancer Network; PSA, prostate-specific antigen; TRUS,
transrectal ultrasound.

use of AS has steadily increased during the past
decade.20,21 Nonetheless, adverse reclassification
is common in patients with low-risk disease, and
AS carries increased risks for patients with higherrisk prostate cancer.3,22 Accurate disease risk
stratification is critical for patients with newly
Fig 1. Practice-level
rate of genomic test after
diagnosed prostate cancer, yet the most comdiagnosis: rate of gene exmonly used risk classification systems, such as
pression classifier (GEC)
23
24
testing in newly diagnosed those by D’Amico et al (1998) and NCCN,
include a broad range of risk within defined risk
men with prostate cancer
at each practice (practices
categories. More granular clinical tools to quanare numbered 1 through
tify risk, including the Cancer of the Prostate Risk
44). Area and number inside
Assessment25 score and Memorial Sloan Kettereach sphere represent the
total number of diagnosed ing Cancer Center26 nomograms, can be affected
patients with prostate cancer greatly by variability among pathologists and are

still somewhat limited in their prognostic accuracy.27,28 Emerging tools, such as multiparametric
MRI (mpMRI), may improve the initial detection
of more aggressive tumors, but variability in the
performance and interpretation of mpMRI may
limit its generalizability for now.29 GEC testing provides an additional objective tool for risk
stratification. Prospective data suggest that up to
67% of patients may be reclassified into different
risk categories when genomic risk is considered
in addition to conventional clinicopathologic
parameters of risk.11 Despite this, limited data
describe the use of GEC testing in this setting,
and the effect of these tools on clinical decision
making has not been well established.

at each practice during the
time period of this study.
1.15

42

Rate of GEC Testing

0.9

P < .001

25
219
147

0.65

25

837

0.4

113

520

0.15
6

–0.1

6

0

6

7

8

4

12

16

20

26

8

29

29

35

35

12

36

37

37

39

16

41

44

70

87

20

112 152

243 133 165

24

38

53

139

28

77

40

50

76
19

48

20

53

32

36

40

44

Practice
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Probability of Having
a GEC Test Result Above
the Test-Specific Threshold (%)

Fig 2. The percentage of
patients with a gene expression classifier (GEC) test
result above the test-specific
threshold is shown according to individual GEC test.
The overall rates and rates
within patient subgroups are
presented separately.

100

Prolaris

P = .07

OncotypeDx

P < .001
P = .70

75

Decipher
P < .001

P < .001

50

25

0

Overall
(n = 747)

Patients with
unfavorable risk
(n = 411)

Patients with
favorable risk
(n = 336)

A number of unique findings are presented in
this study, because this is the first study, to our
knowledge, to report on a prospective observational cohort of patients with and without
GEC testing. Approximately 20% of patients
diagnosed during the study period underwent a
GEC test, and there was wide variation in testing patterns across different urology practices in
the state of Michigan. Fitting with the current
approval details for each test, which are primarily for men with favorable-risk disease, these
tests were more likely to be obtained in the setting of clinically less aggressive disease. Patients
were more likely to undergo testing if seen at
a larger urology practice (with more than 10
providers), which may relate to incorporation of

Patients with
Gleason score
3+4=7
(n = 296)

Patients with
Gleason score
3 +3 = 6
(n = 215)

GEC testing into clinical care pathways at some
of these practices.
The analysis of the primary end point, clinical
utility of GEC testing in favorable-risk prostate cancer, provides key information about how
these tests affect treatment decisions. This is one
of the key measures used by the Molecular Diagnostic Services program developed by Palmetoto
GBA to determine Medicare coverage, and prospective data that compare tested and untested
patients. We observed an increase in AS among
patients with a GEC test result below threshold
compared with untested patients (76% v 58%)
in this subgroup. In the favorable-risk subgroup,
the data indicate that one additional patient

Table 2. Summary of Primary Management According to the Performance and Result of GEC Testing
Test Result by
Patient Group

Total

Active
Surveillance

Definitive
Treatment

No Treatment

P*

2,880

742 (25.7)

1,795 (62.3)

343 (11.9)

< .001

GEC test < threshold

264

171 (64.7)

70 (26.5)

23 (8.7)

GEC test > threshold

423

69 (16.3)

318 (75.2)

36 (8.5)

No GEC test

1167

676 (57.9)

337 (28.9)

154 (13.2)

GEC test < threshold

203

154 (75.9)

31 (15.3)

18 (8.9)

GEC test > threshold

117

54 (46.2)

46 (39.3)

17 (14.5)

1,713

66 (3.9)

1,458 (85.1)

189 (11.0)

GEC test < threshold

61

17 (27.9)

39 (63.9)

5 (8.2)

GEC test > threshold

306

15 (4.9)

272 (88.9)

19 (6.2)

All patients
No GEC test

Patients with favorable risk
< .001

Patients with unfavorable risk
No GEC test

< .001

NOTE. Data presented as No. (%).
Abbreviation: GEC, gene expression classifier.
*Comparison of primary management distribution across three GEC groups, on the basis of the χ2 test.
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Table 3. Multivariable Logistic Regression Model to Assess Variables Associated With Active Surveillance Among
Patients With Favorable-Risk Prostate Cancer
Variable

OR

95% CI

P

Below threshold

1.84

(1.19 to 2.85)

.006

Above threshold

0.66

(0.40 to 1.09)

.11

Age

1.04

(1.02 to 1.06)

< .001

PSA

0.87

(0.69 to 1.11)

.28

BMI

1.00

(0.98 to 1.03)

.826

African American

0.90

(0.60 to 1.34)

.60

Other

1.01

(0.49 to 2.04)

.99

0.23

(0.17 to 0.32)

< .001

0.66

(0.44 to 1.01)

.055

1

0.76

(0.53 to 1.11)

.15

≥2

0.89

(0.58 to 1.35)

.57

5-10

1.39

(0.66 to 2.91)

.39

> 10

0.68

(0.27 to 1.70)

.41

1.41

(0.86 to 2.33)

.18

GEC (ref: no test)

Race (ref: White)

Biopsy Gleason grade (ref: ≤ 6)
3+4
Clinical T stage (ref: cT1)
cT2 or higher
Charlson comorbidity index (ref: 0)

Practice size, No. of urologists (ref: ≤ 4)

Practice type (ref: private)
Academic

NOTE. The model also included random intercepts for practices.
Abbreviations: BMI, body mass index; GEC, gene expression classifier; OR, odds ratio; PSA, prostate-specific antigen; ref, reference.

underwent AS instead of surgery or radiation
for every nine patients tested and that one
additional patient underwent primary therapy
rather than AS for every 26 patients tested. In the
unfavorable-risk group, utility was less apparent:
17% of tested patients had GEC low risk disease, and only 28% of these men received AS.
Finally, it is important to note that meaningful differences existed among the three tests.
Although we did not have sufficient data to
compare test results for patients with more than
one GEC assay performed, we found substantial
variability in the likelihood of GEC high- versus GEC low-risk disease, depending on the test
performed. For example, in the subgroup with
a Gleason score of 3 + 3 = 6, 13.7% of patients
tested with Prolaris had results that were considered above the threshold, whereas 58.3% were
above the threshold as reported by Decipher.
Importantly, although most of these test-specific
thresholds have not been validated, they are
included in test reports provided to patients and
providers.30 This issue highlights the challenges
8

of applying thresholds to tests developed and
validated for assessment along a continuum of
risk and also emphasizes the need for research to
compare the predictive accuracy of each of these
tests. The current thresholds for OncotypeDx
and Prolaris could lower AS rates in patients with
low-risk disease if strictly followed. Although
that was not the case in this cohort, additional
study about appropriate and consistent thresholds for these tests is paramount.
It is important note key limitations to this study.
Some patients could have undergone GEC testing outside of a MUSIC urology practice, such
as by a radiation oncologist, and this would only
be captured in the registry if the test results
were provided to the primary urologist. However, any contamination of the non-GEC cohort
with GEC-tested patients would likely bias
these findings toward the null. Also, a full understanding of the clinical utility of these assays
requires a prospective, randomized controlled
trial, because there may be unmeasured differences in this cohort between patients who did
ascopubs.org/journal/po JCO™ Precision Oncology
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and did not undergo GEC testing. An example of such a trial is the ongoing Genomics in
Michigan Impacting Observation or Radiation
(G-MINOR) trial in the postprostatectomy setting.31 However, in the absence of a similar trial
in patients with newly diagnosed disease, prospective observational data can provide critical
insights into how these tests are guiding clinical
decisions.
These limitations notwithstanding, strengths of
this study include prospective data collection on
nearly 4,000 consecutively enrolled patients with
newly diagnosed prostate cancer. This cohort
represents a broad geographic region with a
large degree of heterogeneity in practice size and
practice model, including both academic and
community settings. GEC testing was prospectively captured, as were the GEC test results and
treatment decisions for both tested and untested
patients. Although other studies have sought to
evaluate treatment decisions related to GEC
testing, none included concurrently diagnosed

patients without testing, which is vital to understand the clinical utility of these tests.32-35
In conclusion, these data indicate that GEC testing has clinical utility in the favorable-risk setting, and testing of patients with favorable-risk
disease is more common in men with higher
PSA levels and higher-grade disease who may
not typically be considered AS candidates. GEC
testing also is being performed in patients with
unfavorable intermediate-risk and high-risk
disease, for whom the clinical implications are
less apparent, and there is marked variability
in how GEC tests are being used. The relative
accuracy and utility of these tests compared with
one other and to other risk stratification tools,
including clinical nomograms and mpMRI, must
be better understood in the near term to address
a key clinical need.
DOI: https://doi.org/10.1200/PO.18.00163
Published online on ascopubs.org/journal/po on
October 19, 2018.
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Appendix

For number needed to test calculations, we assumed that the distribution of test results in untested patients would reflect the
distribution of test results in tested patients. We first asked the following: of the 1,167 patients with favorable risk of cancer
without a gene expression classifier (GEC) test, how many patients with a GEC test result below threshold would likely
be reallocated to active surveillance (AS) if they had undergone GEC testing? We calculated this as (203 / 320) × 1,167 =
740, which means that approximately 740 patients with low-risk GEC exist of the 1,167 untested men. Given that 75.9% of
patients with a GEC test result below threshold received AS, we assumed that 740 × 75.9%, or 562 of these patients, would
receive AS. Similarly, we assumed that, of the 667 untested patients with favorable risk of cancer who initially received AS in
this cohort, (203 / 320) × 667, or 429 of these men, are truly GEC low risk. Thus, use of a GEC test should shift 562 − 429, or
133, patients with low-risk GEC to AS and result in a number needed to test of 1,167 / 133, or 8.8 patients with favorable risk
of cancer to shift one patient to AS.
Conversely, of the 1,167 patients with favorable risk of cancer without a GEC test, we asked how many patients with a GEC
test result above the threshold would likely be reallocated to definitive treatment if they had undergone GEC testing. We
assumed that (117 / 320) × 1,167, or 427, would be GEC high risk, using the same approach as for low risk, and that 427 ×
39.3%, or 168 patients, would undergo primary therapy. We estimated that (117 / 320) × 337, or 123 of the treated patients
without GEC testing, were truly high GEC. Thus, use of a GEC test moves 168 − 123, or 45, patients with a GEC test result
above threshold from AS to primary treatment, which results in a number needed to test of 1,167 / 45, or 25.9, patients with
favorable risk of cancer to shift one patient to primary therapy.
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Fig A1. Proportion
of each gene expression
classifier (GEC) test ordered
by Michigan Urological
Surgery Improvement
Collaborative (MUSIC)
practice for those practices
that have ordered at least
one test during the study
period.
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Table A1. Patient and Practice Characteristics Stratified by GEC Testing, Among Patients With Favorable-Risk Prostate Cancer

Characteristic

All Patients
(N = 1,618)

GEC Test Performed
(n = 336)

GEC Test
Not Performed
(n = 1,282)

P

Age at diagnosis, years
< 55

191 (11.8)

31 (9.2)

160 (12.5)

55-64

637 (39.4)

127 (37.8)

510 (39.8)

≥ 65

790 (48.8)

178 (53.0)

612 (47.7)

1,168 (83.7)

222 (81.9)

946 (84.2)

183 (13.1)

46 (17.0)

137 (12.2)

44 (3.2)

3 (1.1)

41 (3.6)

297 (18.7)

64 (19.2)

233 (18.6)

4.1-10

1,109 (69.9)

234 (70.1)

875 (69.9)

10.1-20

155 (9.8)

33 (9.9)

122 (9.7)

25 (1.6)

3 (0.9)

22 (1.8)

.13

Ethnicity
White
African American
Other

.015

PSA at diagnosis, ng/mL
0-4

> 20

.73

Biopsy Gleason score
≤6
3+4

1,224 (75.6)

215 (64.0)

1,009 (78.7)

394 (24.4)

121 (36.0)

273 (21.3)

1,413 (89.6)

304 (90.5)

1,109 (89.4)

< .001

Clinical stage
T1
T2 or higher

164 (10.4)

32 (9.5)

.55

132 (10.6)

TRUS volume, mL
< 30

332 (24.9)

72 (25.4)

260 (24.8)

30-60

682 (51.2)

140 (49.3)

542 (51.8)

> 60

317 (23.8)

72 (25.4)

245 (23.4)

1-2

1063 (67.4)

226 (67.5)

837 (67.3)

3-4

347 (22.0)

86 (25.7)

261 (21.0)

>4

168 (10.6)

23 (6.9)

145 (11.7)

.72

No. of positive cores
.016

Charlson comorbidity index
0

1,189 (74.1)

234 (69.6)

955 (75.3)

1

244 (15.2)

59 (17.6)

185 (14.6)

≥2

171 (10.7)

43 (12.8)

128 (10.1)

≤ 25

290 (18.3)

63 (19.0)

227 (18.0)

25.1-30

717 (45.1)

156 (47.1)

561 (44.6)

> 30

582 (36.6)

112 (33.8)

470 (37.4)

1,017 (65.7)

188 (56.3)

829 (68.2)

505 (32.6)

142 (42.5)

363 (29.9)

.11

BMI, kg/m

2

.50

NCCN risk group
Low
Intermediate

< .001

(Continued on following page)
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Table A1. Patient and Practice Characteristics Stratified by GEC Testing, Among Patients With Favorable-Risk Prostate Cancer (Continued)
GEC Test Performed
(n = 336)

GEC Test
Not Performed
(n = 1,282)

27 (1.7)

4 (1.2)

23 (1.9)

All Patients
(N = 1,618)

Characteristic
High

P

Test ordered
Prolaris

220 (65.5)

220 (65.5)

—

OncotypeDx

69 (20.5)

69 (20.5)

—

Decipher

47 (14.0)

47 (14.0)

—

Practice size, No. of urologists
≤4

609 (37.6)

121 (36.0)

488 (38.1)

5-10

291 (18.0)

30 (8.9)

261 (20.4)

> 10

718 (44.4)

185 (55.1)

533 (41.6)

521 (32.2)

91 (27.1)

430 (33.5)

1,097 (67.8)

245 (72.9)

852 (66.5)

< .001

Practice type
Academic
Private

.024

NOTE. Data presented as No. (%).
Abbreviations: BMI, body mass index; GEC, gene expression classifier; NCCN, National Comprehensive Cancer Network; PSA, prostate-specific antigen; TRUS,
transrectal ultrasound.

Table A2. Summary of Primary Management in Patients With Favorable-Risk Disease According to the Performance and Result of Prostate MRI
and GEC Testing

Test Result

Total

Active Surveillance

No GEC test

997

564 (56.6)

GEC test < threshold

187

144 (77)

GEC test > threshold

102

Definitive Treatment

No Treatment

No MRI
299 (30)

134 (13.4)

27 (14.4)

16 (8.6)

46 (45.1)

41 (40.2)

15 (14.7)

Reassuring MRI
No GEC test

98

77 (78.6)

14 (14.3)

7 (7.1)

GEC test < threshold

13

9 (69.2)

2 (15.4)

2 (15.4)

GEC test > threshold

7

5 (71.4)

2 (28.6)

0 (0)

34 (55.7)

17 (27.9)

Nonreassuring MRI
No GEC test

61

GEC test < threshold

2

0 (0)

2 (100)

10 (16.4)
0 (0)

GEC test > threshold

8

3 (37.5)

3 (37.5)

2 (25)

NOTE. Data presented as No. (%).
Abbreviations: GEC, gene expression classifier; MRI, magnetic resonance imaging.
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