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IMPORTANCE There is a need to identify prognostic biomarkers to guide treatment
intensification in patients with nonmetastatic castration-resistant prostate cancer (nmCRPC).

OBJECTIVE To examine whether molecular subtypes predict response to apalutamide, using
archived primary tumor samples from the randomized, double-blind, phase 3 SPARTAN trial.

DESIGN, SETTING, AND PARTICIPANTS In this cohort study, gene expression data from 233
archived samples from patients with nmCRPC enrolled in the SPARTAN trial were generated
using a human exon microarray. The present analysis was conducted from May 10, 2018,
to October 15, 2020.

INTERVENTIONS Patients were randomized (2:1) to apalutamide, 240 mg/d, with androgen
deprivation therapy (apalutamide+ADT) or placebo+ADT.

MAIN OUTCOMES AND MEASURES Patients were stratified into high-risk and low-risk
categories for developing metastases based on genomic classifier (GC) scores for high
(GC >0.6) and low to average (GC�0.6) and into basal and luminal subtypes; associations
between these molecular subtypes and metastasis-free survival (MFS), overall survival (OS),
and progression-free survival 2 (PFS2) were evaluated using Cox proportional hazards
regression and Kaplan-Meier analysis.

RESULTS Median age of the 233 included patients was 73 (range, 49-91) years. A total of 116
of 233 patients (50%) in the SPARTAN biomarker subset had high GC scores. Although all
patients receiving apalutamide+ADT had improved outcomes, having high GC scores was
associated with the greatest improvement in MFS (hazard ratio [HR], 0.21; 95% CI, 0.11-0.40;
P < .001), OS (HR, 0.52; 95% CI, 0.29-0.94; P = .03), and PFS2 (HR, 0.39; 95% CI, 0.23-0.67;
P = .001) vs placebo+ADT. In total, 152 of 233 patients (65%) had the basal molecular
subtype. Although there were no significant differences in MFS, PFS2, or OS between
patients with the luminal vs basal subtype in the placebo+ADT arm, patients with the luminal
subtype in the apalutamide+ADT arm had a significantly longer MFS (apalutamide+ADT:
HR, 0.40; 95% CI, 0.18-0.91; P = .03; placebo+ADT: HR, 0.66; 95% CI, 0.33-1.31; P = .23)
compared with patients with basal subtype; similar trends were observed for OS
(apalutamide+ADT: HR, 0.50; 95% CI, 0.25-0.98; P = .04; placebo+ADT: HR, 0.78; 95% CI,
0.38-1.60; P = .50), and PFS2 (apalutamide+ADT: HR, 0.71; 95% CI, 0.42-1.22; P = .22;
placebo+ADT: HR, 0.72; 95% CI, 0.38-1.39; P = .33). In regression analysis, the luminal-basal
subtype score was significantly associated with MFS in patients receiving apalutamide+ADT
(HR, 2.65; 95% CI, 1.15-6.08; P = .02), whereas GC score was significantly associated with
MFS in placebo+ADT recipients (HR, 2.09; 95% CI, 1.02-4.27; P = .04).

CONCLUSIONS AND RELEVANCE The findings of this study suggest that the GC score and
basal-luminal subtype derived from archived tumor specimens may be biomarkers of
response to apalutamide+ADT in the nmCRPC setting. Although overall, the addition of
apalutamide to ADT was beneficial, higher-risk and luminal subtypes appeared to benefit
most. Obtaining GC scores may be useful for identifying patients for early treatment
intensification with apalutamide, and basal-luminal subtyping may be a beneficial approach
for patient selection for further treatment intensification in trials combining novel therapies
with apalutamide.
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T reatment with androgen deprivation therapy (ADT)
represents a standard of care for patients with prostate
cancer with recurrence following local therapy. How-

ever, most patients will develop resistance to ADT— termed
castration-resistant prostate cancer (CRPC). One-third of pa-
tients with nonmetastatic CRPC (nmCRPC) will develop me-
tastases or die within a median of 2.5 years.1 In men with meta-
static CRPC, the addition of second-generation androgen
signaling inhibitors to ADT prolongs life.2,3 The SPARTAN ran-
domized, double-blind, phase 3 clinical trial demonstrated that
the addition of the androgen-signaling inhibitor apalutamide
to ongoing ADT in patients with nmCRPC significantly im-
proved metastasis-free survival (MFS), time to symptomatic
progression, time to second progression (PFS2), and overall sur-
vival (OS).4,5 We sought to understand the molecular charac-
teristics associated with these improved outcomes.

Genomic risk classifiers have been widely used in pros-
tate cancer at initial diagnosis and in the adjuvant setting
to determine risk for metastasis. The Decipher prostate test
(Decipher Biosciences Inc) uses a clinical grade whole-
transcriptome assay to report a 22-gene genomic classifier
(GC) score that has been independently validated for predict-
ing the risk of prostate cancer metastasis at initial diagnosis
and after radical prostatectomy.6,7 Other molecular subtyp-
ing approaches include the luminal and basal molecular clas-
sification. Approximately two-thirds of patients with local-
ized prostate cancer have luminal-type and one-third have
basal-like subtypes, with the suggestion that patients with
luminal type may respond better to first-line ADT.8 Prostate
cancer with a luminal expression profile is associated with high
androgen receptor signaling and steroid hormone receptor pro-
cessing, and this profile is observed more frequently in indo-
lent or hormone-sensitive disease settings.9 Conversely, pros-
tate cancer with basal expression profiles is associated with
stem cell and epithelial-mesenchymal transition biology and
MYC transcriptional programs, shown to be enriched in ag-
gressive castration-resistant disease.9

We undertook gene expression profiling of archived radi-
cal prostatectomy or diagnostic biopsy specimens from pa-
tients enrolled in the SPARTAN trial to assess the utility of both
of these molecular classifiers (Decipher GC and luminal and
basal subtypes) in identifying patients who may benefit most
from the subsequent addition of apalutamide to ADT in the
nmCRPC setting.

Methods
Study Design
Study design details for the SPARTAN trial (NCT01946204)
have been reported.4,10 The present study was conducted from
May 10, 2018, to October 15, 2020. As previously reported,
patients in the trial with nmCRPC were randomly assigned
2:1 to receive ongoing ADT with apalutamide, 240 mg/d
(apalutamide+ADT), or placebo+ADT. On progression of
the cancer, patients had the option of receiving subsequent
therapy at the discretion of the treating physician, including
open-label abiraterone acetate. Metastasis-free survival was

defined as the time from randomization to first evidence of
radiographically detectable bone or soft tissue distant
metastasis (per central review by independent radiologists
blinded to patient identifiers and treatment) or death from any
cause, whichever occurred first. Second progression was
defined as the time from randomization to investigator-
assessed disease progression, including prostate-specific
antigen progression, radiographically detected distant
metastasis, symptomatic progression, or any combination
during the first subsequent treatment for nmCRPC or death
from any cause before the start of the second subsequent
anticancer therapy, whichever occurred first. Overall survival
was defined as the time from randomization to death.
Metastasis-free survival was the primary end point, assessed
at the initial analysis with a median follow-up of 20.3 months
and a clinical cutoff date of May 19, 2017,4 and PFS2 and OS
were secondary end points assessed at the second interim
analysis with a median follow-up of 42 months and clinical
cutoff date of February 1, 2019.5 Institutional review boards
at all institutions approved the protocol; the study was
conducted in accordance with the principles of the Declaration
of Helsinki.11 Participants provided informed consent.

Clinical Samples and Microarray Processing
Tumor samples were collected from patients who consented
for exploratory biomarker analysis. Formalin-fixed, paraffin-
embedded tumor samples from the diagnostic biopsy or radi-
cal prostatectomy were processed for RNA extraction and
complementary DNA generation. Samples lacking sufficient
tumor content by pathological assessment or yielding less than
3 μg of complementary DNA after amplification were ex-
cluded from analysis. Gene expression data were generated
using the Decipher Human Exon 1.0 ST microarray (Ther-
moFisher). Microarray processing was performed in a Clini-
cal Laboratory Improvement Amendments–certified clinical
operations laboratory. Quality control was performed using
Affymetrix Power Tools and microarray data were normal-
ized and summarized using the Single Channel Array Normal-

Key Points
Question Are specific molecular features associated with benefit
from the addition of apalutamide to androgen deprivation therapy
in patients with nonmetastatic castration-resistant prostate
cancer?

Findings In this cohort study examining data on 233 patients
with nonmetastatic castration-resistant prostate cancer, patients
with a high Decipher genomic classifier score demonstrated more
sustained benefit with the addition of apalutamide compared with
patients with a low genomic classifier score. Patients with luminal
subtype tumors also showed more sustained benefit with the
addition of apalutamide.

Meaning The molecular signatures examined in this study
appear to have prognostic utility and can be useful in clinical
decision-making regarding treatment intensification in patients
with nonmetastatic castration-resistant prostate cancer at high
risk for metastasis; larger studies are warranted for validation
of these findings.
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ization algorithm.12 Only samples that passed all quality con-
trol criteria were included in the final analysis. Gene-level
summarization was based on gene annotations from the
Ensembl v79 human gene models and the hg38 human
genome build.

Decipher and Basal-Luminal Clustering
Normalized expression data were evaluated to generate the
Decipher GC score and 2 different luminal vs basal molecular
subtype signature scores based on the original algorithms re-
ported by Erho and colleagues,6 Zhao and colleagues,8 and
Zhang and colleagues.9 Continuously distributed numeric
scores were binarized into categorical variables using prespeci-
fied thresholds (GC score metastasis risk groups: low or inter-
mediate risk [collectively termed as lower risk], ≤0.6 vs higher
risk, >0.6; PAM50: luminal A, luminal B, and basal; Zhang et al9:
luminal vs basal). Frequencies of GC risk groups, PAM50, and
Zhang et al9 luminal/basal subtypes in localized prostate can-
cer and molecular pathways enriched in the subtypes were
evaluated from the Decipher Genomic Resource Informatics
Database (GRID; n = 16 806), a prospective registry of tumors
from clinical use of the Decipher test.13 The Decipher test was
conducted as standard of care for postoperative decision-
making between December 2015 and September 2017 for
tumor samples.14

Statistical Analysis
Univariate and multivariable associations of molecular pro-
files with clinical outcome were evaluated using Cox propor-
tional hazards regression model (included 3 terms: treat-
ment, biomarker status, and treatment and biomarker status
interaction) and Kaplan-Meier analysis. Genomic classifier
and basal-luminal scores were evaluated in Cox proportional
hazards regression models as binary variables, Eastern Coop-
erative Oncology Group performance status was entered as
a categorical variable, and prostate-specific antigen level was
considered a continuous variable. Evaluation of linearity
assumption for prostate-specific antigen level at baseline and
all end points showed no evidence of nonlinearity. The asso-
ciations between the Decipher GC score and luminal-basal
subtype scores were evaluated using Pearson correlation
coefficient and Fisher exact tests. Significance testing was un-
paired and 2-sided, with P < .05 required to claim statistical
significance.

Results
Of the 1207 patients enrolled in the SPARTAN trial, tumor
samples were collected from 340 individuals (eFigure 1 in the
Supplement). Of the 340 samples, 280 had sufficient tumor
tissue samples for gene expression microarray analysis and 233
samples passed microarray quality control: 154 from patients
treated with apalutamide+ADT and 79 from patients who re-
ceived placebo+ADT were enrolled. Notably, 15 patients in the
placebo group within the biomarker subset crossed over to re-
ceive apalutamide as subsequent therapy. The mean time from
obtaining the archived tissues subsequently used in the bio-

marker studies reported and randomization in the SPARTAN
trial was 6.7 (range, 0.2-24.8) years.

The biomarker subset and overall intention-to-treat popu-
lations were comparable with respect to demographic and clini-
cal characteristics (Table 1). Patients in the biomarker subset
(n = 233) had a median age of 73 (range, 49-91) years (eTable 1
in the Supplement). Compared with the nonbiomarker sub-
set, the biomarker subset had a shorter median time from
diagnosis to randomization (6.66 vs 8.40 years) and had a
different distribution of Gleason scores with fewer Gleason
score less than 7 tumors and more Gleason score 7 or greater
tumors (eTable 1 in the Supplement).

Enrichment of High-Risk Basal Tumors
Gene expression profiles were assessed in archival samples
of primary prostate tumors from patients who progressed to
nmCRPC before enrollment in the SPARTAN trial. Figure 1A
shows the distributions of GC and luminal vs basal scores in
the biomarker subset. The PAM50 classifier was used to sub-
type the cohort and found few luminal A tumors compared
with the basal and luminal B subtypes. We compared the pro-
portions of patients in the SPARTAN biomarker subset in each
class relative to the proportions observed in localized pros-
tate cancer from the prospective Decipher GRID database
(n = 16 806) (Figure 1B). The SPARTAN biomarker subset was
enriched for patients with higher-risk GC scores (116 of 233
[50.0%]) relative to localized prostate cancer in the Decipher
GRID database (6890 of 16 806 [41.0%]). Similarly, basal
tumors were enriched in the SPARTAN data set relative to the
Decipher GRID and retrospective cohorts (152 of 233 [65.2%]
basal, 11 of 233 [4.7%] luminal A, and 70 of 233 [30.0%] lumi-
nal B in SPARTAN vs 6218 of 16 806 [37.0%] basal, 5714 of
16 806 [34.0%] luminal A, and 4705 of 16 806 [28.0%] lumi-
nal B in localized prostate cancer). A similar enrichment of
basal tumors was observed with the Zhang et al9 luminal vs basal
signature score (152 of 233 [65.2%] basal and 81 of 233 [34.8%]
luminal in SPARTAN vs 4425 of 16 806 [26.3%] basal and 12 381
of 16 806 [73.7%] luminal tumors in the Decipher GRID).

Outcomes After Addition of Apalutamide to ADT
in Patients With Higher- and Lower-Risk GC Scores
In the SPARTAN trial, apalutamide+ADT demonstrated MFS
benefit with median MFS of 40.5 vs 16.2 months in the ADT-
alone group (hazard ratio [HR], 0.28; 95% CI, 0.23-0.35;
P < .001). Although in the biomarker subset, apalutamide+ADT
was associated with a significantly longer MFS vs ADT alone
in lower-risk patients with a GC score less than or equal to 0.6
(HR, 0.46; 95% CI, 0.23-0.95; P = .04) (Figure 2B), an even
larger treatment effect of apalutamide+ADT was observed in
patients at higher risk with a GC score greater than 0.6 (HR,
0.21; 95% CI, 0.11-0.40; P < .001) (Figure 2A). While the inter-
action between GC score and apalutamide treatment effect for
MFS was not statistically significant (HR, 2.50; 95% CI, 0.98-
6.38; P = .055), further research might find that a high GC-
score may estimate the probability of the greatest response to
apalutamide (eTable 2 and eFigure 3 in the Supplement).

Consistent with MFS, significant improvements in OS (HR,
0.52; 95% CI, 0.29-0.94; P = .03) (eFigure 2 in the Supple-
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ment) and PFS2 (HR, 0.39; 95% CI, 0.23-0.67; P = .001) (eFig-
ure 2 in the Supplement) were observed with apalutamide+ADT
in patients with a higher-risk GC score. In patients with a lower-
risk GC score, significant treatment effects on OS (eFigure 2 in
the Supplement) and PFS2 (eFigure 2 in the Supplement) were
not observed. There was no statistically significant interac-
tion between GC score and apalutamide treatment effect for
OS or PFS2 (eTable 2 and eFigure 3 in the Supplement).

In comparing clinic al outcomes w ithin the
apalutamide+ADT and placebo+ADT groups, patients with
higher-risk GC scores showed significantly shorter MFS vs those
with lower-risk GC scores who received placebo+ADT
(median MFS, 14.5 vs 22.1 months; HR, 0.43; 95% CI, 0.22-
0.85; P = .01) (Figure 2D). Conversely, both GC higher- and
lower-risk scores showed similar outcomes when patients re-

ceived apalutamide+ADT (median MFS: not reached; HR, 1.11;
95% CI, 0.58-2.13; P = .75) (Figure 2C). These trends were con-
sistently observed for OS (eFigure 2 in the Supplement) and
PFS2 (eFigure 2 in the Supplement). Together, these findings
suggest that the addition of apalutamide to ADT may over-
come the poor prognosis associated with a higher-risk GC score.

Basal and Luminal Tumor Responses to Apalutamide
Apalutamide+ADT was associated with a significantly longer
MFS in both the basal (HR, 0.34; 95% CI, 0.20-0.58; P < .001)
(Figure 3A) and luminal (HR, 0.22; 95% CI, 0.08-0.56; P = .002)
(Figure 3B) tumor cohorts. Sustained long-term benefit with
apalutamide+ADT compared with ADT alone was seen, with
a trend toward longer OS in both the basal (HR, 0.67; 95% CI,
0.40-1.14; P = .14) (eFigure 4 in the Supplement) and luminal

Table 1. Demographic and Baseline Characteristics

Characteristic

Total (ITT population) Biomarker
Apalutamide + ADT
(n = 806)

Placebo + ADT
(n = 401)

Apalutamide + ADT
(n = 154)

Placebo + ADT
(n = 79)

Age, median (range), y 74 (48-94) 74 (52-97) 73 (49-91) 74 (52-90)

Median time from initial diagnosis to
randomization, y

7.95 7.85 6.67 6.55

Tumor category at diagnosis, No. (%) 794 394 NA NA

T1 141 (17.8) 63 (16.0) 21 (13.6) 13 (16.5)

T2 265 (33.4) 123 (31.2) 56 (36.4) 19 (24.1)

T3 296 (37.3) 163 (41.4) 59 (38.3) 41 (51.9)

T4 32 (4.0) 16 (4.1) 4 (2.6) 4 (5.1)

TX 60 (7.6) 29 (7.4) 14 (9.1) 2 (2.5)

Gleason score at initial diagnosis, No. (%) 784 387 NA NA

<7 152 (19.4) 72 (18.6) 12 (7.8) 10 (12.7)

7 291 (37.1) 146 (37.7) 64 (41.6) 35 (44.3)

>7 341 (43.5) 169 (43.7) 78 (50.6) 34 (43.0)

Prostate-specific antigen (ng/mL), mean (SD) 14.9 (22.53) 15.9 (23.75) 13.5 (25.6) 17.5 (19.0)

Prostate-specific antigen doubling time

Median, mo 4.40 4.50 4.15 4.60

≤6 mo, No. (%) 576 (71.5) 284 (70.8) 115 (74.7) 57 (72.2)

>6 mo, No. (%) 230 (28.5) 117 (29.2) 39 (25.3) 22 (27.8)

Use of bone-sparing agent, No. (%)

Yes 82 (10.2) 39 (9.7) 13 (8.4) 4 (5.1)

No 724 (89.8) 362 (90.3) 141 (91.6) 75 (94.9)

Classification of local or regional nodal
disease, No. (%)

N0 673 (83.54) 336 (83.8) 122 (79.2) 65 (82.3)

N1 133 (16.5) 65 (16.2) 32 (20.8) 14 (17.7)

Previous prostate-cancer treatment, No. (%) 803 401 NA NA

Prostatectomy or radiotherapy 617 (76.6) 307 (76.6) 96 (62.3) 48 (60.8)

Gonadotropin-releasing hormone analogue
agonist

780 (96.8) 387 (96.5) 151 (98.1) 78 (98.7)

First-generation antiandrogen agent 592 (73.4) 290 (72.3) 109 (70.8) 60 (75.9)

Median metastasis-free survival (95% CI), mo 40.5 (NR-NR) 16.2 (14.6-18.4) NR (25.9-NR) 16.2 (14.5-22.1)

Median progression during subsequent
therapy (95% CI), mo

55.6 (53.0-61.2) 41.2 (37.7-46.2) 52.8 (48.4-NR) 36.6 (28.8-49.3)

Median duration of subsequent therapy
(95% CI), mo

7.6 (6.5-9.5) 18.4 (16.0-22.9) 6.7 (5.1-11.1) 17.6 (11.9-25.4)

Median overall survival (95% CI), mo 73.9 (61.2-NR) 59.9 (52.8-NR) NR (59.8-NR) 52.7 (45.3-NR)

Abbreviations: ADT, androgen deprivation therapy; ITT, intention-to-treat;
NA, not applicable; NR, not reached.

SI conversion: to convert prostate-specific antigen to micrograms per liter,
multiply by 1.
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(HR, 0.43; 95% CI, 0.19-1.00; P = .05) (eFigure 4 in the Supple-
ment) cohorts, as well as significantly longer PFS2 in the basal
(HR, 0.49; 95% CI, 0.30-0.81; P = .01) (eFigure 4 in the Supple-
ment) and luminal (HR, 0.47; 95% CI, 0.23-0.93; P = .03) (eFig-
ure 4 in the Supplement) cohorts. There was no significant in-
teraction between basal-luminal subtyping and apalutamide
treatment effect for MFS, OS, or PFS2 (eTable 3 and eFigure 5
in the Supplement).

In comparing clinical outcomes observed within treat-
ment arms, there were no significant differences in MFS be-
tween patients with luminal vs basal subtypes who had re-
ceived placebo+ADT (median MFS, 22.0 vs 14.6 months; HR,
0.66; 95% CI, 0.33-1.31; P = .23) (Figure 3D). Conversely, pa-
tients with luminal subtypes had significantly longer MFS vs
patients with basal subtypes who received apalutamide+ADT
(median MFS: not reached; HR, 0.40; 95% CI, 0.18-0.91; P = .03)
(Figure 3C). Similar trends (luminal vs basal subtypes) were ob-
served for long-term outcomes for apalutamide+ADT-treated
patients, for both OS (apalutamide+ADT: HR, 0.50; 95% CI,
0.25-0.98; P = .04; placebo+ADT: HR, 0.78; 95% CI, 0.38-
1.60; P = .50) (eFigure 4 in the Supplement) and PFS2
(apalutamide+ADT: HR, 0.71; 95% CI, 0.42-1.22; P = .22;
placebo+ADT: HR, 0.72; 95% CI, 0.38-1.39; P = .33). (eFig-
ure 4 in the Supplement). These results suggest that, al-
though patients with basal or luminal tumors benefit from
apalutamide, patients with luminal subtypes have better
outcomes.

Multivariable Analysis
Given the association of basal prostate cancer with aggres-
sive disease and the enrichment of both patients with basal tu-
mors and patients with higher-risk GC scores in the SPARTAN

trial, we evaluated whether these 2 signatures provide inde-
pendent information. A low level of correlation between the
basal-luminal scores9 and the GC scores6 in the SPARTAN trial
(R2 = 0.2368) (eFigure 6 in the Supplement) was observed.
Although patients with a higher-risk GC score were more
likely to have basal vs luminal tumors, the difference in pro-
portions was not statistically significant (eFigure 6 in the
Supplement).

In multivariable analysis with clinicopathologic features
and gene expression signature scores, the basal-luminal sub-
type score was the only variable significantly associated with
MFS in patients who received apalutamide+ADT (HR, 2.65;
95% CI, 1.15-6.08; P = .02), whereas the GC score was the only
variable significantly associated with MFS in placebo+ADT
recipients (HR, 2.09; 95% CI, 1.02-4.27; P = .04) (Table 2).

Discussion
This molecular analysis of tumor samples from a large phase
3 randomized clinical trial has identified possible genomic
predictors of outcome in patients with nmCRPC.4 Of note, mo-
lecular profiling was undertaken in archived tumor samples
from ADT-naive patients, collected, on average, 6.7 years be-
fore their enrollment in the nmCRPC trial, suggesting that
these molecular determinants of outcome were established at
a much earlier clinical time.

All patients, regardless of GC risk group, experienced a lon-
ger MFS with apalutamide+ADT treatment; however, pa-
tients with high GC scores derived the greatest absolute ben-
efit from treatment intensification with apalutamide. Although
the Decipher GC score was specifically developed and vali-

Figure 1. Distribution of Decipher and Basal-Luminal Scores in the SPARTAN Study and the Decipher Genomic Resource Informatics Database (GRID)
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dated to predict a metastasis outcome, but not OS or PFS2,
patients with a higher-risk GC score also had significantly lon-
ger OS and PFS2 with apalutamide+ADT vs ADT alone. By con-
trast, patients with a lower-risk GC score showed only mar-
ginal incremental benefit with apalutamide+ADT over ADT
alone. Although the study was underpowered to measure bio-
marker:treatment interaction effects (based on an ad hoc power
analysis), future studies may find that a high GC-score may
estimate the probability of greatest benefit for MFS from the
addition of apalutamide. Moreover, molecular subtyping of
tumors revealed that both patients with luminal and basal
tumors had significantly longer MFS when treated with
apalutamide+ADT; however, patients with luminal tumors
treated with apalutamide+ADT showed more sustained ben-
efit and had better long-term outcomes (OS and PFS2). Nota-
bly, results for long-term outcomes (OS and PFS2) in the GC
lower-risk score group and patients with basal tumors may have
been confounded by the broad use of subsequent therapies

and the need for large sample sizes to demonstrate treatment
effects.

The molecular profiling we report adds prognostic infor-
mation to previous reports of positive phase 3 trials in pa-
tients with CRPC.2,15-22 One of the perceived barriers to iden-
tifying prognostic or predictive biomarkers of outcome in the
CRPC setting is the lack of availability of a recent tissue sample
from patients. Traditionally, it has been assumed that, given
the amount of time elapsed between diagnosis and primary
treatment and development of CRPC, archived samples from
the primary tumor will not reflect the biological behavior of
CRPC in the same patient.23,24 However, in this study, despite
the long interval between collection of the primary tumor
sample and subsequent enrollment in the SPARTAN trial, mo-
lecular signatures from the primary tumor predicted out-
come of treatment in the CRPC state. Compared with molecu-
lar profiles reported in patients with localized primary prostate
cancer, we observed a significant enrichment of higher-risk and

Figure 2. Associations of Decipher Risk Scores With Metastasis-Free Survival (MFS)
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basal molecular subtypes, consistent with the aggressive na-
ture of cancers that progress to the castration-resistant state.
Overall, our finding that analysis of primary tumor speci-
mens can inform prognosis and prediction of treatment re-
sponse in the subsequent CRPC state has significant implica-
tions for future CRPC studies and may motivate the retrieval
and analysis of primary tumors from previously conducted
CRPC studies.

Previous reports using samples from randomized trials
have reported that the Decipher GC is prognostic in 2 castration-
sensitive settings: patients with prostate-specific antigen re-
currences after surgery and patients with metastatic castration-
sensitive disease.25-27 Our study supports the use of GC as
a prognostic indicator in the nmCRPC setting as well.

We report an interaction with a P = .055, which suggests
a possibility of future benefit, pending future research into
high-risk GC status and apalutamide-treatment effect. Al-
though a high GC score was associated with significantly worse

prognosis compared with lower GC scores in patients treated
with ADT alone, the outcomes of patients with high GC scores
improved so substantially with apalutamide that there were
no significant differences between outcomes in patients with
high vs lower GC scores in the apalutamide+ADT arm, sug-
gesting that apalutamide overcame the negative prognosis
associated with high GC scores.

Our findings also suggest that basal-luminal subgrouping
provides information independent of the GC score. In a mul-
tivariable analysis, basal-luminal subtype was the only vari-
able significantly associated with MFS in apalutamide-
treated patients.5 Other studies8,9 have used molecular profiling
to identify luminal and basal subtypes of prostate cancer
associated with disease biologic factors, androgen receptor
activity, and disease progression. Basal and luminal cells in-
clude self-sustaining lineages that can give rise to prostate
cancer,28 and previous studies8,9 have demonstrated that
luminal prostate cancers may respond better than basal sub-

Figure 3. Associations of Basal and Luminal Subtypes With Metastasis-Free Survival (MFS)
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A, MFS by treatment arm in patients with basal tumors (hazard ratio [HR], 0.34
(95% CI, 0.20-0.58; P < .001). B, MFS by treatment arm in patients with luminal
tumors (HR, 0.22; 95% CI, 0.08-0.56; P = .002). C, MFS in patients with basal
and luminal tumors within the group receiving apalutamide, 240 mg/d, with

androgen deprivation therapy (apalutamide+ADT) (HR, 0.40; 95% CI,
0.18-0.91; P = .03). D, MFS in patients with basal and luminal tumors within the
placebo+ADT group (HR, 0.66; 95% CI, 0.33-1.31; P = .23). NR indicates not
reached.
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type disease to first-line ADT in the castration-sensitive set-
ting. Basal tumors are associated with androgen receptor in-
dependence, epithelial-mesenchymal transition biologic
factors, and dedifferentiation that confers low sensitivity to
ADT and high risk for metastasis (eFigure 7 in the Supple-
ment). A recent report also described the presence of basal
lineage in nonresponders to enzalutamide in the metastatic
CRPC setting.29 Our results suggest that these characteristics
continue to have significant clinical implications even rela-
tively late in the course of disease progression, and that the
increased responsiveness of luminal-subtype cancers to first-
line ADT translates to increased responsiveness of these same
cancers to apalutamide in the nmCRPC setting. Our findings
reinforce the need to identify better therapies for patients with
basal nmCRPC disease; although these patients derive ben-
efit from apalutamide, their worse outcomes suggest the need
for future studies to improve on this therapy.

Limitations
Although the clinical data reported in this analysis are from a
prospective, double-blind, randomized trial, there are limita-
tions inherent to the retrospective analyses of samples. In ad-
dition, although the demographic and clinical characteristics
of the subset of patients who had samples available for analy-
sis were similar to those of the overall SPARTAN population,
the potential for selection bias remains. Furthermore, this study
did not address whether the outcome of subsequent treat-
ment with androgen-signaling inhibitors may be sufficient to

overcome poor prognosis in patients with higher-risk GC scores
or those with basal tumors receiving placebo because of the
relatively small sample size; the observed outcome during pri-
mary treatment may have been diluted by heterogeneous sec-
ondary treatments. Nevertheless, these results have useful
implications in both clinical research and practice settings.

Conclusions
Overall, given that these molecular signatures have been previ-
ously validated in multiple larger cohorts and represent inher-
ent biologic features of prostate cancer, stratifying patients with
nmCRPC using these signatures is likely to be of high utility. Fur-
ther studies to elucidate molecular changes and identify mecha-
nisms of castration resistance and further progression may pro-
vide additional insights on factors that regulate higher-risk GC
scoresandbasal-luminallineageanddifferentialresponsetoADT.
Although logistically challenging, serial biopsies could provide
moreaccuratereal-timereflectionoftumorbiologicfeatures.The
findings reported herein on the addition of apalutamide to ADT
may help in making an informed clinical decision regarding ap-
propriate treatment options for management of advanced pros-
tate cancer. Our study results suggest that, although all patients
with nmCRPC may benefit from the addition of apalutamide
to ADT, those with high Decipher GC scores and those with the
luminal subtype of prostate cancer may derive the greatest sus-
tained benefit from apalutamide therapy.

Table 2. Multivariable Analysis of Metastasis-Free Survival With Clinicopathologic Factors

Treatment and variable Median (95% CI)a P valueb HR (95% CI)
Apalutamide+ADTc,d

Decipher GC score NR (25.9-NR) .62 0.84 (0.43-1.64)

ECOGBL NA .23 0.52 (0.18-1.51)

PSABL NA .32 1.18 (0.85-1.64)

PSADTGR1 NA .73 0.87 (0.41-1.87)

Luminal vs basal score NA .02 2.65 (1.15-6.08)

Placebo+ADTe

Decipher GC score 16.2 (14.5-22.1) .04 2.09 (1.02-4.27)

ECOGBL NA .87 0.93 (0.40-2.18)

PSABL NA .42 1.13 (0.84-1.53)

PSADTGR1 NA .53 0.77 (0.34-1.73)

Luminal vs basal score NA .35 1.40 (0.69-2.82)

All patientsf

Decipher GC score NR (25.6-NR) .36 1.24 (0.78-1.98)

ECOGBL NA .24 0.68 (0.35-1.29)

PSABL NA .13 1.19 (0.95-1.49)

PSADTGR1 NA .53 0.84 (0.48-1.45)

Luminal vs basal scoreg NA .03 1.79 (1.06-3.04)

Abbreviations: ADT, androgen deprivation therapy; ECOGBL, baseline Eastern
Cooperative Oncology Group performance status; GC, genomic classifier;
HR, hazard ratio; NA, not applicable; NR, not reached; PSABL, baseline
prostate-specific antigen; PSADT, prostate-specific antigen doubling time.
a The median time to MFS was not reached because half of the patients did not

progress to MFS. In this is a multivariable model, there was only 1 median time
to event in each treatment arm. Median time to event was associated with the
treatment arm itself and not dependent on any variable.

b Determined using Cox proportional hazards regression analysis.

c Apalutamide, 240 mg/d.
d The events/total was 37 of 154 (24.0%).
e The events/total was 37 of 79 (46.8%).
f The events/total was 74 of 233 (31.8%).
g Basal and luminal scores were derived using the Zhang et al9 2016 basal

signature. Higher scores indicate basal tumor biology; lower scores, luminal
tumor biology.

Research Original Investigation Molecular Subtypes Associated With Differential Outcome to Apalutamide Identified in Prostate Cancer

E8 JAMA Oncology Published online June 3, 2021 (Reprinted) jamaoncology.com

Downloaded From: https://jamanetwork.com/ by Peter Moon on 06/03/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2021.1463?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2021.1463?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463


ARTICLE INFORMATION

Accepted for Publication: March 31, 2021.

Published Online: June 3, 2021.
doi:10.1001/jamaoncol.2021.1463

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2021 Feng FY et al. JAMA Oncology.

Author Affiliations: Helen Diller Family
Comprehensive Cancer Center, University of
California, San Francisco (Feng, Small); Janssen
Research & Development, Spring House,
Pennsylvania (Thomas, Gormley, Ricci); Centre
Hospitalier de l'Université de Montréal, Université
de Montréal, Montréal, Québec, Canada (Saad);
Janssen Research & Development, Los Angeles,
California (Yu, Brookman-May); Janssen Research &
Development, High Wycombe, United Kingdom
(Rooney); Janssen Research & Development,
Raritan, New Jersey (McCarthy); Spanish National
Cancer Research Centre, Madrid, Spain (Olmos);
Institituto de Investigación Biomédica de Málaga,
Málaga, Spain (Olmos); Guy’s, King’s and St.
Thomas’ Hospitals, Great Maze Pond, London,
United Kingdom (Chowdhury); West German
Cancer Center, Department of Urology, University
of Duisburg-Essen, Essen, Germany (Hadaschik);
Department of Urology, University Hospital
Heidelberg, Ruprecht-Karls-University Heidelberg,
Heidelberg, Germany (Hadaschik); Decipher
Biosciences Inc, San Diego, California (Liu,
Davicioni); Massachusetts General Hospital Cancer
Center, Boston, Massachusetts (Smith);
Department of Medicine, Harvard Medical School,
Boston, Massachusetts (Smith).

Author Contributions: Drs Feng and Thomas had
full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Feng, Thomas,
and Saad are co–first authors and contributed
equally to this work.
Concept and design: Feng, Thomas, Gormley, Yu,
Ricci, Rooney, Brookman-May, McCarthy,
Chowdhury, Smith.
Acquisition, analysis, or interpretation of data: Feng,
Thomas, Saad, Gormley, Rooney, Brookman-May,
McCarthy, Olmos, Chowdhury, Hadaschik, Liu,
Davicioni, Smith, Small.
Drafting of the manuscript: Feng, Thomas, Gormley,
Rooney, Brookman-May, McCarthy, Chowdhury,
Liu, Smith.
Critical revision of the manuscript for important
intellectual content: Feng, Thomas, Saad, Gormley,
Yu, Ricci, Rooney, Brookman-May, McCarthy,
Olmos, Chowdhury, Hadaschik, Davicioni, Smith,
Small.
Statistical analysis: Gormley, Rooney, McCarthy, Liu.
Obtained funding: Gormley, Yu.
Administrative, technical, or material support:
Thomas, Saad, Gormley, Yu, Rooney, McCarthy,
Olmos, Liu, Davicioni, Smith.
Supervision: Feng, Thomas, Saad, Gormley, Yu,
Ricci, Rooney, Brookman-May, McCarthy, Olmos,
Chowdhury, Hadaschik.

Conflict of Interest Disclosures: Dr Feng reported
receiving fees for serving as a consultant from
Janssen during the conduct of the study, Celgene,
Blue Earth Diagnostics, Astellas, Myovant, Roivant,
Genentech, and Bayer; being a co-founder having
stock options in PFS Genomics; and having stock
options and serving on the scientific advisory board

of SerImmune Stock outside the submitted work.
Dr Thomas reported a patent for Janssen R&D
pending. Dr Saad reported receiving grants,
personal fees, and nonfinancial support from
Janssen during the conduct of the study; grants
and personal fees from Astellas, and grants and
personal fees from Bayer outside the submitted
work. Drs Yu, Rooney, Brookman-May and
McCarthy are Janssen employees. Dr Olmos
reported receiving grants from Programa Ramón y
Cajal, Ministerio de Ciencia, Gobierno de España his
salary, including all research activities, personal fees
from Janssen paid to the institution, and
nonfinancial support from Janssen for travel during
the conduct of the study; grants and personal fees
from AstraZeneca paid to the institution,
nonfinancial travel support from AstraZeneca,
serving as an unpaid member of the AstraZeneca
trial steering committee, grants and personal fees
from Bayer paid to the institution, nonfinancial
support from Bayer for travel; serving as serving
as an unpaid member of the Bayer trial steering
committee fees from Clovis and Daiichi Sankyo
for serving as a member of the advisory board,
nonfinancial travel support from F. Hoffman-La
Roche for travel, serving as a member of the
steering committee for a Genentech trial,
nonfinancial support from Genentech for travel,
and personal fees from MSD for serving as a
member of the advisory board outside the
submitted work. Dr Chowdhury reported receiving
personal fees from Janssen, Astellas, Bayer,
AstraZeneca, Novartis, Clovis, and BeiGene, and
held stock in Curve.life during the conduct of the
study. Dr Hadaschik reported receiving personal
fees from Astellas Pharma, Bayer, Bristol-Myers
Squibb, Janssen, Lightpoint Medical, ABX,
AstraZeneca, and Pfizer, and nonfinancial support
from Janssen outside the submitted work. Dr Liu is
an employee of Decipher Biosciences. Dr Davicioni
is an employee of Decipher Biosciences; in addition,
Dr Davicioni had a patent for US10865452B2
pending for Decipher Biosciences. Dr Smith
reported receiving consulting fees from Janssen,
Bayer, and Pfizer outside the submitted work.
Dr Small reported owing stock in Fortis
Therapeutics and Harpoon Therapeutics, and
receiving personal fees from Janssen, Johnson &
Johnson, Teon Therapeutics, Ultragenyx, BeiGene,
and Tolero outside the submitted work. No other
disclosures were reported.

Funding/Support: The study was funded by
Janssen Research & Development LLC.

Role of Funder/Sponsor: Janssen Research &
Development was involved in the design and
conduct of the study, and collection, management,
analysis, and interpretation of the data. Employees
of the sponsor were involved in the review or
approval of the manuscript and decision to submit
the manuscript for publication.

Meeting Presentations: The study was presented
in part at the American Society of Clinical
Oncology–Genitourinary Symposium; February 15,
2019; San Francisco, California; American
Association for Cancer Research Annual Meeting;
March 30, 2019; Atlanta, Georgia; and American
Urological Association Annual Meeting; May 3,
2019; Chicago, Illinois.

Additional Contributions: We thank the patients,
their families and caregivers, and all investigators

involved in this study. Shiva Dibaj, PhD (Clinical
Biostatistics, Janssen Research & Development,
LLC) provided statistical input. Priya Ganpathy,
MPharm CMPP (SIRO Clinpharm Pvt Ltd, India),
provided medical writing support and Namit
Ghildyal, PhD (Janssen Global Services, LLC),
provided additional editorial assistance, supported
by Janssen Research and Development LLC.

Additional Information: The data sharing policy of
Janssen Pharmaceutical Companies of Johnson &
Johnson is available at https://www.janssen.com/
clinical-trials/transparency. Requests for access to
the study data can be submitted through Yale Open
Data Access (YODA) Project site at http://yoda.
yale.edu.

REFERENCES

1. Smith MR, Kabbinavar F, Saad F, et al. Natural
history of rising serum prostate-specific antigen in
men with castrate nonmetastatic prostate cancer.
J Clin Oncol. 2005;23(13):2918-2925. doi:10.1200/
JCO.2005.01.529

2. Beer TM, Armstrong AJ, Rathkopf DE, et al;
PREVAIL Investigators. Enzalutamide in metastatic
prostate cancer before chemotherapy. N Engl J Med.
2014;371(5):424-433. doi:10.1056/NEJMoa1405095

3. Ryan CJ, Smith MR, de Bono JS, et al;
COU-AA-302 Investigators. Abiraterone in
metastatic prostate cancer without previous
chemotherapy. N Engl J Med. 2013;368(2):138-148.
doi:10.1056/NEJMoa1209096

4. Smith MR, Saad F, Chowdhury S, et al; SPARTAN
Investigators. Apalutamide treatment and
metastasis-free survival in prostate cancer. N Engl J
Med. 2018;378(15):1408-1418. doi:10.1056/
NEJMoa1715546

5. Small EJ, Saad F, Chowdhury S, et al.
Apalutamide and overall survival in non-metastatic
castration-resistant prostate cancer. Ann Oncol.
2019;30(11):1813-1820. doi:10.1093/annonc/mdz397

6. Erho N, Crisan A, Vergara IA, et al. Discovery and
validation of a prostate cancer genomic classifier
that predicts early metastasis following radical
prostatectomy. PLoS One. 2013;8(6):e66855.
doi:10.1371/journal.pone.0066855

7. Spratt DE, Zhang J, Santiago-Jiménez M, et al.
Development and validation of a novel integrated
clinical-genomic risk group classification for
localized prostate cancer. J Clin Oncol. 2018;36(6):
581-590. doi:10.1200/JCO.2017.74.2940

8. Zhao SG, Chang SL, Erho N, et al. Associations of
luminal and basal subtyping of prostate cancer with
prognosis and response to androgen deprivation
therapy. JAMA Oncol. 2017;3(12):1663-1672.
doi:10.1001/jamaoncol.2017.0751

9. Zhang D, Park D, Zhong Y, et al. Stem cell and
neurogenic gene-expression profiles link prostate
basal cells to aggressive prostate cancer. Nat
Commun. 2016;7:10798. doi:10.1038/ncomms10798

10. A study of apalutamide (ARN-509) in men with
non-metastatic castration-resistant prostate cancer
(SPARTAN): NCT01946204. Updated April 5, 2021.
Accessed September 21, 2020. https://
clinicaltrials.gov/ct2/show/NCT01946204

11. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human

Molecular Subtypes Associated With Differential Outcome to Apalutamide Identified in Prostate Cancer Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology Published online June 3, 2021 E9

Downloaded From: https://jamanetwork.com/ by Peter Moon on 06/03/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2021.1463?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463
https://www.janssen.com/clinical-trials/transparency
https://www.janssen.com/clinical-trials/transparency
http://yoda.yale.edu
http://yoda.yale.edu
https://dx.doi.org/10.1200/JCO.2005.01.529
https://dx.doi.org/10.1200/JCO.2005.01.529
https://dx.doi.org/10.1056/NEJMoa1405095
https://dx.doi.org/10.1056/NEJMoa1209096
https://dx.doi.org/10.1056/NEJMoa1715546
https://dx.doi.org/10.1056/NEJMoa1715546
https://dx.doi.org/10.1093/annonc/mdz397
https://dx.doi.org/10.1371/journal.pone.0066855
https://dx.doi.org/10.1200/JCO.2017.74.2940
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2017.0751?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463
https://dx.doi.org/10.1038/ncomms10798
https://clinicaltrials.gov/ct2/show/NCT01946204
https://clinicaltrials.gov/ct2/show/NCT01946204
https://clinicaltrials.gov/ct2/show/NCT01946204
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463


subjects. JAMA. 2013;310(20):2191-2194.
doi:10.1001/jama.2013.281053

12. Piccolo SR, Sun Y, Campbell JD, Lenburg ME,
Bild AH, Johnson WE. A single-sample microarray
normalization method to facilitate
personalized-medicine workflows. Genomics. 2012;
100(6):337-344. doi:10.1016/j.ygeno.2012.08.003

13. Decipher Genomics Resource Information
Database (GRID). NCT02609269. Updated March
6, 2019. Accessed September 23, 2020. https://
clinicaltrials.gov/ct2/show/NCT02609269

14. Spratt DE, Alshalalfa M, Fishbane N, et al.
Transcriptomic heterogeneity of androgen receptor
activity defines a de novo low ar-active subclass in
treatment naïve primary prostate cancer. Clin
Cancer Res. 2019;25(22):6721-6730. doi:10.1158/
1078-0432.CCR-19-1587

15. de Bono JS, Oudard S, Ozguroglu M, et al;
TROPIC Investigators. Prednisone plus cabazitaxel
or mitoxantrone for metastatic castration-resistant
prostate cancer progressing after docetaxel
treatment: a randomised open-label trial. Lancet.
2010;376(9747):1147-1154. doi:10.1016/S0140-6736
(10)61389-X

16. Fizazi K, Shore N, Tammela TL, et al; ARAMIS
Investigators. Darolutamide in nonmetastatic,
castration-resistant prostate cancer. N Engl J Med.
2019;380(13):1235-1246. doi:10.1056/
NEJMoa1815671

17. Fizazi K, Shore N, Tammela TL, et al; ARAMIS
Investigators. Nonmetastatic, castration-resistant
prostate cancer and survival with darolutamide.
N Engl J Med. 2020;383(11):1040-1049.
doi:10.1056/NEJMoa2001342

18. Fizazi K, Tran N, Fein L, et al; LATITUDE
Investigators. Abiraterone plus prednisone in
metastatic, castration-sensitive prostate cancer.
N Engl J Med. 2017;377(4):352-360. doi:10.1056/
NEJMoa1704174

19. James ND, de Bono JS, Spears MR, et al;
STAMPEDE Investigators. Abiraterone for prostate
cancer not previously treated with hormone
therapy. N Engl J Med. 2017;377(4):338-351.
doi:10.1056/NEJMoa1702900

20. Kantoff PW, Higano CS, Shore ND, et al;
IMPACT Study Investigators. Sipuleucel-T
immunotherapy for castration-resistant prostate
cancer. N Engl J Med. 2010;363(5):411-422.
doi:10.1056/NEJMoa1001294

21. Parker C, Nilsson S, Heinrich D, et al;
ALSYMPCA Investigators. Alpha emitter
radium-223 and survival in metastatic prostate
cancer. N Engl J Med. 2013;369(3):213-223.
doi:10.1056/NEJMoa1213755

22. Tannock IF, de Wit R, Berry WR, et al;
TAX 327 Investigators. Docetaxel plus prednisone
or mitoxantrone plus prednisone for advanced
prostate cancer. N Engl J Med. 2004;351(15):1502-
1512. doi:10.1056/NEJMoa040720

23. Huang Y, Jiang X, Liang X, Jiang G. Molecular
and cellular mechanisms of castration resistant
prostate cancer. Oncol Lett. 2018;15(5):6063-6076.
doi:10.3892/ol.2018.8123

24. Terada N, Akamatsu S, Kobayashi T, Inoue T,
Ogawa O, Antonarakis ES. Prognostic and
predictive biomarkers in prostate cancer: latest
evidence and clinical implications. Ther Adv Med
Oncol. 2017;9(8):565-573. doi:10.1177/
1758834017719215

25. Feng FY, Sandler HM, Huang H-C, et al.
Transcriptome profiling of NRG oncology/RTOG
9601: validation of a prognostic genomic classifier
in salvage radiotherapy prostate cancer patients
from a prospective randomized trial [abstract].
J Clin Oncol. 2020;38(6)(suppl):276. doi:10.1200/
JCO.2020.38.6_suppl.276

26. Feng FY, Thomas S, Aguilar-Bonavides C, et al.
Molecular determinants of outcome for metastatic
castration-sensitive prostate cancer (mCSPC) with
addition of apalutamide (APA) or placebo (PBO) to
androgen deprivation therapy (ADT) in TITAN
[abstract]. J Clin Oncol. 2020;38(15)(suppl):5535.
doi:10.1200/JCO.2020.38.15_suppl.5535

27. Hamid A, Wang XV, Chen Y-H, et al. Luminal B
subtype as a predictive biomarker of docetaxel
benefit for newly diagnosed metastatic hormone
sensitive prostate cancer (mHSPC): a correlative
study of E3805 CHAARTED [abstract]. J Clin Oncol.
2020;38(6)(suppl):162. doi:10.1200/JCO.2020.38.6_
suppl.162

28. Choi N, Zhang B, Zhang L, Ittmann M, Xin L.
Adult murine prostate basal and luminal cells are
self-sustained lineages that can both serve as
targets for prostate cancer initiation. Cancer Cell.
2012;21(2):253-265. doi:10.1016/j.ccr.2012.01.005

29. Alumkal JJ, Sun D, Lu E, et al. Transcriptional
profiling identifies an androgen receptor
activity-low, stemness program associated with
enzalutamide resistance. Proc Natl Acad Sci U S A.
2020;117(22):12315-12323. doi:10.1073/pnas.
1922207117

Research Original Investigation Molecular Subtypes Associated With Differential Outcome to Apalutamide Identified in Prostate Cancer

E10 JAMA Oncology Published online June 3, 2021 (Reprinted) jamaoncology.com

Downloaded From: https://jamanetwork.com/ by Peter Moon on 06/03/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.281053?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463
https://dx.doi.org/10.1016/j.ygeno.2012.08.003
https://clinicaltrials.gov/ct2/show/NCT02609269
https://clinicaltrials.gov/ct2/show/NCT02609269
https://dx.doi.org/10.1158/1078-0432.CCR-19-1587
https://dx.doi.org/10.1158/1078-0432.CCR-19-1587
https://dx.doi.org/10.1016/S0140-6736(10)61389-X
https://dx.doi.org/10.1016/S0140-6736(10)61389-X
https://dx.doi.org/10.1056/NEJMoa1815671
https://dx.doi.org/10.1056/NEJMoa1815671
https://dx.doi.org/10.1056/NEJMoa2001342
https://dx.doi.org/10.1056/NEJMoa1704174
https://dx.doi.org/10.1056/NEJMoa1704174
https://dx.doi.org/10.1056/NEJMoa1702900
https://dx.doi.org/10.1056/NEJMoa1001294
https://dx.doi.org/10.1056/NEJMoa1213755
https://dx.doi.org/10.1056/NEJMoa040720
https://dx.doi.org/10.3892/ol.2018.8123
https://dx.doi.org/10.1177/1758834017719215
https://dx.doi.org/10.1177/1758834017719215
https://dx.doi.org/10.1200/JCO.2020.38.6_suppl.276
https://dx.doi.org/10.1200/JCO.2020.38.6_suppl.276
https://dx.doi.org/10.1200/JCO.2020.38.15_suppl.5535
https://dx.doi.org/10.1200/JCO.2020.38.6_suppl.162
https://dx.doi.org/10.1200/JCO.2020.38.6_suppl.162
https://dx.doi.org/10.1016/j.ccr.2012.01.005
https://dx.doi.org/10.1073/pnas.1922207117
https://dx.doi.org/10.1073/pnas.1922207117
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.1463

