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Opinion statement

Nonmetastatic castration-resistant prostate cancer (nmCRPC) comprises a relatively nar-
row niche of advanced prostate cancer, but the treatment landscape for men with nmCRPC
has drastically changed over the past year. Prior to the SPARTAN and PROSPER trials, men
with nmCRPC were commonly treated with first-generation androgen receptor antagonists,
such as bicalutamide or flutamide, or with estrogens or ketoconazole, none of which were
associated with any proven survival benefit. The SPARTAN trial evaluated apalutamide
versus placebo for men with nmCRPC and found that apalutamide significantly improved
metastasis-free survival (MFS), the primary endpoint of this trial. Similarly, the PROSPER
trial showed that enzalutamide significantly improved MFS compared with placebo for men
with nmCRPC. In both trals, the data for overall survival was immature at the time of
analysis. The SPARTAN and PROSPER trials led to the approval of apalutamide and
enzalutamide, respectively, for men with nmCRPC. More recently, the phase 3 trial ARAMIS
showed that darolutamide, a novel androgen receptor antagonist, also improves MFS
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compared with placebo for men with nmCRPC, and this trial is expected to garner
regulatory approval for darolutamide in the nmCRPC setting. Novel imaging modalities
are becoming more prevalent for the diagnostic evaluation of men with prostate cancer
and are more sensitive than conventional bone or CT scans for detection of oligometastatic
disease that previously was undetected. These modalities are likely to reduce the incidence
and prevalence of nmCRPC in the near future. Ultimately, the treatment options for men
with nmCRPC have significantly improved over the past 2 years.

Introduction

Localized prostate cancer is often cured by definitive
therapy (DT), either with radical prostatectomy (RP),
radiation therapy (RT), or both. However, it is estimated
that between 27 and 53% of all patients that undergo
DT will develop biochemical recurrence at some point
during their life [1]. Patients with biochemical recur-
rence will often receive locally directed salvage therapy.
Many of these men still go on to have rising prostate-
specific antigen (PSA) levels and will start androgen
deprivation therapy with a gonadotropin-releasing hor-
mone (GNRH) agonist or antagonist. However, failure
of androgen deprivation therapy (ADT) is almost uni-
versal. A progressively rising PSA level on continuous
ADT with a castrate level of testosterone and absence of
metastatic disease on imaging studies results in the dis-
ease state known as nonmetastatic castration-resistant
prostate cancer (nmCRPC) [1]. For men with nmCRPC,
the goal of treatment is to delay the time to metastasis,
since bony metastases are associated with pain, patho-
logic fracture, and spinal cord compression [2, 3]. The
risk of developing metastases is associated with baseline
PSA levels and PSA doubling time [4-6].

Prior to 2018, there was no consensus recommenda-
tion for the ideal treatment of nmCRPC. The treatment

Enzalutamide for nmCRPC

options for men with nmCRPC were observation, first-
generation androgen receptor (AR) antagonists, such as
bicalutamide or flutamide, or with estrogens or ketoco-
nazole, none of which were associated with a survival
benefit [7-9]. Several early phase 3 trials evaluated ad-
ditional treatment options for nmCRPC, and zoledronic
acid, sodium clodronate, and atrasentan were all found
to not improve survival in men with nmCRPC [4, 10,
11]. Denosumab was the first drug to improve median
MES, but it did not improve OS and ultimately did not
receive FDA approval due to marginal improvement in
MEFS and poor toxicity profile (Table 1) [6, 12, 13]. Over
the last decade, the development and introduction of
novel second-generation AR antagonists led to the
SPARTAN and PROSPER trials, which changed the treat-
ment landscape for nmCRPC.

This review will provide an in-depth discussion of
the SPARTAN and PROSPER trials. We will then discuss
the utility of using metastasis-free survival (MFS) as an
endpoint in nmCRPC and how novel imaging modali-
ties will further change the treatment landscape of
nmCRPC. Finally, we will discuss the future direction
of treatment, particularly addressing the ARAMIS trial
and the use of darolutamide for nmCRPC.

Development of enzalutamide

Enzalutamide is a second-generation nonsteroidal antiandrogen (NSAA) and
was first identified in 2006 [14]. Enzalutamide and other second generations
differ from their predecessors by binding and antagonizing the AR with higher
affinity, reducing nuclear translocation of the AR complex, and impairing DNA
binding [14]. Additionally, they are not partial agonists, as seen with
bicalutamide in the setting of AR overexpression [14]. In 2012, enzalutamide
became the first second-generation AR antagonist to be approved for metastatic
castration-resistant prostate cancer (mCRPC) after prior chemotherapy



Curr. Treat. Options in Oncol. (2019) 20: 14

Page 3 0of 10 14

Table 1.

Efficacy and safety of completed and ongoing trials for nonmetastatic castration-resistant prostate cancer

Reported trials for nmCRPC

Trial name n Median PSA
2x time at
baseline

SPARTAN 1207 4.4 m

PROSPER 1401 3.7m

Denosumab 1432 N/A

Ongoing trials for nmCRPC

MFS (drug vs. Tx discontinuation Most common AEs
placebo) due to AEs

40.5 m vs 10.6% vs 7.0% Fatigue, HTN, rash, diarrhea,
16.2 m, nausea, weight loss, arthralgia,
(HR 0.28) and falls

36.6 m vs 9.3% vs 6.0% Fatigue, hot flush, HTN, nausea,
14.7 m, falls, diarrhea, dizziness,
(HR 0.30) decreased appetite, constipation,

and headache

29.5mvs 25.2 m,
(HR 0.85)

11% vs 10% Back pain, constipation, arthralgias,

diarrhea, and UTIs

Primary endpoint Secondary endpoints

MFS 1. Overall survival

Trial name n Anticipated
completion
ARAMIS 1509  June 30, 2020

nmCRPC nonmetastatic castration-resistant

2. Time to first symptomatic skeletal event

3. Time to initiation of first cytotoxic chemotherapy for
prostate cancer

4. Time to pain progression

5. Safety and tolerability of 0ODM-201

prostate cancer, n total number, PSA prostate-specific antigen, MFS metastasis-free survival, HR

hazard ratio, tx treatment, AE adverse events, m months, NR not reached, HTN hypertension, UTIs urinary tract infections

following the AFFIRM trial. In the AFFIRM trial, enzalutamide improved overall
survival (OS) compared with placebo (18.4 months (m) vs. 13.6 m, hazard
ratio (HR) 0.63, P<0.001), as well as improving all secondary endpoints [15].
In 2014, the PREVAIL trial demonstrated that enzalutamide was also effective
prior to chemotherapy, with a 29% reduction in the risk of death (HR 0.71,
95% CI 0.60-0.84; P<0.001) and 81% reduction in the risk of 12-month
radiographic progression-free survival (rPFS) compared with placebo (HR
0.19, 95% CI 0.15-0.23, P<0.001), as well as benefit in all secondary end-
points [16]. The AFFIRM and PREVAIL trials led to the approval of
enzalutamide for all patients with mCRPC. Then, in 2016, the STRIVE trial
showed that enzalutamide was superior to bicalutamide in both nonmetastatic
and metastatic CRPC subgroups. In men with nmCRPC, enzalutamide resulted
in a 76% reduction in risk of progression of disease or death compared with
bicalutamide (HR 0.24, 95% CI 0.18-0.32, P<0.001) 17.

PROSPER trial

The PROSPER trial was a landmark phase 3 trial that examined the use of
enzalutamide in high-risk patients with nmCRPC [18ee]|. Men with radiograph-
ically confirmed nmCRPC were randomized in a 2:1 ratio to enzalutamide
(160 mg po qday) vs. placebo. Patients were required to be on ADT with
castration levels of testosterone (less than or equal to 1.73 nmol per liter),
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ECOG performance status of 0-1, at least 3 rising PSA levels at greater than
1 week intervals, have a PSA doubling time of 10 months or less, and a baseline
PSA level equal to or greater than 2 ng/ml [18ee]. Patients were divided into
subgroups based on PSA doubling times (<6 m or =6 m) and whether they
were on anti-osteoclastic agents. The primary endpoint was MFS or time of
death of any cause [18e¢]. Secondary endpoints were OS, time to PSA progres-
sion, PSA response rates defined as a decrease of greater than 50% from baseline
PSA, time to first chemotherapy, quality of life improvement, and safety [18ee].
Total enrollment was ultimately 1401 men with 933 in the enzalutamide arm
versus 468 in the placebo group [18ese].

At the trial’s conclusion, median MFS was 14.7 m in the placebo group
compared with 36.6 m (as shown in Table 1) in the enzalutamide group
denoting a 71% reduced risk of radiographic progression or death with
enzalutamide (HR 0.29, 95% CI 0.24-0.35, P<0.001) [18ee]. Enzalutamide
also improved all evaluable secondary endpoints. Median time to PSA progres-
sion was 37.2 m in the enzalutamide group compared with 3.9 m in the
placebo group (HR 0.07, 95% CI 0.05-0.08, P<0.001), and median time to
use of first antineoplastic agent was 39.6 m in the enzalutamide arm compared
with 17.7 m in the placebo arm (HR 0.21, 95% CI 0.17-0.26, P< 0.001) [18ee].
Confirmed PSA response rates of greater than or equal to 50% were noted in
76% of patients in the enzalutamide group compared with 2% in the placebo
group [18ee]. Median OS was not yet reached at the time of publication and
median time to deterioration of the Functional Assessment of Cancer Therapy-
Prostate Score (FACT-P), assessing for decrease in quality of life was the same in
both groups [18ee].

In regard to safety, enzalutamide’s toxicity profile was similar to previous
experiences with the drug in the mCRPC setting. Additionally, men who re-
ceived enzalutamide had similar quality of life as those men who received
placebo. Therapy discontinuation due to an adverse event was similar in the
two arms (9% with enzalutamide vs. 6% with placebo) [18ee]. Severe adverse
events, defined as grade 3 or higher, occurred in 24% of patients treated with
enzalutamide compared with 18% with placebo [18ee]. The most frequent
adverse events were hypertension (12% with enzalutamide vs. 5% with place-
bo), major adverse cardiovascular events (5% with enzalutamide vs. 3% with
placebo), falls and nonpathologic fractures (17% with enzalutamide vs. 8%
with placebo), and mental impairment disorders (5% with enzalutamide vs.
2% with placebo) [18ee].

Apalutamide for nmCRPC
Development of apalutamide

Apalutamide is another second-generation AR antagonist that is molecularly
and mechanistically similar to enzalutamide, as it antagonizes the ligand-
binding domain of the AR with potent affinity, prevents AR nuclear transloca-
tion, and does not have agonistic effects in the presence of AR overexpression
[19]. However, it is of note that apalutamide may have more robust in vivo
activity and be maximally effective at lower plasma steady states, which could
translate to a safer side effect profile when dosing [19]. In 2016, a phase 2
clinical trial evaluated apalutamide in a small cohort of patients with high-risk
nmCRPC, and apalutamide demonstrated promising PSA responses, time to
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PSA progression, and good tolerability, ushering further investigation of its use
in nmCRPC with the larger SPARTAN trial [20].

SPARTAN trial

The SPARTAN trial was a phase 3 trial that compared apalutamide with placebo
(both cohorts being on ADT) in the setting of high-risk nmCRPC [21ee]. One
thousand two hundred seven men were randomized in 2:1 ratio to apalutamide
vs. placebo from October 2013 to December 2016 [21ee]. Patients were then
further stratified by PSA doubling times (< or 26 m), use of bone-sparing
agents, and whether they had local or regional nodal disease (NO or N1)
[21ee]. Like the PROSPER trial, eligible patients had to be deemed high-risk,
which was defined as having a PSA doubling time of <10 m while on ADT
[21ee]. Patients were also required to not have distant metastases but could still
be deemed eligible if classified to have N1 disease on imaging, defined as nodal
disease that measured less than 2 cm in the short access that was below the
aortic bifurcation [21ee]. Ultimately, 806 patients were enrolled in the
apalutamide arm and 401 in the placebo group [21ee]. Baseline characteristics
were similar between the two groups including median age of 74 years, use of
bone-sparing agents (10.2% vs. 9.6%), evidence of regional N1 disease (16.5%
vs. 16.2%), and median PSA doubling times (4.4 months vs. 4.5 months)
[21ee]. The primary endpoint was MFS or death, whichever came first, with
secondary endpoints being PFS, time to metastasis, time to symptomatic pro-
gression, OS, and time to initiation of cytotoxic chemotherapy [21ee]. Explor-
atory endpoints included median second progression-free survival, median
time to PSA progression, and percent of patients with PSA response [21e¢].

At time of analysis, apalutamide significantly improved median MFS or time
to death compared with placebo (40.5 m vs. 16.2 m, HR 0.28, 95% CI 0.23-
0.35, P<0.001) (Table 1) [21ee]. Apalutamide also significantly improved
most secondary endpoints reported. Median PFS was 40.5 m in the
apalutamide arm compared with 14.7 m in the placebo group (HR 0.29, 95%
CI 0.24-0.36, P<0.001) [21ee]|. Median time to diagnosis of metastasis was
40.5 months in the apalutamide arm and 16.6 months in the placebo group
(HR 0.27, 95% CI 0.22-0.34, P<0.001) [21ee]. The data for median OS, time
to initiation of first chemotherapy, and median time to symptomatic progres-
sion was not yet mature at the time of analysis [21ee]. Among exploratory
endpoints, second progression-free survival and median time to PSA progres-
sion were not yet mature at the time of analysis, but PSA response (> 50% PSA
decline from baseline) was noted to occur in 89.7% of patients receiving
apalutamide and 2.2% with response in the placebo population (HR 40, 95%
CI 21-77) [21ee].

Apalutamide was also shown to be safe and well-tolerated in the SPARTAN
trial. Apalutamide was discontinued due to adverse events in 10.6% of the
patients receiving apalutamide and 7.0% of the placebo population, with grade
3-4 adverse events (AEs) occurring in 45.1% of apalutamide patients and
34.2% of patients given placebo [21ee]. Serious adverse events occurred in
24.8% of apalutamide patients and 23.1% in patients receiving placebo; AEs
resulting in death occurred in 10 patients in the apalutamide arm and only 1 in
the placebo group [21ee]. Common AFs of fatigue (30.4% vs. 21.1%), rash
(23.8% vs. 5.5%), falls (15.6% vs. 9.0%), fracture (11.7% vs. 6.5%),
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hypothyroidism (8.1% vs. 2.0%), and seizure (0.2% vs. 0%) occurred more
frequently in patients receiving apalutamide compared with the placebo pop-
ulations respectively [21ee]. Additionally, a secondary analysis from SPARTAN
showed that men who received apalutamide had similar health-related quality
of life compared with men who received placebo only [22]. In the SPARTAN
trial, two health-related quality of life questionnaires, Functional Assessment of
Cancer Therapy-Prostate (FACT-P) and EQ-5D-3L, were surveyed longitudinal-
ly throughout treatment with either apalutamide or placebo, and group mean
patient-reported scores changed similarly in both treatment arms over time [2].

Metastasis-free survival in nmCRPC

The Food and Drug Administration’s (FDA) approval of apalutamide and
enzalutamide for nmCRPC marked the first time that treatments for advanced
prostate cancer were approved on the basis of MFS [23]. Many patients with
nmCRPC will live for years before they develop mCRPC, and from the time of
diagnosis with mCRPC, median OS is still approximately 3 years [16, 24].
Accordingly, median OS is an impractical primary endpoint for patients with
nmCRPC, and established surrogate endpoints do not exist for OS in nmCRPC.
MES is defined as time from randomization to either imaging-detectable distant
disease or death [21ee]. MFS has established surrogacy for OS for adjuvant
treatment of high-risk localized prostate cancer [25]. In a study of 19 clinical
trials with 12,712 patients with high-risk localized prostate cancer, MES was
shown to be a strong surrogate for OS.

In contrast to adjuvant treatment of high-risk localized prostate cancer, MFS
does not have established surrogacy for nmCRPC. An exploratory analysis from
the SPARTAN trial showed an association between MFS and OS in men with
nmCRPC. The authors showed that patients who developed metastases at 6, 9,
and 12 months had significantly shorter median OS compared with those
patients without metastases, and a significant positive correlation was observed
(Spearman'’s correlation coefficient 0.62, p <0.0001) [26®]. nmCRPC is not the
only early-disease setting to utilize surrogate endpoints for OS. In clinical trials
for adjuvant treatment of breast and colon cancer, surrogate endpoints, such as
disease-free survival and recurrence-free survival, are commonly used [27, 28].
Moving forward, MFS will likely continue to be used as a primary endpoint for
clinical trials in nmCRPC, yet more analyses using data from SPARTAN, PROS-
PER, and ARAMIS will need to clearly establish surrogacy for MFS in nmCRPC.

Novel imaging modalities and treatment for nmCRPC

nmCRPC comprises a relatively narrow niche in advanced prostate cancer, and
the number of patients with nmCRPC will likely decrease as novel imaging
modalities become more prevalent. To date, all stages of advanced prostate
cancer are defined by conventional imaging, which includes computed tomog-
raphy (CT) to assess for lymph node involvement or visceral disease and bone
scans to assess for bony metastases. However, novel imaging modalities are
becoming more common in advanced prostate cancer and include
multiparametric magnetic resonance imaging (mpMRI), whole body MR],
and positron emission tomography (PET) with novel tracers. Conventional



Curr. Treat. Options in Oncol. (2019) 20: 14 Page 7 of 10 14

imaging modalities have limited sensitivity to detect metastatic disease. In a
meta-analysis of 24 studies, CT had a sensitivity of 0.42 for lymph node
metastases [29]. Similarly, a meta-analysis of 27 studies showed that bone
scintigraphy has a sensitivity of 0.79 for bone metastases at the patient level
[30].

'SE.FDG PET is routinely used to assess many types of cancer; however, it
performs poorly in advanced prostate cancer because prostate cancer cells have
low avidity for glucose [31]. Novel tracers for PET scans, including ' 'C-choline,
NaF, F-18-fluciclovine, and ®®*Ga-PSMA, have improved sensitivity for detecting
metastatic lesions in patients with advanced prostate cancer. For example, in a
meta-analysis of 16 studies evaluating °®Ga-PSMA PET, 76% of men with
biochemically recurrent prostate cancer had a lesion detected on “®Ga-PSMA
PET [32]. Similarly, in a systematic review including 4 studies, mpMRI had a
sensitivity of 84% for detecting local recurrence [33]. As these novel imaging
modalities improve the detection rate for local recurrence and pelvic lymph
node metastases, less patients will meet the definition for nmCRPC. However,
SPARTAN and PROSPER may provide guidance on how to treat these patients
with conventional imaging-negative and novel imaging-positive metastatic
disease, as these patients were not included in registration trials for currently
approved treatments for metastatic disease [34]. Ultimately, as novel imaging
modalities become more prevalent, clinical trials will need to guide treatment
decisions for this new cohort of patients.

Future directions for nmCRPC

Conclusion

In addition to changes in nmCRPC due to novel imaging modalities, more
therapeutic options are likely to join enzalutamide and apalutamide for men
with nmCRPC, beginning with darolutamide. Darolutamide is a nonsteroidal AR
antagonist with a unique molecular structure that differs from other AR antago-
nists [35]. Darolutamide is also distinct from other AR antagonists in that it
retains antagonist activity in the setting of AR mutations [35]. Darolutamide was
initially shown to be safe and has activity against prostate cancer in two early-
phase clinical trials for men with mCRPC [36, 37]. Now, darolutamide is being
evaluated in a phase 3 clinical trial for men with nmCRPC and ARAMIS. ARAMIS
randomized more than 1500 men to either darolutamide or placebo. In a recent
press release, Bayer announced that darolutamide met its primary endpoint by
significantly improving MFS compared with placebo [38e]. More detailed results
from ARAMIS are expected soon.

In conclusion, SPARTAN and PROSPER have drastically changed the treatment
landscape for men with nmCRPC by demonstrating that enzalutamide and
apalutamide significantly improve MFS compared with placebo. Currently, the
data from these trials is not mature enough to answer whether these drugs
improve OS in nmCRPC. While MFS has not been definitively established as a
surrogate of OS in nmCRPC, initial studies suggest that MES will have surrogacy
for OS in this setting. Moving forward, darolutamide is likely to join
enzalutamide and apalutamide as a therapeutic option for men with nmCRPC.
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Finally, the number of patients with nmCRPC will likely decrease in the near
future as novel imaging modalities for prostate cancer becomes more prevalent.

Compliance With Ethical Standards

Conflict of Interest

John Esther declares that he has no conflict of interest.

Benjamin L. Maughan has received compensation from Janssen Oncology, Exelixis, Peloton Therapeutics, and
Tempus for participation on advisory boards.

Neysi Anderson declares that she has no conflict of interest.

Neeraj Agarwal has received research funding (paid to his institution) from Active Biotech, AstraZeneca, Bavarian
Nordic, Bristol-Myers Squibb, Calithera, Celldex, Eisai, Exelixis, Genentech, GlaxoSmithKline, Immunomedics,
Janssen, Medivation, Merck, NewLink Genetics, Novartis, Pfizer, Prometheus, Rexahn, Sanofi, Takeda, and TRACON
Pharmaceuticals; and has received compensation from Pfizer, Novartis, Merck, Genentech, Eisai, Exelixis, Clovis,
EMD Serono, Bristol-Myers Squibb, AstraZeneca, FoundationOne, Astellas, Eli Lilly, Bayer, Argos, Medivation, and
Nektar for service as a consultant.

Andrew W. Hahn declares that he has no conflict of interest.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

References and Recommended Reading
-]
Papers of particular interest, published recently, have been

highlighted as:

Of importance
Of major importance

1. Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch metastasis and death in men with progressive
MG, de Santis M, et al. EAU-ESTRO-SIOG guidelines castration-resistant nonmetastatic prostate cancer.
on prostate cancer. Part 1: screening, diagnosis, and Cancer. 2011;117:2077-85.
local treatment with curative intent. Eur Urol. Smith MR, Saad F, Oudard S, Shore N, Fizazi K, Sieber
2017;71:618-29. P, et al. Denosumab and bone metastasis-free survival
2. Freedland §J, Richhariya A, Wang H, Chung K, Shore in men with nonmetastatic castration-resistant prostate
ND. Treatment patterns in patients with prostate cancer cancer: exploratory analyses by baseline prostate-
and bone metastasis among US community-based specific antigen doubling time. Journal of clinical on-
urology group practices. Urology. 2012;80:293-8. cology : official journal of the American Society of
3. Coleman RE. Clinical features of metastatic bone dis- Clinical Oncology. 2013;31:3800-6.
ease and risk of skeletal morbidity. Clin Cancer Res. Scher HI, Liebertz C, Kelly WK, Mazumdar M, Brett C,
2006;12:6243-9. Schwartz L, et al. Bicalutamide for advanced prostate
4. Smith MR, Kabbinavar F, Saad F, Hussain A, Gittelman cancer: the natural versus treated history of disease. J
MC, Bilhartz DL, et al. Natural history of rising serum Clin Oncol : official journal of the American Society of
prostate-specific antigen in men with castrate Clinical Oncology. 1997;15:2928-38.
nonmetastatic prostate cancer. Journal of clinical on- Lodde M, Lacombe L, Fradet Y. Salvage therapy with
cology : official journal of the American Society of bicalutamide 150 mg in nonmetastatic castration-
Clinical Oncology. 2005;23:2918-25. resistant prostate cancer. Urology. 2010;76:1189-93.
5. Smith MR, Cook R, Lee KA, Nelson JB. Disease and Suzuki H, Okihara K, Miyake H, Fujisawa M, Miyoshi

host characteristics as predictors of time to first bone

S, Matsumoto T, et al. Alternative nonsteroidal



Curr. Treat. Options in Oncol. (2019) 20: 14

Page 9 of 10 14

antiandrogen therapy for advanced prostate cancer that
relapsed after initial maximum androgen blockade. J
Urol. 2008;180:921-7.

10. Mason MD, Sydes MR, Glaholm J, Langley RE, Huddart
RA, Sokal M, et al. Oral sodium clodronate for
nonmetastatic prostate cancer-results of a randomized
double-blind placebo-controlled trial: Medical Re-
search Council PR04 (ISRCTN61384873). ] Natl Can-
cer Inst. 2007;99:765-76.

11. Nelson JB, Love W, Chin JL, Saad F, Schulman CC,
Sleep DJ, et al. Phase 3, randomized, controlled trial of
atrasentan in patients with nonmetastatic, hormone-
refractory prostate cancer. Cancer. 2008;113:2478-87.

12. Administeration FDaF. Xgeva (denosumab) prescrib-
ing information.2018.

13. Smith MR, Saad F, Coleman R, et al. Denosumab and
bone-metastasis-free survival in men with castration-
resistant prostate cancer: results of a phase 3,
randomised, placebo-controlled trial. Lancet (London,
England). 2012;379:39-46.

14. Tran C, Ouk S, Clegg NJ, et al. Development of a
second-generation antiandrogen for treatment of ad-
vanced prostate cancer. Science(New York, NY).
2009;324:787-90.

15. Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN,
Miller K, et al. Increased survival with enzalutamide in
prostate cancer after chemotherapy. N Engl ] Med.
2012;367:1187-97.

16. Beer TM, Armstrong AJ, Rathkopf DE, Loriot Y, Stern-
berg CN, Higano CS, et al. Enzalutamide in metastatic
prostate cancer before chemotherapy. N Engl ] Med.
2014;371:424-33.

17. Penson DF, Armstrong AJ, Concepcion R, Agarwal N,

Olsson C, Karsh L, et al. Enzalutamide versus

bicalutamide in castration-resistant prostate cancer: the

STRIVE trial. ] Clin Oncol : official journal of the

American Society of Clinical Oncology.

2016;34:2098-106.

Hussain M, Fizazi K, Saad F, et al. Enzalutamide in men

with nonmetastatic, castration-resistant prostate can-

cer. N Engl ] Med. 2018;378:2465-74

This reference is for the PROSPER trial, which was a phase 3

clinical trial that led to the approval of enzalutamide for

nmCRPC. The primary endpoint was MFS, and enzalutamide
signifcantly improved MFS compared to placebo (36.6 m vs.

14.7 m, HR 0.29).

19. Clegg NJ, Wongyvipat J, Joseph JD, Tran C, Ouk S, Dilhas
A, et al. ARN-509: a novel antiandrogen for prostate
cancer treatment. Cancer Res. 2012;72:1494-503.

20. Smith MR, Antonarakis ES, Ryan CJ, Berry WR, Shore

ND, Liu G, et al. Phase 2 study of the safety and

antitumor activity of apalutamide (ARN-509), a potent

androgen receptor antagonist, in the high-risk
nonmetastatic castration-resistant prostate cancer co-
hort. Eur Urol. 2016;70:963-70.

Smith MR, Saad F, Chowdhury S, et al. Apalutamide

treatment and metastasis-free survival in prostate can-

cer. N Engl ] Med. 2018;378:1408-18

This reference is for the SPARTAN trial, which was a phase 3

18.00

2].00

clinical trial that led to the approval of apalutamide for

nmCRPC. The primary endpoint was MFS, and apalutamide

significantly improved MFS compared to placebo (40.5 m vs.

16.2 m, HR 0.28, 95% CI 0.23-0.35, P<0.001).

22. Saad F, Cella D, Basch E, Hadaschik BA, Mainwaring
PN, Oudard S, et al. Effect of apalutamide on health-
related quality of life in patients with non-metastatic
castration-resistant prostate cancer: an analysis of the
SPARTAN randomised, placebo-controlled, phase 3
trial. Lancet Oncol. 2018;19:1404-16.

23. Beaver JA, Kluetz PG, Pazdur R. Metastasis-free survival
- a new end point in prostate cancer trials. N Engl J
Med. 2018;378:2458-60.

24, Afshar M, Evison F, James ND, Patel P. Shifting para-
digms in the estimation of survival for castration-
resistant prostate cancer: a tertiary academic center ex-
perience. Urol Oncol. 2015;33:338.e1-7.

25.  Xie W, Regan MM, Buyse M, et al. Metastasis-free sur-
vival is a strong surrogate of overall survival in local-
ized prostate cancer. J Clin Oncol. 2017;35(27):3097-
104. https://doi.org/10.1200/Jc02017739987.
Smith MRMM, Nair S, Lawson J, Small, EJ. Association
of metastasis-free survival (MFS) and overall survival
(OS) in nonmetastatic castration-resistant prostate
cancer (nmCRPC). J Clin Oncol 2018;36:Abstr 5032.
This reference is for an abstract presented at the ASCO annual
meeting in 2018. While it is only an abstract, the concept is
critical for the approval of apalutamide and enzalutamide for
nmCRPC. The data in this study suggests that MFS is associated
with overall survival for patients with nmCRPC. This is the first
study to show this association.

27. Sparano JA, Wang M, Martino S, Jones V, Perez EA,
Saphner T, et al. Weekly paclitaxel in the adjuvant
treatment of breast cancer. N Engl ] Med.
2008;358:1663-71.

28. Andre T, Boni C, Navarro M, et al. Improved overall
survival with oxaliplatin, fluorouracil, and
leucovorin as adjuvant treatment in stage II or III
colon cancer in the MOSAIC trial. J Clin Oncol.
2009;27:3109-16.

29. Hovels AM, Heesakkers RA, Adang EM, et al. The di-
agnostic accuracy of CT and MRI in the staging of pelvic
lymph nodes in patients with prostate cancer: a meta-
analysis. Clin Radiol. 2008;63:387-95.

30. Shen G, Deng H, Hu S, Jia Z. Comparison of cho-
line-PET/CT, MRI, SPECT, and bone scintigraphy in
the diagnosis of bone metastases in patients with
prostate cancer: a meta-analysis. Skelet Radiol.
2014;43:1503-13.

31. Salminen E, Hogg A, Binns D, Frydenberg M, Hicks R.
Investigations with FDG-PET scanning in prostate
cancer show limited value for clinical practice. Acta
Oncol. 2002;41:425-9.

32. Perera M, Papa N, Christidis D, Wetherell D, Hofman
MS, Murphy DG, et al. Sensitivity, specificity, and pre-
dictors of positive (68)Ga-prostate-specific membrane
antigen positron emission tomography in advanced
prostate cancer: a systematic review and meta-analysis.
Eur Urol. 2016;70:926-37.

206.e


http://dx.doi.org/10.1200/Jco2017739987

14

Page 10 of 10

Curr. Treat. Options in Oncol. (2019) 20: 14

33.

34.

35.

36.

37.

Sandgren K, Westerlinck P, Jonsson JH, et al. Imaging
for the detection of locoregional recurrences in bio-
chemical progression after radical prostatectomy—a
systematic review. Eur Urol Focus 2017;17:52405-
4569.

Smith MR. Progress in nonmetastatic prostate cancer.
N Engl ] Med. 2018;378:2531-2.

Moilanen AM, Riikonen R, Oksala R, Ravanti L, Aho E,
Wohlfahrt G, et al. Discovery of ODM-201, a new-
generation androgen receptor inhibitor targeting resis-
tance mechanisms to androgen signaling-directed
prostate cancer therapies. Sci Rep. 2015;5:12007.
Fizazi K, Massard C, Bono P, Jones R, KatajaV, James N,
et al. Activity and safety of ODM-201 in patients with
progressive metastatic castration-resistant prostate
cancer (ARADES): an open-label phase 1 dose-
escalation and randomised phase 2 dose expansion
trial. Lancet Oncol. 2014;15:975-85.

Massard C, Penttinen HM, Vjaters E, Bono P, Lietuvietis
V, Tammela TL, et al. Pharmacokinetics, antitumor

38.e

activity, and safety of ODM-201 in patients with
chemotherapy-naive metastatic castration-resistant
prostate cancer: an open-label phase 1 study. Eur Urol.
2016;69:834-40.

Phase III trial of darolutamide in patients with non-
metastatic castration-resistant prostate cancer meets
primary endpoint. 2018. (Accessed November 20,
2018, 2018, at https://www.prnewswire.com/news-
releases/phase-iii-trial-of-darolutamide-in-patients-
with-non-metastatic-castration-resistant-prostate-
cancer-meets-primary-endpoint-300736805.html.).

This reference is for a press release that states that darolutamide
met its primary endpoint of MFS in the phase 3 clinical trial
ARAMIS. Darolutamide is a novel AR antagonist, and this
result is expected to garner regulatory approval for
darolutamide in the nmCRPC setting.


https://www.prnewswire.com/news-releases/phase-iii-trial-of-darolutamide-in-patients-with-non-metastatic-castration-resistant-prostate-cancer-meets-primary-endpoint-300736805.html
https://www.prnewswire.com/news-releases/phase-iii-trial-of-darolutamide-in-patients-with-non-metastatic-castration-resistant-prostate-cancer-meets-primary-endpoint-300736805.html
https://www.prnewswire.com/news-releases/phase-iii-trial-of-darolutamide-in-patients-with-non-metastatic-castration-resistant-prostate-cancer-meets-primary-endpoint-300736805.html
https://www.prnewswire.com/news-releases/phase-iii-trial-of-darolutamide-in-patients-with-non-metastatic-castration-resistant-prostate-cancer-meets-primary-endpoint-300736805.html

	Management of Nonmetastatic Castration-Resistant Prostate Cancer: Recent Advances and Future Direction
	Opinion statement
	Introduction
	Enzalutamide for nmCRPC
	Development of enzalutamide
	PROSPER trial

	Apalutamide for nmCRPC
	Development of apalutamide
	SPARTAN trial

	Metastasis-free survival in nmCRPC
	Novel imaging modalities and treatment for nmCRPC
	Future directions for nmCRPC
	Conclusion
	Compliance With Ethical Standards
	References and Recommended Reading


