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ABSTRACT

The NCCNGuidelines for Prostate Cancer include recommendations
regarding diagnosis, risk stratification and workup, treatment options
for localized disease, and management of recurrent and advanced
disease for clinicians who treat patients with prostate cancer. The
portions of the guidelines included herein focus on the roles of
germline and somatic genetic testing, risk stratification with nomo-
grams and tumor multigene molecular testing, androgen deprivation
therapy, secondary hormonal therapy, chemotherapy, and immuno-
therapy in patients with prostate cancer.
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NCCN CATEGORIES OF EVIDENCE AND CONSENSUS

Category 1: Based upon high-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.

Category 2A: Based upon lower-level evidence, there is uni-
form NCCN consensus that the intervention is appropriate.

Category 2B: Based upon lower-level evidence, there is NCCN
consensus that the intervention is appropriate.

Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.

All recommendations are category 2A unless otherwise
noted.

Clinical trials: NCCN believes that the best management of
any patient with cancer is in a clinical trial. Participation in
clinical trials is especially encouraged.

PLEASE NOTE

The NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) are a statement of evidence and consensus of the
authors regarding their views of currently accepted approaches
to treatment.Any clinician seeking to applyor consult theNCCN
Guidelines is expected to use independentmedical judgment in
the context of individual clinical circumstances to determine any
patient’s care or treatment. The National Comprehensive Cancer
Network® (NCCN®) makes no representations or warranties of
any kind regarding their content, use, or application and dis-
claims any responsibility for their application or use in any way.

The complete NCCN Guidelines for Prostate Cancer are not
printed in this issue of JNCCN but can be accessed online at
NCCN.org.

© National Comprehensive Cancer Network, Inc. 2019. All
rights reserved. The NCCN Guidelines and the illustrations
herein may not be reproduced in any form without the express
written permission of NCCN.
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Overview
An estimated 174,650 new cases of prostate cancer will be
diagnosed in 2019, accounting for 20% of new cancer
cases in men.1 The age-adjusted death rates from
prostate cancer have declined 51% from 1993 to 2016.1

Researchers have estimated that prostate cancer will
account for 9.8% of male cancer deaths in 2018.1 Over the
past several years, the incidence of prostate cancer has
declined, likely in part as a result of decreased detection
attributed to decreased rates of prostate-specific antigen
(PSA) screening.2–4 The decreasing and comparatively
low death rate suggests that increased public awareness
with earlier detection and treatment has affected mor-
tality from this prevalent cancer.

Early detection can lead to overtreatment of prostate
cancers that do not threaten life expectancy, which re-
sults in unnecessary side effects that impair quality of life
(QOL) and increase health care expenditures. The U.S.
Preventive Services Task Force (USPSTF) recommended
against PSA testing in 2012.5 The incidence of metastatic
disease has increased.4,6 The rate of prostate cancer
mortality, which had been in decline for 2 decades, has
stabilized.4 Prostate cancer incidence and deaths have
increased in the past few years for the first time in recent

history, with prostate cancer deaths increasing from an
estimated 26,730 in 2017 to 31,620 in 2019.1,7 Increases in
the incidence of metastases at presentation and in
prostate cancer deathsmaybe influencedbydeclines in the
rates of prostate cancer early detection, biopsies, diagnosis
of localized prostate cancers, and radical prostatectomy
that followed the 2012 USPSTF recommendations.8–18

The USPSTF released updated recommendations in 2018
that include individualized, informed decision-making
regarding prostate cancer screening in men aged 55 to
69 years.19 These updated recommendations may al-
low for a more balanced approach to prostate cancer
early detection. Better use of PSA for early detection of
potentially fatal prostate cancer (see the NCCN Guide-
lines for Prostate Cancer Early Detection, available at
NCCN.org) should decrease the risk of overdetection and
overtreatment AND preserve the decrease in prostate
cancer mortality.

Prostate Cancer Genetics
Family history of prostate cancer raises the risk of
prostate cancer.20–22 In addition, prostate cancer has
been associated with hereditary breast and ovarian
cancer (HBOC) syndrome (due to germline mutations in
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homologous DNA repair genes) and Lynch syndrome
(resulting from germline mutations in DNA mismatch
repair [MMR] genes).23–27 In fact, approximately 11% of
patients with prostate cancer and at least 1 additional
primary cancer carry germlinemutations associated with
increased cancer risk.28 Therefore, the panel recom-
mends a thorough review of personal and family history
for all patients with prostate cancer.

The newfound appreciation of the frequency of
germline DNA repair gene mutations (discussed in
more detail subsequently) has implications for family
genetic counseling, cancer risk syndromes, and as-
sessment of personal risk for second cancers. Some
patients with prostate cancer and their families may be
at increased risk for breast and ovarian cancer, mel-
anoma, and pancreatic cancer (HBOC), colorectal
cancers (Lynch syndrome), and other cancer types.
Data also suggest that patients with prostate cancer
who have BRCA1/2 germline mutations have increased
risk of progression on local therapy and decreased
overall survival (OS).29–31 This information should be
discussed with such men if they are considering active
surveillance. Finally, there are possible treatment
implications for patients with DNA repair defects (see

“Treatment Implications for Patients with DNA Repair
Gene Mutations,” page 497).

Prostate cancer is often associated with somatic
mutations that occur in the tumor but not in the
germline. An estimated 89% of metastatic castration-
resistant prostate cancer (CRPC) tumors contain a po-
tentially actionable mutation, with only about 9% of
these occurring in the germline.32 Both germline and
tumor mutations are discussed herein.

Homologous DNA Repair Genes
Somaticmutations inDNA repair pathway genes occur in
a reported 19% of localized prostate tumors and 23% of
metastatic CRPC tumors, with most mutations found in
BRCA2 and ATM.32,33 These tumor mutations are often
associated with germline mutations. For example, 42% of
patients with metastatic CRPC and somatic mutations
in BRCA2 were found to carry the mutation in their
germlines.32 In localized prostate cancer, that number
was 60%.33 In fact, recent data indicate that 11.8% of men
withmetastatic prostate cancer have germlinemutations
in 1 of 16 DNA repair genes: BRCA2 (5.3%), ATM (1.6%),
CHEK2 (1.9%), BRCA1 (0.9%), RAD51D (0.4%), PALB2
(0.4%), ATR (0.3%), andNBN, PMS2,GEN1,MSH2,MSH6,
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RAD51C, MRE11A, BRIP1, or FAM175A.34 In patients with
localized prostate cancer in the TCGA (Cancer Genome
Atlas) cohort,33 the rates of germline DNA repair muta-
tions were 6% in those with high-risk prostate cancer and
2% in low/intermediate risk.34 In another study, 16% of
unselected patients with metastatic CRPC harbored
germline mutations in BRCA2, ATM, and BRCA1.35

An additional study showed that 9 of 125 men with
high-risk, very-high-risk, or metastatic prostate cancer
(7.2%) had pathogenic germline mutations in MUTYH
(4), ATM (2),BRCA1 (1),BRCA2 (1), andBRIP1 (1).36 In this
study, the rate of mutation identification in men with
metastatic disease was 28.6% (2 of 7 men). Although
having a relative with breast cancer was associated with
germline mutation identification (P5.035), only 45.5% of
the mutation carriers in the study had mutations that
were concordant with their personal and family history.
Another study also found that a family history of breast
cancer increased the chances of identifying a germline
DNA repair gene mutation in men with prostate cancer
(odds ratio [OR], 1.89; 95% CI, 1.33–2.68; P5.003).37 In a
study of an unselected cohort of 3,607 patients with a
personal history of prostate cancer who had germline
genetic testing based on clinician referral, 11.5% had

germline mutations in BRCA2, CHEK2, ATM, BRCA1, or
PALB2.38

More than 2% of Ashkenazi Jews carry germline
mutations in BRCA1 or BRCA2, and these carriers have
a 16% chance (95% CI, 4%–30%) of developing pros-
tate cancer by the age of 70.39 In a study of 251 un-
selected Ashkenazi Jewish patients with prostate
cancer, 5.2% had germline mutations in BRCA1 and
BRCA2, compared with 1.9% of control Ashkenazi
Jewish men.40

Germline BRCA1 or BRCA2 mutations have been
associated with an increased risk for prostate cancer in
numerous reports.26,27,40–50 In particular, BRCA2 mu-
tations have been associated with a 2- to 6-fold in-
crease in the risk for prostate cancer, whereas the
association of BRCA1mutations and increased risks for
prostate cancer are less consistent.26,27,40,42,44,49 In ad-
dition, limited data suggest that germline mutations in
ATM, PALB2, and CHEK2 increase the risk of prostate
cancer.51–54 Furthermore, prostate cancer in men with
germline BRCAmutations appears to occur earlier, has
a more aggressive phenotype, and is associated with
significantly reduced survival times than in noncarrier
patients.30,31,55–58
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DNA MMR Genes
Tumormutations inMLH1,MSH2,MSH6, and PMS2may
result in tumor microsatellite instability (MSI) and de-
fective MMR (dMMR; detected by immunohistochem-
istry) and are sometimes associated with germline
mutations and Lynch syndrome. In a study of .15,000
patients with cancer treated at Memorial Sloan Kettering
Cancer Center who had their tumor andmatched normal
DNA sequenced and tumor MSI status assessed, approxi-
mately 5% of 1,048 patients with prostate cancer had
MSI-high (MSI-H) or MSI-indeterminate tumors, 5.6% of
whom were found to have Lynch syndrome (0.29% of pa-
tients with prostate cancer).23 In another prospective case
series, the tumors of 3.1% of 1,033 patients with prostate
cancer demonstratedMSI-H/dMMR status, and 21.9% of
these patients had Lynch syndrome (0.68% of the total
population).59 In a study of an unselected cohort of 3,607
patients with a personal history of prostate cancer who had
germline genetic testing based on clinician referral, 1.7%
had germlinemutations inPMS2,MLH1,MSH2, orMSH6.38

Effect of Intraductal or Ductal Histology
Ductal prostate carcinomas are rare, accounting for
approximately 1.3% of prostate carcinomas.60 Intraductal

prostate cancer may be more common, especially in
higher risk groups.61 It is important to note that there is
significant overlap in diagnostic criteria and that intra-
ductal, ductal, and invasive cribriform featuresmaycoexist
in the same biopsy. By definition, intraductal carcinoma
includes cribriform proliferation of malignant cells as long
as they remain confined to a pre-existing gland that is
surrounded by basal cells. These features are seen fre-
quently with an adjacent invasive cribriform component
and would bemissed without the use of basal cell markers.

Limited data suggest that prostate tumors with
ductal or intraductal histology have increased genomic
instability.62–64 In particular, tumors with these his-
tologies may be more likely to harbor somatic and/or
germline MMR gene alterations than those with ade-
nocarcinoma histology.65,66 In addition, limited data
suggest that germline homologous DNA repair gene
mutations may be more common in prostate tumors
of ductal or intraductal origin67,68 and that intraductal
histology is common in germline BRCA2 mutation car-
riers with prostate cancer.69 Overall, the panel believes
that the data connecting histology and the presence of
genomic alterations are stronger for intraductal than
ductal histology at this time. Therefore, patients with the
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presence of intraductal carcinoma on biopsy should have
germline testing as described subsequently.

Genetic Testing Recommendations

Germline Testing Based on Family History, Histology,
and Risk Groups
The panel recommends inquiring about family and
personal history of cancer at time of initial diagnosis.
Based on the data discussed previously, the panel rec-
ommends germline genetic testing, with or without
pretest genetic counseling, for patients with prostate
cancer and any of the following:
• Apositive familyhistory (seedefinition in the guidelines)
• High-risk, very-high-risk, regional, or metastatic

prostate cancer, regardless of family history
• Ashkenazi Jewish ancestry
• Intraductal histology

Germline testing, when performed, should include
MLH1, MSH2, MSH6, and PMS2 (for Lynch syndrome) and
the homologous recombination genes BRCA2, BRCA1, ATM,
PALB2, andCHEK2. A cancer predispositionnext-generation
sequencing (NGS) panel testing, at a minimum including
BRCA2, BRCA1, ATM, CHEK2, PALB2, MLH1, MSH2, MSH6,

and PMS2, can be considered. Additional genes may be
appropriate depending on clinical context. For example,
HOXB13 is a prostate cancer risk gene and, although
there are not currently clear therapeutic implications in
the advanced disease setting, testing may be valuable
for family counseling.70,71

Somatic Tumor Testing Based on Risk Groups
Tumor testing recommendations are as follows:
1. Tumor testing for somatic homologous recombina-

tion gene mutations (eg, BRCA1, BRCA2, ATM, PALB2,
FANCA, RAD51D, and CHEK2) can be considered in
patients with regional or metastatic prostate cancer.

2. Tumor testing for MSI or dMMR can be considered in
patients with regional or metastatic prostate cancer.

3. Multigene molecular testing can be considered for
patients with low- and favorable-intermediate risk
prostate cancer and life expectancy $10 years (see
“Tumor Multigene Molecular Testing,” page 488).

4. The Decipher molecular assay can be considered as
part of counseling for risk stratification in patients with
PSA resistance/recurrence after radical prostatectomy
(category 2B; see “Tumor Multigene Molecular Testing,”
page 488).
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If mutations in BRCA2, BRCA1, ATM, CHEK2, or
PALB2 are found, the patient should be referred for
genetic counseling to assess for the possibility of
HBOC.

If MSI testing is performed, testing using an NGS
assay validated for prostate cancer is preferred.72–74

If MSI-H or dMMR is found, the patient should be
referred for genetic counseling to assess for the possibility
of Lynch syndrome. MSI-H or dMMR indicate eligibility
for pembrolizumab in second and subsequent lines of
treatment of CRPC (see “Pembrolizumab,” page 496).

Patients should be informed that somatic tumor
sequencing has the potential to uncover germline find-
ings. However, virtually none of the NGS tests are
designed or validated for germline assessment. There-
fore, overinterpretation of germline findings should be
avoided. If a germline mutation is suspected, the patient
should be recommended for genetic counseling and
follow-up dedicated germline testing.

Additional Testing
Tumors from most patients with metastatic CRPC harbor
mutations in genes involved in the androgen receptor

signaling pathway.32 AR-V7 testing in circulating tumor
cells can be considered to help guide selection of therapy
in the postabiraterone/enzalutamide metastatic CRPC
setting (discussed in more detail in “Progression After
Enzalutamide or Abiraterone,” available online, in these
guidelines, at NCCN.org).

Risk Stratification For Clinically
Localized Disease
Optimal treatment of prostate cancer requires assess-
ment of risk: how likely is a given cancer to be confined to
the prostate or spread to the regional lymph nodes? How
likely is the cancer to progress or metastasize after
treatment? How likely is adjuvant or salvage radiation to
control cancer after an unsuccessful radical prostatec-
tomy? Prostate cancers are best characterized by a digital
rectal exam and radiographically determined clinical T
stage, Gleason score and extent of cancer in the biopsy
specimen, and serum PSA level. Imaging studies (ie,
ultrasound, MRI) have been investigated intensively but
have yet to be accepted as essential adjuncts to staging.

The NCCN Guidelines have, for many years, incor-
porated a risk stratification scheme that uses a minimum
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of stage, Gleason grade, and PSA to assign patients to
risk groups. These risk groups are used to select the
appropriate options that should be considered and to
predict the probability of biochemical recurrence after
definitive local therapy.75 Risk group stratification has
been published widely and validated, and provides a
better basis for treatment recommendations than clinical
stage alone.76,77

A new prostate cancer grading systemwas developed
during the 2014 International Society of Urological Pa-
thology (ISUP) Consensus Conference.78 Several changes
were made to the assignment of Gleason pattern based
on pathology. The new system assigns Grade Groups
from 1 to 5, derived from the Gleason score.
• Grade Group 1: Gleason score #6; only individual

discrete well-formed glands
• Grade Group 2: Gleason score 31457; predomi-

nantly well-formed glands with lesser component of
poorly formed/fused/cribriform glands

• Grade Group 3: Gleason score 41357; predomi-
nantly poorly formed/fused/cribriform glands with
lesser component of well-formed glands
○ For caseswith.95%poorly formed/fused/cribriform

glands or lack of glands on a core or at radical

prostatectomy, the component of ,5% well-
formed glands is not factored into the grade.

• Grade Group 4: Gleason score 41458; 31558;
51358
○ Only poorly formed/fused/cribriform glands or
○ Predominantly well-formed glands and lesser

component lacking glands (poorly formed/
fused/cribriform glands can be a more mi-
nor component) or

○ Predominantly lacking glands and lesser compo-
nent of well-formed glands (poorly formed/fused/
cribriform glands can be amoreminor component)

• Grade Group 5: Gleason score 9–10; lack gland for-
mation (or with necrosis) with or without poorly
formed/fused/cribriform glands
○ For caseswith.95%poorly formed/fused/cribriform

glands or lack of glands on a core or at radical
prostatectomy, the component of ,5% well-
formed glands is not factored into the grade.

Many experts believe that ISUP Grade Groups will
enable patients to better understand their true risk level
and thereby limit overtreatment. The new Grade Group
system was validated in 2 separate cohorts, one of
.26,000 men and one of 5,880 men, treated for prostate
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cancer with either radical prostatectomy or radiation.79,80

Both studies found that Grade Groups predicted the risk
of recurrence after primary treatment. For instance, in
the larger study, the 5-year biochemical recurrence-free
progression probabilities after radical prostatectomy for
Grade Groups 1 through 5 were 96% (95% CI, 95–96),
88% (95% CI, 85–89), 63% (95% CI, 61–65), 48% (95% CI,
44–52), and 26% (95% CI, 23–30), respectively. The
separation between Grade Groups was less pronounced
in the radiation therapy (RT) cohort, likely because of
increased use of neoadjuvant/concurrent/adjuvant
androgen deprivation therapy (ADT) in the higher risk
groups. In another study of the new ISUP Grade Group
system, all-cause mortality and prostate cancer-specific
mortality were higher in men in Grade Group 5 than in
those in Grade Group 4.81 Additional studies have sup-
ported the validity of this new system.82–86 The NCCN
Panel has accepted the new Grade Group system to in-
form better treatment discussions compared with those
using Gleason score. Patients remain divided into very
low-, low-, intermediate-, high-, and very high-risk groups.

The NCCN Guidelines Panel recognized that het-
erogeneity exists within each risk group. For example, an
analysis of 12,821 patients showed that men assigned to

the intermediate-risk group by clinical stage (T2b–T2c)
had a lower risk of recurrence than men categorized
according toGleason score (7) or PSA level (10–20 ng/mL).87

A similar trend of superior recurrence-free survival was
observed in men placed in the high-risk group by clinical
stage (T3a) compared with those assigned by Gleason
score (8–10) or PSA level (.20 ng/mL), although it did not
reach statistical significance. Other studies have reported
differences in outcomes in the high-risk group depending
on risk factors or primary Gleason pattern.88,89 Evidence
also shows heterogeneity in the low-risk group, with PSA
levels and percent positive cores affecting pathologic
findings after radical prostatectomy.90,91

In a retrospective study, 1,024 patients with
intermediate-risk prostate cancer were treated with radi-
ation with or without neoadjuvant and concurrent ADT.92

Multivariate analysis revealed that primaryGleason pattern
4, number of positive biopsy cores $50%, and presence of
.1 intermediate-risk factors (ie, T2b-c, PSA 10–20 ng/mL,
Gleason score 7) were significant predictors of increased
incidence of distant metastasis. The authors used these
factors to separate the patients into unfavorable and
favorable intermediate-risk groups and determined that
the unfavorable intermediate-risk group had worse PSA

JNCCN.org | Volume 17 Number 5 | May 2019 487

NCCN GUIDELINES®Prostate Cancer, Version 2.2019

http://www.JNCCN.org


recurrence-free survival and higher rates of distant me-
tastasis and prostate cancer-specific mortality than the
favorable intermediate-risk group. The use of active sur-
veillance in men with favorable intermediate risk prostate
cancer is discussed subsequently (see “Favorable Inter-
mediate Risk,” available online, in these guidelines, at
NCCN.org).

Nomograms
The more clinically relevant information that is used in
the calculation of time to PSA recurrence, the more
accurate the result. A nomogram is a predictive in-
strument that takes a set of input data (variables) and
makes predictions about an outcome. Nomograms
predict more accurately for the individual patient than
risk groups, because they combine the relevant prog-
nostic variables. The Partin tables were the first to
achieve widespread use for counseling men with clini-
cally localized prostate cancer.93–96 The tables give the
probability (95% CI) that a patient with a certain clinical
stage, Gleason score, and PSA will have a cancer of each
pathologic stage. Nomograms can be used to inform
treatment decision-making for men contemplating active
surveillance,97–99 radical prostatectomy,100–103 neurovascular
bundle preservation,104–106 or omission of pelvic lymph
node dissection during radical prostatectomy,107–110

brachytherapy,100,111–113 or external beam RT (EBRT).100,114

Biochemical progression-free survival (PFS) can be reas-
sessed postoperatively using age, diagnostic serum PSA,
and pathologic grade and stage.100,115–117 Potential suc-
cess of adjuvant or salvage RT after unsuccessful radical
prostatectomy can be assessed using a nomogram.100,118

None of the current models predicts with perfect
accuracy, and only some of these models predict
metastasis99,100,115,119,120 and cancer-specific death.101,103,121–123

Given the competing causes of mortality, manymen who
sustain PSA recurrence will not live long enough to de-
velop clinical evidence of distant metastases or to die of
prostate cancer. Those with a short PSA doubling time
(PSADT) are at greatest risk of death. Not all PSA re-
currences are clinically relevant; thus, PSADT may be a
more useful measure of risk of death.124 The NCCN
Guidelines Panel recommends that NCCN risk groups be
used to begin the discussion of options for the treatment
of clinically localized prostate cancer and that nomo-
grams be used to provide additional and more in-
dividualized information.

Tumor Multigene Molecular Testing
Personalized or precision medicine is a goal for many
translational and clinical investigators. The National
Academy of Medicine has described several lessons
that should accelerate the development of useful bio-
markers125 to inform men and their physicians about

proper choices for treatment of clinically localized
prostate cancer. Dr. Hayes has warned that a “bad tumor
marker is as bad as a bad drug.”126,127 The NCCN Prostate
Cancer Guidelines Panel strongly advocates for use of life
expectancy estimation, use of nomograms, and active
surveillance as the only option for men with low-risk
prostate cancer and life expectancy less than 10 years or
very low-risk prostate cancer and life expectancy less
than 20 years. Although risk groups, life expectancy es-
timates, and nomograms help inform decisions, un-
certainty about the risk of disease progression persists.
American men continue to under-select active surveil-
lance and their physicians may under-recommend it,
likely as a result of this uncertainty.128 In 2013, ,20% of
men with low-risk prostate cancer were managed using
active surveillance.16 However, active surveillance has
becomemore common in some areas, such as Michigan,
where its frequency has been measured and educational
efforts have begun.129,130

Several tissue-based molecular assays have been
developed in an effort to improve decision-making in
newly diagnosed men considering active surveillance
and in treated men considering adjuvant therapy or
treatment of recurrence. Uncertainty about the risk of
disease progression can be reduced if such molecular
assays can provide accurate and reproducible prognostic
or predictive information beyond NCCN risk group as-
signment and currently available life expectancy tables
and nomograms. Retrospective case cohort studies have
shown that these assays provide prognostic information
independent of NCCN or CAPRA risk groups, which in-
clude likelihood of death with conservative manage-
ment, likelihood of biochemical recurrence after radical
prostatectomy or EBRT, likelihood of adverse pathologic
features after radical prostatectomy, and likelihood
of developing metastasis after operation or salvage
EBRT.131–140 A prospective, clinical utility study of 3,966
patients newly diagnosed with localized prostate cancer
found that the rates of active surveillance increased with
use of a tissue-based gene expression classifier.141 Active
surveillance rates were 46.2%, 75.9%, and 57.9% for those
whose classifier results were above the specified threshold,
below the threshold, and those who did not undergo
genomic testing, respectively (P,.001). The authors es-
timate that 1 additional patient may chose active sur-
veillance for every 9 men with favorable risk prostate
cancer who undergo genomic testing.

No randomized controlled trials have studied the
utility of these tests. Several of these assays are available,
and 4 have received positive reviews by the Molecular
Diagnostic Services Program (MolDX) and are likely to be
covered by CMS (Centers for Medicare & Medicaid Ser-
vices). Several other tests are under development, and the
use of these assays is likely to increase in the coming years.
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Table 1 lists these tests in alphabetical order and
provides an overview of each test, populations in which
each test independently predicts outcome, and sup-
porting references. These molecular biomarker tests
have been developed with extensive industry support,
guidance, and involvement, and have been marketed
under the less rigorous FDA regulatory pathway for
biomarkers. The panel believes that men with low or
favorable intermediate disease may consider the use of
Decipher, Oncotype DX Prostate, Prolaris, or ProMark
during initial risk stratification. In addition, Decipher
may be considered during workup for radical prosta-
tectomy PSA persistence or recurrence (category 2B).
Future comparative effectiveness research may allow
these tests and others like them to gain additional evi-
dence regarding their utility for better risk stratification
of men with prostate cancer.

Androgen Deprivation Therapy
ADT is administered as primary systemic therapy for
regional or advanced disease and as neoadjuvant/
concomitant/adjuvant therapy in combination with ra-
diation in localized or locally advanced prostate cancers.

In the community, ADT has been commonly used as
primary therapy for early-stage, low-risk disease, espe-
cially in the elderly. This practice has been challenged by
a large cohort study of 66,717 elderly men with T1–T2
tumors.142 No 15-year survival benefit was found in pa-
tients receiving ADT compared with observation alone.
Similarly, another cohort study of 15,170 men diagnosed
with clinically localized prostate cancer who were not
treated with curative intent therapy reported no survival
benefit from primary ADT after adjusting for de-
mographic and clinical variables.143 Placing patients with
early prostate cancer on ADT should not be routine
practice.

Antiandrogen monotherapy (bicalutamide) after
completion of primary treatment was investigated as an
adjuvant therapy in patients with localized or locally
advanced prostate cancer, but results did not support its
use in this setting.144,145

Castrate levels of serum testosterone (,50 ng/dL;
,1.7 nmol/L) should be achieved with ADT, because low
nadir serum testosterone levels were shown to be as-
sociated with improved cause-specific survival in the
PR-7 study.146

ADT for Castration-Naive Disease
The term “castration-naive” is used to define patients
who are not on ADT at the time of progression. The
NCCN Prostate Cancer Panel uses the term “castration-
naive” even when patients have had neoadjuvant, con-
current, and/or adjuvant ADT as part of RT provided they
have recovered testicular function.

ADT for castration-naı̈ve prostate cancer can be
accomplished using bilateral orchiectomy, a luteinizing
hormone-releasing hormone (LHRH) agonist or antag-
onist, or an LHRH agonist plus a first-generation anti-
androgen. As discussed subsequently, abiraterone or
docetaxel can be added to orchiectomy, LHRH agonist, or
LHRH antagonist for M1 disease. For patients with M0
disease, observation is preferred over ADT.

LHRH agonists and LHRH antagonists appear
equally effective in patients with advanced prostate
cancer.147 Medical or surgical castration combined with an
antiandrogen is known as combined androgen blockade.
No prospective randomized studies have demonstrated a
survival advantage with combined androgen blockade over
the serial use of an LHRH agonist and an antiandrogen.148

Meta-analysis data suggest that bicalutamide may provide
an incremental relative improvement in OS by 5%–20%
over LHRH agonist monotherapy.149,150 However, others
have concluded that more complete disruption of the
androgen axis (with finasteride, dutasteride, or anti-
androgen added to medical or surgical castration) provides
little if any benefit over castration alone.151

Antiandrogen monotherapy appears to be less ef-
fective than medical or surgical castration and is not
recommended for primary ADT. Furthermore, dutas-
teride plus bicalutamide showed no benefit over bica-
lutamide alone in patients with locally advanced or
metastatic prostate cancer.152

Recent evidence suggests that orchiectomy may be
safer than an LHRH agonist. Four hundred twenty-nine
men with metastatic prostate cancer who underwent
orchiectomy were compared with 2,866 men who re-
ceived LHRH agonist between 1995 and 2009. Orchi-
ectomy was associated with lower risk of fracture,
peripheral arterial disease, and cardiac-related compli-
cations, although risk was similar for diabetes, deep vein
thrombosis, pulmonary embolism, and cognitive disor-
ders.153 Posthoc analysis of a randomized trial of LHRH
antagonist versus LHRH agonist found lower risk of
cardiac events in patients with existing cardiac disease
treated with LHRH antagonist.154 The heart and T lym-
phocytes have receptors for LHRH. Therefore, LHRH
agonists may affect cardiac contractility, vascular plaque
stability, and inflammation.155

ADT for M0 Biochemical Recurrence
Controversy remains about the timing and duration of
ADT when local therapy has failed. Many believe that
early ADT is best, but cancer control must be balanced
against side effects. Early ADT is associated with in-
creased side effects and the potential development of the
metabolic syndrome.

Patients with an increasing PSA level and with
no symptomatic or clinical evidence of cancer after
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Table 1. Available Tissue-Based Tests for Prostate Cancer Risk Stratification/Prognosis

Test Platform Populations Studied
Outcome(s) Reported (Test
independently predicts) Selected References

Molecular Diagnostic
Services Program (MolDX)
Recommendations

Decipher Whole-transcriptome 1.4M
RNA expression (44,000
genes) oligonucleotide
microarray optimized for
FFPE tissue

Post RP, adverse pathology/
high-risk features
Post RP, biochemical
recurrence
Post RP, adjuvant, or salvage
radiation
Biopsy, localized prostate
cancer post RP or EBRT

• Metastasis
• Prostate cancer-specific
mortality

• PORTOS
• Metastasis
• Prostate cancer-specific
mortality

• PORTOS
• Metastasis
• Prostate cancer-specific
mortality

• PORTOS
• Metastasis
• Prostate cancer-specific
mortality

• Gleason grade $4 disease
at RP

• Adverse pathologic
features at RP

136,139,140,234–249 Cover postbiopsy for NCCN
very-low- and low-risk
prostate cancer in patients
with at least 10 years life
expectancy who have not
received treatment of
prostate cancer and are
candidates for active
surveillance or definitive
therapy
Cover post-RP for 1) pT2
with positive margins; 2) any
pT3 disease; 3) rising PSA
(above nadir)

Ki-67 IHC Biopsy, intermediate- to
high-risk treated with EBRT
Biopsy, conservatively
managed (active
surveillance)

• Metastasis
• Prostate cancer-specific
mortality

250–253 Not recommended

Oncotype DX
Prostate

Quantitative RT-PCR for 12
prostate cancer-related
genes and 5 housekeeping
controls

Biopsy, low- to intermediate-
risk treated with RP

• Non-organ-confined pT3
or Gleason grade 4 disease
on RP

135,254–257 Cover postbiopsy for NCCN
very low-, low-risk, and
favorable intermediate-risk
prostate cancer in patients
with at least 10 years life
expectancy who have not
received treatment of
prostate cancer and are
candidates for active
surveillance or definitive
therapy

Prolaris Quantitative RT-PCR for 31
cell cycle-related genes and
15 housekeeping controls

TURP, conservatively
managed (active
surveillance)
Biopsy, conservatively
managed (active
surveillance)
Biopsy, localized prostate
cancer
Biopsy, intermediate-risk
treated with EBRT
RP, node-negative localized
prostate cancer

• Prostate cancer-specific
mortality

• Prostate cancer-specific
mortality

• Biochemical recurrence
• Metastasis
• Biochemical recurrence
• Biochemical recurrence

131–134,258–260 Cover postbiopsy for NCCN
very low-, low-risk, and
favorable intermediate-risk
prostate cancer in patients
with at least 10 years life
expectancy who have not
received treatment of
prostate cancer and are
candidates for active
surveillance or definitive
therapy

ProMark Multiplex
immunofluorescent staining
of 8 proteins

Biopsy, Gleason grade 313
or 314

• Non–organ-confined pT3
or Gleason pattern 4
disease on RP

261 Cover postbiopsy for NCCN
very low- and low-risk
prostate cancer in patients
with at least 10 years life
expectancy who have not
received treatment of
prostate cancer and are
candidates for active
surveillance or definitive
therapy.

PTEN Fluorescent in situ
hybridization or IHC

TURP, conservatively
managed (active
surveillance)
Biopsy, Gleason grade 313
RP, high-risk localized
disease

• Prostate cancer-specific
mortality

• Upgrading to Gleason
pattern 4 on RP

• Biochemical recurrence

262–266 Not recommended

Abbreviations: EBRT, external beam radiation therapy; FFPE, formalin-fixed, paraffin-embedded; IHC, immunohistochemistry; PORTOS, postoperative radiation
sensitivity; PSA, prostate-specific antigen; RP, radical prostatectomy; TURP, transurethral resection of prostate.
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definitive treatment present a therapeutic dilemma re-
garding the role of ADT. Some of these patients will
ultimately die of their cancer. Timing of ADT for patients
whose only evidence of cancer is increasing PSA is
influenced by PSA velocity (PSADT), patient and physi-
cian anxiety, the short-term and long-term side effects of
ADT, and underlying comorbidities of the patient. Early
ADT is acceptable, but an alternative is close observation
until progression of cancer, at which time appropriate
therapeutic options may be considered. Earlier ADTmay
be better than delayed therapy, although the definitions
of early and late (ie, what level of PSA) remain contro-
versial. The multicenter phase 3 TROG 03.06/VCOG PR
01-03 [TOAD] trial randomized 293menwith PSA relapse
after operation or radiation (n5261) or who were not
considered for curative treatment (n532) to immediate
ADT or ADT delayed by a recommended interval of
$2 years.156 Five-year OS was improved in the immediate
therapy arm compared with the delayed therapy arm
(91.2% vs 86.4%; log-rank P5.047). No significant dif-
ferences were seen in the secondary endpoint of global
health-related QOL at 2 years.157 In addition, there were
no differences over 5 years in global QOL, physical
functioning, role or emotional functioning, insomnia,
fatigue, dyspnea, or feeling less masculine. However,
sexual activity was lower and the hormone-treatment-
related symptoms score was higher in the immediate
ADT group compared with the delayed ADT group. Most
clinical trials in this patient population require PSA level
$0.5 mg/dL (after radical prostatectomy) or “nadir 1 2”
(after radiation) for enrollment.

The panel believes that the benefit of early ADT is
uncertain and must be balanced against the risk of ADT
side effects. Patients with an elevated PSA and/or a
shorter PSADT (rapid PSA velocity) and an otherwise
long life expectancy should be encouraged to consider
ADT earlier.

Primary ADT for M1 Castration-Naı̈ve
Prostate Cancer
ADT is the gold standard for initial treatment of patients
with metastatic disease at presentation.148 A PSA value
#4 ng/mL after 7 months of ADT is associated with
improved survival of patients newly diagnosed with
metastatic prostate cancer.158

ADT options for M1 castration-naı̈ve disease are:
• Orchiectomy 6 docetaxel
• LHRH agonist alone 6 docetaxel
• LHRH agonist plus first-generation antiandrogen 6

docetaxel
• LHRH antagonist 6 docetaxel
• Orchiectomy plus abiraterone
• LHRH agonist plus abiraterone
• LHRH antagonist plus abiraterone

In patients with overt metastases in weight-bearing
bone who are at risk for developing symptoms asso-
ciated with the flare in testosterone with initial LHRH
agonist alone, antiandrogen therapy should precede
or be coadministered with LHRH agonist for at least
7 days to diminish ligand binding to the androgen
receptor.159,160 LHRH antagonists rapidly and directly
inhibit the release of androgens, unlike LHRH agonists
that initially stimulate LHRH receptors before hypo-
gonadism. Therefore, no initial flare is associated with
these agents and coadministration of antiandrogen is
unnecessary.

The data supporting the addition of abiraterone or
docetaxel to ADT in this setting are discussed sub-
sequently. ADT with addition of EBRT to the primary
tumor for low volume metastatic disease is discussed in
“EBRT to the Primary Tumor in Low VolumeM1Disease”
(available online, in these guidelines, at NCCN.org).

Abiraterone Acetate in Castration-Naı̈ve
Prostate Cancer
In February 2018, the FDA approved abiraterone in
combination with prednisone for metastatic castration-
naı̈ve prostate cancer.161 This approval was based on 2
randomized phase 3 clinical trials of abiraterone and
low-dose prednisone plus ADT that were reported in
men with newly diagnosed metastatic prostate cancer
or high-risk or node-positive disease (STAMPEDE and
LATITUDE) that demonstrated improved OS over ADT
alone.162 In LATITUDE, 1,199 men with high-risk, met-
astatic, castration-naı̈ve prostate cancer were random-
ized to abiraterone with prednisone 5 mg once daily or
matching placebos. High-risk disease was defined as at
least 2 of the following: Gleason score 8–10, $3 bone
metastases, and visceral metastases.162 Efficacy was
demonstrated at the first interim analysis, and the trial
was unblinded. The primary endpoint of OS was met
and favored abiraterone (hazard ratio [HR], 0.62; 95% CI,
0.51–0.76; P,.0001). Estimated 3-year OS rates improved
from 49% to 66% at 30 months follow-up. Secondary
endpoints were improved and included delayed castration-
resistant radiographic progression (from median 14.8–
33.2 months), PSA progression (7.4–33.2 months), time to
pain progression, and initiation of chemotherapy.

Adverse events were higher with abiraterone and
prednisone but were generally mild in nature and largely
related to mineralocorticoid excess (ie, hypertension,
hypokalemia, edema), hormonal effects (ie, fatigue, hot
flushes), and liver toxicity.162 Cardiac events, such as
atrial fibrillation, were rare but slightly increased with
abiraterone. The overall discontinuation rate due to side
effects was 12%. Patient-reported outcomes were im-
proved with the addition of abiraterone, with improve-
ments in pain intensity progression, fatigue, functional
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decline, prostate cancer-related symptoms, and overall
health-related QOL.163 A limitation of this trial is that only
27% of placebo-treated men received abiraterone or
enzalutamide at progression, and only 52% of these men
received any life-prolonging therapy.162

A second randomized trial (STAMPEDE) of 1,917
men with castration-naı̈ve prostate cancer showed
similar OS benefits.164 However, unlike LATITUDE,
STAMPEDE eligibility permitted men with high-risk N0
M0 disease (2 of 3 high-risk factors: stage T3/4, PSA .40,
or Gleason score 8–10; n5509), or N1 M0 disease (pelvic
nodal metastases; n5369) in addition to patients with M1
disease,whomadeup themajority of patients (n5941). The
majority of men were newly diagnosed, while a minority of
men had recurrent, high-risk, or metastatic disease after
local therapy (n598). Thus, STAMPEDE was a heteroge-
neousmix of patients with high-risk, nonmetastatic, node-
positive, or M1 disease. In M1 patients, treatment with
abiraterone plus prednisone was continued until pro-
gression. In patients with N1 or M0 disease, 2 years of
abiraterone plus prednisolone was used if curative-intent
EBRT was used. OS was improved in the overall pop-
ulation (HR, 0.63; 95%CI, 0.5–0.76;P,.0001) and in theM1
and N1 subsets, without any heterogeneity of treatment
effect by metastatic status. The survival benefit of abir-
aterone was larger in men ,70 years of age than in older
men (HR, 0.94 vs 0.51). Older men also experienced in-
creased toxicities, which suggests heterogeneity in clinical
benefits by age and comorbidity. The secondary endpoint
of failure-free survival (FFS), which included PSA re-
currence, was improved overall (HR, 0.29; P,.0001) and
in all subgroups regardless ofM1 (HR, 0.31), N1 (HR, 0.29),
or M0 (HR, 0.21) status. No heterogeneity for FFS was
observed based on subgroups or by age. In this trial,
subsequent life-prolonging therapy was received by 58%
of men in the control group, which included 22% who
received abiraterone and 26% who received enzaluta-
mide. Thus, these data reflect a survival advantage of
initial abiraterone in newly diagnosed men compared with
deferring therapy to the CRPC setting.

Adverse events in STAMPEDE were similar to that
reported in LATITUDE, but were increased in older men,
with higher incidences of grade 3–5 adverse events with
abiraterone (47% vs 33%) and 9 versus 3 treatment-related
deaths. Severe hypertension or cardiac disorders were
noted in 10% of men and grade 3–5 liver toxicity in 7%,
which illustrates the need for blood pressure and renal and
hepatic function monitoring.

Taken together, these data led the panel to recom-
mend abiraterone with 5-mg once-daily prednisone as a
treatment option with ADT for men with newly diagnosed,
M1, castration-naı̈ve prostate cancer (category 1). Alter-
natively, the fine particle formulation of abiraterone can be
used (category 2B; see “Abiraterone Acetate in M1 CRPC,”

page 493). For men undergoing curative-intent treatment
of N1 disease, abiraterone can be added to EBRT with 2 to
3 years of neoadjuvant/concurrent/adjuvant ADT or can
be given with ADT for castration-naı̈ve disease (without
EBRT). The fine particle formulation of abiraterone is
an option (category 2B; see “Abiraterone Acetate in M1
CRPC”). However, there was insufficient survival, FFS
data, and follow-up available to recommend abir-
aterone for men with high-risk or very high-risk N0 M0
prostate cancer. Further follow-up and dedicated on-
going clinical trials are needed in this curative-intent
RT population.

Abiraterone with prednisone can be given at
250 mg/day and administered following a low-fat break-
fast, as an alternative to the dose of 1,000 mg/day after
an overnight fast (see “Abiraterone Acetate in M1 CRPC,”
page 493).165 The cost saving may reduce financial toxicity
and improve compliance.

Secondary Hormone Therapy for CRPC
Most men with advanced disease eventually stop
responding to traditional ADT and are categorized as
castration-resistant (also known as “castration-recurrent”).
Research has shown enhancement of autocrine and/or
paracrine androgen synthesis in the tumor microenvi-
ronment of men receiving ADT.166,167 Androgen signal-
ing consequent to nongonadal sources of androgen in
CRPC refutes earlier beliefs that CRPC was resistant to
further hormone therapies. The development of novel
hormonal agents demonstrating efficacy in the meta-
static CRPC setting dramatically changed the paradigm
of CRPC treatment.

For men who develop CRPC, ADT with an LHRH
agonist or antagonist should be continued to maintain
castrate serum levels of testosterone (,50 ng/dL). Op-
tions for secondary hormone therapy include a first-
generation antiandrogen, antiandrogen withdrawal,
ketoconazole (adrenal enzyme inhibitor) with or without
hydrocortisone, corticosteroid, diethylstilbestrol (DES), or
other estrogen.168,169 However, none of these strategies
has yet been shown to prolong survival in randomized
clinical trials. New secondary hormone options include
abiraterone (M1 only), enzalutamide (M0 or M1), and
apalutamide (M0 only), as discussed subsequently.

DES can produce safe chemical castration in many
men. Gynecomastia and cardiovascular side effects occur
with increasing frequency with increasing dose. Side
effects are rare, and survival appears equivalent to that of
other means of ADT at a 1-mg daily dose. The mecha-
nism of action of DES remains uncertain because a 1-mg
dose does not render some men castrate, and DES
produces responses when used in CRPC.170

Transdermal estradiol may provide similar cancer
control with fewer side effects.171 The ongoing PATCH
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clinical trial demonstrated similar rates of castrate levels
of testosterone, PSA response, and side effects in 85 men
treated with LHRH agonist and 168 men treated with
100 mcg/24-hour estrogen patches twice weekly.172 QOL
outcomes and the experience of vasomotor symptoms
were better at 6 months in the transdermal group
compared with the agonist group, but rates of signif-
icant gynecomastia were higher in the transdermal
group (37% vs 5%).173 The PATCH trial continues en-
rollment to assess survival (ClinicalTrials.gov identi-
fier: NCT00303784).

Abiraterone Acetate in M1 CRPC
In April 2011, the FDA approved the androgen synthesis
inhibitor, abiraterone, in combination with low-dose
prednisone, for the treatment of men with metastatic
CRPC who have received prior chemotherapy containing
docetaxel.

FDA approval in the postdocetaxel setting was based
on the results of a phase 3, randomized, placebo-
controlled trial (COU-AA-301) in men with metastatic
CRPC previously treated with docetaxel-containing
regimens.174,175 Patients were randomized to receive ei-
ther abiraterone 1,000 mg orally once daily (n5797) or
placebo once daily (n5398), and both arms received daily
prednisone. In the final analysis, median survival was 15.8
vs 11.2 months in the abiraterone and placebo arm, re-
spectively (HR, 0.74; 95%CI, 0.64–0.86; P,.0001).175 Time to
radiographic progression, PSA decline, and pain palliation
also were improved by abiraterone.175,176

FDA approval in the predocetaxel setting occurred
onDecember 10, 2012, andwas based on the randomized
phase 3 COU-AA-302 trial of abiraterone and prednisone
(n5546) versus prednisone alone (n5542) in men with
asymptomatic or minimally symptomatic metastatic
CRPC.177 Most men in this trial were not taking narcotics
for cancer pain, and none had visceral metastatic disease
or prior ketoconazole exposure. The coprimary endpoint
of radiographic PFS was improved by treatment from 8.3 to
16.5 months (HR, 0.53; P,.001). OS was improved at final
analysis with a median follow-up of 49.2 months (34.7 vs
30.3 months; HR, 0.81; 95% CI, 0.70–0.93; P5.003).178 Key
secondary endpoints of time to symptomatic deterioration,
time to chemotherapy initiation, time to pain progression,
and PSA PFS improved significantly with abiraterone
treatment, and PSA declines (62% vs 24% with .50% de-
cline) and radiographic responses (36% vs 16% RECIST
responses) were more common.

Themost common adverse reactions with abiraterone/
prednisone (.5%) were fatigue (39%); back or joint dis-
comfort (28%–32%); peripheral edema (28%); diarrhea,
nausea, or constipation (22%); hypokalemia (17%);
hypophosphatemia (24%); atrial fibrillation (4%); muscle
discomfort (14%); hot flushes (22%); urinary tract

infection; cough; hypertension (22%, severe hyperten-
sion in 4%); urinary frequency and nocturia; dyspepsia;
or upper respiratory tract infection. The most common
adverse drug reactions that resulted in drug discontin-
uation were increased aspartate aminotransferase and/
or alanine aminotransferase (11%–12%), or cardiac dis-
orders (19%, serious in 6%).

In May of 2018, the FDA approved a novel, fine-
particle formulation of abiraterone, in combination
with methylprednisolone, for the treatment of patients
with metastatic CRPC.179 In studies of healthy men, this
formulation at 500 mg was shown to be bioequivalent to
1,000 mg of the originator formulation.180,181 In a phase 2
therapeutic equivalence study, 53 men with metastatic
CRPC who were not treated previously with abiraterone,
enzalutamide, radium-223, or chemotherapy (docetaxel
for metastatic CRPC completed $1 year prior to en-
rollment was allowed) were randomized to 500 mg daily
of the new formulation plus 4 mg methylprednisolone
orally twice daily or to 1,000 mg of the originator for-
mulation daily plus 5 mg prednisone orally twice daily.182

Bioequivalence of these doses was confirmed based on
serum testosterone levels, PSA response, and abiraterone
pharmacokinetics. The rates of total and grade 3/4 ad-
verse events were similar between the arms, with mus-
culoskeletal and connective tissue disorders occurring
more frequently in the originator-treated patients (37.9%
vs 12.5%). The panel believes that the fine-particle for-
mulation of abiraterone can be used instead of the
original formulation of abiraterone in the treatment of
men with metastatic CRPC (category 2A), but switching
from one formulation to the other on disease progression
should not be undertaken. Abiraterone with either ste-
roid should not be given following progression on
abiraterone with the other steroid.

Abiraterone should be given with concurrent steroid
(either oral prednisone 5 mg twice daily or oral methyl-
prednisolone 4 mg twice daily, depending on which
formulation is given) to abrogate signs of mineralocor-
ticoid excess that can result from treatment. These signs
include hypertension, hypokalemia, and peripheral
edema. Thus, monitoring of liver function, potassium
and phosphate levels, and blood pressure readings on
a monthly basis, at least initially, is warranted during
abiraterone therapy. Some patients may be able to avoid
steroids with abiraterone, but careful monitoring is
warranted, and a mineralocorticoid receptor antagonist
or steroid should be added to control side effects if
necessary.183–185 Symptom-directed assessment for car-
diac disease also is warranted, particularly in patients
with pre-existing cardiovascular disease.

A randomized phase 2 noninferiority study of 75
patients with M1 CRPC compared 1,000 mg/day abir-
aterone with prednisone after an overnight fast with
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250 mg/day after a low-fat breakfast.165 The primary
endpoint was log change in PSA, with secondary end-
points of PSA response ($ 50%) and PFS. The primary
endpoint favored the low-dose arm (log change in
PSA, 21.59 vs 21.19), as did the PSA response rate (58%
vs 50%), with an equal PFS of 9 months in both arms.
Noninferiority of the low dose was established according
to the predefined criteria. Therefore, abiraterone with
prednisone can be given at 250 mg/day administered
after a low-fat breakfast, as an alternative to the dose of
1,000 mg/day after an overnight fast. The cost saving may
reduce financial toxicity and improve compliance. Food
impacts absorption unpredictably; side effects should
be monitored and standard dosing (1,000 mg on empty
stomach) used if excess toxicity is observed on modified
dosing (250 mg with food).

Enzalutamide in M0 and M1 CRPC
On August 31, 2012, the FDA approved enzalutamide, a
next-generation antiandrogen, for treatment of men
with metastatic CRPC who had received prior docetaxel
chemotherapy. Approval was based on the results of
the randomized, phase 3, placebo-controlled trial
(AFFIRM).186,187 AFFIRM randomized 1,199 men to
enzalutamide or placebo in a 2:1 ratio, and the primary
endpoint was OS. Median survival was improved with
enzalutamide from 13.6 to 18.4 months (HR, 0.63;
P,.001). Survival was improved in all subgroups ana-
lyzed. Secondary endpoints also were improved signifi-
cantly, which included the proportion of men with.50%
PSA decline (54% vs 2%), radiographic response (29% vs
4%), radiographic PFS (8.3 vs 2.9 months), and time to
first skeletal related event (SRE) (16.7 vs 13.3 months).
QOL measured using validated surveys was improved
with enzalutamide compared with placebo. Adverse
events were mild and included fatigue (34% vs 29%),
diarrhea (21% vs 18%), hot flushes (20% vs 10%), head-
ache (12% vs 6%), and seizures (0.6% vs 0%). The in-
cidence of cardiac disorders did not differ between the
arms. Enzalutamide is dosed at 160 mg daily. Patients in
the AFFIRM study were maintained on GnRH agonist/
antagonist therapy and could receive bone supportive
care medications. The seizure risk in the enzalutamide
FDA label was 0.9% versus 0.6% in the manuscript.186,188

Another phase 3 trial studied enzalutamide in the
prechemotherapy setting. The PREVAIL study randomly
assigned 1,717 patientswith chemotherapy-näıvemetastatic
prostate cancer to daily enzalutamide or placebo.189,190

The study was stopped early due to benefits shown in the
treatment arm. Compared with the placebo group, the
enzalutamide group showed improved median PFS (20.0
vs 5.4 months) and median OS (35.3 vs 31.3 months).
Improvements in all secondary endpoints also were

observed (eg, the time until chemotherapy initiation or
first SRE).

Two randomized clinical trials have reported that
enzalutamide may be superior to bicalutamide for cancer
control in metastatic CRPC. The TERRAIN study ran-
domized 375 men with treatment-naı̈ve, metastatic
CRPC to 160 mg/day enzalutamide or 50 mg/day bica-
lutamide in a 1:1 manner.191 The enzalutamide group
had significantly better PFS (defined as PSA progression,
soft tissue progression, or development of additional
bonymetastases) compared with the bicalutamide group
(median time to progression, 15.7 vs 5.8 months; HR,
0.44; 95% CI, 0.34–0.57).

The STRIVE trial randomized 396 men with M0 or
M1 treatment-naı̈ve CRPC to 160 mg/d enzalutamide or
50 mg/d bicalutamide in a 1:1 manner.192 The primary
endpoint in this study was PFS, defined as either PSA
progression, radiographic progression of disease, or
death from any cause. Enzalutamide reduced the risk of
progression or death by 76% compared with bicaluta-
mide (HR, 0.24; 95% CI, 0.18–0.32). These studies dem-
onstrated that enzalutamide extended PFS better than
bicalutamide in men choosing an antiandrogen for
secondary hormonal therapy treatment of CRPC. Bica-
lutamide can still be considered in some patients, given
the different side-effect profiles of the agents and the
increased cost of enzalutamide.

Thus, enzalutamide represents a treatment option
for men in both the predocetaxel and postdocetaxel
metastatic CRPC setting and is a reasonable choice for
men who are not candidates for chemotherapy. Patients
receiving enzalutamide have no restrictions for food
intake, and concurrent prednisone is permitted but not
required.186

The randomized, double-blind, placebo-controlled
phase 3 PROSPER trial assessed the use of enzalutamide
in 1,401 men with nonmetastatic CRPC.193 Men with
PSADT #10 months were stratified according to PSADT
(,6 vs $6 months) and use of bone-sparing agents and
randomized 2:1 to enzalutamide (160 mg/day) plus ADT
or placebo plus ADT. Enzalutamide improved the pri-
mary endpoint of metastasis-free survival over placebo
(36.6 vs 14.7 months; HR for metastasis or death, 0.29;
95% CI, 0.24 to 0.35; P,.0001). No significant difference
was seen in OS, although OS data were not mature at the
time of final analysis for metastasis-free survival. Adverse
events included fatigue (33% vs 14%), hypertension
(12% vs 5%), major adverse cardiovascular events (5%
vs 3%), and mental impairment disorders (5% vs 2%).
Patient-reported outcomes from PROSPER indicate
that enzalutamide delayed pain progression, symptom
worsening, and decrease in functional status compared
with placebo.194 The FDA expanded approval for enza-
lutamide to include men with nonmetastatic CRPC on
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July 13, 2018,188 and the panel believes that patients with
M0 CRPC can be offered enzalutamide if PSADT is
#10 months (category 1).

Apalutamide in M0 CRPC
The FDA approved apalutamide for treatment of patients
with nonmetastatic CRPC on February 14, 2018.195 This
approval was based on the phase 3 SPARTAN trial of
1,207 patients with M0 CRPC and PSADT#10 months.196

Participants were stratified according to PSADT (.6
vs #6 months), use of bone-sparing agents, and the
presence of metastatic pelvic lymph nodes (N0 vs N1).
After median follow-up of 20.3 months, apalutamide at
240 mg/day with ADT improved the primary endpoint of
metastasis-free survival over placebo with ADT (40.5 vs
16.2 months; HR for metastasis or death, 0.28; 95% CI,
0.23 to 0.35; P,001). No significant difference was seen in
OS, although OS data were not mature at the time of final
analysis for metastasis-free survival. Adverse events in-
cluded rash (24% vs 5.5%), fracture (11% vs 6.5%), and
hypothyroidism (8% vs 2%). Patients with M0 CRPC can
be offered apalutamide, if PSADT is#10 months (category
1). In a prespecified exploratory analysis of SPARTAN,
health-related QOL was maintained in both the apalu-
tamide and placebo groups.197

Chemotherapy and Immunotherapy
Recent research has expanded the therapeutic options
for patients with metastatic CRPC depending on the
presence or absence of symptoms.

Docetaxel
Two randomized phase 3 studies evaluated docetaxel-
based regimens in symptomatic or rapidly progressive
disease (TAX 327 and SWOG 9916).198–200 TAX 327 com-
pared docetaxel (every 3 weeks or weekly) plus predni-
sone to mitoxantrone plus prednisone in 1,006 men.199

Every-3-week docetaxel resulted in higher median OS
than mitoxantrone (18.9 vs 16.5 months; P5.009). This
survival benefit wasmaintained at extended follow-up.200

The SWOG 9916 study also showed improved survival
with docetaxel when combined with estramustine com-
pared with mitoxantrone plus prednisone.198 Docetaxel is
FDA-approved for metastatic CRPC. The standard regimen
is every 3weeks. An alternative to every-3-week docetaxel is
a biweekly regimen of 50 mg/m2. This regimen is based
on a large randomized phase 2 trial of 346 men with
metastatic CRPC randomized to either every-2-week
docetaxel or every-3-week docetaxel, each with main-
tenance of ADT and prednisone.201 Men treated with
the every-2-week regimen survived an average of 19.5
months compared with 17.0 months with the every-
3-week regimen (P5.015). Time-to-progression and PSA
decline rate favored every-2-week therapy. Tolerability was

improvedwith every-2-week docetaxel; febrile neutropenia
rate was 4% versus 14%, and other toxicities and overall
QOL were similar.

Docetaxel is included as an upfront option for men
with castration-naı̈ve prostate cancer and distant me-
tastases based on results from 2 phase 3 trials (ECOG
3805/CHAARTED and STAMPEDE).202,203 CHAARTED
randomized 790 men with metastatic, castration-naı̈ve
prostate cancer to docetaxel (75 mg/m2 intravenous
every 3 weeks3 6 doses) plus ADT or ADT alone.203 After
a median follow-up 53.7 months, the patients in the
combination arm experienced a longer OS than those in
the ADT arm (57.6 vs 47.2 months; HR, 0.72; 95% CI,
0.59–0.89; P5.002).204 Subgroup analysis showed that the
survival benefit was more pronounced in the 65% of
participants with high-volume disease (HR, 0.63; 95% CI,
0.50–0.79; P,.001). Men with low-volume disease in
CHAARTED did not derive a survival benefit from the
inclusion of docetaxel (HR, 1.04; 95%CI, 0.70–1.55; P5.86).

The STAMPEDE trial, a multiarm, multistage phase 3
trial, included patients with both M0 and M1 castration-
naı̈ve prostate cancer.202 The results in the M1 population
essentially confirmed the survival advantage of adding
docetaxel (75mg/m2 intravenous every 3weeks3 6 doses)
to ADT seen in the CHAARTED trial. In STAMPEDE,
extent of disease was not evaluated in the 1,087men with
metastatic disease, but the median OS for all patients
with M1 disease was 5.4 years in the ADT-plus-docetaxel
arm versus 3.6 years in the ADT-only arm (a difference of
1.8 years between groups compared with a 1.1-year
difference in CHAARTED). The results of the STAMPEDE
trial seem to confirm the results of the CHAARTED trial.

Some data suggest that the use of docetaxel in
combination with ADT and EBRT may benefit fit men
with high- and very-high-risk localized disease. The
GETUG 12 trial, which randomized 413menwith high- or
very-high risk prostate cancer to IMRT and ADT or ADT,
docetaxel, and estramustine.205 After a median follow-up
of 8.8 years, 8-year relapse-free survival was 62% in the
combination therapy arm and 50% in the ADT-only arm
(adjusted HR, 0.71; 95% CI, 0.54–0.94; P5.017). The
multicenter, phase 3 NRG Oncology RTOG 0521 trial
randomized 563 patients with high- or very-high-risk
prostate cancer ADT plus EBRT with or without doce-
taxel.206 After median follow-up 5.7 years, 4-year OS was
89% (95% CI, 84%–92%) for ADT/EBRT and 93% (95% CI,
90%–96%) for ADT/EBRT/docetaxel (HR, 0.69; 90% CI,
0.49 to 0.97; one-sided P5.03). Improvements were also
seen in disease-free survival and the rate of distant
metastasis. The panel does not recommended the ad-
dition of docetaxel to ADT plus EBRT in patients with
high and very-high risk prostate cancer, however, at this
time. Longer follow-up is needed to determine the effects
of early docetaxel on response to subsequent treatment.
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In addition, longer follow-upwill show whether the long-
term side effects of EBRT, which generally begin 4 to
5 years after EBRT, are increased with docetaxel.

Cabazitaxel
In June 2010, the FDA approved cabazitaxel, a semi-
synthetic taxane derivative, for men with metastatic
CRPC previously treated with a docetaxel-containing
regimen. An international randomized phase 3 trial
(TROPIC) randomized 755 men with progressive meta-
static CRPC to receive cabazitaxel 25 mg/m2 or mitox-
antrone 12 mg/m2, each with daily prednisone.207 A
2.4-month improvement in OS was demonstrated with
cabazitaxel compared with mitoxantrone (HR, 0.72;
P,.0001). The improvement in survival was balanced
against a higher toxic death rate with cabazitaxel (4.9% vs
1.9%), which was due, in large part, to differences in rates
of sepsis and renal failure. Febrile neutropenia was ob-
served in 7.5% of cabazitaxel-treated men vs 1.3% of
mitoxantrone-treated men. The incidences of severe
diarrhea (6%), fatigue (5%), nausea/vomiting (2%), anemia
(11%), and thrombocytopenia (4%) also were higher in
cabazitaxel-treated men, which indicated the need for
vigilance and treatment or prophylaxis in this setting to
prevent febrile neutropenia. The survival benefit was
sustained at an updated analysis with a median follow-
up of 25.5 months.208 Furthermore, results of a posthoc
analysis of this trial suggested that the occurrence of
grade $3 neutropenia after cabazitaxel treatment was
associated with improvements in both progression-free
survival and OS.209

The phase 3 open-label, multinational, noninferiority
PROSELICA study compared 20 mg/m2 cabazitaxel with
25 mg/m2 cabazitaxel in 1,200 patients with metastatic
CRPC who progressed on docetaxel.210 The lower dose
was found to be noninferior to the higher dose for median
OS (13.4 months [95% CI, 12.19–14.88] vs 14.5 months
[95%CI, 13.47–15.28]), and grade 3/4 adverse events were
decreased (39.7% vs 54.5%). In particular, grade $3
neutropenia rates were 41.8% and 73.3% for the lower
and higher dose groups, respectively. Cabazitaxel at 20
mg/m2 every 3 weeks, with or without growth factor
support, is now standard of care for fit patients. Cab-
azitaxel at 25 mg/m2 may be considered for healthy men
who wish to be more aggressive.

Recent results from the phase 3 FIRSTANA study
suggested that cabazitaxel has clinical activity in patients
with chemotherapy-naı̈ve metastatic CRPC.211 Median
OS, the primary endpoint, was similar between 20mg/m2

cabazitaxel, 25 mg/m2 cabazitaxel, and 75 mg/m2

docetaxel (24.5, 25.2, and 24.3 months, respectively).
Cabazitaxel was associated with lower rates of periph-
eral sensory neuropathy than docetaxel, particularly at
20 mg/m2 (12% vs 25%). Therefore, patients who are not

candidates for docetaxel, who cannot tolerate docetaxel,
or who have pre-existing mild peripheral neuropathy
should be considered for cabazitaxel.211

Cabazitaxel should be givenwith concurrent steroids
(daily prednisone or dexamethasone on the day of
chemotherapy). Physicians should follow current guide-
lines for prophylactic white blood cell growth factor use,
particularly in this heavily pretreated, high-risk pop-
ulation. In addition, supportive care should include
antiemetics (prophylactic antihistamines, H2 antago-
nists, and corticosteroids prophylaxis), and symptom-
directed antidiarrheal agents. Cabazitaxel was tested in
patients with hepatic dysfunction in a small, phase I,
dose-escalation study.212 Cabazitaxel was tolerated in
patients with mild to moderate hepatic impairment.
However, cabazitaxel should not be used in patients with
severe hepatic dysfunction. Cabazitaxel should be stopped
on clinical disease progression or intolerance.

Sipuleucel-T
In April 2010, sipuleucel-T became the first in a new class
of cancer immunotherapeutic agents to be approved by
the FDA. This autologous cancer “vaccine” involves
collection of the white blood cell fraction containing
antigen-presenting cells from each patient, exposure of
the cells to the prostatic acid phosphatase-granulocyte
macrophage colony-stimulating factor (PAP-GM-CSF
recombinant fusion protein), and subsequent reinfusion
of the cells. The pivotal study was a phase 3, multicenter,
randomized, double-blind trial (D9902B),213 in which
512 patients with minimally symptomatic or asymp-
tomatic metastatic CRPC were randomized 2:1 to receive
sipuleucel-T or placebo. Median survival in the vaccine
arm was 25.8 months compared with 21.7 months in the
control arm. Sipuleucel-T treatment resulted in a 22%
reduction in mortality risk (HR, 0.78; 95% CI, 0.61–0.98;
P5.03). Common complications included mild to mod-
erate chills (54.1%), pyrexia (29.3%), and headache (16.0%),
which usually were transient.

The panel prefers that sipuleucel-T be used as initial
therapy for asymptomatic or minimally symptomatic
patients with metastatic CRPC, so that disease burden is
lower and immune function potentially more intact.
Clinicians and patients should be aware that the usual
markers of benefit (decline in PSA and improvement in
bone or CT scans) are not seen. Therefore, benefit to the
individual patient cannot be ascertained using currently
available testing.

Pembrolizumab
The FDA approved the use of pembrolizumab, an anti-
PD1 antibody, for treatment of patientswith “unresectable
or metastatic microsatellite instability-high (MSI-H) or
mismatch repair (MMR)-deficient solid tumors who have
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progressed on prior treatment and who have no satis-
factory alternative treatment options” onMay 23, 2017.214

The indication has since been expanded to include sev-
eral cancer types, but not prostate cancer specifically.215

The recommended adult dose of pembrolizumab for this
indication is 200 mg intravenously once every 3 weeks.

FDA accelerated approval was based on the treat-
ment of 149 patients across 5 clinical studies involving
MSI-H or MMR-deficient (dMMR) colorectal (n590) or
noncolorectal (n559) cancer for an objective response rate
of 40% (59/149).214 All patients received $1 prior regimen.
Among the noncolorectal cohorts, 2 patients had meta-
static CRPC: one attained a partial objective response, and
the other attained stable disease for .9 months.

A limited number of additional patients with met-
astatic CRPC treated with pembrolizumab have been
reported.59,216–218 In 1 study, only 1 patient had prostate
cancer.217 He had treatment-refractory, progressive,
metastatic, dMMR disease and experienced a complete
response; his prior therapy was not reported. In the other
study, 10 patients with CRPC and nonvisceral metastases
(bone, 7; lymph nodes, 2; bone and liver, 1) who had
disease progression on enzalutamide were treated with
pembrolizumab and enzalutamide.216 Some of the patients
also had experienced disease progression on additional
therapies (docetaxel for castration-naı̈ve disease, abir-
aterone, and/or sipuleucel-T). Three of the 10 patients
showed a near complete PSA response. Two of these
3 patients had radiographically measurable disease and
showed a partial radiographic response (including a
response in liver metastases). Of the remaining patients,
3 showed stable disease and 4 displayed no evidence of
clinical benefit. Genetic analysis of biopsy tissue from 2
PSA responders and 2 PSA nonresponders revealed that
one responder had an MSI-H tumor, whereas the other
responder and the nonresponders did not. The non-
randomized phase Ib KEYNOTE-028 trial included
23 patients with advanced, progressive prostate cancer,
of whom 74% had received $2 previous therapies for
metastatic disease.218 The objective response rate by
investigator review was of 17.4% (95% CI, 5.0%–38.8%),
with 4 confirmed partial responses. Eight patients
(34.8%) had stable disease. Treatment-related adverse
events occurred in 61% of patients after median follow-
up 7.9 months; 17% of the cohort experienced grade 3/4
events (ie, grade 4 lipase increase, grade 3 peripheral
neuropathy, grade 3 asthenia, grade 3 fatigue).

The most common adverse events from pem-
brolizumab are fatigue, pruritus, diarrhea, anorexia, con-
stipation, nausea, rash, fever, cough, dyspnea, and
musculoskeletal pain. Pembrolizumab also may be as-
sociated with immune-mediated side effects, which in-
clude colitis, hepatitis, endocrinopathies, pneumonitis,
or nephritis.

Based on the available data, the panel supports the
use of pembrolizumab in patients with MSI-H or dMMR
metastatic CRPC whose disease has progressed through
at least 1 line of systemic therapy for M1 CRPC (category
2B). The prevalence of MMR deficiency in metastatic
CPRC is estimated at 2%–5%,32,217, and testing for MSI-H
or dMMR can be performed using DNA testing or
immunohistochemistry. If tumor MSI-H or dMMR is
identified, the panel recommends referral to genetic
counseling for consideration of germline testing for
Lynch syndrome.

Treatment Implications for Patients With DNA
Repair Gene Mutations
Early studies suggest germline and somatic mutations in
homologous recombination repair genes (eg, BRCA1,
BRCA2, ATM, PALB2, FANCA, RAD51D, CHEK2) may be
predictive of the clinical benefit of poly-ADP ribose
polymerase (PARP) inhibitors.219–221 In particular, phase
2 data suggest that one PARP inhibitor, olaparib, has
clinical activity in such patients, and trials of this agent
and other PARP inhibitors are ongoing to assess the
overall net clinical benefit of such therapy in men with
CRPC, particularly in those men with either germline or
somatically acquired DNA repair enzyme mutations.220,221

One of these trials was randomized, double-blind, and
placebo-controlled, and the primary endpoint of median
radiographic PFS was met (13.8 months in the olaparib/
abiraterone arm vs 8.2months in the placebo/abiraterone
arm; HR, 0.65; 95% CI, 0.44-0.97; P5.034).221 The 142
patients in this trial were not selected based onmutational
status. At present, no PARP inhibitor is approved for use in
prostate cancer.

DNA repair defects have been reported to be pre-
dictive for sensitivity to platinum agents in CRPC and
other cancers.222–224 Platinum agents have shown some
activity in patients with CRPC without molecular selec-
tion.225 Studies of platinum agents in patients with CRPC
that have DNA repair gene mutations are needed.

In addition, a recent study suggested that patients
with metastatic CRPC and germline mutations in DNA
repair genes may have better outcomes if treated with
abiraterone or enzalutamide than with taxanes.35 How-
ever, it should be noted that the response of patients with
metastatic CRPC and homologous recombination repair
gene mutations respond to standard therapies is similar
to the response of patients without mutations.226,227

The panel recommends clinical trial enrollment for
men with prostate cancer and DNA repair gene mutations.

Agents Related to Bone Health in CRPC
In a multicenter study, 643 men with CRPC and
asymptomatic or minimally symptomatic bone metastases
were randomized to intravenous zoledronic acid every
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3 weeks or placebo.228 At 15 months, fewer men in the
zoledronic acid 4-mg group than men in the placebo
group had SREs (33% vs 44%; P5.02). An update at
24 months also revealed an increase in the median
time to first SRE (488 days vs 321 days; P5.01).229 No
significant differences were found in OS. Other bisphosph-
onates have not been shown to be effective for prevention
of disease-related skeletal complications. Earlier use of
zoledronic acid in men with castration-naı̈ve prostate
cancer and bone metastases is not associated with lower
risk for SREs, and in general should not be used for SRE
prevention until the development of metastatic CRPC.230

The randomized TRAPEZE trial used a 232 factorial
design to compare clinical PFS (pain progression, SREs,
or death) as the primary outcome in 757 men with bone
metastatic CRPC treated with docetaxel alone or with
zoledronic acid, 89Sr, or both.231 The bone-directed
therapies had no statistically significant effect on the
primary outcome or on OS in unadjusted analysis.
However, adjusted analysis revealed a small effect for
89Sr on clinical PFS (HR, 0.85; 95% CI, 0.73-0.99; P5.03).

For secondary outcomes, zoledronic acid improved the
SRE-free interval (HR, 0.78; 95%CI, 0.65–0.95; P5.01) and
decreased the total SREs (424 vs 605) compared with
docetaxel alone.

Denosumab was compared with zoledronic acid in a
randomized, double-blind, placebo-controlled study in
men with CRPC.232 The absolute incidence of SREs was
similar in the 2 groups; however, the median time to first
SREwas delayed by 3.6months by denosumab compared
with zoledronic acid (20.7 vs 17.1 months; P5.0002 for
noninferiority, P5.008 for superiority). The rates of im-
portant SREs with denosumabwere similar to zoledronic
acid and included spinal cord compression (3% vs 4%),
need for radiation (19% vs 21%), and pathologic fracture
(14% vs 15%).

Treatment-related toxicities reported for zoledronic
acid and denosumab were similar and included hypo-
calcemia (more common with denosumab 13% vs 6%),
arthralgias, and osteonecrosis of the jaw (1%–2% inci-
dence). Most, but not all, patients who develop osteo-
necrosis of the jaw have preexisting dental problems.233
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