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Abstract Treatment of advanced prostate cancer has changed
considerably in recent years, but the vast majority of advances
have been made in patients with metastatic castration-resistant
disease. There have been relatively fewer advances in the
earlier, hormonally responsive stage of metastatic disease.
Since the empiric establishment of androgen deprivation ther-
apy as first-line therapy for metastatic prostate cancer decades
ago, there have been multiple studies looking at variations of
suppressing testosterone, but the overall paradigm has not
been strongly challenged until more recently. In particular,
the dramatic results reported by the CHAARTED trial not
only bring chemotherapy to an arena historically dominated
solely by hormonal therapy but also stimulate renewed efforts
into improving upon our management of metastatic hormone-
sensitive prostate cancer.
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Introduction

In 1941, Charles Huggins and Clarence Hodges published
their seminal work establishing the relationship between
growth of prostate adenocarcinoma and androgenic hormones

[1, 2]. By suppressing testosterone production, either pharma-
cologically or surgically, improvements in acid and alkaline
phosphatases were observed [1], and dramatic clinical benefits
were observed in men with advanced, metastatic prostate can-
cer [2]. These findings quickly paved the way for androgen
deprivation therapy to be empirically accepted as first-line
treatment for prostate cancer patients with metastatic disease.
Since then, despite years of collective clinical experience and
multiple large multicenter clinical trials, many questions about
the optimal management of hormone-sensitive metastatic
prostate cancer remained unanswered. For instance, was there
an optimal manner by which to suppress testosterone? Was
combined androgen deprivation therapy better than monother-
apy? Did intermittent androgen deprivation therapy (ADT)
have a role in extending survival and improving quality of
life? Could the addition of other therapies at the time of diag-
nosis of metastatic disease improve survival? Recent random-
ized trials have brought some intriguing new data to consider
(Fig. 1).

Primary Androgen Deprivation Therapy

ADT remains the mainstay of treatment for metastatic
hormone-sensitive prostate cancer. Castrate levels of testoster-
one can be effectively achieved by either bilateral orchiectomy
or gonadotropin releasing hormone (GnRH) agonists or an-
tagonists. Both approaches are recommended by consensus
guidelines issued by the American Society of Clinical Oncol-
ogy (ASCO) and the EuropeanAssociation of Urology (EAU)
[3, 4].

While ADT demonstrates antitumor activity, it is not cura-
tive. Decreases in serum prostate-specific antigen (PSA)
levels are observed in >90 % of patients following initiation
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of ADT, with objective tumor responses seen in 80–90 %.
This response is often associated with improvements in qual-
ity of life (QOL) by reducing bone pain, decreasing skeletal-
related events (SRE), and improving symptoms of urinary
obstruction. Time to the development of resistance to primary
ADT is variable, but the median duration is approximately 18
to 24months. Response to primary ADT varies from person to
person and is influenced by factors such as Gleason score,
sites of metastases, and overall volume of disease. The depth
of PSA nadir following initiation of ADT has been shown to
be a strong predictor of survival. In a large intergroup study in
which all patients received 7 months of induction ADT, a
nadir PSA ≤0.2 ng/mL was associated with the best survival
outcomes, followed by attaining PSA levels between 0.2 and
≤4.0 ng/mL, and lastly PSA nadirs >4.0 ng/mL (75 vs. 44 vs.
13 months, p<0.0001) [5]. These results suggest that persis-
tent PSA levels are a powerful indicator of the presence of
residual castration-resistant cancer cells.

Medical Castration The initial Nobel Prize-winning work
pioneered by Huggins and Hodges used diethylstilbestrol
(DES) as the castrating agent. DES was further studied by
the Veterans Administration Cooperative Urological Research
Group (VACURG) in a series of clinical trials that showed that
DES plus orchiectomy provided no benefit over DES alone,
that early initiation of DES had no survival benefit over de-
layed DES, and that DES had significant cardiovascular tox-
icities at higher doses [6, 7]. DES thus became the first widely
accepted medical regimen for pharmacologic castration.

GnRH was later isolated in 1971 [8]. Modifications to the
peptide at the sixth amino acid position yielded potent GnRH
analogues that have a paradoxical effect on pituitary cells.
Tonic stimulation by the synthetic GnRH analogues causes
an initial surge in hormone production, but subsequent down-
regulation of the GnRH receptors which leads to inhibition of
LH and FSH production, ultimately resulting in the suppres-
sion of androgen production.

Leuprolide, one of the first GnRH analogues introduced,
was compared to DES in a randomized clinical trial of men
with metastatic prostate cancer, where it was found to be ther-
apeutically equivalent to DES [9]. Other than having a higher
rate of hot flashes, leuprolide had fewer cardiovascular side
effects, less gynecomastia, and less nausea and vomiting com-
pared to DES [9]. Leuprolide quickly replaced DES as the
preferred agent.

Other GnRH agonists (analogues) have since been
introduced (i.e., goserelin, triptorelin, buserelin,
histrelin) and are the current standards of care for
ADT. In the present context, DES is no longer consid-
ered a first-line treatment option and is not commercial-
ly available in North America (although it is available
through compounding pharmacies) [3]. Each GnRH ag-
onist varies in its frequency and route of administration,
but their efficacy is generally accepted to be similar. For
instance, in a randomized trial triptorelin versus
leuprolide, triptorelin reduced testosterone concentrations
at a slightly slower rate, but there was no evidence that
this difference caused any deleterious effects [7].

Fig. 1 Treatment options for
metastatic hormone-sensitive
prostate cancer. 1 Consideration
in select low-risk patients, serum
testosterone remains normal to
high. 2 Consideration in select
patients, may be associated with
limited QOL benefits. 3 Small
benefit for 5-year cancer-specific
survival, but higher rates of ad-
verse events. 4Convincing data in
high volume disease, but data not
yet mature for low volume disease
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Adverse effects of GnRH agonists include hot flashes, de-
creased bone density, decreased libido and sexual function,
gynecomastia, cardiovascular events, and increased insulin
resistance. In addition, due to the initial surge in androgen
production, prostate cancer-related pain and obstructive uri-
nary symptoms can be exacerbated in the short term [10].
Antiandrogens were found in a placebo-controlled trial to be
an effective solution, significantly decreasing these transient
effects [11]. However, in a large retrospective study of 1566
men with metastatic prostate cancer, the use of antiandrogen
prior to initiating a GnRH agonist to ameliorate the testoster-
one flare was not associated with any significant differences in
fractures, spinal cord compression, or bladder outlet obstruc-
tion [12]. The rates of spinal cord compression or fractures
were <1 % in the first 30 days after starting GnRH agonist
regardless of antiandrogen use [12].

The general practice has evolved to avoid initiating men
with severe urinary obstruction or painful bony metastases on
a GnRH agonist alone without first using an antiandrogen to
mitigate the transient testosterone flare. Antiandrogen therapy
is usually started 1–2 weeks prior to a GnRH agonist for
patients at high risk for a clinical flare and continued for at
least 2–4 weeks.

Surgical Castration Although less frequently utilized as the
primary modality for ADT, bilateral orchiectomy offers the
advantage of being able to rapidly decrease testosterone to
castrate levels and also to be a permanent, single intervention.
In emergent situations, such as impending fracture or spinal
cord compression where an immediate decrease in serum tes-
tosterone is required, bilateral orchiectomy may be an effec-
tive option that can be considered. Orchiectomy may also
present a more practical and less costly alternative in cases
where clinical follow-up and medical compliance are difficult.

Medical vs. Surgical Castration The decision to pursue med-
ical or surgical castration usually comes down to personal
preference, although cost and availability are factors to con-
sider as well. Bilateral orchiectomy is a permanent procedure
and can potentially come with a high psychological cost.
GnRH agonists are generally reversible upon cessation, al-
though depending on age and duration on treatment, testoster-
one levels may not fully return to their pretreatment baselines.

Both approaches are clinically effective, although the depth
of testosterone suppression achieved by GnRH agonists may
not be equal to that induced by orchiectomy, as a small but
clinically significant number of men fail to maintain castrate
levels of testosterone on GnRH agonists [13, 14]. A meta-
analysis of 10 trials comparing GnRH agonists with orchiec-
tomy found no statistically significant difference in overall
survival [15]. Equivalence was also seen in progression-
related outcomes and time to treatment failure [15]. Thus,
either surgical or medical castration is an appropriate option

to consider for primary ADT in the setting of metastatic,
hormone-sensitive prostate cancer.

Defining BCastrate^ Levels of Testosterone

The ideal serum testosterone level after ADT remains a con-
troversial issue. The definition of castrate levels of testoster-
one was set at <50 ng/dL based on measurements found in
post-orchiectomy patients using older-generation laboratory
technology. Modern chemiluminescent technology, however,
reports the median post-orchiectomy testosterone levels to be
15 ng/dL [16]. This difference has led some to suggest that
Bcastrate^ levels should be redefined to be <20 ng/dL, al-
though no clinical trials have definitely correlated this lower
level with any additional therapeutic or survival advantage.

In the absence of definitive data, the National Comprehen-
sive Cancer Network (NCCN) has retained the <50 ng/dL
standard for castrate levels of testosterone. Monitoring a pa-
tient’s testosterone response while on a GnRH agonist can be
clinically helpful, especially if the expected clinical or bio-
chemical response is not observed [17]. Additional hormonal
manipulations can be considered for patients who do not
achieve adequate suppression of testosterone following either
medical or surgical castration, although the clinical benefits of
this approach have not yet been proven.

Antiandrogen Monotherapy

Nonsteroidal antiandrogens competitively inhibit the binding
of testosterone and dihydrotestosterone (DHT) to the andro-
gen receptor but do not block the hypothalamic-pituitary axis
or the subsequent production of testosterone. As a result, se-
rum testosterone levels in patients treated with antiandrogens
alone are often normal or higher than normal. Antiandrogen
monotherapy was explored in early clinical trials with the goal
of minimizing unfavorable side effects associated with cas-
trate levels of testosterone, while still controlling cancer.

Compared to GnRH agonist therapy, sexual function and
libido are indeed better preserved with antiandrogen mono-
therapy, with up to one third of patients maintaining sexual
function over the course of therapy, even at higher doses
(bicalutamide 150 mg daily) [18]. Antiandrogen monotherapy
is also associated with better maintenance of bone marrow
density and less fat accumulation [19, 20], but gynecomastia
and breast tenderness occur in up to 80% of patients [21]. This
is an expected toxicity since the supraphysiologic levels of
testosterone are converted to estrogen, which causes these side
effects in male breast tissue. Tamoxifen and prophylactic
breast irradiation have been shown to reduce the incidence
of gynecomastia and breast pain. While tamoxifen is more
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effective than radiotherapy [22], its other potential effects on
the hypothalamic-pituitary axis prevent it from being our first
recommended strategy.

Multiple studies have compared antiandrogen monothera-
py with bilateral orchiectomy, DES, or GnRH agonists. Sur-
vival data are mixed, with some studies showing that
antiandrogen monotherapy is not as effective as [23–25] or
confers similar survival benefits as medical or surgical castra-
tion [26, 27]. There have been no trials directly comparing
different antiandrogen agents head to head. In one meta-anal-
ysis, antiandrogen monotherapy trended towards a shorter OS
as compared to castration, but this difference did not reach
statistical significance [15].

Nonsteroidal antiandrogens are still often used in combina-
tion with GnRH agonists as part of primary combined andro-
gen blockade, or added as a secondary hormonal agent when
castration resistance develops. Antiandrogen monotherapy re-
mains an option for lower risk metastatic disease patients that
wish to prioritize preservation of sexual function [3], but that
decision should be preceded by a conversation detailing risks
and benefits.

Combined Androgen Blockade

Combined androgen blockade (CAB) employs the concurrent
use of a GnRH agonist and an antiandrogen to maximize
androgen ablation. In two of the largest randomized studies
evaluating the combined approach, leuprolide plus flutamide
demonstrated an improved median overall survival (OS) (35.6
vs. 28.3 months, p=0.035) and progression-free survival
(PFS) (16.5 vs. 13.9 months, p=0.039) over leuprolide alone
[28], whereas orchiectomy plus flutamide had no significant
OS benefit (p=0.14) over orchiectomy alone [29]. The differ-
ence in results across the two trials is unclear, as they had
similar eligibility requirements, but noncompliance with daily
leuprolide injections may have resulted in suboptimal andro-
gen suppression [29]. Evaluation of serum testosterone was
not performed to confirm castrate levels as part of the
leuprolide trial.

Several meta-analyses have explored CAB, each demon-
strating a small 5-year survival benefit with the addition of an
antiandrogen to medical or surgical castration [30–32]. The
Prostate Cancer Trialists’ Collaborative Group meta-analysis
reports an absolute 5-year survival advantage to CAB of 2–
3 % [31]. Similarly, the meta-analysis performed by Samson
et al. found an overall survival benefit at 5 years (hazard ratio
(HR) 0.871, 95 % confidence interval (CI) 0.805–0.942), al-
though they did not find the same benefit at the 2-year time
point (HR 0.970, 95 % CI 0.866–1.087) [32]. Lastly, a
Cochrane review demonstrated an improved 5-year cancer-
specific survival with CAB but noted that CAB was

associated with more frequent adverse events, leading to
higher rates of therapy withdrawal (10 vs. 4 %) [30].

Practice guidelines do not make any specific recommenda-
tions about CAB but consider it an option that can be consid-
ered [3]. The limited advantage of CAB over monotherapy
needs to be weighed against the increased risk of adverse
effects, higher cost, and possible decrease in QOL.

GnRH Antagonists

Gonadotropin releasing hormone antagonists bind the
GnRH receptors in the pituitary, but do not stimulate
the release of LH and FSH, bypassing the initial testos-
terone flare seen with GnRH agonists. In a phase III
trial, degarelix demonstrated noninferiority to leuprolide
at maintaining testosterone suppression (≤50 ng/dL)
over a 1-year treatment period [33]. Following the stan-
dard 240 mg loading dose, both degarelix cohorts (80
and 160 mg monthly) achieved a rapid suppression of
testosterone, with 96.1 and 95.5 % reaching ≤50 ng/dL
within 3 days of initiation of treatment, respectively, as
compared to 0 % in the leuprolide group. The median
PSA levels 14 and 28 days were significantly lower in
the degarelix groups as well (p<0.001). Hormonal side
effect profiles were similar, but degarelix had notably
higher rates of injection site reactions (40 vs. <1 %,
p<0.001). A secondary analysis showed that cardiovas-
cular complications were similar for both leuprolide and
degarelix [34].

In an extension study, patients originally assigned to
degarelix were continued onmaintenance degarelix, and those
originally assigned to leuprolide were crossed over to receive
degarelix. Over a 5-year period, treatment with degarelix fol-
lowing leuprolide was well-tolerated and provided sustained
testosterone suppression throughout [35•].

A common recent practice when initiating patients on ADT
has been to start with a GnRH antagonist in order to avoid the
testosterone flare and acquire rapid control over serum testos-
terone, then subsequently transition to a GnRH agonist which
can be administered on a less frequent schedule. Monthly
maintenance injections, as well as the injection site reactions,
may make GnRH antagonists less appealing to some patients.

Newer Androgen Receptor-Targeted Therapies

Enzalutamide, a potent second-generation androgen receptor
antagonist, has shown significant OS and PFS benefits in the
metastatic castration-resistant disease setting [36, 37]. Its util-
ity in the hormone-sensitive patients remains an area of active
investigation.
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A phase II, single-arm study of enzalutamide, as an alter-
native to primary ADT, was carried out to assess its potential
as first-line therapy in metastatic hormone-sensitive disease.
PSA declines with enzalutamide monotherapy were similar to
historical controls with GnRH agonists, with 92.5 % of pa-
tients achieving a ≥80 % decline in serum PSA by 25 weeks
[38•]. As expected of an antiandrogen given as monotherapy,
levels of FSH, LH, testosterone, and SHBG were all substan-
tially elevated. Though generally well-tolerated, common side
effects over the 25 weeks observational period included gy-
necomastia (36%), nipple pain (34%), fatigue (19%), and hot
flashes (18 %) [38•]. These figures appear lower than those
historically reported for bicalutamide monotherapy. Extended
follow-up of these trial patients is still ongoing; survival data
is not yet available.

With only limited clinical evidence available at this time,
the use of enzalutamide for treatment of hormone-sensitive
prostate cancer remains investigational. There is no data yet
to suggest that enzalutamide in conjunction with primary
ADT is more efficacious, but this is the subject of ongoing
studies.

Intermittent vs. Continuous ADT

Intermittent androgen deprivation (IADT) has been explored
as an alternative to standard continuous ADT (CADT) in
hormone-sensitive metastatic prostate cancer. The general

rationale for this approach has been multifold: minimize
ADT-associated adverse effects, potentially improve time to
castration resistance and thus survival, and decrease cost of
therapy. A small early study randomized 68 men with
castration-sensitive advanced or relapsing prostate cancer to
receive either intermittent or continuous CAB. With a mean
follow-up of 30.8 months, the 3-year progression to androgen
independence was significantly lower in the intermittent arm
than the continuous arm (7.0 vs. 38.9 %, p=0.0052) [39].
Since then, several studies have been designed to compare
IADT and CADT, each with varying aims and results
(Table 1).

The SEUG trial randomized 626 patients with locally ad-
vanced or metastatic disease to either IADT or CADT and
found no significant OS benefit for CADT when compared
to IADT (HR 0.99, p=0.84) [40]. Adverse effects were slight-
ly more pronounced in the continuous arm, but this did not
translate to a QOL benefit in the IADT arm [40]. The
FinnProstate VII trial studied a similar population of 554
men with locally advanced or metastatic disease and also
found no difference in OS (45.2 vs. 45.7 months, p=0.17)
[41•]. However, the authors commented that aggressive dis-
ease with inadequate PSA responses to ADT should not be
candidates for intermittent therapy. In both trials, nonsignifi-
cant trends favoring CADT for prostate cancer-specific sur-
vival were observed.

The TAP22 trial evaluated IADT vs. CADT in 173 men
with metastatic disease who had good responses (PSA <4 ng/

Table 1 Key intermittent vs. continuous ADT trials

Trial Study population ADT regimen Median
follow-up

Endpoints and results (IADT vs. CADT)

De Leval et al., 2002
[39]

Advanced or relapsing
prostate cancer

GnRHa+antiandrogen 30.8 months • 3-year progression rate 7.0 vs. 38.9 % (p=0.0052)

SEUG 9401
Calais et al., 2009
[40]

Locally advance or
metastatic prostate cancer

GnRHa+cyproterone
acetate

51 months • TTP: HR 0.81 in favor of CADT (95 % CI 0.63–1.05,
p=0.11)

• OS: HR 0.99 (95 % CI 0.80–1.23, p=0.84)
• QOL: no significant differences

FinnProstate VII
Salonen et al., 2012
[41•]

Locally advance or
metastatic prostate cancer

GnRHa only 65.0 months • TTP 34.5 vs. 30.2 months (HR 1.08, p=0.43)
• PCa-specific survival 45.2 vs. 44.3 months (HR 1.17,
p=0.29)

• OS 45.2 vs. 45.7 months (HR 1.15, p=0.17)

TAP22
Mottet et al., 2012
[42•]

Metastatic prostate cancer Leuprolide+flutamide 3.7 years • OS 42.2 vs. 52.0 months (p=0.75)
• PFS 20.7 vs. 15.1 months (p=0.74)
• QOL: No significant differences

TULP
Langenhuijsen et al.,

2013 [43••]

Metastatic prostate cancer Busereline+nilutamide 31 months • 2-year risk of progression with PSA nadir ≤0.2 ng/ml, 53
vs. 31 % (p=0.03)

SWOG 9346
Hussain et al., 2013
[44••]

Metastatic prostate cancer Goserelin+bicalutamide 9.8 years • OS 5.1 vs. 5.8 years (HR 1.10)
• QOL: IADTwith better erectile function and mental
health at 3 months, but not afterwards

TTP time to progression, PCa prostate cancer, OS overall survival, QOL quality of life, PSA prostate-specific antigen, IADT intermittent androgen
deprivation therapy, CADT continuous androgen deprivation therapy, GnRHa gonadotropin releasing hormone analogue
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mL) to a 6-month induction course of ADT. The median OS
favored CADT (42.2 vs. 52.0 months, p=0.75), whereas
the median PFS favored IADT (20.7 vs. 15.1 months,
p=0.74), but neither was statistically significant [42•].
The TULP study randomized 193 men with serum
PSA levels measuring <4 ng/mL after 6 months of
ADT to receive IADT or CADT and found that IADT
was associated with a significantly higher 2-year risk of
progression in patients with PSA nadir ≤0.2 ng/mL as
compared to CADT (53 vs. 31 %, p=0.03) [43••],
which is particularly salient, as PSA nadir has been
previously shown to be a strong independent predictor
of survival in metastatic prostate cancer [5]. Neither the
TAP22 nor the TULP study found any clinically signif-
icant differences between the two treatment approaches
for health-related QOL.

The strongest data comes from the large noninferiority trial
by the Southwestern Oncology Group (SWOG). Of the 1749
patients randomized, 1535 were available for analysis at a
median follow-up of 9.8 years. The median survival in the
CADT arm was longer than that of the IADT arm (5.8 vs.
5.1 years, HR 1.10, 90 % CI 0.99–1.23), but the trial was
considered Bstatistically inconclusive^ [44••]. Noninferiority
of IADTcould not be established based on the trial’s statistical
design as the upper 90% confidence interval extended beyond
the inferiority threshold of 1.20. Post hoc subset analyses
showed that the overall treatment effect was consistent across
all subgroup of patients, with the exception of patients with
extensivemetastatic disease, where IADTmet criteria for non-
inferiority [44••]. IADT improved erectile function and mental
health at 3 months post-randomization, but this advantage did
not hold at later time points.

A meta-analysis of eight prospective randomized trials in
mixed disease states found slight increases in all-cause and
prostate cancer-specific mortality (2 and 4 %, respectively)
associated with IADT but were not significantly significant
[45••]. In the subgroup of patients with confirmed metastatic
disease, there was again no significant difference in OS be-
tween the two ADT approaches [45••]. Similarly, a critical
review of seven prospective randomized trials concluded that
IADT produces oncologic results similar to CADT in the met-
astatic disease setting, but with QOL benefits that are modest
at best [46•].

Continuous ADT remains the standard of care for patients
with metastatic disease based on primary data from the
SWOG study. However, intermittent ADT should no lon-
ger be considered an investigational approach and can
be a consideration in select patients [4]. The general
practice for IADT is to treat patients with ADT for
either a preset period of time or until maximal biochem-
ical remission is realized, at which time treatment is
withheld and the patient closely monitored until there
is evidence of appreciable disease recurrence. Practices

vary, but PSA threshold for restarting ADT is typically
set in the 10–20 ng/mL range.

Early vs. Deferred ADT

For patients with symptomatic metastases, ADT should be
started as soon as possible for palliation of symptoms and
prevention of complications such as pathologic fracture or
spinal cord compression.

Optimal timing for initiation of ADT in asymptomatic pa-
tients remains a point of contention. Early ADT is associated
with treatment-related adverse effects that can significantly
impact the QOL in an otherwise asymptomatic patient. In
contrast, by not providing active treatment, deferred ADT runs
the risk of allowing potentially irreversible disease complica-
tions, such as fracture or spinal cord compression. This has
been the topic of randomized trials, but due to heterogeneities

Table 2 Key immediate vs. deferred ADT trials

Trial Study population ADT
regimen

Criteria to
initiate deferred
ADT

ECOG
Messing
et al.,
1999
[47]

Lymph node-positive pros-
tate cancer following
radical prostatectomy

Orchiectomy
or
goserelin

Non-PSA
progression

MRC
PR03

Kirk
et al.,
2004
[48]

Locally advanced and
asymptomatic metastatic
prostate cancer

Orchiectomy
or GnRH
analogue

Once an
indication
occurred

SAKK
08/88

Studer
et al.,
2004
[49]

Asymptomatic patients not
undergoing curative
local treatment

Orchiectomy Symptomatic
progression

EORTC
30846

Schroder
et al.,
2004
[50]

Lymph node-positive pros-
tate cancer without radi-
cal prostatectomy

Orchiectomy
or
buserelin

Radiographic or
symptomatic
progression

EPCP
McLeod
et al.,
2005
[51]

Localized and locally
advanced prostate
cancer

Bicalutamide At progression,
per physician
discretion

EORTC
30891

Studer
et al.,
2006
[52]

Localized, locally
advanced, and node-
positive prostate cancer

Orchiectomy
or
buserelin

Symptomatic
progression
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in trial designs and cohorts enrolled (Table 2), general conclu-
sions have been difficult. A meta-analysis of four trials, total-
ing 3065 patients, found that early ADTwas associated with a
decrease in prostate cancer-related deaths (relative risk (RR)
0.84, 95 % CI 0.77–0.92, p=0.0001), but no OS improvement
(RR 0.98, 95%CI, 0.95–1.01, p=0.18) [3]. Prognostic factors
for disease progression such as age, Gleason score, PSA dou-
bling time, and PSA response to ADT were not factored into
any of these trials, so subcategories of patients at higher risk
for prostate cancer-specific or overall mortality were not able
to be identified.

Practice guidelines currently do not make a strong recom-
mendation for early ADT in metastatic hormone-sensitive
prostate cancer [3]. While clinical practice varies, we like
many clinicians generally favor early initiation of ADT to
prevent morbidity from potential complications, especially in
patients who have disease with high-risk features or who are
rapidly progressing. Patients that choose to defer ADT until a
time when symptoms develop require regular follow-ups for
close monitoring, including a minimum of quarterly PSA tests
and annual imaging. PSA doubling time calculation and care-
ful symptom assessment at regular intervals are critical for
determining the need for intervention.

Chemohormonal Therapy for Hormone-Sensitive
Metastatic Prostate Cancer

Androgen deprivation therapy, whether monotherapy or com-
bined androgen blockade, intermittent or continuous, imme-
diate or deferred, has long been the primary standard of care
for management of metastatic castration-sensitive disease.
This concept has been recently challenged with a clinical trial
which reports a statistically significant clinical benefit with the
addition of docetaxel chemotherapy to ADT in this earlier
metastatic setting.

The CHAARTED trial randomized 790 men with previ-
ously untreated metastatic hormone-sensitive prostate cancer
to receive either ADT plus docetaxel (75 mg/m2, every
3 weeks, 6 cycles) vs. ADT alone, with OS being the primary
endpoint of the study. Preliminary findings were reported at
the ASCO plenary session in June 2014.

With a median follow-up interval of 29 months, the addi-
tion of 6 cycles of docetaxel within 120 days of initiation of
ADT significantly improved OS as compared to ADT alone
(57.6 vs. 44.0 months, HR 0.61, 95 % CI 0.47–0.80, p=
0.0003) [53••]. In subgroup analyses, patients with high-
volume metastatic disease (65 %), as defined by the presence
of visceral metastasis or ≥4 bone metastases (with at least one
being extra-axial), had an even more dramatic OS improve-
ment of 17 months with ADT plus docetaxel (49.2 vs.
32.2 months, HR 0.60, 95 % CI 0.45–0.81, p=0.0006)
[53••]. The median OS was not yet reached for low-volume

disease at time of interim analysis, but the hazard ratio for
survival also favored the chemotherapy arm. All other sub-
groups also favored early chemohormonal therapy.

Secondary endpoints of PSA <0.2 ng/mL at 6 months (27.5
vs. 14.0 %, p<0.0001), PSA <0.2 ng/mL at 12 months (22.7
vs. 11.7 %, p<0.0001), median time to CRPC (20.7 vs.
14.7 months, HR 0.56, 95 % CI 0.44–0.70, p<0.0001), and
median time to clinical progression (32.7 vs. 19.8 months, HR
0.49, 95 % CI 0.37–0.65, p<0.0001) all strongly favored the
combination therapy arm as well [53••].

In contrast, a smaller study from Europe—GETUG 15—
randomized 385 men with metastatic hormone-sensitive pros-
tate cancer to ADT plus docetaxel (75 mg/m2, every 3 weeks,
up to 9 cycles) vs. ADT alone. With a median follow-up pe-
riod of 50 months, OS was not different between the ADT
plus docetaxel patients as compared to patients receiving ADT
alone (58.9 vs. 54.2 months, HR 1.01, 95 % CI 0.75–1.36, p=
0.955) [54•]. However, significant improvements were seen in
biochemical PFS (22.9 vs. 12.9, HR 0.72, 95 % CI 0.57–0.91,
p=0.005) and clinical PFS (23.5 vs. 15.4 months, HR 0.75,
95 % CI 0.59–0.94, p=0.015) [54•].

Differences in the prognosis of the two cohorts enrolled likely
explain the difference in OS benefit between the CHAARTED
and GETUG 15 studies. CHAARTED was initially designed to
only enroll patients with high-volume disease, but later allowed
low-volume patients to participate in order to meet accrual goals.
This accounts for the large disparity between the percentages of
high-risk/volume patients enrolled in each trial, 65 % in CHAA
RTED vs. 22 % in GETUG-AFU, which is further reflected in
the OS differences in their ADT alone control arms, 44.0 and
54.2 months, respectively.

At the time of this review, the final publication of the
CHAARTED trial is not yet in print. In addition, an ongoing
trial in Europe STAMPEDE, will also address the issue of
efficacy of chemohormonal therapy in hormone-sensitive
metastatic prostate cancer. Nonetheless, data for high-
volume patients treated in CHAARTED is very convincing
and will likely change practice at least for this subgroup of
patients. There is currently insufficient evidence to
strongly recommend early chemohormonal therapy for
low-volume patients; longer follow-up and further inves-
tigation will yield more data to help answer that ques-
tion. One caveat is that both chemohormonal trials were
conducted at a time where availability of newer thera-
peutic agents such as enzalutamide and abiraterone was
not yet prevalent, and so the value of aggressive early
therapy will need to be reevaluated in this modern con-
text. The full impact of the CHAARTED study will be
shown with time, but by extending the OS benefit of
docetaxel from 2–3 months in the castration-resistant
setting [55] to 13.6 months by giving it upfront in the
hormone-sensitive setting sets the stage for evaluating
other advanced therapies in earlier stages of disease.
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Bone-Targeting Agents

A key adverse effect of ADT is the loss of bone mineral den-
sity. The incidence of fracture increases with prolonged ADT
exposure [56, 57], with risk of skeletal fracture occurring in up
to 19.4 % of men following 5 years of ADT [58]. In addition
to regular weight-bearing exercises and smoking cessation,
calcium and vitamin D should be supplemented if dietary
sources are not sufficient to reach a total daily intake of
1000–1200 mg of calcium and 800–1000 IU of vitamin D.
Periodic bone densitometry testing is valuable for monitoring
of osteoporosis. Various bisphosphonates (zoledronic acid,
alendronate, risedronate, pamidronate) [59–63] and the
RANKL inhibitor, denosumab [64, 65], have shown the abil-
ity to increase bone mineral density while on ADT.

While zoledronic acid and denosumab are effective at palliat-
ing bone pain and decreasing the frequency of SREs in
castration-resistant metastatic prostate cancer [66, 67•], the same
has not been demonstrated in hormone-sensitive metastatic dis-
ease. In a randomized trial, the use of zoledronic acid in
hormone-sensitive metastatic prostate cancer was not associated
with a definite clinical benefit; time to first SRE (31.9 vs.
29.8 months, p=0.39) and overall survival (HR 0.88, p=0.29)
were not significantly different compared to placebo [68••]. No
trial has evaluated the use of denosumab in metastatic hormone-
sensitive disease; however, this agent is FDA-approved for the
prevention of SREs in solid tumors with bone metastases, with-
out specific identification of tumor type or hormone-sensitivity.

Clinical practice for the use of bone-targeting agents varies
widely for metastatic hormone-sensitive disease. Some
choose to introduce a bone-targeting agent at osteoporotic
dosing only if there is evidence of osteopenia or osteoporosis
on bone densitometry, while some clinicians start denosumab
at full treatment dosing for prevention of SREs as allowed by
its labeled indication, despite lack of data to recommend its
use. Still others compromise and give denosumab at a less
frequent or limited schedule to decrease its potential adverse
effects, knowing that while no data exists, administering an
agent with activity against osteoporosis and bone metastases
progression may provide clinical benefit.

Conclusions

Androgen deprivation therapy remains the mainstay of treatment
in metastatic hormone-sensitive prostate cancer. Over the years,
efforts have been made to improve upon the original regimen by
modifying timing and schedule or adding adjunctive agents, but
the optimal management of this disease state is still unknown.
Realistically, it is unlikely that a diverse heterogeneous disease
such as prostate cancer will have one unified optimal plan of
management. A recent breakthrough finding that early
chemohormonal therapy is associated with a significant survival

benefit inmetastatic hormone-sensitive disease highlights the fact
that more can be done for such patients. In the future, better
identifying subgroups of patients that will benefit from specific
treatment approaches are needed. Also, we will need to under-
stand whether chemotherapy used in the hormone-sensitive set-
ting will retain efficacy once castration-resistance develops and
whether there is a role for other newer therapies currently re-
served for metastatic castration-resistant disease such as
abiraterone and enzalutamide.
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