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Use of androgen deprivation therapy in prostate cancer:

indications and prevalence

Roisin M Connolly, Michael A Carducci and Emmanuel S Antonarakis

Androgens play a prominent role in the development, maintenance and progression of prostate cancer. The introduction of androgen
deprivation therapies into the treatment paradigm for prostate cancer patients has resulted in a wide variety of benefits ranging from a
survival advantage for those with clinically localized or locally advanced disease, to improvements in symptom control for patients with
advanced disease. Controversies remain, however, surrounding the optimal timing, duration and schedule of these hormonal
approaches. Newer hormonal manipulations such as abiraterone acetate have also been investigated and will broaden treatment
options for men with prostate cancer. This review highlights the various androgen-directed treatment options available to men with
prostate cancer, their specific indications and the evidence supporting each approach, as well as patterns of use of hormonal therapies.
Asian Journal of Andrology (2012) 14, 177-186; doi:10.1038/aja.2011.103; published online 9 January 2012

Keywords: androgen deprivation therapy; androgen synthesis; anti-androgen; prostate cancer

INTRODUCTION

Prostate cancer is the most common non-cutaneous malignancy in
men in the United States of America and worldwide, and the second
leading cause of cancer death. The median age at diagnosis is approxi-
mately 67 years. It is estimated that 240 890 men will be diagnosed with
prostate cancer and 33 720 men will die of the disease in 2011 in the
United States of America.' Despite the prevalence of prostate cancer,
the 5-year relative survival for men with localized or locally advanced
disease is excellent at almost 100%." With the introduction of pros-
tate-specific antigen (PSA) screening, most men in the present era are
diagnosed as having localized disease, and only a small percentage
(<10%) have locally advanced or metastatic disease at initial di-
agnosis. Unfortunately, men with metastatic disease have a 5-year
relative survival of only about 30%." The use of androgen deprivation
therapy (ADT) has improved symptom control for patients with
metastatic prostate cancer, but no survival advantage has been con-
clusively demonstrated in these patients.” By contrast, the addition of
ADT to primary external beam radiation therapy (RT) has been shown
to improve survival in intermediate- and high-risk patients with local-
ized disease and patients with locally advanced disease. The rationale
for use of ADT in prostate cancer as well as the data supporting its use
in various prostate cancer settings will be reviewed.

ANDROGEN BIOSYNTHESIS

The hypothalamus secretes gonadotropin-releasing hormone (GnRH)
in a pulsatile fashion, which in turn acts on the anterior pituitary gland
to cause pulsatile release of the gonadotropins, luteinizing hormone
(LH) and follicle-stimulating hormone (FSH).? LH targets the testi-
cular Leydig cell receptors, thereby promoting the synthesis of tes-
tosterone.* FSH interacts with the testicular Sertoli cells to promote

the conversion of testosterone to estrogen.” Testosterone itself is syn-
thesized in the testes (approximately 90%) and adrenal glands from its
precursor steroid, cholesterol, via a number of enzymatic steps. It is
subsequently converted in peripheral tissues to its active metabolites
dihydrotestosterone (DHT) and estradiol by 5a-reductase and aroma-
tase respectively (Figure 1).° DHT has a high affinity for the androgen
receptor and along with testosterone itself, mediates the major func-
tions of androgens including regulation of gonadotropin signaling,
spermatogenesis and sexual maturation. Because androgens are
responsible for the initiation, maintenance and progression of prostate
cancer, strategies which block testosterone production or action have
been established as therapeutic strategies in patients with this disease.
Continuous administration of GnRH or its analogs inhibits LH and
FSH release and therefore androgen levels, and represents an approved
method of androgen deprivation for use in prostate cancer.

ADT

ADT refers to any intervention which results in the androgen receptor
of target cells not being activated via either a reduction in the produc-
tion of testosterone or blockade of the androgen receptor. This treat-
ment approach is achieved by both surgical and medical castration,
anti-androgen therapies, and any combinations of these (Table 1).

Surgical vs. medical castration

The aim of castration is to lower serum testosterone to <50 ng dl~"
such that the stimulation of prostate cancer cells is minimized. In
clinical practice, levels <20 ng d1™" are usually reached. Surgical cas-
tration by bilateral orchiectomy has been recognized as an effective
method of rapidly decreasing testosterone levels since the 1940s.” The
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Figure 1 Androgen biosynthesis pathways. *Adrenal gland, prostate gland,
intratumoral, paracrine. ACTH, adrenocorticotropin hormone; AR, androgen
receptor; DHEA, dihydroepiandrosterone; DHEAS, dihydroepiandrosteronesul-
phate; DHT, dihydrotestosterone; FSH, follicle-stimulating hormone; GnRH,
gonadotropin-releasing hormone; LH, luteinizing hormone.

Group provided randomized, placebo-controlled data to support its
use in preventing the development of metastatic disease. Disease pro-
gression had occurred by 10 years in 62% of men randomized to
placebo vs. 32% randomized to orchiectomy, with no survival benefit
noted using this approach.® Additional benefits of surgical castration
include the rapid palliation of symptoms, the elimination of patient
compliance issues, as well as the cost/benefit ratio.’ The incidence of
orchiectomy in the Western world has dropped dramatically, how-
ever, because of the irreversibility of this procedure and the potential
to cause psychological distress.

Medical castration using GnRH agonists, such as leuprolide and
goserelin, is currently the most prevalent method of androgen
deprivation in the Western world. Treatment with these agents ini-
tially results in an elevation in endogenous LH and FSH from the
hypothalamus in the first 1-2 weeks of therapy, with release of
testosterone from the testes. It is for this reason that co-administration

Table 1 Classes of hormonal agents used to treat prostate cancer

of androgen receptor antagonists (such as bicalutamide or niluta-
mide) prior to and for the first 24 weeks of therapy is recommended
in metastatic prostate cancer, preventing an associated ‘tumor flare’.
Downregulation of pituitary gland receptors ensues which ultimately
results in castration levels of testosterone (<50 ng dI™") within
approximately 4-8 weeks."®

Anti-androgens

Anti-androgens are agents that bind directly to the androgen receptor,
competitively inhibiting the binding of testosterone and DHT at this
site. Testosterone levels are therefore normal or increased in men
receiving these therapies, such that the side-effect profile may be more
acceptable than with castration. The non-steroidal anti-androgens
(bicalutamide, flutamide and nilutamide) may be used as an alterna-
tive to medical or surgical castration in advanced prostate cancer,
although they are not the preferred treatment option. No study has
directly compared these agents to each other. They may also be used in
combination with GnRH analogs, a strategy known as combined
androgen blockade (CAB) which is discussed later. Steroidal anti-
androgens, such as cyproterone acetate, are not generally recom-
mended for use in management of prostate cancer patients in the
United States of America, due to the suggestion of inferior outcomes
with these agents vs. GnRH agonists.'!

INDICATIONS FOR USE OF ADT

Clinically localized and locally advanced prostate cancer

Clinically localized prostate cancer is that which is confined to the
prostate gland and the immediately surrounding tissues. Patients with
up to T3a disease are often included in this category, although much of
the prostate cancer literature includes only T1 and T2 tumors in this
definition. Patients may be characterized as having a low, intermediate
or high risk of disease recurrence, which helps to guide therapeutic
strategies.'>' Patients with T2b/c disease, Gleason score 7 or a PSA
level of 10-20 ng ml™" are deemed to have an intermediate risk of
disease recurrence, and those with clinically localized T3a tumors, a
Gleason score between 8 and 10 or a PSA level of >20 ng ml~" are

Mechanism of action

Androgen deprivation therapy

Indications Short-term adverse effects

GnRH antagonists
Degarelix

Direct inhibition of GnRH receptors
in anterior pituitary

An alternative to GnRH agonists in
metastatic prostate cancer

Anaphylaxis, hot flashes, injection site
pain, weight gain and increased serum
transaminases

CYP17 inhibitors CYP17 inhibition in the adrenal gland

Second-line therapy in advanced prostate

Nausea and vomiting, adrenal

Ketoconazole
Aminogluthetimide
Abiraterone

cancer; abiraterone is specifically
indicated in men who have progressed
after prior docetaxel chemotherapy

insufficiency requiring co-administration
of hydrocortisone, dermatologic effects,
elevated liver transaminases,
neuromuscular effects

(and intratumorally) results in reduced
production of androgens from steroid
precursors

Abbreviations: DHT, dihydrotestosterone; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone.
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deemed to have a high risk of disease recurrence. Locally advanced
prostate cancer (stage T3b/4) is usually considered very high risk.'*
The various indications for the use of ADT in these settings and the
data supporting these indications have been reviewed previously'” and
are described below (Table 2).

ADT with surgery

Neoadjuvant. In an effort to improve prostate cancer outcomes, a
number of studies have examined the administration of neoadjuvant
ADT prior to radical prostatectomy in men with early-stage prostate
cancer. Many of these have randomized men to short-term ADT (3
months) vs. placebo with some demonstration of a decrease in tumor
stage and grade. Unfortunately, these studies did not reveal an improve-
ment in long-term outcomes such as a survival benefit."*™'® Other
studies have evaluated longer duration of ADT. In a large, prospective
phase III trial, the ability of 3 months vs. 8 months of neoadjuvant ADT
to reduce PSA recurrence rates after radical prostatectomy was exam-
ined. Ongoing biochemical and pathological regression of prostate
tumors occurred between 3 and 8 months of neoadjuvant ADT, sug-
gesting that the optimal duration of neoadjuvant hormonal therapy is
longer than 3 months."® Despite demonstration of increased patho-
logical complete remissions and clear surgical margins with longer
duration of neoadjuvant ADT, studies have failed to detect significant
improvements in survival.”® A recent phase II trial evaluated the benefit
of neoadjuvant docetaxel for 3 cycles as well as 1 year of neoadjvuant
ADT in patients with lymph node metastases scheduled to undergo
radical prostatectomy. Eleven percent of evaluable patients progressed
during therapy and 11% did not achieve a PSA level of <1 ng ml™* and
were not offered primary surgical therapy. Surgery was completed in the
remainder, and of those, 50% had no progression 1 year postoperatively
(36% of total population). Eight percent of patients had a pathological
complete response.”’ This neoadjuvant approach appeared feasible, but
longer-term data are necessary to assess survival outcomes.

Adjuvant. The data supporting the use of adjuvant ADT after definitive
surgical therapy for early-stage prostate cancer is limited. Ninety-eight
men who were found to have pelvic lymph node involvement during
radical prostatectomy were randomized to immediate ADT (GnRH
agonist or bilateral orchiectomy) or observation until disease progres-
sion. With a median follow-up of 11.9 years, those assigned immediate
ADT had a significant improvement in overall survival (OS) (hazard
ratio (HR)=1.84, P=0.04), prostate cancer-specific survival (HR=4.09,
P=0.0004) and progression-free survival (PFS) (HR=3.42, P<0.0001)
vs. those receiving deferred therapy.”* Therefore, the use of immediate
ADT in lymph node-positive patients represents a reasonable strategy for
these men, although observation until PSA progression may also be an
alternative approach. Of note, most of the patients in the above study
were treated in the pre-PSA era, and the applicability of these results in
the present PSA era has been questioned. Most recently, the Southwest
Oncology Group investigators reported the results in the ADT-alone
control arm (n=481) of the S9921 study. This study randomly assigned
983 men with high-risk features at prostatectomy to receive adjuvant
ADT alone (goserelin and bicalutamide for 2 years) or in combination
with mitoxantrone chemotherapy. After a median follow-up of 4.4 years,
the estimated 5-year biochemical failure-free survival was 92.5% and 5-
year OS was 95.9%. The final results of the primary comparison are
awaited, and these preliminary results (which indicate excellent survival
in this cohort) may possibly support the administration of early adjuvant
ADT to men with high-risk prostate cancer.> However, it must be noted
that the current standard of care for men with high-risk features on

ADT in prostate cancer
RM Connolly et al

prostatectomy (extraprostatic extension, seminal vesicle invasion and
positive surgical margins) is adjuvant radiation, which has been asso-
ciated with improvements in biochemical relapse-free survival, meta-
stasis-free survival and 08,

ADT with RT

Clinically localized prostate cancer. GnRH agonists alone or combined
with anti-androgens may be used prior to brachytherapy in an effort to
reduce prostate volumes and minimize potential adverse effects asso-
ciated with brachytherapy such as urinary symptoms in those with
large prostates. In one study, patients with T1b—T2c prostate cancer
received 3—6 months of a GnRH agonist prior to brachytherapy. The
median decrease in prostate volume with ADT was 33% among the 54
evaluable patients. Whether this approach results in an improvement
in long-term tumor control remains to be determined.”® In another
study, patients with bulky prostate tumors (n=22) received 3 months
of CAB prior to definitive RT and the median percentage of target
volume reduction after CAB was 25% (range: 3%-52%). This
approach was felt to optimize the geometry of the target volume in
relation to the adjacent normal tissue structures prior to RT.*’
However, the use of hormone therapy to downsize the prostate for
the purposes of external beam RT is no longer widely practiced.

The addition of ADT to primary external beam RT for clinically
localized prostate cancer is well defined for patients with intermediate-
and high-risk disease by a number of randomized control trials.

A randomized trial was performed of primary RT with or without 6
months of ADT (GnRH agonist plus anti-androgen) in prostate can-
cer patients with T1b-T2b disease, a Gleason score of >7, evidence of
extraprostatic extension or a PSA level of >10 ng ml™' (n=206). The
majority of the patients in this trial, often referred to as the Dana-
Farber or D’Amico trial, had intermediate-risk disease with approxi-
mately 15% having high-risk disease. Patients randomized to the
combination arm had a significantly higher survival (P=0.04), lower
prostate cancer-specific mortality (P=0.02) and higher survival free of
salvage ADT (P=0.002) after a median follow-up of 4.5 years.”®

The Radiation Therapy Oncology Group (RTOG) 94-08 trial eva-
luated a shorter duration of ADT (also GnRH agonist plus anti-andro-
gen) in patients with T1b—T2b disease and a PSA level of <20 ngml™"
(n=1979). The addition of 4 months of ADT commencing 2 months
prior to RT was associated with an improved OS of 62% at 10 years vs.
57% for those treated with RT alone (P=0.03). In a post hoc subgroup
analysis, the benefit was only seen for intermediate-risk patients, not
low-risk ones.*

The optimal timing of ADT in relation to RT in dinically localized
prostate cancer has been examined in the RTOG 9413 trial (n=1323).
This four-arm trial was designed to test two hypotheses: CAB and whole-
pelvic radiotherapy (WPRT) followed by a prostate boost improves PES by
>10% compared with CAB and prostate-only RT; and neoadjuvant hor-
monal therapy followed by concurrent CAB and RT improves PES by
>10% compared with RT followed by adjuvant hormonal therapy. There
was no difference in PFS between the neoadjuvant and adjuvant arms. An
unexpected interaction was found between the timing of hormonal therapy
and radiation field size for this patient population. When neoadjuvant hor-
monal therapy was used in conjunction with RT, WPRT vyielded a better PFS
than prostate-only RT, and in addition, neoadjuvant hormonal therapy plus
WPRT resulted in better OS than WPRT adjuvant hormonal therapy.*

Finally, in a phase III Canadian study which randomized patients
with clinically localized prostate cancer to 3 months vs. 8 months of
combined ADT before definitive RT (n=378), no significant diffe-
rences were observed between the arms with respect to local, distant

179

@ Asian Journal of Andrology



P

ADT in prostate cancer
RM Connolly et al

180

Table 2 Select phase Il trials supporting the use of ADT in prostate cancer

Clinical setting General recommendations for use of ADT

Summary information from select phase Il data

Clinically localized and locally advanced disease
Pre-operatively Currently, NCCN guidelines do not
recommend pre-operative ADT
because of multiple randomized trials
showing no long-term benefit'?

Survival benefit with early ADT observed
in those with pelvic lymph node
involvement discovered at prostatectomy

ADT prior to radiation therapy in clinically
localized intermediate and high-risk
disease has been associated with a survival
advantage in multiple randomized trials

Post-operatively

Combined with external
beam radiotherapy

Survival benefit observed in multiple
randomized trials from the addition of
a GnRH agonist to radiation in men with
locally advanced prostate cancer

Metastatic prostate cancer
Metastatic disease

Bilateral orchiectomy or medical castration
with a GnRH agonist recommended as
initial therapy. CAB may also be considered
as initial therapy

Associated with improvements in quality of
life but no clear survival benefit to date.
Second-line androgen-suppressive
strategies include GnRH antagonists
(degarelix) and adrenal CYP17 inhibitors
(ketoconazole and abiraterone acetate)

Continued PSA decrease, prostate volume decrease, reduced positive margin rate
with 8 months vs. 3 months of neoadjuvant ADT. However, increased rates of new
adverse events and hot flashes with longer duration and no results available with
respect to rates of PSA recurrence or overall survival (n=547)*°

Improvement in OS, prostate cancer-specific survival and PFS with the use of
immediate ADT vs. observation until disease progression (n=98)2

Clinically localized:

Dana-Farber: higher survival, lower prostate cancer-specific mortality and higher
survival free of salvage ADT with the use of 6 months ADT with primary RT vs.
external beam RT alone®®

RTOG 94-08: improved OS at 10 years with addition of 4 months of ADT commencing
2 months prior to RT vs. RT alone®®

Locally advanced:

EORTC 22863: greater local control and OS with the use of goserelin concurrent with
and for 3 years after primary RT (n=412)%3

RTOG 85-31: decreased local failure rate and improved OS with use of RT plus ADT
indefinitely or until progression vs. RT alone (n=977)>*

RTOG 86-10: improved local control, biochemical DFS, distant metastases and
cancer-specific survival with RT plus 4 months of neoadjuvant/concurrent ADT vs.
RT alone. No OS benefit observed in this study (n=471)%°

RTOG 92-02: improvements in local and distant control and rates of biochemical
progression with 28 months vs. 4 months of ADT, commencing 2 months prior to
RT (n=1521)*"

EORTC 22961: survival advantage with the combination of RT plus 3 years of ADT
compared with RT plus 6 months of ADT>®

TROG 96.01: decreased distant progression, prostate cancer-specific mortality and all-
cause mortality with 6 months of ADT prior to and during definitive RT vs. RT alone®

Borderline OS advantage in favor of CAB over GnRH agonist monotherapy with no
difference in cause-specific survival between arms (n=205)%?

No OS difference with use of an intermittent ADT vs. continuous strategy in men with
locally advanced or metastatic prostate cancer whose PSA decreased to <4 ng ml ™!
or had a >80% decrease in PSA after 3 months of ADT induction (n=234)"°

No OS difference with the use of an intermittent ADT vs. continuous strategy in men
with biochemical progression >1 year after initial or salvage RT. Possibly longer
time to development of castration resistance on the IAD arm, although this may be
artifact (n=1386)"1"°

Improved PSA response and reduced PSA progression at 6 months in men receiving
first-line ADT plus docetaxel vs. ADT alone (n=385)>°

Degarelix non-inferior to leuprolide at maintaining low testosterone levels over a
1-year period and induced testosterone and PSA suppression significantly faster
than leuprolide (n=610)%3

Greater PSA declines >50% and objective tumor responses with ketoconazole vs.
androgen withdrawal, but no survival benefit (n=260)%8

Improved OS with the use of abiraterone acetate vs. placebo in men with

chemotherapy-pretreated castration-resistant prostate cancer (n=1195)""

Abbreviations: ADT, androgen deprivation therapy; CAB, combined androgen blockade; NCCN, the national comprehensive cancer network; OS, overall survival; PFS,

progression-free survival; PSA, prostate-specific antigen; RT, radiation therapy.

or biochemical failure rates, or indeed in survival. There was a sug-
gestion of benefit for patients with high-risk disease who accounted for
57% of the study population.!

In summary, based on the available data and our collective clinical
experience, the authors generally advocate the use of 4-6 months of
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ADT (GnRH agonist with or without anti-androgen) for men with
intermediate-risk localized prostate cancer undergoing definitive
external beam RT, but not for men with low-risk localized prostate
cancer. In the latter population, ADT not only does not improve sur-
vival, but it may even be harmful, and this practice should be avoided.



High-risk and locally advanced prostate cancer. A number of large
randomized trials have demonstrated a survival advantage with the
addition of a GnRH agonist to radiation in men with locally advanced
prostate cancer.

A prospective phase III randomized trial coordinated by the
European Organization for Research and Treatment of Cancer
(EORTC) compared primary external irradiation to primary external
irradiation plus goserelin (n=412) in patients with T3 or T4 disease
(EORTC 22863). Goserelin was commenced on the first day of radi-
ation and continued for 3 years, as well as flutamide during the first
month of treatment. With a median follow-up of 66 months, local
control and survival were significantly higher in the goserelin arm. OS
at 5 years was 78% in the combined-treatment group and 62% in the
RT alone group (P=0.0002).>%%

The RTOG Trial 85-31 study randomized patients with clinical T3
or N1 disease to definitive RT alone or in combination with ADT
indefinitely or until progression (n=977). Patients in the radiation-
alone arm received ADT at progression. At 10 years, the local failure
rate (23% vs. 38%, P<<0.0001) and OS (49% vs. 39%, P=0.002)
favored the combination arm vs. RT alone. Patients with a Gleason
score of 7-10 obtained the greatest survival benefit.>*

Shorter durations of ADT in conjunction with definitive RT have
also been evaluated. Patients with bulky T2-T4 disease were random-
ized to RT alone or RT plus 4 months of neoadjuvant/concurrent ADT
(n=471) in RTOG 86-10. With 8 years of follow-up, significant
improvements in local control (42% vs. 30%, P=0.016), biochemical
DFS (24% vs. 10%, P<0.0001), distant metastases (34% vs. 45%,
P=0.04) and cancer-specific mortality (23% vs. 31%, P=0.05) were
observed in the combination arm; however, no OS benefit was demon-
strated with this approach.®

In order to help define the question of optimal duration of ADT in
this setting, a three-arm trial (TROG 96.01) of RT alone, or RT with 3
or 6 months of ADT commencing 2 or 5 months prior to definitive RT
respectively for localized and locally advanced prostate cancer enrolled
818 men. The median follow-up was 10.6 years and 84% of patients
had high-risk disease. The benefits of 6 months of ADT prior to and
during definitive RT (n=802 eligible for analysis) included decreased
distant progression (HR=0.49, P=0.001), prostate cancer-specific
mortality (HR=0.49, P=0.0008) and all-cause mortality (HR=0.63,
P=0.0008) when compared with RT alone. Three months of ADT had
no effect on these parameters, although it did prolong time to PSA
progression, time to local progression and event-free survival.>®

Two trials have compared an even longer duration of ADT with
short duration of ADT in patients with locally advanced and generally
high-risk disease. RTOG 9202 randomized patients to 4 months vs. 28
months of ADT, commencing 2 months prior to RT. Subgroup ana-
lyses revealed an OS benefit with longer duration of therapy only for
men with Gleason scores of 8-10 (5-year OS 81% vs. 71%, P=0.044).
In the population as a whole, longer duration resulted in improve-
ments in local and distant control as well as rates of biochemical
progression.”” Similarly, the combination of RT plus 6 months of
androgen suppression was associated with inferior survival, as com-
pared with RT plus the longer duration of 3 years of androgen sup-
pression in 1113 men with locally advanced prostate cancer enrolled in
an EORTC 22961 trial.*®

In summary, based on the available data and clinical experience, the
authors generally recommend the use of 24-36 months of ADT (GnRH
agonist with or without anti-androgen) for men with high-risk localized
or locally advanced prostate cancer who undergo primary external
beam RT. However, this decision must be balanced against the known
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long-term toxicities of ADT, especially in men with known risk factors
for metabolic syndrome, cardiovascular disease and osteoporosis.

ADT used alone

The use of ADT alone for men with clinically localized prostate cancer
who may wish to avoid primary surgery or RT is generally not recom-
mended due to concerns for an adverse impact on prostate cancer
outcomes and quality of life (QoL) with this approach.'* In an analysis
of 19 271 men with prostate cancer in the Surveillance, Epidemiology
and End Results (SEER) database linked to Medicare, the use of pri-
mary ADT was associated with an increased risk of prostate cancer-
specific mortality compared to observation (HR=1.17, 95% confi-
dence interval (CI): 1.03—1.33), and there was no difference in overall
mortality (HR=1.00, 95% CI: 0.96-1.05).%° As this was an obser-
vational study, it is a strong possibility that these results were due to
confounding by indication bias. In a randomized phase III trial
(EORTC 30846), men receiving early vs. deferred ADT who did not
undergo radical prostatectomy did not appear to benefit from the early
approach (n=302). At a median follow-up of 9.6 years, 62.9% had
died, including 76% from prostate cancer. For those randomized to
early vs. deferred ADT, the HR for survival on delayed vs. immediate
treatment was 1.23, indicating a 23% non-significant trend in favor of
early treatment.*’

For men with clinical T3 disease, definitive primary therapy with
either radical prostatectomy or RT with ADT is the generally recom-
mended approach. The benefit of definitive RT over ADT alone was
investigated in a study which randomized patients with high-risk dis-
ease to ADT plus RT vs. ADT alone (3 months of CAB followed by
flutamide until progression or death).*' The 10-year overall mortality
was lower in the ADT plus RT arm (29.6% vs. 39.4%, P=0.004).

Biochemical progression

Biochemical recurrence of prostate cancer is defined as a progressively
increasing PSA level after primary RT or surgical therapy or both, in
the absence of radiographic evidence of metastatic disease. The exact
definition varies depending on the primary therapy received. For
example, for men who have had a prostatectomy, biochemical pro-
gression may be defined as any increase in the PSA level or a PSA level
of >0.2 or 0.4 ng ml~' on a minimum of three consecutive evalua-
tions.** Whether the rising PSA reflects local or distant recurrence of
disease is difficult to assess, although the latter is more likely with
higher PSA values.

In a retrospective review of a large surgical series (n=1997) of men at a
single institution undergoing radical prostatectomy for clinically localized
prostate cancer, 315 men developed biochemical PSA elevation. Of those
who did not receive early ADT (n=304), 34% developed metastatic
disease with a median time to metastases of 8 years from the time of
PSA recurrence. In addition, this study identified factors that predicted
the risk of developing metastatic disease: these included time to biochem-
ical progression (P<<0.001), Gleason score (P<<0.001) and PSA doubling
time (P<0.001).*> An updated analysis of this same cohort with a longer
follow-up established that the median metastasis-free survival in men
with biochemically recurrent prostate cancer after prostatectomy was
10 years, even in the absence of salvage radiation or hormonal therapies.**
This prolonged time to metastatic progression has been confirmed in an
independent patient population,® and suggests that only patients with
high-risk features (Gleason score >7, PSA doubling time <9 months)
should be treated with immediate ADT in this setting.

While many men with non-metastatic biochemical recurrence have
often been treated with early ADT in this setting, prospective data
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supporting this approach is lacking and there is no direct evidence to
date that this strategy delays the onset of radiographically evident
metastases or improves survival. Further discussion about the contro-
versy relating to early vs. deferred use of ADT, including the risk/
benefit ratio, is included in a subsequent section. In clinical practice,
factors that may prompt early initiation of ADT include a PSA level of
approximately 10 ng ml ™%, an interval between primary treatment and
PSA failure <2-3 years or a PSA doubling time <9 months.

In addition, if the disease is believed to be localized, then considera-
tion should be given for available local treatment options, such as the use
of salvage RT after previous prostatectomy. Recently, the effect of ADT
plus bicalutamide during and after RT on freedom from progression and
incidence of metastatic disease in patients following radical prostatect-
omy with pathological T2-3 NO disease and elevated PSA levels was
reported. In this phase III study, the addition of 24 months of daily
bicalutamide during and after RT significantly improved freedom from
progression and reduced the incidence of metastatic disease without
adding significantly to the toxicity of RT. A longer follow-up is necessary
to determine if any survival benefit is obtained with this strategy.*®

A number of phase III trials have evaluated the efficacy of continu-
ous administration of ADT compared to intermittent ADT, as dis-
cussed later in this review.

In conclusion, it is the opinion of the authors that early ADT should
be avoided in men with biochemical recurrence with low risk of meta-
static progression (i.e., Gleason sum <6; PSA doubling time >9
months). In these patients, ADT should be initiated only upon radio-
graphic evidence of distant osseous or visceral metastases. In men with
high-risk PSA-recurrent disease (i.e., Gleason sum >7; PSA doubling
time <9 months), early use of ADT before the first metastatic occur-
rence may be a reasonable option. In the authors’ view, such patients
should ideally be treated with intermittent ADT (as discussed in a
subsequent section). However, in men that develop documented radio-
graphic metastatic disease (even in the absence of symptoms), the
authors generally advocate initiation of continuous ADT in that setting.

Metastatic disease
Current guidelines recommend bilateral orchiectomy or medical cas-
tration with a GnRH agonist as initial therapy for metastatic prostate
cancer.”” These treatment options are associated with improvements
in symptom control; however, no clear survival advantage has been
demonstrated with the use of ADT in this setting.” Because of an
immediate increase in testosterone with medical castration, co-
administration of an anti-androgen is recommended for 2—4 weeks
to counteract the testosterone surge which may result in a flare reac-
tion and bone pain. Also, in patients receiving medical castration,
continuation of the GnRH agonist agent even beyond progression is
recommended. Therefore, even in patients who eventually go on to
receive subsequent therapies such as chemotherapy, maintenance of
castrate levels of serum testosterone is the reccommended approach. By
consensus, adequate castration is defined as a serum testosterone level
of <50 ng dI™!, although recent evidence suggests that more potent
testosterone suppression may provide additional clinical benefits.

An initial large randomized control trial in men with advanced
prostate cancer compared orchiectomy vs. no therapy. There was no
survival difference between the arms. However, men in the control
arm were treated with androgen ablation after 9 years, such that this
trial may be viewed as a comparison of early vs. deferred ADT.>**

In a more contemporary study, patients with locally advanced prostate
cancer or those with asymptomatic metastases (n=938) were rando-
mized to immediate ADT (GnRH analog or orchiectomy) vs. deferred
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therapy until progressive or symptomatic disease. The development of
progressive metastatic disease (P<<0.001) and metastatic pain (P<<0.001)
occurred more rapidly in those patients randomized to treatment defer-
ral. Pathological fracture, spinal cord compression, ureteric obstruction
and the development of non-skeletal metastases were also twice as com-
mon in the deferred arm. Death was more frequent in the deferred arm
(n=361) than the immediate therapy arm (n=328, P=0.02) with 257
and 203 deaths attributed to prostate cancer respectively (P=0.001).
However, these study results have been criticized as many patients in
the deferred arm died before ever commencing ADT.?

A meta-analysis of randomized controlled trials (n=6600) was per-
formed to compare GnRH agonists against orchiectomy and to
compare anti-androgens against surgical/medical castration. GnRH
agonist use was found to be equivalent to orchiectomy in terms of
survival, irrespective of the agent used. Monotherapy with a non-
steroidal anti-androgen was associated with a slightly lower survival
overall, with results trending towards significance.'' Monotherapy
with a steroidal anti-androgen also resulted in inferior time to pro-
gression in a randomized trial comparing it to goserelin, such that
anti-androgens are not recommended as initial monotherapy for
advanced prostate cancer.*’

In an effort to improve on the benefit observed with initial ADT in
metastatic prostate cancer, a European phase III multicenter trial com-
pared ADT alone to ADT plus docetaxel chemotherapy in the first-line
setting (n=385). The addition of 3-weekly docetaxel to ADT signifi-
cantly improved PSA response (defined as >50% PSA decline) and
significantly reduced PSA progression at 6 months. OS results, the prim-
ary objective of this study, are not yet available and are eagerly awaited.”
A similar phase III study is currently being conducted in the United
States of America by the Eastern Cooperative Study Group (study
E3805), which randomizes patients with newly diagnosed metastatic
prostate cancer to receive ADT alone or in combination with 6 cycles
of 3-weekly docetaxel; the primary end point of this study is OS.

ALTERNATIVE FORMS OF ANDROGEN DEPRIVATION
The use of ADT for men with advanced prostate cancer invariably
results in eventual disease progression despite castrate levels of serum
testosterone (a condition termed castration-resistant prostate cancer
(CRPC)), with the duration of response to first-line hormonal therapy
being approximately 2—3 years. Withdrawal of anti-androgen in the
setting of CAB may result in a subsequent PSA decrease in 10%—-35%
of patients.”" Alternative androgen-suppressive strategies include
GnRH antagonists, and adrenal androgen synthesis inhibitors.
GnRH antagonists, such as degarelix (and abarelix), are potential
therapeutic alternatives to the more standard GnRH agonists de-
scribed above. Androgen concentrations are reduced by these agents
by blocking the GnRH receptor directly and as such they do not cause
an LH surge and the unwanted initial testosterone increase associated
with GnRH analogs. Anti-androgen supplementation prior to and
during initiation of treatment is therefore not required with this class
of drugs. Abarelix was the first GnRH antagonist to be approved by
the US Food and Drug Administration (FDA), but was withdrawn
from the US market due to an unacceptable rate of systemic allergic
reactions. Subsequently, the FDA approved degarelix for use in
advanced prostate cancer in 2008 at a dose of 80 mg monthly sub-
cutaneously after a 240-mg loading dose.>® In a phase III trial random-
izing 610 patients with prostate cancer (any stage) to degarelix or
leuprolide with a primary end point of suppression of testosterone to
<0.5 ng ml™", degarelix was non-inferior to leuprolide at maintaining
low testosterone levels over a 1-year period and induced testosterone



and PSA suppression significantly faster than leuprolide.”> An updated
analysis reported that of the 504 patients who completed the 1-year
trial, 384 chose to continue in an extension study in which those on
leuprolide were rerandomized to degarelix 240/80 mg or 240/160 mg.
During the first year of treatment, the risk of PSA PFS was found to be
significantly lower with degarelix 240/80 mg vs. leuprolide (P=0.05). At
a median follow-up of 27.5 months, the hazard rate of PSA PFS sig-
nificantly decreased in leuprolide patients crossing over to degarelix
compared with before the crossover (P=0.003).>* Short-term adverse
effects of this agent include hot flashes, injection site pain, weight gain
and increased serum transaminases.>

Cytochrome P450 inhibitors have also been employed in treating
advanced prostate cancer as second-line hormonal therapy and
beyond, as these enzymes are necessary for the synthesis of androgens.
These agents include ketoconazole, aminogluthetimide and abirater-
one acetate. Ketoconazole, an imidazole antifungal agent, inhibits
adrenal androgen synthesis by functioning as a non-selective inhibitor
of CYP17.”® Ketoconazole may also have a direct cytotoxic effect on
prostate cancer cells in preclinical models.”” In a phase III trial com-
paring anti-androgen withdrawal alone (n=132) vs. anti-androgen
withdrawal plus ketoconazole (n=128), PSA declines of >50% were
observed in 11% vs. 27% of patients, and objective tumor responses
were seen in 2% vs. 20% of men with measurable disease, respect-
ively.”® However, median survival did not differ between the groups
(16.7 months vs.15.3 months respectively). Because of the side effects
of this agent, including nausea and vomiting in approximately half of
all patients, it is often a difficult drug to tolerate. In addition, adrenal
insufficiency can ensue with this therapy such that patients usually
require concurrent hydrocortisone supplementation.

Abiraterone acetate is a novel oral selective androgen biosynthesis
inhibitor that selectively and potently blocks the action of CYP17 in
the testes and the adrenal glands, resulting in complete androgen
suppression. In addition, recent evidence suggests that prostate
tumors themselves are able to synthesize endogenous androgens,
which are also blocked by abiraterone. Following the presentation of
results from a pivotal placebo-controlled phase III trial in men with
chemotherapy-pretreated metastatic CRPC, FDA recently approved
abiraterone for use in combination with prednisone for the treatment
of patients with metastatic CRPC who have received prior docetaxel.
This decision was based on data from a phase Il randomized, placebo-
controlled, multicenter trial in 1195 patients with metastatic CRPC.
An OS analysis conducted after 775 events demonstrated a median OS
of 14.8 months vs. 10.9 months in the abiraterone acetate (n=797) and
placebo-containing arms (n=398), respectively (HR=0.65, P<0.001),
providing an additional therapeutic option for men with advanced
prostate cancer previously treated with chemotherapy. Secondary miner-
alocorticoid-related adverse events were more commonly observed in
the abiraterone arm and included fluid retention (31%), hypokalemia
(17%), hypertension (10%) and cardiac disease (13%).”° In a pre-
planned analysis of this trial, circulating tumor cells as part of a
biomarker panel were evaluated as a surrogate biomarker for OS.
To this end, conversion from an unfavorable circulating tumor cell
count (=5 cells) to a favorable circulating tumor cell count (<5 cells)
as early as 4 weeks after initiation of abiraterone was predictive of OS
in this phase III study.® However, the most appropriate use of abir-
aterone remains to be defined, and the optimal combination and
sequencing of this agent with other hormonal and non-hormonal
therapies for prostate cancer will hopefully be elucidated in the next
several years.’" In addition, it is currently unknown whether abira-
terone should be continued beyond disease progression. Although
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current treatment paradigms suggest that abiraterone should be
stopped when men develop cancer progression, the notion of persist-
ent and maximal androgen suppression seems like a rational strategy
and should be tested in clinical trials.

Finally, new and more potent anti-androgens have also entered the
treatment arena. MVD3100, an agent that functions both as an andro-
gen receptor antagonist and also prevents translocation of the andro-
gen receptor from the cytoplasm into the nucleus (where it mediates
transcriptional activation), is currently being investigated in phase III
trials in men with metastatic CRPC, both in the pre- and post-chemo-
therapy settings.

CONTROVERSIES RELATING TO ADT FOR ADVANCED
PROSTATE CANCER

Monotherapy vs. combined androgen blockade

Although bilateral orchiectomy or medical castration with a GnRH
agonists are the recommended initial therapy for men with metastatic
prostate cancer, the use of CAB may also be considered and discussed at
the time of treatment decision-making.*” Bicalutamide is the agent of
choice of non-steroidal anti-androgen based on data from a rando-
mized trial which compared CAB with bicalutamide to a GnRH analog
alone.®” Long-term follow-up of this phase III trial indicated a border-
line significant OS advantage in favor of CAB over GnRH agonist
monotherapy (HR=0.78, P=0.05). However, the difference in cause-
specific survival between the groups was not significant. Adverse events
were similar in both arms. A number of meta-analyses have also indi-
cated a possible modest improvement in survival with use of CAB in
this setting. The largest of these was a collaborative meta-analysis of 27
randomized trials incorporating 8275 men with metastatic (88%) or
locally advanced (12%) prostate cancer randomized to CAB or surgical/
medical castration alone.”> In the overall analysis, 5-year survival was
25.4% with CAB vs. 23.6% with castration alone, a statistically non-
significant difference. Results from those patients receiving nilutamide
and flutamide appeared slightly more favorable than the overall popu-
lation with 5-year survival of 27.6% for CAB and 24.7% for castration
alone (P=0.005). Results of studies incorporating bicalutamide were
not yet available for this meta-analysis. Other meta-analyses have indi-
cated an increased rate of adverse events with use of CAB, in particular
excess GI toxicity and ophthalmologic adverse events.** The overall
potential benefits and risks of CAB should therefore be considered when
discussing the role of CAB with patients. Bicalutamide does appear to
be better tolerated than other agents in the same class.®”

Immediate vs. deferred hormone therapy

Men with symptomatic prostate cancer should generally have ADT
initiated without delay. There are a number of clinical scenarios, however,
where controversy exists over the decision to initiate early ADT (i.e.,
immediately upon PSA progression) or defer therapy to a later time-
point (e.g., at the time of metastasis, or upon symptomatic progression).
These areas of uncertainly relate especially to asymptomatic men with a
rising PSA only after definitive primary therapy, men with radiographic
but asymptomatic metastases, and those with pathologic node-positive
disease. As mentioned previously, prospective data are lacking relating to
this issue in patients with biochemical progression of PSA. Ongoing trials
aim to shed light on this setting and include the Canadian Early vs. Late
Androgen Ablation Therapy trial and the Australian and New Zealand
Timing of Androgen Deprivation trial. Until then, concerns exist regard-
ing the risk-benefit ratio of early initiation of therapy vs. an active sur-
veillance strategy due to a lack of evidence to support a survival benefit as
well as the risk of bothersome and potentially serious adverse events
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(which will be discussed by other authors in this issue of the journal).
Close surveillance of these patients enables the evaluation of symptoms or
signs of metastatic disease both clinically and with annual bone imaging
as well as determination of the PSA doubling time.*® Testosterone levels
and QoL are maintained in the absence of ADT, and ADT may be
initiated upon symptomatic progression or overt radiographic meta-
stases. In addition, expert guidelines recommend considering clinical trial
enrolment for these patients.*’

The majority of data relating to the timing of ADT initiation comes
from the advanced setting where ADT is initiated shortly after di-
agnosis of prostate cancer vs. at time of progressive disease. A number
of randomized-controlled trials have been published comparing early
vs. deferred ADT in men with localized or locally advanced disease.*®
The SAK 08/88 trial was closed early due to an inability to accrue the
predefined patient numbers (n=197 of 360 anticipated). Patients were
randomly assigned to receive either immediate or deferred orchiect-
omy at the time of symptomatic progression. There was a trend
towards longer cancer-specific survival in the immediate group but
there was no difference in OS between the two groups (P=0.96).
Interestingly, 42% of patients in the deferred therapy arm never
required any prostate cancer therapy.®® In the larger EORTC 30891
study (n=985), men with localized prostate cancer not suitable for
local curative treatment were treated with immediate or deferred ADT.
Immediate ADT resulted in a modest but statistically significant
increase in OS but no significant difference in prostate cancer mortal-
ity or symptom-free survival (HR=1.25, non-inferiority P>0.1)*’ The
Early Prostate Cancer Program trial randomized 8113 men with local-
ized or locally advanced prostate cancer (all M0) who had received
standard care (radical radiation, radical prostatectomy or watchful
waiting) to oral bicalutamide daily vs. placebo.® At a median fol-
low-up of 7.4 years, the addition of bicalutamide did not result in a
PES benefit. However, in locally advanced disease, bicalutamide sig-
nificantly improved PES, irrespective of the primary therapy used.

Because of the variability in the survival benefit observed with early
ADT in these settings, the appropriate management of these patients
remains controversial. Loblaw et al*’ combined the randomized data
for these asymptomatic patient trials and reported that early ADT was
associated with a 17% reduction in relative risk for prostate cancer-spe-
cific mortality, a 15% decrease in relative risk for non-prostate cancer-
specific mortality, but no OS advantage. In practice, ADT is sometimes
initiated early based on the presence of a number of prognostic factors
including age, Gleason score, absolute PSA value and PSA doubling time,
factors which were not incorporated into many of these trials.”

By contrast, a survival benefit with early ADT has been observed in
men found to have pelvic lymph node involvement after radical prosta-
tectomy and pelvic lymphadenectomy. With a median follow-up of 11.9
years, those assigned immediate ADT had a significant improvement in
OS (HR=1.84, P=0.04), prostate cancer-specific survival, P=0.0004)
and PFS (3.42, P<0.0001) vs. those assigned deferred therapy.”* Some
of the caveats with this trial have been discussed above.

Intermittent vs. continuous hormone therapy

Intermittent androgen deprivation (IAD) refers to cyclic administration
of hormonal therapy. ADT may be administered until a predefined PSA
response is observed, such as a PSA level of <4 ng ml™' or a >80%
decrease in the PSA level,”® and then may be stopped and restarted once
the PSA begins to rise again. The clear potential benefit of this approach
is that testosterone levels rise off therapy, the adverse events associated
with ADT are minimized and QoL is improved. However, there
have been questions about whether this approach is as efficacious as
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continuous ADT in relation to prostate cancer outcomes.”® A number
of phase III trials testing this question have recently been reported, while
several others are ongoing. The South European Oncology Group
(n=626) examined whether the intermittent therapeutic approach
was associated with a shorter time to progression. After a 3-month
ADT induction period, patients with locally advanced or metastatic
prostate cancer whose PSA decreased to <4 ng ml~" or had a >80%
decrease in PSA were randomized to IAD or continued ADT. There
were 127 patients from the IAD arm and 107 patients from the con-
tinuous arm who progressed (HR=0.81, P=0.11). There was no dif-
ference in OS as the 10% increase in the number of cancer deaths in the
IAD arm (106 vs. 84) was offset by more cardiovascular deaths in the
continuous arm (52 vs. 41). The adverse effect profile was better in the
IAD arm, with more men in this arm reporting better sexual function,
although QoL was reported as similar between the arms.”

Another large intergroup trial randomized 1386 men with bio-
chemical progression >1 year after initial or salvage radical RT to
IAD or continuous therapy to test for non-inferiority of IAS with
respect to OS. TAD was prescribed for 8 months in each cycle, and
was then stopped with subsequent re-initiation of ADT when PSA
reached 10 ng ml™" off therapy. At a median follow-up of 6.9 years,
median OS was 8.8 years vs. 9.1 years for the IAD and continuous
arms, respectively (HR=1.02, P=0.009). More disease-related (122 vs.
97) and fewer unrelated (134 vs. 146) deaths occurred in the IAD
arm. In addition, the time to development of castration resistance
was statistically significantly longer on the IAD arm (HR=0.80,
P=0.024). The only difference in adverse events between the arms in
this study was a reduced incidence of hot flashes in the patients receiv-
ing TAD.”! Ongoing phase TII trials will attempt to clarify the same
question in men with metastatic prostate cancer.

Based on the results of these two large randomized trials, it appears
that IAD may be non-inferior to a continuous therapeutic approach in
terms of prostate cancer progression and survival, and is definitely more
cost-effective. Unanswered questions include whether a certain popu-
lation of patients will benefit most from this approach, the optimal
schedule that should be employed, and the PSA level at which treatment
should be discontinued and then reinitiated. In addition, whether man-
agement of the cardiovascular effects of ADT may negate the survival
equivalence between the TAD and continuous ADT is unclear.

PATTERNS OF USE OF ADT

Prescribing patterns relating to the use of ADT for various indications
have varied since their introduction. Increased use of ADT in the 1990s
was found to occur across all stages and histologic grades of prostate
carcinoma, and was the greatest in patients aged 80 years or greater.”* A
subsequent study using SEER-Medicare data from 1991 to 2005 found
prevalent ADT use to increase through the 1990s, peak in 2000 and fall
in 2005.”% During a period of relative stability in use between 2000 and
2002, 44.8% of men with incident prostate cancer were prescribed ADT
during the first year after diagnosis: the most common indications
being as an adjuvant with RT (15% of cases) and as a primary therapy
(14%). Predictors of ADT use in a lower-risk setting were older age,
higher stage and grade, and elevated PSA levels.””> Alarmingly, these
changing patterns have been shown to be associated with alterations
in reimbursement policies.”* Policy changes may impact the financial
incentives for physicians associated with prescription of ADT and may
influence the decision to use ADT in cases of uncertain benefit.”> The
potential impact of the introduction of the Medicare Modernization
Act, which led to reductions in reimbursement for ADT for prostate
cancer, was examined using SEER-Medicare data from 2003 to 2005.
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