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Abstract: The growth of prostate cancer cells is driven by androgens. Thus, androgen deprivation, is one of the main
treatment modalities in the management of prostate cancer. Historically, bilateral orchiectomy, which achieves 95%
reduction of testosterone levels within 3 hours, was the only effective androgen deprivation therapy (ADT). In the 1980s,
luteinizing hormone-releasing hormone agonists (LHRH-A) were introduced to reduce testosterone to castration levels.
After the 1980s, nonsteroidal antiandrogens were developed in addition to steroidal antiandrogens. Since then, so-called
maximum androgen blockade (MAB)/combined androgen blockade (CAB), which is a combination of surgical or medical
castration and oral antiandrogens, has been suggested. More recently, novel treatment modalities have been developed,
such as intermittent androgen suppression (IAS), nonsteroidal antiandrogen monotherapy, and alternative antiandrogen
therapy after relapse from the initial MAB/CAB. ADT, whether surgical or medical, provides important quality of life
(QOL) benefits in patients with advanced and metastatic prostate cancer. While the principle of the therapy has remained
unchanged, the role, type and timing of these therapies is continuously evolving.

This review will focus on the current medical and surgical options for ADT in advanced and metastatic prostate cancer,
summarizing the results of several recent clinical trials and discuss their implications for clinical practice and for future

research in this disease.
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INTRODUCTION

The testes are the major source of testosterone in men.
The remaining androgens originate from the adrenal gland
hormone precursors that are enzymatically converted to
testosterone and dihydrotestosterone in prostatic and periph-
eral tissues. The growth of prostate cancer cells is driven by
androgens [1].

Thus, androgen deprivation, is one of the main treatment
modalities in the management of prostate cancer. Histori-
cally, bilateral orchiectomy, which achieves 95% reduction
of testosterone levels within 3 hours, was the only effective
androgen deprivation therapy (ADT) [2]. Estrogens have
been proven equally effective as orchiectomy in treating ad-
vanced prostate cancer. However, orchiectomy was irre-
versible; and estrogen therapy was associated with signifi-
cant cardiovascular morbidity and even mortality [3]. In the
1980s, luteinizing hormone-releasing hormone agonists
(LHRH-A), later called gonadotropin releasing hormone
agonists (GnRH-A), were introduced to reduce testosterone
to castration levels [4]. After the 1980s, nonsteroidal antian-
drogens were developed in addition to steroidal antiandro-
gens [4]. Since then, so-called maximum androgen blockade
(MAB)/combined androgen blockade (CAB), which is a
combination of surgical or medical castration and oral
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antiandrogens, has been suggested. More recently, novel
treatment modalities have been developed, such as intermit-
tent androgen suppression (IAS), nonsteroidal antiandrogen
monotherapy, and alternative antiandrogen therapy after re-
lapse from the initial MAB/CAB. While the principle of the
therapy has remained unchanged, the role, type and timing of
these therapies are continuously evolving.

ADT IN PROSTATE CANCER: A BRIEF OVERVIEW

Today, in addition to its well-established role in treating
patients with metastatic disease, ADT is increasingly used as
adjunct therapy for patients undergoing radiation therapy for
high-risk, localized disease, locally-advanced disease or
lymph-node positive disease treated with radical prostatec-
tomy [5, 6].

ADT, whether surgical or medical, provides important
quality of life (QOL) benefits in patients with advanced and
metastatic prostate cancer. The benefits include but not lim-
ited to, decreased rates of spinal cord compression, ureteric
obstruction, extraskeletal metastases and pathological frac-
tures [7, 8]. On the other hand, it is not clear whether there is
an improvement in overall survival (OS) in patients with
metastatic prostate cancer [9].

The principle in ADT is, to achieve serum testosterone
concentrations as low as possible to minimize stimulation of
prostate cancer cells. Serum testosterone concentrations that
correspond to castration levels have generally been set at less
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<50 ng/dL (1.7 nmol/L) [10]. However, most men achieve
levels below 20 ng/dL (0.7 nmol/L) after orchiectomy, and it
has been suggested that castration levels should be redefined
to reflect this threshold [11]. Unfortunately, decreased testos-
terone levels are well known with their short-term and long-
term adverse effects including hot flashes, loss of libido, loss
of muscle mass, fatigue, gynecomastia, cognitive dysfunc-
tion, depression, increased risk of fracture, increased inci-
dence of osteoporosis, diabetes, cardiovascular morbidity
and mortality [12-14].

MEDICAL VERSUS SURGICAL CASTRATION
Effects on Survival

Common methods of ADT include orchiectomy or medi-
cal castration via administration of GhnRH-A. Orchiectomy is
a relatively simple procedure with minor surgical risks and
low physical morbidity; however it has fallen out of favor
given its psychological impact and the availability of viable
medical alternatives for androgen deprivation. Leuprolide
and goserelin are two commonly used GnRH-A and are
administered in the form of depot injections or subcutaneous
implants.

While GnRH-A are more widely used and accepted by
patients than orchiectomy, the question remains as to
whether they are as effective. Seidenfeld et al. [15] identified
5 large randomized studies that compared GnRH-A to
orchiectomy and none of the 5 studies showed a statistically
significant difference in OS among the treatments. The
same authors also performed a meta-analysis of data from 12
studies (involving 1539 patients in all) comparing GnRH-A
and orchiectomy. No significant differences were found
between GnRH-A therapy and orchiectomy in terms of OS,
time to progression (TTP) and time to treatment failure
(TTF).

EFFECTS ON TESTOSTERONE LEVELS

Another way of comparing the efficacy of different ap-
proaches in ADT is to compare the extent of testosterone
suppression. Indeed, Morote et al. [16] reported that DFS
was significantly related to testosterone levels (> or < 32
ng/dL) during ADT in patients with non-metastatic prostate
cancer (mean DFS 88 vs 137 months, P < 0.03). After or-
chiectomy, patients achieve rapid suppression of serum tes-
tosterone levels <20 ng/dL within 3-12 hours [2]. This is
accompanied by a decrease in PSA levels to < 10 ng/mL by
21 days after orchiectomy [17]. By contrast, GnRH-A ini-
tially cause testosterone levels rise to a peak, 1.5-2 times
greater than the initial testosterone levels; the phenomenon
called "testosterone surge" or “flare” reaction [18]. Testos-
terone levels then remain above baseline levels for 7 days
and do not reach castration levels until 3 weeks after admini-
stration of the GnRH-A. As a result, serum PSA levels are
not effectively suppressed until at least 4 weeks after admin-
istering the GnRH-A.. Therefore, it is recommended that pa-
tients with metastatic disease start with an androgen antago-
nist prior to initiation of treatment with a GhnRH-A and con-
tinue for 2 to 4 weeks to block the effect of the testosterone
surge and flare reactions.

The degree of testosterone suppression achieved can vary
and a significant proportion of patients receiving GnRH-A
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may not achieve testosterone level of <20 ng/dL. For exam-
ple, in one study [18] in which patients received leuprolide
acetate, measurement of serum testosterone at 29 days after
administration showed that 34% of patients had testosterone
levels of > 20 ng/dL. Similarly, Morote et al. [19] assessed
serum testosterone levels in patients treated with 3-monthly
GnRH-A injections and found that 37.5% of patients had
testosterone levels of > 20 ng/dL.

A further consideration is whether testosterone suppres-
sion is maintained during therapy. Several authors have re-
ported ‘breakthroughs’ in testosterone suppression in some
patients [20-22]. In a long-term follow-up of 62 patients
who had received a 3-month leuprolide depot, Jocham [20]
reported increases in testosterone to > 50 ng/dL in four
(6.5%), while in a larger study (120 men), there were ‘break-
throughs’ in five (4%) of patients receiving a 3-month
goserelin acetate depot [22]. Also, the study conducted
by Tombal and Berges [23, 24] showed that 28 — 37% of
patients receiving goserelin did not achieve or maintain
testosterone levels < 20 ng/d| at 84 weeks.

These studies all used 50 ng/dL as a definition for ‘break-
through’. It seems likely that if the threshold had been de-
fined as 20 ng/dL, the rate of breakthrough would have been
considerably higher. Taken together, these data suggest that
there might be significant shortcomings associated with cur-
rent GnRH-A, which could affect the long-term outcome of
therapy. These data also suggest that GnRH-A are largely
used rather than orchiectomy because of patient preference
and acceptability, rather than better clinical efficacy.

COST ISSUES RELATED TO ADT ADMINISTRA-
TION

An interesting analysis by Weight et al. [25] in 2008 has
revealed that the administration of either surgical or medical
castration in the U.S. Medicare population appears to be tied
closely to reimbursement in trend. According to the dataset
Medicare Part B Extract Summary from 2001 to 2005, the
use of medical castration increased from 2001 to 2003,
whereas, over the same period, surgical castration decreased.
Expenditures related to the use of medical ADT led in part to
the Medicare Modernization Act (MMA) in 2003. After the
enactment of the MMA, surgical castration rates increased,
and medical castration decreased. Total allowed charges for
medical castration in 2005 dropped 65% from the 2003 peak
at $1.23 billion. These results suggest that mandated decline
in reimbursement has affected the way practitioners adminis-
ter ADT.

In a recent analysis [26] by using the Surveillance, Epi-
demiology, and End Results (SEER) Medicare database of
82,375 prostate cancer patients (1992-2002), authors have
shown that use of ADT varies by the characteristics of the
urologists. The analysis showed that the likelihood of ADT
use was significantly greater for patients who saw urologists
without an academic affiliation. Surprisingly, patients of
non-academically affiliated urologists were significantly
more likely to receive primary ADT for localized prostate
cancer, a setting in which the benefits are uncertain. In this
study, trends in medical versus surgical ADT in relation to
the characteristics of urologists have not been analyzed.
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DEVELOPMENTS IN MEDICAL ADT

Faced with the shortcomings of current GnRH-A, there is
a need to develop agents that produce rapid, profound and
sustained suppression of testosterone without a testosterone
flare reactions.

A. New Depot Formulations of GhnRH Agonists

An extended-release depot formulation of leuprolide has
been developed: leuprolide acetate for injectable suspension
(Eligard®, Sanofi Aventis). The drug is administered via an
original delivery system that delivers the dose of 7.5 and
22.5 mg of leuprolide during a 1- and 3-month period, re-
spectively [27, 28]. It delivers a twofold higher quantity of
LHRH agonist than other depot formulations. Several trials
have assessed the pharmacological kinetics, efficacy and
safety of this novel LHRH compound [27, 28]. Tombal and
Berges showed that with Eligard, serum testosterone peaked
at the second day, but decreased thereafter to castration lev-
els of testosterone [23, 24]. By day 28, 98% of patients
reached a castration level of 50 ng/dl, and 84% reached lev-
els < 20 ng/dl. At the end of the 6-month period, 94% of
patients who completed this study achieved testosterone lev-
els < 20 ng/dl. The mean PSA level decreased by > 98%
from baseline after 6 months of depot therapy with 22.5 mg
dose [23]. The increased availability of leuprolide acetate
over a prolonged period probably explains the testosterone
suppression enhancement compared with the other LHRH
conventional depot formulations. The potential advantages
of this new compound are that it achieves castration levels
more rapidly, and that the threshold of 20 ng/dl is reached in
a larger proportion of patients than with usual depot formula-
tions.

B. GnRH Antagonist Therapy

In contrast to agonists, GnRH antagonists bind immedi-
ately and competitively to GnRH receptors leading to direct
pituitary suppression therefore they are not associated with
flare reactions. Competitive blocking of the GnRH receptor
results in a rapid, but reversible, decrease in LHRH, FSH
and testosterone levels [29]. Within 8 — 24 h after the initial
dose, LHRH and FSH concentrations are reduced by 51—
84% and 17 — 42%, respectively [29]. The theoretical advan-
tages of GnRH antagonists compared with agonists include:
i) no flare reactions; ii) rapid down regulation of GnRH
membrane receptors; iii) no need for combination therapy
with an antiandrogen, resulting in improved compliance and
fewer side effects; iv) more targeted therapy, including direct
action on the primary and secondary tumor cells; v) reduced
costs; and vi) more pronounced down regulation of testoster-
one [30]. GnRH antagonists are indicated for palliative
treatment of men with advanced symptomatic prostate can-
cer, in whom GnRH-A therapy alone is not appropriate be-
cause of an initial increase in testosterone, who refuse surgi-
cal castration, and who have one or more of the following:
(1) risk of neurological compromise due to metastases; (2)
ureteral or bladder outlet obstruction due to local encroach-
ment or metastatic disease; or (3) severe bone pain from
skeletal metastases persisting with narcotic analgesia use
[30].
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The reason why GnRH antagonists have not become a
mainstay treatment in prostate cancer is because many of the
first- and second-generation antagonists are associated with
significant histamine-mediated allergic reactions of urticaria,
pruritis, hypotension, syncope and 3.7% incidence of ana-
phylaxis. The cumulative risk increases with the duration of
treatment. Several third and fourth-generation GnRH an-
tagonists have been developed with fewer side effects and
are currently under clinical investigations (abarelix, acyline,
teverelix, getrorelix, degarelix, ganirelix, iturelix, orntide)
[30].

In a Phase Il open-label study by Tomera et al. [31], the
efficacy of abarelix compared to GnRH-A has been investi-
gated in 242 patients. None of the patients treated with
abarelix had testosterone flare during the first week, com-
pared with 82% of those treated with GnRH-A. During the
first week, medical castration was achieved in 75% of pa-
tients in the abarelix group, but none of the patients in
GnRH-A group achieved castration. PSA decline was
quicker and without flare in the abarelix group. Another ran-
domized study by Trachtenberg et al. [32] compared abarelix
to a combination of leuprolide and bicalutamide in 255 pa-
tients. Abarelix was more effective in avoiding testosterone
surge and showed faster reduction in hormone levels than the
combination therapy.

Recently, degarelix has been approved in the US, as a
second GnRH antagonist after abarelix, for the treatment of
advanced prostate cancer. Initially, preclinical study in rats
suggested that rapid, profound and sustained testosterone
suppression achieved with degarelix might result in greater
suppression of tumor growth than is achieved with GnRH-A
[33, 34]. Those promising results have led to phase /111
clinical studies. The results of phase Il studies showed that
approximately 90% of patients receiving degarelix at a dose
of 240 mg achieved suppression of testosterone to < 50
ng/dL by day 3, with no testosterone flare, and that up to
96% of patients achieving this level of suppression by 28
days had sustained suppression over a year of monthly main-
tenance therapy [35].

A randomized, open-label, Phase 111 study to evaluate the
efficacy of degarelix versus leuprolide for achieving and
maintaining testosterone suppression in patients with pros-
tate cancer over 1 year period was published [33]. Patients
were randomized to one of the 3 treatment arms: Arm A,
degarelix 240 mg as initial dosage followed by 80 mg
monthly; Arm B, degarelix 240 mg as initial dosage
followed by 160 mg monthly; Arm C, leuprolide 7.5 mg
monthly. The number of patients who achieved medical
castration were 202/207 (97%), 199/202 (98%) and
194/201(96%) in the degarelix 240/80 and 240/160 and
leuprolide groups, respectively. At day 3, 96.1% and 95.5%
of patients treated with degarelix 240/80 and 240/160 had
a testosterone level < 0.5 ng/ml. By contrast, none of the
patients in the leuprolide group achieved this result. In fact,
the testosterone level in the latter group increased by 65%
(median level 6.3 ng/ml, p < 0.001). Between days 28-364,
the median testosterone levels were 0.082, 0.088 and 0.078
ng/ml in the two degarelix and leuprolide groups [33].
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At days 14 and 28, PSA declined from baseline by
64%/85% and 65%/83% in the 240/80 and 240/160 degarelix
groups compared with 18%/68% in the leuprolide group (p <
0.001). Following degarelix, median LH and FSH concentra-
tions decreased rapidly and continued to be suppressed until
the end of study. At the end of the study mean FSH concen-
trations decreased by 88.5% in degarelix 240/80; 89% in
degarelix 240/160, and 54.8% in leuprolide 7.5 groups com-
pared to baseline [33]. In the leuprolide group, 44/178 (81%)
of patients who did not receive bicalutamide had a testoster-
one surge compared to 0% of patients in the degarelix groups
[33]. However, 4% of patients who received degarelix had
chills, compared with none of the patients who received
leuprolide.

As a result of these trials, an initial dose of 240 mg
followed by a maintenance dose of 80 mg and 160 mg every
4 weeks seems to be best in achieving a profound and sus-
tained testosterone suppression [33]. However, most patients
with prostate cancer receiving GnRH-A are treated with a 3-
month formulation. Therefore, it is a clear disadvantage that
degarelix is at present available only as a 1-month formula-
tion. Nevertheless, degarelix which offers better efficacy and
adverse effect profile seems to be the most promising agent
in this class to date.

A new isoform of GnRH, GnRH-I, has been identified.
GnRH-I is synthesized in the hypothalamus, and GnRH-11 is
widely expressed in the brain, as well as in the peripheral
reproductive and immune tissues [36, 37]. GnRH-I stimu-
lates the secretion of pituitary gonadotropins, LHRH and
FSH, which, in turn, modulates the synthesis and secretion of
androgens from the testis. Studies have demonstrated direct
action of GnRH-I on prostate cancer cells. GhnRH-1 agonists
induce a direct inhibitory action on EGF or IGF-induced
prostate cancer cell proliferation [38]. The discovery of the
GnRH-I1 isoform raised the question as to whether this iso-
form is likely to have a diverse functional activity than
GnRH-I in prostate cancer cells. For example, in human en-
dometrial and ovarian cancer cells, GhnRH-II seems to be a
more potent inhibitor of cell proliferation compared to
GnRH-I [31]. A recent study by Hurkadli et al. [39] showed
that androgen-independent prostate cancer cells bind to
GnRH-II with a higher affinity than GnRH-1. Nevertheless,
the involvement of GnRH-I1I and its receptor in prostate can-
cer cell proliferation is not yet established.

The same study by Hurkadli et al. [39] also used GnRH
antagonists (GnRH-I antagonist: cetrorelix, GnRH-II an-
tagonist: trptorelix) and measured the intracellular calcium
concentrations. They observed that trptorelix, but not
cetrorelix, completely inhibited the increase of GnRH-II-
induced intracellular calcium concentration. Concurrently, at
high concentrations, trptorelix and cetrorelix inhibited the
increase of GnRH-I-induced intracellular calcium concentra-
tion, whereas at low concentrations they provoked an agonis-
tic action, inducing calcium influx. High concentrations of
trptorelix, but not cetrorelix, induced prostate cancer cell
death, probably through an apoptotic process caused by a
depletion of the internal calcium pool. These very promising
observations could lead to the future development of new
drugs that can be used in second-line treatments of hormone-
refractory prostate cancer.
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C. Novel Approaches in Prostate Cancer

Even in 2009, treatment options for androgen-refractory
disease are still limited and new therapy modalities for this
disease is needed. Several investigational drugs in preclinical
and early clinical trials have been designed to address this
potential mechanism of resistance to ADT which might be
mediated by androgen-receptor (AR) signaling.

MDV3100 is a small-molecule, pure AR antagonist that
inhibits AR nuclear translocation and DNA binding.
Xenograft models have demonstrated significant reductions
in cancer volume with MDV3100 in comparison with bicalu-
tamide monotherapy, which showed no effect [40]. Recently
presented results of phase I-1l studies in humans showed
significant PSA reductions in 13 of 14 patients with castra-
tion-resistant prostate cancer (CRPC) who were treated for
over 4 weeks with MDV3100. The drug was well tolerated,
and no clinical or radiographic progression was noted in the
6 patients who were observed for 14 weeks [41].

CYP17A1 is a rate-limiting enzyme in androgen biosyn-
thesis. Inhibition of enzymatic activity at two sequential
steps in the androgen biosynthesis pathway leads to reduced
dehydroepiandrosterone and androstenedione synthesis,
which limits subsequent conversion to testosterone and
DHT. Given the key role of CYP17A1 in androgen produc-
tion, inhibition of this enzyme would be expected to suppress
androgen production in all endocrine organs, including the
testis, adrenal glands, and postulated tumoral sites of andro-
gen production [42]. Novel CYP17 inhibitors, including ke-
toconazole, abiraterone acetate, and VN/124-1 are agents
currently at different stages of development.

Ketoconazole has been in use as a second line therapy in
advanced or metastatic castration resistant prostate cancer. A
small retrospective analysis to evaluate the activity of keto-
conazole in patients with castration-resistant metastatic pros-
tate cancer has shown activity in patients with docetaxel-
refractory disease. With ketoconazole treatment, 4 of 11
(36%; 95% CIl 8-65%) patients achieved a 50% post-
treatment decline in PSA including three of four patients
who did not achieve a 50% PSA decline with prior docetaxel
[43]. Another phase Il study was designed to assess re-
sponses to ketoconazole in combination with type | and Il
Salpha-reductases (dutasteride) in patients with CRPC. PSA
response rate (>/=50% decline) was 56% (32 of 57; 95% ClI,
42.4-69.3%); the median duration of response was 20
months. In patients with measurable disease, 30% responded
by the Response Evaluation Criteria in Solid Tumors. Me-
dian time to progression was 14.5 months which was sub-
stantially longer compared to previous studies with keto-
conazole alone. Testosterone by 66%, and dihydrotestoster-
one declined to below detectable levels compared with base-
line levels with testicular suppression alone [44].

Abiraterone acetate is an orally administered, specific
inhibitor of CYP17A1 that has been evaluated in a phase |
trial of patients with metastatic CRPC who had undergone
multiple hormonal manipulations before enrollment [45].
Significant clinical activity was noted, with PSA reductions
of at least 50% occurring in 57% of patients, and sympto-
matic and radiographic improvement documented in some
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cases. Another exciting drug in preclinical evaluation is VN-
124-1 which combines the advantages of CYP17A1 inhibi-
tion, AR antagonism and reduced AR protein synthesis. In
vitro models have demonstrated potent AR antagonism in
binding assays and inhibition of CYP17A1 enzymatic activ-
ity, while in vivo xenograft models have shown reduced
tumor burden in mice treated with VN 124-1 versus those
undergoing castration or bicalutamide monotherapy [46].
Suppression of AR protein synthesis-an additional mecha-
nism of action that might prevent resistance developing
through AR amplification was also demonstrated both in
vitro and in vivo.

The relatively high response rates to the CYP17A1 in-
hibitor abiraterone acetate and the AR antagonist MDV3100
in patients with CRPC supports the hypothesis that tumoral
androgen synthesis and continued AR signaling have a role
in the pathogenesis of CRPC[42, 47].

CONTROVERSIES IN ADT

There are some controversies that exist in ADT which are
related to the:

* Role of combining ADT with antiandrogens
» Intermittent androgen suppression (1AS)

» Antiandrogen monotherapy

A. Combined Androgen Blockade

Despite medical or surgical castration, continued release
of androgens may occur at low levels mainly from the
adrenals. Therefore there is a debate on the use of combined
androgen blockade (CAB), which is treatment with castra-
tion (GnRH-A or orchiectomy) along with an androgen re-
ceptor antagonist. Several randomized studies have com-
pared the use of castration alone versus CAB. An earlier
study comparing daily injections of GnRH-A versus CAB
found survival benefit in CAB [48]. However, a second
large, randomized study has failed to demonstrate the sur-
vival benefit with CAB when surgical castration was used
[49]. A meta-analysis of 27 randomized trials found a 2.9 %
survival advantage in 5-years in patients treated with CAB
[50]. It also seemed clear from the meta-analysis that,
whereas combined use of nonsteroidal antiandrogens with
GnRH-A provided a significant benefit compared to GnRH-
A alone, combined use of steroidal antiandrogens with
GnRH-A seemed to be detrimental, leading to decreased
survival rates [50]. It should be noted that bicalutamide was
not analyzed in those studies.

Later on, the guidelines have been revised to clearly rec-
ommend ‘consideration of MAB using bicalutamide’ on the
basis of one randomized clinical trial and one analytical re-
search study [51-53]. The data quoted for the 2006 ASCO
guidelines are results of interim analysis [53] (median fol-
low-up of 66 weeks) of a multicenter, randomized, placebo-
controlled phase 11l study comparing MAB group using bi-
calutamide and GnRH-A alone group for 205 Japanese pa-
tients with untreated advanced prostate cancer. Patients re-
ceived an LHRH agonist and were randomly assigned to
bicalutamide 80 mg orally once daily or placebo. At 6
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months of follow-up, it was reported that 17 patients (16.7%)
in the CAB group and 30 (29.7%) in the monotherapy group
experienced disease progression (P=0 .016). The risk of pro-
gression during follow-up was reduced by 54% in the CAB
group relative to the control group (hazard ratio [HR], 0.46;
95% ClI, 0.25 to 0.84;P=0.011) [51]. The MAB group was
significantly superior in terms of anti-tumor effects, TTP and
TTF without increasing toxicity or QOL deterioration.
Moreover, according to the final results (median follow-up
of 127 weeks) reported by Usami et al. [54], the superiority
of the MAB group in terms of TTP and TTF was even more
marked than the interim analysis. However, OS and cause-
specific survival as the secondary endpoints were not signifi-
cant between the groups because of a lack of death events.
Therefore an investigator-initiated follow-up study was car-
ried out. At median follow-up 127 weeks [55], in the MAB
group OS was significantly prolonged and reduced disease-
specific mortality by 22% (95% confidence interval of haz-
ard ratio: 0.60-0.99). However, it did not reach a significant
difference in cause-specific survival, although there was a
trend that the MAB group was superior to GnRH-A alone.

B. Intermittent Androgen Suppression (IAS)

Although the duration of ADT is not standardized, in
most algorithms patients are given ADT until PSA becomes
undetectable, usually at 6-12 months [56]. Treatment is then
stopped and PSA is monitored. Therapy is usually resumed
when PSA reaches 50% of the pretreatment value, or a level
between 4-10 ng/ml (some advocate 2.5 ng/ml). However,
despite a 90% primary response rate, prostate cancer almost
invariably, becomes androgen independent, or at least, par-
tially refractory to ADT with increasing PSA levels, and
radiologic and/or symptomatic progression over time; typi-
cally 14 to 20 months in the metastatic setting [48, 49]. It has
been hypothesized that the cyclic increase in testosterone
might delay progression to androgen independence com-
pared to sustained ADT.

The majority of the clinical experience with IAS to date
has been in the form of single-institution phase Il studies and
the design of those studies has varied substantially; for ex-
ample, employing GnRH-A with or without a nonsteroidal
antiandrogen, on-treatment cycles lasting 3-9 months, and
different parameters for initiation of subsequent cycles [57].

Phase Il studies have prompted large, multicenter, ran-
domized phase Il trials comparing 1AS with continuous an-
drogen suppression (CAS) [58]. Several trials, including
various phase Il studies and interim analyses of phase Il
trials have suggested improvement in terms of QOL, cardio-
vascular events and osteoporosis, among other benefits, with
IAS [59, 60]. Rates of OS and progression to CRPC seem to
be equivalent to those seen with CAS, according to several
phase Il trials and early phase 111 data[61]. According to the
preliminary results from a phase 111 trial of 201 patients with
biochemical progression who were randomized to 1AS ver-
sus CAS, no significant differences were noted between
groups in TTP to CRPC at a median follow-up of 31 months
[62]. Similarly, another phase Il trial of 766 patients with
locally advanced or metastatic prostate cancer who were
randomized to IAS versus CAS showed no difference in OS
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or progression to CRPC at a median follow-up of 51 months
[63]. As patients receive IAS drugs at approximately half the
rate that they would with continuous treatment, this approach
might reduce costs, with equivalent control rates. The final
results of several ongoing large phase Ill trials are eagerly
awaited.

C. Antiandrogen Monotherapy

Worldwide, 3 types of nonsteroidal antiandrogens are
currently available: bicalutamide, flutamide, and nilutamide.
Contrary to ADT, nonsteroidal antiandrogen therapy does
not reduce the patients’ androgen levels and can maintain
body composition and QOL status [64]. Therefore, there is
an interest in the use of antiandrogen monotherapy as an
alternative to ADT.

The largest study, the EPC (Early Prostate Cancer) pro-
gram [54] has randomized > 8000 patients with localized or
locally advanced prostate cancer to bicalutamide alone ver-
sus placebo after they had been treated with surgery or radia-
tion therapy. At a follow-up of > 7 years, bicalutamide had a
positive impact on TTP but was unable to provide any sig-
nificant survival benefit compared to placebo. Surprisingly,
it decreased the survival in localized disease as compared to
placebo and there were more bicalutamide related deaths, in
locally advanced disease [15]. Therefore, bicalutamide has
not been approved, and is not currently recommended for
localized prostate cancer. The debate regarding its actual
place in locally advanced prostate cancer remains open and
highly controversial.

The use of flutamide monotherapy as an alternative to
ADT in the advanced disease setting has not been exten-
sively studied in phase Il trials, and only two studies have
compared flutamide monotherapy with ADT for advanced
prostate cancer. Boccon-Gibod et al. [65] reported that
patients with metastatic prostate cancer showed similar
survival outcomes with flutamide monotherapy and with
ADT; however, that study had limited statistical power
because only 104 patients were enrolled. The American
Society of Clinical Oncology states that monotherapy with a
nonsteroidal antiandrogen may be discussed as an alternative
to ADT, but steroidal antiandrogens (currently not approved
in the United States) should not be offered as monotherapy
[51].

CONCLUSIONS

Androgen deprivation therapy (ADT) is the most widely
used systemic treatment for prostate cancer. In contrast to the
metastatic prostate cancer, ADT has shown survival benefit
in patients receiving local treatment with radiation therapy
for high-risk disease. The results of large trials investigating
the optimization of primary ADT, the use of novel agents,
either as monotherapy or in combination, are eagerly awaited
which might improve quality of life, extend survival, over-
come the adverse effects and also prevent the development
and progression of CRPC.
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