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By Max Pitman, Philippa Cheetham, Simon Brewster

By most accounts, the history of androgen deprivation begins famously in 
1941, the year in which Huggins and Hodges !rst published convincing evi-
dence that patients with metastatic prostate cancer showed clinical improve-
ment with testosterone suppression [1]. However, the complete story begins 
much earlier, with the !rst accounts of prostate cancer and the pioneering 
physicians who uncovered many of the early clues that would eventually 
lead Charles Huggins and Clarence Hodges to their revolutionary studies.

BEFORE HUGGINS AND HODGES

Prior to the era of histological diagnosis, reports of prostate cancer were 
rare and poorly characterized. The tissue origin of tumors could be con-
!rmed only through examination of gross pathology specimens at autopsy, 
and physicians rarely suspected the prostate gland as the site of a primary 
tumor [2]. The !rst histologically con!rmed case of prostate cancer was 
reported in 1853 by the Englishman John Adams, a surgeon at the London 
Hospital [3], but only sporadic cases were reported over the next 40 years. 

T H E  H I S T O RY  O F  
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It was not until the late 1800’s – when prostate resection was being increas-
ingly performed to relieve urinary obstruction and more prostate specimens 
were being submitted for pathological analysis – that cases of prostate can-
cer were more frequently being reported [2].

Prior to this time, physicians had not differentiated between benign and 
malignant causes of prostatic urinary obstruction. However new studies be-
gan to emerge suggesting that prostate cancer was perhaps a more frequent 
cause of obstruction than had initially been thought. In 1896, in a lecture 
to the Royal College of Surgeons of England, Reginald Harrison remarked 
that “I have long thought that slowly progressive carcinoma of the prostate 
… is far more common than is generally believed to be the case,” noting 
as well that “to the naked eye [there is] but little to distinguish the speci-
men from ordinary hypertrophy [4].”  This distinction was essential to the 
understanding of the natural history of prostate cancer, and the pace of 
discovery quickened from this point forward, in no small part due to the 
rise in prostate cancer incidence concomitant with longer life expectancies 
in the modern era.  

Near the turn of the twentieth century, attempts at radical treatment for 
prostate cancer became more and more frequent. In 1905, Hugh Hampton 
Young reported on the !rst four cases of radical perineal prostatectomy for 
prostate cancer at Johns Hopkins in Baltimore, which he performed with 
the assistance of his famous chief of surgery, Dr. William S. Halstead [5-6]. 
Surgical treatments continued to advance over the next 40 years. In 1945, 
the prominent Irish surgeon Terrence Millin !rst described the retropubic 
approach to enucleation of prostatic hypertrophy in a series of 20 cases 
performed in London [7]. Just two years later, Millin reported the !rst radi-
cal retropubic prostatectomy, a procedure still widely performed to this day 
[8]. In the early 1920’s, radiation also emerged as a treatment option for 
prostate cancer, initially using radium directly implanted into the prostate 
[9], and subsequently with external beam radiation.

Despite such dramatic advances in treatment, both radiation and radical 
surgery would soon be surpassed by hormonal therapy, as a result of Hug-
gins’ seminal work on testosterone suppression. 
The history of androgen ablation begins 150 years earlier, however, with the 
early studies of the Scottish surgeon and anatomist John Hunter. In 1786, 

based on extensive anatomical examinations outlined in his “Observations 
on Certain Parts of the Animal Oeconomy”, Hunter !rst suggested that 
the testes may play a direct role in in"uencing the size and function of the 
prostate. He noted that “the prostate gland … in the perfect male [is] large 
and pulpy, secreting considerable quantity of a slimy mucus, … while in the 
castrated animal they are small, "abby, tough and ligamentous, and have 
little secretion [10].” 

Although it seems that Hunter was approaching exactly the conclusion that 
Huggins and Hodges would reach 150 years later, surprisingly few physi-
cians showed interest in this essential connection between testes and pros-
tate for nearly 100 years. There were, however, sporadic reports of prostatic 
atrophy among eunuchs, most notably by the Russian surgeon Pelikan. In 
1876, he published an essay on the Skoptsy, a small group of religious ex-
tremists who practiced castration as a means of maintaining sexual purity 
[2, 11]. Pelikan noted that the prostates of eunuchs were as small as those 
of children, and thus postulated that castration could be used as a therapy 
for prostate hypertrophy.

Near the turn of the century, just as improvements in diagnosis were lead-
ing to advancements in the surgical treatment of prostate cancer, reports 
from animal studies were beginning to con!rm the suspicions of Hunter 
and others, of the effect of castration on prostate growth.  In 1893, in a 
presentation to the American Surgical Association, JW White, a surgeon 
from Philadelphia, reported on his !ndings from experiments in which he 
sacri!ced dogs in order to examine their prostates at various intervals after 
castration. Seventy two days following castration, White noted signi!cant 
atrophy and decreased mass of the prostate gland. He thus suggested that 
castration might inhibit prostate growth, by a mechanism analogous to 
oophorectomy decreasing the size of uterine leiomyomata [12]. 

In the early 20th century, reports from animal endocrine studies elucidated 
the relationship between the pituitary gland and the sex organs, thus setting 
the stage for further advances in hormonal modulation as a treatment for 
prostate cancer. In 1938, Robert Moore and Allister McClellan reported 
that estrogen injections resulted in atrophic changes in the prostate simi-
lar to those seen with castration [13]. Shortly after, in 1941, Huggins and 
Hodges published their “Studies on Prostatic Cancer”, the two seminal 
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works that demonstrated testosterone suppression was an effective treat-
ment for metastatic prostate cancer in humans. 

1941 AND BEYOND

After earning a bachelor’s degree from Acadia University in Nova Scotia 
in 1920, Charles B. Huggins attended Harvard Medical School, graduat-
ing in 1924. He then trained in General Surgery under Frederick Coller 
at the University of Michigan, and was appointed Instructor of Surgery in 
1926. The following year, he joined the faculty of the new medical school 
at the University of Chicago. Despite having no formal training in Urology, 
Huggins was asked by his Chairman, the distinguished surgeon Dallas B. 
Phemister, to head up the Division of Urology. After a short trip to England 
where Huggins studied Urology in London, he then returned to Chicago in 
1930 and immediately set to work. 

Huggins’ initial studies explored the osteoblastic properties of bladder cells 
in dogs, after postulating that similar properties of prostatic epithelium 
might account for the osteoblastic effects of metastatic prostate cancer [14].  
It was not long before Huggins turned his attentions to the prostate gland 
itself. In 1939 he developed a novel procedure for isolating the intact pros-
tate of live dogs, thus providing a simple method for the collection and 
study of prostatic secretions. Huggins demonstrated that the function of the 
prostate gland depended on direct stimulation from testicular androgens. 
Furthermore, he ascertained that this stimulatory effect could be negated by 
simultaneous administration of estrogens, thus forming the basis for future 
studies on anti-androgen therapy as a treatment for prostate cancer [15].

In 1941, Charles Huggins and his medical student Clarence V. Hodges, con-
ducted their famous experiments on eight patients with metastatic prostate 
cancer. The purpose was to study the effects of castration and estrogen on 
the course of the disease. Based on the earlier work of Alexander and Ethel 
Gutman, who reported increased levels of serum acid phosphatase in pa-
tients with metastatic prostate cancer [16], Huggins and Hodges used this 
enzyme as a quantitative marker to assess the effects of their therapies on 
prostate cancer cells.  In the !rst of two landmark studies, they reported a 

signi!cant decrease in serum acid phosphatase following either castration 
or estrogen administration, and, conversely, an increase in serum acid phos-
phatase following injection of androgen [1].  In their second major study, 
entitled “The Effects of Castration on Advanced Carcinoma of the Prostate 
Gland,” Huggins and Hodges described the clinical sequelae of these inter-
ventions, describing that “a noticeable improvement occurred in the clinical 
status of all but 3 (of 21) patients” [17]. With demonstrable results now 
evident in humans, these observations marked a new era in the history of 
hormonal therapy, and the accomplishments of Huggins and Hodges were 
soon widely known throughout the medical community. 

In 1966, Dr. Huggins received the Nobel Prize (shared with virologist Peyton 
Rous) for his research on the relationship between hormones and prostate 
cancer. The Nobel Committee cited his “fundamental discoveries concern-
ing the hormone dependence of normal and neoplastic cells in experimental 
animals and their immediate practical application to the treatment of hu-
man prostatic and breast cancer.” The Committee went on to note that his 
work had “already given many years of an active and useful life to patients 
with advanced cancer over the entire civilized world--patients who would 
have been lost to other forms of therapy.”

While androgen deprivation has since been eclipsed by the many options for 
de!nitive treatment of early prostate cancer in the PSA era, the importance 
of the early observations of Huggins’ in the !eld of cancer chemotherapeu-
tics cannot be understated. In his summary of Huggins’ accomplishments 
in 1966 (the year in which Huggins was awarded the Nobel Prize in Medi-
cine), Paul Talalay, MD, Director of Pharmacology and Experimental Ther-
apeutics at Johns Hopkins University, (and a former student of Dr. Huggins) 
in 1965 remarked of Huggins’ work in prostate cancer:
But quite apart from the great clinical bene!ts which derived from these 
pioneering discoveries, they formed an immense stimulus to all research 
on cancer chemotherapy. For the !rst time a strong ray of hope appeared 
in the treatment of carcinomatosis, for it was demonstrated that patients 
with widespread metastases could be restored to health by regulation of the 
internal environment of the host. Two new principles of medicine emerged 
from these studies: (1) Cancer is not necessarily autonomous and intrinsi-
cally self-perpetuating; and (2) Cancer can be sustained and propagated by 
hormonal function which is not necessarily abnormal in kind or exagger-
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ated in rate, but which is operating at normal or even subnormal levels [18].
Huggins continued to pursue his research in testosterone suppression over 
the next several years, with particular interest in adrenal androgens as a 
possible cause of treatment failure following orchiectomy or estrogen ad-
ministration. In his original paper on acid phosphatase levels following cas-
tration, Huggins noted that “in some cases the enzyme did not reach normal 
while in others it lay at the upper limit of normal values”, and he offered as 
an explanation that “much proof has been adduced that androgen is pro-
duced in extragonadal foci especially in the suprarenal gland”.  

In 1945, Huggins and another one of his students, William Wallace Scott, 
reported on four cases of bilateral adrenalectomy for the treatment of cas-
tration-resistant metastatic prostate cancer [19]. While they noted decreased 
androgen and alkaline phosphatase (as a marker of bony metastases) fol-
lowing adrenalectomy, the postoperative morbidity and mortality second-
ary to adrenal insuf!ciency (in the pre-cortisone era) for these patients was 
high, and the authors concluded that adrenalectomy was not a viable treat-
ment option.  They also noted in this study that the longest surviving patient 
(who lived 116 days after adrenalectomy), continued to have progression of 
metastatic disease despite complete androgen suppression. From this case 
Huggins and Scott postulated that adenocarcinoma of the prostate might 
not be uniformly androgen-dependent. In certain cases, they suggested, the 
tumor cells would continue to grow, even in the complete absence of an-
drogen. This !nding of androgen-independent prostate cancer, refractory to 
hormonal therapy, to this day remains a signi!cant challenge in the treat-
ment of advanced prostate cancer.

1950’S

The availability of exogenous cortisone in the early 1950s allowed for re-
newed interest in adrenalectomy as a secondary measure in castrated pa-
tients with persistent metastatic disease. This also introduced the concept of 
second line hormone therapy, the medical equivalent of which is practiced 
widely to this day (by adding bicalutamide 50mg or "utamide when a pa-
tient is relapsing on an LHRH analogue). 

In 1952, Huggins and his colleague Delbert M. Bergenstal reported impres-
sive clinical effects of bilateral adrenalectomy with exogenous cortisone re-
placement, including the “decrease of elevated acid phosphatase in serum, 
… shrinkage of size of the cancers,” and “most striking … the immediate 
and persistent relief of crippling bone pain” [20]. While adrenal replacement 
therapy with cortisone acetate was suf!cient in most cases to prevent adre-
nal crisis, bilateral adrenalectomy was still quite a morbid procedure, and 
was soon abandoned in favor of new medical therapies.

In 1954, following the !ndings of Huggins and his colleagues in Chica-
go, G.M. Miller and F. Hinman attempted to mimic the effects of surgical 
adrenalectomy in prostate cancer patients by administering large doses of 
cortisone to inhibit the secretory activity of the adrenal cortex [21]. While 
they did note objective improvement in six 6 of 10 patients, the effects were 
transient, averaging just 82 days. Interest in this “medical adrenalectomy” 
subsequently waned, and was eclipsed by the widespread use of estrogens to 
achieve medical castration over the next 25 years.

1960’S

The early 1960’s saw a tremendous rise in the use of high-dose oral estro-
gens as an alternative to bilateral orchiectomy in the treatment of advanced 
prostate cancer. The most commonly used agent, the synthetic estrogen di-
ethylstilbestrol (DES), inhibits testosterone upstream in the endocrine axis 
by inhibiting the release of LH from the anterior pituitary gland. Sir Charles 
Dodds is credited with the discovery and early development of DES. In 1938, 
he described the compound’s synthesis and potent estrogenic properties in 
Nature, and DES was soon investigated for a variety of uses in gynecology 
and urology [22]. Huggins and Hodges !rst used DES as the synthetic es-
trogen in their famous works on prostate cancer, and the drug became well-
known for achieving castrate levels of testosterone.  It was used extensively 
among patients with metastatic prostate cancer throughout the 1960s and 
70s, and even until the advent of LHRH analogues in the 80s.

In 1967, the Veterans Administration Cooperative Urological Research 
Group (VACURG) published the !rst in a series of trials evaluating DES 
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compared to placebo, radical prostatectomy, orchiectomy, or combination 
therapy [23]. DES administration, alone or in combination, was associated 
with the highest disease-speci!c survival of all treatments, but it also was 
associated with the lowest overall survival. This increase in overall mortal-
ity was attributed primarily to cardiovascular disease such as myocardial 
infarction, deep venous thrombosis, and transient ischemic attack. Further 
studies by the VACURG demonstrated that the 5-mg daily dose of DES 
had a therapeutic effect equivalent to that of surgical castration, but again 
was associated with increased mortality due to cardiovascular events. A 
1-mg daily dose was also studied, and was shown to have therapeutic ef-
fect equivalent to that of the 5-mg dose, with a signi!cantly improved side 
effect pro!le [24]. These results were not con!rmed in further studies, how-
ever, and the use of estrogens eventually declined in favor of newer medical 
therapies [25]. 

Fig. 4: The Hypothalamic-Pituitary-Gonadal Axis

In the late 1960s, further investigation into the mechanism of action of 
steroid hormones led to the development of antiandrogen compounds 
that inhibit or block the androgen receptor itself, rather than preventing 
its secretion via upstream inhibition of the hypothalamic-pituitary-gonadal 
(HPG) axis (!gure 4). Antiandrogens have been classi!ed as either steroidal 
or nonsteroidal based on their chemical structure and physiologic action; 
the nonsteroidal compounds act selectively at the androgen receptor in the 
prostate, and therefore are not associated with the progestational effects of 
the steroidal compounds (and of medical or surgical castration), most no-
tably impotence and loss of libido. Results from early clinical trials of both 
steroidal and nonsteroidal compounds were !rst published in the 1970’s, 
with these drugs being commonly used in routine clinical practice, until 
LHRH analogues became available in the 1980’s. 

1970’S

Initial trials of steroidal antiandrogens were published as early as 1966, 
when Scott and Schirmer reported on the ef!cacy of oral cyproterone ac-
etate (CPA) for advanced prostate cancer [26]. CPA acts as a competitive 
antagonist of testosterone and dihydrotestosterone (DHT) at the receptor 
level, and secondarily inhibits release of LH from the pituitary gland. A 
handful of other CPA trials were reported in the late 1960’s and early 1970’s 
by Geller et al, Wein and Murphy, and Smith et al, also noting promising 
results [27-29]. CPA has been used for a number of years in Europe, either 
as monotherapy or, in combination with LHRH analogues. However, CPA 
was never approved for use in the United States. 

In 1985, the European Organization for Research on Treatment of Cancer 
(EORTC) conducted a Phase III randomized trial evaluating CPA compared 
to medroxyprogesterone acetate (a similar steroidal antiandrogen) and es-
trogen therapy with DES (3-mg daily dose) [30]. While the 5-year survival 
was highest (38%) for DES, CPA was nearly as ef!cacious, with a 32% 
5-year survival.  Furthermore, CPA was associated with a signi!cantly low-
er risk of cardiovascular deaths than DES. Medroxyprogesterone was asso-
ciated with only a 14% 5-year survival [30]. While CPA has been used as an 

Hypothalamus

Anterior
pituitary

Testes

LHRH

TESTOSTERONE

LH FSH



14 15

effective therapy for prostate cancer control, it (like all endocrine therapies) 
has been reported to lose effectiveness after long-term use.
 
Shortly after the early CPA trials, several authors reported promising results 
with megestrol acetate, a third steroidal antiandrogen. In 1975, Johnson 
et al. reported bene!cial clinical responses in 92% of previously untreated 
patients with metastatic prostate cancer [31], and in 1978, Geller et al. re-
ported regression of metastatic disease, but only in 4 of 9 previously un-
treated patients [32]. These authors noted that, like CPA, megestrol acetate 
appeared to act primarily at the level of the dihydroxytestosterone (DHT) 
receptor in the prostate, thereby blocking the action of the most potent 
androgen. 

While the favorable side effect pro!le of megestrol acetate was similar to 
that of CPA (as compared to DES), megestrol acetate was not shown to be 
as ef!cacious as either CPA or DES. Nonetheless, megestrol acetate was ap-
proved for use in the United States, and was subsequently used with greater 
ef!cacy in combination with low-dose estrogen [33]. As previously men-
tioned, both CPA and megestrol acetate have been associated with proges-
tational side effects, most signi!cantly loss of libido and impotence, and 
for this reason they largely fell out of favor with the advent of synthetic 
nonsteroidal antiandrogens.

The synthetic nonsteroid antiandrogens (!rst "utamide and later niluta-
mide and bicalutamide) act at the level of the nuclear DHT and testosterone 
receptors. However, unlike the steroidal antiandrogens, the nonsteroidal 
compounds do not secondarily inhibit the release of LH from the pituitary 
gland, and therefore do not cause any decrease in serum testosterone levels. 
These nonsteroidal compounds therefore should not cause impotence and 
loss of libido, and thus became much more widely used than CPA and meg-
estrol acetate.  

Flutamide, !rst studied in animal models in the early 1970’s, was found 
to have potent antiandrogenic effects [34-35]. Early human trials showed 
regression of metastatic disease in a signi!cant number of patients, but only 
among those who had not been previously treated with another hormonal 
agent [36-37]. As the results from larger "utamide trials were published in 
the 1980s, more evidence emerged con!rming that most patients without 

prior endocrine therapy had a favorable response to "utamide, and that 
potency was preserved in more than 80% of patients on "utamide mono-
therapy [38]. Several randomized trials also showed that "utamide alone 
was as effective as DES for patients with advanced prostate cancer, and 
that "utamide was associated with signi!cantly fewer cardiovascular and 
sexual side effects [39-40]. Over the last 35 years "utamide (along with its 
antiandrogen predecessors nilutamide and bicalutamide) has, and continues 
to be commonly prescribed most often in combination therapy with LHRH 
analogues.

Fig. 5: Pathway of Androgen Action
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THE MODERN ERA: 1980’S-2010

1980’S

LHRH Analogues
The availability of synthetic LHRH analogues in the early 1980’s was an-
other signi!cant milestone in the history of hormonal therapy for advanced 
prostate cancer. Castrate levels of testosterone were achieved, with reduced 
incidence of adverse events compared to estrogen therapy and better ef-
!cacy than antiandrogens. Furthermore, many of these LHRH analogues 
were developed in long-acting depot preparations that greatly improved 
their ease of administration. They have been the most commonly used and 
most effective hormonal therapy for the last 25 years. 

The development of compounds that modulate the activity of LHRH dates 
back to the early 1970’s, when the famous Polish-American endocrinologist 
Andrew Schally !rst isolated and described the activity of porcine LHRH 
[41]. Schally went on to win the Nobel Prize in 1977 for his work with 
LHRH, as well as a number of other hypothalamic hormones. In 1971, he 
postulated for the !rst time that a single hypothalamic hormone was capa-
ble of inducing the release of both LH and FSH from the pituitary, and then 
demonstrated this activity in number of studies in both rats and humans.

The subsequent discovery that LHRH agonists could act as an inhibitor of 
the HPG axis was serendipitous. After Schally had described the mechanism 
by which LHRH normally induces the release of LH from the anterior pi-
tuitary, and then androgen release from the testes, researchers initially ex-
pected that LHRH administered to rats would cause an increase in prostate 
size [42]. However in the earliest animal models of LHRH analogues, just 
the opposite observation was made. In 1977, Auclair et al. demonstrated 
that administering an LHRH agonist to rats actually caused the prostate 
and testicles to decrease in size within just a few days of treatment [43-44]. 
These studies set the stage for the !rst human trials. In 1980, Labrie et 
al. reported on the administration of intranasal buserelin to a patient with 
stage B prostate cancer, and noted reductions in serum testosterone of 70% 
and 85%, respectively, as early as two weeks after initiating therapy. Tolis 
and colleagues, who collaborated with Dr. Schally and his team at Tulane, 
reported similarly promising results of LHRH agonists in 1982 [45]. Other 

trials soon de!ned the optimal dose and administration in order to achieve 
medical castration, and within just a few years LHRH analogues were the 
most widely used hormonal therapy for prostate cancer [42, 46]. 

The paradoxical mechanism by which LHRH analogues actually inhibit 
androgen secretion was described by St-Arnaud et al. in 1986 [47]. After 
an initial surge of LH released from the pituitary (which in turn leads to 
the testosterone surge responsible for the early “tumor "are” after LHRH 
administration) continued stimulation of the HPG axis leads to a down-
regulation of tissue LH receptors. Over time, even with LH levels in the 
normal physiologic range, the bioactivity of LH is lost, thus resulting in 
castrate levels of testosterone and DHT. 

Several large studies published during the 1980’s examined the ef!cacy of 
LHRH analogues compared to other therapies. In 1984, the Leuprolide 
Study Group published a randomized trial of leuprolide acetate compared 
to DES (3-mg daily dose), with no signi!cant difference in time to progres-
sion between the two groups. There was, however, a signi!cantly decreased 
risk of cardiovascular events and gynecomastia in the leuprolide group. An-
other early randomized trial compared buserelin to both DES and orchiec-
tomy, and again found no signi!cant difference in disease-speci!c or overall 
survival between the groups [48]. 

1990’S

In 1991, Kaisary et al. reported further evidence in the British Journal of 
Urology that monotherapy with goserelin was as effective as bilateral or-
chiectomy in patients with metastatic prostate disease. As a result, there 
was a dramatic reduction in the numbers of patients undergoing surgical 
castration, in favor of newer medical means of castration [49]. The most 
commonly used LHRH analogues to this day are still leuprolide and goser-
elin, although newer agents continue to be developed. Histrelin, one of the 
most recent drugs to reach the market, is now available in a one-year depot 
subdermal implant. The implant (which can be replaced yearly) results in 
steady state serum levels of histrelin [50] over the one year period.
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Maximum Androgen Blockade (MAB)
Shortly after the advent of LHRH agonists in the early 1980’s, many inves-
tigators began to experiment by administering these drugs in combination 
with an antiandrogen compound with the goal of MAB achieving complete 
androgen deprivation. This is based on the known premise that adrenal an-
drogens are also capable of having a trophic effect on the prostate, particu-
larly in the setting of castrate testosterone levels. Over 40 years after Hug-
gins and Scott !rst attempted bilateral adrenalectomy for this very reason 
[19], Geller et al. con!rmed the effect of adrenal androgens on the prostate 
in medically or surgically castrated men [51]. They reported that the conver-
sion of DHEA into DHT in these patients can lead to a serum DHT level of 
up to 40% the normal value, and even tiny levels of DHT could in turn lead 
to increased protein synthesis by prostatic epithelium. 

Understanding these effects led to the treatment strategy of MAB, which was 
studied intensely throughout the 1980’s and 1990’s. In the earliest notable 
study of MAB in 1983, Labrie and colleagues reported a 97% response rate 
with combination buserelin and nilutamide (a nonsteroidal antiandrogen) 
in 37 patients with metastatic prostate cancer [52]. Despite the small num-
bers and lack of a control arm, these results generated considerable interest 
in MAB, with several larger, randomized trials published in the following 
years. The !rst of these studies, reported by the Southwest Oncology Group 
(SWOG) in 1989, was a randomized trial of leuprolide plus "utamide com-
pared to leuprolide plus placebo in 603 patients with previously untreated 
stage D2 prostate cancer [53]. Patients in the MAB arm experienced longer 
progression-free survival (16.5 months vs. 13.9 months) and overall sur-
vival (35.6 months vs. 28.3 months). However the authors noted that these 
effects were most pronounced for patients with minimal disease and good 
functional status. Nearly ten years later, two further randomized trials ex-
amined MAB with similar results. The EORTC reported their results on 
MAB with goserelin plus "utamide compared to bilateral orchiectomy, with 
similar increases in disease-speci!c and overall survival for those treated 
with MAB. The International Anandron Study Group reported on bilateral 
orchiectomy with or without nilutamide, also with a statistically signi!cant 
survival bene!t for the MAB group [54-55].

Despite this seemingly strong evidence in favor of MAB over monotherapy, 
a number of contrary studies were published during the same time period. 

The largest of these studies, a randomized SWOG trial reported by Eisen-
berger and colleagues in 1998, also examined bilateral orchiectomy with 
and without "utamide in nearly 1,400 patients [56]. The study did not !nd 
an overall or disease-speci!c survival bene!t to MAB, even among patients 
with minimal disease (the subgroup that had bene!ted so signi!cantly in 
the earlier SWOG trial of leuprolide plus nilutamide) [53]. The negative 
study by Eisenberger et al. also enrolled patients in a quality of life protocol. 
They reported worse overall emotional functioning and more frequently 
discontinued treatment in the MAB arm. The authors thus suggested that 
MAB may actually undermine the palliative goals of hormonal therapy for 
patients with advanced disease. 

More recently, several meta-analyses have attempted to clarify previously 
con"icting data. The largest study, by the Prostate Cancer Trialists Col-
laborative Group (PCTCG), reported on a total of 8,275 patients in 27 
randomized trials. The analysis found only a slight survival bene!t over 
monotherapy to MAB with nilutamide or "utamide, with a 2-3% advantage 
in overall survival at 5 years, and no bene!t at all for MAB with CPA [57]. 
Despite further trials and longer follow-up, there is still no clear consensus 
favoring either CAB or monotherapy.

Ketoconazole
In the early 1980’s the new oral antifungal agent, ketoconazole, was inci-
dentally found to dramatically suppress serum testosterone levels. Pont and 
colleagues !rst reported this effect after two patients developed gynecomas-
tia while they were taking the drug to treat a fungal infection. Pont et al. 
demonstrated that a single dose of ketoconazole could cause a signi!cant 
drop in serum testosterone within just a few hours [58]. Just as the drug 
exerts its antifungal effect by inhibiting fungal sterol synthesis, it was soon 
found to be a strong inhibitor of both adrenal and testicular pathways of 
steroid synthesis, thus leading to a rapid decrease in serum androgens [59-
60]. Over the next few years, several small studies examined the potential 
effect of high-dose ketoconazole on advanced prostate cancer. Trachtenberg 
and Pont were the !rst to describe its use, reporting regression of metastases 
in a majority of patients at six months follow-up [61]. Subsequent studies 
con!rmed these results, but the effects of ketoconazole were found to be 
short-lived compared to those of both LHRH agonists and antiandrogens. 
Ketoconazole has thus never been widely used as a !rst-line agent for an-
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drogen suppression. However it has been used when a very rapid decrease 
in serum testosterone is required, as in cases of impending spinal cord com-
pression.

More recently, ketoconazole has been studied as a second- or third-line 
agent for patients with castration-resistant prostate cancer (CRPC), partic-
ularly in patients who improve after antiandrogen withdrawal. This effect 
(known as the antiandrogen withdrawal phenomenon) was !rst recognized 
in the 1990’s, when certain patients with disease progression on antiandro-
gen treatment showed clinical bene!t and PSA regressions after discontinu-
ing "utamide [62]. It has become common practice either to manage expect-
antly or switch to a different agent when this occurs, since the effect appears 
to be drug-speci!c, and patients may bene!t from treatment with sequential 
nonsteroidal antiandrogens [63]. Ketoconazole was recently studied in this 
context, as an adjunct to antiandrogen withdrawal in patients with pro-
gressive metastatic disease despite MAB. In a phase III randomized trial of 
260 patients; Small et al. examined antiandrogen withdrawal alone or in 
combination with ketoconazole.  A better objective and PSA response was 
reported in the ketoconazole arm, but no difference in overall survival. Ke-
toconazole may prove to be a useful second-line agent. However, for now, 
its clinical use has been complicated by frequent drug-drug interactions and 
the need for concomitant glucocorticoid replacement. For this reason, there 
have recently been signi!cant efforts toward !nding a newer agent with 
simpler dosing and a more tolerable side effect pro!le.

Antiandrogen Monotherapy
While MAB is effective and is certainly more psychologically palatable to 
many men than orchiectomy, the LHRH agonists do cause the familiar bat-
tery of side effects common to all forms of castration, most notably loss of 
sexual interest and impotence. As more and more younger men are being 
diagnosed with early stage prostate cancer after the widespread use of PSA 
screening, the negative impact of these sexual side effects has become a far 
more signi!cant factor in the choice of prostate cancer treatment [64].  In 
this setting, the strategy of monotherapy with a nonsteroidal antiandrogen 
emerged as an area of renewed research interest in the 1990s, particularly 
after the development of oral bicalutamide 150mg daily dose. As previously 
noted, nonsteroidal antiandrogens are competitive inhibitors that act selec-
tively at the level of the androgen receptor in the prostate, and therefore do 

not cause a reduction in serum testosterone levels nor the unfortunate side 
effects that accompany these castrate hormone levels.

In the late 1990’s, several randomized trials examined the ef!cacy of bical-
utamide monotherapy as an alternative to castration for advanced prostate 
disease. In the two largest phase III studies, (which allowed for combined 
data analysis and were reported together) bicalutamide 150-mg daily was 
compared to medical or surgical castration (with goserelin acetate or bilat-
eral orchiectomy, respectively), in patients with either metastatic or locally 
invasive prostate cancer [65-66]. For 805 patients with M1 disease, Tyrrell 
and colleagues reported that bicalutamide was less effective than castra-
tion in terms of overall survival, but with a difference in median survival 
of only six weeks. However, not surprisingly, bicalutamide was preferred to 
castration in quality of life measures, with patients reporting greater sexual 
interest and physical activity, and a substantially lower incidence of hot 
"ashes [65]. For the 480 patients with locally invasive nonmetastatic dis-
ease, Iversen et al. reported no signi!cant difference in overall survival or 
time to progression between the bicalutamide and castration groups, but 
again reported better outcomes in the quality of life parameters for the an-
tiandrogen arm. The authors concluded that bicalumatide monotherapy 
150mg was an acceptable alternative to castration [66].

In the following years, researchers also began to investigate antiandrogen 
monotherapy as a strategy for low-risk disease. The Bicalutamide Early 
Prostate Cancer Program, the largest ongoing prostate cancer trial in the 
world [67], was designed to compare bicalutamide to placebo, (either as 
monotherapy or as adjuvant treatment post prostatectomy or radiation) 
in the treatment of localized or locally invasive prostate cancer [68]. Early 
results from Europe, South Africa, Mexico, Israel, and Australia showed a 
progression-free survival bene!t for the bicalutamide arm, particularly for 
patients with locally invasive disease [69]. However subsequent results in 
the North American arm of the study did not show any bene!t [68]. Final 
analyses are still pending.

Androgen Deprivation and External Beam Radiation
The success of LHRH analogues for advanced disease, which began in the 
early 1980’s, soon led to a surge of interest in using these compounds in 
an adjuvant setting for those with locally advanced disease - the aim be-
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ing either de!nitive cure or more signi!cantly prolonged survival. Most of 
the initial research on the use of adjuvant hormonal treatments focused on 
external beam radiation therapy (EBRT) as primary therapy. There were 
three phase III studies published from 1997-2003, each examining EBRT 
with or without adjuvant androgen suppression with goserelin [70-72].  All 
three trials showed an improvement in overall survival in the goserelin arm. 
For two trials, this survival bene!t was greatest for patients with higher risk 
disease (Gleason scores 8-10, stage T2c-T4) [70-71]. Long-term data in the 
third trial from EORTC, showed an overall and disease-speci!c survival for 
those treated with immediate adjuvant goserelin, regardless of tumor grade 
[72]. Updated long-term data from these trials has been published over the 
last ten years, and hormonal therapies are still widely used as a useful ad-
juvant to EBRT. 

THE MODERN ERA – THE 21ST CENTURY

GnRH Antagonists
Despite the widespread and ef!cacious use of LHRH analogues over the last 
30 years, a newer class of agents has emerged within the last decade that 
offers certain advantages over prior therapies. Unlike LHRH agonists, these 
newer compounds, the gonatropin-releasing hormone (GnRH) antagonists, 
are pure inhibitors of the GnRH receptors in the pituitary. They therefore 
do not result in the initial “tumor "are” seen with LHRH agonists, and do 
not require concomitant antiandrogen administration. There are currently 
two GnRH antagonists, abarelix and degarelix, approved for use in the 
United States, and others currently being studied. In 2005, due to serious 
allergic reactions, abarelix was withdrawn from the US market and is avail-
able only to patients who are currently receiving the medicine.

In initial studies, GnRH antagonists were found to cause a rapid and sus-
tained inhibition of LH and FSH, with a concomitant rapid decrease in tes-
tosterone [73-74]. A number of further trials compared monotherapy with 
abarelix to LHRH agonists, and found that abarelix more rapidly achieved 
castrate levels of testosterone than leuprolide with or without bicalutamide, 
and without an early testosterone surge [75-76]. No studies have demon-
strated a clear survival bene!t to GnRH antagonists, however. They remain 

an important component in the repertoire of hormonal therapies, but still 
are not as widely used as LHRH analogues or MAB.

Abiraterone
The search for a more tolerable agent with similar effects to ketoconazole 
resulted in the development of abiraterone. This oral agent is a powerful 
inhibitor of CYP450c17, an enzymatic component in the synthetic pathway 
of androgens. Its mechanism of action is thought to be inhibition of intracel-
lular steroidogenesis within the prostate, a process which has been proposed 
as the mechanism by which castration-resistance develops. In early models, 
abiraterone was found to be a six-fold more potent inhibitor of androgen 
production than ketoconazole [77], and in the last few years abiraterone has 
been studied in a number of trials as a second-line agent for CRPC. After 
three, phase I trials showed promising results with biochemical, radiograph-
ic, and clinical evidence of tumor regression [78-79], phase II trials have 
also reported promising data. In a recent trial of abiraterone acetate plus 
prednisone in docetaxel-treated patients with progressive metastatic CRPC, 
Danila et al. reported on 58 patients, 31 of whom were ketoconazole-naïve, 
with 36% of patients meeting the primary endpoint of at least 50% PSA de-
cline [80]. Overall survival was not reported, however, and will be a primary 
endpoint in two multi-center randomized phase III trials that are currently 
ongoing. While survival bene!t has been demonstrated with docetaxol and 
is currently the standard of care as !rst-line chemotherapy for patients with 
metastatic CPRC [81-82], further hormonal modulation with abiraterone 
may soon prove to be a useful second-line strategy after docetaxel failure, 
and may even eclipse docetaxel as a !rst-line therapy. Results of the phase 
III trials are anxiously awaited.

MDV3100
In the last few years a new antiandrogen compound has been developed, 
with a similar mechanism of action to the nonsteroidal antiandrogens, but 
reportedly more potency. This compound, MDV3100, was shown in pre-
clinical studies to be a more potent antagonist of the androgen receptor 
than bicalutamide. This is in part due to more signi!cant blockade of the 
receptor’s translocation into the nucleus [83]. In a phase 1-2 multicenter 
study of 140 patients with metastatic CPRC, MDV3100 was recently shown 
to have a positive clinical response, with more than half of the patients 
experiencing at least a 50% decrease in PSA level and favorable results on 
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imaging and circulating tumor cell assays [84]. This trial is still ongoing, and 
a phase III trial of MDV3100 in docetaxel-treated patients with progressive 
CPRC is currently enrolling patients [85]. 

CONCLUSIONS

Nearly 70 years after Huggins and Hodges published their seminal works, 
hormonal therapies remain essential to the management of advanced pros-
tate cancer. While nearly all prostate cancers eventually progress despite a 
milieu of castrate levels of testosterone, a better understanding of the nu-
clear androgen receptor has opened the door to the development of newer 
hormonal agents that may overcome the hurdle of CRPC. Early results from 
abiraterone trials have generated a great deal of attention within the uro-
logic community, and there appears to be renewed interest in the search 
for novel targets of hormonal therapy. A number of newer hormonal and 
chemotherapeutic agents are currently being studied, and the next decade 
will surely bring exciting advances to the !eld.
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TESTOSTERONE AND THE PROSTATE

Prostate cancer results from a complex and yet not totally clear interaction 
between aging, genetic factors, hormones, growth factors and environment 
[1-2]. Androgens are indispensable for the physiological development of the 
prostate but were also thought to be directly related to prostate cancer. 
Especially testosterone was believed to play a key role in the etiology of 
prostate cancer, because it is necessary for growth and maintenance of the 
prostate gland[3-4].

Testosterone is the primary circulating androgen in men. Approximately 
ninety percent of testosterone are synthesized by the leydig cells of the testes 
and in addition, roughly ten percent are produced in the adrenal glands 
from its precursor hormone androstenione [5]. Within the prostate epithe-
lial cells, testosterone is then converted into the primary and most potent 
effector-androgen, dihydrotestosterone (DHT), by the enzyme 5 -reductase. 

T E S T O S T E R O N E  A N D  

P R O S TAT E  C A N C E R
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prostate cancer to grow. Within a short period, hormonal therapy became 
widely accepted as the treatment of advanced prostate cancer. The authors 
later provided the perspective that either orchiectomy or the administration 
of phenolic estrogens both result in regression of cancer of the prostate, 
whereas testosterone enhances the rate of growth of the neoplasm in un-
treated cases [9]. Huggins and Hodges were awarded the Nobel Prize in 
1967 for their pioneering work.

Results of individual studies on androgens and prostate cancer vary, and 
fail to promote consensus on any one theory. Fowler and Whitmore [18] 
reported their experience with testosterone administration to patients with 
bone metastases from prostate cancer. They found that testosterone admin-
istration initially leads to a bene!cial response in previously untreated pa-
tients, while patients with prior orchiectomy or estrogen exposure showed 
an unfavorable response. A theory was conducted that the response to testo-
sterone treatment seems to be largely dependent on the pretreatment serum 
testosterone level. 

Morgentaler et al. [19] expanded this theory to the idea that androgens 
have a limited ability to stimulate prostate cancer growth. Their so-called 
“saturation model” assumes that androgens have only a limited ability to 
stimulate prostate cancer growth. The model de!nes the intraprostatic an-
drogen receptor as having a limited binding capacity, being saturated when 
further increases in serum testosterone levels do not lead to further prostate 
stimulation. 

Ever since this landmark study, dozens of reports have documented the im-
portance of serum androgens in the progression and control of prostate 
cancer – a body of work, on which many of the present clinical algorithms 
for advanced disease, speci!cally androgen-deprivation therapy (ADT), are 
based. The responsiveness of prostate cancer to androgen withdrawal, the 
observation that men castrated prior to puberty (eunuchs) and individuals 
with an inherited 5 -reductase de!ciency do not develop prostate cancer, 
would suggest at least a permissive role of androgens. Therefore, androgen 
ablation remains the mainstay of treatment for advanced prostate cancer, 
and the concern regarding testosterone and the risk of developing cancer 
has reached to the highest levels of medicine. The complex interrelationship 
between testosterone and prostate cancer has come under great scrutiny 

DHT binds to the cytoplasmatic androgen receptor and the DHT-androgen 
receptor complex translocates into the cell nucleus, where it stimulates the 
transcription on androgen-regulated genes [17]. The bioavailability of cir-
culating testosterone to tissues is largely determined by the concentration 
of sex hormone binding globulin (SHBG), which binds testosterone in the 
blood, thereby reducing the extent to which testosterone is free to cross cell 
membranes and enter target cells.

Testosterone is important for the development of the prostate gland through 
its in"uence on the proliferation and differentiation of the luminal epithe-
lium. Data from in vitro and in vivo experiments strongly support the role 
of androgens in general in the development of prostate cancer [4, 6]. It has 
also been con!rmed by animal studies, that the induction and growth of 
prostate tumors can be stimulated by the administration of testosterone [7]. 
However, the evidence for a role of androgens and testosterone in the car-
cinogenesis of the prostate in humans still remains inconsistent.

HISTORY AND PARADIGMS

The notion that testosterone induces prostate cancer originally stems from 
the seminal work of Huggins and Hodges [8]. In 1941, they established a 
landmark study, reporting the regression of metastatic prostate cancer in 
three men after a reduction in serum testosterone levels. Furthermore, they 
reported progression of metastatic disease and symptoms in one man to 
whom exogenous testosterone was given. Patients achieved androgen dep-
rivation therapy (ADT) either by surgical castration or by suppression of 
luteinizing hormone-releasing hormone (LHRH) production at the level of 
the hypothalamus, using diethylstilbestrol (DES). Both surgical and phar-
macological castration resulted in dramatic palliation of painful bone me-
tastases, as well as in signi!cant decreases in the postvoid residual urine and 
improved quality of life. 

Prostate cancer was !rst reported to be subject to hormonal responsiveness 
and reductions of testosterone by castration or estrogen treatment, which 
even caused metastatic prostate cancer to regress. Moreover, Huggins and 
Hodges found that the administration of exogenous testosterone also causes 
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serum levels [21]. Authors suggested a tumor-mediated suppression of the 
hypothalamic-pituitary-gonadal hormone axis, particularly in patients with 
high Gleason score tumors. At a follow-up of !ve years after radical pros-
tatectomy, patients with high and low Gleason scores did not show any 
signi!cant difference in serum testosterone levels. We would like to outline 
the major points of interest regarding the impact of surgical procedures by 
the end of this chapter.
Isom-Batz et al. [15] described signi!cant correlations regarding the asso-
ciation between pretreatment testosterone, pathological stage and disease 
progression in patients with prostate cancer. By analyzing the pretreatment 
testosterone levels of 326 consecutive patients, treated with radical prosta-
tectomy for clinically localized prostate cancer, it could be shown that low 
preoperative total testosterone was associated with advanced pathological 
stage, but not with biochemical (PSA) progression of the tumor. No evidence 
of an interaction between testosterone and PSA was found in this study. 

In contrast to the saturation model of Morgentaler and collegues, the Balti-
more Longitudinal Study of Aging [22] described higher levels of testoster-
one as an increase in risk for prostate cancer in older men. This study from 
the Johns Hopkins University School of Medicine comprised 781 men who 
had sex steroid measurements before their diagnosis of prostate cancer, or 
at their last visit for those without cancer. Results of this study are remark-
able and it can be concluded that, among older men, high levels of serum 
free testosterone are associated with an increased risk of aggressive prostate 
cancer, as well as with adverse pathological features known to portend a 
worse prognosis [22].

When it comes to the question if high levels of testosterone are a potential 
risk factor for prostate cancer incidence, one will prod at the large pro-
spective study of Roddam et al. [23], who also tried to investigate whether 
circulating sex hormones in"uence the risk of prostate cancer. The authors 
analyzed data from 3,886 patients with prostate cancer and 6,438 control 
subjects. No statistically signi!cant association between the risk of prostate 
cancer and the serum concentration of (free) testosterone, dihydrotestoster-
one, dehydroepiandrosterone sulfate, androstenedione, androstanediol glu-
coronide or (free) estradiol could be reported. The fact that this study failed 
to identify low testosterone as a risk factor for prostate cancer, is a discrep-
ancy to an amount of other results, which may be explained by important 

over the last decade. Studies remain controversial, often blaming this sup-
posed relationship to be just some kind of a “modern myth”.

Since the early 1990’s, more contemporary work has challenged the tra-
ditional role that androgens were believed to play in prostate cancer and 
sparked a controversy about their role in the pathophysiology and clinical 
treatment of men at risk of prostate cancer. 

During the last decade, studies repeatedly reported changes in serum testo-
sterone levels, which might be worse clinical and pathological determinants 
of prostate cancer, especially when being below the standard range. Low 
levels of free serum testosterone are claimed to increase the risk of prostate 
cancer [10] and have shown worse 5-year biochemical relapse-free survival 
[11]. Several studies detected higher Gleason sums on biopsy in patients 
with low testosterone levels, as well as increased percentages of positive 
cores at the biopsy [12]. Furthermore, worse pathological stages [13-15] 
and an increased risk of positive surgical margins [16] have so far been 
reported in patients with low testosterone levels. Authors are still trying 
to explain the challenging relationship between prostate cancer and serum 
testosterone levels by establishing their theories. 

TESTOSTERONE AND PROSTATE CANCER RISK

In regard to the saturation model of Morgentaler et al. the stimulating ef-
fect of testosterone on the prostatic tissue is maximally reached at relatively 
low serum levels and a further increase of serum testosterone beyond this 
saturation point does not lead to additional prostate growth and stimula-
tion. Low testosterone levels are of course linked to relatively high levels of 
serum follicle-stimulating hormone (FSH), which can then be found in pros-
tate cancer patients. This seems to be of great interest, especially when it 
comes to a comparison of patients with benign prostatic hyperplasia (BPH) 
and prostate cancer [20].

An amount of studies described a link between testosterone levels and both 
grade and stage of the tumor. It could be demonstrated that patients with 
high Gleason score prostate cancer have lower testosterone and estradiol 
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Another powerful argument against the theory that testosterone therapy 
induces prostate cancer is that the number of men receiving testosterone 
therapy has increased sharply in the last decade [33], whereas the reported 
number of prostate cancer cases after testosterone therapy appears to be 
inadequate to suggest a clear association. Further studies did not record any 
signi!cantly greater rate of prostate cancer in testosterone-treated men than 
in men receiving placebo, such as the study of Rhoden and Morgentaler in 
the NEJM in 2004 [32]. 

A more recent study by Marks et al. [34] also negates a harmful effect of 
testosterone therapy on the prostate, showing in 44 men with late-onset 
hypogonadism that neither prostate volume signi!cantly changes by this 
therapy, nor that patients receiving testosterone present with positive biop-
sies for cancer more often. Once again, these data support the previously de-
scribed saturation theory, emphasizing that androgens have a limited ability 
to stimulate prostate cancer growth, beyond a certain serum testosterone 
concentration [19]. Regarding the believe that testosterone substitution 
may be harmful in men with prostatic intraepithelial neoplasia (PIN), it can 
clearly be stated that there is no signi!cant difference in PSA response in 
men with and without PIN receiving testosterone [35]. 

Besides the fact that the long-term effects of testosterone therapy on the 
prostate remain unclear, contemporary literature does not corroborate the 
hypothesis that testosterone therapy is associated with an increased risk 
of prostate cancer. Additionally, serum androgen levels do not necessarily 
re"ect the intraprostatic androgen levels. Regardless the mentioned argu-
ments against a potential relationship, testosterone therapy is relatively 
contraindicated in men at high risk of prostate cancer, according to the 
guidelines of urology [36].

According to all guidelines, the risk of signi!cant prostate cancer should be 
assessed with digital rectal examination (DRE) and serum prostate speci!c 
antigen (PSA) measurement, as well as the potential risks and bene!ts of 
testosterone therapy should be discussed before starting the therapy [32, 
36]. According to Bhasin and coworkers, follow-up with PSA and hemo-
globin measurement, a DRE, as well as an evaluation of urinary symptoms 
is recommended every 3-6 months during the !rst year after the initiation 
of testosterone therapy. A urological consultation is indicated when there is 

technical differences between these studies. 
So far, a clear correlation between serum testosterone levels and the risk and 
incidence of prostate cancer has not been established. Although studies have 
greatly improved our understanding of the interaction between androgens 
and prostate cancer, the theory that testosterone invariably enhances pros-
tate cancer growth, which was widely believed for many decades, has not 
been substantiated so far. Despite an improved knowledge base, many ques-
tions are yet to be answered. Appropriate clinical trials designed to examine 
the long-term effect of testosterone therapy on prostate cancer development 
and natural history after curative therapy should become major priorities 
in urology.

TESTOSTERONE THERAPY AND PROSTATE CANCER

Androgen de!ciency in elderly men has become a well known phenomenon 
and testosterone administration is warranted in elderly men with clinical 
manifestations of androgen de!ciency and low serum testosterone levels 
[28]. However, the prostatic complications of exogenous testosterone ap-
plication and replacement therapy have received clinical attention and are a 
common concern among physicians [24]. 

Most urologists advocate the use of either oral or transdermal testosterone 
to treat hypogonadal impotence [25-27] because data supporting a positive 
relationship between cancer incidence and testosterone therapy is meager. 
Nevertheless, several case reports and studies describe the development of 
prostate cancer after receiving testosterone therapy for impotence or any 
other reasons [29-31]. This concern was early mentioned by Jackson et 
al, who reported on two hypogonadal men with adenocarcinoma of the 
prostate, detected in relation to such therapy [29]. However, prostate biop-
sies were not performed prior to the testosterone therapy in this study and 
therefore, it may not be surprising that some men aged over 50 years even-
tually were diagnosed with prostate cancer. In a compilation of published 
prospective studies on testosterone replacement therapy, a prevalence rate 
of prostate cancer similar to that in the general population was reported 
[32]. In most of the studies, it remained unclear if whether the reported 
cancer diagnoses are indeed due to testosterone therapy or just coincidence. 
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in men who underwent radical retropubic prostatectomy (RRP) [16]. By 
analyzing the data of 64 men with diagnosed localized prostate cancer who 
underwent RRP, Teloken et al. could demonstrate that preoperative low se-
rum testosterone levels, less than 270ng/dl, can predict a signi!cant increase 
in positive surgical margins (P=0.026).

Patients with extraprostatic disease seem to have lower pretreatment testo-
sterone levels than those with organ con!ned prostate cancer [13]. Massen-
gill et al. concluded that extraprostatic disease not only goes along with low 
testosterone levels, but that it can therefore also be used as an independent 
predictor for more aggressive tumors. High-grade tumors might also inhibit 
the hypothalamic-pituitary axis or even testosterone itself [41, 42]. Other 
theories state that the reason for the association between high-risk tumors 
and low testosterone levels either are hormonal changes in chronic diseases 
[43] or simply a surrogate of other coincident factors related to the patho-
logical stage [13].

Testosterone levels also seem to vary depending on the grade of the tumor, 
which was shown by Zhang et al. [41], who evaluated both serum total 
and free testosterone levels in patient with either high-grade or moderate-
grade prostate cancer (detected by needle biopsies). By comparing both se-
rum total and free testosterone levels before and after prostatectomy, they 
found lower testosterone levels in patients with high-grade tumors more fre-
quently than in those with moderate grade or without cancer. Their !ndings 
shows not only that testosterone levels are altered in patients with prostate 
cancer, but also supports the possibility that prostate cancer may inhibit 
serum testosterone levels.

Concerning metastatic disease under hormonal treatment, poor respons-
es to hormonal therapy in patients with low serum testosterone could be 
reported [44]. Higher testosterone and lower luteinizing hormone (LH), 
follicle-stimulating hormone (FSH) and prolactin levels may serve as good 
prognostic factors for patients with metastatic prostate cancer under hor-
monal treatment. 
The association between low serum testosterone levels and poor prognosis 
has also been described for various other scenarios in literature [45-47], as 
well as better survival rates in men with high testosterone before androgen 
ablation therapy [43, 45, 48]. There also seems to exist a higher rate of 

a veri!ed serum PSA concentration of 4.0ng/ml, an increase in serum PSA 
concentration of at least 1ng/ml after 3 or 6 months of testosterone treat-
ment or an increase in PSA velocity of 0.4ng/ml per year using the PSA level 
after 6 months of testosterone administration [37-38].

In summary, it is dif!cult to !nd arguments that explain why a normal tes-
tosterone level that is achieved pharmacologically should be more harmful 
than a naturally occurring normal testosterone level. Testosterone therapy 
seems to be feasible after curative prostate cancer therapy without jeopard-
izing cancer control. However, urologists should consider that the applica-
tion of exogenous androgens is relatively contraindicated in men at high 
risk and with already diagnosed clinical prostate cancer. Literature suggests 
that the therapy does not increase the risk of developing prostate cancer and 
therefore, it can be considered in symptomatic hypogonadal men who were 
successfully treated for prostate cancer [36, 39]. The fear of testosterone-
induced growth of the prostate should not preclude patients from receiving 
testosterone substitution therapy, as early-detected prostate cancer is poten-
tially curative and offers the opportunity for possible continuous treatment 
with testosterone.

PROGNOSTIC SIGNIFICANCE OF TESTOSTERONE

As brie"y discussed above, pretreatment serum testosterone levels are po-
tential prognostic factors for prostate cancer. According to literature, low 
preoperative serum testosterone levels have been recognized as new mark-
ers to identify high-risk prostate cancer and serve as potential markers of 
worse prognosis [40]. It can also clearly be stated that low serum testoster-
one levels are associated with poor postoperative outcome. Furthermore, 
low serum testosterone is associated with a higher rate of prostatic positive 
biopsies, higher Gleason score and higher pathological stage [12-13, 41]. 
We would here like to outline the most suspicious reasons why low testo-
sterone levels do harm patients and in which way they are worsening their 
prognosis.

It has been reported, that more aggressive prostate cancer can be associated 
with low serum testosterone levels, which could serve as prognostic factors 
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ANDROGEN DEPRIVATION THERAPY IN  
PROSTATE CANCER

Androgen deprivation therapy (ADT) is universally accepted as !rst-line 
treatment of symptomatic metastatic prostate cancer and will be discussed 
in depth in the next chapter. ADT is used in to treat men with biochemi-
cal (PSA) recurrence after radical prostatectomy, locally advanced disease, 
lymph node metastases, symptomatic metastatic disease and also in hor-
mone-refractory prostate cancer (HRPC) [53-54]. For patients with either 
metastatic or biochemical hormone-refractory disease, surgical or medical 
androgen deprivation therapy (ADT) is the most effective therapy option. 

ADT results in about 80 percent of patients in symptomatic and/or objective 
responses. However, in the majority of patients cancer progression is ob-
served and death occurs despite castrate levels of testosterone within a few 
years. The reason for this fatal ending may be attributed almost completely 
to the development of androgen-independent and chemotherapy resistant 
disease [55]. Therapeutic resistance arises because the pressure of treatment 
modalities leads to multiple changes in DNA structure and gene expression. 
If serum PSA levels begin to rise in HRPC patients, a secondary hormo-
nal strategy or a non-hormonal therapy with cytotoxic agents should be  
initiated.

In today’s practice luteinizing hormone-releasing hormone (LHRH) have al-
most replaced all other ADT treatments. Adverse events with LHRH agonists 
include the "are phenomenon, hot "ushes, loss of libido, erectile dysfunc-
tion, depression, muscle wasting, anemia and osteoporosis [56]. Intermittent 
therapy has been advocated to reduce morbidity of treatment. The addition 
of an antiandrogen provides maximum androgen blockade. There remains 
controversy regarding the timing of the addition of an antiandrogen.

metastatic relapse in men irradiated for localized prostate cancer and low 
pretreatment testosterone [49]. Preoperative serum testosterone levels might 
serve as independent and signi!cant predictors of PSA failure after radical 
prostatectomy in patients with clinically localized prostate cancer [11].

HORMONAL CHANGES AFTER SURGERY

The in"uence of prostate surgery on the hypothalamic-pituitary-gonadal 
hormone axis has not been well studied. It is also unclear how alterations 
in serum androgen levels that result from surgical removal of the prostate 
might in"uence the recovery of libido and sexual function following radical 
prostatectomy. 

Literature suggests an increase in serum testosterone, estradiol, luteinizing 
(LH) and follicle-stimulating hormone (FSH), as well as a decreasing trend 
of dihydrotestosterone (DHT) after the surgical procedure [42, 50]. Radi-
cal prostatectomy may not only in"uence the hypothalamic pituitary axis, 
and the sexual dysfunction associated with surgery can therefore, not be 
explained by androgen de!ciency alone. The idea that prostatic cancer cells 
secrete a substance that induces a negative feedback to the pituitary gona-
dotropin secretion, which then causes an increase of serum LH and FSH, as 
well as decreasing levels of DHT has been mentioned by several authors [51].

Comparing the endocrine changes after radical prostatectomy for prostate 
cancer and transurethral resection of the prostate (TURP) for benign pros-
tatic hyperplasia (BPH), there is evidence that surgery has signi!cant impact 
on the hypothalamic-pituitary axis, and that it seems to be more profound 
in high-grade cancer [52]. In a study on this topic, there was no signi!-
cant hormonal change in the non-interventional and in the TURP group 
for BPH, whereas both luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) increased after surgery, as it was already described before. 
Moreover, these changes result in a postoperative rise of total testosterone 
levels. Patients with prostate cancer and a Gleason score of 2 to 6 have 
higher testosterone levels than those with a Gleason score 7 to 10. However, 
after 12 months, no major changes regarding the serum testosterone in the 
Gleason score groups should be expected.
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SURGICAL CASTRATION

Gonadal testosterone is the main source of circulating androgens. Although 
there are recognized limitations in measuring serum testosterone concentra-
tions [2], a total testosterone concentration >300ng/dl (10.4nmol/l) is gener-
ally considered normal [3]. The upper limit of castration concentrations of 
serum testosterone is considered to be 50ng/dl (1.7nmol/l), although lower 
concentrations (20ng/dl; 0.7nmol/l) may be more desirable for optimal ther-
apy [4]. Testosterone has androgen receptor agonist activity. In the prostate, 
testosterone is rapidly reduced by 5-reductases to dihyrdrotestosterone [5], 
a more potent androgen receptor agonist required for prostate development 
[6]. For androgen deprivation therapy to be effective against prostate can-
cer, the decline in serum testosterone must translate to a decrease in intra 
prostatic androgens. Despite the 94% decline in serum testosterone with 
ADT, however, intra prostatic concentrations of testosterone and DHT de-
cline by only 70–80% [7]. The adrenal origin of the residual intra prostatic 
androgens is suggested by the correlation of serum dehydroepiandrosterone 
(DHEA) with intra prostatic testosterone and DHT. These !ndings suggest 
that, despite the clinical effects of standard androgen deprivation therapy, 
the potential exists to intensify the effects of androgen deprivation therapy 
on prostate tissue. Bilateral castration decreases the plasma testosterone lev-
els from 500ng/ml to about 50ng/ml in the great majority of cases. The fall 
of testosterone to castration level is very quick and ranges between 3-12 
hours (mean 8.6 hours). This is much quicker than the time needed for oral 
oestrogens or LHRH analogues.

Castration techniques:
These procedures can be performed either under general or local anesthesia.

Total orchiectomy: performed in the past via two inguinal incisions or a 
horizontal infra-pubic incision. A scrotal median raphe incision is another 
preferred incision.
Sub capsular orchiectomy: removal of the secretory pulp of the testes while 
leaving the tunica albuginea which is closed. It is advocated as a technique 
to avoid psychological consequences of an empty scrotum [8].
Epididymis- sparing simple orchiectomy: achieves the same cosmetic effect 
as sub capsular orchiectomy but avoids the risk of leaving behind a few 
islands of Leydig cells [9].

Mr Amir V Kaisary, Consultant Urological Surgeon, Wellington Hospital,
London UK

In 1941 a landmark observation of Huggins and Hodges about the ef!cacy 
of androgen ablative therapy in the treatment of metastatic prostate can-
cer was established as the mainstay treatment of advanced prostatic cancer 
[1]. The approach was made on the logical hypothesis that prostate cancer 
cells undergo atrophy after androgen ablation. At that time, most patients 
with prostate cancer who received androgen deprivation therapy were at 
the metastatic stage. Dr Huggins observed that recurrence occurred in most 
cases after a temporary remission.effector-androgen, dihydrotestosterone 
(DHT), by the enzyme 5 -reductase. DHT binds to the cytoplasmatic an-
drogen receptor and the DHT-androgen receptor complex translocates into 
the cell nucleus, where it stimulates the transcription on androgen-regulated 
genes [17]. The bioavailability of circulating testosterone to tissues is largely 
determined by the concentration of sex hormone binding globulin (SHBG), 
which binds testosterone in the blood, thereby reducing the extent to which 
testosterone is free to cross cell membranes and enter target cells.

C A S T R AT I O N  F O R  

P R O S TAT E  C A N C E R



52 53

General complications of surgical castration:
The physiological effects of testosterone and its metabolites in !gure 1 dem-
onstrate the basis of ablation effects.

Osteoporosis: androgen ablation: It is estimated that 4 years of androgen 
deprivation therapy will place the average man in the osteopenia range 
[10-11]. After 5 years of ADT 19.4%of men experienced fractures com-
pared with 12.6% of controls [12].
Hot "ashes: a subjective feeling of warmth in the upper body and head fol-
lowed by objective perspiration affecting 50 -80% of patients [13].
Sexual Dysfunction: Huggins (1941) reported that sexual desire and penile 
erections were absent in all cases following surgical castration. Loss of pe-
nile body volume and length, testicular atrophy and loss of nocturnal tumes-
cence are experienced. Despite sever compromise of libido, approximately 
5% of castrated men might maintain a high level of sexual interest [14-15].
Changes in body habitus: Huggins noted an increase in appetite associate 
with androgen deprivation low testosterone levels were reported to be as-
sociated with increased insulin levels and abdominal girth.
Anaemia: It is thought that testosterone lack would impair stimulation of 
erythropoietin precursors resulting in decreased levels of erythropoietin 
production.

Not surprisingly, with such a plethora of adverse effects arising from testo-
sterone deprivation, quality of life worsens.

Fig. 1: Testosterone and metabolites physiological effect showing the outcome differences of 

testosterone ablation against anti-androgen therapy.

Cost effectiveness:
Several studies addressed the initial high cost of surgical castration. Bonzani 
et al. compared the cost of LHRH therapy (Leuprolide) and surgical castra-
tion [16]. The results showed equivalence between surgically treated pa-
tients and 9 month cost of medical castration therapy. However, longer life 
expectancy would favor surgical orchiectomy as a more cost effective mo-
dality !nancially. Thus it is plausible to consider a strategy of initial treat-
ment with medical castration to be followed by deferred surgical castration 
after a year or so amongst good responders. Surgical castration ought to 
be positively considered in selected cases for patients who present acutely 
with cord compression and uraemic patients who have ureteric obstruction 
secondary to prostate cancer.

IN CONCLUSION

Surgical orchiectomy seems to remain the gold cheapest and effective initial 
androgen deprivation treatment modality. This alternative should be pre-
sented to the patient when treatment options and modalities are discussed. 
Despite of that, patients favor medical castration over surgical castration 
due to the irreversible nature of an orchiectomy.

Oestradiol

Testosterone

                                                   
Dihydrotestosterone
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high morbidity rate as a result of swelling and postoperative bleeding. These 
drawbacks meant that castration had to be achieved without surgery [4-6].

About 50 years after the !rst surgical androgen ablation for the treatment 
of benign prostatic hyperplasia, surgical and pharmacological androgen 
ablation were presented as a treatment concept in advanced prostate can-
cer [7]. This study !rst demonstrated the androgen dependence of prostate 
cancer, an achievement that was later rewarded with the Nobel Prize. It 
was shown in eight patients with metastatic prostate cancer that, besides 
castration, the injection of estrogens (diethylstilbestrol [DES]) also has an 
in"uence on tumor activity. Both treatment methods led to a reduction in 
alkaline phosphatase activity, which served as a surrogate marker for tumor 
activity. Conversely, the injection of testosterone led to an increase in alka-
line phosphatase activity and thus to progression of the tumor. However, 
the risk-bene!t ratio for DES was to prove unfavorable. As a result of car-
diovascular side effects, treatment with 5mg DES led to a higher mortality 
rate than in the control group [8]. Even low doses led, by comparison with 
the placebo group, to a poorer overall survival rate in patients with locally 
advanced prostate cancer. The dosages 0.2 and 1mg DES led to survival 
advantages only for patients with metastatic prostate cancer [9]. Overall, 
however, the disadvantages of the cardiovascular side effects predominated. 
DES also leads, through feedback regulation, to elevated prolactin levels and 
thus an increased incidence of gynecomastia [10]. The synthetic testoster-
one derivative cyproterone that was also used to treat prostate cancer was 
likewise shown to have an antiandrogenic action [11]. Estradiol was an-
other estrogen that was successfully used in the palliative treatment of pros-
tate cancer; its therapeutic ef!cacy was comparable to that of cyproterone 
acetate [12-13]. The side effects associated with the treatment of prostate 
cancer were however hardly improved by use of these substances. During 
treatment with estradiol there was also an increased risk of cardiovascular 
diseases. In addition, there were thromboembolic events, gynecomastia and 
adrenocortical hyperplasia. Although the side effect pro!le of cyproterone 
was more favorable than that of the estrogens, gynecomastia occurred with 
cyproterone too, plus hypoadrenalism as a result of adrenocortical hyper-
plasia [14].The serious and frequently lethal cardiovascular and cerebrovas-
cular complications of estrogens [15-17], on one hand, and the psychologi-
cal  as well as physical limitations of surgical castration, on the other hand, 
have generally delayed endocrine treatment until late stages of the disease 

Bob Djavan,MD, PhD*,Amir Kazzazi, MD*,Reza Zare, MD**
* Department of Urology, New York University School of Medicine NYU,  
New York, USA

**Department of Urology, Baerum Hospital, Vestreviken, Oslo, Norway

HISTORY AND DEVELOPMENT

The foundations for the current use of LHRH agonists to treat advanced 
prostate cancer were laid more than 110 years ago. In a study published 
by White et al. [1] in 1895, testosterone suppression was described as a 
treatment for patients with benign prostatic hyperplasia. To this end the pa-
tients affected underwent complete testicular amputation. Despite convinc-
ing results in terms of ef!cacy, classic castration led to considerable mental 
stress for the patients. The bilateral subcapsular orchiectomy described by 
Riba et al. [2], in which for aesthetic reasons only the hormonally active 
tissue is removed, likewise failed to prevent these side effects. Although the 
testosterone levels dropped to castration level within 12 hours [3], the op-
eration, because of its irreversible nature, still represented a considerable 
intrusion into the lives of those affected. It was and is also associated with a 

L H R H  A G O N I S T S
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that the serum DHT concentration was reduced even further than in serum 
testosterone, and thus clearly shows that treatment of adult men with an 
LHRH agonist was different in contrast to what happens in the rat [23] 
with a concomitant increase in the concentration of DHT that would com-
pensate for the inhibition of serum testosterone.

Medical castration induced by an LHRH agonist had thus become a clear 
possibility in men. Further studies determined the optimal dose and route 
of administration of LHRH agonist to achieve complete medical castration 
[23-25]. Medical castration with an LHRH agonist is equivalent to orchiec-
tomy for prostate cancer therapy [26]. In fact, in 11 studies in which LHRH 
agonists were used, and in 17 studies where orchiectomy was used, no dif-
ference was seen in response or survival [26].

INDICATIONS FOR LHRH AGONISTS

The results of clinical studies have meanwhile shown that there are three indica

tions for the use of LHRH analogues:

As primary treatment for the palliative treatment of advanced prostate cancer 

(locally advanced or metastatic)

 As a palliative treatment of cancer recurrence after curative treatment. 

 Adjuvant treatment of patients at high risk in combination with curative treat

ment (radiation or prostatectomy). 

The increasing use of PSA testing in recent years as a prostate cancer screening 

has resulted in the number of patients with advanced cancer have fallen steadily, 

while the number of patients with prostate cancer is detected at an early stage 

cancer and rising number of patients treated with LHRH analogues as part of 

are currently available (Table1, Fig.2) includes goserelin, leuprolide, buserelin, 

triptorelin and histrelin. These LHRH agonists are available in various formula

tions but are commonly given as intramuscular or subcutaneous depots that last 

between 1 to 6 months, or as subcutaneous implant that last for one year. 

when pain and debility had developed. Typically, at such a late stage, the 
large and disseminated tumors show poor and short-lived responses, thus 
limiting the success of endocrine therapy. In fact, in analogy with all other 
types of cancers, androgen blockade loses its effectiveness with increasing 
size of the tumors [18]. In 1971 the luteinizing hormone releasing hormone 
(LHRH) was synthesized [19]. This work, which won the Nobel Prize, led to 
the development of LHRH analogues which, through amino acid substitu-
tions, had higher af!nities for the LHRH receptor and a longer duration of 
action. Monham et al. [20] reported LHRH analogues which had an up to 
450% greater af!nity for the LHRH receptor than natural LHRH. Use for 
palliative treatment in prostate cancer was however not initially planned, 
since because of the LHRH receptor stimulation the LHRH analogues were 
expected to increase the secretion of LH and FSH, which was why they were 
at !rst called gonadorelin superagonists. In 1977 it was shown [21] that 
treatment of adult male rats with an LHRH agonist for a few days caused 
some inhibition of ventral prostate and seminal vesicle weight, although the 
inhibitory effects achieved were small compared with those of castration. It 
was then believed that the high serum LH levels induced by LHRH agonist 
treatment caused desensitization of the steroidogenic response in the testes.

The discovery that LHRH agonists could achieve medical castration or 
completely block the activity of the testicles was a completely unexpected 
scienti!c !nding. In fact the experiments performed in the rat were sug-
gestive of an inhibitory effect of LHRH agonists on testicular functions 
[21-22]. In 1979 discovered that testicular androgen secretion in men is ex-
quisitely sensitive to the inhibitory action of LHRH agonists. It was proved 
later, humans are the most sensitive of all species to the castration effect of 
LHRH agonists, thus facilitating the development of this uniquely ef!cient 
and well-tolerated method of castration that is now widely used worldwide 
and commercially distributed by several pharmaceutical industries. This 
discovery was made by the administration of LHRH agonist Buserelin to 
a patient with stage B prostate cancer. Therefore, the !rst prostate cancer 
patients treated with an LHRH agonist, the 500-microgram dose of LHRH 
agonist administered intranasal caused 70% and 85% inhibition of serum 
levels of testosterone and dihydrotestosterone (DHT), respectively, as early 
as 2 weeks after starting treatment [23]. This marked inhibition of serum 
concentrations of both testosterone and DHT followed an initial period of 
stimulation, which lasted about 1 week. Most importantly, it was proved 
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Leuprorelin
The active substance leuprorelin is marketed under the trade names Eligard® 
(as a 1, 3 and 6 month injection with 7.5mg, 22.5mg or 45mg leuprorelin), 
Enantone® (1month injection with 3.75mg leuprorelin), Leupro® (1 and 
3 month injection with 3.6mg or 5.0mg leuprorelin), Leuprone® (1 and 3 
month injection with 3.6mg or 5.0mg leuprorelin), Sixantone® (6 month 
injection with 30mg leuprorelin) and Trenantone® (3 month injection with 
11.75 mg leuprorelin) for the treatment of advanced prostate cancer.

Eligard
The six-month prospective, uncontrolled registration study for the 1 month 
injection of Eligard® (7.5mg leuprorelin) included 120 patients, 117 of 
whom completed the study. 94% of the patients had a testosterone level 
after four weeks of # 50ng/dl [31-32]. 

In a prospective, open, controlled study by Shari! et al. [33] 72 randomized 
patients received four intramuscular injections of the 1 or 3 month injection 
of Eligard®. After four weeks the mean testosterone level in the group treat-
ed with the 1-month injection was 14.6ng/dl and in the group treated with 
the 3 month injection it was 12.6ng/dl. One month after the last administra-
tion of the 1month injection (12-13 weeks after the start of treatment) the 
mean testosterone level in the 7.5mg leuprorelin group was 11.9ng/dl. At 
the same time the mean testosterone level in the group treated with 22.5mg/
dl leuprorelin was 9.3ng/dl. In the group of patients who received one injec-
tion a month, two patients showed a rise in testosterone up to 80ng/dl after 
the next injection. After treatment with the 3 month injection one patient 
had a rise in testosterone to 53ng/dl after the next injection.

The ef!cacy of the 6 month injection of Eligard® (45mg leuprorelin) was 
investigated in the prospective uncontrolled registration study by Crawford 
et al. [34] over a period of one year. Out of the 111 included patients, 103 
patients participated until the planned end of the study.  Four weeks after 
the start of treatment, 99% of the patients achieved a testosterone level 
of # 50ng/dl, in 83% the testosterone level was # 20ng/dl. The propor-
tion of patients with levels of # 20ng/dl was 88%. Testosterone suppression 
during treatment with leuprorelin failed in three patients. Thus, 12% of 
patients failed a castration testosterone level! In addition, one has to ques-
tion how, when and how often testosterone was measured! All the studies 

Table 1: Hormonal therapies available 

* Wyeth-Ayerst; Philadelphia, PA

Fig. 2: Structure of luteinizing hormone-releasing hormone (LHRH) and 8 of the best-known 

LHRH agonists

LHRH
Agonists Antiandrogens Adrenal Andro-

gen Inhibitors Estrogens

Leuprolide Flutamide Ketoconazole Diethylstilbes-
terol

Goserelin Bicalutamide Corticosteroids Estradiol

Triptorelin Nilutamide Aminogluteth-
imide

Polyestradiol
phosphate
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these studies have not yet been published, however. Preliminary data from 
a post-marketing surveillance study showed that, at the time of the second 
injection, only 72% of the patients and at the time of the third injection only 
80% of the patients reached a testosterone level of # 50ng/dl [37]. Again, 
no published study results were available for the Leupro® 1 and 3 month 
injections (3.6 or 5.0mg leuprorelin).

Triptorelin
The active substance triptorelin is marketed under the trade names De-
capeptyl® (for daily use and 1-month injection with 0.1mg and 3.75mg trip-
torelin) and Palmorelin® (1, 3 and 6 month injection with 3.75mg, 11.25mg 
and 22.5mg triptorelin) for the treatment of advanced prostate cancer.
For registration purposes, triptorelin (3.75mg) was compared with leu-
prorelin (7.5mg) in a prospective, randomized, open, controlled study [38]. 
To this end 140 patients received triptorelin and 144 patient’s leuprorelin. 
The period of treatment was 36 weeks and the injections were given every 
four weeks. After four weeks 91% of the patients treated with triptorelin 
had testosterone levels of # 50ng/dl. After treatment for 57 days, the pro-
portion of patients with testosterone levels of # 50ng/dl was between 97 
and 98% in both groups. The average proportion of patients who reached 
testosterone levels of # 50ng/dl between the second and ninth month was 
99% in the triptorelin group and 97% in the leuprorelin group. At the end 
of the study the PSA level of the patients treated with triptorelin was 1.3ng/
ml, and the patients treated with leuprorelin 1.1ng/ml. The 9 month survival 
rate was signi!cantly higher in the triptorelin group than in the leuprorelin 
group (97% vs. 90.5%, p = 0.033). Just one patient dropped out of the 
study, on account of severe asthenia. At the time when the side effects oc-
curred, the patient had been receiving triptorelin treatment for four months.

The ef!cacy and tolerability of the triptorelin 1 and 3 month injection were 
investigated in a comparative study in 335 patients (DEB-95-TRI, 1999). 
The results of these investigations have not been published yet, and there are 
contradictory quotations by various sources. In a further prospective, ran-
domized, controlled, open study, 68 patients were treated with the 1month 
injection and 63 patients with the 3 month injection [39]. The study dura-
tion was three months. After this treatment period the proportion of pa-
tients with testosterone levels of # 50ng/dl was 96% in the group treated 
with the 1 month injection and 98% in the group treated with the 3 month 
injection.

mentioned above were not designed to investigate testosterone values and 
breakthrough over time.

Enantone, Trenantone, Sixantone
The ef!cacy and safety of the 1 month injection of Enantone® (3.75mg leu-
prorelin) and the 3 month injection of Trenantone® (11.75 mg leuprorelin) 
were investigated in the prospective, randomized, open, controlled study 
by Wechsel et al. [35] over a period of nine months. After 80 patients had 
been treated with the 1 month injection and 157 patients with the 3 month 
injection, no signi!cant difference between the two groups was seen either 
as regards patients’ clinical response to treatment or as regards tolerability. 
Four weeks after the start of treatment the median testosterone level in the 
group treated with the 1month injection was 23ng/dl. After treatment with 
the 3 month injection the median testosterone level after the same period of 
treatment was 22ng/dl. At the end of the nine-month treatment the median 
testosterone level in the two treatment arms was 20ng/dl. Again, median 
testosterone values were reported and little known about those who failed 
to reach values less than 20ng/dl.

Tunn et al. [36] compared the ef!cacy and tolerability of the 3-month in-
jection Trenantone® (11.75mg leuprorelin) with the 6-month injection Six-
antone® (30mg leuprorelin) in a prospective, randomized, open, controlled 
study. In the course of a year, 58 patients received four injections of Trenan-
tone® and 120 patients’ two injections of Sixantone®. It was seen that the 
number of adverse reactions at the injection site correlated with the quan-
tity of active substance administered. Whereas a reaction at the injection 
site occurred in 2% of injections with Trenantone®, the proportion after the 
injection of Sixantone® was 11.8%. Testosterone levels were identical after 
treatment with Trenantone® and Sixantone®. Testosterone levels of # 20ng/
dl were measured in 81% of the patients with Trenantone® and in 90% of 
the patients treated with Sixantone®. Between the fourth week of treatment 
and the end of treatment, falling PSA levels of 0.2-1.0ng/ml were measured 
in the Trenantone® group. In the Sixantone® group the PSA levels were 0.3-
1.1ng/ml.

Leuprone
The ef!cacy and safety of the Leuprone® 1 and 3 month injection (3.6 or 
5.0mg leuprorelin) were investigated in a total of six studies. The results of 
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tients received 500µg buserelin subcutaneously every 8h in the !rst week of 
treatment. They then received either 200µg buserelin daily as a subcutane-
ous injection or 400µg buserelin nasally three times daily. After an initial 
rise in testosterone there was a steady fall in testosterone levels in the fol-
lowing four months, when the levels were between 30 and 40ng/dl. Eight 
patients failed to achieve a testosterone level of # 50ng/dl.

Goserelin
The active substance goserelin is marketed under the trade name Zoladex® 
as a 1 month injection (3.6mg goserelin) and a 3 month injection (10.8mg 
goserelin) for the treatment of advanced prostate cancer. 

In a prospective, randomized, open, controlled phase III study, the ef!cacy 
and tolerability of the 1 month injection of Zoladex® (3.6mg goserelin) 
were compared with those of DES [43]. Out of the 250 randomized pa-
tients, 124 patients received monthly treatment with the 1 month injec-
tion of Zoladex® and 126 patients were treated with 3mg DES daily. After 
four weeks’ treatment the proportion of patients with testosterone levels 
< 100ng/dl was 95% in both treatment arms. The subjective response to 
treatment was 79% in the group treated with Zoladex® and 60% in the 
group treated with DES. The time to the objective response to treatment 
was three months on treatment with Zoladex®. On treatment with DES an 
objective response was observed only after six months, a time difference 
that was statistically signi!cant. After an average observation period of 43 
months, the median survival time in both treatment arms was 27.4 months, 
although treatment failure occurred in the DES group after just 11 months 
(mean) and in the Zoladex® group only after 14 months (mean). 36 patients 
in the group treated with DES discontinued the treatment on account of 
side effects. This contrasted with two drop-outs as a reaction to treatment 
with goserelin.

In a prospective, randomized controlled study, 358 patients goserelin were 
compared with orchiectomy with regards to ef!cacy and tolerability [44]. 
148 of the patients included were treated with goserelin and 144 underwent 
orchiectomy. Since, at the start of treatment, goserelin was available only as 
a daily 250µg injection, patients were initially treated daily and only later 
switched to monthly injections of 3.6mg goserelin. The subjective response 
to treatment was 66% in the goserelin group and 73% in the orchiectomy 

The prospective, uncontrolled registration study of 22.5mg triptorelin was 
performed in 120 patients with advanced prostate cancer [40]. During the 
12 month study, the patients received a total of two injections of the prepa-
ration six months apart. Four weeks after the start of treatment the testo-
sterone level in 97.5% of the patients was # 50ng/dl. In 93% of the patients 
treated this suppression of the testosterone levels persisted from the second 
to the twelfth month of treatment. At the end of the study, after 12 months’ 
treatment, 98.3% of the patients had testosterone levels of # 50ng/dl. Eight 
patients showed testosterone breakthroughs during treatment, with testo-
sterone levels of up to 176ng/dl. These testosterone breakthroughs occurred 
both with the next injections and without any temporal connection with the 
following injections. 

Buserelin
The active substance buserelin is marketed under the trade name Profact® 
for the treatment of advanced prostate cancer. Profact® is available as a 
2 month injection (6.6mg buserelin) and as a 3 month injection (9.45mg 
buserelin). In addition, Profact® is also marketed as a nasal dosage form 
(1.2mg buserelin daily) which must be used every day. Nasal therapy is 
initiated with a seven-day course of treatment with a buserelin injection 
solution (1.5mg buserelin daily).

To date, few study results on the treatment of advanced prostate cancer with 
buserelin have been published. In a prospective, open study by Jacobi et al. 
[41] the ef!cacy and tolerability of buserelin were compared with those of 
triptorelin. To this end, 85 patients either received initial treatment with 
1.5mg subcutaneous buserelin and were then switched to the nasal dosage 
form or received the nasal form of buserelin right from the start of the study. 
The triptorelin group consisted of 22 patients who were given 3.2mg trip-
torelin intramuscularly every !ve weeks. Within four weeks the testosterone 
levels in the buserelin group were below 50ng/dl. In the triptorelin group the 
50ng/dl threshold was reached within three weeks treatment. No differences 
between the two treatment arms were found as regards tolerability. How-
ever, there were two unexplained deaths in the buserelin group two weeks 
after the initiation of treatment.

A retrospective, uncontrolled study by Soloway et al. [42] investigated the 
ef!cacy of buserelin in the treatment of advanced prostate cancer. 185 pa-
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A prospective, randomized, open, controlled study by Zinner et al. [47] 
investigated the in"uence of the next injection of the 1 or 3 month injec-
tion on the testosterone and LH levels. 129 patients with advanced prostate 
cancer received 3.6mg goserelin every four weeks and 118 patients received 
10.8mg goserelin every 12 weeks. The duration of treatment for both groups 
was 48 weeks. In the group treated with the 1month injection, 25.6% ended 
the study early. This was in contrast to a drop-out rate of 13.6% in the 
group of patients who received quarterly injections. In the group which 
received monthly goserelin injections, two patients showed rises in testo-
sterone from 7ng/dl to 674ng/dl and from 16ng/dl to 52ng/dl. At the same 
time this also led to a rise in LH from 0.03mIU/ml to 5.2mIU/ml and from 
0.08mIU/ml to 5.7mIU/ml. Two patients in the group treated with 10.8mg 
goserelin showed, after subsequent injections, rises in testosterone from 
10ng/dl to 314ng/dl and from 267ng/dl to 467ng/dl; the second patient did 
not respond to treatment at all and did not reach testosterone levels of # 
50ng/ml at any time during treatment. The side effect rate in both treatment 
arms was comparable, at 89.1% in the group treated with 3.6mg goserelin 
and 89% in the group treated with 10.8mg goserelin.
Determination of the serum testosterone level after depot LHRH agonist 
therapy has been recommended, because variability exists in the duration 
of depot LHRH agonist therapy and the time to achieve castration levels 
[48] .Even more, Oefelein et al. [49] demonstrated that 5% of men may not 
achieve castrate testosterone levels after depot LHRH agonist therapy. In 
this study, serum testosterone was determined every 28 days, beginning 90 
days after the last LHRH agonist injection, in 38 men with prostate cancer 
treated with the 3 month depot LHRH agonist. Using 50 and 20ng/dl as cut 
points to de!ne castrate testosterone, 2 (5%) and 5 patients (13%) failed 
to achieve castrate testosterone, respectively. The logistic regression analysis 
failed to identify a signi!cant association of independent variables for the 
failure to achieve castrate testosterone. In another study, Kawakami and
Morales [50] reported non-castrated testosterone levels (<0.7nmol/l) in 
17.6% of 68 patients with metastatic prostate cancer undergoing mono-
therapy with the 3 month LHRH agonist during a mean period of 2.2 years 
(6–84 months).

Histrelin
Histrelin occupies a unique position among the LHRH analogues currently 
used, since it is used in the form of a subcutaneous implant that is inserted, 

group. The objective response was 94% with goserelin treatment and 95% 
after orchiectomy. Four weeks after the start of treatment the testosterone 
level in the group treated with goserelin was about 36ng/dl, after orchiec-
tomy about 26ng/dl. The median time to the occurrence of tumor progres-
sion was 26.9 weeks in the goserelin group, whereas after orchiectomy it 
was 40.3 weeks. The rate of prostate cancer-related deaths, median survival 
time, overall survival rate and tolerability were comparable in both treat-
ment arms.

In a further prospective, randomized, open, and controlled study, the goser-
elin 1month injection was compared with orchiectomy as regards ef!cacy 
and tolerability [45]. Out of the 283 patients with advanced prostate cancer 
that were included, 138 patients received 3.6mg goserelin every four weeks; 
the other 145 patients underwent orchiectomy. Treatment was given until 
tumor progression or until side effects necessitating discontinuation of treat-
ment occurred. To determine the survival rate, each patient was followed up 
for at least four years. 28 patients dropped out of the study, since the tumor 
did not respond to treatment (11 patients in the goserelin group and 17 pa-
tients in the orchiectomy group). Four weeks after the start of treatment the 
median testosterone level was 20.9ng/dl in the goserelin group and 20ng/
dl in the orchiectomy group. The objective response to treatment was 82% 
in the goserelin group and 77% after orchiectomy. Tumor progression was 
observed after 52 weeks on treatment with goserelin, whereas after orchiec-
tomy it was after 53 weeks. The median survival time of the patients treated 
with goserelin was 119 weeks and was thus inferior to the median survival 
time after orchiectomy, which was 136 weeks. Referred to probability of 
survival, this gave a hazard ratio for goserelin of 1.12 by comparison with 
orchiectomy (95% con!dence interval: 0.85–1.49). The two treatment arms 
showed no differences as regards tolerability. The ef!cacy and tolerability of 
the goserelin 3 month injection by comparison with the goserelin 1month 
injection was investigated in two prospective, randomized, open, controlled 
studies [46]. 80 patients were included in each of these studies. The patients 
received the 1 or the 3 month injection for the !rst 12 weeks of treatment. 
Thereafter all patients were treated with the 3 month injection until the end 
of the study after 48 weeks. The testosterone levels achieved in both treat-
ment arms were comparable and remained comparable after all patients 
were switched to the 3 month injection. There were no differences between 
the two treatment arms with regards to side effects.
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Subgroup 3:  Consecutive increases in PSA level from a speci!c time point 
within the follow up period or no response to the hormone 
therapy. The patient population was also classi!ed into risk 
groups according to D`Amico (Table 2) [53].

Effective testosterone suppression was measured in all patients. The serum 
testosterone levels of the total population, Figure 3, and of all three sub-
groups, Figure 4, remained under 50ng/dL consistently from weeks 4 to 52. 
The testosterone median and mean levels showed very little intra or inter 
subgroup variability among the three subgroups. All patients (100%) in 
all three subgroups had a testosterone level below castration level (testo-
sterone # 50ng/dL) from weeks 4-52. Overall, 88% of the total population 
additionally achieved a testosterone level # 20ng/dL throughout the same 
period, and the range of patients within the three subgroups with testoster-
one levels # 20ng/dL during this same period was 85.7%-89.4%, Figure 5. 
Slight irregularities were detected in regard to the percentage of patients 
with testosterone levels above 20ng/dL in subgroup 2 and subgroup 3 at 8 
and 40 weeks, respectively, unfortunately these were not explained by other 
data and remain outliers. The distribution of patients into subgroups was 
based on 52 week PSA outcomes. This resulted in 100 (89) patients being 
assigned to subgroup 1, 13 (10) patients to subgroup 2, and 18 (14) pa-
tients to subgroup 3. The PSA level in the total population showed a steady 
downward trend over time, with a median level of 0.2ng/mL at the end of 
the 52 week follow up period, Figure 6. A 90% reduction in PSA levels was 
achieved within 8 weeks (median level) or 16 weeks (mean level). Differ-
ent PSA outcomes were measured in the subgroups, Figure 7. In subgroup 
1, a decrease in PSA level to below 1ng/mL was recorded within 8 weeks 
(median level) or 20 weeks (mean level). Although the PSA level did not fall 
below this limit for subgroups 2 and 3, in subgroup 2 a stable PSA course 
was observed. Overall, the largest deviations between median and mean 
levels were found in subgroup 3. In subgroup 1 a signi!cant reduction in 
PSA level was observed, compared to overall baseline level after 2 weeks 
(P=0.044) and after 8 weeks in both subgroup 2 (P=0.019) and subgroup 
3 (P=0.04). A statistically signi!cant decrease in the PSA level was detected 
within 2 weeks (P=0.015) in the total population. To establish a correla-
tion between PSA outcome and patient clinical status, the patients were 
classi!ed according to the D’Amico risk criteria at enrollment, Table 2. A 
total of three patients from group 1 were not evaluated because of a lack of 

which then releases the active substance continuously over a period of a 
year. In Germany it is marketed under the trade name Vantas® (50mg histre-
lin) for the treatment of advanced prostate cancer. 

In the prospective, uncontrolled dose-!nding study by Schlegel et al. [51], 
42 patients were treated with Vantas® and received one, two or four im-
plants at the same time. A single implant was suf!cient to produce effective 
testosterone suppression; this effect was not increased by the simultaneous 
implantation of further implants. The average testosterone level of all treat-
ed patients after a 4 week treatment period was 45ng/dl, after six months 
15.8ng/dl and after one year 17.2ng/dl. A change in implant was not associ-
ated with any increase in testosterone. None of the severe side effects that 
occurred were connected with the treatment.

On the basis of these results, the prospective, uncontrolled registration 
study for Vantas® was performed with just one implant [51-52]. A minimal 
rise in testosterone level was observed immediately after insertion of the 
implant. Within four weeks the testosterone level in all 134 treated patients 
dropped below 50ng/dl. The PSA nadir was a measured level of 0.1ng/ml. 
Like the dose-!nding study, the registration study too recorded no rise in 
testosterone after a change of implant. The proportion of treatment-related 
side effects was 79.7%. No patient dropped out of the study on account 
of side effects. Out of the original 134 patients included, 131 patients for 
whom testosterone and PSA levels were recorded at monthly examinations 
for the whole of the one-year treatment period were included in a further 
analysis by Djavan et al. [53].

In the assessment of the total population patients were divided into sub-
groups according to the following criteria:

Subgroup 1:  Lower PSA levels across the entire follow up period – once a 
nadir were achieved, no later increase occurred.

Subgroup 2:  Stable PSA pattern once a nadir was achieved, with "uctua-
tions that showed no clear trend toward increase or decrease.
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Fig. 4: Serum testosterone level over 12 months including the three subgroups

Fig. 6: Prostate-speci!c antigen level of all patients over 12 months 

classi!cation criteria. The majority (66.4%) of all patients were assigned to 
the high-risk group. Review of the distribution of subgroups within the risk 
distribution revealed that 100% of patients in the low-risk group, and all 
but two patients in the moderate-risk group were to be found in subgroup 
1. Patients in the high risk group were distributed over all three subgroups, 
but the majority was assigned to subgroup 1. The histrelin serum levels were 
recorded in a subpopulation of 61 (40) patients composed of patients from 
all three subgroups, Figure 8. Slowly decreasing serum levels were observed 
over the follow up period; after 6 months histrelin serum levels of 0.21ng/
mL were recorded, and after 12 months the levels were 0.13ng/mL [53]. 

Based on these data, Djavan et al. [53] concluded that histrelin successfully 
suppressed testosterone over the entire study period. This effect was meas-
ured across a number of different clinical de!nitions of PSA response and 
clinical risk.

Fig. 3: Serum testosterone level of all patients over 12 months
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Mean percentage of week 4-52: Subgroup 1: 87.8%, Subgroup 2: 85.7%, Subgroup 3: 89.4%
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MECHANISMS OF MEDICAL CASTRATION  
OF LHRH AGONISTS 

In 1983 it was discovered that the biological activity of LH was gradually 
lost during prolonged treatment of prostate cancer patients with LHRH 
agonists [54-55], which explains the castration effect of LHRH agonists in 
men. In fact, in the presence of more than 95% inhibition of serum testo-
sterone and DHT levels, serum LH measured by radioimmunoassay (RIA) 
can remain normal or be only slightly decreased [24]. Because  it was previ-
ously founded a discrepancy between serum LH measured by RIA and by 
bioassay in rhesus monkeys treated with a high dose of an LHRH agonist 
[56], it was conducted a similar study in men. It was then observed that 
although the values of serum LH measured by RIA and bioassay (mouse 
Leydig cell assay) varied in a parallel manner during the !rst 2 weeks of 
treatment, a progressive and marked loss of bioactivity was measured at 
later time intervals. Thus, after 3 months of treatment, LH bioactivity was 
reduced to about 5% of control, while radioimmunoassayable LH was re-
duced by only 40-50% (Figure 9) [54]. These data suggest that the loss 
of LH bioactivity, rather than testicular desensitization, is the main factor 
responsible for the complete inhibition of testicular steroidogenesis that oc-
curs after 2 to 3 weeks of treatment with LHRH agonists [57]. 

N (%) Low risk Intermediate risk High risk

Subgroup 1 23 (100.0%) 18 (90.0%) 56 (65.9%)

Subgroup 2 0 (0.0%) 0 (0.0%) 13 (13.3%)

Subgroup 3 0 (0.0%) 2 (10.0%) 16 (18.8%)

Total population 23 (100.0%) 20 (100.0%) 85 (100.0%)

Table 2: Risk table including subgroups according to D’Amico

Mechanisms of Medical Castration of LHRH agonists 

Fig. 9: Effect of 1 month of treatment with the luteinizing hormone-releasing hormone 

(LHRH) agonist Buserelin (500µg/d, s.c.) and the pure antiandrogen RU-23908 (Anandron; 

100mg, three times daily, p.o.) on serum LH measured by radioimmunoassay and by the 

mouse Leydig cell bioassay

– also shown is the effect on serum testosterone concentration in patients with advanced 
cancer of the prostate
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LHRH AGONISTS AND TESTOSTERONE SUPPRESSION

Historically, a testosterone level below 50ng/dL was de!ned, based on 
methodological considerations and sensitivity in the old analysis [73]. This 
value has been recommended testosterone level to achieve castration. How-
ever, more recent studies measuring serum testosterone levels after surgical 
castration, based on the modern technique of chemiluminiscence, reported 
a mean testosterone value around 20ng/dL [73].  These data suggest that 
castrate levels should be rede!ned as 20ng/dL or less, instead of the conven-
tional 50ng/dL.  

Some of the patients on conventional LHRH agonists do not reach the old 
de!nition of 50ng/dl castration level and fewer achieve 20ng/dl [49-50, 76-
78]. Overall, between 5% and 17% of patients fail to achieve 50ng/ml, 
while in 13-34% of patients on testosterone level remains above 20ng/dl. 
Overall, favorable results have been observed with histrelin and triptorelin.
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Administration of LHRH agonists is associated with a transient testoster-
one "are during the !rst week of treatment. It is estimated that around 10% 
of those with stage D2 metastatic disease show clinical "are responses as-
sociated with LHRH treatment. This usually abates and can be treated with 
temporary adding an antiandrogen [79].

However, patient may experience further surge in testosterone during long-
term treatment upon re-administration of the drug (acute-on-chronic re-
sponse). In addition, testosterone surges may occur at any time during treat-
ment (breakthrough response). Conventional LHRH agonists are associated 
with acute-on-chronic responses (de!ned as a testosterone level of 50ng/dL) 
in 4–10% of the patients [33,49]. Likewise, breakthroughs have been re-
ported in 2-13% of patients on 1–6 months depot LHRH agonists [80-85]. 

Morote et al. [85] established a direct relationship between testosterone 
increases and androgen independent progression. In a group of 73 men 
with prostate cancer treated with 3 months of depot LHRH agonist, they 
found that breakthrough responses, with increases of 20–50ng/dL, occurred 
in 31%, while breakthrough responses of >50ng/dL occurred in 25% of 
patients. The lowest testosterone castrate level with a signi!cant effect on 
survival free of androgen independent progression was 32ng/dL. In fact, 
the mean survival free of androgen independent progression in patients 
with breakthrough increases of >32ng/dL was 88 months, while it was 137 
months in those with no breakthrough increases.

The etiology of whether the LHRH agonist fails to achieve or maintain cas-
tration testosterone is unknown. However, through drug interactions, the 
depot delivery system released the agonist too slowly or too rapidly, and un-
known gonadal-pituitary-hypothalamic axis properties have been suggested 
as possible causes. Two questions seem to be relevant in order to analyze 
the importance of achieving and maintain castrate testosterone levels after 
androgen deprivation. Does the failure to achieve the castrate level of testo-
sterone translate into a survival disadvantage?

Perachino et al. [86] retrospectively reviewed 129 consecutive patients with 
a histological diagnosis of metastatic bony-only prostate cancer and previ-
ously untreated with ADT. They were treated with 3 months of goserelin. 
Testosterone and prostate-speci!c antigen (PSA) levels were measured in all 
patients every 3 months for the duration of the follow-up.

They identi!ed continuous relationship between testosterone level and CSS 
(Cancer-Speci!c Survival): the pretreatment Gleason score and 6-month 
PSA level being equal, the lower the 6 month testosterone level, the longer 
the survival.

This study results are in agreement with the androgen receptor saturation 
kinetics postulated by Morgentaler et al. [87] According to these kinetics, 
testosterone levels of # 50ng/dl have an exponential in"uence on tumor pro-
gression. Until the androgen receptors are saturated, even small differences 
of a few ng/dl testosterone contribute substantially to tumor progression.

This indicates not only the importance of proper testosterone monitoring to 
evaluate treatment response, but also indicates the need for a pharmacologi-
cal agent that adequately suppresses testosterone to castrate levels, similar 
to those seen with orchiectomy. 

Histrelin and triptorelin re"ect such characteristics. Further studies are 
needed to address concerns. 
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GnRH is a decapeptide and its half life is merely 2-5 minutes. Through 
proteolysis GnRH is rapidly degraded. This assures that the GnRH puls can 
have a fully single impact on the pituitary.

GNRH ANTAGONISTS - MECHANISM OF ACTION

GnRH antagonists are peptide molecules which mimic the body’s natural 
hormone GnRH but have antagonistic effects. GnRH antagonists are sub-
stantially more complex in their molecular structure then agonists. In these 
substances the amino acids were not just modi!ed in position 6 and 10, 
beyond that the positions 1, 2 and 3 also vary.   

A GnRH antagonist directly occupies the GnRH receptor ligand-binding 
sites in the anterior pituitary blocking the release of luteinizing hormone 
(LH) and follicle stimulating hormone (FSH) [3-4]. In men, the reduction in 
LH leads subsequently to a rapid suppression of testosterone release from 
the testis. GnRH antagonists bind immediately and competitively to recep-
tors in the pituitary gland are able to reduce LH by 51-84% and follicle-
stimulating hormone (FSH) by 17-42% within eight to 24 hours, causing a 
very fast and effective but reversible decrease in hormones [5]. They are able 
to effectively down-regulate testosterone to castration levels in more than 
80% of patients within 24 hours, with no testosterone "are. 

In contrast to GnRH antagonists, which directly inhibit the stimulation of 
the hormone receptor, agonists initially stimulate the hormonal pathway 
they are composed to block.

GnRH agonists work by constantly stimulating the anterior pituitary gland, 
which decreases LH and thereby testosterone production. Through the 
modi!cation of the amino acids sequences from the native GnRH (par-
ticularly right turning amino acids were implemented) analog compounds 
with agonistic effect were synthesized. These synthesized compounds have a 
higher receptor af!nity from up to 100-200 times and at once a much long-
er half life compared to the native GnRH. The longer term treatment with 
GnRH agonists leads to a reduction of GnRH receptors (down-regulation) 
and results in a suppression of the gonadotrophin synthesis and secretion. 

Helen Sadri, MD, Bob Djavan, MD, PhD
Department of Urology, New York University School of Medicine NYU, 
New York, USA

BACKGROUND, HISTORICAL DEVELOPMENT, EFFECTS 

In the year 1971 the structural characteristic and the effect of the luteiniz-
ing hormone-releasing Hormone (LHRH) at the pituitary was !rst discov-
ered by Andrew Schally and colleagues [1]. Luteinizing hormone releasing 
hormone stimulates the synthesis and secretion of the luteinizing hormone 
(LH). LHRH was renamed, gonadotrophin-releasing hormone (GnRH) 
when it was known that it also stimulates the secretion of the follicle-stimu-
lating hormone (FSH) despite in smaller amounts than luteinizing hormone 
(LH) [2]. The process is controlled by the pulsatile mechanism of action 
from GnRH, as well by feedback from androgens and estrogens. There are 
gender differences in GnRH secretion. In males, the pulsatile secretion is at 
a constant frequency, whereas in females, the frequency of the pulses varies 
during the menstrual cycle.  

L H R H  A N TA G O N I S T S 
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However problems existed with early !rst-generation compounds, and 
due to a lack of potency these products were not clinically viable. Second-
generation drugs included minor structural modi!cations that resulted in 
improved ef!cacy [15]. Moving forward from these second- generation 
compounds, severe side effects were a long- standing problem with GnRH 
antagonists that hindered their widespread application. These side effects 
were mostly due to histamine- mediated anaphylactic responses that caused 
severe allergic reactions in a number of patients. Changes were made to 
third generation GnRH antagonists to combat these reactions, replacing 
amino acids within the compound in order to eliminate the risk [16].  One 
such third generation compound is abarelix, which was approved by the 
Food and Drug Administration (FDA) in 2003 for patients with advanced 
prostate cancer who have refused orchidectomy and cannot take other hor-
mones. Patients are monitored closely during and after administration, as 
well as during the follow- up months [5]. In a study involving 81 patients 
with symptomatic prostate cancer, three patients experienced an immediate-
onset systemic allergic reaction within minutes of receiving abarelix. Side 
effects included urticaria, pruritus and hypotension and syncope [17]. Other 
recent studies have additionally only an acceptable safety pro!le [18]. Due 
to the still present possible allergic reactions, the drug was restricted to be-
ing marketed as a voluntary risk management programme only for patients 
who cannot take other hormones and refuse orchidectomy. 

 A newer antagonist, degarelix was approved by the FDA in 2008 [19-21]. 
Compared with the earlier antagonist abarelix, adverse events were mild 
and relatively uncommon with degarelix. They included "ushing reactions, 
injection-site pain, weight gain and increases in serum transaminase levels. 
Compared with earlier GnRH antagonists, degarelix was associated with 
the least amount of histamine release among the GnRH antagonists tested 
[22], thereby reducing the frequency and severity of the most common al-
lergic reactions associated with the previous generations of antagonists. 

Initially the GnRH agonists induce an increase of gonadotrophin secretion 
into a supra physiological range, causing what is commonly known as the 
"are or hormonal surge [6]. This initial "are phenomenon last up to 10-20 
days and is characterized with a tenfold increase of LH, a !vefold increase 
of FSH, and a fourfold increase of oestradiol concentration.  This initial 
hormonal surge is followed by a down-regulation of LH and FSH resulting 
in a decreased testosterone production. This two to four week delay in the 
lowering of testosterone levels in treatment with GnRH agonists contrasts 
with the much faster effective lowering by GnRH antagonists. 
GnRH antagonists versus GnRH agonists

The initial testosterone increase, caused under the treatment with agonists, 
can reinforce the symptoms caused by the primary tumor or metastasis (is-
churia, uropathy, bone pain). Therefore a therapy with antiandrogens is rec-
ommended and has to mainstay concomitant up to four weeks. Due to the 
transitional combination therapy with antiandrogens and GnRH agonists, 
additional costs emerge and conceivably additional adverse events may occur.  

Several studies have repeatedly shown that GnRH antagonists achieve tes-
tosterone castration levels more rapidly than GnRH agonists [7-11]. The 
study of Trachtenberg et al [7] compared the endocrinological and bio-
chemical ef!cacy of abarelix with that of leuporelin (a GnRH analoga) and 
the non-steroidal anti-androgen biculatamide. The study showed that the 
GnRH antagonist abarelix causes men to achieve a castration testosterone 
level more quickly than men being treated with leuporelin. A number of 
other studies [8-11] have shown similar results, with a reduction of testo-
sterone to castration levels in more than 80% of patients within 24 hours, 
with no testosterone "ares [12]. Further studies using abarelix in compari-
son with the GnRH agonists leuporelin [13] and gosrelin [9] showed similar 
results, with a rapid reduction in testosterone level without a testosterone 
surge when using abarelix. 

This is a clear advantage for patients using antagonists, especially those who 
would bene!t from a near-immediate testosterone reduction. This includes 
those patients presenting with critical clinical problems such as impending 
bone fractures, cord compression or ureteric obstruction, where the alterna-
tive emergency treatment would be orchidectomy or delayed testosterone 
suppression with antiandrogen cover using GnRH agonists [14]. 
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Mechanism of action of GnRH antagonists (A) and GnRH agonists (B). 
An application with GnRH antagonists leads to a direct inhibition of LH 
and FSH synthesis and the GnRH receptors stay obtained. The application 
with GnRH agonists leads to an initial increase of LH and FSH ("are). A 
chronic application will lead to a down-regulation and desensitization to-
wards GnRH.

Abarelix:
Abarelix is a synthetic decapeptide from the third generation, depot-suspen-
sion which is administered through intramuscular (IM) injection every two 
to four weeks. Abarelix achieves in 80% of the patients a testosterone cas-
tration level within 24 hours with no testosterone "are [12]. Side effects are 
histamine mediated reactions, immediate-onset systemic allergic reactions 
within minutes after receiving the compound, uriticaria, pruritus, hypoten-
sion and syncope. In 2005, due to serious allergic reactions, abarelix was 
withdrawn from the US market and is available only to patients who are 
currently receiving the medicine.

Degarelix: 
Degarelix is a synthetic decapeptide, depot-suspension which is adminis-
tered subcutaneously (sc) every four weeks. Compared with earlier LHRH-
compounds degarelix is associated with the least amount of histamine 
releasing activity. Testosterone and PSA suppression was induced more rap-
idly due to degarelix compared with GnRH agonists and was not associated 
with testosterone "are. Degarelix achieves in 97% of patients testosterone 
castration levels within seven days starting treatment [23].   

INDICATION 

Androgen deprivation therapy (ADT) has remained the mainstay of treat-
ment for advanced prostate cancer since the demonstration of the hormone 
dependence of prostate cancer by Huggins and Hodges in 1941 [24]. ADT 
is widely used in the community setting to treat men with clinically local-
ized prostate cancer, biochemical (PSA) recurrence after radical prostatec-
tomy, locally advanced disease, lymph node metastases and symptomatic 
metastatic disease [25]. One of the major indications for ADT is hormone-
refractory prostate cancer (HRPC), a very heterogeneous disease, including 
a numerousness of different patient cohorts. Two different types of HRPC 
exist, the androgen-independent, but hormone-sensitive prostate cancer and 
the true HRPC, which is resistant to all hormonal treatment approaches 
[26]. For patients with either metastatic or biochemical hormone-refractory 
disease, surgical or medical androgen deprivation therapy (ADT) is the most 
effective therapy option.
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The American Society of Clinical Oncology (ASCO) 2007 guidelines recom-
mend either GnRH agonists or bilateral orchidectomy as !rst- line treatment 
for men with advanced prostate cancer [27]. In the past 20 years, surgical 
castration has been replaced by the medical use of GnRH agonists as an ef-
fective treatment. A major advantage for this treatment over surgical castra-
tion is that medical castration with GnRH agonist/antagonists is reversible 
[28]. The aim of the surgical and chemical castration is the same; achieving 
low testosterone levels, thereby decreasing the cancer growth rates [29]. 

 Due to the fact that GnRH antagonists do not cause testosterone "are, gen-
erate fast down-regulations and do not require combination therapy, it has 
made them a viable choice in prostate cancer treatment. The advantages for 
patients using antagonists are the rapid and reliable reduction of testoster-
one level without a testosterone surge when using GnRH analoga.  

CLINICAL EXPERIENCE

In light of the current reluctance of patients to undergo orchidectomy for 
the hormonal regulation of prostate cancer, ADT has become the preferred 
treatment of choice in patients with advanced prostate cancer. Summariz-
ing the results from the actual studies, GnRH antagonists have become an 
interesting therapy option especially for those patients who have a higher 
"are risk due to their advanced disease. Advantages compared to agonists 
are the fast onset of effect; no risk of hormonal "are and thereby no neces-
sity for a combination therapy with antiandrogens. This causes fewer, re-
duces the adverse reactions and a better compliance. GnRH antagonists are 
currently able to effectively down-regulate testosterone to castration levels 
in a very short time frame and reduce PSA.  Disadvantages are the risk of 
possible allergic reactions, the necessity of injection and the absence of a 
long lasting depot compound. The area most in need of further investigation 
is the long-term ef!cacy of GnRH antagonists and their effect on PSA and 
patient survival. Since degarelix has only been available since 2009, long- 
term follow-up and effects beyond one year treatment are so far not known.

 The development of the third generation compound and the approval of 
degarelix has addressed a number of the histamine related concerns, and 

has reduced adverse reactions to milder side effects in a smaller number of 
patients. This step forward, shows that there is a great deal of potential in 
further development of GnRH antagonists and their place in the manage-
ment of advanced prostate cancer.  
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INTRODUCTION

Abiraterone (CB-7598) 
(Cougar Biotechnology [CA, USA], acquired by Johnson & Johnson [NJ, 
USA] in 2009) is an orally administered small molecule that irreversibly 
inhibits a steroidal cytochrome p450 complex rate-limiting enzyme CYP17 
(17 -hydroxylase/C17,20 lyase), in androgen biosynthesis in the testes, ad-
renal glands and prostate without causing adrenal insuf!ciency. Abiraterone 
(17-(3-pyridyl) androsta-5, 16-dien-3 -ol), a pregnenolone-derived com-
pound, is a 3-pyridyl steroid, which was originally developed by chemists at 
the Institute of Cancer Research (Surrey, UK) [1].

In preclinical studies, Barrie and colleagues reported the in vivo effects of 
abiraterone acetate, when administered to mice once daily for 2 weeks [1]. 
Hartmann and colleagues determined inhibitory constants of abiraterone 
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ANDROGEN-MEDIATED SIGNALING IN CRPC

AR is a steroid hormone receptor located in the cytoplasm that remains 
bound with heat shock proteins. In the presence of its ligands, such as testo-
sterone and dihydrotestosterone (DHT), AR binds with the ligand, dissoci-
ates from heat shock protein and undergoes homodimerization and tyrosine 
kinase phosphorylation, followed by translocation to the nucleus. In the 
nucleus, AR acts as a transcription factor and binds to androgen response 
elements in the promoter and enhancer regions of the target gene. This is 
followed by recruitment of several coactivator and corepressor proteins and 
the formation of an active transcription complex, which induces transcrip-
tion of several genes involved in cell cycle regulation and proliferation [6-7].

Several mechanisms have been identi!ed to explain persistent androgen 
signaling in CRPC [7-8]. These include increased the AR gene expression, 
either due to AR gene ampli!cation or an increased rate of transcription 
of AR gene, or from increased stability of the AR transcript [7, 9]. One 
known mechanism is mutation of the AR gene, resulting in promiscuous 
ARs, which are activated by antiandrogens (such as bicalutamide) and other 
endogenous steroids (such as progesterone or deoxycorticosterone) [10-11]. 
Various growth factor signaling pathways may contribute to ligand-inde-
pendent activation of AR [12].

Other mechanisms include alterations in various regulatory genes that may 
suppress the transcription of apoptotic genes after androgen ablation or 
cause the upregulation of genes in the antiapoptotic pathways. Examples 
include alterations in the phosphatase and tensin homolog (PTEN) tumor 
suppressor gene that leads to upregulation of the phosphoinositide 3-ki-
nase/Akt pathway and overexpression of the pro-survival BCL-2 oncogene 
[13-14].

In castrated patients, the adrenal glands are the major source of androgens. 
In addition, there is evidence that prostate cancer cells can not only initi-
ate aberrant androgen signaling but also synthesize suf!cient amounts of 
intratumoral androgens to allow continued androgen signaling and tumor 
growth in a castrate patient [15]. The concentrations of intratumoral tes-
tosterone in metastatic prostate tumors in men with CRPC are 2–3 times 
higher than in prostate tumors in men who have never received ADT, de-

acetate for recombinant human CYP17 expressed in Escherichia coli, as well 
as other CYP enzymes to exclude possible side effects owing to nonspeci!c 
heme iron complexation [2, 3]. These included the CYP enzymes involved 
in glucocorticoid biosynthesis (CYP11B1), mineralocorticoid biosynthesis 
(CYP11B2) and the hepatic CYP enzymes. All cytochrome P450s contain 
a heme cofactor similar to CYP17A1 and could potentially be inhibited by 
abiraterone [2, 3].

In clinical studies, abiraterone acetate is well tolerated and shows promis-
ing clinical activity in Castration-Resistant Prostate Cancer - CRPC (for-
merly hormone-resistant or hormone-refractory prostate cancer) patients. 
Currently (October 2010), abiraterone acetate is being tested in a phase III 
trial for men with progressive castration-resistant prostate cancer who are 
chemotherapy naive. After a successful phase III clinical trial, the drug will 
be available to be approved by the Food and Drug Administration (FDA) [4].

The commercial usual dosage and form of drug still have not been revealed 
by Cougar Biotechnology (CA, USA) (acquired by Johnson & Johnson 
[NJ, USA] in 2009) as October 2010 but the recommended Phase II dose is 
1000mg of abiraterone acetate orally daily in combination with prednisone 
5mg twice daily [5].

Technical Data:

Name Abiraterone

Synonyms 17-(3-Pyridyl)androsta-5,16-dien-3beta-ol

Molecular Structure

Molecular Formula C24H31NO

Molecular Weight 349.51

CAS Registry Number 154229-19-3
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fect pro!le. Abiraterone irreversibly inhibits the formation of androgene by 
inhibiting CYP17A1 (CYP450c17).While the 16, 17-double bond in abi-
raterone is necessary for its irreversible binding to CYP17, the 3-pyridyl 
substitution results in its potent and selective inhibition of CYP17 [19-20].  

The rationale for safe inhibition of CYP17 by abiraterone is in congeni-
tal CYP17 de!ciency. In this disease the production of cortisol, androgens 
and estrogens is impaired, leading to the lack of sexual development [21]. 
But the synthesis of corticosterone, a weaker glucocorticoid, is preserved. 
Hence, patients do not develop symptoms of adrenal insuf!ciency. However, 
higher levels of adrenocorticotrophic hormone (ACTH) are required before 
a new steady state is reached, as corticosterone is a weaker glucocorticoid 
than cortisol. Raised levels of ACTH result in a syndrome of secondary 
mineralocorticoid excess characterized by "uid overload, hypertension and 
hypokalaemia . This syndrome may be managed effectively with mineralo-
corticoid antagonists, with or without low dose glucocorticoids to suppress 
ACTH generation. ACTH suppression, in turn, leads to normalization of 
mineralocorticoid levels, serum potassium levels and blood pressure.

DEVELOPMENT OF ABIRATERONE ACETATE

The pregnenolone-derived compound, abiraterone (CB7598), was devel-
oped as part of a series of potent, inhibitory 17 (3-pyridyl) steroids at The 
Institute of Cancer Research, UK [1, 20, 22]. The features which set it apart 
from the other candidate small molecular inhibitors of the CYP17 enzyme 
included a 3-pyridyl substituent and a double-bond between positions 16 
and 17 of the steroidal skeleton, as illustrated in Figure 1; these render both 
potency and selectivity in CYP17 inhibition to this compound with a Kiapp 
of <1nM [23]. To increase the oral bioavailability of abiraterone, its 3 -O-
acetate form (abiraterone acetate) has been developed (Figure 1).

spite the fact that those not receiving ADT have much higher serum testo-
sterone levels [8, 16].

After receiving 9 months of neoadjuvant deprivation therapy, men with lo-
calized prostate cancer did not demonstrate a reduction in the expression 
of many androgen-responsive genes, including the AR and prostate-speci!c 
antigen (PSA), although intratumoral testosterone and DHT levels were 
reduced by 75% [17]. Many enzymes involved in androgen synthesis are 
highly upregulated in CRPC compared with those with androgen-sensitive 
prostate cancer [16]. Notably, CRPC cell lines synthesized a !vefold higher 
concentration of testosterone than androgen-dependent cell lines and were 
capable of directly converting radioactive cholesterol into testosterone in 
vitro [18]

These data indicate that castration based on serum testosterone levels is not 
synonymous with androgen ablation in the prostate tumor microenviron-
ment. Prostate cancer cells can adapt to castration by intratumoral synthesis 
or conversion of adrenal androgens to testosterone and DHT and subse-
quently derive growth advantage. 

CHEMISTRY AND MECHANISM OF ABIRATERONE

The !rst step in adrenal steroid biosynthesis is the formation of choles-
terol from acetyl coenzyme A and squalene. Cholesterol is then converted 
to pregnenolone and then to progesterone. The pivotal enzyme in androgen 
synthesis is the CYP17, a steroidal cytochrome p450 complex rate-limiting 
enzyme also known as 17 -hydroxylase/17, 20 lyase, located in the Leydig 
cells of the testes and zonafasiculata and reticularis of the adrenal glands. 
This enzyme catalyzes the conversion of pregnenolone and progesterone 
to the weak androgen steroids, DHEA and androstenedione, respectively. 
Both DHEA and androstenedione are eventually converted to testosterone 
and then to DHT, reactions that are catalyzed by other enzymes. Since it 
has a critical role in the synthesis of androgens in the adrenal glands, testes 
and prostate, CYP17 was deemed to be an attractive therapeutic target in 
patients with Castration-Resistant Prostate Cancer (CRPC). Furthermore, 
selective inhibition of CYP17 is safe and has an easily manageable side ef-
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DHEAS levels noted during treatment or at the time of progression. At all 
dose levels, treatment with abiraterone acetate resulted in increased levels 
of ACTH (median: six fold) and steroids upstream of CYP17, dehydrocorti-
costerone (median: tenfold) and corticosterone (median: 40-fold). 

Three studies by O’Donnell and colleagues in phase I have shown the 
pharmacodynamic activity of abiraterone acetate [25]. The !rst study was 
a single-dose study in castrate males. The second study was a single-dose 
study in noncastrate males and the third study was a multiple-dose study in 
noncastrate males.
Suppression of testosterone levels to less than 0.14nmol/l was observed in 
four out of six castrate males treated with a single dose of 500mg. An 800 
mg dose given for 12 days in noncastrate males achieved target suppression 
in all three patients, but a two to threefold increase of LH levels in two of 
these three patients overcame suppression within 3 days. The addition of 
a GnRH agonist to abiraterone acetate resulted in a sustained decrease in 
both testosterone and adrenal androgen levels and established the basis for 
the use of GnRH agonists in subsequent phase I studies. ACTH challenge 
testing leads to subclinical adrenocortical suppression. 

PHARMACOKINETICS & METABOLISM

In a study reported by O’Donnell and colleagues (The !rst-in-man study), 
abiraterone was detectable in plasma at all doses of at least 200mg daily 
[25]. The mean time to maximum drug concentration in plasma Tmax was 
2.70 h (±SD 2.71). An increase of up to tenfold in the range of the area 
under the concentration–time curve (AUC) was seen for a given dose. The 
association between the AUC and dose of abiraterone acetate was nonlinear 
(R2=0.34) [25]. In a study by Carden and colleagues in phase I, patients 
with CRPC were treated with 1000 mg oral abiraterone acetate daily and 
the absorption of abiraterone acetate was studied with respect to co-ad-
ministration of food. There was a signi!cantly higher mean Cmax in the 
fed state compared with the fasted state (1469 vs. 286nmol/l, respectively; 
P=0.005). AUC was also signi!cantly higher in the fed state than in the 
fasted state (10,978 vs. 3249nmol/l/h, respectively; p < 0.001). The mean 
apparent oral clearance in the fed state was 307l/h [26]. In the other phase I 

Fig. 1: Abiraterone Acetate

PHARMACODYNAMIC ACTIVITY IN CLINICAL TRIALS

In vivo study by Barrie and colleagues compared the pharmacodynamic 
effects of abiraterone acetate with surgical castration, ketoconazole and 
"utamide in mice at dose once daily for 2 weeks of abiraterone acetate [1].  
Abiraterone acetate, "utamide and surgical castration caused signi!cant re-
ductions in the weights of the ventral prostate and seminal vesicles. There 
was no reduction seen in the weight of these organs with KC. Abiraterone 
acetate reduced plasma testosterone to 0.1nmol/l or less, despite a three- to 
four-fold increase in the plasma level of luteinizing hormone (LH). Adre-
nal weights did not increase with abiraterone acetate, indicating that there 
was no inhibition of corticosterone production or compensatory increase in 
ACTH, resulting in adrenal hyperplasia.

In a study by Attard and colleagues in phase I, once-daily, continuous, es-
calating doses of abiraterone acetate (250–2000mg) were administered to 
21 patients with chemo-naive metastatic CRPC [24]. All patients had cas-
trate levels of serum testosterone levels (median: 0.7ng/l) at baseline. The 
serum testosterone levels became undetectable (<0.1ng/l) within 8 days at 
all doses tested. The median value of DHEA, DHEAS and androstenedione 
at baseline were 282.4ng/dl, 39µg/dl and 33.5ng/dl, respectively. At day 28, 
the median value of DHEA, DHEAS and androstenedione were reduced to 
83.6ng/dl, undetectable (<15µg/dl) and less than 2ng/dl, respectively. There 
were no rebound increases in the testosterone androstenedione, DHEA or 
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developing treatment-related grade 3 hypertension. All of them were man-
ageable and related to secondary mineralocorticoid excess [5, 28].

STUDIES

Phase I studies of Abiraterone Acetate
In the !rst-in-man study reported by O’Donnell and colleagues, abiraterone 
acetate was safe when administered daily for 12 days to men with non-
progressing prostate cancer, and resulted in >50% suppression of baseline 
testosterone in non-castrate patients. However, this effect was transient and 
was negated by a compensatory rise in luteinizing hormone levels within 3 
days. Hence, concomitant castration was maintained in subsequent studies 
to prevent this [25].

In another phase I study by Attard and colleagues, continuous, once-daily 
dosing of abiraterone acetate were administered to castrate, chemotherapy-
naïve patients with CRPC, escalating through !ve pre-planned dose levels of 
250, 500, 750, 1000 and 2000mg using three-patient cohorts [24]. This was 
the !rst study to show that selective and continuous inhibition of CYP17 is 
safe with an associated durable suppression of serum androgens and estro-
gens, as well as durable antitumor activity. The toxicities observed in this 
study were predominantly due to secondary mineralocorticoid excess and 
were controlled with the mineralocorticoid receptor antagonist, eplerenone; 
spironolactone was not used as it has been previously reported to activate 
AR [29]. Circulating testosterone levels in all patients were in the castrate 
range at baseline and rapidly became undetectable on treatment at all dose-
levels. Indeed, downstream C-21 androgenic steroids were suppressed to 
levels below the lower limit of detection by conventional assays on treat-
ment. 66% of the CRPC patients treated in this study had a more than 30% 
fall in PSA. Declines in PSA were frequently associated with symptomatic 
improvement, reduction in serum alkaline phosphatase levels, normalization 
of elevated lactate dehydrogenase levels and partial responses by RECIST, 
with several patients reducing or discontinuing analgesic use. Signi!cantly, 
tumor responses to abiraterone acetate were observed in castrate patients 
who had failed several prior lines of AR-targeting therapy (median of three 
prior hormonal therapies) [23-24].

study by Attard and colleagues, mean apparent oral clearance values ranged 
from 494.3 to 1347.2l/h. The AUC and maximum concentration (Cmax) 
increased with increasing dose, but less than proportionally (R2=0.186 and 
0.049, respectively). Up to nine fold differences were observed in AUC and 
Cmax, within the 1000mg cohort (!vefold and 2.5-fold differences within 
the 250mg and 500mg cohorts, and the 750mg and 2000mg cohorts, re-
spectively). The terminal half-life was 10.3 h and was relatively consistent 
across cohorts [24].

SAFETY & TOLERABILITY OF ABIRATERONE ACETATE

In the phase I study by Attard and colleagues, all reported toxicities were as-
sociated with a syndrome of secondary mineralocorticoid excess upstream 
of CYP17, including hypertension, hypokalemia and lower-limb edema, and 
were successfully managed with eplerenone (50–200mg/day), a mineraloco-
rticoid receptor antagonist [24]. 

In a phase II study (n=42),  by Attard and colleagues,  a signi!cant number 
of patients developed secondary mineralocorticoid excess, characterized 
by "uid overload (13 out of 42 patients [31%]),  hypokalemia (37 out of 
42 patients [88%]) and hypertension (17 out of 42 patients [40%]) [27]. 
Eplerenone, at doses of 50–200mg daily, was successful in managing these 
adverse effects in all but three patients, who also required glucocorticoid re-
placement.  Asymptomatic but grade 3 hepatic transaminitis was observed 
in two patients (5%) at 10 and 27 weeks after starting abiraterone acetate, 
respectively. Both had complete resolution of transaminitis upon discontin-
uation of abiraterone acetate and recurrence of transaminitis upon rechal-
lange with abiraterone acetate. One patient had exacerbation of asthma, 
requiring treatment with high-dose corticosteroids and then maintenance 
therapy with dexamethasone at 0.5mg daily. Hot "ushes developed in four 
out of 42 patients, with two being treated with venlafaxine.

 In another phase II study by Ryan and colleagues, where 27 patients with 
progressive CRPC were treated with 1000 mg once-daily oral abiraterone 
acetate and 5mg prednisone 5 mg twice daily, the adverse effects included 
hypokalemia (12%), hypertension (6%) and edema (15%), with one patient 
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Phase III studies of Abiraterone Acetate  
The !rst phase III trial is comparing the clinical bene!t of abiraterone ac-
etate (1000mg daily) plus prednisone (5mg twice daily) with placebo plus 
prednisone (5mg twice daily), in patients with metastatic CRPC who have 
1–2 failed chemotherapy regimens including docetaxel, but without prior 
ketoconazole exposure [36]. The enrollment goal of 1,158 patients was 
reached in late 2008. The study is powered to detect a 25% increase in 
survival from 12 to 15 months. Patients were randomized in a 2:1 fashion 
to receive either abiraterone acetate with prednisone or placebo with pred-
nisone. The primary end point is overall survival and a key secondary end 
point is a PSA decline of 50% or more, according to the Prostate-Speci!c 
Antigen Working Group (PSAWG) criteria [37].

The second phase III study is comparing the clinical bene!t of abiraterone 
acetate (1000 mg daily) plus prednisone (5mg twice daily) with placebo 
plus prednisone (5 mg twice daily), in patients with asymptomatic or mildly 
symptomatic chemo-naive and ketoconazole-naive metastatic CRPC [38]. 
Patients are being randomized in a 1:1 fashion with a primary end point of 
overall survival and an enrollment goal of 1000 patients. It is powered to 
detect a 20% improvement in survival from 22 to 27.5 months.

A hypothesis for Roles of steroids upstream of CYP17 and Abiraterone  
resistance
The durable and profound suppression of serum androstenedione and 
DHEA, in addition to that of testosterone and estradiol [24] could explain 
the anti tumor activity of Abiraterone Acetate at least in part. Data from 
the phase I study suggest that higher baseline androstenedione and DHEA 
levels are present in patients who responded to abiraterone acetate respect 
to ketoconazole. However, unlike ketoconazole, no rise in steroids down-
stream of CYP450c17 was observed at disease progression while on abi-
raterone acetate, indicating ongoing, irreversible CYP450c17 inhibition.
J E Ang and colleagues hypothesized, a priori, that acquired resistance to 
abiraterone acetate could be reversed by suppressing the production of ster-
oids upstream of CYP17 and this could be achieved by decreasing ACTH 
using low dose steroids replacement [23]. Indeed, 4 out of 15 patients 
(26%) with two of these patients having had progressive disease earlier on 
the same dose of dexamethasone, were successfully salvaged using this ap-
proach [24] in the phase I study. Hence, it is possible that elevated levels of 

In a well known study by Attard and colleagues run at the Royal Marsden 
Hospital, London, in patients who had not received chemotherapy reported 
in 2007 that abiraterone acetate induced decline in prostate speci!c antigen 
(PSA) in up to 70% of patients as well as radiological shrinkage of tumors, 
symptom improvement, normalization of lactate dehydrogenase [30].

In another phase I trial, Ryan and colleagues performed a dose-escalation 
study in 33 patients with progressive CRPC at 250, 500, 750 and 1000mg 
daily [31].  A total of 18 out of 33 patients (55%) experienced a decline in 
PSA of more than 50%, resulting in a recommended phase II abiraterone ac-
etate dose of 1000mg. Ketoconazole (KC) naive patients exhibited a slightly 
higher PSA response (eight out of 14 [61%]) compared with extensively 
KC-exposed patients (ten out of 19 [53%]). The median duration of prior 
treatment with KC was 15 months (range: 4.2–38 months). The relatively 
high PSA response to abiraterone acetate in the majority of KC-pretreated 
patients is encouraging, as these agents have overlapping targets in andro-
gen synthesis pathways [31-32].

Phase II studies of Abiraterone Acetate
In a phase II expansion of the aforementioned study, Attard and colleagues 
treated 42 chemotherapy-naive patients with metastatic CRPC [27]. PSA 
responses of 30% or more, 50% or more and 90% or more were observed 
in 30 (71%), 28 (67%) and eight (19%) out of 42 patients, respectively. In 
addition, nine (37.5%) out of 24 patients with measurable disease had a 
partial response by Response Evaluation Criteria in Solid Tumors (RECIST) 
criteria. Of the 17 patients evaluable for CTC counts, ten (59%) patients 
had a decline in CTC count from !ve per 7.5ml or more to less than !ve per 
7.5ml and 12 (70%) had a decline of 30% or more after starting treatment 
with abiraterone acetate (TTPP=225 days) [33,34].

In another preliminary report of a phase II trial, Ryan and colleagues treated 
27 patients with progressive metastatic CRPC with 1000mg of once-daily 
oral abiraterone acetate and prednisone 5 mg twice daily [35]. All patients 
were chemotherapy- and KC-naive and were receiving an LH-releasing hor-
mone agonist, with most (73%) having received an antiandrogen agent. The 
median PSA level at baseline was 24.7ng/ml. PSA declines of at least 30%, 
at least 50% and at least 90% were observed in 89% (24 out of 27), 85% 
(23 out of 27) and 41% (11 out of 27) of patients, respectively.
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severe. Ketoconazole in combination with hydrocortisone (HC) has been 
widely used to treat patients with progressive CRPC as a secondary hormo-
nal agent. Phase II trials study have shown that the response rate by prostate 
speci!c antigen working group (PSAWG) criteria [41] with ketoconazole 
range between 40–62% with a median duration of up to 7 months [42-45]. 
Another study, CALGB 9583 phase III study, compared antiandrogen with-
drawal alone vs. antiandrogen withdrawal plus ketoconazole 400mg thrice 
daily, resulting in response rates by PSAWG of 11% vs. 27%, respectively, 
but no difference in overall survival. Also resistance to ketoconazole can 
develop rapidly due to the loss of CYP17 inhibitory effect [46].  As a result 
ketoconazole has antitumor activity in prostate cancer, but its speci!c role 
in prostate cancer therapeutics remains debatable.

Abiraterone Acetate and Breast Cancer
A trial was started in 2008 by De Bono JS and colleagues in Cancer Re-
search Institute in UK to evaluate the ef!cacy of Abiraterone Acetate in 
Postmenopausal Women with Estrogen Receptor- or Androgen Receptor-
Positive Advanced or Metastatic Breast Cancer [47]. The trial will recruit up 
to 74 people in London. This is a two phase trial; in phase 1 the researchers 
want to evaluate the safety and tolerability of Abiraterone acetate, deter-
mine the recommended phase II dose of this drug in breast cancer, study the 
pharmacokinetics of drug and determine the endocrine impact of this drug 
on the pituitary-adrenal-gonad endocrine axis.
Finally, in phase 2, the researchers want to evaluate the currently clinical 
bene!t rate of abiraterone at 24 weeks, estimate the duration of objective 
tumor response in breast cancer, correlate response rates and duration of re-
sponse with the endocrine pro!le and eventually determine overall survival 
of patients. This trial is estimated to be complete in 2011.

Molecular Pro!ling of the Tumor in the Treatment of CRPC
Castration-resistant prostate cancer is a heterogeneous disease, as indicated 
by variable responses and outcomes in patients of CRPC receiving identical 
treatments. This suggests a need for an individualized treatment approach 
utilizing biomarkers to predict response to therapy [32]. One example is the 
serum androstenedione level. Higher pretreatment androstenedione level 
predicts response to ketoconazole and improved survival compared with 
patients with lower androstenedione levels [48]. A transcription-based AR 
activity signature, developed from an androgen-sensitive prostate cancer cell 

steroids upstream of CYP450c17 could drive the signaling of a promiscu-
ous, possibly mutated, AR, a steroid hormone receptor in cytoplasm bound 
with heat shock proteins.

Abiraterone Acetate in Progressive CRPC following Chemotherapy
Reid and colleagues in a phase II study treated 47 patients suffering from 
CRPC who had failed ADT and who had received prior docetaxel chemo-
therapy with oral abiraterone acetate at 1000mg daily. Patients were also 
allowed to take low-dose glucocorticoids [28]. A total of eight of 47 pa-
tients had prior exposure to ketoconazole. The median PSA level at baseline 
was 403ng/ml (range: 9.9–10, 325). PSA declines, at any point on study, of 
at least 30%, at least 50% and at least 90% were observed in 32 (69%), 
24 (51%) and seven (15%) patients, respectively. Out of 35 patients who 
were evaluable by RECIST criteria, six (17%) had a partial response and 
23 (66%) had stable disease. The median treatment duration was 169 days 
(95% CI: 113–281).

Danila and colleagues in another phase II study reported that 58 patients 
with metastatic CRPC who had failed ADT and up to two cytotoxic regi-
mens including docetaxel were included [5]. Patients were treated with oral 
abiraterone acetate 1000mg daily and prednisone 5mg twice daily. The me-
dian baseline PSA was 189ng/ml (range: 10.1–3846).. A total of 27 patients 
had prior exposure to KC. A PSA decline of at least 50% was noted in 43% 
of patients. Similar to other studies, PSA responses of at least 30%, at least 
50% and at least 90% were better for KC-naive patients, that is, 18 (58%), 
14 (45%) and nine (29%) patients, respectively, than for patients who had 
prior exposure to KC, that is, nine (33%), seven (26%) and zero (0%), 
respectively. Notably, 16 out of 58 (28%) patients with an ECOG perform-
ance status (PS) of one or two demonstrated improvement in their PS to an 
ECOG-PS of one or zero.

Prior to Abiraterone: Ketoconazole 
Ketoconazole (KC), an antifungal with non-speci!c CYP17 inhibitory prop-
erties, has been extensively used for treatment of advanced CRPC. Keto-
conazole inhibits 14 -demethylase enzyme (responsible for its antifungal 
properties) at low doses and inhibits CYP17 and 11 -hydroxylase non-
speci!cally at high doses [39-40]. But in high doses ketoconazole results 
in respiratory, neurological and hepatic toxicities which are common and 
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(LNCaP), was reported to accurately predict AR activity in multiple pros-
tate cancer cell lines and re"ect hormone status and intra-prostatic DHT 
levels. Using this signature, the median AR activity decreased in prostate 
samples after neoadjuvant androgen blockade therapy and during progres-
sion to metastatic CRPC. Importantly, in CRPC, a diminished AR activity 
correlated with increasing predicted Src activity and predicted response to 
the Src inhibitor, dasatinib [49].  Another example is AR gene ampli!cation 
in prostate tumors, which has been shown to be associated with improved 
response to second-line androgen blockade therapy after progression with 
primary ADT [50]. TMPRSS2–ERG rearrangement may indicate a contin-
ued dependence on androgen-driven growth and predicts response to abi-
raterone acetate [51]. 

Other agents directly targeting the AR-signaling pathway
In addition to abiraterone and ketoconazole, there are other CYP17 inhibi-
tors that are at various stages of development.(October 2010) VN/124-1, 
currently in preclinical development and recently licensed to Tokai Phar-
maceuticals Inc. (Boston, NY, USA), is a 17 benzoimidazole that has direct 
inhibitory properties against CYP17 and AR [52]. It has potent antitumor 
effects in vitro with the ability to effectively inhibit proliferation of  bical-
utamide-resistant prostate cancer cell lines, which had increased AR expres-
sion. Interestingly, the combination of VN/124-1 with either everolimus or 
ge!tinib in vitro was also superior to that achieved with the addition of 
bicalutamide to either agent, and the VN/124-1 combination effects were 
synergistic compared with either agent alone [53].

The novel small molecule AR antagonist, MDV3100, was rationally de-
signed for its ability to overcome resistance to conventional bicalutamide in 
the setting of increased AR expression [54]. Unlike bicalutamide, MDV3100 
inhibits AR function by blocking nuclear translocation and has no agonist 
activity when AR is over expressed. A !rst-in-man, multi-center phase I/II 
dose-escalation study has been reported with over 50 patients having en-
rolled when last reported [55]. In all, MDV3100 has been well tolerated to 
date with no signi!cant adverse events. Signi!cantly, it has resulted in PSA 
reductions in a high proportion of evaluable patients and appears to be a 
promising candidate for the treatment of progressive CRPC. These agents 
work directly to reduce or inhibit AR-mediated signaling by ligand deple-
tion and/or receptor antagonism. 
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HISTORY AND DEVELOPMENT

Systemic treatment options for men with failing initial androgen depriva-
tion therapy (ADT) are limited. Docetaxel (Taxotere®) is FDA approved 
and has played an important role. Any therapy post-ADT must be poised 
to compete in the space before, after or concomitant with docetaxel. Cas-
tration-refractory prostate cancer (CRPC) results from multiple gene muta-
tions and adaptive responses, however, recent data indicate that androgen 
receptor (AR) signaling remains crucial. Novel agents are sorely needed to 
treat CRPC and the pipeline is now !lled with promising agents [1].

Castration-resistant prostate cancer (CRPC) is commonly associated with 
increased androgen receptor (AR) gene expression, which can occur through 
AR gene ampli!cation [2-3]. Elevated AR expression is necessary and suf!-
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cient to confer resistance to anti androgen therapy in mouse xenograft mod-
els [4]. In addition, !rst generation AR antagonists such as bicalutamide 
(Casodex®) or "utamide demonstrate agonist properties in cells engineered 
to express higher AR amounts. The partial agonism of these compounds is a 
potential liability, best illustrated clinically by the anti androgen withdrawal 
response in which serum concentrations of prostate speci!c antigen (PSA) 
decline in patients after discontinuation of either of these AR antagonists 
[5]. Collectively, these !ndings implicate increased AR expression as a mo-
lecular cause of drug resistance and suggest that second generation anti 
androgens might be identi!ed by their ability to retain antagonism in cells 
expressing excess AR.

MECHANISM OF MDV3100

MDV3100 is a small-molecule AR antagonist that is highly effective in 
blocking nuclear translocation of the AR and DNA binding (Figure 1). Sig-
ni!cantly, it does not provide agonist activity in the setting of AR over ex-
pression. Initial phase I trials in CRPC showed large reductions in PSA, even 
post docetaxel [1, 6].

Figure 1: Molecular structure of MDV3100

The drug also induces regression of established LNCaP/AR xenograft tu-
mors growing in castrated male mice. The regression is associated with 
continued evidence of apoptosis up to 25 days after the start of treatment 
[7]. On the basis of these promising preclinical results, MDV3100 was se-
lected for clinical development in the Prostate Cancer Clinical Trials Con-
sortium [8]. Also, it has been shown that binding of androgen receptor by 
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MDV3100 leads to decreased nuclear translocation and transcription of 
putative mitogenic signals, such as the TMPRSS2 gene. Growth inhibition 
and increased apoptosis with MDV3100 treatment were seen in the human 
prostate cancer cell line VCaP, which over expresses androgen receptor [9].

CLINICAL STUDIES 

A phase I/II trial in the Prostate Cancer Clinical Trials Consortium sought 
to determine the safety and ef!cacy of MDV3100 in patients with prostate 
cancer that had progressed on no more than 2 prior cytotoxic agents (one 
being docetaxel) [10]. Activity observed at the !rst dose level of 60mg daily 
prompted the investigators to expand each cohort to include 12 chemother-
apy-naïve patients and 12 chemotherapy-refractory patients at each sub-
sequent dose level. In this manner, the trial quickly accrued a total of 140 
patients. Given the investigators’ interest in exploring the role of MDV3100 
in chemotherapy-refractory patients, only this subgroup was accrued after a 
dose level of 480mg daily was reached.

Of the 140 patients ultimately accrued, 66 patients, or 47% had 3 or more 
prior lines of anti hormonal therapy [10]. Additionally, slightly 75 patients, 
or 54% had received prior chemotherapy. PCWG2 criteria were applied in 
this study, and could be assessed in 59 patients (42%). Dose levels up to 
600mg daily were explored. In general, it appeared that MDV3100 was well 
tolerated, leading to limited grade >2 toxicity. The most common grade 3 
toxicity was fatigue, occurring in 12 patients (9%). Seizures were observed 
in 2 patients at doses of 360 and 600mg daily; as such, the MTD estab-
lished in this study was 240mg daily. Ultimately, patients receiving doses of 
MDV3100 higher than 240 mg daily were lowered to this dose. Amongst 
the 65 chemotherapy-naive patients, 40 patients (62%) had a $50% decline 
in PSA. A slightly lower proportion of patients with prior cytotoxic therapy 
achieved the same decline (38 of 75 patients, or 51%). Median time to 
PSA progression was 186 days in patients with prior cytotoxic therapy; in 
contrast, a median time had not been reached in the chemotherapy-naïve 
subgroup. Soft tissue responses were assessed in those patients who met 
PCWG2 criteria. 9 out of 25 patients (36%) with chemotherapy-naïve dis-
ease exhibited a partial response [11].
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Planned phase III study data from the phase I/II experience with MDV3100 
have led to the development of a phase III study, randomizing patients with 
exposure to prior cytotoxic therapy to either MDV3100 (at 240mg oral 
daily) or placebo daily in a 2:1 fashion [12].The trial has 85% power to de-
tect a 25% improvement in survival (from 12 to 14 months), and is planned 
to accrue roughly 1,170 patients [13].

SIDE EFFECTS OF MDV3100 IN CLINICAL STUDIES

Scher et al. [14] reported that the most common adverse event was fatigue, 
which generally developed after the 30-day safety assessment used to estab-
lish dose escalations. At doses of 240mg and above, an increasing propor-
tion of patients needed dose reductions for fatigue.  After dose reductions, 
the symptoms resolved. The most common mild adverse events were fatigue, 
dyspnoea, nausea, anorexia, and back pain. Fatigue, anorexia and nausea 
were the only mild adverse events with an increasing incidence as the dose 
of MDV3100 was increased. None of them needed dose modi!cation or 
the discontinuation of treatment, apart from one patient treated at 480mg 
per day, who had nausea at baseline and stopped therapy after 7 weeks. 
Two witnessed seizures occurred in patients receiving doses of 600mg 
and 360mg per day, and one possible seizure at 480mg per day. Whether 
MDV3100 was responsible for these seizures is unclear, since both patients 
who had witnessed seizures were concurrently taking drugs (olanzapine and 
prochlorperazine for the patient receiving 600mg per day; methylphenidate 
for the patient receiving 360mg per day) that could contribute to a lowered 
seizure threshold. Both patients also had complicated medical problems that 
could have contributed to their seizures, including hypocalcaemia needing 
intravenous calcium, anemia needing red-cell transfusions, and skull metas-
tases needing skull radiation [14].

CONCLUSION

New data for MDV3100 offer promise to patients with castrate-resistant 
prostate cancer for a potential therapeutic approach prior to and following 

cytotoxic therapy. The discussed phase III analyses are necessary to validate 
the impressive phase II data for these agents. It is important to acknowledge 
an emerging pipeline of agents that act like MDV3100 in castrate-resistant 
prostate cancer.
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The testes produce 95% of serum testosterone and the adrenal glands pro-
duce the remaining androgens [1]. After castration (whether surgical or 
medical), the adrenal glands continue to produce the androgens, androster-
one (AS) and dehydroepiandrosterone (DHEA). Dehydroepiandrosterone is 
produced in 3–4 times greater amounts than testosterone, but its potency 
as an androgen is about 8–10% of testosterone. The adrenal androgens are 
converted to testosterone in the peripheral tissues and in the prostate. These 
androgens may stimulate androgen receptor activation in the castrated pa-
tient, and anti-androgens play a role in inhibiting this phenomenon.

Combined androgen blockade (CAB) was !rst described in 1979 [2]. At that 
time, the concept was that, in men treated with castration, the presence of 
adrenal androgens was responsible for continued androgenic stimulation of 
prostate cancer, which resulted in androgen independent progression. 

An extensive review in several prospective randomized international clini-
cal trials of the combination of an anti-androgen with medical or surgical 
castration showed insigni!cant clinical collective results [3].

I N D I C AT I O N S  F O R  

A N T I - A N D R O G E N  T H E R A P Y: 

M O N O T H E R A P Y  A N D  C O M P L E T E 

A N D R O G E N  B L O C K A D E

ANTI-ANDROGENS

Anti-androgens compete with testosterone and DHT for binding sites on 
their receptors in the prostate cell nucleus, thus promoting apoptosis and 
inhibiting PCa growth. These orally administered compounds are classi!ed 
according to their chemical structure as steroidal (e.g. cyproterone acetate, 
megestrol acetate and medroxyprogesterone acetate) and non-steroidal or 
pure (e.g. nilutamide, "utamide and bicalutamide). Both classes compete 
with androgens at the receptor level, but while this is the sole action of 
non-steroidal anti-androgens, steroidal anti-androgens additionally have 
progestational properties with central inhibition of the pituitary gland. As a 
consequence, non-steroidal anti-androgens do not lower testosterone levels, 
which remain normal or, conversely, slightly elevated.

1. Steroidal anti-androgens
These compounds are synthetic derivatives of hydroxyprogesterone. In ad-
dition to peripherally blocking androgen receptors, they have progestation-
al properties and inhibit gonadotrophin (LH and FSH) release and suppress 
adrenal activity. At high doses, megestrol acetate is cytotoxic. Since steroidal 
anti-androgens lower testosterone levels, the main pharmacological side-ef-
fects are loss of libido and erectile dysfunction; gynaecomastia is quite rare. 
The non-pharmacological side-effects for CPA are cardiovascular toxicity 
and hepatotoxicity.

2. Non-steroidal anti-androgens
Non-steroidal anti-androgens have been promoted in monotherapy for 
quality of life (QoL) and compliance bene!ts over castration. Since they do 
not suppress testosterone secretion, it is claimed that libido, overall physi-
cal performance and bone mineral density are preserved. Although no di-
rect comparisons have been undertaken in a monotherapy setting, the three 
available drugs do not appear to differ in the severity of pharmacological 
side-effects, namely gynaecomastia, breast pain and hot "ashes. However, 
there are differences in the non-pharmacological side-effects, with bical-
utamide showing a more favorable safety and tolerability pro!le than ni-
lutamide and "utamide. They all share a common liver toxicity, and liver 
enzymes must be checked on a regular basis when they are used.
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High-dose bicalutamide has emerged as an alternative to castration for pa-
tients with locally advanced (M0) if progression free survival (PFS) is the 
target, and in highly selected, well-informed cases of M1 PCa with a low 
PSA. Non-pharmacological side-effects are mainly gynaecomastia (70%) 
and breast pain (68%). These might be prevented by anti-estrogens, prophy-
lactic radiotherapy or treatment with surgical mastectomy or radiotherapy.

ANDROGEN DEPRIVATION IN DIFFERENT CLINICAL  
STAGES AND TREATMENT MODALITIES

A decision to add androgen deprivation therapy to any modality on treat-
ment of early, localized or locally advanced prostate cancer should take 
into account the risk factors. Therapy with non-steroidal anti-androgens in 
metastatic prostate cancer offers a modest survival bene!t compared with 
castration alone, which must be balanced against the potential for a slight 
increase in side-effects. In many respects, bicalutamide appears superior to 
"utamide/nilutamide, and may offer a more substantial bene!t. This is sup-
ported by preclinical data, an analysis of historical data, and one prospec-
tive randomized trial. 

PREDICTIVE RISK GROUPS CRITERIA  
IN PROSTATE CANCER

Recommendations for treatment at the time of diagnosis and patient evalu-
ation for morbidities should be the basis for choice of therapy. Table 1 is a 
guide line.

High Intermediate Low

   PSA > 20

   Pre-RT > T2b
   Gleason score > 7

   Or    And

Generally, neoadjuvant or up-front therapy is de!ned as therapy given prior 
to de!nitive local curative treatment (e.g. surgery or radiation therapy). As 
prostate cancer is an androgen-dependent tumor, neoadjuvant hormonal 
therapy (NHT) is an appealing concept. However, it does not provide a sig-
ni!cant overall survival advantage over prostatectomy alone and does not 
provide a signi!cant advantage in disease-free survival over prostatectomy 
alone. It does substantially improve local pathological variables such as 
organ-con!ned rates, pathological down-staging, positive surgical margins 
and rate of lymph node involvement. Adjuvant hormonal therapy follow-
ing radical prostatectomy shows no survival advantage at 10 years. It is not 
recommended in the treatment of stage T1-T2 disease.

 In localized prostate cancer (T1c-T2c N0 M0), in patients in the high-risk 
group, short-term ADT prior to and during radiotherapy results in increased 
overall survival. In locally advanced prostate cancer T3-4 N0 M0, overall 
survival is improved by concomitant and adjuvant hormonal therapy for a 
total duration of three years, with external irradiation for patients with a 
WHO 0-1 performance status. For a subset of patients with T2c-T3 N0-x 
and a Gleason score of 2- 6, short-term ADT before and during radiotherapy 
may favorably in"uence overall survival. In very high-risk prostate cancer, 
c-pN1 M0 with no severe co-morbidity, pelvic external irradiation and im-
mediate long-term adjuvant hormonal treatment improve overall survival, 
disease-speci!c failure, metastatic failure and biochemical control [4, 6].

In advanced prostate cancer, ADT delays progression, prevents potentially 
catastrophic complications, and palliates symptoms effectively, but it does 
not prolong survival. Non-steroidal anti-androgen monotherapy (e.g. bi-
calutamide) is an alternative to castration in patients with locally advanced 
disease. In metastatic prostate cancer the addition of a non-steroidal anti-
androgen to castration (CAB) results in a small advantage in OS over castra-
tion alone, but is associated with increased adverse events, reduced Quality 
of Life (QoL), and high costs. In advanced PCa, immediate ADT (given at 
diagnosis) signi!cantly reduces disease progression as well as the complica-
tion rate due to progression itself compared with deferred ADT (delivered at 
symptomatic progression). However, the survival bene!t is at best marginal. 
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Bilateral orchiectomy might be the most cost-effective form of ADT, especial-
ly if initiated after the occurrence of symptoms from metastatic disease. Men 
at high risk for prostate cancer mortality, based on extent of disease and/or 
PSA kinetics, should be considered for MAB rather than monotherapy.

TIMING OF MAB AND ANTI-ANDROGEN  
WITHDRAWAL PHENOMENON

It is now widely recognized that discontinuation of an anti-androgen once 
hormone-refractory biochemical progression occurs is associated with a bio-
chemical response in about 50% of patients [7, 8]. These data suggest that 
the optimal timing of MAB therapy is earlier on in the course of treatment, 
before the cancer cells have acquired the molecular alterations of hormone-
refractory disease. Further, the drug should be discontinued once evidence of 
hormone-refractory disease is present, i.e., by rising prostate-speci!c antigen 
(PSA) in patients on MAB.

SIDE-EFFECTS OF MAB

Most of the side-effects of MAB are due to the effects of ADT castration. Bi-
calutamide has a more favorable side-effect pro!le than Flutamide or Niluta-
mide. A study of psychological functioning comparing patients in the large 
Flutamide + orchiectomy versus orchiectomy study showed a mild decrease 
in the MAB patients compared to those undergoing orchiectomy alone, but 
the clinical signi!cance of this minor effect is modest [9]. One study has 
shown that loss of bone mineral density with MAB is reduced compared to 
castration alone [10].

COST

While combined therapy clearly increases the cost of treating advanced pros-
tate cancer, the evidence suggests that this cost is reasonable compared to 

that of many other widely used cancer therapies. A recent US cost-effective-
ness analysis of bicalutamide used as MAB concluded that at 5 years the 
incremental cost-effectiveness ratio (ICER) for CAB, when compared with 
LHRHa monotherapy, was $33,677 per quality-adjusted life-year [11]. At 
10 years the ICER for MAB was $20,053 (well within the accepted cost-
effectiveness threshold). If quality adjustment was not included, the ICER for 
MAB was even more favorable ($20,489 at 5 years and $13,313 at 10 years). 
This model used the survival bene!t derived from the PCTCG meta-analysis. 
If the survival bene!t suggested by the re-analysis above is used as the basis 
for this estimate, the cost is substantially less.

A similar analysis was performed by a Canadian group. Using Canadian drug 
costs and assuming a 4–7-month survival bene!t with combined therapy in 
advanced prostate cancer, the estimated cost of combined therapy with bi-
calutamide per year of survival bene!t is calculated as Can $5,100–$13,200. 
[12]. The estimates of cost per year of survival gained are higher with other 
cancer therapies. For example, for metastatic colorectal cancer, irinotecan 
added to 5-"uorouracil and leucovorin provides a 2–3-month survival ben-
e!t, and the cost is calculated to be Can $11,214 per month ($135,000 per 
year) of survival gained. 

WHO SHOULD BE TREATED WITH THIS APPROACH? 

Recent data [13] indicate that many men with biochemical failure do not 
require early hormonal therapy, and are at low risk for a cancer death. PSA 
doubling time has been suggested as a useful means to identify patients who 
are at risk. In patients with metastatic disease or PSA failure (<9 months, par-
ticularly with high-grade disease), prostate cancer death is likely. In these pa-
tients, aggressive therapy with MAB makes sense. In patients with a more fa-
vorable prognosis, delayed hormonal therapy with an intermittent approach 
is warranted, although the general consensus is to limit intermittent therapy 
to clinical trials. If an intermittent approach is used, MAB is warranted to 
maximize the short duration of androgen deprivation.

The timing of non-steroidal anti-androgen administration in combined ther-
apy is an important consideration. Can the bene!t of combined therapy be 
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obtained by initiating anti-androgens at the time of progression? PSA re-
sponses to anti-androgens given at the time of biochemical progression occur 
in about 30% of patients, and these responses are generally of short duration 
(median 3 months) [14]. This is not likely to translate into a substantial sur-
vival bene!t. The relationship between acquired AR mutations which occur 
as a result of adaptive pressures in the progression to hormone-refractory 
disease and the switch to agonist effects of anti-androgens suggests strongly 
that the appropriate time to use anti-androgens is at the initiation of andro-
gen deprivation rather than with the onset of hormone-refractory disease. 
Preclinical data, historical data, and one ongoing randomized trial suggest 
a greater bene!t with bicalutamide. MAB should be considered for men at 
risk for prostate cancer mortality, based on extent of disease, grade, and PSA 
kinetics.

CONCLUSIONS

Therapy with non-steroidal anti-androgens in metastatic prostate cancer of-
fers a modest survival bene!t compared with castration alone, which must 
be balanced against the potential for a slight increase in side-effects. In many 
respects, bicalutamide appears superior to "utamide/nilutamide, and may 
offer a more substantial bene!t. This is supported by preclinical data, an 
analysis of historical data, and one prospective randomized trial. 
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Radical prostatectomy and radiation therapy are established therapeutic 
options for men with localized and locally advanced prostate cancer. The 
effectiveness of these therapies might be enhanced when they are combined 
with hormonal therapy. The addition of hormonal therapy can start before 
(neo-adjuvant), during (concurrent) or after (adjuvant) initiation of surgery 
or radiation therapy. 

NEO-ADJUVANT HORMONAL THERAPY  
BEFORE RADICAL PROSTATECTOMY

The growth and progression of prostate cancer can be inhibited by hormone 
therapy and the rational is to reduce the size of the tumor in order to ease 
the complete removal of the malignant tissue to improve surgical curability. 
The role of neo-adjuvant hormonal therapy is intensively investigated. Sev-
eral studies are published so far including 10 prospective randomized trials 
[1]. Neo-adjuvant hormonal therapy was given as a mono-therapy in 3 of 
these trials and as a combined androgen blockade in seven. Several lengths 

N E O - A D J U VA N T  A N D  

A D J U VA N T  T H E R A P Y  F O L L OW I N G 

C U R AT I V E  T R E AT M E N T  F O R 

P R O S TAT E  C A N C E R
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of time for hormonal therapy were tested in addition to the comparison of 
short term versus long-term therapy.

Effect of neo-adjuvant hormonal therapy on pathologic outcome
Eight randomized trials investigated the impact of neo-adjuvant hormonal 
therapy on pathologic features like surgical margin rate, organ-con!nement 
of the cancer and lymph-node involvement. In a recently published meta-
analysis of these studies the positive surgical margin rate was found to be 
signi!cantly lower in men who received neo-adjuvant hormonal therapy 
compared to those who were treated with radical prostatectomy alone (rela-
tive risk 0.49, 95% CI 0.42 – 0.56, P<0.00001) [1]. Furthermore, the likeli-
hood of organ con!nement of the disease was signi!cantly associated with 
the addition of neo-adjuvant hormonal therapy (relative risk 1.63, 95% CI 
1.37 – 1.95, P<0.00001). The risk of encountering lymph-node involvement 
was signi!cantly reduced by addition of neo-adjuvant hormonal therapy 
(relative risk 0.66, 95% CI 0.47 – 0.94, P<0.02). Seminal vesicle involve-
ment was investigated in 2 studies with contradictive results: Soloway and 
co-workers found a signi!cant reduction of seminal vesicle involvement 
whereas Klotz et al. could not con!rm this !nding [2, 3].

However, these improvements in pathologic features were not translated 
into clinically relevant outcomes such as progression free and overall sur-
vival. Therefore, neo-adjuvant hormonal therapy impedes the interpreta-
tion of the prostatectomy specimen and might lead to an underestimation 
of the actual disease. Morphological changes observed in treated prostatic 
adenocarcinoma include loss of glandular architecture, cytoplasmic vacu-
olization, and nuclear pyknosis. Involutional changes may be so dramatic 
that pathologists unaware of these changes will have dif!culty in identifying 
residual disease [4]. Grading of pretreated adenocarcinoma by conventional 
methods can be misleading and should therefore be avoided [4]. 

Association of neo-adjuvant hormonal therapy and progression free survival 
Progression following radical prostatectomy can by de!ned as biochemical 
progression or clinical progression. Nevertheless, none of the available ran-
domized trials showed a statistical difference in disease free survival in men 
treated with neo-adjuvant hormonal therapy and the control arm. After a 
follow-up period of 7 years Aus and co-workers could not demonstrate a 
signi!cant difference in PSA progression free survival rates in the treatment 

arm (49.8%) and the control arm (51.5%, P=0.588) [5]. Likewise, Klotz 
et al. showed no difference in the 5 year biochemical recurrence rates af-
ter a median follow-up of 5.75 years (60.2% after neo-adjuvant hormonal 
therapy compared to 68.2% after surgery alone, P=0.73) [2]. Furthermore, 
Soloway and co-workers also found no signi!cant difference in PSA-pro-
gression at 5 years between the treatment group (64.8%) and the surgery 
alone group (67.6%, P=0.663) [3].

Clinical progression was investigated as an endpoint with a follow-up of 4 
years in patients with T2-T3N0M0 disease and no signi!cant difference was 
found (26% after hormonal therapy and 33% after radical prostatectomy 
only, P=0.18) [6].

Impact of neo-adjuvant hormonal therapy on disease speci!c and overall 
survival  
Since no difference in disease free survival was demonstrated it is obvious 
that the more relevant endpoints – disease speci!c and overall survival - are 
not signi!cantly different whether or not men were treated with neo-adju-
vant hormonal therapy. Schulman et al. and Aus et al. showed no difference 
in disease speci!c survival (relative risk 1.00, 95% CI 0.98 – 1.03, P=0.77) 
[5,6]. Three randomized trials provided information on overall survival: 
Schulman et al. reported an overall survival in 93% (treatment group) and 
95% (control group, P=0.64) [6]. Five-year overall survival rates were not 
signi!cantly different in the study by Klotz and co-workers with survival 
rates of 88.4% and 93.9% for the treatment group and the surgery alone 
group, respectively [2]. Likewise, no signi!cant difference in overall survival 
was demonstrated by the study of Aus et al. at a 7 year follow-up period [5].  

In summary, despite the improvements in pathologic features, neo-adjuvant 
hormonal therapy before radical prostatectomy cannot be recommended as 
all relevant endpoints such as progression free survival, disease speci!c, and 
overall survival are not signi!cantly improved by this additional therapy. 

Adjuvant hormonal therapy after radical prostatectomy
The rational to administer hormone therapy following surgical eradication 
of the local tumor is to reduce or eliminate micro-metastases and residual 
cancerous tissue. Adjuvant therapy is started early after surgical interven-
tion with the idea that an early intervention might be more effective and 
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better tolerated as tumor load is still small at a better performance status of 
the patient compared more advanced tumor stages with proven evidence of 
recurrence. The role of adjuvant hormone therapy following radical prosta-
tectomy has been investigated in 3 randomized trials [7].

In 1999 Messing and co-workers !rstly published the data on a prospective 
randomized trial where they compared immediate and delayed treatment in 
patients who had minimal residual disease after radical prostatectomy [8]. 
Ninety-eight men who underwent radical prostatectomy and pelvic lym-
phadenectomy and who were found to have nodal metastases were ran-
domly assigned to receive immediate antiandrogen therapy, with either an 
LHRH-analogue medication, or bilateral orchiectomy, or to be followed 
until disease progression.  After a median of 7.1 years of follow-up, 7 of 47 
men who received immediate antiandrogen treatment had died, as compared 
with 18 of 51 men in the observation group (P=0.02). The cause of death 
was prostate cancer in 3 men in the immediate-treatment group and in 16 
men in the observation group (P<0.01). At the time of the last follow-up, 36 
men in the immediate-treatment group (77%) and 9 men in the observation 
group (18 %) were alive and had no evidence of recurrent disease, including 
undetectable serum prostate-speci!c antigen levels (P<0.001). In the obser-
vation group, the disease recurred in 42 men; 13 of the 36 who were treated 
had a complete response to local treatment or hormonal therapy (or both), 
16 died of prostate cancer, and 1 died of another disease. 

Updates of this trial were published 4 and 7 years later [9, 10]. At median 
follow-up of 11.9 years (range 9.7-14.5 for surviving patients), men assigned 
immediate ADT had a signi!cant improvement in overall survival (hazard ra-
tio 1.84 [95% CI 1.01-3.35], P=0.04), prostate-cancer-speci!c survival (4.09 
[1.76-9.49], P=0.0004), and progression-free survival (3.42 [1.96-5.98], 
P<0.0001).  Messing et al. concluded that early ADT bene!ts patients with 
nodal metastases who have undergone prostatectomy and lymphadenecto-
my, compared with those who receive deferred treatment. However, it has 
to be emphasized, that hormonal treatment in the deferred arm was given 
only at symptomatic progression regardless i.e. of the development of the 
PSA level. Therefore it remains unclear whether the bene!cial effect of early 
adjuvant hormone therapy can be extrapolated to patients who are followed 
after radical prostatectomy with serial PSA measurements and in whom sal-
vage hormonal treatment is given before symptomatic progression. 

Wirth and co-workers investigated the ef!cacy and the tolerability of "uta-
mide as adjuvant treatment after radical prostatectomy for locally advanced, 
lymph node-negative prostate cancer [11]. Patients with locally advanced, 
lymph node-negative prostate cancer were randomized after radical prosta-
tectomy to receive either "utamide 750mg daily or no adjuvant treatment. 
Recurrence-free survival (de!ned as an elevated PSA level or clinical pro-
gression) and overall survival were the study end points. 309 patients (157 
in the control arm and 152 in the "utamide arm) were eligible for ef!cacy 
analysis. The median follow-up was 6.1 years. Recurrence-free survival was 
better in the "utamide group (P=0.0041), there was, however, no detectable 
difference in overall survival (P=0.92). Moreover, there was a considerable 
toxicity reported in the "utamide group. The authors therefore concluded, 
that disease free survival could be improve by adjuvant "utamide, how-
ever, median-term overall survival after radical prostatectomy for locally 
advanced, lymph node-negative prostate cancer was not signi!cantly im-
proved.

In the Early Prostate Cancer (EPC) trial program, the ef!cacy and tolerabil-
ity of bicalutamide 150mg once daily in addition to standard care for local-
ized or locally advanced, nonmetastatic prostate cancer was investigated 
[12]. Beside other treatment options such as radiation therapy or watchful 
waiting patients who underwent radical prostatectomy were included in 
this program.  The EPC program comprises three randomized, double-blind, 
placebo-controlled trials designed for combined analysis. Following stand-
ard care, 8113 men with localized (T1-2, N0/Nx) or locally advanced (T3-4, 
any N; or any T, N+) prostate cancer (all M0) received oral bicalutamide 
150mg once daily or oral placebo. The primary endpoints were progression-
free survival (PFS) and overall survival.  At a median follow-up of 7.4 years, 
in localized disease there was no bene!t to PFS by adding bicalutamide to 
standard care, and there was a trend (hazard ratio, HR, 1.16; 95% con!-
dence intervals, CI, 0.99-1.37; P=0.07) towards decreased survival in pa-
tients otherwise undergoing watchful waiting. However, in locally advanced 
disease, bicalutamide signi!cantly improved PFS irrespective of standard 
care. In contrast to the improved overall survival in patients receiving ra-
diotherapy (HR 0.65; 95% CI 0.44-0.95; P=0.03) however, there was no 
survival difference evident in the prostatectomy subgroup. 
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Beside the analyses of potential survival bene!ts it is important to consid-
er the possible side-effects of adjuvant hormonal therapy. In the EPC trial 
the most commonly reported adverse events for the whole patient group 
with bicalutamide were breast pain (73.6%, 2962/4022) and gynaecomas-
tia (68.8%, 2766/4022), which were mild to moderate in >90% of cases. 
Other adverse events continued to be similarly infrequent in both treatment 
groups, including impotence (9.3%, 375/4022 with bicalutamide, and 6.5%, 
263/4031, with standard care alone), decreased libido (3.6%, 145/4022, 
and 1.2%, 47/4031, respectively), hot "ushes (9.2%, 370/4022, and 5.4%, 
216/4031, respectively), and abnormal liver function tests (3.1%, 124/4022, 
and 1.7%, 68/4031, respectively).

Compared to the study by Messing et al. in which all patients had positive 
lymph-nodes, less than 2% of patients in the EPC trial had known node-
positive disease. It can therefore be speculated, that after radical prostate-
ctomy adjuvant hormonal therapy could be bene!cial in the subgroup of 
patients with lymph-node positive.

NEO-ADJUVANT HORMONAL THERAPY  
BEFORE RADIATION THERAPY

The rational of administration of neo-adjuvant hormone therapy before 
initiation of radiation therapy is to shrink the tumor to optimize the dos-
age applied to the prostate and to reduce the dosage that is applied to the 
surrounding tissue. There is clear evidence that neo-adjuvant androgen sup-
pression reduces the volume of tumor in preparation for radiotherapy, and 
it is an effective addition to conventional-dose external radiotherapy in pa-
tients with large-volume primary prostatic tumors. Beside tumor shrinkage 
neo-adjuvant hormonal therapy might be bene!cial by androgen suppres-
sion induced apoptosis and enhanced radio-sensitivity due to reduced tu-
mor hypoxia [13].

In 2001, Pilepich and co-workers presented the results of the phase III ra-
diation therapy oncology group (RTOG) trial 86-10 of androgen depriva-
tion neo-adjuvant to de!nitive radiotherapy in locally advanced prostate 
cancer [14]. Eligible patients (!nally n=456 evaluable men) were those with 

bulky tumors (T2-T4) with or without pelvic lymph node involvement and 
without evidence of distant metastases. Patients were randomized to receive 
goserelin and "utamide for 2 months before radiation therapy and dur-
ing radiation therapy, or radiation therapy alone. At 8 years of follow-up, 
androgen ablation was associated with an improvement in local control 
(42% vs. 30%, P=0.016), reduction in the incidence of distant metastases 
(34% vs. 45%, P=0.04), disease-free survival (33% vs. 21%, P=0.004), bio-
chemical disease-free survival = PSA <1.5 (24% vs. 10%, P<0.0001), and 
cause-speci!c mortality (23% vs. 31%, P=0.05). However, subset analysis 
indicated that the bene!cial effect of short-term androgen ablation appears 
preferentially in patients with Gleason score 2-6. In that population, there 
was a highly signi!cant improvement in all endpoints, including survival 
(70% vs. 52%, P=0.015). In patients with Gleason 7-10 tumors, the inter-
vention did not lead to an improvement in local control or survival. Consid-
ering these results one has to be aware of the changes in the Gleason score 
assignment that were recently introduced including the recommendation 
that Gleason scores 2 to 5 should not be allocated in biopsy cores [15].  

An update of this trial with long-term outcome was published in 2008 [16]. 
Ten-year overall survival estimates (43% vs. 34%) and median survival 
times (8.7 vs. 7.3 years) favored the addition of short-term neo-adjuvant 
hormonal therapy to radiation therapy, respectively; however, these differ-
ences did not reach statistical signi!cance (P=0.12). There was a statisti-
cally signi!cant improvement in 10 year disease speci!c mortality (23% v 
36%; P=0.01), incidence of distant metastases (35% vs. 47%; P=0.006), 
disease-free survival (11% vs. 3%; P<.0001), and biochemical failure (65% 
vs. 80%; P<.0001) with the addition of neo-adjuvant hormonal therapy, 
but no differences were observed in the risk of fatal cardiac events. The 
authors therefore concluded that the addition of 4 months of neo-adjuvant 
hormonal therapy to radiation therapy appears to have a dramatic impact 
on clinically meaningful end points in men with locally advanced disease 
with no statistically signi!cant impact on the risk of fatal cardiac events. 

In 2004 the results of two Canadian prospective randomized trials were 
reported in a single paper [17]. Eligible patients had clinical stages T2-T3 
prostate cancer. In the !rst study subjects (n=161) were randomly assigned 
among radiation therapy alone (group 1), radiation therapy proceeded by 
3 months of neo-adjuvant hormonal therapy (group 2), and neo-adjuvant 
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and adjuvant hormonal therapy for a total of 10 months (group 3). At a me-
dian follow-up of 5 years 7 year biochemical-free survival rates were 42%, 
66% and 69% in groups 1 to 3, respectively. Biochemical recurrence rates 
were signi!cantly different between groups 1 and 2 (P=0.009) and between 
groups 1 and 3 (P=0.003) but not between groups 2 and 3 (P=0.6).

In the second study (n=325 patients) neo-adjuvant and concomitant hormo-
nal therapy (total 5 months) vs. neo-adjuvant, concomitant and short course 
adjuvant (total 10 months) hormonal therapy were compared in combina-
tion with radiation therapy. The recurrence free survival rate at 4 years was 
65% without a signi!cant difference between arms 1 and 2 (P = 0.55). 

The authors concluded that the addition of a short course of neo-adjuvant 
hormonal therapy is bene!cial whereas the addition of a short course of 
adjuvant hormonal therapy after neo-adjuvant hormonal therapy provided 
no more advantage in these patients.

In a further study a short (3 months) and long-term (6 months) neo-adju-
vant hormonal therapy before and during radiation therapy was compared 
to radiation therapy alone [18]. Eight-hundred-and-two patients were eligi-
ble for analysis. Median follow-up was 5.9 years (range 0.1-8.5). Compared 
with patients assigned to no androgen deprivation, those assigned 3 months’ 
treatment had signi!cantly improved local failure (hazard ratio [HR] 0.56 
[95% CI 0.39-0.79], P=0.001), biochemical failure-free survival (0.70 
[0.56-0.88], P=0.002), disease-free survival (0.65 [0.52-0.80], P=0.0001), 
and freedom from salvage treatment (0.73 [0.56-0.96], P=0.025). 6 months’ 
androgen deprivation further improved local failure (0.42 [0.28-0.62], 
P<0.0001), biochemical failure-free survival (0.58 [0.46-0.74], P<0.0001), 
disease-free survival (0.56 [0.45-0.69], P<0.0001), freedom from salvage 
treatment (0.53 [0.40-0.71], P<0.0001), distant failure (0.67 [0.45-0.99], 
P=0.046) and prostate-cancer-speci!c survival (0.56 [0.32-0.98], P=0.04) 
compared with no androgen deprivation.

Three vs. eight months of neo-adjuvant hormonal therapy was compared in 
another phase 3 randomized trial: The eight-month arm achieved a lower 
PSA level before starting RT (0.37 vs. 0.74ng/mL, P< or =0.001) and had 
a greater downsizing of the prostate (mean volume 26.6 cm(3) vs. 30.5 
cm(3), P< or =0.001) [19]. However, the actuarial freedom from failure rate 

for the 3-month vs. 8-month arms at 3 years was 66% vs. 68% and by 5 
years was 61% vs. 62%, respectively (P=0.36). No statistically signi!cant 
difference was noted in the types of failure between the two arms: biochemi-
cal, 22.2% vs. 22.3%; local, 10.2% vs. 6.5%; and distant, 3.4% vs. 4.4% 
(P=0.61). Two-year post-RT biopsies were done in 57% (n = 205). Negative 
biopsies were obtained in 68% of the 3-month and 77% of the 8-month 
patients; 18% and 14% had indeterminate biopsies and 14% and 9% were 
positive for residual cancer (P=0.34) in the two arms, respectively. The me-
dian PSA level for nonfailing patients was 0.50ng/mL in both the 3 and 8 
month arms. A suggestion of improvement was found in the 8 month arm 
for disease-free survival at 5 years for high-risk patients (39% vs. 52%) but 
did not achieve statistical signi!cance. The authors therefore concluded that 
prolongation of neo-adjuvant hormonal therapy does not result in a bene!t 
in terms of disease-free survival or to alter failure patterns. 

ADJUVANT HORMONAL THERAPY  
FOLLOWING RADIATION THERAPY

Four prospective randomized trials evaluated the role of adjuvant hormo-
nal therapy after radiation therapy. In 2002 Bolla et al. published the data 
on a randomized phase III trial comparing external irradiation alone and 
external irradiation combined with an LHRH analogue to investigate the 
added value of long-term androgen suppression in locally advanced pros-
tate cancer [20]. In summary this trial documented the striking advantage 
of concomitant hormonal therapy. Four-hundred-and-!fteen patients were 
randomly assigned radiotherapy alone or radiotherapy plus immediate an-
drogen suppression. Eligible patients had T1-2 tumors of WHO grade 3 or 
T3-4 N0-1 M0 tumors. The LHRH analogue was started on the !rst day of 
irradiation and continued for 3 years. Five-year clinical disease-free survival 
was 40% (95% CI 32-48) in the radiotherapy-alone group and 74% (67-
81) in the combined-treatment group (P=0.0001). 5-year overall survival 
was 62% (52-72) and 78% (72-84), respectively (P=0.0002) and 5-year 
disease-speci!c survival 79% (72-86) and 94% (90-98). 

In 2010 an update of the study was published [21]. Beside the prolonged ef-
fect on the cancer control of the combination therapy the potential long-term 
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side effects (cardio-vascular morbidity and pathologic fractures potentially 
caused by an increased risk of osteoporosis following long-term hormonal 
therapy) were reported. Median follow-up was 9.1 years. 10-year clinical 
disease-free survival was 22.7% (95% CI 16·3-29·7) in the radiotherapy-
alone group and 47.7% (39.0-56.0) in the combined treatment group (haz-
ard ratio [HR] 0.42, 95% CI 0.33-0.55, P<0·0001). 10 year overall survival 
was 39.8% (95% CI 31.9-47.5) in patients receiving radiotherapy alone 
and 58.1% (49.2-66.0) in those allocated combined treatment (HR 0.60, 
95% CI 0.45-0·80, P=0·0004), and 10-year prostate-cancer mortality was 
30.4% (95% CI 23.2-37.5) and 10.3% (5.1-15.4), respectively (HR 0.38, 
95% CI 0.24-0.60, p<0·0001). 

No signi!cant difference in cardiovascular mortality was noted between 
treatment groups both in patients who had cardiovascular problems at study 
entry (eight of 53 patients in the combined treatment group had a cardiovas-
cular-related cause of death vs. 11 of 63 in the radiotherapy group; P=0.60) 
and in those who did not (14 of 154 vs. six of 145; P=0.25). Two fractures 
were reported in patients allocated combined treatment. The authors there-
fore, concluded that in patients with prostate cancer with high metastatic 
risk immediate androgen suppression with an LHRH agonist given during 
and for 3 years after external irradiation improves 10 year disease-free and 
overall survival without increasing late cardiovascular toxicity.

These !ndings were in line with the results of randomized RTOG 85-31 
trial published by Pilepich et al. in 2005 [22].This trial evaluated patients 
at clinical stage T3 or those with regional lymphatic involvement. Patients 
who had undergone prostatectomy were eligible if penetration through the 
prostatic capsule to the margin of resection and/or seminal vesicle involve-
ment was documented histologically. The patients were randomized to ei-
ther RT and adjuvant goserelin (Arm I) or RT alone followed by observa-
tion and application of goserelin at relapse (Arm II). In Arm I, the drug was 
to be started during the last week of RT and was to be continued inde!nitely 
or until signs of progression. At 10 years, the absolute survival rate was 
signi!cantly greater for the adjuvant arm than for the control arm: 49% vs. 
39%, respectively P=0.002). The 10-year local failure rate for the adjuvant 
arm was 23% vs. 38% for the control arm (p <0.0001). The corresponding 
10-year rates for the incidence of distant metastases and disease-speci!c 
mortality was 24% vs. 39% (P<0.001) and 16% vs. 22% (P=0.0052), re-

spectively, both in favor of the adjuvant arm. The improvement in survival 
appeared preferentially in patients with a Gleason score of 7-10.

Tyrrell et al. and See et al. published the data of a subgroup of those patients 
form the Early Prostate Cancer (EPC) program who received radiotherapy 
with curative intent in order to determine the ef!cacy and tolerability of 
adjuvant bicalutamide [23, 24]. They found that only patients with locally 
advanced disease had a bene!t from adjuvant bicalutamide.

1,370 patients with T1-4, MO, any N prostate cancer received bicaluta-
mide 150mg or placebo adjuvant to radiotherapy of curative intent. This 
analysis was undertaken at median 5.3 years’ follow-up. In patients with 
locally advanced disease (n=305), bicalutamide adjuvant to radiotherapy 
signi!cantly increased PFS by 53% (event-time ratio 1.53; 95% con!dence 
intervals [CI] 1.16, 2.02) compared with placebo and reduced the risk of 
disease progression by 42% (hazard ration [HR] 0.58; 95% CI 0.41, 0.84; 
P=0.00348). In these patients, objective progression was experienced by 
33.5% of those randomized to bicalutamide versus 48.6% for those rand-
omized to placebo. The between-group difference in patients with localized 
disease (n=1065) failed to reach statistical signi!cance (HR 0.80; 95% CI 
0.62, 1.03; P=0.088). 

In a small prospective randomized trial by Zagars et al. estrogen was used 
for adjuvant hormonal therapy in addition to radiation therapy vs. radia-
tion alone [25]. Long-term follow-up data showed again a striking advan-
tage of the combined therapy with regards to disease free survival: At 5, 10 
and 15 years patients receiving adjuvant estrogen had respective disease-free 
survival rates of 71%, 63%, and 63% compared with 49%, 43% and 35% 
in patients having radiation only (P=0.008). However, because of greater 
intercurrent disease-related mortality in patients receiving estrogen, there 
was no improvement in overall survival.

Duration of adjuvant hormonal therapy following external beam radiation 
therapy
In the above mentioned studies the combination of hormonal therapy and 
radiation added a substantial bene!t compared to radiation therapy alone 
especially in advanced cancers. However, different time frames for applica-
tion of the hormonal therapy were used. 
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The bene!t of a even a short course of hormonal therapy was shown by 
D´Amico et al. [26]. In a prospective randomized controlled trial includ-
ing 206 intermediate- to high-risk, localized PCa patients (PSA $ 10ng/
mL, Gleason score $ 7, or radiographic evidence of extraprostatic disease) 
a 6-month hormonal therapy (neo-adjuvant, concurrent and adjuvant) in 
combination with external beam radiation therapy led to signi!cantly high-
er overall survival than radiation therapy alone. However, the study en-
rolled a mixed population of patients at varying risks of disease recurrence, 
complicating extrapolation of the results to any single risk group. 

In the RTOG 92-02 trial the effect of a long-term adjuvant hormonal 
therapy was randomly compared to a short course hormonal therapy (4 
months vs. 2 years) [27]. A total of 1,554 patients were analyzed with a 
median follow-up of all survival patients is 11.31 and 11.27 years for the 
two arms. At 10 years, the patient group with long-term adjuvant hormonal 
therapy showed signi!cant improvement over the short term group for all 
end points except overall survival: disease-free survival (13.2% v 22.5%; 
P<.0001), disease-speci!c survival (83.9% v 88.7%; P=.0042), local pro-
gression (22.2% v 12.3%; P<.0001), distant metastasis (22.8% v 14.8%; 
P<.0001), biochemical failure (68.1% v 51.9%; P< or= .0001), and overall 
survival (51.6% v 53.9%, P=.36). One subgroup analyzed consisted of all 
cancers with a Gleason score of 8 to 10 cancers. An overall survival differ-
ence was observed (31.9% v 45.1%; P=.0061), as well as in all other end 
points herein. 

The demonstrated survival bene!t in locally advanced tumors with a 
Gleason score of 8 to 10 shown in this study was a landmark !nding and 
today the recommendation of many guidelines suggest long-term hormonal 
therapy in such men. As the study by Bolla investigated 3 years of adjuvant 
hormonal-therapy and the RTOG 92-02 trial 2 years the recommendation 
of duration is 2 to 3 years (21,27). 

Brachytherapy and adjuvant hormonal therapy
Compared to the evidence of the role of neo-adjuvant and adjuvant hor-
mone therapy in conjunction with external beam radiation therapy the 
level of evidence for the combination of brachytherapy with hormones is 
far lower. There are no prospective randomized trials available, however 
the study protocol for a phase III, multicenter, randomized, controlled trial 

on transperineal prostate brachytherapy, using I-125 seed with or without 
adjuvant androgen deprivation in patients with intermediate-risk prostate 
cancer was recently published [28]. Neoadjuvant hormone therapy is often 
used for downsizing prior to brachytherapy.

In a retrospective review the impact of a short course hormonal therapy 
on overall and cancer speci!c survival after permanent prostate brachy-
therapy (seed implantation) was investigated in several risk groups [29]. 
Overall 2,378 consecutive permanent prostate brachytherapy cases were 
included and hormonal therapy was administered before the implant in 
464 patients (median age 73 yrs.) for downsizing of the prostate or at the 
discretion of the referring physician. With a follow-up ranging up to 12.6 
years and a median of 4.1 year, a total of 474 patients died, with 67 re-
corded as due to prostate cancer. Overall and cause-speci!c 10 year survival 
rates were 43% and 88%, respectively. Overall survival was 44% for the 
hormone naive patients, compared with 20% for the hormone-treated co-
hort (P=0.02). The cancer-speci!c survival was 89% vs. 81% for the same 
groups (P=0.133). Multivariate analysis con!rmed the signi!cance of age > 
70 years (P=0.0013), Gleason score >/= 7 (P=0.0005), and prior hormone 
use (P=0.0065) on overall survival. 

However, this negative effect of additional hormone therapy was not con-
!rmed by the study of Merrick et al. which might be explained by the dif-
ferences in median age of the study population (73 yrs. vs. 67 yrs.) [30]. 
In an analysis of 204 patients undergoing brachytherapy with or without 
hormonal therapy a moderate effect on biochemical progression but no dif-
ferences in overall or cancer speci!c mortality was noted.

In a recent large scale retrospective study a negative effect of neo-adjuvant 
hormonal therapy on overall survival was seen only in men older than 73 
years [31]. The study cohort included 2474 men with localized prostate 
cancer who either received neo-adjuvant hormonal therapy (n=1083) or did 
not receive neo-adjuvant hormonal therapy (n=1391) and brachytherapy 
without supplemental external beam radiation. After a median follow-up of 
4.8 years (interquartile range, 3.3-7.5 yrs.) and adjusting for known pros-
tate cancer prognostic factors and age, treatment with neo-adjuvant hormo-
nal therapy was associated signi!cantly with an increased risk of all cause 
mortality (adjusted hazard ratio, 1.24; 95% con!dence interval, 1.01-1.53; 
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P=.04) in men aged $73 years. In men who were younger than the median 
age of 73 years, hormone therapy use was not signi!cant (P=0.34). 

As the bene!cial impact of combined hormone therapy with seed implanta-
tion remains unclear, a current guideline recommendation therefore sug-
gests this combination in controlled trials only [32].

In difference to the data proving the bene!t of additional hormone therapy 
in high risk patients undergoing external beam radiation therapy there is 
no evidence that these data can be extrapolated to high-risk cancers treated 
with high dose rate brachytherapy. 

In 2003 Martinez and co-workers published a retrospective study without 
an apparent bene!t at 5 years from a course of neo-adjuvant/concurrent 
androgen deprivation for patients with prostate cancer treated with a high 
total radiation dose [33]. Patients received neo-adjuvant /concurrent an-
drogen deprivation for a median of 6 months. Five-year actuarial rates for 
biochemical control were 74% and 76%, for overall survival they were 
81% and 87%, and for disease-free survival they were 67% and 66%, while 
cause speci!c survival with and without AST was 90% and 98%, and the 5 
year metastatic rates were 10.7% and 6.9%, respectively. On multivariate 
analysis AST did not improve biochemical control.

Again, as no randomized data are available to prove the bene!t of addition-
al hormone therapy in high risk patients undergoing high-dose rate brachy-
therapy, a current guideline recommendation suggests this combination in 
controlled trials only [32].
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INTRODUCTION

Androgen deprivation therapy (ADT) is the main therapeutic approach for 
men with metastatic prostate cancer. Lowering androgen levels is crucial 
for the success of treatment and can eliminate hormone dependent prostate 
cancer cells that require androgens to survive and alleviates metastatic bone 
pain in more than 80% of the patients. Gonadotropin-releasing hormone 
(GnRH) agonists (e.g., leuprolide, goserelin, histrelin and triptorelin) cur-
rently are the most common form of ADT and have largely supplanted the 
use of bilateral orchiectomy. GnRH antagonists (e.g. degarelix) are also de-
veloped and await further validation of their role as a therapeutic alterna-
tive. Antiandrogens (e.g., "utamide and bicalutamide) block the binding of 
androgen to its receptor, and often used together with GnRH agonists.

Although ADT constitutes the core management in men for advanced pros-
tate cancer, side effects, such as loss of libido, erectile dysfunction, and oth-
ers that can in"uence the quality of life (e.g., hot "ashes, fatigue, loss of 
muscle and bone mass, erectile dysfunction), should be recognized [2,3]. 

S I D E  E F F E C T S  O F  A N D R O G E N 

D E P R I VAT I O N  T H E R A P Y

QUALITY OF LIFE (QOL)

A number of cross-sectional studies investigated the effect of ADT on QOL 
and they suggested that men who received ADT had a worse overall QOL. 
They had poorer physical function, less energy, more fatigue, poorer sexual 
function, more hot "ashes, and breast tenderness than prostate cancer pa-
tients receiving other forms of treatment [4-8]. Some studies also reported 
worse social function [5], emotional well-being or mental health [5, 8] and 
more pain or physical discomfort [5, 6] with ADT. In a longitudinal study, 
the QOL of men treated with primary ADT was compared to men with 
a variety of other therapies [9]. Results of this study indicated that men 
receiving ADT had slightly poorer physical function, and general health 
but similar emotional role function, social function, emotional well being, 
pain, and energy in comparison to men who were managed with observa-
tion. At 1-year follow-up, men on ADT were relatively stable in all general 
QOL domains and only had worsening of sexual function. After a longer 
follow-up (2 years), patients on ADT had improvements in every general 
QOL domain, and attained scores often higher than at baseline. In a similar 
study QOL in 79 men who received ADT for locally advanced disease or 
biochemical relapse following radical therapy was compared to men who 
received either no therapy or local therapy [10]. Men on ADT had worsen-
ing in physical function, fatigue, and sexual function, and there was a trend 
towards greater psychological distress within 1 year of treatment. 

In another study the only domain in which patients on ADT reported statisti-
cally worse QOL was sexual function compared to control population [11].

In men with asymptomatic, lymph-node positive prostate cancer ADT re-
sulted in poorer emotional function and overall QOL but otherwise similar 
to the controls within 6 months of diagnosis [12]. Patients receiving ADT 
had worse sexual function and more hot "ashes than controls. Physical 
function and fatigue were worse in ADT patients but other general domains, 
including emotional function and overall QOL, were similar to controls at 
one year. Sexual function and hot "ashes remained worse in patients on 
ADT than among controls [12]. The results of these studies indicate that in 
general QOL domains, physical function and related domains such as vital-
ity, energy and fatigue are affected the most. Such changes emerge within a 
year of initiation of therapy but may lessen after 2 years of ADT. Signi!cant 
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negative impact on various aspects of sexual function has also been dem-
onstrated, as well as the endocrine symptom-related QOL domain (e.g. hot 
"ushes, breast tenderness). The effect on other general QOL domains (e.g. 
emotional function, social function, cognitive function) is usually minimal. 
However, results of these studies should be interpreted with caution. They 
were either cross-sectional or the pre-treatment data were collected retro-
spectively, thus making it dif!cult to evaluate the real role of ADT. Also 
these studies had small sample sizes and a relatively short follow-up period.

OSTEOPOROSIS AND BONE FRACTURES

ADT by medical or surgical castration increases the risk of clinical bone 
fractures [13-17] by increasing bone turnover and decreasing bone mineral 
density (BMD), a major surrogate for risk of fracture [18-22]. Interestingly, 
antiandrogens mono-therapy increase rather than decrease BMD [23, 24]. 
Loss of BMD may become detectable even after a relatively short period 
of ADT (as early as 6 months), and longer therapy confers a higher risk 
[16, 20, 25-29]. Consequence of loss of BMD is the increased risk for bone 
fracture, and osteoporotic skeletal fractures which may occur in up to 20 
percent of men within !ve years of ADT [14, 25, 30].

In addition to hypogonadism which is the leading cause of osteoporosis in 
men, there are some other contributory factors including reduced intake 
of calcium, low vitamin D levels, alcohol abuse, smoking, and chronic use 
of corticosteroids. Thus, lifestyle modi!cations which may be bene!cial in 
prevention of bone loss include cessation of smoking, moderate alcohol and 
caffeine consumption, vitamin D and calcium supplementation, and regular 
weight bearing or resistance exercises [31].

There is no consensus as to the optimal timing of bisphosphonate therapy 
in men undergoing primary ADT. None of the bisphosphonates has been 
approved for this indication in the United States. Firm recommendations 
regarding the best agent, dose, and schedule will require the completion of 
ongoing clinical trials.

VASOMOTOR SIDE EFFECTS

Hot "ashes are a common and annoying side effect of ADT experienced in 
up to 80 percent of men receiving GnRH agonists. This is not a serious side 
effect however; hot "ashes affect quality of life, particularly if there are as-
sociated sleep problems. Hot "ashes may be associated with sweating and 
nausea, and may occur during sleep. The available evidence suggests that 
potentially effective agents include progestational agents [32-34], cyproter-
one [32, 35, 36], selective seratonin uptake inhibitors [32, 37, 38], gabapen-
tin [39] and estrogen [40].

The best treatment for hot "ashes in men undergoing ADT is unclear. It may 
be suggested to start with a selective serotonin reuptake inhibitor and use 
hormonal treatment (estrogen or megestrol) for refractory cases.

CARDIOVASCULAR DISEASE AND DIABETES

Multiple large studies have analyzed the rate of incident cardiovascular dis-
ease and diabetes mellitus in prostate cancer patients treated with ADT. 

A population-based cohort study including over 73,000 Medicare patients 
aged 66 years or older who were diagnosed with prostate cancer the rates 
of sudden cardiac death, myocardial infarction, newly diagnosed coronary 
heart disease, and diabetes were found to be signi!cantly increased among 
the patients who underwent either surgical or medical castration [41].
These !ndings were supported by a signi!cantly increased incidence of new-
ly diagnosed coronary heart disease, myocardial infarction, sudden cardiac 
death, stroke, and diabetes mellitus in another observational study among 
37,443 men treated for prostate cancer [42].
However, this issue remains unsolved, since there is no direct evidence from 
prospective randomized phase III clinical trials. Retrospective analyses of 
randomized studies have yielded con"icting results, and the small number of 
events observed in these trials limits the interpretation of the data.
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POTENTIAL MECHANISMS OF CARDIOVASCULAR DISEASE

ADT signi!cantly decreases lean body mass and increases fat mass [43-
44], and increases subcutaneous rather than visceral fat [44-45]. ADT also  
increases serum cholesterol and triglyceride levels [46]. Most of the long-
term alterations in serum lipids are apparent as early as 3 months of treat-
ment [47]. 
Insulin resistance is a common metabolic abnormality that underlies type 
2 diabetes mellitus and has been reported to be an independent risk factor 
for cardiovascular disease [48, 49]. Men with prostate cancer are further 
burdened as GnRH agonists increase fasting insulin levels and decrease sen-
sitivity to insulin [3, 47, 50-51]. There is also evidence towards a higher 
prevalence of the metabolic syndrome in men receiving ADT than in age-
matched control groups which is a clustering of speci!c cardiovascular dis-
ease risk factors and [52]. However, con"icting data from other studies sug-
gest that ADT causes a pattern of metabolic alteration that is distinct from 
the classically de!ned metabolic syndrome [45, 53].

FATIGUE

Fatigue or lack of energy is a highly prevalent and often depressing side ef-
fect of ADT. The extent of fatigue does not seem to correlate with anemia or 
emotional cognitive issues [54]. The bene!t of regular exercise in maintain-
ing functional capacity and reducing fatigue may be bene!cial [31]. 

ANEMIA

Anemia develops in up to 90 percent of men receiving long-term ADT. It 
is usually mild to moderate, normochromic and normocytic [55-57]. The 
relationship between anemia and fatigue symptoms is unclear.

CHANGES IN BODY COMPOSITION AND METABOLISM

Several prospective studies have documented the effects of GnRH agonists 
on body composition. GnRH agonists signi!cantly decrease lean body mass 
and increase fat mass [44, 45]. Most of the fat accumulation is subcutane-
ous adipose tissue [45, 53].

Reduced testosterone levels are probably responsible for loss of lean body 
mass, increased body fat, and decreased muscle strength [44, 45, 58-59]. 
Regular exercise programs were shown to be effective in avoiding or revers-
ing some of the changes associated with ADT [60, 61]. 

ISSUES RELATED TO BODY IMAGE

Gynecomastia
Gynecomastia is caused by an increased ratio of estrogen to androgen activ-
ity. It is particularly prevalent with antiandrogen monotherapy (40 to 80 
percent). Gynecomastia causes signi!cant alterations in body image and is 
often associated with breast tenderness as well [62]. The therapeutic options 
are radiation therapy (usually prophylactic), tamoxifen, aromatase inhibi-
tors, and surgery [63-65]. 

Decreased penile and testicular size
A decrease in the size of the penis and/or testicles is a common side effect of 
ADT, which may be distressing to the patient. Men should be informed of 
this complication prior to the start of therapy [31].

Thinning of body hair
Thinning of body hair is another disconcerting side effect that should be 
discussed with the patient before the initiation of therapy. Although facial 
and most body hair are decreased, bald men may start to re-grow some 
scalp hair [31].

EMOTIONAL AND COGNITIVE CHANGES
Circulating testosterone levels have behavioral and neurologic effects in hu-
mans, and both testosterone concentration and cognitive function decrease 
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with aging in normal men. Although, the effects of short-term ADT are still 
debatable, some studies reported a decline in cognitive performance in men 
undergoing ADT for prostate cancer [66-67]. 

ERECTILE DYSFUNCTION
Most men receiving continuous ADT who are potent prior to therapy de-
velop sexual dysfunction. Loss of libido in men receiving GnRH agonists 
usually develops within the !rst several months, and erectile dysfunction 
follows [68-69]. In an attempt o minimize this problem intermittent an-
drogen deprivation, antiandrogen monotherapy and sequential androgen 
blockade were proposed [31].

Although androgen deprivation is the main form of therapy in metastatic 
prostate cancer and commonly utilized in an adjuvant fashion in locally 
advanced disease, its side-effects often lead to secondary short and long-
term toxicities that highly impact patient’s quality of life. Timing of thera-
py should be optimized based on each patient’s disease characteristics and 
medical risk pro!le. Physicians must be keen to place a greater emphasis 
on quality of life concerns, with adequate pretreatment information of an-
ticipated side-effects, and planning of possible strategies for prevention and 
treatment of side-effects.
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INTRODUCTION

Prostate cancer is the most common non-cutaneous cancer among men and 
the second leading cause of cancer-related death in Europe and the USA [1]. 

Early diagnosis of prostate cancer is associated with excellent prognosis and 
a 5-year survival of almost 100%. Nevertheless, recurrence is seen in about 
20 to 30% of patients who undergo therapy for localized disease [2]. In ad-
dition, despite the fact that screening for prostate cancer is well established 
in the PSA era, a proportion of men will initially present with advanced 
metastatic disease. 

Prostate cancer (PCa) may be subdivided into three general categories: 1) 
PCa that is hormone therapy naive, i.e. patients have not been treated with 

C A S T R AT I O N - R E S I S TA N T 

P R O S TAT E  C A N C E R

androgen deprivation therapy (ADT) and serum testosterone levels are not 
castrate; 2) PCa that is hormone therapy responsive, i.e. patients are re-
sponding to ADT and their serum testosterone levels are castrate; 3) PCa 
that is castration resistant, i.e. patients have progressive disease despite  
ADT and castrate serum testosterone levels [3]. The latter will be covered 
in this chapter. 

The term “androgen-independence”, in terms of prostate cancer, is consid-
ered a misnomer nowadays due to recent studies that suggest that the an-
drogen receptor (AR) is still active in castration-resistant prostate cancer 
cells, and that adequate levels of androgens to activate the AR persist in the 
prostate tumor environment despite castrate serum testosterone levels [3-5].

Castration resistant prostate cancer (CRPC) is de!ned as progression of dis-
ease despite castration levels of serum testosterone [6]. Treatment of CRPC 
is palliative, since it is virtually incurable and until 2004 no active agents 
capable of providing a survival advantage compared with placebo were 
available. However, things have changed since two randomized phase III 
trials, SWOG 99-16 and TAX-327, have demonstrated an overall survival 
bene!t of docetaxel combined with estramustine and docetaxel in combina-
tion with prednisone over mitoxantrone combined with prednisone, respec-
tively [7-8]. 

TESTOSTERONE AND PROSTATE CANCER

Androgens are substantial for prostate cancer growth, as they stimulate 
proliferation and inhibit apoptosis. Subsequently, prostate cancer cells are 
highly dependent on a decisive level of androgens for growth and survival. 
Androgen depletion leads to prostate cancer cell death due to lower prolif-
eration rates and increased apoptosis [9].

Testosterone, the main circulating androgen, is produced essentially by Ley-
dig cells in the testes, although peripheral conversion of adrenal steroids 
also contributes to the total circulating amount [9]. Its production and se-
cretion is primarily regulated by the luteinizing hormone (LH) from the pi-
tuitary gland. Upon entering prostate cells, 90% of testosterone is converted 
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to dihydrotestosterone (DHT) by the enzyme 5 -reductase. Due to its higher 
af!nity to the androgen receptor, DHT is the more active hormone. The an-
drogen receptor is found to be expressed in most primary prostate tumors. 
For further information see section on testosterone and prostate cancer.

THE ANDROGEN RECEPTOR (AR)

The androgen receptor (AR) is a member of the steroid-thyroid-retinoid 
nuclear-receptor superfamily. It is composed of an amino-terminal activat-
ing domain, a carboxy-terminal ligand-binding domain and a DNA binding 
domain [10]. Androgens exert their physiologic function via an interaction 
with the AR, a ligand dependent transcription factor. In the state of absence 
of androgens, the AR is bound to heat-shock proteins and other proteins to 
prevent activation and DNA binding [11]. When activated by androgens, 
the AR undergoes two conformational changes that result in dissociation 
from the heat-shock proteins, and subsequently, phosphorylation. In the 
phosphorylated state, the androgen-AR homodimer complex has the ability 
to bind to androgen-responsive elements (AREs) in the promoter regions of 
target genes. Essentially, after recruiting various co-activators and co-regu-
latory proteins, target gene transcription is established and various proteins 
crucial for prostate growth and cell survival are expressed.

MECHANISMS OF ADT-RESISTANCE -  
MOLECULAR ESCAPE ROUTES

Recent data suggest that tumor progression in CRPC is due to alterations 
in androgen receptor signaling mechanisms. Although initial response rates 
to ADT are high, prostate cancer cell growth and survival become gradually 
independent to circulating serum testosterone. Feldman et al. described !ve 
different mechanisms by which prostate cancer cells are able to circumvent 
the effects of androgen deprivation therapy [10]: 

1. The hypersensitive AR:
AR ampli!cation. In patients with CRPC, circulating testosterone levels are 

by de!nition lower than 50ng/ml [6]. One postulated mechanism of tumor 
cells to maintain AR-mediated effects despite substantially reduced serum 
testosterone levels is the ampli!cation of the AR gene and overexpression 
of the AR protein [4]. As a result, low intraprostatic testosterone and dihy-
drotestosterone (DHT) levels could be suf!cient for AR-dependent signaling.

Koivisto et al. collected tumor specimens from prostate cancer patients 
prior to therapy for localized disease and at the time of a local recurrence. 
They compared primary tumor specimens prior to therapy in 26 patients 
with specimens of ADT-resistant tumors for AR gene ampli!cation. About 
30% of the ADT-resistant tumors showed AR gene ampli!cation and AR 
over expression, whereas none of the primary tumor specimens had AR 
gene ampli!cation. Interestingly, the median survival was two times longer 
in patients with AR gene ampli!cation compared to those who lacked of AR 
ampli!cation changes [12]. 

Increased AR sensitivity. Prostate cancer cells manage to increase their 
sensitivity by upregulation of the AR, increased AR mRNA stability and 
increased nuclear localization of the AR. Gregory et al. studied the mecha-
nism in the transition from androgen-dependent to CRPC in animal mod-
els. They have shown that some prostate cancer cell lines manage to acti-
vate AR-dependent signaling with four times lower levels of DHT than the 
LNCaP cell line, which is a widely studied androgen responsive metastatic 
prostate cancer cell line [13]. 

Increased androgen levels. This theory focuses on increased conversion 
from testosterone to DHT via increased 5 -reductase activity. Studies have 
shown that after ADT serum testosterone levels decrease by 95%, whereas 
the intraprostatic DHT concentration only decreases by 60% [14]. 
Furthermore, it has been discussed that peripheral conversion of adrenal 
steroids could be suf!cient to maintain AR-mediated effects [15].

2. The promiscuous AR
AR mutations. Mutations in the AR can be observed in approximately 25-
30% of patients with CRPC [16-17]. These mutations can lead to a decrease 
in the speci!city of ligand binding, allowing the receptor to be activated 
by various non-androgen steroids, weak androgen precursors, or even an-
tiandrogens [16]. Anti-androgen withdrawal syndrome (AAWD) describes 
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the phenomenon that can be observed in patients treated with "utamide, a 
nonsteroidal anti-androgen. The withdrawal of "utamide is associated with 
an improvement of serum PSA in about 30-40% of patients. This can be 
explained by the expression of a promiscuous AR variant in prostate cancer 
cells, that is activated by anti-androgens [18]. In addition, various splice 
variants of the AR have been discovered. These variants lack the ligand-
binding domain and may contribute to prostate cell growth and survival 
[19-20]. 

Alterations in co-activators and co-repressors of transcription might be 
another mechanism to circumvent substantially low testosterone levels for 
prostate cancer cells. These cofactors are needed by steroid-hormone recep-
tors as they act together to regulate transcription. Mutations in these cofac-
tors have been reported in some prostate cancer cell lines, with and without 
concomitant AR mutations [21]. 

3. The outlaw pathway
“Outlaw receptors“ are steroid hormone receptors that are activated by 
ligand-independent mechanisms, and were !rst described in breast cancer 
cells [22]. 
Culig et al. !rst described activation of the AR by insulin-like growth factor-
I (IGF-I), keratinocyte growth factor (KGF) and epidermal growth factor 
(EGF) [23]. Additionally, the receptor tyrosine kinase HER-2/neu, the tu-
mor suppressor gene PTEN and Akt, the MAPK-pathway, Interleukin-6, 
and others have been investigated in prostate cancer [24-25]. 

4. The bypass pathway
Previously discussed mechanisms require the presence of the AR and its 
signaling for the development of CRPC. The theory of the bypass pathway 
describes alternative pathways, potentially capable of bypassing the AR sig-
naling cascades completely. Bcl-2, an oncogene capable of blocking apopto-
sis, has been found to be overexpressed in many cases of CRPC, in humans 
as well as in animal models [26-27]. 

5. The lurker cell pathway
John Isaacs postulated the theory that a subpopulation of androgen-inde-
pendent prostate cancer cells, transformed epithelial stem cells among the 
basal cells of the prostate, are present even before ADT is started. If these 

cells become the origin of prostate cancer, according to this model, they 
would be androgen-dependent in the beginning. However, after initiation 
of ADT, the obliteration of androgen-dependent cells would lead to selec-
tion of the androgen-independent stem cells, which have been lurking in the 
background, and eventually continue to proliferate [28].

HORMONE THERAPY

Suppression of gonadal testosterone is the key principle of androgen depri-
vation therapy (ADT). Despite its initial ef!cacy almost all patients eventu-
ally fail and develop disease progression despite castrate serum testosterone 
levels. 

This entity is currently described as castration resistant prostate cancer 
(CRPC). Median survival of patients with metastatic disease treated with 
ADT ranges from 18 to 24 months [29].
Charles Huggins !rst demonstrated in 1941 that orchiectomy (surgical re-
moval of the testes) and estrogen administration induced the regression of 
prostate cancer, thus proving responsiveness of prostate cancer to androgen 
depletion [30].

Androgen deprivation therapy (ADT) in the treatment of advanced prostate 
cancer can be achieved surgically with bilateral orchiectomy or medically 
with gonadotropin releasing hormone (GnRH) agonists and antagonists, 
which both target the luteinizing hormone releasing hormone (LHRH) re-
ceptor at the level of the pituitary gland [31]. In addition, “combined andro-
gen blockade” is referred to orchiectomy combined with the administration 
of an antiandrogen, such as biculatumide, "utamide, nilutamide and cypro-
terone acetate.  ADT decreases serum testosterone levels in patients to levels 
# 50ng/ml (1.7nmol/l). 

Diethylstilboestrol (DES), a synthetic ethynil estrogen, was one of the !rst 
non-surgical treatment options for patients with CRPC [32]. Serrate et al. 
used DES as a salvage therapy for CRPC patients that had progressive dis-
ease after !rst-line docetaxel based chemotherapy. Of the 20 patients as-
signed to receive 1mg DES daily, 3 patients had a PSA response (de!ned 



172 173

as decline in serum PSA $50%). Median progression-free survival was 3.7 
months and median overall survival was 20.7 months. Discontinuation of 
DES treatment was due to progressive disease in all 20 patients. 10 patients 
received low-dose aspirin for preventive anticoagulation, and one throm-
boembolic event was reported [33]. However, thromboembolic complica-
tions and cardiovascular toxicity have to be considered prior to therapy 
with estrogens. Nevertheless, DES could be a salvage treatment option for 
patients with CRPC. 

Therapy with LHRH agonists to induce medical castration has become the 
most common form of hormonal therapy for advanced and metastatic pros-
tate cancer [31].

Long term administration of LHRH agonists results in downregulation 
and desensitization of pituitary LHRH receptors, thus inducing a complete 
suppression of gonadal function [34]. When patients are started on LHRH 
agonist treatment, these agents initially stimulate the release of LH, causing 
a surge in serum testosterone that can result in a “testosterone "are”, espe-
cially in patients with metastatic bone lesions [14]. Bone pain, bladder out-
let obstruction, spinal cord compression, obstructive renal failure and other 
cancer-related symptoms might be exacerbated by the transitory increase of 
serum testosterone. Thus, concomitant administration of an anti-androgen 
is recommended prior to and in the !rst month of treatment with LHRH 
agonists.

A newer approach to medical castration is the use of LHRH antagonists 
that competitively bind to LHRH receptors in the pituitary gland. Degarelix 
is a pure LHRH receptor antagonist that lacks any LHRH agonist activity. 
Clinical trials have demonstrated that degarelix causes a rapid decrease in 
serum testosterone levels, without causing testosterone surge, as compared 
with LHRH. In a large phase III trial to evaluate the ef!cacy and safety of 
degarelix, 610 patients with prostate cancer eligible for ADT were rand-
omized to receive 240mg of degarelix s.c. for 1 month, followed by 80mg or 
160mg s.c. maintenance therapy monthly in !rst treatment arm, or 7.5mg 
leuprolide i.m. monthly in the second arm. At three days after treatment, 
more than 95% of patients treated with degarelix had testosterone levels 
#0.5ng/ml, whereas none of the patients treated with leuprolide had serum 
castrate levels of testosterone at that point. In addition, the median PSA 

levels at 14 and 28 days were signi!cantly lower in the degarelix groups 
than in the leuprolide group (P<0.001) [35]. Other GnRH anatagonists are 
abarelix, cetrorelix and ganirelix.

Antiandrogen monotherapy is not considered standard of care in patients 
with metastatic prostate cancer since studies have shown that monotherapy 
with bicalutamide appears to be inferior compared to medical or surgical 
castration in terms of median survival and time to disease progression [36]. 
However, to date there is still controversy about the best timing of ADT 
(early versus delayed), duration of ADT (continuous versus intermittent), 
the type of ADT and a number of other unresolved questions remain.

CYTOTOXIC CHEMOTHERAPY – 
FIRST LINE TREATMENT FOR CRPC

Both urologists and medical oncologists once considered prostate cancer as 
a malignancy fundamentally resistant to chemotherapy. In contrast to other 
tumors, prostate cancer exhibits only a relatively low growth fraction which 
may be a determining factor to explain the comparatively insensitivity to 
cytotoxic chemotherapy. However, the situation changed in the mid-1990s, 
when clinical trials using  mitoxantrone, a type 2 topoisomerase inhibi-
tor that interferes with DNA synthesis and engages intercalation of DNA 
strands, were conducted.

Kantoff et al. randomized 242 patients with CRPC to receive either mi-
toxantrone combined with hydrocortisone or hydrocortisone alone. They 
observed a delay in time to treatment failure and disease progression in the 
group treated with mitoxantrone plus hydrocortisone, but there was no sig-
ni!cant difference in overall survival for the two groups. (12.3 months for 
mitoxantrone plus hydrocortisone versus 12.6 months for hydrocortisone 
alone). Nevertheless, an improvement in quality of life (QOL) regarding 
pain could be observed in the combination group and these patients also 
experienced a longer palliative effect than those treated with hydrocortisone 
alone [37]. 
The introduction of taxanes, especially docetaxel, has changed the thera-
peutic options signi!cantly and led to a new era in the treatment of CRPC.
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Based on two landmark studies published in 2004, TAX-327 and SWOG 
99-16, the standard therapy to date for CRPC is a three weekly docetaxel-
based treatment [7-8]. 

Docetaxel (Taxotere; Rhone-Poulenc Rorer, Antony, France) is prepared by 
semisynthesis from 10-acety baccatin III which is extracted from the needles 
of Taxus baccata. Docetaxel inhibits tubulin polymerization and thus acts 
as a mitotic spindle poison. 

TAX 327
TAX 327 is a large, randomized, non-blinded, placebo-controlled, phase 
III trial that compared docetaxel (given either every three weeks or weekly) 
plus daily prednisone versus mitoxantrone plus prednisone. Primary end 
point of the study was overall survival (OS), secondary endpoints were PSA 
response (de!ned as a decline in serum PSA $50%), pain reduction and 
improvement of quality of life. Overall treatment duration was 30 weeks 
in all arms. 

A total of 1,006 men with metastatic CRPC received 5mg of prednisone 
twice daily and were randomly assigned to 3 treatment arms. The !rst arm 
received 12mg of mitoxantrone per square meter of body-surface area every 
three weeks. The second arm was assigned to receive 75mg of docetaxel per 
square meter every three weeks and patients in the third arm received 30mg 
of docetaxel per square meter weekly for !ve of every six weeks. 

All patients had histologically or cytologically con!rmed adenocarcinoma 
of the prostate with clinical or radiologic evidence of metastatic disease. 
Furthermore, all patients had progressed during hormone therapy, and were 
given primary ADT as maintenance therapy. Progression of disease was de-
!ned as a rise in serum PSA on three consecutive measurements or !ndings 
on physical examination or imaging studies. 

Median overall survival was signi!cantly longer for patients enrolled in the 
75mg docetaxel every three weeks treatment arm than in the mitoxantrone 
group. (18.9 months vs. 16.5 months). Also, patients treated with 3-weekly 
docetaxel had a greater PSA response and an eminent reduction in pain 
compared with patients who received mitoxantrone. It has been observed 
that 35% of patients in the 3-weekly docetaxel group had a reduction of 

pain compared to 20% of patients treated with mitoxantrone (P=0.01). 
There was no statistically signi!cant difference in reduction of pain between 
the docetaxel weekly group and the mitoxantrone group. 

Also, PSA response rates were signi!cantly higher in both docetaxel groups 
than in the mitoxantrone group (45% for docetaxel q3w, 48% for docetax-
el weekly and 32% for mitoxantrone, respectively; P<0.001). Low grade ad-
verse events were more frequent in patients treated with docetaxel including 
fatigue, nausea, vomiting, alopecia, diarrhea, nail changes, sensory neuropa-
thy, stomatitis, peripheral edema, change in taste, myalgia, and nail changes. 
Grade 3 or 4 neutropenia were more frequent among patients treated with 
3-weekyl docetaxel than in patients treated with mitoxantrone (32% vs. 
22%) [7].

SWOG 99-16
99-16, a prospective, randomized, phase 3 trial, from the Southwest Oncol-
ogy Group is the second landmark study published in 2004. 770 men with 
metastatic CRPC were randomly assigned to receive either estramustine and 
docetaxel or mitoxantrone and prednisone, each given in 21-day cycles. 
Patients in the !rst group received 280mg of estramustine three times daily 
on days 1 through 5, 60mg of docetaxel per square meter of body-surface 
area on day 2, and 60mg of dexamethasone in three divided doses before 
docetaxel. Patients in the second group received 12mg of mitoxantrone per 
square meter on day 1 plus 5mg of prednisone twice daily. 

Median survival was 17.5 months among patients assigned to docetaxel 
and estramustine and 15.6 months for patients treated with mitoxantrone 
and prednisone (P=0.02). Median time to progression was 6.3 months in 
patients receiving docetaxel and estramustine and 3.2 months in the group 
assigned to mitoxantrone and prednisone (P<0.001). In addition, PSA re-
sponse (de!ned as a decline in serum PSA greater than 50%) was more fre-
quent in patients treated with docetaxel and estamustine than in the group 
assigned to mitoxantrone and prednisone (50% versus 27%; P<0.001). 
More patients had to discontinue treatment due to adverse events in the do-
cetaxel plus estramustine group than in the mitoxantrone plus prednisone 
group (16% vs. 10%). No signi!cant difference was shown in grade 3, 4 and 
5 neutropenia in the two groups. However, grade 3 or 4 neutropenic fevers 
(P=0.01), cardiovascular events (P=0.001), nausea and vomiting (P<0.001), 
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metabolic disturbances (P<0.001) and neurologic events (P=0.001) were 
more frequent in the docetaxel plus estramustine group.

SECOND LINE TREATMENT FOR CRPC

Unfortunately, there is no standard of care established for patients who 
have failed !rst line docetaxel treatment for CRPC. However, several new 
therapeutic agents with promising activity and a favorable toxicity pro!le 
have been investigated in patients with CRPC. Advances in the understand-
ing of prostate cancer biology and characterization of essential molecular 
pathways were key elements in the development of disease-speci!c targeted 
treatments.

Ketoconazole
Ketoconazole was !rst discovered in the mid 1970’s and used as an anti-
fungal drug for almost 30 years. In addition to its antifungal activity, keto-
conazole has been shown to reduce testicular and adrenal steroidogenesis 
by inhibiting 11 -hydroxylase, an enzyme that converts progesterone to 
17 -hydroxyprogesterone [38]. 

Main adverse effects seen with ketoconazole are hypokaleamia, hyperten-
sion and edema, but these side effects are predictable when ACTH levels are 
monitored.  Small et al. conducted a clinical trial comparing anti-androgen 
withdrawal (AAWD) alone vs. AAWD in combination with 400mg ketoco-
nazole three times a day. 11% of patients who were randomized to receive 
AAWD alone had a PSA response, whereas 27% of patients who underwent 
AAWD in combination with ketoconazole showed a decline in serum PSA 
levels $ 50% [39]. 

Abiraterone
Abiraterone acetate (CB7630; Cougar Biotechnology, Los Angeles, CA) is 
an orally administered inhibitor of CYP17A1. Its 17 -hydroxylase and 17, 
20 lyase activity are indispensable for de novo androgen synthesis. So, by 
inhibiting CYP17A1, testosterone synthesis is blocked in the adrenal gland 
and serum testosterone levels decline to castration levels. Various phase I 
and II trials have demonstrated clinical activity and a prostate-speci!c anti-

gen (PSA) response in patients with CRPC [40]. Two randomized phase III 
trials are initiated to evaluate its ef!cacy in docetaxel-pretreated patients 
with CRPC.

MDV3100
MDV3100 (Medivation) is an oral AR antagonist without any intrinsic ago-
nist activity. It prevents translocation of the AR to the nucleus, binding of 
the AR to DNA-responsive elements and the recruitment of co-activator 
proteins [41]. In a phase I/II trial 140 patients with progressive, metastatic 
CRPC were enrolled to identify safety and tolerability of MDV3100. A PSA 
response, de!ned as a decline in serum PSA $ 50%, was noted in 56% of 
the patients, response in soft-tissue metastasis in 22% and stabilized bone 
disease in 56% of enrolled men [41]. There is an ongoing phase III trial 
with approximately 1,200 CRPC patients randomized to receive either 
MDV3100 160mg daily or placebo, after failure of standard chemotherapy 
with docetaxel.

Docetaxel Re-treatment
Docetaxel-based chemotherapy is considered as standard !rst line therapy 
in patients with CRPC. However, all patients will eventually discontinue 
treatment due to toxicity, disease progression or maximum response [42]. 
The therapeutic options after !rst line docetaxel treatment are limited with 
mitoxantrone being the only other chemotherapeutic agent approved for 
symptomatic CRPC. 
However, the re-introduction of docetaxel for patients who initially re-
sponded to !rst line docetaxel therapy appears to be a pragmatic approach. 
The rationale behind docetaxel re-treatment is to elicit a second response in 
these patients after a few months of docetaxel treatment holiday.

A phase II study conducted by Lorenzo and colleagues evaluated docetaxel 
re-treatment in 45 patients that initially responded to docetaxel and then 
experienced disease progression, after a period of biochemical remission of 
at least 5 months. Partial PSA response (de!ned as a reduction from base-
line of $50% for two consecutive measurements taken at least two weeks 
apart) was seen in 11 patients (24.5%) and minor PSA response (de!ned 
as a $25–49% PSA decrease) was observed in 5 patients (11.1%). Median 
progression free survival was 5 months and median overall survival was 13 
months [43]. 
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Cabazitaxel
Cabazitaxel (Sano!-Aventis) is a microtubule inhibitor, belonging to the 
family of taxans. Its low af!nity for P-glycoprotein, the multidrug resistance 
transporter presumably involved in docetaxel-therapy resistance, is one of 
the key features of this novel taxane. It has been shown to have antitumoral 
effects in patients with CRPC [44]. Subsequently, a randomized phase III 
trial in men with CRPC who failed docetaxel-based chemotherapy was con-
ducted. A total of 755 patients were given 10mg prednisone and randomly 
assigned to receive either 25mg/m2 cabazitaxel (n=378) or 12mg/m2 mitox-
antrone (n=377) every 3 weeks. Upon !nal analysis, median survival was 
15.1 months in the cabazitaxel group and 12.7 months in the mitoxantrone 
group. Median progression-free survival was 2.8 months in the cabazitaxel 
group and 1.4 months in the mitoxantrone group (P<0.0001) [45]. 

TARGETED THERAPY

Antiangiogenic therapy. 
Whenever tumors extend to a certain number of cells, tumor angiogenesis 
becomes essential for tumor growth. The basic and most intensely studied 
proangiogenic factor is the vascular endothelial growth factor (VEGF) which 
induces the formation of new blood vessels via binding to the VEGF-trans-
membranic tyrosine kinase receptors expressed mainly on the surface of vas-
cular epithelium. Furthermore, it has been demonstrated that elevated VEGF 
serum levels in CRPC patients are associated with poorer prognosis [46].

Bevacizumab
Bevacizumab (Genentech/Roche) is a humanized monoclonal antibody di-
rected against VEGF, preventing the proangiogenic factor from binding to 
its transmembranic receptor. Its use has been approved for the treatment of 
colorectal, breast and lung cancer and additionally been studied for various 
other solid tumors. Di Lorenzo et al. investigated the antibody in 20 men 
with CRPC who received 10 mg/kg of bevacizumab in combination with 
60mg/m2 docetaxel every three weeks. It is noteworthy that all 20 patients 
had received !rst-line docetaxel and at least one other chemotherapeutic 
agent prior to the combination of bevacizumab and docetaxel. Results show 
that 11 of 20 patients (55%) had a PSA response and treatment was gen-

erally well tolerated [47]. Another study conducted by Ning et al. demon-
strated that the addition of bevacizumab and thalidomide to docetaxel-based 
chemotherapy is a very potent combination with manageable toxicities. 60 
patients were enrolled to receive the combination therapy of intravenous 
doxetaxel and bevacizumab and oral thalidomide and prednisone. A decline 
in PSA $50% was seen in 90% of the patients and median overall survival 
was 28.2 months. However, grade 3/4 neutropenia occurred in all 60 pa-
tients [48]. A randomized, placebo controlled, phase III trial was initiated 
to investigate whether the addition of bevacizumab to standard docetaxel 
chemotherapy can improve overall survival in patients with CRPC [49]. 

Sunitinib
Sunitinib (SU 11248, P!zer) is an oral multi-targeted tyrosine kinase inhibi-
tor with anti-angiogenic and antitumoral activity. Sunitinib inhibits the fol-
lowing tyrosine kinase receptors: VEGFR-1, VEGFR-2, VEGFR-3, PDGF-  
and PDGF- , Stem cell factor KIT-R, MCSF-1R, Fms-like tyrosine kinase-3 
receptor (Flt-3) and a kinase, which is encoded by the ret proto-oncogene 
(RET). Data suggest that especially the platelet derived growth factor (PDGF) 
pathway might be of importance in prostate cancer, since its inhibition in 
mouse xenograft models by imatinib has shown to reduce tumor burden 
[50]. Furthermore, PDGF and its receptors are found to be overexpressed in 
prostate cancer and PC bone metastasis [51-52]. Dror Michaelson et al. as-
signed 34 men with CRPC, with half of them being chemotherapy naive and 
the other half being docetaxel-pretreated, to receive 50mg of sunitinib orally 
for 4 weeks of a 6-week cycle. The primary endpoint PSA response was not 
met as only one patient in each group showed a decline in serum PSA $50%. 
However, it has been discussed that PSA might not be an adequate surro-
gate marker for response to treatment and that other biomarkers to evaluate 
therapy response are desirable [53]. 

Dasatinib
Dasatinib (Bristol-Myers Squibb) is an oral inhibitor of Src family kinases 
(SFKs) that blocks the kinase activities Lyn and Src in human prostate cancer 
cells. Due to the inhibition of these pathways it suppresses cell adhesion, mi-
gration, and invasion of prostate cancer cells [54]. In a phase II study investi-
gating the activity of dasatinib in men with CRPC, 47 patients were enrolled 
to receive 100mg (n=25) or 70mg (n=22) of dasatinib twice daily. 41 of the 
47 patients (87%) had bone metastasis. After 24 weeks 9 patients (19%) had 
stable disease, however a PSA decline $50% was only seen in 3 patients [55].
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Zibotentan
Zibotentan (AstraZeneca) is a novel, oral endothelin-receptor antagonist 
that speci!cally binds to the endothelin A receptor (ETA).

James et al. enrolled 312 CRPC patients in a randomized, double-blind, pla-
cebo-controlled phase II trial to receive once daily zibotentan 10mg (n=107) 
or zibotentan 15mg (n=98) or placebo (n=107). All patients had bone metas-
tasis and were either pain free or only suffering from mild pain due to bone 
lesions. Time to progression was determined as the primary endpoint (TTP 
included clinical progression, objective progression of soft-tissue metastasis, 
pain controlled with opiate analgesics and death in the absence of progres-
sion). After a median follow-up of 22 months time to progression did not sig-
ni!cantly differ between the three groups. Nevertheless, an improvement in 
overall survival was observed in the zibotentan groups compared to placebo 
[56]. The ENdoTHelin A USE (ENTHUSE) phase III clinical trial has been 
initiated to further investigate zibotentan in the clinical setting of CRPC.
 

VACCINATION

Sipuleucel-T
Sipuleucel-T (Dendreon) is an active cellular immunotherapy for the treat-
ment of asymptomatic or minimally symptomatic metastatic castrate re-
sistant prostate cancer. It is designed to stimulate an immune response to 
prostate cancer cells. This type of therapeutic cancer vaccine is derived from 
autologous peripheral-blood mononuclear cells (PBMCs), including CD54+ 
dendritic cells, the major antigen-presenting cells. Patients undergo leuka-
pheresis to isolate these cells, which are subsequently ex vivo processed and 
activated with a recombinant fusion protein (PA2024). This fusion-protein 
is comprised of prostatic acid phosphatase (PAP) and granulocyte-macro-
phage-stimulating factor (GM-CSF), which targets the protein to GM-CSF 
receptor expressing cells. 

Two randomized, placebo-controlled, phase III studies of sipuleucel-T, 
D9901 and D9902A, have been conducted in castration resistant prostate 
cancer patients [57-58].

In the !rst study (D9901) 127 patients were enrolled and assigned in a 2:1 
ratio to receive sipuleucel-T (n=82) or placebo (n=45) every two weeks. Re-
sults showed a trend toward improved clinical or radiological time to disease 
progression, which was the primary endpoint of the study (11.7 weeks in the 
sipuleucel group versus 10.0 weeks for placebo, P=0.052) and a statistically 
signi!cant 4.5 month improvement in median overall survival (25.9 months 
for sipuleucel-T and 21.4 months for placebo, P=0.01) [57]. 

Recently, results of the immunotherapy for Prostate Adenocarcinoma Treat-
ment (IMPACT) study, a double-blind, placebo-controlled, multicenter phase 
III trial, have been published [2]. 512 patients with metastatic CRPC were en-
rolled to receive either sipuleucel-T (n=341) or placebo (n=171), with overall 
survival as the primary end point. A relative reduction of 22% in the risk of 
death as compared with placebo could be observed in the sipuleucel-T group 
(P=0.03), which represented a 4.1 month improvement in median survival 
(25.8 vs. 21.7 with placebo). No statistically signi!cant difference in time 
to objective disease progression was seen. Adverse events that were more 
frequently observed in the sipuleucel-T group than in the placebo group in-
cluded fever, chills, headache, in"uenza-like sickness, myalgia, hypertension, 
hyperhidrosis and groin pain. However, grade 3 adverse events that occurred 
within one day after infusion were only reported for about 7% of patients 
assigned to receive sipuleucel-T.
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HISTORY OF GUIDELINE DEVELOPMENT

Clinical Practice Guidelines (CPGs) provide the physicians with the evi-
dence-based management of diseases. The European Association of Urology 
(EAU) Guidelines Group for Prostate Cancer initially published the !rst ver-
sion of EAU guideline on prostate cancer in 2001. Partial updates have been 
performed in 2003 and 2007 which were followed by the 2009 version with 
full text updates. Recently, the most updated EAU guideline on prostate 
cancer has been published with remarkable updates in most sections [1].

The American Urological Association (AUA) published the !rst report on 
the management of clinically localized prostate cancer in December 1995. 
This report was limited by the lack of evidence to mention speci!c recom-
mendations for optimal treatment in every individual patient [2].

A N D R O G E N  D E P R I VAT I O N :  

E A U  A N D  A U A  G U I D E L I N E S

With the development of new imaging modalities, biopsy techniques, and 
some pivotal randomized controlled trials (RCTs), the panel of experts pre-
pared the 2007 update of the guideline. This revision took more than 5 
years and the full text published in The Journal of Urology® and on the AUA 
website (www.auanet.org/guidelines) in 2007. The search of the data was 
performed throughout the National Library of Medicine using PubMed. Of 
all the English language references published from 1991 to early 2004, 436 
studies met the criteria and included in the data analysis [3].

However, there are some differences with regard to the methodology used to 
present the guideline. Thus, in this chapter, EAU and AUA guidelines on the 
androgen deprivation therapy in prostate cancer are reviewed. Furthermore, 
recommendations that have been suggested in the latest updates of these 
two guidelines are mentioned. Each section is accompanied by the evidences 
that are used in the guidelines. Table 1 shows the indications of hormonal 
therapy based on the latest EAU guideline. Contraindications of hormonal 
therapy are summarized in Table 2. Summary of EAU recommendations on 
hormonal therapy in prostate cancer has also been summarized in Table 3.   
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Castration indications Comments LE

M1 symptomatic

To palliate symptoms and to reduce the risk for potentially 
catastrophic squeale of advanced disease (spinal cord compres-
sion, pathological fractures, ureteral obstruction, extraskeletal 

metastasis)

1

Even without a controlled randomized  
trial, this is the standard of care and must be applied

1

M1 asymptomatic

Immediate castration to defer progression to a symptomatic stage 
and prevent serious disease progression-related complications.

1b

An active clinical surveillance protocol might be an acceptable op-
tion in clearly informed patients if survival is the main objective

3

N+

Immediate castration to prolong PFS and even OS. 1b

Might be questioned in single micrometastasis after extended 
lymph node dissection and radical prostatectomy.

3

Locally advanced M0
Immediate castration to improve  

cancer-free survival
1b

disease treated with 
radiotherapy

High-risk d’Amico: combined  
and prolonged ADT

1

Intermediate-risk d’Amico 1b

– If low dose (< 75 Gy) radiotherapy: 6 months of ADT

– If high dose (> 75 Gy) radiotherapy: ADT questionable 2

asymptomatic un!t for 
local de!nitive treatment

Limited OS improvement not related  
to a CSS bene!t

1

Anti-androgens

Short-term administration
To reduce the risk of the ‘"are-up’ phenomenon in  patients with 
advanced metastatic disease who are to receive an LHRH agonist

1b 

Non-steroidal anti-andro-
gen monotherapy

Primary monotherapy as an alternative to castration in patients 
with locally advanced PCa (T3-4, any N, or any T).

2

No place in localized disease as a single-treatment modality.

Combined with radiotherapy: no clear recommendation is pos-
sible at the present time

Combined with radical prostatectomy: no place so far in an 
adjuvant setting

Table 1: Indications for hormonal therapy in prostate cancer, EAU guideline, updated 2010 

(Adapted from http://www.uroweb.org/guidelines/online-guidelines/).

Table 2: Contraindications of various types of hormonal therapy, EAU guideline, updated 

2010 (Adapted from http://www.uroweb.org/guidelines/online-guidelines/).

Table 3: EAU Guidelines for hormonal therapy in prostate cancer, updated 2010 

(Adapted from http://www.uroweb.org/guidelines/online-guidelines/) 

Hormonal therapy options Contraindications

Bilateral orchiectomy Psychological reluctance to undergo surgical 
castration

Estrogens Known cardiovascular disease

LHRH agonists alone Patients with metastatic disease at high risk for 
clinical ‘"are up’ phenomenon

Anti-andogens Localized PCa as primary therapy

1.  In advanced PCa, androgen deprivation therapy (ADT) delays progression, 
prevents potentially catastrophic complications, and palliates symptoms  
effectively, but does not prolong survival (Level of evidence 1b).

2.  In advanced PCa, all forms of castration used as monotherapy (e.g. orchiec-
tomy, LHRH and DES) have equivalent ef!cacy (Level of evidence 1b).

3.  Non-steroidal anti-androgen monotherapy (e.g. bicalutamide) is an alternative 
to castration in patients with locally advanced disease (Level of evidence 2).

4.  In metastatic PCa, the addition of a non-steroidal anti-androgen to castra-
tion (CAB) results in a small advantage in OS over castration alone, but is 
associated with increased adverse events, reduced QoL, and high costs (Level 
of evidence 1a).

5.  Intermittent ADT should no longer be regarded as experimental, even  
though long-term data from prospective clinical trials are still awaited.  
‘Minimal’ ADT should, however, continue to be seen as experimental  
(Level of evidence 2).

6.  In advanced PCa, immediate ADT (given at diagnosis) signi!cantly reduces 
disease progression, as well as the complication rate due to progression itself, 
compared with deferred ADT (delivered at symptomatic progression). How-
ever, the survival bene!t is at best marginal and not related to cancer-speci!c 
survival (Level of evidence 1b).

7. Bilateral orchiectomy might be the most cost-effective form of ADT, especial-
ly if initiated after the occurrence of symptoms from metastatic disease (Level 
of evidence 3).
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HORMONAL THERAPY IN PROSTATE CANCER

1. Testosterone-lowering therapy (castration)
Surgical castration, the gold standard of ADT, is the quickest way to achieve 
the very low level of serum testosterone. This option is easily performed un-
der local anesthesia leading to castrate level of serum testosterone, de!ned 
as less than 20ng/dL [4].

The main problem with orchiectomy is the negative psychological issues. 
Furthermore, it irreversibly removes the testicular source of androgen as 
well as the chance of intermittent treatment as a therapeutic option [1]. 

Recommendation: EAU suggests that bilateral orchiectomy might be the 
most cost- effective form of ADT, especially if initiated after the sympto-
matic presentation of metastatic disease. [1]

2. Estrogens
Diesthylstilboesterol (DES) is the most commonly used estrogenic com-
pound in PCa. It is orally administered and has been studied in 1, 3, and 5 
mg dosages. Based on early study, complete androgen block with dosage of 
5mg/day was limited by the high cardiovascular morbidity and mortality 
and the formation of thrombogenic metabolites [5].

Lower doses had fewer side effects and cardiotoxicity but they were still 
associated with signi!cantly higher side effects as compared with castration 
[6]. Furthermore, LHRH agonist development was associated with less in-
terest toward estrogenic compounds; however, estrogen has regained some 
interest in this !eld due to some remarkable side effects of LHRH agonists, 
high cost of LHRH agonists for the long term, ef!cacy of estrogenic com-
pounds in Castration-Resistant Prostate Cancer (CRPC), and discovery of 
a new estrogen receptor that might be involved in the PCa development [7].

There are two suggested strategies to oppose cardiotoxic side effects of es-
trogen compounds; administration of parenteral preparations, and use of 
cardioprotective agents [1].  
 
Polyestradiol phosphate, as a parenteral estrogen compound has been com-
pared with combined androgen deprivation (CAB) in advanced metastatic 

PCa. It has been shown that there is no signi!cant difference in disease-spe-
ci!c survival and overall survival between the treatment groups; however, 
estrogen-treated group had signi!cantly higher incidence of cardiovascular 
events but there was no increase in cardiovascular mortality [8].

Recommendation: DES is likely to be re-introduced into the clinical practice 
as a classic form of hormonal therapy; however, there are concerns about 
cardiovascular side effects that are remained to be solved. Currently, there 
is no speci!c recommendation in EAU guideline [1].
Evidence: In a meta-analysis, there was no signi!cant difference between 
DES and orchiectomy treated groups for overall survival [9]. (level of evi-
dence: 1a)

3. LHRH agonists
The use of long-acting synthetic LHRH analogues such as busereline, goser-
eline, leuproreline and triptoreline in advanced PCa has been initiated from 
more than 20 years ago and their place in hormonal therapy still persist [10].  

LHRH agonists are usually administered as depot injections on a 1, 2, 3, or 
6 monthly bases. There might be a concern about the transient increase in 
testosterone production caused by the rise in gonadotropins which is rec-
ognized as ‘testosterone surge’ or ‘"are up’ phenomenon. This phenomenon 
begins within about 2-3 days of the !rst drug injection and remains for 
about 1 week of treatment. It is manifested by increased bone pain, acute 
bladder outlet obstruction, obstructive renal failure, spinal cord compres-
sion, and fatal cardiovascular events due to hypercoagulation status [1].

It is also necessary to discriminate clinical from biochemical "ares in pa-
tients who are treated with LHRH agonists [11].  Furthermore, long-term 
administration of LHRH agonists might be associated with mini-"ares, but 
there is no clear data on its clinical signi!cance and no speci!c recommen-
dation has been made. 

Recommendations: 
Based on the EAU guideline, all types of castration such as orchiectomy, 
LHRH analogues, DES have similar ef!cacy as monotherapy in patients 
with advanced PCa (level of evidence 1b). 
It has been recommended that concomitant administration of an anti-an-
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drogen initiated from the day of LHRH injection for 2-weeks might be 
useful to decrease the likelihood of clinical "ares; however, bilateral orchiec-
tomy or LHRH-antagonists must be considered to immediately prevent tes-
tosterone production in patients who are prone to spinal cord compression 
as a manifestation of clinical "are [1]. 

Evidence:
Seidenfeld et al. reviewed a total of 24 trials to compare the ef!cacy of 
LHRH agonists with orchiectomy and DES. They concluded that the avail-
able hormonal monotherapies are similar for the effectiveness and survival. 
Therefore, various monotherapy options could be interchangeably offered 
to the patient. There was also no difference in side effects between various 
available LHRH agonists [9].

4. LHRH antagonists
This is a relatively new family agent with a possible but not proved advan-
tage over LHRH agonists. They are not associated with any "are as occur 
with LHRH agonists; however, their use might be accompanied by serious 
and potentially life-threatening histamine-mediated side effects [1].

Currently, two members of this category have been proposed to be useful 
in advanced PCa. The USA Food and Drug Administration (FDA) approved 
the application of abarelix in only advanced or metastasizing hormone-de-
pendent PCa in 2004 [12]. 

Degarelix, the second novel member of this group, was recently approved 
in the US and Europe. Initial results showed that it is associated with rapid, 
profound, and sustained suppression of androgen and PSA, and avoids any 
testosterone surge [13]. 
There are limited data on the effect of this category and are not recom-
mended in the guidelines.

5. Anti-androgens
This class of hormonal therapy is categorized into two groups based on 
their chemical structure; steroidal, e.g. cyproterone acetate (CPA), megestrol 
acetate and medroxyprogesterone acetate, and non-steroidal or pure, e.g. 
nilutamide, "utamide and bicalutamide. Site of drug action is at the recep-
tor level for both groups. Furthermore, steroidal compounds have central 

inhibitory action on the pituitary gland leading to decreased testosterone 
level [1, 14]. 

5.1 Steroidal anti-androgens
The main side effects with steroidal anti-androgens are caused by lowering 
the testosterone level and androgen withdrawal such as erectile dysfunction 
and loss of libido. There are also non-pharmacological adverse effects such 
as cardiovascular toxicity (4-40% with CPA) and hepatotoxicity [1].

Although cyproterone acetate (CPA) is the earliest approved anti-androgen 
with widespread use, there are limited data on the ef!cacy of CPA in com-
parison with other hormonal strategies [1]. 

In a study by Moffat, the ef!cacy of CPA has been compared with medical 
castration such as DES and goserelin. They found lower overall survival for 
CPA as compared with patients who are treated with goserelin only [15]. 

Recommendations:
There is no de!nite recommendation for the use of CPA. In addition, there 
is no clear data on appropriate dosage regimen. Megestrol acetate and me-
droxyprogesterone acetate are other members of this group, but are far 
from being recommended due to unfavorable ef!cacy [1]. 

Evidence:
Schröder et al., compared the ef!cacy of "utamide as a non-steroidal with 
CPA as a steroidal anti-androgen in patients with metastatic disease but 
with favorable prognostic factors. They found no difference in disease-spe-
ci!c survival and OS with each of these anti-androgens as monotherapy. 
However, it should be mentioned that the study has low power to detect the 
difference (level of evidence: 1b) [16].

The ef!cacy of medroxyprogesterone acetate was investigated and com-
pared with CPA and DES long time ago. It was identi!ed that medroxypro-
gesterone acetate is associated with shorter survival and time to progression 
than either of the other CPA or DES [17]. 

5.2 Non-steroidal anti-androgens
The main advantages of this group over castration are better quality of life 
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(QoL) and compliance due to lack to testosterone suppression. Therefore, 
libido, physical performance and bone mineral density are preserved [18].

There are three available agents in this group (bicalutamide, nilutamide, 
and "utamide). There have been similar pharmacological side effects such 
as gynecomastia, mastalgia, and hot "ashes; however, it has been shown 
that bicalutamide has better safety and tolerability pro!le among the oth-
ers [19]. Due to hepatotoxicity, regular liver enzyme monitoring should be 
performed for all these agents [1].

Recommendations: 
They could be administered in patients with locally advanced disease as a 
primary monotherapy and an alternative to castration. EAU has no clear 
recommendation for combination therapy with radiotherapy. There is also 
no indication for the use of non-steroidal antiandrogens as adjuvant to radi-
cal prostatectomy (Level of evidence 2).

5.2.1 Nilutamide
Recommendation:
It has not been approved for monotherapy.

Evidence: 
Literature is limited by the lack of data on the ef!cacy of nilumtamide in 
comparison with other hormonal treatment options [20].

Bene!cial effect of nilutamide in combination with orchiectomy has been 
reported in patients with metastatic disease with more favorable disease-
speci!c survival and overall survival [21].
There are promising data on the possible application of nilutamide in pa-
tients with hormone-refractory PCa [22-23].  

Interstitial pneumonitis is the unique side effect of nilutamide with poten-
tially critical outcome [1]. 

5.2.2 Flutamide
Despite of studies on monotherapy with "utamide since long time ago, there 
has been no dose-!nding study with accepted methodology on evaluation 
of treatment. But, the recommended daily dose of "uatamide is 750 mg in 
three divided dose [24].

Con"icting evidence:
Based on the preliminary early studies, the main bene!t of "utamide was 
preservation of sexual function in up to 80% of patients [25-27]. 

The above advantage was not con!rmed in a more extensive and newer 
study. They compared the ef!cacy and side effects of "utamide with cypro-
terone acetate in patients with metastatic disease. It was reported that just 
about 20% of patients treated with "utamide could maintain their sexual 
activity for up to 7 years. They fail to demonstrate the above bene!cial ef-
fect of "utamide on preservation of sexual function [16].

In a phase III study, the effects of "utamide monotherapy on survival in 
comparison with standard therapy (orchiectomy) have been evaluated. Pa-
tients with PSA < 100 ng/mL  showed similar overall survival with either 
"utamide or orchiectomy; however, "utamide was less effective in patients 
with higher PSA levels as compared with standard therapy [28]. Consider-
ing the low power of this study, there is an ongoing Swedish study, compar-
ing "utamide with CAB [1].

5.2.3 Bicalutamide
Recommendations:
High-dose bicalutamide has been considered as an alternative to castration 
for patients with locally advanced disease (M0) who mainly concern about 
progression-free survival, and in highly selected, well-informed patients 
with metastatic disease and low PSA [29]. 
The use of anti-androgens in patients with localized PCa as primary hormo-
nal treatment is contraindicated. 

The expected bene!t of bicalutamide for QoL compared with castration is 
far from being proven. The survival bene!t observed with adjuvant use after 
radiotherapy in locally advanced PCa must be considered with caution, as 
the EPCP trials do not have the clear power of trials conducted with LHRH 
agonists. The lack of any direct comparison between both bicalutamide and 
LHRH agonists in combination with radiotherapy leads to a major limita-
tion of any guidelines, which should therefore be based on unquestionable 
trials, which are mainly those with analogues [1].
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There are some debatable matters that are not answered but the clear trend 
towards the poor overall survival in patients with localized PCa who are 
treated with watchful waiting (WW) should be kept in mind [30]. 

Evidence:
Although low dose of 50mg daily has been suggested for CAB, initial dose-
!nding study using 50mg daily dosage for monotherapy found less survival 
as compared with orchiectomy [31]. In the following study, high dose bi-
calutamide (150mg daily) was equally effective for biochemical response as 
the end-point of treatment as compared with castration and showed good 
tolerability [32]. 

Tyrrell et al. investigated the ef!cacy of high dose bicalutamide as mono-
therapy versus castration in two groups of patients with metastatic disease 
or locally advanced PCa [33]. In patients with metastatic disease, there was 
slightly better overall survival for only 6 weeks difference as compared 
with bicalutamide. The bene!cial impact of castration over bicalutamide 
was only detected in patients with high initial PSA (> 400ng/ml) in post-
hoc analysis [34]. In patients with locally advanced disease (M0), there was 
no signi!cant difference for overall survival. They suggested bicalutamide 
therapy as another option in patients with locally advanced PCa who are 
candidates of immediate ADT [35]. 
Three trials of Early Prostate Cancer Program (EPC) are the main study 
evaluating the adjuvant role of bicalutamide in patients with localized or 
locally advanced disease undergoing either of standard treatment (radical 
prostatectomy, radiotherapy, or watchful waiting). 

At median of 5.4 years of follow up, the !rst report showed that bicaluta-
mide might have bene!cial impact on progression free survival in the over-
all population. This was resulted from all but North American trial (trial 
23). Most bene!cial impact was detected in patients with locally advanced 
disease (M0) regardless of type of standard care. Overall survival was not 
affected by bicalutamide in all types of standard care and all trials. Interest-
ingly, bicalutamide improved survival of patients with localized advanced 
disease, while it had negative impact on survival in localized disease among 
watchful waiting groups [36].

Two following reports at median of 7 and 7.4 years show similar results 
for the impact of bicalutamide on progression free survival and overall sur-
vival [30, 37]. It was evident that patients with locally advanced PCa show 
a signi!cant improvement in progression free survival, but not in overall 
survival; however, patients with localized disease gained no bene!t from 
bicalutamide regarding progression free survival or overall survival [37].

At median of 7.4 years, bicalutamide had signi!cant improvement of overall 
survival in the subgroup of patients undergoing radiotherapy as the stand-
ard care (P=0.03). This improvement was mainly result of lower risk of 
cancer-related deaths. On the impact of bicalutamide on overall survival 
in locally advanced disease, there was a trend towards improvement in all 
subgroups except for watchful waiting (WW) group (P=0.06) [30].

Although the EPCP is a one of the largest study in prostate cancer compris-
ing three trials, it would be dif!cult to reach a clear conclusion due to some 
problems in the protocol and results reported in each report.  

6. Combination therapies
6.1 Complete (or maximal) androgen blockade (CAB)
Castration eliminates testicular source of androgen synthesis but still adre-
nal source of androgen synthesis persists and is converted into dihydrotes-
tosterone (DHT) in the prostate cells. To achieve CAB, an anti-androgen is 
added to castration either medical or surgical. However, there are lots of 
debates on the advantage of CAB over monotherapy. 

Contrasting evidence: 
In a meta-analysis, Prostate Cancer Trialists’ Collaborative Group reported 
that the addition of anti-androgen to androgen suppression improves the 5 
year survival by about 2-3% but the range of uncertainty runs from 0% to 
5% [38],

Recently, the long-term results of a phase 3 trial study have been published. 
They reported a small overall survival advantage for patients who received 
CAB at a median follow-up of 5.2 years. The survival bene!t for CAB was 
detected only in stage C/D1 disease. More patients achieved PSA nadir con-
centration (<1.0ng/mL) with CAB indicating an improved survival; how-
ever, the results should be cautiously interpreted due to the small sample size 
and inadequate power [39]. 
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Recommendation: Due to the lack of strong evidence and higher gastroin-
testinal, ophthalmological, and hematological side effects of CAB, neither 
EAU nor AUA specify its use in the guidelines.

6.2 Minimal androgen blockade (or peripheral androgen blockade)
Minimal androgen blockade is achieved with combination of !nasteride (to 
inhibit 5 -reductase inhibitor and reduce intraprostatic DHT) and a non-
steroidal anti-androgen (to compete with DHT on binding to the receptor). 
Maintaining the serum testosterone within the normal range, this option 
leads to an acceptable sexual function and a reasonable quality of life (QoL).

Evidence:
The combination of !nastride and "utamide in patients with advanced or 
biochemically recurrent PCa caused a remarkable PSA response in nearly all 
patients (by up to 96% compared with the baseline level at entry) [40-42]. 
However, these studies were limited by the small size sample and short-term 
follow-up.

In a long-term follow-up study, stronger end-points were obtained; castra-
tion-free survival (median: 37 months), androgen-independent PCa-free 
survival (median: 48.6 months) and OS (65% at 5 years). Thus, combina-
tion therapy with !nasteride and "utamide might be able to induce an over-
all hormone-responsive period of more than 4 years [43]. 

Furthermore, combination therapy was effective to preserve sexual function 
in 55-86% of patients in all trials.

Recommendation: 
Preliminary results indicate that minimal androgen blockade could be used 
as the most attractive option in patients who have major concern about 
QoL. However, EAU recommends that this option should be considered 
investigational until con!rmed by the results of follow-up and larger con-
trolled trials [1].

6.3 Intermittent versus continuous ADT
Long-term CAB cannot eliminate the entire malignant tumor cells and leads 
to tumor relapse after a mean time of 24 months (androgen-independent 
prostate cancer). Thus, stopping the ADT prior to development of andro-

gen-independent clones might be bene!cial. Therefore, stem cells will be 
remained susceptible to androgen withdrawal after stopping of each ADT. 
In addition, intermittent androgen deprivation (IAD) results in a better QoL 
and a reduced cost of treatment [1].  

Evidence: 
A systematic review has been recently published evaluating the data from 
19 phase II and 8 phase III studies regarding the ef!cacy of IAD. It was re-
ported that IAD is as effective as CAD for PSA response rates and symptom 
improvement but with better tolerability and QoL advantages, especially 
recovery of sexual potency; however, there are insuf!cient data to determine 
whether IAD has the potential to prevent or reverse the long-term complica-
tions associated with ADT. Also, these trials are limited by heterogeneous 
patients and different PSA thresholds used for making decisions regarding 
castration [44].  

The largest trial on the effect of IAD on the time to disease progression was 
designed by the South European Uro-Oncological Group (SEUG) and the 
results were published in 2009 [45]. A total of 766 patients with locally 
advanced or metastatic disease were included. All of the patients were ini-
tially treated with induction regimen (CPA for 2 weeks followed by monthly 
LHRH + CPA) for 3 months and patients with PSA < 4ng/ml, or a decrease 
> 80% were randomized into two groups (IAD or CAB). In the IAD-treated 
group, patients whose PSA level dropped to <4ng/ml, therapy was restarted 
if the PSA level rose to 10ng/ml for symptomatic individuals or to 20ng/ml 
for those without symptoms. For the patients whose PSA level dropped to 
<80% of the initial value, therapy was restarted when the PSA level rose to 
20% above the nadir value. After a median follow-up of 51 months, time 
to progression was just slightly but not signi!cantly longer in CAD as com-
pared with IAD (P=0.11). There was also no bene!t using CAB for overall 
survival and QoL as compared with IAD, even there were more common 
side effects in patients undergoing continuous androgen deprivation. In ad-
dition, IAD was associated with a clear bene!t for improved sexual function 
[45]. Although EAU guideline does not recommend IAD in the routine clini-
cal practice, it is likely that IAD will be entered the guidelines after approval 
of its bene!ts in the following trials.
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Currently, there is no con!rmed approach to increase the duration of off-
treatment period in IAD. There are two possible agents including COX-2 
inhibitor and anti-angiogenic drugs that might be used in the future. 

In a preliminary study by Di Silverio et al., the use of etoricoxib, a COX-2 
inhibitor, in the off-treatment phases of IAD in patients with biochemical 
progression after radical prostatectomy has been shown to signi!cantly in-
crease the off-treatment duration [46].

In a double-blind randomized crossover study, thalidomide was used as 
an anti-angiogenic agent in patients with relapsing after local treatment of 
prostate cancer. It was reported that thalidomide could be effective to pro-
long the PSA-progression-free period in men undergoing IAD [47]. Further 
studies are needed to con!rm the ef!cacy of these agents even with tolerable 
dosage to prolong the off-treatment phase. 

Recommendations: 
There are no optimal thresholds at which ADT must be stopped or resumed 
but empirical. EAU recommends that IAD could be widely offered to pa-
tients with PCa in various clinical settings, and its status should no longer 
be regarded as investigational (level of evidence: 2). The best candidates for 
IAD have still not been completely described, but are probably patients with 
locally advanced or relapsing disease.

Several points should be kept in mind based on EAU guideline:

The underlying mechanism of IAD is intermittent castration. Accordingly, 
only drugs that are considered in medical castration should be used. 

It is unclear if an LHRH agonist may be used alone, as published experi-
ences are based on CAB. The LHRH antagonist might be an alternative, 
provided clear results are obtained from randomized trials.

The initial (induction) cycle must last between 6 and 9 months, otherwise 
testosterone recovery is unlikely.

Timing of stopping the treatment should be considered when all of these 
criteria are met; a well-informed and compliant patient with no clinical 

progression, i.e. a clear PSA response, empirically de!ned as a PSA < 4ng/
mL in metastatic disease, or 0.5ng/mL in relapsing disease.

Strict follow-up must be applied when the treatment has stopped and 
clinical examination should be performed every 3-6 months (the more ad-
vanced the disease, the closer the follow-up visits). Serum PSA should be 
measured concurrently and it should be measure in the same laboratory to 
make sure about the standardization of PSA testing.

Resuming the treatment should be considered when either clinical progres-
sion of disease occurs, or a PSA value above a predetermined, empirically 
!xed threshold (usually 4ng/mL in non-metastatic situations, or 10-15ng/
mL in metastatic patients) is detected.

The same treatment is used for at least 3-6 months. 

ubsequent cycles of treatment are performed based on the same rules until 
the !rst sign of hormone-refractory prostate cancer is detected.

6.4 Immediate versus delayed ADT
Literature is still limited by the scarce evidence and lack of appropriately 
designed randomized trials on the optimal and suitable time of initiation of 
hormonal treatment in locally advanced and asymptomatic metastatic PCa. 
Furthermore, different studies are heterogeneous for the stages of the in-
volved patients (e.g. locally advanced, nodal disease, metastatic), hormonal 
treatment regimen, follow up schedules, and response evaluation methods. 
Thus, one could not strongly decide to whether immediately start the treat-
ment or delay the treatment until the disease would be clinically progressed.

Recommendations:
Concomitant and/or adjuvant ADT in patients with locally or regionally 
advanced PCa who are candidates of radiotherapy might be bene!cial with 
regard to delay disease progression and/or prolong overall survival (level of 
evidence: 1b).

Evidence:
Granfors and collegues compared the combination of orchiectomy and ra-
diotherapy with radiotherapy alone for treatment of patients with clinically 
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localized PCa (T1-4, N0-3, M0). Those who were randomized for radio-
therapy alone took androgen suppression therapy at the time of disease pro-
gression. They reported bene!t for early ADT regarding overall survival and 
marginally signi!cant advantage for cancer-speci!c mortality. The superior-
ity of early ADT was mostly detected in patients with lymph node positive 
tumors [48].

Radiation Therapy Oncology Group (RTOG) trial 85-31 was a phase III 
study started in 1987. Updated results on the long-term ef!cacy of adjuvant 
goserelin in patients undergoing radiotherapy were published in 2001. They 
found the advantage of early ADT for local control of tumor, freedom from 
distant metastasis, and disease-free survival. However, what argue against 
the superiority of early ADT are no bene!ts for overall and cancer-speci!c 
survival in all but high Gleason score (8-10) tumors [49]. 

In another study, additional effects of LHRH-agonist (goserelin) to improve 
disease-free and overall survival was shown in patients with locally ad-
vanced disease (T3-4 N0-1 M0) [50].

Recommendations: 
According to the latest guideline by American Society of Clinical Oncology 
(ASCO), there is no speci!c recommendation in patients with metastatic, 
recurrent, progressive androgen-sensitive disease [29].

6.4.1 In combination with radical prostatectomy:
There is no clear recommendation for the effect of immediate ADT either as 
primary hormonal therapy or adjuvant therapy with radical prostatectomy 
but it might be bene!cial.

Evidence:
Pre-PSA era: A systematic review prepared in Cochrane library showing 
the bene!t of early ADT in overall survival which was only signi!cant at 
10 years but with small risk reduction of 5.5%; however, cancer-speci!c 
mortality was not signi!cantly different. Progression-free survival was 
prolonged with early intervention in all studies, but progression free status 
was no uniformly de!ned [51]. 

PSA era: European Organization for Research and Treatment of Cancer 
(EORTC) trial 30891 studied the possible bene!cial effect of early ADT 
in patients with newly diagnosed prostate cancer (T0-4 N0-2 M0). They 
found similar results to those of pre-PSA era [52]. 

6.4.2 In patients with N+ tumor
There has been no change in the 2010 update of EAU guideline as com-
pared with 2008 version on indication of hormonal therapy in N+ tumors 
after radical prostatectomy. Thus, immediate castration is recommended to 
prolong progression-free survival and overall survival (level of evidence 1b). 
However, it is not clearly indicated in patients with single micrometastasis 
in lymph node following extended pelvic lymph node dissection and radical 
prostatectomy (level of evidence 3).

Evidence:
Messing et al., compared the immediate and deferred ADT in patients with 
lymph node metastases who underwent radical prostatectomy and pelvic 
lymph node dissection. Immediate ADT was bene!cial as compared with 
delayed treatment for lower numbers of all-cause and cancer-related death, 
and higher progression-free survival. This was the main study that supports 
the application of immediate ADT in patients with N+ tumors [53] .
There are con"icting results with a large study. They used data from the 
Surveillance, Epidemiology and End Results (SEER)-Medicare database, a 
population-based cancer registry, to evaluate the advantage of immediate 
versus delayed ADT in patients with regional lymph-node positive disease. 
Study period was in the PSA era. They entered a total of 731 patients to the 
analysis. Initially, adjuvant ADT was de!ned when treatment started within 
120 days of radical prostatectomy. There was no signi!cant difference in 
overall survival between the adjuvant ADT and non-ADT group. Subse-
quently, they used other de!nitions of adjuvant ADT including 90, 150, 
180 and 365 days of the surgery. There was still no signi!cant difference 
for overall survival with ADT. There was no difference in disease–speci!c 
survival using 90, 150 and 180 days; however, when hormonal therapy was 
performed within 365 days of surgery, it was associated with higher risk of 
cancer–speci!c death as compared with non-ADT group [54].
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COST-EFFECTIVENESS OF HORMONAL THERAPY OPTIONS 

Recommendations:
EAU suggested surgical castration (bilateral orchiectomy) as the most cost-
effective type of androgen suppression therapy, particularly in patients who 
are treated with ADT in symptomatic metastatic disease (level of evidence 3).
Furthermore, IAD may be used to decrease the cost of treatment in patients 
undergoing ADT who have a clear response to treatment.

Evidence:
Bayoumi et al. designed a meta-analysis on the cost-effectiveness of various 
types of ADT in advanced PCa [55]. They constructed a complex model for 
decision analysis. The base case was assumed to be a 65-year-old man with 
a clinically evident, local recurrence of PCa and no distant metastases, who 
was treated with a de!nitive therapeutic option at the time of diagnosis 
with either radiotherapy or radical prostatectomy. They considered a soci-
etal perspective and a time horizon of 20 years for the base case.

Six ADT option including DES, orchiectomy, nonsteroidal antiandrogen 
(NSAA), LHRH agonist, and combinations therapy of an NSAA with an 
LHRH agonist or orchiectomy were compared for several outcome meas-
ures. Outcome measures included survival, quality-adjusted life years (QA-
LYs), lifetime costs, and incremental cost-effectiveness ratios.

Bilateral orchiectomy was suggested as the most cost-effective kind of ADT 
resulted in higher QALYs, while the least expensive but with lowest QALYs 
was associated with DES therapy (4.6 years). Other options using LHRH 
agonists or NSAA were associated with higher cost of treatment but lower 
QALYs than orchiectomy. 

They have suggested that orchiectomy should be initially offered to the pa-
tient and in those who decline this type of ADT, an NSAA such as niluta-
mide with a cost-effectiveness ratio relative to DES of less than $50,000/
QALY might be the second option of hormonal therapy.

It was evident that androgen suppression might be most cost-effective when 
administered in patients with later stages of disease with symptomatic me-
tastases. Authors have also questioned the extensive use of expensive ADT 

options for patients with advanced disease and the initiation of such treat-
ment in patients with just biochemical-recurrence of disease.

EVALUATIONS AND MANAGEMENT IN ADT

There has been recently a science advisory from the American Heart Asso-
ciation, American Cancer Society, and American Urological Association on 
the evaluation and management of patients in whom ADT is initiated [56].

Some metabolic derangements and cardiovascular complications may occur 
as a result of hormonal therapy. Thus, this writing group prepared some 
recommendations. Referring physicians should provide the primary care 
providers with side effects of ADT. Initial evaluation for blood pressure, 
lipid pro!le, and glucose level should be performed with 3-6 months of the 
initiation of ADT [56].

There are no con!rmed data on the suitable intervals for future follow up 
visits. The decision for the frequency of visits and evaluations depends on 
the judgment of the physician. However, more frequent follow up visits of at 
least yearly might be suggested in patients undergoing long-term ADT [56].

Based on the consensus of this writing group, the decision about the start of 
ADT in patient with cardiovascular disease should be made by the physician 
treating the patient with prostate cancer [56].
Thus, referring the patient for the further evaluation by internists, endo-
crinologists, or cardiologists is not necessary [56].

It is recommended that prescribing physician should compare and weigh the 
bene!ts of ADT and potential risks of cardiovascular disease particularly in 
patients with known history of cardiovascular problems [56]. 
There might be some cardiovascular events, but there is no approved data 
on the ef!cacy and indication of interventions before initiation of treatment 
to decrease the risk of this side effect.

It would be rationale to patients with known cardiac disease take secondary 
preventive measures as recommended by the American Heart Association 
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and other expert organizations; lower low density lipoprotein level to 70 
to 100mg/dL using statins, lower blood pressure to 130–140/80 – 90 mm 
Hg (depending on the comorbidities), and reduce glucose and glycosylated 
hemoglobin levels using glucose-lowering agents to recommended levels in 
patients with diabetes mellitus [57-58].

Taking aspiring (81mg/d) is recommended in all patients with cardiovascu-
lar disease unless there is a strong contraindication [57].

Future and ongoing studies might be useful to design a guideline based on 
more strong evidence on the cardiovascular side effects of ADT and avail-
able preventive options or development of novel products with less cardiac 
side effects. 
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Despite extensive progress in the management of prostate cancer, predict-
ing outcomes is still extremely dif!cult for most patients, given the variable 
natural history of the disease. For many patients, this long-term uncertainty, 
combined with the fear of dying or suffering from the disease, has led to 
an increasing use of complementary and alternative therapies. Moreover, 
in the last decade there has been an avalanche of information from a va-
riety of sources, including the Internet, media, government agencies, and 
support groups. One of the reasons to evaluate complementary therapies 
is the possibility that at least some of them may be responsible for interna-
tionally wide variations in the prevalence of and mortality from prostate 
cancer [1]. In addition to standard treatments, complementary therapies are 
increasingly being used by cancer patients in an effort to alleviate cancer 
symptoms as well as improving their overall wellbeing and quality of life. 
As opposed to alternative therapies, which are used in place of conven-
tional treatment, complementary therapies are utilized in conjunction with 
standard treatments and consist of noninvasive therapies. Complementary 
therapies include massage therapy, acupuncture, mind-body therapies, mu-
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sic therapy, physical exercise, and herb and botanical use [2]. Alternative 
medical therapies are used in place of conventional medicine and include 
homeopathic and naturopathic medicine. Clinicians and patients often use 
the terms ‘complementary’ and ‘alternative’ interchangeably. Some agents, 
particularly vitamins, dietary supplements and botanical preparations are 
used in both contexts.

Eisenberg and colleagues [3-4] demonstrated a 30% increase in the use of 
alternative therapies and a 47% increase in the total number of visits to al-
ternative medicine practitioners in America between 1990 and 1997. In the 
UK, the use of complementary and alternative therapies for the treatment 
and prevention of diseases in all branches of medicine is also becoming 
more popular [5-6]. A review article showed a range of prevalence of use of 
complementary and alternative medicine (CAM) in cancer-patient popula-
tions of 6 to 61% [7]. 

Of the many cancers that affect the population, prostate cancer shows sev-
eral attributes that provide attractive intervention points for the application 
of CAMs. The disease is extremely common with more than 220,000 new 
cases diagnosed annually in the United States alone and these numbers are 
projected to increase annually as the ageing population expands. Although 
speci!c initiating factors are poorly understood, family history, race and diet 
are well-documented contributors to risk. Caucasian and African–American 
men in the United States have a prostate cancer incidence that is 5–50 times 
greater than that of Japanese men residing in Japan, and the incidence of 
prostate cancer in Japanese immigrants to the United States is four times 
that of their native Japanese counterparts. This marked racial and cultural 
disparity indicates that dietary factors might affect cancer growth [8].

ANDROGEN DEPRIVATION THERAPY  
AND COMPLEMENTARY THERAPY

The goal in androgen deprivation therapy (ADT) or androgen suppression 
therapy is to reduce levels of the male hormones, called androgens, in the 
body. The main androgens are testosterone and dihydrotestosterone (DHT). 
Androgens, produced mainly in the testicles, stimulate prostate cancer cells 

to grow. Lowering androgen levels often makes prostate cancers shrink or 
grow more slowly. However, hormone therapy does not cure prostate can-
cer. All type of ADT cause side effects due to changes in the levels of hor-
mones such as testosterone and estrogen. These side effects can include: Re-
duced or absent libido (sexual desire), impotence, hot "ashes (these may get 
better or even go away with time), breast tenderness and growth of breast 
tissue, osteoporosis (bone thinning), which can lead to broken bones, ane-
mia (low red blood cell counts), decreased mental acuity (sharpness), loss 
of muscle mass, weight gain, fatigue, increased cholesterol and depression. 
A variety of bene!cial lifestyle changes and over-the-counter agents may 
have an enormous impact on men’s health during androgen deprivation. 
Calcium and vitamin D supplements, aerobic and resistance exercise, cho-
lesterol awareness and reduction, weight loss, stop smoking, cardiovascular 
evaluation, cerebral training and other individual changes could have an 
enormous impact on the quality and quantity of a man’s life (Table1).

Table 1: What to do in complementary therapy?

EXERCISE AND WEIGHT MANAGEMENT

Physical activity as a supportive care intervention, in terms of improving 
physical and psychological health, has shown promising results in prostate 
cancer survivors [9-10]. Physical activity for at least 30 minutes per day 
and to lift weights or perform resistance exercises several times in week has 
positive effect on ADT side effect. Aerobic and resistance exercise should be 
emphasized equally and cause minimizing bone loss in all patients [11]. Also 
weight bearing exercises will improve muscle mass, strength and balance if 
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performed at least 3 times per week. Patients should not begin any weight 
lifting program without the approvals of their doctor because some men 
who have bone metastasis, for example, may not be good candidates for a 
weight lifting program since it could theoretically increase the risk of a frac-
ture. Otherwise, most other men should consider lifting weights. It should 
also be noted that at least 30 minutes of exercise a day needs to be empha-
sized as much as weight lifting because this can reduce the risk of weight 
gain and reduce insulin resistance that seems to be prevalent in men because 
of ADT [12-13]. Positive energy balance (i.e., calorie intake exceeds calories 
expended) and negative energy balance (i.e., calorie expenditure exceeds 
calorie intake) are dual concerns in cancer populations. Moderate energy 
de!cits of up to 1,000kcal (4184kJ) a day can be achieved by concomitantly 
increasing energy expenditure (via exercise) and reducing energy intake. En-
ergy restriction can be achieved by reducing the energy density of the diet 
by substituting low-energy density foods (e.g., water rich vegetables, fruits, 
cooked whole grains, and soups) for foods that are higher in energy [14-15].

DIET AND NUTRITION

In cancer treatment, it is important to follow a healthy diet that will nourish 
and strengthen the body. The nutrition guidelines during treatment include: 
Eating plenty of lean protein (!sh, chicken, turkey, low fat dairy foods and 
legumes) , emphasize the “healthier” fats (olive oil, canola oil, nuts, avo-
cado) , eat whole grain foods (brown rice, whole wheat bread), as well as 
lots of fruits and vegetables, drink plenty of water and or other decaffein-
ated "uids.

VITAMIN E

The anti-carcinogenic activity of vitamin E is attributed in large part to its 
potent antioxidant activity - it is the major hydrophobic chain-breaking 
antioxidant that protects membrane lipids from oxidation. In addition, vi-
tamin E has several important non-antioxidant functions, including inhi-
bition of protein kinase C (PKC) activity, which plays an important role 

in proliferation, adhesion, immune response, free radical production, and 
gene expression. Vitamin E also appears to interfere with hormone sign-
aling, which is particularly relevant to prostate carcinogenesis. Vitamin E 
may have a potential bene!t for some patients with prostate cancer, but the 
overall negative potential health impact of taking higher doses (>400IU) of 
vitamin E should be highlighted as a concern and getting a low-dose of vi-
tamin E (50IU) or less from a multivitamin is probably the safest approach 
at this time [11].

Other research indicates that obtaining vitamin E with higher levels of gam-
ma-tocopherol maybe even more essential than just alpha tocopherol. There 
are two families of vitamin E: tocopherols and tocotrienols. There are 4 
subtypes for each: alpha, beta, gamma, and delta. So, we have alpha toco-
pherol, gamma tocopherols, delta tocopherols and beta tocopherols and the 
same with the tocotrienols. Gamma-tocopherol is a form of vitamin E that is 
lacking in almost all commercial vitamin E supplements. When high doses of 
alpha-tocopherol vitamin E are consumed, it removes the critically impor-
tant gamma-tocopherol in the cells. While alpha-tocopherol inhibits the pro-
duction of free radicals, it is the gamma-tocopherol form of vitamin E that 
is required to trap and neutralize free radicals. In a study published in the 
Proceedings of the National Academy of Sciences [16], researchers reported 
that it could be dangerous to take high levels of alpha-tocopherol vitamin 
E without also consuming gamma-tocopherol. The reason for this !nding 
seems to be that too much alpha-tocopherol could deprive the cells of the 
gamma form of vitamin E that is needed to neutralize existing oxidizing 
agents such as the peroxynitrite radical, which can be especially damaging.

In a 10,456 men study at the prestigious Johns Hopkins School of Public 
Health, men who had the highest blood levels of gamma-tocopherol were 
!ve times less likely to get prostate cancer [17].  In addition to the !nd-
ing that higher levels of gamma-tocopherol signi!cantly reduced prostate 
cancer risk, the study also showed that selenium and alpha-tocopherol also 
reduced prostate cancer incidence, but only when gamma-tocopherol levels 
are high [17].

The most provocative study found that men with the highest plasma gam-
ma-tocopherol concentrations had a highly signi!cant !ve-fold lower risk 
of prostate cancer compared with men in the lowest quintile (lowest 20%) 
[18]. This effect was not signi!cant for plasma alpha-tocopherol concentra-
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tions. Other researchers have also found that gamma-tocopherol offers a 
protective effect against prostate cancer [19-21].

VITAMIN D AND CALCIUM

Men on ADT treatment generally need to get a total daily intake of 1200-
1500mg calcium and 800-2000 IU vitamin D from food or supplements es-
pecially for men >65 years of age, regardless if the patient is on drug therapy 
for bone health or not [22]. Some men need more calcium and vitamin D, 
and others need less, depending on the results of their bone density and 
laboratory tests. Ideally, keeping a weekly food/beverage intake diary can 
help determine how much calcium one is getting from his diet. Target serum 
level of 25-hydroxy vitamin D should be more than 35ng/ml [22]. Calcium 
supplements should be taken in divided doses because the human body gen-
erally absorbs approximately 500mg of elemental calcium at a time. Check 
for the amount of “elemental calcium” in each tablet because this is the 
form of calcium that is absorbed and actually counted for the required daily 
calcium intake for women and men [11].

FAT

Diets that are high in fat, especially saturated fats (such as red meats, proc-
essed meats and whole fat dairy foods) increase the risk of prostate cancer, 
although the reason is still unclear. Patients should not eliminate all fats 
from diet. Body needs fat to maintain healthy functions. Fat intake should 
be limited to 20% to 30% of total calories which is about 45gm to 75gm 
of fat for a 2000 calorie diet. Lean protein foods such as poultry, !sh, nuts 
and seeds in moderation should be chosen. It is very dif!cult to follow a 
very low fat diet that has less than 20% of total calories from fat unless in 
vegetarians.  Regular evaluation of serum lipid pro!le is important in ADT 
side effects management. The recommended values for serum lipid pro!le in 
ADT are: Total cholesterol < 200mg/dl, low-density lipoprotein <70mg/dl, 
high-density lipoprotein >60mg/dl and triglyceride <150mg/dl. It has been 
recommended replacing saturated, trans-fatty acids, and even cholesterol 
with unsaturated fat [11].

VEGETABLES AND FRUITS

Vegetables and fruits have high concentrations of various phytochemicals, 
antioxidants, and !ber, and are therefore promoted not only in healthy 
populations for the prevention of cancer, but also in cancer survivors. In 
a review [11] of ten observational studies assessing the relation between 
intakes of vegetables and fruit (or nutrients indicative of those foods) and 
risk of cancer recurrence, the evidence has been shown to be mixed. Half 
the studies noted a protective effect of fruits and vegetables, or speci!c items 
such as tomato sauce, whereas the remaining studies found no associations 
[14, 23-24]. 10–25g/d of !ber, especially viscous !ber, can come from a 
number of products and could reduce the risk of a number of health con-
ditions. The consumption of 25g/d of soy protein and 1–3 tablespoons of 
ground "axseed/d may improve lipid pro!les and reduce the risk of numer-
ous health conditions [11].

CONCLUSION

The popularity of CAM (Complementary and alternative medicine) will 
continue to grow in androgen deprivation therapy (ADT). Accountability 
and responsibility are required of both the practitioner and patient. Health 
care providers should disclose all pertinent information regarding their 
knowledge of speci!c CAM therapies to their patients. In turn, patients 
should use this information to make informed decisions and seek quali!ed 
CAM providers. As health care providers, when we discuss use of CAM 
with patients, we must be careful not to overstep our level of expertise. If we 
are unsure about an area of CAM, we should state so rather than provide 
an opinion or misinformation. One should stress that testimonials are not a 
representation of adequate evidence to support whether a modality of treat-
ment works. We should admit that what is currently offered in conventional 
medicine for the treatment of prostate cancer may not be perfect, and that 
alternative approaches “may” have bene!ts of which we are not fully aware. 
By structuring the discussion in an open and honest atmosphere, we will 
convey to our patients that their well-being is our primary concern.
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