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According to NICE, prostate cancer con-
stitutes about 25% of new diagnoses
of malignant cancer in men in England
and Wales.1 The largest single area of
spending on cancer drugs is on hor-
monal therapy, accounting for about
40% of the £292 million total. This arti-
cle focuses on a novel hormonal treat-
ment for prostate cancer, degarelix. 

Prostate cancer is now the most
frequently diagnosed cancer in
European and American men.2,3

In the UK, prostate cancer accounts
for around one-quarter of all new
male cancer diagnoses1,4 and the 
incidence appears to be increasing.4

Prostate cancer incidence rates
increase steeply with age.1 In Europe,
prostate cancer mortality has inc-
reased by about 16% since 1995,1

largely as a result of the rapid rise in
the ageing male population.

Prostatic epithelial cells depend
on androgens for proliferation, dif-
ferentiation and function, and the
androgen, testosterone, is essential
for prostatic tumour cell prolifera-
tion and survival. Most of the andro-
gens originate from the testes (only
around 5–10% are derived from
adrenal biosynthesis). Testicular
testosterone secretion is regulated by
the hypothalamic-pituitary-gonadal
axis (Figure 1). The hypothalamic
gonadotrophin-releasing hormone
(GnRH) stimulates the anterior pitu-
itary gland to release luteinising hor-
mone (LH) and follicle-stimulating

hormone (FSH), which stimulate
testosterone release from the testes.
Testosterone, in turn, stimulates
prostate cancer cell proliferation via
the action of its active metabolite, dihy-
drotestosterone, on androgen recep-
tors in the prostate cells; circulating
testosterone exerts a negative feedback
control on hypothalamic LH secretion.

If prostate cells are deprived 
of androgenic stimulation, they
undergo apoptosis. Thus suppression
of androgen action forms the basis 
of androgen deprivation therapy
(ADT).5 In advanced disease, the
mainstay of treatment is ADT, which
can provide effective palliation.6

CURRENT OPTIONS FOR TESTOSTERONE

REDUCTION IN PROSTATE CANCER

Since the advent of ADT in 1941,7

the gold-standard therapy has been

surgical castration (orchidectomy).
However, because of the irreversibil-
ity and negative psychological effect
of orchidectomy, medical castration
with GnRH agonists has become the
standard of care in the hormonal
therapy of advanced prostate cancer.5

Current therapy
GnRH agonists act by stimulating the
natural GnRH receptors in cells of
the anterior pituitary gland. Constant
exposure to such high-affinity stimu-
lation in the therapeutic context
results in downregulation of pituitary
receptors, inhibition of FSH and LH
release, and a concurrent reduction
in testosterone production.8 Rand-
omised trials suggest that, as a class,
GnRH agonists are similar to orchid-
ectomy for the treatment of metasta-
tic prostate cancer, in terms of patient
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Degarelix: a new hormonal
treatment for prostate cancer

Figure 1. Regulation of testosterone secretion by the hypothalamic-pituitary-gonadal axis. GnRH,

gonadotrophin-releasing hormone; FSH, follicle-stimulating hormone; LH, luteinising hormone.
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survival.9 For example, in a multi-
centre, randomised trial in the UK
and Ireland in patients with previ-
ously untreated metastatic prostate
cancer, there was no difference in
overall survival between the GnRH
analogue, goserelin, and orchidec-
tomy at a median follow-up of two
years.10 However, while GnRH ago-
nists have the desired clinical effect
in terms of castration, they stimu-
late testosterone production before
shutting it down. The initial testos-
terone surge can result in a transient
increase (flare) in prostate cancer
growth and in some patients can
lead to a worsening of symptoms
attributable to rapid cancer growth,
such as bone pain and urinary
obstruction, known as the flare 
phenomenon.8,11 For this reason,
patients beginning GnRH agonist
therapy are generally also treated
with short-term (eg three weeks’
duration) oral anti-androgen ther-
apy to prevent flare. However, it is
less well known that patients may also
experience additional surges in
testosterone level during long-term
treatment upon re-administration 
of GnRH agonists (acute-on-chronic
flare response or microsurge); test-
osterone surges may also occur at 
any time during treatment (break-
through response).12

Breakthrough increases of
serum testosterone in medically
castrated patients with prostate can-
cer could have clinical implications
regarding prostate-specific antigen
(PSA) progression. In one study,
patients with breakthrough increases
in testosterone of >32ng/dL had a
significantly shorter survival free of
androgen-independent progression
than patients without these events
(Figure 2).13 Conversely, there is 
evidence suggesting that inter-
mittent ADT may offer equivalent
efficacy to continuous ADT,14 and
this may be a complex issue.

Moreover, several conventional
GnRH agonists do not achieve 
castrate levels of testosterone (defined
as 50ng/dL) in 1–12.5% of patients
or fail to achieve levels comparable to
orchidectomy (20ng/dL) in 13–40%
of patients.15–18 Furthermore, serum
levels of testosterone are rapidly
reduced by orchidectomy with cas-
trate levels of testosterone occurring
after about 2.5 hours.19 In contrast,
with GnRH agonists, castration is
delayed, with lower testosterone 
levels only achieved 2–4 weeks after
the initial injection.20

GNRH BLOCKERS

GnRH blockers are a new class of hor-
monal agents that occupy GnRH
receptor sites without activation, 
producing an immediate and pro-
nounced suppression of testosterone
without an initial surge.21 However,
some GnRH antagonists have been
associated with serious histamine-
mediated side-effects5 due to excess
histamine release from mast cells.
Abarelix, the first antagonist to
undergo clinical development, was
associated with an increased risk of

immediate-onset systemic allergic
reactions22 and was withdrawn 
voluntarily in the USA in 2005. 

DEGARELIX

Degarelix is a new GnRH blocker, 
due to be launched in the UK in 2009. 
This article reviews the properties of
degarelix and the evidence supporting
its use in patients with prostate cancer. 

Pharmacology/mode of action
GnRH blockers, such as degarelix,
inhibit the production of testos-
terone in men by directly and com-
petitively blocking pituitary GnRH
receptors. This blockade directly 
suppresses the secretion of LH and
FSH and thereby reduces the produc-
tion of testosterone by the testes. 

Degarelix is the product of a 
targeted peptide development pro-
gramme; its biochemical structure
comprises a synthetic linear deca-
peptide amide modelled on normal
human GnRH. During development,
structural modifications were intro-
duced with the aim of reducing the
agent’s histamine-releasing potential,
while maintaining or increasing drug
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Figure 2. Survival free of androgen-independent progression analysis according to serum testosterone

behaviour in relation to lowest castrate threshold established at 32ng/dL. Group 1, patients with all three

serum testosterone determinations <32ng/dL. Group 2, patients with breakthrough increases >32ng/dL.
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potency. Moreover, degarelix is water-
soluble and, upon subcutaneous (sc)
administration, forms a unique gel-
like depot without any additional
vehicle being present. This results in
a sustained release of the compound
into the circulation,23 ensuring that 
a long-lasting clinical effect is 
maintained.

In animal studies, degarelix pro-
duced rapid, long-lasting and dose-
dependent suppression of the pit-
uitary gonadal axis as revealed by the
decrease in plasma LH and testos-
terone levels.24 In a rat model of
prostate cancer, degarelix suppressed
testosterone to castrate levels within
two days and maintained such levels
throughout the study. In this model,
degarelix also showed similar control
of tumour volume compared to surgi-
cal castration.23 In a study on rat peri-
toneal mast cells, degarelix displayed
only weak histamine-releasing proper-
ties, and of the antagonists tested 
(Nal-Glu, cetrorelix, ganirelix, azaline
B and abarelix), it possessed the low-
est propensity to release histamine.24

In healthy volunteers, degarelix
rapidly reduces levels of LH, and
there is a rapid reduction of testos-
terone to castrate levels.25 The half-
life of degarelix is substantially longer
after sc and intramuscular (im)
administration than after intravenous
(iv) injection, due to depot formation
in body tissues (gel depot formation
with iv administration was avoided by
the use of microgram doses).

Efficacy 
Two open-label, randomised, dose-
finding phase II trials conducted 
in Europe26 and North America27

established the doses of degarelix to
be used in phase III of clinical devel-
opment. In the North American
study, 127 patients received an initial
dose of 200mg followed by monthly
maintenance doses of 60 or 80mg. In
the European study, 187 patients

received an initial dose of either 200
or 240mg followed by monthly main-
tenance doses of 80, 120 or 160mg.
Both studies showed that degarelix
induced fast, profound and sustained
testosterone and PSA suppression in
prostate cancer patients, without evi-
dence of testosterone surge or clinical
flare. From these studies, 240mg was
established as the most effective induc-
tion dose of degarelix and 80 and
160mg as the most suitable mainte-
nance doses. These doses were further
investigated in the phase III setting.

Phase III study
A pivotal, randomised controlled
phase III trial showed that degarelix
(starting dose of 240mg and monthly
maintenance doses of 80 or 160mg)
was as effective as the GnRH agonist
leuprolide (standard monthly 7.5mg
dose) in maintaining low testosterone
levels (0.5ng/mL) over a one-year
treatment period.28 The trial involved
610 prostate cancer patients (any
stage; median age 72 years) requiring
ADT. Degarelix was administered by
sc injection and leuprolide by im
injection.

Both degarelix doses were as effec-
tive as leuprolide at inducing and 

sustaining testosterone suppression to
castrate levels (0.5ng/mL) through-
out the one-year study (Figure 3). The
degarelix regimens of 240/80 and
240/160mg achieved a more rapid
reduction of testosterone than leupro-
lide (Figure 4). Thus, with degarelix,
median testosterone level was reduced
by >90% by day three, compared with
a 65% increase in the median testos-
terone level in the leuprolide group.
Indeed, median testosterone levels in
the leuprolide group were above 
castrate levels (>0.5ng/mL) until the
measurements on day 28.

In the leuprolide group, the anti-
androgen, bicalutamide, could be
administered at the start of treatment
for clinical flare protection at the 
discretion of the investigator. A surge
in testosterone (defined as a testos-
terone increase of ≥15% from base-
line, on any two days during the first
two weeks) occurred in 81% of
patients receiving leuprolide alone
and in 74% of those receiving leupro-
lide plus antiandrogen (11% of all
leuprolide patients received con-
comitant bicalutamide). Testosterone
increases of >0.25ng/mL (micro-
surges) occurred in eight patients
(4%) in the leuprolide group, with
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Figure 3. Median (quartile) serum testosterone levels over time with degarelix or leuprolide (dotted

line represents typical castrate level of testosterone)28
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testosterone breakthrough (>0.5ng/
mL) occurring in four of these
patients (2%). Neither dosing sched-
ule of degarelix induced testosterone
surge or microsurge, both of which
were seen with leuprolide. 

The steady decrease in PSA levels
in all treatment groups during the
one-year study provided biochemical
evidence of clinical response. How-
ever, degarelix was associated with a
more rapid reduction in PSA levels
than leuprolide (Figure 5). Degarelix
reduced PSA levels at day 14 (by 64%
with degarelix 240/80mg, 65% with
degarelix 240/160mg) and day 28
(85% and 83%, respectively) to a sig-
nificantly greater extent than leupro-
lide (reductions of 18% and 68% after
14 and 28 days, respectively; both
p<0.001). PSA suppression was main-
tained throughout the study. Dega-
relix monotherapy also provided a
similar PSA decrease to that achieved
with leuprolide plus antiandrogen for
flare protection. The incidence of 
PSA failure (PSA increase ≥50% from
nadir and ≥5ng/mL on two consecu-
tive occasions at least two weeks apart)
was 14.1% with leuprolide versus 8.9%
with degarelix 240/80mg and 14.2%
with degarelix 240/160mg.

Tolerability
In a worldwide clinical development
programme that started in 1996,
degarelix has been administered 
to over 2000 patients29 including
patients with prostate cancer in two
phase II and one phase III trials26–28

with no reported cases of immediate-
onset systemic allergic reactions, to
date. The most frequently reported
side-effect associated with degarelix
therapy is hot flushes, an expected
androgen withdrawal symptom. Other
common adverse events reported in
these clinical trials of degarelix
included fatigue, back pain, arthral-
gia and urinary tract infection.

In the pivotal phase III trial, there
was a higher incidence of injection-
site reactions with degarelix com-
pared with leuprolide (40% versus
<1%; p<0.001, respectively); resulting
in discontinuation in  about 1% of
the patients receiving degarelix.
These reactions occurred predomi-
nantly after the first injection (33%
of starting-dose injections versus 4%
of maintenance-dose injections) and
were mostly of mild-to-moderate
intensity. The difference in incidence
of injection-site reactions might
be due to the different routes of 

administration (sc versus im) and
the injection volume. Local injection-
site reactions have previously been
reported with GnRH agonists when
given sc.30,31

POTENTIAL USE IN PRACTICE/PLACE IN THERAPY

Degarelix represents a new effective
therapy for inducing and maintain-
ing androgen deprivation in patients
with prostate cancer. It binds directly
to and blocks GnRH receptors 
offering a simpler more direct 
mechanism of action compared with
GnRH agonists and one that may 
better mimic orchidectomy. The
implications of testosterone micro-
surges and testosterone breakthrough,
both characteristic of GnRH agonist
therapy but absent with degarelix,
merit further investigation, especially
as the significance of extremely low
levels of androgen in patients with
prostate cancer is becoming better
understood.

When administered in the clinic,
degarelix forms a unique sustained-
release depot that allows a steady and
controlled release of the drug into the
circulation and ensures a long-lasting
clinical effect. Degarelix produces a
rapid, profound and sustained reduc-
tion in serum testosterone and PSA
without the initial stimulation seen
with GnRH agonists and with no evi-
dence of systemic allergic reactions.
Its immediate onset of action achieves
a faster control of testosterone and
PSA levels than GnRH agonists such
as leuprolide. Moreover, the absence
of testosterone surge with degarelix
allows degarelix monotherapy to
achieve PSA suppression without the
need for concomitant antiandrogen
for flare protection. The absence of
testosterone microsurges after repeated
administration of degarelix may trans-
late to longer-term benefits through
effective testosterone control.13

Marketing authorisation for a
degarelix 240mg starting dose and an
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Figure 4. Median serum testosterone during the first month of treatment with degarelix or 

leuprolide28
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80mg monthly maintenance dose is
expected in early 2009 from both
European and US regulatory agen-
cies. Further direct comparisons of
degarelix and GnRH agonists in ran-
domised controlled trials will establish
the optimal approach to the long-
term management of prostate cancer
and the role of degarelix in treatment.
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Figure 5. Median percentage change in PSA levels in patients treated with degarelix and leuprolide

during the first two months of treatment28
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