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Analogues of the gonadotropin releasing hormone
(GnRH) inhibit the hypothalamic-pituitary-gonadal
axis. This has provided treatment modalities for
advanced and metastatic prostate cancer. The latest
group of analogues, the GnRH antagonists, make
promising treatments available that avoid the transient
surge in testosterone that occurs with the use of GnRH
agonists. Such surges may stimulate tumor growth,
causing patients to experience new or worsening

cancer symptoms and potential serious adverse effects,
including increased bone pain, urinary retention, and
spinal cord compression and consequently delay the
therapeutic benefits of agonist therapy. Degarelix, an
antagonist, recently approved in the United States and
Europe, achieves faster, more profound and sustained
testosterone suppression and with fewer adverse effects
when compared with agonists and other antagonists.
This review discusses and compares the compounds
degarelix, abarelix, and cetrorelix.
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Introduction

According to the Canadian Cancer Society, there will
be an estimated 25500 new cases of prostate cancer
in Canada in 2009, or 28.6% of all cancer types in
men with 4400 deaths." This constitutes by far the
largest cancer group in men. In addition to mortality,
the impact of prostate cancer on life is significant,
as for example urinary incontinence and impotence
seriously compromise social activities and personal
life. An important avenue for treatment was opened
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nearly 70 years ago when Huggins and Hodges?
realized that prostate cancer cells require the androgen
testosterone for growth. As testosterone is produced
in the testes, bilateral orchidectomy, therefore, has
been the surgical gold standard of treatment for
advanced sex hormone dependent cancer. In addition,
antiandrogenic compounds (including nonsteroidals
such as flutamide, nilutamide, and cyproterone) block
the testosterone receptor on prostate cells. Several
studies have shown that this ablation technique
has similar efficacy and is generally preferred over
orchidectomy.?

However, the physiology of hormone cascades
offers alternatives. GnRH (gonadotropin releasing
hormone or luteinizing hormone releasing hormone,
LHRH) is released by the hypothalamus. Cells in the
anterior pituitary respond to binding GnRH by releasing
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luteinizing hormone (LH) and follicle stimulating
hormone (FSH) into the bloodstream. LH subsequently
binds to receptors in the Leydig cells in the testes and
stimulates testicular steroidogenesis, including the
production of testosterone. GnRH also stimulates the
release of FSH, which was shown in mice to stimulate
binding of LH to the Leydig cells, resulting in an
increased response to LH.* Testosterone subsequently
binds to androgen receptors in the prostate and alters
the expression of many genes. In particular, androgenic
stimulation is essential for the development and
progression of prostate cancer cells, and stimulation
of the fibroblast growth factor gene in human prostate
cancer cells by the androgen receptor was shown by
Gnanapragasam et al.> Depriving prostate cancer
cells of testosterone results in cell death and tissue
atrophy. Prostate cells, as well as androgen dependent
and androgen independent prostate cancer cells also
have receptors for FSH*” and FSH binding stimulates
cancer cell growth. Lowering FSH levels is therefore
expected to be beneficial. After 8 weeks of therapy
with antiandrogens (bicalutamide, flutamide) or after
surgical castration, pituitary and serum FSH levels (as
measured by radioimmunoassay and in vitro bioassays
in rats) were elevated as compared to controls.?

This places GnRH at the top of a hormonal signal
cascade and has offered a targeted approach for
intervention for several decades. Synthesized from
a 92 amino acid precursor, GnRH is a decapeptide
produced by neurons in the mediobasal hypothalamus.
It is secreted in a pulsatile manner as sustained
secretion desensitizes its receptor. This short peptide
is bound by receptors in several tissues, including in
the anterior pituitary, the hypothalamus, and in testes
in males and ovaries and placenta in females. The
receptor is also expressed in a wide range of other
tissue types, including liver, heart, skeletal muscle,

and kidney, as well as in the breast tumor cell line
MCF-7 and in an ovarian tumor.” GnRH has also been
shown to be expressed by either androgen dependent
or androgen independent prostate cancer cells."

This hormonal cascade has been exploited in several
treatment modalities, as reversible chemical castration
can be accomplished by interfering in the signal
pathway, with fewer irreversible and psychological
consequences than orchidectomy.

GnRH analogues

Modification of the GnRH decapeptide molecule
with unnatural amino acids yielded a number of
analogues, Table 1. The first group of these analogues
were agonists that strongly bind to and stimulate the
GnRH receptor. These compounds have been a major
treatment option for over 2 decades, however, they
have several shortcomings, as their binding causes
a sharp initial increase in LH level and a subsequent
‘surge’ in testosterone production. The initial increase
in testosterone concentration and concomitant clinical
flare as well as microflares is a concern in patients with
advanced disease, and may be of particular concern in
case of intermittent therapy. The incidence of clinical
flare has been estimated at between 4% and 33% of
treated patients (reviewed in'*?). This testosterone
‘surge’, which can last 3 to 21 days, can stimulate
advanced or metastatic steroid sensitive cancer cells, and
is a particular concern in patients with bone metastases,
causing severe pain and possible compression of the
spinal cord. Agonist treatment, therefore, requires the
additional temporary use of antiandrogens. Continued
stimulation of the receptor, however, eventually
desensitizes pituitary release of LH, which then drops to
very low levels after 30 days, resulting in castrate levels
of testosterone, defined as < 0.5 ng/mL. A number of

TABLE 1. Amino acid sequence of GnRH and selected analogues

GnRH pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2
Agonists
Buserelin pGlu-His-Trp-Ser-Tyr-DLeu(tBu)-Leu-Arg-Pro-NHEt
Leuprolide pGlu-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NHEt
Goserelin pGlu-His-Trp-Ser-Tyr-Dleu-Leu-Arg-Pro-(Aza)Gly-NH2
Triptorelin pGlu-His-Trp-Ser-Tyr-DTrp-Leu-Arg-Pro-Gly-NH2
Antagonists
Abarelix Ac-DNal-DCpa-DPal-Ser-NaMeTyr-DAsp-Leu-Ilys-Pro-DAla
Cetrorelix Ac-DNal-DCpa-DPal-Ser-Tyr-DCit-Leu-Arg-Pro-DAla
Degarelix Ac-DNal-DCpa-DPal-Ser-Aph(Hor)-D4Aph(Cbm)-Leu-Ilys-Pro-DAla
Ganirelix Ac-DNal-DCpa-DPal-Ser-Tyr-DHar(Et2)-Leu-Har(Et2)-Pro-DAla
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studies have voiced concern regarding testosterone
levels not reaching castrate levels (< 0.5 ng/mL). For
example, in two studies, 34% to 37.5% of patients
receiving leuprolide, serum testosterone remained
>2ng/mL.*" Breakthrough events (=5 ng/mL) have
also been reported in 4% of patients receiving goserelin.'®
Tombal" and Oefelein et al”” investigated the failure of
achieving castration levels in patients receiving 1 and 3
month depots. Approximately 5% and 13% of patients
did not achieve castration levels of 50 ng/mL and
20 ng/mL, respectively.

Modifications at different amino acids positions in
the decapeptide affect different properties, including
receptor binding and protease sensitivity." Introducing
additional amino acid changes, therefore, resulted in
a second group of analogues, the antagonists. These
blocking compounds occupy GnRH receptors but
do not stimulate them, resulting in an immediate
and sustained drop in LH levels, thus avoiding the
testosterone surge. GnRH antagonists not only block
the GnRH receptor, but the antagonist cetrorelix also
down-regulates expression of the pituitary GnRH
receptor gene in rats.””* Three major antagonists will
be discussed in this review.

Cetrorelix

Cetrorelix (Serono, ASTA) is better known for its
role in fertility issues, but early studies with GnRH
antagonists were performed with cetrorelix in patients
with advanced prostate cancer. In a couple of small
studies, Gonzalez-Barcena et al,»* observed significant
improvements in bladder function, prostate volume,
and PSA value, as well as disease-related neurologic
symptoms, after twice daily 0.5 mg injections. Five
patients with advanced prostate cancer, and rendered
paraplegic due to metastatic invasion of the spinal
cord, all became ambulatory after 3 to 6 months.
However, castration levels of testosterone were only
achieved after 6 weeks of treatment. A front-loading
regimen was subsequently developed, starting with
10 mg for 2-5 days, followed by 1 mg-2 mg daily, in
order to achieve immediate testosterone ablation.*

Abarelix

A number of trials have compared the clinical efficacy
of abarelix (Praecis) with GnRH agonists in patients
with advanced or metastatic disease.”*>* Abarelix
was the first antagonist approved by the Food and
Drug Administration and was significantly more
effective in reducing testosterone levels early on
in the treatment compared with agonist treatment.
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Specifically, no testosterone surge has been observed
in any of the treated patients. In a seminal open label
study by Koch et al,*® 81 patients in a multicenter
study received 100 mg injections each month for up
to a year. An objective improvement rate of 88% was
achieved after 85 days. In addition, a reduction in
PSA value of 75% and 95% was observed after 15 and
57 days, respectively. A phase Il study with 255 patients
compared 100 mg abarelix against 7.5 mg leuprolide in
an 24 week open label randomized multicenter study.?”
Abarelix was significantly more successful in a rapid
lowering of testosterone levels and completely avoided
a testosterone surge (p < 0.001 for both). Castrate levels
were achieved in 68% of the patients on day 8 but in
none of the leuprolide patients at that time point. Both
treatments resulted in similar levels of adverse effects,
frequently related to fatigue. A few studies specifically
evaluated the effect of abarelix on FSH levels. Garnick
and Campion® compared abarelix depot against GnRH
“superagonists” and found that abarelix immediately
reduced FSH to low sustained levels, while a surge
is seen after agonist administration. Beer et al*?*
concluded that with injections given every 2 weeks for
4 weeks and every 4 weeks for 24 weeks, FSH levels
were reduced by approximately 50%.

Degarelix

Degarelix (marketed as Firmagon from Ferring
Pharmaceuticals) highlights the latest generation of
GnRH antagonists.” Studies using animal models
demonstrated that degarelix effectively lowered
testosterone levels in rats.*> However, in comparison
with abarelix, there was a significantly longer lasting
suppression of LH levels after degarelix administration.
Concentrations of plasma testosterone were fully
suppressed to castration levels for up to 56 days after
administration of 2 mg/kg degarelix, significantly lower
and longer lasting than with equal doses of abarelix,
ganirelix, or azaline B. Increasing the dose of degarelix
did not increase the efficacy, but rather increased
the duration of suppression. This suggested that its
physicochemical properties allowed subcutaneous gel
like depot formation after injection and a sustained
release of the compound into the blood stream.*? In
fact, plasma concentrations of degarelix in rats remained
above 5 ng/mL for up to 41 days after injection before
dropping to below 3 ng/mL after 84 days.*

Degarelix has undergone three published clinical
trials to date, two phase II dose optimization trials and
a phase III efficacy trial. In two 1 year phase II trials,
127 and 187 patients, respectively, with confirmed
prostate adenocarcinoma were treated with degarelix
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using different dosing regimens. Gittelman et al®
started with 200 mg degarelix followed by either
60 mg or 80 mg monthly injections during the 1 year
study. Van Poppel et al* treated patients with a starting
dose of either 200 mg or 240 mg, and subsequently
with 80 mg, 120 mg, or 160 mg monthly maintenance
injections. In both these studies, degarelix lowered the
testosterone level at day 3 to below 0.5 ng/mLin 89% of
patients on 200 mg,* and in 88% and 92% in patients on
200 mg and 240 mg, respectively.* Testosterone levels
remained below 0.5 ng/mL throughout the studies. In
both studies, PSA levels were reduced by 90% of the
baseline value in 56 days and had decreased by 96%
to 98% after 1 year. No testosterone surge or clinical
flares were detected in any of the patients.

An optimized dosing regime was used in a 1 year,
three-armed, randomized, open label phase III study*
for a comparison of degarelix (240 mg s.c. starting dose,
followed by monthly maintenance injections of 80 mg
or 160 mg s.c.) against monthly 7.5 mg i.m. injections
of leuprolide. All 610 patients had histologically
confirmed adenocarcinoma of the prostate, including
localized, advanced, metastatic, and other stages of the
disease, and had not received hormonal therapy for at
least 6 months prior to the start of the trial. Baseline
testosterone and PSA levels were > 1.5 ng/mL and
>2.0ng/mL, respectively. Three days into the treatment,
testosterone levels were<0.5 ng/mLin 96.1% and 95.5%
of the patients in the 240 mg/80 mg and 240 mg/160 mg
degarelix groups, respectively, but in none of the patients
in the leuprolide arm. Characteristic of a testosterone
surge, the median testosterone level in the leuprolide
patient group was 65% higher than baseline after 3 days,
and did not reach 0.5 ng/mL until 28 days after the start
of the treatment. From 28 days till the end of the 1 year
study all treatments achieved median testosterone levels
between 0.078 ng/mL-0.088 ng/mL.

In the leuprolide group, the antiandrogen
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 testosterone increase of = 15% from baseline,
on any 2 days during the first 2 weeks) occurred in
81% of patients receiving leuprolide alone and in
74% of those receiving leuprolide plus antiandrogen
(11% of all leuprolide patients received concomitant
bicalutamide). Testosterone increases > 0.25ng/mL
(microsurges) occurred in eight patients (4%) in the
leuprolide group, and testosterone breakthrough
(> 0.5ng/mL) occurring in four of these patients (2%).
Neither dosing schedule of degarelix resulted in a
testosterone surge or microsurge, both of which were
observed with leuprolide.®
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A significant difference was also seen in the rate
of reduction in PSA levels in the three study arms.
Leuprolide did not change the median PSA level during
the first 7 days and reduced it by 18% after 14 days,
compared to 64% and 65% after treatment initiation
with 240 mg/80 mg and 240 mg/160 mg degarelix,
respectively, after 14 days. All levels approached
90% after 56 days. Concomitant bicalutamide
administration, however, made leuprolide induced
PSA decline comparative to that seen with degarelix.
Concentrations of LH and FSH increased and spiked
immediately after commencement of treatment with
leuprolide, whereas they dropped immediately in
the degarelix treated patients. At the end of the
study, FSH levels were never reduced by the same
amount in the leuprolide group (54.8%) as compared
to that in the degarelix group (88.5% and 89.0% in the
240 mg/80 mg and 240 mg/160 mg groups,
respectively). PSA failure rates were similar in all
three groups. In a recent study, however, patients
with advanced cancer treated with 240 mg/80 mg
degarelix experienced an average of 8.9% PSA failure,
compared with 14.1% of patients treated with 7.5 mg
leuprolide.*

A comparison of degarelix and abarelix

A comparison can be made between the 100 mg (i.m.)
abarelix and 240 mg/60 mg degarelix results from two
phase III trial reports.”’*> Both studies were open label,
randomized comparisons in patients with confirmed
local or advanced prostate adenocarcinoma. When
comparing time points of the treatment, degarelix
reduced the testosterone level faster than abarelix. On
day 3, only 54% of patients treated with abarelix reached
castration levels (0.5 ng/mL), compared to 96.1% of
degarelix treated patients. When compared over a
longer treatment period, the fraction of abarelix treated
patients that remained at castration levels gradually
decreased from at least 95% to 92.9% to 90.4 % from
day 28 to day 85 to day 169, respectively, after the start
of the treatment. In the degarelix treated group, this
remained constant at 97.2% over this same time period.
A comparison of PSA values shows that 240 mg /80 mg
degarelix reduces PSA values by 64% and 83% after
14 and 28 days, respectively. Abarelix, on the other hand,
lowered PSA only by 50% after 169 days. Intermediate
time points were not reported.

Adverse effects of GnRH antagonists

Most adverse effects associated with GnRH antagonists
and related therapies such as GnRH agonists and
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orchidectomy, are similar to those seen with androgen
deprivation.”” These include hot flashes, sexual
dysfunction, and sequelae of comorbid disorders.
In addition, androgen deprivation therapy by
orchidectomy results in a decline in lean body mass.*
However, the reported incidence of various adverse
effects differ between studies. Mild to moderate
adverse effects occur in a significant number of
patients; in 81% in the combined 240 mg/80 mg and
240 mg/160 mg degarelix groups,® and in 93% in
the abarelix treatment study.? Trachtenberg et al*
reported fatigue as the most common spontaneously
reported effect in patients on abarelix (14% of patients).
Gittelman et al® reported that overall 43% of patients
treated with 200 mg/80 mg and 200 mg/160 mg
degarelix experienced hot flashes, followed by 20%
that reported fatigue. Klotz et al* reported that hot
flashes occurred in 26% of patients.

Klotz et al*® also reported that 40% of patients treated
with degarelix experienced injection site reactions (e.g.
erythema, swelling, pain) compared to less than 1%
of patients treated with leuprolide. The majority of
injection site reactions with degarelix occurred with the
first dose and only 4% with subsequent maintenance
doses (240 mg/80 mg). Gittelman et al*® only reported
on injection site pain (7%).

Other AEs reported by Klotz et al*® included weight
increase, back pain, and fatigue (< 10%). Nonfatal
adverse effects resulting in discontinuations occurred
in 5% and 7% of the patients in the 240 mg/80 mg
and 240 mg/160 mg groups, respectively, similar to
that seen in the leuprolide control group. Only 1% of
patients withdrew from the study due to injection site
reactions. More patients died in the leuprolide group
(4%) versus both degarelix groups (2%); none were
considered related to study drug.

GnRH antagonists promote the release of histamine
from mast cells. This results in significant systemic
or local anaphylactic adverse effects in many
patients. However, modifications at positions
5 and 6 in the decapeptide have significant effect on
immunostimulatory activity.* Comparison of the
release of histamine after administration of antagonists
in rats showed that the ECs (causing half maximal
stimulation) for degarelix is 1.7 and 130-fold higher
than for abarelix and cetrorelix, respectively.*> No
allergic reactions have thus far been reported in
degarelix studies, in contrast to experiences with other
antagonists.

Androgen deprivation therapy has also been
associated with a number of neurological problems,
including depression, memory difficulties, and
cognitive functioning.***! Two recent studies suggest
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that GnRH agonist treatment for prostate cancer*> and
for ovarian hormone suppression® resulted in a decline
in the scores on a number of neuropsychological tests
and in effects on the cholinergic system. Neurological
effects, however, have also been attributed to an older
population of prostate cancer patients.* Whether these
effects with agonists translate into similar effects with
antagonists is not known.

The occurrence of vasomotor hot flashes in patients
treated with androgen deprivation is a common
and significant adverse effect® with a complicated
aetiology. Treatment options for managing hot
flashes include estrogen, fluvoxamine, gabapentin
and clonidine.*>#

Bone demineralization and androgen
deprivation therapy

Androgen deprivation therapy is associated with
significant bone loss during the first year of treatment
with subsequent osteoporotic fractures,””* requiring
the administration of bisphosphonates to inhibit
bone resorption. Results from recent studies in
FSH-transgenic mice have suggested that high
concentrations of FSH may cause loss of bone mass
and that mice without FSH receptor protein do not
lose bone mass.” Estrogen therapy in women also
correlates with decreased FSH levels and increases in
bone mass.”® These findings are of interest as GnRH
antagonists achieve significantly lower FSH serum
concentration in patients compared with agonists.
For example, leuprolide causes an initial spike in FSH
concentration which subsequently drops by only 55%
compared to 89% after treatment with degarelix.®

GnRH antagonists for the treatment of benign
prostate hyperplasia

Cetrorelix has been assessed for the treatment of
benign prostate hyperplasia (BPH). Comrau-Schally
et al treated 13 patients with symptomatic BPH with
cetrorelix (5 mg, sc, twice daily for 2 days, followed by 1
mg/day for 2 months) in a phaseI/II trial. Evaluation
of the international prostate symptom score (IPSS),
peak urinary flow rate, quality of life, and prostate
volume indicated a significant improvement in all
parameters, which continued for at least 85 weeks.
Subsequently, 140 patients were treated in a phase II
trial by Debruyne et al.** Rapid improvements in IPSS
score (18.7-19.3 at baseline; 13.0-14.5 after 12 weeks)
and in urinary flow rate were observed using a 4 week
regimen with 5 mg/wk and 10 mg/wk. Prostate
volume also decreased. These improvements lasted
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TABLE 2. Summary of GnRH analogues

Compound Name Manufacturer Clinical flare Anaphylactic reaction
observed observed

Leuprolide Several Generic Yes Yes

Cetrorelix Cetrotide Serono, ASTA No Yes

Abarelix Plenaxis Praecis Pharmaceuticals No Yes

Degarelix Firmagon Ferring Pharmaceuticals No No

for at least 12 weeks, even though the concentration
of testosterone already returned to normal levels after
4 weeks. These results indicated that cetrorelix is safe
and effective in patients with symptomatic BPH. Dose
finding trials are currently investigating the use of
degarelix for the treatment of BPH.

GnRH antagonists and tumour volume

Reductions in prostate tumor volume in the Dunning
rat model were observed after administration of
degarelix.”¢ Using this model, which involves
transplantation of the Dunning R-3327H rat carcinoma
into the Copenhagen rat, allows evaluation of treatment
directly on tumor growth and volume. In a study by
Princivalle et al*® degarelix suppressed testosterone
levels in this rat model to below castration levels within
2 days. A sustained inhibition of growth and tumor
volume, similar to that seen in castrated rats, was
observed, while inhibition by leuprolide depot was
intermediate between degarelix and mannitol control.
After 223 days, mean tumor volume was 10.6%,
39.7% and 13.1% of controls rats for castrated rats,
leuprolide-, and degarelix-treated rats, respectively.
This data provides a direct correlation between
degaralix treatment and tumor growth, and this is
currently being investigated in a phase IIIB clinical trial
(ClinicalTrials.gov Identifier: NCT00884273).

Summary

GnRH antagonists provide promising novel treatments
for patients with advanced or metastatic prostate
carcinoma, because of immediate suppression of
testosterone and FSH levels. This avoids the clinical
flare associated with the use of GnRH agonists which
can be potentially dangerous in some patients with
advanced stage cancer. A clinical flare can stimulate
cancer cells and result in cord compression and
increased pain. Degarelix achieves a castrate level in
a higher number of patients and for a longer period.
Adverse effects are mostly those associated with
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androgen deprivation, or are injection site related
which occur more frequently with the initial dose
and decrease substantially with maintenance doses.
Systemic allergic reactions, seen with abarelix and
cetrorelix, have not been observed with degarelix.
A summary is provided in Table 2. As of December
2009, 26 clinical trials involving degarelix and prostate
cancer were registered at ClinicalTrials.gov.
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