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Luteinizing hormone-releasing hormone (LHRH) agonist therapy to induce
medical castration has become the most common form of hormonal therapy
for advanced and metastatic prostate cancer. When treatment is started,
LHRH agonists initially stimulate the release of LH, causing a surge in serum
testosterone that can precipitate a “flare” phenomenon or worsening of dis-
ease, particularly in patients with bone metastatic disease. Gonadotropin-
releasing hormone (GnRH) receptor antagonism represents a newer approach
to medical castration. Abarelix is a pure GnRH receptor antagonist that is
devoid of any LHRH agonist activity. Results from 1 phase II and 3 phase III
clinical trials demonstrate that abarelix produces medical castration more
quickly and without causing testosterone surge, as compared with LHRH ago-
nists with or without a nonsteroidal antagonist. The safety profile in terms of
adverse events is comparable between the 2 types of treatment, but the lack of
testosterone surge with abarelix might confer a safety advantage by abolishing
the risk of a disease flare.
[Rev Urol. 2004;6(suppl 7):S25-S32]
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Prostate cancer is the most common malignancy affecting men in many
Western countries.1,2 When prostate cancer is diagnosed at an advanced
stage or recurs after definitive therapy, hormonal therapy in the form of

androgen ablation is usually the treatment of choice.3



Because prostate tumors are, at
least initially, predominantly made
of androgen-dependent cells, the
removal of endogenous androgen
represents a rational approach to
prostate cancer therapy. Huggins and
colleagues4,5 first demonstrated the
effectiveness of this strategy more

than 60 years ago in their landmark
study of surgical castration and med-
ical castration with estrogen therapy. 

Since that time, luteinizing hor-
mone-releasing hormone (LHRH)
agonists have become the most com-
mon form of hormonal therapy for
advanced and metastatic prostate
cancer. LHRH agonists act by releas-
ing LH, which controls the produc-
tion of testosterone, from the
anterior pituitary. When treatment is
started, LHRH agonists initially stim-
ulate the release of LH, causing a
surge in serum testosterone that can
precipitate a “flare” phenomenon or
worsening of disease, particularly in
patients with bone metastatic disease.6,7

With continued therapy, however,
these drugs ultimately downregulate
the gonadotropin-releasing hormone
(GnRH) receptors in the pituitary that
regulate LH secretion and, in turn,
suppress production of testosterone
and its active intracellular metabolite
dihydrotestosterone (DHT), resulting
in chemical castration.8 Antiandro-
gens are often used in combination
with LHRH agonists to lessen the
clinical sequelae of the initial testos-
terone surge,9 but they might cause
adverse events on their own.8

GnRH receptor antagonism repre-
sents a newer approach to medical
castration.10,11 Abarelix is a pure

GnRH receptor antagonist that is
devoid of any LHRH agonist activi-
ty.12 After initial pharmacologic and
pharmacokinetic studies,13-15 abarelix
was tested in prostate cancer patients
who were candidates for initial hor-
monal therapy. The first results were
described after phase II studies,13,16

followed by phase III studies.17,18

After this initial clinical research,
further evaluation of abarelix in the
management of advanced metastatic
prostate cancer was conducted in an

81-patient study.19 The aim of this
article is to provide an overview of
the current available data on the
GnRH antagonist abarelix in the man-
agement of patients with advanced,
metastatic prostate cancer who qualify
for hormonal treatment.

Phase II Studies
Tomera and colleagues16 reported the
initial phase II data. In their study,
they compared the endocrinologic
and biochemical efficacy of abarelix
depot with that of LHRH agonists
administered with or without antian-
drogen to a prospective concurrent
control cohort. A total of 242
prostate cancer patients requiring
initial hormonal treatment were
included in this open-label study:
209 patients received abarelix depot
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This phase II study demonstrated that abarelix depot represented a new
class of hormonal therapy, the GnRH antagonist, which produced med-
ical castration while avoiding the testosterone surge characteristic of
LHRH agonists.

Table 1
Baseline Demographic Data and Disease Characteristics 

from a Phase III Study of Abarelix Depot Versus Leuprolide Depot 
for the Treatment of Prostate Cancer

Leuprolide Depot Abarelix Depot
(n = 89) (n = 180)

Race (%)
Caucasian 82 88
African American 9 6
Hispanic 7 3
Asian 2 3

Median age (y) 74 73
Median weight (lb) 184 190
Body mass index (kg/m2) 27.4 27.5
Reason for treatment (%)

D1/D2 stage 8 8
Rising PSA 33 37
NHT 36 37
IHT 24 17
None of the above O 1

Baseline PSA (ng/mL) (%)
0-<4 17 17
4-<10 36 33
10-20 22 21
>20 24 26
Unknown 1 4

PSA, prostate-specific antigen; NHT, neoadjuvant hormone therapy; IHT, intermittent
hormone therapy.



and 33 an LHRH agonist with or
without an antiandrogen. Abarelix
depot (total 100 mg) was delivered
intramuscularly (IM) every 28 days,
with an additional injection on day
15. LHRH agonists with or without
antiandrogen were administered
according to the depot formulation
used. Endocrine efficacy was meas-
ured by the absence of testosterone
surge and rapidity of castration
onset. The rate of prostate-specific
antigen (PSA) decrease was also
assessed. 

The prespecified endocrine endpoint
was the medical castration (defined as
a testosterone level ≤ 50 ng/dL) success
rate over 12 weeks. The castration rate
on day 8 was the primary endpoint
and was a measure of the rapidity of
action of abarelix. A secondary end-
point was testosterone surge (defined
as an increase in testosterone by 10%
above baseline values) on any of days
2, 4, or 8. Testosterone, LH, follicle-
stimulating hormone (FSH), DHT, and
PSA were measured on days 1, 13, 27,
57, and every 28 days thereafter. 

During week 1, no patient treated
with abarelix depot had testosterone
surge. In contrast, two thirds of those
receiving LHRH agonists (22 of 33)
experienced surge, and concomitant
administration of antiandrogen had

no effect on surge. During the first
week of drug administration, medical
castration was achieved in 75% of
patients treated with abarelix depot,
compared with none of those treated
with LHRH agonists. Decrease of PSA
occurred more quickly, with no flare
or surge, in patients treated with
abarelix depot. A careful safety eval-
uation of abarelix depot administra-

tion was conducted throughout the
study, and abarelix depot was well
tolerated in all patients. This phase II
study16 demonstrated that abarelix
depot represented a new class of hor-
monal therapy, the GnRH antagonist,
which produced medical castration
while avoiding the testosterone surge
characteristic of LHRH agonists.

These phase II results led to the
initiation of 2 phase III studies in the
United States and 1 phase III study
in Europe. 

Phase III Studies
US Phase III Studies
The first phase III study was an open-
label, randomized study of abarelix
versus leuprolide acetate in men with
prostate cancer.17 Levels of testos-
terone and other hormones were
evaluated in 269 patients randomized
2 to 1 to receive open-label abarelix
(100 mg) or leuprolide acetate (7.5 mg
IM). Baseline patient demographics
and disease characteristics are shown
in Table 1.

McLeod and colleagues17 reported
the results of the first 84 days of the
study. The primary efficacy endpoints
included avoidance of testosterone
surge, castration on day 8, and
achievement and maintenance of
castration from days 29 through 85.
The secondary endpoints included
castration on days 2, 4, and 15, a
reduction in PSA level, and measure-

ments of other hormones (DHT, LH,
and FSH). Patients were monitored
for clinical adverse events and labo-
ratory abnormalities. 

As in the phase II study discussed
above, significant differences were
seen in the occurrence of testosterone
surge: 0% of patients in the abarelix
group, compared with 82% of men in

the leuprolide acetate group (P < .001)
(Figure 1). Rapid medical castration
was seen with abarelix in 25% of
men 1 day after treatment and 78%
after 7 days. Conversely, none of the
leuprolide acetate-treated men demon-
strated medical castration on either
day. A comparable percentage of men
achieved and maintained castration
between days 29 and 85 in each
group (Table 2). In abarelix-treated
patients, PSA levels showed a statis-
tically significant decrease for the
first month. DHT, LH, and FSH
showed similar rapid reductions
without an initial increase. Overall,
adverse events occurred equally
across treatment groups, and most
were sequelae of comorbid disorders.

This phase III study demonstrated
that, compared with leuprolide acetate,
treatment with abarelix was more
successful at avoiding testosterone
surge. Abarelix also caused testos-
terone suppression more rapidly, with
a higher rate of medical castration 1
day after treatment and greater reduc-
tions in testosterone LH, FSH, and
DHT during the first 2 weeks of treat-
ment. The achievement and mainte-
nance of castration was comparable
between the 2 groups. Apart from the
consequences of androgen depriva-
tion and comorbidity, toxicity of
treatment was minimal.
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From this study it could be concluded that abarelix monotherapy achieves
medical castration significantly more rapidly than combination therapy
and avoids the testosterone surge characteristic of agonist therapy.

The lack of testosterone surge with abarelix treatment allows the potential
risks associated with the flare phenomenon to be avoided and circumvents
the need for adding more drugs to the treatment regimen.



In the second phase III study,
reported by Trachtenberg and col-
leagues,18 a similar comparison was
performed, whereby the endocrino-
logic and biochemical efficacy of
abarelix depot was compared this
time with the combination of an
LHRH and a nonsteroidal antiandro-
gen. In this study, 255 patients were
randomized 2 to 1 to receive open-
label abarelix depot (100 mg) or
leuprolide acetate (7.5 mg IM) on
days 1, 29, 57, 85, 113, and 141 for
24 weeks. The patients in the abare-
lix group received an additional
injection on day 15 and those in the
leuprolide acetate group received
bicalutamide (50 mg) daily. Baseline
demographic data and disease char-
acteristics are shown in Table 3.
Patients could continue treatment
with study drug for an additional 28
weeks. Comparative rates of avoid-
ance of testosterone surge (>10%
increase) within 7 days of the first
injection and the rapidity of achiev-
ing castrate levels (≤ 50 ng/dL or less)
of serum testosterone on day 8 were
the efficacy endpoints. Patients were
monitored for adverse events and
laboratory abnormalities.

The study showed that, compared
with combination LHRH-antiandro-
gen therapy, abarelix caused less

testosterone surge (P < .001) and pro-
duced a more rapid reduction of test-
osterone to castrate levels on day 8
(P < .001) (Figure 2, Table 4). No sig-
nificant difference was seen between
the groups in the initial rate of decline
of serum PSA or the ability to achieve
and maintain castrate levels of testos-
terone. No unusual or unexpected
adverse events were reported. 

From this study it could be con-
cluded that abarelix monotherapy
achieves medical castration signifi-
cantly more rapidly than combina-
tion therapy and avoids the
testosterone surge characteristic of
agonist therapy.

European Phase III Study
The European study, reported by
Debruyne and colleagues,20 also
aimed at comparing the efficacy and
safety of abarelix with those of gose-
relin depot (LH hormone agonist)
combined with bicalutamide, a non-
steroidal androgen (a combination
treatment used commonly in Europe
in patients with advanced prostate
cancer). A total of 177 men were
randomly assigned to receive abare-
lix depot (100 mg) on days 1, 15, and
29 and then every 28 days thereafter
or goserelin depot (3.6 mg) every 28
days plus bicalutamide (50 mg) once
daily for 48 weeks. The primary effi-
cacy endpoint was the time to induc-
tion of medical castration (serum
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Table 2
Median Testosterone Levels (ng/dL) in a Phase III 
Study of Abarelix Depot Versus Leuprolide Depot 

for the Treatment of Prostate Cancer

Leuprolide Depot Abarelix Depot
(n = 89) (n = 180) P Value*

Baseline 338 350 .90

Day 2 529 59 <.001

Day 4 578 37 <.001

Day 8 406 29 <.001

Day 15 94 20 <.001

Day 29 15 11 †

Day 57 10 12 †

Day 85 9 15 †

Day 113 8 11 †

Day 141 8 13 †

Day 169 9 15 †

*Wilcoxon rank sum test.
†Not determined per the statistical analysis plan.
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Figure 1. Testosterone (T) levels in a phase III study comparing leuprolide depot with abarelix depot for the
treatment of prostate cancer.



testosterone < 50 ng/dL) during the
first 12 weeks of therapy.

As in the US phase III study com-
paring abarelix with LHRH-antian-
drogen combination therapy, this
study demonstrated that abarelix
induced castration significantly earli-
er than goserelin plus bicalutamide
(median 7 vs 21 days, P < .001). In
addition, a significantly higher per-
centage of patients receiving abarelix
were at castrate serum testosterone
levels on day 3 (35% vs 0, P < .001).
Testosterone surge was not seen with
abarelix but occurred in 96% of
patients in the goserelin-plus-bicalu-
tamide group (P < .001). Serum LH
levels were significantly lower in the
abarelix group on days 1, 7, 14, and
21 (P < .001), and PSA levels were

significantly lower on day 7
(P = .047). Escape from castration
after 12 weeks of therapy
(22% vs 8%, P = .007) and early with-
drawals due to lack of endocrine effi-
cacy (9% vs 0, P = .003) occurred
more commonly in the abarelix
group. Disease progression occurred
in 9% of both treatment groups, and
the rates were similar between treat-
ments for patients entering with ris-
ing PSA levels and for those
enrolling with stage D1/D2 disease.
The incidence of adverse events and
discontinuations due to these events
occurred at similar rates in the 2
groups. The most common treatment-
related events were asthenia (abarelix
group) and gynecomastia (goserelin-
plus-bicalutamide group). In addi-

tion, symptomatic increases in liver
function test results were observed in
both groups with similar frequency.

Study in the Indicated 
Patient Population

Effects of Abarelix in Advanced
Symptomatic Prostate Cancer
Patients
An open label, multicenter, uncon-
trolled study (N=81) of abarelix19 was
conducted in 72 evaluable men (9 men
were not included in the efficacy eval-
uation owing to regulatory noncom-
pliance at their site) with advanced
symptomatic prostate cancer who were
at risk for clinical exacerbation (“clin-
ical flare”) if treated with an LHRH
agonist. This study defined the patient
population approved in the United
States for the use of abarelix.  Eligible
patients had at least 1 of the 4 fol-
lowing conditions: bone pain from
skeletal metastases, retroperitoneal
adenopathy causing ureteral obstruc-
tion, impending neurological com-
promise, or the presence of an enlarged
prostate gland or pelvic mass causing
bladder neck outlet obstruction. The
study objective was to demonstrate
that such patients could avoid surgical
castration through at least 12 weeks
of treatment. 

Results
Efficacy. All patients were able to
avoid surgical castration. Although
the study was not designed to assess
specific clinical outcomes, outcomes
consistent with the expected benefits
of castration and avoidance of
adverse consequences of clinical flare
were observed and included relief of
bladder outlet and ureteral obstruc-
tion; decreased bone pain and need
for narcotic analgesics; avoidance of
neurologic compromise, including
spinal cord compression in those with
vertebral or epidural metastases.

Sixty-five patients (90%) experi-
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Table 3
Baseline Demographic Data and Disease Characteristics from a Phase III

Study of Abarelix Depot Versus Leuprolide Depot 
Plus Bicalutamide for the Treatment of Prostate Cancer

Leuprolide Depot
Plus Bicalutamide Abarelix Depot

(n = 83) (n = 168)
Race (%)

Caucasian 83 80
African American 12 13
Hispanic 2 5
Asian 2 2
Other 0 1

Median age (y) 74 73
Median weight (lb) 179 183
Body mass index (kg/m2) 26.3 26.5
Reason for treatment (%)

D1/D2 stage 5 7
Rising PSA 43 36
NHT 40 40
IHT 12 17
None of the above 0 1

Baseline PSA (ng/mL) (%)
0-<4 22 27
4-<10 46 30
10-20 20 18
>20 11 23
Unknown 1 1

PSA, prostate-specific antigen; NHT, neoadjuvant hormone therapy; IHT, intermittent
hormone therapy.
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enced improvement in at least 1 base-
line sign or symptom of prostate can-
cer (other than PSA) between Day 29
and Day 169. None of the patients
with impending neurological compro-
mise at study entry developed spinal
cord compression during the study. 
At treatment Day 85, 60% of patients
had improvement in bladder neck
obstruction; 76% of patients with uri-
nary catheters at baseline no longer
required a catheter by Day 85; 43% of
patients with hydronephrosis at base-
line had no evidence of this on Day 85.

Safety. At least 1 adverse event,
generally comorbid disorder, underly-
ing malignancy, or effect of medical
castration, was experienced by 95%
of 81 patients; 41% experienced at
least 1 potentially study-related event.
Nine events in 6 patients were reported
as severe and treatment related; none
was considered life-threatening. Three
of 81 patients experienced an imme-
diate-onset systemic allergic reaction
within minutes of receiving abarelix.
The reactions were urticaria (Day 15),
urticaria and pruritis (Day29), and
hypotension and syncope (Day 141).25

All recovered uneventfully. Slight
decreases in mean and median hemo-
globin and hematocrit were observed.
Three out of 78 patients had eleva-

tions of aspartate aminotransferase;
two of these also had elevations of ala-
nine aminotransferase although both
values returned to normal or near nor-
mal with continued dosing in 2 of the
3 patients (3rd lost to followup).

Discussion
The early and rapid achievement of

medical castration is essential for the
successful treatment of prostate can-
cer, increasing the chances for cancer
remission, palliation, and survival. The
results of the above-mentioned studies
demonstrate that abarelix reduces
serum testosterone to castrate levels
more rapidly than LHRH agonists with
or without an antiandrogen. Reduc-
tions in testosterone were evident after
1 day of treatment, and castration was
achieved after a median of 7 days in
the abarelix group. Importantly, med-
ical castration with abarelix was not
associated with a testosterone surge,
as seen in most patients treated with
LHRH agonists. 

Although antiandrogens can be
used to ameliorate the clinical seque-
lae of these surges, these drugs might
cause adverse events, most common-
ly diarrhea, liver function abnormal-
ities, pulmonary fibrosis, and visual
disturbances, and they do not actual-
ly address the biochemical surges in
LH and testosterone.8 The lack of
testosterone surge with abarelix
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Figure 2. Testosterone (T) levels in a phase III study comparing leuprolide depot plus bicalutamide with abarelix
depot for the treatment of prostate cancer.

Table 4
Median Testosterone Levels (ng/dL) in a Phase III 
Study of Abarelix Depot Versus Leuprolide Depot 

Plus Bicalutamide for the Treatment of Prostate Cancer

Leuprolide Depot
Plus Bicalutamide Abarelix Depot

(n = 83) (n = 168) P Value*
Baseline 353 340 .79
Day 2 480 58 <.001
Day 4 512 40 <.001
Day 8 435 35 <.001
Day 15 90 22 <.001
Day 29 16 10 †

Day 57 10 9 †

Day 85 10 14 †

Day 113 8 9 †

Day 141 11 12 †

Day 169 10 11 †

*Wilcoxon rank sum test.
†Not determined per the statistical analysis plan.
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treatment allows the potential risks
associated with the flare phenome-
non to be avoided and circumvents
the need for adding more drugs to
the treatment regimen.6,7

The differing profile of abarelix as
compared with goserelin plus bicalu-
tamide reflects the different mecha-
nisms of the 2 regimens. Goserelin is
an agonist analogue of GnRH
(LHRH), and as such it initially stim-
ulates GnRH receptors to increase LH
release before desensitizing the
receptor to further activation.21 In
contrast, abarelix is a pure GnRH
receptor antagonist, thus blocking
LH production from the start of ther-
apy.12 Consequently, hormone levels
can begin to decline on the first day
of treatment, and as a result, castrate
levels of serum testosterone and
lower levels of DHT, LH, and FSH are
achieved more quickly. All studies
demonstrated this effect, regardless
of whether abarelix was compared
with leuprolide acetate monotherapy
or the combination with a nonstero-
idal antiandrogen. In all these stud-
ies, abarelix did not cause a
testosterone surge in any patient.
The immediate reduction in hormone
levels with abarelix likely accounts
for an earlier reduction in PSA lev-
els. PSA levels were significantly

lower in the abarelix group on day 7. 
In the European study,20 escape

from castration was found to be
higher in the abarelix group, and the
time to escape was significantly
shorter. Most escapes, however,
occurred after at least 24 weeks of
treatment. Serial PSA measurements
might be an appropriate surrogate
for determining the clinical rele-
vance of testosterone fluctuations
during escape, particularly because
clinicians often consider changes in
PSA when making treatment deci-
sions. In the European study, the
clinical relevance of escape from
castration was evaluated in a blinded
manner to determine whether the
changes in PSA, taking into consid-
eration the normal variations in PSA
over time, would have necessitated a
change in therapy. For most patients,
especially those with a rising PSA
value or stage D1 disease, the
escapes from castration were of little
clinical relevance. 

During follow-up in the European
study, the rate of disease progression
was also evaluated. The rate of dis-
ease progression observed in the
abarelix-treated patients was similar
to that seen in the goserelin-plus-
bicalutamide group and consistent
with rates of progression in patients

treated with standard hormonal ther-
apies through 1 year of treatment.22

Indeed, in stage D2 patients receiving
hormonal therapy, disease progres-
sion occurs commonly within 1 year.

FSH might be a possible source of
stimulation for androgen-independ-
ent prostate cancer. FSH receptors
are expressed on androgen-inde-
pendent prostate cancer cells, as well
as in malignant prostate tissue, and
FSH is capable of stimulating prolif-
eration of these cells.23 In all the
studies discussed here, abarelix pro-
duced an immediate and sustained
reduction in FSH, whereas FSH levels
increased initially with LHRH agonist
therapy, fell to a nadir by 3 weeks,
and then trended upward for the
remainder of the study. Garnick and
colleagues13 also observed this when
they evaluated the differential effects
of abarelix on FSH. However, it
remains to be demonstrated that the
greater effect on FSH induced by
abarelix translates into clinical effi-
cacy in patients with androgen-inde-
pendent prostate cancer. In a recent
phase II study, abarelix was adminis-
tered to 20 men with prostate cancer
who had progressed during LHRH
agonist therapy or with bilateral
orchiectomy.24 Serum FSH levels
were reduced by more than 50%

Main Points 
• The early and rapid achievement of medical castration is essential for the successful treatment of prostate cancer; luteinizing

hormone-releasing hormone (LHRH) agonist therapy to induce medical castration has become the most common form of hormonal
therapy for advanced and metastatic prostate cancer.

• When treatment is started, LHRH agonists initially stimulate the release of LH, causing a surge in serum testosterone that can
precipitate a “flare” phenomenon or worsening of disease, particularly in patients with bone metastatic disease.

• Gonadotropin-releasing hormone (GnRH) receptor antagonism represents a newer approach to medical castration; abarelix is a pure
GnRH receptor antagonist that is devoid of any LHRH agonist activity.

• Results of 3 phase III studies demonstrate that abarelix reduces serum testosterone to castrate levels more rapidly than LHRH
agonists with or without an antiandrogen (reductions in testosterone were evident after 1 day of treatment, and castration was
achieved after a median of 7 days in the abarelix groups); importantly, medical castration with abarelix was not associated with
a testosterone surge, as seen in most patients treated with LHRH agonists.

• The safety of abarelix is comparable to that of LHRH agonists with or without antiandrogen.
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from baseline and remained sup-
pressed after 20 weeks of treatment.
However, only 2 patients remained
stable during abarelix therapy with-
out rising PSA levels or other evi-
dence of disease progression. Further
investigation is needed to determine
whether patients with androgen-inde-
pendent disease have tumors that are
receptive to FSH levels and FSH-
receptive expression.

The safety of abarelix was compara-
ble to that of LHRH agonists with or
without antiandrogen. Increased liver
enzymes and aggravated malignant
neoplasm were the most common caus-
es of treatment discontinuation in the
European study, and they occurred at
similar rates in the 2 groups. 

In summary, it can be concluded
that abarelix produces medical castra-
tion more quickly and without causing
testosterone surge, as compared with
LHRH agonists with or without a non-
steroidal antiandrogen. Although the
safety profile in terms of adverse
events was comparable between the 2
study groups in all studies, the lack of
testosterone surge with abarelix
might confer a safety advantage by
abolishing the risk of a disease flare,
which is particularly relevant in
patients with stage D2 disease.
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