IMPORTANT COPYRIGHT NOTICE: This electronic article is provided to you by courtesy of Ferring
Pharmaceuticals. The document is provided for personal usage only. Further reproduction and/or
distribution of the document is strictly prohibited.

Title:
The efficacy and safety of degarelix: a 12- month, comparative, randomized, open-label, parallel-group
phase III study in patients with prostate cancer

Authors:
Laurence Klotz, Laurent Boccon-Gibod, Neal D. Shore, Cal Andreou, Bo-Eric Persson, Per Cantor,
Jens-Kristian Jensen, Tine Kold Olesen and Fritz H. Schröder

Journal:
BJU International 2008

2008 THE AUTHORS. JOURNAL COMPILATION
Urological Oncology

2008 BJU INTERNATIONAL

EFFICACY AND SAFETY OF DEGARELIX IN PROSTATE CANCER
KLOTZ

DO NOT REMOVE THIS STATEMENT
Copyright Agency Limited (CAL) licensed copy.
To copy this document, please contact CAL.

et al.

BJUI

The efﬁcacy and safety of degarelix: a 12month, comparative, randomized, open-label,
parallel-group phase III study in patients with
prostate cancer

BJU INTERNATIONAL

Laurence Klotz, Laurent Boccon-Gibod*, Neal D. Shore†, Cal Andreou‡,
Bo-Eric Persson§, Per Cantor§, Jens-Kristian Jensen§, Tine Kold Olesen§
and Fritz H. Schröder¶
Division of Urology, University of Toronto, ON, ‡Division of Urology, Surrey Memorial Hospital, BC, Canada, *CHU
Hôpital Bichat-Claude Bernard, Paris, France, †Carolina Urologic Research Center, Myrtle Beach, SC, USA, §Ferring
Pharmaceuticals A/S, Copenhagen, Denmark, and ¶Erasmus MC, Rotterdam, the Netherlands
Accepted for publication 16 September 2008

Study Type – Therapy (RCT)
Level of Evidence 1b

the intent-to-treat (ITT) and per protocol
populations were analysed.
RESULTS

(3% vs 9%. P < 0.01, respectively), arthralgia
(4% vs 9%, P < 0.05, respectively) and chills
(4% vs 0%, P < 0.01, respectively). There
were no systemic allergic reactions.

OBJECTIVE
To evaluate the efﬁcacy and safety of
degarelix, a new gonadotrophin-releasing
hormone (GnRH) antagonist (blocker), vs
leuprolide for achieving and maintaining
testosterone suppression in a 1-year phase III
trial involving patients with prostate cancer.
PATIENTS AND METHODS
In all, 610 patients with adenocarcinoma
of the prostate (any stage; median age
72 years; median testosterone 3.93 ng/mL,
median prostate-speciﬁc antigen, PSA, level
19.0 ng/mL) were randomized and received
study treatment. Androgen-deprivation
therapy was indicated (neoadjuvant
hormonal treatment was excluded)
according to the investigator’s assessment.
Three dosing regimens were evaluated: a
starting dose of 240 mg of degarelix
subcutaneous (s.c.) for 1 month, followed by
s.c. maintenance doses of 80 mg or 160 mg
monthly, or intramuscular (i.m.) leuprolide
doses of 7.5 mg monthly. Therapy was
maintained for the 12-month study. Both

INTRODUCTION
Androgen-deprivation therapy (ADT) is
commonly used in the management of
advanced prostate cancer, as ≈80% of
patients with prostate cancer in whom
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The primary endpoint of the trial was
suppression of testosterone to ≤0.5 ng/mL at
all monthly measurements from day 28 to
day 364, thus deﬁning the treatment
response. This was achieved by 97.2%, 98.3%
and 96.4% of patients in the degarelix 240/
80 mg, degarelix 240/160 mg and leuprolide
groups, respectively (ITT population). At
3 days after starting treatment, testosterone
levels were ≤0.5 ng/mL in 96.1% and 95.5%
of patients in the degarelix 240/80 mg and
240/160 mg groups, respectively, and in
none in the leuprolide group. The median
PSA levels at 14 and 28 days were
signiﬁcantly lower in the degarelix groups
than in the leuprolide group (P < 0.001). The
hormonal side-effect proﬁles of the three
treatment groups were similar to previously
reported effects for androgen-deprivation
therapy. The s.c. degarelix injection was
associated with a higher rate of injectionsite reactions than with the i.m. leuprolide
injection (40% vs <1%; P < 0.001,
respectively). There were additional
differences between the degarelix and
leuprolide groups for urinary tract infections

CONCLUSIONS

localized therapy fails are responsive to ADT
[1]. AD can be achieved through bilateral
orchidectomy or by administration of LHRH
receptor agonists, the latter achieving the
desired therapeutic goal (serum testosterone
levels of ≤0.5 ng/mL) in 90–100% of patients,

but only after 7–21 days [2,3]. Moreover,
the initial physiological response to LHRH
agonist administration results in a supraphysiological increase in testosterone levels,
also known as a biochemical surge, which
might stimulate prostate cancer cells and lead

Degarelix was not inferior to leuprolide at
maintaining low testosterone levels over a 1year treatment period. Degarelix induced
testosterone and PSA suppression
signiﬁcantly faster than leuprolide; PSA
suppression was also maintained
throughout the study. Degarelix represents
an effective therapy for inducing and
maintaining androgen deprivation for up to
1 year in patients with prostate cancer, and
has a different mechanism of action from
traditional GnRH agonists. Its immediate
onset of action achieves a more rapid
suppression of testosterone and PSA than
leuprolide. Furthermore, there is no need for
antiandrogen supplements to prevent the
possibility of clinical ‘ﬂare’.

KEYWORDS
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gonadotrophin-releasing hormone,
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to an exacerbation of clinical symptoms such
as spinal cord compression, bone pain and
urethral obstruction (termed ‘ﬂare’) [4–6].
Antiandrogens can be administered to
mitigate the symptoms of clinical ﬂare [7].
There are potential side-effects and cost
issues associated with antiandrogens [8].
Renewed injections of LHRH agonist therapy
are reported to also induce repeated increases
in testosterone concentration [9].
The GnRH antagonist is a new class of agent
that immediately blocks the GnRH receptor
and thus produces rapid AD without the
ensuing testosterone surge. Several GnRH
antagonists have been investigated for
treating prostate cancer, but many of these
compounds have shown histamine-releasing
properties, a lack of sustained efﬁcacy, and/or
solubility limitations that affect their clinical
usefulness or even preclude their further
development as clinically useful drugs [10].
The GnRH antagonist abarelix, was able
to maintain medical castration (serum
testosterone level < 0.5 ng/mL) in only
62–71% of patients after 1 year of
therapy [11].
Degarelix, a new GnRH receptor blocker
(antagonist), has been developed as a novel
therapy for patients with prostate cancer who
need ADT. Degarelix binds to and blocks the
GnRH receptors in the anterior pituitary
gland, resulting in decreased secretion of both
LH and FSH. This leads directly to a rapid
decrease in the production of testosterone.
Testosterone suppression to castrate levels
(≤0.5 ng/mL) [12] is achieved within 1–3 days
of administration. In two recent phase II doseﬁnding clinical trials, a starting dose of
240 mg degarelix and maintenance doses of
80 or 160 mg were shown to effectively
suppress testosterone levels in patients
with prostate cancer, with no evidence of
testosterone surge or inducement of clinical
ﬂare [13,14]. To date, >2000 patients have
participated in the degarelix clinical
development programme. There have been no
signs of immediate- or late-onset systemic
allergic reactions with degarelix [13,14], in
contrast to previously reported trials of other
GnRH antagonists [15].
The objective of the present trial was to
evaluate the efﬁcacy and safety of two doses
of degarelix vs a standard 7.5 mg dose of the
LHRH agonist leuprolide (Lupron Depot®; TAP
Pharmaceuticals Inc., USA). The trial was
designed to shown that degarelix was not

1532

inferior to leuprolide for achieving and
maintaining testosterone suppression
(≤0.5 ng/mL) for 1 year.
PATIENTS AND METHODS
This was a three-armed, randomized (1:1:1),
active-controlled, open-labelled, parallelgroup phase III trial of 12 months’ duration.
Randomization lists were prepared centrally
by the Department of Biometrics, Ferring
Pharmaceuticals A/S, using a validated
computer program. Randomization was
stratiﬁed by geographical region and body
weight. Sponsor personnel were unaware of
the serum testosterone, PSA, LH and FSH
results. In all, 610 patients were randomized
and received either a degarelix s.c. starting
dose of 240 mg (given as two × 3 mL
injections) and thereafter 12 monthly (every
28 days) maintenance doses of 80 mg (one
4 mL injection of 20 mg/mL; 207 men) or
160 mg (40 mg/mL; 202 men), or 12monthly (every 28 days) i.m. injections of
leuprolide 7.5 mg (given as one injection
of ≈1 mL; TAP Pharmaceuticals; 201
men) (Fig. 1). In the leuprolide group,
bicalutamide (50 mg tablet, once daily)
could be administered at the start of
treatment for clinical ﬂare protection at the
discretion of the investigator. Degarelix was
supplied as a freeze-dried powder for
suspension in water. Injections were given
s.c. in predeﬁned areas on the abdomen.
Leuprolide was supplied in a pre-ﬁlled dualchamber syringe and was administered after
reconstitution as an i.m. injection according
to the directions for use as per the
manufacturer’s labelling.
Men aged ≥18 years with histologically
conﬁrmed adenocarcinoma of the prostate
(all stages), for whom endocrine treatment
was indicated (except for neoadjuvant
hormonal therapy), were recruited. The
population included patients with an
increasing PSA level after treatment with
curative intent, i.e. those with biochemical
failure and those with metastatic disease
(hormone-sensitive). Patients were required
to have a screening serum testosterone level
of >1.5 ng/mL, an Eastern Cooperative
Oncology Group score of ≤2, and a PSA level
of ≥2 ng/mL. Previous or current hormonal
management of prostate cancer was
not allowed, except in patients having
undergone localized therapy of curative
intent in which neoadjuvant or adjuvant
hormonal therapy for ≤6 months was

FIG. 1. The study design; 600 patients were to be
enrolled for a study period of 13 treatments in
28-day cycles, made up of either a starting dose
of degarelix s.c. 240 mg and thereafter monthly
maintenance doses of 80 mg (20 mg/mL) or 160 mg
(40 mg/mL), or monthly i.m. injections of leuprolide
7.5 mg.
Maintenance therapy

Starting dose
240 mg

Degarelix 80 mg (20 mg/ml), s.c.

240 mg Degarelix 160 mg (40 mg/ml), s.c.
7.5 mg

Leuprolide 7.5 mg, i.m.

28
56 84
Day 0
Cycle 1
2
3

308

336
12

364
13

accepted (discontinued >6 months before
inclusion). Patients considered to be
candidates for curative therapy were
excluded.
The trial was conducted in accordance with
the Declaration of Helsinki as well as Good
Clinical Practice Guidelines [16]. Appropriate
independent ethics committees and
institutional review boards for the
participating sites were used throughout
the trial. Central laboratories were used to
measure all serum hormone (testosterone,
LH and FSH) and PSA samples. Serum
testosterone levels were determined using a
validated liquid chromatography system with
tandem mass spectrometry assay. PSA was
analysed using a validated immunoassay. LH
and FSH were analysed using a validated
immunochemiluminometric method.
Safety and tolerability assessments included
laboratory values (biochemistry, haematology
and urine analysis), clinical variables
(injection-site tolerability, adverse events, AEs,
electrocardiograms, a physical examination,
vital signs, and body weight). Global Central
Laboratories PPD (Wilmington, NC, USA)
analysed all clinical chemistry, haematology
and urine analysis variables.
All endpoints included in the study are shown
in Table 1; constraints on space preclude
the reporting of all study endpoints; those
omitted from the current report are
highlighted in Table 1. The primary endpoint
was suppression of testosterone level to
≤0.5 ng/mL between 28 and 364 days, which
was considered a treatment response. The
effectiveness of degarelix was determined by
showing that: (i) The lower limit of the 95% CI
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TABLE 1 Endpoints of the study; those marked with * were not presented in this report
Endpoint
Primary
Secondary

Detail
Cumulative probability of testosterone ≤0.5 ng/mL at any monthly measurement from
28 to 364 days
Proportion of patients with testosterone surge during the ﬁrst 2 weeks of treatment
Proportion of patients with testosterone level ≤0.5 ng/mL at day 3
Probability of testosterone ≤0.5 ng/mL from 56–364 days
Probability of sufﬁcient testosterone response from 28–364 days
Frequency and size of testosterone increases at 255 days and/or 259 vs testosterone
level at 252 days
Serum levels testosterone, LH, FSH and PSA over time
Percentage change in PSA from baseline to 14–28 days
Time to PSA failure (PSA increase ≥50% from nadir and ≥5 ng/mL on two consecutive
occasions at least 2 weeks apart)
Degarelix concentration over the ﬁrst month and trough levels at 308 and 336 days*
Frequency and severity of AEs
Clinically signiﬁcant changes in laboratory values
Change in electrocardiogram and vital signs
Quality of life on 0, 28, 84, 168, and 364 days*
Hot ﬂush frequency and hot ﬂush score daily from study start until 354 days*

The treatment response rate was based on the
time to reach a testosterone level of ≤0.5 ng/
mL from 28 to 364 days and was estimated by
the Kaplan-Meier method. For each of the
treatment groups, the response rate and 95%
CI were calculated by log–log transformation
of the survivor function. Differences between
the groups were assessed using a 97.5% CI
calculated by normal approximation using
pooled standard error.
Assuming a common response rate of 96%
and a common withdrawal rate of 15%, with
a sample size of 200 patients per treatment
group, it would be possible to detect, with
90% power, that the lower limit of the 95% CI
was no lower than 90% (effectiveness
criterion 1). With 200 patients per treatment
group it was also possible to show that
degarelix was not inferior to leuprolide
(effectiveness criterion 2) with >90% power.
RESULTS

FIG. 2. Patient ﬂow; numbers in parenthesis denote the percentage of randomized patients of that treatment
group.
Screened

n = 807
Screening failures n = 187

Degarelix
240/80 mg, s.c.

Degarelix
240/160 mg, s.c.

Leuprolide
7.5 mg, i.m.

Total

n = 210

n = 206

n = 204

n = 620

Randomized
Withdrawn before
any treatment
Treated (ITT)

n = 3 (1)
n = 207 (99)

n = 4 (2)
n = 202 (98)

n = 7 (3)

Major protocol
violators

n = 13 (6)

n = 3 (1)
n = 201 (99)
n = 6 (3)

n = 10 (2)
n = 610 (98)
n = 26 (4)

n = 189 (92)
n = 195 (96)
n = 584 (94)
n = 200 (95)
Per-protocol set
Discontinuations
1. n = 15 (7)
1. n = 19 (9)
1. n = 12 (6)
1. n = 46 (7)
1. AEs
n = 10 (5)
n = 14 (7)
n = 3 (1)
n = 27 (4)
-nonfatal
n = 5 (2)
n = 5 (2)
n = 9 (4)
n = 18 (3)
-fatal
2. n = 1 (<1)
2. n = 1 (<1)
2. n = 0
2. n = 2 (<1)
2. Lack of PSA suppression
3. n = 4 (2)
3. n = 1 (<1)
3. n = 1 (<1)
3. n = 6 (<1)
3. Lost to follw-up
4. n = 22 (10)
4. n = 22 (11)
4. n = 19 (9)
4. n = 62 (10)
4. Other reasons
Completed

n = 169 (80)

n = 163 (79)

for the cumulative probability of testosterone
being ≤0.5 ng/mL from 28 to 364 days for
degarelix was ≥90%; (ii) degarelix was not
inferior to leuprolide for the cumulative
probability of testosterone levels being
≥0.5 ng/mL from 28 to 364 days. The non-

©

n = 172 (84)

n = 504 (81)

inferiority margin for the difference between
treatments (degarelix vs leuprolide) was
−10%. Each degarelix arm was compared
separately with leuprolide, and endpoints
were assessed in both the intent-to-treat (ITT)
and per protocol (PP) populations.

The study was conducted between February
2006 and October 2007. Of the 807 patients
screened, 620 were randomized and 610
received study medication (Fig. 2). Of the
entire study population, 26 patients (4%)
violated at least one predeﬁned criteria,
constituting a major protocol deviation, and
thus were excluded from the PP analysis set.
In all, 116 (19%) randomized patients (20%
degarelix and 16% leuprolide) discontinued
the trial. The baseline characteristics and
demographics were comparable across the
treatment groups (Table 2).
Both degarelix dose regimens were able to
maintain testosterone suppression, as the
lower limit of the 95% CI of testosterone
≤0.5 ng/mL for degarelix was ≥90% from 28
to 364 days (Table 3); furthermore degarelix
was at least as effective as leuprolide at
maintaining a treatment response from
28 days to the end of the study at 364 days
(Fig. 3). A treatment response in the ITT
population was achieved by 97.2%, 98.3%
and 96.4% of patients in the degarelix 240/
80 mg, degarelix 240/160 mg and leuprolide
groups, respectively. For the PP population,
corresponding values were 97.2%, 99.4% and
96.3%. In total, 15 patients had at least one
testosterone value of >0.5 ng/mL (referred to
as ‘escapers’) between 28 and 364 days. Of
these escapers, ﬁve of 207 (2.4%) and three of
202 (1.5%) were in the degarelix 240/80 and
240/160 mg groups, respectively, and seven of
201 (3.5%) were in the leuprolide group. For
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TABLE 2 Patient demographics and baseline characteristics

Variable
ITT analysis set, n
Median (range) age, years
Median (25–75 percentile)
Testosterone, ng/mL
PSA, ng/mL
Stage of disease, n (%)
Localized*
Locally advanced†
Metastatic
Not classiﬁable
Gleason grade, n (%)
2–4
5–6
7
8–10

Degarelix
240/80 mg
207
72 (51–89)

240/160 mg
202
72 (50–88)

Leuprolide 7.5 mg
201
74 (52–98)

4.11 (3.05–5.32)
19.8 (9.4–46)

3.78 (2.86–5.05)
19.9 (8.2–68)

3.84 (2.91–5.01)
17.4 (8.4–56)

69 (33)
64 (31)
37 (18)
37 (18)

59 (29)
62 (31)
41 (20)
40 (20)

63 (31)
52 (26)
47 (23)
39 (19)

191 (31)
178 (29)
125 (20)
116 (19)

20 (10)
68 (33)
63 (30)
56 (27)

21 (11)
67 (34)
56 (28)
56 (28)

24 (12)
63 (32)
62 (31)
51 (26)

65 (11)
198 (33)
181 (30)
163 (27)

Total
610
73 (50–98)
3.93 (2.89–5.10)
19.0 (8.7–57)

*Localized = T1/2, NX or N0, and M0; †Locally advanced = T3/4, NX or N0, and M0, or N1 and M0.

n Responders
202
199
194

% (95% CI)
97.2 (93.5–98.8)
98.3 (94.8–99.4)
96.4 (92.5–98.2)

Treatment

Degarelix 240/160 mg
Degarelix 240/80 mg
Leuprolide 7.5 mg

Time, days

each of the treatment groups, the lower
bound of the two-sided 95% CI was above the
90% threshold, indicating that the predeﬁned
success criterion was met. For both degarelix
groups the drug was not inferior to leuprolide.
As a secondary endpoint, patients having one
testosterone value of >1.0 ng/mL or two
consecutive values of >0.5 ng/mL from 28
to 364 days were considered to have an
insufﬁcient response to treatment. In all
groups, 12 patients fulﬁlled the criteria for an
insufﬁcient testosterone response from 28 to
364 days. Of these patients, four of 207 (1.9%)
and two of 202 (1.0%) were in the degarelix
240/80 and 240/160 mg groups, respectively,
and six of 201 (3.0%) were in the leuprolide
group.

and 95.5% of patients in the degarelix 240/80
and 240/160 mg groups, respectively (median
testosterone levels 0.24 and 0.26 ng/mL,
respectively; Fig. 4). By contrast, for patients
receiving leuprolide, the median testosterone
levels increased by 65% from baseline by day
3 (median testosterone level 6.30 ng/mL;
P < 0.001). In the leuprolide group, the
median testosterone levels were >0.5 ng/mL
until the measurements on day 28 (Fig. 4).
From this point, testosterone levels were
suppressed in all patients in all treatment
groups. The median testosterone levels were
0.082, 0.088 and 0.078 ng/mL in the degarelix
240/80 mg, degarelix 240/160 mg and
leuprolide groups, respectively, from 28 to
364 days.

From day 0–28, treatment with degarelix
resulted in a rapid suppression of
testosterone levels; by day 3, the median
testosterone levels were ≤0.5 ng/mL in 96.1%

Of the 201 patients in the leuprolide group, 23
(11%) received concomitant bicalutamide for
ﬂare protection at the start of treatment. Of
the 178 patients in the leuprolide group who
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9
8
7
6
5
4
3
2
1
0

0
28
56
84
11
2
14
0
16
8
19
6
22
4
25
2
28
0
30
8
33
6
36
4

n, number of dosed patients; Responder, testosterone ≤0.5 ng/mL at 28–364 days; %, Kaplan-Meier
estimated response rates.

FIG. 4. The median serum testosterone (ng/mL)
during the ﬁrst month of treatment.
Testosterone, ng/mL

Degarelix 240/80 mg s.c.
Degarelix 240/160 mg s.c.
Leuprolide 7.5 mg i.m.

n
207
202
201

Median
testosterone, ng/mL

FIG. 3. The median (quartile) testosterone levels over
time (ITT population).

TABLE 3 Testosterone response rates (i.e. cumulative probability of a testosterone level of ≤0.5 ng/mL
from 28 to 364 days: Kaplan-Meier estimates of individual response rates; ITT analysis set)

9
8
7
6
5
4
3
2
1
0

Treatment

0

7

Degarelix 240/160 mg
Degarelix 240/80 mg
Leuprolide 7.5 mg

14

21

28

Time, days

did not receive bicalutamide, 144 (81%)
had a surge in testosterone (deﬁned as a
testosterone increase of ≥15% from baseline,
on any 2 days during the ﬁrst 2 weeks).
In those one leuprolide who received
bicalutamide, 17 (74%) had a testosterone
surge. Among the 40 patients in the
leuprolide group who did not fulﬁl the pre-set
criteria for a testosterone surge, about half
had one testosterone value of ≥15% from
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FIG. 5. The median serum PSA level (change from
baseline) during the ﬁrst 2 months of treatment in
(A) all patients and (B) all those on degarelix, and in
those on leuprolide who received bicalutamide for
antiﬂare protection at the start of the treatment (at
the discretion of the investigators).
A
Change from baseline, %

PSA in all patients

20
0
–20
–40
–60
–80
–100

Treatment

0

7

14

21

Degarelix 240/80 mg
Degarelix 240/160 mg
Leuprolide 7.5 mg

28

35

42

49

56

Time, days

Change from baseline, %

B

PSA in all degarelix patients and in leuprolide
patients who received antiflare treatment

20
0
–20
–40
–60
–80
–100

Treatment

0

7

14

Degarelix 240/80 mg (n = 207)
Degarelix 240/160 mg (n = 202)
Leuprolide 7.5 mg with
antiandrogen (n = 22)

21

28

35

42

49

56

Time, days

FIG. 6. The median serum (A) LH and (B) FSH levels
(change from baseline) during the treatment.

Change from baseline, %

A
LH
Treatment

Degarelix 240/80 mg
Degarelix 240/160 mg
Leuprolide 7.5 mg

0
28
56
84
11
2
14
0
16
8
19
6
22
4
25
2
28
0
30
8
33
6
36
4

700
600
500
400
300
200
100
0
–100

Time, days

the agonist stimulation of testosterone
(‘microsurge’) on day 255 and on day 259,
3 and 7 days after the ninth leuprolide
injection. The largest value at day 255 or
day 259 was used and compared with
testosterone levels on day 252. In the two
degarelix groups, the mean testosterone levels
were slightly decreased on day 255/259
compared with day 252, while in the
leuprolide group there was a statistically
signiﬁcant increase of 0.045 ng/mL
(P < 0.001). In the leuprolide group, eight
patients (4%) had testosterone increases of
>0.25 ng/mL while four (2%) of these patients
reached a testosterone level of >0.5 ng/mL.
No testosterone microsurges were detected in
patients treated with degarelix.
After 14 days, PSA levels had declined by 64%,
65% and 18% from baseline in the degarelix
240/80 mg, degarelix 240/160 mg and
leuprolide groups, respectively; after 28 days,
the PSA declines were 85%, 83% and 68%,
respectively (Fig. 5A). The differences in the
reduction in PSA from baseline between
degarelix and leuprolide patients at days 14
and 28 were statistically signiﬁcant
(P < 0.001).
In the subgroup of patients receiving
leuprolide and concomitant bicalutamide, the
PSA reduction was more rapid than in those
who only received leuprolide, and similar to
that of those on degarelix (Fig. 5B). The
incidence of PSA failure (deﬁned as PSA
increase of ≥50% from nadir and ≥5 ng/mL
on two consecutive occasions at least 2 weeks
apart) during the study was similar among the
three groups, at 8.9% with degarelix 240/
80 mg, 14.2% with degarelix 240/160 mg and
14.1% with leuprolide.

and leuprolide groups, respectively (Table 4).
Most reported AEs were of mild to moderate
intensity (Table 4) [17]. The most frequently
reported AE was ﬂushing, by 53 (26%) and 52
(26%) patients in the degarelix 240/80 mg
and 240/160 mg groups, respectively, and 43
(21%) patients in the leuprolide group. The s.c.
degarelix injection was associated with a
higher rate of injection-site reactions than
the i.m. leuprolide injection (40% vs <1%,
P < 0.001, respectively). The local reactions
occurred predominantly after the ﬁrst
injection; 33% of 409 starting-dose injections
and 4% of 2244 and 2208 maintenance-dose
injections (240/80 and 240/160 mg groups,
respectively) were reported to be associated
with injection-site reactions. Injection-site
reactions were documented as mild or
moderate in intensity by the patient/
investigator; ﬁve (1%) of the degarelix
patients discontinued due to an injection-site
reaction. More patients in the leuprolide
group than in the degarelix groups reported
arthralgia (9% vs 4%, P < 0.05, respectively)
and UTI (9% vs 3%, P < 0.01, respectively),
and more patients in the degarelix groups
reported chills (4% vs none, P < 0.01,
respectively; Table 4). The reported
chills generally occurred 5–10 h after
administration of degarelix and typically
lasted for ≤24 h. None of these events were
considered to be serious. Although some
patients reported one of these events after
two or three degarelix injections, in most
cases the events did not recur upon reexposure. Cardiovascular side-effects (e.g.
angina pectoris, atrial ﬁbrillation, cardiac
failure, and myocardial ischaemia) were
reported by 13% of patients in the leuprolide
group and by 9% in the degarelix groups
(P = 0.089).

Change from baseline, %

B
FSH

300
200

Treatment

Degarelix 240/80 mg
Degarelix 240/160 mg
Leuprolide 7.5 mg

100
0

0
28
56
84
11
2
14
0
16
8
19
6
22
4
25
2
28
0
30
8
33
6
36
4

–100

Time, days

baseline during the ﬁrst 2 weeks. None
of the patients receiving degarelix had a
testosterone surge.
In addition to the monthly measurements,
testosterone levels were assessed to measure

©

After administration of degarelix, the median
LH and FSH levels decreased rapidly and
remained suppressed until the end of the
study (Fig. 6A,B). By contrast, there was an
increase in median LH and FSH levels for
patients in the leuprolide group at the
beginning of treatment, and FSH levels did
not fall to the same extent as they did in both
the degarelix arms. At the end of the study,
mean FSH levels had decreased by 88.5%,
89.0% and 54.8%, vs baseline, in the degarelix
240/80 mg, degarelix 240/160 mg and
leuprolide groups, respectively (Fig. 6B).
Treatment-emergent AEs were reported for
79%, 83% and 78% of patients in the
degarelix 240/80 mg, degarelix 240/160 mg

A similar number of degarelix (7%) and
leuprolide (6%) patients had alanine
aminotransferase (ALT) levels of more than
three times the upper limit of normal (ULN)
range, but none of these patients had a
concomitant increase in bilirubin of
>1.5 × ULN. The somewhat uneven reports
of ALT/aspartate aminotransferase (AST)
elevations as AEs (Table 4) do not correspond
to uneven deviations of the actual laboratory
values, and might represent a reporting bias
in this open-label trial. The increases in ALT
were reversible; in only a few cases could
reversibility not be determined, as there were
no further measurements available after the
patient completed or discontinued the study.
There were increases in body weight of ≥7%
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from baseline in 8% and 13% of patients
on degarelix 240/80 and 240/160 mg,
respectively, and in 13% of patients on
leuprolide.
Serious AEs were reported by 21 (10%) and 24
(12%) patients in the degarelix 240/80 and
240/160 mg groups, respectively, and 28
(14%) in the leuprolide group. AEs resulting in
discontinuations were reported by 15 patients
(7%) in the degarelix 240/80 mg group, 19
(9%) in the 240/160 mg group, and 12 (6%)
in the leuprolide group. The number of
discontinuations due to AEs was similar in the
three groups. More patients died in the
leuprolide group (nine, 4%) than in both
degarelix groups (ﬁve, 2%, each); none of the
deaths were considered to be related to study
drugs (Fig. 2).
In all, 10 (5%) and 14 (7%) patients from the
240/80 and 240/160 mg groups, respectively,
discontinued due to nonfatal AEs, compared
with three (1%) in the leuprolide group.
Nonfatal AEs giving rise to discontinuation in
the degarelix groups (one, unless otherwise
stated) were: injection-site induration,
injection-site soreness (four), malignant
lymphoma, progression of prostate cancer
(ﬁve), squamous cell carcinoma, cerebral
stroke, cold chills, hot ﬂashes, myocardial
infarction, unstable angina, worsening of
bone metastases, hypersensitivity (general
itching at injection site), alcohol withdrawal
symptoms, elevated liver enzymes,
osteoarthritis, mild mental status change, and
depression. In the leuprolide group, nonfatal
AEs giving rise to discontinuation were
medication error, progression of prostate
cancer, and cerebral aneurysm.
Very few patients in the degarelix groups
(<1%) or the leuprolide group (2%) had a
markedly abnormal QT interval corrected for
heart rate using Fridericia’s formula (QTcF)
(≥500 ms) values after 12 months of
treatment, and there were no marked
differences in the ﬁndings of physical
examinations among the groups.

DISCUSSION
This prospective comparative trial was
conducted to evaluate the effect of two doses
of degarelix (240/80 and 240/160 mg) vs
leuprolide (7.5 mg) in patients with prostate
cancer. Degarelix is a new drug belonging to
the GnRH receptor blocker (antagonist) class
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TABLE 4 Incidence and intensity of treatment-emergent AEs (≥5% in any group)

AE, n (%)
ITT analysis set
Any
Injection-site reaction§
Hot ﬂush
ALT increase
Weight increase
Back pain
Hypertension
AST increase
Arthralgia
UTI
Fatigue
Hypercholesterolaemia
Chills
Constipation
Intensity
Any
Mild
Moderate
Severe
Life threatening
Death¶

Degarelix
240/80 mg
207
163 (79)
73 (35)
53 (26)
20 (10)
18 (9)
12 (6)
12 (6)
10 (5)
11 (5)
10 (5)
7 (3)
7 (3)
7 (3)
6 (3)

240/160 mg
202
167 (83)
89 (44)
52 (26)
17 (8)
22 (11)
12 (6)
14 (7)
11 (5)
6 (3)
3 (1)
13 (6)
12 (6)
11 (5)
11 (5)

Pooled
409
330 (81)
162 (40)
105 (26)
37 (9)
40 (10)
24 (6)
26 (6)
21 (5)
17 (4)
13 (3)
20 (5)
19 (5)
18 (4)
17 (4)

Leuprolide 7.5 mg
201
156 (78)
1 (<1)‡
43 (21)
11 (5)
24 (12)
17 (8)
8 (4)
6 (3)
18 (9)*
18 (9)†
13 (6)
5 (2)
0†
10 (5)

163 (79)
138 (67)
113 (55)
32 (15)
1 (<1)
5 (2)

167 (83)
145 (72)
112 (55)
36 (18)
2 (<1)
5 (2)

330 (81)
283 (69)
225 (55)
68 (17)
3 (<1)
10 (2)

156 (78)
138 (69)
101 (50)
26 (13)
5 (2)
9 (4)

Statistically signiﬁcant differences between the pooled degarelix and leuprolide groups, *P < 0.05,
†P < 0.01, and ‡P < 0.001. §Injection-site reactions include injection-site pain, erythema, swelling,
induration, and nodule. ¶None of the deaths was considered related to study treatment. AEs were graded
according to the National Cancer Institute Common Terminology Criteria for Adverse Events [17].

of agents, whereas leuprolide is an LHRH
agonist, the current standard treatment for
inducing AD in patients with prostate cancer.
The present trial shows that both degarelix
dose regimens achieved sustained
testosterone suppression with a lower limit of
the 95% CI for the cumulative probability of a
testosterone level of ≤0.5 ng/mL from day
28–364 for degarelix of ≥90%. Moreover, both
degarelix doses were at least as effective
as leuprolide at inducing and sustaining
testosterone suppression to castrate levels
(≤0.5 ng/mL) throughout the treatment
period.
Analysis of serum testosterone, LH, FSH and
PSA highlights the different mechanism of
action between degarelix and leuprolide
during the ﬁrst 28 days and throughout the
treatment period. In the degarelix groups, the
median testosterone level was reduced by
>90% by day 3, compared with a 65%
surge in the median testosterone level in
the leuprolide group. This contrasting
physiological response is a consequence of

the marked suppression of LH from baseline
by 88% on day 1 for degarelix, compared with
a surge in LH in the leuprolide group (>400%
increase from baseline on day 1). Similarly,
there was a more rapid decrease in FSH after
degarelix treatment, and the FSH levels did
not fall to the same extent with leuprolide.
The signiﬁcance of this latter ﬁnding remains
undetermined [18,19].
GnRH agonist re-administration has been
documented to raise testosterone (acute-onchronic response or microsurge) [20]. Berges
and Bello [21] suggested that an increase in
testosterone level to >0.5 ng/mL might be
clinically relevant, with potential implications
for treatment. Morote et al. [22] found
a relationship between testosterone
suppression and androgen-independent
progression. The clinical signiﬁcance of
testosterone microsurges and breakthroughs
[9,23] has not been established. In the present
study, we analysed testosterone data on day
252, 255 and 259, to evaluate the incidence of
testosterone microsurges. Eight patients (4%)
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in the leuprolide group had microsurges, with
testosterone breakthrough (>0.5 ng/mL)
occurring in four of them. There were no
microsurges in any patient on degarelix.
Biochemical evidence of clinical response was
indicated in all treatment groups by the
steady decrease in PSA levels during the 12month study; there was a signiﬁcantly greater
decrease in PSA levels at days 14 and 28 in the
degarelix groups than in the leuprolide group,
reﬂecting a more rapid response to treatment.
In an attempt to avoid clinical ﬂare in patients
receiving leuprolide, an antiandrogen could
be added at the start of treatment, at the
discretion of the investigator [24]. Degarelix
monotherapy provided a similar PSA decrease
to the subgroup of patients who received
leuprolide with concomitant antiandrogen
(11% of the leuprolide patients). Thus,
degarelix provided effective AD, with fast
onset of action and with sustained
testosterone control, without the need for
antiandrogen ﬂare protection.
Both degarelix and leuprolide were well
tolerated in the study and the number of
discontinuations due to AEs was not
statistically signiﬁcant. The higher incidence
of injection-site reactions reported with
degarelix predominantly occurred after the
ﬁrst injection; ≈1% of the patients in the
degarelix groups discontinued due to
injection-site reactions. The difference in
injection-site reactions might be due to the
different forms of administration (s.c. vs i.m.)
and the injection volume. Local injection-site
reactions were also reported with LHRH
agonists when given s.c [25,26]. There was
also a higher incidence of chills reported with
degarelix. While in some situations, chills can
be indicative of an allergic reaction, in the
current study no systemic allergic reactions
were reported with degarelix. In the present
study, there was a signiﬁcantly lower reported
incidence of musculoskeletal events
(arthralgia) and UTI with degarelix as
compared with leuprolide.
It is important to acknowledge the limitations
associated with the present study. The open
nature of the study design is an obvious
limitation, especially in the interpretation of
reported AEs. However, clearly blinding was
not possible due to the different routes of
administration of the two study drugs,
although the laboratory personnel were
unaware of the treatment. The leuprolide
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monthly dosage of 7.5 mg is standard
treatment in USA and, whereas some
European countries have a lower registered
dose of leuprolide, the dose was considered to
be an appropriate high-dose comparator in
this study. From a safety perspective, most
AEs were related to AD and are therefore
not necessarily dose-related. In the present
study, administration of an antiandrogen
(bicalutamide) in addition to leuprolide
7.5 mg was left to the investigator’s
discretion. This reﬂected the fact that coadministration of an antiandrogen is not
standard care and depends upon both the
individual patient and the stage of the
disease.
This randomized study provides comparative
data between a LHRH agonist and degarelix
for hormonal effects and safety during 1 year
of treatment. The mechanistically inherent
difference in onset of action has an apparent
clinical value for some patient groups (those
with advanced disease with symptoms or a
risk of symptoms, and those planned for
short-term treatment like neoadjuvant,
adjuvant or intermittent treatment) where
there is no need for antiandrogen ﬂare
protection. It remains to be established
through further studies whether the faster
onset of action, the absence of surges and
microsurges, the more effective FSH
suppression, the possibility of a further
different safety proﬁle, or any other hitherto
unmeasured difference between agonist and
blocker provide further clinical value.
In conclusion, degarelix was not inferior to
leuprolide at maintaining low testosterone
levels over a 1-year treatment period. The
degarelix regimens of 240/80 and 240/
160 mg achieved a more rapid reduction of
testosterone and PSA levels than leuprolide.
Neither degarelix dosing schedule induced
testosterone surge or microsurges. Degarelix
represents a new effective therapy for
inducing and maintaining AD for 1 year in
patients with prostate cancer. Its immediate
onset of action achieves a faster control of
testosterone and PSA levels than leuprolide,
with no need for ﬂare protection.

Oselinsky, Neal Shore, Gilberto Ruiz Deya,
Thomas Palmer, Walter Pittman, Daniel
Saltzstein, Barrett Cowan, E. David Crawford,
Jeffrey Frankel, Alfred Sidhom, Jay Young,
Norman Zinner, Kevin Tomera, Bruce Palmer,
Lorne Aaron, Jack Barkin, Richard Casey,
Giovanni Di Costanzo, Godfrey Jansz, Wilson
Leung, Morrie Liquornik, William Love,
Homayoun Khonsari, Peter Pommerville,
Gary Steinhoff, Cal Andreou, David Calvo
Dominguez, Daniel Capdeville-Garcia,
Siviardo De Leon Jaen, Guillermo Feria Bernal,
Jorge Jaspersen Gastelum, Carlos Alberto
Ortega Montillo, Jose Arturo Rodriguez Rivera,
Marco Antonio Teran Porcayo, Ignacio Ramon
Senties Hernandez, Roberto Lugo Quintana,
Jan Rybka, Frantisek Zatura, Ivan Pavlik, Pavel
Hanek, Rene Skoumal, Roman Stanek, Maurice
Michel, Andreas Blana, Laszlo Pajor, Ferenc
Torzsok, Laszlo Farkas, Zoltan Toth, Laszlo
Szilagyi, Jozsef Pinter, Pal Fel, K. Delaere, Evert
Koldewijn, A. Viddeleer, Laurentiu Babu,
Stelian Persu, Petrisor Geavlete, Orsolya
Martha, Nicolae Grigore, Costica Novac, Mihai
Harza, Ioan Ioiart, Alexey Zhivov, Evsey Mazo,
Dmitriy Pushkar, Leonid Gorilovsky, Alexander
Panin, Andrey Gorelov, Petr Ivaschenko,
Volodymyr Lesovoy, Fedir Kostyev, Olexiy
Lyulko, Paul McInerney, and Isabel Syndikus.
Peter Bergqvist, Medical Writer at Ferring
Pharmaceuticals A/S, produced the ﬁrst draft
of this article. The study was funded by
Ferring Pharmaceuticals A/S.
CONFLICT OF INTEREST
Laurence Klotz, Laurent Boccon-Gibod, Neal
D. Shore and Fritz H. Schröder are Paid
Consultants to Sponsor. Bo-Eric Persson, Per
Cantor, Jens-Kristian Jensen and Tine Kold
Olesen are Employees of Sponsor.
REFERENCES
1

2

3
ACKNOWLEDGEMENTS
The following investigators are gratefully
acknowledged: Robert Given, Ronald Davis,
Marc Gittelman, Gary Karlin, Charles King, Ira
Klimberg, David Lipsitz, Jay Motola, David

4

Santen RJ. Clinical Review 37 Endocrine
treatment of prostate cancer. J Clin
Endocrinol Metab 1992; 75: 685–9
Conn PM, Crowley WF Jr.
Gonadotrophin-releasing hormone and
its analogues. N Engl J Med 1991; 324:
93–103
Lepor H. Comparison of single-agent
androgen suppression for advanced
prostate cancer. Rev Urol 2005; 7 (Suppl.
5): S3–12
Waxman J, Man A, Hendry WF et al.
Importance of early tumour exacerbation
in patients treated with long acting
analogues of gonadotrophin releasing

2008 THE AUTHORS

JOURNAL COMPILATION

©

2008 BJU INTERNATIONAL

1537

K L OT Z ET AL.

5

6

7

8

9

10

11

12

13

hormone for advanced prostatic cancer.
BMJ 1985; 291: 1387–8
Thompson IM, Zeidman EJ, Rodriguez
FR. Sudden death due to disease ﬂare with
luteinizing hormone-releasing hormone
agonist therapy for carcinoma of the
prostate. J Urol 1990; 144: 1479–80
Boccon-Gibod L, Laudat MH, Dugue
MA, Steg A. Cyproterone acetate lead-in
prevents initial rise of serum testosterone
induced by LHRH analogs in the
treatment of metastatic carcinoma of the
prostate. Eur Urol 1986; 12: 400–2
Heidenreich A, Aus G, Abbou CC et al.
Guidelines on Prostate Cancer. Arnhem,
the Netherlands: European Association of
Urology, 2007
Moul JW, Chodak G. Combination
hormonal therapy: a reassessment within
advanced prostate cancer. Prostate
Cancer Prostatic Dis 2004; 7 (Suppl. 1):
S2–7
Zinner NR, Bidair M, Centeno A,
Tomera K. Similar frequency of
testosterone surge after repeat injections
of goserelin (Zoladex) 3.6 mg and
10.8 mg: results of a randomized openlabel trial. Urology 2004; 64: 1177–81
Huirne JAF, Lambalk CB. Gonadotropinreleasing-hormone-receptor antagonists.
Lancet 2001; 358: 1793–803
PlenaxisTM (abarelix for injectable
suspension) Product description. Available
at: http://www.fda.gov/Cder/foi/label/
2003/021320lbl.pdf. Accessed 21 August
2008
National Comprehensive Cancer
Network. Clinical Practice Guidelines in
Oncology – Prostate Cancer V.1. 2008
Van Poppel H, Tombal B, de la Rosette
JM, Persson B-E, Jensen J-K,
Kold Olesen T. Degarelix: a novel
gonadotrophin-releasing hormone

1538

14

15

16

17

18

19

20

(GnRH) blocker – results from a one-year,
multicentre, randomised, phase 2 doseﬁnding study in the treatment of prostate
cancer. Eur Urol 2008; 54: 805–15
Gittelman M, Pommerville PJ, Persson
BE, Jensen J-K, Olesen TK. A 1-year,
open-label, randomized phase II doseﬁnding study of degarelix, a novel
gonadotropin-releasing hormone (GnRH)
receptor blocker, in the treatment of
prostate cancer in North America. J Urol
2008 (in press)
Debruyne F, Bhat G, Garnick MB.
Abarelix for injectable suspension: ﬁrstin-class gonadotropin-releasing hormone
antagonist for prostate cancer. Future
Oncol 2006; 2: 677–96
World Medical Association. Declaration
of Helsinki. Ethical principles for medical
research involving human subjects.
(Amended by the 52nd WMA General
Assembly, Edinburgh, Scotland.; notes of
clariﬁcation issued in 2002 and 2004),
October 2000
Cancer Therapy Evaluation Program.
Common Terminology Criteria for Adverse
Events, Version 3.0, DCTD, NCI, NIH, DHHS
March 31, 2003 (http://ctep.cancer.gov:
August 9, 2006 http://ctep.cancer.gov/
forms/CTCAEv3.pdf. Accessed 20 August
2008
Ben-Josef E, Yang SY, Ji TH et al.
Hormone-refractory prostate cancer cells
express functional follicle-stimulating
hormone receptor (FSHR). J Urol 1999;
161: 970–6
Porter AT, FACRO, Ben-Josef E.
Humoral mechanisms in prostate cancer:
a role for FSH. Urol Oncol 2001; 6: 131–8
Tombal B, Berges R. How good do
current LHRH agonists control
testosterone? Can this be improved with
Eligard®? Eur Urol Suppl 2005; 4: 30–6

21 Berges R, Bello U. Effect of a new
leuprorelin formulation on testosterone
levels in patients with advanced prostate
cancer. Curr Med Res Opin 2006; 22: 649–
55
22 Morote J, Orsola A, Planas J et al.
Redeﬁning clinically signiﬁcant castration
levels in patients with prostate cancer
receiving continuous androgen
deprivation therapy. J Urol 2007; 178:
1290–5
23 Shariﬁ R, Browneller R. Leuprolide Study
Group. Serum testosterone suppression
and potential for agonistic stimulation
during chronic treatment with monthly
and 3-month depot formulations of
leuprolide acetate for advanced prostate
cancer. J Urol 2002; 168: 1001–4
24 Samson DJ, Seidenfeld J, Schmitt B
et al. Systematic review and meta-analysis
of monotherapy compared with
combined androgen blockade for patients
with advanced prostate carcinoma.
Cancer 2002; 95: 361–76
25 Ako D, Shiba M, Arai Y et al. Skin
reactions to 3-month depot type of
luteinizing hormone-releasing hormone
agonist therapy. JMAJ 2006; 49: 48–
54
26 Eligard (7.5 mg). US product label
November 2007
Correspondence: Laurence Klotz, University of
Toronto, Division of Urology, Sunnybrook
Health Sciences Centre, 2075 Bayview Ave.
#MG408, Toronto, Ontario, Canada M4N 3M5.
e-mail: Laurence.Klotz@sunnybrook.ca
Abbreviations: AD(T), androgen-deprivation
(therapy); ALT, alanine aminotransferase;
AST, aspartate aminotransferase; AE, adverse
eventl; ITT, intent-to-treat; PP, per protocol;
ULN, upper limit of normal.

©
JOURNAL COMPILATION

©

2008 THE AUTHORS

2008 BJU INTERNATIONAL

