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Long-term Tolerability and Efficacy of
Degarelix: 5-Year Results From a Phase III
Extension Trial With a 1-Arm Crossover From
Leuprolide to Degarelix
E. David Crawford, Neal D. Shore, Judd W. Moul, Bertrand Tombal, Fritz H. Schr€oder,
Kurt Miller, Laurent Boccon-Gibod, Anders Malmberg, Tine Kold Olesen, Bo-Eric Persson,
and Laurence Klotz

OBJECTIVE To demonstrate the safety and efficacy of up to 5 years of degarelix treatment and the effects of
crossing over from leuprolide to degarelix in the extension phase of a phase III pivotal 1-year trial.

METHODS Patients receiving degarelix who completed the 1-year trial continued on 80 mg (n ¼ 125) or
160 mg (n ¼ 126) maintenance doses. Patients who received leuprolide were rerandomized to
degarelix 240/80 mg (n ¼ 69) or 240/160 mg (n ¼ 65). Safety and tolerability were assessed
(primary end point), as well as testosterone and prostate-specific antigen levels and prostate-
specific antigen progressionefree survival (secondary end points).

RESULTS Adverse event frequency was similar between both the groups. Adverse events included initial
injection site reactions, hot flushes, and increased weight. Testosterone and prostate-specific
antigen values during the extension study were similar to those seen during the 1-year trial in
patients who continued on degarelix or crossed over from leuprolide. The prostate-specific
antigen progressionefree survival hazard rate was decreased significantly after the crossover in the
leuprolide to degarelix group (from 0.20 to 0.09; P ¼ .002), whereas in patients who continued on
degarelix, the rate did not change significantly. In patients with baseline prostate-specific antigen
>20 ng/mL, the same hazard rate change pattern was observed on crossover (from 0.38 to 0.19;
P ¼ .019).

CONCLUSION Degarelix was well tolerated; no safety concerns were identified. The significant prostate-specific
antigen progressionefree survival benefit established for degarelix over leuprolide during year 1
remained consistent at 5 years. UROLOGY 83: 1122e1128, 2014. ! 2014 Elsevier Inc.

The gonadotropin-releasing hormone antagonist,
degarelix, is approved for the treatment of
advanced prostate cancer (PCa). (Degarelix was

approved by the US Food and Drug Administration in
December 2008 and by the European Medicine Agency
in February 2009.)1 The prospective comparative trial
CS21 (ClinicalTrials.gov identifier NCT00295750)
evaluated 2 maintenance doses of degarelix (80 and
160 mg) vs the luteinizing hormoneereleasing hormone
(LHRH) agonist leuprolide (7.5 mg) in patients with
PCa.2 Degarelix rapidly suppresses testosterone to castrate
levels without the initial testosterone surge associated
with LHRH agonists.3 The primary end point of cumu-
lative probability of testosterone level "0.5 ng/mL from
28 to 364 days was 97.2% and 98.3% for the 80- and 160-
mg maintenance degarelix doses, respectively, and
degarelix was at least as effective as leuprolide at main-
taining castrate levels of testosterone. Secondary end
points demonstrated that after 28 days, serum levels of

Financial Disclosures: E. David Crawford is an advisor, meeting participant, and paid
consultant to Ferring and is a study investigator funded by Ferring; his wife is a Ferring
employee. Neal Shore and Bertrand Tombal are advisors, meeting participants, and their
scientific study/trials are funded by Ferring and Sanofi-Aventis. Judd Moul and Laurent
Boccon-Gibod are advisors and meeting participants in Ferring. Kurt Miller and Laurence
Klotz are advisors to Ferring. Anders Malmberg, Tine Kold Olesen, and Bo-Eric Persson
are Ferring employees. Fritz H. Schr€oder declares that he has no relevant financial interests.
Funding Support: The trial reported in this analysis was sponsored by Ferring Phar-
maceuticals. Medical writing support (funded by Ferring Pharmaceuticals) was provided
by Dr. Matthew deSchoolmeester of Bioscript Medical.
From the Department of Urologic Oncology, School of Medicine, University of

Colorado Denver, Aurora, CO; the Carolina Urologic Research Center, Myrtle Beach,
SC; the Division of Surgery and Urology, Duke University Medical Center, Durham,
NC; the Department of Urology, University Clinics Saint Luc/Catholic University of
Leuven, Brussels, Belgium; the Department of Urology, Erasmus Medical Center,
Rotterdam, The Netherlands; the Department of Urology, Charit"e University Medicine
Berlin, Berlin, Germany; the Department of Urology, CHU Hospital Bichat-Claude
Bernard, Paris, France; the Ferring Pharmaceuticals, Copenhagen, Denmark;
the Ferring Pharmaceuticals, Saint-Prex, Switzerland; and the Division of Urology,
University of Toronto, Ontario, Canada
Reprint requests: E. David Crawford, M.D., Urologic Oncology, School of Medicine,

University of Colorado Denver, PO Box 6510, Mail Stop F710, 1665 Aurora Ct.,
Aurora, CO 80045. E-mail: david.crawford@uchsc.edu
Submitted: October 18, 2013, accepted (with revisions): January 7, 2014

1122 ª 2014 Elsevier Inc. 0090-4295/14/$36.00
All Rights Reserved http://dx.doi.org/10.1016/j.urology.2014.01.013



prostate-specific antigen (PSA) and luteinizing hormone
(LH) were similar between the treatment arms.2 A sub-
sequent analysis demonstrated a clinically significant
decrease in the risk of PSA progression or death (PSA
progressionefree survival [PFS]) over 1 year in the
degarelix group (P ¼ .05).4 Levels of follicle-stimulating
hormone (FSH) and, in patients with metastatic dis-
ease, serum alkaline phosphatase were suppressed to a
greater degree in degarelix-treated patients.2,5

Over the course of 1 year, both agents were well
tolerated with flushing the most frequently reported
adverse event (AE). More patients reported arthralgia
and urinary tract infections with leuprolide, and
injection-site reactions and chills were more frequent
with degarelix; none of these AEs were considered
serious. To investigate the long-term safety of degarelix,
patients who successfully completed CS21 were offered
the opportunity to enter the extension trial CS21A in
which they continued to receive degarelix or crossed
over from leuprolide to degarelix. The crossover was
preplanned for all patients on leuprolide. The incidence
of AEs at interim follow-up of the extension phase was
similar to that seen in the first year.6 The incidence of
injection-site reactions reported for leuprolide to
degarelix crossover patients was as expected and pre-
sumably related to the subcutaneous route of degarelix
administration.

LH and FSH levels were recorded for 3 months in
CS21A. Patients who crossed over from leuprolide to
degarelix demonstrated further FSH suppression during
this time. At a median follow-up of 27.5 months, sup-
pression of testosterone and PSA was maintained in pa-
tients continuing to receive degarelix and those who
crossed over from leuprolide to degarelix.6 After crossing
over from leuprolide to degarelix, the PSA PFS hazard
rate improved significantly (P ¼ .003). A similar signifi-
cant improvement (P ¼ .043) in the PSA PFS hazard rate
was experienced by patients with baseline PSA level
>20 ng/mL.6

We now report 5-year follow-up safety and efficacy data
for patients who received degarelix 240/80 mg for up to
5 years or those who crossed over from leuprolide to
degarelix after 1 year of treatment.

MATERIALS AND METHODS

The methodological details of the original 1-year, phase III,
randomized, open-label trial (CS21) have been previously re-
ported.2 Patients completing 1 year of treatment in CS21 were
eligible to enroll into the open-label, multicenter, 4-year
extension study. Patients initially treated with degarelix
continued with the same monthly maintenance dose (ie, 160 or
80 mg). Those who previously received leuprolide 7.5 mg were
rerandomized (1:1) to receive a starting dose of degarelix 240 mg
followed by monthly doses of 80 or 160 mg. On regulatory
approval of degarelix 240/80 mg, patients receiving the 160-mg
maintenance dose transferred to the approved maintenance
dose. Patients received up to 5 years of degarelix treatment. The
trial complied with the Declaration of Helsinki and was

approved by independent ethics committees or institutional
review boards. Patients provided written informed consent.
The primary objective was to evaluate safety and tolerability

during long-term treatment with degarelix. The secondary
objective was to assess testosterone and PSA responses during
long-term treatment with degarelix. Secondary objectives eval-
uating LH and FSH responses for up to 3 months from the time
of crossover from leuprolide to degarelix have already been re-
ported.6 Safety and tolerability were assessed by measuring AEs.
For patients continuing on degarelix, data are shown for the
approved degarelix 240/80 mg dose. Data on patients who
crossed over from leuprolide to degarelix 240/80 and 240/160
mg (and subsequently to 80 mg) were pooled (leuprolide to
degarelix group). The database was finalized in December 2011
after a median exposure to degarelix of 57.1 months (range,
12.8-72.4 months).
Serum testosterone and PSA levels were measured monthly

for the first 3 months and then at 3-month intervals until the
end of the extension phase. LH and FSH levels were measured
for the first 3 months of the extension phase only. Analysis was
performed at a central laboratory. PSA progression was defined
as 2 consecutive PSA increases of "50% vs nadir and "5 ng/mL
on 2 consecutive measurements "2 weeks apart with the end
point recorded on the date of the second measurement ac-
cording to protocol CS21 criteria.
Time to PSA PFS was defined as time to PSA progression or

death, whichever came first; PSA PFS was analyzed using the
Kaplan-Meier method, in both the overall population and the
subgroup of patients with baseline PSA level >20 ng/mL. PSA
PFS hazard rates were calculated before and after crossover using
a likelihood ratioebased procedure7 to test for a change in the
hazard rate of the patient survival distribution, and statistical
comparisons were made using the chi-square test. All analyses
were performed and summary statistics calculated using SAS,
version 9.2 (SAS Institute Inc., Cary, NC).

RESULTS

Patients
In total, 386 patients continued into the extension study
after the first year of treatment. For patients randomized
to receive degarelix in CS21, 251 continued on the same
monthly degarelix maintenance dose of 80 mg (n ¼ 125)
or 160 mg (n ¼ 126). (For patients continuing on
degarelix, data are reported only for the approved
degarelix 240/80 mg dose, with the exception of AEs.) Of
172 leuprolide-treated patients completing CS21, 135
entered the extension trial and were randomized to
receive either degarelix 240/160 mg (subsequently 80 mg;
n ¼ 66) or degarelix 240/80 mg (n ¼ 69); 1 patient
crossing over from leuprolide to degarelix 240/160 mg did
not receive further treatment. Baseline characteristics of
patients enrolled in CS21A have been reported previ-
ously and were generally comparable between patients
who continued on degarelix and those who crossed over
from leuprolide to degarelix.6 Of the patients enrolled in
the extension phase, 65 of 125 (52%) and 81 of 134
(60%) had discontinued from the degarelix group and the
leuprolide to degarelix crossover group, respectively
(Table 1). Similar proportions of patients in the degarelix
and leuprolide groups discontinued because of AEs
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(17% and 23%, respectively). In total, 163 of 385 pa-
tients (42%) completed the extension trial, including 60
patients treated with degarelix 240/80 mg and 54 patients
who crossed over from leuprolide to degarelix (240/160 or
240/80 mg).

Primary Objective: Safety and Tolerability
The primary objective of the extension study was to assess
the long-term safety and tolerability of treatment with
degarelix. The incidence of treatment-related AEs
occurring at a frequency of "5% in any group is sum-
marized in Table 2. Most AEs were of mild or moderate
intensity. Overall, the incidence of AEs over 5 years of
treatment was similar between patients receiving degar-
elix 240/80 mg and those who crossed over to degarelix
from leuprolide after 1 year of treatment.

The most common treatment-related AEs experienced
by patients enrolled in CS21 and CS21A trials were
injection-site reactions. Injection-site reactions included
pain, erythema, swelling, and nodules (in 31%, 21%, 8%,
and 7% of patients, respectively). Most reactions occurred
after the first injection; 31% of 276 degarelix 240-mg
initiation doses were reported to be associated with
injection-site reactions. Incidence decreased for subsequent

doses, with 2.5% of 9142 maintenance doses of degarelix
80 mg being associated with a reaction. In total, 12 of 544
patients (2%) treated with degarelix during CS21 and
CS21A trials discontinued because of injection-site
reactions.

Other AEs related to androgen deprivation included hot
flushes and weight gain, which occurred in 30% and 9% of
patients, respectively. Pyrexia (7%), chills (4%), and
increased alanine aminotransferase or aspartate amino-
transferase (6% and 5%, respectively) were also reported.
Treatment-emergent serious AEs leading to death were
reported for 40 patients (7%); all were considered unrelated
or unlikely to be related to trial treatment. The most
frequent causes of death were neoplasms (12 patients,
including 8 men who died from PCa), cardiac disorders
(12 patients), and infections and infestations (5 patients).

Secondary Objectives: Testosterone and PSA
Suppression
Long-term suppression ("4 years) of testosterone below
castrate levels (median testosterone level #0.5 ng/mL)
was maintained in patients continuing in the study.
There was no difference in testosterone levels between
the group continuing to receive degarelix and the group

Table 2. Incidence of treatment-related adverse events ("5%) in patients receiving degarelix or crossing over from
leuprolide to degarelix in CS21 and CS21A trials

Adverse Event, n (%)
Degarelix,
240/80 mg

Degarelix,
240/160 mg

Leuprolide / Degarelix,
240/80 or 160 mg Total

Safety analysis set CS21/CS21A 207 (100) 202 (100) 135 (100) 544 (100)
Any adverse event 132 (64) 129 (64) 85 (63) 346 (64)
Deaths 14 (7) 18 (9) 8 (6) 40 (7)
Injection-site reactions
Pain 64 (31) 67 (33) 36 (27) 167 (31)
Erythema 40 (19) 50 (25) 26 (19) 116 (21)
Swelling 17 (8) 16 (8) 10 (7) 43 (8)
Nodule 13 (6) 17 (8) 6 (4) 36 (7)
Induration 9 (4) 12 (6) 4 (3) 25 (5)

Hot flush 61 (29) 61 (30) 40 (30) 162 (30)
Weight increased 21 (10) 13 (6) 16 (12) 50 (9)
Pyrexia 13 (6) 15 (7) 9 (7) 37 (7)
Chills 14 (7) 7 (3) 2 (2) 23 (4)
ALT increased 13 (6) 14 (7) 6 (4) 33 (6)
AST increased 11 (5) 10 (5) 5 (4) 26 (5)
Fatigue 6 (3) 13 (6) 8 (6) 27 (5)
Erectile dysfunction 2 (<1) 4 (2) 7 (5) 13 (2)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 1. Patient disposition in CS21A

Group Degarelix, 240/80 mg, n (%)
Leuprolide / Degarelix,
240/80 or 160 mg, n (%)

ITT CS21A 125 (100) 134 (100)
Completed CS21A 60 (48) 54 (40)
Discontinuations 65 (52) 81 (60)
Adverse event 21 (17) 31 (23)
Lost to follow-up 6 (5) 2 (1)
Protocol violation 1 (<1) 2 (1)
Patient withdrawn by investigator 2 (2) 8 (6)
Patient withdrew consent 7 (6) 7 (5)
Other 28 (22) 31 (23)

ITT, intention to treat.
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that crossed over from leuprolide to degarelix after 1 year
of treatment (Fig. 1A). The primary end point of CS21
and a secondary end point of CS21A was the cumulative
probability of testosterone level #0.5 ng/mL from days 28
to 364 in CS21 and from day 365 to the end of study in
CS21A. There was no statistically significant difference
in the number of patients escaping testosterone suppres-
sion between the treatment groups at any measurement
(P ¼ .548; log-rank test for homogeneity).

Median PSA levels after 1 year of treatment in CS21
were 0.50 and 0.40 ng/mL in the degarelix 240/80 mg and

leuprolide groups, respectively. Suppression of PSA was
maintained in the extension phase: median PSA levels
remained <2 ng/mL for degarelix-treated patients and for
those crossing from leuprolide to degarelix (Fig. 1B). The
number of patients experiencing PSA failure (defined as a
PSA increase of "50% from nadir and "5 ng/mL on 2
consecutive occasions at least 2 weeks apart) after 5 years
was 46 of 125 (37%) and 49 of 134 (36%) for the
degarelix 240/80 mg group and those crossing from leu-
prolide to degarelix, respectively. There was no statisti-
cally significant difference in the number of patients with

Figure 1. Median (interquartile range) absolute testosterone levels (A) and median (interquartile range) absolute prostate-
specific antigen (PSA) levels (B) in the initial 1-year trial and extension phase.
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PSA progression between the treatment groups (P ¼
.665; log-rank test for homogeneity).

PSA PFS
The risk of PSA PFS decreased in patients who crossed
from leuprolide to degarelix during the extension phase
(Fig. 2A). The PSA PFS hazard rate for patients crossing
from leuprolide to degarelix significantly decreased from
0.20 during the first year to 0.09 during the extension

phase (P ¼ .002). For the group continuing on degarelix
240/80 mg, the hazard rate was 0.11 during the first year
and 0.12 during the extension (P ¼ .863). In patients
with baseline PSA levels >20 ng/mL, the PSA PFS
hazard rate significantly decreased from 0.38 to 0.19 after
crossing from leuprolide to degarelix (P ¼ .019; Fig. 2B).
The hazard rate for the degarelix 240/80 mg group was
0.23 in the first year and 0.20 in the extension phase
(P ¼ .641).

Figure 2. Prostate-specific antigen progressionefree survival (PSA PFS) probability in all patients (A) and those with baseline PSA
level "20 ng/mL (B) continuing degarelix 240/80 mg or crossing over from leuprolide to degarelix.
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COMMENTS
The primary objective of the extension trial was to
evaluate safety and tolerability during treatment with the
degarelix 1-month dosing regimen for up to 5 years.
There was a high rate of discontinuation in both study
arms, which was to be expected considering the length of
the extension phase, clinical stage, patient age, and
monthly injection schedule. Most discontinuations were
considered unrelated to study treatment. In total, 42% of
patients completed the extension phase, demonstrating
good tolerability of the treatment regimen.

During up to 5 years of degarelix treatment, AEs
occurred at a similar frequency across the treatment arms.
The most frequently reported events were injection-site
reactions. The incidence of injection-site reactions
occurring when patients crossed from leuprolide to
degarelix was similar to that seen in patients initially
randomized to degarelix.2 In patients crossing to degar-
elix, the reported injection-site reactions decreased to low
levels as the extension trial progressed; most reactions
were mild, and discontinuation due to an injection-site
reaction occurred in 2% of patients. Injection-site re-
actions are likely related to the subcutaneous route of
administration as skin reactions have also been reported
for leuprolide when given subcutaneously.8,9

Chills were reported by 4% of patients. Degarelix is a
third-generation antagonist with minimal histamine-
releasing activity10 and no reported incidences of
anaphylactic reactions during the clinical development
program.2,11,12 Other AEs were mainly related to
androgen deprivation and the presence of PCa; no new
safety signals became apparent during long-term degarelix
treatment of up to 5 years.

During CS21, degarelix demonstrated more rapid sup-
pression of LH, FSH, testosterone, and PSA than leu-
prolide and was as effective as leuprolide in inducing and
sustaining testosterone suppression to castrate levels
(#0.5 ng/mL).2 Degarelix provided long-term suppression
(for at least 5 years) of median testosterone levels to
below castrate levels. Effective long-term testosterone
suppression could be important as ineffective testosterone
suppression may be associated with increased PCa mor-
tality,13 and breakthrough testosterone levels >0.32
ng/mL have been shown to predict decreased PFS.14,15

PSA progression (or castration-resistant status) often
precedes clinically detectable recurrence by years, and
effective PSA suppression is associated with improved
overall survival.16-19 In the pivotal CS21 trial, patients
receiving degarelix 240/80 mg had a significantly lower
risk of PSA progression or death than those receiving
leuprolide during the first year of treatment. After
crossing over from leuprolide to degarelix, the PSA PFS
hazard rate decreased significantly (P ¼ .002), indicating
a decreased risk of PSA progression or death after
switching to degarelix. There was no significant change in
the hazard rate for patients who continued to receive
degarelix.

Of the patients in CS21A, more than half had
advanced disease (locally advanced or metastatic disease).
As expected, PSA progression in the first year occurred
mostly in patients with locally advanced or metastatic
disease and exclusively in patients with baseline PSA
level >20 ng/mL.4 The risk of PSA progression in pa-
tients with baseline PSA level >20 ng/mL was signifi-
cantly lower for degarelix 240/80 mg vs leuprolide during
the first year (P ¼ .019). Patients with baseline PSA level
>20 ng/mL who crossed over from leuprolide to degarelix
experienced a significant improvement in the PSA PFS
hazard rate similar to that in the overall population.

Further benefits of degarelix, both clinical and eco-
nomic, have recently been reported. A pooled analysis of
comparative phase III degarelix trials found that the risk
of experiencing a cardiovascular event or death is lower
for men treated with degarelix compared with a LHRH
agonist, particularly in those patients with a history of
cardiovascular disease before starting androgen depriva-
tion.20 In economic terms, a recent cost-effectiveness
analysis based on data from CS21 demonstrated that
degarelix was cost-effective or dominant (better efficacy
and lower cost) over leuprolide.21 The authors also
consider that addition of further differential clinical
outcomes between degarelix and leuprolide would likely
increase the cost saving and quality-adjusted life years
achieved with degarelix treatment.21

Limitations are that the study incorporated a 1-way
crossover from leuprolide to degarelix, and it did not
include a crossover arm from degarelix to leuprolide; thus,
there is no direct comparator for the crossover group. The
study used a surrogate end point of PSA progression.
Because of the length of follow-up, the study does not
have sufficient deaths from PCa to draw conclusions
about the survival benefit.

CONCLUSIONS
Degarelix 240/80 mg was well tolerated and provided
sustained testosterone suppression over a 5-year period.
Injection-site reactions were common with the initial
dose but uncommon with subsequent doses. Over the
5-year period, degarelix resulted in improved PSA PFS
compared with leuprolide.
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