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Abstract

Objective:

To determine the cost-effectiveness of the treatment of advanced hormone-dependent prostate cancer with

degarelix compared to luteinizing hormone-releasing hormone (LHRH) agonists in the UK using the latest

available evidence and the model submitted to AWMSG.

Methods:

A cost-effectiveness model was developed from the perspective of the UK National Health Service evaluating

monthly injection of degarelix against 3-monthly leuprorelin therapy plus anti-androgen flare cover for the

first-line treatment of patients with advanced (locally advanced or metastatic) hormone-dependent prostate

cancer. A Markov process model was constructed using the patient population characteristics and efficacy

information from the CS21 Phase III clinical trial and associated extension study (CS21A). The intention-

to-treat (ITT) population and a high-risk sub-group with a PSA level420 ng/mL were modeled.

Results:

In the base-case analysis using the patient access scheme (PAS) price, degarelix was dominant compared to

leuprorelin with cost savings of £3633 in the ITT population and £4310 in the PSA420 ng/mL sub-group.

The chance of being cost-effective was 95% in the ITT population and 96% in the PSA420 ng/mL sub-

group at a threshold of £20,000 per quality-adjusted life-year (QALY). In addition, degarelix remained

dominant when PSA progression was assumed equal and only the benefits of preventing testosterone

flare were taken into account. Treatment with degarelix also remained dominant in both populations when

the list price was used. The additional investment required to treat patients with degarelix could be offset in

19 months for the ITT population and 13 months for the PSA420 ng/mL population. The model was most

sensitive to the hazard ratio assumed for PSA progression between degarelix and leuprorelin and the quality-

of-life (utility) of patients receiving palliative care.

Conclusion:

Degarelix is likely to be cost-effective compared to leuprorelin plus anti-androgen flare cover in the first-line

treatment of advanced hormone-dependent prostate cancer.

Introduction

Prostate cancer is the most common cancer in men, accounting for �25% of
new diagnoses of malignant cancer in England and Wales1. Recently published
figures for the UK as a whole indicate that 45,410 men were diagnosed with
prostate cancer in 20122. The incidence of prostate cancer increases with age,
and 1% of all men aged485 years are diagnosed with the condition in England
and Wales every year1.
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Prostate cancer is the second most common cause of
death in men with any cancer in the UK—second only
to lung cancer3. Most of the deaths are estimated to occur
in patients with hormone-refractory metastatic prostate
cancer4. According to data from the Office for National
Statistics for 2006–2011, 92.6% of men in England sur-
vived prostate cancer for 1 year and 80.2% for 5 years or
more, with the proportions varying considerably with age5.

Advanced prostate cancer is defined as locally-
advanced or advanced metastatic disease (i.e., where the
cancer has spread beyond the prostatic capsule)1. UK
treatment patterns for advanced prostate cancer are cov-
ered by the National Institute for Health and Care
Excellence (NICE) clinical guidance CG581, which is cur-
rently under review. In addition to this, the European
Association for Urology (EAU) guidelines published in
2012 provide up-to-date guidance for the treatment of
prostate cancer in the UK6. Using details from these two
guidelines and information gained from UK clinician

expert opinion, the current UK treatment pathway for
advanced hormone-dependent prostate cancer is summar-
ized in Figure 1.

A patient’s treatment pathway and initial treatment
options will depend on the stage of their disease at presen-
tation and diagnosis1. Most men with advanced prostate
cancer currently receive hormonal therapy in the form of a
luteinizing hormone-releasing hormone (LHRH) agonist
such as leuprorelin, goserelin or triptorelin. LHRH agon-
ists are associated with an initial surge in testosterone
levels (testosterone flare), which delays achievement of
castration and, in advanced disease, can result in clinical
symptoms (flare). Potential flare effects include increased
bone pain, acute bladder outlet obstruction, obstructive
renal failure, spinal cord compression and fatal cardiovas-
cular events due to hypercoagulation status6–10. LHRH
agonists are, therefore, mostly prescribed at first in com-
bination with anti-androgen therapy, such as bicaluta-
mide, to reduce the incidence of flare; however, data

Figure 1. Current treatment pathway for advanced (locally advanced or metastatic) hormone-dependent prostate cancer. This pathway is based on the
information derived from the NICE clinical guideline on prostate cancer (CG58)1, the EAU guidelines on prostate cancer6, and expert opinion from UK clinicians
[Personal Communication. UK Clinical Experts]. EAU, European Association of Urology; GnRH, gonadotropin-releasing hormone; LHRH, luteinising hormone-
releasing hormone; NICE, National Institute for Health and Care Excellence.
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documenting the frequency and clinical consequences of a
testosterone-induced flare in modern clinical practice are
lacking and a recent study of a large patient cohort
(n¼ 1566) treated for metastatic prostate cancer showed
no significant differences in known flare complications
between those receiving or not receiving anti-androgens7.

Patients with locally-advanced disease may receive hor-
monal therapy in combination with radiotherapy. Some
patients with localized prostate cancer with a high risk
of extracapsular disease (Gleason score �8 or prostate-
specific antigen (PSA) levels420 ng/mL) may also be trea-
ted according to the pathway for locally-advanced cancer.
In rare cases, in which the cancer is already very advanced
at presentation, bilateral orchidectomy may be necessary1.

As a gonadotropin-releasing hormone antagonist,
degarelix provides an alternative to LHRH agonists that
does not induce the initial testosterone flare. In addition,
pooled analysis of data from six prospective randomized
controlled trials indicates that the benefits of degarelix
are not limited to the suppression of the initial testosterone
flare; indeed, degarelix may offer more rapid and prolonged
disease control without microsurges (testosterone, follicle-
stimulating hormone [FSH] and luteinizing hormone) and
lower probability of disease progression compared with
LHRH agonists9,11–13. These findings suggest that degar-
elix patients may remain on first-line hormonal therapy for
longer. Symptoms associated with LHRH agonists—
increases in hormone levels in the form of short-term
flare surges, medium- to long-term microsurges and
poorer long-term FSH control—may contribute to a
faster PSA progression when compared to degarelix13–16.

A large number of patients are diagnosed with prostate
cancer each year, making the selection of the most appro-
priate treatments extremely important for local healthcare
budgets. Many patients currently receive LHRH agon-
ists—more than 430,000 packs of LHRH agonists were
sold in England and Wales in 2012: the equivalent of
�950,000 monthly treatments (Ferring Pharmaceuticals
Ltd. Data on file). In addition, the recent approval of
abiraterone for hormone-refractory prostate cancer,
which is an expensive treatment, has implications for
local budgets and increases the relevance of assessing the
cost-effectiveness of existing treatments for hormone-
dependent prostate cancer. Degarelix aims to prolong
the time to disease progression; leading to improved
health-related quality-of-life for patients and reducing
their utilization of third-line treatments (Figure 1).
Cost-effectiveness analysis is one tool payers can use to
assess and potentially improve the performance of their
healthcare systems by indicating which interventions
maximize health within the available resource constraints.

Four analyses evaluating the cost-effectiveness of degar-
elix compared to LHRH agonists have previously been
published: a manuscript published in 2012 comparing
degarelix with triptorelin for patients with metastatic

prostate cancer based solely upon the differences between
degarelix and LHRH agonists in terms of the clinical
outcomes of testosterone flare, a US analysis of cost-
effectiveness based upon the effects of PSA progression
(recurrence) on movement through lines of treatment
therapy and two posters presented at the International
Society For Pharmacoeconomics and Outcomes Research
meetings detailing cost-effectiveness analyses submitted
to the Scottish Medicines Consortium and All Wales
Medicines Strategy Group (AWMSG)17–20. Degarelix
was approved for use in both Scotland and Wales with
the application of a patient access scheme (PAS) following
publication of the manuscript by Lu et al.17, meaning that
the analyses used within the submissions were not avail-
able to Lu et al. at the time of writing21,22.

The aim of this paper is to provide a full and transparent
assessment of the cost-effectiveness of treatment of
advanced hormone-dependent prostate cancer with degar-
elix compared to LHRH agonists in the UK, based upon
the latest available evidence. The model detailed within
this paper is based upon the health technology assessment
submission to the AWMSG in 2012 and current UK clin-
ical practice. The Welsh PAS for degarelix is taken into
account, along with clinical evidence regarding the role
of PSA in disease progression23,24. Clinicians confirmed
that PSA progression is widely used as a marker for disease
progression and to determine movement from first- to
second-line treatment (Ferring Pharmaceuticals Ltd.
Advisory board report. Data on file).

Patients and methods

A Markov process model was constructed to perform
a cost–utility analysis of degarelix as first-line treatment
for patients with advanced hormone-dependent prostate
cancer compared to standard treatment with LHRH agon-
ists with anti-androgen flare protection.

The population modeled was designed to reflect the
participant population of the CS21 Phase III clinical
trial (FE 200486 CS21). The CS21 trial assessed the effi-
cacy of degarelix 240/80 mg and 240/160 mg compared to
leuprorelin 7.5 mg. This trial, along with the associated
5-year extension study (CS21A), was the source of the
main efficacy parameter for the model, the duration of
response on first-line treatment12,13,25,26. Data from trial
CS21 and the extension study were used as CS21 is the
only long trial that measured PSA progression at
the licensed dose. Degarelix data are taken only from
the 240/80 mg arm, as this is the globally-licensed dose
relevant for the UK. The key model parameters are
shown in Table 1 and more detailed information can be
found in the Appendix.

From the trial, two populations were defined: the inten-
tion-to-treat population (ITT) including all randomized
participants and a high-risk sub-group with a PSA level
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420 ng/mL. Elevated PSA levels indicate a greater risk
of disease progression27. This population was modeled in
isolation in order to examine the specific benefit these
patients might be expected to receive from the rapid reduc-
tion in testosterone levels with degarelix. Both patient
populations were assumed to have a starting age of
72 years, the mean age of trial participants at baseline.

The cost output of the model was the expected service
use costs incurred by the National Health Service (NHS)

in Wales, with 2011 costs presented as GBP. Cost out-
comes were discounted at an annual rate of 3.5%, in line
with UK health technology assessment requirements28.

Model structure

The model observed a time horizon of 20 years, after which
the majority of patients are expected to have died. The
cycle length in the model is 28 days, the same length as

Table 1. Key model parameters applied per cycle (28 days).

Parameter First cycle Subsequent cycle Source

Costs
Drug costs

Degarelix (list price) £260.00 £129.37 BNF 6341

Goserelin–3 monthly £82.72 £78.33
Goserelin–monthly £69.39 £65.00
Leuprorelin–monthly £79.63 £75.24
Leuprorelin–3 monthly £79.47 £75.08
Triptorelin–monthly £73.39 £69.00
Triptorelin–3 monthly £73.39 £69.00
Anti-androgen addition (bicalutamide) £9.73 £9.73
Anti-androgen substitution (cyproterone acetate) £37.65 £37.65
Diethylstilbestrol (non-prop) £109.86 £109.86
Docetaxel* £9215.13
Abiraterone £2737.09 £2737.09
Palliative care £345.78 £345.78 Guest et al.42 inflated

to 2011 prices43

Administration costs
First-line

Degarelix £338.04 £26.00 PSSRU 201143, NHS reference
Goserelin–3 monthly £338.04 £8.67 costs 2010–201144

Goserelin–monthly £338.04 £26.00
Leuprorelin–monthly £338.04 £26.00
Leuprorelin–3 monthly £338.04 £8.67
Triptorelin–monthly £338.04 £26.00
Triptorelin–3 monthly £338.04 £8.67

Anti-androgen addition, substitution, withdrawal and diethylstibestrol
Degarelix £338.04 £26.00
3-monthly comparators £338.04 £8.67
Monthly comparators £338.04 £26.00
Docetaxel* £5029.25
Abiraterone £693.20 £693.20

Efficacy–PSA progression
ITT hazard ratio for degarelix compared to LHRH agonists 1.71 CS21 trial12

PSA420 ng/mL hazard ratio for degarelix compared to LHRH agonists 1.74
Proportion with continued response–Anti-androgen addition 85% EAU Guidelines6

Proportion with continued response–Anti-androgen substitution 85%
Proportion with continued response–Anti-androgen withdrawal 85%
Proportion with continued response–Diethylstilbestrol 88%
Proportion with continued response–Docetaxel 92%
Proportion with continued response–Abiraterone 86% Abiraterone NICE HTA38

Utilities
First-line hormonal therapy 0.90 Bayoumi et al.40

Second-line hormonal therapy 0.80
Chemotherapy (docetaxel and abiraterone) 0.69 AWMSG Assessment

Report for abiraterone39

Palliative care 0.40 Bayoumi et al.40

Annual discount rates
Discount rate–costs 3.5% NICE Guidelines for health

technology appraisal28Discount rate–QALYs 3.5%

*Included as a lump sum cost based upon an average of 7.3 cycles of chemotherapy4. AWMSG, All Wales Medicines Strategy Group; BNF, British National
Formulary; EAU, European Association of Urology; HTA, health technology assessment; ITT, intention to treat; LHRH, luteinizing hormone-releasing hormone; NHS,
National Health Service; NICE, National Institute for Health and Care Excellence; PSA, prostate-specific antigen; PSSRU, Personal Social Services Research Unit;
QALYs, quality-adjusted life years.
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LHRH agonists and degarelix treatment periods. A
number of LHRH agonists were included in the model as
potential comparators: leuprorelin, goserelin, and triptor-
elin. Each LHRH agonist could be administered monthly
or 3-monthly, and all were assumed to require anti-andro-
gen drugs for flare protection for the first month of treat-
ment. This assumption was validated by Welsh clinicians
(Personal Communication. UK Clinical Experts. 2011).
In the base-case analysis, the comparator was 3-monthly
leuprorelin 11.25 mg. This was chosen as leuprorelin was
used in the CS21 clinical trial (at a 7.5 mg dose, which is
not licensed in the UK) and it was the second most com-
monly prescribed LHRH agonist in the UK in 2010–2011
(Ferring Pharmaceuticals Ltd. Data on file).As this com-
parator is also cheaper than 3-monthly goserelin 10.8 mg,
cost-effectiveness of degarelix vs leuprorelin would also
mean cost-effectiveness vs goserelin, assuming equal effi-
cacy between LHRH agonists. Based on published reviews
of clinical literature29,30, this analysis assumes that there
are no significant differences in treatment efficacy.

The structure of the model and the health states were
based on the current UK treatment pathway in Figure 1.
Additional health states were included based on EAU
guidelines, which enables the model to reflect variation
in treatment practices across the UK and Europe. The
model structure and health states are shown in Figure 2.
In the base-case model, anti-androgen substitution and
diethylstilbestrol are not included in the treatment path-
way (see Figure 2). These two treatments are not part of
the current UK treatment pathway and patients skip over
these to the next health state in the base case. The effect of
including these health states are examined in the sensitiv-
ity analysis.

Clinical expert input

Four clinical experts were invited to an advisory board; one
clinical pharmacologist, one urologist and two oncologists,
with the sole purpose of reviewing, synthesizing and adapt-
ing the clinical assumptions on which the model is based to

Figure 2. Health states included in the model. In the base-case model, anti-androgen substitution and diethylstilbestrol are not included in the treatment
pathway, and patients skip over these to the next state.

Journal of Medical Economics Volume 17, Number 4 April 2014
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best reflect clinical practice and experience. Consensus
was reached in the meeting and written up in a consensus
report, approved by the clinical experts. The model was,
thereafter, adapted in accordance with the experts’
opinion.

Efficacy inputs

Data from the 240/80 mg degarelix arm and the leuprorelin
arm from the CS21 clinical trial were used to estimate the
per-28-day cycle risk of patients no longer responding to
first-line treatment (disease progression) and moving onto
subsequent lines of treatment (Table 1). PSA progression
was used as the marker for disease progression. It was
defined in the CS21 clinical trial as two consecutive
increases in PSA of 50% or more above the nadir (the
lowest level observed), accompanied by an absolute
increase of 5 ng/mL or more on two consecutive occasions
at least 2 weeks apart. In the model, PSA progression was
used as a marker for disease progression, as directly
observed data for disease progression (e.g. tumor size)
was not measured in the trial. This assumption was vali-
dated and supported by Welsh clinicians.

Survival analyses were performed to fit multiple para-
metric models to the observations of the CS21A extension
period for degarelix-treated patients. Using the curve with
the best fit, the results of the trial were extrapolated to
generate estimates of the long-term efficacy of degarelix.
Selection of the optimal curve was based on the Akaike
Information Criterion score and the choice was validated
by Welsh physicians by visual inspection. Log-normal dis-
tributions were determined to have the best fit, and these
are shown alongside the Kaplan–Meier data in Figure 3.
The long-term response profile of patients treated with
LHRH agonists was estimated by applying a hazard ratio

generated from the 1-year comparative trial period and
applied to the extrapolated degarelix curve. This approach
was used because there were no long-term comparative
observations; patients crossed over to the degarelix treat-
ment group at the end of the 1-year comparative study
period. No long-term data for PSA progression were iden-
tified for LHRH agonists in literature searches.
Assumptions around the hazard ratio and the duration
over which continued benefit could be assumed were,
therefore, analysed in sensitivity analysis.

The efficacy of LHRH agonists included in the model
was assumed to be equal, regardless of treatment drug,
dosage and frequency. This was supported by a literature
review designed to identify clinical trials or systematic
reviews comparing multiple LHRH agonists30. Due to
the evidence identified by the literature review and
included within the summaries of product characteristics,
it was concluded that LHRH agonists are equivalent
pharmacologically and that no LHRH agonist has shown
superior clinical efficacy or tolerability compared to
another. In addition, no statistically significant differences
have been found in clinical outcomes between different
doses or frequencies of injections of LHRH agonists22,30–36.

The probability of progression for subsequent lines
of treatment was estimated from average durations of
response published in the EAU prostate cancer guidelines
(Table 1)6.

Mortality

The background mortality of patients was modeled using
age- and gender-specific mortality rates from published UK
life expectancy tables37. Prostate cancer specific mortality
is incorporated as the relative survival of prostate cancer
patients compared to members of the general population,

Figure 3. Log-normal curve fits to Kaplan–Meier data for (a) ITT and (b) PSA420 ng/mL populations. ITT, intention to treat; PSA, prostate-specific antigen.
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taken from Scottish registry data. This source was chosen
because it is more recent than similar Welsh registry data
and age-specific rates that were available. Parametric
curves were fit to the relative survival data to extrapolate
beyond the reported 5 years. Five curves were fit to the data
(Weibull, log-normal, exponential, Gompertz, and log-
logistic), of which the log-logistic was the best fit. In the
base case, prostate cancer specific mortality is set equal for
all health states, assuming no difference in disease stage
across different treatments. Differential mortality for treat-
ments was tested in the sensitivity analysis. A multiplier
was applied for patients receiving second-line chemother-
apy with abiraterone to reflect evidence that there is a
reduction in mortality risk for these patients, in line with
a report published by NICE in the UK38. The report
indicates a mean survival of 825 days for patients treated
with abiraterone, compared to 550 days for patients on
standard care. Therefore, a relative risk of mortality of
0.67 (550/825) is applied to the mortality risk of patients
receiving abiraterone in the model.

Adverse events

The effects of adverse events related to clinical flare were
not included in the base-case model, but were incorporated
as part of sensitivity analyses as the increased risk of mus-
culoskeletal events and spinal cord compression associated
with testosterone flares following treatment initiation.
The risk of spinal cord compression was taken from a
study by Oh et al.7, which found that rates of compression
or fracture were less than 1% in the first 30 days after
beginning LHRH agonist therapy, regardless of anti-
androgen use. As spinal cord compression is a rare event,
data were not available from the trial. Events were incor-
porated in the same manner as in Lu et al.17, which used a
decision tree to estimate the proportion of patients experi-
encing mild and severe spinal cord compression as a result
of the testosterone flare associated with LHRH agonist
treatment. Patients have a risk of suffering from spinal
cord compression in the first cycle of the model and
those who experience it are treated with rescue therapies.
Consultation with Welsh physicians indicated that rescue
therapy would consist of surgery (5% of patients) or radio-
therapy (95% of patients). The outcomes of treatment are
then modeled (no lasting complications, improvement or
paraplegia), with the proportion of patients experiencing
each outcome taken from Lu et al.17.

The cycle risk of other musculoskeletal events was esti-
mated from curves fit to events recorded as part of the
CS21A clinical trial. The other adverse event that was
significantly different between the two arms of the CS21
trial was injection site reactions12. These were not
included in the model as the cost and quality-of-life
impacts of these events are negligible. The injection-site

reactions were mainly mild or moderate in intensity and
predominantly occurred with the first dose (33% of initi-
ation dose injections compared to 4% with maintenance
doses)12,25.

Quality-of-life

The health-related utility values associated with each
health state were obtained from published literature and
related prostate cancer AWMSG guidance (Table 1).
A search identified the publication by Bayoumi et al.39 as
the most up-to-date source in the available literature for
first- and second-line hormonal treatment and palliative
care health states, whereas AWMSG guidance was used to
populate utility values for chemotherapy with abirater-
one40. Health-related quality-of-life data collected in the
CS21 clinical trial were not used in the model; these only
captured the quality-of-life of patients pre-progression,
and could not be used to model the quality-of-life decline
that results from disease progression. In sensitivity ana-
lyses, additional utility decrements associated with adverse
events were introduced.

Costs

The costs associated with residing in each health state
were categorized into drug costs and administration
costs, see Table 1. Administration costs were calculated
separately at treatment initiation (first cycle) and for sub-
sequent cycles. The requirement for hospital visits and
service use was modeled to reflect the frequency of drug
administration; degarelix (monthly treatment) incurs
greater administration costs per cycle compared to 3-
monthly leuprorelin. The frequency of resource use
across treatments was elicited from clinical experts in
Wales or identified from published literature. The cost of
degarelix used in the base-case model included a confiden-
tial PAS price.

Model outputs

To examine the robustness of the model to key assump-
tions and data source choices, multiple scenario analyses
were performed. The base-case model and the alternative
scenarios modeled are described in Table 2.

Deterministic sensitivity analysis was performed to
examine the impact of variation in individual parameters.
This took the form of an analysis of extremes, in which
incremental cost-effectiveness ratios (ICERs) were gener-
ated for the greatest and smallest credible values for
each parameter.

Probabilistic sensitivity analyses were run with 1000
iterations, in which parameter values were randomly
selected using Monte-Carlo simulation methods.
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The proportion of sampled ICERs that were indicative
of cost effectiveness at different willingness-to-pay thresh-
olds was used to generate a cost-effectiveness acceptability
curve.

As the model is expected to be especially sensitive to
the main efficacy parameters (the hazard ratios of response
of degarelix compared to LHRH agonists) these were
investigated separately in threshold analyses. These ana-
lyses determined the parameter values at which the ICER
is £30,000, £20,000 and £0 (where the costs of the degar-
elix and LHRH agonist are equal).

A second threshold analysis was performed to deter-
mine the length of time before there was return on the
additional investment required to treat patients with
degarelix. The time horizon was extended in 1-month
increments to determine the point at which the model
predicted incremental cost savings with degarelix.

A final threshold analysis was performed to determine
the percentage increase in the degarelix list price that
would be required to result in an incremental cost of £0
over the duration of the model.

Results

The discounted results of the base-case model, calculated
using the PAS price for degarelix, demonstrate that degar-
elix is dominant compared to 3-monthly leuprorelin
11.25 mg. The model estimates that treatment with degar-
elix leads to cost savings of £3633 in the ITT population
and £4310 in the PSA420 ng/mL group and quality-
adjusted life year (QALY) gains of 0.20 and 0.24, respect-
ively (Table 3).

Table 2. Scenarios modeled in sensitivity analyses.

Number Scenario description Base-case scenario Alternative scenarios modeled

1 Benefit from reduction of adverse events
related to clinical flare only

MSEs and SCC excluded, differ-
ential PSA progression rates
included

MSEs and SCC included, PSA progression
assumed equal

2 Extrapolation of PSA progression data PSA progression modeled using
fitted parametric curves

PSA progression assumed equal after 1
year

3 Choice of parametric curve for PSA pro-
gression rate

Log-normal Weibull, log-logistic, exponential,
Gompertz

4 Time horizon 30 years 5 years
5 Comparator 3-monthly leuprorelin 3-monthly triptorelin*
6 Inclusion of abiraterone Abiraterone included Abiraterone excluded
7 Increased utility weight for patients on

palliative care
0.4 0.69

8 Increased response rates for second-line
treatments

85–92% 95%

9 Degarelix at list price Degarelix at PAS price Degarelix at list price
10 Inclusion of anti-androgen substitution

and diethylstilbestrol
Anti-androgen substitution and

diethylstilbestrol not included
Inclusion of anti-androgen substitution

and diethylstilbestrol

MSE, musculoskeletal event; PAS, patient access scheme; PSA, prostate-specific antigen; SCC, spinal cord compression.
*Triptorelin is the cheapest 3-monthly treatment and was also the comparator reported in Lu et al.17

Table 3. Results of the base-case model.

Costs QALYs Incremental costs Incremental QALYs ICER

Deterministic results
ITT

Leuprorelin 11.25 mg £22,922 3.58
Degarelix £19,289 3.79 �£3633 0.20 Dominant

PSA420 ng/mL
Leuprorelin 11.25 mg £28,751 3.33
Degarelix £24,441 3.57 �£4310 0.24 Dominant

Probabilistic results
ITT

Leuprorelin 11.25 mg £23,886 3.56
Degarelix £19,306 3.80 �£4580 0.24 Dominant

PSA420 ng/mL
Leuprorelin 11.25 mg £29,424 3.29
Degarelix £24,459 3.57 �£4965 0.28 Dominant

ICER, incremental cost-effectiveness ratio; ITT, intention to treat: PSA, prostate-specific antigen; QALYs, quality-adjusted
life years.
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The breakdown of the costs and QALYs is shown
in Table 4. These demonstrate that degarelix is
associated with increased costs for first-line drug and
administration costs and cost-savings for subsequent tiers
of treatment.

Deterministic sensitivity analysis

The 10 most influential parameters for each population are
shown in the tornado diagrams in Figure 4. The greatest
variation in ICER was seen for the utility of patients
receiving palliative care. These graphs do not show the
impact of the efficacy hazard ratios, as sensitivity to
these parameters are examined separately in threshold
analyses.

Probabilistic sensitivity analysis

The mean results of the probabilistic sensitivity analysis
confirm the deterministic results (Table 3). Each of the
1000 sampled iterations is shown in Figure 5 for both
patient populations. The cone shape that can be seen in
the graphs is caused by the large impact of the hazard ratio
for PSA progression on the model. As the hazard ratio for
PSA progression tends towards 1, the impact of variation
in other parameters, such as utilities, reduces. Conversely,
as the hazard ratio reaches its upper bound, these param-
eters have the potential to cause large variation in
outcomes.

The probability of cost-effectiveness at a willingness-
to-pay threshold of £20,000 was 95% for the ITT popula-
tion and 96% for the PSA420 ng/mL population.
At a willingness-to-pay threshold of £30,000, the probabil-
ities of cost effectiveness were 96% and 97%, respectively.

Threshold analysis

Efficacy hazard ratios
Table 5 shows the values of the main efficacy hazard ratios
that produce estimates of £30,000, £20,000, and £0 per
QALY for each of the patient populations. These indicate
that, for the ITT population, the true value of the hazard
ratio would have to be 64% of the mean value for degarelix
to stop being cost-effective at a willingness-to-pay thresh-
old of £20,000. For the PSA420 ng/mL population the
value would have to be 61% of the mean value.

Return on investment
Figure 6 shows the cumulative incremental costs predicted
by the model from 1- to 48-month time horizons with
and without the degarelix PAS. Based on this analysis,
the additional investment required to treat patients
with degarelix with the PAS is expected to be mitigated
after �19 months for the ITT population and 13 months
for the PSA420 ng/mL population. Without the PAS this
rises to�35 months for the ITT population and 22 months
for the PSA420 ng/mL population.

Drug cost of degarelix

An additional threshold analysis indicated that the list
price of degarelix would have to increase by 29.6%
before the expected incremental savings are lost. With
an increase in price of 29.6%, the cost of degarelix starter
injections would be £336.91, and the cost of maintenance
injections would be £167.64.

Scenario analyses

Summary results for the alternative scenarios modeled are
shown in Table 6. Degarelix remained dominant for all of

Table 4. Results breakdown.

ITT population PSA420 ng/mL population

Cost component Degarelix Leuprorelin Difference Degarelix Leuprorelin Difference

Drug cost–first-line hormonal treatment £3904 £2616 £1288 £3132 £1875 £1257
Drug cost–second-line hormonal treatments £224 £282 �£58 £320 £373 �£52
Drug cost–non-hormonal treatment £8431 £11,833 �£3402 £11,974 £15,562 �£3587
Cost of staff time and tests–first-line hormonal treatment £1424 £627 £797 £1198 £541 £657
Cost of staff time and tests–second-line hormonal treatment £338 £387 �£50 £482 £511 �£29
Cost of staff time and tests–non-hormonal treatment £1785 £2525 �£739 £2559 £3354 �£794
Cost of palliative care £3183 £4652 �£1470 £4775 £6536 �£1761
Cost of adverse events £0 £0 £0 £0 £0 £0
Total cost £19,289 £22,922 �£3633 £24,441 £28,751 �£4310
QALYs–first-line hormonal treatment 2.96 2.40 0.56 2.36 1.72 0.64
QALYs–second-line hormonal treatments 0.27 0.38 �0.11 0.38 0.50 �0.12
QALYs–non-hormonal treatment 0.56 0.81 �0.25 0.83 1.11 �0.28
Total QALYs 3.79 3.58 0.20 3.57 3.33 0.24

ITT, intention to treat: PSA, prostate-specific antigen; QALYs, quality-adjusted life years.
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the scenarios modeled, but results were most sensitive to
the assumptions surrounding the duration of the differen-
tial PSA progression rates (Scenarios 1 and 2).

Discussion

The results presented in this analysis indicate that degar-
elix is likely to be cost-effective for use in the UK with all
scenarios tested indicating degarelix is dominant (i.e., less
costly and more effective) compared to LHRH agonists.
The results obtained from this cost-effectiveness model are
based upon statistical analysis of clinical trial data from the
relevant clinical trials (CS21 and CS21a) supplemented
by literature only where clinical trial data were not avail-
able (for utilities and spinal cord compression rates).
The model presented is a relatively simple model based
upon longer time to PSA progression as demonstrated
within the CS21 trial (and, therefore, increased time
spent on first-line treatment) and a reduction in musculo-
skeletal events associated with flare45.

A previous cost-effectiveness analysis of degarelix vs
LHRH agonists reported an ICER of £59,000 per QALY
gained with degarelix at full list price17. However, there
were significant differences between that study and the
evaluation presented here, and these are detailed in
Table 7. Chief among these was the source of incremen-
tal benefit of degarelix. While the base-case analysis in
our model incorporated differential PSA progression rates
for the two treatments, the model reported by Lu et al.17

assumed no difference in PSA progression, but instead
focused on the reduction in testosterone flare and related
adverse events. In addition, the model by Lu et al. used an
incorrect price for degarelix; the price included VAT at
17.5%, whilst the cost of the comparator drug did not
have VAT included.

The model presented here is well-balanced, including
the effects of degarelix on both adverse events and
PSA progression using the latest available trial data.
Extensive sensitivity analyses have been conducted
in order to examine model sensitivity to key
assumptions.

Figure 4. Tornado diagrams of 10 most influential parameters for the (a) ITT and (b) PSA420 ng/mL populations. The impact of the efficacy hazard ratios is
not included here. The sensitivity to these parameters is examined separately in threshold analyses. GP, general practitioner; ICER, incremental cost-
effectiveness ratio; ITT, intention to treat; QALYs, quality-adjusted life years; PSA, prostate-specific antigen; WTP, willingness to pay.
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The key model limitations derive primarily from the
quality of the clinical trial data used to inform the model
in terms of population treated and the maturity of the
available data. There were many patients with localized
disease in the CS21 trial (approximately one third of
patients); this high proportion of patients with early
stage disease may not be reflective of UK clinical practice
where treatment with LHRH agonists is usually in patients
with advanced prostate cancer.

The treatment of early stage patients in CS21 is likely
to have biased against degarelix because these patients
are less likely to show rapid progression and, therefore,
unlikely to experience PSA progression within the trial.
The proportions of patients experiencing PSA progression

or death within the trial were 14% on the leuprorelin arm
and 9% on the degarelix arm13. As would be expected,
PSA progression occurred more frequently in both treat-
ment groups in patients with high baseline PSA and
patients with advanced disease. In patients with metastatic
disease, 21.6% of those in the degarelix 240/80 mg group
and 36.2% of those in the leuprorelin group experienced
PSA progression13. It is, therefore, likely that, if the trial
had been conducted in a group consisting only of patients
with advanced prostate cancer, the treatment benefits
from degarelix would have been greater. The small
sample sizes in the advanced prostate cancer sub-group
in the trial unfortunately did not allow modeling to be
to be conducted in this sub-group alone (n¼ 101 for

Figure 5. Cost-effectiveness plane for (a) ITT and (b) PSA420 ng/mL populations. ITT, intention to treat; PSA, prostate-specific antigen; QALYs, quality-
adjusted life years.

Table 5. Hazard ratio threshold analysis results.

ITT population PSA420 ng/mL population

WTP threshold
Parameter

value
Percentage of the mean

estimate of the hazard ratio (1.71)
Parameter

value
Percentage of the mean

estimate of the hazard ratio (1.74)

£30,000 per QALY 1.08 63% 1.06 61%
£20,000 per QALY 1.10 64% 1.07 61%
£0 per QALY 1.18 69% 1.13 65%

ITT, intention to treat; PSA, prostate-specific antigen; QALY, quality-adjusted life year; WTP, willingness to pay.
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degarelix, n¼ 99 for leuprorelin in the sub-group),
additionally analyzing for this sub-group only would
break randomization, potentially resulting in an imbalance
in characteristics between the two arms which could bias
results12.

Another model limitation is the lack of anti-androgen
cover provided to most patients within the CS21 clinical
trial (89% did not receive concomitant bicalutamide)12.
Provision of bicalutamide, however, did not appear to
have a large impact on the probability of testosterone

Figure 6. Return on investment threshold analysis. ITT, intention to treat; PSA, prostate-specific antigen.

Table 6. Scenario analysis results.

ITT population PSA420 ng/mL population

Scenario Description Inc. costs Inc. QALYs ICER Inc. costs Inc. QALYs ICER

Base-case results �£3633 0.20 Dominant �£4310 0.24 Dominant
1 MSEs and SCC included, PSA progression

assumed equal
�£27 0.03 Dominant �£246 0.03 Dominant

2 PSA progression assumed equal after 1 year �£10 0.07 Dominant �£895 0.11 Dominant
3 Weibull �£3439 0.20 Dominant �£4002 0.24 Dominant

Log-logistic �£3598 0.20 Dominant �£4280 0.24 Dominant
Exponential �£3556 0.20 Dominant �£4124 0.24 Dominant
Gompertz �£3639 0.21 Dominant �£4445 0.25 Dominant

4 5-year time horizon �£2716 0.10 Dominant �£3993 0.14 Dominant
5 Comparator 3-monthly triptorelin �£3422 0.20 Dominant �£4158 0.24 Dominant
6 Abiraterone excluded �£1582 0.22 Dominant �£2196 0.26 Dominant
7 Palliative care utility weight 0.69 �£3633 0.11 Dominant �£4310 0.13 Dominant
8 Response rates for second-line treatments

95%
�£3394 0.11 Dominant �£4141 0.14 Dominant

9 Degarelix at list price Confidential 0.20 Dominant Confidential 0.24 Dominant
10 Inclusion of anti-androgen substitution and

diethylstilbestrol
�£2616 0.16 Dominant �£3269 0.19 Dominant

11 Inclusion of differential mortality �£2533 0.26 Dominant �£2726 0.31 Dominant

ICER, incremental cost-effectiveness ratio; Inc, incremental; ITT, intention to treat; MSE, musculoskeletal event: PSA, prostate-specific antigen: QALYs, quality-
adjusted life years; SCC, spinal cord compression.
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flare (81% of patients who did not receive bicalutamide
experienced testosterone flare compared to 74% of
patients who did receive bicalutamide and 0% of patients
receiving degarelix)12. Pooled analysis from CS21 and
CS35 degarelix trials showed that the PSA progression-
free survival failure rate (adjusted for baseline PSA,
prostate cancer stage and Gleason score) was significantly
lower with degarelix than with LHRH agonists in combin-
ation with anti-androgen flare protection for all patients
(HR¼ 0.490, p¼ 0.0028). It also showed that patients
receiving LHRH agonists in combination with anti-
androgen flare protection still experienced testosterone
flare51. Similar results have been seen elsewhere in pub-
lished literature7.

Other limitations include the lack of head-to-head data
for degarelix and goserelin or triptorelin. However, it is
assumed that data from the clinical study relating to
leuprorelin could be used for the goserelin arm of the
economic model. The literature suggests30 that LHRH
agonists may be equally effective, but no formal meta-
analysis was conducted, and available published evidence
is not conclusive. In addition, significant uncertainty sur-
rounds the QALY gains that can be achieved through the
use of degarelix, which is highlighted in the probabilistic
sensitivity analysis. There is a lack of utility information
available from the clinical trial and a lack of high-quality
evidence from published literature. However, in all cases,
even assuming large confidence intervals in the utilities
modeled, QALY gains (rather than decrements) were
shown with degarelix39.

Finally, the benefits of degarelix in terms of cost-saving
derive primarily from reduced resource use at latter lines of
treatment (i.e., reduced cost of chemotherapy, abirater-
one, and palliative care). Whilst these reduced costs
could not be observed within the trial period available,
UK literature indicates that the costs of the final year of
life for patients with prostate cancer are high (over
£14,000 per patient)45. The costs currently included in

the model for the latter health states such as palliative
care are relatively modest in comparison.

Aside from the limitations within the clinical data
detailed above, the model presented within this analysis
has increased validity compared to previous modeling con-
ducted by Lu et al.17, because inputs are derived from
patient-level data from clinical trials rather than published
literature. Nevertheless, the model presented includes the
same weakness in terms of the scarcity of available data
for spinal cord compression rates, but these rates have
minimal impact within the model presented here.

Both parameter and structural uncertainty surrounding
the source of clinical benefits within our model were exam-
ined through extensive sensitivity analysis. The model is
sensitive to structural assumptions surrounding the source
of clinical benefit (i.e., whether benefit is derived from
slowing PSA progression or solely from prevention of tes-
tosterone flare and associated flare symptoms). Clinical
evidence on the benefits of preventing PSA progression
is not yet conclusive; however, there is a growing weight of
evidence regarding the long-term effects of PSA on disease
progression and mortality27,52,53.

The model presented in the base case is likely to be
conservative as it does not account for benefits related to
the difference in rates of cardiovascular events and mor-
tality between LHRH agonists and degarelix and the likely
difference in mortality due to reduced PSA progression.
Recently-presented evidence shows that, within pooled
degarelix data, in comparison with LHRH agonists, degar-
elix decreased the risk of subsequent serious cardiovascular
events and serious cardiovascular events or death over
1 year of treatment in men with a history of cardiovascular
disease by more than 50%10. Additionally, Southwest
Oncology Group data show that PSA progression predicts
overall survival in hormone-sensitive and castration-
resistant prostate cancer27. A recently-presented pooled
analysis from the degarelix trials shows a significant
improvement in overall survival in the degarelix group

Table 7. Comparison to economic model reported by Lu et al.17.

Model submitted to AWMSG Model reported by Lu et al.17

Population Advanced prostate cancer and a high-risk sub-population
(PSA420 ng/mL)

Asymptomatic metastatic prostate cancer

Comparator Leuprorelin Triptorelin
Key modeled outcomes Slowing progression to second-line treatments Suppression of adverse events associated with testos-

terone flares
Cost sources Drug costs from BNF 6341. Administration costs from Unit

Costs of Health and Social Care 201143. Resource use
costs from NHS reference costs 2010–201144, Guest
et al.42 (inflated to 2011 prices)

Drug costs from BNF 5946, but with incorrect price of
degarelix used. Administration costs from Unit Costs of
Health and Social Care 200847. Resource use costs
from NICE guidelines for SCC48, which uses NHS ref-
erence costs 2006–2007 and NHS reference costs
2009.

Utility values source Bayoumi et al.40 Bayoumi et al.40, Bennett et al.49 and Hollingworth et al.50

AWMSG, All Wales Medicines Strategy Group; BNF, British National Formulary; NHS, National Health Service; NICE, National Institute for Health and Care Excellence;
PSA, prostate-specific antigen; SCC, spinal cord compression.
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compared to the LHRH agonist group (p¼ 0.0329)9,11.
When a differential mortality risk is incorporated into
the model (Scenario 11), patients treated with degarelix
incur higher costs compared to the cost incurred in the
base case. However, the results of the scenario analysis
indicate that treatment with degarelix remains cost-
saving and continues to be the dominant treatment
strategy.

The treatment pathway used within our model is easily
generalizable to other European settings: sensitivity ana-
lysis showed that results did not differ substantially when
alternative treatments in the EAU guidelines6 were
included in the treatment sequence. However, differences
in local costs and the basis of the decision to move from
first-line to second-line treatments (whether this is based
upon PSA progression or not) would impact the general-
izability of the results.

Conclusions

The economic analysis presented in this paper, which is
based on the model utilized in the recent successful sub-
mission to the AWMSG, has shown that, due to the
increase in time to PSA progression demonstrated with
the clinical trials, degarelix is estimated to be less costly
over a lifetime of treatment than the current standard
treatment pathway using leuprorelin, whether or not the
PAS in operation in Wales and Scotland is taken into
account. This cost-effectiveness estimate is likely to be
conservative; the current model does not incorporate the
reduced risk of cardiovascular events experienced by
patients treated with degarelix. Future analyses should
explore how this additional benefit impacts the cost-
effectiveness of treatment with degarelix.

Degarelix is cost-saving with the PAS when the bene-
fits of slowing PSA progression are taken into account and
remains cost-saving when only the benefits of preventing
testosterone flare are taken into account.
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