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ORIGINAL RESEARCH

Cost-effectiveness of denosumab versus zoledronic acid for preventing skeletal-
related events in the Czech Republic

Joaquim Cristinoa, J�ınd�rich Finekb, Petra Jandovac, Martin Kolekd, B�alint P�asztord, Christina Giannopouloua,
Yi Qiane, Tomas Brezinac and Mickael Lothgrena

aAmgen (Europe) GmbH, Zug, Switzerland; bPilsen Faculty Hospital, Clinic of Oncology and Radiotherapy (FN v Plzni), Pilsen, Czech Republic;
cAmgen s.r.o., Prague, Czech Republic; dOaks Consulting, Prague, Czech Republic; eAmgen Inc., Thousand Oaks, CA, USA

ABSTRACT
Aims: This study assessed the cost-effectiveness of the subcutaneous RANKL inhibitor, denosumab, vs
the intravenous bisphosphonate, zoledronic acid, for the prevention of skeletal-related events (SREs) in
patients with prostate cancer, breast cancer, and other solid tumors (OST) in the Czech Republic.
Materials and methods: A lifetime Markov model was developed to compare the effects of denosu-
mab and zoledronic acid on costs (including drug costs and administration, patient management, SREs,
and adverse events), quality-adjusted life-years (QALYs), and incremental cost-effectiveness ratios from
a national payer perspective. Different discount rates, time horizons, SRE rates, distributions, and nature
(asymptomatic vs all SREs), and the inclusion of treatment discontinuation were considered in scenario
analyses. The robustness of the model was tested using deterministic and probabilistic sensitivity
analyses.
Results: Across tumor types, denosumab was associated with fewer SREs, improved QALYs, and higher
total costs over a lifetime. The incremental cost per QALY gained for denosumab vs zoledronic acid
was 382,673 CZK for prostate cancer, 408,450 CZK for breast cancer, and 608,133 CZK for OST.
Incremental costs per SRE avoided for the same tumor type were 54,007 CZK, 51,765 CZK, and 94,426
CZK, respectively. In scenario analyses, the results remained similar to baseline, when different discount
rates and time horizons were considered. At a non-official willingness-to-pay threshold of 1.2 million
CZK, the probabilities of denosumab being cost-effective vs zoledronic acid were 0.64, 0.67, and 0.49
for prostate cancer, breast cancer, and OST, respectively.
Limitations: The SRE rates used were obtained from clinical trials; studies suggest rates may be higher
in clinical practice. Additional evidence on real-world SRE rates could further improve the accuracy of
the modeling.
Conclusions: Compared with zoledronic acid, denosumab provides a cost-effective treatment option
for the prevention of SREs in patients with prostate cancer, breast cancer, and OST in the Czech
Republic.
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Introduction

Bone metastases are a common complication of advanced
solid tumors, and induce bone destruction through increased
osteoclast activity1. Almost all patients with prostate cancer,
the majority of patients with breast cancer, and a large pro-
portion of patients with lung or kidney cancer, will develop
bone metastases during the advanced stages of their
disease1,2. Skeletal-related events (SREs; pathologic fracture,
spinal cord compression, surgery to bone, and radiation to
bone) are a common complication of bone metastases and
are painful and debilitating. SREs also interfere with patients’
mobility, functional ability, and independence, and reduce
overall quality-of-life (QoL)1,3–5. In addition, patients with
SREs may require numerous hospitalizations, outpatient visits,
and procedures6–8, all of which are associated with substan-
tial costs9,10.

Bone-targeted agents such as bisphosphonates (predomin-
antly intravenous [IV] zoledronic acid) and the RANK ligand
inhibitor denosumab can prevent SREs in patients with bone
metastases11,12. Three large, active comparator controlled,
double blind, double-dummy phase 3 clinical trials, with
identical patient inclusion and exclusion criteria and study
endpoints, have compared subcutaneous (SC) denosumab
(120mg every 4 weeks [Q4W]) with zoledronic acid (4mg IV
Q4W) in patients with solid tumors (OST) and bone metasta-
ses13–15. The three studies were run concurrently, and had
identical study designs, except for tumor types and sample
sizes. Denosumab was superior to zoledronic acid for pre-
venting a first on-study SRE in patients with breast cancer or
prostate cancer and was more effective than zoledronic acid
in an ad hoc analysis of patients with OST13–15. Compared
with zoledronic acid, denosumab also significantly reduced
the risk of multiple (first and subsequent) SREs in all three
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tumor types (rate ratio [95% confidence interval (CI)] for
breast cancer, 0.77 [0.66–0.89]; prostate cancer, 0.82
[0.71–0.95]; and OST, 0.85 [0.72–1.00])13–15. Overall, patients
randomized to denosumab experienced fewer SREs than
those who received zoledronic acid13–15. The proportions of
patients who experienced adverse events (AEs) were similar
with the two drugs13–15. An integrated analysis of the three
phase 3 trials reported that similar proportions of patients in
the two groups experienced AEs and serious AEs16. In gen-
eral, the types of AEs experienced were similar, with the
exceptions of hypocalcemia, which was more common in the
denosumab group than in the zoledronic acid group, and
acute phase reactions and renal AEs, which were more com-
mon in those receiving zoledronic acid than in those receiv-
ing denosumab16.

Although denosumab has been shown to be clinically
superior to zoledronic acid, the economic benefit of using
denosumab rather than zoledronic acid in specific countries
remains unclear. In this study, we assessed the cost-effective-
ness of denosumab vs zoledronic acid in the prevention of
SREs in adults with bone metastases from prostate cancer,
breast cancer, and OST (excluding hematological malignan-
cies) from a national payer perspective in the Czech
Republic.

Methods

Model design

A Markov cohort model was constructed in Microsoft ExcelVR

2010. The model structure was identical for all tumors, but
inputs for the analysis were specific to the tumor type. The
model had three health states: “on treatment”, “off
treatment”, and “death”. The “on treatment” state was associ-
ated with a risk for SREs, AEs, and death. Costs associated
with treatment, administration, patient management, SREs,
and AEs were calculated17–19. Declines in health utility,
expressed as decrements in quality-adjusted life-years
(QALYs) due to SREs, AEs, and mode of drug administration,
were also estimated. The “off treatment” state was associated
with the same risk of death as the “on treatment” state, but
with a higher risk of SREs, resulting in higher costs and
greater utility decrements.

A 28-day (4-week) cycle was applied to the model to cor-
respond with the dosing schedule recommended for both
products20,21. The analysis considers a lifetime horizon22; the
model was run for 200 cycles (�15.4 years), after which more
than 99% of patients were expected to have died.

Model event parameters

Event probabilities for the following were derived from phase
3 trial data13–15,23,24: SRE distribution, AEs, treatment discon-
tinuation, death, and relative risk of a SRE after treatment dis-
continuation. The model used a fixed (constant) rate over the
modeling timeframe for all SREs and AEs, consistent with pre-
viously published data25–28, allowing the extrapolation of
results beyond the timeframe of the clinical trials. All SRE
rates (and all other annual rates in the model) were

converted to 4-week probabilities, based on an exponential
relationship between rates and probabilities, aligned with the
assumption of a constant event rate over time.

Skeletal-related events

In the base case analysis, annualized SRE rates for patients
treated with zoledronic acid were based on adjusted SRE
rates observed in clinical trials. The adjustment factor was
based on the rate ratio of real-world-based and clinical trial-
based SRE rates13–15. Real-world SRE rates were based on an
additional post hoc analysis of European data from the study
by Hechmati et al.9, a multi-center, prospective, observational
study conducted in the US, Canada, Germany, Italy, Spain,
and the UK. Based on a sample size of 188 patients, with an
overall time at risk of 85.5 subject-years, the pooled yearly
SRE rate observed was 3.8 across all tumors in patients
treated with zoledronic acid and who had experienced at
least one SRE prior to study enrollment. This rate was divided
by 12 to estimate the monthly SRE rate, and was subse-
quently compared with the combined monthly SRE rate
observed in the three clinical trials in patients receiving zole-
dronic acid and who had a history of at least one SRE at
baseline. The rate ratio between the real-world data and trial
results generated a real-world adjustment factor of 2.84
(0.3167� 0.1117). A scenario analysis was included with an
adjustment factor of 2.01, based on results from a retrospect-
ive analysis of a US claims database (a nationally representa-
tive database of medical and pharmaceutical claims from
80US health plans, including 55 million patients)29, as
described in Stopeck et al.30. For denosumab, annualized SRE
rates were estimated by applying a treatment effect rate ratio
of denosumab vs zoledronic acid (Table 1). The SREs included
in the model were pathologic fracture, radiation to bone, sur-
gery to bone, and spinal cord compression (Table 1). The dis-
tributions of the different types of SRE applied in the base
case are those observed in the three head-to-head clinical tri-
als, by tumor type, pooled between the two treatment
arms13–15. The expected mean cost of a SRE, based on the
proportion of each SRE and its associated cost, was calcu-
lated. Reductions in QALYs were estimated in the same man-
ner. As a result, each SRE had an associated mean cost and
QALY decrement, which were incorporated into the model
explicitly.

Adverse events

In a pre-specified integrated analysis of the three phase 3 tri-
als assessing the efficacy of denosumab vs zoledronic acid in
solid tumors, the overall proportions of patients experiencing
any AE (96.2% for denosumab; 96.8% for zoledronic acid) or
a serious AE (56.3% and 57.1%, respectively) were similar for
the two drugs16. Serious AEs from the integrated analysis16

(i.e. positively adjudicated osteonecrosis of the jaw, hypocal-
cemia, renal toxicity, and acute phase reactions) were used
to derive AE rates in the model, in order to reflect clinically
and potentially economically important events that may be
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related to treatment. AEs are included in the base case
analysis.

Discontinuation

Discontinuation of therapy was incorporated into the model
based on treatment-specific clinical trial data30. For each
tumor type, the number of patients who discontinued ther-
apy for any reason (excluding death) was divided by the per-
son-years of follow-up (the same value used to estimate
annual SRE rates) and the resulting annual discontinuation
rate (Table 1) converted to a 4-week probability. The SRE rate
for patients who discontinued treatment was based on a
meta-analysis of clinical trials comparing zoledronic acid with
placebo in patients with breast cancer23, and a phase 3
randomized trial of zoledronic acid vs placebo in patients
with prostate cancer24. The relative SRE rate ratios for
patients discontinuing placebo compared with those discon-
tinuing zoledronic acid were 0.59 and 0.54, in breast and
prostate cancer, respectively. The relative SRE rate for pla-
cebo vs zoledronic acid was calculated to be 1.75 (the mean
of the two rates). To predict the SRE rate in patients discon-
tinuing therapy, this relative rate was applied to the
observed SRE rate for zoledronic acid in the phase 3 denosu-
mab clinical trials13–15.

Overall mortality

Overall survival was not different between zoledronic acid
and denosumab in the three phase 3 trials13–15. Therefore,
overall mortality was estimated using data pooled across
both treatment groups. A generalized gamma model was
used to estimate the overall survival for the lifetime horizon
of the cost-effectiveness analysis. The gamma distribution
was selected based on a comparison against other paramet-
ric models including Weibull, log-logistic, generalized gamma,
log-normal, exponential, normal, logistic, and extreme value.
The mean overall survival based on the calculated survival
functions was 2.24 years for prostate cancer, 3.73 years for
breast cancer, and 1.73 years for OST.

Health-related quality-of-life

Baseline utility values (for patients with no SREs either on or
off treatment) were derived from utility profile analyses of 5-
dimension EuroQol questionnaire data measured every 4
weeks in the trial of denosumab vs zoledronic acid for
patients who did not experience SREs30. The QALY impact
associated with having a SRE was obtained through an inde-
pendent time trade-off (TTO) study in the general population,
which showed that all SREs are associated with a QALY
reduction, and suggested a decrease in QoL beyond that
anticipated for cancer with bone metastases31. QALY decre-
ments per SRE are presented in Table 1.

The impact of administration route (IV vs SC) on QoL was
also assessed using a similar TTO approach31. The utility dec-
rement associated with a SC or IV infusion for SRE prevention
therapy (i.e. denosumab or zoledronic acid) in addition to

Table 1. Inputs into the cost-effectiveness model: base case.
Prostate
cancer

Breast
cancer

Other solid
tumors

SRE rate (per 4-week cycle)
Zoledronic acid 0.207 0.138 0.205
Denosumab (derived) 0.170 0.106 0.174

Denosumab treatment effect13–15

Rate ratio first and subsequent
SRE (95% CI)

0.82
(0.71–0.95)

0.77
(0.66–0.89)

0.85
(0.72–1.00)

SRE type distribution (pooled across both treatment groups)13–15

Pathologic fracture 0.268 0.582 0.314
Radiation to bone 0.661 0.354 0.575
Surgery to bone 0.015 0.047 0.062
Spinal cord compression 0.056 0.017 0.050

Discontinuation rates per year (excluding death)30,48

Denosumab 0.409 0.284 0.619
Zoledronic acid 0.476 0.288 0.628
Baseline utility QALY decrements31 0.680 0.660 0.580

SRE QALY decrements31

Pathologic fracture 0.080
Radiation to bone 0.110
Surgery to bone 0.150
Spinal cord compression 0.535
Composite SRE QALY decrement31 0.1262 0.1017 0.1242

Serious AE QALY decrements49

Osteonecrosis of the jaw 0.009 0.008 0.010
Hypocalcemia 0.006 0.006 0.008
Renal toxicity 0.012 0.012 0.015

AE distribution: denosumab
Osteonecrosis of the jaw 0.294
Acute phase reaction 0.011
Hypocalcemia 0.232
Renal toxicity 0.463

AE distribution: zoledronic acid
Osteonecrosis of the jaw 0.213
Acute phase reaction 0.098
Hypocalcemia 0.103
Renal toxicity 0.586

AE rate (per 4-week cycle)
Denosumab 0.0044
Zoledronic acid 0.0044
SC vs IV QALY decrement (per cycle)

SC (denosumab) 0.0012
IV (zoledronic acid) 0.0021

Unit costs (CZK)17–19

Drugs
Denosumab per 120mg administration 6,711.62
Zoledronic acid per 4mg administration 1,749.08
Patient management

Physician office visits 332.88
Laboratory tests (serum creatinine) 73.63

Administration
Denosumab 186.20
Zoledronic acid 409.17

SREs
Pathologic fracture 145,888.87
Radiation to bone 36,183.93
Surgery to bone 183,531.49
Spinal cord compression 50,858.33

AEs
Osteonecrosis of the jaw 12,409.95
Acute phase reaction 2,749.94
Hypocalcemia 2,238.04
Renal toxicity 104,737.22

Discount rates32

Annual cost 0.030
Annual efficacy 0.030

AE: adverse event; CI: confidence interval; CZK: Czech Republic Koruna; IV:
intravenous; QALY: quality-adjusted life-year; SC: subcutaneous; SRE: skeletal-
related event.
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regular chemotherapy was estimated and applied in the
model. The mean disutility for receiving monthly SC injec-
tions for 1 year (0.015) and the mean disutility for receiving
monthly IV infusions for 1 year (0.027) were divided by 13,
and applied in each cycle for patients who were on treat-
ment with denosumab and zoledronic acid, respectively.

Costs

The national payer perspective was adopted for the analysis,
and the cost inputs are presented in Table 1. SRE costs per
SRE type were based on unit costs in the Czech Republic18,19,
applied to country-specific healthcare resource utilization
(HRU) data obtained from a retrospective chart review of
patients with bone metastases/lesions secondary to breast,
lung, or prostate cancer or multiple myeloma conducted in
eight European countries, including the Czech Republic6. The
drug acquisition costs of denosumab 120mg SC administra-
tion and zoledronic acid 4mg IV administration were sourced
from the State Institute for Drug Control (S�UKL) list of reim-
bursed medicines from December 201519. The costs of drug
administration, AEs, and patient management were estimated
based on a micro-costing approach. The resources associated
with each type of cost were derived from a local expert
panel and the unit costs from the S�UKL list of reimbursed
medicines, list of diagnosis-related group (DRG) codes, and
list of reimbursed health procedures in 2015 in the Czech
Republic18,19. The patient management costs reflect the
expenses related with monitoring patients for renal toxicity
as a consequence of being treated with denosumab or zole-
dronic acid, and included physician office visits and labora-
tory tests.

Both denosumab and zoledronic acid were assumed to be
administered once every 4 weeks (or 13 times per year) while
the patient is alive, and discontinued according to the meth-
odology previously described.

Cost-effectiveness analyses

The cost-effectiveness analyses were performed in terms of
incremental cost both per SRE avoided and per QALY gained.
The base-case analysis considered cost-effectiveness over a
lifetime, a discount rate of 3% per year for costs and health
outcomes of interest from a payer’s perspective, in accord-
ance with local guidelines for the economic evaluation of
health technologies32.

Multiple additional scenario analyses were performed
including: considering alternative discount rates (0% and 5%
for both costs and health benefits); a shorter time horizon
(39 cycles of 4 weeks, equivalent to 3 years); USA SRE rates
for patients treated with zoledronic acid (reported in a retro-
spective analysis of a USA claims database29); different distri-
butions of SRE types (based on data from the Surveillance,
Epidemiology, and End Results Program [SEER] data-
base33–35); no discontinuation of active treatment; and
accounting for the fact that some SREs may be considered
asymptomatic. Because limited information is available
regarding the proportion of SREs that are asymptomatic, it

was assumed in this latter analysis that all vertebral fractures
were asymptomatic (their costs and QALY adjustments were
set as 0, as these events would not be treated and there
would be no utility decrement).

One-way deterministic sensitivity analyses

The robustness of the results was tested using one-way
deterministic sensitivity analyses for key model probabilities,
utilities, costs, treatment effect, and baseline risk of SREs
(using the zoledronic acid SRE rate). A ±30% variation in the
inputs was used to test the impact of each individual variable
on the final results. Data are presented by tumor type in tor-
nado diagrams.

Probabilistic sensitivity analyses

Probabilistic sensitivity analyses (PSAs) enable assessment of
the uncertainty by sampling inputs according to distributions
that reflect the range of likely values for each input, thus cre-
ating a distribution of possible outcomes. These were used
to generate cost-effectiveness scatter plots (data not shown)
and acceptability curves. The methodology used is similar to
that described in Stopeck et al.30, with specific parameters
and distributions described in the Appendix.

Results

Cost-effectiveness analyses

Base case analysis
Using our model, the lifetime predicted SREs avoided per
patient was 0.272 for OST, 0.628 for prostate cancer, and
0.731 for breast cancer (Table 2). It is likely that the lower
number of predicted SREs avoided in patients with OST is
owing to the shorter median overall survival compared with
the other tumor types13–15. In this base case analysis, using
denosumab was predicted to be associated with QALYs
gained, additional total costs, costs avoided related to drug
administration, and patient management of SREs and AEs
(Table 2). The additional predicted QALYs gained were 0.0887
for prostate cancer, 0.0926 for breast cancer, and 0.0423 for
OST. The costs avoided by using denosumab in the manage-
ment of SREs were estimated at 41,525 Czech Republic
Koruna (CZK) (prostate cancer), 74,440 CZK (breast cancer),
and 21,400 CZK (OST). For administration costs, denosumab
avoided an estimated 3084 CZK (prostate cancer), 5328 CZK
(breast cancer), and 2240 CZK (OST). It was predicted that
using denosumab would avoid AE-related costs: 522 CZK
(prostate cancer), 1202 CZK (breast cancer), and 506 CZK
(OST). Finally, for patient management, denosumab avoided
739 CZK (prostate cancer), 1711 CZK (breast cancer), and 721
CZK (OST). These savings were offset by the additional pre-
dicted overall costs associated with denosumab (33,934 CZK
in prostate cancer; 37,838 CZK in breast cancer; 25,716 CZK
in OST), in particular the drug costs of denosumab in com-
parison with zoledronic acid (79,805 CZK for prostate cancer,
120,518 CZK for breast cancer, and 50,584 CZK for OST).
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The resulting incremental cost-effectiveness ratios (ICERs)
measured in incremental cost per incremental QALY were
calculated to be 382,673, 408,450, and 608,133 CZK in pros-
tate cancer, breast cancer, and OST, respectively. Considering
the typical threshold in cost-effectiveness analysis in the
Czech Republic (1.2 million CZK; 3 times gross domestic
product per capita), the results indicate that denosumab pro-
vides a cost-effective treatment option in the Czech Republic
vs zoledronic acid. When considering SREs avoided as the
effectiveness measure, the ICERs predicted were 54,007 CZK
in patients with prostate cancer, 51,765 CZK in patients with
breast cancer, and 94,426 CZK in those with OST (Table 2).

Scenario analysis
The results of the scenario analyses are summarized in
Table 3. In all tumor types, the use of alternative SRE rates,
based on the Hatoum et al.29 study, and including asymp-
tomatic fractures in the model, were the top two scenarios
that substantially increased the predicted ICERs per QALY.
Considering alternative discount rates for costs and health
benefits (0% and 5%, respectively) and the alternative time
horizon (39 cycles) impacted on the results only slightly. For
breast and prostate cancer, using the SRE distribution derived
from real-world data36 (SEER-Medicare population) did not
affect the model results, but this SRE distribution was the
third most influential scenario in patients with OST, increas-
ing the incremental cost per QALY by 22%.

Sensitivity analyses

Deterministic sensitivity analyses
Tornado diagrams were used to identify the model parame-
ters that were key drivers of the results, applying a ±30%
input parameter variation. For all tumor types, the relative
SRE rate for denosumab vs zoledronic acid had the highest
impact on the ICER (Figures 1(a–c)). The second most

influential parameter across all tumor types was the relative
real-world-adjusted SRE rate. The QALY decrement due to IV
infusion of zoledronic acid also impacted highly on ICERs
(Figures 1(a–c)). There were some differences in the variables
that impacted on the ICER between the different tumor
types: pathologic fracture and the resultant QALY decrement
were more important in breast cancer than in the other
tumor types (Figures 1(a–c)). QALY decrement due to radi-
ation to bone and cost of this treatment had a greater influ-
ence on the ICER in prostate cancer and OST than in breast
cancer (Figures 1(a–c)).

Probabilistic sensitivity analyses
PSAs were also performed to assess the uncertainty associ-
ated with the different parameters used in the model. The
model was run for 1000 Monte Carlo simulations. Cost-effect-
iveness acceptability curves for prostate cancer and breast
cancer showed that denosumab was the preferred treatment
over zoledronic acid (Figures 2(a–c)). Although not official,
the typical threshold used in cost-effectiveness analyses in
the Czech Republic is 1.2 million CZK. Using this threshold,
treatment of patients with prostate cancer with denosumab
had a 0.64 chance of being cost-effective (Figure 2(a)).
Similarly, for breast cancer and OST, the probability of deno-
sumab being cost-effective was 0.67 (Figure 2(b)) and 0.49
(Figure 2(c)), respectively.

Discussion

Cost-effectiveness analyses are important for payers to make
informed decisions on the allocation of healthcare resources.
Payers need to identify the treatment options that offer the
greatest benefit for a given cost37. In the analyses described
here, the use of denosumab resulted in fewer SREs, more
QALYs, and higher total treatment costs compared with the
use of zoledronic acid.

Table 2. Base case analysis: costs, outcomes, and cost-effectiveness of denosumab vs zoledronic acid in patients with prostate cancer, breast cancer, or other
solid tumors.

Prostate cancer Breast cancer Other solid tumors

Denosumab Zoledronic acid Denosumab Zoledronic acid Denosumab Zoledronic acid

Costs (CZK)
Drug 105,500.72 25,696.10 162,572.42 42,054.30 68,251.73 17,668.02
Administration 2,926.90 6,011.13 4,510.24 9,837.83 1,893.50 4,133.11
Patient management 5,232.64 5,972.10 8,063.28 9,773.96 3,385.16 4,106.27
SREs 423,002.61 464,527.50 734,018.05 808,457.99 403,397.17 424,797.47
AEs 3,635.94 4,157.61 5,602.84 6,804.36 2,352.20 2,858.67
Total costs (CZK) 540,298.81 506,364.45 914,766.83 876,928.43 479,279.77 453,563.54

Outcomes
QALYs 0.6648 0.5761 1.5499 1.4573 0.3217 0.2794
SREs 6.602 7.230 7.603 8.334 5.437 5.709

Cost-effectiveness (denosumab vs zoledronic acid)
Cost difference (CZK) 33,934.36 37,838.40 25,716.23
QALY difference 0.0887 0.0926 0.0423
SREs avoided 0.628 0.731 0.272

ICER (denosumab vs zoledronic acid) (CZK)
Per QALY gained 382,673.25 408,450.20 608,132.66
Per SRE avoided 54,007.04 51,765.40 94,425.78

AE: adverse event; CZK: Czech Republic Koruna; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; SRE: skeletal-related event.
Calculations performed prior to approximation of data to 2 decimal places.
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Table 3. Scenario analyses: effect of varying discount rate, time horizon, SRE rate, discontinuation of treatment, and asymptomatic SREs on the cost-effectiveness
of denosumab vs zoledronic acid.

Prostate cancer Breast cancer Other solid tumors

Denosumab Zoledronic acid Denosumab Zoledronic acid Denosumab Zoledronic acid

Scenario: 0% discount for costs and health benefits
Total costs (CZK) 574,248.60 539,394.84 1,004,703.47 964,989.83 514,909.97 488,623.25
Total QALYs 0.6973 0.6053 1.6837 1.5862 0.3364 0.2931
Total SREs 6.602 7.230 7.603 8.334 5.437 5.709
Cost difference (CZK) 34,853.75 39,713.64 26,286.71
QALY difference 0.0920 0.0974 0.0433
SREs avoided 0.628 0.731 0.272

ICER (denosumab vs zoledronic acid) (CZK)
Per QALY gained 379,038.69 407,598.89 607,466.82
Per SRE avoided 55,470.28 54,330.85 96,520.52

Scenario: 5% discount for costs and health benefits
Total costs (CZK) 520,303.69 486,941.71 863,709.24 826,999.89 459,048.00 433,687.86
Total QALYs 0.6454 0.5587 1.4733 1.3836 0.3131 0.2714
Total SREs 6.602 7.230 7.603 8.334 5.437 5.709
Cost difference (CZK) 33,361.98 36,709.35 25,360.13
QALY difference 0.0867 0.0898 0.0417
SREs avoided 0.628 0.731 0.272

ICER (denosumab vs zoledronic acid) (CZK)
Per QALY gained 384,938.84 408,965.51 608,544.42
Per SRE avoided 53,096.09 50,220.79 93,118.26

Scenario: 39 cycles
Total costs (CZK) 418,203.49 385,521.97 548,592.43 516,746.20 354,212.92 329,185.46
Total QALYs 0.5641 0.4830 1.0216 0.9448 0.2791 0.2381
Total SREs 4.656 5.220 3.870 4.463 3.605 3.867
Cost difference (CZK) 32,681.52 31,846.23 25,027.46
QALY difference 0.0811 0.0768 0.0410
SREs avoided 0.564 0.593 0.263

ICER (CZK) (denosumab vs zoledronic acid)
Per QALY gained 403,024.34 414,579.60 610,965.59
Per SRE avoided 57,945.06 53,721.48 95,306.21

Scenario: SRE rates from Hatoum et al.29

Total costs (CZK) 428,865.43 384,629.07 714,670.40 657,010.13 373,531.09 342,433.85
Total QALYs 0.8697 0.7999 1.7398 1.6660 0.4850 0.4510
Total SREs 4.865 5.337 5.532 6.069 4.013 4.217
Cost difference (CZK) 44,236.36 57,660.27 31,097.24
QALY difference 0.0697 0.0738 0.0340
SREs avoided 0.473 0.536 0.204

ICER (denosumab vs zoledronic acid) (CZK)
Per QALY gained 634,337.47 781,022.42 915,212.31
Per SRE avoided 93,619.31 107,508.84 152,535.89

Scenario: SRE rates from the SEER database36

Total costs (CZK) 488,411.03 449,383.00 667,678.17 604,781.45 346,384.27 313,617.91
Total QALYs 0.4824 0.3758 1.2307 1.1057 0.2846 0.2403
Total SREs 6.602 7.230 7.603 8.334 5.437 5.709
Cost difference (CZK) 39,028.02 62,896.73 32,766.36
QALY difference 0.1066 0.1250 0.0443
SREs avoided 0.628 0.731 0.272

ICER (denosumab vs zoledronic acid) (CZK)
Per QALY gained 366,171.98 503,130.23 740,381.22
Per SRE avoided 62,113.69 86,046.82 120,312.71

Scenario: no treatment discontinuations
Total costs (CZK) 507,610.54 437,852.03 817,791.05 745,685.67 435,274.20 380,113.71
Total QALYs 0.8779 0.7433 1.7632 1.5940 0.5060 0.4185
Total SREs 4.622 5.536 4.930 6.305 3.663 4.246
Cost difference (CZK) 69,758.52 72,105.38 55,160.49
QALY difference 0.1345 0.1692 0.0874
SREs avoided 0.914 1.374 0.583

ICER (denosumab vs zoledronic acid) (CZK)
Per QALY gained 518,525.37 426,058.88 630,944.46
Per SRE avoided 76,328.02 52,474.23 94,639.10

Scenario: asymptomatic vertebral fractures
Total costs (CZK) 407,763.91 360,819.00 670,385.72 607,763.58 377,981.88 346,891.78
Total QALYs 0.7375 0.6560 1.6835 1.6044 0.3773 0.3380
Total SREs 6.602 7.230 7.603 8.334 5.437 5.709
Cost difference (CZK) 46,944.91 62,622.14 31,090.10
QALY difference 0.0815 0.0791 0.0393
SREs avoided 0.628 0.731 0.272

ICER (denosumab vs zoledronic acid) (CZK)
Per QALY gained 575,738.45 791,755.52 790,414.81
Per SRE avoided 74,713.53 85,671.17 114,157.76

CZK: Czech Republic Koruna; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; SEER: Surveillance, Epidemiology, and End Results
Program; SRE: skeletal-related event.
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Figure 1. Tornado diagram for (a) prostate cancer, (b) breast cancer, and (c) other solid tumors. CZK: Czech Republic Koruna; ICER: incremental cost-effectiveness
ratio; IV: intravenous; ONJ: osteonecrosis of the jaw; QALY: quality-adjusted life-year; SC: subcutaneous; SRE: skeletal-related event.
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Denosumab provided a cost-effective treatment option vs
zoledronic acid. The main drivers of the cost-effectiveness
results in our study were the treatment effect (clinical effi-
cacy) of denosumab, in comparison with zoledronic acid, and
the baseline frequency of SREs for patients receiving zole-
dronic acid (and consequent rate ratio to adjust the clinical
trial SRE rates to reflect observations from clinical practice).
The different distributions of SREs across the tumor types

were also key determinants of the variables which were most
impactful in the three populations. The proportion, for
instance, of patients who experience pathologic fractures is
higher in breast cancer relative to the other tumor types
(58% vs 27% in prostate cancer and 31% in OST). As patho-
logic fracture is the second most expensive SRE type in the
Czech Republic, the average SRE cost and the overall SRE
cost savings from the use of denosumab were higher in the

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 400,000 800,000 1,200,000 1,600,000 2,000,000 2,400,000

Pr
ob

ab
ili

ty
 o

f 
be

in
g 

co
st

-e
ff

ec
tiv

e

Willingness to pay (CZK/QALY)

Denosumab

Zoledronic acid

(a)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 400,000 800,000 1,200,000 1,600,000 2,000,000 2,400,000

Pr
ob

ab
ili

ty
 o

f 
be

in
g 

co
st

-e
ff

ec
tiv

e

Willingness to pay (CZK/QALY)

Denosumab

Zoledronic acid

Denosumab

Zoledronic acid

(b)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 400,000 800,000 1,200,000 1,600,000 2,000,000 2,400,000

Pr
ob

ab
ili

ty
 o

f 
be

in
g 

co
st

-e
ff

ec
tiv

e

Willingness to pay (CZK/QALY)

(c)

Figure 2. Cost-effectiveness acceptability curves for (a) prostate cancer, (b) breast cancer, and (c) other solid tumors. CZK: Czech Republic Koruna; QALY: quality-
adjusted life-year.
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breast cancer analysis compared to prostate cancer and OST,
and the base case results were more sensitive to changes of
the cost of pathologic fracture. Similarly, the majority of pros-
tate cancer patients (66%) experience radiation to the bone,
which justifies the higher sensitivity of the results in changes
of the cost and QALY decrement of this SRE type.

SREs are considered an objective and clinically relevant
end-point for the evaluation of complications in patients
with advanced cancer38. They are often severe and debilitat-
ing39, and result in substantial HRU and costs40. Therefore,
the impact of SREs on patients and healthcare systems are
considerable and, by reducing these events, the burden can
be lessened. In our model, denosumab use resulted in lower
costs associated with patient and SRE management, and
fewer AEs, together with gains in QALYs, compared with
zoledronic acid. Similar results were reported in a cost-effect-
iveness analysis of denosumab vs zoledronic acid in patients
with bone metastases secondary to solid tumors in the US.
The value of denosumab is derived from its clinical efficacy,
favorable safety, and efficient administration30.

Zoledronic acid is an appropriate comparator in these
analyses, because many patients with cancer and bone meta-
stases will likely receive a bone-targeted agent during the
course of their disease management, of which zoledronic
acid is one of the most commonly used in Europe so far41.
As reported by Lipton et al.16, denosumab showed a clinical
benefit across patients with advanced solid tumors and bone
metastases in comparison with zoledronic acid, including in
patients with a prior history of SREs. A budget impact ana-
lysis of denosumab vs zoledronic acid in Austria, Sweden,
and Switzerland predicted SRE rate reductions and corre-
sponding budget offsets, even in the scenario in which the
price of zoledronic acid was reduced, reflecting the release of
the generic formulation42.

The availability of Czech-specific inputs on quality-of-life
is, in general, extremely rare. Local data on SRE- and AE-spe-
cific QALY decrements are lacking. Therefore, extrapolation
was used for this cost-effectiveness analysis conducted in the
Czech setting by adopting disutilities available in the litera-
ture, which is widely accepted by experts and local author-
ities. Based on the available evidence, the rate of SREs
observed in clinical practice is higher than the rate observed
in the clinical trials9,29. Some potential reasons for this relate
to the restrictions on patient populations included in clinical
trial settings. Inclusion and exclusion criteria may have meant
that populations with less severe disease were enrolled (e.g.
patients with an Eastern Cooperative Oncology Group per-
formance score of 0–2 or patients with a life expectancy of
more than 6 months). Additional evidence regarding the SRE
rates observed in real-world clinical practice in the Czech
Republic would improve the accuracy of the modeling results
reported here. To the best of our knowledge, such country-
specific evidence is not available. The uncertainty around
these SRE rates, as well as the other main parameters
included in the model, was tested in the probabilistic sensi-
tivity analysis, in which in the majority of the simulations per-
formed, the ICERs derived were below the typical cost-
effectiveness threshold of 1.2 million CZK used in the Czech
Republic.

In local clinical practice both zoledronic acid and denosu-
mab are being used entirely in line with their SmPC and con-
sidered RCTs. According to label, zoledronic acid can be
administered either once in 3 or 4 weeks. Local clinicians
confirm that the frequency once in 4 weeks is the one used
in Czech clinical practice. This frequency was, therefore,
applied for the purposes of the cost-effectiveness analysis.

The cost of drug administration was substantially lower
with denosumab than with zoledronic acid, reflecting differ-
ent routes of administration between the two treatments.
Non-interventional time and motion studies reported sub-
stantial reductions in preparation and administration times
with denosumab compared with zoledronic acid43,44.
Administration route may also contribute to treatment adher-
ence, which, in turn, will improve patient outcomes. In the
scenario analysis presented here, in which there was no
treatment discontinuation, more SREs were avoided and
more QALYs gained than in the base case. There were cost
increases for ICERS per QALY gained and per SRE avoided in
this scenario compared with baseline, but these effects were
minimal.

In addition to the inputs considered in this model, other
factors may impact on cost-effectiveness, such as patient
preference. A systematic review found that two-thirds of
studies reported a clear patient preference for SC over IV
drug delivery45, attributed to the time saving and potential
for treatment at home45. A retrospective analysis in the US of
patients with solid tumors and bone metastases who
received a bone-targeted agent found that patients treated
with denosumab were more likely to remain on treatment
and showed better adherence than those receiving IV
bisphosphonates46. In a study of patient preference in
France, Germany, and the UK, patients considered delaying
SREs, avoiding renal impairment, and delaying pain worsen-
ing as the most important factors when deciding upon a
treatment option43. Engaging patients in treatment decision-
making is important, and can lead to improved outcomes47;
therefore, patient preference may be an additional valuable
parameter that could be included in cost-effective analysis
models such as those presented here.

In this analysis, as for the study by Stopeck et al.30, SRE
and drug administration QALY decrement inputs were based
on published TTO studies in the general population. The
findings of the cost-effectiveness analyses presented here,
coupled with the clinical efficacy data, support the finding
that denosumab is cost-effective compared with zoledronic
acid.

Conclusions

Constraints on healthcare resources are increasing; therefore,
understanding the incremental cost-effectiveness of treat-
ment options is becoming more important. Across tumor
types, denosumab was associated with fewer SREs, improved
QALYs, and higher total costs over a lifetime. The estimated
ICERs per QALY gained and SREs avoided indicate that SC
denosumab is cost-effective compared with IV zoledronic
acid for the prevention of SREs in patients with bone
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metastases secondary to prostate cancer, breast cancer, and
OST in the Czech Republic, over a range of scenarios.
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Appendix

Probabilistic sensitivity analyses

Background. The purpose of this appendix is to describe the inputs
used for probabilistic sensitivity analyses (PSAs) in the Czech cost-effect-
iveness model for the prevention of skeletal-related events (SREs) in
patients with solid tumors (categorized as: breast cancer, prostate cancer,
and other solid tumors). PSAs permit the assessment of the total uncer-
tainty across all model inputs. This is accomplished by sampling the
inputs according to distributions that reflect the range of likely values
for each input, and repeating this process to create a distribution of pos-
sible outcomes. The resulting distribution of incremental cost per qual-
ity-adjusted life-year (QALY) results can then be compared against
various willingness-to-pay thresholds to estimate the likelihood of a
treatment being cost-effective according to those thresholds.

Model input values. Most of the model inputs included in the PSAs
were sampled as described in the PSA Appendix of the Stopeck et al.30

study. For completeness, this document details how the simulated values
were estimated for all model parameters.

Where possible, inputs were derived from confidence intervals (CIs),
or other measures of uncertainty, where available for each parameter. In
the event that there were no appropriate measures provided for a par-
ticular input, reasonable estimates were constructed based on other rele-
vant data as described below. The parameter estimates discussed below
do not incorporate covariance terms, which were not available in most
cases (Tables A1–A3).

Skeletal-related event rates. The gamma distribution was used to
describe SRE rates (which were converted to probabilities in the model),
because this distribution has the same range as rates (from 0–1). The
two parameters for the gamma distribution, alpha and beta, can be esti-
mated as functions of the mean and variance of a given sample distribu-
tion using a method of moments approach (see Briggs et al.50, Chapter
4). The crude SRE rate with zoledronic acid was sampled using the
gamma distribution, with a mean equal to the rate. In order to have a
consistent, computationally efficient approach, the variances were based
on the variance estimate for a rate, which can be approximated by the
count of events divided by the squared person-time of observation51.
Distributions for relative rates (i.e. relative treatment effect and off-ther-
apy SRE relative rate) were incorporated using log-normal distributions
to reflect the log-linear nature of the estimation process50.

Skeletal-related event distribution by type. The sampling of
the distribution of the four primary individual SRE types (pathologic frac-
ture, surgery to bone, radiation to bone, and spinal cord compression)
was performed using a Dirichlet distribution for multinomial data. Each
SRE type was sampled according to an independent gamma distribution
with a common beta parameter, according to the method suggested by
Briggs et al.50 (technical appendix to Chapter 4) and the International
Agency for Research on Cancer51. More specifically, we used a gamma
distribution with the mean (alpha parameter) equal to the count of
events, and variance equal to the mean (as in a Poisson distribution,
forcing the beta parameter to be 1.0). The alpha parameters were div-
ided by 10 before sampling, because values over 300 cause errors in
Microsoft Excel. The output of these four gamma distributions was nor-
malized to sum to 100%, and the resulting proportions by SRE type
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Table A1. Prostate cancer probabilistic inputs.
Category Parameter Type of distribution Mean value Standard error

Patient management costs Physician office visits Gamma 332.88 CZK 53.26 CZK
Lab tests (serum creatinine) Gamma 73.63 CZK 11.78 CZK

Administration costs Denosumab Gamma 186.20 CZK 29.79 CZK
Zoledronic acid Gamma 409.17 CZK 65.47 CZK

SRE costs Pathologic fracture Gamma 145,888.87 CZK 23,342.22 CZK
Radiation to bone Gamma 36,183.93 CZK 5,789.43 CZK
Surgery to bone Gamma 183,531.49 CZK 29,365.04 CZK
Spinal cord compression Gamma 50,858.33 CZK 8,137.33 CZK

AE costs ONJ Gamma 12,409.95 CZK 1,985.59 CZK
Acute phase reaction Gamma 2,749.94 CZK 439.99 CZK
Hypocalcemia Gamma 2,238.04 CZK 358.09 CZK
Renal toxicity Gamma 104,737.22 CZK 16,757.95 CZK

Mortality rate Mu (intercept) Normal 6.582 0.043
Sigma (scale) Normal 0.924 0.0505
Delta (shape) Normal 0.624 0.1119

Discontinuation (not including death) Denosumab Gamma 0.031 0.005
Discontinuation Gamma 0.036 0.006

SRE rate and treatment effects Treatment effect (rate ratio) of first and subsequent
SRE of denosumab vs zoledronic acid, by study

Log-normal 0.820 0.0587

Relative SRE rate off therapy Log-normal 1.750 0.2963
Relative SRE rate using real-world adjustment Log-normal 2.84 0.4347
Crude SRE rate (per person-year): zoledronic acid Gamma 0.947 0.031

SRE distribution (pooled SREs) Pathologic fracture Dirichlet 462 21.494
Radiation to bone Dirichlet 1,139 33.749
Surgery to bone Dirichlet 26 5.099
Spinal cord compression Dirichlet 96 9.798

AE rates: denosumab ONJ Gamma 0.017 0.002
Acute phase reaction Gamma 0.001 0.000
Hypocalcemia Gamma 0.013 0.002
Renal toxicity Gamma 0.026 0.003

AE rates: zoledronic acid ONJ Gamma 0.012 0.002
Acute phase reaction Gamma 0.006 0.001
Hypocalcemia Gamma 0.006 0.001
Renal toxicity Gamma 0.033 0.003

IV vs SC QALY decrement per cycle SC: denosumab Normal 0.0012 0.0004
IV: zoledronic acid Normal 0.0021 0.0006

AE QALY decrement ONJ Normal 0.009 0.007
Acute phase reaction Normal 0.000 0.000
Hypocalcemia Normal 0.006 0.002
Renal toxicity Normal 0.012 0.002

SRE QALY decrement Pathologic fracture Normal 0.080 0.240
Radiation to bone Normal 0.110 0.300
Surgery to bone Normal 0.150 0.360
Spinal cord compression Normal 0.535 0.650

AE: adverse event; CZK: Czech Republic Koruna; IV: intravenous; ONJ: osteonecrosis of the jaw; QALY: quality-adjusted life-year; SC: subcutaneous; SRE: skeletal-
related event.

Table A2. Breast cancer probabilistic inputs.
Category Parameter Type of distribution Mean Standard error

Patient management costs Physician office visits Gamma 332.88 CZK 53.26 CZK
Lab tests (serum creatinine) Gamma 73.63 CZK 11.78 CZK

Administration costs Denosumab Gamma 186.20 CZK 29.79 CZK
Zoledronic acid Gamma 409.17 CZK 65.47 CZK

SRE costs Pathologic fracture Gamma 145,888.87 CZK 23,342.22 CZK
Radiation to bone Gamma 36,183.93 CZK 5,789.43 CZK
Surgery to bone Gamma 183,531.49 CZK 29,365.04 CZK
Spinal cord compression Gamma 50,858.33 CZK 8,137.33 CZK

AE costs ONJ Gamma 12,409.95 CZK 1,985.59 CZK
Acute phase reaction Gamma 2,749.94 CZK 439.99 CZK
Hypocalcemia Gamma 2,238.04 CZK 358.09 CZK
Renal toxicity Gamma 104,737.22 CZK 16,757.95 CZK

Mortality rate mu (intercept) Normal 7.217 0.0455
sigma (scale) Normal 0.858 0.1272
delta (shape) Normal 0.850 0.2216

Discontinuation (not including death) Denosumab Gamma 0.022 0.004
Zoledronic acid Gamma 0.022 0.004

SRE rate and treatment effects Treatment effect (rate ratio) of first and subse-
quent SRE of denosumab vs zoledronic acid, by
study

Log-normal 0.770 0.0587

Relative SRE rate off therapy Log-normal 1.750 0.2963
Relative SRE rate using real-world adjustment Log-normal 2.84 0.4347
Crude SRE rate (per person-year): zoledronic acid Gamma 0.631 0.022

(continued)
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Table A2. Continued
Category Parameter Type of distribution Mean Standard error

SRE distribution (pooled SREs) Pathologic fracture Dirichlet 880 29.665
Radiation to bone Dirichlet 536 23.152
Surgery to bone Dirichlet 71 8.426
Spinal cord compression Dirichlet 26 5.099

AE rates: denosumab ONJ Gamma 0.017 0.002
Acute phase reaction Gamma 0.001 0.000
Hypocalcemia Gamma 0.013 0.002
Renal toxicity Gamma 0.026 0.003

AE rates: zoledronic acid ONJ Gamma 0.012 0.002
Acute phase reaction Gamma 0.006 0.001
Hypocalcemia Gamma 0.006 0.001
Renal toxicity Gamma 0.033 0.003

IV vs SC QALY decrement per cycle SC: denosumab Normal 0.0012 0.0004
IV: zoledronic acid Normal 0.0021 0.0006

AE QALY decrement ONJ Normal 0.008 0.008
Acute phase reaction Normal 0.000 0.000
Hypocalcemia Normal 0.006 0.002
Renal toxicity Normal 0.012 0.001

SRE QALY decrement Pathologic fracture Normal 0.080 0.240
Radiation to bone Normal 0.110 0.300
Surgery to bone Normal 0.150 0.360
Spinal cord compression Normal 0.535 0.650

AE: adverse event; CZK: Czech Republic Koruna; IV: intravenous; ONJ: osteonecrosis of the jaw; QALY: quality-adjusted life-year; SC: subcutaneous; SRE: skeletal-
related event.

Table A3. Other solid tumors probabilistic inputs.
Category Parameter Type of distribution Mean Standard error

Patient management costs Physician office visits Gamma 332.88 CZK 53.26 CZK
Lab tests (serum creatinine) Gamma 73.63 CZK 11.78 CZK

Administration costs Denosumab Gamma 186.20 CZK 29.79 CZK
Zoledronic acid Gamma 409.17 CZK 65.47 CZK

SRE costs Pathologic fracture Gamma 145,888.87 CZK 23,342.22 CZK
Radiation to bone Gamma 36,183.93 CZK 5,789.43 CZK
Surgery to bone Gamma 183,531.49 CZK 29,365.04 CZK
Spinal cord compression Gamma 50,858.33 CZK 8,137.33 CZK

AE costs ONJ Gamma 12,409.95 CZK 1,985.59 CZK
Acute phase reaction cost Gamma 2,749.94 CZK 439.99 CZK
Hypocalcemia Gamma 2,238.04 CZK 358.09 CZK
Renal toxicity Gamma 104,737.22 CZK 16,757.95 CZK

Mortality rate mu (intercept) Normal 5.851 0.058
sigma (scale) Normal 1.214 0.0431
delta (shape) Normal 0.134 0.1028

Discontinuation (not including death) Denosumab Gamma 0.047 0.015
Zoledronic acid Gamma 0.047 0.017

SRE rate and treatment effects Treatment effect (rate ratio) of first and subsequent SRE
of denosumab vs zoledronic acid, by study

Log-normal 0.850 0.0714

Relative SRE rate off therapy Log-normal 1.750 0.2963
Relative SRE rate using real-world adjustment Log-normal 2.84 0.4347
Crude SRE rate (per person-year): zoledronic acid Gamma 0.936 0.040

SRE distribution (pooled SREs) Pathologic fracture Dirichlet 315 17.748
Radiation to bone Dirichlet 577 24.021
Surgery to bone Dirichlet 62 7.874
Spinal cord compression Dirichlet 50 7.071

AE rates: denosumab ONJ Gamma 0.017 0.002
Acute phase reaction Gamma 0.001 0.000
Hypocalcemia Gamma 0.013 0.002
Renal toxicity Gamma 0.026 0.003

AE rates: zoledronic acid ONJ Gamma 0.012 0.002
Acute phase reaction Gamma 0.006 0.001
Hypocalcemia Gamma 0.006 0.001
Renal toxicity Gamma 0.033 0.003

IV vs SC QALY decrement per cycle SC: denosumab Normal 0.0012 0.0004
IV: zoledronic acid Normal 0.0021 0.0006

AE QALY decrement ONJ Normal 0.010 0.007
Acute phase reaction Normal 0.000 0.000
Hypocalcemia Normal 0.008 0.003
Renal toxicity Normal 0.015 0.002

SRE QALY decrement Pathologic fracture Normal 0.080 0.240
Radiation to bone Normal 0.110 0.300
Surgery to bone Normal 0.150 0.360
Spinal cord compression Normal 0.535 0.650

AE: adverse event; CZK: Czech Republic Koruna; IV: intravenous; ONJ: osteonecrosis of the jaw; QALY: quality-adjusted life-year; SC: subcutaneous; SRE: skeletal-
related event.

COST-EFFECTIVENESS OF PREVENTING SRES IN THE CZECH REPUBLIC 811



were used in the model to generate average costs and average QALY
decrements.

Real-world skeletal-related event rate adjustment factor.
The real-world SRE rate adjustment factor was sampled using a log-nor-
mal distribution. In the absence of a standard error, the 95% CI was
assumed to fall within ±30% of the mean. The standard error was calcu-
lated on the log scale using the natural log (ln) of the lower bound of
the 95% CI minus the natural log of the upper bound of the 95% CI to
give the width of the 95% CI (i.e. ln[mean �1.3]� ln[mean �0.7]). This
value was then divided by 2� 1.96, to estimate the standard error.

Mortality risk. Because the model assumes the same mortality risk
for denosumab and zoledronic acid, changes to the underlying mortality
risk estimate will not affect the incremental cost per QALY results.
However, to incorporate additional uncertainty into the model, the three
underlying parameters required to specify the generalized gamma mor-
tality risk distribution were sampled from a normal distribution.

Adverse event and discontinuation rates. As for SRE rates,
adverse event and discontinuation rates (which were converted to prob-
abilities in the model) were sampled using the gamma distribution (the
gamma distribution ranges from 0–1, similar to the rate of SREs).

Quality-adjusted life-year decrements. The model does not
incorporate health state utilities directly; instead, the utility decrements
caused by SREs have been assessed using a time trade-off study and
incorporated into the model. The base case SRE QALY decrements and
QALY decrements for subcutaneous injections and intravenous infusions
came from time trade-off analyses31, and were sampled from normal dis-
tributions. The standard error for each health state was calculated as the
standard deviation divided by the square root of the size of the popula-
tion in the study. Baseline utilities were not sampled, because the model
is based on QALY decrements, and the baseline utility does not affect
the incremental results.

Costs. In general, uncertainty around costs reflects a variety of factors,
including the duration of the condition, the amount of resources
required, and location (i.e. the site of service and/or the region within a
country). Standard errors for all costs were taken from a US study of the
weighted average inpatient and outpatient costs of SREs associated with
the care of patients with breast cancer and prostate cancer, and
expressed as a proportion of the mean52. All costs were multiplied by
the largest ratio in the study (0.16) to estimate standard errors as a con-
servative assumption (i.e. to maximize the uncertainty in costs). All costs
were sampled using a gamma distribution, with the alpha and beta
parameters defined by the mean and variances as described
previously51.

812 J. CRISTINO ET AL.


	Cost-effectiveness of denosumab versus zoledronic acid for preventing skeletal-related events in the Czech Republic
	Introduction
	Methods
	Model design
	Model event parameters
	Skeletal-related events
	Adverse events
	Discontinuation
	Overall mortality
	Health-related quality-of-life
	Costs
	Cost-effectiveness analyses
	One-way deterministic sensitivity analyses
	Probabilistic sensitivity analyses

	Results
	Cost-effectiveness analyses
	Base case analysis
	Scenario analysis

	Sensitivity analyses
	Deterministic sensitivity analyses
	Probabilistic sensitivity analyses


	Discussion
	Conclusions
	Transparency
	Declaration of funding
	Declaration of financial/other relationships
	Acknowledgments
	References

	app1
	Outline placeholder
	Probabilistic sensitivity analyses



