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Abstract

Objective:

In the Medical Research Council Myeloma IX Study (MMIX), zoledronic acid (ZOL) 4 mg 3–4/week reduced

the incidence of skeletal-related events (SREs), increased progression free survival (PFS), and prolonged

overall survival (OS), compared with clodronic acid (CLO) 1600 mg daily, in 1970 patients with newly-

diagnosed multiple myeloma (MM).

Methods:

An economic model was used to project PFS, OS, the incidence of SREs and adverse events and expected

lifetime healthcare costs for patients with newly-diagnosed MM who are alternatively assumed to receive

ZOL or CLO. The incremental cost-effectiveness ratio [ICER] of ZOL vs CLO was calculated as the ratio of the

difference in cost to the difference in quality-adjusted life years (QALYs). Model inputs were based on results

of MMIX and published sources.

Results:

Compared with CLO, treatment with ZOL increases QALYs by 0.30 at an additional cost of £1653, yielding

an ICER of £5443 per QALY gained. If the threshold ICER is £20,000 per QALY, the estimated probability that

ZOL is cost-effective is 90%.

Limitations:

The main limitation of this study is the lack of data on the effects of zoledronic acid on survival beyond the

end of follow-up in the MMIX trial. However, cost-effectiveness was favourable even under the highly

conservative scenario in which the timeframe of the model was limited to 5 years.

Conclusions:

Compared with clodronic acid, zoledronic acid represents a cost-effective treatment alternative in patients

with multiple myeloma.

Introduction

Multiple myeloma is the second most common haematological cancer after
lymphoma in the UK1. In England in 2008, there were 3805 new diagnoses of
multiple myeloma1. In Wales in 2008, there were 219 new cases of multiple
myeloma, whilst in Scotland, in 2008, there were 384 new cases of multiple
myeloma1. Incidence was highest amongst those aged 75–79 years.2 The 10-year
prevalence of multiple myeloma in the UK in 2006 was 12,465 persons or an
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age-standardized proportion of 16 persons per 100,000
population.3 Prognosis of multiple myeloma is highly var-
iable and depends on stage at diagnosis and other factors.
Relative survival for patients diagnosed in England and
Wales in 1997–2001 was �60% at 1 year and 23% at
5 years4. Recent improvements in treatment may result
in a more favourable outlook for recently-diagnosed
patients.

Randomized controlled trials have demonstrated that
adding bisphosphonates to standard treatment for multiple
myeloma reduces pain and the risk of skeletal-related
events (SREs), where SREs are typically defined as path-
ological fracture, spinal cord compression, and/or radio-
therapy to bone5. Several bisphosphonates also have
demonstrated anti-cancer activity in pre-clinical
models6–11. A randomized controlled trial comparing zole-
dronic acid 4 mg IV once every 28 days plus conventional
chemotherapy vs conventional chemotherapy therapy
alone in 94 previously untreated multiple myeloma
patients reported a significant benefit on overall survival
(OS) with zoledronic acid12.

The Medical Research Council (MRC) Myeloma IX
study was a randomized placebo-controlled trial with a
two-by-two factorial design and two randomization steps
to allow comparison of both first-line and maintenance
treatments for adult patients with newly-diagnosed multi-
ple myeloma13–17. The details of the trial methods have
been described previously13–17. Briefly, the trial included
adult patients from 120 centres in the UK with newly-
diagnosed, histologically-confirmed, symptomatic multi-
ple myeloma (International Staging System [ISS] Stage
I, II or III). The first randomization step compared first-
line treatments for multiple myeloma along with either
zoledronic acid 4 mg every 3–4 weeks vs clodronic acid
1600 mg daily. The second randomization step compared
maintenance treatment with 50 mg thalidomide daily and
increasing to 100 mg daily if tolerated or no further treat-
ment. Prior to randomization, patients were selected to
receive induction chemotherapy via either an intensive
or non-intensive pathway, with pathway selection based
on performance status, clinician judgement and patient
preference. Patients were followed annually until death.
Treatment with zoledronic acid and clodronic acid was
to be continued until disease progression. Primary end-
points were OS, PFS and response. Secondary end-points
included (but were not limited to) the incidence of SREs
(vertebral fractures, other fractures, spinal cord compres-
sion, the requirement for radiation or surgery to bone
lesions or the appearance of new osteolytic bone lesions),
health-related quality-of-life and toxicity.

Of 1970 patients randomized to treatment, 1960 were
evaluable, with a median follow-up of 3.7 years.
Approximately 75% of patients stayed on bisphosphonate
therapy until disease progression. Median time on treat-
ment for those who discontinued treatment was 156 days

for clodronic acid and 270 days for zoledronic acid. Median
OS was 5.5 months longer among patients receiving zole-
dronic acid than among those receiving clodronic acid
(50.0 vs 44.5 months; Hazard ratio [HR]¼ 0.87, 95% con-
fidence interval [CI] 0.77–0.99, p¼ 0.04 based on log-rank
test with stratification on intensive vs non-intensive
pathway). Based on a Cox model stratified by pathway
and adjusted for minimization factors, zoledronic acid
reduced risk of mortality by 16% (HR¼ 0.842, 95%
CI¼ 0.736–0.963, p¼ 0.04). Median PFS was 2.0
months longer among patients receiving zoledronic acid
vs clodronic acid (19.5 vs 17.5 months, HR¼ 0.91,
95%CI¼ 0.82–1.01, p¼ 0.07); zoledronic acid reduced
the risk of progression or death by 12% (HR¼ 0.88,
95%CI¼ 0.80–0.98, p¼ 0.0179). Patients receiving zole-
dronic acid had fewer SREs than those receiving clodronic
acid (27.0% vs 35.3%, respectively; HR¼ 0.74,
p¼ 0.0004). The benefit of zoledronic acid on OS was
maintained after adjustment for potential effects of SREs
on survival. Both zoledronic acid and clodronic acid were
generally well-tolerated. Deterioration in renal function
was similar between the two treatment groups. The inci-
dence of confirmed osteonecrosis of the jaw (ONJ) was
3.6% with zoledronic acid vs 0.3% with clodronic acid.

Information regarding cost-effectiveness is required by
healthcare decision-making authorities in their delibera-
tions regarding pricing, reimbursement, and access to
novel therapies. The objective of this evaluation was to
assess the cost-effectiveness of zoledronic acid vs clodronic
acid in patients with newly-diagnosed multiple myeloma
from the UK healthcare system perspective.

Methods

Overview

A partitioned survival analysis model was developed to
estimate expected PFS, OS, lifetime costs of treatment of
multiple myeloma and quality-adjusted life years (QALYs)
in patients receiving first-line treatment for newly-diag-
nosed Stage I–III multiple myeloma who are alternatively
assumed to receive bisphosphonate therapy with zoledro-
nic acid 4 mg IV every 3–4 weeks or clodronic acid
1600 mg daily. Clinical effectiveness (PFS, OS, incidence
of SREs and adverse events) for zoledronic acid and clo-
dronic acid were based on results of the MRC Myeloma IX
trial. Other model parameters were based on data from
secondary sources identified by reviews of the literature.
Parameter estimates used in the model are reported in
Table 1.

The partitioned survival analysis model employed in
this study is similar to the Q-TWIST approach, a well-
established analytical framework for evaluating oncology
therapies18, and is similar to the models used in numerous
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prior economic assessments of treatments for advanced or
metastatic cancers, including a recent evaluation of the
cost effectiveness of bortezomib and lenalidomide for
relapsed refractory multiple myeloma19, and bortezomib
and thalidomide for first-line treatment of multiple mye-
loma20. With this approach, survival is partitioned into
three mutually exclusive health states: (1) alive and not
progressed; (2) alive and progressed; and (3) dead. The
proportion of patients in each health state, over the
course of time, is estimated based on empirical and/or para-
metric survival functions for PFS and OS. Post-progression
survival (PPS) was assumed to equal the difference
between OS and PFS. Expected PFS and expected
OS are calculated as the areas under the respective

survival curves. Expected PPS is the area between the
PFS and OS curves. Costs and quality-of-life were assumed
to be conditioned on treatment and expected time
in these disease states. This approach is similar to a
traditional Markov model except that it does not require
explicit calculation of transition probabilities amongst
states21.

Outcomes calculated by the model for each treatment
included expected progression-free life years (PFLYs),
expected post-progression life years (PPLYs), expected
overall life years (LYs), expected quality-adjusted life
years (QALYs) and expected lifetime costs of multiple
myeloma care. The incremental cost-effectiveness ratio
(ICER) was calculated as the ratio of the difference

Table 1. Model parameters.

Estimate Value

Weibull survival function parameters (monthly)
PFS

Lambda 0.1801
Gamma 0.5911
HR zoledronic acid vs clodronic acid 0.883

OS
Lambda 0.0282
Gamma 0.8483
HR zoledronic acid vs clodronic acid 0.842

Adverse events, probability (per month)
Clodronic acid; Osteonecrosis of the jaw 0.02%
Zoledronic acid; Osteonecrosis of the jaw 0.19%

Skeletal-related events, probability (per month), by month Months 1–6 Months 7–12 Months 13–24 Months 25þ
Clodronic acid

Radiation 2.55% 0.63% 0.22% 0.05%
Vertebral fractures 1.02% 0.26% 0.09% 0.02%
Other fractures 0.76% 0.19% 0.07% 0.02%
Surgery to bone lesions 0.67% 0.17% 0.06% 0.01%
Spinal cord compression 0.21% 0.05% 0.02% 0.00%

Zoledronic acid
Radiation 2.41% 0.31% 0.16% 0.05%
Vertebral fractures 0.65% 0.09% 0.05% 0.01%
Other fractures 0.58% 0.08% 0.04% 0.01%
Surgery to bone lesions 0.63% 0.09% 0.04% 0.01%
Spinal cord compression 0.16% 0.02% 0.01% 0.00%

Costs, £
Bisphosphonates, per administration
Zoledronic acid

Medication 174.14
Administration 52.94

Clodronic acid, per day 4.66
Thalidomide, per day of administration 10.66
Adverse events, per event; Osteonecrosis of the jaw 195.47
Skeletal-related events, per event

Vertebral fractures 250
Other fractures 6271
Surgery to bone lesions 3899
Spinal cord compression 3831

Follow-up/monitoring 206.09
Utilities

PFS
Baseline PFS 0.485
Monthly increase during PFS Months 1–3 Months 4–12 Months 12þ

Zoledronic acid 0.0267 0.0100 0.000
Clodronic acid 0.0233 0.0133 0.000

PPS 0.485
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between zoledronic acid vs clodronic acid in expected life-
time cost of multiple myeloma care to the expected differ-
ence in QALYs (‘cost per QALY gained’). The model cycle
length was 1 month. All outcomes were evaluated over a
20-year (240-month) timeframe, beginning with start of
treatment. This timeframe approximates a lifetime projec-
tion, consistent with NICE guidance22–24. The analysis
was conducted from the perspective of the UK publi-
cally-funded healthcare system, and focused specifically
on the costs of multiple-myeloma-related care. The
model was programmed using Microsoft Excel�

(Microsoft Corp. Redmond, WA).

Model estimation

Progression-free and overall survival
Maximum reported follow-up in the MRC Myeloma IX
trial was 72 months for zoledronic acid and 70 months
for clodronic acid17. Because Kaplan-Meier estimates of
PFS and OS were greater than 0 when analyses of PFS
and OS were conducted, it was necessary to project sur-
vival beyond the end of the trial to obtain lifetime projec-
tions. In the base-case, estimates of PFS and OS for
zoledronic acid and clodronic acid through 5 years
(60 months) of follow-up were obtained from empirical
survival distributions (i.e., the Kaplan-Meier curves).
Beyond 5 years, PFS and OS for zoledronic acid and clo-
dronic acid were based on Weibull survival functions fit to
the empirical survival data. Five years was used as the cut-
off because the number of failure times recorded after this
point was small, and subsequent empirical survival proba-
bilities were potentially imprecise. The Weibull is a flex-
ible survival function that allows for increasing or
decreasing risk of events over time and takes the general
form of S[t]¼ e��t� , where S[t] is the probability of not
having experienced the event (e.g., progression or death)
at time t25. Weibull survival functions for PFS and OS for
clodronic acid were estimated by digitizing the reported
Kaplan Meier survival curves (i.e., S[t] and t), then fitting
an ordinary least squares regressions with ln(�ln(S[t])) as
the dependent variable and ln(t) as the independent var-
iable (taking the log of the negative log of the Weibull
function yields a linear function with intercept equal to
ln(l) and coefficient on ln(t) equal to g). To prevent sur-
vival probabilities close to 1.0 from overly influencing
regression results for OS, values for t56 months were
omitted from the regression. To improve the fit for PFS,
the model was fit only to the last 30 months of the survival
distribution. In the base-case, estimates of PFS and OS
beyond 5 years of follow-up for zoledronic acid were
obtained by applying to the clodronic acid survival the
HR for zoledronic acid vs clodronic acid (HRZOL vs CLO)
using the following formula SZOL½t� ¼ SCLO½t�

HRZOL vs CLO .
This approach is based on the assumption that the

hazard rate for zoledronic acid is proportional to that of
clodronic acid and that benefits of zoledronic acid
observed during the MRC Myeloma IX trial continue
beyond the end of follow-up in the trail. Empirical and
fitted survival functions for PFS and OS for zoledronic
acid and clodronic acid are shown in Figure 1.

Skeletal-related events
Estimates of the cumulative incidence of SREs by type of
SRE for each treatment were obtained from the MRC
Myeloma IX trial14. Although bone lesions were included
amongst the SREs considered in the trial (9.7% with
clodronic acid and 4.7% with zoledronic acid), they were
not included in the model, as the effects of such events on
costs and QALYs are unknown. To calculate monthly
probabilities of individual SREs over time, cumulative
incidence estimates over 42 months for each SRE
(18.2%, 5.1%, 4.6%, 5.0%, and 1.3% for radiotherapy,
vertebral fracture, other fracture, bone surgery, and
spinal cord compression, respectively, for zoledronic acid,
and 21.6%, 9.0%, 6.7%, 5.9%, and 1.9%, respectively for
clodronic acid) were partitioned into intervals based on
the treatment-specific estimates of percentage of first SREs
occurring during months 1–6, 7–12, 13–24, and 24–42 of
follow-up14. Treatment- and period-specific cumulative
incidence estimates for each SRE and treatment were
then converted to monthly probabilities.

Adverse events
Estimates of the incidence of adverse events for zoledronic
acid and clodronic acid (3.6% vs 0.3%, p50.0001) were
obtained from reported results of the MRC Myeloma IX
trial17. Confirmed osteonecrosis of the jaw was uncom-
mon, but rates were significantly higher for zoledronic
acid than for clodronic acid (3.6% vs 0.3%, p50.0001).
None of these events required bone surgery. Although the
incidence of thromboembolic events also was higher
among patients receiving zoledronic acid (16% vs 12.0%,
p¼ 0.01), the bulk of the imbalance in such events was due
to an increased number of events associated with the use of
an indwelling catheter. Because use of such catheters is no
longer standard practice, this observation may be of lim-
ited relevance to current practices. The incidence of seri-
ous, treatment-emergent musculoskeletal, connective
tissue, and bone disorders also was higher amongst zoledro-
nic acid patients (1.7% vs 0.2%, p¼ 0.0007), likely reflect-
ing acute phase reactions such as transient arthralgia, bone
pain, and fever that are well known side-effects of zoledro-
nic acid administration8,26. The incidence of these events
was low however (52%), and treatment of such events is
generally limited (i.e., paracetamol or non-steroidal anti-
inflammatory drugs). The incidence of acute renal failure,
which was defined to include a variety of clinical param-
eters and was not limited to the need for dialysis, was
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similar in the two groups (5.8% for zoledronic acid vs 6.1%
clodronic acid, p¼ 0.78). Given these findings and con-
siderations, the model considers the effects of ONJ on
costs; effects of other adverse events on costs were not
considered explicitly. Effects of AEs on quality-of-life
were captured implicitly based on utility values collected
during the MRC Myeloma IX trial.

Costs
Drug costs for zoledronic acid were obtained from Novartis
Pharmaceuticals UK. Drug costs for clodronic acid and
thalidomide maintenance therapy were obtained from
the latest version of the British National Formulary
(BNF)27. The costs of administration of zoledronic acid
were based on a costing algorithm used in a recent eco-
nomic evaluation of the cost-effectiveness of zoledronic
acid for prevention of SREs in patients with bone metas-
tases of renal cell carcinoma from the perspectives of the

UK, German, and French healthcare systems28. This algo-
rithm was based on a time and motion study detailing the
tasks and resource consumption associated with the use of
zoledronic acid29. To estimate duration of treatment with
zoledronic acid and clodronic acid, time to discontinua-
tion (TTD) was assumed to be distributed as a Weibull
function with shape (gamma) parameters the same as
those for PFS, and lambda calculated to yield median
TTDs for zoledronic acid and clodronic acid reported in
the MRC Myeloma IX trial (�12 months for both
groups)17. TTD for thalidomide maintenance therapy
was estimated similarly, with TTD assumed to be distrib-
uted as a Weibull function with shape parameters equal to
those for PFS and with lambdas calibrated to yield median
TTD of 7 months16.

Published estimates of the costs of treatment of SREs in
patients with multiple myeloma in the UK are unavailable.
These costs were, therefore, based on costing algorithms
used in the aforementioned economic evaluation of the

Figure 1. Estimated PFS (a) and OS (b) for zoledronic acid and clodronic acid.
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cost-effectiveness of zoledronic acid for prevention of SREs
in patients with bone metastases of renal cell carcinoma
from the perspectives of the UK, German, and French
healthcare systems28. The costs of ONJ were based on a
costing algorithm reported in a recent cost-effectiveness
evaluation of oral clodronic acid compared with oral iban-
dronate, intravenous zoledronate, or intravenous pamidro-
nate in breast cancer patients30. Because no patients with
ONJ in the MRC Myeloma IX trial required surgery (grade
I or II), the costs of surgical treatment were not included in
the cost of ONJ treatment in the base-case. A sensitivity
analysis was conducted in which it was assumed that all
patients with ONJ require bone surgery. Costs of routine
follow-up and monitoring were based on treatment algo-
rithms from the aforementioned Technology Assessment
Report of the clinical and cost-effectiveness of bortezomib
and thalidomide for the first-line treatment of multiple
myeloma20. For costs of zoledronic acid administration,
treatment of SREs, treatment of ONJ, and routine
follow-up, unit costs were based on the most recent infor-
mation on UK NHS reference costs for inpatient and out-
patient stays31,32, medical professional services33, and
supplies34.

Utilities
Utility values in the model were estimated based on self-
reported EQ-5D assessments collected in the MRC
Myeloma IX trial. The EQ-5D is a brief, multi-attribute
measure covering five domains of HRQOL, each with
three levels, yielding 243 possible distinct health states,
with utility values for each state obtained from community
preference weights35. In the MRC Myeloma IX trial, the
EQ-5D was administered pre-initial randomization (base-
line), 3 months post-initial randomization, and 3 months
post-maintenance randomization (if applicable). Of 1960
patients in the intent to treat population, 1551 patients
(79%) had valid EQ-5D assessments at baseline, 1440
(73%) had valid EQ-5D assessments at 3 months post-
initial randomization, and 682 (35%) had valid assess-
ments at 3 months post-maintenance randomization.
Mean (SD) EQ-5D utility at baseline was 0.49 (0.38) for
zoledronic acid and 0.48 (0.37) for clodronic acid. From
baseline to 3 months post-initial randomization, the mean
(SD) utility value increased to 0.57 (0.30) in the zoledro-
nic acid group and to 0.55 (0.30) in the clodronic acid
group. At the 3 months post-maintenance randomization,
the mean (SD) utility value increased to 0.66 (0.26) in the
zoledronic acid group and to 0.67 (0.27) in the clodronic
acid group.

In the model, utility values for PFS at time zero were
based on the mean utility value at baseline for the zole-
dronic acid and clodronic acid groups combined (0.485).
Utility values during each month of the first year after
treatment initiation were derived from the treatment-

group specific increase in mean utility from baseline to 3
months post-initial randomization and from 3 months
post-initial randomization to 3 months post-maintenance
randomization, assuming that the 3 months post-mainte-
nance randomization assessment was �12 months after
initial randomization, and that mean utility values
increase linearly over time during each period. Because
the EQ-5D was not administered after progression in the
MRC Myeloma IX trial, health-related quality-of-life was
assumed to return to the baseline level after progression for
both treatment groups (i.e., post-progression utility was
assumed to be equal to 0.485). Because EQ-5D assessments
from the MRC Myeloma trial may be presumed to reflect
the effects of SREs on patient health-related quality-
of-life, estimates of the effects of SREs and adverse
events on health-related quality-of-life were not required.

Analyses

Base-case analyses
For each treatment strategy, expected PFLYs, PPLYs, over-
all LYs, QALYs, and costs (medication, administration,
treatment of adverse events, treatment of SREs, thalido-
mide, and total costs) were calculated. Expected PFLYs,
PPLYs, overall LYs, and QALYs were calculated on a dis-
counted and undiscounted basis. Expected costs were cal-
culated on a discounted basis. An annual discount rate of
3.5% was employed as recommended by NICE36.

Probabilistic sensitivity analyses
Probabilistic sensitivity analyses were conducted by simul-
taneously sampling from estimated probability distribu-
tions of model parameters to obtain 1000 sets of model
input estimates37. When sampling the HRs for OS and
PFS of CLO vs ZOL, we assumed that treatment effects
on PFS and OS would be correlated, with a correlation
coefficient equal to 0.79 from a study of the association
between PFS and OS in various metastatic cancers38.
Cumulative incidence of adverse events and SREs were
assumed to be distributed as beta random variables.
Other estimates were assumed to be distributed as either
normal or log-normal random variables. If standard errors
(SEs) for model estimates were unavailable, they were
assumed to be 25% of their base-case estimates. For each
simulation, we calculated the differences between zoledro-
nic acid and clodronic acid in costs and QALYs.
Ninety-five per cent confidence intervals (95% CIs) for
incremental costs and QALY were calculated based on the
2.5 and 97.5 percentiles of these simulations. Cost-effec-
tiveness acceptability curves, which represent the proba-
bility that a strategy has a favourable cost-effectiveness
ratio relative to the alternative strategy given a decision-
maker’s defined maximum acceptable ceiling ratio (l)
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(e.g., willingness to pay [WTP] for a QALY), were calcu-
lated for zoledronic acid vs no zoledronic acid39.

Deterministic sensitivity analyses
Deterministic sensitivity analyses were undertaken to
explore the impact on the ICER of zoledronic acid by
changing assumptions concerning key model parameter
values. Key model probabilities and costs were varied
across their 95% CIs if available or from 50–150% of
base-case values otherwise. Cost-effectiveness was calcu-
lated using annual discount rates of 3.5% for both costs and
benefits. Several alternative approaches were employed to
project OS beyond the duration of the MRC Myeloma IX
trial. First, OS for zoledronic acid after 5 years was esti-
mated based on an independent Weibull survival function
fit to Kaplan Meier data for zoledronic acid from the MRC
Myeloma IX trial. With this analysis, the estimated HR for
PFS and OS for zoledronic acid vs clodronic acid is not
employed in the model and no assumption regarding pro-
portionality of hazards is required. Second, OS for zoledro-
nic acid for the entire model timeframe was estimated by
applying to the estimated OS for clodronic acid the esti-
mated HR for OS for zoledronic acid vs clodronic acid.
With this approach, the empirical survival distribution
for zoledronic acid was not employed and proportionality
is assumed throughout. Third, OS for clodronic acid for the
entire model timeframe was based on the fitted Weibull
survival function, while OS for zoledronic acid for the
entire model timeframe was obtained by applying to the
estimated OS for clodronic acid the estimated HR for OS
for zoledronic acid vs clodronic acid. With this approach,
neither of the empirical survival distributions were used
directly in the model (the empirical survival distribution
for clodronic acid is used indirectly to estimate the Weibull
survival function). Last, OS for both clodronic acid and
zoledronic acid for the entire model timeframe were esti-
mated based on the fitted Weibull survival functions. With
this approach the estimated HR for OS for zoledronic acid
vs clodronic acid was not employed and, hence, no
assumption regarding proportionality of hazards is
required. Also, the empirical survival distributions are
not used directly in the model. An analysis also was con-
ducted in which the cut-off point for projecting OS based
on the Weibull functions was set to the median OS for
zoledronic acid and clodronic acid (48 and 43 months,
respectively) rather than 60 months for both. An analysis
also was conducted in which the benefits of zoledronic acid
on OS are conservatively assumed to persist for 6 years
only. This was accomplished by setting the HR for OS
for zoledronic acid vs clodronic acid after 72 months
equal to 1.0.

Branded zoledronic acid (ZOMETA�) is anticipated to
go off patent in 2013. It is anticipated that the price of
generic zoledronic acid will be no more than 50% of the

price of ZOMETA�. Three scenarios were conducted to
represent the results, assuming switching to generic zole-
dronic acid. In the first, the price of zoledronic acid is set to
50% of the base-case value after 2 years. This scenario
represents results for patients initiating therapy in 2011
assuming generic availability in 2013. In the second, the
price of zoledronic acid is set to 50% of the base-case value
after 1 year. This scenario represents results for patients
initiating therapy in 2012 assuming generic availability in
2013. In the third, the price of zoledronic acid is set to 50%
of the base-case value at baseline. This scenario represents
results for patients initiating therapy in 2013 assuming
generic availability in 2013. Note that it is assumed that
there is no discontinuation of therapy associated with gen-
eric substitution.

Results

Base-case results

Base-case results are presented in Table 2. Compared with
clodronic acid, life expectancy (undiscounted) was
increased by 0.83 years with zoledronic acid. Total
QALYs gained with zoledronic acid vs clodronic acid
were 0.42. On a discounted basis, total QALYs gained
were 0.30. Expected lifetime costs of bisphosphonate ther-
apy (including administration and monitoring costs) were
£1825 greater with zoledronic acid vs clodronic acid.
Expected costs of SREs were reduced by £277 with zole-
dronic acid vs clodronic acid. Expected costs of ONJ were
increased by £6 with zoledronic acid vs clodronic acid.
Expected total lifetime costs were increased by £1653

Table 2. Base-case results.

Outcome measure Zoledronic
acid

Clodronic
acid

Difference

Effectiveness
PFS (years) 2.94 2.65 0.29
PFS discounted (years) 2.63 2.40 0.23
PPS (years) 3.49 2.95 0.55
PPS discounted (years) 2.75 2.36 0.39
Life years 6.43 5.60 0.83
Life years, discounted 5.37 4.76 0.62
Quality adjusted life years 3.55 3.14 0.42
Quality adjusted life

years, discounted
2.99 2.68 0.30

Expected lifetime costs, £
Bisphosphonates 4415 2590 1825
Thalidomide

maintenance therapy
3423 3450 �27

SREs 877 1154 �277
ONJ 7 1 6
Routine follow-up and

monitoring
1108 981 127

Total 9829 8176 1653
Cost per QALY gained 5443
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with zoledronic acid vs clodronic acid. The ICER for zole-
dronic acid vs clodronic acid was £5443 per QALY gained.

Probabilistic sensitivity analyses

Acceptability curves for zoledronic acid and clodronic acid
are reported in Figure 2. The probability that zoledronic
acid is preferred to clodronic acid was 90% with a cost-
effectiveness threshold of £20,000 per QALY and 94%
with a threshold of £30,000 per QALY.

Deterministic sensitivity analyses

Results of deterministic sensitivity analyses are presented
in Table 3. Results are generally relatively insensitive to
changes in parameters reflected in the various scenarios.
Cost-effectiveness of zoledronic acid vs clodronic acid was
below the threshold of £20,000 per QALY gained in all
scenarios. Cost-effectiveness was £8405 per QALY gained
if benefits of zoledronic acid on PFS and OS are conserva-
tively assumed to persist for 5 years only (i.e., HR for
PFS¼ 1.0 and HR for OS¼ 1.0 after 5 years). Cost-
effectiveness was £19,378 per QALY gained if the model
duration is set to 5 years.

If the price of zoledronic acid is set to 50% of the base-
case value after 2 years (representing results for patients
initiating therapy in 2011 assuming generic availability in
2013), cost effectiveness is £3091 per QALY gained. If the
price of zoledronic acid is set to 50% of the base-case value
after 1 year (representing results for patients initiating
therapy in 2012 assuming generic availability in 2013),
cost effectiveness is £1073 per QALY gained. If the price
of zoledronic acid is set to 50% of the base-case value at

baseline (representing results for patients initiating ther-
apy on or after 2013 assuming generic availability in 2013),
zoledronic acid is dominant.

Discussion

This study was an evaluation of the cost-effectiveness of
zoledronic acid vs clodronic acid in patients with newly-
diagnosed multiple myeloma from the UK healthcare
system perspective. Cost-effectiveness was evaluated
using a partitioned survival analysis model reporting find-
ings of the MRC Myeloma IX trial and other sources.
Results of this analysis suggest that the cost-effectiveness
of zoledronic acid vs clodronic acid is well below the
threshold values typically used to evaluate novel therapies
in the UK (£20,000–£30,000 per QALY)40,41. These
results suggest that zoledronic acid is a cost-effective use
of healthcare resources in multiple myeloma patients in
this setting.

This evaluation was based on assumptions regarding
treatment effects of zoledronic acid on PFS and OS
beyond the period of follow-up currently reported in the
MRC Myeloma IX trial. The precise magnitude of lifetime
treatment effects are uncertain. However, the cost-
effectiveness of zoledronic acid was favourable, even
under the highly conservative scenario in which the time-
frame of the model was limited to 5 years (somewhat less
than the maximum duration of reported follow-up in the
trial). It is unlikely, therefore, that additional data on PFS
and OS would alter the conclusions of this analysis.

Utility values during PFS were based on EQ-5D assess-
ments from the MRC Myeloma IX trial. Although mean

Figure 2. Cost-effectiveness acceptability curves for zoledronic acid and clodronic acid.
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utility values at 3 months post-maintenance randomiza-
tion were slightly lower for zoledronic acid than clodro-
nic acid, the difference (0.01) was not statistically
significant or clinically meaningful42. Also, utility
values at 3 months post-maintenance randomization
were based on a relatively small proportion of the overall
population, and these estimates may not be representa-
tive of quality-of-life in the overall study population.
These estimates should be interpreted cautiously.
Because we assumed that the increase in utility during
PFS would be greater with clodronic acid than with zole-
dronic acid, our results may be conservative. Also, infor-
mation on utilities post-progression was not available
from the MRC Myeloma trial. This utility was therefore
assumed to be the same as that at baseline (0.485). This
estimate is not unreasonable, however, as it implies a
disutility of �0.20 with progression, which is similar to
that used in other cost-effectiveness evaluations of
myeloma therapies19,20.

We estimated that treatment with zoledronic acid
reduced the costs of SREs by £277. This result was based
on estimates of the incidence of SREs from the MRC
Myeloma IX trial. Because patients in typical clinical prac-
tice may not undergo routine radiological assessment to

identify SREs, the incidence of SREs observed in typical
clinical practice may be less than that reported in con-
trolled trials. We may, therefore, have over-estimated
the savings that might be achieved by preventing SREs
with zoledronic acid. However, the model was insensitive
to assumptions regarding the incidence and cost of SREs.
Even assuming no savings from the prevention of SREs,
the cost-effectiveness of zoledronic acid would be less than
£10,000 per QALY gained.

The price of zoledronic acid in the base-case was based
on the price of ZOMETA�. ZOMETA� is projected to
lose patent protection in the UK in 2013, at which time
it is expected that one or more generic version of the drug
will be available at a substantially discounted price. If
patients switch from ZOMETA� to generic zoledronic
acid, or initiate treatment with generic zoledronic acid
when it becomes available, the costs of lifelong therapy
may be reduced and cost-effectiveness improved. Our
results may, therefore, be conservative. Switching from
branded to generic treatment may increase risk of treat-
ment discontinuation due to the so-called ‘nocebo’
effect43. Further research is required to evaluate the poten-
tial cost-effectiveness of treatment with ZOMETA� with
generic substitution to zoledonic acid.

Table 3. Deterministic sensitivity analyses.

No. Scenario Difference, Zoledronic acid vs
Clodronic acid

Costs, £ QALYs ICER, £

1 Base case 1653 0.30 5443
2 HR PFS ZOL vs CLO 95%CIL 1706 0.32 5414
3 HR PFS ZOL vs CLO: 95%CIU 1646 0.30 5448
4 HR OS ZOL vs CLO: 95%CIL 1676 0.36 4684
5 HR OS ZOL vs CLO: 95%CIU 1632 0.25 6434
6 ZOL admin. costs¼�50% vs BC 1139 0.30 3749
7 ZOL admin. costs¼þ50% vs BC 2168 0.30 7137
8 OS independent Kaplan Meier then independent Weibull 1610 0.20 7945
9 OS proportional hazard Kaplan Meier then proportional hazard Weibull 1692 0.35 4802

10 OS proportional hazard Weibull only 1692 0.36 5124
11 OS independent Weibull only 1780 0.17 10,608
12 Change from independent Kaplan Meier to proportional hazard Weibull at

median OS (ZOL¼ 48 m; CLO¼ 43 m)
1639 0.27 6069

13 Price of ZOL generic (50% base-case price) after 2 years 939 0.30 3091
14 Price of ZOL generic (50% base-case price) after 1 year 326 0.30 1073
15 Price of ZOL generic (50% base-case price) at start of treatment �1057 0.30 ZOL Dominant
16 ONJ costs¼�50% vs base-case 1650 0.30 5433
17 ONJ costs¼þ50% vs base-case 1656 0.30 5453
18 Surgery of the jaw in 100% of ONJ cases (cost ONJ¼ £5101) 1808 0.30 5953
19 SRE costs¼�50% vs base case 1792 0.30 5900
20 SRE costs¼þ50% vs base case 1515 0.30 4986
21 Disutility PFS vs perfect health¼�50% vs base-case 1653 0.46 3578
22 Disutility PFS vs perfect health¼þ50% vs base-case 1653 0.15 11,367
23 Disutility PPS vs PFS @ 1 year (average of ZOL and CLO)¼�50% vs BC 1653 0.27 6145
24 Disutility PPS vs PFS @ 1 year (average of ZOL and CLO)¼þ50% vs BC 1653 0.34 4885
25 Model timeframe 5 years 1499 0.08 19,378
26 Benefits of ZOL on PFS and OS for 5 years 1566 0.19 8405

AE, Adverse event; BC, Base case; CLO, Clodronic acid; KM Kaplan Meier; PFS, Progression-free survival; PH, Proportional hazard; PPS, Post-progression survival;
SRE, Skeletal-related event; ZOL, Zoledronic acid; 95%CIL, Lower bound of 95% confidence interval; 95%CIL, Upper bound of 95% confidence interval.
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Conclusion

The cost-effectiveness of zoledronic acid vs clodronic acid
in patients with newly-diagnosed myeloma is below the
threshold of £20,000 per QALY typically used to deter-
mine whether a treatment is cost-effective in the UK.
Zoledronic acid, therefore, represents a cost-effective
treatment alternative in patients with multiple myeloma.
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