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cost-effective is 80%. Assuming that the benefits of 
zoledronic acid on pfs and os diminish over 5 years 
beginning at the end of year 5, the icer is CAN$63,027 
per qaly gained. If the benefits of zoledronic acid on 
pfs and os are assumed to persist for 5 years only, the 
icer is CAN$76,948 per qaly gained.

Conclusions

Compared with clodronate, zoledronic acid repre-
sents a cost-effective treatment alternative in patients 
with multiple myeloma.
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1. INTRODUCTION

Multiple myeloma is a B-cell malignancy in which 
abnormal plasma cells accumulate in bone marrow. 
In Canada in 2008, 2100 new cases of multiple my-
eloma were diagnosed, and 1350 associated deaths 
occurred1. Prognosis in multiple myeloma is highly 
variable and depends on stage at diagnosis and other 
factors. The age-standardized 5-year relative sur-
vival ratio for multiple myeloma in Canada for the 
2004–2006 period was 37%1.

Treatments for multiple myeloma include au-
tologous stem-cell transplantation, chemotherapy, 
corticosteroids, immunomodulating agents such as 
thalidomide and lenalidomide, and the proteasome 
inhibitor bortezomib. Maintenance treatment may 
be used after chemotherapy or autologous stem-
cell transplantation to prolong response. High-dose 
therapy with allogenic stem-cell transplantation us-
ing a sibling donor may also be an option for some 
younger 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), 

ABSTRACT

Background

In the U.K. Medical Research Council Myeloma IX 
trial (mmix), zoledronic acid 4 mg once every 3–4 
weeks, compared with clodronate 1600 mg daily, 
reduced the incidence of skeletal related events 
(sres), increased progression-free survival (pfs), and 
prolonged overall survival (os) in 1970 patients with 
newly-diagnosed multiple myeloma. The incidence 
of confirmed osteonecrosis of the jaw was higher 
with zoledronic acid than with clodronate. The ob-
jective of the present study was to evaluate, based 
on the findings in mmix, the cost-effectiveness of 
zoledronic acid compared with clodronate in patients 
with newly-diagnosed multiple myeloma.

Methods

An economic model was used to project pfs, os, the 
incidence of sres and adverse events, and expected 
lifetime health care costs for patients with newly 
diagnosed multiple myeloma who are alternatively 
assumed to receive zoledronic acid or clodronate. The 
incremental cost-effectiveness ratio (icer) of zole-
dronic acid compared with clodronate 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 were generated under different assumptions 
regarding the beneficial effects of zoledronic acid on 
os beyond 5 years after treatment initiation.

Results

Assuming lifetime treatment effects of zoledronic 
acid, treatment with zoledronic acid (compared with 
clodronate) increased qalys by 0.27 at an additional 
cost of CA$13,407, yielding an icer of CA$49,829 per 
qaly gained. If the threshold icer is CA$100,000 per 
qaly, the estimated probability that zoledronic acid is 
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where sres are typically defined as hypercalcemia, 
pathologic fracture, spinal cord compression, and 
radiotherapy to bone2. Several bisphosphonates have 
also demonstrated anticancer activity in preclinical 
models 3–8. A randomized controlled trial compar-
ing conventional chemotherapy therapy alone with 
zoledronic acid 4 mg intravenously once every 28 
days plus conventional chemotherapy in 94 previ-
ously untreated multiple myeloma patients reported 
a significant benefit on overall survival (os) with the 
addition of zoledronic acid9. However, until recently, 
randomized controlled trials of bisphosphonates in 
multiple myeloma have otherwise failed to demon-
strate improvements in progression-free survival 
(pfs) or os2,10,11.

The U.K. Medical Research Council (mrc) My-
eloma IX study (mmix) was a randomized placebo-
controlled trial with a 2×2 factorial design and two 
randomization steps that allowed for a comparison of 
both first-line and maintenance treatments for adult 
patients with newly-diagnosed multiple myeloma. 
The design and results of the trial have been reported 
in detail elsewhere 12–16. The trial included adult 
patients with newly-diagnosed histologically-con-
firmed symptomatic multiple myeloma (International 
Staging System stage i, ii, or iii). The first randomiza-
tion step compared first-line treatments for multiple 
myeloma either with zoledronic acid 4 mg every 3–4 
weeks or with clodronate 1600 mg daily. The second 
randomization step compared maintenance treatment 
using 50 mg thalidomide daily (increasing to 100 mg 
daily if tolerated) with no further treatment.

Of 1970 patients randomized to treatment, 1960 
were evaluable. Median follow-up in the initial 
analysis was 3.7 years. Approximately 75% of pa-
tients stayed on bisphosphonate therapy until disease 
progression. For patients who discontinued treatment, 
median time on treatment was 156 days for those re-
ceiving clodronate and 270 days for those receiving 
zoledronic acid. Median os was 5.5 months longer 
among patients receiving zoledronic acid [50.0 vs. 44.5 
months with clodronate; hazard ratio (hr): 0.87; 95% 
confidence interval (ci): 0.77 to 0.99; p = 0.04], based 
on a log-rank test with stratification on the intensive 
compared with the non-intensive pathway. Based on 
a Cox model stratified by pathway and adjusted for 
minimization factors, zoledronic acid reduced the risk 
of death by 16% (hr: 0.842; 95% ci: 0.736 to 0.963; 
p = 0.04). Median pfs was 2.0 months longer among 
patients receiving zoledronic acid (19.5 months vs. 
17.5 months with clodronate; hr: 0.91; 95% ci: 0.82 
to 1.01; p = 0.07), and use of zoledronic acid reduced 
the risk of progression or death by 12% (hr: 0.88; 95% 
ci: 0.80 to 0.98; p = 0.0179). Compared with patients 
receiving clodronate, patients receiving zoledronic 
acid experienced fewer sres (27.0% vs. 35.3%; 
hr: 0.74; p = 0.0004).

Zoledronic acid and clodronate were both gen-
erally well tolerated. The incidence of confirmed 

osteonecrosis of the jaw (onj) was 3.6% with zole-
dronic acid and 0.3% with clodronate.

In their deliberations about pricing, reimburse-
ment, and access to novel therapies, health care 
decision-making authorities in the United States, 
Canada, and other countries require information 
about cost-effectiveness. The objective of the pres-
ent evaluation was to assess, from a Canadian health 
care system perspective, the cost-effectiveness of 
zoledronic acid compared with clodronate in patients 
with newly-diagnosed multiple myeloma.

2. METHODS

2.1 Overview

A partitioned survival analysis model was developed 
to estimate the expected lifetime outcomes and costs 
of treatment of multiple myeloma in patients receiving 
first-line treatment for newly-diagnosed stages i–iii 
multiple myeloma who were alternatively assumed to 
receive bisphosphonate therapy with zoledronic acid 
4 mg every 3–4 weeks or clodronate 1600 mg daily. 
Clinical effectiveness (pfs, os, incidence of sres and 
adverse events) for zoledronic acid and clodronate 
were based on the results of the mmix trial. Other 
model parameters were based on data from secondary 
sources identified by a review of the literature. To the 
extent possible, the methods used in the evaluation are 
consistent with guidelines for the economic evaluation 
of oncology products from the Canadian Agency for 
Drugs and Technologies in Health (cadth)17.

The partitioned survival analysis model used 
in this study is similar to the q-twist approach, a 
well-established analytic framework for evaluating 
oncology therapies18, and also to the models used 
in numerous earlier economic assessments of treat-
ments for advanced or metastatic cancers, includ-
ing recent evaluations of the cost-effectiveness of 
bortezomib and lenalidomide for relapsed refractory 
multiple myeloma19 and of bortezomib and thalido-
mide for first-line treatment of multiple myeloma20. 
In this approach, survival is partitioned into three 
mutually exclusive health states:

• Alive and not progressed
• Alive and progressed
• Dead

The proportion of patients in each health state, 
over the course of time, is estimated based on em-
pirical or parametric survival functions (or both) for 
pfs and os. Post-progression survival was assumed 
to equal the difference between os and pfs. Expected 
pfs and expected os are calculated as the area under 
their respective survival curves. Expected post-
progression survival is the area between the pfs and 
os curves. Costs and quality of life were assumed 
to be conditioned on treatment and expected time 
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in the given disease states. This approach is similar 
to a traditional Markov model21, except that it does 
not require explicit calculation of transition prob-
abilities between states.

Outcomes calculated by the model for each treat-
ment included expected progression-free life-years, 
expected post-progression life-years, expected overall 
life-years, 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 in expected 
lifetime cost of multiple myeloma care to the expected 
difference in qalys (“cost per qaly gained”) between 
zoledronic acid and clodronate. All outcomes were 
evaluated over a 20-year (240-month) timeframe, 
beginning with treatment start. This timeframe ap-
proximates a lifetime projection, consistent with cadth 
recommendations17. The analysis was conducted from 
the perspective of the Canadian publicly-funded health 
care system and is focused specifically on the costs of 
multiple myeloma–related care. Expected outcomes 
and costs were calculated on a discounted basis us-
ing an annual discount rate of 5%22. The model was 
programmed using Microsoft Excel (Microsoft Cor-
poration, Redmond, WA, U.S.A.).

2.2 Model Estimation

Parameters used in the model are reported in Table i 
and described below.

2.2.1 PFS and OS
At the time the analyses were conducted, the maxi-
mum reported follow-up in the mmix trial was 72 
months for zoledronic acid and 70 months for clo-
dronate16. Because Kaplan–Meier estimates of pfs 
and os were greater than zero when analyses of pfs 
and os were conducted, it was necessary to project 
pfs and os beyond the end of the trial to obtain life-
time projections. Consistent with cadth guidelines17, 
estimates of pfs and os for zoledronic acid and clo-
dronate through 5 years (60 months) of follow-up 
were obtained from empirical survival distributions 
(that is, the Kaplan–Meier curves). Beyond 5 years, 
pfs and os for zoledronic acid and clodronate were 
based on extrapolation. The 5-year cut-off point for 
extrapolation was used because the failure times 
recorded after that point were small in number, and 
subsequent empirical survival probabilities were 
potentially imprecise.

In their guidelines for the economic evaluation 
of oncology products, cadth recommends consider-
ation of three possible alternatives for extrapolation 
of benefits beyond the duration of follow-up from 
the clinical study17:

1. Decreasing treatment effect
2. Immediate loss of benefit
3. Maintenance of treatment effect

table i Model parameters

Estimate Clodronate Zoledronic 
acid

Progression-free survival
Weibull survival function 
 parameters (monthly)a

Lambda 0.1801 0.1032b

Gamma 0.5911 0.7133b

Hazard ratio (zoledronic acid  
 vs. clodronate)

0.8830

Overall survival
Weibull survival function 
 parameters (monthly)

Lambda 0.0282 0.0208b

Gamma 0.8483 0.8997b

Hazard ratio (zoledronic acid  
 vs. clodronate)

0.8420

Probabilities of skeletal-related events,  
 per month (%)

Months 1 to 6
Radiation 2.78 2.46
Vertebral fractures 1.05 0.68
Other fractures 0.77 0.66
Surgery to bone lesions 0.79 0.76
Spinal cord compression 0.16 0.23

Months 7 to 12
Radiation 0.68 0.32
Vertebral fractures 0.27 0.09
Other fractures 0.20 0.09
Surgery to bone lesions 0.20 0.10
Spinal cord compression 0.04 0.03

Months 13 to 24
Radiation 0.24 0.16
Vertebral fractures 0.09 0.05
Other fractures 0.07 0.05
Surgery to bone lesions 0.07 0.05
Spinal cord compression 0.01 0.02

Months 25
Radiation 0.06 0.05
Vertebral fractures 0.02 0.01
Other fractures 0.02 0.01
Surgery to bone lesions 0.02 0.02
Spinal cord compression 0.00 0.00

Probabilities of adverse events,  
 per month (%)

Acute renal failure 0.09 0.08
Osteonecrosis of the jaw 0.02 0.19
Thromboembolic events 0.66 0.92
Infection 0.14 0.09

Costs (CA$)
Bisphosphonate therapy,  
 per administration

Medication 4.83 554.08
Administration 183
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Thalidomide, per day of  
 administration

17.84 17.84

Adverse events, per event
Acute renal failure 11,096 11,096
Osteonecrosis of the jaw 16,628 16,628
Thromboembolic events 9,043 9,043
Infection 10,931 10,931

Skeletal related events, per event
Radiation 1,546 1,546
Vertebral fractures 286 286
Other fractures 9,567 9,567
Surgery to bone lesions 38,495 38,495
Spinal cord compression 4,150 4,150

Utilities
Progression-free survival

Baseline 0.485 0.485
Increase, per month

Months 1–3 0.027 0.023
Months 4–12 0.010 0.013

Post-progression survival 0.485 0.485

a  For use in extrapolation; based on final 30 months of Kaplan–
Meier data.

b For use in sensitivity analysis.

The cadth guidelines further state that option 1 
is the most relevant for the base case in an economic 
evaluation. The guidance also states that if option 2 
or 3 is chosen, “the clinical relevance must be justi-
fied.” To assess the most appropriate assumption for 
duration of benefit, annual probabilities of death for 
each treatment group and the annual hr for os for 
zoledronic acid compared with clodronate were de-
rived from the Kaplan–Meier survival curves in the 
mmix trial as reported by Morgan et al.16. The annual 
probability of death associated with zoledronic acid 
and clodronate generally diminished over time, but 
remained less for zoledronic acid than for clodronate 
for more than 5 years. The annual hrs for os with 
zoledronic acid compared with clodronate were 0.87, 
0.91, 0.97, 0.84, and 0.76 in years 1–5 respectively. 
These data thus support the assumption of lifetime 
maintenance of treatment effect. Nevertheless, for 
completeness, results assuming diminishing treat-
ment effects over time also were generated.

Estimates of pfs and os for clodronate during the 
extrapolation period were based on Weibull survival 
functions fit to the empirical survival data over the 
first 5 years of follow-up in the trial. The Weibull is 
a flexible survival function that allows for increasing 
or decreasing risk of events over time and takes the 
general form

 S[t] = e– λtγ,

where S[t] is the probability of not having ex-
perienced the event (for example, progression or 
death) at time t23. Lambda (λ) is often called the 
“event rate parameter,” and gamma (γ), the “shape 
parameter.” For γ = 1.0, the hazard rate is constant 
over time and the inverse of λ is the mean failure 
time. For γ < 1, the hazard rate for the event is a de-
creasing function of time. For γ > 1, the hazard rate 
is an increasing function of time. Weibull survival 
functions were estimated by digitizing the reported 
Kaplan–Meier survival curves (that is, S[t] and t) 
and then fitting ordinary least-squares regressions 
with ln{−ln(S[t])} as the dependent variable and 
ln(t) as the independent variable. [Taking the log 
of the negative log of the Weibull function yields 
a linear function with intercept equal to ln(λ) and 
coefficient on ln(t) equal to γ.] To prevent survival 
probabilities close to 1.0 from overly influencing 
regression results for os, values for t < 6 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. Plots of ln{−ln(S[t])} 
compared with ln(t) for zoledronic acid and clo-
dronate were approximately linear, which provided 
support for use of the Weibull model. The plots also 
were approximately parallel, which supports the 
assumption of proportionality of hazards (that is, 
no diminishment of benefit).

During the extrapolation period, pfs and os 
for zoledronic acid were obtained by applying the 
hrs for zoledronic acid compared with clodronate 
(hrZOLvsCLO) to the survival distributions for clo-
dronate using the formula

 SZOL[t] = SCLO[t]HRZOLvsCLO.

In the lifetime benefits scenario, the hrs for pfs 
and os for zoledronic acid compared with clodronate 
(0.883 and 0.842 respectively) were assumed to re-
main constant. In the diminishing benefits scenario, 
it was assumed that the hrs for pfs and os for zole-
dronic acid compared with clodronate would both 
increase linearly (from 0.883 and 0.842 respectively) 
to 1.0 over 5 years beginning at the first month of the 
extrapolation. Figure 1 shows empirical and fitted 
survival functions for pfs and os for zoledronic acid 
and clodronate. The estimated pfs for zoledronic acid 
is similar under the lifetime and diminishing benefits 
scenarios. For os, the survival curves for zoledronic 
acid and clodronate remain separated over the entire 
projection under the lifetime benefits scenario, but 
the curves meet at approximately 20 years in the 
diminishing benefits scenario.

2.2.2 SREs
Estimates of the cumulative incidence of sres by 
type of sre for each treatment were obtained from 

table i Continued

Estimate Clodronate Zoledronic 
acid
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the mmix trial13. Although bone lesions were included 
among the sres considered in the trial, they were not 
included in the model because the effects of such 
events on costs and qalys are unknown. To calculate 
monthly probabilities of individual sres over time, 
cumulative incidence estimates during 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 clodronate) were partitioned 
into intervals based on the treatment-specific esti-
mates of percentage of first sres occurring during 
months 1–6, 7–12, 13–24, and 24–42 of follow-up13. 
Treatment- and period-specific cumulative incidence 
estimates for each sre and treatment were then con-
verted to monthly probabilities.

2.2.3 Adverse Events
Estimates of the incidence of adverse events for 
zoledronic acid and clodronate were obtained from 
the mmix trial16. Adverse events considered in the 
model included acute renal failure, onj, thrombo-
embolic events, and infection. Those events were 
included either because their incidence was higher 
among patients receiving zoledronic acid or because 

the event is of particular concern for bisphosphonate 
therapy. Although the incidence of serious treatment-
emergent musculoskeletal, connective tissue, and 
bone disorders was higher among zoledronic acid 
patients, the incidence of such events was low (<2%) 
and the typical treatments are generally limited (for 
example, acetaminophen). The effects of such events 
on costs and qalys are likely to be small, and those 
events were therefore not included in the analyses. 
Cumulative incidence estimates were converted to 
constant monthly probabilities, assuming that pa-
tients are at risk of adverse events until death.

2.2.4 Utilities
Utility values in the model were estimated based 
on self-reported eq-5d assessments collected in 
the mmix trial. The eq-5d is a brief, multi-attribute 
measure covering 5 domains of health-related qual-
ity of life, each with 3 levels, yielding 243 possible 
distinct health states, with utility values for each state 
obtained from community preference weights24. In 
the mmix trial, the eq-5d was administered before 
initial randomization (baseline), 3 months after ini-
tial randomization, and 3 months after maintenance 
randomization (if applicable). Of 1960 patients in the 
intention-to-treat population, 1551 patients (79%) 
had valid eq-5d assessments at baseline, 1440 (73%) 
had valid eq-5d assessments at 3 months after initial 
randomization, and 682 (35%) had valid assessments 
at 3 months after maintenance randomization. Mean 
eq-5d utility at baseline was 0.49 ± 0.38 for zoledronic 
acid and 0.48 ± 0.37 for clodronate. From baseline to 
3 months after initial randomization, the mean utility 
value increased to 0.55 ± 0.30 in the zoledronic acid 
group and to 0.55 ± 0.30 in the clodronate group. At 
3 months after maintenance randomization, the mean 
utility value increased to 0.66 ± 0.26 in the zoledronic 
acid group and to 0.67 ± 0.27 in the clodronate group.

In the model, utility values for pfs at time 0 were 
based on the mean utility value at baseline for the 
zoledronic acid and clodronate 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 after initial randomization 
and from 3 months after initial randomization to 3 
months after maintenance randomization, assuming 
that the 3 months after maintenance randomization 
assessment occurred approximately 12 months after 
initial randomization, and that mean utility values 
increase linearly over time during each period. Be-
cause the eq-5d was not administered after progres-
sion in the mmix trial, health-related quality of life 
was assumed to return to baseline after progression 
for both treatment groups (that is, post-progression 
utility was assumed to be equal to 0.485). It was as-
sumed that eq-5d assessments from the mrc myeloma 
trial captured the effects of sres and adverse events 
on health-related quality of life in the study patients.

figure 1 Estimated (A) progression-free survival and (B) overall 
survival for zoledronic acid and clodronate.
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2.2.5 Costs
The unit cost of clodronate was obtained from the 
Ontario Public Drug Program25. The unit cost of 
zoledronic acid was obtained from the ims–Brogan 
imam database26. The cost per administration of 
zoledronic acid was obtained from a study that used 
time and motion data collected from 6 patients being 
treated with zoledronic acid or pamidronate in 3 out-
patient cancer clinics in the United States, combined 
with fixed, variable, and labour costs obtained from 
Canadian sources27. The cost per administration of 
clodronate was conservatively assumed to be $0. To 
estimate duration of treatment for zoledronic acid 
and clodronate, time to discontinuation was assumed 
to be distributed as a Weibull function with shape 
(γ) parameters the same as those for pfs, and a λ cal-
culated to yield median times to discontinuation for 
zoledronic acid and clodronate reported in the mmix 
trial (approximately 12 months for both groups).

Costs of sres were obtained from a cost–utility 
analysis of pamidronate in patients with advanced 
breast cancer28. Costs of adverse events were based 
on hospitalization costs obtained from the Ontario 
Case Costing Initiative database29. All patients were 
assumed to receive thalidomide 150 mg daily as 
maintenance therapy. Time to discontinuation for 
thalidomide maintenance therapy was assumed to be 
distributed as a Weibull function with shape param-
eters equal to those for pfs and with λ calibrated to 
yield a median time to discontinuation of 7 months15. 
The cost of thalidomide therapy was estimated from 
the ims–Brogan imam database26. Costs of induction 
chemotherapy were not considered, because those 
costs are not likely to be affected by bisphosphonate 
therapy. Cost estimates were adjusted to 2010 Cana-
dian dollars as necessary30.

2.3 Analyses

Probabilistic sensitivity analyses were conducted by 
simultaneously sampling from estimated probability 
distributions of model parameters to obtain 1000 sets 
of model input estimates31. When sampling the hrs 
for os and pfs of clodronate compared with zoledronic 
acid, treatment effects on pfs and os were assumed to 
be correlated, with a correlation coefficient equal to 
0.79 from a study of the association between pfs and 
os in various metastatic cancers32. The cumulative 
incidences 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 lognormal random variables. If standard 
errors for model estimates were unavailable, they were 
assumed to be 25% of their base-case estimates. For 
each simulation, we calculated the differences between 
zoledronic acid and clodronate in costs and qalys. The 
95% confidence intervals (cis) for incremental costs 
and qalys were calculated based on the 2.5 and 97.5 
percentiles of the simulations. Cost-effectiveness 

acceptability curves were calculated for zoledronic 
acid compared with no zoledronic acid33.

Deterministic sensitivity analyses were under-
taken to explore the effect of zoledronic acid on the 
icer by changing assumptions concerning the values 
of key model parameters. Key model probabilities 
and costs were varied across their 95% cis (if avail-
able) or, otherwise, from 50% to 150% of base-case 
values. Cost-effectiveness was calculated using an-
nual discount rates of 0% (that is, no discounting) 
and 3%. Several alternative approaches were used to 
project pfs and os for zoledronic acid beyond the end 
of the mmix trial. First, results were generated assum-
ing immediate cessation of benefits for zoledronic 
acid after 5 years (that is, a hr equal to 1.0 for pfs 
and os for zoledronic acid compared with clodronate 
after 5 years). Results were also generated with the 
extrapolation beginning at median follow-up (3.7 
years), alternatively assuming lifetime, diminishing, 
and immediate cessation of benefits. In addition, 
results were generated with pfs and os for zoledronic 
acid beyond 5 years estimated using independent 
Weibull functions fit to the Kaplan–Meier curves 
from the mmix trial (that is, assuming no proportion-
ality of hazards).

3. RESULTS

3.1 Base-Case Results

Table ii presents the base-case results. Assuming 
lifetime benefit, life expectancy (undiscounted) 
was projected to be increased by 0.83 years (10.0 
months) with zoledronic acid. The qalys gained 
with zoledronic acid compared with clodronate were 
0.41. On a discounted basis, qalys gained were 0.27. 
Expected lifetime costs of bisphosphonate therapy 
(including administration and monitoring costs) were 
CA$13,445 greater with zoledronic acid. Expected 
costs of sres were reduced by CA$720 with zole-
dronic acid. Expected costs of adverse events were 
increased by CA$725 with zoledronic acid. Expected 
total lifetime costs were increased by CA$13,407 
with zoledronic acid. The icer for zoledronic acid 
compared with clodronate was CA$49,829 per qaly 
gained. With a threshold of CAN$100,000 per qaly, 
the probability that zoledronic acid is cost-effective 
compared with clodronate was estimated to be 80% 
(Figure 2).

Assuming diminishing benefits, life expectancy 
(undiscounted) was projected to be increased by 0.61 
years (7.4 months) with zoledronic acid. The qalys 
gained with zoledronic acid compared with clodro-
nate were 0.30. On a discounted basis, total qalys 
gained were 0.21 (78% of the gain estimated for the 
lifetime benefit scenario). Expected lifetime costs of 
bisphosphonate therapy (including administration 
and monitoring costs) were CA$13,197 greater with 
zoledronic acid. Expected costs of sres were reduced 
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by CA$720 with zoledronic acid. Expected costs 
of adverse events were increased by CA$574 with 
zoledronic acid. Expected total lifetime costs were 
increased by CA$13,197 with zoledronic acid. The 
icer for zoledronic acid compared with clodronate 

was CA$63,027 per qaly gained. With a threshold of 
CAN$100,000 per qaly, the probability that zoledronic 
acid is cost-effective compared with clodronate was 
estimated to be 67%.

3.2 Deterministic Sensitivity Analyses

Table iii presents results of the deterministic sensi-
tivity analyses. In general, the results are relatively 
insensitive to the parameter changes reflected in 
the various scenarios. Assuming lifetime benefit, 
the estimated cost-effectiveness of zoledronic acid 
compared with clodronate ranged from CA$32,726 
per qaly gained (scenario 12: decrement in utility for 
pfs vs. perfect health, set to –50% of its base-case 
value) to CA$104,378 per qaly gained (scenario 13: 
decrement in utility with pfs vs. perfect health, set to 
+50% of its base-case value). Assuming diminishing 
benefits, cost-effectiveness ranged from CA$41,150 
per qaly gained (scenario 12) to CA$134,566 per qaly 
gained (scenario 13).

Cost-effectiveness was CA$76,498 per qaly 
gained, assuming immediate loss of benefit after 
5 years (that is, hrs for pfs and os were 1.0 after 
5 years). If extrapolation of the survival curves 
begins at 3.7 years (median duration of follow-up 

table ii Base-case results

Outcome measure Zoledronic acid Clodronate Zoledronic acid  
vs. clodronate

Lifetime 
benefit a

Declining 
benefitb

Lifetime 
benefit a

Declining 
benefitb

Effectiveness
Progression-free survival (years) 2.94 2.89 2.65 0.29 0.24
Progression-free survival, discounted (years) 2.52 2.50 2.31 0.21 0.18
Time to discontinuation (years) 1.56 1.55 1.60 –0.04 -0.05
Time to discontinuation, discounted (years) 1.46 1.46 1.49 –0.03 -0.03
Post-progression survival (years) 3.49 3.32 2.95 0.55 0.38
Post-progression survival, discounted (years) 2.50 2.41 2.17 0.34 0.25
Life years 6.43 6.21 5.60 0.83 0.61
Life years, discounted 5.03 4.91 4.48 0.55 0.43
Quality-adjusted life years 3.55 3.44 3.14 0.41 0.30
Quality-adjusted life years, discounted 2.80 2.74 2.53 0.27 0.21

Expected lifetime costs (CA$)
Bisphosphonates 16,080 16,021 2,635 13,445 13,386
Thalidomide maintenance therapy 5,695 5,693 5,737 –42 -44
Skeletal-related events 4,152 4,152 4,872 –720 -720
Adverse events 6,625 6,475 5,900 725 574
Total 32,551 32,340 19,143 13,407 13,197

Cost per quality-adjusted life year gained 49,829 63,027

a  Progression-free survival and overall survival for zoledronic acid after 60 months are estimated by applying to projections for clodronate 
the estimated hazard ratios for zoledronic acid compared with clodronate from the U.K. Medical Research Council Myeloma ix trial.

b  Progression-free survival and overall survival for zoledronic acid after 60 months are estimated by applying to projections for clodronate 
the estimated hazard ratios for zoledronic acid compared with clodronate from the U.K. Medical Research Council Myeloma ix trial, 
assuming that the hazard ratio for zoledronic acid increases to 1.0 over 5 years beginning at the end of year 5.

figure 2 Cost-effectiveness acceptability curves for zoledronic 
acid. Curves represent the proportion of simulations (n = 1000) 
for which the net health benefit for zoledronic acid compared with 
clodronate is greater than zero, given the threshold value for cost-
effectiveness (λ) shown on horizontal axis. Net health benefit = Δ 
quality-adjusted life years (qalys) – Δ Costs / λ.
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in the initial analyses of the mmix trial) rather 
than at 5 years, cost-effectiveness is CA$49,070 
per qaly under the lifetime benefits scenario 
and CA$69,074 under the diminishing benefits 
scenario. Beginning extrapolation at 3.7 years 
and assuming immediate loss of benefit at that 
point, cost-effectiveness was CA$94,109 per 
qaly gained. Cost-effectiveness was CA$78,064 
per qaly gained if pfs and os for zoledronic 
acid after 5 years had been estimated based 
on independent Weibull distributions fit to the 
Kaplan–Meier curves for zoledronic acid (that 
is, rather than assuming proportional hazards 
compared with clodronate).

4. DISCUSSION

In Canada, there is no explicit threshold for deter-
mining whether an intervention is cost-effective34. 
In a recent study that reviewed published drug 

reimbursement recommendations for oncology 
products generated by the advisory board of the 
Common Drug Review (Canadian Expert Drug 
Advisory Committee) between September 2003 and 
March 2007, and in which cost-effectiveness was 
considered (25 files), there were 12 negative and 
13 positive recommendations35. Medications with 
positive recommendations had cost-effectiveness 
ratios ranging from dominant to CA$80,000 per 
qaly gained. Medications with negative recommen-
dations had cost-effectiveness ratios ranging from 
CA$32,000 to CA$137,000 per qaly gained. Those 
results suggest the lack of a hard and fixed thresh-
old for determining cost-effectiveness. Neverthe-
less, the cost-effectiveness ratios for zoledronic 
acid estimated here under both the lifetime and 
the diminishing benefit scenarios (CA$49,829 and 
CA$63,027 per qaly gained respectively) are both 
below the maximum value for oncology medicines 
with positive recommendations.

table iii Deterministic sensitivity analyses

Scenario Zoledronic acid (zol) vs. clodronate (clo)

Lifetime benefit a Declining benefitb

Costs (CA$) qalys icer (CA$) Costs (CA$) qalys icer (CA$)

1 Base case 13,407 0.27 49,829 13,197 0.21 63,027
2 hr pfs zol vs. clo: 95% cil 13,569 0.28 48,688 13,270 0.21 62,234
3 hr pfs zol vs. clo: 95% ciu 13,385 0.27 50,005 13,185 0.21 63,154
4 hr os zol vs. clo: 95% cil 13,531 0.31 43,040 13,241 0.23 58,684
5 hr os zol vs. clo: 95% ciu 13,293 0.23 58,546 13,153 0.19 67,983
6 zol administration costs: –50% 11,411 0.27 42,410 11,208 0.21 53,528
7 zol administration costs: +50% 15,404 0.27 57,247 15,185 0.21 72,526
8 Adverse event costs: –50% 13,045 0.27 48,482 12,909 0.21 61,655
9 Adverse event costs: +50% 13,770 0.27 51,175 13,484 0.21 64,399
10 Skeletal-related event costs: –50% 13,767 0.27 51,167 13,557 0.21 64,746
11 Skeletal-related event costs: +50% 13,047 0.27 48,491 12,837 0.21 61,308
12 Disutility pfs vs. perfect health: –50% 13,407 0.41 32,726 13,197 0.32 41,150
13 Disutility pfs vs. perfect health: +50% 13,407 0.13 104,378 13,197 0.10 134,566
14 Disutility pps vs. baseline pfs after 1 year (average of zol 

and clo): –50% 
13,407 0.30 44,804 13,197 0.23 56,959

15 Disutility pps vs. baseline pfs after 1 year (average of zol 
and clo): +50% 

13,407 0.24 56,123 13,197 0.19 70,543

16 Cost of onj (CA$100,000; disutility with onj = 0.5) 14,009 0.25 55,803 13,672 0.20 70,077
17 Costs/outcomes not discounted 14,612 0.41 35,218 14,214 0.30 47,465
18 Costs/outcomes discounted at 3% 13,834 0.32 43,674 13,564 0.24 56,609
19 Begin extrapolation at median follow-up (3.7 years) 13,463 0.27 49,070 13,152 0.19 69,074

a  Progression-free survival and overall survival for zoledronic acid after 60 months are estimated by applying to projections for clodronate 
the estimated hazard ratios for zoledronic acid compared with clodronate from the U.K. Medical Research Council Myeloma ix trial.

b  Progression-free survival and overall survival for zoledronic acid after 60 months are estimated by applying to projections for clodronate 
the estimated hazard ratios for zoledronic acid compared with clodronate from the U.K. Medical Research Council Myeloma ix trial, 
assuming that the hazard ratio for zoledronic acid increases to 1.0 over 5 years beginning at the end of year 5.

qaly = quality-adjusted life year; icer = incremental cost-effectiveness ratio; hr = hazard ratio; pfs = progression-free survival; cil = lower 
bound of 95% confidence interval; ciu = upper bound of 95% confidence interval; os = overall survival; onj = osteonecrosis of the jaw.
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Limitations of this study should be noted. First 
and foremost, the evaluation was based on assump-
tions regarding the treatment effects of zoledronic 
acid on os beyond the reported end of follow-up in 
the mmix trial. Since the analyses reported here were 
completed, updated analyses of the mmix trial, with a 
median follow-up of 6 years and a maximum reported 
follow-up for os of 8 years, have been reported36. The 
findings with respect to os from the updated analyses 
(hr: 0.88; 95% ci: 0.80 to 0.97; p = 0.03) are similar 
to those from the initial analyses (hr: 0.87; 95% ci: 
0.77 to 0.99; p = 0.04), suggesting that the benefits of 
zoledronic acid on os were maintained with extended 
follow-up. Of particular note, the convergence of 
the os curves between 5 and 6 years observed in the 
original analyses were not observed in the updated 
analysis. Although those data provide additional 
support for the assumption that no diminishment of 
the treatment effects of zoledronic acid on os occurs 
over time, the true effects of zoledronic acid on os 
beyond the last reported follow-up from the mmix trial 
are unknown. Nevertheless, the cost-effectiveness 
of zoledronic acid was favourable (icer less than 
CA$100,000 per qaly) even when the benefits of zole-
dronic acid were conservatively assumed to persist 
for only 3.7 years (the median duration of follow-up 
in the original analysis of the mmix trial).

Second, data on the costs of sres and adverse 
events were not available from the trial and were 
obtained from secondary sources. We conserva-
tively estimated the costs of adverse events based 
on hospitalization costs for similar diagnoses in the 
Ontario Case Costing Initiative database29. That ap-
proach may have overestimated the costs of adverse 
events, given that relatively few of the adverse events 
considered in the model were likely to have required 
hospitalization. For example, none of the cases of onj 
observed in the mmix trial required bone surgery. 
Also, although the incidence of thromboembolic 
events was higher among patients receiving zoledron-
ic acid, the bulk of the imbalance in such events was 
the result of an increased number of events associated 
with the use of an indwelling catheter. Because use 
of such catheters is no longer standard practice, that 
observation may be of limited relevance to current 
practice. Although we assigned the cost of a hospital-
ization to all cases of acute renal failure, acute renal 
failure in the mmix trial was defined to include a va-
riety of clinical parameters and was not limited to the 
need for dialysis. On the other hand, cost estimates 
from the Ontario Case Costing Initiative database 
do not include the costs of physician services, which 
may be substantial for adverse events that require 
surgery. However, as already noted, relatively few 
of the adverse events considered in the model were 
likely to have required hospitalization, and none of 
the cases of onj observed in the mmix trial required 
bone surgery. The values we used in the model are 
therefore likely to overestimate the costs of adverse 

events and, on balance, are therefore conservative. 
In any case, model results were relatively insensitive 
to the costs of those adverse events, so that any lack 
of precision in the cost estimates is not likely to have 
materially biased our findings one way or the other.

Based on results of the mmix trial, we assumed 
that utility values during pfs would be slightly lower 
for zoledronic acid than for clodronate after 6–12 
months. Although mean utility values at 3 months 
after maintenance randomization were slightly lower 
for zoledronic acid than for clodronate, the differ-
ence (0.01) was not statistically significant or clini-
cally meaningful37. Also, utility values at 3 months 
after maintenance randomization were based on a 
relatively small proportion of the overall population 
and may not be representative of quality of life in the 
overall study population. To the extent that patients 
with sres or adverse events were less likely to com-
plete eq-5d assessments, the utility values we used 
might be biased by informative censoring. Analyses 
of utility data for patients with and without sres or 
adverse events (or both) were unavailable, and we 
were unable to assess the magnitude of any such bias 
or to correct for it. Because sres were more likely to 
occur in patients receiving clodronate, and because 
sres presumably have a negative impact on quality 
of life, any bias associated with informative censor-
ing because of sres would favour clodronate. On 
the other hand, if patients with adverse events such 
as onj were more likely to have missing utility data, 
the bias might act in the other direction (in favour of 
zoledronic acid). The difference in the incidence of 
onj was relatively small compared with that for sres 
(4% with zoledronic acid vs. <1% with clodronate for 
onj compared with 27% with zoledronic acid vs. 35% 
with clodronate for sres), and most onj events were 
of low grade. It is therefore unlikely that informative 
censoring on utility data from sres or adverse events 
materially biased our utility estimates in favour of 
either therapy.

The mmix trial provided no information on utili-
ties after progression. Utility after progression was 
therefore assumed to be the same as that at baseline 
(0.485). Although we lack data upon which to vali-
date that estimate, it implies a decrement in utility 
from the maximum pre-progression values of 0.19 
for clodronate and 0.17 for zoledronic acid (28% and 
26% decrements respectively). Those decrements are 
similar to the assumed decrements in utilities asso-
ciated with progression in other cost-effectiveness 
evaluations of myeloma therapy20. Data from nu-
merous studies in patients with cancer suggest that 
many elements of quality of life remain stable but 
considerably impaired until the final few months 
of life, after which a sharp decline occurs in most 
domains38. Given that estimated post-progression 
survival was 2.95 years for clodronate and 3.49 years 
for zoledronic acid, an assumed post-progression 
utility value of 0.485 is not unreasonable.
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The study by Dranitsaris and colleagues from 
which the cost of administration for zoledronic acid 
was obtained was based on just 3 patients27. How-
ever, the estimate of total administration time for 
zoledronic acid from the Dranitsaris study (66 min-
utes) is similar to that from a larger and more recent 
study of 39 patients by Richhariya and colleagues 
(69 minutes)39. The time-and-motion data from both 
studies came from the United States, but we know of 
no reason that those data might differ between the 
United States and Canada. Because unit costs for 
the study by Dranitsaris and colleagues were based 
on Canadian sources, we believe that the estimated 
cost of zoledronic acid administration used in the 
model is reasonable.

Our study did not examine the cost-effectiveness 
of zoledronic acid in comparison with other poten-
tial treatment strategies in patients with multiple 
myeloma. Although intravenous pamidronate is 
used as bisphosphonate therapy in many settings, 
controlled clinical trials of zoledronic acid compared 
with pamidronate or of clodronate compared with 
pamidronate in patients with multiple myeloma that 
report information on pfs and os are unavailable2. A 
comparison of the cost-effectiveness of zoledronic 
acid and clodronate with that of pamidronate in this 
indication therefore would require an adjusted indi-
rect comparison using information from controlled 
trials of pamidronate compared with placebo10,11 
and of clodronate compared with placebo40,41 in 
multiple myeloma patients. Such a comparison 
would represent a lower level of evidence than a 
comparison based on direct evidence from a random-
ized controlled trial. Similarly, we did not examine 
the cost-effectiveness of zoledronic acid compared 
with denosumab. Although zoledronic acid and de-
nosumab were recently compared in a randomized 
controlled trial of patients with multiple myeloma 
and bone metastases of other advanced cancers (ex-
cluding breast and prostate cancer), detailed results 
for patients with multiple myeloma have not been 
reported42. Further research is therefore required to 
examine the cost-effectiveness of zoledronic acid 
compared with other bisphosphonates and with de-
nosumab in this setting.

5. CONCLUSIONS

Compared with clodronate, zoledronic acid repre-
sents a cost-effective treatment alternative in patients 
with multiple myeloma.
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