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ABSTRACT

Background: Oral ibandronate is a single-nitrogen
bisphosphonate whose efficacy is similar to that of IV
ibandronate for the treatment of bone metastases.

Objective: The aim of this study was to compare
the cost-effectiveness of oral ibandronate with zole-
dronic acid and generic pamidronate (both adminis-
tered by IV) for the treatment of bone metastases in
patients with breast cancer receiving oral hormonal
therapy in the United Kingdom.

Methods: A global economic model was adapted to
the UK National Health Service. Patients were assumed
to receive oral hormonal therapy for 50% of their pro-
jected 14.3-month survival. The primary outcome was
incremental cost per quality-adjusted life-year (QALY).
Bisphosphonate efficacy data for relative risk reduction
of skeletal-related events (SREs) were obtained from
clinical trials. Resource use data and costs associated
with IV bisphosphonate infusions were derived from
published studies and a unit cost database; monthly
drug acquisition costs were obtained from the British
National Formulary. Utility scores were applied to time
with or without an SRE to adjust survival for quality of
life. Therefore, differences in QALYs were driven by
utility weights rather than survival time. Model design
and inputs were validated through expert UK clinician
review. The absence of comparative efficacy and safety
data from clinical trials for the different bisphospho-
nates was a model limitation that we addressed by sup-
porting our assumptions with UK expert clinician opin-
ion and with expert clinician opinion outside of the
United Kingdom, and by conducting sensitivity analyses.

Results: The projected total cost per patient was
£307 less with oral ibandronate compared with zole-
dronic acid, and £158 less compared with the use of
generic pamidronate (due to a reduction in staff time
for infusions, avoidance of renal safety monitoring
visits, and, in the case of IV generic pamidronate, a
reduction in the number of SREs). Oral ibandronate
was estimated to lead to a gain of 0.02 QALY, making
it the economically dominant treatment option.

Conclusions: In this study, we found that oral
ibandronate was cost-effective for the management of
bone metastases from breast cancer among patients
receiving oral hormonal therapy in the United
Kingdom. Oral ibandronate provided effective SRE
and bone-pain management while avoiding resource
use and costs associated with regular IV bisphospho-
nate infusions. Due to uncertainty surrounding the
model assumptions, it would be valuable to repeat the
analyses using data from comparative bisphosphonate
trials, once they become available. (Clin Ther. 2005;
27:1295-1310) Copyright © 2005 Excerpta Medica,
Inc.
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INTRODUCTION

Advanced malignant disease frequently metastasizes
to the bone, particularly in multiple myeloma, lung
cancer, prostate cancet, and breast cancer.-* Approxi-
mately 80% of breast cancer patients progressing to
metastatic disease will develop bone lesions.? Each
year, an estimated 25% to 40% of these patients will
need radiotherapy for bone pain, 5% to 30% will
develop hypercalcemia, and 17% to 50% will experi-
ence vertebral fractures.* Consequently, bone metas-
tases from breast cancer are linked to poor quality of
life (QolL), disability, and distress.> Because both the
incidence of breast cancer and the number of patients
surviving the disease are increasing worldwide,® the
burden of associated bone disease can be expected to
grow in the future.

Treatment goals in metastatic bone disease include
the reduction of skeletal morbidity, alleviation of meta-
static bone pain, and improvement in Qol. and mobil-
ity. Used as adjuncts to conventional anticancer therapies,
current management options may include radiother-
apy, surgery, analgesics, and bisphosphonates.” Bis-
phosphonates reduce the incidence of new bone events
by inhibiting pathological osteoclast-mediated bone
resorption and have become incorporated into stan-
dard therapy for malignancy-related bone disease.”
These agents can also offer pain relief, which appears
to be independent of the primary tumor type or the
nature of bone lesions (ie, lytic or sclerotic).8-11

As well as having clinical consequences, breast-
cancer bone metastases have an enormous impact on
health care systems. In 2002, the typical lifetime treat-
ment cost for advanced breast cancer (ie, stage IV)
was estimated at more than £12,500 per patient in the
United Kingdom.'? Much of the financial burden of
malignancy-related bone disease arises from hospital
management of complications, rather than antineo-
plastic therapy.* A 2004 study conducted in the United
States found that mean total costs for managing breast
cancer and bone metastases were US $52,099 greater
per patient among those with skeletal-related events
(SREs) compared with those who did not have SREs,
and the costs directly attributable to bone complica-
tions were US $14,580 per patient.!3

By reducing the rate of SREs and relieving symp-
toms, bisphosphonates have the potential to reduce
hospital stays and the need for bone surgery, radiother-
apy, or analgesics. Another substantial cost driver is
the health care resources required for IV administra-

tion, including drug acquisition, pharmacy and nurse
time for preparing and administering infusions, patient
renal safety monitoring, and the use of other hospital
equipment.*1# At present, it is difficult to compare the
cost-effectiveness of individual bisphosphonates (due
to interstudy variations in patient populations) and
in clinical outcomes and measurements,*® as well as
differences in drug pricing between countries. With its
shorter infusion time (15 minutes vs 90 minutes), it
might be expected that zoledronic acid would be more
cost-effective than pamidronate. In a 2001 microcost-
ing analysis of these 2 bisphosphonates, although zole-
dronic acid 4 mg increased the availability of infusion
chairs compared with pamidronate 90 mg, health care
costs per patient remained similar (US $728 and US
$776, respectively).1*

In patients no longer receiving IV infusions of chemo-
therapy, oral bisphosphonates are expected to be cost-
effective, eliminating the use of infusion supplies as well
as hospital visits solely to administer IV bisphospho-
nates.'S To date, few economic analyses of oral bisphos-
phonates have been conducted (as confirmed by
MEDLINE search using terms cost or economic, and
oral, and bisphosphonate or ibandronate or ibandronic
or clodronate; all years; all languages). One study
reported that clodronate might be cost saving in patients
with breast cancer and bone metastases if hospital costs
for skeletal complications were reduced by >20%.16 A
1997 retrospective analysis of resource consumption for
a l-year, placebo-controlled, randomized trial found
that clodronate reduced hospitalizations by 19%, short-
ened the duration of hospital stay by ~7 days, and low-
ered expenditures for radiotherapy. By increasing the
rate of SRE-free survival by 9% and delaying the occur-
rence of bone events by 64 days, clodronate was pro-
jected to cost 7976 francs (approximately €9000 [year-
2005 conversion rate]) for preventing 1 patient from
having an SRE in 1 year.!” Both studies were limited
in their analysis of SREs only; neither took QoL end
points, such as bone pain, into account.

Ibandronate is a single-nitrogen bisphosphonate that
has been approved in more than 40 countries since
2003 for the management of bone metastases due to
breast cancer. Ibandronate is available in IV and oral
formulations with apparently similar efficacy against
SREs and metastatic bone pain.%18-20 Economic models
have been developed to compare the cost-effectiveness
of oral ibandronate with other bisphosphonates in
patients with breast cancer and bone metastases in the




United Kingdom. Among patients receiving IV chemo-
therapy in the United Kingdom, oral ibandronate was
found to be cost-effective compared with zoledronic
acid and generic pamidronate.2! The current analysis is
the first to compare the cost-effectiveness of oral iban-
dronate with that of these IV bisphosphonates for the
treatment of bone metastases in breast cancer patients
receiving oral hormonal therapy.

PATIENTS AND METHODS
Model Scope and Perspective

The model estimated per-patient costs and benefits
for expected mean survival following an intent-to-
treat approach and produced a cost-utility analysis
with incremental cost per quality-adjusted life-year
(QALY) as the primary outcome. The model was
adapted to the perspective of the UK National Health
Service (NHS). Only direct health care costs were con-
sidered, assuming a single funding source for all costs
at the hospital level.

Mean Survival

Due to the absence of direct comparative survival
data, a mean survival of 14.3 months was assumed, as
was used in a previous cost-effectiveness model of IV
pamidronate versus placebo.22-24 This mean survival
was assumed to be equivalent for all of the bisphos-
phonates in the model, because a Phase III compara-
tive trial failed to show a statistically significant
survival advantage for zoledronic acid compared with
pamidronate in patients with established bone metas-
tases.?S The comparative survival benefits of iban-
dronate versus other bisphosphonates are yet to be
investigated in this patient population. However, the
effect of a longer survival period on cost-effectiveness
was tested using sensitivity analysis.

Patient Population

The analysis was undertaken for a sample of women
with breast cancer and metastatic bone disease who
were assumed to be receiving oral hormonal therapy.
Population characteristics (ie, age, disease progression,
performance status) were aligned with those of Phase TII
trials of oral ibandronate in metastatic bone disease
from breast cancer.!8 Patients in these trials had a
median age of 57 years (range, 27-92 years), and had
received a diagnosis of bone metastases ~6 months ear-
lier (median time since initial breast cancer diagnosis
was 3 years, 7 months). Most patients (84%) had a

World Health Organization performance status of 0 or 1,
and 70% to 80% of patients had received oral hormonal
therapy (F. Hoffmann-La Roche Ltd., Basel, Switzerland,
oral ibandronate clinical study report, 2002).18

Key Assumptions

The model incorporated several key assumptions
for treatment practices and costs that were based on
review by 2 clinician experts in the United Kingdom
and 1 in Belgium. According to these assumptions,
~50% of patients starting hormonal therapy are posi-
tive for both estrogen and progesterone receptors and
receive hormonal therapy for about 65% of their
metastatic life. The other ~50% are assumed to be
positive for only 1 type of receptor and receive hor-
monal therapy for ~40% of their metastatic life.
Therefore, we assumed that the typical patients would
remain on hormonal therapy for ~7.5 months (just
over half of the mean survival time).

Other assumptions included that once hormonal
therapy had failed, patients would be switched to a
4-month chemotherapy cycle. IV bisphosphonates
would be administered once per month regardless of
whether patients were on or off chemotherapy (while
on chemotherapy, IV bisphosphonates would be ad-
ministered on the day of chemotherapy infusion). Oral
ibandronate would require monitoring once every
3 months during routine oncologic assessment. Moni-
toring for IV bisphosphonates would be undertaken at
every infusion and an extra biochemistry test would be
done every second month (ie, when there was no rou-
tine oncologic assessment). Moreover, patients could
discontinue treatment for drug-related adverse events
{assumed at 1 month) or for noncompliance (assumed
at 6 months). No health care—professional costs would
be specifically associated with administering an oral
bisphosphonate, except patient monitoring costs. Costs
for chemotherapy would be similar between patients
receiving different bisphosphonates and are therefore
excluded from the analysis.

Other key assumptions are described below, as part
of the model inputs.

Model Inputs
SREs

The key effectiveness driver in the model was the
mean number of SREs while receiving each bisphos-
phonate (Table I1).22:26:27 These were not directly com-
parable across published studies because of interstudy




Table I. Model inputs: skeletal-related events (SREs).

SRE Relative Expected Number Months per Patient
Drug Risk Reduction, % of SREs With/Without SRE*
Placebo NA 3.2322 NA
Oral ibandronate 3826 2.00 2.00/12.30
IV zoledronic acid 38t 2.00 2.00/12.30
IV pamidronate 3527 2.10 2.10/12.20

NA = not applicable.
*Qver 14.3 months’ survival.

tAssuming same SRE efficacy as oral ibandronate, based on clinical experts.

differences in patient populations, time horizons, and
efficacy measures.#24-30 Therefore, a baseline (ie, place-
bo) level of 3.23 months with an SRE per patient was
assumed, as used in a previous cost-effectiveness analy-
sis,?2 and each drug’s relative risk reduction for SREs
was applied to this placebo value. The risk reduction
rates for oral ibandronate 50 mg and IV pamidronate
90 mg were taken from published placebo-controlled

trials.’826:27 At the time of model development, there -

were no published results from a placebo-controlled
trial of zoledronic acid in metastatic bone disease from
breast cancer (confirmed by MEDLINE search using
the following terms: IV or intravenous and zoledronic
or zoledronate, and placebo, and breast, and metastatic
or metastases; all years; all languages), so we conserva-
tively assumed the same SRE relative risk reduction as
for oral ibandronate (Table I).

The duration of a single SRE was assumed to be
1 month, as in a previous cost-effectiveness analysis
(pamidronate vs placebo).22 The number of months
spent with or without an SRE over 14.3 months of
survival was calculated for each treatment and the
associated costs and QoL weights were applied.

Bone Pain Management

The assumed proportion of patients on placebo
receiving each type of medication and dosing/duration
over a l-year period was provided by our 3 clinician
experts. A monthly cost was applied to the survival
time to yield the expected total cost of analgesic use
for patients not receiving bisphosphonates.

For oral ibandronate, we assumed that a 7% reduc-
tion in analgesics score versus placebo would reflect
the reduction in analgesic use associated with this
treatment.'8-20 We assumed a 3% reduction in anal-

gesic use with both zoledronic acid and pamidronate
because no comparable placebo-controlled data on
reduction in analgesics score, nor clear evidence of
a statistically significant reduction in bone pain be-
low baseline levels was available from clinical tri-
als.?25.2731 A reduction of 7% in analgesic use for
all bisphosphonates was explored in a sensitivity
analysis.

Utilities

To reflect the benefit that bisphosphonates might
have on reducing bone pain in general, we used the
QALY as the primary outcome measure. QALYs are
estimated by summing the years of survival, weighted
by QoL.32

Bisphosphonates have incremental benefits that
might be reflected in maintained or even improved
QoL by avoiding SREs and/or reduction in bone
pain, 1020 The time with or without SREs was adjusted
for QoL using the utility estimates presented in Table II.
One published study in patients with metastatic bone
disease reported a 0.4 baseline utility for placebo,33
which we used as the rate for a month without an
SRE. For 1 month with an SRE, we reduced the base-
line utility by 30%, regardless of which bisphospho-
nate the patient would receive.22 We assumed a 5%
increase in baseline utility per month without an SRE
due to bone pain relief with oral ibandronate, which
was shown to be significantly reduced below baseline
for 2 years in Phase III trials (at end point, —-0.1 vs 0.2;
P = 0.001).220 We considered this to be a conserva-
tive estimate, given the overall impact of pain on QoL
in these patients.1,34

Although pamidronate and zoledronic acid reduced
bone pain below baseline for 1 year in a comparative
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Table Il. Model inputs: utilities.

Parameter Value Reference
Baseline utility for patient with metastatic

bone disease 0.4 van den Hout et al3?
Reduction in baseline utility due to SRE, % 30 Hiliner et al??
Utility for a month with an SRE 0.28 Calculated*
Increase in baseline utility when

using oral ibandronate 0.02 Estimatet
Utility for an SRE-free month when receiving

oral ibandronate 0.42 Calculatedt
Utility for an SRE-free month when receiving IV

pamidronate or IV zoledronic acid 0.40 van den Hout et al33

SRE = skeletal-related event.
*Calculated as 0.4 X 70%.

*Calculated as 0.40 + 0.02.

tBased on an assumption of 5% increase in baseline utility (0.40 X 0.05 = 0.02).

Phase III trial of patients with metastatic breast cancer
or multiple myeloma,?’ these reductions were not
shown to be statistically significant and they were not
reported in the 2-year results of the same study.2® Bone
pain levels increased from baseline in other pamidronate
trials over time.2” For the base case, we therefore as-
sumed no improved utility due to bone pain relief with
these bisphosphonates. No improved utility with oral
ibandronate was explored in the sensitivity analysis.

Discontinuation Due to Adverse Events and Failed
Compliance

Discontinuation can occur because of a drug-related
adverse event or noncompliance. A discontinuation rate
of 3.1% (9 out of 286 reported adverse events) for
oral ibandronate was taken from Phase Il trials.3’
Approximately 6% to 7% of patients participating in
IV zoledronic acid trials discontinued treatment due
to treatment-related adverse events,36 but based on
the opinions of our 3 expert clinicians, this was low-
ered to 4.0%. In the absence of published data, the
discontinuation rate for IV pamidronate was assumed
to be 2.0%, as reported for IV ibandronate.3” The
probabilities for treatment discontinuation used in
the base-case cost-effectiveness analysis are shown in
Table III.

Base-case values for failed compliance were ob-
tained from expert clinician opinion. We assumed that
after 4 months of IV bisphosphonates, 25% of pa-
tients would decline further IV treatment because of
the inconvenience of monthly hospital visits. An esti-

mated 50% of these patients would then switch to
oral ibandronate, with the rest (ie, 12.5% of the over-
all sample) stopping all bisphosphonate treatment.
The SRE risk reduction rates, derived from trials and
from the published literature, were applied to patients
either continuing treatment or discontinuing treat-
ment due to adverse events. Therefore, these data do
not take into account those who might discontinue
due to failed compliance. As a result, we conserva-
tively assumed that the overall SRE risk reduction
rates would continue to apply to patients who discon-
tinued IV bisphosphonates due to failed compliance
(ie, the treatment effect would extend beyond the
treatment period). For the 12.5% of patients pro-
jected to switch to oral ibandronate, we assumed that
the expected number of SREs over survival would be
weighted for the time on IV bisphosphonate versus
oral ibandronate, thus transferring some of the SRE
reduction benefit from oral ibandronate to the IV bis-
phosphonate arms. We also weighted analgesic use
and QoL (ie, utility) for the time on each treatment,
assuming no time lag in these outcomes.

Drug Safety

The model took into account the potential impact
of drug-related renal impairment on treatment costs.
This affected 8.8% to 15.2% of patients receiving
zoledronic acid in Phase III trials of patients with
breast cancer, multiple myeloma, prostate cancer, or
other solid tumors.’® Because there were no safety
results available from placebo-controlled trials of zole-




Table lll. Probabilities of treatment continuation used in base-case cost-effectiveness analysis.

Probability of Continuation

Oral IV Zoledronic
Ibandronate, Acid, IV Pamidronate,
Variable % % % Time Point
Patient continued 96.9 71.0 73.0 14.3 months’
survival
Switch to oral ibandronate
after failed compliance 0.0 12.5 12.5 At 6 months
Discontinuation after
adverse events 3.1 4.0 2.0 At 1 month
Discontinuation after
failed compliance 0.0 12.5 12.5 At 6 months
Total 100 100 100

dronic acid in breast cancer patients only, we applied
the 9% risk of renal impairment over 1 year of treat-
ment from a breast cancer and multiple myeloma
trial?’ to the placebo rate of renal impairment from the
IV and oral ibandronate breast cancer trials (4%).%?
This resulted in a conservative 5% incidence rate for
zoledronic acid. The same definition of renal impair-
ment was used in each study (serum creatinine increase
of 0.5 mg/dL from baseline, if baseline serum creati-
nine was <1.4 mg/dL; 1.0 mg/dL from baseline, if base-
line serum creatinine was >1.4 mg/dL, or twice the
baseline value). The model also included a probability
of renal failure {0.015%) with zoledronic acid*? to as-
sess its impact on treatment-related costs.

Based on Phase III trial data (risk comparable to
placebo) and the absence of published reports of renal
toxicity in clinical practice, no drug-related renal im-
pairment was assumed for oral ibandronate.?’

The incidence of renal impairment with IV pami-
dronate was 8% in the trial of zoledronic acid and
pamidronate for patients with bone metastases from
breast cancer or multiple myeloma.2’ However, the pre-
scribing information for IV pamidronate only reports
a risk of renal deterioration in patients with multiple
myeloma, rather than breast cancer (the target popula-
tion of the model),*! and no renal events were reported
in placebo-controlled trials.26 Therefore, the model
conservatively assumed no additional risk of renal tox-
icity with IV pamidronate, as with ibandronate. This
was supported by expert clinician opinion.

Resource Use

Staff time and supplies for bisphosphonate infu-
sions were obtained from a US microcosting study#
and were validated by a UK clinician for the UK set-
ting. Although recommended infusion times differ
between bisphosphonates (15 minutes for zoledronic
acid vs 90 minutes for pamidronate), it was assumed
that nurses can treat multiple patients at the same time
and are free to carry out other tasks once IV lines have
been inserted. The choice of 22 minutes and 30 sec-
onds was based on an infusion time for pamidronate
of 90 minutes and expert opinion suggesting that
nurses administering lengthy infusions can treat up to
4 patients in a clinic suite at any given time.

Unit Costs

Table IV shows the unit costs of UK health care
resources included in the model.*248 Unit costs were ap-
plied to SRE management, IV bisphosphonate adminis-
tration (ie, personnel time and supplies), laboratory
tests, renal impairment or failure, pain management,
and drug acquisition.

Clinical trials of ibandronate, zoledronic acid, and
pamidronate defined SREs as pathological fracture,
spinal cord compression, radiation therapy, and sur-
gery to bone. For the model, we estimated a total cost
for SRE management from 2003 NHS mean costs for
pathological fractures due to malignancy of bone and

connective tissue (with or without complications,
codes H53 and H54).%3 These codes include all medi-
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Table IV. Unit costs used in the model.
Unit Cost,
Type of Care Year-2003 £ Source
Bisphosphonates
Oral ibandronate 50 mg/d 195 BNF 4642
IV zoledronic acid 4 mg
(q3-4 weeks) 195 BNF 4642
IV generic pamidronate 90 mg
(g3-4 weeks) 165 BNF 4642
SRE management
Pathological fracture and radiotherapy 2351 NHS Reference Costs 200343
[V administration costs
Personnel per hour
Physician 90 PSSRU#4
Pharmacy technician 11 PlanetRecruit*
Nurse 18 PSSRU#
Auxiliary nurse 10 PSSRU%
Infusion supplies 11.27 Medisave,%6* BNF 46,41 UK hospitalt
Laboratory tests
Biochemistry plus hemogram test 25.66 MEDTAP#
Renal failure
Home dialysis, per session ‘ 128 NICE Appraisal Guidance®®
Hospital dialysis, per session 146 NICE Appraisal Guidance*®
Renal impairment, per week$ 11 BNF 4642
Pain management, per monthl 19 BNF 4642
BNF 46 = British National Formulary 46; SRE = skeletal-related event; NHS = UK National Health Service; PSSRU = Personal
Social Services Resource Unit; NICE = National Institute for Health and Clinical Excellence.
*Needle, gauze, swab, syringe, set of gloves, medical tape, and sample tubes.
250 mL 5% dextrose solution.
Disposable IV set.
$including recombinant human erythropoietin and angiotensin-converting enzyme inhibitors.
fincluding morphine, oxycodone, acetaminophen, and ibuprofen.

cal services given to patients in these 2 diagnostic
groups (ie, fracture management with surgery and
radiotherapy, elective [nonemergency] and nonelec-
tive [emergency] treatment). The radiotherapy cost ex-
cluded transport to the radiotherapy department.

Sensitivity Analyses
One-Way Sensitivity Analyses

We checked the robustness of the base-case resulis
by conducting a series of 1-way sensitivity analyses,
varying key assumptions that might reduce the cost-
effectiveness advantage of oral ibandronate over the
IV bisphosphonates. The following scenarios were
included: prolonged survival of 24 months (base case,

14.3 months); no QoL advantage for ibandronate
(base case assumed a 5% increase in baseline utility
for a month without an SRE and no advantage for the
comparators); 7% reduction in analgesic usage for all
bisphosphonates (base case, 7% for oral ibandronate
vs 3% for zoledronic acid and pamidronate); 100%
compliance/no discontinuation (base case assumes that
some patients will stop IV bisphosphonates due to
drug-related adverse events or noncompliance); 2%
discontinuation rate due to treatment-related adverse
events for all bisphosphonates, and no renal impair-
ment for zoledronic acid; nursing cost directly cor-
related to length of infusion (ie, 15 minutes for zole-
dronic acid vs 90 minutes for pamidronate, rather




than 22 minutes and 30 seconds for all options); no
'SRE efficacy advantage for oral ibandronate over pami-
dronate (38% risk reduction for oral ibandronate,
compared with 35% for pamidronate); and 50% de-
crease in SRE treatment cost.

Probabilistic Analysis

A probabilistic sensitivity analysis was performed to
account for uncertainty in the model parameters. This
method handles uncertainty in the cost-effectiveness
results by assigning a distribution to selected parame-
ters and undertaking repeated Monte Carlo simula-
tions of the cost-effectiveness analysis.*® Five thousand
simulations were undertaken and, for each threshold

value of a QALY gained (£0 to £100,000), the proba-
bility of the results being cost-effective was calculated.

RESULTS
Base-Case Analysis

With an expected survival of 14.3 months for
patients with breast cancer and bone metastases
receiving oral hormonal therapy, the model projected
that the total cost of treatment (including drug acqui-
sition), renal impairment and failure, SREs, and pain
management would be £307 less per patient with
oral ibandronate than with zoledronic acid and £158
less per patient than with IV generic pamidronate
(Table V).

pamidronate.

Table V. Base-case cost-effectiveness results for oral ibandronate compared with IV zoledronic acid and IV

Oral IV Zoledronic
ibandronate Acid IV Pamidronate
Cost per patient, £
Bisphosphonate treatment continuation 2737 2496 2213
Bisphosphonate treatment switch to
oral ibandronate 0 377 360
Bisphosphonate discontinuation 6 133 111
Renal toxicity* 0 34 0
SREs 4708 4708 4915
Pain management 249 259 259
Total 7700 8008 7858
Savings per patient, £
Versus zoledronic acid 307
Versus pamidronate 158
SREs, mo
Per patient with an SRE 2.00 2.00 2.09
Per patient without an SRE 12.30 12.30 12.21
Additional SRE-free time versus zoledronic acid 0.00
Additional SRE-free time versus pamidronate 0.09
Quality-adjusted end points
QALYs with SREs, mo 0.56 0.56 0.59
QALYs without SREs, mo 5.16 4.94 4.91
Total quality-adjusted life-months 5.73 5.51 5.49
Total QALYs 0.477 0.459 0.458
Additional QALYs versus zoledronic acid 0.018t
Additional QALYs versus pamidronate 0.019%

*Impairment and failure.
16.7 Days.
7.1 Days.

SRE = skeletal-related event; QALYs = quality-adjusted life-years.
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Differences in QALYs were driven by utility weights
rather than survival time. Taking a fixed reduction in
utility for the time with SREs into account, as well as
a 5% increase in baseline utility with oral ibandronate
per month with an SRE, oral ibandronate led to a gain
of 0.018 and 0.019 QALYs compared with IV zole-
dronic acid and IV pamidronate, respectively. This
corresponded to an additional 6.7 and 7.1 quality-
adjusted life-days. The reduction in cost and increase
in outcome results in oral ibandronate being the domi-
nant treatment option.

Sensitivity Analyses
One-Way Analysis

Table VI summarizes the results of the one-way
sensitivity analyses.

A 24-month survival would increase the time in
which a patient was not undergoing chemotherapy;
therefore, because of additional IV infusions, the
incremental cost advantage of oral ibandronate over
zoledronic acid rose from £307 per patient in the base
case to £428, with incremental outcomes increasing
as well. Similarly, a reduction in survival time would
proportionately decrease both costs and outcomes.
The base-case incremental costs were unchanged when
no QoL advantage was assumed for oral ibandronate;
therefore, oral ibandronate remained cost-saving ver-
sus both IV bisphosphonates.

A 7% reduction in analgesic use for all options
would slightly reduce cost savings with oral iban-
dronate. With a 2% rate of discontinuation due to
treatment-related adverse events and no renal toxicity
for all bisphosphonates, the incremental cost advan-
tage of oral ibandronate would increase very slightly
versus zoledronic acid, and would decrease versus
pamidronate, without substantially affecting incre-
mental outcome. With 100% compliance/no discon-
tinuation, the dominance of oral ibandronate would
increase because patients who discontinued zole-
dronic acid and IV pamidronate in the base case
would now be kept on treatment, thus accumulating
drug costs.

If the nurse were assumed to stay with the patient
throughout the whole infusion, staff cost would
increase with IV generic pamidronate, making oral
ibandronate more dominant. A zoledronic acid infu-
sion time of 15 minutes would reduce staff costs,
resulting in oral ibandronate becoming less domi-
nant. If there were no SRE efficacy benefit over IV
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pamidronate, then oral ibandronate would be slightly
more costly. Assuming a 50% decrease in SRE treat-
ment cost, the incremental cost advantage of oral
ibandronate would decrease considerably versus
generic pamidronate, without affecting the outcome
benefit.

All 1-way sensitivity analyses showed a positive
incremental net benefit, implying that oral ibandro-
nate consistently remained cost-effective versus both
IV bisphosphonates, given a cost-effectiveness thresh-
old of £30,000 per QALY.

Probabilistic Analysis

By means of pairwise comparisons, the cost-
effectiveness acceptability curves showed that at a cost
per QALY of £30,000 and above, oral ibandronate
was the cost-effective strategy in 282 % of simulations
versus IV zoledronic acid and 279% of simulations
versus IV pamidronate (Figures 1 and 2). The likeli-
hood of oral ibandronate being cost-effective would
increase with rising thresholds, because the incremen-
tal outcomes associated with oral ibandronate (QALY's
as a result of higher utility weights) were valued at a
higher amount.

DISCUSSION

The model predicted that oral ibandronate is cost-
effective compared with IV bisphosphonates, due to
its efficacy in reducing SREs and bone pain, favorable
tolerability profile, and avoidance of monthly bis-
phosphonate infusions. The model was unavoidably
limited by its reliance on data from noncomparative
trials of different bisphosphonates, leading to subjec-
tivity in the assessment of drug efficacy and safety, as
well as in the choice of assumptions. To overcome
this, we applied the risk reduction of SREs with each
bisphosphonate to the same placebo rate of SREs in
patients with bone metastases due to breast cancer, as
reported in 1 randomized trial.2? This was supported
by expert clinician opinion. At the time of model
development, there were no published results from a
placebo-controlled trial of zoledronic acid in meta-
static bone disease from breast cancer, so we con-
servatively assumed the same SRE relative risk
reduction as for oral ibandronate (ie, 38%). Recently,
trial results for zoledronic acid in Japanese breast can-
cer patients with bone metastases have been pub-
lished, showing a 39% risk reduction in SREs versus
placebo.?
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Table VI. Sensitivity analyses of oral ibandronate compared with IV zoledronic acid and IV pamidronate.

Oral Ibandronate

Oral Ibandronate

Versus Versus

Variable IV Zoledronic Acid IV Pamidronate
Base case

Incremental net benefit, £ 859 737

Cost savings, £ 307 158

Additional QALYs 0.018 0.019
Prolonged survival of 24 months

Incremental net benefit, £ 1335 1151

Cost savings, £ 428 197

Additional QALYs 0.030 0.032
No Qol. advantage for oral ibandronate: 0% increase in utility

Incremental net benefit, £ 307 184

Cost savings, £ 307 158

Additional QALYs 0.000 0.001
7% Reduction in analgesics usage

Incremental net benefit, £ 850 729

Cost savings, £ 299 149

Additional QALYs 0.018 0.019
2% Adverse event discontinuation rate and no renal toxicity

Incremental net benefit, £ 861 707

Cost savings, £ 308 128

Additional QALYs 0.018 0.019
100% Compliance/no discontinuation due to failed compliance

Incremental net benefit, £ 1349 1088

Cost savings, £ 734 444

Additional QALYs 0.020 0.021
Nursing cost as a function of infusion time*

Incremental net benefit, £ 833 969

Cost savings, £ 282 390

Additional QALYs 0.018 0.019
No SRE efficacy advantage: 38% risk reduction for all

Incremental net benefit, £ 859 503

Cost savings, £ 307 -50

Additional QALYs 0.018 0.018
50% Decrease in SRE treatment cost

Incremental net benefit, £ 859 634

Cost savings, £ 307 54

Additional QALYs 0.018 0.019

QALYs = quality-adjusted life-years; QoL = quality of life; SRE = skeletal-related event.
*1.5 Hours for pamidronate and 15 minutes for zoledronic acid.
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Figure 1. Cost-effectiveness acceptability curve of oral ibandronate versus IV generic pamidronate and IV zole-

1 ; | | | |
50 60 70 80 90

100
0 /////,—’
8 90 T
I T
T~ ~
&2 e
£ s L
=
[y Ve
8= e
&_) = s
A~ Ve
cwn 704 P
o8 /
= v
= L/
0
e 607 /
(a8}
50 1 I T I | T T | ]
0 10 20 30 40 50 60 70 80 90 100

Cost per QALY Threshold (£ X 1000)

Figure 2. Cost-effectiveness acceptability curve for oral ibandronate versus IV generic pamidronate. QALY = quality-

adjusted life-year.

A Phase III trial is currently underway to assess the
comparative efficacy of oral ibandronate and zole-
dronic acid in patients with breast cancer and bone
metastases. Preliminary results suggest that oral iban-
dronate is not inferior to zoledronic acid for reducing
the bone resorption marker cross-linked C-terminal

telopeptide of type 1 collagen in serum.’! This and
other bone turnover markers are considered to act as
surrogates for bisphosphonate clinical efficacy. Once
further head-to-head efficacy data become available
for oral ibandronate and zoledronic acid, we plan to
repeat the model analysis.




We assumed that the expected number of SREs
over survival time for zoledronic acid and pami-
dronate would be weighted for the time on IV bis-
phosphonate compared with time on oral ibandronate.
The discontinuation rate for IV bisphosphonates was
based on our discussions with clinician experts be-
cause there are no comparative published data on
failed compliance. Assuming that 12.5% of patients
discontinued zoledronic acid and pamidronate (see
“Patients and Methods”), lower mean drug costs
would be expected for the IV bisphosphonates. In
addition, we would expect that if a patient were to
discontinue, the SRE risk reduction might decrease
over time. However, in the absence of data for the loss
of SRE efficacy with discontinuation, we conserva-
tively assumed the same SRE risk reduction for all
patients, regardless of continuing or discontinuing
treatment. We also conducted a sensitivity analysis in
which the compliance rate for IV bisphosphonates
was assumed to be 100%. The dominance of oral
ibandronate over IV bisphosphonates actually increased
in our model, due to higher drug costs for zoledronic
acid and pamidronate. The model did not assume
noncompliance for oral ibandronate based on clini-
cian opinion and the absence of patients withdrawing
from Phase III clinical trials due to difficulty with tak-
ing their medication.¢

For bone pain reduction, we applied an estimated
increase in utility with oral ibandronate to a baseline
utility value in patients with metastatic bone disease,3?
but we assumed there would be no corresponding
increase in utility with IV bisphosphonates due to
the absence of statistically significant reductions in
bone pain from baseline in Phase III clinical trials.25:27
However, since the model analysis was conducted,
such reductions in bone pain have been reported with
zoledronic acid in the trial of Japanese patients with
breast cancer and bone metastases.’® Assuming a sim-
ilar 5% increase in utility for zoledronic acid as for
oral ibandronate, the QALY advantage of ibandronate
would be reduced, but there would be no effect on
costs (ie, ibandronate would remain cost saving).

The absence of comparative data also meant that
the chosen model assumptions for drug safety were the
best estimates from interstudy comparisons and pub-
lished clinical reports. The model assumed that zole-
dronic acid had a 5% risk of renal impairment, with
extra costs for patient safety monitoring (ie, serum cre-
atinine) and managing adverse events. It is possible

that the rate for zoledronic acid was overestimated
because it was calculated using the results of a trial
including patients with multiple myeloma (for whom
the risk of renal impairment is relatively high) and
applied to a placebo rate from an IV ibandronate trial
using the same methodology. However, myeloma pa-
tients comprised 31% of the study population in the
zoledronic acid trial*S and a higher incidence of renal
toxicity has been reported in other trials,?® as well as
in clinical practice.’%3 The risk of renal failure for
zoledronic acid was extremely low, at 0.015% (from a
published report based on clinical experience),** and
had little impact on overall costs (£4 per patient, part
of the £34 renal toxicity cost noted in Figure 1). The
efficacy and safety data from Phase III trials used in the
model were obtained from patients receiving oral hor-
monal therapy and oral chemotherapy for breast can-
cer, even though the patient population for this model
was assumed to be receiving hormonal therapy for
much of their survival time. Given the limited clinical
experience with oral ibandronate in the United
Kingdom, it was not possible to incorporate accurate
information on typical national treatment patterns.
Although patients receiving oral hormonal therapy
might be more likely to receive oral ibandronate than
IV bisphosphonates in clinical practice due to the ease
of combining these ambulatory regimens, using data
from chemotherapy patients remained relevant, The
reason for this is that the model assumed that patients
failing on hormonal therapy would be switched to a
4-month TV chemotherapy cycle.

To simplify the model, only renal toxicity (an
adverse event with potentially considerable manage-
ment costs) was included. Other adverse events for
oral or IV bisphosphonates were not considered be-
cause there is no published evidence for significant
differences of other adverse events between these
agents. The most frequent mild upper gastrointestinal
adverse events reported with oral ibandronate in the
Phase III trials of breast cancer patients were dyspep-
sia (7.0% vs 4.7% with placebo), nausea (3.5% vs
1.4% with placebo), esophagitis (2.1% vs 0.7% with
placebo), and abdominal pain (2.1% vs 0.7% with
placebo), but their incidence was only slightly higher
than that seen with placebo.18

A key cost driver in the model was SRE manage-
ment (£2351 per patient), calculated from NHS refer-
ence costs for pathologic fractures.*? To allow for all
treatment possibilities, the pathologic fracture cost

. ,",Voiq:ﬁe’?? Number




included both nonelective and elective treatment. The
inclusion of nonemergency fracture cases (which are
less common) could have inflated the SRE manage-
ment cost. Because the reference cost includes all
malignancies of bone and connective tissue, it may not
be accurate for the typical patient with breast cancer
and bone metastases. However, breast cancer (along
with prostate cancer) is the most common cause of
SREs.?* Therefore, costs for breast cancer patients
would have been the main driver for generating the
mean NHS cost of treating SREs. To account for the
reference cost limitation, a worst-case reduction of
SRE management cost by 50% was explored in a sen-
sitivity analysis. Even though this reduced the overall
cost advantage of oral ibandronate versus IV pami-
dronate {no change vs zoledronic acid because the
SRE risk reduction was assumed to be the same), oral
ibandronate remained cost saving.

The drug acquisition costs for all bisphosphonates
in the model were obtained from the British National
Formulary. The cost of pamidronate in the United
Kingdom may be reduced in the future, given the
growing availability of generics. Using the current
model assumptions, the cost of pamidronate would
need to be reduced below £152 for oral ibandronate
to have similar costs in the given population of pa-
tients with breast cancer and bone metastases receiv-
ing oral hormonal therapy, and below £101 to have
no incremental net benefit and therefore make oral
ibandronate cost-ineffective (calculations not shown).
However, no allowance has been made for the possi-
bility that bisphosphonate drug costs might be re-
duced below national formulary levels due to local
contracts and bulk purchases by the NHS.

One of the main influences on resource use in the
model was the chosen infusion time for zoledronic
acid and IV pamidronate of 22 minutes and 30 sec-
onds, based on the assumption that nurses typically
attend to a number of patients (eg, 4) in a treatment
suite at any given time. Using recommended infusion
times in the model would obviously increase the
amount of time spent with patients receiving pami-
dronate (90 minutes) compared with zoledronic acid
(15 minutes), increasing the cost-effectiveness of oral
ibandronate versus pamidronate and slightly reduc-
ing the cost-effectiveness of oral ibandronate versus
zoledronic acid (as shown by the sensitivity analysis
of infusion time). However, a previous microcost-
ing study of medical resource use suggested that the

time nurses spend with patients receiving zoledron-
ic acid and pamidronate is closer to 1 and 2 hours,
respectively. 14

It might be expected that the dominance of oral
ibandronate would be increased if indirect costs were
included in the model. By reducing the incidence of
SREs and providing long-term bone pain relief, oral
ibandronate could reduce patient disability and subse-
quently improve work productivity for patients and
caregivers by reducing the number of working days
lost. Expenses for travel to and from the hospital for
monthly infusions would also be avoided.

It would be valuable to repeat this cost-effectiveness
analysis using comparative efficacy and safety data for
ibandronate versus other bisphosphonates. These are
awaited from randomized controlled trials. It would
also be interesting to repeat this analysis for other
health care systems, to compare the results with those
for the UK NHS. The economic impact of varying drug-
pricing structures and practices for the management
of primary tumors and bone metastases could then
also be evaluated.

CONCLUSIONS

From the perspective of the UK NHS, this model
analysis found that oral ibandronate was cost-
effective compared with zoledronic acid and pami-
dronate for the treatment of bone metastases in breast
cancer patients who were concurrently undergoing
oral hormonal therapy. With oral ibandronate, the
resource use and cost implications of regular TV bis-
phosphonate infusions (ie, hospital staff time and sup-
plies) and patient safety monitoring were avoided.
Compared with pamidronate, but not zoledronic acid,
lower SRE costs were also expected. The model found
that oral ibandronate remained cost saving in the
absence of a utility benefit.

Due to the limitations surrounding the model
assumptions, it would be valuable to perform addi-
tional analyses when efficacy and safety data become
available from comparative, randomized trials of oral
ibandronate versus other bisphosphonates for patients
with bone metastases.
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