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A B S T R A C T

Purpose
Skeletal-related events (SREs) such as pathologic fracture, spinal cord compression, or the necessity
for radiation or surgery to bone metastasis cause considerable morbidity, decrements in quality of
life, and costs to the health care system. The results of a recent large randomized trial (Cancer and
Leukemia Group B/Alliance for Clinical Trials in Oncology [CALGB/Alliance 70604]) showed that
zoledronic acid (ZA) every 3months was noninferior to monthly ZA in reducing the risks of SREs.We
sought to determine the cost-effectiveness (CE) of monthly ZA, ZA every 3 months, and monthly
denosumab in women with breast cancer and skeletal metastases.

Methods
Using a Markov model, costs per SRE avoided were calculated for the three treatments. Sensitivity
analyses were performedwhere denosumab SRE probabilities were assumed to be 50%, 75%, and
90% lower than the ZA SRE probabilities. Quality-adjusted life-years were also calculated. The
analysis was from the US payer perspective.

Results
The mean costs of the denosumab treatment strategy are nine-fold higher than generic ZA every
3 months. Quality-adjusted life-years were virtually identical in all the three treatment arms; hence,
the optimal treatment would be ZA every 3 months because it was the least costly treatment. The
sensitivity analyses showed that relative to ZA every 3months, the incremental costs per mean SRE
avoided for denosumab ranged from $162,918 to $347,655.

Conclusion
ZA every 3 months was more CE in reducing the risks of SRE than monthly denosumab. This
analysis was one of the first to incorporate the costs of generic ZA and one of the first independent
CE analyses not sponsored by either Novartis or Amgen, the makers of ZA and denosumab, re-
spectively. ZA every 3 months is the more CE option and more reasonable alternative to monthly
denosumab.
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INTRODUCTION

Bone metastases occur in 65% to 75% of women
with metastatic breast cancer and cause significant
morbidity, including pain, pathologic fracture, spinal
cord compression, and hypercalcemia.1 Surgery and
radiation therapy may be required to prevent or treat
the complications of bone metastases.2 Zoledronic
acid (ZA), a third-generation aminobisphosphonate
given monthly, reduces the risk of pain and skeletal-
related events (SREs) up to 40%.1,3 After 9 to 12 doses

of monthly ZA, ZA every 3 months is noninferior to
monthly ZA in women with breast cancer with
skeletal metastases.4,5 In the Cancer and Leukemia
Group B/Alliance for Clinical Trials in Oncology
(CALGB/Alliance) 70604 trial, 1,822 individuals with
skeletal metastases (breast cancer [n = 855], prostate
cancer [n = 689], and multiple myeloma [n = 278])
were randomly assigned to receive eithermonthly ZA
or ZA every 3months, starting with the first dose, for
2 years.6 ZA every 3 months was noninferior to
monthly ZA in SREs overall and in the three disease
sites in prespecified analyses.
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Denosumab, a human monoclonal antibody that inhibits
osteoclasts by binding to receptor activator of nuclear factor
kappa B ligand,7 delays the onset of first and subsequent SREs to
a greater extent than ZA in women with bone metastases from
breast cancer.8 Both drugs can cause osteonecrosis of the jaw
(ONJ) and hypocalcemia. ZA can also cause renal toxicity
depending primarily on dose, duration of infusion, and other
factors.9

There are ongoing noninferiority trials that compare monthly
denosumab with denosumab every 3 months. The open-label
phase III trial Swiss Group for Clinical Cancer Research (SAKK)
96/12: REDUSE (ClinicalTrials.gov identifier: NCT02051218)
randomly assigns patients with metastatic breast or prostate cancer
to receive denosumab every 4 weeks or every 12 weeks. Likewise,
the Rethinking Clinical Trials (REaCT) bone-targeting agents
(BTAs; ClinicalTrials.gov identifier: NCT02721433) is another open-
label, phase III trial that randomly assigns patients with metastatic
breast or prostate cancer to either 4-week or 12-week denosumab,
pamidronate, or ZA. Both trials are actively recruiting. Until the
publication of the results, it is unknown whether denosumab every
3 months is noninferior to monthly dosing.

In addition to their effects on quality of life, the costs to the
health care system of preventing and treating SREs are consider-
able.10 SinceMarch 2013, ZA has been available as a generic drug.11

Denosumab is more expensive than ZA, and despite being superior
to ZA in time to development of first and subsequent SREs,8 it may
not be cost effective (CE).12 On the basis of the 70604 trial,6 we
hypothesized that ZA administered every 3 months is more CE

than monthly ZA or monthly denosumab in women with bone
metastases from breast cancer.

METHODS

Patients
Each 70604 trial participant signed an institutional review board–

approved, protocol-specific informed consent in accordance with federal
and institutional guidelines.

Model Design
A Markov model created in TreeAge Pro 2014 (TreeAge Software,

Williamstown, MA) was used to analyze the CE of three treatment
strategies (monthly ZA, ZA every 3 months, and monthly denosumab),
each using a hypothetical cohort of 10,000 women with breast cancer and
bone metastases for SRE prevention. Figure 1 describes the model design
on the basis of the CE analysis by Xie et al.12 The primary reason for
replicating the Xie et al12 model was that it looked at pathologic fractures
without differentiating vertebral and nonvertebral fractures. The CE
analysis was conducted from the US payer’s perspective.

The model consisted of 11 distinct health states differentiated by SRE
status and SRE type (Fig 1). SRE status included no current SRE, the first
onset of SRE, subsequent SRE, and no current SRE but having a history of
SRE. The SRE types were a pathologic bone fracture, radiation to bone,
surgery to bone, and spinal cord compression. A 2-year time horizon was
used to correspond with the length of the trial comparing monthly ZAwith
ZA every 3 months. Each Markov cycle (the calibration period for the
model parameters) was 1 month. Thus, Markov cycles result in 24 sim-
ulated months.

1st fracture

Subsequent
fracture

Subsequent
radiation to

bone

Subsequent
surgery to

bone

Subsequent
spinal cord

compression

Death

1st radiation
to bone

1st surgery
to bone
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cord

compression

No SRE,
no history of

SRE

History of
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Fig 1. Markov model. All patients started in
the “No SRE, no history of SRE” stage. SRE,
skeletal-related event.
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Transition Probability Parameters
Transition probabilities (the probability of being in a given state in the

next cycle on the basis of the current state) came from multiple sources
(Table 1). Annual probabilities of first SREs and subsequent SREs associated
with denosumab were from the CE analysis by Xie et al.12 The Xie et al12

model based the SRE probabilities on the randomized trial by Stopeck et al.8

For monthly ZA and ZA every 3 months, annual probability estimates of the
first and subsequent SREs were from the 70604 trial.6 The following as-
sumptions were made for monthly ZA, ZA every 3 months, and monthly
denosumab. For patients with no current SREs but with a history of an SRE,
the type of subsequent SREwas not dependent on the first SRE type, and the
overall mortality did not differ between the three treatments.4,8,12

Cost Parameters
The costs for denosumab and ZA included the costs of the drug and its

administration. Denosumab costs were for the 120-mg subcutaneous (SQ)
dose, which is the dose based on the drug label.11,12 The ZA cost was for the
standard 4-mg intravenous (IV) dose. The estimated costs of SREs came
from multiple sources. The costs of bone surgery, pathologic fracture, and
spinal cord compression were from Barlev et al.13 The costs for radiation to
bone were from Lage et al.14 Costs as a result of death were not included.
Because mortality was similar among the three treatment groups, excluding
costs as a result of death would not affect the incremental costs. The average
cost of a treatment strategy (Table 2) was defined as the average of the drug
cost, its administration cost, and the cost associated with having an SRE.

Costs from the literature were valued on the basis of differing years of US
dollars. As such, all costs before 2015 were inflated to 2015 US dollars using the
gross domestic product implicit price deflator.15 Drug costs were based on 2015
Centers for Medicare and Medicaid Services reimbursement rates and did not
require inflation adjustment. Given that the model projects 24 months into the
future, the future costs are discounted back to a common time frame. Therefore,
costs projected by the model are discounted at an annual rate of 3%.

Sensitivity Analyses
Table 2 lists the differences in the observed SRE probabilities between

the randomized trial of monthly denosumab versus ZA8 and trial 70604.6 A
series of sensitivity analyses were undertaken on the basis of the relative
probabilities of monthly denosumab, monthly ZA, and ZA every 3months.
The sensitivity analyses intended to create scenarios in which the SRE
probabilities were based on factors derived from the same underlying data
source, whether it was Xie et al12 or the 70604 trial.6 The primary difference
between treatments is the significantly higher costs of the denosumab
treatment strategy. These sensitivity analyses could better determine the
tradeoff between the increased costs of the denosumab treatment strategy
and lower costs of treatment every 3 months and the SREs avoided.

Table 3 lists the sensitivity analyses using the following scenarios for
first and subsequent SRE probabilities. Denosumab SRE probabilities were
assumed to be the same as monthly ZA. Denosumab SRE probabilities
were assumed to be 50%, 75%, and 90% lower than monthly ZA or ZA
every 3 months; alternatively, monthly ZA and ZA every 3 months SRE

Table 1. Model Parameter Values

Parameter Type P First Author

First fracture: denosumab Monthly probability .0193 Xie12

First fracture: monthly ZA Monthly probability .0027 Himelstein6

First fracture: ZA every 3 months Monthly probability .0032 Himelstein6

First radiation to bone: denosumab Monthly probability .0075 Xie12

First radiation to bone: monthly ZA Monthly probability .0061 Himelstein6

First radiation to bone: ZA every 3 months Monthly probability .0060 Himelstein6

First spinal cord compression: denosumab Monthly probability .0008 Xie12

First spinal cord compression: monthly ZA Monthly probability .0020 Himelstein6

First spinal cord compression: ZA every 3 months Monthly probability .0008 Himelstein6

First surgery to bone: denosumab Monthly probability .0011 Xie12

First surgery to bone: monthly ZA Monthly probability .0009 Himelstein6

First surgery to bone: ZA every 3 months Monthly probability .0005 Himelstein6

Subsequent fracture: denosumab Monthly probability .0473 Xie12

Subsequent fracture: monthly ZA Monthly probability .0014 Himelstein6

Subsequent fracture: ZA every 3 months Monthly probability .0017 Himelstein6

Subsequent radiation to bone: denosumab Monthly probability .0183 Xie12

Subsequent radiation to bone: monthly ZA Monthly probability .0049 Himelstein6

Subsequent radiation to bone: ZA every 3 months Monthly probability .0047 Himelstein6

Subsequent spinal cord compression: denosumab Monthly probability .0020 Xie12

Subsequent spinal cord compression: monthly ZA Monthly probability .0004 Himelstein6

Subsequent spinal cord compression: ZA every 3 months Monthly probability .0010 Himelstein6

Subsequent surgery to bone: denosumab Monthly probability .0027 Xie12

Subsequent surgery to bone: monthly ZA Monthly probability .0007 Himelstein6

Subsequent surgery to bone: ZA every 3 months Monthly probability .0053 Himelstein6

Death Monthly probability .0142 Xie12

Parameter Type US Dollars Source
Denosumab administration Cost $78 CMS reimbursement
Denosumab dose Cost $1,828 CMS reimbursement
ZA administration Cost $74 CMS reimbursement
ZA dose Cost $140 CMS reimbursement
Bone surgery* Cost $36,573 Barlev13

Pathologic fracture* Cost $30,088 Barlev13

Radiation to bone* Cost $4,135 Lage14

Spinal cord compression* Cost $66,858 Barlev13

Abbreviations: CMS, Centers for Medicare and Medicaid Services; ZA, zoledronic acid.
*Occurs as an event cost and does not repeat for additional monthly cycles unless another event occurs.
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probabilities were considered to be higher than the base-case denosumab
by 50% or 100%.

Finally, to investigate how results may differ when incorporating
quality of life, we also conducted sensitivity analyses using quality-adjusted
life-years (QALYs) as our outcome measure rather than SREs avoided.
QALYs were calculated using transition probabilities of the base-case
analysis. Health state utility values came from Snedecor et al.16 This
study reported utility values that would be experienced in the first year and
could potentially increase to a constant value in the second year. The
sensitivity analysis used constant utility values throughout the model time
horizon. The analyses were performed separately using the first- and
second-year utility values reported by Snedecor et al.16

RESULTS

Table 2 lists the base-case results on the basis of the three treatment
strategies. Denosumab had the greatest mean costs and mean

number of SREs and is dominated, relative to monthly ZA and ZA
every 3 months. ZA every 3 months was less expensive and had
slightly fewer SREs than monthly ZA and would be considered the
dominant option in base-case analyses. QALYs were virtually
identical in all three treatments regardless of whether using year 1
or year 2 utilities.16 Consequently, if equivalent outcomes of QALYs
were assumed, the optimal treatment would be the 3-month ZA, as
it was the least costly treatment.

Table 3 lists the results of the sensitivity analysis assuming
monthly denosumab had transition probabilities equal to monthly
ZA and ZA every 3 months in the base-case scenario. Although this
assumption results in denosumab having fewer SREs than monthly
ZA or ZA every 3 months, and consequently lower costs, the overall
findings were unchanged from the base-case analysis. ZA every
3 months still had the lowest costs.

Table 3 also lists sets of sensitivity analyses assuming deno-
sumab SRE probabilities were 50%, 75%, and 90% lower than

Table 2. Base-Case Results

Treatment Strategy*
Mean

Costs (US$) Mean SREs QALY Year 1 QALY Year 2
Cost per SRE Avoided:
Monthly ZA Reference

Cost per SRE Avoided:
ZA Every 3 Months Reference

Monthly ZA 9,290 0.23 0.90 0.91 Reference Dominated
Denosumab 57,200 0.8 0.88 0.90 Dominated Dominated
ZA every 3 months 5,667 0.22 0.91 0.91 Dominant Reference

Abbreviations: QALY, quality-adjusted life-year; SREs, skeletal-related events; ZA, zoledronic acid.
*The mean costs of a treatment strategy include the drug costs, administration costs, and costs of SREs.

Table 3. Sensitivity Analyses

Treatment Strategy Mean Costs (US$) Mean SREs
Cost/SRE Avoided:

Monthly ZA Reference
Cost/SRE Avoided: ZA

Every 3 Months Reference

Assuming SRE probabilities were equal between denosumab and monthly ZA and ZA every 3 months
Denosumab 42,735 0.23 Dominated Dominated
Monthly ZA 9,290 0.23 Reference Dominated
ZA every 3 months 5,667 0.22 Dominant Reference

Assuming SRE probabilities of denosumab were 50% of monthly ZA and ZA every 3 months*
Denosumab 40,432 0.12 283,109 347,655
Monthly ZA 9,290 0.23 Reference Dominant
ZA every 3 months 5,667 0.22 Dominant Reference

Assuming SRE probabilities of denosumab were 75% of monthly ZA and ZA every 3 months†
Denosumab 39,035 0.06 174,970 208,553
Monthly ZA 9,290 0.23 Reference Dominated
ZA every 3 months 5,667 0.22 Dominant Reference

Assuming SRE probabilities of denosumab were 90% of monthly ZA and ZA every 3 months‡
Denosumab 36,250 0.02 137,905 162,918
Monthly ZA 9,290 0.23 Reference Dominated
ZA every 3 months 5,667 0.22 Dominant Reference

Assuming SRE probabilities of monthly ZA and ZA every 3 months were 50% greater than denosumab§
Denosumab 57,200 0.8 41,432 46,896
Monthly ZA 36,070 1.31 Reference Dominated
ZA every 3 months 33,283 1.31 Dominant Reference

Assuming SRE probabilities of monthly ZA and ZA every 3 months were 100% greater than denosumabk
Denosumab 57,200 0.8 6,072 8,628
Monthly ZA 50,582 1.89 Reference Dominant
ZA every 3 months 47,795 1.89 Dominated Reference

Abbreviations: SREs, skeletal-related events; ZA, zoledronic acid.
*The probability of monthly ZA and ZA every 3 months were kept at base-case level, whereas that of denosumab is made 50% lower.
†The probability of monthly ZA and ZA every 3 months were kept at base-case level, whereas that of denosumab is made 75% lower.
‡The probability of monthly ZA and ZA every 3 months were kept at base-case level, whereas that of denosumab is made 90% lower
§The probability of monthly ZA and ZA every 3 months were kept at base-case level, whereas that of denosumab is made 50% higher
kThe probability of monthly ZA and ZA every 3 months were kept at base-case level, whereas that of denosumab is made 100% higher.
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monthly ZA and ZA every 3 months in the base-case scenario. As
expected, these sensitivity analyses all resulted in denosumab having
fewer SREs than monthly ZA and ZA every 3 months. However, this
did not lead to denosumab being less costly. Compared with
monthly ZA, the mean incremental costs per mean SRE avoided for
denosumab ranged from $137,905 to $283,109. Likewise, compared
with ZA every 3 months, the mean incremental costs per mean SRE
avoided for denosumab ranged from $162,918 to $347,655.

The results of the final set of sensitivity analyses assuming
monthly ZA and ZA every 3 months SRE probabilities were higher
than monthly denosumab by 50% and 100% of the base-case
scenario is described in Table 3. The incremental differences in
SREs for monthly ZA and ZA every 3 months relative to deno-
sumab were high enough to make the mean costs more compa-
rable. The mean incremental costs per SRE avoided for denosumab
ranged from $6,072 to $41,432. Similarly, compared with 3-month
ZA mean incremental costs per SRE avoided for denosumab
ranged from $8,628 to $46,896.

DISCUSSION

In this CE analysis, from the US payer perspective, the base-case
analysis revealed ZA every 3 months to be dominant compared
with monthly ZA or monthly denosumab (Table 2). In sensitivity
analyses where the SRE probabilities of denosumab were lower
than the base-case ZA SRE probabilities, denosumab resulted in
fewer SREs but still at substantial costs (Table 3).

Among the strengths of this study is that, to our knowledge,
this was the first CE analysis to incorporate the costs of generic ZA,
whereas denosumab is patented until 2022 to 2025. There is only
one published abstract (in 2014) of a CE analysis comparing
monthly generic ZA and monthly denosumab that came to the
same conclusion.17 Because the mean cost of the treatment strategy
is nine-fold higher for denosumab than generic ZA every 3 months
(Table 2), the average costs of SREs with ZA every 3 months would
need to approach that nine-fold higher cost difference in drug
pricing. This does not begin to be the case until the average number
of SREs for ZA is at least 50% to 100% greater than that of
denosumab (Table 3). The risks of multiple SREs (first and sub-
sequent) reported by Stopeck et al8 are 23% fewer SREs with

monthly denosumab than with monthly ZA. This is similar to the
results of sensitivity analysis in which the SRE probabilities of
denosumab are assumed to 75% of those of ZA every 3 months
(Table 3), in which the cost of denosumab per SRE avoided was
over $200,000.

Amgen or Novartis sponsored nearly all the extant CE analyses
comparing ZA and denosumab (Table 4). The two analyses sup-
ported by Novartis12,16 (the makers of ZA) concluded that, al-
though denosumab was superior to ZA, it was not CE. In contrast,
the CE analyses supported Amgen18,19 (the makers of denosumab),
concluding that denosumab was CE relative to ZA. Our analysis
was independent of any pharmaceutical company and as such it
was free of potential pharmaceutical company bias. This bias has
been pointed out by others.20

There are substantial differences in underlying model as-
sumptions and study designs of the CE analyses listed in Table 4.
For example, the time horizons of the Markov models differed
between CE analyses. One CE analysis incorporated the potential
to go off treatment, and some CE analyses allowed for improving
the quality of life after an SRE, whereas others did not. In short, the
underlying differences in these studies make it difficult for direct
comparisons, and the CE analyses listed in Table 4 should be
interpreted with caution.

It is uncertain what accounts for the higher mean SRE
probabilities in the Stopeck et al8 trial (Table 2). One possible
explanation is trial design. The Stopeck et al8 trial was a double-
blind, placebo-controlled, pharmaceutical company–sponsored
trial with international trial sites and a protocol-specified re-
quirement for imaging every 3 months. Thus, detection bias likely
led to earlier detection, treatment of SREs, and hence a higher SRE
probability.21 In contrast, trial 70604,6 a North American Co-
operative Group trial, was without any prespecified imaging re-
quirement, and more than 50% of accruals were from physicians in
community practice. The trial design of 70604, although not as
scientifically rigorous as the Stopeck et al8 trial, has the advantage
of reflecting more real-world scenarios.

Less likely, but still plausible, is the nature of the primary end
point, SREs. The development of spinal cord compression and
pathologic fractures are hard end points, and when they occur,
definitive treatment is rendered. Other SREs rely on physician
judgment. For example, whether to radiate skeletal metastases,

Table 4. CE Analyses Comparing Monthly ZA, ZA Every 3 Months, and Denosumab

Trial/First Author Sponsor Analysis ZA Every 3 Months Monthly ZA Monthly Denosumab

Current6 NCI DCP Markov Dominant Dominated Dominated
Lothgren19 Amgen Cost NA Dominated Dominant
Stopeck18* Amgen Markov NA CE with ICER

threshold . $45,000
CE with ICER
threshold , $45,000

Xie12 Novartis Markov NA CE because substantially
less costly than denosumab

Not CE because
substantially more
costly than ZA

Snedecor16 Novartis Markov NA CE with ICER threshold , $600,000 CE with ICER
threshold . $600,000

NOTE. These results provide only a high-level view of the findings; given vastly different underlying assumptions for these studies, no conclusive decision between
optimal treatment(s) should be drawn from this table alone.
Abbreviations: CE, cost effective; ICER, incremental cost-effectiveness ratios; NA, not available; NCI DCP, National Cancer Institute, Division of Prevention and Cancer
Control; ZA, zoledronic acid.
*CE analyses of denosumab and ZA in solid tumors; results presented in table solely refer to breast cancer.
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how to define an impending pathologic fracture, and when to
perform surgery or radiation varies among treating physicians. The
randomization should take into account physician judgment
within each trial, but what if practice patterns and thresholds for
treatment differed among physicians between the trials? Given the
early detection of SREs with imaging every 3 months, this, too, may
have led to higher detection and treatment of SREs.

This CE analysis has several weaknesses. First, we only con-
sidered a 2-year time line. The median overall survival of women
withmetastatic breast cancer is improving,22 especially in womenwith
skeletal metastases only, and inwomenwith human epidermal growth
factor receptor 2 overexpressing breast cancers.With longer follow-up,
the resultsmight change for denosumab.However, the cost differential
is so significant between denosumab and ZA every 3 months that the
main conclusions are unlikely to change substantially.

Another limitation is the lack of differentiation between
a vertebral and a nonvertebral (hip) fracture. However, none of the
major randomized trials evaluating ZA or denosumab3-6, 8 cap-
tured data on the particular type of fracture. Because we had no
primary source data that differentiated vertebral and nonvertebral
fractures, we chose the model by Xie et al12 that used pathologic
fracture, regardless of type, as one of the contributors to SREs.

Also not considered were the costs of ONJ and atypical femoral
fractures. The overall incidence of ONJ was similar betweenmonthly
ZA and denosumab. In the Stopeck et al8 trial, the incidence of ONJ
was 2% and 1% in the denosumab and ZAmonthly treatment arms,
respectively. In the 70604 trial,6 the incidence of ONJ was 2% for the
monthly ZA and 1% for ZA every 3months. The costs of ONJ would
not substantially alter the results and conclusions, and we chose to
omit these data. There were no atypical femoral fractures observed
in either of the trials. Likely, this is related to the 2-year time frame,
because atypical fractures increase with longer durations of therapy,
and the rarity of this complication.23

Finally, not considered were the costs of the laboratory tests
associated with each treatment. The Centers for Medicare and
Medicaid Services Current Procedural Terminology codes 96413 and
96401 were the source for the average drug costs and administration
costs, respectively. These codes did not include the costs of collecting
blood and running the assays for creatinine and calcium. It is likely
that if we added the costs of blood drawing and assays for cre-
atinine before administering ZA every 3 months (eight times over
24 months) and calcium tests before monthly denosumab (24 times
over 24 months), the costs would be lower with ZA every 3 months.
Even if the costs of blood collections and specific tests were included,
it would not change the main results and conclusions.

The preference for the routes of administration of these drugs
(IV infusion or SQ injection for ZA and denosumab, respectively)

was not taken into consideration, because the primary clinical trials
did not capture this information. There are other trials that
demonstrate SQ injection is overwhelmingly preferred by pa-
tients,24 is less costly, and takes less time to administer.25 Preference
for SQ injection, however, may be dependent on the individual. For
example, for a woman who already has a mediport may prefer the
IV route, whereas a woman who does not have a mediport will
likely prefer an SQ injection.

In 2011, the ASCO clinical practice guidelines on bone-
modifying agents (BMAs) in breast cancer26 stated no preference
for one BMA over another. Now that three phase III randomized
trials showed that ZA every 3 months is noninferior to monthly
ZA,4-6 there is high-level evidence to support ZA every 3 months as
an alternative to monthly ZA or monthly denosumab. As such, the
2017 update of BMA in patients with breast cancer with skeletal
metastases jointly sponsored by ASCO and Cancer Care Ontario
stated that treatment options now include ZA every 3 months,
monthly ZA, and monthly denosumab, and there is still insufficient
evidence to support the use of one BMA over another.27

This CE analysis shows that despite monthly denosumab being
approximately 23% better than monthly ZA in reducing the time to
first and subsequent SRE,8 the price differential is nine-fold greater
than ZA every 3 months, and cost per SRE avoided for denosumab
ranges from $162,918 to $347,655. As wemove toward a value-based
health care model, ZA every 3 months may be a viable alternative to
monthly denosumab when costs are considered.
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