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Abstract
Objective—To estimate the cost-effectiveness of Balloon Kyphoplasty (BKP) for the treatment
of patients hospitalised with acute Osteoporotic Vertebral Compression Fracture (OVCF)
compared to Percutaneous Vertebroplasty (PVP) and Non-Surgical Management (NSM) in the
UK.

Methods—A Markov simulation model was developed to evaluate treatment with BKP, NSM
and PVP in patients with symptomatic OVCF. Data on health related quality of life (HRQoL) with
acute OVCF were derived from the FREE and VERTOS II Randomised Clinical Trials (RCTs)
and normalized to the NSM arm in the FREE trial. Estimated differences in mortality among the
treatments and costs for NSM were obtained from the literature whereas procedure costs for BKP
and PVP were obtained from three NHS hospitals. It was assumed that BKP and PVP reduced
hospital length of stay by six days compared to NSM.

Results—The incremental cost-effectiveness ratio (ICER) was estimated at GBP 2,706 per
QALY and GBP 15,982 per QALY compared to NSM and PVP respectively. Sensitivity analysis
showed that the cost-effectiveness of BKP vs. NSM was robust when mortality and HRQoL
benefits with BKP were varied. The cost-effectiveness of BKP compared to PVP was particularly
sensitive to changes in the mortality benefit.

Conclusion—BKP may be a cost-effective strategy for the treatment of patients hospitalised
with acute OVCF in the UK compared to NSM and PVP. Additional RCT data on the benefits of
BKP and PVP compared to simulated sham-surgery and further data on the mortality benefits with
BKP compared to NSM and PVP would reduce uncertainty.
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INTRODUCTION
Osteoporotic Vertebral Compression Fracture (OVCF) is a significant health problem with
more than 1,400,000 vertebral fractures occurring annually in Europe [1]. Circa 30% of all
morphometric fractures come to clinical attention. It has been estimated that c. 65,000
clinical OVCF occur per annum in the UK [2], of which c. 10% (ie c. 6,500) lead to
hospitalisation [3,4].

Vertebral compression fracture present as sudden back pain, often followed by deformity,
loss of height, and chronic pain. Even if the acute pain of an OVCF subsides, many patients
will have developed irreversible spinal deformity (increased kyphosis) associated with
several significant health consequences including decreased physical functioning and
diminished health related quality of life (HRQoL) [5-7], increased future fracture risk [8,9],
chronic back pain [10], impaired balance, and increased incidence of falls [11].
Additionally, vertebral fractures can decrease the volume of the thoracic and abdominal
cavities resulting in reduced lung functioning [12-14] and gastrointestinal issues [15].

Excess mortality associated with OVCF has been well documented [16]. Mortality risk may
be linked to spinal deformity and a 1.14 fold increased risk of death for each age-adjusted
standard deviation (SD) increase in kyphotic angle has been reported [17].

The clinical consequences translate into significant burden to patients, the healthcare system
and society. An important proportion of the burden is incurred by patients requiring
hospitalisation and institutional care; the annual cost of hospital care for OVCF in Europe
has been estimated at EUR 377 million, with an average cost per fracture of EUR 3,892
[18-20].

The most common first line treatment strategy for hospitalised OVCF is conservative
treatment, i.e. bed rest, physiotherapy, bracing, and analgesics. Surgical intervention –
Balloon Kyphoplasty (BKP) or Percutaneous Vertebroplasty (PVP) – is reserved upon
failure of conservative therapy indicated by clinical symptoms and radiographic evidence.
Clinical guidelines recommend that percutaneous vertebral augmentation (BKP or PVP)
should be offered when non-surgical methods have not provided pain relief or where the
pain is substantially impacting the patient’s lifestyle [21].

BKP and PVP are two minimally invasive surgical options, both relying on percutaneous
injection of bone cement. Whereas the cement is injected directly into the fractured
vertebrae in a PVP procedure, BKP utilises inflatable bone tamps to reduce the fracture,
restoring vertebral anatomy, and control cement injection. Whilst both are minimally
invasive surgical approaches they target different treatment outcomes: PVP aims to achieve
spinal stabilisation and pain relief, whereas BKP additionally aims to correct and prevent
spinal deformity. Compared to Non-Surgical Management (NSM), both BKP and PVP have
been shown in different extents to result in greater pain relief, vertebral body height
restoration, decreased hyperkyphosis, improved physical functioning and HRQoL [22]. In a
recent review, only one prospective randomised study directly comparing BKP to PVP was
found [23]. Liu et al (2010) randomly assigned 100 patients with OVCF to either BKP or
PVP and followed them for six months. The main results from the study was that there was
little difference between BKP and PVP in terms of pain reduction, but that BKP increased
vertebral body height and reduced kyphotic wedge angle more than PVP. [24]. Meta-
analysis and systematic reviews though somewhat conflicting suggest that the methods
provide similar pain relief and restoration of physical function while BKP shows a lower
incidence of clinically symptomatic complications and greater improvement in deformity
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correction. The direction and size of effect on subsequent fracture risk remains unclear
[22,25,26]. Recently, a US large claims database analysis showed that BKP was associated
with a significant reduction in mortality compared to both NSM and PVP [27].

BKP and PVP were shown to result in substantial gains compared to NSM in the two largest
RCTs published to date. FREE [28,29] (BKP) and VERTOS II [30] (PVP) were two
prospective multicenter randomised controlled clinical trials with durations of two (FREE)
and one year (VERTOS II). It has been argued that the results from these trials may be
skewed due to the lack of blinding after two randomised studies comparing PVP to
simulated sham-surgery showed little or no benefit with PVP over simulated sham-surgery
[31,32]. These results have caused considerable debate and concerns around the sham-
controlled studies include the size of the trials, the amount of cement used, a high crossover
rate from the sham arm to the treatment arm in one study, the use of analgesic as part of
sham-surgery in one of the studies and lack of standardization of treatment [33-35]. The
investigators have refuted the critique pertaining to trial design, stating that the trials were
sufficiently powered for their primary objective; that participation rates were acceptable by
usual trial standards; and that the cross-over occurred after measurement of primary
outcome [36].

The most important difference between FREE and VERTOS II and the simulated sham-
controlled studies were that the former two enrolled only acute fractures whereas the latter
also enrolled choric fractures [37]. Given that percutaneous vertebral augmentation
procedures appear to have better effect in acute fractures, the difference in patient selection
may be the reason for the diverging results [38]. However, individual patient data meta-
analysis of the two simulated sham-controlled studies found no difference between PVP and
simulated sham-surgery in acute fractures [39]. A new study, VERTOS IV aims to address
this issue and is currently recruiting patients. Until further evidence emerges caution is
needed when interpreting the evidence from the existing studies.

Cost-effectiveness of both BKP and PVP compared to NSM has been estimated using
mainly efficacy data on HRQoL from RCTs. However, to our knowledge no economic
analysis has so far compared BKP, PVP and NSM.

This study is based on a re-designed version of a previously published cost-effectiveness
model designed to compare BKP to NSM for the treatment of hospitalised acute OVCF in a
UK setting [40]. The new model has been constructed to evaluate NSM, BKP and PVP in
the principal dimensions relevant to health care policy: Costs, HRQoL and mortality. The
procedures may also result in different rates of adverse events with probable important
economic impact but given the dearth of available data, adverse events were not
incorporated into the model. The objective of the model is to estimate the cost effectiveness
of BKP compared to NSM and PVP in patients hospitalised with acute OVCF.

METHODS
Outcomes and Perspective

The economic analysis was performed from a healthcare perspective and uses Quality
Adjusted Life Years (QALYs) for measuring health effects as recommended by NICE [41].
The main findings are reported as Incremental Cost-Effectiveness Ratios (ICERs). Costs
reflect 2009 values and were inflated as appropriate using the UK Consumer Price Index
(CPI) [42]. Both costs and effects were discounted at 3.5% reflecting NICE guidance [41].
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Modelling Strategy
The model is a re-designed version of a recently published Markov Tunnel model with a
life-time horizon and six months cycle length [40]. Tunnel Models allow for transition
probabilities, costs and health utilities to reflect the actual duration of a patient’s stay in a
specific health state. Patients entering the model experience an OVCF, are treated with
NSM, BKP or PVP, and then placed in the first sub-state of the relevant treatment arm. In
every 6 month cycle, patients may die, fracture anew, or remain free of new fracture.
Patients who die move to the “dead” health state and remain there for the remainder of the
simulation. Patients who fracture anew move to the first state of the additional OVCF
treatment arm. It is assumed that all additional OVCF are treated with NSM. Patients
already in the additional OVCF treatment arm who fracture anew move back to the first
additional OVCF sub-state.

The model structure is illustrated graphically in Figure 1 below.

DATA
Health Related Quality of Life

A recent systematic review of prospective controlled studies comparing the efficacy and
safety of BKP, PVP and NSM found four randomised studies reporting data on health
utility: the FREE trial comparing BKP to NSM [28,29], the VERTOS II trial comparing
PVP to NSM [30], and two studies comparing PVP to simulated sham-surgery [31,32].
Given that the present model estimates the cost-effectiveness in patients with acute fracture
(inclusion criteria in FREE and VERTOS II trials) whereas the trials with simulated sham-
surgery enrolled both acute and chronic fractures, health utility (EQ-5D) were derived from
FREE and VERTOS II. In order to consider the evidence from the simulated sham-
controlled studies, sensitivity analyses were conducted where the HRQoL gain with BKP
and PVP compared to NSM varied.

In the 24-month FREE trial HRQoL data were collected at 1, 3, 6, 12 and 24 months,
enabling calculation of health utilities for NSM and BKP for cycles 1 and 2. The health
utility at 18-months was derived by linear interpolation between the 12 and 24 months
estimates, enabling the calculation of health utilities for cycles 3 and 4. The published data
from VERTOS II presented the health utility difference between PVP and NSM at baseline
and QALY gains at 1 and 12 months. The 6 months QALY difference between PVP and
NSM was derived by linear interpolation between the baseline and 12 month values. Given
that the QALY difference at 6 and 12 months represent the gain in health utility with PVP
compared to NSM for these periods, the gains were added to the health utilities observed in
the NSM arm in the FREE trial to derive PVP health utilities for cycles 1 and 2. The PVP
health utilities at 18 and 24 months were derived by applying the percentage change in
health utility with BKP between 12 and 18 months and 12 and 24 months observed in the
FREE trial to the inferred PVP health utility at 12 months. The resulting health utilities for
BKP, NSM and PVP are summarised – along with other efficacy data – in Table 1.

Given the availability of up to 24 months of health utility data from the trials, assumptions
on persistence of effect beyond completion of the trials were made. It was assumed that the
difference (compared to NSM) linearly approached zero during another 12 months (1 year
offset) and that BKP and PVP had the same offset time. The resulting health utilities are
presented in Table 1. After the offset period, it was assumed that patients treated with BKP
and PVP had the same health utility as patients treated with NSM. The effect of the offset
assumption on the results is explored in the sensitivity analysis.
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In order not to overestimate the HRQoL benefits over time, the model accounts for an age-
related reduction in HRQoL. The health utilities estimated from the FREE and VERTOS II
trials were consequently assumed to decline at the rate observed in the general population
[43,44]. This age-related decline was assumed to be the same for all patients in the model,
irrespective of treatment.

It was assumed that all additional OVCFs were treated with NSM, incurring the same
HRQoL implications as an NSM-treated primary fracture. Thus, irrespective of initial
treatment, a patient who suffers an additional OVCF follows the HRQoL trajectory for NSM
detailed in Table 1.

Mortality
Following the previous model, relative mortality after a vertebral fracture treated with NSM
was derived from Swedish data as a function of sex, age at fracture; whether it was the first
or a subsequent vertebral fracture; and time after fracture [40]. The relative risk of death the
first cycle after the first (subsequent) fracture for 70- and 80-year old women amounted to c.
2.5 (2.9) and 1.7 (1.5) respectively and declined thereafter. Given that very few BKPs and
PVPs are conducted in Sweden, the mortality after fracture pertains to NSM. Based on US
Medicare data, Edidin et al published mortality hazard ratios (HRs) for BKP and PVP
compared to NSM for the first four years after fracture, controlling for observable baseline
differences in patients undergoing treatment with the different procedures [27]. Based on the
results of this analysis, four-year mortality HRs for BKP and PVP compared to NSM of 0.56
(95% confidence interval (CI) 0.55-0.57) and 0.76 (95% CI 0.75-0.77) were incorporated in
the base case scenario (Table 1). Furthermore, in a sensitivity analysis in Edidin et al,
differences in mortality among the three treatments in patients who survived at least one
year were analysed, resulting in 3-year mortality HRs for BKP and PVP compared to NSM
of 0.76 (CI 0.74-0.77) and 0.93 (CI 0.91-0.95). These mortality HRs were modelled in a
sensitivity analysis where the relative risk of death were set at 0.76 and 0.93 for BKP and
PVP compared to NSM for years 2, 3 and 4.

Costs
OVCF costs for the initial fracture, excluding procedure related costs, were obtained by
updating the costs used in the previous model, originally reported by Puffer et al [45] (GP
and referral costs), Stevenson et al [46] (analgesics), Stevenson et al (number of bed days)
[47], and Curtis [48] (cost per bed day), resulting in a total 12-month cost of GBP 7,341
comprising costs for hospitalisation, GP visits, referrals, and analgesics of GBP 6,855 (GBP
457 per bed day), GBP 115, GBP 145, and GBP 226 respectively. Materials and surgery
costs for BKP and PVP were based on updated reference cost and resource use data from the
three National Health Service (NHS) UK hospitals used to derive costs in Strom et al.
Furthermore, it was assumed that BKP and PVP were associated with the same reduction in
hospital length of stay as BKP in Strom et al (six fewer bed days during the first twelve
months). The costs are presented in Table 2 below.

It was assumed that additional OVCFs incurred the same costs as NSM treated primary
fractures except for hospitalisation costs which were set at 35% of the hospitalisation costs
for primary fractures reflecting the rate of hospitalisation for clinically apparent vertebral
fractures [47].

Fracture Incidence
UK incidence for a number of fracture types were published in Singer et al. However, the
study identified vertebral fractures in a traumatology department, potentially
underestimating the incidence of vertebral fractures [49]. Instead, UK incidence of vertebral
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fractures were imputed by multiplying the incidence of hip fractures from Singer et al. with
the ratio of the incidences of vertebral fractures to hip fractures observed in Sweden [50].
This approach has been validated in multiple countries [51] and was used in the previous
model. Given that patients who enter the model have an acute vertebral fracture and lower
BMD than the general population of the same age, the fracture risk in the model population
was adjusted using previously described methods [52]. In short, to reflect the BMD status of
the modelled population, the Z-score was derived from the T-score using NHANES III data
[53], and thereafter the relative risk compared to the general population associated with the
Z-score – derived from Marshall et al [54] – was adjusted for Jensen’s inequality. The
relative risk associated with prevalent vertebral fracture compared to the general population
was derived by taking the risk of a new vertebral fracture in a patient with a prevalent
vertebral fracture compared to a patient without a prevalent vertebral fracture – obtained
from Klotzbuecher et al [55] – and down-adjusting the risk for the prevalence of vertebral
fracture in the general population. The risk was subsequently down-adjusted 10% to reflect
that BMD was not accounted for in the estimate of relative risk associated with prevalent
fracture. The composite relative risk was assumed to remain constant for the duration of the
model.

The risk of additional OVCF was assumed to be equal among treatment arms. However,
given some heterogeneity in the evidence, a sensitivity analysis where BKP was assumed to
increase the risk of the first additional OVCF by 50% was run.

As in the previous model, all patients were assumed to be prescribed bisphosphonates the
first five years after the initial fracture, reducing vertebral fracture risk by 40%. The yearly
cost of bisphosphonates was set at GBP 14 reflecting the lowest available price for generic
alendronate available in the NHS Drug Tariff [56]. Acknowledging that not all patients are
compliant with treatment or receive medical therapy a sensitivity analysis was run in which
patients were modelled not to take any fracture prevention medication.

Model Population
The average age (70) of the all-female population analysed in the base case was derived by
weighting the average age in the FREE and VERTOS II trials. Baseline T-score was set at
−3.0 reflecting the average T-score in the VERTOS II trial (no information on T-score
available from the FREE trial).

RESULTS
Base Case Cost-Effectiveness

The results given the base case assumptions outlined above – 70 year old female with T-
Score of −3.0 and acute OVCF requiring hospitalisation – are exhibited in Table 2. BKP was
associated with incremental costs of GBP 1,345 and GBP 2,156 compared to NSM and PVP
respectively. Compared to NSM and PVP, the respective QALY gains totalled 0.50 and
0.14. Thus BKP had both better outcomes and higher costs compared to NSM and PVP,
resulting in incremental cost per QALY ratios of GBP 2,706 and GBP 15,982 respectively.

In the base case analysis, a substantial proportion of patients experienced an additional
OVCF or died in the first few years after fracture: Within three (five) years 4.3% (7.0%),
4.4% (7.2%) and 4.4% (7.3%) treated with NSM, PVP and BKP respectively experienced an
additional OVCF while 10.3% (18.5%), 7.9% (15.5%) and 5.9% (12.9%) treated with NSM,
PVP and BKP respectively died.
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Sensitivity Analysis
Mortality, HRQoL, relative risk of fracture with treatment, use of fracture prevention
medication, costs, age, and discount rate were tested in one way sensitivity analysis – with
and without the base case mortality benefit with BKP and PVP compared to NSM.
Furthermore, Probabilistic Sensitivity Analysis (PSA) was undertaken to assess the joint
uncertainty of mortality, HRQoL, and costs in six scenarios.

In one way sensitivity analysis of mortality, the mortality HRs observed in the Medicare
claims database study was varied between 100% (full mortality reduction) to 0% (no
mortality reduction) for BKP alone and for BKP and PVP jointly. The results are presented
in Table 4. When BKP was compared to NSM, the ICER remained at comparatively low
levels without mortality reduction. However, when BKP was compared to PVP the ICER
was sensitive to reduction in the mortality benefit – both when the mortality reduction with
PVP was held constant and when it was varied alongside the BKP mortality reduction.
When modelling the 3-year HRs for one year survivors, the ICER increased to c. GBP 4,000
compared to NSM and to c. GBP 26,000 compared to PVP.

In one way sensitivity analysis of the HRQoL benefit, the health utility benefit with BKP
and PVP compared to NSM in the base case scenario was varied between 100% (full health
utility benefit) and 25% (a quarter of the health utility benefit) for BKP alone and for BKP
and PVP jointly. The results are presented in Table 4. When BKP was compared to NSM,
the ICER remained at comparatively low levels with a quarter of the health utility benefit.
When BKP was compared to PVP the ICER was sensitive to reduction in the health utility
benefit when the benefit with PVP was held constant, but not when it was varied alongside
the BKP health utility benefit. The impact of the health utility gain in the absence of any
mortality reduction was also assessed. When BKP was compared to NSM, without any
mortality reduction and 25% of the base case health utility gain was modelled, the ICER
stood at c. GBP 23,000 per QALY.

Another uncertainty around the HRQoL effect of treatment is the duration of the benefit
compared to NSM. The FREE and VERTOS II trials show that the benefits of BKP and PVP
persist for at least two and one years respectively. Given the similarity in results during the
first year in the FREE and VERTOS II trials, it was assumed that PVP had the same
proportional benefit in year two relative to year one as BKP exhibited in the FREE trial.
Furthermore, it was assumed that both treatments had a one year offset. Longer offset time
favours BKP and PVP over NSM and BKP over PVP (results not shown). Given the base
case settings, removal of offset time did not impact the ICER substantially compared to
NSM, even in the absence of any mortality reduction (Table 4).

In the base case, it was assumed that patients took medication reducing the risk of another
vertebral fracture by 40% for five years. When including the base case mortality reduction
and patients were modelled not to take such medication, the BKP vs. NSM ICER increased
to c. 2,800 and the BKP vs. PVP ICER increased to c. 16,300. In the scenario where BKP
was assumed to increase the risk of the first additional OVCF by 50%, the BKP vs. NSM
ICER increased to c. 3,500 and the BKP vs. PVP ICER increased to c. 25,000 (Table 4).

It was assumed that BKP (and PVP) required six fewer hospital days than NSM. Given the
base case inputs, when the number of avoided hospital days in the BKP vs. NSM
comparison was varied, the ICER with zero avoided hospital days amounted to c. GBP
8,000 and BKP became cost saving from nine avoided hospital days. In the BKP vs. PVP
comparison, where no difference in avoided hospital days was assumed, the costs
differences were driven by the procedure cost. When the procedure cost of PVP was set at
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0%, 50% and 75% to that of BKP the resulting ICERs (BKP vs. PVP) stood at c. GBP
30,000, c. GBP 15,000 and c. GBP 8,000 (Table 4).

Neither age (+/− 10 years), nor discount rate (+/−3.5 ppts) materially impacted the cost-
effectiveness results (Table 4).

In the context of this model, the benefits of BKP compared to NSM are threefold: Reduced
length of stay, improved HRQoL, and reduced mortality. A bridge analysis was conducted
to determine the impact on the ICER when benefits were removed sequentially (Figure 2).
When disregarding any benefits with BKP compared to NSM beyond those observed in the
FREE RCT; i.e. no HRQoL offset time, no mortality reduction and no reduction in hospital
length of stay, the ICER stood at c. GBP 21,000.

Probabilistic Sensitivity Analysis
PSA was conducted in order to represent the statistical uncertainty around the model inputs.
For HRQoL benefits with BKP, distributions of the gains observed in the FREE trial at 0-6
and 7-12 months were generated using bootstrapping techniques and applied to the mean
health utility observed in respective time periods. For months 13-36, it was assumed that the
relationship between the mean and the uncertainty observed in months 7-12 remained
constant. For PVP the relationship between the mean and uncertainty observed with BKP
was used. For the uncertainty of the mortality reduction, the confidence intervals around the
mortality HRs with BKP and PVP compared to NSM observed in Edidin et al were used.
Reflecting the previous model, reduction in length of hospital stay associated with BKP (and
PVP) compared to NSM was assumed to be normally distributed with the standard error
conservatively set at 50% of the mean (i.e., 3 days). It is important to note that PSA
measures the effect of the joint parameter uncertainty around the input variables and does
not consider other types of uncertainty. In order to reflect such uncertainty, six PSA
scenarios were run: One with the base case assumptions detailed above; one where the
mortality benefits with BKP and PVP were removed; one where the HRQoL benefits with
BKP and PVP were removed; one where reductions of length of stay with BKP and PVP
were removed; one in which BKP was compared to NSM alone and where the mortality
benefits with BKP were removed; and one in which BKP was compared to NSM alone and
where the mortality and three quarters of the health utility benefits with BKP were removed.

PSA (1,000 simulations) was conducted. The acceptability curves presented in Figure 3
show the proportion of simulations which fell below given values of Willingness To Pay
(WTP) for an incremental QALY for each modelled treatment in the six scenarios. The PSA
indicated that, given the base case inputs, BKP had a probability of c 60% to be the optimal
intervention at a WTP threshold of GBP 20,000 and a probability of c. 75% at a WTP
threshold of GBP 30,000 per QALY. Three of the remaining five scenarios produced similar
results. However, in the scenario where mortality reduction was removed, PVP had the
highest probability of being the optimal intervention given generally accepted cost-
effectiveness thresholds. Furthermore, in the scenario where BKP was compared to NSM
alone and where the mortality and three quarters of the health utility benefits with BKP from
the base case were removed, there was considerable uncertainty around the median ICER of
c. GBP 23,000. Across the six scenarios, the maximum difference between the deterministic
and mean probabilistic ICERs was 6%.

DISCUSSION
This study indicates that BKP may be a cost-effective intervention for the treatment of acute
hospitalised OVCF compared to NSM and PVP in a UK setting. The base case ICERs of
BKP compared to NSM and PVP of GBP 2,706 and GBP 15,982 respectively fall below the
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willingness-to-pay (WTP) threshold range of GBP 20,000-30,000 per QALY gained. In
addition, the PSA showed that, given the base case settings, BKP had a 60-75% probability
to be the optimal intervention given a WTP threshold range of GBP 20,000-30,000.
Furthermore, the small variation between the probabilistic and deterministic ICERs suggests
that the model is reasonably linear and therefore that the deterministic result is a reliable
estimates of the true ICER. Sensitivity analysis showed that the cost-effectiveness of BKP
vs. NSM was robust when either HRQoL or mortality benefits with BKP were set at low
levels compared to the base case. Given the model framework, should no HRQoL or
mortality benefit with BKP compared to NSM be modelled, the decision problem would
become one of cost-minimisation and the resulting recommendation would be that the least
expensive option, ie NSM, should be implemented. The cost-effectiveness of BKP
compared to PVP was particularly sensitive to changes in the mortality benefit.

The aim of decision analytical modelling is to synthesise the best available evidence to
estimate the cost-effectiveness of an intervention. Subsequently, the results are sensitised to
reflect uncertainty. Whilst we have strived to do this, two important caveats exist: The
mortality reduction with BKP and PVP were not obtained from a randomised trial and the
HRQoL benefits with BKP and PVP were obtained from NSM-rather than simulated sham-
controlled trials. The two caveats are discussed in turn below.

The incorporation of mortality reduction from a US retrospective study in a UK cost-
effectiveness model necessitates caution when interpreting the model results. Firstly, the
retrospective nature of the data means that there may be residual confounding. Secondly,
BKP is mainly conducted as an inpatient procedure in the UK whereas it is conducted in
both inpatient and outpatient settings in the US. Thirdly, the characteristics of patients
undergoing the procedures in the two countries may differ. However, little information on
the patients treated with the procedure in the UK exists, making comparisons between
characteristics of patients treated in the UK and the US difficult. Nevertheless, the available
evidence supports a mortality reduction with BKP compared to NSM and PVP, and a
plausible clinical argument to the source of the effect exists. Concerns with mortality
reduction were addressed in sensitivity analyses by varying the magnitude of mortality
reductions (from 100% of the reductions observed in the US retrospective study to 0%) and
modelling the 3-year mortality HRs for one year survivors. Whilst, the cost-effectiveness of
BKP vs. NSM was robust with an ICER of c. GBP 6,000 in the absence of any mortality
reduction; the cost-effectiveness of BKP vs. PVP was sensitive to the modelled mortality
reduction, with the ICER increasing from c. GBP 16,000 with the full mortality reduction to
c. GBP 210,000 in the absence of any mortality reduction with BKP or PVP.

The HRQoL effects modelled were obtained from trials comparing BKP and PVP to NSM
rather than to simulated sham-surgery, potentially raising the concern that the observed
effects were placebo-driven. Indeed, two randomised trials with simulated sham-controls
indicated that PVP and sham-surgery were equally effective [31,32]. These results have
caused considerable debate [23]. The most important difference between FREE and
VERTOS II and the simulated sham-controlled studies were that both acute and chronic
fractures were included in the sham-controlled studies whereas the NSM controlled studies
only enrolled acute fractures [37]. However, a recent individual patient data meta-analysis of
the two simulated sham-controlled trials found no advantage of PVP over simulated sham
surgery for patients with recent onset (acute) fracture (≤ 6 weeks) or severe pain (VAS ≥ 8).
It should be noted that 24 participants were reported to be needed in each treatment group to
show a 2.5 unit advantage in pain score (assuming a SD of 3.0, significance level of 5%, and
80% power); and while 25 of 106 PVP patients in the meta-analysis had onset of pain before
6 weeks, it is not known if all these patients had severe pain at baseline, or if they were a
mix of patients with mild, moderate or severe pain. Furthermore, at one month a trend
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towards a higher proportion of the PVP group achieving at least 30% improvement in pain
scores was observed (relative risk 1.32, 0.98-1.76, P=0.07) [39]. Given that the cost-
effectiveness analysis pertained to acute hospitalised fractures and the heterogeneity in the
sham trials patient populations, we chose to omit the sham-controlled trials from the base
case analysis and considered their evidence in sensitivity analysis. Solely based on the
evidence from the simulated sham-controlled studies, PVP (and potentially BKP) is no more
effective than sham-procedure in improving outcomes after OVCF, and would not be cost-
effective compared to sham-intervention if it was associated with higher costs. Once results
from the VERTOS IV trial are reported, the relative merits of PVP and sham-intervention
may be clearer, allowing for improved cost-effectiveness analysis.

The HRQoL data for BKP and PVP were derived from separate trials using NSM as a
common comparator. Whilst most baseline characteristics in the two trials were reasonably
similar, the baseline health utility (measured with EQ-5D) differed (0.17 in FREE and 0.33
in VERTOS II) indicating the existence of differences in the trial populations which
potentially render the results difficult to compare. One potential source for this discrepancy
is that the UK tariff was used to transform EQ-5D scores to health utilities in the FREE trial
and the Dutch tariff was used for the same purpose in the VERTOS II trial.

Since UK costs associated with the treatments were not published in either the FREE or the
VERTOS II trials, costs had to be obtained elsewhere. Costs for NSM-treated hospitalised
fractures were obtained from the literature; BKP and PVP procedure costs were obtained
from three NHS hospitals; and it was assumed that BKP and PVP were associated with a net
reduction in hospital length of stay of six days compared to NSM. The reason for
considering hospitalised fractures are twofold: Firstly, the FREE trial – providing heath
utility data for NSM and BKP – was conducted on hospitalised patients and it is not evident
that the health utility gains would be the same in an outpatient setting. Secondly, BKP is
predominately an inpatient procedure in the UK. Whilst several studies supports a reduction
in hospital length of stay of six days or more for hospitalised fractures [57-60], a recent
Austrian study indicates that the reduction may be shorter.

When comparing the base case results to the previous UK study, costs remain similar but
QALYs increase in both the BKP and the NSM arm. Two main reasons for the difference in
QALYs exist. Firstly, the present study draws on two year data from the FREE trial whereas
the previous study used the one year data. Secondly, the cohort in the current model consists
solely of women whereas the cohort in the previous model included 23% men, resulting in
increased longevity in the current study. Furthermore, in the BKP arm the increase in the
QALY gain also reflect the modelled mortality reduction.

An inherent limitation of this study is that data from multiple sources with varying degrees
of validity were used. Decision analytical modelling aims to bring together the best quality
data available to allow estimation of the cost effectiveness of an intervention. Nevertheless,
as detailed above uncertainty exists for the comparison of the treatments, especially
acknowledging that no RCTs have incorporated all three treatments and compared those to
sham-intervention and that the modelled mortality benefit with BKP comes from
retrospective analysis.

Another limitation is that the comparisons of BKP to NSM and PVP are conducted on a
hypothetical average patient. It may very well be that specific patient segments have better
response to one of the procedures than the others. Whilst the difference in baseline HRQoL
between the FREE and VERTOS II noted above stem from trial settings, it may reflect
clinical practice: A recent medical practice survey [61] and another observation [62],
suggest that BKP is potentially reserved for acute and more debilitating OVCF while PVP is
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more generally used for symptomatic, chronic fractures. Other factors that may be important
include age at fracture, degree of height loss, deformity, severity and ability of the patient to
lie in the prone position to complete one of the minimally invasive procedures. A recent
study on a cohort of 91 patients with vertebral compression fracture, found that one third of
patients technically suitable patients for PVP responded beneficially to local anaesthetic and
steroid facet joint injection for very short term pain relief – 2 weeks – suggesting that those
patients suffer from pain arising from paravertebral structures rather than the vertebral
fracture itself and may not benefit from percutaneous injection of bone cement to the same
extent, an hypothesis which partially may explain the findings from the trials comparing
PVP to simulated sham surgery [63,64].

In summary, the results from the study indicate that BKP has a 60 to 75% probability of
being a cost-effective intervention compared to NSM and PVP for acute hospitalised
OVCFs in a UK setting with uncertainty predominately coming from the lack of sham-
control in the FREE and VERTOS II studies and the non-randomised nature of the data
underlying the mortality differences between the treatments. More research is needed to
increase model validity and identify the patient segments who respond better to specific
treatments: specifically, standardised assessment of pain and a large randomised controlled
clinical trial incorporating BKP, PVP, NSM with adequately simulated sham-surgery would
be useful. However, further data are also needed on down-stream fracture risk, adverse
events, mortality, long-term HRQoL consequences and both inpatient and outpatient
resource utilisation. Once such data are available, further cost-effectiveness analysis should
be conducted.
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Figure 1. State transition diagram
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Figure 2. Impact of removal of BKP benefits on the BKP vs. NSM ICER (GBP/QALY)
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Figure 3. Probabilistic sensitivity analyses
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Table 1
Effectiveness data in the model

BKP PVP NSM

Health utility cycle 1 0.276 0.273 0.219

Health utility cycle 2 0.311 0.309 0.255

Health utility cycle 3 0.307 0.305 0.260

Health utility cycle 4 0.307 0.305 0.265

Health utility cycle 5 0.292 0.291 0.264

Health utility cycle 6 0.278 0.277 0.264

Health utility cycle 7 0.263 0.263 0.263

Relative risk of death cycles 1 to 8 0.56 0.76 1.00

Relative risk of fracture 1.00 1.00 1.00
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Table 2
Resources and costs (GBP) in the model

BKP PVP NSM

Procedure costs

 Devices 96 53 0

 Consumables 2,877 770 0

 Other procedure costs

  Preliminary Phase

   Interventional Radiologist 0 107 0

   Surgeon 107 0 0

   Nurse 16 18 0

   Rx Spine 77 77 0

   MRI 176 176 0

   ECG 68 68 0

   Blood Test 21 21 0

   Drugs 16 16 0

  Operating Phase

   Anesthetist 107 107 0

   Nurse – Anesthesia 12 13 0

   Drugs 38 22 0

   Radiologist 0 107 0

   Surgeon 107 0 0

   Nurse – Operation 17 17 0

   Cost of operating room 160 160 0

  Post operative phase

   Nurse 41 41 0

   Drugs 27 63 0

Total Procedure costs 3,964 1,838 0

Fracture costs

  Cost GP 115 115 115

  Cost referral 145 145 145

  Cost analgesics 226 226 226

Total Fracture cost 486 486 486

Hospitalisation cost

  Days in hospital 9 9 15

  Cost per hospital day 457 457 457

Total Hospitalisation cost 4,113 4,113 6,855

Grand total costs 8,563 6,437 7,341
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Table 3
Base case results

NSM PVP BKP

Costs in treatment tunnel

 Procedure Cost 0 1,838 3,964

 Cost GP 113 113 113

 Cost referral 142 142 143

 Cost analgesics 221 222 222

 Cost hospitalisation 6,712 4,036 4,043

 Cost bisphosphonates 60 61 62

Total costs treatment tunnel 7,247 6,412 8,547

Costs in additional OVCF tunnel

  Costs GP 29 30 31

  Cost referral 36 37 39

  Cost analgesics 57 58 60

  Cost hospitalisation 600 620 637

Total cost additional OVCF tunnel 722 746 766

Total costs 7,969 7,157 9,313

QALYs in treatment tunnel 4.318 4.659 4.776

QALYs in additional OVCF tunnels 0.658 0.679 0.697

Total QALYs 4.976 5.338 5.473

BKP cost / QALY gained vs. 2,706 15,982

Note: Costs in GBP
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Table 4
Sensitivity analysis

ICER (GBP/QALY)

Scenarios assessing proportion of HRQoL and mortality benefit BKP vs NSM
BKP vs PVP -

PVP effect
constant

BKP vs PVP -
PVP effect

varies with BKP
effect

Mortality benefit varied

 75% mortality reduction 3,104 32,419 20,879

 50% mortality reduction 3,646 Dominated 29,970

 25% mortality reduction 4,431 Dominated 52,665

 No mortality reduction 5,667 Dominated 210,188

HRQoL benefit varied

 75% HRQoL benefit 3,059 27,764 16,330

 50% HRQoL benefit 3,517 105,638 16,697

 25% HRQoL benefit 4,136 Dominated 17,084

No mortality reduction - HRQoL benefit varied

 75% HRQoL benefit 7,556 Dominated 278,837

 50% HRQoL benefit 11,334 Dominated 415,947

 25% HRQoL benefit 22,668 Dominated 826,858

Other Scenarios BKP vs NSM BKP vs PVP

With full mortality reduction with BKP and PVP

 No offset time 2,919 16,249

 No bisphosphonate treatment 2,764 16,305

 Increased fracture risk with BKP 3,503 24,904

 PVP price set at 0% of BKP price 2,706 29,606

 PVP price set at 50% of BKP price 2,706 14,914

 PVP price set at 75% of BKP price 2,706 7,568

 0 days reduction with BKP and PVP in length of stay 8,132 15,982

 3 days reduction with BKP and PVP in length of stay 5,419 15,982

 9 days reduction with BKP and PVP in length of stay Cost saving 15,982

 0% discount rate (with mortality reduction) 2,224 11,922

 7% discount rate (with mortality reduction) 3,193 20,661

 60 year old patients (with mortality reduction) 2,912 19,249

 80 year old patients (with mortality reduction) 2,373 12,038

Without mortality reduction with BKP and PVP

 No offset time 6,705 250,997

 No bisphosphonate treatment 5,743 212,001

 Increased fracture risk with BKP 7,904 Dominated

 PVP price set at 0% of BKP price 5,667 391,868

 PVP price set at 50% of BKP price 5,667 195,939

 PVP price set at 75% of BKP price 5,667 97,969

 0 days reduction with BKP and PVP in length of stay 17,557 210,188
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Other Scenarios BKP vs NSM BKP vs PVP

 3 days reduction with BKP and PVP in length of stay 11,612 210,188

 9 days reduction with BKP and PVP in length of stay Dominating 210,188

 0% Discount rate 5,392 203,712

 7% Discount rate 5,949 216,711

 60 year old patients 5,507 206,515

 80 year old patients 5,905 215,739

Osteoporos Int. Author manuscript; available in PMC 2013 July 01.


