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ABSTRACT
Objective: To evaluate the cost-effectiveness of mepolizumab added to standard of care
(SOC) compared with SOC alone among patients with severe uncontrolled eosinophilic
asthma in the Singapore setting.
Methods: A Markov model with three health states (asthma on mepolizumab and SOC,
asthma on SOC alone, and death) was developed from a healthcare system perspective over
a lifetime horizon. During each 4-week cycle, patients in the non-death health states could
experience asthma exacerbations requiring oral corticosteroid burst, emergency department
visit, or hospitalization. Asthma-related mortality following an exacerbation or all-cause mor-
tality could also occur at each cycle. The model was populated using local costs while util-
ities were derived from international literature. Transition probabilities were obtained from a
mixture of Singapore-specific and internationally published data.
Results: The base-case analysis comparing mepolizumab plus SOC with SOC alone resulted
in an incremental cost-effectiveness ratio (ICER) of SGD335 486 (USD238 195) per quality-
adjusted life-year (QALY) gained. Sensitivity analysis demonstrated that the ICER was most
sensitive to the price of mepolizumab, followed by the proportion of exacerbations which
required hospital intensive care. Despite restricting mepolizumab use to patients with a
higher baseline exacerbation rate (3 in the past year) in a scenario analysis, the ICER
remained high at SGD238 876 (USD 169 602) per QALY gained.
Conclusion: At its current price, mepolizumab is not considered a cost-effective use of
healthcare resources in Singapore. Substantial price reductions for mepolizumab are
required to improve its cost-effectiveness to an acceptable range. These results will be use-
ful to inform national funding decisions.
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Introduction

The estimated prevalence of current asthma among
Singapore residents aged 18 to 69 years is 3.9% (1).
Although severe asthma only affects 5–10% of all asth-
matics (2), it is associated with a high disease burden
and accounts for a disproportionately high level of
healthcare utilization compared to non-severe asthma
(3). Furthermore, Singapore has a high asthma mortality
rate at 16 per 100 000, three times that of other devel-
oped nations such as the US and New Zealand (4,5). A
retrospective medical records review of four restructured
hospitals in Singapore also reported 461 severe life-

threatening asthma exacerbation events requiring inten-
sive care admissions between 2011–2015 (6).

Severe asthma is defined as asthma which requires
treatment with high-dose inhaled corticosteroids plus
a second controller and/or systemic corticosteroids to
prevent it from becoming uncontrolled or which
remains uncontrolled despite this therapy (2). It is a
heterogeneous disease and current clinical practice
guidelines (2,7) recommend phenotyping patients with
severe asthma to guide further treatment if they remain
uncontrolled despite high doses of inhaled controller
medications. In severe uncontrolled eosinophilic asthma,
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the use of biologics such as mepolizumab, an anti-IL-5
monoclonal antibody, in addition to standard of care
(SOC) has been shown to improve asthma outcomes
such as reducing clinically significant exacerbation rates,
improving symptoms and health-related quality of life,
and reducing the need for maintenance oral corticoste-
roids (8–11). While there is a need for add-on therapy
for patients with severe uncontrolled asthma (12,13),
biologics such as mepolizumab are expensive
(�SGD1690 [USD1200] every 4weeks), which raises the
question of whether they are cost effective on a health-
care system level.

The healthcare financing system in Singapore is
based on a philosophy of shared responsibility and
comprises a combination of government subsidies,
compulsory individual health care savings accounts,
risk-pooling via voluntary private and mandatory gov-
ernment health insurance plans, and out-of-pocket
contributions from patients (14). Government subsi-
dies cover 50–75% of drug costs and play a significant
role in ensuring patient access to effective drugs. The
decision by the government to subsidize a health tech-
nology is informed by multiple factors, such as unmet
need, clinical effectiveness, safety, cost-effectiveness and
budget impact (15). Although there is no explicit cost-
effectiveness threshold in Singapore, incremental cost-
effectiveness ratios (ICERs) for drugs used to treat
chronic diseases (such as diabetes, chronic obstructive
pulmonary disease and atrial fibrillation) which have
been previously recommended for subsidy in Singapore
generally ranged from dominance to< SGD45 000
(USD31 950) per QALY gained (16–18).

Several cost-effectiveness analyses of mepolizumab
have been performed in the UK, Canada and US
(7,19–22), but none were conducted in our local set-
ting. This study aims to evaluate the cost-effectiveness
of mepolizumab plus SOC compared with SOC alone
among patients with severe eosinophilic asthma in
Singapore, to inform local drug subsidy decisions.

Methods

Clinical effectiveness

A systematic literature search was conducted to iden-
tify all relevant randomized controlled trials (RCTs)
which compared mepolizumab 100mg subcutaneous
(SC) injection or 75mg intravenous (IV) injection
every 4weeks added to SOC with SOC alone for the
treatment of severe eosinophilic asthma. Although not
licensed in Singapore, mepolizumab 75mg IV injec-
tion has been accepted by overseas regulatory agencies
to have comparable bioequivalence and efficacy to

mepolizumab 100mg SC (23). SOC was defined as
high dose inhaled corticosteroid (ICS) plus long-acting
beta2-agonist (LABA) or an additional controller, with
or without maintenance oral corticosteroids (mOCS).

Four relevant studies were identified. MENSA (10)
(ClinicalTrials.gov number NCT01691521), MUSCA (9)
(NCT02281318), and DREAM (11) (NCT01000506)
studied mepolizumab as add-on therapy to high-dose
ICS plus additional controllers among patients with
severe eosinophilic asthma and at least two exacerba-
tions in the previous 12months. Baseline characteristics
of patients included in these trials (age, number of exac-
erbations in the past 12months, oral corticosteroid
doses) matched closely to that of the local population.
Across the three trials, mepolizumab plus SOC reduced
clinically significant exacerbations by 48–58% compared
with SOC alone. SIRIUS (8) (NCT01691508) was
designed as a steroid-sparing trial and showed a 30%
median reduction in the average OCS dose after
24weeks of mepolizumab treatment. These results were
considered generalizable to the local population and
were used in the model.

Model structure and study cohort

A Markov state-transition model was developed using
TreeAge Pro Version: 2019 software (TreeAge
Software, Williamstown, MA; available at http://www.
treeage.com) to compare mepolizumab plus SOC ver-
sus SOC alone. The model’s starting cohort, in line
with the population included in the pivotal trials of
mepolizumab, comprised patients aged 12 years and
older with severe asthma and high blood eosinophil
counts (�150/mL at screening or �300/mL in the pre-
vious year). In order to capture the benefits related to
the OCS-sparing effect of mepolizumab, patients were
divided into two groups: those who were receiving
mOCS and those who were not receiving mOCS.
Transition probabilities, utilities and costs associated
with treatment and adverse event management applied
in the model differed for the two groups of patients.
Patients not receiving mOCS had at least two asthma
exacerbations in the past year.

Patients could transition between three mutually
exclusive health states, namely, “asthma on mepolizu-
mab and SOC”, “asthma on SOC alone”, and “death”
(Figure 1). During each cycle, patients in the non-
death health states could experience any one of three
levels of asthma exacerbations, characterized by the
required intensity of their clinical management: OCS
burst, emergency department (ED) visit or hospitaliza-
tion. Asthma-related mortality following an
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exacerbation or all-cause mortality could also occur.
Patients in the “asthma on mepolizumab and SOC”
health state could discontinue mepolizumab and move
to the “asthma on SOC alone” health state.

The model was developed from the Singapore
healthcare system perspective, and included all direct
medical costs borne by the patient, insurance pro-
viders and government subsidies. A lifetime horizon
and a cycle length of 4weeks were used. Half-cycle
correction and an annual discounting rate of 3% were
applied to both costs and benefits in the base case.

Interventions

The intervention was 100mg of mepolizumab admin-
istered subcutaneously every 4weeks by a healthcare
professional. The local treatment mix for SOC drugs,
including ICS plus LABA, montelukast and tio-
tropium, was based on expert opinion from local
clinicians (Table S1). The daily dose of prednisolone
used in the base case analysis followed the SIRIUS
trial (median: 12.5mg), and was consistent with clin-
ical experts’ estimates of the average dose required in
the local setting (10 to 12.5mg).

Model inputs

Clinically significant exacerbations
Key model inputs are presented in Table 1. The rates
of clinically significant exacerbations and the rate ratio
reduction for patients who were not receiving mOCS
were obtained from MENSA, MUSCA and DREAM
trials while the rates for patients on mOCS were
obtained from the SIRIUS trial.

The proportion of exacerbations requiring an ED
visit or hospitalization was substantially higher in the
local setting compared to that in the trials. To obtain
cost-effectiveness estimates most reflective of the local

setting, data from local hospitals was used to inform
the distribution of exacerbation types in the model.
Approximately 10% of all exacerbations requiring hos-
pitalization were treated in the intensive care
unit (ICU).

Mortality and discontinuation
Asthma-related mortality rates were 1.32% and
13.72% following an exacerbation that requires general
ward hospitalization and ICU admission, respectively
(Ministry of Health (MOH) Singapore Casemix data
2013 to 2017). A similar mortality rate (12.5%) was
reported in a local study among patients who experi-
enced a life-threatening asthma event requiring ICU
or high-dependency unit care (6). Mortality from
exacerbations requiring ED visits was 0.06% (24).
Mortality rates following exacerbations requiring OCS
burst were assumed to be similar to rates for exacer-
bations requiring an ED visit, due to a lack of local
data. The risk of mortality from other causes was esti-
mated using age- and gender-specific Singapore life
tables for all-cause mortality over 5 years (2014 to
2018) (25). Asthma-related deaths were not specific-
ally removed from all-cause mortality rates due to the
lack of data, but this was considered unlikely to
impact results significantly as asthma-related deaths
accounted for a very small proportion of all deaths.

An annual discontinuation rate of 10% for mepoli-
zumab treatment was considered appropriate by local
clinicians and assumed in the base case. Discontinuation
rates of 5% to 15% were tested in one-way sensitiv-
ity analysis.

Maintenance OCS use and associated
adverse events
Based on data from two local respiratory specialist
centers, 16.67% of patients in the study cohort
received mOCS. Using results from the SIRIUS trial,

Figure 1. Markov model structure. OCS: oral corticosteroids; SOC: standard of care; ED: emergency department.
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patients in the intervention arm had a 30% median
dose reduction after 24weeks of treatment, while no
dose reduction occurred in the control arm. Patients
who had a reduction in mOCS dose while on mepoli-
zumab treatment were assumed to return to the base-
line OCS dose upon discontinuation of mepolizumab.

As long-term OCS use is associated with an
increased incidence of adverse events, additional costs
and disutilities were applied to patients receiving
mOCS in the model. Incidence of adverse events and
their associated disutilities were estimated from inter-
nationally published sources in the absence of local
estimates (7,27). Local costs were used (Appendix
S1) (28,29).

Utility values
Treatment-specific utilities were assigned to all health
states in the model, consistent with clinical expert
opinion that mepolizumab improved asthma symptom
control and health-related quality of life (HRQoL) in
the day-to-day non-exacerbation state. Utility weights
based on direct elicitation from patients using a
multi-attribute utility instrument (e.g. EQ-5D) were
preferred and hence utilities reported by the DREAM
study were used to inform health state utilities of
patients who were not receiving mOCS in the base
case. Utility weights for patients receiving mOCS were
derived by mapping the St George’s Respiratory
Questionnaire (SGRQ) total scores reported by the

Table 1. Key model inputs (base case).
Base case value

Variable On mOCS Not on mOCS

Exacerbations
Exacerbation rate in the SOC arm (events/subject/year)a 2.12 1.78
Rate ratio of exacerbation for mepolizumab plus SOC arm versus SOC alonea 0.68 0.50
Proportion of exacerbations requiring OCS burstb 52.78% 52.13%
Proportion of exacerbations requiring ED visitb 12.50% 25.53%
Proportion of exacerbations requiring hospitalizationb 34.72% 22.34%
Proportion of hospitalized exacerbation cases requiring ICUb 10% 10%
Probability of mortality due to asthma exacerbations
Exacerbation requiring OCS burstc 0.0616% 0.0616%
Exacerbation requiring ED visitd 0.0616% 0.0616%
Exacerbation requiring hospitalization (general ward)e 1.316% 1.316%
Exacerbation requiring hospitalization (ICU)e 13.718% 13.718%

Costs (in SGD)
Drug (per 4 week cycle)
Standard of caref $189.91 $189.91
Mepolizumab plus administrationf $1695.24 $1695.24

Health state costs (per 4 week cycle)
Asthma on mepolizumab and SOCb $102.73 $102.73
Asthma on SOC aloneb $58.92 $50.69

Cost of exacerbations (per episode)
Requiring OCS burstb,f $39.50 $39.50
Requiring ED visitb $228.00 $228.00
Requiring hospitalizationb,e $4494.56 $4494.56

Utilities
Health state utilities (annual)
Asthma on SOC aloneg 0.706 0.794
Asthma on mepolizumab and SOCg 0.710 0.802

Utility decrement
Exacerbations requiring OCS bursth 0.10 0.10
Exacerbations requiring ED visiti 0.15 0.15
Exacerbations requiring hospitalizationh 0.20 0.20

Duration of exacerbations (days)
OCS bursti 14 14
ED visiti 21 21
Hospitalizationi 28 28

aResults from DREAM (11), MENSA (10), MUSCA (9) trials used for patients not receiving OCS; results from SIRIUS (8) trial used for patients receiving OCS.
bData from local hospitals in 2019.
cAssumed same value as ED visit.
dChew et al. 2007 (24).
eMinistry of Health (MOH) Singapore Casemix data (2013 to 2017).
fSelling price (i.e. cost plus margins) to patients across all public healthcare institutions in Singapore in 2018, taken from drug utilization data.
gSGRQ results from SIRIUS trial (8) mapped to EQ-5D were used for patients on mOCS, EQ-5D results from the DREAM (11) study were used for patients
not on mOCS. Results taken from NICE TA431 (7).

hLloyd et al. 2007 (26).
iClinical expert estimates.
OCS: oral corticosteroids; mOCS: maintenance oral corticosteroids; SOC: standard of care; SGRQ: St George’s Respiratory Questionnaire; ED: emergency
department; ICU: intensive care unit; SGD: Singapore dollars.
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SIRIUS study to the EQ-5D instrument using the
mapping algorithm by Starkie et al. 2011, as utility
weights directly elicited from patients using EQ-5D
were not available (30).

Disutilities from exacerbations were estimated using
a published study conducted in the UK (26), and the
duration of exacerbations was estimated by local clini-
cians. Quality adjusted life year (QALY) gains in the
mepolizumab arm were therefore assumed to be as a
result of both treatment-specific effects on symptom
control and HRQoL, as well as a reduction in disutil-
ity from exacerbations.

Costs
Costs of drugs (2018), consultation visits (2019) and
monitoring tests (2019) were locally sourced (Table 1,
Tables S1–S3). Among patients who experienced an
exacerbation requiring OCS burst, the distribution of
patients who would visit a GP (�40%) or a respira-
tory specialist (�15%) was estimated by local clini-
cians. Remaining exacerbation events requiring OCS
burst (�55%) were assumed to only incur the cost of
prednisolone. Costs of ED visits and hospitalizations
were obtained from public healthcare institutions in
2019 and MOH Singapore Casemix & Subvention
data (2013–2017), respectively.

Sensitivity analyses

Deterministic one-way sensitivity analyses (OWSA)
were conducted to explore the impact of uncertain
model parameters on the ICER. Each parameter was
varied individually by the lower and upper range of
the 95% confidence interval. An arbitrary reduction in
the cost of mepolizumab was tested (Table S4).

A probabilistic sensitivity analysis (PSA) was per-
formed using second-order Monte Carlo simulation of
10 000 iterations and represented on a scatterplot.
Uncertainty in each parameter was represented by an
appropriate probability distribution that corresponded
with the nature of the variable (Table S4). As there is

no explicit cost-effectiveness threshold in Singapore, a
cost-effectiveness acceptability curve (CEAC) was gen-
erated to display the probability of the treatment arms
being cost-effective across a range of willingness-to-
pay (WTP) thresholds.

Scenario analyses

Two additional scenario analyses were performed to
examine how certain changes to the base case assump-
tions may influence the ICER. In scenario A, mepoli-
zumab was restricted to patients with a higher
baseline exacerbation rate (3 exacerbations in the past
year), which was assessed by local clinicians to be rea-
sonable and implementable. To be conservative, the
same rate ratios reported for the general population in
trials (at least 2 exacerbations in previous year) were
applied. A range of hypothetical price reductions was
also tested in this scenario.

In scenario B, alternative utility values obtained
from mapped SGRQ results of the MENSA trial were
used to inform the health state utility value of patients
who were not receiving OCS. Of note, utility values
were reported by both Whittington et al. (21) and
NICE TA431 (7), with slight differences between
them, possibly due to the use of tariffs from different
countries. Both sets of values were tested (Table 2).

Results

Base-case results

In the base-case over a lifetime time horizon, treat-
ment with mepolizumab plus SOC accrued more
QALYs and incurred higher costs relative to SOC
alone (Table 3). This resulted in an ICER of SGD335
486 (USD238 195) per QALY gained, whilst the incre-
mental cost per LY gained was SGD208 234 (USD147
846). With mepolizumab treatment, an average of five
exacerbations were avoided per patient (three were
exacerbations requiring OCS burst, one requiring ED

Table 2. Summary of mapped SGRQ utility weights by treatment strategies used in scenario B.

Treatment strategies

Patients not on mOCS:
Whittington et al. (21)
(mapped from MENSAa)

Patients not on mOCS:
NICE TA431 (7)

(mapped from MENSAa)

SOC 0.769 0.738
Mepolizumab plus SOC 0.828 0.796

Utility difference between arms:
0.059 (95%CI 0.033 to 0.082)

aIncludes 25% of patients on mOCS. Assumes the utility is generalizable to population that is not on mOCS.
CI: confidence interval; mOCS maintenance oral corticosteroid; SE: standard error; SOC: standard of care; TA: technology assessment; SGRQ: St George’s
Respiratory Questionnaire.
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visit and one requiring hospitalization) over a lifetime
time horizon.

Sensitivity analyses

OWSA showed that, apart from the price of mepolizu-
mab, the ICER was most sensitive to the proportion
of exacerbations that required ICU stay (Figure 2).
The model was also sensitive to the time horizon, dis-
count rates and utility values of the non-exacerbation
health states. Variation in values of parameters such
as disutility from adverse events associated with
mOCS use had minimal influence on the ICER.

Overall, the ICERs were found to be consistently
above SGD250 000 (USD177 500) per QALY gained
when parameters other than the price of mepolizumab
were varied over their uncertainty range.

The PSA result was congruent with the base-case
analysis with a mean ICER of SGD336 088 (USD238
622) per QALY gained. Mepolizumab as add-on ther-
apy to SOC consistently produced higher QALYs at
an increased cost compared with SOC alone, across
100% of the 10 000 PSA iterations (Figure S1). The
CEAC demonstrated that across a hypothetical WTP
threshold range of 0 to SGD330 000 (USD234 300)
per QALY, SOC was more cost-effective than mepoli-
zumab plus SOC (Figure S2).

Table 3. Quality adjusted life-years and life years per patient.

SOC alone
Mepolizumab
plus SOC

Incremental (Mepolizumab
plus SOC vs SOC alone)

Lifetime costs per patient (in SGD)
Drug costs 39 140 193 735 154 595
Exacerbation costs 31 828 26 602 �5226
Health state costs 10 658 15 565 4907
AEs associated with mOCS costs 924 742 �182

Incremental cost-effectiveness
Mean total costs (in SGD) 82 551 236 644 154 093
LYs 22.57 23.31 0.740
Incremental cost per LY gained 208 234
QALYs 12.06 12.51 0.459
Incremental cost per QALY gained 335 486

LY: life years; QALY: quality adjusted life years; SOC standard of care; mOCS: maintenance oral corticosteroid; SGD: Singapore dollars

Figure 2. Tornado diagram for one-way sensitivity analysis. mOCS: maintenance oral corticosteroids; SOC: standard of care; ED:
emergency department; ICU: intensive care unit; MI: myocardial infarction; SGD: Singapore dollars.
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Scenario analysis

Results of the two scenario analyses conducted are
provided in Table S5. In scenario A, restricting the
use of mepolizumab to patients with a higher baseline
exacerbation rate (three per year) resulted in an ICER
of SGD238 876 (USD169 602) per QALY gained.
Ranging the hypothetical mepolizumab price reduc-
tions between 20% and 80% reduced the ICER to
between SGD190 995 (USD135 606) and SGD47 354
(USD33 621) per QALY gained. In scenario B, using
utility weights mapped from SGRQ results gave a
larger gain in utility with the use of mepolizumab.
The resulting ICER from utility weights reported by
Whittington et al. and NICE TA431 were SGD206
265 (USD146 448) and SGD211 328 (USD150 043)
per QALY gained, respectively. In the absence of any
price reduction, ICERs from both scenarios remained
high relative to ICERs for previous chronic disease
treatments that were considered cost effective in
Singapore’s context (16–18).

Discussion

The base case ICER of SGD335 486 (USD238 195)
per QALY gained was exceedingly high relative to
ICERs of drugs used for the treatment of chronic dis-
eases which previously received positive subsidy rec-
ommendations in Singapore (generally ranging from
dominance to< SGD45 000/QALY [USD 31 950])
(31). Thus, while there is no fixed WTP threshold in
Singapore, mepolizumab is unlikely to represent a
cost-effective treatment option at its current price in
the Singapore setting. The base case ICER was driven
mainly by the high cost of mepolizumab. The propor-
tion of patients who required ICU treatment among
those who were hospitalized was also a major driver,
but the ICER remained high (>SGD250 000 [USD177
500]/QALY gained) when the proportion of ICU
admissions was varied across its uncertainty range,
giving confidence in the cost-effectiveness conclusion.

Published cost effectiveness evaluations (CEAs) cor-
roborate the results of our analysis. High ICERs were
demonstrated in CEAs by Whittington et al. (21)
(USD385 546/QALY gained) and CADTH (19)
(CAD521 000 [USD391 026]/QALY gained). However,
the model from the manufacturer’s submission to
NICE (TA431 report) had a much lower ICER of
£29 163 (USD38 043)/QALY gained as it differed from
our model in a number of ways.

First, the population in the NICE model was
restricted to patients with more severe disease:
patients had a blood eosinophil count of �300/mL in

the previous year and either had four or more exacer-
bations in the previous year or were on maintenance
corticosteroids. Our model, similar to the model by
CADTH and Whittington et al. included a broader
population in line with the general population
included in the mepolizumab pivotal trials (blood
eosinophil count of �150/mL at screening or �300/mL
in the previous year and either two or more exacerba-
tions in the previous year or receiving maintenance
corticosteroids).

Restriction of the starting cohort to patients with a
baseline exacerbation rate of three per year was con-
ducted in a scenario analysis in our model. A further
restriction to a subgroup with a baseline exacerbation
rate higher than three in the past year was not tested
as a very low number of patients in Singapore would
be eligible for mepolizumab under this criterion.
Using the same rate ratio for exacerbation reduction
reported for the general population (patients not
receiving mOCS: 0.50, patients receiving mOCS: 0.68),
the resultant ICER was reduced to SGD238 845
(USD169 580) per QALY gained in this scenario ana-
lysis. However, this is likely to be conservative as
results from one of the three pivotal studies
(DREAM) demonstrated a lower exacerbation rate
ratio (0.43, 95%CI 0.29 to 0.65) among patients with a
baseline exacerbation rate of three. The lower rate
ratio was not incorporated into the model as it was
from a subgroup analysis in only one study (DREAM)
and results should be interpreted with caution.

Second, the NICE model included a continuation cri-
terion of a 50% reduction in exacerbations in the first
year of treatment (7,20). This was not incorporated in
our model due to a lack of published efficacy data for
responders. Furthermore, such criteria would pose sig-
nificant implementation challenges due to the additional
administrative burden on the local healthcare system.
Instead, an annual discontinuation rate of 10% for
mepolizumab was assumed, which may account for
some patients who choose to discontinue mepolizumab
due to poor efficacy. A reduction in the ICER is
expected, if patients were assumed to continue receiving
mepolizumab only if a target response is achieved.

A confidential patient access scheme is also available
for mepolizumab in the UK which reduces the effective
price of mepolizumab below the list price of £840
(USD1096) per dose. As the price of mepolizumab is a
major driver of the model, further price discounts may
have contributed to the significantly lower ICER.

Our study also differs from other mepolizumab
CEAs in that the distribution of the three levels of
clinically significant exacerbations (OCS burst, ED
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visit, hospitalization) used in the model were
informed by local hospital data, instead of data from
pivotal trials. The proportion of exacerbations requir-
ing an ED visit or hospitalization combined
(47.2–47.9% across treatment arms) was similar to
that reported for the control arm of a local CEA on
bronchial thermoplasty (47.9%) (32), but substantially
higher than that reported in the mepolizumab pivotal
trials (�7–9% requiring hospitalization, 3–7% requir-
ing ED visit). This disparity is unsurprising as ED
attendances and hospitalization rates for asthma in
Singapore have been observed to be higher than other
developed countries. The reasons are multifactorial,
including easy accessibility of EDs resulting in
inappropriate visits (33), socio-economic factors
(34,35), a lower level of confidence or competency in
self-management among patients (36), and poor
adherence to and/or lack of standard protocol in the
management of acute asthma in EDs (37–39).

Even though the steroid sparing effect of mepolizu-
mab was incorporated in our model, there was little
impact on the ICER. This may be attributed to the
low proportion of patients who receive mOCS in the
local setting (16.67%) and the low incidence rate of
adverse events associated with mOCS derived from
the Clinical Practice Research Datalink (CPRD) data-
base (Appendix S1). Similarly, a high ICER was also
demonstrated in the CEA by Whittington et al. (21)
which incorporated the costs and disutilities associated
with adverse events from mOCS use. The manufac-
turer’s submission to CADTH (19) had also included
a scenario analysis which modeled the benefits of
reduced mOCS use; however, the ICER did not differ
appreciably from the base case analysis.

Nonetheless, we acknowledge that the steroid spar-
ing beneficial effect of mepolizumab could be under-
estimated in our model. It is well established that
long-term systemic OCS use is associated with signifi-
cant morbidity, and greater steroid exposure results in
a higher risk of adverse events and increased health-
care resource use (40–47). Although costs and disutil-
ities of five major adverse events (cataract, diabetes,
myocardial infarction, osteoporosis, peptic ulcer) asso-
ciated with mOCS use were incorporated in our
model to reflect the steroid-sparing effect of mepolizu-
mab, other corollary adverse events such as obesity,
renal impairment and infections were not included
due to the lack of suitable data to populate our model.
Similarly, treatment of exacerbations using OCS bursts
was assumed not to result in any increase in OCS-
related adverse events even though we acknowledge
that there is increasing evidence that cumulative doses

of short-term OCS bursts contribute to corticosteroid
morbidity as well (48,49). In addition, as longer-term
RCT data was not available, the reduction in mOCS
dose with long-term use of mepolizumab was capped
at 30%, in line with results from the 24-week SIRIUS
study. Nevertheless, data inputs relating to adverse
events from mOCS were not found to be drivers of
our model and are likely to have little impact on
the ICER.

Whilst utility weights directly elicited from patients
using the EQ-5D are preferred to mapped data and
were accepted by NICE, the high baseline EQ-5D
results from the DREAM study may have led to a
small incremental QALY gain in the intervention arm.
Thus, SGRQ-mapped utility weights which showed a
larger difference between treatment arms were tested
in a scenario analysis. The ICER was substantially
reduced from SGD335 486 (USD238 195)/QALY
gained in the base case to SGD206 265 (USD146 448)
and SGD211 328 (USD150 043)/QALY gained with
the use of mapped SGRQ data from two different
sources, but nonetheless, it remained beyond an
acceptable cost-effectiveness range.

There are other limitations to our study. EQ-5D
and SGRQ values were derived largely from Western
trial participants and may not reflect the health status
of our local Asian population of severe asthmatics,
hence this may either over- or under-estimate the
actual utility values. Also, the number of exacerbations
requiring OCS burst in the local setting was captured
based on patient reporting during clinician visits, thus
the proportion of exacerbations requiring OCS burst
in our study could be underestimated due to recall
bias. Thirdly, the response to mepolizumab which was
observed in clinical trials may lack external validity
due to stringent trial criteria. However, several studies
have reported similar outcomes in the real-world set-
ting, suggesting that the results are consistent and
likely to be generalizable (50–52). Lastly, some of the
model inputs such as the local mortality rate from
asthma exacerbations at the ED (24) and utility decre-
ments due to asthma exacerbations (26) were
informed by data older than 5 years. Nonetheless,
these inputs are likely to still be valid as they were
verified by local clinical experts, and similar utility
decrements were used in the CEAs conducted by
Whittington et al. (21) and NICE TA431 (2017).

In conclusion, although mepolizumab plus SOC is
more effective than SOC alone for the treatment of
severe eosinophilic asthma, it is also costlier.
Mepolizumab is not considered cost-effective at its
current price in Singapore. We are cognizant that
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there may be limitations to our model, however, these
are unlikely to affect the cost-effectiveness conclusion.
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Assessing the cost-effectiveness of mepolizumab as add-on 

therapy to standard of care for severe eosinophilic asthma in 

Singapore 
 

Appendix S1- Incidence, cost and disutility of adverse events associated with long-term oral 

corticosteroid use 

 

Local data on the incidence of adverse events from oral corticosteroid (OCS) use was 

unavailable. Thus, the proportion of patients who developed diabetes, myocardial infarction, 

osteoporosis, peptic ulcer or cataract due to long-term OCS use was derived from the 

GlaxoSmithKline (GSK) Clinical Practice Research Datalink (CPRD) longitudinal cohort 

study which examined the dose dependent risk of developing adverse events (AEs) associated 

with systemic corticosteroid therapy in a population with severe asthma (manufacturer’s 

submission to NICE; NICE TA431 report).   

 
Summary of results from GSK CPRD study (reported in NICE TA431) 

Adverse events RR of event due to additional 

gram of average cumulative 

maintenance dose vs no use 

per 28-day period 

Baseline incidence per year 

Diabetes 1.38 0.0089 

Myocardial infarction 1.36 0.0013 

Osteoporosis 2.09 0.0054 

Glaucoma Not reported Not reported 

Peptic ulcer 1.22 0.0028 

Cataract 1.95 0.0043 
GSK: GlaxoSmithKline; CPRD: Clinical Practice Research Datalink;  RR: relative risk 

 

The cost of chronic management of diabetes resulting from maintenance OCS use was obtained 

from a local cost-of-illness study (Ng et al 2015), and adjusted to a per-cycle cost. Only drug 

costs were included for the chronic management of osteoporosis, as there was no local data 

available on the incidence of fractures due to long-term OCS use. This is thus likely to be an 

underestimate of the actual costs incurred for osteoporosis management. Local respiratory 

clinicians were in agreement that management of treatment-related AEs for mepolizumab as 

well as standard of care (SOC) drugs other than OCS did not incur significant resource 



 

consumption, and were thus not included in this model. Disutilities from significant adverse 

events due to mOCS use were obtained from Sullivan et al 2011.  

 

 
Estimates of costs and disutilities associated with adverse events due to mOCS use 

Variable Value Source 

Cost of management of adverse events due to mOCS (in SGD) 

Diabetes (annual) $2113.81a Ng et al 2015 

Myocardial infarction $11250.00 MOH website 

Osteoporosis (annual) $726.53 Average selling pricesb to all public 

healthcare institutions in 2018 

Peptic ulcer $4569.49 MOH Casemix & subvention 2017 

Cataract (bilateral eye 

surgery) 

$8388.00 MOH website 

Disutilities from adverse events due to mOCS 

Diabetes 0.0621 (0.0405, 0.0837) Sullivan 2011 

Myocardial infarction 0.0557 (0.0341, 0.0773) Sullivan 2011 

Osteoporosis 0.0418 (0.0300, 0.0536) Sullivan 2011 

Peptic ulcer 0.0552 (0.0278, 0.0826) Sullivan 2011 

Cataract 0.027 (0.0153, 0.0389) Sullivan 2011 
a Cost of diabetes treatment was estimated in 2010 (SGD2,034 per year). This was inflated to 2016 SGD (the latest 

year available) through www.eppi.ioe.ac.uk/costconversion/default.aspx.  
b Selling price is the price that the patient pays (cost plus margins) 
mOCS: maintenance oral corticosteroids; MOH: Ministry of Health Singapore 

 

 

 

 

 

 

 

 

 

http://www.eppi.ioe.ac.uk/costconversion/default.aspx


 

Figure S1- ICER scatterplot from PSA (mepolizumab + SOC vs SOC alone) 

 

ICER: incremental cost-effectiveness ratio; PSA: probabilistic sensitivity analysis; SGD: 

Singapore dollars; QALY: quality-adjusted life year; SOC: standard of care 

 

 

Figure S2- Cost-effectiveness acceptability curve (mepolizumab + SOC vs SOC alone) 

 

SGD: Singapore dollars; SOC: standard of care 
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Table S1- Treatment mix of drugs prescribed as part of standard of care in Singapore 

 

Drugs Dose
a
 Proportion of 

patients on 

drug 
a
 

Mean cost to 

patient per 

model cycle 

(SGD) 
b
 

Fluticasone/salmeterol 500/50 mcg inhaler 1 puff twice daily 25% $89.62 

Fluticasone/salmeterol 250/25 mcg inhaler 2 puffs twice 

daily 

25% $99.75 

Budesonide/formoterol 160/4.5 mcg 

inhaler 

8 puffs daily 30% $176.13 

Fluticasone furoate/vilanterol 200/25 mcg 

inhaler 

1 puff daily 13.8% $71.68 

Fluticasone/formoterol 250/10 mcg 

inhaler 

2 puffs twice 

daily 

6.3% $92.21 

Tiotropium 2.5 mcg inhaler 2 puffs daily 60% $70.51 

Montelukast 10 mg tablet 10 mg daily 83% $11.29 

Omeprazole 20 mg capsule 20 mg twice 

daily 

48% $13.44 

Mometasone 50mcg nasal spray 2 sprays each 

nostril daily 

65% $24.78 

Total cost of SOC per patient per model cycle $189.91 
SGD: Singapore dollars; SOC: standard of care 
a Estimated by local clinical experts 
b Calculated based on the mean selling price (cost plus margins) of drugs across all public healthcare institutions 

in Singapore in 2018 

 

 



 

Table S2- Disease monitoring and management costs (SGD) 

 

 Mepolizumab + SOC SOC Unit 

Not on 

mOCS 

On mOCS Not on 

mOCS 

On mOCS 

Specialist 

visit a 

$74.08 

(every 1 to 2 
months) 

$74.08 

(every 1 to 2 
months) 

$41.15 

(every 2 to 3 
months) 

$49.38 

(every 2 
months) 

Per 4-

weeks 
model 

cycle 

Lung 

function test a 

$22.30 

(every 4 
months) 

$22.30 

(every 4 
months) 

$7.43 

(once a year) 

$7.43 

(once a year) 

Per 4-

weeks 
model 

cycle 

Full blood 

count a 

$6.35 

(every 4 
months) 

$6.35 

(every 4 
months) 

$2.11 

(once a year) 

$2.11 

(once a year) 

Per 4-

weeks 
model 

cycle 
a Costs of a specialist visit (SGD107), lung function test (SGD96.65) and full blood count (SGD27.50) were 

obtained from a local hospital 

SOC: standard of care; mOCS: maintenance oral corticosteroids; SGD: Singapore dollars  

  

 



 

Table S3- Cost of management of exacerbations 

 

Item Mean value (in SGD) Unit Source 

Exacerbation requiring OCS burst 

GP visit $48.13 x 40%a = $19.25 

Per episode 

Cost of primary care 

visit to public 

healthcare institution 
before subsidy 

Specialist visit $107.00 x 15%a = $16.05 Local hospital 

Prednisolone  $4.20 Average selling price 

to patients across all 
public healthcare 

institutions in 2018 

Total $39.50   

Exacerbation requiring ED visit 

ED visit $121.00 
Per episode 

Local hospital 

Specialist visit $107.00 

Total $228.00   

Exacerbation requiring hospitalization 

Patients with severe 
eosinophilic asthma 

(J82) 

$3,289.62 x 90%b = 
$2,960.66 

Per episode 

MOH Casemix & 
Subvention 2017 

Patients with severe 

acute asthma 
requiring ICU (J46) 

$14,268.99 x 10% b = 

$1,426.90 

MOH Casemix & 

Subvention 2017 

Specialist visit $107.00 Local hospital 

Total $4,494.56   
a Proportion estimated by clinicians 
b Split between ICU and general ward exacerbations informed by hospital level data.  

OCS: oral corticosteroids; ED: emergency department; GP: general practitioner; ICU: intensive care unit; PHI 

public healthcare institution; SGH: Singapore General Hospital; MOH: Ministry of Health Singapore; SGD: 
Singapore dollars 

 



 

Table S4- Parameters, distributions and upper and lower values used in one-way sensitivity 

analysis or probabilistic sensitivity analysis 

 

Model parameter Probability 

distribution 

Distribution 

parameters 

Mean/ base 

case 

Lower 

limit 

Upper 

limit 

Patient characteristics 

Mean starting age a:  
- patients not on mOCS 

- patients on mOCS 

- -  
54.56 

49.45 

 
40 

40 

 
60 

60 

Proportion on mOCS a - - 16.67% 6.67% 26.67% 

Discount rates and time horizon 

Discount rates a  - - 0.03 0.00 0.05 

Time horizon a - - 30 years 20 years 40 years 

Costs 

Selling price of mepolizumab - - $1,690.24 $169.02 $1,690.24 

Probabilities 

Proportion of different 

exacerbation types (OCS 

burst, ED visit, 
hospitalization) for patients on 

mOCS 

Dirichlet (52.78; 12.50; 

34.72) 

- - - 

Proportion of different 

exacerbation types (OCS 
burst, ED visit, 

hospitalization) for patients 

not on mOCS 

Dirichlet (52.13; 25.53; 

22.34) 

- - - 

Proportion of hospitalized 

exacerbations requiring ICU 

visit a 

- - 10% 0% 20% 

Discontinuation rate of 
mepolizumab a 

- - 10% 5% 15% 

Treatment effects 

Rate ratio of exacerbation 

(mepolizumab+SOC vs SOC) 
in patients not on mOCS 

Log normal 𝜇 = -0.69502 

𝜎 = 0.061167 

0.50 0.44 0.56 

Rate ratio of exacerbation 

(mepolizumab+SOC vs SOC) 

in patients on mOCS 

Log normal 𝜇 = -0.40434 

𝜎 = 0.193259 

0.68 0.47 0.99 

Utilities 

Utility for mepolizumab 

+SOC (patients not on mOCS) 

Beta 𝛼 = 5093.374 

𝛽 = 1257.466 

0.802 0.792 0.812 

Utility for SOC (patients not 
on mOCS) 

Beta 𝛼 = 5193.998 

𝛽 = 1347.561 

0.794 0.784 0.804 

Utility for mepolizumab 

+SOC (patients on mOCS) 

Beta 𝛼 = 199.824 

𝛽 = 81.618 

0.710 0.657 0.763 

Utility for SOC (patients on 
mOCS) 

Beta 𝛼 = 216.069 

𝛽 = 89.978 

0.706 0.655 0.757 

Disutility for diabetes Beta 𝛼 = 225.996 

𝛽 = 3413.229 

0.0621 0.0405 0.0837 

Disutility for acute myocardial 

infarction 

Beta 𝛼 = 24.157 

𝛽 = 409.534 

0.0557 0.0341 0.0773 

Disutility for osteoporosis Beta 𝛼 = 46.464 

𝛽 = 1065.113 

0.0418 0.0300 0.0536 



 

Model parameter Probability 

distribution 

Distribution 

parameters 

Mean/ base 

case 

Lower 

limit 

Upper 

limit 

Disutility for gastroduodenal 

ulcer 

Beta 𝛼 = 14.633 

𝛽 = 250.454 

0.0552 0.0278 0.0826 

Disutility for cataract Beta 𝛼 = 19.820 

𝛽 = 711.557 

0.0271 0.0153 0.0389 

Disutility of exacerbation 

requiring a 

     

OCS burst   -0.10 -0.20 0.00 
ED visit   -0.15 -0.25 -0.05 

Hospitalization   -0.20 -0.30 -0.10 

Duration of exacerbation 

requiringa (days) 

     

OCS burst   14 12 28 

ED visit   21 10 28 
Hospitalization   28 21 28 

a only tested in OWSA  

ED: emergency department; mOCS: maintenance oral corticosteroids; SOC: standard of care; ICU: intensive care unit   
 

 



 

Table S5- Results of scenario analysis 

 

Scenario Incremental 

costs (SGD) 
Incremental 

QALY 
ICER 

(SGD/QALY) 

Base-case $154,093 0.459 $335,486 

Scenario A: using higher baseline exacerbation rate and assuming hypothetical price 

discounts for mepolizumab 

- Baseline exacerbation rate of 3 per year 149,094 0.624 238,876 

- Baseline exacerbation rate of 3 per year + 

20% price reduction  

119,210 0.624 190,995 

- Baseline exacerbation rate of 3 per year + 

40% price reduction  

89.325 0.624 143,115 

- Baseline exacerbation rate of 3 per year + 
60% price reduction  

59,440 0.624 95,234 

- Baseline exacerbation rate of 3 per year + 

80% price reduction  

29,556 0.624 47,354 

Scenario B: assumes utility weights mapped from SGRQ (MENSA study) 

- Utility weights obtained from 

Whittington et al. 

154,093 0.747 206,265 

- Utility weights obtained from NICE 
TA431 

154,093 0.729 211,328 

ICER: incremental cost effectiveness ratio; QALY: quality adjusted life years; SGD: Singapore dollars; 

SGRQ: St George’s Respiratory Questionnaire; NICE: The National Institute for Health and Care Excellence; 

TA: technology appraisal 
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