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Purpose: Reducing the risk of exacerbation is a long-term goal of managing moderate-to- 
severe asthma. The use of fluticasone propionate/formoterol fumarate dihydrate (FP/FORM) 
pressurized metered-dose (pMDI, Flutiform®), a type of inhaled corticosteroid (ICS) and 
long-acting β2 agonist (LABA) fixed-dose combination, has been associated with lower oral 
corticosteroid-requiring exacerbation rates than other ICS/LABA fixed-dose combinations, 
fluticasone propionate/salmeterol xinafoate (FP/SAL) and budesonide/formoterol fumarate 
(BUD/FORM). This study presents the first budget impact analysis of drug and exacerbation 
management cost savings associated with the increased access to FP/FORM compared to the 
currently available ICS/LABAs for treating moderate-to-severe asthma in Singapore.
Patients and Methods: A budget impact model showed changes to annual drug and 
exacerbation costs over 5 years for patients with moderate-to-severe asthma in Singapore, 
following the inclusion of FP/FORM on a government subsidy list. The eligible patient 
population was identified based on national statistics data. Different treatment costs pertain-
ing to the population were applied according to the usage data (IQVIA Singapore National 
Sales Data) for different scenarios. Drug costs were obtained from public-sector hospitals. 
Exacerbation management costs were obtained from literature searches.
Results: The analysis showed that increased access to FP/FORM as a result of switching 
from FP/SAL could help achieve drug (S$1,042,289) and exacerbation management (S 
$223,550) cost savings over 5 years. In the scenario where patients switched from BUD/ 
FORM, greater drug (S$2,572,797) and exacerbation management (S$256,781) cost savings 
were observed over 5 years.
Conclusion: The analysis provides a perspective that the increased access to FP/FORM 
could help achieve drug and exacerbation cost savings for the treatment of moderate-to- 
severe asthma.
Keywords: ICS/LABA, asthma exacerbation, treatment cost, Flutiform®, Fluticasone/ 
formoterol, reimbursement

Introduction
Asthma is a persistent global health issue. As of 2016, 339 million people were 
estimated to present with asthma, contributing to the global prevalence of 4.3% 
among younger adults aged 18–45 years.1,2 The Global Burden of Disease study 
reported that in 2016, asthma resulted in approximately 13 million years of life 
lived with disability and was ranked 16th leading cause of burden of disease 
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globally.2 Furthermore, the age-standardized prevalence of 
asthma has been increasing since early 2000 and the num-
ber of patients with asthma is estimated to increase by 
100 million by 2025, highlighting the increasing clinical 
burden of asthma.2,3

Currently, the long-term goal of asthma management is 
to reduce the risk of exacerbations.4 Frequent exacerba-
tions have been reported to lead to increased risks of 
impaired quality of life, debilitation and mortality in 
asthma patients.5 Uncontrolled exacerbations pose 
a substantial economic burden, as exacerbations result in 
direct costs with physician visits, hospitalization and med-
ications and indirect costs attributed to productivity loss. 
Previous economic evaluations in US and Europe have 
reported that compared with the mean annual direct and 
indirect costs per patient with controlled asthma (USD 
178–USD 855), those of uncontrolled patients could go 
up to as high as USD 5,669.6–8 An economic evaluation in 
Spain has demonstrated that direct costs of managing 
exacerbations have been increasing over time, highlighting 
the urgent need for a more effective treatment at an afford-
able price.9

The Global Initiative for Asthma (GINA) currently 
recommends the use of inhaled corticosteroid (ICS) and 
long-acting β2 agonist (LABA) fixed-dose combination ther-
apy to achieve optimal asthma control in patients with mod-
erate-to-severe asthma.4 In clinical trials and real-world 
studies, fluticasone propionate/formoterol fumarate dihy-
drate (FP/FORM) pressurized metered-dose (pMDI) 
[Flutiform®, Mundipharma International Ltd, Cambridge, 
United Kingdom (UK)] has demonstrated comparable effi-
cacy and safety with other ICS/LABA combinations includ-
ing fluticasone propionate/salmeterol xinafoate (FP/SAL) 
pMDI (Seretide® Evohaler, GlaxoSmithKline, London, 
UK) and dry powder inhaler (DPI, Seretide® Accuhaler, 
GlaxoSmithKline, London, UK) and budesonide/formoterol 
fumarate (BUD/FORM) DPI (Symbicort®, AstraZeneca, 
Cambridge, UK).5,10–15 Notably, the use of FP/FORM is 
associated with a faster onset of bronchodilation, lower inci-
dence of exacerbations and improved quality of life when 
compared with FP/SAL.11,12,16 In the absence of head-to- 
head trials, a pooled analysis comparing FP/FORM oral 
corticosteroid-requiring (OCS) exacerbation rates from two 
open-label trials and OCS exacerbation rates from similar 
cohorts for FP/SAL and BUD/FORM from three different 
meta-analyses demonstrated that the incidence of OCS 
exacerbations with FP/FORM was lower than FP/SAL and 
BUD/FORM (2.1% vs. 9.5% vs. 10.6%).5 This is further 

supported by real-world evidence from Europe showing 
that the use of FP/FORM results in a very low rate of severe 
exacerbation, improvements in lung function parameters, and 
overall improvements in physician- and patient-assessed 
satisfaction with efficacy of asthma control and tolerability 
from baseline.16,17 Furthermore, European studies reported 
that the use of FP/FORM was associated with a low asthma- 
related healthcare resource utilization and was shown to be 
cost-effective in clinical settings.17–19

Although these data imply the potential of FP/FORM in 
improving exacerbation control and subsequently reducing 
healthcare resource utilization in a clinical setting, wide-
spread use of FP/FORM is limited by a lack of government 
reimbursement in many countries. Singapore has been 
ranked as an intermediate risk country for asthma 
prevalence.20 A pan-Asian survey including Singaporean 
patients reported that 73% of asthma patients experienced 
one or more exacerbations in the past year.21 Importantly, 
a substantial proportion of asthma patients in Singapore 
persistently present with poor prognosis including recurrent 
exacerbations, declining lung function and poor quality of 
life; this is reflected by the moderate-to-high mortality rate 
of asthma in Singapore, which is three times higher than that 
of other developed countries, suggesting that the currently 
available asthma medications fail to meet the need for effec-
tive prevention of exacerbations in Singapore.21 FP/FORM 
was approved for the treatment of asthma in individuals aged 
12 years and above by the government agency for medical 
device and pharmaceutical regulations in Singapore, Health 
Science Authority (HSA) in 2014. There are two ICS/LABA 
combinations in the standard list of government-subsidized 
drugs as of 2019, and FP/FORM is not in that list yet.22,23 

Recently, a budget impact analysis conducted from the 
Singapore payer perspective demonstrated that the inclusion 
of FP/FORM on a government subsidy list would potentially 
lead to significant drug cost savings if patients were switched 
over 5 years from the two ICS/LABA combinations currently 
subsidized in Singapore, FP/SAL or BUD/FORM.24 

However, this model in 2018 did not consider the overall 
cost of treating exacerbations, and thus it is unknown if the 
inclusion of FP/FORM in the government subsidy list and 
subsequent improvements in exacerbation control would 
translate to a reduction in the financial burden of asthma 
management in a real-world setting.24

The objective of this study was therefore to conduct 
a budget impact analysis that takes into consideration the 
cost of FP/FORM and the listed ICS/LABAs in treating 
moderate-to-severe asthma exacerbation in Singapore.
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Patients and Methods
Population
The population considered by the budget impact model 
was patients with moderate to severe asthma in Singapore. 
The eligible patient population was estimated using the 
Ministry of Health Statistics on the Singapore population 
and results from literature searches (Table 1). The model 
considered 2018 as Year 1 given that the complete data for 
2019 were not currently available, and thus analyses uti-
lized 2018 data as model inputs wherever possible. The 
expected annual growth rate of the eligible population was 
estimated using the IQVIA Singapore National Sales Data 
from 2016 to 2018.25 Hospital and polyclinic market 
growth rates were expected to be 5% and 20% per year, 
based on the 2016–2018 data. These rates were weighted 
according to units FP/SAL and BUD/FORM sold over 
2018, to obtain an annual growth rate of 11% (Table S1). 

This growth rate was applied to each year in the model up 
to Year 5 (Table S2).

Comparators
In our model, the eligible patient population received ICS/ 
LABA fixed dose combinations only, as per the GINA 
recommendations. The model considered ICS/LABA 
fixed dose combinations that are currently approved by 
the HSA and listed for a government subsidy, which 
were FP/SAL and BUD/FORM (Table 2). Currently, 
three doses of FP/FORM (low, medium and high) 
approved for the treatment of moderate-to-severe asthma 
in Singapore were included in the model. Similarly, three 
doses of FP/SAL pMDI and DPI that were approved and 
included on a government subsidy were considered as 
comparators in the model (Table 2). For BUD/FORM, 
three doses were approved for the treatment of asthma in 

Table 1 Eligible Patient Population for Fixed Dose Combinations

Item Value Source

Adult resident population in Singapore 3,374,500 Ministry of Health, 201743

Current asthma prevalence 3.9% Ministry of Health, 201038

Diagnosed population 70.0% Clinician input
Treated population 50.0% Clinician input

Fulfilment in the government sector 80.0% Assumption based on Tan et al 201627

Moderate to severe persistent asthma population (GINA steps 3 or 4) 48.2% Tan et al 201627

Total population eligible for treatment with fixed dose combination in Singapore, Year 1 17,776 Calculated based on figures above

Abbreviation: GINA, Global Initiative for Asthma.

Table 2 List of ICS/LABA Fixed Combinations Included in the Model

Drug Metered Dose (Delivered Dose)22,26,44,45 Standard Drug List Details

FP/SAL FP/SAL pMDI 

50/25 (44/21) μg: 2 inhalations twice daily 

125/25 (110/21) μg: 2 inhalations twice daily 
250/25 (220/21) μg: 2 inhalations twice daily

1. Fluticasone propionate 50 μg/dose + salmeterol 25 μg/dose
2. Fluticasone propionate 125 μg/dose + salmeterol 25 μg/dose

3. Fluticasone propionate 250 μg/dose + salmeterol 25 μg/dose

FP/SAL DPI 

100/50 (93/45) μg: 1 inhalation twice daily 

250/50 (233/45) μg: 1 inhalation twice daily 
500/50 (465/45) μg: 1 inhalation twice daily

1. Fluticasone propionate 100 μg/dose + salmeterol 50 μg/dose
2. Fluticasone Propionate 250 μg/dose + salmeterol 50 μg/dose

3. Fluticasone Propionate 500 μg/dose + salmeterol 50 μg/dose

BUD/FORM 
pMDI

100/6 (80/4.5) μg: 1 inhalation twice daily or 2 
inhalations once daily 

200/6 (160/4.5) μg: 1–2 inhalations twice daily  

400/12 (320/9) μg: 1 inhalation twice daily

1. Budesonide 80 μg/dose + formoterol fumarate dihydrate 4.5 μg/dose 
2. Budesonide 160 μg/dose + formoterol fumarate dihydrate 4.5 μg/ 

dose 

3. Budesonide 320 μg/dose + formoterol fumarate dihydrate 9 μg/dose

FP/FORM 

pMDI

50/5 (46/4.5) μg: 2 inhalations twice daily 

125/5 (115/4.5) μg: 2 inhalations twice daily 
250/10 (230/9.0) μg: 2 inhalations twice daily

Not included

Abbreviations: BUD, budesonide; DPI, dry powder inhaler; FORM, formoterol fumarate; FP, fluticasone; pMDI, pressurized metered-dose inhaler; SAL, salmeterol 
xinafoate.
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Singapore.26 However, the low dose was not recom-
mended for the treatment of severe asthma and the high 
dose was not recommended as a maintenance and reliever 
therapy regimen (ie treatment in response to symptoms).26 

Therefore, a medium dose of BUD/FORM was selected as 
an appropriate comparator in the model. Fluticasone furo-
ate/vilanterol was not considered as it is not currently 
included on a government subsidy.

Analysis Approach
The model was built from a healthcare payer’s perspec-
tive, to demonstrate the change in drug and exacerbation 
costs over a time horizon of 5 years in the Singapore 
clinical setting. The time horizon of 5 years was chosen 
in line with what is recommended by the Agency for 
Care Effectiveness, which is Singapore’s national health 
technology assessment body. The base case predicted 
what would likely occur if there were no changes to 
access to FP/FORM as FP/FORM continued to be 
excluded from a government subsidy list. The base case 
usage data for FP/FORM, FP/SAL and BUD/FORM 
were projected based on the IQVIA sales data. There 
were two switch scenarios considered in the model, 
which were developed from the perspective that subsidy 
listing of FP/FORM would lead to its increased access 
resulting in patients with moderate-to-severe asthma 
switching from the comparators in Singapore. The first 
scenario predicted the change to drug and exacerbation 
costs if FP/FORM was included on a government subsidy 
list and its usage data subsequently increased as a result 
of patients switching from FP/SAL. The second scenario 
predicted the impact of a similar switch from BUD/ 

FORM. The usage of FP/FORM, FP/SAL and BUD/ 
FORM in the two switch scenarios are described in detail 
in the Usage Data section.

Model Inputs
Drug Costs
Unit costs for FP/FORM, FP/SAL, and BUD/FORM were 
calculated as the average of publicly available non- 
subsidized patient prices from public healthcare institu-
tions in Singapore as of 2018 (Table 3). Annual drug 
costs were calculated assuming 100% adherence to the 
dosage approved by the HSA. Given that the units with 
120 actuations require two inhalations twice daily, and the 
units with 60 actuations require one inhalation twice daily 
(Table 3), 12 units would be required in a year.

Exacerbation Management Costs
The proportion of patients with moderate to severe asthma 
with exacerbations was determined based on Tan et al 
2016 which considered the GINA guidelines to categorize 
the asthma population in Singapore.27 Exacerbation man-
agement costs associated with FP/FORM, FP/SAL, and 
BUD/FORM were calculated by multiplying the incidence 
of OCS exacerbations with the number of patients with 
moderate-to-severe asthma who are uncontrolled on any 
ICS/LABA combinations, with the yearly costs associated 
with the management of these exacerbations in Singapore 
as of 2018 (Table 4). The rate of uncontrolled asthma 
among patients on any ICS/LABA was obtained from the 
Recognize Asthma and Link to Symptoms and Experience 
Asia (REALISE) study.28 The incidence of OCS exacer-
bations for FP/FORM, FP/SAL and BUD/FORM were 

Table 3 Unit and Annual Costs of FP/SAL and BUD/FORM

Unit Cost (SGD) Annual Cost (SGD) Source

FP/SAL pMDI (50 μg/25 μg 120) $34.02 $408.20 Average of non-subsidized 

patient prices from public 

healthcare institutions as of 
2018

FP/SAL pMDI (125 μg/25 μg 120) $63.79 $765.42

FP/SAL pMDI (250 μg/25 μg 120) $103.74 $1,244.82
FP/SAL DPI (100 μg/50 μg 60) $35.57 $426.78

FP/SAL DPI (250 μg/50 μg 60) $60.64 $727.68

FP/SAL DPI (500 μg/50 μg 60) $91.55 $1,098.60
BUD/FORM pMDI (4.5 μg/160 μg 120) $92.24 $1,106.88

FP/FORM pMDI (50 μg/5 μg 120) $33.97 $407.66

FP/FORM pMDI (125 μg/5 μg 120) $57.49 $689.82
FP/FORM pMDI (250 μg/10 μg 120) $95.34 $1,144.02

Notes: The ratio of unit costs for FP/SAL DPI (100 μg/50 μg 60) and FP/SAL DPI (250 μg/50 μg 60) was used to derived the unit costs of FP/SAL pMDI (50 μg/25 μg 120) 
and FP/FORM pMDI (50 μg/5 μg 120) as their prices were not available. 
Abbreviations: BUD, budesonide; DPI, dry powder inhaler; FORM, formoterol fumarate; FP, fluticasone; pMDI, pressurized metered-dose inhaler; SAL, salmeterol 
xinafoate; SGD, Singapore dollars.
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taken from a meta-analysis (Figure 1), which compared 
the pooled incidence of OCS exacerbation rates from two 
open-label clinical trials of FP/FORM in adult and adoles-
cent patients with asthma with rates of OCS exacerbation 
from similar cohorts for FP/SAL and BUD/FORM from 
three different Cochrane meta-analyses.5 Resource utiliza-
tion for the following uncontrolled exacerbation 

implications were considered in the model: number of 
exacerbation-related hospitalizations, number of emer-
gency department visits, number of visits to physicians in 
primary care, and number of specialist outpatient visits 
(Table 4).29 Based on clinician input, it was assumed in 
our model, that once a patient has had a visit to an 
emergency department or undergone hospitalization, the 

Table 4 Inputs for Exacerbation Management Costs

Value Source

Proportion of patients with exacerbations 35.2% Tan et al 201627

Proportion of uncontrolled exacerbations among patients on any ICS/LABA combinations 52.7% Price et al 201540

Rate of exacerbations
FP/FORM 2.1% Papi et al 20165

FP/SAL 9.5%
BUD/FORM 10.6%

Number of uncontrolled exacerbations implications expected annually
Hospitalizations related to exacerbations 0.45 Nguyen et al 201729

ED visits related to exacerbations 0.95
Physician visits (primary care) related to exacerbations 1.52

Outpatient specialist visits 0.95

Healthcare costs associated with uncontrolled exacerbations implications (SGD)

Hospitalization 2,977.00 Ministry of Health 201830

ED visit 119.00 Average cost from restructured hospitals31–34

Primary care consultation 51.50 SingHealth Polyclinics 201835

Outpatient specialist consultation 124.18 Average cost from restructured hospitals31,33,34

Steroid treatment per day 0.25 Nguyen et al 201729

Costs per patient with moderate to severe asthma per year (SGD)

Hospitalization
FP/FORM 5.23 Calculated based on figures above
FP/SAL 23.64

BUD/FORM 26.38

ED visit

FP/FORM 0.44 Calculated based on figures above
FP/SAL 2.00

BUD/FORM 2.23

Primary care consultation

FP/FORM 0.31 Calculated based on figures above
FP/SAL 1.39

BUD/FORM 1.56

Outpatient specialist consultation

FP/FORM 0.46 Calculated based on figures above
FP/SAL 2.09

BUD/FORM 2.33

Notes: The number of specialist outpatient visits assumed that once the patients have had an ED visit or hospitalization, they were usually referred to specialists. The model 
assumed that all patients who have had an ED visit were either hospitalized and then referred to the outpatient specialist or were referred to the outpatient specialist 
directly. Tan et al 2016 reported that 3 and 2 days of steroid treatment are required for patients who were hospitalized and made visits to ED or primary care. The exchange 
rate of SGD 1.00 to USD 0.74 for steroid treatment per day. 
Abbreviations: BUD, budesonide; DPI, dry powder inhaler; ED, emergency visit; FORM, formoterol fumarate; FP, fluticasone; ICS, inhaled corticosteroid; LABA, long- 
acting β2 agonist; SAL, salmeterol xinafoate; SGD, Singapore dollars.
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patient would likely be referred to an outpatient specialist. 
Healthcare costs associated with these implications were 
calculated as the average of costs reported by Singapore 
statistics, public institutions and polyclinics, and Nguyen 
et al 2017 (Table 4).29–35 Exacerbation costs were calcu-
lated per patient per year. The model assumed that asthma 
treatment using an ICS/LABA combination fixed-dose 
therapy would reduce the incidence of future OCS exacer-
bations thus lead to exacerbation cost savings across 
5 years.

Usage Data
For the base case, usage data for the comparators were 
determined using their IQVIA sales for asthma in 

Singapore from 2016 to 2018 (Table S3). The data presented 
sales from both private and public sectors, and it was 
assumed that the private sales of FP/SAL and BUD/FORM 
did not significantly affect the actual usage data in the public 
sector. The annual change in usage data was estimated based 
on the IQVIA data from 2016 to 2018. The usage data in 
2018 were applied to Year 1 in the model. For the two switch 
scenarios, it was expected that the FP/FORM usage data 
would increase, as a result of being included for subsidy 
listing and subsequent increase its usage in the public sector 
(Table S4). The FP/SAL scenario assumed that the usage 
data of FP/FORM would increase as a direct result of 
a reduction in usage data of FP/SAL. Compared to FP/ 
SAL, FP/FORM is associated with faster bronchodilation, 

Figure 1 OCS exacerbation incidences for individual studies of ICS/LABA combinations. ICS/LABA OCS exacerbation rates are for studies 1 and 2, and in the individual 
studies as reported in the Cochrane by Lasserson et al, Mansur and Kaiser, Ducharme et al, and Chauhan and Ducharme. 
Notes: Grey bars represent the OCS exacerbation rates reported in open-label controlled trials of FP/FORM;46,47 white dotted bars represent the OCS exacerbation rates 
reported in studies from Lasserson et al 2011;48 black bars represent the OCS exacerbation rates reported in studies from Ducharme et al 2010;49 white checkered bars 
represent the OCS exacerbation rates reported in studies from Chauhan and Ducharme 2014.50 Reprinted with permission from Papi A, Mansur AH, Pertseva T et al. Long- 
Term Fluticasone Propionate/Formoterol Fumarate Combination Therapy Is Associated with a Low Incidence of Severe Asthma Exacerbations. J Aerosol Med Pulm Drug Deliv. 
2016;29, 346–361. The publisher for this copyrighted material is Mary Ann Liebert, Inc. publishers.5 

Abbreviations: BDP, beclometasone; BUD, budesonide; FLN, flunisolide; FORM, formoterol fumarate; FP, fluticasone; ICS, inhaled corticosteroid; LABA, long-acting β2 
agonist; OCS, oral corticosteroid; SAL, salmeterol xinafoate.
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reduced incidence of exacerbations and improved quality of 
life.5,11–14 These benefits would encourage patients to switch 
from FP/SAL to FP/FORM. Similarly, the BUD/FORM sce-
nario assumed that the usage data of FP/FORM would 
increase as a result of decreasing BUD/FORM usage data. 
The BUD/FORM scenario assumed that a DPI would be 
displaced by a pMDI. The pMDI method has demonstrated 
a significantly higher drug deposition fraction to the central/ 
peripheral airways compared with the DPI delivery method, 
which could support patients switching from BUD/FORM.36 

In each scenario, it was assumed that the total usage data of 
FP/FORM and the comparator it was displacing would still 
match the usage data of the comparator it was displacing in 
the base case, for each of the years of the model. The 
expected usage data for FP/FORM in the switch scenarios 
were calculated based on projections of IQVIA sales data for 
the next 5 years (Table S4).

In order to evaluate the benefit of increased access to 
FP/FORM to the patient population in both scenarios, cost 
savings per patient was calculated by dividing the total 

drug and exacerbations costs by the number of eligible 
patients in each year.

Results
Base Case
The budget impact model estimated that in Year 1, 17,776 
patients with moderate-to-severe asthma were estimated to 
be eligible for the treatment with ICS/LABA fixed-dose 
combinations.

Our model demonstrated that in the base case where 
access to FP/FORM remained unchanged, treatment of mod-
erate-to-severe asthma per patient eligible for the fixed dose 
ICS/LABA combinations would cost $4,753 per patient over 
5 years, and drug costs comprised 97% of the total cost 
savings (Tables 5 and 6).

Switch from FP/SAL and BUD/FORM
The switch scenarios were based on a perspective that 
recognized cost savings derived from increased access to 
FP/FORM for moderate-to-severe asthma patients in 

Table 5 Budget Impact Results Considering Switch from FP/SAL

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Drug costs (SGD)
Base case 16,331,938 18,144,089 20,157,280 22,393,810 24,878,451

FP/SAL scenario 16,232,203 18,031,950 20,085,159 22,044,151 24,469,817

Difference −99,735 −112,139 −72,121 −349,659 −408,635 −1,042,289

Exacerbation management costs (SGD)

Base case 526,038 582,677 645,411 714,898 791,864
FP/SAL scenario 521,710 579,469 613,829 632,234 690,097

Difference −4328 −3208 −31,583 −82,664 −101,767 −223,550

Total cost difference (SGD) −104,064 −115,347 −103,704 −432,323 −510,402 −1,265,840

Abbreviations: FP, fluticasone; SAL, salmeterol xinafoate; SGD, Singapore dollars.

Table 6 Budget Impact Results Considering Switch from BUD/FORM

Year 1 Year 2 Year 3 Year 4 Year 5 Total

Drug costs (SGD)

Base Case 16,331,938 18,144,089 20,157,280 22,393,810 24,878,451

BUD/FORM Scenario 16,202,569 18,009,987 19,868,932 21,478,202 23,773,081
Difference −129,368 −134,102 −288,349 −915,608 −1,105,370 −2,572,797

Exacerbation costs (SGD)
Base Case 526,038 582,677 645,411 714,898 791,864

BUD/FORM Scenario 521,067 578,992 609,134 619,946 674,970

Difference −4972 −3685 −36,278 −94,952 −116,895 −256,781

Total cost difference (SGD) −134,340 −137,787 −324,626 −1,010,560 −1,222,265 −2,829,578

Abbreviations: BUD, budesonide; FORM, formoterol fumarate; SGD, Singapore dollars.
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Singapore over a 5-year period, as a result of switching 
from the currently available treatment options in the stan-
dard list that were considered as comparators in the ana-
lysis. The model demonstrated that compared to the base 
case, increased access to FP/FORM upon patients switch-
ing from FP/SAL or BUD/FORM would lead to significant 
cost savings over 5 years (Tables 5 and 6). The greater cost 
savings per patient were achieved in the BUD/FORM 
scenario than in the FP/SAL scenario over 5 years 
($116.36 vs. $53.19). In the model, drug cost savings 
comprised 82% and 91% of total cost savings in the FP/ 
SAL and BUD/FORM scenarios, respectively (Tables 5 
and 6).

The magnitude of both drug and exacerbation manage-
ment cost savings increased over 5 years as an increased 
number of patients had access to FP/FORM over time in 
FP/SAL and BUD/FORM scenarios (Tables 5 and 6). In 
our model, total cost savings increased over 4-fold and 
9-fold in FP/SAL and BUD/FORM scenarios over 5 years, 
respectively.

Over the 5-year period, the proportion of exacerbation 
management cost savings increased. In the FP/SAL sce-
nario, exacerbation management cost comprised 4% of 
total cost savings in Year 1, which increased to 20% in 
Year 5. In the BUD/FORM scenario, the percentage of 
total cost difference due to a reduction in exacerbation 
management cost increased from 4% in Year 1 to 10% in 
Year 5.

Discussion
We present the first budget impact analysis of the drug and 
exacerbation management costs associated with the use of 
FP/FORM compared to the currently listed ICS/LABAs in 
the treatment of moderate-to-severe asthma in Singapore. 
In our study, the improved access to FP/FORM for patients 
with moderate-to-severe asthma resulted in significant 
drug and exacerbation management cost savings of $1.0– 
$2.6 million to the payer in the Singaporean clinical set-
ting. These results can be explained by the established 
efficacy of FP/FORM in improving asthma control from 
baseline and low severe exacerbation rates associated with 
the use of this treatment. Indeed, exacerbation rates as low 
as 9.8% were reported in the largest real-world study of 
FP/FORM conducted in 2,539 asthma patients from 8 
European countries.17 In our model, lower drug costs of 
FP/FORM compared to those of FP/SAL and BUD/FORM 
were the main drivers for cost savings. These tallied with 
the results of previous analyses in Spain and the UK, 

where the low drug cost of FP/FORM was the main driver 
for cost reductions.18,19 The impact of drug costs of FP/ 
FORM was also reflected in the trends of cost savings 
upon increased access to FP/FORM in the switch scenar-
ios. Our model predicted that there would be an increase in 
the use of the most expensive, high-dose FP/FORM in 
Year 3, explaining why the increase in the cost savings 
was not smooth over 5 years. The greater cost savings in 
the BUD/FORM scenario than that in the FP/SAL scenario 
were attributed to the higher drug costs of BUD/FORM 
than FP/SAL in Singapore. Furthermore, the total cost 
savings shown in the model was a conservative estimate, 
given that the usage data of FP/FORM increased to 20% 
only by Year 5 upon subsidy listing. This is in contrast to 
a small-cohort case study in Northern Ireland which 
reported that 88.3% of 53 patients successfully switched 
from FP/SAL to FP/FORM.37 A budget impact analysis in 
the UK also determined that FP/FORM share of 50% 
would be realistic usage data in a clinical setting.19

Apart from direct drug costs, our model demonstrated 
that the increased access to FP/FORM and subsequent 
improvements in exacerbation control would provide cost 
savings for the management of moderate-to-severe asthma 
in Singapore, further to previous evidence showing that 
the use of FP/FORM has been associated with a lower 
incidence of exacerbations compared to the use of FP/SAL 
or BUD/FORM.5 Similarly, previous real-world studies 
have shown that uncontrolled exacerbations were asso-
ciated with increased healthcare resource use and subse-
quently an increase in healthcare costs.8,38–40 In 
Singapore, consultation fees were reported as one of the 
main drivers of asthma-related costs from 2004 to 
2013.21,27 Our model therefore further emphasized the 
importance of FP/FORM’s enhanced control of exacerba-
tion in improving the efficiency of healthcare resource 
utilization and reducing total costs of managing moderate- 
to-severe asthma. More real-world studies comparing the 
effect of FP/FORM on exacerbation control with other 
ICS/LABA combinations would help translate clinical 
benefits of FP/FORM into cost savings in clinical practice.

The model did not consider the potential indirect cost 
savings attributed to improved work productivity as 
a result of more effective exacerbation control with FP/ 
FORM, suggesting that increased access to FP/FORM 
could result in additional cost savings generated from the 
quality of life in the real-world setting. In addition, FP/ 
FORM is currently indicated for the treatment of asthma 
only, unlike FP/SAL and BUD/FORM which are indicated 
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for the treatment of patients with severe chronic obstruc-
tive pulmonary disease and a history of repeated exacer-
bations. Therefore, the perspective of cost savings per 
patient as a result of increased access to FP/FORM was 
specific for the treatment of moderate-to-severe asthma 
only.

It is also worth noting that the exacerbation rates used 
in our analysis were derived from randomized controlled 
trials, which generally have more stringent eligibility cri-
teria (e.g. exclusion of patients who smoke or have 
a history of smoking, or patients who have experienced 
an onset of exacerbations in the last 12 months prior to 
enrolment) than real-world studies. This might have 
resulted in seemingly lower exacerbation rates in patients 
receiving ICS/LABA combinations when compared with 
the rates reported in real-world studies.17,41 Also, in the 
real-world setting, confounding environmental factors 
such as suboptimal compliance could lead to less favorable 
exacerbation outcomes.

Our model has a number of limitations. Firstly, the 
estimation of the eligible population required several 
assumptions. Diagnosis and treatment rates of asthma 
were assumed due to a lack of evidence reporting these 
rates in the local clinical setting. Also, the entirety of the 
calculated eligible population was assumed to be treated 
with a fixed-dose combination treatment without any drop- 
out, and the annual growth rate of the population receiving 
the fixed-dose combinations was assumed to remain con-
stant. These assumptions were validated by clinicians in 
Singapore through face-to-face discussions. Moreover, 
a few assumptions were made for usage data expectations 
upon including FP/FORM on government subsidy due to 
the nature of the IQVIA data. The IQVIA sales data used 
in the model were across all respiratory conditions without 
a further breakdown by disease, and thus, the model 
assumed that the disease-specific breakdown would not 
significantly change the results. Given that the IQVIA 
sales data were from both private and public sector sales, 
it was assumed that the inclusion of private sector sales 
would not significantly affect the usage data of FP/SAL 
and BUD/FORM. The usage data changes across 
2016–2018 in the IQVIA data were used to derive the 
rate of annual usage data change in the model, and thus 
assumed that it would remain constant over 5 years, as 
there were insufficient data available to estimate the usage 
data changes. The percentages of switching from FP/SAL 
and BUD/FORM were assumed and validated by clini-
cians as there were insufficient local data available in 

Singapore. Lastly, the treatment pathway used in the 
model was based on the 2017 GINA guidelines, where 
an adjustment to steps 3 and 4 of treatment with low or 
medium-to-high dose of ICS/LABA fixed dose combina-
tions was recommended for patients with moderate-to- 
severe asthma, whilst add-on treatment was recommended 
for step 5 of treatment.42 In the recently updated GINA 
guidelines, low-, medium- and high-dose ICS/LABA com-
binations were recommended for treatment steps 3, 4 and 
5, respectively.4 Applying these changes to the GINA 
guidelines for the treatment of moderate-to-severe asthma 
will increase the number of patients prescribed with high- 
dose ICS/LABA combinations. Subsequently, more 
patients will switch to the most expensive, high-dose FP/ 
FORM upon increased access to FP/FORM, and thus 
decrease the amount of cost savings that could be gener-
ated with the increased access to FP/FORM in Singapore 
due to higher drug costs. Our model had also excluded 
other treatments for moderate-to-severe asthma, such as 
biologics; future analyses including a wider range of treat-
ment options may present a broader perspective of asthma 
management.

Conclusion
The budget impact model provided a perspective for the 
first time that increased access to FP/FORM would bring 
significant cost benefits for the treatment of moderate-to- 
severe asthma. With improved exacerbation control and 
lower drug costs, increased access to FP/FORM would 
provide a more effective and affordable treatment option 
for patients with moderate-to-severe asthma in Singapore. 
Based on the developed model and strong results, further 
research in other countries and health systems would help 
to substantiate findings on a larger scale.

Abbreviations
BUD, budesonide; DPI, dry powder inhaler; FORM, for-
moterol fumarate; FP, fluticasone; GINA, Global Initiative 
for Asthma; ICS, inhaled corticosteroid; HSA, Science 
Authority; LABA, long-acting β2 agonist; OCS, oral cor-
ticosteroid-requiring; pMDI, pressurized metered-dose 
inhaler; SAL, salmeterol xinafoate.
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