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Abstract

Objective The objective of this article was to summarize
the findings of all the available studies on alternative
pharmacological treatments for asthma and assess their
methodological quality, as well as to identify the main
drivers of the cost effectiveness of pharmacological treat-
ments for the disease.

Methods A systematic review of the literature in seven
electronic databases was conducted in order to identify all
the available health economic evidence on alternative
pharmacological treatments for asthma published up to
April 2017. The reporting quality of the included studies
was assessed using the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) statement.
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Results A total of 72 studies were included in the review,
classified as follows: medications for acute asthma treat-
ment (n =5, 6.9%); inhaled corticosteroids (ICS) admin-
istered alone or in conjunction with long-acting -agonists
(LABA) or tiotropium for chronic asthma treatment
(n =38, 52.8%); direct comparisons between different
combinations of ICS, ICS/LABA, leukotriene receptor
antagonists (LTRA), and sodium cromoglycate for chronic
asthma treatment (n = 14, 19.4%); and omalizumab for
chronic asthma treatment (n = 15, 20.8%). ICS were
reported to be cost effective when compared with LTRA
for the management of persistent asthma. In patients with
inadequately controlled asthma taking ICS, the addition of
long-acting P-agonist (LABA) preparations has been
demonstrated to be cost effective, especially when com-
binations of ICS/LABA containing formoterol are used for
both maintenance and reliever therapy. In patients with
uncontrolled severe persistent allergic asthma, omalizumab
therapy could be cost effective in a carefully selected
subgroup of patients with the more severe forms of the
disease. The quality of reporting in the studies, according
to the CHEERS checklist, was very uneven. The main cost-
effectiveness drivers identified were the cost or rate of
asthma exacerbations, the cost or rate of the use of asthma
medications, the asthma mortality risk, and the rate of
utilization of health services for asthma.

Conclusions The present findings are in line with the
pharmacological recommendations for stepwise manage-
ment of asthma given in the most recent evidence-based
clinical practice guidelines for the disease. The identified
reporting quality of the available health economic evidence
is useful for identifying aspects where there is room for
improvement in future asthma cost-effectiveness studies.
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Key Points for Decision Makers

In acute asthma, nebulized magnesium sulphate
(MgS04), oral dexamethasone, inhaled ipratropium
bromide, and levalbuterol seem cost effective when
contrasted with relevant comparators.

Inhaled corticosteroids (ICS) are cost effective when
compared with leukotriene receptor antagonists
(LTRA) for the management of persistent asthma. In
patients with inadequately controlled asthma taking
ICS, the addition of long-acting B-agonist (LABA)
preparations has been shown to be cost effective
when compared with other relevant strategies, such
as the addition of LTRA to the same doses of ICS or
doubling the doses of ICS. In patients with
uncontrolled severe persistent allergic asthma,
omalizumab therapy could be cost effective in a
carefully selected subgroup of patients with the more
severe forms of the disease when compared with
standard therapy.

Overall, the findings from this systematic review of
economic evidence are in line with the
pharmacological recommendations for stepwise
management of asthma given in the most recent
evidence-based clinical practice guidelines for the
disease.

1 Introduction

Asthma is a disease that remains an important and chal-
lenging public health problem worldwide, not only in
children but also in adults [1]. This is because despite
important advances in the knowledge of its physiopathol-
ogy and the clinical aspects of its treatment, particularly
over the past 20 years, the disease still produces a con-
siderable clinical impact on patients and a significant
economic burden to patients and their families, as well as
to healthcare systems and to society as a whole [2]. The
economic burden of the disease is considerable in terms of
direct, indirect, and intangible costs [3].

A wide variety of pharmacological options have
demonstrated efficacy for the prevention and treatment of
asthma, potentially reducing the burden of the disease by
reducing the costs of managing patients with poorly con-
trolled disease [4, 5]. However, although pharmacological
treatments have the potential of decreasing the burden and
costs of asthma, they also represent the primary component
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of direct medical expenditures [6], due to, among other
factors, the availability in recent years of more expensive
options, such as combination inhalers and biological
treatments [7]. This fact underlines the importance of
evaluating the costs and outcomes of the different phar-
macological treatment options for asthma by means of
economic evaluations [7]. Economic evaluations are
increasingly being used for decision making because they
offer crucial information for clinicians and decision makers
in deciding the best treatment options for patients in a more
rational and transparent form, therefore contributing to
ensuring an efficient use of the available healthcare
resources [8]. Among economic evaluations, asthma cost-
effectiveness analyses (CEA) have been considered as
pivotal in guiding the choice of the most efficient treatment
option, measuring consequences in natural units (such as
proportions of symptom-free days and episode-free days),
or in terms of preference-based measures of health (such as
quality-adjusted life-years [QALYSs] or disability-adjusted
life-years) in a variant of these studies, called cost-utility
analysis (CUA) [8].

Several CEA and CUA studies of the various pharma-
cological treatment options for asthma have been pub-
lished, making reading all of them a time-consuming
process for busy clinicians and decision makers dealing
with asthmatic patients. Therefore, it would be useful for
most readers to have a summary of all this economic evi-
dence in one manuscript. Although we acknowledge the
publication of previous systematic reviews intended to
summarize all the available evidence on the cost effec-
tiveness, and other economic studies of the different
pharmacological treatment options for asthma [7, 9-13],
the most recent review was focused on evaluating the lit-
erature regarding the use of asthma-specific outcome
measures instead of the identification of the main drivers of
the cost effectiveness of pharmacological treatments for the
disease [13]. Additionally, although some of the reviews
have assessed the reporting quality of the primary included
studies, none of these reviews has made this assessment,
using a new and improved instrument (the Consolidated
Health Economic Evaluation Reporting Standards
[CHEERS] statement) that is designed to consolidate and
update previous efforts for quality assurance of health
economic studies [14].

Accordingly, there is a need for updated studies that
summarize and assess the reporting quality of all the
available evidence on economic studies of the different
pharmacological treatment options for asthma using the
above-mentioned instrument. This is essential for identi-
fying the main drivers of pharmacological cost effective-
ness, and contributing to ensuring an efficient use of the
available healthcare resources when treating asthmatic
patients.
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As such, the objective of this article was to summarize
the findings of all the available studies on alternative
pharmacological treatments for asthma and assess their
methodological quality, as well as to identify the main
drivers of the cost effectiveness of pharmacological treat-
ments for the disease.

2 Methods
2.1 Literature Search

A systematic review of the English and Spanish literature
was conducted in order to identify articles published up to
April 2017 that provided data on a comparative analysis
of alternative pharmacological treatments for asthma in
terms of both their costs and their consequences. The
following electronic databases were searched: MEDLINE
(PubMed), EMBASE, Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Tufts CEA Registry,
SCOPUS, the NHS Economic Evaluation Database (NHS
EED), and the Health Economic Evaluations Database
(HEED). Additionally, we screened the reference lists of
relevant reviews and included those studies that were
identified.

The PubMed search strategy included the following
search terms: (‘Economics, Medical’ OR ‘Cost—Benefit
Analysis’) AND ‘Asthma’. The Medical Subject Heading
(MeSH) term ‘Cost—Benefit Analysis’ includes the fol-
lowing nested entry terms: Economic Evaluation; Eco-
nomic Evaluations; Evaluation, Economic; Evaluations,
Economic; Cost Effectiveness; Effectiveness, Cost; Cost-
Effectiveness Analysis; Analysis, Cost-Effectiveness
Analysis; Cost-Utility Analysis; Analyses, Cost-Utility;
Analysis, Cost-Utility; Cost Utility Analysis; Cost-Utility
Analyses; Analyses, Cost—Benefit; Analysis, Cost—Bene-
fit; Cost—Benefit Analyses; Cost—Benefit Analysis; Anal-
yses, Cost—Benefit; Analysis, Cost—Benefit; Cost—Benefit
Analyses. To be included, studies had to meet all the
following criteria: (1) a comparative analysis of alterna-
tive pharmacological treatments for acute and chronic
asthma (including pharmacological treatment options
suitable for both maintenance and reliever bronchodilator
treatment); (2) comparative analyses in terms of both the
cost and consequences of the alternatives (including cost-
minimization studies); and (¢) measurement and valuation
of consequences, in terms of either natural units, prefer-
ence-based measures of health, or monetary units. Studies
were included irrespective of the setting and study per-
spective. Studies published solely in abstract form were
excluded because the methods and results could not be
fully analyzed. Likewise, studies dealing with alternative
formulations, delivery methods, routes of administration,

and administration options for asthma medications with-
out direct comparisons between alternative pharmaco-
logical treatments were excluded from this review.

Two review authors (CERM and JACR) independently
screened the titles and abstracts of articles retrieved by the
electronic and print searches for eligibility, according to
the above-mentioned inclusion criteria. One of the review
authors retrieved full-text articles of all those deemed
potentially eligible, for closer examination. Disagreements
on eligibility were resolved through discussion and, when
disagreements could not be resolved, by seeking advice
from the third author.

2.2 Data Extraction

We developed a standardized data collection form a priori
to capture specific items of data needed for the review. We
pilot tested the data extraction form with a sample of five
included studies to guarantee clarity, completeness, and
ease of use.

We extracted data on geographical region of study,
target population/setting, details of the participants (in-
cluding age group), comparators, type and duration of the
interventions, type of economic evaluation, cost perspec-
tive, source of cost data, source of effectiveness data,
method of cost calculation, funding source, time horizon,
the incremental cost-effectiveness ratio (ICER), whether
they were model-based versus trial-based, and whether
discounting was performed. Base-case estimates for both
costs and effectiveness were used if sensitivity analyses
were performed. For studies that performed some type of
sensitivity analysis, we identified and extracted any vari-
able that may potentially have changed the study conclu-
sions. Two review authors (CERM and JACR)
independently extracted data from economic studies and
recorded it on the specially designed form. Disagreements
were discussed with the third reviewer and resolved by
consensus.

In order to identify the main cost-effectiveness drivers,
we first determined the studies that performed some type of
sensitivity analysis, and thereafter we identified any vari-
able that may potentially change the study conclusions.

2.3 Assessment of Quality and/or Reporting
of the Primary Health Economic Studies

Two review authors (CERM and MPSB) independently
assessed the reporting quality of the included studies.
Disagreements were discussed with the third reviewer and
resolved by consensus. The reporting quality of the eco-
nomic studies included in the review was assessed using
the CHEERS statement, an instrument that was designed to
provide recommendations to optimize reporting of health
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economic evaluations [14], in an attempt to consolidate and
update previous similar efforts [15-23]. The CHEERS
checklist is based on the format of the Consolidated
Standards of Reporting Trials statement checklist and was
developed by a task force supported by the International
Society for Pharmacoeconomics and Outcomes Research in
accordance with current recommendations for the devel-
opment of reporting guidelines, using an international and
multidisciplinary team of editors and content experts in
economic evaluation and reporting [24]. The final recom-
mendations are subdivided into six main categories: (1)
title and abstract; (2) introduction; (3) methods; (4) results;
(5) discussion; and (6) other. The recommendations are
contained in a user-friendly, 24-item checklist (Table 9).
Each item of the CHEERS checklist was graded from one
to three (indicating studies that reported well, reported
poorly, or did not report).

2.4 Drivers of Cost Effectiveness

In order to identify the main cost-effectiveness drivers, we
first determined the studies that performed some type of
deterministic sensitivity analysis, and thereafter we iden-
tified any variable that may potentially have changed the
study conclusions after performing a critical evaluation of
the methods and study characteristics (e.g. model structure,
assumptions, comparator choice, discounting rate, mortal-
ity rates, exacerbation rates, sources of data, time horizon,
etc.).

3 Results
3.1 Results of the Search

Figure 1 shows the study selection process. The systematic
search of databases retrieved 532 references. Among those,
we excluded 475 studies. The most common reasons for
excluding studies that met our initial search were a lan-
guage other than English or Spanish, outcomes not related
to cost-effectiveness or other economic issues, studies not
focused on pharmacological management of asthma, and
studies not reporting primary data (editorials, reviews,
letters, commentaries, discussion pieces, or methodological
reports). We identified 21 additional potentially relevant
studies from reference lists, of which 15 finally met the
inclusion criteria. In the end, 72 cost-effectiveness and
other economic studies evaluating alternative pharmaco-
logical treatments for acute asthma were included in the
review.
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3.2 Study Descriptions

3.2.1 Results by Pharmacological Group Class
or Comparison Groups Evaluated

Tables 1, 2, 3, 4, 5, 6, 7 and 8 contain detailed information
on each of the economic studies organized by the phar-
macological group class or the comparison groups evalu-
ated: medications for acute asthma treatment [25-29]
(Tables 1, 2), inhaled corticosteroids (ICS) administered
alone or in conjunction with long-acting B-agonist (LABA)
preparations or tiotropium [30-67] (Tables 3, 4), direct
comparisons between different combinations of ICS, ICS/
LABA, leukotriene receptor antagonists (LTRA), and
sodium cromoglycate [68-82] (Tables 5, 6), and omal-
izumab [83-97] (Tables 7, 8). Of the total 72 studies
reviewed, 10 (13.8%) evaluated ICS [31, 32, 44, 53,
57, 60, 62, 98-100], 23 (31.9%) evaluated ICS/LABA
combinations [30, 33-43, 45-48, 50, 51, 54, 55, 59,
65, 66], 15 (20.8%) evaluated omalizumab [83-97], and
the remaining 24 (33.3%) tested several other different
combinations of controller medications and medications
for acute asthma treatment [25-29, 37,47, 52, 54, 67-81].

3.2.2 Main Study Characteristics

Most of the studies were performed in North America (n
= 20, 27.7%) and the UK (n =1 7, 23.6%); only three
(4.2%) of the studies were performed in a Latin American
country.

In nearly half of the studies (n = 30, 41.7%), analyses
included both pediatric and adult patients, and only 11
studies (15.0%) included exclusively pediatric patients.

The most frequent type of economic evaluation was the
CEA in 57 (79.2%) studies, followed by the CUA in 23
(31.9%) studies (11 studies performed both types of
analyses).

More than half of the studies (n =37, 51.4%) used a
healthcare provider cost perspective, while 19 (26.4%)
studies used both a healthcare and a societal perspective,
and 11 (15.3%) used a societal perspective for measuring
costs.

Randomized clinical trials (n =37, 51.4%) and literature
review (n =11, 15.3%) were the two most frequent methods
for obtaining efficacy data.

Further characteristics of the included studies are listed
in Tables 1, 2, 3, 4, 5, 6, 7 and 8.

3.2.3 Results for the Quality of Reporting of the Included
Studies

As mentioned above, we assessed the reporting quality of
the 72 included studies using the CHEERS checklist. The
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Electronic databases
n=>532

'

Potentially relevant documents for further
evaluation
n=>5/

¢

search —>

Documents excluded as not relevant because
they did not perform a comparative analysis of
alternative pharmacological treatments for
acute or chronic asthma
n=475

Relevant documents for inclusion in the review
n=>57

<+ from reference lists

Additional potentially relevant studies identified

n=21

'

Potentially relevant documents for further

n=78

Studies that met the inclusion criteria and that
were finally included in the review
n=72

evaluation —>

Documents excluded
n=6

Studies not focused on pharmacological
management of asthma (n = 2)

Studies dealing with alternative formulations,
delivery methods, routes of administration, and
administration options for asthma medications
without direct comparisons between alternative
pharmacological treatments (n = 4)

Fig. 1 Study selection process for studies reporting alternative pharmacological treatments for asthma

title of the majority of the articles (n = 67, 93.0%) iden-
tified the study as an economic evaluation. Most articles (n
= 60, 91.7%) provided an explicit statement of the broader
context for the study and presented the study question and
its relevance for health policy or practice decisions.
Although the articles generally described the perspective of
the study and related this to the costs being evaluated, a
specific statement regarding the perspective of the study
was missing in 10 (13.9%) studies. The majority of the
studies (n = 46, 63.9%) did not report the choice of dis-
count rate(s) used for costs and outcomes, presumably
because the majority of the studies had a time horizon of
1 year or less. A total of 53 (73.6%) studies properly
reported the method used to measure effectiveness, and

nearly half of the studies (n = 40, 55.5%) reported any
potential conflict of interest of the study contributors.

Further results of the quality of reporting for the inclu-
ded studies are listed in Table 9.

3.3 A Ciritical Review of Findings and Methodology
3.3.1 Medications for Acute Asthma Treatment

Only a few studies (5, 6.9%) have examined the cost
effectiveness of medications for acute asthma treatment,
being limited to evaluations of the value for money of

nebulized magnesium sulphate (MgSO4) [compared with
isotonic saline] [26], oral dexamethasone (compared with
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Table 1 Characteristics of economic studies evaluating medications for acute asthma treatment: methodology

Funding source

Scientific or

Scientific or academic Scientific or academic

Funding source not

Scientific or academic

academic explicitly stated
Sensitivity PSA No PSA No PSA No PSA No sensitivity analysis
analyses
Discounting, Not necessary, Not necessary, not Not necessary, not Not necessary, not Not necessary, not
time horizon 1 month explicitly stated explicitly stated explicitly stated explicitly stated
Source of RCT. No Non-systematic literature Clinical trial Literature reports Medical records from
effectiveness justification for review two hospitals
data only one source of

Source of cost
data

Source of
resource-use
data

Cost
perspective

Type of
economic
evaluation,
model vs.
trial-based
study

Comparators

Type of
interventions

Target
population/
setting, age

clinical data for
treatment

A variety of
primary and
secondary sources

Primary hospital
attendances and
postal
questionnaires

Third-party payer
and a societal
perspective.
Productivity
losses associated
with time off work
included

CEA and CUA.
Source of utility
weights stated

All relevant
comparators

Isotonic MgSO4 vs.
isotonic saline

ED and children’s
assessment units
at 30 hospitals,
2-15 years

Powell et al. (2013),
UK 26]

A variety of primary and
secondary sources

Non-systematic literature
review

Third-party payer and a
societal perspective.
Productivity losses
associated with time off
work included.

CEA, model-based study
(decision analysis
model)

Selective comparators

Oral dexamethasone vs.
oral
prednisoneprednisolone

Pediatric asthma cases
with acute
exacerbations at
ED, < 19 years

Andrews et al. (2012),
US [25]

Maximum retail prices of
the drugs

CT

Healthcare perspective

CMA, model-based study
(decision analysis
model)

All relevant comparators

4 mg of oral salbutamol or
placebo as adjuvant
treatment

Patients with seasonal or
perennial
asthma > 50% of the
days for at least
3 months/year
for > 2 years at
outpatient
clinics, > 17 years

Thomas et al. (1996),
India, Canada [29]

Not stated

Medical records from
two hospitals

Healthcare
perspective
(analyses only
considered prices
of the drugs)

CEA, trial-based
study

Not explicitly stated
the comparators

The comparator was
not stated

Adults with severe
acute
asthma, > 14 years

Rodrigo and Rodrigo
(2003), Uruguay
[27]

Hospital charges
submitted to patients

Retrospective
observational case
review from two
hospitals

Healthcare
perspective

CEA, trial-based
study

All relevant
comparators

Racemic albuterol vs.
levalbuterol in
addition to standard
treatments, e.g.
corticosteroids and
oxygen

Patients with a
primary or
secondary diagnosis
of acute asthma who
required
nebulization with a
SABA, > 1 year

Schreck and Babin
(2005), US [28]

PSA probabilistic sensitivity analysis, RCT randomized controlled trial, CT clinical trial, CEA cost-effectiveness analysis, CUA cost-utility
analysis, CMA cost-minimization analysis, MgSO4 magnesium sulphate, ED Emergency Department, SABA short-acting [2-agonists

oral prednisone/prednisolone) [25], oral B-agonists as
adjuvant therapy to inhaled B-agonist therapy (compared
with placebo) [29], inhaled ipratropium bromide [27], and
levalbuterol (compared with racemic albuterol) [28]. In
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agonists has

benefit

each case, the medication evaluated was claimed to be cost
effective, except for the study that evaluated oral B-ago-
nists, which reported that treatment with adjuvant oral B-
little additional

for reducing
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Table 2 Results of economic studies evaluating medications for acute asthma treatment

Main drivers of cost ICERs

effectiveness

Conclusions of the study authors

Powell et al.
(2013) [26]

Utility values

Andrews et al. Admission rate and ED relapse
(2012) [25] rate
less costly)

Cost of salbutamol and Not calculated
probability of use of

salbutamol

Thomas et al.
(1996) [29]

Form of administration of
ipratropium bromide (inhaled
vs. nebulized)

Rodrigo and
Rodrigo
(2003) [27]

Schreck and
Babin (2005)
[28] less costly)

No sensitivity analysis

£189 per unit decrement in ASS
£175,598 per QALY gained

Not calculated. Dexamethasone
dominates (more effective and

Not calculated. Ipratropium
bromide dominates (more
effective and less costly)

Not calculated. Levalbuterol
dominates (more effective and

Addition of MgSO4 to standard treatment may be
more cost-effective than standard treatment only

Two days of dexamethasone is both clinically more
effective and cost saving than 5-days of prednisone/
prednisolone

Adjuvant oral SABA are not cost-effective in
asthmatics using an inhaled SABA

Ipratropium bromide results cost effective, leading to
a significant saving of resources in adults with
severe exacerbation

Levalbuterol in the ED for patients with acute asthma
may be a cost-effective alternative to racemic
albuterol

ASS Asthma Severity Score, ED Emergency Department, MgSO4 magnesium sulfate, QALY quality-adjusted life-year, SABA short-acting [2-

agonists, /CER incremental cost-effectiveness ratio

bronchoconstriction or improving the quality of life in
chronic asthmatics who are using inhaled short-acting [2-
agonists (SABA), and it was associated with greater costs
and side effects [29]. However, a few aspects deserve
mention because they may have had an impact on the
results of the studies. Although the majority of the studies
included some kind of sensitivity analysis, only one per-
formed a probabilistic sensitivity analysis (PSA), a useful
analysis for determining the probability of making a correct
overall decision. Additionally, none of the analyzed studies
took a societal perspective, ignoring the impact on study
results of lost work productivity and other costs not
included when studies only take a health payer perspective.
Two notable aspects that enhanced the overall transparency
and credibility of the findings of the studies were that all
but two of the studies assessed the cost effectiveness of all
relevant comparators, and none of the studies was spon-
sored by a pharmaceutical company (although one study
did not explicitly state the funding source).

3.3.2 Inhaled Corticosteroids (ICS) Administered Alone
or in Conjunction with Long-Acting [}-Agonists
(LABA) or Tiotropium for Chronic Asthma
Treatment

A number of studies have examined the cost effectiveness
of ICS administered alone or in conjunction with LABA.
Different studies have shown the cost effectiveness of ICS
in patients with persistent asthma, even for developing
countries with financial constraints [61, 66]. With respect
to the choice among the different ICS, although there are
reports that have shown that management with fluticasone

propionate (FP) is more cost effective than with budes-
onide (BUD) or with flunisolide [31, 57], a study per-
formed in a developing country showed that FP could be
more cost effective than beclomethasone dipropionate
(BDP), depending on the willingness-to-pay threshold [53].

In patients with inadequately controlled asthma taking
ICS, the cost effectiveness of adding LABA preparations
(salmeterol or formoterol) to ICS (FP, BUD or BDP) has
been claimed in several studies [30, 35, 40, 42]. These
studies have reported that combined ICS and LABA
preparations are more cost effective than ICS alone at the
same doses, and even at double doses [35, 40]. Further-
more, the published literature indicates that fixed combi-
nations of ICS and LABA are more cost effective than the
same drugs delivered via separate inhalers [33]. With
respect to the choice among the different LABA prepara-
tions, although an old study found no evidence to suggest
that either LABA treatment (formoterol and salmeterol)
administered alone was more cost effective than the other
[54], more recent evidence has shown that combinations of
ICS and formoterol could be cost effective when compared
with combinations of ICS and salmeterol, being associated
with cost savings and superior (or at least equivalent)
clinical efficacy [38, 41]. The latter is especially true when
the combination of ICS and formoterol (BUD/formoterol
being the more extensively studied combination) is used
for both maintenance and reliever therapy (SMART). A
number of studies have shown that the SMART strategy
could be cost effective when compared with other alter-
native strategies, such as fixed-dose FP/salmeterol plus as-
needed salbutamol or terbutaline as reliever therapy [46].
Furthermore, a body of evidence has shown that the
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Cost Effectiveness of Pharmacological Treatments for Asthma

Table 4 Results of economic studies evaluating ICS administered alone or in conjunction with LABA preparations or tiotropium for chronic

asthma treatment

Main drivers of cost effectiveness

ICERs

Conclusions of the study authors

Miller and
FitzGerald
(2008) [45]

Wickstrom
et al. (2009)
[59]

Price et al.
(2007) [51]

Miller et al.
(2007) [46]

Goossens et al.

(2009) [39]

Lundborg et al.

(2006) [43]

Stallberg et al.
(2008) [55]

Sullivan et al.
(2003) [62]

Malone and
Luskin
(2003) [44]

Paggiaro et al.
(2013) [48]

Ismaila et al.
(2014) [40]

Miyagawa
et al. (2006)
[47]

Bruggenjurgen
et al. (2005)
[34]

Bruggenjurgen
et al. (2010)
(33]

Number of SMART inhalations

Cost of Bud/Form

The annualized rate of
exacerbations and the costs
(excluding Bud/Form and SFC)

Inclusion of productivity losses

No sensitivity analysis

Drug and non-drug unit costs

Change in Bud effect over time,
cost of ED visits and cost of
office-based visits

Form of formulation of SFC

Efficacy inputs

No sensitivity analysis

Drug costs

Not calculated. SMART dominates (more
effective and less costly)

Not calculated. SMART dominates (more
effective and less costly)

Not calculated. SMART dominates (more
effective and less costly)

Not calculated. SMART dominates (more
effective and less costly)

Not calculated. SMART does not affect
health outcomes and does not increase
costs

Not calculated. SMART is equally effective
and less costly)

Not calculated. SMART is equally effective
and less costly)

$11.30 (95% CI $8.60-$14.90) from the
healthcare payer perspective and $3.70
per symptom-free days gained (95% CI
$0.10-$8.00) from the societal
perspective

—$5.77 (95% CI —$68.08 to —$4.08) per
symptom-free days gained

High-dose dry powder SFC 1000/100 mg
vs. extra-fine BDP/Form 400/24 mg was
above £70,000 and €200,000/QALY. An
ICER of £29,000/QALY and above
€30,000/QALY was associated with
medium-dose dry powder SFC
500/100 mg vs. BDP/F 400/24 mg

$43,000 to $54,400 per QALY gained for
SFC compared with no FP dose change,
and $25,000-$3500 per QALY gained
compared with increased FP dose
scenarios

Not calculated. ICS/salmeterol dominates
(more effective and less costly)

Not calculated. Adjustable maintenance
dosing is equally effective and less costly)

€9.77 per additional day free of asthma
symptoms

SMART strategy is dominant over fixed
higher dose Bud/Form plus prn
terbutaline or fixed-dose SFC plus prn
terbutaline

SMART strategy is cost effective compared
with higher dose of ICS, higher dose of
ICS/LABA, and a similar dose of ICS/
LABA

Compared with higher fixed-dose Bud/
Form and SFC, SMART reduces severe
exacerbations at a lower or similar overall
cost and is cost effective

SMART strategy proved to be more
effective and less expensive than a
strategy of clinician-directed titration of
SFC with salbutamol as reliever therapy

SMART strategy instead of ICS plus
bronchodilators does not affect health
outcomes and does not increase costs

SMART strategy is equally effective and
cheaper compared with double the
maintenance dose of Bud/Form 4 Form
pm

Direct cost savings with SMART strategy
compared with conventional treatment
regimens with at least equivalent efficacy

Bud appears to be cost effective in mild-
persistent asthmatic of recent onset

HFA-BDP was a dominant therapy (more
effective, less costly) compared with
CFC-BDP

Stepping down from high-dose SFC to
extra-fine BDP/Form is cost effective

SFC is cost effective compared with
doubling FP dose

ICS/salmeterol appears to be efficacious
and cost effective

Adjustable maintenance dosing strategy is
similar for HRQoL, but at lower cost, than
fixed dosing

BDP/Form fixed combination is superior to

BDP + Form delivered via separate
inhalers
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C. E. Rodriguez-Martinez et al.

Table 4 continued

Main drivers of cost effectiveness

ICERs

Conclusions of the study authors

Doull et al.
(2007) [35]

Gerzeli et al.
(2012) [38]

Johansson et al.
(2006) [41]

Ericsson et al.
(20060 [36]

Price et al.
(2004) [50]

Rodriguez-
Martinez
et al. (2013)
[53]

Weiss et al.
(2006) [58]

Lundback et al.
(2000) [42]

Stempel et al.
(2000) [56]

Andersson
et al. (2001)
[30]

Everden et al.
(2002) [37]

Perera (1995)
[61]

Bisgaard et al.
(2001) [32]

Price and
Briggs (2002)
[101]

Johansson et al.
(1999) [64]

Drug costs

No sensitivity analysis

Proportion of patients managed
at Step 3, proportion of
budesonide/Form patients
currently self-managed, and
one-off education costs

Cost of asthma exacerbation

The cost of Bud, and the length
of hospital stay

Inclusion of productivity losses
and cost of asthma
exacerbations

No sensitivity analysis

Compared with an increased dose of SFC
either ‘dominates’ (i.e. cheaper and more
effective) FP or the cost per QALY is
£6852

Not reported

Not calculated. SMART dominates (more
effective and less costly)

Not calculated.

Not calculated. SMART is equally effective
and less costly)

The incremental cost-utility ratio of FP
compared with BDP was £19,835.28 per
QALY

$10.50 (95% CT $1.20-33.30) per
symptom-free days gained

Costs per additional successfully treated
week, symptom-free day and episode-free
day with SFC were SEK31.6 ($US3.9),
SEK9.2 ($US1.1) and SEK7.7 ($US0.9),
respectively, relative to budesonide

FP dominates (more effective and less
costly)

The incremental cost per symptom-free
days ranged between €2.51in Spain and
€6.60 in the UK.

Not calculated. Eorm dominates (more
effective and less costly)

Not calculated

- Not relevant. FP dominates (more effective

Asthma management costs

and less costly)

The average incremental cost per successfully

controlled week with SFC was £20.83

- The cost to achieve an additional successfully

treated week with SFC was an additional
SEK133.4 ($US16.18) per week

Is a cost-effective option to switch to SFC
(at an equivalent ICS dose) compared
with increasing ICS dose

BDP/Form compared with SFC strategy is
associated with a cost reduction and
equivalent clinical efficacy

Compared with SFC, SMART may be cost
effective from a societal perspective,
providing a reduction of severe
exacerbation

Bud/Form in single inhaler is more
effective than higher dose FP. It is cost-
neutral and may provide cost savings in
some countries

SMART strategy provided equivalent
HRQoL to fixed dosing at lower cost

BDP is the most cost effective when
willingness to pay is less than £21,129.22/
QALY, otherwise,FP is the most cost-
effective therapy

Early intervention with once-daily Bud
added to usual care is cost-saving from a
societal perspective and is acceptably cost
effective when viewed from a healthcare
payer perspective

SFC is a more cost effective treatment than
Bud in the management of moderate to
severe asthma

FP was more effective and less expensive
than Bud

Adding the inhaled, LABA formoterol to
low—moderate doses of the ICS Bud
generated gains in all outcome measures
with partial or complete offset of costs,
and can be considered cost effective

Form by Turbohaler was more effective and
less expensive than salmeterol by
Accuhaler

Even for developing countries with
financial constraints, ICS treatment for
prophylaxis of asthma is a cost-effective
and rational form of treatment

FP is cost effective relative to standard
therapy with bronchodilators alone

SFC is cost effective compared with FP at
same doses

SFC was more cost effective than FP
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Cost Effectiveness of Pharmacological Treatments for Asthma

Table 4 continued

Main drivers of cost effectiveness

ICERs

Conclusions of the study authors

Palmgqyvist et al.

(1999) [63]

Volmer et al.
(1999) [57]

Rutten-van

Molken et al.

(1998) [54]

Paltiel et al.
(2001) [60]

Price and
Appleby
(1998) [99]

Barnes et al.
(1999) [31]

Stanciole et al.
(2012) [66]

Price et al.
(2013) [65]

Willson et al.
(2014) [67]

The effect of ICS efficacy, and
the percentage decrement in
HRQoL because of side
effects of ICS

No sensitivity analysis

Age weights and the discount
factor

The cost of the ‘uncontrolled
asthma’ state

The additional costs to achieve an additional
successfully treated week, symptom-free day
and episode-free day were SEK12.6
($US1.53) per patient per week, SEK3.9
($US0.47) per patient per day and SEK3.9
($US0.47) per patient per day, respectively

The additional costs per additional symptom-
free day ranged between DM5.87 and
DM6.04, and between DM2.61 and DM2.83
per each additional successfully treated
patient per day

Not calculated (both costs and outcomes were
not significantly different)

Compared with quick relievers alone, an
incremental cost of $13,500 per QALY
gained and $7.50 per additional symptom-
free day

Not calculated

Not relevant (FP is a dominant strategy)

Low-dose ICS most cost-effective
Intervention, with average cost per DALY
averted of $2500

Using exacerbation prevention as treatment
effective, efBDP-FOR has 75% probability
of cost effectiveness

Add-on tiotropium therapy resulted in an
ICER of £21,906 per QALY gained

SFC was more effective for a similar
overall healthcare cost and was more cost
effective than FP

FP was more cost effective than flunisolide

No evidence to suggest that either treatment
(Form and salmeterol) was more cost
effective than the other

ICS appear to deliver good comparative
value

Asthmatic patients with persistent
symptoms and frequent exacerbations,
switching to FP can bring improvement
clinically and be cost effective

FP is more effective and also cheaper, in
terms of overall healthcare costs, than
Bud

Low-dose ICS for mild—persistent asthma
considered most cost-effective

Switching from SFC to efBDP-FOR at
equivalent or lower ICS dose is cost
effective

Tiotropium add-on is cost effective for
patients with uncontrolled asthma

BDP beclomethasone dipropionate, Bud budesonide, CFC chlorofluorocarbon, CI confidence interval, DM Deutsche Mark, efBDP-FOR extra-
fine particle beclometasone dipropionate-formoterol Form formoterol, DALY disability-adjusted life-years, ED Emergency Department, FP
fluticasone propionate, HFA-BDP hydrofluoroalkane-134a-beclomethasone dipropionate extrafine aerosol, HRQoL health-related quality of life,
ICERs incremental cost-effectiveness ratios, /CS inhaled corticosteroids, LABA long-acting [2-agonists, prn as needed, QALY quality-adjusted
life-year, Salm salmeterol, SEK Swedish Krona, SFC salmeterol/fluticasone propionate, SMART single-inhaler maintenance and reliever therapy

SMART strategy is cost effective over other strategies that
use formoterol as the LABA component, such as fixed
higher-dose BUD/formoterol plus as-needed salbutamol or
terbutaline as reliever therapy [45, 51] and doubling the
maintenance dose of BUD/formoterol plus formoterol as
needed [43].

One study evaluated the cost effectiveness of tiotropium
as add-on to the usual care in asthma patients who are
uncontrolled despite treatment with an ICS/LABA combi-
nation, showing that tiotropium was cost effective, result-
ing in an ICER of £21,906 per QALY gained [67].

Although most of these studies reported that their
interventions were cost effective, in our opinion this was
not always supported by the methodology of the studies,
for several reasons. First, most of the studies used clinical

trial efficacy data instead of effectiveness data, making it
possible that they did not truly represent real-life health
outcomes. For example, it has been well-documented that
real-life patients often have poor inhalation technique and
suboptimal adherence levels to inhaled medications, which
are associated with worse health outcomes. Therefore, the
use of clinical trial efficacy data could have led to over-
estimation of the actual benefits of the intervention of
interest. Along the same line, two other common aspects
that could have also resulted in overestimation of the actual
benefits of these interventions are the assessment of a
limited and selective number of comparators and spon-
sorship by a pharmaceutical company. Specifically, all of
the 10 studies that compared ICS with some combination
of ICS and LABA [30, 35, 36, 39, 40, 42, 59, 63, 64, 101]

A\ Adis



C. E. Rodriguez-Martinez et al.

[eL]

EERIISEIN syjuowr 7| VILT + SOI steak g1 < ‘Adereyy SN “(2007)

yI[eoy uedIsAyd pue JoN Apnis ‘s107eredWOo pue ‘[oro)owies + 4  [enp o1 Aderoyjouowr §OJ WOIJ pAYINIMs pey QLRE)
)[eoH ‘ApmiIs [BUOT}BAIISQQ) aanoadsiad s 10heg peseq-[eln ‘v EINSBEIEIN -uou SOI ‘DAS eyl ewIy)se Jo SISOuIeIp ATepuodas 1o ArewLd Iouuo).Q

papnpout

aAndadsiod sIedk [18]

(spred Arerp-juonied  [BIQI00S puUB QIIAIOS Apms paseq-[eLn ‘s10jerRdWod SDI 0 sreak 08—¢1 N ‘(0102)
‘erep aonoeid do) 1D YIBSH [BuoneN N ‘VND pue vaD QAIIOJ[AS  UO-PpE SB VIV SA VILT ‘SDI 9S0p-mO[ 211dsap onewiyise po[[onuodu) ‘[8 19 UOS[IA

[cL]

Syoam T SN “(+007)

aAnoadsiad s 1oked Apnis paseq-[ern ‘s10je1RdWOD SIBAA G < ‘SDI andsop onewoidwks RRE]
1D Ked-piy SN ‘VIND Pue VAD EINGRE] NN INOW + dd 'sa DAS syjuow 9 1sed[ Je 10j sjuened onewyIsy Iouuo) .0

skep 0LC s1eak §] < ‘stsouSerp vwyise Ioy) [oL]

Apms ‘s10je1RdWOD 0} Joud syjuow 9 Y} UI UONEIIPIW BUUYISE SN “(9002)
aseqeep predsIpajy oo 1Aed Ared-payg, paseq-rein ‘ygD EINSBEIEIN VILT-UOU 'SA VY11 Uue 1oJ wred Aoewreyd | ISe9 je OneWYISY  [e 19 UOJBSH

Syoam T [69]

Apms ‘s10je1RdWOD SIBQK G] < ‘ouole SN “(S007)
1D aanoadsiad s 10ked paseq-e ‘vg) QAT}OJ[OS INOW 'SA DAS VIVS ® )M PI[[oNuodUN BWYISE JUASISIdd  Te 19 Ioylog

aandadsiod (Jopowt syjuowr 7| [LL]

SOIpNIS [BUOIIBAIISQO 10Aed suoneziuesio uoIsIodp ©) Apmis ‘s107eIedWOd VILT pue 44 paels sn ‘(Lo0?)
puE S[BLI) [BOIUI[D PAysIiqnd o1ed pageurl\  Paseq-[opow ‘YHD JUBAQJ[AI [[Y  -UOU ‘dq ‘DS Io[eyur-o[3urs jou ‘onewse Judlsisiad deISPOW-0I-PIIA ‘e 19 yys

SIBAA SOI sIedk 08—C1

soanoadsiad pue syjuouwr g 0} Ade1oy) uo-ppe se ygv] ‘ODV uo jutod 1 < 1o/pue OOV [¥2]

[e19100S Apms paseq-1eLn ‘s10je1RdWOD ‘SA VL] pue ‘I9[[01U0d Tty uo syutod g = 21008 ® pue (¢ dg) N ‘(1102)
1o pue aIedyifesy ‘YD PUB VAD JUBAQ[SI [TV [entut se §oI SA VLT SOI 10 (7 do1s) vEVS £q pajonuodupy ‘Te 10 30Ld

vorurdo 11adxa (L]

Sunmrp jo spoylow syoom 71 OJIXAIN

Q) UO [Te)op JUAMYJnsuf aanoadsiad Apnys ‘s101e1RdWOD SI1eaA $1—9 “1102)
1edxo Joued ‘1D areoylreay drqnd paseq-ein ‘yvgD EINGRE] I LNOI pue DAS ‘SDI Surareoar ewyise onewoydwig ‘e 10 Aoy

aanoadsiad [e1e1008 Syoom |t [08]

pue 2anodadsiod Apms ‘s101e1RdWOD sI1eaA $1-9 sn ‘(1102)
1D 10Aed areoyleoy paseq-ein ‘yvgD EINGRE]IN INOIN pue dq ‘ewnyise Ju)sisIad jeIopow-0)-plIN B 19 Suep

[8L]

Jseqejep [euoljeu e syuowr 7| sreak [ 1—§ SN (L007)

ur swrep [eonnadeureyd aanoadsiad Apms ‘s10je1RdWOD ‘LNOIN 10 d Joj wreo uonduosaxd ™1
pue [eJIPI]N AIedoyl[BOH paseq-en ‘yvgD EINIRE]RIN INOI pue dq XOpul pue SISOUSEIP BUIYISE Pajuawundoq [edwarg

aanoadsiad [eje100s sypuour g SIA $9-8] ‘UOIEOIPAW IS[[ONUOD l6L]

pue aanoadsiod Apnys ‘s107e1RdWOd SUOTIBRUIqUIOD euwIy)se ue Joj wrepd uonduosaid | Ise9[ SN “(6002)
BIEp SWIB[O 9ANBNSIUIWPY AIedoyI[BOH paseq-en ‘ygD JUBAQ[AI [[V pue ‘vgvT1 ‘VILT ‘SOI Je pue BWYISE J0J WO [BIIPIW [ SB[ Iy ‘[B 19 ueg,

Apnis paseq-[eLn ‘sa
[opou ‘uonen[eAd
BJEP 9SN-30IN0SAI JO 90IN0S aanoadsiad 150D oTIou099 Jo adA[, sioyeredwo)) SuonjuaAIaIuI Jo odAJ, a8e ‘Sumpessuoneindod jaSre],

K3ojopoyjaux

:JUSU)BAI) BWYISE JIUOIYD J0J 9)eIA[SOWOId WNIPos pue ‘YL ‘ VIV T/SII ‘SDI JO SUONBUIGUIOD JUIIIIJIP UIaMIAq SUOSLIEdWO9 J0aIIp SUnen[eAa SaIpnis dIou0dd JO SoNSLIoeIey) § J[qe],

A\ Adis



Cost Effectiveness of Pharmacological Treatments for Asthma

Auedwod
[eonnaorULIBYJ

STWAPEOE 10 OYNUAIDS

Auedwoo
[eonnooeuLIeyd

Auedwod
[eonnaorULIRYJ

STWAPEOE 10 OYNUAIIS

paels Aprordxa
J0U 92IN0S Surpung

OTWAPEOE 10 OYNUAIIS

Auedwod
[eonnaorULIBYJ

Auedwod ooueInsuy

VSd
SISATeUR AJTATIISUDS ON]

VSd ON

VSd

SISATeUR AJTATIISUDS ON]

VSd

VSd

SISATeuR AJIATIISUDS ON|

VSd ON

SYeaMm 7T ‘parels JON
skep ()L ‘PaIels 10N

SyooM T ‘PaIeIs 10N

sqjuowr gy ‘parers JoN
SIBoA 7 pue syjuowt ¢

‘9G'¢ JO QeI [enuuy

syoom 71
‘AIeSS909U JON

SYooM 8t ‘PAIEIS JON

syjuowr g1 ‘pajels 10N

sqjuowr gy ‘parers JoN

1D
aseqelep PIedIpIIN O1yO

1D
soIpn)s
[eUONIBAIOSQO puE
STl [edIUI]d paysIqnd
1D
1D
1D
aseqejep [euoneu B Ul
swred reonnaoeuwrreyd
pue [edIpIN

BJEP QANRISIUTWPY

aseqelep PredIpajy o1yQ

SWIB[O QATIEI)SIUTWPY

$32INn0S

paystiqnd snotreA [zL] SN “(#00T) T 30 10UU0D, 0

[0L] SN “(9000) 'Te 12 uoIeay
$90INOS

paystiqnd snotrep [69] SN “(S002) ‘Te 19 1I0g

sarpnys paysiqnd
“jooq pay ‘OpmH

3urpo) pue 99,

URIOISAyY ‘eorIoWy JO
SJUBI[NSUO)) IeDYI[EIH

[£L] sn *(L00D) “Te 39 yws

$32IN0S

paysiiqnd pue ‘sjso)
90udIRJoy SHN ‘NISSd
11adxo [oued ‘aymnsuy
K)JLINDG [BIO0S UBDIXIIN

[¥L] 3N “(1102) Te 10 901g

[L] 031X “(110T) “Te 120 K]0y
yoeoidde

[endeos-uewny oy}
“oog pay sordog, Snig
aseqejep [eUONIRU © UL
swre[o [eonnooewreyd

[08] SN “(1107) "Te 30 Suem

pue [ed1pa]N [8L]1 sn “(L00T) T8 30 [odwalg
BIRp

[6L] SO “(6002) T8 19 ue],

Q01nos Furpun,g

sasAeue AJIANISUSS

uozioy
dwn ‘Fununodsiq

eyep
SSQUOATIOVYJO JO 9IINOS

BJep 1509 JO 90IN0S

(1Ll
Syo9m T sn (1002
Apms ‘s10je1RdWOD SIBAK 7] < ‘ouole ™1
10 10Aed Kyred-paryg, poseq-[eln ‘v EINSBEIEIN JsenIyez SA d  VEVS SUIAIO0AI A[JUSLIND BWYISE JUI)SISIO] ZIPUUIIN
[89]
uopamsg
syuow 7 ‘(1000)
Apms ‘s10jeredwod SIBOA ]—G ‘souowold Jo SO ‘® 1
1D  oanoadsiad Tejerog paseq-Tern ‘YD QAT)OQ[OS  9JeOA[SOWOID WNIPOS "SA png M pajear) A[snoraaid jou ewuyise d[qeisun) UossIapuy
syoom 7| (9]
Apnis ‘s107e1RdWOd sn ‘(zoog)
1D oanoadsiad s okeq paseq-Tern ‘YD QATIORTRS INOIN ‘SA DAS SIE0K G < ‘SyjuoOW Q ISBJ[ Je I0J BUIISY ‘[ 10 YIoYS
Apmis paseq-[ern ‘sa
[opow ‘uonenjeAd
BJEP 9SN-20IN0SAI JO 92IN0S aanoadsiad 150D o1rwou099 jo adAjy, siojeredwo)) suonuaAIauI Jo odKJ, a3e ‘Sumessuoneindod ja3re],

ponunuod ¢ Jqe],

A\ Adis



C. E. Rodriguez-Martinez et al.

aIreuuonsang) [0NUOD) BUIISY GV ‘aireuuonsang) 9j1T jo Aend) ewysy 970V ‘sismoSe-zg Sunoe-1oys ygys ‘opruosapng png ‘oyeuordord suoseonny/[orsiouifes D.JS ‘Isen[aiuowr JNON
‘o1euordold ouoseonny g4 ‘SISA[eue UOTRZIWIUIW-}SOD VD) ‘SISATeue AJ[IIN-1S0D }//)) ‘SISA[BUR SSOUIAIIDJJI-1S00 7)) ‘Touonnoeld [eIouald Jo ‘90IAIS YI[BdH [eUOnBN SHN U YoIeasay
SOOTAIOG [BIO0S [BUOSI YSSJ ‘Teln [edIuId 1) ‘siskreue Kyanisuss onsifiqeqord ygg ‘sistuoSejue s1o0ydooar auamnodna] vy 17 ‘sistuoSe-gg Sunoe-Suol ygy7 ‘SPIoI0sodnIod pafeyul §O7

Auedwod
[eonnaorULIBYJ

pajers Aprordxa
Jou 201n0s Surpung

Auedwoo
[eonnooeuLIeyd

Auedwod
[eonnaorULIRYJ

SIOpEdE IO JYNUAIOS

VSd ON

VSd ON

VSd

SISA[euR AJIAT)ISUDS ON

VSd

SyeaMm 7T ‘parels JON

syjuowr g1 ‘pajels 10N

SYooMm 7T ‘pajelrs 10N

sqjuowr gy ‘parers JoN

S1RAA
‘95G’¢ JO Qlel [enuuy

1D

1D

1D

Apnjs [eUONIEAISSqQ

LD

aIedoy)[EIY
10J xopur 2oud
Iownsuod paystqnd
pUE SJUSWASINQUIIL
Jo Aoains
[euonjeu e ‘oond
J[esooym dFeIoAY
uopoms
sonsne)s ‘renuew Snip
suerorsAyd ysipomg
Apms paystqnd
pue ‘p-A3ojoururio],
[eINPad01d JuoLn))
“jooq pay soidog,
Sniq pue j10dax
aseqeiep yuegeie( I1sIg
s1op1aoid JoN yifeoH
‘sAed-00 orqeordde
Aue pue uondurosard
) Jo 2oud
Jreso[oym 3BIAY
agem Apmoy
$s0I3 93eIoA® [RUONIRU
pue ‘s1500 SHN
‘sayisqom Aoeuwreyd
‘9pOo ATR[NULIO
[euonieN ysnug

[1£] SO “(100T) ‘T8 19 Zopuauay

[89] uopams (100T) T 10 UOSSIopUY

[9L]1 SN “(2002) T8 10 Weys

[€L] SN “(200T) ‘T8 19 Iouuod,0

[18] 31N “(0107) ‘Te 10 uos|Im

901n0s Furpun,

sasAeue AJIANISULS

uozLoy
Qi ‘3ununossIq

ejep
SSOUAAT}OAJ JO 9OINOS

BJED 1S00 JO 92IN0S

ponunuod ¢ Jqe],

A\ Adis



Cost Effectiveness of Pharmacological Treatments for Asthma

Table 6 Results of economic studies evaluating direct comparisons between different combinations of ICS, ICS/LABA, LTRA, and sodium
cromoglycate for chronic asthma treatment

Main drivers of cost effectiveness

ICERs

Conclusions of the study authors

Tan et al.
(2009)
[79]

Stempel
et al.
(2007)
(78]

Wang et al.

(2011)
(80]

Rely et al.
(2011)
[75]

Price et al.

(2011)
[74]

Shih et al.
(2007)
(771

Borker
et al.
(2005)
[69]

Heaton
et al.
(2006)
[70]

O’Connor
et al.
(2004)
[72]

Wilson
et al.
(2010)
[81]

O’Connor
et al.
(2002)
[73]

No sensitivity analysis

Percentage of patients with adequate
control of asthma, percentage of asthma
exacerbations, and percentage and
duration of hospitalizations for asthma
exacerbations

No sensitivity analysis

Medication adherence

No sensitivity analysis

No sensitivity analysis

Not calculated

Not relevant (FP is a dominant strategy)

Not relevant (FP is a dominant strategy)

Not relevant (SFC is a dominant strategy)

LTRA are equally effective than ICS and
more costly

The cost to achieve an additional
symptom-free day with SFC vs. FP was
$US9.55, and $US8.93 per rescue
medication-free day

$2.87 (95% CI —$1.08 to $6.65) per day
for an additional symptom-free day, and
$1.79 (95% CI —$0.72 to $3.86) per
day to achieve a lung function
improvement of > 12% from baseline

Not relevant (non-use of LTRA is a
dominant strategy)

Not relevant (SFC is a dominant strategy)

The incremental cost per QALY gained
(LTRA vs. LABA) was £22589 from
the societal perspective, and £11919
from the NHS perspective

Not relevant (SFC is a dominant strategy)

ICS are associated with greater efficacy
and a lower cost if adherence was
achieved, otherwise, LTRA may be a
reasonable alternative. ICS/LABA is
associated with better or equivalent
clinical, economic, and patient-reported
outcomes

FP is associated with better outcomes and
lower cost than MONT

Low-dose FP had lower cost and higher
effectiveness than MONT, especially in
those with more airway inflammation

Compared with MONT, SFC may be cost
saving

LTRA are unlikely to be a cost-effective
alternative to ICS. LTRA were
clinically equivalent to ICS as initial
controller therapy, and to LABA as add-
on to ICS in terms of HRQoL at
2 months; equivalence was not proven
at 2 years

The additional costs for achieving
incremental effectiveness with SFC vs.
FP and non-FPC may be lower than the
commonly accepted benchmark value
for cost effectiveness. FP/Salm may
also be more cost effective than LTRA

SFC is more cost effective than MONT as
initial maintenance therapy

Use of LTRA was not associated with
clinical effectiveness in asthma control,
but was associated with higher total
costs for asthma care

Treating persistent asthma with SFC may
not only be a more cost-effective
strategy but may actually lead to cost
savings compared with the addition of
MONT to low-dose FP

The results marginally favor the
repositioning of LTRA as a cost-
effective alternative to LABA as add-on
therapy to ICS for asthma

Compared with ICS + MONT, SFC
provides superior clinical benefit, as
evidenced by lower ED and
hospitalization as at substantially lower
costs
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Table 6 continued

Main drivers of cost effectiveness ICERs

Conclusions of the study authors

Sheth et al. - $1.33 (95% CI 0.80-2.02) per percentage SFC bid is more cost effective than
(2002) change in FEV1 from baseline, and MONT od as initial therapy
[76] $1.69 (95% CI 1.01-2.48) per

percentage symptom-free days

Andersson  Asthma drug costs Not relevant (Bud is a dominant strategy) Bud for continued maintenance, after an
et al. initial period of stabilizing with Bud,
(2001) resulted in lower costs and less drug
[68] switches than a strategy with sodium

cromoglycate

bid twice daily, Bud budesonide, CI confidence interval, ED Emergency Department, FEV; forced expiratory volume in 1 s, FP fluticasone
propionate, HRQoL health-related quality of life, /ICERs incremental cost-effectiveness ratios, ICS inhaled corticosteroids, LABA long-acting B2-
agonists, LTRA leukotriene receptor antagonists, MONT montelukast, NHS National Health Service, od once daily, QALY quality-adjusted life-

year, Salm salmeterol, SF'C salmeterol and fluticasone propionate

used clinical trial efficacy data and compared a limited and
selective number of comparators. Additionally, 7 of these
10 studies were sponsored by a pharmaceutical company
(in the remaining three studies, the funding source was not
explicitly stated). Likewise, all of the studies that compared
any combination of ICS and formoterol with any combi-
nation of ICS and salmeterol [35, 38, 41, 46, 48, 51], and
all of those that compared combinations containing for-
moterol used for both maintenance and reliever therapy
(SMART strategy) with combinations containing for-
moterol or salmeterol used in fixed maintenance doses
[34, 41, 43, 45, 46, 50, 51, 55, 59], used clinical trial
efficacy data (except one study, which used real-life
effectiveness data [55]), assessed a limited and selective
number of comparators, and were sponsored by a phar-
maceutical company. The study that evaluated tiotropium
also used clinical trial efficacy, compared a limited and
selective number of comparators, and was sponsored by a
pharmaceutical company [67]. An important additional
aspect that should be taken into account when interpreting
the results of the studies is the time horizon. This is
because limited time horizons cannot appropriately capture
all the significant benefits and consequences of interest, nor
can they account for the seasonality of asthma. Among all
the studies that compared ICS with some combination of
ICS and LABA, studies that compared any combination of
ICS and formoterol with any combination of ICS and sal-
meterol, and studies that compared the SMART strategy
with combinations containing formoterol or salmeterol
used in fixed maintenance doses, 5/10 [36, 42, 63, 64, 101],
2/6 [48, 51] and 5/9 [34, 43, 45, 50, 51], respectively, had
time horizons of < 1 year, ranging from 12 to 24 weeks.
On the contrary, the study that evaluated tiotropium had a
lifetime horizon [67].

An important aspect that serves as a support for helping
decision makers or clinicians to make a rational

A\ Adis

interpretation of study findings is the ICER result. Among
all the studies that compared ICS with some combination
of ICS and LABA, the studies that compared any combi-
nation of ICS and formoterol with any combination of ICS
and salmeterol, and the studies that compared the SMART
strategy with combinations containing formoterol or sal-
meterol used in fixed maintenance doses, 7/10
[30, 35, 40, 42, 63, 64, 101], 2/6 [35, 51], and 0/9,
respectively, reported an ICER result, although in the
majority of cases in which it was not calculated this was
due to the dominance of the intervention of interest. The
study that evaluated tiotropium reported an ICER of
£21,906 per QALY gained [67]. The ICER results of each
of the included studies are shown in Table 4.

3.3.3 Direct Comparisons between Different Combinations
of ICS, ICS/LABA, Leukotriene Receptor
Antagonists, and Sodium Cromoglycate for Chronic
Asthma Treatment

In pediatric patients with unstable asthma, it seems more
cost effective to use ICS (e.g. BUD) than sodium cromo-
glycate [68]. In the same way, different studies have shown
that in patients with mild-to-moderate persistent asthma,
ICS have lower costs and higher effectiveness compared
with LTRA preparations such as montelukast (MON) or
zafirlukast [71, 80], with it being unlikely that LTRA
preparations are a cost-effective alternative to ICS [74]. An
exception to this statement might occur in case ICS
adherence cannot be achieved, in which case an economic
evaluation based on administrative claims data from US
commercial health plans found that LTRA may be a rea-
sonable choice for monotherapy [79]. Similarly, a number
of studies have shown that in patients with asthma inade-
quately controlled through ICS, the addition of LABA
preparations (e.g. salmeterol) to ICS (e.g. FP) is cost
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Table 8 Results of economic studies evaluating omalizumab for severe chronic asthma treatment: results

Main drivers of cost-effectiveness

ICERs

Conclusions of the study authors

Wu 2007
[92]

Faria 2014
[86]

Dal Negro
2012 [85]

van Nooten
2013 [90]

Norman
2013 [88]

Brown
2007 [83]

Campbell
2010 [84]

Levy 2015
[87]

Oba 2004
[89]

Vennera
2016 [91]

Yoshikawa
2016 [93]

The monthly cost of omalizumab and
improvement in HR-QOL

The asthma mortality risk, and the effect
of improvements in HR-QOL with
omalizumab.

No sensitivity analysis

Cost of omalizumab, time horizon,
estimation of work loss.

Asthma-related mortality risk, HRQoL
improvement and OCS-related adverse
effects

The difference in treatment-specific
utilities for the chronic state,
exacerbation-associated mortality,
omalizumab price, exacerbation rates,
and response definition

The change in the extrapolation
multiplication factor and unit costs

Efficacy parameters

No sensitivity analysis

$821,000 per QALY gained, and $120
per symptom-free day gained

The incremental cost-effectiveness ratio
varied from £30,109 to 57,557 per
QALY gained depending on the
population considered using the PAS
price

Incremental cost/utility ratio of €23,880
per QALY gained

ICER of €38,371 per QALY

The ICER for adults and adolescents is
£83,822 per QALY gained, and
£78,009 per QALY gained for children.

ICER of €31,209 per QALY

ICER of $287, 200 per QALY gained and
$172, 300 per QALY gained in
responders

ICER of €462.08 (347.65-606.22) per
exacerbation avoided and €26 864.89
(21 632.07-33 859.49) per QALY
gained

ICER of $523 per additional successfully
controlled day and $378 to achieve at
least a 0.5-point increase in AQLQ
score

ICER of €1130.93 (909.08-1392.86) per
exacerbation avoided, and €4124.79
(3281.69-5186.73) per 3-point increase
in the ACT

JPY 20,868 per additional hospital-free
day

OMA is not cost-effective for most
patients with severe asthma

OMA represents good value for money
only in severe subgroups and under
optimistic assumptions regarding
asthma mortality and improvement in
HR-QOL

36-month add-on OMA persistently
improved all clinical outcomes in
difficult-to-treat asthmatic patients.
Costs were also optimized and related
to the extent of long-term health
benefits achieved

OMA was found to have an attractive
cost-effectiveness ratio

OMA improve the health outcomes of
patients with uncontrolled severe
persistent allergic asthma but it also
substantially increases the costs. The
ICER estimates are more favourable in
the severe subgroup population of
maintenance OCS compared with the
overall population. However, the ICERs
remain above conventional NICE
thresholds of cost-effectiveness.

Add-on OMA is cost-effective in patients
with severe persistent allergic asthma

Adding OMA to usual care improves
QALYs at an increase in direct medical
costs. The cost-effectiveness of OMA is
similar to other chronic disease
biologics.

Adding OMA to uncontrolled severe
asthmatic reduces the number of
exacerbations with ED visits and
increases HR-QOL after 10 months of
treatment and produces ICERs
favorable to OMA and acceptable from
the health system perspective

OMA could be cost saving if given to
nonsmoking patients who are
hospitalized 5 or more times or 20 days
or longer per year despite maximal
asthma therapy

Adding OMA to standard therapy in
uncontrolled severe persistent asthma,
and the incremental cost observed after
1 year of OMA might be considered
OMA as attractive from the societal
perspective, and good value for money

Add-on OMA can reduce both the costs
of hospitalization of pediatric patients
with severe asthma and the total
medical costs of the patients with a
history of frequent and prolonged
hospitalization, with reduction in
hospitalization
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Table 8 continued

Main drivers of cost-effectiveness ICERs

Conclusions of the study authors

Dewilde The exacerbation-related mortality rate, = ICER of €56,091 per QALY OMA provides cost offsets, improves
2006 [96] the time horizon and the discount rates HR-QOL and may have an attractive
ICER in treating the severe allergic
asthma population
Zafari 2016 Cost of BT and cost of omalizumab ICER of of BT versus standard therapy = There is more than 60% chance that BT
[97] and OMA versus BT was $78,700/ becomes cost-effective relative to OMA
QALY and $3.86 million/QALY, and standard therapy at the WTP of
respectively $100,000/QALY in patients with
moderate-to-severe allergic asthma
Dal Negro  No sensitivity analysis Incremental cost/utility ratio of 26,000 €/ OMA added to an optimised therapy
2011 [95] QALY significantly improves clinical
outcomes in difficult-to-treat, persistent
allergic asthma. Costs also increased
but proved justified by health benefits
achieved
Morishima  Asthma-related mortality, exacerbation ICER for OMA was US$755,200 With a WTP of $45,000 per QALY,
2013 [94] risk, and OMA cost ($614,200- 1,298,500) per QALY OMA was not cost-effective. Confining

gained

OMA to previously predicted
responders may be a reasonable
strategy to reduce the ICER

ACT Asthma control test, BT bronchial termoplasty, CEA cost-effectiveness analysis, CMA cost minimization analysis, CT clinical trial, CUA
cost utility analysis, ED emergency department, HR-QOL Health related-quality of life, QALY quality-adjusted life-year, /CER incremental cost-
effectiveness ratios, /CS Inhaled corticosteroids, JPY Japanese Yen, LABA long acting beta 2 agonists, Nether The Netherlands, OCS Oral
corticosteroids, OMA omalizumab, PAS probabilistic sensitivity analysis, QALY quality adjusted life year, SABA short active beta 2 agonists, SPT

skin prick test, WTP willingness to pay

effective when compared with the addition of LTRA (e.g.
MON) to the same doses of ICS [72]. The results of a
unique economic evaluation based on a pragmatic trial
marginally favor the repositioning of LTRAs as a cost-
effective alternative to LABA as add-on therapy to ICS
[81].

Some economic studies have focused on comparing the
cost effectiveness of salmeterol/FP (SFC) to an LTRA
alone (e.g. MON) as initial maintenance therapy for per-
sistent asthma in patients treated with SABA only
[69, 75, 76]. In each case, the treatment with SFC was
claimed to be cost effective, affording a greater proportion
of symptom-free days, a greater percentage of asthma-
controlled week with no SABA use during the study per-
iod, and a greater proportion of patients who achieved a
12% or greater increase in forced expiratory volume in 1 s
(FEV,) from baseline.

As mentioned above, the use of clinical trial efficacy
data, the assessment of a limited and selective number of
comparators, sponsorship by a pharmaceutical company,
the time horizon, and the ICER results are important
aspects that serve as a support in helping decision makers
or clinicians to make a rational interpretation of study
findings. Among all the studies that compared ICS with
LTRA preparations, 3/6 used clinical trial efficacy data
[71, 77, 80], 3/6 assessed a limited and selective number of
comparators [71, 78, 80], 3/6 were sponsored by a

pharmaceutical company [71, 77, 78], 2/6 had time hori-
zons of < 1 year [71, 80], and 0/9 reported an ICER result
(this last mainly due to the fact that ICS were the dominant
strategy). Likewise, among all the studies that compared
the addition of LABA preparations to ICS with the addition
of LTRA to the same doses of ICS, 1/4 used clinical trial
efficacy data [72], 3/4 assessed a limited and selective
number of comparators [72, 73, 81], 2/4 were sponsored by
a pharmaceutical company [72, 73], 1/4 had a time horizon
of < 1 year [72], and 1/4 studies reported an ICER result
[81].

We should sound a note of caution with regard to eco-
nomic studies that have focused on comparing the cost
effectiveness of SFC to an LTRA alone as initial mainte-
nance therapy for persistent asthma in patients treated with
SABA only [69, 75, 76], for two reasons. First, all these
studies evaluated lung function rather than patient-centered
outcomes, and it is not unexpected that a medication con-
taining a bronchodilator will produce greater improve-
ments in lung function outcomes (e.g. FEV;) than a
medication that does not contain a bronchodilator, such as
MON. Second, and more importantly, SFC versus LTRA is
not a logical comparison, nor does it match the decisions
that must be made in real life, because, unlike LTRA, SFC
combination therapy should not be used as first-line asthma
therapy; it is a second-line therapy reserved for patients
with asthma inadequately controlled through ICS.
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Table 9 Assessment of the

] * : Domain/item Number of studies (%) reporting
reporting quality of included
studies using the CHEERS Well Poorly Not
checklist
Title and abstract
Title 67 93.1) 342 2 (2.7)
Abstract 53 (73.6) 16 (22.2) 3 (4.2)
Introduction
Background and objectives 66 (91.7) 6 (8.3) 0 (0)
Methods
Target population and subgroups 61 (84.7) 11 (15.3) 0 (0)

Setting and location

Study perspective
Comparators

Time horizon

Discount rate

Choice of health outcomes
Measurement of effectiveness

Estimating resources and costs

Currency, price date, and conversion

Choice of model

Assumptions

Analytical methods
Results

Study parameters

Incremental costs and outcomes

Characterizing uncertainty
Characterizing heterogeneity

Discussion

43 (59.7) 29 (40.3) 0(0)
59 81.9) 342 10 (13.8)
66 91.7) 5(6.9) 1(1.4)
61 (84.7) 4(5.5) 709.7)
26 (36.1) 0(0) 46 (63.9)
67 (93.1) 5(6.9) 0 (0)
53 (73.6) 15(20.8) 4 (5.5
Measurement and valuation of preference-based outcomes 23 (31.9) 2 (2.8) 47 (65.3)
43 (59.7) 28 (38.9) 1(1.4)
48 (66.7) 9 (12.5) 15 (20.8)
59 (81.9) 10 (139 3 4.2)
38 (52.8) 26 (36.1) 8 (11.1)
35 (48.6) 26 (35.1) 11 (15.3)
50 (69.4) 21 (29.2) 1(1.4)
60 (83.3) 6 (8.3) 6 (8.3)
59 (81.9) 2 (2.8) 11 (15.3)
23 (319) 6(83) 43 (59.7)
Study findings, limitations, generalizability, and current knowledge 61 (84.7) 11 (15.3) 0 (0)

Other
Source of funding
Conflicts of interest

53(73.6) 0(0)
40 (55.5) 1(1.4)

19 (26.4)
31 (43.1)

CHEERS Consolidated Health Economic Evaluation Reporting Standards

3.3.4 Omalizumab for Chronic Asthma Treatment

A number of studies have evaluated the cost effectiveness
of omalizumab in patients with uncontrolled severe per-
sistent allergic asthma, and, in all cases, omalizumab
therapy has been associated with improvement of a variety
of clinical outcomes, such as number of exacerbations with
Emergency Department (ED) visits [87], health-related
quality of life (HRQoL) [86, 87], and QALY [84], but with
increasing direct medical costs [84]. Although when
interpreting ICERs some authors proclaim omalizumab
therapy to be cost effective [85, 87, 90], other authors have
concluded that omalizumab has a better cost-effectiveness
profile under certain conditions or with subgroups of
patients [88, 89, 93, 94], or even that it is not cost effective
at all [92]. Authors who found a better cost-effectiveness
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profile under certain conditions or with subgroups of
patients have concluded that omalizumab use could be cost
effective in the severe subgroup population of maintenance
oral corticosteroids, non-smoking patients who are hospi-
talized five or more times or 20 days or longer per year
despite maximal asthma therapy [89], patients who previ-
ously had been predicted to be likely to respond to omal-
izumab [94], and patients with a history of frequent and
prolonged hospitalization [93].

Among the studies that compared ICS with LTRA
preparations, 5/15 used effectiveness data
[85, 87, 90, 91, 95], 0/15 assessed a limited and selective
number of comparators, 7/15 were sponsored by a phar-
maceutical company [83, 84, 87, 88, 90, 91, 96], 2/15 had
time horizons of < 1 year [87, 95], and all studies reported
an ICER result [83-90, 92-97].
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3.4 Drivers of Cost Effectiveness

A total of 58 (80.6%) studies conducted some type of
sensitivity analysis (Tables 1, 2, 3, 4, 5, 6, 7, 8§). Among
these, 32 (55.2%) studies conducted a PSA, either alone or
with a one-, two-, or multiway deterministic sensitivity
analysis. The most common variables subjected to a sen-
sitivity analysis were efficacy and cost parameters. Among
the studies that performed some type of sensitivity analysis,
35 (60.3%) identified any variable that may potentially
change the study conclusions. The main cost-effectiveness
drivers identified in these studies were the utility values
[26, 84], rate of utilization of health services for asthma
[25, 46, 75, 84], length of stay for asthma exacerbations
[56, 75], rate or cost of asthma exacerbations
[30, 44, 46, 53, 75, 84], cost or rate of use of asthma
medications [29, 33, 38, 45, 50, 51, 56, 62, 68, 71, 84,
90, 92, 94, 97], form of administration of medications
[27, 48], inclusion or form of estimation of productivity
losses [30, 39, 90], time horizon [90, 96], medication
adherence [77], discount rates [66, 96], asthma mortality
risk [84, 86, 88, 94, 96], and efficacy parameters such as
the rate of adequate asthma control and improvement in
HRQoL [40, 44, 60, 75, 86, 88, 89, 92].

4 Discussion
4.1 Overview of the Systematic Review Findings

This systematic review assesses the content and quality of
reporting of the published economic evidence in the
pharmacologic treatment of asthma, and helps to identify
the main drivers of the cost effectiveness of alternative
pharmacological options for this disease. The findings of
the present review indicate that economic evaluations in
the area of asthma have determined the cost effectiveness
of a wide range of pharmacological treatments, including
medications for treating acute asthmatic episodes and
medications for controlling chronic symptoms. We found
that medications such as nebulized MgSO4, oral dexam-
ethasone (compared with oral prednisone/prednisolone),
inhaled ipratropium bromide, and levalbuterol (compared
with racemic albuterol) have been shown to be cost
effective when used for treating patients with acute asthma
exacerbations. Although the clinical efficacy of ICS and
their superiority over other medications such as LTRA and
sodium cromoglycate for the management of persistent
asthma have been known for years, the present review
provides additional information about their high cost-ef-
fectiveness profile. In patients with inadequately controlled
asthma taking ICS, the addition of a LABA preparation has
been shown to be cost effective when compared with other

alternative strategies, with some studies showing that when
the combinations of ICS and LABA are administered in a
single inhaler, and that when the combinations containing
formoterol are used for both maintenance and reliever
therapy (SMART strategy), a better cost-effectiveness
profile can be achieved. Tiotropium has been shown to be
cost effective when added to usual care in patients who
remain uncontrolled despite treatment with high-dose ICS/
LABA, although more economic evidence is needed to
conclusively demonstrate its cost effectiveness. Finally, in
patients with uncontrolled severe persistent allergic
asthma, omalizumab therapy could be cost effective in a
carefully selected subgroup of patients with the highest
morbidity or the more severe forms of the disease. The
quality of reporting in the studies, according to the
CHEERS checklist, was very uneven. While the majority
of studies reported the items related to the title (item 1),
background and objectives (item 3), and choice of health
outcomes (item 10) well, only a minority of them reported
the items related to discount rate (item 9), measurement
and valuation of preference-based outcomes (item 12), and
characterizing heterogeneity (item 21) well. However, it is
important to mention that the measurement and evaluation
of preference-based outcomes is only applicable to CUA.

4.2 Implications of the Systematic Review Findings

The most remarkable result to emerge from the data is that
overall the findings from this systematic review of eco-
nomic evidence are in line with the pharmacological rec-
ommendations for stepwise management of asthma given
in the most recent and higher-quality evidence-based
clinical practice guidelines (CPGs) for the disease
[102, 103]. Although these recommendations are mainly
based on efficacy-driven studies, the concordance between
the recommendations given in these CPGs and the main
findings in the present study suggests that when following
the pharmacological recommendations for stepwise man-
agement of asthma given in the most recent evidence-based
asthma CPGs, an efficient allocation of resources is
achieved.

In this regard, our study provides additional and
important support for the recommendation that in all age
groups, ICS remain the preferred first-line choice for
therapy for the management of patients with persistent
asthma, and LTRA medications may be used as an alter-
native preventer therapy in such patients, especially in
those who are unable or unwilling to take ICS and in those
who experience intolerable side effects from ICS [103].
Similarly, in adult and adolescent patients with inade-
quately controlled asthma taking ICS, the recommendation
that the first choice and preferred option as add-on therapy
to ICS should be an inhaled LABA (which should be
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considered before increasing the dose of ICS) [102], con-
sidering in particular the combination ICS/formoterol
(BUD or BDP) as both maintenance and reliever treatment,
is in line with the findings of the present review [103]. On
the other hand, in pediatric patients aged 5 years and over
with inadequately controlled asthma taking low-dose ICS,
the recommendation that either a LABA preparation or an
LTRA can equally be considered as initial add-on therapy
[102], or the recommendation that the preferred option in
these patents is moderate-dose ICS plus as-needed SABA
[103], are less supported by the economic studies identified
in our review. In the same manner, the recommendation of
administering LTRA as an alternative preventer in children
under 5 years of age who are unable to take ICS [102]
continues to be widely applied without the support of a
sound cost-effectiveness study. Consequently, future eco-
nomic evaluations should address the most cost-effective
strategy for pediatric patients with inadequately controlled
asthma taking low-dose ICS.

With respect to the use of anti-immunoglobulin (Ig) E
monoclonal antibodies, our review provides support for the
recommendation in the CPGs that omalizumab may be
considered in patients with a high corticosteroid burden
[102] or in patients aged > 6 years with moderate or sev-
ere allergic asthma that is uncontrolled on Step 4 treatment
[103]. However, the findings from our review that omal-
izumab use could be cost effective in a severe subgroup
population of maintenance oral corticosteroids, non-
smoking patients who are hospitalized five or more times
or 20 days or longer per year despite maximal asthma
therapy, patients who previously had been predicted to be
likely to respond to omalizumab, and patients with a his-
tory of frequent and prolonged hospitalization could be
used to more precisely define the subgroup of patients in
which omalizumab could be recommended to be used in
future CPGs in order to be a cost-effective therapy. This
concurs well with a recent real-word, within-person,
repeated-measures matched cohort study, which concluded
that the use of omalizumab was associated with increased
costs but that there was no evidence of lower rates of
clinically important outcomes, and that further studies
should explore subsets of patients most likely to benefit
from omalizumab therapy [104].

4.3 Critique of the Methods Adopted
by the Economic Studies

Regarding the quality of reporting in the studies, the fact
that only nearly half of the studies reported the items
related to analytical methods, assumptions, and conflicts of
interest well is noteworthy. Although all items assessed by
the CHEERS checklist are important, these three items
have been increasingly recognized as major issues in
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promoting transparency in cost-effectiveness studies,
reducing the risk of manipulation of the model until the
desired result is obtained, and finally encouraging the
development of high-quality, cost-effectiveness studies
[105, 106]. These findings are potentially useful for iden-
tifying aspects or domains where there is room for
improvement in future asthma cost-effectiveness studies,
and could assist authors of these studies in the development
and dissemination of high-quality analyses.

A crucial aspect when analyzing the findings of the
present review is the range of interventions compared in
each economic study. In 46 (63.9%) studies, the authors
assessed the cost effectiveness of a limited and selective
number of comparators instead of the cost effectiveness of
all relevant comparators. This fact means that they may
have potentially overestimated the cost effectiveness of the
comparators of interest. It is important to note that the great
majority of the studies sponsored by a pharmaceutical
company had the above-mentioned shortcoming of a lim-
ited number of comparisons involved, thereby reducing the
overall transparency and credibility of the findings and
conclusions of these studies. Furthermore, these sponsored
studies generally involve potential conflicts of interest and
may be biased in the conduct and interpretation of their
results, reducing their credibility even further. Therefore, it
is not surprising that almost all of these sponsored studies
reported a favorable cost-effectiveness profile for the
comparator of interest. This is a relevant topic because of
the total number of studies included, 38 (52.8%) were
sponsored by a pharmaceutical company.

Regarding the perspective used in the included studies,
although it can vary depending on country-specific health
economic guidelines, in general it has been recommended
that economic analyses in healthcare adopt a broad societal
perspective and look to incorporate indirect costs, such as
those associated with lost work productivity, traveling to
and from healthcare appointments, waiting in the ED and
in physician’s offices, and the cost incurred by carers [107].
However, the perspective of most of the analyses (37,
51.4%) was that of the health payer, including only the
costs of interventions of interest and wider healthcare costs.
Of the studies that took a societal perspective, the costs
included were primarily the productivity losses associated
with time off work. The fact of not adopting a broad
societal perspective may potentially have caused an
underestimation of the cost effectiveness of more effective
medications since better health outcomes are expected to
reduce the time off work, thereby improving productivity
levels.

An important consideration when interpreting the find-
ings of economic evaluations is whether researchers per-
formed a sensitivity analysis to explore the robustness of
the results. Toward this aim, ideally researchers should
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perform a PSA, conceivably the most appropriate form of
sensitivity analysis, because, among other factors, it allows
the researchers to calculate the ICER confidence intervals
and to calculate the probability of a treatment being cost
effective compared with the control [108]. Additionally,
ideally sensitivity analyses should assess the uncertainty
not only in the parameters used but also in the method-
ological, structural, and heterogeneity components.
Although the majority of identified studies (58, 80.6%)
performed some type of sensitivity analysis, only a limited
number of studies (32, 44.4%) performed PSA in order to
explore the uncertainty in their results. Furthermore, the
majority of the studies that performed some type of sen-
sitivity analysis assessed uncertainty in the parameters
used, but only one-third of them (20, 34.5%) also assessed
uncertainty in the methodological, structural or hetero-
geneity components. Among the studies that performed
PSA, only a minority reported sufficiently on the ranges
and the justification of the distributions used, consequently
reducing the usefulness of this analysis.

One important aspect of economic evaluations is the
time horizon of the economic evaluations. Although time
horizons usually vary widely among different economic
evaluations, one crucial consideration that must be taken
into account when deciding on the time horizon is that it
should capture all important benefits and consequences of
interest [109]. Considering this aspect, it is important to
take into account that asthma is a chronic episodic disease,
characterized by acute, symptomatic episodes of varying
severity, with a high risk of recurrence over time. Conse-
quently, limited time horizons would probably not reflect
all the health and economic consequences relevant for the
different pharmacological options for the treatment of
asthma. Additionally, limited time horizons could fail to
appropriately account for the seasonality of asthma [110].
In this respect, although a lifetime time horizon may not be
always necessary, the chronic episodic nature of asthma
indicates the need for an extended time period to be ana-
lyzed, generally using a modeling approach to go beyond
the limited time horizons of randomized controlled trials
(RCTSs). An additional factor that must be considered is the
discount rate for costs and health effects when the time
horizon is longer than 1 year. In the present review, the
time horizon varied widely across studies, ranging from the
duration of the acute asthma exacerbation to a lifetime. As
expected, studies assessing the cost effectiveness of med-
ications for acute asthma treatment had shorter time hori-
zons than those evaluating chronic asthma treatment since
they were generally limited to the duration of the acute
asthma exacerbation. However, it is surprising that the
majority of studies included in this review (50, 69.4%)
used limited time horizons, generally being limited to the
duration of an RCT, almost always < 1 year. All included

studies with a time horizon longer than 1 year used a dis-
count rate for costs and health effects (ranging between 3
and 5% annually), except two studies with time hori-
zons > 1 year that did not report any discount rate [85, 93].
Consequently, in the majority of studies, the time horizon
was judged to be too short to capture all the costs and
benefits associated with the treatments evaluated.

Closely related to the time horizon is the consideration
of undertaking the economic evaluation alongside an RCT,
or using decision analysis, economic modeling techniques.
As stated above, with the latter it is possible to not only go
beyond the limited time horizons of an RCT but also to
simulate more appropriately the chronic episodic and
cyclic nature of asthma over a long period of time [111].
All included studies that used a modeling approach
employed Markov models to compare the long-term
effectiveness of alternative comparators, except eight
studies that used simple decision trees
[25, 26, 29, 33, 35, 40, 66, 77]. Although simple decision
trees may be appropriate for modeling the effectiveness of
medications for acute asthma treatment, they are not suit-
able for the modeling of recurrent events over a long period
of time, as occurs in chronic asthma. On the other hand, all
49 studies that undertook economic evaluation alongside
an RCT performed a selective use of RCT efficacy data
without reporting the rationale for the choice of the RCT,
instead of a systematic review of the literature for identi-
fication of clinical evidence. This may have introduced bias
into the economic evaluations, thus potentially overesti-
mating the cost effectiveness of the comparators of interest.

When a new intervention is both clinically superior and
cost saving, it is referred to as an economically ‘dominant’
strategy. However, the majority of new interventions are
clinically superior but at increased cost. In this case, it is
necessary to calculate an ICER to determine whether the
health benefits gained from a new intervention outweigh
the costs. Although no single threshold incremental ICER
exists to determine whether a new intervention is consid-
ered to be cost effective, there are at least three recognized
threshold ICERs that are generally considered attractive
when studies use the QALY as the measure of outcome
(cost-utility studies): ICERs of < $50,000 per QALY
gained within the US; ICERs of < £30,000 per QALY
gained within the UK; and values based on local gross
domestic product per capita for developing countries [112].
However, when studies use different natural units as the
measure of outcome (cost-effectiveness studies), the com-
parison of cost effectiveness across studies is practically
impossible, and the decision as to whether or not the health
benefits gained from a new intervention outweigh the costs
often requires a considered judgment. In the present
review, a total of 23 (31.9%) studies used the QALY as an
outcome measure. On the other hand, a total of 57 (79.2%)
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studies used different natural units as the measure of
outcome.

An important issue necessary to allow robust cross-study
comparisons is the use of outcomes in the economic
studies. Among the three classes of asthma-specific out-
comes recommended by the National Institutes for Health
(core, supplemental, and emerging) [113], the findings of
our review agree well with those reported in a recent
review of asthma cost-effectiveness studies, which found
that the great majority of asthma economic studies included
at least one core outcome (hospitalizations, ED visits,
outpatient visits, medication, intervention costs), but that
there is still room for improvement in using supplemental
and emerging outcomes [13].

An important additional aspect that needs to be con-
sidered is whether the studies included in the review used
efficacy-based or effectiveness-based evidence. In line with
a recent review that focused on this subject [114], the
majority of CEA studies evaluating asthma medications
have used efficacy-based evidence. This is important
because it has been well-established that efficacy asthma
evidence trends toward being less likely to produce cost-
effective findings than effectiveness asthma evidence
[114].

4.4 Limitations of the Systematic Review

We are aware that our research may have two limitations.
The first is related to the scope of the CHEERS checklist
itself. Assessment with this instrument explores the
reporting of a number of important and critical domains in
the health economic evaluations, but does not ensure the
quality of the final products nor the accuracy of their
findings. However, we consider that the fact that the
CHEERS checklist was developed in accordance with
current recommendations for the development of reporting
guidelines, using an international and multidisciplinary
team of editors and content experts in economic evaluation
and reporting, is a valid argument favoring the choice to
use the instrument to assess the reporting quality of eco-
nomic evaluations over many other existing instruments or
checklists. The second is that we did not include an eval-
uation of economic evaluations of other important issues in
the management of asthmatic patients, such as implemen-
tation of asthma management strategies or disease man-
agement programs. However, evaluation assessment of
non-pharmacological treatments for the disease was not an
objective in the original protocol. Despite these limitations,
we can nevertheless conclude that our review is useful for
assessing the reporting quality of all the available health
economic evidence of alternative pharmacological treat-
ments for asthma, and for identifying the main drivers of
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the cost effectiveness of pharmacological treatments for the
disease.

5 Conclusions

Available health economic evidence of alternative phar-
macological treatments for asthma is an important input for
clinicians and other decision-making authorities for
ensuring the efficient use of the available healthcare
resources. In general, the findings from the present review
reveal that most studies reported that their intervention of
interest was cost effective and that their conclusions are in
line with the pharmacological recommendations for step-
wise management of asthma given in the most recent and
higher-quality evidence-based CPGs of the disease. How-
ever, our findings need to be interpreted with caution. This
is mainly because we judged many studies as having sev-
eral flaws in many important aspects of the design and
execution, which may have introduced bias into the eco-
nomic evaluations, such as the interventions assessed and
the comparisons made, perspective used, sensitivity anal-
yses performed, modeling techniques, and time horizon.
Management alternatives such as the use of combination
therapy with ICS-LABA, tiotropium, or omalizumab, when
administered according to their current therapeutic indi-
cations, could be cost effective. Additionally, the identified
reporting quality of all the available health economic evi-
dence, and the use of standardized outcomes, are poten-
tially useful for identifying aspects or domains where there
is room for improvement in future asthma CEA studies.

Data Availability Statement Data sharing is not appli-
cable to this article as no datasets were generated or ana-
lyzed during the current study.

Acknowledgements The authors thank Mr. Charlie Barret for his
editorial assistance.

Author Contributions Dr. RM conceptualized and designed the
study, carried out the initial analyses, drafted the initial manuscript,
and approved the final version as submitted. Dr. SB critically
reviewed and revised the manuscript, and approved the final version
as submitted. Dr. CR carried out the initial analyses, reviewed and
revised the manuscript, and approved the final version as submitted.
All authors approved the final version of the manuscript as submitted
and agree to be accountable for all aspects of the work.

Compliance with Ethical Standards
Conflicts of interest Carlos E. Rodriguez-Martinez, Monica P.
Sossa-Briceno, and Jose A. Castro-Rodriguez declare that they have

no conflicts of interest.

Funding None.



Cost Effectiveness of Pharmacological Treatments for Asthma

References

10.

11.

12.

13.

14.

15.

17.

18.

. Loftus PA, Wise SK. Epidemiology and economic burden of

asthma. Int Forum Allergy Rhinol. 2015;5(Suppl 1):S7-10.

. Nunes C, Pereira AM, Morais-Almeida M. Asthma costs and

social impact. Asthma Res Pract. 2017;3:1.

. Ehteshami-Afshar S, FitzGerald JM, Doyle-Waters MM,

Sadatsafavi M. The global economic burden of asthma and
chronic obstructive pulmonary disease. Int J Tuberc Lung Dis.
2016;20(1):11-23.

. Castro-Rodriguez JA, Rodrigo GJ, Rodriguez-Martinez CE.

Principal findings of systematic reviews of acute asthma treat-
ment in childhood. J Asthma. 2015;52(10):1038-45.

. Castro-Rodriguez JA, Rodrigo GJ, Rodriguez-Martinez CE.

Principal findings of systematic reviews for chronic treatment in
childhood asthma. J Asthma. 2015;52(4):407-16.

. Lee TA, Weiss KB. An update on the health economics of

asthma and allergy. Curr Opin Allergy Clin Immunol.
2002;2(3):195-200.

. Bahadori K, Quon BS, Doyle-Waters MM, Marra C, Fitzgerald

JM. A systematic review of economic evaluations of therapy in
asthma. J Asthma Allergy. 2010;3:33—42.

. Drummond MF, Sculpher MJ, Torrance GW, O’Brien B,

Stoddart GL, et al. Methods for the economic evaluation of
health care programmes. New York: Oxford University Press;
2006.

. Campbell JD, Spackman DE, Sullivan SD. Health economics of

asthma: assessing the value of asthma interventions. Allergy.
2008;63(12):1581-92.

Cheng JW, Arnold RJ. Pharmacoeconomic review of medical
management of persistent asthma. Allergy Asthma Proc.
2008;29(2):109-22.

Dominguez-Ortega J, Phillips-Angles E, Barranco P, Quirce S.
Cost-effectiveness of asthma therapy: a comprehensive review.
J Asthma. 2015;52(6):529-37.

Shepherd J, Rogers G, Anderson R, Main C, Thompson-Coon J,
Hartwell D, et al. Systematic review and economic analysis of
the comparative effectiveness of different inhaled corticos-
teroids and their usage with long-acting beta2 agonists for the
treatment of chronic asthma in adults and children aged 12 years
and over. Health technology assessment. 2008;12(19):iii-iv,
1-360.

Kim CH, Dilokthornsakul P, Campbell JD, van Boven JFM.
Asthma cost-effectiveness analyses: are we using the recom-
mended outcomes in estimating value? J Allergy Clin Immunol
Pract. 2018;6(2):619-32.

Husereau D, Drummond M, Petrou S, Carswell C, Moher D,
Greenberg D, et al. Consolidated health economic evaluation
reporting standards (CHEERS) statement. Pharmacoeconomics.
2013;31(5):361-7.

Economic analysis of health care technology. A report on
principles. Task Force on Principles for Economic Analysis of
Health Care Technology. Ann Intern Med. 1995;123(1):61-70.

. Davis JC, Robertson MC, Comans T, Scuffham PA. Guidelines

for conducting and reporting economic evaluation of fall pre-
vention strategies. Osteoporos Int. 2011;22(9):2449-59.
Drummond M, Manca A, Sculpher M. Increasing the general-
izability of economic evaluations: recommendations for the
design, analysis, and reporting of studies. Int J Technol Assess
Health Care. 2005;21(2):165-71.

Drummond MF, Jefferson TO. Guidelines for authors and peer
reviewers of economic submissions to the BMJ. The BMIJ
Economic Evaluation Working Party. BMJ.
1996;313(7052):275-83.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nuijten MJ, Pronk MH, Brorens MJ, Hekster YA, Lockefeer JH,
de Smet PA, et al. Reporting format for economic evaluation.
Part II: focus on modelling studies. PharmacoEconomics.
1998;14(3):259-68.

Petrou S, Gray A. Economic evaluation using decision analyti-
cal modelling: design, conduct, analysis, and reporting. BMJ.
2011;342:d1766.

Ramsey S, Willke R, Briggs A, Brown R, Buxton M, Chawla A,
et al. Good research practices for cost-effectiveness analysis
alongside clinical trials: the ISPOR RCT-CEA Task Force
report. Value Health. 2005;8(5):521-33.

Siegel JE, Weinstein MC, Russell LB, Gold MR. Recommen-
dations for reporting cost-effectiveness analyses. Panel on Cost-
Effectiveness in  Health and  Medicine. JAMA.
1996;276(16):1339-41.

Vintzileos AM, Beazoglou T. Design, execution, interpretation,
and reporting of economic evaluation studies in obstetrics. Am J
Obstet Gynecol. 2004;191(4):1070-6.

Moher D, Schulz KF, Simera I, Altman DG. Guidance for
developers of health research reporting guidelines. PLoS Med.
2010;7(2):e1000217.

Andrews AL, Wong KA, Heine D, Scott Russell W. A cost-
effectiveness analysis of dexamethasone versus prednisone in
pediatric acute asthma exacerbations. Acad Emerg Med.
2012;19(8):943-8.

Powell CV, Kolamunnage-Dona R, Lowe J, Boland A, Petrou S,
Doull I, et al. MAGNEsium Trial In Children (MAGNETIC): a
randomised, placebo-controlled trial and economic evaluation of
nebulised magnesium sulphate in acute severe asthma in chil-
dren. Health Technol Assess. 2013;17(45):v—vi, 1-216.
Rodrigo GJ, Rodrigo C. Cost effectiveness of the application of
inhaled ipratropium bromide in the treatment of adult patients
with acute asthma in Uruguay [in Spanish]. Rev Alerg Mex.
2003;50(3):103-7.

Schreck DM, Babin S. Comparison of racemic albuterol and
levalbuterol in the treatment of acute asthma in the ED. Am J
Emerg Med. 2005;23(7):842-7.

Thomas K, Peter JV, Cherian AM, Guyatt G. Cost-effectiveness
of inhaled beta-agonists v. oral salbutamol in asthma: a ran-
domized double-blind cross-over study. Natl Med J India.
1996;9(4):159-62.

Andersson F, Stahl E, Barnes PJ, Lofdahl CG, O’Byrne PM,
Pauwels RA, et al. Adding formoterol to budesonide in moderate
asthma-health economic results from the FACET study. Respir
Med. 2001;95(6):505-12.

Barnes NC, Thwaites RM, Price MJ. The cost-effectiveness of
inhaled fluticasone propionate and budesonide in the treatment
of asthma in adults and children. Respir Med. 1999;93(6):402-7.
Bisgaard H, Price MJ, Maden C, Olsen NA. Cost-effectiveness
of fluticasone propionate administered via metered-dose inhaler
plus babyhaler spacer in the treatment of asthma in preschool-
aged children. Chest. 2001;120(6):1835-42.

Bruggenjurgen B, Ezzat N, Kardos P, Buhl R. Economic eval-
uation of BDP/formoterol fixed vs two single inhalers in asthma
treatment. Allergy. 2010;65(9):1108-15.

Bruggenjurgen B, Selim D, Kardos P, Richter K, Vogelmeier C,
Roll S, et al. Economic assessment of adjustable maintenance
treatment with budesonide/formoterol in a single inhaler versus
fixed treatment in asthma. Pharmacoeconomics.
2005;23(7):723-31.

Doull I, Price D, Thomas M, Hawkins N, Stamuli E, Tabberer
M, et al. Cost-effectiveness of salmeterol xinafoate/fluticasone
propionate combination inhaler in chronic asthma. Curr Med
Res Opin. 2007;23(5):1147-59.

Ericsson K, Bantje TA, Huber RM, Borg S, Bateman ED. Cost-
effectiveness analysis of budesonide/formoterol compared with

A\ Adis



C. E. Rodriguez-Martinez et al.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

fluticasone in moderate-persistent asthma. Med.
2006;100(4):586-94.

Everden P, Lloyd A, Hutchinson J, Plumb J. Cost-effectiveness
of eformoterol Turbohaler versus salmeterol Accuhaler in chil-
dren with symptomatic asthma. Respir Med. 2002;96(4):250-8.
Gerzeli S, Rognoni C, Quaglini S, Cavallo MC, Cremonesi G,
Papi A. Cost-effectiveness and cost-utility of beclometha-
sone/formoterol versus fluticasone propionate/salmeterol in
patients with moderate to severe asthma. Clin Drug Investig.
2012;32(4):253-65.

Goossens LM, Riemersma RA, Postma DS, van der Molen T,
Rutten-van Molken MP. An economic evaluation of budes-
onide/formoterol for maintenance and reliever treatment in
asthma in general practice. Adv Ther. 2009;26(9):872-85.
Ismaila AS, Risebrough N, Li C, Corriveau D, Hawkins N,
FitzGerald JM, et al. COST-effectiveness of salmeterol/flutica-
sone propionate combination (Advair®) in uncontrolled asthma
in Canada. Respir Med. 2014;108(9):1292-302.

Johansson G, Andreasson EB, Larsson PE, Vogelmeier CF. Cost
effectiveness of budesonide/formoterol for maintenance and
reliever therapy versus salmeterol/fluticasone plus salbutamol in
the treatment of asthma. Pharmacoeconomics.
2006;24(7):695-708.

Lundback B, Jenkins C, Price MJ, Thwaites RM. Cost-effec-
tiveness of salmeterol/fluticasone propionate combination pro-
duct 50/250 microg twice daily and budesonide 800 microg
twice daily in the treatment of adults and adolescents with
asthma.  International ~ Study  Group. Respir Med.
2000;94(7):724-32.

Lundborg M, Wille S, Bjermer L, Tilling B, Lundgren M, Telg
G, et al. Maintenance plus reliever budesonide/formoterol
compared with a higher maintenance dose of budesonide/for-
moterol plus formoterol as reliever in asthma: an efficacy and
cost-effectiveness study. Curr Med Res Opin.
2006;22(5):809-21.

Malone DC, Luskin AT. Hydrofluoroalkane-134a beclometha-
sone as a dominant economic asthma therapy. Respir Med.
2003;97(12):1269-76.

Miller E, FitzGerald JM. Budesonide/formoterol as maintenance
and reliever treatment compared to fixed dose combination
strategies—a Canadian economic evaluation. Can J Clin Phar-
macol. 2008;15(2):e165-76.

Miller E, Sears MR, Mclvor A, Liovas A. Canadian economic
evaluation of budesonide-formoterol as maintenance and relie-
ver treatment in patients with moderate to severe asthma. Can
Respir J. 2007;14(5):269-75.

Miyagawa T, Arakawa I, Shiragami M, Nishimura S. Cost-ef-
fectiveness of including salmeterol in asthma therapy in a pri-
mary care setting in Japan. Yakugaku Zasshi. 2006;126(1):51-9.
Paggiaro P, Patel S, Nicolini G, Pradelli L, Zaniolo O, Papi A.
Stepping down from high dose fluticasone/salmeterol to extra-
fine BDP/F in asthma is cost-effective. Respir Med.
2013;107(10):1531-7.

Price D, Haughney J, Duerden M, Nicholls C, Moseley C. The
cost effectiveness of chlorofluorocarbon-free beclomethasone
dipropionate in the treatment of chronic asthma: a cost model
based on a 1-year pragmatic, randomised clinical study. Phar-
macoeconomics. 2002;20(10):653-64.

Price D, Haughney J, Lloyd A, Hutchinson J, Plumb J. An
economic evaluation of adjustable and fixed dosing with
budesonide/formoterol via a single inhaler in asthma patients:
the ASSURE study. Curr Med Res Opin. 2004;20(10):1671-9.
Price D, Wiren A, Kuna P. Cost-effectiveness of budes-
onide/formoterol for maintenance and reliever asthma therapy.
Allergy. 2007;62(10):1189-98.

Respir

A\ Adis

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Price DB, Cargill K, Wolfe S, Darby H. Salmeterol xinafoate: an
analysis of outcomes and cost-effectiveness using a primary care
database. Respir Med. 1998;92(11):1302-4.
Rodriguez-Martinez CE, Sossa-Briceno MP, Castro-Rodriguez
JA. Cost-utility analysis of the inhaled steroids available in a
developing country for the management of pediatric patients
with persistent asthma. J Asthma. 2013;50(4):410-8.
Rutten-van Molken MP, van Doorslaer EK, Till MD. Cost-ef-
fectiveness analysis of formoterol versus salmeterol in patients
with asthma. Pharmacoeconomics. 1998;14(6):671-84.
Stallberg B, Ekstrom T, Neij F, Olsson P, Skoogh BE, Wen-
nergren G, et al. A real-life cost-effectiveness evaluation of
budesonide/formoterol maintenance and reliever therapy in
asthma. Respir Med. 2008;102(10):1360-70.

Stempel DA, Stanford RH, Thwaites R, Price MJ. Cost-efficacy
comparison of inhaled fluticasone propionate and budesonide in
the treatment of asthma. Clin Ther. 2000;22(12):1562-74.
Volmer T, Kielhorn A, Weber HH, Wiessmann KJ. Cost
effectiveness of fluticasone propionate and flunisolide in the
treatment of corticosteroid-naive patients with moderate asthma.
Pharmacoeconomics. 1999;16(5 Pt 2):525-31.

Weiss K, Buxton M, Andersson FL, Lamm CJ, Liljas B, Sulli-
van SD. Cost-effectiveness of early intervention with once-daily
budesonide in children with mild persistent asthma: results from
the START study. Pediatr Allergy Immunol. 2006;17(Suppl
17):21-7.

Wickstrom J, Dam N, Malmberg I, Hansen BB, Lange P. Cost-
effectiveness of budesonide/formoterol for maintenance and
reliever asthma therapy in Denmark: cost-effectiveness analysis
based on five randomised controlled trials. Clin Respir J.
2009;3(3):169-80.

Paltiel AD, Fuhlbrigge AL, Kitch BT, Liljas B, Weiss ST,
Neumann PJ, et al. Cost-effectiveness of inhaled corticosteroids
in adults with mild-to-moderate asthma: results from the asthma
policy model. J Allergy Clin Immunol. 2001;108(1):39-46.
Perera BJ. Efficacy and cost effectiveness of inhaled steroids in
asthma in a developing country: an epilogue. Arch Dis Child.
1995;73(5):482.

Sullivan SD, Buxton M, Andersson LF, Lamm CJ, Liljas B,
Chen YZ, et al. Cost-effectiveness analysis of early intervention
with budesonide in mild persistent asthma. J Allergy Clin
Immunol. 2003;112(6):1229-36.

Palmqvist M, Price MJ, Sondhi S. Cost-effectiveness analysis of
salmeterol/fluticasone propionate 50/250 pg vs fluticasone pro-
pionate 250 pg in adults and adolescents with asthma IV:
results. Pharmacoeconomics. 1999;16(Suppl 2):23.

Johansson G, Price MJ, Sondhi S. Cost-effectiveness analysis of
salmeterol/fluticasone propionate 50/100 pg vs fluticasone pro-
pionate 100 pg in adults and adolescents with asthma III:
results. Pharmacoeconomics. 1999;16(Suppl 2):15.

Price D, Small I, Haughney J, Ryan D, Gruffydd-Jones K,
Lavorini F, et al. Clinical and cost effectiveness of switching
asthma patients from fluticasone-salmeterol to extra-fine particle
beclometasone-formoterol: a retrospective matched observa-
tional study of real-world patients. Prim Care Respir J.
2013;22(4):439-48.

Stanciole AE, Ortegon M, Chisholm D, Lauer JA. Cost effec-
tiveness of strategies to combat chronic obstructive pulmonary
disease and asthma in sub-Saharan Africa and South East Asia:
mathematical modelling study. BMJ. 2012;344:e608.

Willson J, Bateman ED, Pavord I, Lloyd A, Krivasi T, Esser D.
Cost effectiveness of tiotropium in patients with asthma poorly
controlled on inhaled glucocorticosteroids and long-acting beta-
agonists. Appl Health Econ Health Policy. 2014;12(4):447-59.
Andersson F, Kjellman M, Forsberg G, Moller C, Arheden L.
Comparison of the cost-effectiveness of budesonide and sodium



Cost Effectiveness of Pharmacological Treatments for Asthma

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

cromoglycate in the management of childhood asthma in
everyday clinical practice. Ann Allergy Asthma Immunol.
2001;86(5):537-44.

Borker R, Emmett A, Jhingran P, Rickard K, Dorinsky P.
Determining economic feasibility of fluticasone propionate-sal-
meterol vs montelukast in the treatment of persistent asthma
using a net benefit approach and cost-effectiveness acceptability
curves. Ann Allergy Asthma Immunol. 2005;95(2):181-9.
Heaton PC, Guo JJ, Hornung RW, Johnston JA, Jang R, Moo-
maw CJ, et al. Analysis of the effectiveness and cost benefit of
leukotriene modifiers in adults with asthma in the Ohio Medi-
caid population. J] Manag Care Pharm. 2006;12(1):33-42.
Menendez R, Stanford RH, Edwards L, Kalberg C, Rickard K.
Cost-efficacy analysis of fluticasone propionate versus zafir-
lukast in patients with persistent asthma. Pharmacoeconomics.
2001;19(8):865-74.

O’Connor RD, Nelson H, Borker R, Emmett A, Jhingran P,
Rickard K, et al. Cost effectiveness of fluticasone propionate
plus salmeterol versus fluticasone propionate plus montelukast
in the treatment of persistent asthma. Pharmacoeconomics.
2004;22(12):815-25.

O’Connor RD, O’Donnell JC, Pinto LA, Wiener DJ, Legorreta
AP. Two-year retrospective economic evaluation of three dual-
controller therapies used in the treatment of asthma. Chest.
2002;121(4):1028-35.

Price D, Musgrave S, Wilson E, Sims E, Shepstone L, Blyth A,
et al. A pragmatic single-blind randomised controlled trial and
economic evaluation of the use of leukotriene receptor antago-
nists in primary care at steps 2 and 3 of the national asthma
guidelines (ELEVATE study). Health Technol Assess.
2011;15(21):1-132.

Rely K, McQuire SE, Alexandre PK, Escudero GS. Cost
effectiveness of treatment with salmeterol/fluticasone compared
to montelukast for the control of persistent asthma in children
[in Spanish]. Value Health. 2011;14(5 Suppl 1):S43-7.

Sheth K, Borker R, Emmett A, Rickard K, Dorinsky P. Cost-
effectiveness comparison of salmeterol/fluticasone propionate
versus montelukast in the treatment of adults with persistent
asthma. Pharmacoeconomics. 2002;20(13):909-18.

Shih YC, Mauskopf J, Borker R. A cost-effectiveness analysis of
first-line controller therapies for persistent asthma. Pharma-
coeconomics. 2007;25(7):577-90.

Stempel DA, Kruzikas DT, Manjunath R. Comparative efficacy
and cost of asthma care in children with asthma treated with
fluticasone  propionate and montelukast. J  Pediatr.
2007;150(2):162-7.

Tan H, Sarawate C, Singer J, Elward K, Cohen RI, Smart BA,
et al. Impact of asthma controller medications on clinical, eco-
nomic, and patient-reported outcomes. Mayo Clin Proc.
2009;84(8):675-84.

Wang L, Hollenbeak CS, Mauger DT, Zeiger RS, Paul IM,
Sorkness CA, et al. Cost-effectiveness analysis of fluticasone
versus montelukast in children with mild-to-moderate persistent
asthma in the Pediatric Asthma Controller Trial. J Allergy Clin
Immunol. 2011;127(1):161-6, 6.el.

Wilson EC, Price D, Musgrave SD, Sims EJ, Shepstone L,
Murdoch J, et al. Cost effectiveness of leukotriene receptor
antagonists versus long-acting beta-2 agonists as add-on therapy
to inhaled corticosteroids for asthma: a pragmatic trial. Phar-
macoeconomics. 2010;28(7):597-608.

Wilson EC, Sims EJ, Musgrave SD, Shepstone L, Blyth A,
Murdoch J, et al. Cost effectiveness of leukotriene receptor
antagonists versus inhaled corticosteroids for initial asthma
controller therapy: a pragmatic trial. Pharmacoeconomics.
2010;28(7):585-95.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Brown R, Turk F, Dale P, Bousquet J. Cost-effectiveness of
omalizumab in patients with severe persistent allergic asthma.
Allergy. 2007;62(2):149-53.

Campbell JD, Spackman DE, Sullivan SD. The costs and con-
sequences of omalizumab in uncontrolled asthma from a USA
payer perspective. Allergy. 2010;65(9):1141-8.

Dal Negro RW, Tognella S, Pradelli L. A 36-month study on the
cost/utility of add-on omalizumab in persistent difficult-to-treat
atopic asthma in Italy. J Asthma. 2012;49(8):843-8.

Faria R, McKenna C, Palmer S. Optimizing the position and use
of omalizumab for severe persistent allergic asthma using cost-
effectiveness analysis. Value Health. 2014;17(8):772-82.

Levy AN, Garcia ARAJ, Garcia-Agua Soler N, Sanjuan MV.
Cost-effectiveness of omalizumab in severe persistent asthma in
Spain: a real-life perspective. J Asthma. 2015;52(2):205-10.
Norman G, Faria R, Paton F, Llewellyn A, Fox D, Palmer S,
et al. Omalizumab for the treatment of severe persistent allergic
asthma: a systematic review and economic evaluation. Health
Technol Assess. 2013;17(52):1-342.

Oba Y, Salzman GA. Cost-effectiveness analysis of omalizumab
in adults and adolescents with moderate-to-severe allergic
asthma. J Allergy Clin Immunol. 2004;114(2):265-9.

van Nooten F, Stern S, Braunstahl GJ, Thompson C, Groot M,
Brown RE. Cost-effectiveness of omalizumab for uncontrolled
allergic asthma in the Netherlands. J Med Econ.
2013;16(3):342-8.

Vennera Mdel C, Valero A, Uria E, Forne C, Picado C. Cost-
effectiveness analysis of omalizumab for the treatment of severe
persistent asthma in real clinical practice in Spain. Clin Drug
Investig. 2016;36(7):567-78.

Wu AC, Paltiel AD, Kuntz KM, Weiss ST, Fuhlbrigge AL.
Cost-effectiveness of omalizumab in adults with severe asthma:
results from the Asthma Policy Model. J Allergy Clin Immunol.
2007;120(5):1146-52.

Yoshikawa H, Iwata M, Matsuzaki H, Ono R, Murakami Y,
Taba N, et al. Impact of omalizumab on medical cost of child-
hood asthma in Japan. Pediatr Int. 2016;58(5):425-8.
Morishima T, Ikai H, Imanaka Y. Cost-effectiveness analysis of
omalizumab for the treatment of severe asthma in japan and the
value of responder prediction methods based on a multinational
trial. Value Health Reg Issues. 2013;2(1):29-36.

Dal Negro RW, Pradelli L, Tognella S, Micheletto C, Iannazzo
S. Cost-utility of add-on omalizumab in difficult-to-treat allergic
asthma in Italy. Eur Ann Allergy Clin Immunol.
2011;43(2):45-53.

Dewilde S, Turk F, Tambour M, Sandstrom T. The economic
value of anti-IgE in severe persistent, IgE-mediated (allergic)
asthma patients: adaptation of INNOVATE to Sweden. Curr
Med Res Opin. 2006;22(9):1765-76.

Zafari Z, Sadatsafavi M, Marra CA, Chen W, FitzGerald JM.
Cost-effectiveness of bronchial thermoplasty, omalizumab, and
standard therapy for moderate-to-severe allergic asthma. PLoS
One. 2016;11(1):e0146003.

Perera BJ. Efficacy and cost effectiveness of inhaled steroids in
asthma in a developing country. Archives of disease in child-
hood. 1995;72(4):312-5 (discussion 5-6).

Price DB, Appleby JL. Fluticasone propionate: an audit of
outcomes and cost-effectiveness in primary care. Respir Med.
1998;92(2):351-3.

Stempel DA. Economic analysis of asthma practices. American
journal of managed care. 2000;6(17 Suppl):S930-6; (discussion
S7-9).

Price MJ, Briggs AH. Development of an economic model to
assess the cost effectiveness of asthma management strategies.
Pharmacoeconomics. 2002;20(3):183-94.

A\ Adis



C. E. Rodriguez-Martinez et al.

102.

103.

104.

105.

106.

107.

108.

Scottish Intercollegiate Guidelines Network (SIGN). British
guideline on the management of asthma: a national clinical
guideline. Edinburgh: SIGN; 2016.

Global Initiative for Asthma. Global Strategy for Asthma
Management and Prevention, 2017. http://www.ginasthma.org.
Accessed 9 Jan 2018

Tadrous M, Khuu W, Lebovic G, Stanbrook MB, Martins D,
Paterson JM, et al. Real-world health care utilization and
effectiveness of omalizumab for the treatment of severe asthma.
Ann Allergy Asthma Immunol. 2018;120(1):59-65.¢2.

Beca J, Chan KK. Cost-effectiveness of pazopanib: an example
of improved transparency and accessibility of industry-spon-
sored economic evaluations through publication in peer-re-
viewed journals. Curr Oncol. 2016;23(4):e327-9.

Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn
M, et al. Recommendations for conduct, methodological prac-
tices, and reporting of cost-effectiveness analyses: second panel
on cost-effectiveness in health and medicine. JAMA.
2016;316(10):1093-103.

Ten Jonsson B. arguments for a societal perspective in the
economic evaluation of medical innovations. Eur J Health Econ.
2009;10(4):357-9.

Briggs AH. Handling uncertainty in cost-effectiveness models.
Pharmacoeconomics. 2000;17(5):479-500.

A\ Adis

109.

110.

111.

112.

113.

114.

Kim DD, Wilkinson CL, Pope EF, Chambers JD, Cohen JT,
Neumann PJ. The influence of time horizon on results of cost-
effectiveness analyses. Exp Rev Pharmacoecon Outcomes Res.
2017;17(6):615-23.

Wisniewski JA, McLaughlin AP, Stenger PJ, Patrie J, Brown
MA, El-Dahr JM, et al. A comparison of seasonal trends in
asthma exacerbations among children from geographic regions
with  different  climates. Allergy Asthma  Proc.
2016;37(6):475-81.

Weinstein MC, O’Brien B, Hornberger J, Jackson J, Johannes-
son M, McCabe C, et al. Principles of good practice for decision
analytic modeling in health-care evaluation: report of the ISPOR
Task Force on Good Research Practices—Modeling Studies.
Value Health. 2003;6(1):9-17.

Cohen DJ, Reynolds MR. Interpreting the results of cost-effec-
tiveness studies. J Am Coll Cardiol. 2008;52(25):2119-26.
Akinbami LJ, Sullivan SD, Campbell JD, Grundmeier RW,
Hartert TV, Lee TA, et al. Asthma outcomes: healthcare uti-
lization and costs. J Allergy Clin Immunol. 2012;129(3
Suppl):S49-64.

Dilokthornsakul P, Chaiyakunapruk N, Campbell JD. Does the
use of efficacy or effectiveness evidence in cost-effectiveness
analysis matter? J Asthma. 2017;54(1):17-23.


http://www.ginasthma.org

	Cost Effectiveness of Pharmacological Treatments for Asthma: A Systematic Review
	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Literature Search
	Data Extraction
	Assessment of Quality and/or Reporting of the Primary Health Economic Studies
	Drivers of Cost Effectiveness

	Results
	Results of the Search
	Study Descriptions
	Results by Pharmacological Group Class or Comparison Groups Evaluated
	Main Study Characteristics
	Results for the Quality of Reporting of the Included Studies

	A Critical Review of Findings and Methodology
	Medications for Acute Asthma Treatment
	Inhaled Corticosteroids (ICS) Administered Alone or in Conjunction with Long-Acting beta -Agonists (LABA) or Tiotropium for Chronic Asthma Treatment
	Direct Comparisons between Different Combinations of ICS, ICS/LABA, Leukotriene Receptor Antagonists, and Sodium Cromoglycate for Chronic Asthma Treatment
	Omalizumab for Chronic Asthma Treatment

	Drivers of Cost Effectiveness

	Discussion
	Overview of the Systematic Review Findings
	Implications of the Systematic Review Findings
	Critique of the Methods Adopted by the Economic Studies
	Limitations of the Systematic Review

	Conclusions
	Acknowledgements
	Author Contributions
	References




