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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.

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 b-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 b-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

(MgSO4), 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

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 [QALYs] 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.

C. E. Rodriguez-Martinez et al.



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 (c) 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

Cost Effectiveness of Pharmacological Treatments for Asthma



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.

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

C. E. Rodriguez-Martinez et al.



title of the majority of the articles (n = 67, 93.0%) iden-

tified the study as an economic evaluation. Most articles (n

= 66, 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 Critical 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

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

Cost Effectiveness of Pharmacological Treatments for Asthma



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

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-
agonists has little additional benefit for reducing

Table 1 Characteristics of economic studies evaluating medications for acute asthma treatment: methodology

Funding source Scientific or

academic

Scientific or academic Scientific or academic Funding source not

explicitly stated

Scientific or academic

Sensitivity

analyses

PSA No PSA No PSA No PSA No sensitivity analysis

Discounting,

time horizon

Not necessary,

1 month

Not necessary, not

explicitly stated

Not necessary, not

explicitly stated

Not necessary, not

explicitly stated

Not necessary, not

explicitly stated

Source of

effectiveness

data

RCT. No

justification for

only one source of

clinical data for

treatment

Non-systematic literature

review

Clinical trial Literature reports Medical records from

two hospitals

Source of cost

data

A variety of

primary and

secondary sources

A variety of primary and

secondary sources

Maximum retail prices of

the drugs

Not stated Hospital charges

submitted to patients

Source of

resource-use

data

Primary hospital

attendances and

postal

questionnaires

Non-systematic literature

review

CT Medical records from

two hospitals

Retrospective

observational case

review from two

hospitals

Cost

perspective

Third-party payer

and a societal

perspective.

Productivity

losses associated

with time off work

included

Third-party payer and a

societal perspective.

Productivity losses

associated with time off

work included.

Healthcare perspective Healthcare

perspective

(analyses only

considered prices

of the drugs)

Healthcare

perspective

Type of

economic

evaluation,

model vs.

trial-based

study

CEA and CUA.

Source of utility

weights stated

CEA, model-based study

(decision analysis

model)

CMA, model-based study

(decision analysis

model)

CEA, trial-based

study

CEA, trial-based

study

Comparators All relevant

comparators

Selective comparators All relevant comparators Not explicitly stated

the comparators

All relevant

comparators

Type of

interventions

Isotonic MgSO4 vs.

isotonic saline

Oral dexamethasone vs.

oral

prednisoneprednisolone

4 mg of oral salbutamol or

placebo as adjuvant

treatment

The comparator was

not stated

Racemic albuterol vs.

levalbuterol in

addition to standard

treatments, e.g.

corticosteroids and

oxygen

Target

population/

setting, age

ED and children’s

assessment units

at 30 hospitals,

2–15 years

Pediatric asthma cases

with acute

exacerbations at

ED,\ 19 years

Patients with seasonal or

perennial

asthma C 50% of the

days for at least

3 months/year

for C 2 years at

outpatient

clinics, C 17 years

Adults with severe

acute

asthma, C 14 years

Patients with a

primary or

secondary diagnosis

of acute asthma who

required

nebulization with a

SABA, C 1 year

Powell et al. (2013),

UK 26]

Andrews et al. (2012),

US [25]

Thomas et al. (1996),

India, Canada [29]

Rodrigo and Rodrigo

(2003), Uruguay

[27]

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 b2-agonists

C. E. Rodriguez-Martinez et al.



bronchoconstriction or improving the quality of life in

chronic asthmatics who are using inhaled short-acting b2-
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 b-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

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

Main drivers of cost

effectiveness

ICERs Conclusions of the study authors

Powell et al.

(2013) [26]

Utility values £189 per unit decrement in ASS

£175,598 per QALY gained

Addition of MgSO4 to standard treatment may be

more cost-effective than standard treatment only

Andrews et al.

(2012) [25]

Admission rate and ED relapse

rate

Not calculated. Dexamethasone

dominates (more effective and

less costly)

Two days of dexamethasone is both clinically more

effective and cost saving than 5-days of prednisone/

prednisolone

Thomas et al.

(1996) [29]

Cost of salbutamol and

probability of use of

salbutamol

Not calculated Adjuvant oral SABA are not cost-effective in

asthmatics using an inhaled SABA

Rodrigo and

Rodrigo

(2003) [27]

Form of administration of

ipratropium bromide (inhaled

vs. nebulized)

Not calculated. Ipratropium

bromide dominates (more

effective and less costly)

Ipratropium bromide results cost effective, leading to

a significant saving of resources in adults with

severe exacerbation

Schreck and

Babin (2005)

[28]

No sensitivity analysis Not calculated. Levalbuterol

dominates (more effective and

less costly)

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 b2-
agonists, ICER incremental cost-effectiveness ratio

Cost Effectiveness of Pharmacological Treatments for Asthma
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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]

Number of SMART inhalations Not calculated. SMART dominates (more

effective and less costly)

SMART strategy is dominant over fixed

higher dose Bud/Form plus prn

terbutaline or fixed-dose SFC plus prn

terbutaline

Wickstrom

et al. (2009)

[59]

– Not calculated. SMART dominates (more

effective and less costly)

SMART strategy is cost effective compared

with higher dose of ICS, higher dose of

ICS/LABA, and a similar dose of ICS/

LABA

Price et al.

(2007) [51]

Cost of Bud/Form Not calculated. SMART dominates (more

effective and less costly)

Compared with higher fixed-dose Bud/

Form and SFC, SMART reduces severe

exacerbations at a lower or similar overall

cost and is cost effective

Miller et al.

(2007) [46]

The annualized rate of

exacerbations and the costs

(excluding Bud/Form and SFC)

Not calculated. SMART dominates (more

effective and less costly)

SMART strategy proved to be more

effective and less expensive than a

strategy of clinician-directed titration of

SFC with salbutamol as reliever therapy

Goossens et al.

(2009) [39]

Inclusion of productivity losses Not calculated. SMART does not affect

health outcomes and does not increase

costs

SMART strategy instead of ICS plus

bronchodilators does not affect health

outcomes and does not increase costs

Lundborg et al.

(2006) [43]

No sensitivity analysis Not calculated. SMART is equally effective

and less costly)

SMART strategy is equally effective and

cheaper compared with double the

maintenance dose of Bud/Form ? Form

prn

Stallberg et al.

(2008) [55]

– Not calculated. SMART is equally effective

and less costly)

Direct cost savings with SMART strategy

compared with conventional treatment

regimens with at least equivalent efficacy

Sullivan et al.

(2003) [62]

Drug and non-drug unit costs $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

Bud appears to be cost effective in mild-

persistent asthmatic of recent onset

Malone and

Luskin

(2003) [44]

Change in Bud effect over time,

cost of ED visits and cost of

office-based visits

-$5.77 (95% CI -$68.08 to -$4.08) per

symptom-free days gained

HFA-BDP was a dominant therapy (more

effective, less costly) compared with

CFC-BDP

Paggiaro et al.

(2013) [48]

Form of formulation of SFC 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

Stepping down from high-dose SFC to

extra-fine BDP/Form is cost effective

Ismaila et al.

(2014) [40]

Efficacy inputs $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

SFC is cost effective compared with

doubling FP dose

Miyagawa

et al. (2006)

[47]

– Not calculated. ICS/salmeterol dominates

(more effective and less costly)

ICS/salmeterol appears to be efficacious

and cost effective

Bruggenjurgen

et al. (2005)

[34]

No sensitivity analysis Not calculated. Adjustable maintenance

dosing is equally effective and less costly)

Adjustable maintenance dosing strategy is

similar for HRQoL, but at lower cost, than

fixed dosing

Bruggenjurgen

et al. (2010)

[33]

Drug costs €9.77 per additional day free of asthma

symptoms

BDP/Form fixed combination is superior to

BDP ? Form delivered via separate

inhalers

Cost Effectiveness of Pharmacological Treatments for Asthma



Table 4 continued

Main drivers of cost effectiveness ICERs Conclusions of the study authors

Doull et al.

(2007) [35]

– Compared with an increased dose of SFC

either ‘dominates’ (i.e. cheaper and more

effective) FP or the cost per QALY is

£6852

Is a cost-effective option to switch to SFC

(at an equivalent ICS dose) compared

with increasing ICS dose

Gerzeli et al.

(2012) [38]

Drug costs Not reported BDP/Form compared with SFC strategy is

associated with a cost reduction and

equivalent clinical efficacy

Johansson et al.

(2006) [41]

No sensitivity analysis Not calculated. SMART dominates (more

effective and less costly)

Compared with SFC, SMART may be cost

effective from a societal perspective,

providing a reduction of severe

exacerbation

Ericsson et al.

(20060 [36]

– Not calculated. Bud/Form in single inhaler is more

effective than higher dose FP. It is cost-

neutral and may provide cost savings in

some countries

Price et al.

(2004) [50]

Proportion of patients managed

at Step 3, proportion of

budesonide/Form patients

currently self-managed, and

one-off education costs

Not calculated. SMART is equally effective

and less costly)

SMART strategy provided equivalent

HRQoL to fixed dosing at lower cost

Rodriguez-

Martinez

et al. (2013)

[53]

Cost of asthma exacerbation The incremental cost-utility ratio of FP

compared with BDP was £19,835.28 per

QALY

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

Weiss et al.

(2006) [58]

– $10.50 (95% CI $1.20–33.30) per

symptom-free days gained

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

Lundback et al.

(2000) [42]

– 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

SFC is a more cost effective treatment than

Bud in the management of moderate to

severe asthma

Stempel et al.

(2000) [56]

The cost of Bud, and the length

of hospital stay

FP dominates (more effective and less

costly)

FP was more effective and less expensive

than Bud

Andersson

et al. (2001)

[30]

Inclusion of productivity losses

and cost of asthma

exacerbations

The incremental cost per symptom-free

days ranged between €2.51in Spain and

€6.60 in the UK.

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

Everden et al.

(2002) [37]

– Not calculated. Eorm dominates (more

effective and less costly)

Form by Turbohaler was more effective and

less expensive than salmeterol by

Accuhaler

Perera (1995)

[61]

No sensitivity analysis Not calculated Even for developing countries with

financial constraints, ICS treatment for

prophylaxis of asthma is a cost-effective

and rational form of treatment

Bisgaard et al.

(2001) [32]

– Not relevant. FP dominates (more effective

and less costly)

FP is cost effective relative to standard

therapy with bronchodilators alone

Price and

Briggs (2002)

[101]

Asthma management costs The average incremental cost per successfully

controlled week with SFC was £20.83

SFC is cost effective compared with FP at

same doses

Johansson et al.

(1999) [64]

– The cost to achieve an additional successfully

treated week with SFC was an additional

SEK133.4 ($US16.18) per week

SFC was more cost effective than FP

C. E. Rodriguez-Martinez et al.



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]

Table 4 continued

Main drivers of cost effectiveness ICERs Conclusions of the study authors

Palmqvist et al.

(1999) [63]

– 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

SFC was more effective for a similar

overall healthcare cost and was more cost

effective than FP

Volmer et al.

(1999) [57]

– 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

FP was more cost effective than flunisolide

Rutten-van

Mölken et al.

(1998) [54]

– Not calculated (both costs and outcomes were

not significantly different)

No evidence to suggest that either treatment

(Form and salmeterol) was more cost

effective than the other

Paltiel et al.

(2001) [60]

The effect of ICS efficacy, and

the percentage decrement in

HRQoL because of side

effects of ICS

Compared with quick relievers alone, an

incremental cost of $13,500 per QALY

gained and $7.50 per additional symptom-

free day

ICS appear to deliver good comparative

value

Price and

Appleby

(1998) [99]

No sensitivity analysis Not calculated Asthmatic patients with persistent

symptoms and frequent exacerbations,

switching to FP can bring improvement

clinically and be cost effective

Barnes et al.

(1999) [31]

– Not relevant (FP is a dominant strategy) FP is more effective and also cheaper, in

terms of overall healthcare costs, than

Bud

Stanciole et al.

(2012) [66]

Age weights and the discount

factor

Low-dose ICS most cost-effective

Intervention, with average cost per DALY

averted of $2500

Low-dose ICS for mild–persistent asthma

considered most cost-effective

Price et al.

(2013) [65]

– Using exacerbation prevention as treatment

effective, efBDP-FOR has 75% probability

of cost effectiveness

Switching from SFC to efBDP-FOR at

equivalent or lower ICS dose is cost

effective

Willson et al.

(2014) [67]

The cost of the ‘uncontrolled

asthma’ state

Add-on tiotropium therapy resulted in an

ICER of £21,906 per QALY gained

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, ICS inhaled corticosteroids, LABA long-acting b2-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

Cost Effectiveness of Pharmacological Treatments for Asthma
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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]

– Not calculated 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

Stempel

et al.

(2007)

[78]

No sensitivity analysis Not relevant (FP is a dominant strategy) FP is associated with better outcomes and

lower cost than MONT

Wang et al.

(2011)

[80]

– Not relevant (FP is a dominant strategy) Low-dose FP had lower cost and higher

effectiveness than MONT, especially in

those with more airway inflammation

Rely et al.

(2011)

[75]

Percentage of patients with adequate

control of asthma, percentage of asthma

exacerbations, and percentage and

duration of hospitalizations for asthma

exacerbations

Not relevant (SFC is a dominant strategy) Compared with MONT, SFC may be cost

saving

Price et al.

(2011)

[74]

No sensitivity analysis LTRA are equally effective than ICS and

more costly

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

Shih et al.

(2007)

[77]

Medication adherence The cost to achieve an additional

symptom-free day with SFC vs. FP was

$US9.55, and $US8.93 per rescue

medication-free day

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

Borker

et al.

(2005)

[69]

– $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 C 12% from baseline

SFC is more cost effective than MONT as

initial maintenance therapy

Heaton

et al.

(2006)

[70]

No sensitivity analysis Not relevant (non-use of LTRA is a

dominant strategy)

Use of LTRA was not associated with

clinical effectiveness in asthma control,

but was associated with higher total

costs for asthma care

O’Connor

et al.

(2004)

[72]

– Not relevant (SFC is a dominant strategy) 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

Wilson

et al.

(2010)

[81]

– The incremental cost per QALY gained

(LTRA vs. LABA) was £22589 from

the societal perspective, and £11919

from the NHS perspective

The results marginally favor the

repositioning of LTRA as a cost-

effective alternative to LABA as add-on

therapy to ICS for asthma

O’Connor

et al.

(2002)

[73]

No sensitivity analysis Not relevant (SFC is a dominant strategy) Compared with ICS ? MONT, SFC

provides superior clinical benefit, as

evidenced by lower ED and

hospitalization as at substantially lower

costs

Cost Effectiveness of Pharmacological Treatments for Asthma



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

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

Table 6 continued

Main drivers of cost effectiveness ICERs Conclusions of the study authors

Sheth et al.

(2002)

[76]

– $1.33 (95% CI 0.80–2.02) per percentage

change in FEV1 from baseline, and

$1.69 (95% CI 1.01–2.48) per

percentage symptom-free days

SFC bid is more cost effective than

MONT od as initial therapy

Andersson

et al.

(2001)

[68]

Asthma drug costs Not relevant (Bud is a dominant strategy) Bud for continued maintenance, after an

initial period of stabilizing with Bud,

resulted in lower costs and less drug

switches than a strategy with sodium

cromoglycate

bid twice daily, Bud budesonide, CI confidence interval, ED Emergency Department, FEV1 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, SFC salmeterol and fluticasone propionate

C. E. Rodriguez-Martinez et al.



T
a

b
le

7
C
h
ar
ac
te
ri
st
ic
s
o
f
ec
o
n
o
m
ic

st
u
d
ie
s
ev
al
u
at
in
g
o
m
al
iz
u
m
ab

fo
r
se
v
er
e
ch
ro
n
ic

as
th
m
a
tr
ea
tm

en
t:
m
et
h
o
d
o
lo
g
y

T
ar
g
et

p
o
p
u
la
ti
o
n
/s
et
ti
n
g
,
ag
e

T
y
p
e
o
f
in
te
rv
en
ti
o
n
s

C
o
m
p
ar
at
o
rs

T
y
p
e
o
f
ec
o
n
o
m
ic

ev
al
u
at
io
n
,
m
o
d
el

v
s.

tr
ia
l-
b
as
ed

st
u
d
y

C
o
st

p
er
sp
ec
ti
v
e

S
o
u
rc
e
o
f
re
so
u
rc
e-

u
se

d
at
a

W
u
et

al
.

(2
0
0
7
),
U
S

[9
2
]

S
ev
er
e
as
th
m
a,

n
o
t
st
at
ed

IC
S
?

S
A
B
A

p
rn

an
d

IC
S
?

S
A
B
A

p
rn

?
O
M
A

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A
,
m
o
d
el
-b
as
ed

st
u
d
y
(M

ar
k
o
v

M
o
d
el
)

S
o
ci
et
al

p
er
sp
ec
ti
v
e

P
u
b
li
sh
ed

re
so
u
rc
e-

u
se

st
u
d
ie
s

F
ar
ia

et
al
.

(2
0
1
4
),
U
K

[8
6
]

S
ev
er
e
p
er
si
st
en
t
al
le
rg
ic

as
th
m
a,

C
6
y
ea
rs

O
M
A

an
d
st
an
d
ar
d
as
th
m
a

ca
re

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
U
A
,
m
o
d
el
-b
as
ed

st
u
d
y
(M

ar
k
o
v

M
o
d
el
)

H
ea
lt
h
ca
re

p
er
sp
ec
ti
v
e

S
y
st
em

at
ic

re
v
ie
w

o
f
th
e
li
te
ra
tu
re

D
al

N
eg
ro

et
al
.
(2
0
1
2
),

It
al
y
[8
5
]

S
ev
er
e,

p
er
si
st
en
t
at
o
p
ic

as
th
m
a
o
n
ch
ro
n
ic

h
ig
h
-d
o
se

an
ti
as
th
m
ic

tr
ea
tm

en
ts
,
C

1
2
y
ea
rs

O
M
A

an
d
st
an
d
ar
d
as
th
m
a

ca
re

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
U
A
,
tr
ia
l-
b
as
ed

st
u
d
y

H
ea
lt
h
ca
re

p
er
sp
ec
ti
v
e

In
st
it
u
ti
o
n
al

d
at
ab
as
e

v
an

N
o
o
te
n

et
al
.
(2
0
1
3
),

N
et
h
er

[9
0
]

U
n
co
n
tr
o
ll
ed

al
le
rg
ic
(I
g
E
-m

ed
ia
te
d
)
as
th
m
a
d
es
p
it
e
tr
ea
tm

en
t

w
it
h
h
ig
h
-d
o
se

IC
S
an
d
L
A
B
A
,
C

1
2
y
ea
rs

O
M
A

an
d
st
an
d
ar
d
as
th
m
a

th
er
ap
y

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
U
A
,
m
o
d
el
-b
as
ed

st
u
d
y
(M

ar
k
o
v

M
o
d
el
)

H
ea
lt
h
ca
re

an
d
so
ci
et
al

p
er
sp
ec
ti
v
es

O
b
se
rv
at
io
n
al

st
u
d
y

N
o
rm

an
et

al
.

(2
0
1
3
),
U
K

[8
8
]

S
ev
er
e
p
er
si
st
en
t
al
le
rg
ic

as
th
m
a,

C
6
y
ea
rs

O
M
A

as
an

ad
d
-o
n
th
er
ap
y

to
st
an
d
ar
d
ca
re

v
s.

st
an
d
ar
d
th
er
ap
y
al
o
n
e

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A

an
d
C
U
A
,

m
o
d
el
-b
as
ed

st
u
d
y

(M
ar
k
o
v
M
o
d
el
)

H
ea
lt
h
ca
re

p
er
sp
ec
ti
v
e

C
T

B
ro
w
n
et

al
.

(2
0
0
7
),

C
an
ad
a
[8
3
]

S
ev
er
e
p
er
si
st
en
t
al
le
rg
ic

as
th
m
a,

n
o
t
st
at
ed

O
M
A

an
d
st
an
d
ar
d
th
er
ap
y

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A

an
d
C
U
A
,

m
o
d
el
-b
as
ed

st
u
d
y

(M
ar
k
o
v
M
o
d
el
)

H
ea
lt
h

in
su
ra
n
ce

p
er
sp
ec
ti
v
e

C
T

C
am

p
b
el
l

et
al
.
(2
0
1
0
),

U
S
[8
4
]

M
o
d
er
at
e-
to
-s
ev
er
e
p
er
si
st
en
t
as
th
m
a,

a
p
o
si
ti
v
e
S
P
T
o
r

in
v
it
ro

re
ac
ti
v
it
y
to

a
p
er
en
n
ia
l
ae
ro
al
le
rg
en
,
an
d

u
n
co
n
tr
o
ll
ed

w
it
h
IC
S
,
m
ea
n
4
0
y
ea
rs

O
M
A

p
lu
s
u
su
al

ca
re

v
s.

u
su
al

ca
re

al
o
n
e

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
U
A
,
m
o
d
el
-b
as
ed

st
u
d
y
(M

ar
k
o
v

M
o
d
el
)

P
ay
er

p
er
sp
ec
ti
v
e

M
et
a-
an
al
y
si
s
o
f
th
e

b
es
t-
av
ai
la
b
le

ev
id
en
ce

L
ev
y
et

al
.

(2
0
1
5
),

S
p
ai
n
[8
7
]

U
n
co
n
tr
o
ll
ed

se
v
er
e
al
le
rg
ic

p
er
si
st
en
t
as
th
m
a,

C
1
4
y
ea
rs

O
M
A

v
s.
ro
u
ti
n
e
cl
in
ic
al

p
ra
ct
ic
e

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A

an
d
C
U
A
,
tr
ia
l-

b
as
ed

st
u
d
y

S
p
an
is
h

N
at
io
n
al

H
ea
lt
h

S
y
st
em

O
b
se
rv
at
io
n
al

C
T

O
b
a
an
d

S
al
zm

an

(2
0
0
4
),
U
S

[8
9
]

M
o
d
er
at
e-
to
-s
ev
er
e,

su
b
o
p
ti
m
al
ly

co
n
tr
o
ll
ed

al
le
rg
ic

as
th
m
a,

C
1
5
y
ea
rs

O
M
A

v
s.
p
la
ce
b
o

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A
,
tr
ia
l-
b
as
ed

st
u
d
y

T
h
ir
d
-p
ar
ty

p
ay
er
’s

p
er
sp
ec
ti
v
e

C
T

V
en
n
er
a
et

al
.

(2
0
1
6
),

S
p
ai
n
[9
1
]

S
ev
er
e
p
er
si
st
en
t
al
le
rg
ic

as
th
m
a
u
n
co
n
tr
o
ll
ed

b
y
st
an
d
ar
d

tr
ea
tm

en
t,
C

1
7
y
ea
rs

O
M
A

v
s.
st
an
d
ar
d

tr
ea
tm

en
t

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A
,
tr
ia
l-
b
as
ed

st
u
d
y

S
o
ci
et
al

p
er
sp
ec
ti
v
e

O
b
se
rv
at
io
n
al

st
u
d
y

Y
o
sh
ik
aw

a

et
al
.
(2
0
1
6
),

Ja
p
an

[9
3
]

S
ev
er
e
as
th
m
a,

9
–
1
4
y
ea
rs

O
M
A

v
s.
co
n
v
en
ti
o
n
al

tr
ea
tm

en
t

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A
,
tr
ia
l-
b
as
ed

st
u
d
y

N
o
t
st
at
ed

C
li
n
ic
al

d
at
a

D
ew

il
d
e
et

al
.

(2
0
0
6
),

S
w
ed
en

[9
6
]

A
d
u
lt
p
at
ie
n
ts
w
it
h
se
v
er
e
p
er
si
st
en
t
al
le
rg
ic

as
th
m
a
w
h
o
ar
e

u
n
co
n
tr
o
ll
ed

d
es
p
it
e
G
IN

A
S
te
p
4
th
er
ap
y
,
m
ea
n
4
3
y
ea
rs

O
M
A

v
s.
st
an
d
ar
d
th
er
ap
y

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A

an
d
C
U
A
,

m
o
d
el
-b
as
ed

st
u
d
y

(M
ar
k
o
v
M
o
d
el
)

S
o
ci
et
al

p
er
sp
ec
ti
v
e

IN
N
O
V
A
T
E
tr
ia
l

an
d
fr
o
m

a
U
K

o
b
se
rv
at
io
n
al

st
u
d
y

Cost Effectiveness of Pharmacological Treatments for Asthma



T
a

b
le

7
co
n
ti
n
u
ed T
ar
g
et

p
o
p
u
la
ti
o
n
/s
et
ti
n
g
,
ag
e

T
y
p
e
o
f
in
te
rv
en
ti
o
n
s

C
o
m
p
ar
at
o
rs

T
y
p
e
o
f
ec
o
n
o
m
ic

ev
al
u
at
io
n
,
m
o
d
el

v
s.

tr
ia
l-
b
as
ed

st
u
d
y

C
o
st

p
er
sp
ec
ti
v
e

S
o
u
rc
e
o
f
re
so
u
rc
e-

u
se

d
at
a

Z
af
ar
i
et

al
.

(2
0
1
6
),

C
an
ad
a
[9
7
]

A
d
u
lt
s
w
it
h
m
o
d
er
at
e-
to
-s
ev
er
e
al
le
rg
ic

as
th
m
a
w
h
o
se

as
th
m
a

re
m
ai
n
ed

u
n
co
n
tr
o
ll
ed

d
es
p
it
e
tr
ea
tm

en
t
w
it
h
h
ig
h
-d
o
se

IC
S

w
it
h
o
r
w
it
h
o
u
t
L
A
B
A
,
1
8
–
6
5
y
ea
rs

O
M
A

v
s.
st
an
d
ar
d
th
er
ap
y

v
s.
B
T

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A

an
d
C
U
A
,

m
o
d
el
-b
as
ed

st
u
d
y

(M
ar
k
o
v
M
o
d
el
)

H
ea
lt
h
ca
re

p
er
sp
ec
ti
v
e

P
u
b
li
sh
ed

li
te
ra
tu
re

D
al

N
eg
ro

et
al
.
(2
0
1
1
),

It
al
y
[9
5
]

A
d
u
lt
s
w
it
h
se
v
er
e
d
if
fi
cu
lt
as
th
m
a,

2
7
–
7
0
y
ea
rs

O
M
A

v
s.
st
an
d
ar
d
th
er
ap
y

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
E
A

an
d
C
U
A
,
tr
ia
l-

b
as
ed

st
u
d
y

H
ea
lt
h
ca
re

p
er
sp
ec
ti
v
e

In
st
it
u
ti
o
n
al

d
at
ab
as
e

M
o
ri
sh
im

a

et
al
.
(2
0
1
3
),

Ja
p
an

[9
4
]

P
at
ie
n
ts

w
it
h
m
o
d
er
at
e-
to
-s
ev
er
e
p
er
si
st
en
t
as
th
m
a
d
es
p
it
e

h
ig
h
-d
o
se

IC
S
an
d
o
th
er

co
n
tr
o
ll
er

m
ed
ic
at
io
n
,
2
7
–
7
0
y
ea
rs

O
M
A

v
s.
st
an
d
ar
d
th
er
ap
y

A
ll
re
le
v
an
t

co
m
p
ar
at
o
rs

C
U
A
,
m
o
d
el
-b
as
ed

st
u
d
y
(M

ar
k
o
v

M
o
d
el
)

S
o
ci
et
al

p
er
sp
ec
ti
v
e

D
ep
ar
tm

en
t’
s

Q
u
al
it
y
In
d
ic
at
o
r/

Im
p
ro
v
em

en
t

P
ro
je
ct

S
o
u
rc
e
o
f
co
st

d
at
a

S
o
u
rc
e
o
f
ef
fe
ct
iv
en
es
s

d
at
a

D
is
co
u
n
ti
n
g
,
ti
m
e

h
o
ri
zo
n

S
en
si
ti
v
it
y
an
al
y
se
s

F
u
n
d
in
g
so
u
rc
e

W
u
et

al
.
(2
0
0
7
),
U
S
[9
2
]

P
u
b
li
sh
ed

st
u
d
ie
s

L
it
er
at
u
re

re
v
ie
w

A
n
n
u
al

d
is
co
u
n
t
ra
te

o
f

3
%
,
1
0
y
ea
rs

N
o
P
S
A

S
ci
en
ti
fi
c
o
r
ac
ad
em

ic

F
ar
ia

et
al
.
(2
0
1
4
),
U
K

[8
6
]

P
u
b
li
sh
ed

so
u
rc
es

L
it
er
at
u
re

re
v
ie
w

B
o
th

co
st
s
an
d
Q
A
L
Y
s

w
er
e
d
is
co
u
n
te
d
at

3
.5
%

p
er

an
n
u
m
,

li
fe
ti
m
e
h
o
ri
zo
n

P
S
A

S
ci
en
ti
fi
c
o
r
ac
ad
em

ic

D
al

N
eg
ro

et
al
.
(2
0
1
2
),
It
al
y
[8
5
]

E
x
-f
ac
to
ry

p
ri
ce
s,

re
fe
re
n
ce

p
ri
ce
s,
an
d

re
ta
il
p
ri
ce
s

In
st
it
u
ti
o
n
al

d
at
ab
as
e

N
o
t
st
at
ed
,
3
6
m
o
n
th
s

N
o
se
n
si
ti
v
it
y
an
al
y
si
s

F
u
n
d
in
g
so
u
rc
e
n
o
t

ex
p
li
ci
tl
y
st
at
ed

v
an

N
o
o
te
n
et

al
.
(2
0
1
3
),
N
et
h
er

[9
0
]

D
u
tc
h
so
u
rc
es

O
b
se
rv
at
io
n
al

st
u
d
y

A
n
n
u
al

d
is
co
u
n
t
ra
te

fo
r

o
u
tc
o
m
es

1
.5
%
,
an
d

4
%

fo
r
co
st
s,
li
fe
ti
m
e

h
o
ri
zo
n

P
S
A

P
h
ar
m
ac
eu
ti
ca
l

co
m
p
an
y

N
o
rm

an
et

al
.
(2
0
1
3
),
U
K

[8
8
]

N
H
S
re
fe
re
n
ce

co
st
s

an
d
th
e
P
S
S
R
U

C
T

A
n
n
u
al

d
is
co
u
n
t
ra
te

o
f

3
.5
%
,
li
fe
ti
m
e
h
o
ri
zo
n

P
S
A

S
ci
en
ti
fi
c
o
r
ac
ad
em

ic

B
ro
w
n
et

al
.
(2
0
0
7
),
C
an
ad
a
[8
3
]

C
T
s,
O
n
ta
ri
o
S
ch
ed
u
le

o
f
B
en
efi
ts

an
d
F
ee
s,

an
d
C
an
ad
ia
n
In
st
it
u
te

o
f
H
ea
lt
h
In
fo
rm

at
io
n

C
T

A
n
n
u
al

d
is
co
u
n
t
ra
te

o
f

5
%
,
li
fe
ti
m
e
h
o
ri
zo
n

P
S
A

P
h
ar
m
ac
eu
ti
ca
l

co
m
p
an
y

C
am

p
b
el
l
et

al
.
(2
0
1
0
),
U
S
[8
4
]

M
ar
k
et
-S
ca
n
d
at
a,

an
d

W
h
o
le
sa
le
A
cq
u
is
it
io
n

C
o
st

M
et
a-
an
al
y
si
s
o
f
th
e

b
es
t
av
ai
la
b
le

ev
id
en
ce

A
n
n
u
al

d
is
co
u
n
t
ra
te

o
f

3
%
,
li
fe
ti
m
e
h
o
ri
zo
n

P
S
A

P
h
ar
m
ac
eu
ti
ca
l

co
m
p
an
y

L
ev
y
et

al
.
(2
0
1
5
),
S
p
ai
n
[8
7
]

C
li
n
ic
al

re
g
is
tr
ie
s
an
d
a

p
u
b
li
sh
ed

so
u
rc
e

O
b
se
rv
at
io
n
al

cl
in
ic
al

d
at
a,
se
lf
-a
d
m
in
is
te
re
d

q
u
es
ti
o
n
n
ai
re

N
o
t
st
at
ed
,
1
0
m
o
n
th
s

N
o
P
S
A

P
h
ar
m
ac
eu
ti
ca
l

co
m
p
an
y

C. E. Rodriguez-Martinez et al.



T
a

b
le

7
co
n
ti
n
u
ed

S
o
u
rc
e
o
f
co
st

d
at
a

S
o
u
rc
e
o
f
ef
fe
ct
iv
en
es
s

d
at
a

D
is
co
u
n
ti
n
g
,
ti
m
e

h
o
ri
zo
n

S
en
si
ti
v
it
y
an
al
y
se
s

F
u
n
d
in
g
so
u
rc
e

O
b
a
an
d
S
al
zm

an
(2
0
0
4
),
U
S
[8
9
]

W
h
o
le
sa
le

ac
q
u
is
it
io
n

co
st
,
p
u
b
li
sh
ed

st
u
d
y
,

an
d
C
u
rr
en
t

P
ro
ce
d
u
ra
l

T
er
m
in
o
lo
g
y
-4

co
d
es

C
T

N
o
t
st
at
ed
,
5
2
w
ee
k
s

N
o
P
S
A

F
u
n
d
in
g
so
u
rc
e
n
o
t

ex
p
li
ci
tl
y
st
at
ed

V
en
n
er
a
et

al
.
(2
0
1
6
),
S
p
ai
n
[9
1
]

D
at
ab
as
e
o
f
S
p
an
is
h

h
ea
lt
h
ca
re

co
st
s,

M
in
is
tr
y
o
f
H
ea
lt
h
,

S
o
ci
al

S
er
v
ic
es

an
d

E
q
u
al
it
y
M
in
im

u
m

B
as
ic

D
at
a
S
et
–

H
o
sp
it
al

D
is
ch
ar
g
e,

an
d
G
en
er
al

C
o
u
n
ci
l

o
f
O
ffi
ci
al

C
o
ll
eg
es

P
h
ar
m
ac
is
t

O
b
se
rv
at
io
n
al

st
u
d
y

N
o
t
st
at
ed
,
1
2
m
o
n
th
s

P
S
A

P
h
ar
m
ac
eu
ti
ca
l

co
m
p
an
y

Y
o
sh
ik
aw

a
et

al
.
(2
0
1
6
),
Ja
p
an

[9
3
]

M
in
is
tr
y
o
f
H
ea
lt
h
,

L
ab
o
u
r
an
d
W
el
fa
re
,

Ja
p
an

C
T

N
o
t
st
at
ed
,
2
y
ea
rs

N
o
se
n
si
ti
v
it
y
an
al
y
si
s

F
u
n
d
in
g
so
u
rc
e
n
o
t

ex
p
li
ci
tl
y
st
at
ed

D
ew

il
d
e
et

al
.
(2
0
0
6
),
S
w
ed
en

[9
6
]

S
w
ed
is
h
u
n
it
co
st
s

C
T

A
n
n
u
al

d
is
co
u
n
t
ra
te

o
f

3
%
,
li
fe
ti
m
e
h
o
ri
zo
n

P
S
A

P
h
ar
m
ac
eu
ti
ca
l

co
m
p
an
y

Z
af
ar
i
et

al
.
(2
0
1
6
),
C
an
ad
a
[9
7
]

P
u
b
li
sh
ed

li
te
ra
tu
re

L
it
er
at
u
re

re
v
ie
w

w
it
h

m
et
a-
an
al
y
si
s

A
n
n
u
al

d
is
co
u
n
t
ra
te

o
f

3
%
,
5
y
ea
rs

P
S
A

S
ci
en
ti
fi
c
o
r
ac
ad
em

ic

D
al

N
eg
ro

et
al
.
(2
0
1
1
),
It
al
y
[9
5
]

D
R
G
-b
as
ed

re
m
u
n
er
at
io
n
ta
ri
ff

g
ra
n
te
d
to

h
o
sp
it
al
s
in

th
e
V
en
et
o
R
eg
io
n
,

re
g
io
n
al

sp
ec
ia
li
st
s’

ta
ri
ff
s,
an
d
p
u
b
li
sh
ed

li
te
ra
tu
re

an
d
so
u
rc
es

In
st
it
u
ti
o
n
al

d
at
ab
as
e

N
o
t
st
at
ed
,
1
0
m
o
n
th
s

N
o
se
n
si
ti
v
it
y
an
al
y
si
s

F
u
n
d
in
g
so
u
rc
e
n
o
t

ex
p
li
ci
tl
y
st
at
ed

M
o
ri
sh
im

a
et

al
.
(2
0
1
3
),
Ja
p
an

[9
4
]

Ja
p
an
’s

o
ffi
ci
al

d
at
ab
as
e

an
d
d
ep
ar
tm

en
t’
s

Q
u
al
it
y
In
d
ic
at
o
r/

Im
p
ro
v
em

en
t
P
ro
je
ct

C
T

A
n
n
u
al

d
is
co
u
n
t
ra
te

o
f

3
%
,
li
fe
ti
m
e
h
o
ri
zo
n

P
S
A

S
ci
en
ti
fi
c
o
r
ac
ad
em

ic

P
S
S
R
U

P
er
so
n
al

S
o
ci
al

S
er
v
ic
es

R
es
ea
rc
h
U
n
it
,
Q
A
L
Y
s
q
u
al
it
y
-a
d
ju
st
ed

li
fe
-y
ea
rs
,
C
T
cl
in
ic
al

tr
ia
l,
N
H
S
N
at
io
n
al

H
ea
lt
h
S
er
v
ic
e,
C
E
A
co
st
-e
ff
ec
ti
v
en
es
s
an
al
y
si
s,
C
U
A
co
st
-u
ti
li
ty

an
al
y
si
s,

S
A
B
A
sh
o
rt
-a
ct
in
g
b
2
-a
g
o
n
is
ts
,
IC
S
in
h
al
ed

co
rt
ic
o
st
er
o
id
s,
L
A
B
A
lo
n
g
-a
ct
in
g
b2

-a
g
o
n
is
ts
,
p
rn

as
n
ee
d
ed
,
Ig

im
m
u
n
o
g
lo
b
u
li
n
,
S
P
T
sk
in

p
ri
ck

te
st
,
O
M
A
o
m
al
iz
u
m
ab
,
B
T
b
ro
n
ch
ia
l
te
rm

o
p
la
st
y
,

G
IN
A
G
lo
b
al

In
it
ia
ti
v
e
fo
r
A
st
h
m
a,

P
S
A
p
ro
b
ab
il
is
ti
c
se
n
si
ti
v
it
y
an
al
y
si
s,
D
R
G

D
ia
g
n
o
si
s
re
la
te
d
g
ro
u
p

Cost Effectiveness of Pharmacological Treatments for Asthma



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]

The monthly cost of omalizumab and

improvement in HR-QOL

$821,000 per QALY gained, and $120

per symptom-free day gained

OMA is not cost-effective for most

patients with severe asthma

Faria 2014

[86]

The asthma mortality risk, and the effect

of improvements in HR-QOL with

omalizumab.

The incremental cost-effectiveness ratio

varied from £30,109 to 57,557 per

QALY gained depending on the

population considered using the PAS

price

OMA represents good value for money

only in severe subgroups and under

optimistic assumptions regarding

asthma mortality and improvement in

HR-QOL

Dal Negro

2012 [85]

No sensitivity analysis Incremental cost/utility ratio of €23,880
per QALY gained

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

van Nooten

2013 [90]

Cost of omalizumab, time horizon,

estimation of work loss.

ICER of €38,371 per QALY OMA was found to have an attractive

cost-effectiveness ratio

Norman

2013 [88]

Asthma-related mortality risk, HRQoL

improvement and OCS-related adverse

effects

The ICER for adults and adolescents is

£83,822 per QALY gained, and

£78,009 per QALY gained for children.

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.

Brown

2007 [83]

– ICER of €31,209 per QALY Add-on OMA is cost-effective in patients

with severe persistent allergic asthma

Campbell

2010 [84]

The difference in treatment-specific

utilities for the chronic state,

exacerbation-associated mortality,

omalizumab price, exacerbation rates,

and response definition

ICER of $287, 200 per QALY gained and

$172, 300 per QALY gained in

responders

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.

Levy 2015

[87]

The change in the extrapolation

multiplication factor and unit costs

ICER of €462.08 (347.65–606.22) per

exacerbation avoided and €26 864.89

(21 632.07–33 859.49) per QALY

gained

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

Oba 2004

[89]

Efficacy parameters ICER of $523 per additional successfully

controlled day and $378 to achieve at

least a 0.5-point increase in AQLQ

score

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

Vennera

2016 [91]

– 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

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

Yoshikawa

2016 [93]

No sensitivity analysis JPY 20,868 per additional hospital-free

day

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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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

(FEV1) 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. FEV1) 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.

Table 8 continued

Main drivers of cost-effectiveness ICERs Conclusions of the study authors

Dewilde

2006 [96]

The exacerbation-related mortality rate,

the time horizon and the discount rates

ICER of €56,091 per QALY OMA provides cost offsets, improves

HR-QOL and may have an attractive

ICER in treating the severe allergic

asthma population

Zafari 2016

[97]

Cost of BT and cost of omalizumab ICER of of BT versus standard therapy

and OMA versus BT was $78,700/

QALY and $3.86 million/QALY,

respectively

There is more than 60% chance that BT

becomes cost-effective relative to OMA

and standard therapy at the WTP of

$100,000/QALY in patients with

moderate-to-severe allergic asthma

Dal Negro

2011 [95]

No sensitivity analysis Incremental cost/utility ratio of 26,000 €/
QALY

OMA added to an optimised therapy

significantly improves clinical

outcomes in difficult-to-treat, persistent

allergic asthma. Costs also increased

but proved justified by health benefits

achieved

Morishima

2013 [94]

Asthma-related mortality, exacerbation

risk, and OMA cost

ICER for OMA was US$755,200

($614,200– 1,298,500) per QALY

gained

With a WTP of $45,000 per QALY,

OMA was not cost-effective. Confining

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, ICER incremental cost-

effectiveness ratios, ICS 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
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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

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].

Table 9 Assessment of the

reporting quality of included

studies using the CHEERS

checklist

Domain/item Number of studies (%) reporting

Well Poorly Not

Title and abstract

Title 67 (93.1) 3 (4.2) 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 43 (59.7) 29 (40.3) 0 (0)

Study perspective 59 (81.9) 3 (4.2) 10 (13.8)

Comparators 66 (91.7) 5 (6.9) 1 (1.4)

Time horizon 61 (84.7) 4 (5.5) 7 (9.7)

Discount rate 26 (36.1) 0 (0) 46 (63.9)

Choice of health outcomes 67 (93.1) 5 (6.9) 0 (0)

Measurement of effectiveness 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)

Estimating resources and costs 43 (59.7) 28 (38.9) 1 (1.4)

Currency, price date, and conversion 48 (66.7) 9 (12.5) 15 (20.8)

Choice of model 59 (81.9) 10 (13.9) 3 (4.2)

Assumptions 38 (52.8) 26 (36.1) 8 (11.1)

Analytical methods 35 (48.6) 26 (35.1) 11 (15.3)

Results

Study parameters 50 (69.4) 21 (29.2) 1 (1.4)

Incremental costs and outcomes 60 (83.3) 6 (8.3) 6 (8.3)

Characterizing uncertainty 59 (81.9) 2 (2.8) 11 (15.3)

Characterizing heterogeneity 23 (31.9) 6 (8.3) 43 (59.7)

Discussion

Study findings, limitations, generalizability, and current knowledge 61 (84.7) 11 (15.3) 0 (0)

Other

Source of funding 53 (73.6) 0 (0) 19 (26.4)

Conflicts of interest 40 (55.5) 1 (1.4) 31 (43.1)

CHEERS Consolidated Health Economic Evaluation Reporting Standards

C. E. Rodriguez-Martinez et al.



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 C 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

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

(RCTs). 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

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.
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