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Asthma is a chronic disease characterized by significant morbidities and mortality, with a large impact on socio-eco-
nomic resources and a considerable burden on health-care systems. In the standard care of asthma, inhaled corticos-
teroids (ICS) associated with long-acting B-adrenoceptor agonists (LABA) are a reliable and often cost-effective
choice, especially if based on the single inhaler therapy (SIT) strategy; however, in a subset of patients it is not possible
to reach an adequate asthma control. In these cases, it is possible to resort to other pharmacologic options, including
corticosteroids (OCS) or biologics. Unfortunately, OCS are associated with important side effects, whilst monoclonal
antibodies (mAbs) allow excellent results, even if far more expensive. Up to now, the economic impact of asthma has
not been compared with equivalent indicators in several studies. In fact, a significant heterogeneity of the cost analysis
is evident in literature, for which the assessment of the real cost-effectiveness of asthma therapies is remarkably com-
plex. To maximize the cost-effectiveness of asthma strategies, especially of biologics, attention must be paid on phe-
notyping and identification of predictors of response. Several studies were included, involving comparative analysis
of drug treatments for asthma, comparative analysis of the costs and consequences of therapies, measurement and eval-
uation of direct drug costs, and the reduction of health service use. The initial research identified 389 articles, classified
by titles and abstracts. A total of 311 articles were excluded as irrelevant and 78 articles were selected.
Pharmacoeconomic studies on asthma therapies often report conflicting data also due to heterogeneous indicators and
different populations examined. A careful evaluation of the existing literature is extremely important, because the sce-
nario is remarkably complex, with an attempt to homogenize and interpret available data. Based on these studies, the
improvement of prescriptive appropriateness and the reduction of the use of healthcare resources thanks to controller
medications and to innovative therapies such as biologics partially reduce the economic burden of these treatments. A
multidisciplinary stakeholder approach can also be extremely helpful in deciding between the available options and
thus optimizing healthcare resources.
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Introduction

Asthma is a chronic disease characterized by significant mor-
bidity and mortality, with a large impact on socio-economic
resources [1] and a considerable burden on health care systems.

In USA asthma is associated with approximately US Dollars
(USD) 50 billion of total direct increase annual costs [2], USD 3.8
billion in lost productivity annual costs and USD 2.1 billion per
year in lost productivity due to mortality [3].

Inhaled corticosteroids (ICS) in combination with long-acting
-adrenoceptor agonists (LABA) represent the most important and
effective category of drugs for the treatment of asthma [4]. A sub-
set of patients is not adequately controlled with inhalation thera-
pies and requires other drugs, such as long-acting muscarinic
antagonists (LAMA) [5], oral corticosteroids (OCS) [6] or
leukotriene receptor antagonists (LTRA) [7]. Overall, less than 5%
of asthmatics remain uncontrolled despite high dose of these treat-
ments [8] and may require biologics as an additional option. These
patients are defined as “severe asthmatics” [9,10].

Omalizumab was the only biologic drug available for asthma
until 2015, it is an anti-immunoglobulin E antibody (anti-IgE) indi-
cated for patients with refractory allergic asthma [11,12]. More
recently, other biologics have become available, such as
mepolizumab, reslizumab and benralizumab. These are target anti-
interleukin-5 (anti-IL-5) or anti-IL-5 receptor drugs, indicated as
add-on therapy for patients with severe eosinophilic asthma [13-
15]. On the contrary, dupilumab is a fully human monoclonal anti-
body against the o subunit of the interleukin (IL)-4 and IL-4/IL-13
receptor complexes, which showed efficacy the “type-2 high” (T2)
phenotype [16]. Despite the large number of pharmacoeconomic
studies and cost-effectiveness analyses (CEA) on asthma, there is
still no standard approach to evaluate economic costs and clinical
benefits of therapies, therefore it is hard for health care decision
makers seeking to distribute resources.

In asthma CEA the outcome is generally defined on clinical
parameters such as symptom-free days, reduction in the rate of
exacerbations, etc. The preferred outcome in terms of CEA is the
quality-adjusted life years (QALY). This result estimates alterna-
tive specific survival and assigns utility weights ranging from zero
(death) to one (perfect health) for each year of life gained after the
therapeutic intervention. Another important outcome in a CEA is
the incremental cost-effectiveness ratio (ICER). The ICER is the
average incremental cost associated with an additional unit of
effect and is calculated by dividing the difference in costs (AC)
between intervention and comparator, over the difference in effects
(AE) [17].

As part of the economic evaluations, both the cost estimates
and the consequences of using different therapeutic alternatives
available are often included. Comparative data on the economic
value of treatments would be useful in order to make correct choic-
es of therapeutic interventions. When a treatment option is domi-
nant (lower cost for equal benefits, or producing a higher benefit
without being more expensive than its comparator), it is unequiv-
ocally cost-effective. However, if a drug generates additional ben-
efits, it can still be considered cost-effective even in the case of
increased costs. For these reasons, it is important to obtain accurate
pharmacoeconomic data in terms of health resources savings and
reduction of side effects due to a lower use of OCS (often as a pos-
itive consequence of a better control of asthma due to biological
drugs).

The objective of this review is to establish the real cost-effec-
tiveness of current asthma pharmacological strategies, with a spe-
cific focus on therapies based on monoclonal antibodies.

Methods

Study selection and data source

We conducted a systematic review of the English literature
from January 2000 to April 2021, concerning comparative cost
analyses on drug therapies available for asthma. The search was
carried out on the following biomedical bibliographic databases:
MEDLINE (PubMed), EMBASE, SCOPUS, the NHS Economic
Evaluation Database (NHS EED). The search strategy included the
following search terms: “Economics, Medical” OR “Cost-Benefit
Analysis” AND “Asthma” AND “Cost-effectiveness”, “Biologics
costs” AND “Pharmacoeconomics asthma treatments”. Studies
that met the following criteria were included: (1) comparative
analysis of drug treatments for asthma; (2) comparative analysis of
the costs and consequences of therapies; (3) measurement and
evaluation of the direct costs of drugs and reduction of the use of
the health service. Studies published exclusively in abstract form
were excluded. In addition, a manual search of reference lists in
publications was also carried out with the purpose of identifying
any relevant missing articles (including systematic reviews, disser-
tations, conference proceedings, opinion articles, editorials and
conference abstracts).

Results

The initial search identified 389 articles, rated across titles and
abstracts. A total of 311 articles were excluded as not relevant. This
led to select 78 articles that were analyzed based on the inclusion
and exclusion criteria described above.

It should be noted that the economic impact of asthma has not
been compared with equivalent indicators in several studies. In
fact, there is a significant heterogeneity of the cost analysis in the
literature, for which it was not possible to perform a quantitative
meta-analysis to aggregate data on pharmacoeconomic analyses
and CEA. In particular, the resources used to derive health-care
costs and economic assessments vary substantially between stud-
ies, as does the type of currency considered. There was no ade-
quate homogeneity in terms of participants, interventions and the
way in which the results were defined and measured, to be able to
carry out a meta-analysis. As a consequence, we decided to choose
a qualitative analysis.

The costs published in different currencies in the articles
examined (Euro, Great British Pound, Swedish Krona, efc.) were
converted into USD to make it easier to compare the economic out-
comes of the various drug options. The selected articles were
reviewed in accordance with Drummond’s criteria and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [18,19] (Figure 1).

Pharmacological options

ICS/LABA

Several studies looked at the cost-benefit ratio of ICS given
alone or more often in combination with LABA (Table 1) and they
demonstrated the cost effectiveness of ICS in patients with persist-
ent asthma [20-22]. Regarding the choice between different ICS,
there are reports suggesting that fluticasone propionate (FP) is
more cost-effective than budesonide (BUD) or flunisolide [23]. A
study performed in developing countries concluded that FP may be
more cost-effective than beclomethasone dipropionate (BDP) [24].
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In inadequately controlled asthma patients despite taking ICS,
adding LABA (salmeterol or formoterol) to ICS (FP, BUD or BDP)
is cost-effective compared to ICS alone at the same doses [25-29]
or in double doses [27,28]. Other studies reported that fixed com-
binations of ICS and LABA were more cost-effective than the
same drugs in separate inhalers [29]. As regard to the choice
between different LABAs, an old study did not show that LABA
alone (formoterol and salmeterol) was more cost-effective than the
other [30]. More recent data showed that formulations with ICS
and formoterol could be more cost effective compared to combina-
tions of ICS and salmeterol, being associated with cost savings and
a superior clinical efficacy [31,32]. The greatest evidence of effi-
cacy emerged when ICS and formoterol combination (BUD/for-
moterol is the most studied combination) was used for both single
inhaler therapy (SIT) [33]. There are now numerous data confirm-
ing that the SIT strategy [33] is superior and cost-effective com-
pared to alternative strategies, such as FP/fixed-dose salmeterol
plus salbutamol or terbutaline needed as reliever therapy. A study
based on a Markov model estimated the costs and health outcomes
associated with therapeutic step-down in patients with controlled
asthma on high-dose FP/S 1000/100 pg per day treatment who
switched to FP PMDI/S (500/100 pg) medium dose dry powder or
BDP/F400/24 pg extrafine ) [34].

In this study, the CEA showed that high FP / S versus medium
dose FP / S were not cost effective options versus medium dose
BDP / F (400 / 24 pg), with a low probability (less than 1%) to be
cost-effective, when USD 25,000 / QALY threshold is used.
Consequently, maintenance therapy with high-dose 1000/100 ng
daily FP/S was not cost-effective compared to extrafine 400/24 pg
BDP/F [34].

There are some limitations: most of those who compared ICS
with a combination ICS/LABA drew the efficacy data from RCTs
and identified a limited number of comparators. Furthermore,
many were sponsored by a pharmaceutical company or the source
of funding was not clearly stated and had a short time horizon (on
average less than 1 year, ranging from 12 to 24 weeks).

A very low number of asthma CEA evaluated adherence,
which is known to be very low in asthma. A recent review found
that within CEA, only four studies (17.4%) had incorporated
adherence in analyzes [35]. A study by Shih et al. estimated cost
effectiveness of fluticasone propionate plus salmeterol adminis-
tered in a single inhaler, compared with fluticasone propionate
inhaled corticosteroids, non-fluticasone propionate and LTRA
[36]. A study by Rodriguez-Martinez et al. showed that
beclomethasone dipropionate was associated with the lowest cost,
while fluticasone propionate had the highest number of QALY
[24]. Beclomethasone dipropionate was the most cost-effective
option when the willingness-to pay threshold was below USD
29,30/QALY. Also, in this study a comparison between budesonide
twice daily versus budesonide once daily showed that a once daily
dose was a dominant strategy [24]. Another study evaluated the
cost-effectiveness of improving adherence, comparing the hypo-
thetical scenarios, in which all patients fully adhered to therapies
(full adherence) and the real scenario (the actual patient adherence
data) [37]. The authors showed that full adherence makes the ther-
apeutic strategy more cost-effective.

Tiotropium

Tiotropium is a drug with few pharmacoeconomic studies con-
ducted on it in asthma (Table 1). One study evaluated tiotropium
as add-on option to usual care in asthma patients showing that it
was cost effective, resulting in an ICER of USD 30,38 per QALY
gained [38]. A recent study evaluated the cost-effectiveness of
adding tiotropium to ICS/LABA in elderly patients with severe
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asthma (SA) in a real-life setting [38]. The ICER was USD 83,30
/QALY, indicating that the addition of tiotropium is not a cost-
effective alternative. Despite this, two subgroups with poorly con-
trolled asthma showed that adding tiotropium was a cost-effective
alternative (frequent SABA users USD 5,65/QALY; frequent exac-
erbators USD 11,55/QALY). In conclusion, tiotropium showed a
high cost-effectiveness profile only when applied to elderly
patients with uncontrolled symptoms [39].

A study based on a Markov model evaluated total costs and
health outcomes over a 10-year time horizon of three treatments
including standard therapy (ICS + LABA), add-on therapy with
tiotropium and add-on therapy with omalizumab [33]. The 10-
years and QALY for standard therapy were USD 38,432 and 6.79,
respectively. Corresponding values for tiotropium and omalizumab
add-on therapy were USD 41,535 and 6.88 and USD 217,847 and
7.17, respectively. The ICER of tiotropium add-on therapy com-
pared to standard therapy and omalizumab versus tiotropium was
USD 34,478/QALY and USD 593,643/QALY, respectively.
Despite the greater impact on asthma control achievable with oma-
lizumab, add-on therapy with tiotropium resulted in a viable alter-
native to the latter and to standard uncontrolled allergic asthma
therapy with willingness to pay USD 50,000/QALY [40].

LTRA

In the same way, different studies showed that in patients with
mild-to-moderate persistent asthma, ICS had lower costs and high-
er effectiveness compared with LTRA preparations such as mon-
telukast (MON) or zafirlukast [41-43] (Table 1). An exception to
this statement might occur in case ICS adherence cannot be
achieved, in which case an economic evaluation based on admin-
istrative claims data from US commercial health plans found that
LTRA may be a reasonable choice for monotherapy [44]. Other
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Figure 1. PRISMA flow diagram.
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studies conducted in patients with uncontrolled asthma with ICS
showed that the addition of LABA such as salmeterol to ICS (e.g.,
FP) may be cost effective compared to adding an LTRA such as
MON at similar doses to ICS [45]. Only a pragmatic trial demon-
strated a slight economic advantage of LTRAs over LABAs as
add-on treatment to ICS [46]. In the cost-benefit comparison
between salmeterol/FP to MON as maintenance monotherapy in
patients treated with Short-Acting Beta-Agonists (SABAs) alone
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[47-49], SFC therapy showed a higher percentage of days without
symptoms, a greater number of weeks without SABA use and a
higher percentage of patients who achieved a 12% or greater
increase in forced expiratory volume in 1 s (FEV,) from baseline.

Even in this case, there were methodological issues such as
comparisons of unequal treatment groups or inappropriate use of
leukotriene modifiers in stepwise treatment. Moreover, evidence
on LTRAs has similar limitations to those described for ICS-

Table 1. Cost analysis of different drug options for asthma.
Author Year Pharmacological options

2003 BUD added to SABA

Population / outcomes

Sullivan et al. [19] 7165 subjects aged from 5 to 66 years.
The ICER was USD 15,60 per symptoms free day gained adding budesonide.
Long-term treatment with BUD appears to be cost-effective in patients with

mild persistent asthma of recent onset.

30 patients 18-70 years old.

The incremental cost-effectiveness ratio was reduced by USD 11,44 per
additional day free of asthma symptoms with the fixed combination.

BUD/F fixed combination is superior to BUD + F delivered via separate inhalers.

Study based on a Markov model.

BDP/F led to a reduction of cost of USD 69.74 per patient per year, and a gain in QALY of 0.0032.

From the Italian NHS perspective, BDP/F treatment is associated with a reduction in cost

and offers a slight increase of effectiveness in terms of weeks spent in successful control and QALYs.
2143 patients 12-84 years old.

ICER in favor of BUD / F SMART, with an incremental difference of USD 226.

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

Bruggenjurgen et al. [28]2010  BUD/F fixed combination compared
to the same drugs via separate inhalers

Gerzeliet al. [30] 2012 BDP/F versus FP/ Salmeterol

Miller et al. [32] 2007 BUD/Fina single inhaler used as both
maintenance and reliever medication (SMART)
versus salmeterol-FP plus as needed SABA

Willson et al. [37] 2014 Tiotropium as add-on in patients uncontrolled  Study based on a Markov model.
with ICS/LABA Add-on tiotropium resulted in an ICER of USD 30,20 per QALY gained.
Tiotropium was found to be cost effective when added to usual care in patients who remain
uncontrolled despite treatment with high-dose ICS/LABA.
Hong et al. [38] 2020 Tiotropium as add-on in elderly patients with ~ Study based on National Health Insurance claims data and on a Markov model.

severe asthma treated with ICS/LABA Add-on tiotropium is cost effective only in frequent SABA users and in frequent exacerbators,
with ICER per QALY of USD 5.62 and USD 11.5, respectively.
Tiotropium shows a higher cost-effectiveness profile when applied to elderly patients

with uncontrolled symptoms.

451 patients, mean age 13 years.
Zafirlukast resulted more costly and less effective compared with FP.

Study based on a pharmacoeconomic model and epidemiologic data from the Severe Asthma

Network in Italy (SANI) registry.

Estimated total annual cost related to OCS-related adverse events of USD 286,3 million for severe
asthmatics incremental expenditure of about USD 130,5 million in respect with non-asthmatics

and USD 88,70 in respect with moderate asthma population.

Budget impact model results highlighted the relevant economic impact of OCS-related adverse events
in severe asthma patients.

1071 patients 12-76 years old.

Annual direct cost for patient from USD 21,000 to USD 62,265.

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

Study based on a Markov model.

ICER high: USD 2,400 per QALY.

Atits current price, mepolizumab is not considered a cost-effective use of healthcare resources in
Singapore. Substantial price reductions for mepolizumab are required to improve its cost-effectiveness.

Study based on a Markov model.

Cost-effective compared to usual care plus OCS for patients with severe eosinophilic asthma
who receive regular OCS treatment.

Benralizumab has a high probability of being cost-effective compared with SOC plus OCS for a
subgroup of patients with severe, eosinophilic asthma receiving regular OCS treatment.

Menendezet al. [40] 2001 Zafirlukast versus FP in patients

taking SABA alone

Pharmacoeconomic analysis of OCS
adverse events

Canonicaetal. [58] 2019

Obaet al. [60] 2004 Omalizumab

Tanet al. [63] 2019 Mepolizumab

Anderssonetal. [64] 2020 Benralizumab

ICS, Inhaled corticosteroids; ICS/LABA, Inhaled corticosteroids/long acting beta-adrenoceptor agonists; LTRA, leukotriene receptor antagonists; OCS, oral corticosteroids; ICER, Incremental Cost-Effectiveness Ratio; QALY, Quality
Adjusted Life Years; BDP, budesonide; F, formoterol; FP, fluticasone propionate; SOC, standard of care.
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LABA studies. The cost-effectiveness comparison in the SFC stud-
ies versus LTRA alone as initial maintenance therapy for persistent
asthma in patients treated with SABA [48-50] has some limita-
tions. Firstly, considering improvement in lung function relative to
clinical outcomes among drugs with or without bronchodilator
(such as MON) as the primary outcome may limit the validity of
the results. Furthermore, the comparison between SFC and LTRA
does not fully reflect the indications of guidelines, because SFC is
not a first-line treatment compared to LTRA but it is used in
patients with uncontrolled asthma with ICS only. In a retrospective
study based on real-life data with the aim to compare asthma-relat-
ed healthcare costs between patients on new prescription of FP 44
or 110 pug, MON 5 or 10 mg, or zafirlukast 20 mg, fluticasone pro-
pionate showed to be more effective than LTRAs [51]. Cost-sav-
ings were a consequence of the lower use of healthcare resources,
combined with the lower cost of drugs present in the FP group.
These results confirm the recommendation of ICS as a first-line
controller for asthma over LTRAs.

OoCS

OCS, due to their powerful anti-inflammatory effect, have
been the most potent therapy for refractory asthma for decades.
They are often prescribed intermittently to treat severe exacerba-
tions, although a subset of patients requires prolonged or chronic
therapy [52].

There is no real safe dose of OCS as they are unfortunately
associated with numerous and known long-term side effects (such
as arterial hypertension, osteoporosis, bone fracture, cataract, glau-
coma, diabetes, respiratory infections, reduced growth rate in chil-
dren and suppression of the hypothalamic-pituitary-adrenal axis),
with increased mortality [53]. Recent evidence suggested that this
risk is related to the duration and cumulative dose of OCS [54,55],
which means that even short but repeated courses can have a sig-
nificant impact on morbidity. Patients with SA and T2-high inflam-
mation are those who best respond to corticosteroids but often
require high, continuous dosages. Conversely, those with T2 low
asthma often have poor responsiveness to OCS treatment. Few
studies evaluated the economic impact of OCS-related adverse
events in the treatment of asthma [56,57]. The estimated annual
cost for asthmatic patients ranges from around USD 700 to around
6000 for the most severely ill patients [58]. A recent study based
on a pharmacoeconomic model calculated the costs of adverse
events from OCS in patients with SA based on epidemiological
data published by Severe Asma Network Registry in Italy (SANI)
[59] (Table 1). Comparing the annual costs for SA versus the non-
asthmatic population, the authors indicated an incremental expen-
diture of approximately USD 132 million, which was reduced to
approximately USD 90 million in patients with moderate asthma.

The data show that a significant portion of the large increase in
SA costs compared to patients with moderate asthma is due to
exposure to OCS. OCS-induced prescription costs averaged
around USD 155 for patients exposed to moderate doses and USD
1,070 for those with high exposure. Consequently, 51% of the dif-
ference in clinical costs can be attributed to OCS-induced morbid-
ity for patients with SA compared to 39% for patients with moder-
ate asthma [60].

The advent of biological therapies for SA offered effective
pharmacological options with a powerful OCS sparing effect, lead-
ing to significant reductions in the average dose of corticosteroids
or complete weaning from them.

Biologics
Monoclonal antibodies (mAbs) are highly effective though far

more expensive, compared to drug options discussed so far. This
aspect makes pharmaco-economic analyses more complex, but
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crucial for clinicians and decision makers. The failure of standard
care with high dose ICS/LABA and other controllers requiring
continuous or frequent courses of OCSs is the main criterion to
define a patient eligible for therapy with biological drugs.
Nevertheless, biological drugs should be limited only to selected
patients with specific phenotypes potentially responsive to individ-
ual options. Approximately, the annual direct costs of omalizumab
are in the range of USD 21,000 to 62,000 per patient. One study
suggested that, given the large increase in direct costs, only
patients hospitalized > five times or > 20 days per year could qual-
ify for omalizumab with a viable pharmacoeconomic basis [61].
Other data showed that omalizumab add-on therapy resulted in an
improvement in QALY but with a significant increase in direct
medical costs and a poor ICER [62].

Long-term clinical outcomes were not frequently evaluated in
pharmacoeconomic studies and overall short-term convenience
was predominantly examined. One study performed a pre-post
comparison of clinical outcomes and health care consumption in a
cohort of selected subjects over a 36-month time horizon. In these
patients, add-on therapy with omalizumab significantly and pro-
gressively improved asthma control and Health-related quality of
life (HRQoL). The symptomatic costs of medications and hospital
care for these patients decreased significantly. An increase of 450
euros in total monthly costs was observed, but this increase in costs
translated into an incremental cost / utility ratio of € 23,880 per
year of life earned, a fairly favorable and convenient figure. This
study demonstrated that add-on therapy with 36 months of omal-
izumab persistently improved all clinical outcomes in difficult-to-
treat asthma patients [63]. A retrospective study based on a long
follow-up (4 years) confirmed the efficacy and safety of omal-
izumab, highlighting that additional costs were offset by the medi-
um and long-term savings, associated with the reduction in hospi-
talizations and access to emergency departments [64].

About the other biologics, few pharmacoeconomic studies are
available. An analysis conducted on mepolizumab showed that
ICER is very sensitive to its price, followed by the rate of exacer-
bations requiring hospitalization. Despite limiting the use of
mepolizumab to patients with frequent exacerbations at baseline (3
in the past year) in a scenario analysis, the ICER remained high
(USD 1,198 per QALY earned). Consequently, at its current price,
mepolizumab was not considered cost-effective except on the con-
dition of significant price reductions [65]. In a recent Swedish
analysis, benralizumab demonstrated cost-effectiveness compared
to usual care plus OCS with USD 4,404 per QALY gained, based
on increases of 1.33 QALY and USD 5,868 per patient. The results
of this study showed that benralizumab had a high probability of
being cost-effective compared to usual care plus OCS for a sub-
group of patients with severe eosinophilic asthma who received
regular OCS treatment [66]. According to a Canadian pharma-
coeconomic review report, comparing biologics for the treatment
of severe asthma was difficult due to differences in indication and
lack of head-to-head studies. Based on similar safety and efficacy,
benralizumab was considered more expensive than mepolizumab
and omalizumab, also because the purchase cost was higher. The
price of benralizumab should be reduced by 4% to be less expen-
sive than mepolizumab and by 7% to be cheaper than omalizumab
[67]. Literature data comparing the 5 biologics available (including
reslizumab and dupilumab) indicate that current prices exceed
cost-effectiveness measures (Table 1). In order to improve the sit-
uation, prices would have to be reduced by at least around 60%
[68]. Similarly, according to the ICER report “Biological
Therapies for the Treatment of Asthma Associated with
Inflammation Type 2: Value-Based Efficacy, Value and Price
Benchmarks”, to align costs with the additional benefits of all asth-
ma biologics, net prices should be discounted between 50% and
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79% [69]. Home administration is a strategy to at least partially
reduce the costs associated with biological treatments. This is a rel-
atively recent possibility, but some authors showed that it could be
cost-effective compared to routine administration in clinics. The
latter almost never seemed to be cost-effective [70].

Conclusions

Asthma is a large economic burden worldwide, not only for
national health systems but also for patients and society, due to the
loss of productivity and the increased use of healthcare resources.
The great speed, in which new pharmacological options are avail-
able, especially in the biological field, does not make the task of
defining the best possible therapy easy, from both clinical and eco-
nomical point of views.

In the standard care of asthma, ICS-LABASs are the most effec-
tive and often cost-effective choice, especially if based on SIT
strategy, but they are not functional in terms of adequate asthma
control in a subset of patients. Numerous studies confirmed that
high blood and sputum eosinophil counts and high fractional
exhaled nitric oxide (FeNO) level can predict a good response to
ICS treatments [71,72]. The presence of these biomarkers should
always be considered when deciding which drugs to prescribe in
the context of precision medicine and to optimize costs. In these
cases, it is possible to resort to tiotropium and LTRAs as additional
options, with good results in many patients, although generally
inferior to ICS-LABAs. LTRAs should be used more selectively
than it is currently done, as patients who respond best to them are
preschool, female, high cotinine and urinary leukotriene E4
(LTEA4) levels [73]. Most pharmacoeconomic studies about asthma
therapies have several limitations and there is also a lack of head-
to-head studies not only among biologics, but also among asthma
controller drugs that would allow a more effective comparison of
results.

The use of OCSs should be reserved only for patients who are
truly refractory to the previous drugs, in case of exacerbations or if
there is no indication for biologics. However, it is always impor-
tant to use them for the shortest period and with the lowest possible
doses, especially to minimize the risk of the OCS-related compli-
cations, which are highly expensive, both from a purely economic
and biological cost point of view. The latter is more difficult to
quantify as it also includes intangible costs such as the significant
deterioration in HRQoL. One possibility to reduce the biological
impact of OCS, with consequent increase in economic costs related
to side effects and worsening of HRQoL, is to identify predictors
of response. Blood and sputum eosinophils and FeNO are the pre-
dictive biomarkers of favorable response to OCS and they should
guide the use of these drugs to obtain better disease control and
reduce its costs, whenever possible [74,75]. The only real agents
capable of minimizing or solving these problems are biological
drugs, which are increasingly numerous and effective but also
vastly expensive.

Systematic reviews of asthma CEA normally focused primarily
on assessing the monetary value of asthma treatments [76,77]. In
the future, it will also be very important to better define the impact
of treatment schemes and changes in trajectories (i.e. step-up and
step-down) to better define the cost-effectiveness of drugs. The
time required for treatment must also be carefully evaluated, in
order to obtain results less influenced by possible bias. Finally, it
is necessary to have a greater standardization of data on costs,
times, QoL evaluation measures and the integration of data on
adherence to treatments, notoriously low but not very considered
in the CEA. The scenario with full adherence is the most cost-
effective one, but currently real-life is very different so it is essen-
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tial to incorporate adherence in CEA more often. Another critical
point is the choice of the time horizon. The problem is evident in
asthma due to the short duration of many of the clinical studies that
provide data for CEA, although in a chronic disease such as asth-
ma, the treatment often continues for many years. Long-term prag-
matic studies would probably offer the best opportunity to measure
the QALY benefits of asthma treatments in the context of a more
correct time horizon.

Due to often different, fragmented or inefficient care systems,
great variability in treatment practices, lack of transparency of
prices, inadequate pharmacoeconomic costs and data to assess
value, defining the real cost-effectiveness of asthma treatments, in
particular of biologicals, remains a complex exercise with uncer-
tain results. Pharmacoeconomic studies on asthma treatments
showed conflicting results also because of the heterogeneity of the
indicators used in CEA and pharmacoeconomic studies.
Furthermore, the various treatment options have not often been
cost-effective, mainly due to the high purchase prices, despite their
great effectiveness. To maximize the cost-effectiveness of asthma
treatment options attention must be focused on accurate phenotyp-
ing and on identification of predictors of response, especially in
patients who are frequent exacerbators requiring OCS therapy.

Another crucial point in the management of asthma is the
appropriateness of therapeutic strategies. This point is highlighted
by the substantial increase in pharmaceutical costs, which however
can be reflected in a considerable decrease in costs related to hos-
pital admissions. The role of an adequate pharmacological strategy
is still crucial in minimizing the morbidity of asthma and the cor-
responding socio-economic impact. A large, retrospective observa-
tional analysis on a cohort of 817 patients with different severity
levels of persistent asthma confirmed these aspects [78]. In this
study, the estimated total annual cost per asthmatic patient was €
1,183.14 (£ € 65.79) in the 12 months prior to enrollment and €
1,290.89 (+ € 68.74) throughout the follow up. The increase was
mainly due to the significantly longer duration of the pharmaco-
logic therapies. Despite this, costs related to hospitalizations, gen-
eral practitioners and rescue medications were significantly
reduced thanks to improved drugs strategies.

Pharmacoeconomic studies and CEA on asthma therapies often
report conflicting data also due to heterogeneous indicators and
populations examined. A careful evaluation of the existing litera-
ture is extremely important, because the scenario is remarkably
complex, with an attempt to homogenize and interpret available
data. We have seen how asthma “controller” drugs are often cost-
effective, whilst the high direct costs of biologics make them less
advantageous from this point of view. The improvement of pre-
scriptive appropriateness and the reduction of the use of healthcare
resources thanks to these innovative therapies partially reduce their
economic burden. Regarding biologics, a price reduction is desir-
able to make these important therapeutic options more cost-effec-
tive. The possibility of “home administration”, allowed for all bio-
logics except reslizumab, could permit savings for health systems
and patients themselves; it can also be obtained by a more exten-
sive use of “patient support programs” (PSP). To maximize the
cost-effectiveness of asthma treatment options but especially of
biologics, attention must be focused on accurate phenotyping and
on identification of predictors of response, especially in patients
who are frequent exacerbators requiring OCS therapy. Therefore,
pharmacoeconomic studies have an increased importance at the
moment because they are able to provide information that can be
very persuasive for policy makers and other decision makers.
Systematic analysis and correct interpretation of data provide use-
ful information on stakeholders’ perceptions of the value and effec-
tiveness of a treatment option and its alternatives, so that choices
can be made appropriately. CEA can also guide prioritization when
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resources are limited, based on documented cost-effectiveness
data. A multidisciplinary stakeholder approach can also be
extremely helpful in achieving the best use of available therapies
and optimizing healthcare resources.
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