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Abstract

for every 3-point increase in the ACT score.

life

Background: Availability of clinically effective and cost-effective treatments for severe asthma would be beneficial
to patients and national healthcare systems. The aim of this study was to evaluate clinical outcomes and healthcare
expenditure after incorporating benralizumab into the standard treatment of refractory eosinophilic asthma.

Methods: This was a cross-sectional multicentre study of consecutive patients with refractory eosinophilic asthma
who received treatment with benralizumab during at least 12 months. Patient follow-up was performed in specialised
severe asthma units. The main effectiveness parameters measured were: the avoidance of one asthma exacerbation,
a 3-point increase in the asthma control test (ACT) score, and the difference in utility scores (health-related quality

of life) between a 1-year baseline treatment and 1-year benralizumab treatment. The health economic evaluation
included direct costs and incremental cost-effectiveness ratios (ICERs).

Results: After 1 year of treatment with benralizumab, patients with refractory eosinophilic asthma showed an
improvement in all the effectiveness parameters analysed: improvement of asthma control and lung function, and
decrease in the number of exacerbations, oral corticosteroid (both as corticosteroid courses and maintenance
therapy), and inhaled corticosteroid use. The total annual cost per patient for the baseline and benralizumab treat-
ment periods were €11,544 and €14,043, respectively, reflecting an increase in costs due to the price of the biological
agent but a decrease in costs for the remaining parameters. The ICER was €602 per avoided exacerbation and €983.86

Conclusions: All the pharmacoeconomic parameters analysed show that treatment with benralizumab is a cost-
effective option as an add-on therapy in patients with refractory eosinophilic asthma.
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Background

Asthma is a heterogeneous condition characterised by
chronic inflammation of the pulmonary airways [1] with
an estimated 300 million people currently affected world-
wide [2], and its prevalence has been increasing in recent
years. Severe asthma is defined as asthma that requires
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maximal, optimised inhaled corticosteroid (ICS) therapy
plus another controller treatment to remain under con-
trol, or asthma that is uncontrolled despite this therapy
[1, 3]. It is estimated to affect 5-10% of the asthma popu-
lation. Refractory eosinophilic asthma is a phenotype
of severe asthma characterised primarily by increased
blood eosinophils and frequent exacerbations despite
corticosteroid therapy [1, 3]. Several studies have shown
that despite the availability of effective treatments such
as ICS, long-acting B2-agonists (LABA), tiotropium, and
leukotriene modifiers, over 50% of asthma patients are
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assessed as not well-controlled in standard clinical prac-
tice [4-6] and many require further therapies such as
oral corticosteroids (OCS) and biologics [7]. Over 50%
of deaths caused by asthma are reported in patients with
a history of severe asthma [8] and this severe condition
is associated with increased morbidity, healthcare costs,
and mortality [9, 10].

Availability of clinically effective and cost-effective
treatments for severe asthma would be beneficial to
patients and national healthcare systems. The use of
biological therapies could lead to improved clinical out-
comes in severe asthma together with a reduced eco-
nomic burden of the disease. There are currently four
biologic agents available in Spain for the treatment of
severe asthma: omalizumab, mepolizumab, reslizumab,
and benralizumab. Several studies performed in differ-
ent healthcare settings have provided evidence on the
advantages of omalizumab [11-13], mepolizumab [14,
15], and reslizumab [16] as add-on therapies in terms of
cost-effectiveness in the management of severe asthma
patients.

Benralizumab (Fasenra®, AstraZeneca) binds to the
human IL-5 receptor (IL-5R) through its Fab domain,
thereby preventing IL-5 from binding to its receptor
and inhibiting differentiation and maturation of eosino-
phils in the bone marrow. In addition, this antibody has
the ability to bind through its afucosylated Fc domain to
the RIlIa region of the Fc receptor on natural killer cells,
macrophages, and neutrophils, thereby enhancing anti-
body-dependent cell-mediated cytotoxicity of both blood
eosinophils and tissue-resident eosinophils [17, 18]. In
three phase 3 clinical trials (SIROCCO [19], CALIMA
[20], and ZONDA [21]), the administration of 30 mg sub-
cutaneous benralizumab every 8 weeks (every 4 weeks
for the first three doses) reduced the annual rate of severe
asthma exacerbations and the use of OCS, and improved
symptom control and lung function determined by the
forced expiratory volume in 1 s (FEV,). Additionally,
the BORA study [22] has shown its long-term efficacy
and safety. Despite having been approved only recently,
other studies are confirming these good results also in
real life [23-25]. To date, however, no real-life pharma-
coeconomics studies of benralizumab have been con-
ducted. The purpose of this study was therefore to assess
the cost-effectiveness of benralizumab therapy and its
1-year effectiveness, based on the decrease in the number
of exacerbations and OCS use, and the improvement of
asthma control and lung function in the real world.

Methods

Study population and study design

This multicentre study included 44 patients with refrac-
tory eosinophilic asthma who received treatment with
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benralizumab for at least 12 months at the Asthma Units
of Hospital Costa del Sol (Marbella, Spain) and Hospital
Virgen de la Victoria (Mélaga, Spain). All patients were
diagnosed with asthma based on objective tests (FEV;
reversibility > 12%, positive results to methacholine, or
FEV, variability > 20%).

A standardised protocol was used to try to improve
these patients’ asthma control. This consisted of ensuring
adherence to therapy and appropriate inhaler use, pro-
viding health education, adjusting treatment, and ruling
out comorbidities [26-28].

Benralizumab treatment initiation criteria were as
follows:

+ 18-year-old patient or older with refractory eosino-
philic asthma [3];

+ GINA guidelines step 5 [1];

« 2 or more exacerbations during the previous year
with use of OCS despite receiving appropriate treat-
ment for the degree of severity or corticosteroid
dependence;

+ Presence of eosinophilic inflammation: eosinophil
count > 300 cells/pL in peripheral blood during the
previous 12 months or > 150 cells/uL in case of corti-
costeroid dependence.

All patients were treated with benralizumab for at least
12 months and were included in the analysis.

Patients previously treated with another biologic agent
but who had failed to respond based on the physician’s
judgement were included. The following criteria for lack
of response to a prior biologic treatment were applied:

+ Continued use of maintenance OCS despite receiving
biologic therapy for at least 12 months, or

+ Less than a 50% reduction in exacerbations after at
least 12 months of biologic therapy.

At least three visits were performed after treatment
initiation with benralizumab: one at 3 months of treat-
ment, one at 6 months of treatment, and a final visit at
12 months of benralizumab treatment.

Written informed consent was obtained from all par-
ticipants. The study was reviewed by the Spanish Medi-
cines and Health Products Agency and approved by the
ethics committee Comité de ética provincial de Mdlaga.

Clinical, analytical, and lung function variables

A database was compiled from complete medical records,
with data from diagnosis to study enrolment. A standard-
ised protocol was applied for the prospective collection
of sociodemographic data (sex, age), clinical profile (age
at diagnosis of asthma, smoking, atopy, presence of nasal
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polyps), exacerbations, use of corticosteroid therapy, and
basic blood test. Dyspnoea was evaluated by means of the
modified Medical Research Council Scale for Dyspnoea
[29], and we divided patients into two stage groups (0-2
and 3—-4) according to their degree of dyspnoea. We used
the asthma control test (ACT) to evaluate the degree of
asthma control in the 4 weeks prior to the clinical inter-
view. The ACT [30] is a self-administered tool that is easy
for patients to complete. It includes four symptom-relief
questions plus a patient’s self-assessment of asthma con-
trol [1] in the last 4 weeks, with scores ranging from 5
(poor control) to 25 (complete control), and has been val-
idated in Spanish [31]. A 3-point difference in the ACT
score has been estimated as a minimally important dif-
ference [32]. Nasal polyposis, a frequent comorbidity in
severe asthma, was diagnosed by an otorhinolaryngolo-
gist by direct visualisation of the polyps with endoscopic
examination. Patients were considered as atopic when
they had positive allergic prick tests or positive specific
IgE to the most prevalent pneumo-allergens in our area,
provided that these positive findings also had clinical rel-
evance. Corticosteroid dependence was defined as the
daily use of OCS during at least 6 months. Lastly, severe
asthma exacerbations, defined as exacerbations requiring
the use of systemic corticosteroids for at least 3 days and/
or leading to an emergency department visit and/or hos-
pital admission, were studied [33].

All patients were trained to identify exacerbation
symptoms. They were also asked to record detailed infor-
mation about their condition and their prescriptions
(systemic steroids). This information was verified in their
medical records.

Fractional exhaled nitric oxide (FeNO) was measured
with a conventional chemiluminescence analyser (NIOX,
Aerocrine AB, Sweden) using the online standardised
single-breath technique, and was followed by the perfor-
mance of a spirometry. Both procedures conformed to
international guidelines [34, 35].

Patients were classified according to their response at
12 months of benralizumab treatment as patients with
complete response, patients with controlled asthma,
patients with partial response, and patients with no
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response, based on the Spanish consensus for severe
asthma in adults [36]. Response criteria are shown in
Table 1.

All variables were measured during the baseline visit
and at 3, 6 and 12 months of treatment.

Outcomes
Three different measures of effectiveness were consid-
ered for the pharmacoeconomics analysis:

1. Avoidance of one asthma exacerbation [33],

2. 3-point increase in the ACT score [32],

3. Difference in utility (health-related quality of life)
between baseline treatment and benralizumab treat-
ment (EQ-5D index obtained from Spanish asth-
matic patients [37]). To calculate utility values, we
used the benefits obtained in Spain according to
the ACT score in patients with severe asthma [37].
Utility values were as follows: 0.91 for patients with
controlled asthma and 0.73 for patients with uncon-
trolled asthma.

Other parameters of effectiveness such as reduction
in severe exacerbations and emergency department vis-
its, reduction in the use of oral and inhaled steroids, and
improvement of lung function and asthma control based
on the ACT score were measured.

Cost analysis

Direct healthcare costs of these patients’ management
during the year prior to the start of benralizumab were
determined and compared with the direct healthcare
costs at 1 year on benralizumab treatment. Direct costs
included pharmacological costs and use of healthcare
resources. Pharmacological costs included medications
for the management of severe asthma, such as ICS, OCS,
and monoclonal antibodies (omalizumab, mepolizumab,
reslizumab, and benralizumab). Healthcare resources
considered were: tests (spirometry, bronchodilator test,
FeNO, skin prick, haemogram, biochemistry, and chest
CT) carried out at visits to the asthma unit during the
year prior to the start of benralizumab treatment and the

Table 1 Classification based on the response to a biologic treatment for severe asthma. Reproduced from [36]

Exacerbations? ACT

FEV, Systemic corticosteroids

No response Identical or increased number

<50% reduction
> 2 severe exacerbations in 12 months

Partial response

Controlled asthma <1 severe exacerbation in 12 months

Complete response No exacerbations in 12 months

< 3-point increase

< 3-pointincrease
Total score < 20

Total score > 20
Total score > 20

<10% and 100 mL increase <50% decrease

>10% and 100 mL increase >50% dose decrease

FEV, <80% No OCS discontinuation
FEV, <80% OCS discontinuation
FEV, >80% OCS discontinuation

#Taking into account the number of exacerbations during the preceding year
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year on benralizumab treatment, hospital admissions due
to exacerbations, recorded number of emergency depart-
ment visits (primary care emergency visits and hospital
emergency visits), and prednisone courses administered
during exacerbations.

The costs of the healthcare resources used were
obtained from the Andalusian Healthcare Service [38]
and the costs of the medicines used were obtained from
the Spanish Ministry of Health and from the Summary
of Product Characteristics of each product [39, 40].
Costs were determined and expressed in 2020 Euros (€)
(Table 2).

Pharmacoeconomics analysis
Cost-effectiveness analyses (CEAs)—defined in a broad
sense, i.e., including cost utility analyses (CUAs)—are
faced with the difficulty of having to use different units
for measuring costs and health outcomes, as costs are
expressed in monetary units and health outcomes are
measured in physical/clinical units or quality-adjusted
life-years (QALYs). Therefore, a programme cannot be
accepted or rejected in absolute terms, but only in rela-
tion to another programme which acts as a term of com-
parison, reference, or control.

All possible cost-effectiveness comparisons can be rep-
resented graphically on the so-called cost-effectiveness
plane or space (Fig. 1), with differences in effectiveness

Table 2 Costs of healthcare resources used [38-40]
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Fig. 1 Decision rules for cost effectiveness analysis

plotted along the X-axis and differences in costs plotted
along the Y-axis. Thus, the quadrants of the cost-effec-
tiveness plane indicate four possible situations. The fig-
ure clearly illustrates that decision rules are required only
for the cost-effectiveness pairs situated in the NE and SW
quadrants.

Therefore, decision rules in CEAs -and CUAs- are
based on the comparison of cost increases (AC) with

Healthcare resource used Unit costin €
Emergency visit 144.24
Emergency visit+ observation 392.03
Hospital stay/day 49559
Hospital stay pneumology/day 386.65
Spirometry 40.57
Spirometry + bronchodilation 60.49
|g E determination 21.50
FeNO determination 39.00
Prick test 134.70
Haemogram 530
Biochemistry 83.50
Non-contrast CT 55.38
Drug Dose Therapeutic regimen Annual cost
Omalizumab 150 mg Based on both IgE level and weight 17,042.61
Mepolizumab 100 mg 100 mg/4 weeks 10,661.43
Benralizumab 30 mg Dose 30 mg/4 weeks; 3 doses; then 30 mg/8 weeks 13,762.64
Corticosteroids

Oral 5mg 5 mg/day; 7-day course 11.86

30mg 30 mg/day; 7-day course 2373
Inhaled 200 ug Pack size: 200 puffs 36.96
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effectiveness increases (AE) to calculate the extra cost per
additional unit of effectiveness of the programme being
evaluated in relation to the reference programme. The
incremental cost-effectiveness ratio (ICER) was used to
compare the impact of benralizumab treatment in terms
of costs and clinical outcomes with the baseline treat-
ment both over a 1-year period, and was calculated as
follows:

ICER — Costpost — Costpre

Effectivenesspost — Effectiveness;e

Sensitivity analysis

A probabilistic sensitivity analysis was carried out using
a first-order Monte Carlo simulation in a hypothetical
cohort of 10,000 patients for both costs and effectiveness
for the two regimens under study: baseline regimen (pre-
benralizumab) versus new regimen (benralizumab).

Our pharmacoeconomics analysis also took into
account the net benefit obtained both in monetary and
nonmonetary (health outcomes) terms.

The Net Monetary Benefit (NMB) is a summary statis-
tic that represents the value of an intervention in mon-
etary terms when the willingness to pay (WTP) threshold
for a benefit unit (e.g., a health outcome measure or
QALY) is known. The NMB is calculated as follows:

Net monetary benefit = (E « WTP)—C

where  E =effectiveness;
threshold; C = cost.

In Spain, the WTP threshold varies between €22,000
and €24,000 per year [41].

The Net Health Benefit (NHB) was also used. This is
a summary statistic representing the impact of a new
intervention on the health of the population. The NHB
assumes that “lost health” can be estimated as an “oppor-
tunity cost” to represent health lost as a result of the dis-
placement of resources to fund a new intervention. NHB
is normally measured using QALYs and calculated as:
incremental benefit — (incremental cost/WTP thresh-
old). Given a certain WTP, a positive NHB implies that
the general health of the population would increase as
a result of the new intervention, while a negative NHB
implies that the health benefits of the new intervention
are not sufficient to compensate for the health losses aris-
ing from health care that is no longer funded to finance
the new treatment.

WTP = willingness-to-pay

Statistical analysis

All the data were analysed using the software SPSS v25
licensed from the University of Malaga. A descrip-
tive analysis was performed using measures of central
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tendency, position, and dispersion for quantitative vari-
ables, and frequency distribution for qualitative vari-
ables. To assess changes at 3, 6, and 12 months compared
with baseline, Student’s t test for paired samples was
used (Wilcoxon rank test for non-normal distributions)
and McNemar test was used for qualitative variables.
A generalised linear model was used for the analysis of
repeated measures with four assessment timepoints.

Effect-size calculations were performed to differenti-
ate between statistically significant and clinically relevant
results [41, 42]. By using Cohen’s “d” index we can deter-
mine the degree of association between two variables or
their differences. Cohen’s “d” index allows to quantify
the effect of treatments in relation to the clinical crite-
rion analysed, and effect sizes can be classified as: insig-
nificant effect (— 0.15 and <0.15); small effect (>0.15 and
<0.40); medium effect (>0.40 and <0.75); large effect
(=0.75 and <1.10); very large effect (>1.10 and <1.45);
enormous effect > 1.45 [43, 44].

Confidence intervals (CIs) for the ICERs were com-
puted based on bootstrapping, using sampling with
replacement (the size of the new samples was equal to the
original size). We ran 10,000 Monte Carlo simulations,
and the 2.5th and 97.5th percentiles from the simulations
were used to determine a 95% CI. Statistical significance
was set at p<0.05.

Results

Patient population

A total of 44 patients with refractory eosinophilic asthma
who received benralizumab treatment during at least
12 months were enrolled. Clinical characteristics of the
study population are shown in Table 3. In short, most
patients were women in their fifth decade of life, over-
weight, and with significant eosinophilic inflammation as
evidenced by the presence of eosinophilia. In addition, all
patients were receiving high dose ICS, LABA, and at least
one other controller.

Parameters assessed

Clinical, functional, and laboratory data at baseline and
at 3, 6, and 12 months of treatment as well as the com-
parison between values at baseline and at 12 months are
presented in Table 4 and Fig. 2.

At 1 year of treatment, there was an 83% reduction in
emergency department visits, an 88% reduction in severe
exacerbations, a 79.8% reduction in the prednisone (or
equivalent) dose, a 55.6% reduction in the number of
corticosteroid-dependent patients, and an 82.8% reduc-
tion in the number of OCS courses. 65.9% of patients
had required zero emergency department visits dur-
ing the 1-year treatment with benralizumab and 47.7%
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Table 3 Baseline patient characteristics
Parameter n=44
Age, years (mean £ SD) 538+104
Women, n (%) 35(79.5)
BMI (mean +SD) 287+6
Smoking
Never smoker, n (%) 23(52.3)
Ex-smoker, n (%) 21(47.7)
Former smoker, n (%) 0(0)
Age at diagnosis, years (mean & SD) 28954124
Dyspnoea
Degree 0-2, n (%) 22 (50)
Degree 3-4,n (%) 22 (50)
Atopy, n (%) 15 (34.1)
Corticosteroid-dependent, n (%) 18 (40.9)
Nasal polyps, n (%) 14 (31.8)
AERD, n (%) 6(13.6)
ACT (mean=£SD) 13.7+4
ED visits in the previous year, (mean £ SD) 41+26
Number of severe exacerbations in the previous year, (mean = SD) 5504263
Number of asthma admissions in the previous year, (mean £ SD) 0.59 (1.1)
Courses of OCS in the previous year, (mean = SD) 58433
Oral prednisone (or equivalent) dose, mg/day (mean £ SD) 193488
Inhaled budesonide (or equivalent) dose, ug/day (mean =+ SD) 993 4485
Post-BD FEV;, mL (mean £ SD) 14558 4495.7
Post-BD FEV,, % (mean £ SD) 6571141
FeNO, ppb (mean £ SD) 56.6£26.2
Blood eosinophil count, cells/uL (mean = SD) 718342875
IgE, IU/mL (mean £ SD) 223.6+£394.9
Prior treatment with a biologic agent, n (%) 23(52.3)
Omalizumab, n (%) 16 (36.4)
Mepolizumab, n (%) 5(114)
Omalizumab + Mepolizumab, n (%) 2 (4.5)
Time with previous biological treatment, months (mean 4 SD) 2074233

ACT asthma control test, AERD aspirin-exacerbated respiratory disease, BD bronchodilator, BMI body mass index, ED emergency department, FeNO fractional exhaled
nitric oxide, FEV, forced expiratory volume in 1s, ppb parts per billion, OCS oral corticosteroids, SD standard deviation

consumed zero OCSs (both as corticosteroid courses and
maintenance therapy) during that period.

We classified patients according to their response at
12 months of benralizumab treatment based on the Span-
ish Severe Asthma Consensus [36]. Results are shown
in Fig. 3. We found that 100% of patients responded to
benralizumab treatment, and 79.6% had a very good
response (controlled asthma or complete response),
while only nine patients showed a partial response with
eight remaining corticosteroid-dependent (although with
a reduction in OCS>50%) and one, who was corticos-
teroid-dependent and despite managing to discontinue
permanently OCS, required two courses of OCS during
that year, although a >50% reduction in OCS use was

observed. Of these nine patients with a partial response,
six had had their asthma previously treated with a biolog-
ical agent. No patients were classified as non-responders.

Among the side effects experienced by nine patients
(20.5%), the most common ones were arthralgias, head-
aches, and dysthermia. However, all side effects were
mild and there were no treatment discontinuations due
to side effects.

Direct healthcare costs

Table 5 compares the cost of healthcare resources used
in the preceding year and in the year with benralizumab
therapy. Costs increased during the year following ben-
ralizumab treatment initiation due to the price of the
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Table 4 Clinical, functional, and laboratory data at baseline and at 3, 6, and 12 months of treatment

Variables Baseline 3 months 6 months 12 months p*
ACT, mean (SD) 13.7 (4.1) 20.1 (3.6) 20.8(2.9) 213(2.2) <0.001
Controlled asthma (ACT > 20), n (%) 2 (4.5) 25 (56.8) 36 (81.8) 39(92.9) <0.001
Number of ED visits in the previous year, mean (SD) 4.1(2.6) - - 0.7 (1.6) <0.001
Number of severe exacerbations in the previous year, mean (SD) 5504263 - - 0.664+0.94 <0.001
Corticosteroid-dependent, n (%) 18 (40.9) 16 (36.4) 9(20.5) 8(18.2) <0.001
Inhaled budesonide (or equivalent) dose, pg/day, mean (SD) 993 (485) 853 (446) 773 (408) 693 (343) <0.001
Oral prednisone dose, mg/day, mean (SD) 19.3 (8.8) 10 (8.6) 53(7.8) 39(7.2) <0.001
Number of courses of OCS (previous year), mean (SD) 58(3.3) - - 1(1.6) <0.001
FEV, mL, mean (SD) 1459 (509) 1697 (495) 1732 (621) 1833 (556) <0.001
FEV,%, mean (SD) 66.1 (14) 743(12.2) 77 (14.5) 783 (15) <0.001
Blood eosinophil count, cells/uL, mean (SD) 730.9 (288) 18 (18) 149 (13.7) 2.7 4) <0.001

ACT asthma control test, ED emergency department, FEV, forced expiratory volume in 1's, OCS oral corticosteroids, SD standard deviation

* Comparison between data at baseline and at 12 months

biological treatment, but the costs of complementary
tests, emergency care and admissions, and oral and
inhaled corticosteroids decreased.

Cost-effectiveness analysis (CEA)

Decrease in the number of exacerbations

Table 6 shows the results of the CEA based on the reduc-
tion of severe exacerbations. As shown, an incremental
cost of €602/year is required to avoid one severe exac-
erbation, and €3300/year to avoid any exacerbation in a
given patient. On the other hand, the number of severe
exacerbations correlates (Pearson’s R coefficient) with the
cost of OCS (R=0.839; 95% CI 0.709-0.913) and with
the cost of emergency department visits (R=0.849; 95%
C10.726-0.919).

The Fig. 4 shows the incremental cost-effectiveness of
the new treatment with benralizumab compared with
the previously used treatment option (baseline situation)
in patients with refractory eosinophilic asthma. Values
shown indicate the uncertainty surrounding the incre-
mental cost-effectiveness ratio. Each blue dot thus repre-
sents a patient (one cost, one effectiveness). The Monte
Carlo simulation extrapolates the results to a hypotheti-
cal cohort of 1000 patients. Any point below the orange
line (patient with its cost and effectiveness) indicates that
the procedure is efficient in our country.

Asthma control test

Table 7 shows the results of the estimated cost (in Euros/
year) to achieve a 1-point ACT increase and a 3-point
increase, and to achieve an ACT score > 20 (starting from
an ACT score of 13 points, the baseline mean). It also
provides a cost-effectiveness analysis expressed as a func-
tion of the percentage of effectiveness achieved by the
increase of the ACT score.

Figure 5 shows the incremental cost-effectiveness for
benralizumab versus baseline 1-year treatment periods,
using a Monte Carlo simulation of 10,000 patients.

Cost-utility analysis (CUA)

The utility gained at 1 year of benralizumab treatment
versus the baseline treatment period was 0.138 QALYs
(incremental utility) while the incremental cost was
€2499. The Table 8 shows the cost-utility analysis carried
out. The incremental cost-utility ratio (ICUR) obtained
was €18,177/QALY.

Figure 6 shows the incremental cost-utility of ben-
ralizumab versus baseline treatment periods (other bio-
logical treatments) at 1 year of treatment, using a Monte
Carlo simulation of 10,000 patients. Values shown indi-
cate the uncertainty surrounding the ICUR. For a WTP
of €24,000, the likelihood of benralizumab providing a
better cost-utility compared with the baseline treatment
option was 80.9%.

Net benefit
The Net Monetary Benefit (NMB) obtained with benrali-
zumab was €813 (NMB=[0.138*24,000] — 2499 =813)
which means that, as it is higher than 0, it is an efficient
treatment option compared to the baseline option.

The positive NHB outcome suggests that it is a measure
that improves the general health of the population (NHB
=0.138 — [2499/24,000] = 0.034).

Discussion
This was an effectiveness and pharmacoeconomics study
on the use of benralizumab in real life in patients with
refractory eosinophilic asthma.

Before prescribing a biological product, essential
aspects such as a correct diagnosis, adherence to the
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= Controlled asthma

= Complete response

= Partial response No response
Fig. 3 Classification based on response at one year of benralizumab

treatment

prescribed therapeutic plan, and appropriate inhaler
technique (if applicable) should be reviewed. Once they
have been confirmed, therapy with biologics should be
considered in case of a lack of clinical effectiveness [1].
In recent years, the health authorities have approved four
new drugs classified as biologics, in addition to omali-
zumab: mepolizumab, benralizumab, reslizumab, and
more recently dupilumab (although marketing approval
for the latter has not been granted in Spain yet). How-
ever, little is known about their effectiveness in actual
clinical practice, and even less is known about their cost-
effectiveness in usual care settings. The main objective of
the present study was to address these questions.

Table 5 Cost of healthcare resources used

Page 9 of 14

With regard to the effectiveness of a 1-year benrali-
zumab treatment in real life, our findings have shown
a significant reduction in the number of emergency
department visits, severe exacerbations, and use of OCS
as well as an improvement in asthma control and lung
function, in line with the SIROCCO [19], CALIMA [20],
and ZONDA [21] pivotal studies. Likewise, real-life data
showing similar results after 6 months [23, 45] and 1 year
of treatment [24, 25, 46] have been published. Our study
revealed that 65.9% of patients had required zero emer-
gency department visits during the 1-year treatment with
benralizumab, a slightly better outcome than the 40%
found by Kavanagh et al. [24], while a 55.6% reduction
in the number of corticosteroid dependent patients was
obtained, a value similar to the 51.4% described by these
authors. We also observed a significant decrease in the
number of OCS courses used. Recent studies have shown
that OCS courses are associated with a greater probabil-
ity of experiencing side effects [47] and therefore a reduc-
tion in the use of OCS may improve outcomes in patients
with asthma.

Another interesting finding was the reduction in ICS
which we had already observed in our previous real-
life study with benralizumab during 6 months [23] and
which has also been demonstrated in other real-life stud-
ies [24]. This, however, had not been shown in pivotal
studies, and the randomized controlled SHAMAL study
is currently under way to assess if the use of ICS may be
decreased in these patients (ClinicalTrials.gov Identifier:
NCT04159519).

The percentage of responders in our investigation
(100%) was again higher than in Kavanagh et al’s study
[24] where 13.8% of patients did not respond. A univer-
sally accepted consensus to define a complete response or
super response is lacking. The response criteria used in
our study were those recommended by the Spanish Con-
sensus on Severe Asthma [36], which are more restrictive

Resources

Cost per patient, mean (SD)

p (Wilcoxon test)

Previous 12 months (baseline)

At 12 months on benralizumab

Diagnosis and complementary tests 962.71 (44.87)
Corticosteroids

Oral 60.79 (32.97)

Inhaled 183.44 (89.62)
Emergency Department visits 1585.94 (1003.78)
Admissions 1599.33 (2937.06)
Biological treatment for asthma 715163 (7778)
Total, cost per patient 11,544 (9137)

21862 (43.84) <0.001
4.54 (9.40) <0.001
105.62 (50.23) <0.001
267.29 (596.48) <0.001
615.13 (2601.51) 0.003
12,832.04 (2020.17) <0.001
14,043 (3822) 0.006

At baseline and at 12-months of benralizumab treatment
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Table 6 Cost-effectiveness analysis of benralizumab treatment

based on severe exacerbations

(2021) 22:163

Mean (SD) per patient Previous At 12 months
12 months on
(baseline) benralizumab
No. of exacerbations 5.50 (2.63) 0.66 (0.94)
Direct healthcare costs (in €) 10,292 (7885) 13,204 (2145)

Difference in
% reduction of exacerbations 88.14
Costs (€) 2912
Total cost to reduce 1 exacerbation 602
€
p value <0.001
Cost-effectiveness ratio 3304

Cohen’sd

2.00(1.49-2.51)
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than those described by Kavanagh et al. [24] (reduction of
>50% in annualised exacerbation rate or in maintenance
OCS dose after 48 weeks of treatment) as they include
parameters such as asthma control and lung function.
Thus, in our case, a patient with a complete response was
defined as a patient with zero exacerbations during 1 year,
an ACT score > 20, an FEV, >80%, and no maintenance
OCS. Based on these criteria, only 12 patients (27.3%)
showed a complete response. Kavanagh et al. [24] defined
super responders as patients with zero exacerbations
and no maintenance OCS for asthma, and 39% of their
patients met these criteria. With these criteria, 59.1% of
our patients would qualify as super responders. Our find-
ings are better than those obtained in the pivotal studies
SIROCCO [19], CALIMA [20], and ZONDA [21] and in
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g
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Fig. 4 Cost-effectiveness plane for benralizumab versus baseline treatment periods. Confidence ellipses using bootstrap statistics

Table 7 Cost-effectiveness analysis (ACT score) of benralizumab treatment

Period Mean (SD) per patient Increase
Direct healthcare Asthma control test Costs ACT score % effectiveness
costs (in €)
Score Effectiveness rate
Previous 12 months (baseline) 11,544 (9137) 13.71 (4.01) 0.549 (0.151) 2499 762 0.305
At 12 months on benralizumab 14,043 (3822) 2133 (2.21) 0.853 (0.087)
Cost/effectiveness (per point gained in the ACT) 327.95
Cost of a 3-point increase in the ACT [32] 983.86
Cost of a 7-point increase (from 13 to 20 in the ACT) 229567
Cost-effectiveness (% increase in the ACT score) 8201
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Table 8 Cost-utility analysis of benralizumab at 1 year of treatment

Period Mean utility (SD) Mean total cost (Euros) Increase Incremental cost utility ratio

Utility Costs

Previous 12 months (baseline) 0.729 (0.071) 11,544 (9137) 0.138 2499 18,177
At 12 months on benralizumab 0.867 (0.039) 14,043 (3822)
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Fig. 6 Cost-utility plane (QALY gain) for benralizumab versus baseline treatment periods. Monte Carlo simulation
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certain real-life studies conducted [24], probably because
of the significant eosinophilic inflammation experienced
by our patients who had a mean blood eosinophil count
of 718.3£287.5 cells/pL.

With regard to safety, no serious side effects were found
and no treatment was discontinued due to side effects.
These results reinforce the data provided by the pivotal
studies on benralizumab safety which showed low rates
of discontinuation due to side effects (2% in SIROCCO
[19] and CALIMA [20], and 2—3% in BORA [22]).

Pharmacoeconomics analysis

All the pharmacoeconomic parameters analysed show
that treatment with benralizumab is a cost-effective
option as an add-on therapy in patients with refractory
eosinophilic asthma.

The total cost per patient during the preceding year was
€11,544 whereas, during the subsequent year on treat-
ment with benralizumab, this was €14,043. This annual
increase of €2499 was the result of the price of the biolog-
ical treatment and the decrease in costs related to hospi-
tal admissions, emergency department visits, and OCS or
ICS use. To date, there has only been one study published
analysing benralizumab cost-effectiveness based on piv-
otal studies [48], in which a total increase per patient and
year was also found and was also the result of the increase
in costs from the use of benralizumab. This has also been
evidenced with other biological treatments for asthma as
shown in several systematic reviews [49, 50] demonstrat-
ing that time horizon and drug price are among the key
drivers of the incremental cost-effectiveness ratio.

Incremental costs of €602/year and €3300/year to avoid
a severe exacerbation and any exacerbation, respectively,
in a given patient were found. Furthermore, for a 1-point
ACT score increase, an incremental cost of €327.95/
year was found, and for a 3-point increase the incremen-
tal cost was €983.86/year. These costs are significantly
lower compared with those found in other pharmaco-
economics studies for other asthma biologics such as
omalizumab [11, 51] and mepolizumab [15]. This is most
likely due to the fact that current prices are lower, to dif-
ferences in healthcare systems, and to a greater effective-
ness of benralizumab in our study resulting from the fact
that patients were managed in specialised asthma units,
which enabled us to apply strict inclusion criteria and
enrol patients with very severe asthma and severe eosino-
philic inflammation.

With effectiveness measured as a percentage of gain in
ACT score and taking into account that an efficient alter-
native in Spain is considered when the cost-effectiveness
threshold lies between €22,000 and €24,000 [52], the
probability of benralizumab being a cost-effective option
for a WTP of €24,000 was 99.8%, and it was found to be
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dominant (more effective and less costly) in almost 10%
compared with the baseline alternative.

The NMB obtained was positive, indicating that ben-
ralizumab was a more efficient alternative than its com-
parator. Furthermore, the positive incremental NMB
indicates that the intervention was cost-effective com-
pared to the alternative regimen based on the WTP
threshold in Spain (€22,000-€24,000). Thus, the cost of
obtaining an additional benefit was below the maximum
amount decision makers would be willing to pay for this
benefit. Furthermore, the positive NHB outcome sug-
gests that it is a measure that improves the general health
of the population.

In addition, at a WTP threshold of €24,000, the prob-
ability of benralizumab having a better cost-utility for a
WTP of €24,000 was 81% and was found to be dominant
(more utilities and lower costs) in 8.3% compared with
the baseline alternative.

Overall, based on our study, benralizumab in associa-
tion with the standard treatment of refractory eosino-
philic asthma appears to be a cost-effective option in
Spain with a cost<€24,000/QALY gained, whereas in a
prior cost-effectiveness study in Sweden based on piv-
otal studies [48] this cost ranged between €40,000 and
€70,000/QALY gained. These considerably higher val-
ues are most likely due to differences in prices between
the two countries and differences between both national
healthcare systems. In fact, cost-effectiveness results
for a particular drug may vary from country to country
because of these differences. Thus, mepolizumab was
reported to be cost-effective for the treatment of severe
eosinophilic asthma in the United Kingdom [53] but was
found not to be cost-effective for similar patients in the
United States at commonly cited WTP thresholds [15].

Limitations

Our study has some limitations. Because this was a real-
life study, there was no placebo control group and there-
fore a placebo effect could not be assessed. Additionally,
as a result of the pandemic caused by SARS-CoV-2,
spirometry at 1 year of treatment with benralizumab
could not be performed in four of 44 patients. This
explains why figures in Tables 1 and 2 are different. Like-
wise, FeNO measurements could not be assessed in these
patients and were excluded from the analysis.

Its strengths, on the other hand, lie in the fact that, to
our knowledge, this is the only study of benralizumab
with real life data to date. In addition, it is a multicentre
study that was conducted at two different severe asthma
units with a broad experience in the management and
treatment of this disease. Finally, this was an independent
study with no external funding and without the involve-
ment of any pharmaceutical company.
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Conclusions

We observed a clear improvement in asthma control
and lung function as well as a reduction in severe exac-
erbations, emergency department visits, use of OCS
(both as corticosteroid courses and maintenance ther-
apy), and ICS in patients with refractory eosinophilic
asthma treated with benralizumab for 1 year. Moreover,
benralizumab appears to be a cost-effective option (less
than €24,000/QALY) as an add-on treatment in patients
with refractory eosinophilic asthma in Spain.
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