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in patients with severe uncontrolled eosinophilic asthma in Spain
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aPharmacoeconomics & Outcomes Research Iberia (PORIB), Madrid, Spain; bHospital Universitario Doctor Peset, Valencia, Spain; 
cHospital Carlos Haya, Málaga, Spain; dAstraZeneca, Madrid, Spain

ABSTRACT
Objective: To assess the cost-effectiveness of benralizumab (benra) vs. mepolizumab (mepo) 
and dupilumab (dupi) for the treatment of patients with severe uncontrolled asthma from 
the Spanish Health System perspective.
Methods:  Exacerbations avoided, quality-adjusted life years (QALYs) gained and costs in a 
5-year period were estimated with a Markov model for a cohort of 1,000 patients in which, 
based on published evidence, 31% of the patients received biologics + oral corticosteroids 
(OCS) and 69% received only biologics. Efficacy data (exacerbation reduction and OCS 
elimination) were derived from a matching-adjusted indirect comparison. Published EQ-5D 
utilities per health state (biologic alone, biologic + OCS, standard of care + OCS, exacerbations, 
and post-exacerbations) were used for QALY estimation. Utility decrements associated with 
exacerbation management [-0.1 (OCS or emergency visits), −0.2 (hospitalization)] derived 
from the literature were applied. Costs (€, 2022) included drug acquisition (ex-factory price), 
administration and disease management. An expert panel (2 pneumologists and 1 pharmacist) 
validated all inputs.
Results:  Benra was more effective (52.21 QALYs) than mepo (51.39 QALYs) and dupi (51.30 
QALYs). Benra avoided more exacerbations (2.87 exacerbations) compared to mepo (4.70 
exacerbations) and dupi (5.11 exacerbations) for the 5-year horizon. Total costs/patient were 
€56,093.77 (benra), €59,280.45 (mepo) and €62,991.76 (dupi), resulting in benra dominating 
(more QALYs with lower costs) vs. mepo and dupi.
Conclusions: Benralizumab can be considered as a dominant treatment alternative vs. other 
biologic drugs for the treatment of uncontrolled severe eosinophilic asthma patients in 
Spain.

Introduction

Asthma is a chronic inflammatory disease of the airways 
characterized by a variety of symptoms, such as wheez-
ing, shortness of breath, chest tightness and/or cough, 
and various airflow limitations (1). This pathology is 
recognized as a highly prevalent chronic respiratory 
disease, affecting approximately 30 million people in 
Europe (2) and 4.9% of the adult population in Spain (3).

Asthma is a complex and heterogeneous disease, 
where the treatment goal is to achieve and maintain 
disease control by minimizing the clinical expression 
of asthma, considering the manifestations of the disease 
present in the patient’s daily life, and the prevention 
of future risk, especially in the development of exac-
erbations and chronic airflow obstruction. These 

manifestations can potentially be a risk to the patient’s 
life and burden to both patients and society (1,4).

The occurrence of exacerbations, severity of the 
disease and frequency of asthmatic episodes depend 
on patient characteristics and asthma phenotype (4). 
Severe eosinophilic asthma is a phenotype characterized 
by eosinophilic inflammation that affects approximately 
80% of patients with severe asthma (5). Uncontrolled 
severe asthma is defined as asthmatic disease that 
remains poorly controlled despite increasing stepwise 
treatment to the point of being treated with a combi-
nation of high-dose inhaled corticosteroids (ICS) along 
with long-acting β2-agonist (LABA) for the last year 
or oral corticosteroids (OCS) for at least six months 
(4,6). These patients experience symptoms and 
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exacerbations more often and are also at an increased 
risk of adverse events associated with more intensive 
drug treatment, leading to a high burden and health 
care costs due to the consumption of health care 
resources such as additional drugs, specialist visits, 
hospitalizations, and management of adverse events 
(1,7). In relation to the economic impact, a study con-
ducted in Spain estimated that patients with severe 
asthma incurred an average annual direct cost of 7,472 
euros per patient, 85% of which was attributable to 
pharmaceutical treatment (7). Therefore, severe asthma 
has a high clinical, humanistic, and economic impact 
on the overall burden of asthma (8,9).

In relation to pharmaceutical treatment, a regular 
assessment is recommended to verify whether the 
patient’s treatment objectives are met and to be able 
to adjust treatment according to the level of control 
of the disease. For this, it is necessary to follow an 
individualized strategy for each patient considering the 
most effective therapeutic options, the safety and cost 
of the different alternatives, and the patient preference 
(4). In recent years, the incorporation of biologic ther-
apies in patients with severe uncontrolled asthma has 
become more important due to the reduction of exac-
erbations, hospitalizations, and reduced use of OCS 
(4,10). One such example is benralizumab, a human-
ized, anti-interleukin-5 receptor α monoclonal antibody 
that induces rapid and near-complete depletion of 
eosinophils through enhanced antibody-dependent 
cell-mediated cytotoxicity. In 2018, benralizumab was 
approved by the European Medicines Agency (EMA) 

as an additional maintenance treatment in adult 
patients with severe eosinophilic asthma inadequately 
controlled despite high-dose ICS plus LABA (11).

The objective of the present analysis was to assess 
the cost-effectiveness of benralizumab in comparison 
with mepolizumab and dupilumab for the treatment 
of patients with severe uncontrolled asthma in Spain.

Methods

Model structure

A cost-effectiveness model was developed in Microsoft 
Excel® to simulate the progression of a hypothetical 
cohort of 1,000 adult patients with severe uncontrolled 
eosinophilic asthma on biologic therapy with or with-
out concomitant OCS. The clinical characteristics of 
this cohort, including average age (55.30 years) and 
the proportion of men (29.20%), were defined from 
the population included in the ENEAS study (12), 
considered to be representative of the Spanish adult 
population suffering from severe asthma.

The Markov model used for the present analysis 
represents, in 4-week cycles, the disease course 
through 6 main mutually exclusive health states: 
day-to-day symptoms in patients on biologic therapy 
with complete OCS elimination, day-to-day symptoms 
in patients on biologic therapy + OCS, day-to-day 
symptoms in patients on standard of care (SOC) treat-
ment + OCS, exacerbations, post-exacerbations and 
death as absorbent state (Figure 1).

Figure 1. M arkov model.
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At the initiation of the simulation, based on the 
opinion of the experts consulted, 30.82% of the patient 
cohort was considered to receive biologic ther-
apy + OCS and 69.18% received only biologic therapy 
according to the data available from the REDES study 
(13). Throughout the simulation, to reflect the poten-
tial evolution of the patient in real life, patients could 
remain in or transition through the health states 
described previously. However, due to the evidence 
available, patients from the health state "day-to-day 
symptoms in patients on biologic therapy + OCS" could 
transition to the health state "day-to-day symptoms 
in patients on biologic therapy with complete OCS 
elimination" only from week 24 onwards. For the 
health state "exacerbations", three types of events were 
considered: 1) exacerbations requiring treatment with 
OCS, 2) exacerbations requiring a visit to the emer-
gency department or 3) exacerbations requiring hos-
pital admission. After experiencing an exacerbation, 
patients transitioned to the health state 
"post-exacerbation", where they could be treated with 
the same biologic or switched to another biologic, 
with the same biologic + OCS or switched to another 
biologic + OCS or with SOC + OCS. Finally, patients 
can transition to the health state "death" from any 
health state at any moment in the simulation 
(Figure 1).

A 5-year time horizon was applied to estimate 
exacerbations avoided, quality-adjusted life years 
(QALYs) gained and the total costs of the therapies 
considered in the model. The perspective of the 
Spanish National Health System (NHS) was adopted 
for the analysis. In accordance with the recommen-
dations of the Spanish guidelines for economic eval-
uations (14), the analysis used a yearly discount rate 
of 3.0% for both costs and health outcomes.

The model was designed and conceptualized by 
health economic experts. Subsequently, all input values 
and the model structure were validated and approved 
by a panel of 3 clinical experts from different geo-
graphical areas with the aim of reflecting Spanish 
clinical practice. For this, online questionnaires were 
individually completed by the members of the expert 
panel, and subsequently, a consensus meeting was 
conducted to agree on values and assumptions 
when needed.

Treatment alternatives
The therapeutic alternatives compared in the analysis 
comprised benralizumab (Fasenra®), mepolizumab 
(Nucala®) or dupilumab (Dupixent®), as they are part 
of the current therapeutic approach for patients in 

Spain. In addition, these alternatives were used in the 
adjusted indirect comparison identified in the litera-
ture (15).

For biologic therapy with or without OCS, the reg-
imens and doses of treatment observed in the clinical 
trials (16–18) and the summaries of product charac-
teristics (11,19,20) of each alternative were used 
(Table 3).

For SOC + OCS treatment, an average cost identi-
fied in the literature was used that considered a pool 
of the following treatments: ICS, LABA, short-acting 
beta agonists, anti-leukotriene, theophylline, and pred-
nisolone (21).

Clinical data
To the best of the authors’ knowledge, there are no 
available head-to-head clinical trials studying the alter-
natives evaluated. Efficacy data were obtained from 
published MAIC regarding the efficacy of benrali-
zumab versus mepolizumab and dupilumab (15). The 
primary efficacy outcomes considered in the analysis 
were the elimination of OCS use as well as the reduc-
tion of exacerbations. Regarding OCS elimination, the 
MAIC data showed an odds ratio of 1.96 for benral-
izumab versus mepolizumab and 1.48 versus dupi-
lumab. For the annual exacerbation rate reduction, a 
relative risk of 0.45 was reported for benralizumab 
versus mepolizumab and 0.75 versus dupilumab (15).

Transition probabilities between each health status 
were obtained from the available literature (12,15–18). 
To estimate the transition probabilities for the health 
state "day-to-day symptoms in patients on SOC + OCS", 
an annualized rate of 2 exacerbations/year was con-
sidered from the available data from the ENEAS study 
(12). The transition probabilities included in the anal-
ysis are summarized in Table 1.

The distribution of the management of exacerba-
tions was obtained from the data reported in the 
UTILITY study (22), and the distribution of patients 
according to treatment after suffering an exacerbation 
was established based on the consensus of the expert 
panel according to usual clinical practice in Spain 
(Table 1).

Mortality

All-cause mortality data were applied to show the 
annual probability of death by age and sex, derived 
from Spanish mortality tables (23). In addition, 
asthma-related mortality was applied in those patients 
who experienced an exacerbation requiring hospital-
ization (23).
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Utilities and disutilities
To estimate QALYs, different utility values were con-
sidered depending on the health states. The term 
“utility” refers to the quality of their health status 
perceived by patients and an assigned value between 
0 and 1, where 0 represents death and 1 represents 
perfect health.

The utility values were taken from the UTILITY 
study (22) using the EuroQol 5-Dimensions with 5 
levels (EQ-5D-5L) questionnaire, which were applied 
to the different health states. In addition, a decrease 
in utility value (disutility) was applied for exacerba-
tions requiring treatment with OCS, emergency 
department visits or hospitalization based on the data 

Table 1.  Clinical data.
Transition probabilities

Benralizumab Mepolizumab Dupilumab

Day-to-day symptoms in patients on biologics treatment + OCS
Up to week 24 SOC + OCS 0.59% 0.72% 0.32%

Exacerbation 4.23% 7.55% 8.46%
Biologics + OCS 95.18% 91.72% 91.21%

From week 24 SOC + OCS 0.54% 0.70% 0.31%
Exacerbation 3.91% 7.31% 8.18%
Biologics + OCS 88.06% 88.79% 88.19%
Biologics 7.48% 3.23% 3.31%

Day-to-day symptoms in patients on biologics treatment with complete OCS elimination
Exacerbation 4.23% 7.55% 8.46%
Biologics 95.77% 92.45% 91.54%
Day-to-day symptoms in patients on SOC treatment + OCS
SOC + OCS 84.62% 84.62% 84.62%
Exacerbation 15.38% 15.38% 15.38%
Distribution of patients by exacerbation management
Exacerbations requiring OCS treatment 78.20%
Exacerbations requiring emergency department visit 27.44%
Exacerbations requiring hospitalization 15.47%
Distribution of patients according to post-exacerbation treatment

Benralizumab Mepolizumab Dupilumab
Patients on biologics treatment

Same biologics 60.00% 60.00% 60.00%
Switch to another biologics 30.00% 30.00% 30.00%

Benralizumab – 24.00% 15.00%
Mepolizumab 1.50% – 15.00%

Dupilumab 28.50% 6.00% –
Same biologics + OCS 3.00% 3.00% 3.00%

Switch to another biologics + OCS 2.00% 2.00% 2.00%
Benralizumab – 1.60% 1.00%
Mepolizumab 0.10% – 1.00%

Dupilumab 1.90% 0.40% –
Standard of care + OCS 5.00% 5.00% 5.00%

Patients on biologics treatment + OCS
Same biologics + OCS 10.00% 10.00% 10.00%

Switch to another biologics + OCS 80.00% 80.00% 80.00%
Benralizumab – 48.00% 64.00%
Mepolizumab 4.00% – 16.00%

Dupilumab 76.00% 32.00% –
Standard of care + OCS 10.00% 10.00% 10.00%

Patients on standard of care treatment + OCS
Standard of care + OCS 100.00% 100.00% 100.00%

SOC, standard of care; OCS, oral corticosteroids.

Table 2. U tility and disutility values.
Value Source

Health state utilities
Patients on biologics treatment + OCS 0.88 UTILITY study
Patients on biologics treatment with complete OCS elimination 0.88
Patients on SOC treatment + OCS 0.70
Disutilities
Exacerbations requiring OCS treatment −0.10 Lloyd A, et  al. 2007
Exacerbations requiring emergency department visit −0.10 Assumption*
Exacerbations requiring hospitalization −0.20 Lloyd A, et  al. 2007

SOC, standard of care; OCS, oral corticosteroids.
*The model assumes the same disutility value as for exacerbations requiring OCS treatment.
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available in the literature (24). Table 2 shows the 
utility and disutility values considered in the analysis.

Resource consumption and costs
In line with the perspective of the analysis, only direct 
health care costs were considered, which included phar-
maceutical cost, administration cost, exacerbation man-
agement cost and disease management cost per health state.

The pharmaceutical costs for each of the drugs 
assessed were calculated from the ex-factory prices 
published on the website of the General Council of 
Official Colleges of Pharmacists (25), applying the 
national mandatory deductions established by Royal 
Decree-Law 8/2010 (26) (Table 3).

In relation to the administration cost, it was 
assumed that 80% of patients receiving biologic ther-
apy self-administered the treatment. For the remaining 
patients (20%), the administration cost was equivalent 
to the cost of a nursing consultation. The nursing 
consultation unit cost was obtained from a health 
costs database at the national level (27) (Table 3).

The management costs of the exacerbations (includ-
ing OCS treatment, emergency department visit or 
hospitalization) were obtained from a multicentre 
observational study developed in Spain (28) (Table 3).

Disease management costs were calculated by mul-
tiplying the health resource consumption by the corre-
sponding unit costs. The resource use, which referred 
to specialist visits, hospitalization, medical examinations, 
and diagnostic tests, was provided by experts with 
extensive experience and knowledge about the pathol-
ogy, and the unit costs were obtained from the local 
national database of health care costs (27) (Table 3).

All costs were expressed in euros, 2022 values, and 
those costs obtained from the literature, when needed, 
were inflated to 2022 based on the Spanish general 
consumer price index provided by the Statistic 
National Institute (29).

Cost-effectiveness analysis
Total costs, exacerbations avoided and QALYs gained 
were estimated for each of the alternatives considered 
in the model. The efficiency between total costs and 
health outcomes is expressed as an incremental 
cost-effectiveness ratio (ICER) in terms of cost per 
exacerbation avoided and as an incremental cost-utility 
ratio (ICUR) in terms of cost per additional QALY.

Sensitivity analyses
Two sensitivity analyses (SA) were performed to eval-
uate the influence of parameter variation on the 
model and to confirm the model robustness. First, 

one-way sensitivity analysis (OWSA) was carried out, 
modifying the following parameters individually: time 
horizon (1 year), discount rate (0% and 5%), distri-
bution of patients by exacerbation management 
(±10%), transition probabilities (no population adjust-
ment), only drug costs were considered, administra-
tion costs were modified by €21.62/administration, 
and exacerbation costs and management costs by 
health status were varied by ±20%.

In the probabilistic sensitivity analysis (PSA), 1,000 
Monte Carlo simulations were performed. The value 
of each key model parameter was varied within a 
specific probability distribution assigned to each 
parameter. Dirichlet distributions were applied for 
probabilities, beta distributions for utility and disutility 
values and gamma distributions for costs.

Results

Base case

Over a 5-year time horizon, benralizumab was asso-
ciated with 2.87 exacerbations and 52.21 QALYs and 
was the most effective option compared with mepo-
lizumab (4.70 exacerbations and 51.39 QALYs) and 
dupilumab (5.11 exacerbations and 51.30 QALYs).

The estimated total cost per patient at the end of 
the 5-year simulation for each of the therapeutic alter-
natives from the NHS perspective was €56,093.57 for 
benralizumab, €59,280.45 for mepolizumab and 
€62,991.76 for dupilumab.

Benralizumab showed cost savings compared to 
mepolizumab and dupilumab, with incremental costs 
of €-3,186.88 versus mepolizumab and €-6,898.18 ver-
sus dupilumab.

The ICER for benralizumab was €-1,737.53 per 
exacerbation avoided and €-3,076.84 per exacerbation 
avoided versus mepolizumab and dupilumab, respec-
tively. In this model, benralizumab was a dominant 
treatment strategy because it was more effective and 
less costly than mepolizumab and dupilumab for the 
treatment of patients with uncontrolled severe eosin-
ophilic asthma in Spain.

The expected 5-year cost, survival measured by 
exacerbations avoided and QALY gained for the alter-
natives considered are shown Table 4.

Sensitivity analyses

The OWSA results confirmed the robustness of the 
model in the 8 proposed scenarios. Benralizumab was 
a dominant strategy over mepolizumab and dupilumab 
in all deterministic SAs performed (Figure 2).
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Table 4.  Base-case results.
Benralizumab Mepolizumab Dupilumab

Exacerbations 2.87 4.70 5.11
QALY 52.21 51.39 51.30
Total cost (€) €56,093.57 €59,280.45 €62,991.76

Drug cost €46,005.18 €46,761.97 €49,862.21
Administration cost €317.84 €307.50 €445.10

Exacerbation cost €3,109.85 €5,098.72 €5,540.95
Management cost €6,660.71 €7,112.26 €7,143.50

ΔQALYs Exacerbation avoided ΔCost (€) ICER ICUR
Benralizumab vs.
Mepolizumab 0.82 1.83 €-3,186.88 €-1,737.53 Dominant
Dupilumab 0.91 2.24 €-6,898.18 €-3,076.84 Dominant

QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio; ICER, incremental cost-effectiveness ratio; ICUR, incremental cost-utility ratio.

Figure 2. O ne-way sensitivity analyses. A) Benralizumab versus mepolizumab, B) Benralizumab versus dupilumab.
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The cost-effectiveness plane allows 4 possible sce-
narios to be sketched, each corresponding to one of 
the four quadrants of the coordinate axes. At this 
point, it is easy to see that only the comparisons in 
quadrants I and III require the application of a deci-
sion rule. In our analysis, the PSA showed that, con-
sidering the latest proposed willingness-to-pay threshold 
of €30 000 per QALY gained (30), benralizumab was 
cost-effective in 72% and 77% of cases versus mepo-
lizumab and dupilumab, respectively (Figure 3).

Discussion

Severe asthma, being a chronic respiratory disease, 
is associated with a significant impact on patients’ 

quality of life as well as a high burden on the health 
care system, mainly due to the future costs associ-
ated with the evolution of the disease leading to 
complications such as the development of exacerba-
tions and/or chronic airflow obstruction (1). Current 
guidelines recommend the use of biologic therapies 
as treatment for patients with severe uncontrolled 
asthma, i.e. those patients who, after receiving a 
combination of high-dose ICS and LABA for the 
last year or OCS for at least six months, are unable 
to control their disease (4). However, the guidelines 
do not include cost-effectiveness analysis as a cri-
terion for treatment selection. This is a relevant 
issue, especially when budgets are limited, the dis-
ease requires long-term treatment and the drugs and 

Figure 3.  Probabilistic sensitivity analyses. A) Benralizumab versus mepolizumab, B) Benralizumab versus dupilumab.
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costs of the disease are supported by the public 
health systems.

This analysis carried out a cost-effectiveness model 
to evaluate the efficiency of biologic therapies in 
patients with severe uncontrolled asthma in Spain. 
The results obtained with the present simulation sug-
gest that, in a 5-year period from an NHS perspective, 
benralizumab would avoid 1.83 and 2.24 exacerbations 
per patient compared to mepolizumab and dupilumab, 
respectively. In addition, benralizumab treatment 
resulted in 0.82 additional QALYs per patient com-
pared to mepolizumab and 0.91 additional QALYs per 
patient compared to dupilumab. The total cost savings 
per patient for benralizumab versus mepolizumab and 
dupilumab would be reduced to €3,186.88 and 
€6,898.18, respectively. Therefore, the use of benrali-
zumab would result in a percentage cost savings of 
5.7% compared to mepolizumab and 6.3% compared 
to dupilumab. However, it is interesting to mention 
that dupilumab has been the last biologic approved 
for this disease, so it is possible that the expert panel 
had limited experience in clinical practice with 
this drug.

As a strength of the study, it could be mentioned 
that a conservative analysis was performed since stud-
ies carried out in Spain and the most updated data 
available in the literature were considered as much as 
possible. In addition, all parameters included in the 
analysis were validated by a panel of clinical experts 
with experience in pathology to confirm that they 
were adapted to Spanish clinical practice.

On the other hand, the present analysis has some 
limitations, which are common for this type of phar-
macoeconomic model and methodology applied. First, 
due to the lack of a direct comparison between the 
alternatives evaluated, the clinical data used in the 
analysis were extracted from different sources. 
However, all parameters are based on publications 
with a high level of clinical evidence and have been 
validated by a panel of experts with experience in the 
management of the disease under study. The efficacy 
variables employed were obtained from an indirect 
comparison in a meta-analysis (15). However, it 
should be mentioned that indirect comparisons are a 
standard method that can provide useful and com-
plementary data on the relative efficacy of alternatives 
being compared (31). Another possible limitation is 
related to the transferability of data extracted from 
the literature of studies conducted in other countries, 
as for some parameters, no studies were identified, 
specifically in Spain. This is the case for the utility 
decrement associated with exacerbation management 
used in the model, which was derived from a UK 

study (24). However, these data were validated by the 
expert panel and considered to be representative of 
the Spanish asthma population.

Despite the limitations described above, the SA 
results confirmed the robustness of the model, as the 
uncertainty associated with the parameters used in 
the modeling did not represent a relevant deviation 
from the results obtained in the base case.

In conclusion, from this analysis, it could be high-
lighted that benralizumab is a valuable option to 
consider due to its clinical benefit, in terms of 
reduced exacerbations (1.83 vs. mepolizumab and 
2.24 vs. dupilumab) and higher QALYs (0.82 vs. 
mepolizumab and 0.91 vs. dupilumab), and to its 
economic benefits, as benralizumab was associated 
with lower pharmacological cost (1.7% vs. mepoli-
zumab and 8.4% vs. dupilumab), lower exacerbation 
cost (64.0% vs. mepolizumab and 78.2% vs. dupi-
lumab) and lower disease management cost by health 
status (6.8% vs. mepolizumab and 7.2% vs. dupi-
lumab). These results suggest that benralizumab 
could be considered as a dominant treatment alter-
native (i.e. it is more effective and less costly) com-
pared to mepolizumab and dupilumab for the 
treatment of patients with severe uncontrolled eosin-
ophilic asthma and could be a valuable alternative 
for the Spanish NHS.
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