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TREATMENT AND ECONOMICS

Cost-effectiveness of omalizumab in severe persistent asthma in Spain:

a real-life perspective
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"Servicio de Neumologia, Hospital Universitario Virgen de la Victoria, Mdlaga, Spain and *Departamento de Farmacologia, Facultad de Medicina,
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Abstract

Objectives: To determine the cost-effectiveness of omalizumab compared with routine clinical
practice in the treatment and control of severe persistent asthma. Methods: Cost-effectiveness
analysis using pre- and post-treatment with omalizumab after 10 months of 47 patients
diagnosed with uncontrolled severe persistent asthma attended by the Pneumology Service,
Hospital Universitario Virgen de la Victoria, Malaga. Effectiveness was assessed by the number
of emergency room (ER) visits for exacerbations and quality-adjusted life years (QALY) gained.
The costs of treatment with omalizumab and ER visits were analyzed using the National Health
System perspective. Results are expressed in cost per QALY gained and cost per ER visit avoided
(costs €2012). Results: Exacerbations with ER visits decreased significantly (p<0.001) after
10 months of omalizumab treatment compared with the previous 10 months [7.94 (6.52-9.37)
vs 0.19 (0.03-0.35)]. Health utilities increased significantly (p<0.001) during the same period
[0.5967 (0.5722-0.6212) vs 0.7566 (0.7232-0.7900)], representing 0.1333 (0.1053-0.1612) QALYs
gained (p < 0.001).The mean cost per patient was €1850.78 (1519.46-2182.10) in the 10 months
before treatment and €5431.87 (4930.72-5933.02) after 10 months of omalizumab treatment.
The incremental cost-effectiveness ratios (ICERs) were €462.08/exacerbation avoided
(347.65-606.22) and €26 864.89/QALY gained (21632.07-33859.49). Conclusions: Our results
confirm that adding omalizumab to the treatment of patients with uncontrolled severe
persistent asthma reduces the number of exacerbations with ER visits and increases health-
related quality of life after 10 months of treatment and produces ICERs favorable to

Keywords

Asthma, cost-utility, effectiveness, healthcare
costs, omalizumab

History

Received 5 February 2014

Revised 25 June 2014

Accepted 30 June 2014

Published online 24 November 2014

omalizumab and acceptable from the health system perspective.

Introduction

The clinical manifestations of asthma can be controlled with
correct treatment. Controlled asthma should not cause anything
more than decompensations, and severe exacerbations should
be rare. It is estimated that asthma affects 300 million people
worldwide [1] and 5% of the adult population in Spain [2],
although the prevalence among adolescents is increasing [3].

Severe asthma is estimated to occur in approximately 10%
of the affected population, and a substantial proportion of
severe cases are attributable to allergic immunoglobulin E
(IgE) mechanisms [4].

The severity of asthma is classified on the basis of the
intensity of treatment required to achieve good control of
symptoms [1]. Mild to moderate persistent asthma can usually
be controlled with low or medium doses of inhaled cortico-
steroids (ICS) and long-acting 2-adrenergic agonists, while

Correspondence: Alberto Levy Nahon, Servicio de Neumologia,
Hospital Universitario Virgen de la Victoria, Malaga, Spain. Tel:
639321719. Fax: 951 03 20 22. E-mail: euemedle @hotmail.com

severe persistent asthma is often not well controlled with
these treatments.

Omalizumab is a humanized monoclonal antibody that
targets circulating IgE molecules. Omalizumab is adminis-
tered subcutaneously in inflammatory processes due to
allergic asthma that underlie the symptoms observed in
patients with severe persistent allergic asthma, with frequent
exacerbations and a lack of response to the drugs commonly
used in this disease [5].

The therapeutic efficacy and safety of omalizumab
added to ICS-based treatments have been evaluated in several
clinical trials in both adults and adolescents and children with
persistent allergic asthma. The rate of asthma exacerbations
per patient was significantly lower (reductions between 25%
and 48%) in patients treated with omalizumab compared
with those receiving placebo in all studies assessing this
outcome as the primary endpoint, and there was a reduction
in asthma symptoms [6—10] and the need to use ICS and
rescue medication [7,11,12]. These results have been
corroborated in clinical practice by multiple observational
studies that have shown that omalizumab is effective as an
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additional treatment in patients with severe persistent allergic
asthma [13-20].

Economic evaluations are a useful rationing tool in
healthcare decisions. Cost-effectiveness analysis (CEA)
allows the comparative analysis of new health technologies
in terms of their costs and their clinical outcomes. The results
of CEA can be measured in a comparable unit in terms
of health, such as quality-adjusted life years (QALY), i.e.
the result of this type of analysis provides information on
the cost of a QALY gained between the various treatment
options compared, thus estimating their relative value [21].
These special cases of CEA, when clinical outcomes are
expressed in terms of QALY, are usually called cost-utility
analyses.

European studies evaluating the effectiveness of omalizu-
mab (added to optimal standard treatment in patients with
severe persistent asthma) have shown that omalizumab is a
cost-effective option with a cost per QALY gained of between
€23 880 and €56091 [22-24]. Conversely, Wu et al. [25]
using a mathematical model showed that omalizumab is not
cost-effective for most patients with severe asthma over a
10-year time horizon. In Spain, there are as yet no data on the
cost-effectiveness of omalizumab. Therefore, research about
cost-effectiveness of omalizumab in the real Spanish clinical
practice shall be helpful to health-policy decision makers
in Spain.

The objective of this study was to determine the cost-
effectiveness of omalizumab compared with routine clinical
practice in the treatment and control of severe allergic asthma
based on clinical data obtained from the Severe Asthma Unit,
Pneumology Service, Hospital Universitario Virgen de la
Victoria (HUVYV), Malaga.

Materials and methods
Design and study population

This study was an ad hoc analysis of a cohort of 79 patients
attended by the Severe Asthma Unit, HUVV, between 1 July
2008 and 1 July 2012. We carried out a CEA of omalizumab
compared with routine clinical practice in the treatment and
control of severe allergic asthma based on clinical data and
the use of resources registered. The clinical consequences
(measured in exacerbations and translated into QALY's) and
economic consequences (cost per patient) were calculated for
each option compared.

The registry collected the number of exacerbations result-
ing in emergency room (ER) visits, spirometric variables
such as fractional exhaled nitric oxide (FeNO) and forced
expiratory volume in 1 second (FEV) and the quality of life
through administration of the reduced Spanish version of the
Mini Asthma Quality of Life Questionnaire (MiniAQLQ)
[26]. This self-administered questionnaire consists of 15
validated questions grouped into four areas: symptoms,
activity limitation, emotional function and environmental
stimuli. Responses were rated on a scale of 1-7 (where 1
represents the highest degree of disability and 7 the highest
degree of autonomy).

Patients who fulfilled the following inclusion criteria were
selected for evaluation: age >14 years, diagnosed with severe
persistent asthma not controlled after >1 year of follow-up
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and who had been seen at 4 and 10 months after the initiation
of treatment with omalizumab. Severe persistent asthma was
diagnosed and defined according to the Spanish Guidelines
for Asthma Management [27]. Before treatment with
omalizumab, the patients had been treated with the standard
treatment for this type of diagnosis according to the
Spanish Guidelines for Asthma Management [27]. Smokers,
ex-smokers of less than one year, pregnant women, patients
with comorbidities such as intercurrent infections or active
neoplasm and patients diagnosed with chronic occlusive
pulmonary disease were excluded.

At the initiation of omalizumab treatment, patients were
asked about their history of exacerbations in the three months
before treatment with omalizumab to verify information
registered in each patient medical record, were administered
the MiniAQLQ and spirometric variables were collected.
In subsequent visits, 4 and 10 months after initiation of
treatment with omalizumab, the number of exacerbations and
spirometric variables were collected and the MiniAQLQ
administered again. The number of exacerbations before
the start of treatment with omalizumab (data for three months,
collected from each patient medical record and verified in
a personal interview with each patient) was linearly extra-
polated to 10 months (by multiplying by 10/3) in order to
facilitate the comparison.

Options to compare

The efficiency of two treatment alternatives was compared:

(1) Standard therapy for severe persistent asthma, understood
as the treatment indicated by clinical guidelines for
the management of this condition (pre-omalizumab
period).

(2) The addition of omalizumab to previous standard treat-
ment and treatment monitoring in a specific severe
persistent asthma unit (post-omalizumab period).

Measures of effectiveness

Effectiveness data were based on the results at 10 months for
patients who initiated omalizumab therapy, compared with
the 10 months before initiation of omalizumab therapy.

The effectiveness indicators used to compare the options
were as follows: (1) the number of exacerbations with ER
visits and (2) QALYs calculated from the utilities obtained
from the MiniAQLQ.

Utilities

Utilities or the preferences of the patients were used to
consider the impact of treatment on the quality of life.
Utility values were expressed on a numerical scale where the
extreme values were 0 and 1, with O representing ‘‘death’” and
1 representing ‘‘perfect health’” [28]. Thus, when the quality
of life worsens, the utilities and QALYSs are reduced. QALYs
are overall measures of health outcomes that weight the life
expectancy of patients with an estimate of their health-related
quality of life score (utilities).

Utilities were calculated from MiniAQLQ scores. To our
knowledge, there are no mappings from MiniAQLQ to EQ-5D
index values. Then, in our approach MiniAQLQ scores were
transferred to the EQ-5D metric, using linear models based



Downloaded by [University of Liverpool] at 05:33 13 January 2018

DOI: 10.3109/02770903.2014.941474

on the correlation between both scores according to Chen
et al. [29].

Utilities for the pre-omalizumab period were measured at
baseline (time point 0), and utilities for the post-omalizumab
period were measured at 10 months after time point O.
Then, QALYs were estimated from utility measures (pre- and
post- omalizumab) and refer to 10 months.

Costs

Direct healthcare costs (updated to 2012) were derived from
the recorded number of ER visits for exacerbations and the
additional use of omalizumab. The costs of standard treat-
ments were not taken into account because they were
considered to be the same for both periods. Similarly, medical
visits were considered to be the same for both periods, since
the patients were attended by the Severe Asthma Unit with
the same periodicity in both periods. The cost per ER visit
was €233 (internal hospital data), and the cost of treatment
with omalizumab was 2.46€/mg [30].

Cost-effectiveness calculations

In terms of cost-effectiveness, the incremental cost per ER
visit avoided and QALY gained was obtained using the
incremental cost-effectiveness ratio (ICER). The ICER is
defined as the ratio of the change in costs to the change in
effects of a specific intervention compared to an alternative.
The ICER indicates the additional cost of obtaining one
additional unit of outcome. The ICER was calculated using
the formula:

Costpost — COStpre

Effectivenessos — effectivenessp

Confidence intervals (CIs) for the ICER were computed
based on bootstrapping using sampling with replacement
(the size of the new samples was equal to the original size). We
ran 10000 simulations, and the 2.5th and 97.5th percentiles
from the simulations were used to determine a 95% CI.

Perspective and time horizon

The economic evaluation was conducted from the perspective
of the Spanish National Health System (NHS). The time
horizon of the analysis was the 10 months before and
after initiation of treatment with omalizumab in the severe
asthma unit.

Sensitivity analysis

In order to evaluate the uncertainty around the extrapolation
assumption for pre-omalizumab outcomes and the unit
costs, univariate sensitivity analyses were performed. First,
we changed the multiplication factor of the extrapolation (base
case, 10/3) assuming two different factors: multiplying by 2 or
by 5. Second, we tested the effect of varying the costs of ER
visit to two-fold and five-fold the costs of the base case (€233).

Statistical analysis

Effectiveness and costs in the two periods were compared
using the nonparametric Mann—Whitney U test, due to the
non-normal distributions of the variables. The level of
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significance was established as 5%. All analyzes were
performed using the R version 3.1.0 statistical package [31].

Results

Of the 79 patients of the initial cohort of study, 50 patients
had a minimum follow-up of 10 months for comparing
proposes. Of them, three patients were excluded because they
had missing data for the study outcomes. The final sample for
analysis included 47 patients.

Fourteen (29.8%) patients were males with a mean
baseline age of 54 (SD=12.67) years. A reduction of ICS
and rescue medication was observed from initial visit and at
10 months of follow-up. While 34 (72.3%) patients needed
inhaled and oral corticosteroids at the initial visit, no
patient needed such treatment 10 months later. The quality
of life increased significantly (p<0.001) according to the
MiniAQLQ scores at the initial visit and after 10 months
of omalizumab treatment [2.21 (1.92-2.49) vs. 4.05 (3.65—
4.44)]. This improvement was associated with a significant
clinical improvement in the quantification of FeNO, with
mean values of 43.67 parts per billion (ppb) (34.13-53.22)
without omalizumab and 28.85 ppb (23.12-34.58) after
10 months of omalizumab (p =0.02). FEV, values showed
no significant changes [66.96 (60.46-73.45) vs. 68.79
(62.57-75.01), p=10.6] (Table 1).

Omalizumab added to standard treatment provided greater
effectiveness than standard treatment alone, representing
0.1333 (0.1053-0.1612) QALYs gained [0.4972 (0.4768-
0.5177) vs. 0.6305 (0.6027-0.6584), p<0.001] and reducing
ER visits due to exacerbations in the 10 months of
omalizumab by 7.75 (6.37-9.14) [7.94 (6.52-9.37) vs. 0.19
(0.03-0.35), p<0.001] (Table 2).

The mean costs per patient were €5431.87 (4930.72—
5933.02) for the 10 months of omalizumab treatment and
€1850.78 (1519.46-2182.10) for the pre-omalizumab period
(Table 2). Therefore, the ICER in terms of cost per life year
gained between the two periods was €26 864.89/QALY
(21632.07-33859.49). The ICER evaluating the reduc-
tion in exacerbations was €462.08/exacerbation avoided
(347.65-606.22) (Table 3).

Table 4 presents the results of the sensitivity analysis when
the assumptions on the extrapolation of exacerbations for the
pre-omalizumab period and on unit cost for ER visits were
changed. The results suggest that the ICER is sensitive to the
change in the extrapolation multiplication factor and unit costs.
When the multiplication factor of the extrapolation increased,
the ICERs decreased, which means that the cost for each
additional unit of clinical outcome was lower. Similarly, when
unit cost for ER visits increased, the ICERs decreased. The
results were maintained at the cost-effectiveness thresholds.

Discussion

We evaluated the efficiency of treatment with omalizumab
compared with standard treatment in 47 patients with severe
persistent asthma. The addition of omalizumab was more
effective than previous standard treatment, providing 0.1333
(0.1053-0.1612) QALYs gained. The difference in mean costs
per patient was €3581.09 (3015.24-4146.95). Therefore,
the ICER of omalizumab compared to previous standard
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Table 1. Baseline and follow-up characteristics of patients included in analysis®.

Baseline Follow-up of 10 months

Initial age [years], mean (SD)
Male, n (%)
FEV, [%], mean (SD)
FeNO [ppb], mean (SD)"
Asthma medications, n (%)°
without inhaled corticosteroids
with low-dose inhaled corticosteroids
with high-dose inhaled corticosteroids
inhaled and oral corticosteroids
Monthly dose of omalizumab [mg], mean (SD)
Exacerbations with ER visits, mean (SD)
MiniAQLQ score, mean (SD)

54 (12.67)
14 (29.8%)

66.96 (22.12)

43.67 (32.13)

68.79 (21.19)
28.85 (19.52)

0 (0.0%) 1 (2.1%)
0 (0.0%) 19 (40.4%)
12 (25.5%) 26 (55.3%)
34 (72.3%) 0 (0.0%)
- 217.02 (66.78)
2.38 (1.45)° 0.19 (0.54)
2.21 (0.97) 4.07 (1.32)

4N =47 patients with no missing data for the variables: exacerbations with ER visits, MiniAQLQ score and cost variables.
"Some data were missing. Percentages at baseline and at 10 months of follow-up, respectively, were: FeNO, 2.1% and 0.0%;

asthma medications, 2.1% and 2.1%.

“Data collected at the initial visit on the three previous months.

Table 2. Effectiveness and costs before and after treatment with omalizumab.

Pre-omalizumab Mean (95% CI) Post-omalizumab Mean (95% CI) A (95% CI)* pb
Exacerbations with ER visits 7.94 (6.52-9.37) 0.19 (0.03-0.35) 7.75 (6.37-9.14) <0.001
Utility values 0.5967 (0.5722-0.6212) 0.7566 (0.7232-0.7900) 0.1599 (0.1264-0.1934) <0.001
QALYs 0.4972 (0.4768-0.5177) 0.6305 (0.6027-0.6584) 0.1333 (0.1053-0.1612) <0.001

Cost per patient (€) 1850.78 (1519.46-2182.10)

5431.87 (4930.72-5933.02)

3581.09 (3015.24-4146.95) <0.001

Data for the pre-omalizumab period are data at 10 months extrapolated from the data collected at the initial visit on the three previous months. Data for
the post-omalizumab period correspond to the visit at the tenth month after the addition of omalizumab.

CI, confidence interval; ER, emergency room; QALYs, quality-adjusted life years.

“A = (pre-omalizumab) — (post-omalizumab) for exacerbations with ER visits. A = (post-omalizumab) — (pre-omalizumab) for utility, QALYs and

costs.
"Mann-Whitney U test.

Table 3. Incremental cost-effectiveness ratio.

ICER (95% CI)

Cost per exacerbation €462.08/exacerbation avoided
avoided (347.65-606.22)
Cost per QALY €26 864.89/QALY (21632.07-33 859.49)

ICER =incremental cost-effectiveness ratio and QALY = quality-
adjusted life year.

Table 4. Univariate sensitivity analyses.

Cost per exacerbation avoided Cost per QALY

Extrapolation of pre-omalizumab exacerbations
x2 943.54 (748.68-1190.11)  32418.60 (26 609.71-40442.73)
x5 226.60 (151.56-321.61) 19922.73 (14907.45-26 057.68)

Unit cost for ER visits
x0.5 578.60 (464.15-722.72)
X2 229.02 (114.65-373.22)

33639.76 (27 688.46—41 866.46)
13315.30 (7811.98-19309.08)

treatment was €26864.89 per QALY gained (21632.07-
33859.49), i.e. below the commonly accepted willingness-
to-pay threshold in Spain of €30 000 per QALY gained [32].

The clinical results are consistent with those published
in previous clinical trials [6-10] and observational studies
[13-20]. Compared with the pre-omalizumab period, there
was a reduction in FeNO levels and the frequency of
exacerbations after treatment with omalizumab. Moreover,
the quality of life improved systematically, as shown be the
MiniAQLQ scores.

The results of the CEA were also consistent with those
of other studies. A recent review by the National Institute for
Health and Clinical Excellence of the results of six published
studies evaluating the cost-effectiveness of omalizumab for
asthma concluded that the most plausible ICER was £23 200/
QALY (approximately €27 100/QALY) [23]. An observa-
tional Dutch study (eXpeRience) including 154 patients
with a methodology similar to ours found an ICER of
€38371/QALY (sensitivity analysis: 14504-80332) after
one year of omalizumab treatment compared to the year
before [33]. Likewise, an observational study of 23 patients
from northeastern Italy comparing one year of omalizumab
treatment with the previous year found an ICER of €25 983/
QALY [34], very close to our result, and an extension of this
study to three years with 16 patients from the same cohort
found an ICER of €23 880/QALY [22].

On the other hand, Wu et al. [25] showed that omalizumab
is not cost-effective for patients with severe asthma over
10-year time horizon. The main differences between this
study and ours is that the study by Wu et al. was based on
a mathematical model with input data from published studies
and extrapolated over 10 years; and our study is based on a
cohort of patients in real clinical practice. Second, the unit
cost for omalizumab in Spain is lower than in the United
States. While the cost of omalizumab in the study of
Wu et al. ranges from $15000 to $44 000 (approximately,
from €10800 to €31 800) per patient-year, in this study, the
mean cost of omalizumab was €6411, ranging from €4431 to
€8862, per patient-year.
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To the date, there are no reported studies specifically
designed to evaluate the pharmacoeconomic impact of
omalizumab for severe asthma in clinical conditions in
terms of cost-effectiveness in Spanish patients. Therefore,
the results of this study may represent the first available
contribution on this subject in the Spanish context.

As in all observational studies, the study had limitations
inherent in the data used. The analysis was performed
with the entire data set as all patients with missing data
on exacerbations were excluded. However, despite having
to exclude many patients, the sample size analyzed was
greater than that of other studies of the same characteris-
tics carried out in other countries. However, the results
of this study cannot be extrapolated to all patients with
asthma. The study cohort consisted of patients with
severe persistent asthma, so the results should only be
considered in similar populations. Similarly, the high
frequency of women in the study population limits the
extrapolation of our results to other populations with different
gender distribution.

Another limitation of this study is the selected sample
for analysis. The main reason for excluding patients was lack
of follow-up in post-omalizumab period due to administrative
dates of study. Only three patients were excluded because data
of exacerbations in pre-omalizumab period were missing.
Therefore, the selection bias was minimized.

A limitation of the study is that only the cost of
omalizumab was considered in the calculation of drug costs,
excluding the costs of other standard treatments. These costs
were not taken into account because they were considered to
be the same for both periods. However, if these costs had been
calculated, there would probably have been a saving in the
costs incurred during the period of omalizumab treatment
because a reduction in the doses of ICS and rescue medication
have been observed in patients with severe persistent asthma
when omalizumab is added [7,11,12]. Therefore, the ICER
would have been lower than that finally obtained. Similarly,
medical visits were considered to be the same for both
periods, since the patients were attended by the Severe
Asthma Unit with the same periodicity in both periods.

Another limitation arises from the number of exacerbations
for the pre-omalizumab period. Patients were asked about
their history of exacerbations in the three months before
treatment with omalizumab to verify information registered
in each patient medical record. This information may be
biased. On the one hand, patients could have sought medical
help outside the HUVV (leading to underestimation), but it is
very unlikely not to report back at the initial visit.
Furthermore, if some patients did not report ER visits outside
the HUVYV, their history of exacerbations would be under-
estimated and, therefore, the effectiveness results of our
study would also be underestimated. On the other hand, the
history of exacerbations may be affected by recall bias, but
the answers of patients were verified in medical record,
minimizing this potential bias.

An important limitation of the study is consequence of the
extrapolation of the number of previous exacerbations to
10 months (by multiplying by 10/3). This extrapolation
has not taken into account seasonality. However, patient
enrolments happened all along the year. Therefore, possible
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overestimation errors for some patients were offset by
underestimation errors for remaining patients. In order to
overcome this limitation, we performed a sensitivity analysis
considering alternative multiplication factors: two assuming
that data collection was performed in seasons with high risk
of exacerbation and five in seasons with low risk of
exacerbation. In both cases, the results of sensitivity analysis
showed that costs per QALY hold at an acceptable cost-
effectiveness ratios.

Another limitation of this study is the way how EQ-5D
scores were obtained. Patients were administered the reduced
Spanish version of the MiniAQLQ, but not the EQ-5D
questionnaire, at each follow-up visits. To our knowledge,
there are no mappings from MiniAQLQ to EQ-5D index
values. Therefore, we used a linear model based on correl-
ation between both scores, according to Chen et al. [29], as a
way to overcome the lack of mapping studies.

Another potential limitation was that we did not study
asthma-related mortality. There is evidence that patients with
uncontrolled asthma have an increased risk of mortality
[35,36]. However, mortality indicators should not have had
much impact on this study as the time horizon of 10 months
pre-and post-omalizumab, and the long-term clinical out-
comes of the reduction in exacerbations would be greater
in assessments carried out over the lifetime of the patients.
It might be expected that if mortality had been considered, the
results would have been more favorable to omalizumab
treatment since the mortality risk is associated with exacer-
bations and there was a significant decrease in these the
period with omalizumab treatment.

In conclusion, the results of this study confirm that the
addition of omalizumab in patients with severe persistent
allergic asthma uncontrolled by standard treatments leads to a
substantial and systematic improvement in clinical outcomes
and health-related quality of life. The total cost per exacer-
bation avoided by the use of omalizumab was €462.08,
for the 10-month time horizon. In addition, an ICER of
€26 864.89/QALY was obtained, which is acceptable from
the Spanish NHS perspective.
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