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Abstract

Obijective: To assess socio-sanitary expenditure after the addition of
omalizumab to standard treatment in the control of severe asthma and to
analyse ifs effectiveness under standard clinical practice.

Method: Observational retrospective multicentre study conducted in
12 pneumology services in the Valencian Community, Spain. Data from
186 patients were analysed. Results of the year before and after the
addition of omalizumab were compared. Effectiveness was calculated
based on a 3-point increase in the Asthma Control Test and a reduction
in the number of annual exacerbations. Utility was calculated by the
number of quality adjusted life years. The economic assessment included
both direct and indirect costs and results were expressed in ferms of
incremental cost-effectiveness and incremental cost-ufility ratio.
Results: Significant improvements were found in lung function, asthma
control, quality of life, and quality adjusted life years between the year befo-
re and after the introduction of omalizumab. Taking info account direct and
indirect costs, the incremental cost-effectiveness for each avoided exacer
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Resumen

Objetivo: Evaluar el gasto sociosanitario fras la incorporacion de oma-
lizumab al tratamiento estédndar en el control del asma grave, asi como
analizar su efectividad, en condiciones de practica clinica.

Método: Esfudio observacional, refrospectivo y mulficéntrico realizado
en 12 servicios de neumologia de la Comunidad Valenciana. Se analiza-
ron datos de 186 pacientes. Se compararon resultados del afio previo y
los cinco afios posteriores a la incorporacion de omalizumab. La efectivi-
dad se calculé a partir del incremento de tres puntos en el Asthma Control
Test y la reduccién del nimero de exacerbaciones anuales. La utilidad se
calculé mediante el nomero de afios de vida ajustados por calidad. En la
evaluacion econdmica se incluyeron costes directos e indirectos. Los resul-
tados se expresaron en términos de relacion coste-efectividad incremental
y relacién coste-ufilidad incremental.

Resultados: Se deteciaron mejoras significativas en la funcién pulmo-
nar, el control del asma, la calidad de vida y el nimero de afios de
vida ajustados por calidad, entre el afio anterior y el posterior al ini-
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bation was € 1,789.28 (95% Cl: € 1,019.13-3,038.12) and € 4,569.38
(95% Cl: 3,442.86-6,075.05) per 3-point increase in the Asthma Control
Test score. The incremental costutility ratio per quality adjusted life years
gained was € 50,23998 (95% Cl: 37,209.88-68,923.84).
Conclusions: The addition of omalizumab to the treatment regime of
patients with severe asthma is effective under standard clinical practice,
decreases direct and indirect costs, and provides significant improvements
in the health status of patients.

Introduction

Patients with persistent severe asthma comprise only 5% to 10% of
the asthmatic population. However, compared to the general asthmatic
population, these patients experience the greatest overall morbidity and
impact on quality of life, and are associated with higher costs'. The
problem of severe refractory asthma or difficultto-control asthma has
been addressed in the clinical practice guidelines Global Initiative for
Treatment of Asthma (GINA)? and the Spanish Guidelines for Asthma
Management (GEMAJ. However, a large percentage of patients are
poorly controlled, undertreated, and without adequate follow-up, which
is indicative of poor adherence to the guidelines and expert recommen-
dations®. This situation reflects the current reality of asthma as a public
health problem worldwide, which is one of increasing magnitude and
prevalence?®.

Omalizumab is an anti-lgE monoclonal anfibody that prevents and
reduces the release of pro-inflammatory mediators. It is indicated as an
additional therapeutic modality in patients with severe persistent allergic
asthma refractory to standard treatment. In the last decade, controlled
clinical trials and “real life” studies have shown that omalizumab is effec-
tive and well tolerated in the treatment of moderate to severe asthma,
particularly in the reduction of exacerbation rates and the use of inhaled
cortficosteroids®”. In contrast to strong evidence on its efficacy and safety
profile in the treatment of asthma, there is limited information on the cost-
effectiveness of its use and the results of systematic reviews and meta-
analyses remain inconclusive®”.

In Spain, only two cost-effectiveness studies of omalizumab for the
treatment of severe asthma have been published'®!". These studies were
conducted using small samples of patients. One study included 47 patients
treated in the Pneumology Service of the Hospital Universitario Virgen de
la Victoria of Mélaga (Spain)'® and the other included 86 patients treated
in the Pneumology Service of the Hospital Clinic of Barcelona (Spain)'.
Both studies showed that treatment with omalizumab was cost effective as
assessed by the reduction in asthma exacerbations and 3-point increases
in the Asthma Control Test [ACT) score. The results were expressed as the
incremental costeffectiveness ratio. In order to confirm these findings in a
larger sample of patients, we conducted a study in 12 Pneumology Ser-
vices within the Valencian Community (Spain). The objective of the study
was to assess the effectiveness of omalizumab for the treatment of patients
with severe asthma, its impact on quality of life, and benefits regarding
the reduction of direct and indirect costs under conditions of standard
clinical practice.

Methods

Study design

Observational retrospective multicentre study conducted under condi-
tions of standard clinical practice in 12 Pneumology Services in the Valen-
cian Community. A refrospective review of medical histories was conducted
in the participating centres from 20006 [i.e. the year in which omalizumab
was first marketed in Spain) to April 2014. The study included all patients
visiting the outpatient consulting offices of the Pneumology Service of the
participating centres who met the following eligibility criteria: equal to or
more than 18 years, diagnosed with severe asthma?® [steps 5-6 of GEMA
and 5 of GINA), and receiving omalizumab as an add-on therapy 1o stan-
dard treatment for at least one year prior fo inclusion.

cio de omalizumab. Teniendo en cuenta los costes directos e indirectos,
la relacion coste-efectividad incremental por exacerbacion evitada fue
de 1.789,28 € [intervalo de confianza 95%: 1.019,13-3.038,12] y de
4.569,38 € (infervalo de confianza 95%: 3.442,86-6.075,05) por incre-
mento de fres puntos en el Asthma Control Test. La relacion coste-utilidad
incremental por nimero de afios de vida ajustados por calidad ganada
fue de 50.239,98 £ (intervalo de confianza 95%: 37.209,88-68.923,84).
Conclusiones: Lo infroduccién de omalizumab en el frafamiento del
asma grave es efectiva en condiciones de préctica clinica. Disminuye
los cosfes directos e indirectos y proporciona mejoras significativas en el
estado de salud de los pacientes.

We obtained clinical data, treatment data, and data on the use of
health care resources and work absenteeism for patients for the year prior
to the addition of omalizumab (pre-omalizumab period) and for subsequent
years [postomalizumab periods). Although all the study patients had data
available for the first year of treatment with omalizumab, which was an
eligibility criterion, there was less data available for the postomalizumab
periods [years 2-5).

We assessed effectiveness of treatment, use of resources, and quality
of life for each year of treatment with omalizumab. One-year periods were
chosen to avoid any pofential seasonal bias.

The study complied with the principles of the Declaration of Helsinki and
the Good Clinical Practices Guidelines and was approved by the Clinical
Research Ethics Committee of the Hospital Universitario Doctor Pese.

Measures of effectiveness, resources,
and quality of life

The pre- and post-omalizumab periods were compared using the fo-
llowing indicators of effectiveness: the asthma exacerbation rate, the ACT
score'?, and the assessment of clinical asthma status by the physician [Glo-
bal Evaluation of Treatment Effectiveness [GETE scale])’®. Exacerbations
were defined as a worsening of symptoms that required rescue treatment
with systemic corticosteroids. The total number of exacerbations was cal-
culated as the sum of prednisone cycles, number of visits to the emergency
department, and hospital admissions due to asthma.

The assessment of direct costs included the following resources: a) num-
ber of unscheduled visits to hospital and primary care due to asthma exacer-
bation, b) number of visits to hospital and primary care emergency services
due to asthma exacerbations, c) number of hospitalizations due to asthma
exacerbation, d] days of hospital admission, and e} dose, dosage schedule,
and duration of treatments.

The impact of omalizumab on the patients’ quality of life was assessed
using the Asthma Quality of life Questionnaire (MiniAQLQ) and European
Quality of Life-5 dimensions [EQ-5D-3L) questionnaires.

Calculation of direct and indirect costs

The economic impact of additional omalizumab for the treatment of
severe asthma was assessed using direct costs (use of health care and
pharmacological resources| and indirect cosfs (impact of the disease on
labour productivity)'“. The total cost of pharmacological treatment for each
patient was calculated using the dose, the dosage schedule, the duration
of each treatment, and the associated unit cost. The unit costs of treatment
were calculated using the corresponding data published on the Spanish
General Council of Official Associations of Pharmacists website, applying
the Royal Decree-law 8,/2010 (RDL 8/2010) deduction on the recommen-
ded refail price (RRP) without VAT for ambulatory dispensing treatments
and the corresponding RDL 8/2010 deduction on the laboratory sale
price (LSP) for hospital dispensing drugs. The cost of omalizumab was
calculated by applying the RD deduction of 7.5% on the LSP. Given that
omalizumab is administered in hospitals, the cost of one nursing visit per
month was added when omalizumab was administered once per month,
and the cost of two nursing visits per month was added when it was ad-
ministered once every two weeks. We calculated the annual costs of the
use of resources as the product of the natural units of the resources used at
the end of one year and their associated unit cost. The unit prices of the
resources were obtained from the eHealth database!®. Indirect costs were
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calculated based on the human capital method, by assuming that wages
reflect worker productivity'*. The days that the patient could nof go to work
due to asthma [absenteeism) were multiplied by the daily wage cost spe-
cific fo sex and age. The wage costs were exfracted from the most recent
data published by the Spanish National Institute of Statistics. These data
were obtained from the Spanish Annual Wage Structure Survey 2013. All
cosfs were expressed in 2015 euros.

Cost effectiveness analysis

A costeffectiveness analysis was performed to investigate the impact of
omalizumab on costs and clinical outcomes. The incremental cost-effective-
ness ratio (ICER) was calculated by comparing costs and effectiveness in
the pre- and post-omalizumab periods in terms of prevented asthma-driven
exacerbation and 3-point increases in the ACT score.

Cost-utility analysis

A costutility analysis was conducted to measure the health benefits of
the treatment in quality-adjusted life years (QALY). The incremental cost-utility
ratio (ICUR) was calculated in terms of the increase in QALYs.

Statistical analysis

In the descripfive analysis, categorical variables are expressed as fre-
quencies and percenfages, and quantitative variables are expressed as
mean and standard deviation or the median plus the interquartile range.

The main sfafistical analysis compared the clinical results and the use
of resources in the pre- and postomalizumab periods, in which each year
was compared with the immediately previous year. We conducted descrip-
tive bivariate fesfs on all the study variables, parametric or nonparametric
bivariate tests according to their applicability [comparison of means: f fest,
Wilcoxon signed rank; contingency tables: x2 test, Fisher's exact tesf, Mc-
Nemar test; and correlations: Pearson, Kendall tau, Spearman rho). In order
fo increase statistical power, whenever possible the fests used took info
account paired observations using pre- and postomalizumab data for all
patients. A Pvalue of 5% was used as a cutoff for stafistical significance.
The results of the ICER/ICUR calculations are given with their 95% confiden-
ce intervals (95% Cl), which were obtained using the bootstrap technique.
Al stafistical analyses were conducted using the R version 3.1.2 statistical
software package.

Results

A total of 186 patients were eligible for inclusion in the study. Of these,
62.4% were men and mean age was 50.5 years (95% Cl: 48.2-52.7).
8.1% of the patients were active smokers and 15.1% were ex-smokers.
Median time from the diagnosis of asthma to starting treatment with oma-
lizumab was 15 years (interquartile range: ¢-24). The main comorbidities
were rhinitis, nasal polyposis, and respiratory allergy in 0%, 30.5%, and
59.2% of patients, respectively.

Effectiveness

The addition of omalizumab to the standard treatment during the first
year of freatment led fo a decrease in the ACT score from 12.75 points
(95% Cl: 11.96-13.54) in the pre-omalizumab period to 19.35 points
(95% Cl: 18.48-20.22) in the postomalizumab period (P < 0.001).
The ACT score showed that the percentage of poorly controlled pa-
tients decreased from 72.38% to 18.33% (P < 0.001). Treatment with
omalizumab led 1o a statistically significant decrease in the number of
annual exacerbations (7.52 [95% Cl: 6.45-8.59] vs 2.28 [95% Cl:
2.85]; P < 0.001). The GETE scale showed that 71.9% of poﬂents hcd
a better or much betfter response with omalizumab. A statistically signifi-
cant increase was observed [P < 0.001) in spirometric FVC parameters
(80.96% [95% Cl: 78.16-83.75] vs 87.68% [95% Cl: 84.95-90.41]),
post-bronchodilator FEV1 (67.29% [95% Cl: 64.15-70.42] vs 75.23%
[95% Cl: 72.30-78.16)), and FEVI/FVC (64.42% [95% Cl: 62.35-
66.50] vs 67.10% [95% Cl: 65.01-69.20]). The results obtained in the
four years following the first year of treatment with omalizumab were
similar to those obtained in the first year of treatment (Table 1). However,
after the first year of treatment with omalizumab, the patients perceived
that their asthma had improved or had greatly improved (83.9%). In
addition, the percentage of patients with poor or bad control of rhinitis
decreased from 35.48% to 2.15% (P < 0.001).

One year affer starfing freatment with omalizumab, 13 patients (6.95%)
had discontinued treatment. Of these, eight patients stopped treatment for
their own reasons, three stopped because of lack of response, and two
stopped because of adverse effects (one because of nausea and vomiting
and one because of itching).

Table 1. Clinical variables, effectiveness, and use of resources in the pre- and post-omalizumab periods

Pre-omalizumab

."Posf-omullzumub pqud

Variables period Year 1 Year 2 Year 3 Year 4 Year 5
................................................................ wsl) (n=186) .. (n=14) .. n=73) . (n=58) .....\n=30 .
Mean (IC 95%) Mean (IC 95%) Mean (IC 95%) Mean (IC 95%) Mean (IC 95%)
............. CLINICAL VARIABLES o Meon IC 55 ... P value P value P value Pivae | Pvave |
6799 75.23 76.32 73.94 77.37 75.69
FEV1 post-bronchodilator, %F (64.1 570 42) (72.3078.16)  (72.51-80.13)  (68.9378.95)  (71.90-82.84)  (67.17-84.21)
SO P<0.001 P=0.65 P=0.48 P=0.31 P=0.63
80.96 87.68 89.09 85.78 86.91 87.38
FVC, % 78.1 683 75) (84.9590.41)  (85.51-92.66)  (80.9890.57)  (81.6592.16)  (79.30-95.46)
SO P<0.001 P=0.66 P=0.22 P=0.38 P=077
6442 67.10 68.09 66.94 70.02 67.10
FEV1/FVC, % (62 3566 50) (65.01-69.20)  (65.59-70.59)  (63.97-69.92)  (66.41-73.63)  (62.08-72.13)
D P<0.001 P=0.73 P=0.57 P=0.22 P=0.41
41.92 25.41 23.60 22.00 14.86 14.00
FeNO, ppb 26 03.57 81) (17.43-33.38)  (11.39-35.81) (9.58-34.42) (5.28-24.44) (3.39-24.61)
IO P=0.001 P=0.39 P=0.93 P=0.59 P=0.89
40073 558.42 509.82 501.93 448.66 539.24
IgE, 1U/mlL (333.94 467 52) (471.98-644.87) (396.23-623.42) (367. 16636 69) (305.98-591.34) (329.46-749.02)
AR P<0.001 P=0.55 P=0.9 P=041 P=0.34
424.90 348.63 388.33 366.89 391.74 390.88
Eosinophils, cells/pl (365.20 484 60) (302.70-394.56) (320.71-455.95) (298.47-435.32) (314.81-468.67) (290.82-490.94)
EEES P=0.009 P=0.44 P=0.94 =0.62 P=0.94
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Number of annual
exacerbations (with or
without emergency visit or
hospitalization)e

Number of exacerbations
(without emergency visit or
hospitalization)"

GETE

Much worse

Worse

Same

Better

Much Better or Excellent

Patient responder

ACT Total

Poorly controlled asthma
Partially controlled asthma
Well-controlled asthma

Number of visits to hospital
emergency departments

Number of emergency visits

to PC

Number of hospital admissions

Duration of hospital stay, d

Number of non-scheduled
medical visits to PC

Number of unscheduled
medical visits o specialist

Days that the patient has been
ill or unable to attend work
because of asthma'

..................
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Pre-omalizumab
period
(n=186)

7.52
(6.45-8.59)

4.06
(3.26-4.87)

Mean (95% Cl)
(n=105)

12.75
(11.96-13.54)

76 (72.38)
22 (20.95)
7 (6.67)

Mean (95% Cl)
(n=186)

0.77-1.15)

2.01
(1.68-2.34)

0.49
(0.36:0.62)

3.28
(2.29-4.27)

1.43
(1.13-1.73)

0.55
(0.36-0.74)

18.42
(10.19-26.66)

Year 2
(n="14)

2.28 (1.71-2.85)
P <0.001

1.18 (0.68-1.68] 0.89 (0.52-1.26) 0.97 (0.31-1.62)

1.37 (0.97-1.76)
) P=0.36 P=0.96 P=0.73

P=0.03

1.16 (0.89-1.42) 0.82 (0.57-1.06) 0.73 (0.42-1.04) 0.60 (0.36-0.84) 0.63 (0.22-1.04)
P

P < 0.001 =0.07 P=0.50 P=0.87 P=0.83
n (%) n (%) n (%) n (%) n (%)
P° value P value P value Pd value Pe value
1 (0.54) 1(0.88) 1(1.39) 0 0
15(8.11) 5(4.39) 2 (2.78) 1(1.82) 2 (6.67)
36 (19.46) 20 (17.54) 9 (12.50) 7 (12.73) 3 (10.00)
105 (56.76) 59 (51.75) 32 (44.44) 23 (41.82) 10 (33.33)
28 (15.14) 29 (25.44) 28 (38.89) 24 (43.64) 15 (50.00)
- P=0.17 P=0.35 P=0.98 P=0.59
133 (71.89%) 88 (77.19%) 60 (83.33%) 47 (85.45%) 25 (83.33%)
S P=038 . P=04] .. P=094 . bzl
Mean (95% Cl) Mean (95% Cl) Mean (95% Cl) Mean (95% Cl) Mean (95% Cl)
P° value P* value P< value P¢ value P value
(n=105) (n=51) (n=29) (n=22) (n=10)
T Y ST 22322210 ...........
(18.48-20.22) (19.64-21.92) (19.70-22.71) (20.80-23.84) (19.00-25.20)
p < 0,001 p=0,056 p=0,63 p=0,29 p=0,75
n (%) n (%) n (%) n (%) n (%)
p° value p° value p° value p? value P value
(n=105) (n=157) (n=29) (n=22) (n=10)
22 (18.33) 6(12.12) 4 (9.30) 1(6.45) 1(13.33)
21 (20.83) 11 (16.67) 4 (11.63) 2 (6.45) 1(6.67)
62 (60.83) 34 (71.21) 21 (79.07) 19 (87.10) 8 (80.0)

P < 0.001 P=0.40 P=0.77 P=0.54 P=0.78
Mean (95% Cl) Mean (95% Cl) Mean (95% Cl) Mean (95% Cl) Mean (95% Cl)
P° value P value P value P4 value Pe value
(n=105) (n=57) (n=29) (n=22) (n=10)

0.30 (0.19-0.41) 0.11(0.03-0.18) 0.11 (0.02:0.20) 0.04 (0-0.09) 0.03 (0-0.10)
P <0.001 P=0.02 P=0.92 P=0.28 P=0.95
0.68 (0.47-0.89) 0.35(0.21-0.49) 0.22 (0.11-0.33) 0.22 (0.05-0.39) 0.23 (0.02-0.45)
P <0.001 P=0.02 P=0.51 P=0.53 P=0.79
0.14 (0.06-0.22) 0.09 (0.03-0.17) 0.12 (0-0.25) 0.04 (0-0. 09) 0.07 (0-0.20)
P <0.001 P=0.69 P=0.82 P=0.4 P=0.98
1.05 (0-43) 0.82 (0-34) 0.75 (0-23) 0.24 (O-lO) 0.43 (0-13)

P <0.001 P=0.36 P=0.40 P=0.21 P=0.49

0.45 (0.32:0.57) 0.27 (0.17-0.37) 015(005025) 0.16 (0.04-0.29) 0.40 (0.13-0.67)
P <0.001 P=0.22 P=0.10 P=0.94 P=10.09

0.20 (0.11-0.29) 0.23 (0.11-0.35) 0.11 (0-0.24) 0.09 (0-0.24) 0.17 (00.39)
P <0.001 =0.62 =0.05 =0.64 P=0.25
7.64 (0-16.33) 1.98(0.04-3.92) 1.07 (0-2.73) 0 0
P <0.001 P=0.37 =0.30 P=na P =na

*Difference between year pre-omalizumab and year 1 postomalizumab; “Difference between year 1 postomalizumab and year 2 postomalizumab; Difference between year
2 postomalizumab and year 3 postomalizumab; “Difference between year 3 postomalizumab and year 4 postomalizumab; “Difference between year 4 postomalizumab

and year 5 postomalizumab; Percentage relative to theorefical FEV1

; ®Increased symptoms with or without hospitalization requiring treatment with systemic corticosteroids;

"Worsened symptoms requiring treatment with systemic corficosteroids without hospitalization; 'n = 90 patients in pre-omalizumab period; n = 88, 49, 29, 25 and 11 patients
inyears 1, 2, 3, 4, and 5, respecfively.

ACT: Asthma Control Test; Cl: confidence interval; FeNO: expiratory fraction nitric oxide; FEV]

: forced expiratory volume in 1 second; FVC: forced vital capacity; GETE:

Global Evaluation of Treatment Effectiveness; IgE: immunoglobulin E; na: not assessable; PC: primary care; ppb: parts per billion; Ul: infernational unit.
Statistical tests: 2 test for categorical variables, and paired MannWhitney U test for quantitative variables, and nonparametric paired Mann-Whiney U fest.



Effectiveness and pharmacoeconomic analysis of the treatment of severe asthma with omalizumab in clinical practice

Farmacia Hospitalaria 2019

I Vol. 43 IN° 31101 - 109 | {105

Use of resources

The addition of omalizumab led fo significant reductions in the number
of patients with prescriptions for high-dose inhaled corticosteroids (HDIC),
anticholinergics, theophylline, and oral corticosteroids (OC). There was also
a significant reduction in the mean dose of HDIC (1,006.4 vs 752.1 pg/d;
P = 0.004), long-acting $2 adrenergic receptor agonists (LABA; 96.1 vs
58.7 pg/d; P < 0.000), antileukotrienes (7.7 vs 6.9 mg/d; P = 0.008),
anticholinergics (72.4 vs 6.4 pg/d; P < 0.000), theophylline (70.1 vs 43.6
mg/d; P < 0.000), and OC (1.7 vs 0.8 mg/d; P = 0.001). During the first
year of freatment, the mean dose of omalizumab per patient was 419.8 +
259.86 mg/mo.

Treatment with omalizumab led to statistically significant decreases in
the number of hospital admissions (0.49 [95% CI: 0.36-0.62] vs 0.14 [95%
Cl: 0.06-0.22]; P < 0.001), the number of unscheduled medical visits, and
emergency Visits to both primary care and hospitals. The mean time of
hospital stay decreased from 3.28 days (95% Cl: 2.29-4.27) to 1.05 days
95% Cl: 0.35-1.75) (P < 0.001). This decrease in the use of resources
remained practically constant during the following four years, except for the
number of emergency visits between the first and second year (Table 1).

Quality of life

After the first year of treatment with omalizumab, there was a clinically
and sfatisfically significant increase in quality of life on the four domains of
the MiniAQLQ questionnaire and its overall score (3.26 points [95% CI:
2.88-3.63] vs 492 points [95% Cl: 4.42-5.43]; P < 0.001). Stafistically
significant improvements were also observed on the four dimensions of the
EQ-5D questionnaire and ifs visual analogue scale (4796 points [95% Cl:
43-52] vs 70.33 points [25% Cl: 64-75]; P < 0.001). During the first year of
treatment with omalizumab, there was also a significant increase in QALYs
from 0.61 (95% Cl: 0.54-0.68) 1o 0.81 (95 ClI: 0.74-0.88) (P < 0.001)
(Table 2).

Costs

A stafistically significant decrease was observed in the mean annual
cost of resources used between the pre- and postomalizumab periods
(€ 1,768.08 [95% CI: 1,410.00-2,256.12] vs € 822.31 [95% Cl: 609.44-
1,240.50]; P = 0.001). There was a decrease in the annual cost of exacer-
bations, visits fo the emergency room, hospital admissions, and unschedu-
led medical visits.

In the post-omalizumab period, there was a significant decrease
in the annual pharmacological costs derived from the use of HDIC,
LABA, antileukotrienes, anficholinergics, theophylline, and OC. The
mean cost of omalizumab per patient/y was € 11,472.14 (95% Cl:
10,513.52-12,536.62). In the post-omalizumab period, there was also
a decrease in the mean indirect cost per patient from € 714.95 (95%
Cl: 459.28-1,160.46) to € 398.42 (95% CI. 155.12-958.43) (P <
0.001). In the four years following the first year of treatment with oma-
lizumab, there were nonsignificant reductions in direct and indirect
costs (Table 3).

Analysis of the cost-effectiveness and cost-utility
ratio

In terms of direct cosfs, the ICER per exacerbation avoided was
€ 1,858.84 (95% Cl: 1,084.72-3,137.62) and the ICER per each 3-point
increase in the ACT score was € 4,737.42 (95% Cl: 3,590.60-6,208.86).
The ICUR per QALY was € 53,755.34 (95% Cl: 40,663.14-72,497.39).
When including indirect costs, the ICER per exacerbation avoided was
€ 1,858.84 (95% Cl: 1,084.72-3,137.62) and the ICER per each 3-point
increase in the ACT score was € 4,737.42 (95% Cl: 3,590.60-6,208.86).
The ICUR per QALY was € 53,755.34 (95% Cl: 40,663.14-72,497.39)
(Table 4).

Table 2. Results of the EQ-5D Questionnaire and QALYS in the pre-omalizumab period and the first year post-omalizumab

Mobility
| have no problems in walking about
| have some problems in walking about
| have to stay in bed

Self-care
| have no problems with selfcare
| have some problems washing or dressing myself
| am unable to wash or dress myself

Usual activities
| have no problems doing my usual activities
| have some problems doing my usual activities
| am unable to do my usual activities

Pain/Discomfort
| have no pain or discomfort
| have moderate pain or discomfort
I have a lot of pain or discomfort

Anxiety/Depression
| am not anxious or depressed
| am moderately anxious or depressed
| am very anxious or depressed

Analog visual scale
Mean
(95% Cl)

QALYs
Mean (95% Cl)

EQ-5D: European Quality of Life-5 Dimensions; QALYS: Quality-ajusted life years.

Period Pre-omalizumab

(n=46) (n=46) Pvalue
O R, L
9 (19.57%) 25 (54.35%) 0.001
37 (80.43%) 21 (45.65%) '
0 0
25 (54.35%) 35 (76.09%)
20 (43.48%) 11 (23.91%) e
1(2.17%) 0
10 (21.74%) 28 (60.87%)
34 (73.91%) 16 (34.78%) <0.001
2 (4.35%) 2 (4.35%)
14 (30.43%) 31 (67.39%)
32 (69.57%) 15 (32.61%) (ke
0 0
16 (34.78%) 31 (67.39%)
25 (54.35%) 14 (30.43%) <0.001
5(10.87%) 1(2.17%)
47.96 70.33 <0.001
(43.55.52.36) (64.9575.71)
<0,001

0.61 (0.54-0.68) 0.81 (0.74-0.88)

Statistical fests: 2 test for categorical variables and paired Mann-Whiiney U test for quantitative variables.
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Post-omalizumab period

Pre-omalizumab «+++seesesseseresenenns

eriod Year 1 Year 2 Year 3 Year 4
Annual costs 2 186) (n=186) (n="14) (n=73) (n=55) (n=30)
Mean (95% CI) Mean (95% ClI) Mean (95% ClI) Mean (95% ClI) Mean (95% ClI) Mean (95% ClI)
Pvalue® Pvalueb Pvaluet Pvalued Pvalue®
3,631.54 13,375.48 (12,377.11- 12,670.35 12,629.50 12,136.97 1,226.21
Direct costs € (2,917.93- 14,567.84) M,432.40-14,163.50) M,121.42-14,611.50) (10,610.34-14,301.54)  (9,973.71-13,334.06)
6,056.63) P<0.001 P=0.39 P=0.70 P=0.87 P=0.99
1768.08 822.31 641.24 601.71 358.71 444 .50
Resources € (1,410 ‘00_2' 256.12) (609.44-1,240.50) (452.05-1,108.46) (389.80-1.085.46) (269.18-681.87) (250.80-1,196.98)
e e P=0.001 P=0.01 P=0.62 P=0.29 P=0.73
22.88 5.98 4.24 3.81 3.03 3.62
Exacerbations’ € (18.54 (4.67-7.98) (3.09-5.89) (2.41-6.20) (1.88-4.81) (1.75-6.88)
30.21) P <0.001 P=0.12 P=0.47 P=0.88 P=0.86
Visits 1o hosoital 174.99 54.74 19.14 19.93 6.61 6.06
iedodery (141.75 (37.1578.21) (7.97-35.09) (4.98-39.85) (0-16.53) (0-18.18)
gendi 211.52) P <0.001 P=0.02 P=0.92 P=0.28 P=0.95
Ermeraency visifs fo 199.22 67.83 34.86 21.77 21.67 23.18
e (169.31 (51.27-92.93) (22.66-50.54) (12.25-32.66) (9.03-41.54) (6.62-46.36)
233.94) P <0.001 P=0.02 P=0.51 P=0.53 P=0.79
Hosoital admissions | 1:270:92 406.28 316.14 291.97 91.60 167.93
T fsst (943.82-  (210.43793.53)  (135.97771.65)  (90.25-764.44) (0-352.30) (0-503.78)
1,726.12) P <0.001 P=0.72 P=0.80 P=0.42 P=0.98
Non-scheduled 54.77 17.09 10.42 577 6.27 15.32
medical visits to (44.68- (12.56-22.24) (6.72-14.45) (2.62-9.97) (2.09-11.14) (6.38-25.53)
PC € 67.95) P <0.001 P=0.22 P=0.10 P=0.10 P=0.09
Unscheduled 45.30 16.43 18.84 9.05 7.51 13.77
medical visits to the (31.98- (10.21-25.31) (10.14-30.43) (2.23-24.90) (0-30.04) (2.75-41.30)
specialist € 64.40) P <0.001 P=0.62 P=0.05 P=0.64 P=0.25
Norsi 253.96 237.61 249.40 222.03 214.62
( A b) € (243.91-265.81)  (220.08-253.19)  (228.11-267.65)  (193.77-238.17)  (177.62:236.83)
omalizuma - P=0.09 P=0.38 P=0.09 P=071
Jes 12,553.17 12,029.11 12,027.80 1,778.25 10,781.70
Pharmacological 1 poc'40on ojg 46 M162866-13,692.66)  (10870.28-13457.73)  (10575.9513977.73)  (10,255.49-13926.26)  (9,583.98-12,865.50)
1285.42-4,218. P<0.001 P=0.62 P=0.68 P=098 P=098
77.97 107.38 110.68 121.60 118.55 121.95
IC - mean dose € (55.09 (81.60-137.76)  (79.76-151.97)  (82.94-175.89)  (58.75215.57)  (58.75-215.57)
107.87) P=0.015 P=0.76 P=0.54 P=0.87 P=076
713.97 546.27 513.67 487.82 434.20 404.51
High-dose IC € (650.50 (480.13-616.59)  (429.13-601.70)  (393.45-588.40)  (320.78-566.91)  (286.04-509.83)
777.40) P <0.001 P=0.57 P=0.81 P=0.39 P=0.94
645.59 65.65 93.03 68.69 56.61 43.13
LABA € (79.96- (47.05-94.53) (64.21-140.01)  (40.90-104.47) (29.51-93.44) (10.63-86.88)
3,422.83) P=0.020 P=0.18 P=0.48 P=0.71 P=0.51
203.01 176.40 187.12 182.37 162.09 158.49
Antileukotrienes € (183.69-  (158.07-194.51)  (163.36209.72)  (153.06-208.43)  (127.51-198.84)  (103.02-206.04)
222.71) P =0.004 P=0.47 P=0.92 P=0.31 P=0.89
212.30 179.80 179.08 130.40 159.72 143.84
Anticholinergics € (174.40-  (140.91-245.94)  (126.43281.86)  (85.77-190.47)  (101.55:237.00)  (63.93-207.77)
250.74) P = 0.002 P=0.70 P=0.69 P=0.55 P=0.80
55 3.38 2.24 3.04 2.48 3.88
Theophylline € 13.89.7.76) (2.05-5.77) (1.01-4.48) (1.14-6.50) (0.68-6.04) (1.07-9.88)
O P = 0.005 P=0.49 P=0.90 P=0.83 P=0.66
. . 2.20 0.90 0.53 1.15 0.23
Orel corficosteroids 5 2%07888) (1.22:3.84) 0.37-2.27) (0-1.96) (0-3.85) (0:0.69)
e P=0.001 P=0.44 P=0.15 P=0.77 P=0.93
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Post-omalizumab period

Pre-omalizumab -+ Y] o A o
riod fear fear fear fear
Annual costs 2186 (n=186) (n=14) (n=73) (n=55) (n=30)
Mean (95% CI) Mean (95% ClI) Mean (95% ClI) Mean (95% ClI) Mean (95% ClI) Mean (95% ClI)
Pvalue® Pvalue® Pvaluet P value? Pvalue®
11,472.14 10,942.38 11,033.33 10,843.45 9,905.67
Omalizomab € (10,513.52- (9,827.76- (9,489.23- (9,315.67- (8,676.00-
alzy 12,536.62) 12,380.59) 12,886.26) 13,041.94) 11,818.49)
- P=0.57 P=078 P=0.93 P=0.87
714.95 398.42 364.79 446.83 0 0
Indirect costs € (459.28- (155.12-958.43)  (55.27-1,804.68)  (18.64-2,245.68) o .
1,160.46) P <0.001 P=0.56 P=0.54 = =
13,753.87 13,035.14 12,136.97 11,226.21
rotal cost€ Gasaas. (1270536 (168536 o AT g (1062878 (9,989.44-
6.719.77) 15,066.53) 14,840.08) S 14,340.99) 13,348.05)
AR P<0.001 P=0.22 P=0.85 P=0.99

*Difference between year pre-omalizumab and year 1 postomalizumab; *Difference between year 1 and year 2 postomalizumab; Difference between year 2 and year
3 postomalizumab; Difference between year 3 and year 4 postomalizumab; “Difference between year 4 and year 5 postomalizumab; Without visit or hospitalisation.
Cl: confidence inferval; IC: inhaled corticosteroids; LABA: long-acting 2 adrenergic receptor agonists; na: non-assessable; PC: Primary care.

Statistical tests: nonparametric MannWhitney U fest.

Discussion

The efficacy and favourable safety profile of omalizumab as an add-on
therapy to HDIC and LABA in patients with severe uncontrolled asthma has
been widely documented in the literature!®!®. The present study showed that
after 12 months of treatment with omalizumab there was a mean increase
of 6.6 points in the ACT score [51.8% of patients) and a mean reduction
of 5.2 exacerbations per year (69.7% of patients)] compared to the pre-
omalizumab data. These results are similar fo those obtained in clinical
trials and observational studies showing that treatment with omalizumab is
associated with a relative reduction in the number of exacerbations from
25% to 75%!%1¢1820 and an increase in the ACT score in 41.9% to 60% of
patients'®'82!. The favourable results on improvements in quality of life are
also similar to the results of previous studies'®?2. Specifically, we observed
improvements in the MiniAQLQ scores (a 1.66-point increase in 50.9%
of the patients) and on the four dimensions of the EQ-5D, as well as a
significant increase of 0.20 QALYs (32.8% of patients| during the first year
of freatment.

Most of the studies that have assessed the pharmacoeconomic impact
of omalizumab and its impact on the use of resources have either been
conducted using small samples of patients'®?% or have based their results
on efficacy data obtained in clinical trials?#?*. In contrast, this multicentre
pharmacoeconomic assessment study is the first to be conducted under
clinical practice conditions in Spain that has included a large number of
patients. The most relevant results include an ICER of € 1,789.28 for avoi-
ded exacerbation and € 4,569.38 for a 3-point increase in ACT scores.

Previous studies in this field have reported ICERs of between € 462 and
€ 1,131 for exacerbation avoided and € 4,124.79 for a 3-point increase in
ACT scores'®!". Several studies have reported costs of between € 23,880
and € 56,091 for each QALY gained'®??. The latter value is similar to that
obtained in this study (€ 50,239.98).

It has been suggested that 22% of the costs associated with
severe uncontrolled asthma can be attributed to indirect costs?). In  this
sense, the results of the present study also show a decrease in indirect costs
(€ 316.53) and in direct costs derived from exacerbations, visits, and hospital
admissions [€ 945). This study is the first to analyse the pharmacoeconomic
impact of omalizumab in the medium ferm. After the first year of treatment, cli-
nical evolution, resource use, and costs remained practically constant over the
next four years. This result could be interpreted as being due to the sustained
clinical effectiveness of omalizumab and its medium-erm efficiency.

Two of the limitations of the present study are the lack of clinical records
beyond the first year of treatment with omalizumab and the small number
of patients (n = 46) on which the cost-utility analysis was based because of
the lack of refrospective data on quality of life. Levy et al'® have previously
described an ICUR of € 26,864.89 per QALY in relation fo direct costs
alone. However, we calculated the cost per QALY gained with omalizumab
while taking into account the indirect cosfs. These costs were calculated
based on the human capital method, which assumes that the wages reflect
worker productivity'®. The wage costs were exiracted from the most recent
data published by the Spanish Insfitute of Statistics. It should be noted that

Table 4. Incremental cost-effectiveness and incremental cost-utility ratio including direct and total costs

Cost per prevented exacerbation®
Direct
Total (direct + indirect)

Cost per 3-point increase ACT
Direct
Total (direct + indirect)

Cost per QALY
Direct
Total (direct + indirect)

°Exacerbation with or without emergency visit or hospitalization.

..................................... D L —
1,858.84 (1,084.72-3,137.62) 186
1,789.28 (1,019.13-3,038.12)
4,737.42 (3,590.60-6,208.86) 105

4,569.38 (3,442.86-6,075.05)

ICUR (95% Cl)

53,755.34 (40,663.14-72,497.39)
50,239.98 (37,209.88-68,923.84)

ACT: Asthma control test; Cl: confidence inferval; ICER: incremental costeffectiveness ratio; ICUR: incremental costufility ratio.
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the external validity of the study may not be applicable to the health systems
of other countries with different organizational characteristics.

In summary, the results obtained in this study suggest that, in addition
to sustained clinical improvements and increases in the number of QALYs,
patients freated with omalizumab require less healthcare, consume fewer
health resources, and entail lowered costs because of decreased absen-
teeism. These results are of clinical relevance and should be taken into
account in daily practice when choosing an effective and cost-efficient
treatment for patients with severe asthma.
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