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Abstract

Background Patients with asthma who have persistent

symptoms despite treatment with inhaled steroids and long-

acting beta agonists are considered to have severe asthma.

Omalizumab is a monoclonal antibody directed against

IgE, which is used as an add-on treatment for patients who

have severe persistent allergic asthma.

Aims The aim of this study was to assess the clinical

benefit and healthcare utilisation of patients who responded

to omalizumab therapy and to establish an overall cost

implication.

Methods This was an observational retrospective cohort

study designed to investigate the effect of omalizumab on

exacerbations of asthma before and after 6 months of

treatment in Irish patients.

Results Centres who had treated patients with severe

allergic asthma for the 6 months prior and post omalizumab

treatment were audited with a standardised assessment tool.

Sixty-three (32 male) patients were studied. In the

6 months prior to omalizumab 41 of 63 (66%) had been

hospitalised, and this fell to 15 of 63 (24%), p \ 0.0001 in

the 6 months after treatment was started. Hospital admis-

sions reduced from 2.4 ± 0.41 to 0.8 ± 0.37 and the mean

number of bed days occupied was reduced from

16.6 ± 2.94 to 5.3 ± 2.57 days, p \ 0.001. The number of

oral corticosteroid doses used fell from 3.1 ± 0.27 to

1.2 ± 0.17, p \ 0.001. The overall cost saving per oma-

lizumab responder patients for 6 months was €834.

Conclusions Six months therapy with omalizumab

reduced the number of bed days, the number of hospitali-

sations and the use of oral corticosteroids compared to the

6 months prior to commencement. Despite the cost of the

additional therapy there were overall savings in health

costs.

Keywords Severe asthma � Asthma phenotypes �
Omalizumab � Healthcare costs

Introduction

Patients with asthma who have persistent symptoms despite

treatment with inhaled steroids and long-acting beta ago-

nists are considered to have severe asthma [1, 2]. Severe

asthma carries increased healthcare costs through medica-

tion expenses, hospitalisations and societal costs relating to

time off work [3].

Omalizumab is a monoclonal antibody directed against

IgE, the principal effecter of the allergic response [4].

Omalizumab is used as an add-on treatment for the patients

who have moderate to severe persistent asthma, allergic

sensitisation to an allergen and whose symptoms are

inadequately controlled with the inhaled corticosteroid and

long-acting bronchodilator therapy [5]. Treatment with

omalizumab leads to a reduction in exacerbations and a
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reduction in the need for oral and inhaled corticosteroids

[4, 6–13]. In addition, immunohistochemical studies have

shown that therapy with omalizumab reduces airway

inflammation [14, 15]. Hence, omalizumab is a clinically

and mechanistically effective therapy for patients who have

a high morbidity from their asthma. However, as with all

monoclonal antibody therapies, omalizumab is associated

with an additional medical cost.

The aim of this observational retrospective cohort study

was to assess the clinical benefit and healthcare utilisation

of patients who responded to omalizumab therapy and to

establish an overall cost implication. We hypothesised that

despite the cost of the extra medication there would be an

overall cost saving associated with the medication. To

address this question we compared the number of exacer-

bations of asthma including hospitalisation rates and use of

oral corticosteroids before and after 6 months treatment

with omalizumab in Irish patients.

Methods

Patients currently receiving omalizumab for severe allergic

asthma for a minimum of 6 months at the severe asthma

clinics at Beaumont Hospital, Mater Hospital, St Michaels

Hospital, AMNCH, Midwestern Regional Hospital and

Merlin Park were identified and asked to participate by the

lead Consultant Respiratory Physician, nurse specialist or

other senior members of team. There was no identification

or recruitment via any other means. All patients partici-

pating in the non-interventional study singed a consent

form before being included in the study, and they were

provided with a patient information leaflet on the study.

The data was collected from the patient’s medical notes,

and no direct contact with the patient was involved (other

than obtaining their consent). The study was approved by

the local Hospital Ethics committees.

Chart review

The data were collected using a standard template by an

independent auditor. The patient’s asthma control 6 months

pre treatment was compared to that 6 months post com-

mencement with omalizumab. The primary endpoint was

the number of exacerbations in the 6 months prior to and

after omalizumab. The number of exacerbations was mea-

sured by documenting the number of asthma exacerbations,

pre and post treatment, for the purpose of this study, an

exacerbation of asthma was defined as a patient requiring:

an increase in, or commencement on oral corticosteroid

medication or a patient requiring antibiotic treatment for a

chest infection/pneumonia and/or a visit to the accident and

emergency department or hospital admission.

In addition to the primary end point, secondary end

points were: the number of emergency visits/Hospital

admissions pre and post treatment; secondly, lung function

pre and post treatment; and thirdly the use of oral corti-

costeroids (OCS), pre and post treatment.

Statistical analysis

Continuous data were summarised using the following

descriptive statistics: the number of observations (n), mean,

standard deviation (SD), median, minimum (min) and

maximum (max). For variables with continuous data col-

lected 6 months prior to commencing anti-IgE therapy and

6 months post anti-IgE therapy, the difference between

prior and post anti-IgE therapy was calculated for each

subject. The differences were then also summarised using

the descriptive statistics described above. The statistical

analysis planned was a paired t test. A Q–Q plot was cre-

ated for sets of paired variables, to check normality, and as

data for all variables were found to be not normally dis-

tributed a non-parametric Wilcoxon signed-rank test was

performed to test the median difference between prior and

post data instead. The p value for the median difference

between prior and post data was tested against the signif-

icance level of a = 0.05.

Results

Ninety-three patients were screened, 13 were considered

non responders after 4 months of therapy, in which case the

therapy was stopped. Six discontinued the therapy due to

adverse events prior to completion of the initial 6 months

and 12 had not completed 6 months therapy or did not

provide consent. The baseline characteristics of the

remaining 63 patients studied are shown in Table 1.

Among the 6 patients who discontinued the medication, 3

had a rash or swelling at the injection site, 1 was identified

as having metastatic carcinoma within a short time of

starting omalizumab, 1 died suddenly of a pulmonary

embolism, 1 had abdominal pain, and the medication was

judged not to have caused the later three side effects.

The dose and timing of administration of omalizumab

are determined by the patient’s weight and the serum IgE

level. Omalizumab was administered once every 2 weeks

to 36 (57.1%) and once a month to 27 (42.9%). The mean

monthly doses administered were 150 U, n = 10 (15.9%);

225 U, n = 7 (11.1%); 300 U, n = 26 (41.3%); 375 U,

n = 20 (31.7%). The total period of treatment was

7–12 months, n = 15 (24%), 12–18 months n = 9 (14%)

and over 18 months n = 39 (62%).

The results of the healthcare use in the 6 months before,

compared to the healthcare use in the 6 months after
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commencing omalizumab are shown in Fig. 1 and Table 2.

In the 6 months prior to the initiation of omalizumab 41 of

63 (66%) had been hospitalised, in contrast in the 6 months

after omalizumab 15 of 63 (24%), p \ 0.0001 had been

hospitalised. In addition to a reduction in the number of

subjects admitted the mean number of admissions was

reduced from 2.4 ± 0.41 to 0.8 ± 0.37 and the mean

number of bed days occupied was reduced from

16.6 ± 2.94 to 5.3 ± 2.57 days, p \ 0.001. The mean

number of workdays lost was 13.4 days in the 6 months

before and 1.4 days in the 6 months after commencing

omalizumab.

There were 17 patients with a IgE level from 1 to 100,

there were 32 patients with an IgE level of 100–300 and 14

(22%) patients had an IgE level[300 U/ml. There was no

difference in exacerbation number reduction in those with a

high, medium or low IgE level, see Table 3.

Oral corticosteroid use in the 6 months before compared

to the 6 months after commencing omalizumab was

reduced from 27 (13%) patients using oral steroids to 20

(7%) patients. The median dose of corticosteroid was

unchanged, 10 mg. There was a significant reduction in the

number of rescue inhaler use from 41 ± 43 to 18 ± 18 per

month. In contrast, nasal symptoms and medication use

was unaffected by commencing omalizumab; 13 were on

antihistamines beforehand and 12 remained on these after

omalizumab, similarly, 28 were on a nasal steroid before

treatment and 24 remained on a nasal steroid after oma-

lizumab. There were significant increases in lung function

in the patients over the study period, Table 4.

Table 1 The baseline characteristics of the 63 patients studied

Patients 63

Females (n) 32

Age (years), mean 48 ± 21

IgE Level pre treatment

(IU/ml), mode

101–301

Monthly Dose of omalizumab

(mgs), mean

479 ± 350

Inhaler technique

good/very good (%)

56 (88%)

Non smoking (%) 41 (65%)

Former smoking pack

years \20 (%)

17 (26%)

Allergy tests 82% positive; to house

Concurrent rhinitis n (%) 49 (77%)

Common allergens Dust mite (17%), aspergillus

(7%), multiple (55%)

FEV1 1.99 ± 0.8

FVC 2.95 ± 1.1

FEV1/FVC 62 ± 18

Number and (mean dose

of oral steroids)

22 (10 mg)
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Fig. 1 a The mean number of

exacerbations, b the mean

number of bed days occupied,

c the mean number of work days

lost and d the number of oral

steroids prescribed for each

graph the columns show the

number in the 6 months before

and the 6 months after starting

treatment with omalizumab

Table 2 The table shows the characteristics of the 63 patient’s

healthcare and economic costs comparing the results of the first

6 months of treatment with omalizumab with the 6 months prior to

the commencement of therapy

Measure (n) Prior to treatment Post treatment p value

Exacerbations 3.18 ± 2.3 1.24 ± 1.5 \0.0001

Courses of OCS 3.08 ± 2 1.16 ± 1.1 \0.0001

Hospitalisations 2.4 ± 3 0.8 ± 3 \0.0001

Hospital bed days 16.6 ± 22 5.3 ± 20 \0.0001

Work days lost 13.4 ± 32 1.4 ± 4 \0.0001
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In order to identify the cost effectiveness of the therapy,

the cost of the drug treatment and administration was cal-

culated as €9,368 per patient for the 6-month period of the

study. The health and other cost savings were calculated as

shown in Table 5. The overall healthcare cost saving per

responder patients for 6 months was €834, this cost saving

is driven by a sharp reduction in hospital bed days used.

Discussion

In this study we have undertaken a systematic audit of

patients who were treated with omalizumab for at least

6 months. The results of the study show a clear benefit of

the therapy on the number exacerbations of asthma, com-

pared to before starting the treatment. In addition, the

average number of exacerbations per person and the

duration of hospitalisation were significantly reduced by

omalizumab treatment. These benefits indicate both a

clinical benefit and an overall economic benefit. Finally,

there was a striking reduction in oral corticosteroid use

after the introduction of omalizumab. This too is also of

clinical importance since oral corticosteroid use is associ-

ated with considerable clinical side effects and healthcare

costs.

Omalizumab is a recombinant humanised gamma

immunoglobulin (IgG)1 monoclonal antibody that binds

IgE with high affinity. Omalizumab binds to a constant

domain on the IgE heavy chain and causes down-regulation

of IgE receptors on mast cells and basophils [14, 15]. These

effects lead to clear effects on airway inflammation and

exacerbations of asthma, but not bronchial hyperreactivity

[16]. Hence it is not too surprising that the major benefit of

omalizumab is in its effect on exacerbation rates and

severity. It is noteworthy also that while there was a

reduction in asthma exacerbations this occurred regardless

of the patient’s serum IgE level. That the response to

omalizumab occurs regardless of the serum IgE level is of

importance as it implies that local production of IgE occurs

in the airway and this is important in the orchestration of

the effects of IgE. It is interesting that in a number of

subjects that in almost half the subjects there was an ele-

vated IgE level and yet there was no positive skin prick

responses. This failure to identify allergens in patients with

an elevated serum IgE levels reflects the limited panel of

allergen testing via skin prick testing, a fact emphasised in

a recent paper [17].

Table 3 The healthcare use

based on the ranges of IgE of

the patients. The patients were

described as having a high IgE

[300 U/ml, medium IgE levels

(100–300 U/ml) and low IgE on

commencement of therapy

In comparison to the baseline

values all are significantly

reduced but there are no across

group differences

Measure High IgE Medium IgE Low IgE

Reduction in exacerbations,

change from baseline

-1.8 ± 2.8

48%

-2.1 ± 2.5

68%

-1.7 ± 1.8

65%

Reduction in courses of OCS -2.3 ± 2

67%

-1.5 ± 1.7

61%

-1.9 ± 2

60%

Reduction in hospitalisations -2.0 ± 1.9

82%

-1.1 ± 2.5

52%

-2.3 ± 3.1

77%

Reduction in hospital bed days -11 ± 10

83%

-8.4 ± 16

53%

-17 ± 21

83%

Reduction in work days lost -14 ± 34

100%

-9.3 ± 22

84%

-2.0 ± 5

86%

Table 4 The mean change in

lung function from baseline to

6 months after commencing

omalizumab, data are only

available for 61 patients

Measure Prior to treatment N = 61 Post treatment N = 61 p Value

FEV1 (L/1 s) 1.9 ± 0.8 2.2 ± 0.9 0.001

FEV1 % 66.3 ± 19 71 ± 21 0.002

FVC (L) 2.95 ± 1.1 3.3 ± 1.1 0.0001

FEF25-75 1.6 ± 1.3 1.8 ± 1.3 0.009

Peak flow rate (L/min) 334 ± 126 1,384 ± 137 \0.001

Table 5 The calculated healthcare costs of the patients over the

6-month period before treatment compared with the 6 months on

treatment

Measure Prior to treatment On treatment

Exacerbations €294 €114

Courses of OCS €26 €10

Hospital bed days €14,668 €4,683

Work days lost €1,813 €189

Omalizumab administration costs €1,644

Omalizumab drug cost €7,724

Total cost €16,801 €14,364
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Limitations to the study are the fact that there is no

control group. However, prior studies have shown that in

placebo controlled studies there are similar clinical benefits

to omalizumab. In addition the patients served as their own

control with a long comparator interval before starting

therapy being compared to a similar duration of observa-

tion afterwards. As the charts were audited using a standard

tool after the study interval was completed there is no

potential for recall bias. Furthermore, the absence of

change in nasal symptoms suggests that the findings do not

simply represent some general placebo effect of increased

healthcare attention from attending regular injection ther-

apy; similar findings have been reported in some but not all

studies on omalizumab in rhinitis [10, 11].

A further potential criticism of the study is that only

patients who had responded to the initial 16 week trial of

therapy were included in this analysis. As best as we could

identify 16 of 94 patients screened from the four centres

studied were non responders. It is appropriate to include

only the responder patients in this audit as they represent a

group who will have ongoing use for omalizumab and so

there needs to be a clear benefit for these patients and

secondly non responders are a mixed group of patients,

some of whom have other issues, such as undiagnosed poor

adherence, ongoing allergen exposure and other obstructive

airways diseases.

The results of this study are in keeping with a number of

recent reports in the literature from Europe, in which

similar findings in terms of effect of omalizumab on

exacerbation numbers and response occurring regardless of

the severity of the level of serum IgE [6, 9].

In summary, the results of this study show that there is a

clear reduction in asthma exacerbations leading to reduced

hospitalisation and a reduction in corticosteroid use among

patients who responded to omalizumab. These data suggest

that this medication has clear clinical and economic ben-

efits for appropriately chosen patients with severe allergic

asthma.
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