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a b s t r a c t

Objective: It is unknown whether Omalizumab effectiveness changes over the course of time. Our
retrospective real-life study tried to analyze whether Omalizumab response may be influenced by
treatment duration.
Methods: 340 severe asthmatics treated with Omalizumab for different periods of time were recruited.
They were subdivided into 4 groups according to the Omalizumab treatment length: <12, between 12
and 24, between 24 and 60 and >60 months. Omalizumab treatment results (FEV1, exacerbations, ACT,
SABA use, asthma control levels, medications used e and ICS doses) were compared.
Results: ACT, exacerbations, GINA control levels, ICS doses and SABA use were similar in all groups with
different Omalizumab treatment durations. Using a linear regression model, corrected for all con-
founding variables, a higher significant positive increase in FEV1% in subjects treated for 12e24 (b ¼ 9.49;
p ¼ 0.034) or 24e60 months (b ¼ 8.56; p ¼ 0.043) was found when compared with subjects treated for a
shorter period. Treatment duration was positively associated with a step down of the other associated
therapies (OR: 1.013; p ¼ 0.019). This association was more relevant (OR: 4.167; p ¼ 0.005) when we
considered Omalizumab treatment duration >60 months compared to the shorter therapy. In particular,
the percentage of subjects that were taking Montelukast, LABAs and oral corticosteroids was lower in the
group treated with Omalizumab for a longer period of time.
edaliera “Misericordia”, Via Senese 161, 58100 Grosseto, Italy.
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Conclusion: In real-life, the positive Omalizumab response remained stable for over 60 months. Long
term Omalizumab treatment may lead to a discontinuation of some associated medications and to a
slowing down of FEV1 decline.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Omalizumab (Xolair®) is a recombinant DNA-derived human-
ized monoclonal antibody indicated as an add-on therapy in pa-
tients with persistent severe allergic asthma uncontrolled at
treatment step 4 or 5 according to guidelines GINA [1]. Both in
clinical trials and in real-life studies, Omalizumab showed an
improvement in lung function, quality of life, asthma control and a
reduction of symptoms, severe exacerbations, healthcare resources,
hospitalizations and emergency department visits. It has been also
proven to favor a discontinuation of other concomitant asthma
medications [2e5]. Several real life studies showed also a benefit
after a long term treatment thus suggesting that its effectiveness
may persist for a long time [2,6,7]. In fact, studies with follow-ups
of about 3e6 years seem to confirm the long term effectiveness of
Omalizumab [6,8e11] and, in some cases, showed also a progres-
sive improvement during the course of time [6,7,11].

However, it is still unknown how long the Omalizumab treat-
ment should last. In fact, it is still uncertain whether this drug can
have an effectiveness dropout or whether its efficacy remains sta-
ble or increases in time. There are no studies specifically designed
to evaluate whether the length of Omalizumab treatment can in-
fluence its clinical response in time. Therefore, we tried to analyze
whether Omalizumab response may be influenced by a different
treatment duration in a group of severe asthmatics in therapy with
anti-IgE for different periods of time.
2. Materials and methods

This retrospective study considered 340 subjects already
recruited for two previous studies [8,9]. All patients were severe
allergic asthmatics (step 4e5 treatment level, according to GINA
criteria) [1] under Omalizumab treatment for different periods of
time (from 4 to 120 months). Omalizumab was prescribed because
all patients were affected by severe persistent allergic asthma.
Furthermore, they had had a positive skin test or an in-vitro reac-
tivity to a perennial aeroallergen and a reduced lung function (FEV1
<80%), as well as frequent daytime symptoms or night-time
awakenings. These patients had had also multiple documented
severe asthma exacerbations despite daily high-dose inhaled cor-
ticosteroids, plus a long-acting inhaled b2-agonist associated to
tiotropium and montelukast when possible [1]. Each respiratory
center involved in the data collection had to provide a previously
agreed form where demographic, clinical and functional data (see
previous studies for details) [8,9] were recorded (extracted from
patients' clinical records). Also Omalizumab treatment duration
was registered at recruitment. Lung function variables (FEV1, FVC,
FEV1/FVC), Asthma Control Test (ACT), fractional exhaled nitric
oxide (FENO), medications used, possible steps down of other
concomitant therapies, number of moderate/severe exacerbations,
ICS doses and SABA use of rescue medications, observed at the end
or during the last year of Omalizumab treatment were also
collected and evaluated as responses to anti-IgE therapy. Therefore,
subjects were arbitrarily subdivided into 4 groups on the basis of
Omalizumab treatment length: subjects in treatment for 1) <12 (39
patients), 2) between 12 and 24 (94 patients), 3) between 24 and 60
(171 patients) and 4) >60 months (36 patients). The variables
measured at the beginning of the study, and in particular the results
of Omalizumab treatment (FEV1, exacerbations, ACT, SABA use,
asthma control levels, other medications used and ICS doses), were
compared among the 4 groups.

3. Statistical analysis

Comparisons of continuous variables among the different
groups were performed by using the KruskaleWallis test. The
categorical variables were compared by either the chi-square test or
Fisher's exact test, as appropriate.

Post-hoc comparisons were made by using Bonferroni correc-
tion. Linear and logistic binary regression models (all tests with a
stepwise forward procedure) were applied when appropriate to
evaluate whether there was an association between Omalizumab
treatment duration and the response to the therapy in terms of
changes in FEV1, ACT, FENO, number of moderate/severe exacer-
bations, medications used, ICS doses and SABA use as rescue
medication and the level of asthma control. All models were
adjusted for age, FEV1, BMI, various sensitizations, IgE values,
Omalizumab doses, comorbidities, smoking habits, age of asthma
onset, other treatments (excluding Omalizumab), aspirin intoler-
ance, eosinophils and short-acting bronchodilator responses. The
comorbidities considered in the models were: hypertension, dia-
betes, rhinitis, sinusitis, polyposis, chronic heart diseases, osteo-
porosis, OSAS, mental disorders gastroesophageal reflux. All
calculations were effected by using SPSS software. A p < 0.05 was
considered as significant.

4. Results

Features of patients, observed before their being treated with
Omalizumab, are reported in Table 1. As expected, treatment du-
rations were different among the 4 groups (7 [6e9], 17 [13e20], 41
[33e52], 68 [66e72]months). Therewere no significant differences
among the groups for many anthropometric and clinical data (e.g.:
age, BMI, smoking habits, age of asthma onset, asthma familiarity,
serum IgE levels, blood eosinophils, bronchodilator response, kind
of sensitization, comorbidities). The median monthly dose of
Omalizumab in the group treated with this drug for <12 months
was higher (p < 0.01) in comparison to the other three groups due
to the fact that the number of obese subjects was greater in the
group with a shorter treatment duration. The number of mono-
sensitized and poly-sensitized subjects treated with Omalizumab
for <12 months was different (p ¼ 0.028) in comparison to the
group in treatment with anti-IgE for a period of time between 12
and 24 months. The amount of subjects with rhinitis was lower
(p ¼ 0.028) in the group treated for a period of time >60 months in
comparison to the other three groups. FEV1% and FEV1/FVC (eval-
uated on 125 patients) measured before Omalizumab treatment
was similar in all 4 groups.

FEV1% valuesmeasured after a period of time between 12 and 60
months of Omalizumab treatment resulted higher in comparison to
values obtained after the shorter period of treatment (Fig. 1 A).
FEV1% values observed after >60 months were slightly lower (not
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statistically significant) in comparison to the ones detected in
subjects treated for 12e60 months but similar to values measured
after the shorter Omalizumab treatment (Fig. 1 A). In patients
treated for over 60 months, the mean increase from baseline after a
median of 68 month anti-IgE treatment (calculated only in 12
subjects) was 32±58 ml/year. The short-acting bronchodilator
response in FEV1% increase, evaluated in 176 subjects after Omali-
zumab treatment was similar in all 4 groups: 11.5 [5.2e15], 9
[1e19], 9 [4e18] and 8 [4.5e14.5] in subjects treated for<12,12e24,
24e60 and >60 months respectively. FVC% was higher in subjects
treated with Omalizumab for a period of time between 24 and 60
months, in comparison with those treated for a period of time <12
months (p ¼ 0.03; Fig. 1 B). The number of exacerbations observed
in the last year of Omalizumab treatment was similar in all groups
(Fig. 2 A). No differences were found in the percentage of subjects
with ACT>20 (Fig. 2 B) in all the 4 groups. Also, the number of
subjects that used Salbutamol when needed (Fig. 2 C) and with a
different asthma control according to GINA guidelines (Fig. 2 D) was
similar in all groups. Also FENO (ppb) measured after Omalizumab
treatment was similar in all 4 groups (this parameter was evaluated
only in 135 patients) (Fig. 3). In addition, ICS doses taken at the end
of the Omalizumab treatment were similar in all 4 groups, although
Table 1
Baseline characteristics of patients.

�12 months of treatment
(n. 39)

>12 and�24months of
(n. 94)

Age 51 [42e64] 51 [40e61]
Males 17 (43.6%) 33 (35.1%)
Months of Omalizumab treatment 7 [6e9] 17 [13e20]
BMI 27.16 [24.6e32.3] 25.96 [23e28.5]
Underweight subjects e 5 (5.3%)
Normal weight subjects 11 (28.2%) 33 (35.1%)
Overweight subjects 15 (38.5%) 42 (44.7%)
Obese subjects 13 (33.3%) 14 (14.9%)
Smokers 11 (28.2%) 27 (29%)
Ex-Smokers 1 (2.6%) 10 (10.8%)
Non-smokers 27 (69.2%) 56 (60.2%)
Pack year (ex and actual smokers) 16.9 [4e26.8] 10 [4e20]
Age of asthma onset (yrs) 29 [10e40] 27 [15e40]
Familiarity for asthma 15 (38.5%) 41 (59.4%)
Total serum IgE UI/ml 432 [218e636] 368 [153e600]
Monthly Omalizumab dose (mg) 600 [450e900]* 450 [300e750]*
FEV1% pre-Omalizumaba 64 [55e76.6] 69 [58e75]
FEV1/FVC pre-Omalizumaba 57 [53e65] 55.6 [50e68]
Blood eosinophils n/mm3 242.3 [106e570] 260 [140e420]
No of subjects with blood

eosinophils >3%
21 (70%) 26 (65%)

ASA sensibilization 7 (18.4%) 16 (23.9%)
House dust mite 30 (78.9%) 79 (88.8%)
Pollens 19 (51.4%) 59 (68.6%)
Moulds 3 (8.1%) 11 (12.9%)
Cat/dog dander 10 (26.3%) 24 (28.2%)
Mono-sensitized (to 1 allergen) 21 (55.3%)# 27 (30.3%)#

Poly-sensitized (�2 allergens) 17 (44.7%)# 62 (69.7%)#

No of subjects with rhinitis (%) 26 (66.7%) 64 (69.6%)
No of subjects with sinusitis (%) 12 (31.6%) 23 (26.1%)
No of subjects with nasal polyposis

(%)
9 (23.7%) 19 (20.9%)

No of subjects with 0 comorbidity
(%)

17 (43.6%) 34 (37%)

No of subjects with 1 comorbidity
(%)

6 (15.4%) 30 (32.6%)

No of subjects with �2
comorbidities (%)

16 (41%) 28 (30.4%)

Post-hoc comparisons were made by Bonferroni correction.*the monthly dose of Omaliz
comparison to other three groups. Obviously the duration of treatment were different
subjects treated with Omalizumab for <12 months was different (p ¼ 0.028) in compa
months. Subjects with rhinitis in the group treated with Omalizumab for a period of
Comorbidities considered were: hypertension, diabetes, chronic heart disease, osteoporo

a Evaluated on 125 patients where values before Omalizumab was collected.
a decrease trend in dosages was observed (Fig. 4 A). On the con-
trary, the percentage of subjects that showed a treatment step
down (excluding Omalizumab) at the end of the treatment period
was higher in the group that had taken anti-IgE for a period >60
months when compared to subjects that had been treated for a
shorter period of time (p ¼ 0.033; Fig. 4 B). When treatments were
analysed separately, we found that the percentage of subjects that
had taken Montelukast, LABAs and oral corticosteroids (OCS) was
lower in the group treated with Omalizumab for a longer period of
time (Fig. 4 C).

When we applied a linear regression model (corrected for all
confounding variables), we did not find any associations between
Omalizumab treatment duration (considered in months as
continuous variable) and FEV1% measured at the end of treatment
with anti-IgE (Table 2). The same was found for the ACT and FENO.
On the contrary, we found (still using a linear regression model
corrected for all confounding variables), a significantly greater in-
crease in FEV1% in subjects treated with Omalizumab for 12e24
(b ¼ 9.49; p ¼ 0.034) or 24e60 months (b ¼ 8.56; p ¼ 0.043), in
comparison with subjects treated for a shorter period when time
was considered as a categorical variable (Table 2). On the contrary,
no significant changes in FEV1% were found in subjects that had
treatment >24 and �60 months of treatment
(n. 171)

>60 months of treatment
(n. 36)

p

54 [46e62] 53 [44e63] 0.067
56 (32.7%) 15 (41.7%) 0.516
41 [33e52] 68 [66e72] <0.001
26.64 [24.1e29.8] 26.4 [23.17e28.79] 0.070
2 (1.2%) e 0.114
51 (29.8) 15 (41.7%)
76 (44.4%) 13 (36.1%)
42 (24.6%) 8 (22.2%)
34 (20%) 9 (25%) 0.228
9 (5.3%) 3 (8.3%)
127 (74.7%) 24 (66.7%)
10 [7e20] 10 [5e20] 0.781
30 [18e40] 22 [7e41] 0.512
63 (41.2%) 12 (46.2%) 0.062
292 [169e470] 286 [163.5e478.5] 0.208
450 [300e600]* 300 [300e600]* 0.03
70 [58e78] 61.7 [41.8e68.5] 0.111
61.8 [54e71] 54 [47e60] 0.109
261 [85e428.4] 300 [120e360] 0.961
55 (59.8%) 11 (68.8%) 0.723

33 (22%) 6 (21.4%) 0.935
140 (88.1%) 27 (75%) 0.103
99 (64.3%) 21 (60%) 0.315
24 (15.6%) 4 (11.4%) 0.649
48 (30.4%) 8 (22.2%) 0.785
55 (34.6%) 17 (47.2%) 0.028
104 (65.4%) 19 (52.8%)
118 (69.8%) 16 (44.4%)¶ 0.028
69 (41.6%) 13 (37.1%) 0.098
45 (26.8%) 5 (14.3%) 0.390

45 (26.6%) 11 (30.6%) 0.068

43 (25.4%) 11 (30.6%)

81 (47.9%) 14 (38.9%)

umab in the group treated with this drug for <12 months was higher (p < 0.01) in
in all groups when compared among them. Mono-sensitized and poly-sensitized
rison to the group in treatment with the same drug for a period of time of 12e24
time >60 months were lower (p ¼ 0.028) in comparison to other three groups.
sis, OSAS, mental disorders, gastroesophageal reflux.



Fig. 1. FEV1% (A) and FVC% (B) measured in the 4 groups at the end of different periods of Omalizumab treatment. Only significant p values were reported in figures. Group treated
for <12 months vs group treated for over 60 months: p ¼ 0.7 for FEV1% and p ¼ 0.8 for FVC%.
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been treated both for a shorter and a longer period of time (Table 2).
No relationships were found among FENO, ACT and different du-
rations of treatment considered.

Furthermore, by using logistic models (corrected for all con-
founding variables), we did not find any influences of Omalizumab
treatment duration on exacerbations, ACT, SABA use, asthma con-
trol levels and ICS dosages observed at end of each treatment
period (Table 3). On the contrary, treatment duration (months) was
positively associated to a step down of other therapies (OR: 1.013;
p¼ 0.019). This associationwas greater (OR: 4.167; p¼ 0.005) when
Fig. 2. Percentage of subjects with different number of exacerbations (A), ACT >20 (B), SABA
groups at the end of different periods of Omalizumab treatment. No differences were foun
we considered an Omalizumab treatment duration >60 months
compared to a shorter therapy.
5. Discussion

According to our study in a real life setting, the response to
Omalizumab did not appear to be influenced by treatment dura-
tion. In fact, the main asthma outcomes after Omalizumab (ACT,
exacerbations, GINA control, ICS doses and SABA use) were similar
in subjects treated for less than 1 year and over 60 months.
usage (C) and asthma control levels according GINA guidelines (D), observed in the 4
d both among 4 groups and various sub-groups for all variables considered.



Fig. 3. FENO value observed in the 4 groups at the end of different periods of Omalizumab treatment. No differences were found among 4 groups: p ¼ 0.267.

Fig. 4. Percentages of subjects that used different doses of ICS (A) and showed a reduced (step down) or stable/increased therapy level (B) and percentages of patients in the 4
groups that had taken various medications at the end of different periods of Omalizumab treatment. No differences were found both among 4 groups and various sub-groups for all
variables considered. Only significant p values were reported in figures B and C.
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Furthermore, there was no association between Omalizumab
treatment length and ACT response rate, number of exacerbations,
GINA control, ICS doses and SABA use when patients were evalu-
ated without any confounding factors. Such result suggests that
Omalizumab effectiveness can be seen even during the first months
Table 2
Linear regression models among various asthma outcomes assessed at the end of the
continuous and categorical variables).

FEV1% (b)

Treatment duration (months) �0.083
12-24-months treatment duration (vs <12 months) 9.49
24-60-months treatment duration (vs <12 months) 8.56
>60 months treatment duration (vs <12 months) �1.89

For each value a linear regression model was applied. Each model was adjusted for a
(considering separately: hypertension, diabetes, rhinitis, sinusitis, nasal polyposis, chro
smoking habits, age of asthma onset, ICS dose, LABA use, Montelukast use, aspirin intole
of treatment and that it persists unchanged during the course of
time. These findings are in line with what found by other authors,
on data obtained from different observational studies, that high-
lighted how ACT improved rapidly and significantly after the first
year and then progressively, even if slightly, during the following
period considered and the duration of Omalizumab treatment (evaluated both as

p ACT (b) p FeNO (b) p

0.177 0.008 0.45 �1.53 0.39
0.034 0.50 0.492 �13.02 0.234
0.043 0.43 0.524 �15.43 0.148
0.735 1.04 0.239 �9.74 0.581

ge, FEV1, BMI, various sensitizations, IgE value, Omalizumab dose, comorbidities
nic heart disease, osteoporosis, OSAS, mental disorders, gastroesophageal reflux),
rance, eosinophils, short-acting bronchodilator response.
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4e5 years [6,7], confirming the continuous effectiveness of Oma-
lizumab in time. We did not find any withdrawal or dosage
reduction of ICS contrariwise of what observed by other authors
[4,5,11,12]. Conversely, we found a higher percentage of subjects
that showed a reduction of the associated treatment level (step
down) when the anti-IgE therapy was protracted for over 60
months. In particular, a significantly lower number of subjects took
LABA and Montelukast after a treatment of more than 60 months.
Also when data analysis was adjusted for all confounding factors,
the long term Omalizumab treatment was associated to a reduction
of the other concomitant therapies. Also the number of subjects
that had taken oral corticosteroids decreased when Omalizumab
was taken for a longer period thus confirming what found by other
researchers [13e15]. This reduction in the use of other additional
drugs after a long-term treatment is an indirect sign of a progres-
sive asthma control improvement over the course of time. Probably,
the protracted stabilization of such control, by using Omalizumab
continuously, may lead to the progressive discontinuation of some
concomitant medications. Such result might suggest a possible
regression of the asthma severity level with a continuous anti-IgE
treatment in time. Furthermore, these observations suggest that
anti-IgE treatment should be effected continuously over the course
of time as a maintenance therapy. In fact, Omalizumab cessation
has resulted in symptom recurrence [13,16e18]. Therefore, it
should be recommended not to stop this drug and to promote
adherence to treatment considering that in real-life studies Oma-
lizumab drop-out rate can reach 45.5% [19]. Consequently, a
continuous treatment may lead to a progressive cost reduction for
asthma management not only due to healthcare resource utiliza-
tions, hospitalizations, emergency department visits but also to the
reduction or discontinuation of other asthma medications
[2,3,20,21].

We also observed that the FEV1% value measured after treat-
ment was significantly higher in subjects treated for 12e60
months, in comparisonwith the value measured in patients treated
for a shorter period. Furthermore, also adjusting for all confounding
factors, a higher significant FEV1% value increase after treatment
was observed in groups treated for 12e60 months when compared
with the group that had taken Omalizumab for a period <12
months. These results would lead us to hypothesize that Omali-
zumab may progressively improve FEV1% during the first year of
treatment, reaching a possible effectiveness peak during the
following 12e60-month period of therapy and then stabilizing or
slightly decreasing in the following months. In fact, some studies
performed for only 4e6 months, showed a FEV1 increase of about
10% after Omalizumab [22,23], whereas, others highlighted that
FEV1 improvement could reach values up to 15e24% after 3e4
Table 3
Logistic regression models of Omalizumab treatment durations on various asthma outco

No exacerbations (vs at
least 1 exacerbation)

ACT>20 (vs
<20)

No SABA use (vs
use of SABA)

W
p

Treatment duration (months) OR ¼ 1.010
p ¼ 0.091

OR ¼ 0.994
p ¼ 0.431

OR ¼ 1.00
p ¼ 0.94

O

12-24-months treatment
duration (vs <12 months)

OR ¼ 2.150
p ¼ 0.070

OR ¼ 0.832
p ¼ 0.719

OR ¼ 1.371
p ¼ 0.485

O

24-60-months treatment
duration (vs <12 months)

OR ¼ 1.80
p ¼ 0.135

OR ¼ 0.708
p ¼ 0.467

OR ¼ 0.958
p ¼ 0.918

O

>60 months treatment
duration (vs <12 months)

OR ¼ 1.779
p ¼ 0.254

OR ¼ 0.803
p ¼ 0.751

OR ¼ 1.149
p ¼ 0.792

O

For each variable a logistic model was applied. Each model was adjusted for age, FEV1, B
separately: hypertension, diabetes, rhinitis, sinusitis, nasal polyposis, chronic heart disea
age of asthma onset, ICS dose, LABA use, Montelukast use, aspirin intolerance, eosinoph

a According GINA guidelines.
b Except Omalizumab.
years of Omalizumab [9,11,24,25] suggesting a possible time
dependent effect of anti-IgE treatment. However, to date, there are
not specific studies on this topic.

We also noticed that FEV1 measured after a treatment for over
60months, although in downward trend from the peak observed in
the period between 12 and 60 months, was similar to what
detected in subjects treated for shorter periods. Furthermore, an
unchanged response to short-acting bronchodilator at the end of all
period of Omalizumab treatment and a positive change in FEV1
from baselinewas observed in some patients even after a treatment
for over 60 months (þ32±58 ml/year). On the contrary, according
to a recent study, in subjects with severe asthma not treated with
Omalizumab but only with a combination of inhaled corticosteroids
and LABA for a median of 8 years, FEV1 change (decline) was �27.1
(�51.1e1.4) ml/year [26]. Therefore, since the period of our obser-
vations was very long, these results lead us to suppose that long-
term Omalizumab treatment may also have an effect on slowing-
down/stopping lung function decline positively influencing the
inflammation induced airway remodeling. Unfortunately, this
study was not designed to evaluate FEV1 decline because of the lack
of lung function repeated measurements. This did not permit to
calculate a precise pulmonary function loss. In fact, we do not know
if long-term treated patients (>60 months) could have shown a
higher FEV1 peak during the first years and then a possible pro-
gressive reduction throughout the following years. However, as
already reported above, also other studies, conducted for 3e4 years,
reported an increase of FEV1 after anti-IgE treatment up to 15e24%
[9,11,24,25], confirming a long-term persistence of lung function
improvement after Omalizumab therapy protracted for a long
period. Therefore, a long-term Omalizumab treatment may posi-
tively influence lung function decline. We know that severe asth-
matics have a greater decline in lung function over time than
subjects with mild-to-moderate asthma [27,28]. We also know that
several annual severe exacerbations characterize severe asthma
phenotype and that these exacerbations are associated to a more
accelerated FEV1 decline [29,30]. In fact, asthma exacerbations
could have long-term adverse structural and functional airway
changes thus influencing lung function decline [27]. Therefore,
Omalizumab, reducing efficaciously the number of exacerbations,
may indirectly reduce structural changes induced by intermittent
periods of worsening airway inflammation, thus slowing down
lung function decline. We also know that dose-dependent IgE in-
duces proliferation of airway smooth muscle cells and favors
extracellular matrix and collagen deposition (collagen-type-I, -III,
-VII and fibronectin), thus increasing airway remodeling in asthma
[31,32]. Blocking IgE action, by using Omalizumab, prevents all
aspects of airway remodeling inhibiting both airway smooth
mes (measured at the end of each period of time considered).

ell control (Vs
artial/poor control)a

Step down of therapy (vs
unchanged/stepped up treatment)b

Low dose of ICS (vs
medium/high dose of ICS)

R ¼ 1.00 p ¼ 0.393 OR ¼ 1.013
p ¼ 0.019

OR ¼ 1.00 p ¼ 0.712

R ¼ 0.758 p¼ 0.555 OR ¼ 1.773
p ¼ 0.164

OR ¼ 1.995 p ¼ 0.301

R ¼ 1.069 p¼ 0.876 OR ¼ 1.610
p ¼ 0.218

OR ¼ 1.247 p ¼ 0.738

R ¼ 1.868 p¼ 0.346 OR ¼ 4.167
p ¼ 0.005

OR ¼ 2.174 p ¼ 0.309

MI, various sensitizations, IgE value, Omalizumab dose, comorbidities (considering
se, osteoporosis, OSAS, mental disorders, gastroesophageal reflux), smoking habits,
ils, short-acting bronchodilator response (when appropriate).
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muscle cells proliferation and deposition of pro-inflammatory
collagens and fibronectin [31e33]. This was confirmed also by
Riccio et al. who found a reduction of reticular basement mem-
brane thickness shown by bronchial biopsies after one year of anti-
IgE treatment [34]. Also Hoshino et al. found that, after 16 weeks,
Omalizumab reduced airway wall thickness measured by using
computed tomography [35].

Another aspect highlighted by this study was the increase/sta-
bility in FVC % with a long term Omalizumab treatment when
compared to patients treated for a shorter period. This is in line
with what found by other authors [11]. The increase in FVC may be
an indirect sign of small airway function improvement/stability,
suggesting a possible and specific role of Omalizumab in treating
distal airway inflammation. In fact, a study highlighted an
improvement of alveolar nitric oxide levels after Omalizumab, a
marker of small airway impairment [36]. Besides, uncontrolled
small airway inflammation is related to airway remodeling and
disease progression with a more rapid lung function decline [37].
Therefore, a possible action of Omalizumab, at the level of small
airways, may also favorably influence the course of the disease in
time reducing lung function decline.

An important message of this study is that Omalizumab,
maintaining its effectiveness unchanged even after a very long
period of time, should be considered as a maintenance treatment
over time in severe asthma. Furthermore, the step down of
concomitant medications associated to Omalizumab therapy
occurring during a long-term treatment, associated to a possible
slowing down of lung function decline, would suggest that a
continuous use of Omalizumab could make asthma less severe over
the course of time, thus modifying the natural history of such
disease. In the future, perhaps, we will use Omalizumab preco-
ciously for early asthma, thus improving, probably, the prognosis of
the disease.

In conclusion, the response to Omalizumab does not seem to be
influenced by the duration of treatment even after an over 60
month period. A long-term therapy may also lead to a reduction/
withdrawal of other combined medications and may have a pro-
tective effect on FEV1 decline in severe asthma. Omalizumab should
be considered as a continuous severe asthma treatment over time.
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