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Abstract
Background: The goal of asthma treatment, outlined by GINA experts, is to achieve and maintain full
control of the disease. One critical risk factor for poor asthma control is exposure to tobacco smoke. The
purpose of this analysis isto assess the effectiveness and safety of long-term therapy with an extra�ne
combined aerosol formulation of beclometasone dipropionate and formoterol (BDP/F) in asthmatics for
current and ex-smokers vs non-smokers.

Methods: The CASPER study was an observational, noninterventional, prospective, multicentre trial.
Asthmatics currently being managed long-term with BDP/F pressurized metred-dose inhaler (pMDI) were
divided based on smoking status into three groups: current smokers, ex-smokers, and non-smokers. The
subjects were evaluated at 0, 3, and 6 months for symptom intensity, asthma control, frequency of
exacerbations and dose of inhaled corticosteroids. Adverse drug reactions were also monitored.

Results: Out of 16,844 patients, 2833 (16.8%) were ex-smokers and 3312 (19.7%) were current smokers. At
the beginning of the observation, the current smokers were the most symptomatic subgroup of patients
with the greatest limitation on life activity. During long-term treatment with extra�ne BDP/F-pMDI , diurnal
and nocturnal asthma symptoms, rescue medication use, and limitations of activity secondary to asthma
were markedly decreased in all subgroups, with a statistically signi�cant effect in smokers and ex-
smokers, albeit at the end of the observation, a higher percentage of symptomatic patients remained in the
groups of current smokers and ex-smokers while a lower percentage of symptomatic patients was
observed among the non smokers. At the 6-month follow-up, an improvement in asthma control compared
to baseline, according to GINA criteria, was reported in 77.1% of current smokers, 75.2% of exsmokers, and
75% of non-smokers, but full asthma control was more frequently achieved in non smokers (64.0% ful�lled
GINA criteria of asthma control) compared to current smokers and ex-smokers (54.9% and 51.5%,
respectively). A total of 525 nonserious ADRs were reported in 422 patients (3.2%), all of which were within
expectations.

Conclusions: Combination therapy with extra�ne BDP/F-pMDI is an effective therapy across a broad
spectrum of asthmatics, irrespective of smoking status,albeit the overall asthma control is worse in those
with a smoking history.

Background
The goal of asthma treatment, outlined by GINA (Global INitiative for Asthma) experts, is to achieve and
maintain full control of the disease and to minimize future risk of exacerbations, �xed air�ow limitation,
and side-effects of treatment [1]. One critical risk factor for poor asthma control and its worse prognosis is
exposure to tobacco smoke, which, among others, can provoke bronchospasm [2]. Patients with baseline
lung dysfunction who smoke cigarettes experience a more rapid decline in FEV1 (Forced Expiratory
Volume in 1 Second) [3], increased asthma symptom severity, poorer quality of life, and more frequent ad
hoc medical interventions or hospitalizations secondary to asthma exacerbations [4, 5]. In addition, the
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literature has shown that this group of patients respond less favourably to inhaled corticosteroids, even
when administered at high doses [6, 7].

Irrespective of these �ndings, habitual tobacco use is a common comorbidity among asthma patients.
Epidemiological data reveal that 17 to 35% of asthmatics in the United States and Western Europe actively
smoke tobacco products [8]. In Poland, available observational studies show that current smokers, ex-
smokers, and those with second hand exposure constitute 17.9–19.7%, 16.9%, and 31.86% of asthmatics,
respectively [9, 10].

Additionally, the standards for asthma treatment are contingent on the results of randomized clinical trials,
in which current tobacco use, extensive pack-year histories, irreversible obstructions, or signi�cant lung
function impairment are commonly criteria for exclusion [11, 12]. The subsequent scarcity of information
regarding the effectiveness of asthma treatment in patients with a prominent smoking history prevents the
optimization of therapy in this subset of asthmatics.

The aerosol of beclometasone dipropionate/formoterol (100/6 mcg) in a hydro�uoroalkane (HFA)
Modulite® (Chiesi Farmaceutici, Parma, Italy) pressurized metred-dose inhaler (pMDI) was developed for
the routine treatment of asthmatics requiring combination therapy (inhaled corticosteroid with long-acting
β2-agonist) due to suboptimal disease control. This pMDI platform is characterized by its extra�ne
aerosolization of beclometasone dipropionate and formoterol, resulting in a median mass aerodynamic
diameter (MMAD) of 1.3 and 1.4 µm [13], respectively, facilitating the delivery of the drug to the lower
airways, where it can directly suppress the in�ammation and air�ow limitation inherent to asthma. When
compared to other aerosols generated from a pMDI on a chloro �uoro carbon (CFC) carrier and even to
powder inhalers, this modality has translated to improve the e�cacy and safety of asthma therapy
through numerous clinical and observational studies [14, 15].

The purpose of the present analysis is to evaluate the e�cacy and safety of long-term therapy using an
extra�ne combined aerosol formulation of beclometasone dipropionate and formoterol in asthmatics who
are current or ex-smokers compared with asthmatics with no history of tobacco use.

This is a post-hoc analysis of the six months CASPER observational study enrolled 16 844 asthma
patients, of whom 3312 (19.7%) smoked cigarettes during the course of the study, 2833 (16.8%) reported
smoking cigarettes in the past, and 10 669 (63.5%) denied ever smoking tobacco [10]. The primary goal of
the study was to assess long-term asthma control, examine the patient’s opinion of the pMDI and
satisfaction with the therapy, and determine the safety of the extra�ne aerosol formulation of the BDP/F
combination and the effect of continued training in asthmatics in a real life setting. The result showed
that the long-term use of the extra�ne BDP/F combination is an effective therapy for asthma. The multiple
regression analysis con�rmed that smoking was an important risk factor for poor asthma control (OR,
1.27; 95% CI, 1.06–1.51; P < 0.05) but did not limit the overall clinical response to BDP/F combination. In
the current post hoc analysis we evaluated the effect of the extra�ne BDP/F combination on the various
clinical parameters of smokers and ex-smokers compared to non smokers.
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Methods

Study design and patient characteristics
The CASPER study was an observational, noninterventional, prospective, multicentre trial.

Outpatients diagnosed with asthma according to routine clinical practice were assessed in a real-life
setting during 3 routine visits, scheduled every 3 months over a 6-month follow-up period. The inclusion
criteria were as follows: age ≥ 18 years, diagnosis of asthma established at least 12 months before
enrolment, and the use of extra�ne BDP/F -pMDI (Fostex®, Chiesi Farmaceutici, Italy) for a minimum of 2
weeks before enrolment. During the programme, the patients received continued training on the proper
inhalation technique. The study was planned to assess the long-term asthma control and safety of an
extra�ne aerosol formulation of the BDP/F combination in a real-life setting in Poland. In this post hoc
analysis, the e�cacy and safety of extra�ne BDP/F-pMDI was evaluated in accordance with the smoking
status of the studied patients.

The detailed criteria for patient participation in this study, demographic characteristics of the study group,
the study schedule and the evaluation tools have been described previously [3].

In brief, at each visit, the intensity of symptoms (shortness of breath and dyspnoea, chest tightness,
wheezing, cough), asthma control, and asthma exacerbations during the previous year wereevaluated. The
intensity of symptoms was assessed on a 4-point scale from 0 (no symptoms) to 3 (severe limitation of
daily activity). Asthma control was assessed based on the 2010 GINA criteria. An acute asthma
exacerbation was de�ned as the need for systemic glucocorticoids administered as rescue treatment,
acute hospitalization, or any other emergency intervention.

The change in symptom intensity, asthma control, frequency of exacerbations, and the dose of inhaled
corticosteroids at visits 2 and 3 were compared with those at visits 1 and 2, respectively. Adverse drug
reactions (ADRs) were reported according to local law.

Ethics regulations
The study was conducted in accordance with the Declaration of Helsinki [16] and local regulations. The
methodology of the study fully complied with the provisions of the European Clinical Trials Directive
2001/20/EC [17] dedicated to non-interventional trials. The choice of treatment was fully based on clinical
needs, as per the decision of the prescribing physician, in accordance with relevant guidelines and
marketing authorizations. Consequently, inclusion in the study was clearly separated from the decision to
prescribe the drug, and no additional diagnostic procedures or monitoring of vital signs were performed on
the patients. Patient assignment to the study group was not driven by a protocol but fell under routine
clinical practice.

Polish law does not require ethical approval and written informed consent for observational non-
interventional study (information con�rmed by the opinion of the local ethics committee).
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Statistical analysis
Qualitative data were presented as percentages, and quantitative data were presented as the mean and
standard deviation or a median and 95% con�dence interval for the mean (95% CI). To evaluate statistical
signi�cance, the following tests were performed: the χ2 test of independence, Wilcoxon signed-rank test
for dependent samples, McNemar’s test for alterations in sample characteristics between the study visits,
Kruskal-Wallis analysis of variance test for independent variables, and Spearman’s rank correlation
coe�cient. The case-wise deletion of missing data was applied. For comparisons and tests of
independence, the pairwise deletion of missing data was applied. A p-value < 0.05 was considered
statistically signi�cant.

Results
Of the 17,230 enrolled patients, 16,844 completed the study and were included in the analysis. The data
on the status of smoking were available from 16,814. The mean follow-up period in patients who
presented at all 3 visits was 176.7 ± 15.27 days.

Demographic and anthropometric characteristics of the
study population
Of the 16,814 studied patients, 2833 (16.8%) reported smoking cigarettes in the past, and 3312 (19.7%)
were currently smoking cigarettes at the start of the study. The majority of both ex and present smokers
were males, (Table 1). In the total population the prevalence of smoking for men and women was
respectively 21% vs 12.9% for current smokers and 23.2% vs 16.3% for ex-smokers. The cohort abstaining
from tobacco use was younger than the current smokers, and the ex-smokers constituted the oldest group.
The mean age was 43.8 ± 16.3 vs 47.1 ± 14.8 vs 51.8 ± 14.1 years, respectively. Signi�cant differences
between non-smokers, ex-smokers, and current smokers were observed in level of education, physical
activity, and body mass index (BMI). Non-smokers were better educated, exercised more and had a lower
BMI (p < 0.001). Detailed demographic characteristics of the study groups are presented in Table 1.
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Table 1
Demographic characteristics of the study groups acc. to smoking status.

Analysed trait Total
population
(N = 16814)

Current
smokers
(N = 3312)

Ex-smokers
(n = 2833)

Non-smokers
(n = 10 669)

p-
value

Age (years) mean
(SD)

48.8 (16.0) 47.1 (14.8) 51.8 (14.1) 43.8 (16.3) < 
0.001

Gender n (%)
- female
- male

8527
8287

(50.7)
(49.3)

1389
1923

(41.9)
(58.1)

1097
1736

(38.7)
(61.3)

6041
4628

(56.6)
(43.4)

< 
0.001

Education n (%)
- elementary
-
vocational/secondary
- incomplete higher
- higher

2110
7614
3038
4052

(12.5)
(45.3)
(18.1)
(24.1)

480
1577
586
669

(14.5)
(47.6)
(17.7)
(20.2)

456
1439
436
502

(16.1)
(50.8)
(15.4)
(17.7)

1174
4598
2016
2881

(11.0)
(43.1)
(18.9)
(27.0)

< 
0.001

BMI ≥ 30 kg*m− 2 n
(%)

2481 (14.8) 566 (17.1) 581 (20.5) 1334 (12.5) < 
0.001

Declared physical
activity n (%)

4446 (26.4) 735 (22.2) 521 (18.4) 3190 (29.9) < 
0.001

Medical history and clinical characteristics of the subgroup
acc. to tobacco use at baseline
The duration of asthma in the ex-smokers was signi�cantly longer, with 39.5% of subjects having asthma
for more than ten years compared to 30.8% of current smokers and 27.8% of non-smokers. A positive
family history of asthma was reported by approximately 60% of the patients. The mean daily dose of
BDP/F-pMDI administered during the study was signi�cantly higher in the current smokers (318.9 ± 98.2
∝g vs 313.6 ± 99.1 ∝g and 312.9±99.2 ∝g in ex-smokers and non-smokers, respectively). The current
smokers were also the most symptomatic subgroup of patients with the greatest limitation on activity,
while the non-smokers were the least symptomatic and the least limited (Fig. 1). However, in all subgroups,
both daily and nocturnal symptoms as well as a limitation of activity were reported by more than 50% of
the patients. The use of rescue medication and the rate of exacerbations accompanied with the lung
function limitation were similar in the current smokers and ex-smokers, with both parameters being higher
than those in the non-smokers. The lung function was signi�cantly worse in current smokers and ex-
smokers. Detailed clinical characteristics of the studied subgroups are presented in Table 2.

At visit 1, based on the GINA criteria, 70.5% of current smokers had uncontrolled asthma, 24.6% had partly
controlled asthma, and 4.9% had controlled asthma. Asthma control was signi�cantly worse in this group
compared to the other groups; however, neither the ex-smokers nor non-smokers group demonstrated a
satisfactory subset of patients with good control at this point (see Table 2).



Page 7/22

Table 2
Baseline clinical characteristics of the study subgroups.

Analysed trait Current
smokers
n = 3312 (SD)

Ex-smokers
n = 2833 (SD)

Non-smokers
n = 10 669
(SD)

P-
value

Asthma duration time n (%)
- Up to 5 years
- From 5 to 10 years
- More than 10 years

1172
1120
1020

(35.4)
(33.8)
(30.8)

759
955
1119

(26.8)
(33.7)
(39.5)

4257
3446
2966

(39.9)
(32.3)
(27.8)

< 
0.001

Family history of asthma n (%) 1047 59.5 926 60.9 3159 57.2 = 
0.045

Diurnal symptoms n (%) 2809 (84.8) 2326 (82.1) 8290 (77.7) < 
0.001

Nocturnal symptoms n (%) 2186 (66.0) 1703 (60.1) 5985 (56.1) < 
0.001

Limitation of life activity n (%) 2256 (68.1) 1816 (64.1) 6241 (58.5) < 
0.001

Rescue medication use n (%) 2034 (61.4) 1748 (61.7) 5889 (55.2) < 
0.001

Mean daily dose of inhaled
corticosteroids (SD) ∝g

318,9 (98,2) 313,6 (99,1) 312,9 (99,2) P = 
0.014

Asthma exacerbations in previous
year n (%)

719 (21.7) 584 (20.6) 1846 (17.3) < 
0.001

FEV1% of predicted value mean (SD)
[% n with available results]

73.5
[39,
5]

(12.9) 73.8
[45,
4]

(13.3) 76.3
[41,
6]

(13.7) < 
0.001

GINA classi�cation n (%)
- controlled asthma
- partially controlled asthma
- uncontrolled asthma

162
815
2335

(4.9)
(24.6)
(70.5)

198
717
1978

(7.0)
(25.3)
(67.7)

1077
3105
6487

(10.1)
(29.1)
(60.8)

< 
0.001

Treatment response
The percentage of patients with diurnal and nocturnal asthma symptoms, using rescue medication, and
reporting limitations of activity due to asthma was markedly decreased across all subgroups by the end of
the study. However, the baseline, signi�cant differences between the current smokers, ex-smokers, and
non-smokers in these parameters were retained throughout. Similar to baseline, the current smokers and
ex-smokers were more symptomatic than the non-smoking patients at the conclusion of the study (Fig. 1).

The effect size of BDP/F-pMDI on asthma symptoms was calculated as the change in the average score
for individual symptoms, which showed signi�cant differences between the study subgroups, with the
highest magnitude in smokers and ex-smokers and the lowest magnitude in non-smokers (Table 3).
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Table 3
The effect size of BDP/F-pMDI on asthma symptoms acc. to smoking status during 6 months of

observation.

Symptom
occurring in the
previous week

Current
smokers a

(n = 3312)

Ex-smokers
b

(n = 2833)

Non-
smokers c

(n = 10 669)

Statistical signi�cance
(p-value)****

M
(SE)

Me M
(SE)

Me M
(SE)

Me (a) vs
(b) vs
(c)

(a) vs
(b)

(a) vs
(c)

(b) vs
(c)

Dyspnoea –1.09
(0.02)

–1 –1.04
(0.02)

–1 –1.00
(0.01)

–1 < 
0.001

= 
0.258

< 
0.001

< 
0.001

Wheezing –1.03
(0.02)

–1 –1.01
(0.02)

–1 –0.96
(0.01)

–1 < 
0.001

= 
0.060

< 
0.001

< 
0.001

Chest tightness –0.95
(0.02)

–1 –0.94
(0.02)

–1 –0.87
(0.01)

–1 < 
0.001

= 
0.520

< 
0.001

< 
0.001

Cough –1.11
(0.02)

–1 –1.05
(0.02)

–1 –1.04
(0.01)

–1 < 
0.001

= 
0.655

< 
0.001

< 
0.001

Overall asthma control was ameliorated in all study subgroups due to long-term therapy with BDP/F-pMDI.
An improvement in asthma control at the end of the study compared to baseline (positive change in
asthma control category according to the GINA recommendations) was reported in 77.1% of current
smokers, 75.2% of ex-smokers, and 75% of non-smokers (Fig. 2). The percentages in the study groups did
not signi�cantly differ.

At the 6-month follow-up, full asthma control according to the GINA criteria was achieved in 54.9% of
current smokers, 51.5% of ex-smokers, and 64.0% of non-smokers. The differences between study groups
were statistically signi�cant. Detailed changes in asthma control throughout the study are presented in
detail in Fig. 3.

Changes in the BDP/F regimen during the study observation
period
At baseline, the proportion of patients treated with the maximal dose according to SmPC of BDP/F-
pMDIas basic treatment (2 inhalations twice daily) was higher in the current smokers. In all subgroups, the
proportion of patients using the maximal dose according to SmPC of BDP/F-pMDI decreased between
baseline and the end of the observation period. The dosing changes re�ected the improvement in asthma
control assessed by physicians. At that time, a single inhaler maintenance and reliever therapy (MART)
was not yet approved. After 6 months of observation, the proportion of patients treated with lower/higher
doses between the subgroups (Table 3) and the mean dose of inhaled corticosteroids (ICS) (289.3 ± 99.4;
294.1 ± 99.8; 290.4 ± 99.5 µg for the current smokers, ex-smokers, and non-smokers, respectively) did not
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differ signi�cantly. When compared to baseline, the proportion of patients at �nal visit using lower doses
of BDP/F-pMDIwas signi�cantly higher (Table 4a) and the mean dose of ICS was signi�cantly lower in all
study subgroups. (Table 4b)

Table 4
a. Proportion of patients using lower and higher doses of BDP/F-pMDIduring the study according to

smoking status. BID – twice daily

  BDP/F-pMDI
dosage

Current
smokers
(N = 3312)

Ex-smokers
(n = 2833)

Non-smokers
(n = 10 669)

P-
value

Baseline n (%) 1 puff BID
2 puffs BID

1257
1843

(40.5)
(59.5)

1153
1518

(43.2)
(56.8)

4372
5662

(43.6)
(56.4)

p = 
0.012

Final visit n
(%)

1 puff BID
2 puffs BID

1762
1422

(55.3)
(44.7)

1451
1290

(52.9)
(47.1)

5590
4607

(54.8)
(45.2)

NS

    p < 0.001 p < 0.001 p < 0.001  

Table 4
b The mean daily doses of BDP/F-pMDI during the study acc. to smoking status, DD – daily

dose

BDP/F-pMDI DD ∝g/day Current smokers
(N = 3312)

Ex-smokers
(n = 2833)

Non-smokers
(n = 10 669)

P-value

DD (SD) DD (SD) DD (SD)

Baseline 318,9 (98,2) 313,6 (99,1) 312,9 (99,2) P = 0.014

Final visit 289,3 (99,4) 294,1 (99,8) 290,4 (99,5) NS

P-value P < 0.001 P < 0.001 P < 0.001  

Adverse drug reactions
During the study, 525 ADRs were reported in 422 patients (3.2% of the study population). ADRs were
classi�ed as related to the use of BDP/F-pMDIin 27 patients (0.2%). All reported ADRs were considered as
expected and are listed in the summary of the product characteristics of Fostex®. There were no
differences observed between the study groups in terms of quantity and severity of ADRs.

Discussion
The CASPER study demonstrated a comparable improvement in asthma control for therapy with a pMDI
administering an extra�ne particle aerosol containing beclometasone dipropionate/formoterol in patients
with chronic bronchial asthma subdivided by smoking status (Fig. 2). Although asthmatic patients
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exposed to tobacco smoke are generally more symptomatic during long-term treatment with an extra�ne
BDP/F-pMDI, the diurnal and nocturnal asthma symptoms, rescue medication use, and limitation of life
activity due to asthma were markedly decreased in all subgroups, and statistically even more decreased in
smokers and ex-smokers. At the 6-month follow-up, un improvement in asthma control compared to
baseline, according to the GINA criteria, was reported in 77.1% of current smokers, 75.2% of ex-smokers,
and 75% of non-smokers. and �nally the full and partial asthma control according to GINA guidelines was
achieved by 89.8%, of current and ex-smokers and 92.5%of non-smokers. The full asthma control was
more frequently achieved in non smokers (64.0% ful�lled GINA criteria of asthma control) compared to
current smokers and ex-smokers (54.9% and 51.5%, respectively) (Fig. 3). A considerable clinical effect
was achieved in all subgroups when using a standard dose of the formulation; however, lower daily doses
of extra�ne BDP/F-pMDIwere adequate in a majority of patients (Table 3). Of note, a greater percentage of
patients in the ex-smokers group used higher doses compared to those in the other groups, albeit this
difference was not statistically signi�cant.

Smoking is a known factor for reducing the clinical response to inhaled corticosteroids. In studies, where
smoking asthmatics used inhaled corticosteroids alone [5, 6], there was a weaker response to the
treatment, even when the medication was administered at higher doses compared to the non-smokers.
The mechanism of the development of resistance to corticosteroids because of the exposure to tobacco
smoke is complex and affects both pharmacodynamic and aerodynamic properties of these drugs.
Cigarette smoke induces an in�ammatory response in the airways by activating both Th1- and Th2-
dependent pathways. In�ammatory in�ltration is rich in neutrophils that are not sensitive to
corticosteroids. In addition, cigarette smoke causes oxidative stress that not only activates the NF-kB-
dependent pathway but also affects the histone deacetylase (HDAC)/histone acetyltransferase (HAT)
balance via the post-translational modi�cation of HDAC2. Another potential explanatory mechanism
regarding corticosteroid resistance may be the reduced expression of glucocorticoid alpha receptor in
relation to its beta counterpart, which is observed in healthy smokers as well as in smokers with asthma
[18]. The strength of this effect has been shown in a study assessing the passive exposure to tobacco
smoke in children of smoking women. Thus, smoking in the case of the mother can cause, through
epigenetic mechanisms, a change in DNA methylation, histone modi�cation, and miRNA expression [19].
In addition, exposure to tobacco smoke and air pollution can lead to a synergistic effect at the level of the
activation of proin�ammatory genes via increased methylation and decreased expression of gamma-
interferon (IFNγ) in effector T lymphocytes and the FOXP3 transcription factor in regulatory T
lymphocytes, which are of great importance in the development of allergic in�ammation and bronchial
asthma [20].

Apart from biochemical mechanisms, particle interaction and growth should be taken into account as
another mechanism contributing to the reduced clinical e�cacy of inhaled corticosteroid medications in
smokers. Invernizzi et al [21] showed that the particle pro�le of the inhaled corticosteroid (ICS) is altered
when the drug is delivered in the presence of tobacco smoke with a decrease in smaller particles and a
concurrent increase of larger particles. The changes in aerosol particle size might modify drug deposition
and in�uence drug e�cacy.
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In order to achieve the best therapeutic effect of ICS, avoiding drug inhalation in the environmental
tobacco smoke presence (a passive exposition or an inhalation short after smoking) is quite easy to
achieve. However, breaking the cellular resistance is much more di�cult.

It is known that adding long acting beta2 agonist (LABA) improves the clinical response to ICS in smoking
patients.

The underlying cellular mechanism for breaking steroid resistance in patients who smoke tobacco and use
combination therapy with ICS withLABA remains unknown. However, LABAs intensify the response to ICS
at the cellular level. Eickelberg et al. [22] showed that LABAs could in vitro activate the receptor for ICS and
potentiate its effects. Rüdiger et al. [23] revealed that inhalation of budesonide activated the
glucocorticoid receptor in peripheral blood leukocytes within 30 minutes, and the signal declined
thereafter. Formoterol inhalation also activated the glucocorticoid receptor, but not before 60 min,
maintaining a stable signal intensity up to 4 hours. When combined, the drugs activated the glucocorticoid
receptor within 30 minutes to the maximal level which did not reduce within 4 hours.

Pro�ta et al con�rmed that BDP with salbutamol or formoterol enhance nuclear translocation of GR and
signi�cantly reduces the release of GMC-CSF, RANTES and IL-8 in induced sputum cells as compared with
either drug alone (p < 0.0001). Additionally, they found that BDP increased the expression of β2-receptor
after 30 minutes of incubation and continued to increase over a time period of 4 hours.

Interesting results were also obtained in a study of smooth muscle cells of the bronchi. Both classes of
drugs activated C/EBP-α and the glucocorticoid receptor and inhibited proliferation. The combination of
lower doses of drugs resulted in a synchronised activation of the transcription factors and an enhanced
antiproliferative effect. [24].

Descalzi et al. performed their study on human bronchial �broblasts. They observed that BDP alone has
signi�cant antiproliferative effects on lung �broblasts treated with basic �broblast growth factor and the
combination of BDP with formoterol or salbutamol strengthen these effects [26]. Montalbano et al.
investigated the effect of recombinant human IL-17A (rhIL-17A), in combination with cigarette smoke
extracts (CSE) on normal human bronchial epithelial cells. They demonstrated that both IL-17A and CSE
increase the degree of oxidative/nitrosative stress by STAT-1 pathway activation or by an alternative
signalling pathway but BDP and formoterol treatment reduces this effect, showing an additive action
when used in combination [27].

Clinical data on the effectiveness of treatment with an ICS in combination with LABA in active tobacco
users with asthma is positive but limited. In a randomized, placebo-controlled, crossover study by Clearie
et al. [28], sixteen non-smokers with mild asthma and �fteen smokers were administered
�uticasone/salmeterol, 250/50 mcg, bis in die (BiD) or �uticasone, 500 mg, BiD for 2 weeks. In this study,
the smokers were conferred a signi�cantly greater bene�t from combination therapy compared to
�uticasone alone in terms of reducing bronchial hyperreactivity and ameliorating lung function.
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Van Schayck et al. [29] compared the effectiveness of therapy with budesonide and formoterol, 160/4.5
mcg, in a single inhaler, concerning maintenance and reliever therapy (2 × 1 or 2 × 2 plus on demand), in
886 smokers with asthma with a maximum history of 10 pack-year to the effectiveness of the same
treatment paradigm in patients who were non-smokers. At the beginning of the study, the smokers had
worse lung function and used more rescue medications. Over the course of the treatment, comparable
number of asthma exacerbations and a similar average time to �rst exacerbation were observed in both
groups, while in smokers, a better effect was achieved at higher doses in terms of maintenance therapy.
Similar results were obtained by Pilcher et al. [30] who examined the data from a 24-week randomized
clinical trial with a combined budesonide/formoterol pMDI for maintenance and emergency treatment
compared to a traditional treatment regimen with budesonide/formoterol pMDI in maintenance treatment
and salbutamol on demand. The study comprised 59 current smokers, 97 ex-smokers, and 147 non-
smokers. The effectiveness of the therapy was better in the group treated with one single inhaler than in
the group treated with the traditional regimen, regardless of smoking status. There was no signi�cant
difference between the smokers and non-smokers regarding their response to the treatment.

Brusselle et al. [31] observed a cohort of patients with moderate to severe asthma (445 non-smokers and
123 smokers), using an extra�ne particle beclometasone dipropionate/formoterolpMDI. The study was
conducted in real-life conditions with one-year follow-up. Therapy led to a clinically and statistically
signi�cant improvement in lung function and asthma control in both groups although the baseline lung
function and the degree of asthma control were worse in the smokers than in non-smokers with asthma.
This study con�rmed the comparable improvement in lung function and asthma control after treatment
with BDP/FpMDI in smoking vs non-smoking patients.

In 2016, Marth et al. [32] published a prospective, noninterventional study on the effectiveness of
beclometasone dipropionate/formoterol pMDI therapy in asthma patients categorized by different
phenotypes, including smoking status. During 12-week treatment with BDP/FpMDI smoking patients
(current and past) showed signi�cant improvement of asthma symptoms (dyspnoea, cough, chest
tightness, wheezing) and asthma control, but at the end of the study the greatest percentage of patients
with good asthma control was observed in non-smokers 75.2% vs 58% in smokers and 54.2% in ex-
smokers, similar to the CASPER study [9].

In the last two studies conducted by Brusselle et al. [31] and Marth et al. [3] as well as in the CASPER [9]
study, an extra�ne particle aerosol was utilized. Subsequently, all three studies demonstrated high clinical
effectiveness of the ICS + LABA combination therapy in patients exposed to tobacco smoke. The high
effectiveness of the therapy, in these cases, should be related both to the synergistic action of the
components and the pharmacodynamic properties of the generated aerosol.

Tobacco smoke deeply penetrates the respiratory system. MMAD for cigarette smoke amounts to
approximately 0,5 µm, indicating that particles of its aerosol reach the small airways where they exert
harmful effects, hence inducing the in�ammatory process. In studies on ICS administered alone, in which
e�cacy was compared in asthmatic non-smokers vs asthmatic current smokers, aerosols with low
pulmonary deposition and a low fraction of �ne particles were used (pMDI CFC). The lack of effectiveness
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of ICS in these studies in smokers with asthma could be partly the result of minimal deposition in the
small airways, where the in�ammatory process occurred. In the study designed by Roche et al. [33] to
compare the effectiveness of small particle and standard-size-particle ICS, adjusted rates of severe
exacerbations in the annual perspective were signi�cantly lower for current/ex-smokers and non-smokers
in the small-particle than in the standard-size-particle ICS cohort, with no interaction between treatment
and smoking status. In contrast, for current/ex-smokers, adjusted rates of acute respiratory events were
signi�cantly lower, and adjusted odds of risk domain asthma control were signi�cantly higher for small-
particle ICS than for standard-size-particle ICS; for non-smokers, no difference was found. In another real-
life study performed by Park et al. [34], switching from ICS/LABA DPI to pMDI in the same ICS dose
category was associated with decreased asthma exacerbations and improved asthma control compared
at 1 year after and before the switch. These results support the concept of the preferential use of small
particle aerosols in the treatment of asthma, especially in current or ex-smokers.

The CASPER study, designed to investigate long-term effectiveness of beclometasone
dipropionate/formoterol pMDI in patients with chronic bronchial asthma subdivided by smoking status,
was conducted following the quotidian clinical practice and the dosage was adjusted by the physicians
according to individual patient needs. Our previous multivariate analysis con�rmed smoking as a risk
factor for poorer asthma control. Additionally, active smoking was shown not to suppress improvement in
the clinical status of the studied patients, in contrast to the improper inhaler technique, older age and
extensive history of asthma [10]. Even with the load of smoking, treatment with BDP/F-pMDI resulted in a
substantial improvement in asthma symptoms, decreased rescue medication needs and limitation of life
activity in active and ex-smokers. However, in groups with a history of smoking, a higher percentage of
patients was symptomatic throughout the entire study period (Fig. 1).

Statistically, at the end of the study, ex-smokers were the most symptomatic group and the improvement
in individual symptoms was statistically lower (Fig. 1 and Tabl. 3; p < 0.05 for both phenomena). This
group tended to have worse controlled asthma (the difference in overall asthma control was signi�cant as
compare to the non-smokers but was not signi�cant to current smokers Fig. 3), although in ex-smokers the
improvement in overall disease control was still found in approximately 75%. Those who quit smoking are
usually older with more comorbidities compared to non-smokers and even current smokers. This effect
may be attributable to health problems being a strong motivator to cease smoking, as increasingly severe
obstructive disease leads to a greater likelihood for permanent departure from tobacco addiction [35, 36].
Therefore, with the ex-smokers group comprising more seriously ill individuals, it is expected that their
response to treatment would be incomplete. Taken together, the data presented in the current study add to
the previous literature in showing that combination therapy is an effective, albeit potentially muted,
therapy across a broad spectrum of asthmatics, irrespective of smoking status.

All of the aforementioned studies demonstrated a comparable response to treatment with combination
ICS and LABA in patients with varying tobacco use histories. However, the CASPER project has a number
of considerable advantages relative to the above mentioned studies, including the large cohort of patients
enrolled, lack of limitations in regard to the intensity and length of smoking, and a comparably long
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duration of follow-up. With such a large number of patients, the study is more representative of the general
population and, more importantly, is characterized by a greater power of statistical inference.

A limitation of the CASPER study was the lack of a control group, for instance, using extra�ne particle ICS
alone. Furthermore, this study was an observational study; therefore, the interpretation of its outcomes is
subject to the inherent restrictions of this form of research. Due to the potential bias or unrecognized
confounders, it is di�cult to de�nitively conclude a cause-and-effect relationship considering the observed
phenomena. Hence, the study results should be interpreted with caution. However, the large cohort and the
diversity of patients observed in terms of quotidian clinical practice elevate the representativeness of the
study cohort in relation to the general population.

Another limitation could be the co-existence of chronic obstructive pulmonary disease (COPD) in some
asthmatic patients; however, BDP/F pMDI was a physicians’s treatment decision based on their clinical
judgement. BDP/F pMDI is registered in both asthma and COPD indication, so the COPD does not exclude
its use. In addition, asthma is a strong factor for developing COPD, often considered more signi�cant than
smoking [37]. Patients with asthma and COPD are more symptomatic and have worse overall asthma
control [1]. These individuals are treated according to the principles of asthma treatment [1]. The study
protocol, however, makes it impossible to assess the incidence of Asthma and COPD overlap
(ACO)because a spirometry test was performed only in patients who had medical indications during the
examination, i.e., patients with more severe disease.

In epidemiological studies, the prevalence of ACO ranged between 9% and 55%, depending on gender and
age. The wide variation re�ects the different criteria and populations used by different investigators for
diagnosing asthma and COPD [1].

In conclusion, the BDP/F therapeutic regimen in the form of extra�ne particle aerosols proved to be
effective in achieving and maintaining long-term asthma control and safe for patients with asthma,
regardless of their smoking status. The results of our study indicate that, although the overall control of
asthma is muted in patients with a previous history of smoking, the clinical response to BDP/F pMDI is
comparable among the asthmatics who have never smoked, have smoked in the past and were currently
smoking during the observation. However, even when administering effective medication in patients with
asthma who smoke tobacco, practitioners should continue efforts to promote smoking cessation, being
mindful of the harmful effects of tobacco smoke on the lungs, in particular the high risk of developing
COPD and cancer, as well as the increased risk of serious cardiovascular events. Notably, there is a need to
train patients on the correct use of the inhaler, to check the inhalation technique on subsequent visits, and
to motivate the patients to take medication on a regular basis.
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BDP/F – beclometasone dipropionate/formoterol

BID - bis in die, twice daily

BMI - body mass index

CI – Con�dence Interval

DD – daily dose

FEV1 - Forced Expiratory Volume in 1 Second

Fostex® - is a brand name of BDP/F in Poland

GINA - Global Initiative for Asthma

HAT - histone acetyltransferase

HDAC - histone deacetylase

HFA - Hydro Fluoro Alkane

ICS - inhaled corticosteroids

LABA - long acting beta2 agonist

MART - maintenance and rescue therapy

MMAD - median mass aerodynamic diameter

OR - Odds Ratio

pMDI - pressurized metered-dose inhaler
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Figures

Figure 1

The percentage of symptomatic patients at baseline compared to the end of the 6-month observation
period. Daily (a) and nocturnal asthma symptoms (b), life activity (c) and use of rescue medication (d)
depending on the smoking status of the patients. *statistically signi�cant difference within groups, # and
^ statistically signi�cant difference between groups
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Figure 2

Improvement in asthma control at the end of 6-month observation vs baseline acc. to smoking status
(NS).
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Figure 3

Percentages of patients with controlled asthma as de�ned by the GINA criteria over subsequent study
periods acc. to smoking status. *statistically signi�cant difference between baseline and the end of the
study, # statistically signi�cant difference between non-smokers and current or ex-smokers, no signi�cant
difference was found between current smokers and ex-smokers.


