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Introduction

Long-acting β 2 adrenoceptor agonists (LABAs) such as formoterol are established in the treatment of moderate and severe asthma [START_REF] Bousquet | Global initiative for asthma (GINA) and its objectives[END_REF] and in the treatment of chronic obstructive pulmonary disease (COPD) at the GOLD [START_REF] Fabbri | Global strategy for the diagnosis, management and prevention of COPD: 2003 update[END_REF] stages 2 and 3 [START_REF] Tashkin | The role of long-acting bronchodilators in the management of stable COPD[END_REF]. LABAs reduce asthma exacerbations and subsequent hospitalisation in adults [START_REF] Andersson | Adding formoterol to budesonide in moderate asthma--health economic results from the FACET study[END_REF][START_REF] Pauwels | Effect of inhaled formoterol and budesonide on exacerbations of asthma. Formoterol and Corticosteroids Establishing Therapy (FACET) International Study Group[END_REF] and exert additional antiinflammatory effect with long-term use [START_REF] Li | An antiinflammatory effect of salmeterol, a long-acting beta(2) agonist, assessed in airway biopsies and bronchoalveolar lavage in asthma[END_REF]. The bronchodilatory effect over 12 hours [e.g. 7] results in a better asthma control and improved quality of life [START_REF] Wenzel | Efficacy, safety, and effects on quality of life of salmeterol versus albuterol in patients with mild to moderate persistent asthma[END_REF][START_REF] Juniper | Asthma quality of life during 1 year of treatment with budesonide with or without formoterol[END_REF]. Daily administration of LABAs in patients with asthma or COPD reduces health costs [START_REF] Miravitlles | Costs of chronic bronchitis and COPD: a 1-year follow-up study[END_REF][START_REF] Antonicelli | Asthma severity and medical resource utilisation[END_REF].

After intensive discussions on the use of environmentally damaging chlorofluorocarbons as propellants in inhaler devices, the European Union [START_REF]Note for Guidance: Replacement of chloro-fluoro-carbones (CFCs) in metered dose inhalation products[END_REF] instructed in 1993 to replace CFC-containing devices by environmentally friendly propellants. Development of dry powder inhalers (DPI), which can dispense active substances as a dry-powder, was started in the following.

The Novolizer ® (VIATRIS, Frankfurt am Main, Germany) is one of such devices. This inhaler is a novel multi-dose dry powder inhaler (MDPI) with low to medium airflow resistance (0.0260 kPa 0.5 x min x L -1 [START_REF] Fyrnys | Stability and Performance characteristics of a Budesonide Powder for Inhalation with a Novel Dry Powder Inhaler Device[END_REF]) and visual, acoustic and sensory feedback mechanisms that indicate a correct inhalation manoeuvre. Sufficient flows can be generated easily even by patients with impaired lung function and low inspiratory capacity [START_REF] Berg | Asthmatic children generate significantly different peak inspiratory[END_REF]15,16,20]. Drug deposition in vivo at medium (60 L/min) and high (90 L/min) flow rates is at least as effective as that of the higher resistance (0.0367 kPa 0.5 x min x l -1 ) device Turbuhaler ® (Pulmicort ® , AstraZeneca) [17], The threshold flow rate for the Novolizer ® is 35-50 L/min; thus a comparison at lower flow rates such as 30 L/min is not meaningful. Nevertheless, findings of an in-vitro study showed that the fine particle dose (FPD) of budesonide delivered through the Novolizer ® The Aerolizer ® is a single dose device that is widely used to administer formoterol (Foradil ® P) as well as budesonide (Miflonide ® ). Single dose devices are known to deliver constant doses of medication with disadvantages in their handling comfort.. A multidose device such as the Novolizer ® with easily achievable high flow rates, comfortable handling and multiple feedback should be a very valuable alternative.

This study aimed to prove the therapeutic equivalence of inhaled formoterol delivered through the Novolizer ® in comparison to the Aerolizer ® in patients with moderate to severe asthma.

Material and Methods

Study design

This clinical trial was performed as a randomised, double-blind, double-dummy multicentre multinational (throughout Europe) parallel-group study. During a run-in period of 1-2 weeks, any long-acting β 2 adrenoceptor agonist was discontinued.

Patients received a salbutamol pMDI in case bronchodilator therapy was required.

The use of anti-inflammatory therapy was allowed during the study if applied before study entry and kept at constant dosages. After the washout period, eligible patients were randomised to one of two treatment groups. Both groups used both study and formoterol per day through the Novolizer ® and 2 x 1 puff placebo through the Aerolizer ® inhaler at the same time. Group 2 used the reference device for inhalation of formoterol and the Novolizer ® for application of placebo in the same way.

The study protocol and the patient informed consent were reviewed and approved by the competent independent local ethic committees. Written informed consent was obtained from each patient prior to enrolment. 

Methods

Forced expiratory volume in the first second (FEV 1 ) at the end of treatment phase, i.e. after 4 weeks of treatment, was the primary variable to evaluate the efficacy of the trial medication. Secondary variables were: forced vital capacity (FVC) and peak expiratory flow rate (PEF). Pulmonary function tests were performed by means of spirometry before the start of study treatment (baseline, week 0), as well as 2 and 4

weeks after the start of study treatment, always at approximately the same time in the morning, between 8:00 and 10:00 a.m., and always prior to the intake of study medication. Three readings were taken and the highest value was documented.

Patients were instructed to avoid short-acting and long-acting β 2 adrenoceptor agonists 6 and 12 hours, respectively, before testing.

During the study, patients recorded their PEF using a pocket peak flow meter (Mini Wright ® ) provided by the study centre. Measurements were carried out daily prior to the intake of asthma medication in the morning and in the evening. Three measurements were recorded in the patient's diary and the highest value was used for evaluation.

A c c e p t e d m a n u s c r i p t

The intensity of important asthma symptoms (cough, wheezing, shortness of breath, morning and evening dyspnoea) was scored once daily by the patient using a 4-point rating scale (0: symptom free, 1: mild, 2: moderate, 3: severe). In addition, the number of nocturnal awakenings and the use of rescue medication (salbutamol MDI)

were documented twice per day by the patient.

Patients' and physicians' overall impression of the therapeutic effect of the study medication was documented at the end of the treatment period using a 5-point rating scale.

Treatment safety was evaluated based on the incidence of adverse events (AEs) and changes in vital signs, ECG and laboratory variables (haematology, clinical chemistry). Occurrence of cough, dyspnoea or paradoxical bronchospasm, defined as a decrease in FEV 1 by at least 15% within 15 minutes after inhalation, was documented after pulmonary function testing at each visit. A global assessment on safety rated by the patient and by the physician on a 5-grade rating scale gave an overall impression of the tolerability of the study drug. For further information regarding study plan and methodology, please refer to the flow chart ( Subgroup analyses for those patients treated with ICS in addition were conducted.

The safety population (SAF) consisted of all patients who were exposed to study medication.

Results

After screening of 412 patients, 393 patients were randomised and 392 patients received at least one dose of study medication (safety population). 199 patients received formoterol via the Novolizer ® and 193 patients via the reference inhaler Aerolizer ® . 366 patients (93% of randomised patients) completed the study without major protocol violations. 26 patients had to be excluded from the PP population, 2 due to inadequate compliance and 24 due to major protocol violations (n = 18: too short or too long treatment with study medication, n = 4: FEV 1 predicted too high, n = 2: intake of prohibited medication during run-in phase). Distribution of protocol violations was similar across both treatment groups (Tables 1 and5). Demographic and baseline data (Table 2) did not show relevant differences between both treatment groups. Regarding the use of concomitant anti-inflammatory medication, its use was similar in both treatment groups with n=317 patients administering ICS (Novolizer ® n=161, Aerolizer ® n=156), n=39 patients using cromoglycate sodium or nedocromil (Novolize ® r n=14, Aerolizer ® n=25), and n=16 patients applying leukotriene-receptor-antagonists (Novolizer ® n=10, Aerolizer ® n=6). A comparison of
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the numbers of patients using low, medium or high dosages of ICS in the Novolizer ® with the Aerolizer ® group does not show differences between both treatment groups (low daily dose n=23 vs. n=21, medium or high dose n=138 vs.n=135, for Novolizer ® and Aerolizer ® , respectively). No ICS was used by n=37 patients in the Novolizer ® and n=36 patients in the Aerolizer ® group.

Efficacy

Mean (± standard deviation, SD) FEV 1 at baseline as well as 2 and 4 weeks after study treatment is presented in Figure 1. For FEV 1 after 4 weeks of treatment the one-sided t-test showed non-inferiority (p-value <0.0001) of formoterol therapy using the Novolizer ® versus the Aerolizer ® at a lower limit of equivalence set at 0.25 L. After Testing of FEV 1 in the PP population (p=0.0003) confirmed non-inferiority. Subset analysis showed that the results in 26 children aged 6 to 11 years and 25 adolescents aged 12 to 18 years were similar to those in adults.

Secondary pulmonary function test variables as well as the need of rescue medication and the frequency of asthma symptoms including nocturnal awakening did not reveal any relevant differences between both groups (Table 3).

One patient in the formoterol Novolizer ® group and three of the Aerolizer ® group had to discontinue the study due to asthma exacerbations. The global assessment of drug efficacy by the patient and the investigator showed an equal pattern without significant differences. 86.8 % of patients in the formoterol Novolizer ® group evaluated their condition as improved, whereas 83.1 % of the reference group did so.

Safety

Among the patients receiving at least one dose of study medication 85 adverse events (AEs, 38 in the formoterol Novolizer ® group and 47 of reference group) were documented. There was no significant difference between formoterol Novolizer ® group and reference group in the incidence of AEs (Table 4, all adverse events were included that appeared in more than two patients.). Four AEs were rated by the investigator as probably related to the study drug including 1 case of headache
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(formoterol Novolizer ® ), 2 cases of cough (Aerolizer ® ), and 1 case of paradoxical bronchospasm (Aerolizer ® ). Two cases were rated by the investigator as definitely related to study drug: 1 case of paradoxical bronchospasm and 1 case of cough (both Aerolizer ® ). Please consider that both the formulation containing the active ingredient and the inhaler device are integral parts of the study drug, i.e. the finished inhaler products.

One patient of the reference group was admitted to a hospital due to serious asthma exacerbation. This event was recorded as a serious adverse event (SAE) considered as unlikely to be related to the study drug.

No notable changes in laboratory values, vital signs and ECGs were observed.

The overall assessment of tolerability by the patient and by the investigator showed an equal pattern without significant differences. 75.9 % of the formoterol Novolizer ® patients evaluated the treatment as very well tolerated, whereas 73.6% of the Aerolizer ® population did so.

Discussion

In this multicentre study, formoterol delivered through the Novolizer ® was therapeutically equivalent to Aerolizer ® , one of the standard devices in asthma therapy. After 4 weeks of treatment, formoterol treatment through the Novolizer ® was as effective as through the reference inhaler. With both treatments similar increases in FEV1, FVC and PEF were recorded. The decrease in asthma symptoms and the reduction in the frequency of rescue inhalations were also similar. Safety analysis did not show important differences between the two study groups. The only serious adverse event occurred in the reference inhaler group which was likely to be related to the underlying disease. None of the adverse events were judged to be likely related to the inhaler products. The formoterol Novolizer ® treatment was well 
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  compared to that delivered through the Turbuhaler ® at a flow rate of 30 L/min was 12.6% and 12.8% of the nominal dose, respectively, whereas the reduction in the coefficient of variation of the FPD was statistically significant (p=0.013) in favour of the Novolizer ® [18]. The Novolizer ® 's therapeutic equivalence to the Turbuhaler ® delivering the corticosteroid budesonide has been shown in a randomised open multicentre study with 315 asthmatic patients during a 12-week treatment period [19].
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  reference device sets (double-blind double-dummy technique) twice daily (morning and evening) for a treatment period of 4 weeks. Group 1 received 2 x 12 µg
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  s c r i p t were calculated. All primary and secondary variables were analysed for the intentionto-treat (ITT, patients with FEV 1 at baseline and at least one more after randomisation) and the per-protocol (PP) population. The primary analysis was based on the ITT population, the analysis based on the PP population being supportive. Missing values were replaced by the last value carried forward principle.
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  tolerated by the patients of this study (96.5% good and very good) as well as the reference treatment (95.9% good and very good). This compares well to a previous study in which the tolerability of treatment with budesonide Novolizer ® was rated as good or better by more than 90% of patients according to a questionnaire about various details in the handling of the device[19].The European Community banned the chlorofluorocarbon (CFC) containing pressurised metered dose inhalers[23]. Alternative inhalation devices became necessary. The Novolizer ® as a multidose refillable breath-actuated dry powder inhaler is a useful alternative for the inhalation of anti-asthmatic substances such as formoterol.

Figure 1

 1 Figure 1Time course of FEV 1 (l) at baseline, after 2 and 4 weeks of
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Figure 1 Figure 2

 12 Figure 1Time course of FEV 1 (l) at baseline, after 2 and 4 weeks of treatment ITT (n = 198 Novolizer ® ; n=192 Aerolizer ® ), mean ± SD
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  fraction of smokers in each treatment group: Novolizer ® 5.1%, Aerolizer ® 6.3% (p=0.835 with Fisher's exact test).Exclusion criteria were: known allergic reactions to investigational products, pregnancy/nursing or risk of pregnancy, pre-existing acute or serious disease, contraindications to LABAs, and inability to use the provided inhalation devices properly. It was not recorded how many screening failures occurred due to inability to use the devices correctly. However, it is already proven that all patients aged 6 years or more are able to use the Novolizer correctly[20, 15, 16, 17].

	The trial was carried out in accordance
	with current laws and guidelines (German Drug Law and national laws of the
	participating centres, Declaration of Helsinki, and the ICH E6 Guidance on Good
	Clinical Practice).
	Patients
	Patients were eligible if they met the following inclusion criteria: 6 to 75 years of age,
	moderate to severe asthma requiring long-term treatment with inhaled β 2
	adrenoceptor agonists or theophylline or daily use of short-acting β 2 adrenoceptor
	agonists, stable disease for at least one month prior to enrolment (no exacerbation,
	no hospitalisation), reversibility of airway obstruction of ≥12% after inhalation of two
	puffs of 100 µg salbutamol at the screening visit, and a baseline FEV 1 of 40-80%
	predicted at randomisation. Inhaled corticosteroids (ICS) were allowed co-medication
	if they were applied before study entry and they could be taken during the study
	period provided they were used in unchanged dose. Most patients of both treatment
	groups used ICS before the study (Novolizer ® 81.3%, Aerolizer ® 81.3%, p=1 with
	Fisher's exact test). There was no restriction regarding the daily dose. The results of
	sub-analyses on all patients using ICS as concomitant medication confirm that the
	concomitant therapy with ICS had no influence on the study results. There was only a

Table 5

 5 

	Aerolizer ® . Primary endpoint for efficacy evaluation was the FEV 1 measurement after
	4 weeks of treatment. A number of 350 (175 per group) evaluable patients was
	considered as adequate to demonstrate non-inferiority by means of a one-sided t-test
	with 90% power. The lower limit for equivalence was set to 0.25 L and the

):

Analysis

Statistical analyses were done by means of the SAS ® software, Version 8.01. The hypothesis was that formoterol treatment via Novolizer ® is not inferior to that via significance level to α = 0.025. Evaluation of secondary efficacy variables and safety variables was performed by t-test or by χ 2 -test, the appropriate confidence intervals

Table 3

 3 Spirometric measures, total asthma symptom score, and use of rescue medication (salbutamol) at baseline, and after 2 and 4 weeks of treatment ITT (n = 198 Novolizer ® ; n=192 Aerolizer ® )

	Variable	Baseline NOV AER	Week 2 NOV AER	Week 4 NOV AER
	FEV 1 [L] 1	2.05	1.99	2.32	2.32	2.34	2.31
	±0.55	±0.61	±0.67	±0.74	±0.73	±0.72
		0.261 3			-0.117 to 0.053 4
	FEV 1 [% pred.] 1	69.0	66.4	78.2	78.1	78.9	78.1
		±8.8	±9.9	±14.2	±16.6	±16.4	±17.4
		0.007 3			-3.78 to 1.75 4
	FEV 1 /FVC [%] 1	73.1	71.9	75.1	75.2	74.9	74.9
	±11.9	±12.5	±11.9	±12.6	±11.9	±11.9
		0.337 3			-2.317 to 0.783
	PEF [L/s] 1	4.6	4.5	5.5	5.4	5.5	5.4
		±1.6	±1.7	±1.8	±1.9	±1.9	±1.9
		0.684 3			-0.251 to 0.260 4
	FVC [L] 1	2.9	2.9	3.1	3.1	3.2	3.1
		±0.9	±1.0	±0.9	±1.0	±1.0	±1.1
		0.786 3			-0.103 to 0.094 4
	Total asthma score 2	2.9	3.1	2.1	2.1	1.8	1.9
		±2.2	±2.4	±2.2	±2.1	±2.2	±2.0
	Rescue inh. [n/d] 2	3.2	3.1	1.7	1.4	1.5	1.3
		±2.7	±3.0	±2.6	±2.3	±2.4	±2.4
	Displayed are means ±SD;						
	1 from spirometry at clinic						
	2 weekly means from diaries						
	3 p-value from t-test						
	4 two-sided 95% confidence interval for difference NOV-AER derived from baseline adjusted
	ANCOVA with factors treatment and centre				

Table 4

 4 Incidence of adverse events during 4 weeks of treatment. Safety population (n = 199 Novolizer ® ; n=193 Aerolizer ® )

	Adverse events	Total	Novolizer ®	Aerolizer ®	P*
		n = 392	n = 199	n = 193	
		n	%	n	%	n	%	
	Total	64	16.3	29	14.6	35	18.1	-
	Hyperglycaemia	11	2.8	4	2.0	7	3.6 0.374
	Upper respiratory tract	7	1.8	4	2.0	3	1.6 1.000
	infections							
	Coughing	6	1.5	1	0.5	5	2.6 0.117
	Exacerbation of disease	6	1.5	3	1.5	3	1.6 1.000
	Influenza-like symptoms	6	1.5	2	1.0	4	2.1 0.443
	Increase in hepatic enzymes	4	1.0	1	0.5	3	1.6 0.366
	Paradoxical bronchospasm	3	0.8	0	0.0	3	1.6 0.118
	Headache	3	0.8	2	1.0	1	0.5 1.000
	Rhinitis	3	0.8	3	1.5	0	0.0 0.248

*Calculated with Fisher's exact test

Table 5

 5 Flow chart (NOV= Novolizer ® ; AER=Aerolizer ® )

	Randomisation Enrollment		Not eligible n=19 Erroneously randomised; did not receive treatment n=1
	SAF Population	No more visits after start of treatment n=1	AER group n=193 No more visits after start of treatment n=1
	ITT-Population	NOV group n=198 Major protol violations n=12	Major protol violations n=12
	PP-Population	NOV group n=186	AER group n=180

Per protocol (PP) population n=366
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