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ONCE VERSUS TWICE DAILY FORMOTEROL VIA NOVOLIZER ® FOR PATIENTS WITH MODERATE TO SEVERE COPD -A DOUBLE-BLIND, RANDOMISED, CONTROLLED TRIAL

STUDY OBJECTIVES: To evaluate in patients with moderate to severe COPD whether a single morning dose of 24 µg formoterol from the Novolizer ® is not inferior to two divided doses of 12 µg formoterol inhaled in the morning and in the evening. DESIGN: Randomised, double blind, active-controlled, parallel-group, multi-centre study with a two-week run-in period and a twelve-week treatment phase. SETTING: 47 outpatient centres in Germany, including private practices. PARTICIPANTS: N=321 symptomatic patients with moderate to severe COPD aged 40 to 70 years with an FEV 1 of 30% to 80% predicted and the requirement of 3 to 12 actuations of salbutamol per day on ≥5 days during the run-in period. TREATMENT: Eligible patients were randomised to inhale formoterol either a) as a single 24 µg dose in the morning (OD) or b) in two divided 12 µg doses in the morning and in the evening (b.i.d.). MEASUREMENTS AND RESULTS: The mean age was 60.3 (SD: 7.3) years, and mean baseline pre-dose FEV 1 was 1.5 l (0.5 l) or 50% (12%) of predicted, respectively. After 12 weeks of treatment, pre-dose FEV 1 improved in both groups (mean: OD, +104 ml, b.i.d., +135 ml, mean difference between groups: 31 ml). The 95% CI exceeded the pre-determined margin of 100 ml by 2 ml, so that the statistical hypothesis of noninferiority of once daily dosing was not confirmed. No statistically significant differences were seen for improvements in PEF, MEF 75 , MEF 50 , and MEF 25 . COPD symptoms, percentage of symptom-free days and quality of life (SGRQ) improved in both groups to a similar degree. There were no relevant differences in the incidence of adverse events. CONCLUSIONS: Based on a comparable efficacy and tolerability, the dosing schedule with formoterol via Novolizer ® as once daily in the morning seems to be an alternative compared to twice daily treatment. The primary endpoint suggests the equivalence of both treatment schedules from a clinical perspective. This regimen can be considered as an alternative therapeutic approach for a subgroup of COPD patients and may help to improve patient compliance.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is characterized by airflow limitation, which is not fully reversible, usually progressive and associated with an abnormal inflammatory response of the lungs to noxious particles or gases. Drug treatment aims at controlling symptoms and improving exercise tolerance and health status of the patients. Bronchodilators are essential for symptom control, and drugs such as inhaled beta-agonists, anticholinergics or methylxanthines are recommended by national and international guidelines.

Long-acting beta agonists (LABA) are indicated for patients with moderate or severe COPD (6). The LABA formoterol was proved to be superior to placebo [START_REF] Aalbers | Formoterol in patients with chronic obstructive pulmonary disease: a randomized, controlled, 3-month trial[END_REF] , and its efficacy is at least comparable to that of salmeterol, theophylline and ipratropium bromide [START_REF] Aalbers | Formoterol in patients with chronic obstructive pulmonary disease: a randomized, controlled, 3-month trial[END_REF][START_REF] Dahl | Inhaled formoterol dry powder versus ipratropium bromide in chronic obstructive pulmonary disease[END_REF][START_REF] Rossi | Comparison of the efficacy, tolerability, and safety of formoterol dry powder and oral, slow-release theophylline in the treatment of COPD[END_REF][START_REF] Vervloet | A 6-month comparison between formoterol and salmeterol in patients with reversible obstructive airways disease[END_REF] .

In many patients with COPD, symptoms are particularly frequent and disturbing in the morning, whereas nocturnal symptoms are uncommon, so that bronchodilators should preferably be inhaled early during the day. In a recent study, patients with asthma inhaled formoterol once daily via the Novolizer ® , a refillable, multiple dose dry powder inhaler. The inhalation in the morning provided a bronchodilatory effect for more than 12 hours [START_REF] Maesen | Effects of formoterol in apparently poorly reversible chronic obstructive pulmonary disease[END_REF] . Considering the experience in asthmatic patients, we hypothesized that formoterol inhaled once per day in the morning could be sufficient for symptom control in patients with moderate to severe COPD.
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Since COPD is a disease with a complex therapeutic regimen, suboptimal compliance is frequent among patients. In a recent study, 63% of ambulatory patients were identified as non-adherent [START_REF] George | Factors associated with medication nonadherence in patients with COPD[END_REF] , and an earlier paper had reported that 60% of patients with moderate to severe COPD were poorly adherent with inhaled corticosteroids [START_REF] Balkrishnan | Inhaled corticosteroid use and associated outcomes in elderly patients with moderate to severe chronic pulmonary disease[END_REF] . Notably, better adherence of COPD patients was associated with a lower number of hospital visits in the latter investigation. Non-adherence is generally more likely if treatment regimens are lengthier and more complicated [START_REF] Sackett | CS. Patient adherence with COPD therapy[END_REF] . Simpler, once-daily therapies are thought to improve compliance 9 , as well as medication regimens that fit well into the patient's daily routine [START_REF] Ryan | Pill taking 'routinization': a critical factor to understanding episodic medication adherence[END_REF] . The once-daily inhalation used in the present study was expected to facilitate better treatment adherence.

The current trial in patients with moderate to severe COPD intended to evaluate if a daily dose of 24 µg formoterol via Novolizer ® was of equal efficacy whether inhaled as a single dose in the morning or administered in two divided doses in the morning and in the evening. The primary end-point was the change in pre-dose FEV 1 from baseline to the value after 12 weeks of treatment.

PATIENTS AND METHODS

Study design

We designed a randomised, double blind, active-controlled, parallel-group, multi-centre study with a two-week run-in period and a twelve-week treatment phase. The study was performed in 47 outpatient centres in Germany. Five study visits (at weeks -2, 0, 4, 8, and 12) were planned, each of which was scheduled in the morning, preferably between 8:00 and 10:00 am, prior to the morning dose of study medication.

Eligibility criteria

Male or female patients aged 40 to 70 years with moderate to severe COPD (Stage II or III according to the GOLD 2004 classification 11 ) were eligible to participate in the study. The diagnosis had to be known for at least 2 years, and a smoking history of ≥10 pack years was required. Further inclusion criteria were: FEV 1 30% to 80% of the predicted value, FEV 1 / FVC ratio ≤ 70%, and FEV 1 reversibility ≤ 15% within 30 minutes after inhalation of 200 µg salbutamol. The patients had to be symptomatic, as reflected by the need of inhaled bronchodilators during the 6-week period preceding the study, and the inhalation of 3 up to 12 actuations of salbutamol per day on at least 5 days during the run-in period.

Patients were not admitted to the study if any of the following criteria were present: (1) hospitalisation, respiratory exacerbation or respiratory tract infection within 6 weeks preceding the study, (2) treatment with systemic or inhaled glucocorticosteroids or with betareceptor blocking drugs (including eye drops) within 6 weeks prior to the screening visit, (3) bronchial asthma, (4) seasonal allergic rhinitis, (5) acute or serious concomitant diseases, (6) regular daytime domiciliary oxygen, or (7) a difference in FEV 1 of ≥ 15% between the visits at screen (week -2) and at randomisation (week 0).
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Concomitant COPD medication

The following medications were prohibited during the course of the study: (1) regular ICS, (2) oral antibiotics or oral glucocorticosteroids (except for acute exacerbations), (3) leukotriene antagonists, (4) tiotropium bromide, (5) sodium cromoglycate, (6) nedocromil, (7) systemic antihistamines, (8) LABAs other than study medication, (9) short-acting beta-2-agonists other than salbutamol, and (10) beta-receptor blocking drugs (including eye drops). Theophylline or ipratropium bromide were allowed if the dose had not been changed during the 6 weeks prior to entry and if it was kept constant during the double-blind treatment period.

Treatment

At the screening visit (week -2) the patients received a Novolizer ® inhaler containing 200 single doses of 100 µg salbutamol. Patients inhaled salbutamol as active treatment during runin and as rescue medication in case of symptoms during the double blind period. The use of salbutamol was documented in the patient diary.

During the 12-week double-blind period, patients received both formoterol and placebo from different Novolizer ® inhalers. Each device contained 60 single doses of either formoterol or placebo, the latter containing lactose only. Patients randomised to the once daily regimen (Group 1) inhaled two actuations of formoterol 12 µg in the morning and two actuations of placebo in the evening. Patients randomised to twice daily formoterol (Group 2) received one actuation of 12 µg formoterol plus one actuation of placebo in the morning and in the evening.

Outcome measures

At study visits 2 to 5, pulmonary function measurements were performed before and one hour after administration of study medication (according to (7)). Diaries were dispensed to record COPD symptoms, morning and evening peak flow measurements, and use of rescue medication. The following symptom scores were used: Cough and breathlessness: 0 = none; 1 = symptoms present, but caused little or no discomfort; 2 = mild symptoms that were unpleasant, but caused little or no discomfort; 3 = moderate symptoms that caused discomfort, but did not affect normal daily activities; 4 = severe symptoms that interfered with normal daily activities; sputum: 0 = none; 1 = the amount of one tea spoon; 2 = the amount of one table spoon; 3 = more than one table spoon; sleep disturbance: 0 = none; 1 = symptoms causing early awakening or awakening once during the night; 2 = symptoms causing early awakening or awakening two or more times during the night; 3 = symptoms causing awakening for most time during the night; 4 = symptoms which were so severe that the patient could not sleep at all.

Efficacy endpoints

The primary efficacy endpoint was the change of pre-dose FEV 1 between baseline and the examination after 12 weeks of treatment. Secondary efficacy endpoints were (1) spirometry results, i.e. the pre-and post-dose values for FEV worsened, considerably worsened), ( 5) the health status assessed by a validated German translation 12 of the St George's respiratory questionnaire, (6) the number of symptom-free days (from the diaries, defined as no nocturnal sleep disturbance, no COPD symptoms during the day, and no rescue medication used), (7) the number of exacerbations (defined as a worsening of COPD symptoms and requirement of treatment with antibiotics, oral glucocorticoids, or both as judged by the investigator).

Safety endpoints

Blood samples were taken for the laboratory evaluation of safety and tolerability of study drugs. Haematology (haematocrit, haemoglobin, leukocytes, erythrocytes, platelets) and clinical chemistry (fasting glucose, creatinine, ASAT, ALAT, gamma-GT, and calcium) were examined before and after 12 weeks of treatment. Serum potassium was measured every four weeks, but not at week 12. Clinically relevant laboratory values were documented in the CRF. Blood pressure and pulse rate were obtained at each visit, and body weight at the first and the last visit. At the end of the study, both the patient and the study physician assessed the overall safety of study medication according to the categories very good, good, moderate, poor, very poor.

Sample size

The sample size for the primary end-point, i.e. the change in pre-dose FEV 1 from baseline to the last value during treatment, was determined using the software nQuery Advisor 2.0 (Statistical Solutions Ltd., Cork, Ireland). The calculation was based on a one-sided t-test for non-inferiority at a significance level of alpha=0.025, a power of 90%, and a maximum difference of 100 ml with a common standard deviation of 275 ml. 160 patients per treatment group were required when using these criteria. Assuming pre-and post-randomisation dropout rates of 10%, respectively, 400 patients were planned to be screened (to obtain 360 patients suitable for randomisation and to analyse 320 evaluable patients).

Randomisation and allocation concealment

Patients were randomly assigned to receive either once daily or twice daily formoterol treatment. The randomisation list was generated by the contract research organisation DATAMAP GmbH, Munich, Germany. The allocation ratio was 1:1, and a block size of 4 was used. Each centre was allocated a unique sequence of randomisation numbers and the corresponding pre-packed blinded study medication. Upon randomisation the investigator dispensed the study medication corresponding to the allocated randomisation number.

Statistics

The Intent-to-treat (ITT) population consisted of all randomised patients with at least one predose FEV 1 measurement during the treatment period. The According to protocol (ATP) population was defined as patients in the ITT population who had no major protocol violations (FEV 1 pre-dose value missing at baseline or at visit 5, FEV 1 reversibility >15% at screening, or use of prohibited concomitant medication). Patients who had taken at least one dose of study medication were members of the safety population.
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The ITT population was the primary efficacy population. Demographic and baseline data were summarized for the safety, the ITT, and the ATP populations. All safety analyses were performed for the safety population.

The primary efficacy endpoint was the change from baseline (generally Day 0, pre-dose value) in FEV 1 to the pre-dose value of Week 12 (with last observation carried forward, LOCF). An analysis of covariance model (ANCOVA) with treatment as factor and baseline FEV 1 as covariate was used to test the hypothesis (one-sided test on non-inferiority at a significance level of 2.5%):

H 0 : µ bid (∆FEV 1 ) ≥ µ od (∆FEV 1 ) + 0. Treatment equivalence was defined to be present if the confidence interval for the contrast of once vs. twice daily formoterol laid entirely above the 100 ml threshold. The least squares means for the treatment estimates and for the treatment contrast (once daily treatment minus twice daily treatment) were presented together with 95% confidence intervals. A second ANCOVA was done with the use of rescue medication as additional covariate. The use of rescue medication was defined as the mean number of puffs of rescue medication during the 4 weeks preceding the respective visit, i.e. weeks 1-4 for the Week 4 analysis, weeks 5-8 for the Week 8 analysis etc., irrespective of the actual visit date. The results of this analysis were considered descriptively.

The above mentioned ANCOVA model was applied for all visits during the treatment period (Week 4, Week 8, Week 12).

RESULTS

A total of 364 patients were screened for the study, and 321 participants were randomised to treatment between January and November 2004 (Table 1). The most frequent reasons for not being randomised were inclusion / exclusion criteria not met in 20 cases (46.5%), withdrawal of consent (14%), and other reasons (14.0%). 302 patients completed the study. The most frequent reason for withdrawal was loss to follow-up. The ITT group consisted of 155 randomized patients in Group 1 (24 µg formoterol OD) and 159 patients in Group 2 (12 µg formoterol b.i.d.), respectively, who had at least one pre-dose FEV 1 measurement during the treatment period.

Baseline demographic and clinical characteristics

Baseline demographic and clinical characteristics are summarised in Table 2. About two thirds of patients were male, the mean age was about 60 years, and the mean duration from COPD diagnosis was 8.8 years. Most participants were current smokers, and the whole patient cohort had a median 33 pack-year smoking history. Spirometry revealed moderate airways obstruction, and the FEV 1 reversibility after salbutamol was less than 12% in 84% of patients.

According to the symptom scores, patients showed mild to moderate degrees of cough, breathlessness, and sputum production, and they required several puffs of salbutamol during both day and night. Before the trial, 66.0% of patients had received salbutamol, 31.2% theophylline; 16.2% of patients had been treated with formoterol, 13.4% had received
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ipratropium, 13.1% a fixed combination of ipratropium bromide and fenoterol, and 8.4% had inhaled tiotropium bromide. Only 4.1% of patients had inhaled corticosteroids prior to run-in, either alone or in combination with a LABA. No significant differences between groups were observed at baseline with respect to clinical characteristics and COPD treatment.

During the study, 234 patients (72.9%) used concomitant medications, most frequent COPD medications were theophylline (31.2%), and ipratropium bromide (12.1%).

Primary endpoint: Increase in pre-dose FEV 1

FEV 1 increased considerably during formoterol treatment (Figure 1) in both study groups. A significant improvement of about 4% predicted was observed for mean pre-dose values after 4 weeks of therapy, and mean values remained elevated until the end of the study. After 12 weeks, pre-dose FEV 1 had improved in both treatment groups (mean: +104 ml after 24 µg OD and +135 ml after 12 µg b.i.d. formoterol, Table 3). If patients had taken the 12 µg formoterol dose in the evening prior to spirometry (Group 2: b.i.d. Formoterol), their mean FEV 1 was 31 ml higher (95% CI: -41 to 102 ml, p=0.028) than that of patients from Group 1, who had inhaled the 24 µg formoterol dose one day prior to the measurement. Altogether, the primary endpoint of non-inferiority was not reached. The results of the ATP population were similar to those of the ITT group (mean difference between treatment groups: 25 ml, 95% CI: -53 to 102 ml, p=0.028). The 95% confidence intervals exceeded the pre-determined margin of 100 ml by 2 ml, so that the statistical hypothesis of non-inferiority of once daily dosing was not confirmed. Subgroup analyses were in line with the results observed for the overall analysis populations, i.e. in both treatment groups an improvement in the lung function was seen that was slightly better in the formoterol 2x12µg group than in the formoterol 1x24µg group. An exception were the partially reversible patients where slightly higher improvements were seen with the once daily formoterol administration.

When the use of rescue medication during the preceding four weeks was included in the ANCOVA model, the adjusted mean change from baseline in pre-dose FEV 1 value to (last observation carried forward, LOCF) Week 12 was 116 ml in Group 1 and 136 ml in Group 2. Non-inferiority of once daily treatment was confirmed, since the 95% CI for the difference between the two treatment groups ranged from -94 to 37 ml (p=0.017).

Flow-volume curves and patient diaries

Significantly better spirometry results were obtained in both groups after 12 weeks of formoterol treatment (Table 3). Mean values for PEF, MEF 75 , MEF 50 , and MEF 25 increased in relation to baseline. The comparison of once and twice daily formoterol administration revealed no statistically significant differences between the groups. In contrast to these flowvolume parameters, forced vital capacity did not change during the study.

When patients recorded their peak expiratory flow rates at home in the morning and in the evening, increases of between 17.1 and 23.5 L/min were observed after 12 weeks of formoterol therapy (Table 3). Mean scores for cough, sputum production, breathlessness, and sleep disturbance improved in both groups (Table 3, Figure 2). The mean percentage of symptom-free days increased from 0 percent during the run-in-phase to 10.4 ± 24.4% after 24 µg formoterol OD and to 9.2 ± 22.8% after 12 µg formoterol b.i.d.
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Quality of life and subjective assessment of treatment efficacy

The results from the St. George's Respiratory Questionnaires are presented in Table 5. The dimensions symptoms, activity and impact improved in both groups. The mean 4 point change for the impact score after formoterol 12 µg b.i.d. reached the limit that indicates a clinically significant improvement of the SGRQ score [START_REF] Jones | The St George's Respiratory Questionnaire[END_REF] .

The majority of patients and study physicians rated the efficacy of formoterol treatment as better or much better than pre-study treatment (Table 4, Figure 4). Less than 5% of cases assessed study medication as worse than previous COPD treatment. No differences were observed between the opinions of patients and physicians.

Safety

During the treatment phase plus a seven day follow-up, there were a total of 46 adverse events in 32 patients of Group 1 and 34 adverse events in 30 patients of Group 2, of which 13 were potentially drug related. (Table 6). Most adverse events occurred in only 1 or 2 patients, except those listed in the table. No relevant differences in the incidence of adverse events were observed between treatments. Over 96% of patients and physicians in each group assessed tolerability as good or very good.

DISCUSSION

Most COPD patients experience more symptoms in the morning than in the evening. For example, dyspnoea on exertion is a major complaint which is important mainly during the daytime waking hours. When designing the present trial we hypothesised that inhaling a single dose of 24 µg formoterol in the morning would provide sufficient bronchodilatation and symptom control and would not be inferior to two daily inhalations of 12 µg formoterol.

To our knowledge, a study into this question has never been conducted before. The results show that a daily dose of 24 µg formoterol improved lung function, symptoms, and wellbeing of patients with moderate to severe COPD, no matter whether the drug was administered as a single inhalation or divided into two doses. The extent of improvement in secondary endpoints after 12 weeks of treatment was similar between treatment groups. A small (31 ml) difference in pre-dose FEV 1 in favour of the twice daily application was, however, observed. Since the 95% confidence interval exceeded the pre-defined 100 ml margin for non-inferiority by 2 ml, statistics did not prove that the two treatments were equivalent. From a clinical perspective, however, the difference in pre-dose FEV 1 does not translate into a relevant additional benefit for the patients, taking into account the improvements of other endpoints during both formoterol treatment regimes.

We included patients with COPD representative for Stage II and Stage III disease 11 . The patients had a mean smoking history of more than 30 packyears, and baseline spirometry showed a mean FEV 1 of 50% predicted and a mean FEV 1 / FVC ratio of 58%. Participants responded well to the once daily formoterol regimen. Symptoms such as breathlessness, cough, and sputum production had improved considerably already after four weeks of treatment. Moreover, sleep disturbances and use of as-needed salbutamol declined to the same extent in both treatment groups, suggesting that an evening LABA dose does not provide additional benefit with respect to nocturnal COPD symptoms. Patients assessed 24 µg
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formoterol OD as better or much better than previous treatment in 73.2% of cases, which is comparable to the 76.5% fraction of Group 2, who received twice daily dosing.

Only limited information is available in the literature regarding the once daily inhalation of formoterol in COPD patients. In a study comparing the combination of 12 µg formoterol plus 18 µg tiotropium once daily with either drug administered alone, van Noord et al. presented data on spirometry and other parameters 14 . After 6 weeks, the combination exhibited additive effects in terms of daytime lung function compared with the once daily inhalation of either formoterol or tiotropium. During nighttime, however, the FEV 1 curves did not differ between tiotropium monotherapy and combination treatment, suggesting that the effects of a formoterol dose inhaled in the morning did not last throughout the night. These data are in keeping with our results of lower morning pre-dose FEV 1 values in patients of Group 1, who had inhaled the 24 µg formoterol dose 24 hours before spirometry. The duration of action of formoterol is reported to last more than 12 hours [START_REF] Tashkin | The role of long-acting bronchodilators in the management of stable COPD[END_REF] , but at 24 hours after a single inhalation no significant improvements compared to baseline can be expected [START_REF] Cazzola | Bronchodilator response to formoterol after regular tiotropium or to tiotropium after regular formoterol in COPD patients[END_REF] . Spirometry results at 12 hours could therefore be better than at 24 hours after formoterol inhalation. In retrospect, the primary endpoint chosen for the present study might have been sub-optimal for proving equivalence between once and twice daily dosing.

Studies in asthma patients using both formoterol and an inhaled steroid showed that the once daily application of a LABA/inhaled steroid combination may be an alternative treatment to twice daily dosing. The budesonide/formoterol 320/9 µg combination product inhaled once daily in the evening was not inferior to two doses of 160/4.5 µg inhaled in the morning and in the evening, respectively [START_REF] Buhl | Once-daily budesonide/formoterol in a single inhaler in adults with moderate persistent asthma[END_REF] . Another very recent trial revealed that single evening administrations of budesonide/formoterol 100/6µg from the combination inhaler resulted in at least 24h bronchodilation. These data indicate that once daily inhalations can provide sufficient symptom control in many patients with obstructive airways disease.

In the current trial, we defined a difference in pre-dose FEV 1 of 100 ml as the margin for equivalence of the 24 µg OD and the 12 µg b.i.d. formoterol regimens. In spite of the fact that the mean difference between treatment groups was only 31 ml, the 95% confidence interval ranged from -41 ml to 102 ml and therefore exceeded the pre-defined 100 ml cut-off for equivalence. If we had used a higher margin, for example the 120 ml cut-off chosen by other authors 2;3 , we could have regarded the results as equivalent. Thus, our inability to reject the hypothesis of equivalence between once and twice daily formoterol inhalation might have been secondary to the narrow margins for the primary endpoint. When interpreting the secondary efficacy criteria such as symptom control, use of salbutamol rescue medication, and parameters from patient diaries, we found no evidence that the once daily application was inferior to two 12 µg formoterol doses. In particular, the as-needed use of salbutamol during the night was not higher in Group 1 patients, who had inhaled formoterol only in the morning. Patients reported comparable degrees of sleep disturbance during the night. Furthermore, after 4 weeks of treatment the use of salbutamol decreased in both groups by approximately 1.3 puffs during the night and by approximately 2 puffs during the day (Figure 3). The large majority of patients as well as the study physicians assessed formoterol treatment as better or much better than previous therapy, with no relevant differences between Groups 1 and 2.

Clinical improvements after LABA treatment can be observed already during the first 4 weeks of treatment. One of the earliest studies on long-acting beta-agonists in COPD [START_REF] Boyd | An evaluation of salmeterol in the treatment of chronic obstructive pulmonary disease (COPD)[END_REF] used twice
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daily doses of either 50 or 100 µg salmeterol for 16 weeks compared with placebo. At the end of the trial, FEV 1 had improved by 18 ml or 7% predicted, and salmeterol patients had less symptoms than those receiving placebo. The largest increases in lung function were observed within the first 4 weeks of treatment, whereas only minor additional improvements took place during weeks 5 to 16. Comparable responses were also observed in the present study, not only with respect to lung function, but also regarding COPD symptoms recorded in patient diaries.

With respect to formoterol, Aalbers et al. compared doses of 4.5 µg, 9 µg, and 18 µg formoterol inhaled via the turbuhaler in a placebo-controlled, three months´ trial 1 . They found FEV 1 improvements of 6% to 8% compared to baseline values. Patients had less symptoms and more symptom-free days if they inhaled the formoterol 9 µg or 18 µg doses, and pulmonary function results were better than under placebo in all three formoterol groups. Thus, although COPD is by definition characterised by irreversible bronchial obstruction, respiratory function can improve during prolonged treatment with long acting beta agonists.

According to current guidelines, patients with moderate COPD can be treated with anticholinergic drugs, beta-agonists, or theophylline (6). Comparisons between formoterol and anticholinergics are available for both ipratropium and tiotropium bromide. Two doses of formoterol (12 µg or 24 µg twice daily) were compared with four inhalations of 40 µg ipratropium per day in a placebo-controlled, 12 weeks´ trial [START_REF] Dahl | Inhaled formoterol dry powder versus ipratropium bromide in chronic obstructive pulmonary disease[END_REF] . FEV 1 increased rapidly within the first 30 minutes after formoterol inhalation. During the following 12 hours, lung function improved to a comparable degree in the two formoterol groups, and the changes were superior to those after inhalation of ipratropium or of placebo. When the acute effects of study medication were re-evaluated after 12 weeks of treatment, no tachyphylaxis was observed. After three months of continuous treatment, spirometry improved in both formoterol groups, and the mean normalised AUC-FEV 1 values were 223 ml and 194 ml better in the 12 µg and 24 µg formoterol groups, respectively, than after placebo. The mean difference between the two doses was only 29 ml (95% CI: -79 to 20 ml). Since an increase in FEV 1 of 120 ml was defined as a clinically relevant difference between the groups, the results were interpreted as showing no difference between the 12 µg and the 24 µg doses. These results correspond well to the mean 31 ml difference between 24 µg OD and 12 µg b.i.d. in the present study.

In a long-term trial over 12 months, Rossi et al. compared the efficacy and tolerability of twice daily formoterol in two different doses (either 12 µg or 24 µg) with that of theophylline and placebo [START_REF] Rossi | Comparison of the efficacy, tolerability, and safety of formoterol dry powder and oral, slow-release theophylline in the treatment of COPD[END_REF] . The authors defined an increase in FEV 1 of 120 ml as clinically relevant. After one year of formoterol treatment, improvements after formoterol were larger than those after theophylline or after placebo. A dose dependent response in the two formoterol groups was not observed, indicating that 24 µg b.i.d. were not better than 12 µg b.i.d. The safety profile of formoterol was superior to that of theophylline.

In a short-term, cross-over trial, Cazzola et al. showed that pre-dose FEV 1 improved by 40 ml and post-dose FEV 1 by 166 ml after 5 days of formoterol treatment [START_REF] Cazzola | Bronchodilator response to formoterol after regular tiotropium or to tiotropium after regular formoterol in COPD patients[END_REF] . However, formoterol 24 µg once daily were unable to maintain bronchodilation up to 12 hours after single dose. We found, that regular administration of a once daily dose of 24 µg formoterol progressively improved symptoms, lung functions, and quality of life in COPD patients. This demonstrates that acute responsiveness to long acting beta agonists does not illustrate effects of regular treatment. Additionally, FEV 1 changes do not tell Following the SMART Study 19 a controversy about the safety of long acting beta agonist therapy has been started [START_REF] Martinez | Safety of Long-Acting Beta-Agonists -An Urgent Need to Clear the Air[END_REF] . However, it is unclear yet, whether the increase in exacerbation rate and live threatening events, demonstrated mainly in asthmatic patients, will also occur in non reversible COPD patients without bronchial hyperactivity.

Probably such adverse events will only be recognized in patients with preexisting cardiac arrhythmias and hypoxemia. Cazzola et al. [START_REF] Cazzola | Cardiac effects of formoterol and salmeterol in patients suffering from COPD with preexisting cardiac arrhythmias and hypoxemia[END_REF] showed in a study, using Holter monitoring, that heart rate and supraventricular or ventricular premature beats occur more often after one single dose of 24 µg formoterol compared to one single dose of 12 µg. This is probably because of a prolonged decrease of plasma potassium in the 24 µg group.

In our 3 month study in COPD patients we did not see a significant difference regarding the adverse events in both groups. Not a single patient was withdrawn from the study because of an adverse event.

In conclusion, the once daily inhalation of 24 µg formoterol in the morning significantly improves symptoms, lung function, and quality of life of patients with Stage II to III COPD. Most efficacy parameters showed no inferiority to the standard twice daily regimen consisting of both morning and evening inhalations of 12 µg formoterol. Pre-dose FEV 1 was slightly better in patients receiving 12 µg b.i.d. It seems that many patients with COPD can be treated effectively with a once daily inhalation of 24 µg formoterol in the morning. This regimen can thus be considered an alternative therapeutic approach for the studied subgroup of COPD patients and may help to improve patient compliance. 
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  the whole truth about LABA effects, especially the impact on other relevant outcome parameters like symptoms and quality of life.

Figure 1 :

 1 Figure 1: Pre-and post-dose FEV 1 (% predicted)Mean forced expiratory volume in one second, FEV 1 , expressed as percentage of the predicted normal value. Pre-dose values were measured during morning clinic visits, before patients had taken their scheduled study medication. The periods between last medication and pre-dose spirometry were 12 and 24 hours in the 12 b.i.d. and 24 µg OD groups, respectively. Postdose values were determined 1 hour after inhalation of formoterol.

Figure 2 :

 2 Figure 2: COPD symptoms Decrease in symptoms (breathlessness, cough, sputum production, and sleep disturbance) during 12 weeks of formoterol treatment in patients receiving 24 µg formoterol once daily (left panel, dark symbols) or 12 µg formoterol twice daily (right panel, light symbols).
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 3 Figure 3: As-needed use of salbutamol

Figure 4 :

 4 Figure 4: Patient's assessment of formoterol treatment in comparison to previous COPD therapy

  1 versus H 1 : µ bid (∆FEV 1 ) <µ od (∆FEV 1 ) + 0.1, with o ∆FEV 1 : pre-dose FEV 1 [in L] at baseline -pre-dose FEV 1 [in L] at Week 12 (LOCF) o µ bid (∆FEV 1 ): mean of ∆FEV 1 in the twice daily treatment group, and o µ od (∆FEV 1 ): mean of ∆FEV 1 in the once daily treatment group.

Table 2 : Baseline demographic and clinical characteristics (safety population) Formoterol 24 µg OD (N=157) Formoterol 12 µg b.i.d.

 2 

	(N=164)

Table 3 : Mean changes in pulmonary function and diary card data after 12 weeks of treatment* compared to baseline

 3 : diary data are from comparisons of the means of weeks 9 to 12 with the means of the run-in phase

	Formoterol	Formoterol
	24 µg OD	12 µg b.i.d.
	(N=155)	(N=159)

* or at the last measurement during treatment (LOCF Week 12)

$

Table 4 : Investigator's and Patient's Assessment of Efficacy Formoterol 24 µg OD

 4 

		Formoterol
		12 µg b.i.d.
	(N=149)	(N=153)

Table 5 : Mean (SD) scores for the St. George's Respiratory Questionnaire Formoterol 24 µg OD

 5 

		Formoterol
		12 µg b.i.d.
	(N=155)	(N=159)
	Mean (SD)	Mean (SD)
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