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Conclusion

The results of the indirect comparison support the hypothesis that budesonide/formoterol is associated with fewer pneumonia events than salmeterol/fluticasone in chronic obstructive pulmonary disease. The limitations of the analysis are that the results from a single study, TORCH, have a large bearing on the overall findings of the analysis, and that there is heterogeneity in the length and the dosing of the included studies, although it does not appear that heterogeneity affected the reported results. Another important limitation is the lack of pre-defined diagnostic standards for pneumonia in these studies.

What's known

When analysed at a class level, inhaled corticosteroid therapy in patients with chronic obstructive pulmonary disease (COPD) has been linked to an increased risk of pneumonia but not an increased risk of all-cause mortality or pneumonia-related mortality. However, a recent publication suggested that inhaled budesonide-containing therapy was not linked to an increased risk of pneumonia adverse events. The results of the indirect comparison support the hypothesis that budesonide/formoterol is associated with fewer pneumonia events than salmeterol/fluticasone in COPD.

Introduction

Inhaled corticosteroid (ICS) treatment is commonly used in chronic obstructive pulmonary disease (COPD), particularly as add-on therapy to long-acting bronchodilators [START_REF] Singh | Global Strategy for Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease[END_REF]. The addition of ICS treatment has been shown to improve exacerbation outcomes and quality of life in patients with a forced expiratory volume in 1 second (FEV 1 ) value <50% predicted and a history of repeated exacerbations [START_REF] Calverley | Maintenance therapy with budesonide and formoterol in chronic obstructive pulmonary disease[END_REF][START_REF] Szafranski | Efficacy and safety of budesonide/formoterol in the management of chronic obstructive pulmonary disease[END_REF][START_REF] Calverley | Salmeterol and fluticasone propionate and survival in chronic obstructive pulmonary disease[END_REF][START_REF] Wedzicha | The prevention of chronic obstructive pulmonary disease exacerbations by salmeterol/fluticasone propionate or tiotropium bromide[END_REF]. ICS treatments are usually combined with a long-acting beta-2 agonist (LABA) in a combination inhaler for convenience of administration. However, the TORCH study results showed a statistically significant increase in the probability of the occurrence of non-fatal pneumonia when patients were treated with a study medication containing fluticasone propionate, relative to other treatments [START_REF] Calverley | Salmeterol and fluticasone propionate and survival in chronic obstructive pulmonary disease[END_REF]. This observation was also seen in the INSPIRE study, in which the combination inhaler salmeterol/fluticasone was compared with the inhaled long-acting anticholinergic bronchodilator tiotropium [START_REF] Wedzicha | The prevention of chronic obstructive pulmonary disease exacerbations by salmeterol/fluticasone propionate or tiotropium bromide[END_REF].

Subsequently, several groups have performed systematic reviews comparing pneumonia rates in patients being treated for COPD, the results of which can be used to explore whether the increased pneumonia rates reported are a class effect [START_REF] Drummond | Inhaled corticosteroids in patients with stable chronic obstructive pulmonary disease: A systematic review and metaanalysis[END_REF][START_REF] Sin | Budesonide and the risk of pneumonia: a meta-analysis of individual patient data[END_REF][START_REF] Singh | Long-term use of inhaled corticosteroids and the risk of pneumonia in chronic obstructive pulmonary disease[END_REF][START_REF] Singh | Risk of pneumonia associated with long-term use of inhaled corticosteroids in chronic obstructive pulmonary disease: a critical review and update[END_REF]. When analysed at a class level, ICS therapy in patients with COPD has been linked to an increased risk of pneumonia but not an increased risk of allcause mortality or pneumonia-related mortality [START_REF] Drummond | Inhaled corticosteroids in patients with stable chronic obstructive pulmonary disease: A systematic review and metaanalysis[END_REF][START_REF] Singh | Long-term use of inhaled corticosteroids and the risk of pneumonia in chronic obstructive pulmonary disease[END_REF][START_REF] Singh | Risk of pneumonia associated with long-term use of inhaled corticosteroids in chronic obstructive pulmonary disease: a critical review and update[END_REF]. However, a recent publication by Sin and colleagues suggested that inhaled budesonide-containing therapy was not linked to an increased risk of pneumonia adverse events (AEs) [START_REF] Sin | Budesonide and the risk of pneumonia: a meta-analysis of individual patient data[END_REF].

These findings seem to indicate that different ICS therapies have different pharmacological effects, with resulting differences in the rates of pneumonia AEs and serious adverse events (SAEs), but more work is required to better elucidate the relationships. The previous systematic reviews included data from patients with COPD who were treated with an ICS alone or in combination with a LABA. In clinical practice, ICS treatments are usually combined with a LABA in a single inhaler; therefore, the present analysis focused on pneumonia with such combination treatments. Specifically, a systematic review was conducted to compare the two most commonly used LABA/ICS combination treatments: budesonide/formoterol (Symbicort®; AstraZeneca, Luton, UK) and salmeterol/fluticasone (Seretide®; GlaxoSmithKline, Uxbridge, UK).

The present analysis was designed to address the question: "In patients with COPD, how does treatment with budesonide/formoterol compare against treatment with salmeterol/fluticasone in terms of the relative incidences of pneumonia AEs, pneumonia SAEs, and pneumonia-related mortality?"

Methods

A systematic review of the literature was conducted to identify randomized controlled trials with a head-to-head comparison of budesonide/formoterol and salmeterol/fluticasone that would facilitate a standard pair-wise meta-analysis. The necessary dataset was found to be absent from the literature; therefore, in line with the research protocol, a further systematic literature search was conducted to find randomized controlled trials that would enable an adjusted indirect comparison of budesonide/formoterol and salmeterol/fluticasone, using placebo as a common comparator between the trials. 

Literature search

The following bibliographic databases were searched for papers and abstracts:

• the Cochrane Central Register of Controlled Trials (CENTRAL);

• the Excerpta Medica Database (EMBASE);

• the Index Medicus database (MEDLINE).

The search strategies were tailored to comply with the precise functionality of each database, but all included terms for COPD and the treatments of interest. In order to limit the search results to randomized controlled trials (studies with a design that minimizes bias), a strategy based on the highly sensitive method from the Cochrane Handbook for Systematic Reviews of Interventions was used to identify relevant trials in MEDLINE (Table 1 provides the full strategy used for searching MEDLINE, as an example) [START_REF] Higgins | Cochrane Handbook for Systematic Reviews of Interventions[END_REF]. A similar approach was used for EMBASE. The systematic review was limited to English-language publications. The literature search was conducted in August 2009.

Trial databases of the manufactures of the treatments being considered (AstraZeneca and GlaxoSmithKline) were also searched, as was ClinicalTrials.gov [START_REF] Astrazeneca | [END_REF][START_REF]GSK Clinical Trial Register[END_REF](13). Furthermore, relevant systematic reviews identified as part of the literature search were checked for randomized controlled trials that had been missed. Finally, because the CENTRAL database includes the results of hand searches relevant to the subject area, further hand searching was not conducted as it was considered unlikely to be of benefit.

Inclusion criteria

To be eligible for inclusion in the systematic review, a trial needed to:

• be randomized and controlled;

• include a comparison of budesonide/formoterol with placebo or salmeterol/fluticasone with placebo;

• involve patients being treated for COPD;

• report at least one case of an outcome of interest.

Assessment of data quality

A clinical trial was considered appropriate for inclusion unless it demonstrated some feature that necessitated its exclusion. Two reviewers (JG and SJE) independently assessed the trials for inclusion, based on the rigorousness of techniques to minimize the risk of bias with regard to pneumonia outcomes. Assessment of data quality was conducted at a trial level rather than an outcome level, because the outcomes of interest were closely related and thus the risk of bias could be generalized across them.

Data extraction

Data extraction was carried out by JG using a pre-prepared form and then validated in full by SJE. Data were extracted where available on the following outcomes:

• pneumonia as an AE;

• pneumonia as a non-fatal SAE;

• pneumonia-related mortality.

If data were not available in the primary publication, trial reports on internal or external clinical study databases were used [START_REF] Astrazeneca | [END_REF][START_REF]GSK Clinical Trial Register[END_REF]. Only those AEs and SAEs with onset during randomized treatment were counted, if they were provided separately from all events. Similarly, only those deaths with the SAE onset during randomized treatment were counted if they were provided separately from all events. If pneumonia was presented as both an isolated preferred term and an aggregate of pneumonia-related preferred terms, then the latter was used. However, crude aggregates of pneumonia-related preferred terms were not made, owing to the associated risk of double-counting. In the event that there were two active comparator arms of interest with different dosages, the one offering greatest homogeneity with other trials and the most clinically relevant comparison was selected.

Data were recalculated in an intention-to-treat format, where they had not already been presented as such and it was possible to do so. Patients were reinstated into the analysis based on a worst-case assumption if they received at least one dose of study medication.

Data analysis

Adjusted indirect comparisons were performed in order to yield estimates of the relative differences in incidence of pneumonia AEs, pneumonia SAEs, and pneumonia-related mortality between budesonide/formoterol and salmeterol/fluticasone, using placebo as a data bridge. To conduct the adjusted indirect comparison for each of the three outcomes of interest, a traditional pair-wise Mantel-Haenszel random-effects meta-analysis was performed for budesonide/formoterol versus placebo and a second such meta-analysis was carried out for salmeterol/fluticasone versus placebo. The software used for this was Comprehensive Meta Analysis Version 2 (Biostat Inc, Englewood, NJ, USA). The Bucher method was employed to convert the summary estimates (log odds ratios) and measures of uncertainty (variances) from the two meta-analyses into an odds ratio and confidence interval representing the difference between budesonide/formoterol and salmeterol/fluticasone [START_REF] Bucher | The results of direct and indirect treatment comparisons in meta-analysis of randomized controlled trials[END_REF]. The Bucher method is a commonly used and well-validated technique for performing adjusted indirect comparisons using a third therapy as a common comparator [START_REF] Song | Validity of indirect comparison for estimating efficacy of competing interventions: empirical evidence from published meta-analyses[END_REF][START_REF] Edwards | Indirect comparisons of treatments based on systematic reviews of randomised controlled trials[END_REF].

Assessment of heterogeneity and small-study effects

The I 2 statistic was used to assess heterogeneity within each pair-wise comparison, following the guidance of Higgins and colleagues [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF]: "A naive categorisation of values for I 2 would not be appropriate for all circumstances, although we would tentatively assign adjectives of low, moderate, and high to I 2 values of 25%, 50%, and 75%." In order to check for the existence of small-study effects, it was planned to generate funnel plots for every outcome for which sufficient data were available to make them meaningful (defined by a minimum of 10 data points).

Sensitivity analyses and subgroup analyses

It has become relatively common practice for a fixed-effects model to be run as a sensitivity analysis if a random-effects model is used for the primary analysis, or for a sensitivity analysis to be conducted using the latter if the former has served as the primary analysis. However, the Bucher method has been validated for the random-effects model only [START_REF] Song | Validity of indirect comparison for estimating efficacy of competing interventions: empirical evidence from published meta-analyses[END_REF], and so it was not appropriate to conduct a sensitivity analysis of this nature. (Song and colleagues opted for the random-effects model in their validation work because simulation studies suggested that indirect comparison using a fixed-effects model tended to underestimate standard errors of pooled estimates [START_REF] Song | Validity of indirect comparison for estimating efficacy of competing interventions: empirical evidence from published meta-analyses[END_REF].) Therefore, sensitivity analysis was reserved for testing the dependence of the conclusions drawn to any assumptions introduced in handling the data. There were no pre-specified subgroup analyses. 

Results

Using the search strategy, 1696 potentially relevant abstracts were retrieved. A flowchart of trials in the searching stage of the systematic review is shown in Figure 1. Twelve trials were identified as being relevant to the analysis: eight with a comparison of salmeterol/fluticasone versus placebo and four with a comparison of budesonide/formoterol versus placebo (see Table 2 for the characteristics of the 12 trials). All trials were double-blind, and none were excluded based on the assessment of risk of bias. A large majority of the events across the analyses came from the TORCH study [START_REF] Calverley | Salmeterol and fluticasone propionate and survival in chronic obstructive pulmonary disease[END_REF]. All trials involving budesonide/formoterol used the same dose of medication: 320/9 µg bid. Seven of the salmeterol/fluticasone trials used a dose of 50/500 µg bid, but one used a dose of 50/250 µg bid [START_REF] O'donnell | Effect of fluticasone propionate/salmeterol on lung hyperinflation and exercise endurance in COPD[END_REF].

Data from the 12 trials were used to run six pair-wise meta-analyses:

• pneumonia AEs for salmeterol/fluticasone versus placebo (Figure 2a) and for budesonide/formoterol versus placebo (Figure 2b);

• pneumonia SAEs for salmeterol/fluticasone versus placebo (Figure 3a) and for budesonide/formoterol versus placebo (Figure 3b);

• pneumonia-related mortality for salmeterol/fluticasone versus placebo (Figure 4a) and for budesonide/formoterol versus placebo (Figure 4b).

In three trials [START_REF] Barnes | Antiinflammatory effects of salmeterol/fluticasone propionate in chronic obstructive lung disease[END_REF][START_REF] Calverley | Combined salmeterol and fluticasone in the treatment of chronic obstructive pulmonary disease: a randomised controlled trial[END_REF][START_REF] Mahler | Effectiveness of fluticasone propionate and salmeterol combination delivered via the Diskus device in the treatment of chronic obstructive pulmonary disease[END_REF], only pneumonia SAEs and pneumonia-related mortality were provided in either the primary publication or the trial report on the clinical study registry. For these three studies, then, no AE data were available from primary sources. However, pneumonia AE data for these three trials were available in a systematic review conducted for the Cochrane Collaboration [START_REF] Nannini | Combined corticosteroid and long-acting betaagonist in one inhaler versus placebo for chronic obstructive pulmonary disease[END_REF]. In addition, pneumonia data for the TORCH study were taken from a secondary publication [START_REF] Crim | Pneumonia risk in COPD patients receiving inhaled corticosteroids alone or in combination: TORCH study results[END_REF], because the results were not presented in the necessary format for this analysis in the primary publication (4). This was in line with the approach taken in another meta-analysis [START_REF] Singh | Long-term use of inhaled corticosteroids and the risk of pneumonia in chronic obstructive pulmonary disease[END_REF], where the data from the primary publication for TORCH were stated to be unsuitable.

Assessment of heterogeneity and small-study effects

The I 2 value was 0% for five of the six pair-wise meta-analyses, which was lower than the predefined threshold of at least 25% for low heterogeneity. The pair-wise meta-analysis comparing pneumonia AEs with budesonide/formoterol versus placebo was the exception, with an I 2 value of 23.3%, but this was also less than the threshold indicating low heterogeneity. There were no more than eight trials available for any of the meta-analyses, which was two less than the pre-specified cut-off of 10 for generating funnel plots, and so no testing for small-study effects was possible.

Adjusted indirect comparison results

The results of the adjusted indirect comparison are shown in Table 3. The proportion of patients experiencing a pneumonia AE was significantly lower with budesonide/formoterol than with salmeterol/fluticasone (OR, 0.47; 95% CI, 0.28-0.80). The proportion of patients experiencing a pneumonia SAE was also significantly lower with budesonide/formoterol than with salmeterol/fluticasone (OR, 0.41; 95% CI, 0.19-0.86). However, there were too few events to draw any firm conclusions on pneumonia-related mortality.

Sensitivity analyses

Among the salmeterol/fluticasone trials, there was one in which the dosage was 50/250 µg bid (as compared with 50/500 µg bid in the other seven) [START_REF] O'donnell | Effect of fluticasone propionate/salmeterol on lung hyperinflation and exercise endurance in COPD[END_REF]; therefore, we performed a sensitivity analysis in which this trial was excluded for pneumonia AEs and pneumonia SAEs (no pneumonia-related mortality was reported in the trial, and thus it did not contribute to the primary analysis for this outcome). In the sensitivity analysis, the results were either unchanged at the precision level of two decimal places (AEs: OR, 0.47; 95% CI, 0.28-0.80) or changed only minimally (SAEs: OR, 0.40; 95% CI, 0.19-0.85).

Discussion

Therapy with inhalers containing combinations of ICS and LABA treatments has become a mainstay of COPD management. It is recommended by international guidelines and is associated with improved lung function, reductions in exacerbation rates, and improved health status (1-5). However, the TORCH study demonstrated a relationship between fluticasone use and pneumonia-related AEs (4).

The recognition that the ICS component was associated with an increased incidence of pneumonia in the TORCH study was reported in the lay press and led to anxiety among patients about the safety of combination therapy. It was therefore important to determine if this effect was seen with all ICS/LABA combinations.

A meta-analysis of individual-patient-level data from seven trials of ≥6 months' duration comparing inhaled budesonide-containing therapy with a control regimen in patients with COPD showed no significant difference between treatment groups for the occurrence of pneumonia either as an AE (adjusted hazard ratio [HR], 1.05; 95% CI, 0.81-1.37) or as an SAE (adjusted HR, 0.92; 95% CI, 0.62-1.35) [START_REF] Sin | Budesonide and the risk of pneumonia: a meta-analysis of individual patient data[END_REF]. A more recent, trial-level meta-analysis [START_REF] Singh | Risk of pneumonia associated with long-term use of inhaled corticosteroids in chronic obstructive pulmonary disease: a critical review and update[END_REF], which was a revised and updated version of a previous meta-analysis [START_REF] Singh | Long-term use of inhaled corticosteroids and the risk of pneumonia in chronic obstructive pulmonary disease[END_REF], reported a numerical increase in the risk of pneumonia with budesonide exposure, but this was not statistically significant (risk ratio [RR], 1.19; 95% CI, 0.92-1.53). In contrast, the increased risk associated with fluticasone exposure was significant (RR, 1.67; 95% CI, 1.47-1.89) [START_REF] Singh | Risk of pneumonia associated with long-term use of inhaled corticosteroids in chronic obstructive pulmonary disease: a critical review and update[END_REF]. Statistically, however, it would not be appropriate to conclude from the significance of one finding and the non-significance of the other that there was an intraclass difference. The technique employed in the present analysis, in contrast, does offer a method of statistically comparing different therapy options. The analysis presented in this paper supports a difference between ICS/LABA products, with higher pneumonia incidences being observed with salmeterol/fluticasone than with budesonide/formoterol.

In order to statistically analyse the differences between budesonide/formoterol and salmeterol/fluticasone in the absence of suitable head-to-head data, it became necessary to perform an adjusted indirect comparison using the Bucher method, in line with the prespecified methods. For the approach to have clinical as well as statistical validity it was important that the placebo arms of the identified trials represented similar levels of care and, in particular, did not correspond to widely different concomitant medication across the trials. We do not believe that clinical differences in the therapy received by patients in the placebo arms of the trials were of sufficient magnitude to invalidate the statistical combination of the data they yielded. While there were some differences between trials, the arms for control and for the treatment of interest received the same medication, and the analysis explored a measure of relative risk rather than absolute risk, providing it with reasonable stability across different background risks.

The mean age of included patients and the mean FEV 1 value as a percentage of the predicted level were reasonably similar across the 12 trials in the present analysis; however, there were differences in the bronchodilator responsiveness of patients included in the trials. Four trials, all involving salmeterol/fluticasone [START_REF] Calverley | Salmeterol and fluticasone propionate and survival in chronic obstructive pulmonary disease[END_REF][START_REF] Calverley | Combined salmeterol and fluticasone in the treatment of chronic obstructive pulmonary disease: a randomised controlled trial[END_REF][START_REF]Result summary for[END_REF][START_REF] Zheng | The efficacy and safety of combination salmeterol (50 mug)/fluticasone propionate (500 mug) inhalation twice daily via accuhaler in Chinese patients with COPD[END_REF], specified that patients should have poor reversibility and defined this as an increase of <10% or 0.2 L in the FEV 1 to inhalation of salbutamol. There were also marked differences in the proportion of current smokers included in the trials, with a range between 22% and 61%. However, there was good within-trial balance resulting from well-conducted randomization; again, therefore, the fact that the analysis used relative risk rather than absolute risk provided it with reasonable stability across different background risks.

Pneumonia is usually diagnosed on the basis of a clinical history and examination with typical chest radiographic appearances. Laboratory investigations and sputum cultures are also often used to confirm the diagnosis. The clinical trials included in this systematic review did not specify that chest radiography was required to confirm the diagnosis of pneumonia; however, over two-thirds of the patients reported as having pneumonia in the TORCH study were found to have definite or presumptive evidence of having had a chest radiograph [START_REF] Crim | Pneumonia risk in COPD patients receiving inhaled corticosteroids alone or in combination: TORCH study results[END_REF]. Nevertheless, the lack of a definitive diagnosis of pneumonia and a standardised definition is obviously a limitation of the current and all other analyses of ICS-associated pneumonia in patients with COPD. There is a large variation between the incidence of pneumonia reported in previous trials; for example, the rates of pneumonia are substantially higher in the TORCH study compared with other trials of salmeterol/fluticasone. Such variation may be reflective of the lack of predefined diagnostic standards required for pneumonia. Alternatively, there may be differences between the countries enrolling patients in the use of the term pneumonia.

Both budesonide/formoterol and salmeterol/fluticasone reduce the overall rate of exacerbations, and so at first glance any increase in the rate of pneumonia within this context is puzzling. In the TORCH study, there was no increase in pneumonia-related mortality with salmeterol/fluticasone (4), and thus it appears that the clinical course of any pneumonia is not changed by the use of this ICS. The mechanisms underlying the increased rates of pneumonia with salmeterol/fluticasone remain unclear, and may involve suppression of the innate immune system, which in turn reduces the body's ability to combat bacterial pathogens. Furthermore, it is not clear why there may be an increased risk of pneumonia with one therapy (salmeterol/fluticasone) but not with another (budesonide/formoterol).

There may be subtle differences in the pharmacological properties of these inhaled therapies that alter the local immune responses in the lung in response to bacteria. For example, corticosteroids suppress alveolar macrophage function [START_REF] Armstrong | Glucocorticoid sensitivity of lipopolysaccharide-stimulated chronic obstructive pulmonary disease alveolar macrophages[END_REF], and there may be differences between budesonide and fluticasone in their pharmacological actions on these cells. This may be particularly relevant for current cigarette smokers, as corticosteroids and cigarette smoke combine to amplify the suppression of macrophage innate immune function, which may leave the host more susceptible to bacterial pathogens [START_REF] Kent | The effects of dexamethasone on cigarette smoke induced gene expression changes in COPD macrophages[END_REF].

Another potential factor could be variation in the lipophilicity-hydrophilicity profile.

It is possible that the differences observed in the incidence of pneumonia between the therapies could have been an artefact that related to discrepancies in the duration of the trials. The effect was first seen in the 3-year TORCH study and it is possible that shorter trials may have missed the effect. However, the incidence of pneumonia appears fairly constant throughout the TORCH study, with lines on the Kaplan-Meier plots for time to first pneumonia diverging relatively uniformly over time, from before week 24 [START_REF] Crim | Pneumonia risk in COPD patients receiving inhaled corticosteroids alone or in combination: TORCH study results[END_REF]. Similarly, Kaplan-Meier plots for budesonide-containing therapy and control treatments over 12 months show a reasonably constant rate of pneumonia over time for both AEs and SAEs [START_REF] Sin | Budesonide and the risk of pneumonia: a meta-analysis of individual patient data[END_REF]. We included all trials irrespective of their duration as we believed it was inappropriate to introduce an arbitrary cut-off; that stated, the shorter trials had relatively very little impact on the results of the comparison, since the low event counts they contributed gave them only a very small weighting in the analysis. Another point to consider is that in randomized controlled trials in COPD, it is well recognized that effective therapy leads to sicker patients remaining in the study for longer rather than dropping out [START_REF] Keene | Methods for therapeutic trials in COPD: lessons from the TORCH trial[END_REF]. This could also have an effect on the incidence of pneumonia, since sicker patients may also be at greater risk of its development [START_REF] Crim | Pneumonia risk in COPD patients receiving inhaled corticosteroids alone or in combination: TORCH study results[END_REF]. However, this is unlikely to have resulted in the observed difference between the treatments as the drop-out rates were reasonably similar in the combination therapy groups across the trials (Table 2).

It is also possible that the differences observed in the incidence of pneumonia reflect the dose of ICS used rather than differences in the pharmacological properties of fluticasone and budesonide. All but one of the salmeterol/fluticasone trials used fluticasone 500 µg bid, while all the budesonide/formoterol trials used budesonide 320 µg bid. The one trial included in the analysis using fluticasone 250 µg bid in the combination inhaler was an 8-week trial in which the incidence of pneumonia was 0/62 in the salmeterol/fluticasone group and 1/64 in the placebo group [START_REF] O'donnell | Effect of fluticasone propionate/salmeterol on lung hyperinflation and exercise endurance in COPD[END_REF]. However, in two 52-week trials comparing salmeterol/fluticasone 50/250 µg bid with salmeterol alone, the incidence of pneumonia was increased in patients receiving fluticasone 250 µg bid in the combination inhaler (7% versus 4% in one trial [START_REF] Ferguson | Effect of fluticasone propionate/salmeterol (250/50 microg) or salmeterol (50 microg) on COPD exacerbations[END_REF], and 7% versus 2% in the other [START_REF] Anzueto | Effect of fluticasone propionate/salmeterol (250/50) on COPD exacerbations and impact on patient outcomes[END_REF]). Therefore, it seems unlikely that the differences observed in our analysis are due to differences in the dose of ICS.

We believe that this analysis provides important additional information about the pneumonia profile of commonly used therapies in COPD, but it also paves the way for additional research. We chose to perform an adjusted indirect comparison using placebo as a common comparator. While there are potential limitations of the Bucher method, they do not apply to the present analysis. Edwards and colleagues have highlighted that the technique "can only incorporate a single indirect comparator and cannot integrate any direct comparative data that may be available from randomised controlled trials of the comparison of interest" ( 16), but there were no head-to-head trials for us to be forced to exclude. It is also noted by Edwards and colleagues that: "Performing an indirect comparison using [the Bucher method] is relatively inefficient in mathematical terms. It has been estimated that four times the amount of data is required to provide the same precision around an indirect comparison as would be required for a direct comparison." However, the use of a single comparator yielded sufficient power to provide answers for both pneumonia AEs and pneumonia SAEs. Further analyses may be possible either using LABAs instead of placebo as the common comparator or opening up the analysis to more than one additional comparator, by using a mixed treatment comparison (also called a network meta-analysis) [START_REF] Edwards | Indirect comparisons of treatments based on systematic reviews of randomised controlled trials[END_REF].

Both salmeterol/fluticasone and budesonide/formoterol reduce exacerbation rates, in addition to improving lung function and health status. The current evidence indicates that the therapeutic index of these therapies in the context of pneumonia rates in COPD is acceptable, as even in the case of salmeterol/fluticasone there is an overall reduction in exacerbations despite the increase in the risk of pneumonia. However, more attention could be paid to specific subgroups of patients who are at a greater risk of developing pneumonia. The TORCH study identified independent risk factors for the development of pneumonia while on fluticasone therapy, including a lower FEV 1 value (<50% predicted), a lower body mass index (<25 kg/m 2 ), age >55 years, and a history of previous exacerbations [START_REF] Crim | Pneumonia risk in COPD patients receiving inhaled corticosteroids alone or in combination: TORCH study results[END_REF]. FEV 1 and age were also identified as risk factors in a meta-analysis of individualpatient-level for budesonide-containing therapy [START_REF] Sin | Budesonide and the risk of pneumonia: a meta-analysis of individual patient data[END_REF]. Clearly, other factors may also influence prescribing decisions, including device preference for patients, cost, and pharmacological differences such as speed of onset of action. 

Conclusion

In the absence of suitable head-to-head data on pneumonia comparing salmeterol/fluticasone with budesonide/formoterol, the Bucher method was used to perform an adjusted indirect statistical comparison of the two combination products, using placebo as a common comparator. The proportion of patients experiencing a pneumonia AE was significantly lower with budesonide/formoterol than with salmeterol/fluticasone (OR, 0.47; 95% CI, 0.28-0.80). The proportion of patients experiencing a pneumonia SAE was also significantly lower with budesonide/formoterol than with salmeterol/fluticasone (OR, 0.41; 95% CI, 0.19-0.86). However, there were too few events to draw any firm conclusions on pneumonia-related mortality. The limitations of the analysis are that the results from a single study, TORCH, have a large bearing on the overall findings of the analysis, and that there is heterogeneity in the length and the dosing of the included studies, although it does not appear that heterogeneity affected the reported results. Another important limitation is the lack of pre-defined diagnostic standards for pneumonia in these studies. 
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 2 Figure 2: Forest plot for pneumonia adverse events in the comparison of (a) salmeterol/fluticasone and placebo and (b) budesonide/formoterol and placebo.
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 3 Figure 3: Forest plot for pneumonia serious adverse events in the comparison of (a) salmeterol/fluticasone and placebo and (b) budesonide/formoterol and placebo.

Figure 4 :

 4 Figure 4: Forest plot for pneumonia-related deaths in the comparison of (a) salmeterol/fluticasone and placebo and (b) budesonide/formoterol and placebo.
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Table 1 : Search strategy for MEDLINE.

 1 

	# Search term
	1 RANDOMIZED CONTROLLED TRIAL.pt.
	2 CONTROLLED CLINICAL TRIAL.pt.
	3 RANDOMIZED CONTROLLED TRIAL.sh.
	4 RANDOM ALLOCATION.sh.
	5 DOUBLE BLIND METHOD.sh.
	6 SINGLE BLIND METHOD.sh.
	7 1 or 2 or 3 or 4 or 5 or 6
	8 (ANIMALS not HUMAN).sh.
	9 7 not 8
	10 CLINICAL TRIAL.pt.
	11 exp CLINICAL TRIALS/
	12 (clin$ adj25 trial$).ti,ab.
	13 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab.
	14 random$.ti,ab.
	15 10 or 11 or 12 or 13 or 14
	16 15 not 8
	17 16 not 9
	18 9 or 17
	19 exp Pulmonary Disease, Chronic Obstructive/
	20 symbicort.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	21 seretide.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	22 advair.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	23 viani.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	24 fluticasone.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	25 budesonide.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	26 salmeterol.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	27 formoterol.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
	28 eformoterol.mp. [mp=title, original title, abstract, name of substance word, subject heading word]

Table 2 : Characteristics of included trials.
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	Study name	Active comparator	Total patients randomized to an arm of interest	Length	Study locations	Concurrent medication	Mean age groups (years) across the combination and placebo	Current smokers across the combination and placebo groups	Mean baseline FEV1 (% predicted)	Reversibility	Discontinuation rates
	Barnes 2006	Salm/flut	141	13 weeks	18 centres in	During the study, the only concurrent	64	61%	58% in the	Mean reversibility	12% in the
	(18)	50/500 µg bid			eight countries	treatment permitted was ipratropium			combination	of 3.9% in the	comparator group
					from Europe	bromide as required			group and 59%	combination and	and 5% in the
									in the placebo	placebo groups	placebo group
									group		
	Calverley	Salm/flut	719	52 weeks	196 centres in	Inhaled salbutamol was used as relief	63	50%	44.8% in the	Mean reversibility	25% in the
	2003a (19)	50/500 µg bid			25 countries	medication throughout the study, and			combination	of 4.0% in the	comparator group
					from Africa,	regular treatment with anticholinergics,			group and	combination and	and 39% in the
					Europe, North	mucolytics, and theophylline was also			44.2% in the	placebo groups	placebo group
					America, and	allowed			placebo group		
					Oceania						
	Calverley	Salm/flut	3091	156 weeks	466 centres in	Salbutamol was provided for use as relief	65	43%	44.3% in the	Mean reversibility	34% in the
	2007 (4)	50/500 µg bid			42 countries	medication throughout the study, while			combination	of 3.6% in the	comparator group
					from Africa,	other permitted medications included			group and	combination group	and 44% in the
					Asia, Europe,	theophyllines, short-acting anticholinergic			44.1% in the	and 3.7% in the	placebo group
					North America,	agents, and short-acting beta-2 agonists			placebo group	placebo group	
					Oceania, and						
					South America						
	Mahler 2002	Salm/flut	346	24 weeks	69 centres in	Patients were given salbutamol as needed	63	50%	41% in the	Reversibility to	32% in the
	(20)	50/500 µg bid			the United				combination	salbutamol (≥12%	comparator group
					States and its				and placebo	increase in FEV1	and 38% in the
					territories				groups	≥0.2 L) of 51-56%	placebo group
										across groups	
	O'Donnell	Salm/flut	126	8 weeks	22 centres in	Concurrent use of salbutamol,	64	46%	39.5-42.5%	Response to	5% in the
	2006 (21)	50/250 µg bid			Canada and	ipratropium, and ipratropium/			across groups	salbutamol of 18.0%	comparator group
					United States	salbutamol combinations was permitted				in the combination	and 8% in the
										group and 13.9% in	placebo group
										the placebo group	
						International Journal of Clinical Practice				

Table 3 : Results of the indirect comparisons, using the Bucher method.
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	Outcome	Odds ratio	95% confidence interval
	Pneumonia adverse events	0.47	0.28-0.80
	Pneumonia serious adverse events	0.41	0.19-0.86
	Pneumonia-related mortality	0.18	0.01-4.10
	Odds ratios <1 favour budesonide/formoterol.		
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