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Abstract

Background—Inhaled corticosteroids are commonly prescribed for patients with severe
COPD. They have been associated with increased risk of pneumonia but not with increased
pneumonia-associated or overall mortality.

Methods—To further examine the effects of inhaled corticosteroids on pneumonia incidence,
and mortality in COPD patients, we searched for potentially relevant articles in PubMed, Medline,
CENTRAL, EMBASE, Scopus, Web of Science and manufacturers’ web clinical trial registries
from 1994 to February 4, 2014. Additionally, we checked the included and excluded studies’
bibliographies. We subsequently performed systematic review and meta-analysis of included
randomized controlled trials and observational studies on the topic.

Results—We identified 38 studies: 29 randomized controlled trials and nine observational
studies. The estimated unadjusted risk of pneumonia was increased in randomized trials: RR 1.61;
95% CI 1.35-1.93, p<0.001; as well as in observational studies: OR 1.89; 95% CI 1.39-2.58,
p<-001. Six randomized trials and seven observational studies were useful in estimating
unadjusted risk of pneumonia case-fatality: RR 0.91; 95% CI1 0.52-1.59, p=0.74; and OR 0.72;
95% CI 0.59-0.88, p=0.001, respectively. Twenty-nine randomized trials and six observational
studies allowed estimation of unadjusted risk of overall mortality: RR 0.95; 95% CI 0.85-1.05,
p=0.31; and OR 0.79; 95% CI 0.65-0.97, p=0.02, respectively.
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Conclusions—Despite a substantial and significant increase in unadjusted risk of pneumonia

associated with inhaled corticosteroid use, pneumonia fatality and overall mortality were found not
to be increased in randomized controlled trials and were decreased in observational studies.
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Introduction

Inhaled corticosteroids (ICS) are among the most commonly prescribed anti-inflammatory
medications. They reduce the incidence of disease exacerbations in COPD patients, which
may translate into their improved overall health status. The Global Initiative for Chronic
Obstructive Lung Disease recommends ICS for management of patients with severe COPD
and those with frequent exacerbations.! The TORCH trial2, published in 2007, was the first
to report increased risk of pneumonia in patients using ICS. Since then, numerous
prospective randomized trials have reported increased risk of pneumonia with 1CS use.3-/
These trials reported pneumonia events as pre-specified adverse events; however they lacked
rigorous diagnostic ascertainment or radiological confirmation of pneumonia. Moreover, the
reported increased risk of pneumonia was not uniformly adjusted for the pertinent
confounders. We have previously studied and reported that the increased risk of pneumonia
is attenuated upon adjustment for demographics, comorbidities and concurrent medications.®
It is conceivable that the observed increased unadjusted risk of pneumonia can be at least
partly explained by higher doses, potency and longer use of ICS, especially in older patients
with more severe COPD.?

A previous meta-analysis of randomized controlled trials (RCTs) published before June
2008 reported no difference in pneumonia-associated and overall mortality despite
significantly increased risk of pneumonia in ICS users, however, the authors noted that the
included studies lacked power to detect a difference in pneumonia-associated or overall
mortality.19 Although RCTSs carry less risk of inherent bias compared to observational
studies, the observed limitations with pneumonia ascertainment, relatively low prevalence
rate, reporting bias and confounding limited the ability to interpret RCT’s regarding this
issue.

Recent, large observational studies have demonstrated either similar or improved mortality
in patients using 1CS.8: 1113 Other improved outcomes have been reported: decreased risk of
development of parapneumonic effusion,1# lesser need for mechanical ventilation!! and
fewer pulmonary complications at admission and during hospitalization.1® The observational
studies did not rely solely on the clinical diagnosis of pneumonia; rather most included
confirmatory radiographic assessments. Moreover, the recent observational studies evaluated
patients with pneumonia events necessitating admission to the hospital, in comparison to the
patients with mostly ambulatory pneumonia events enrolled in RCTs.

Given the discrepancies in estimates of risks of pneumonia, pneumonia-associated and
overall mortality in COPD patients utilizing ICS and a number of recently published studies
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on the topic, we systematically reviewed all available RCTs and observational studies and
pooled the results into two separate meta-analyses.

Materials and Methods

Search strategy

Three authors (E.F., V.B. and E.G.) independently and in duplicate searched PubMed,
Medline, CENTRAL, EMBASE, Scopus, Web of Science and manufacturers’ web clinical
trial registries (GlaxoSmithKline, AstraZeneca) with the clinical trial filters using multiple
search terms with no language restrictions, from 1994 to February 4, 2014. To identify
additional relevant articles, we checked the bibliographies from included and excluded
studies, as well as related systematic reviews. All abstracts returned from the preliminary
search were reviewed in three combinations of duplicates. Ten random manuscripts were
reviewed for eligibility by all three reviewers together to help standardize the selection
strategy. Then, the same reviewers each independently assessed approximately two-thirds of
all full-text manuscripts for the eligibility. Disagreements regarding eligibility between two
reviewers were resolved through consensus and with an input from the third reviewer.

Outcome measures

Among all studies of ICS use in COPD, those which measured pneumonia and reported
study-period mortality were analyzed in detail. We considered all pneumonia events
irrespective of severity. We also analyzed more reliable overall mortality outcomes, as well
as pneumonia-associated mortality (number of pneumonia cases who died divided by
number of patients in the ICS versus non-1CS group) and pneumonia case-fatality (humber
of pneumonia cases who died divided by all pneumonia cases in the ICS versus non-ICS
group, respectively). At the outcome level, we assessed risk of bias by using GRADE
profiler, version 3.6 (GRADE working group).

Quantitative data synthesis and sensitivity analysis

We used Review Manager Software, version 5.2 (Nordic Cochrane Center, Copenhagen,
Denmark), to calculate pooled relative risk (RR) for RCTs and odds ratio (OR) for
observational studies with respective 95% confidence intervals (Cls) using a random effects
model. We reported the outcomes data according to an “intention to treat” (ITT) analysis.
All reported p-values are two-sided, with significance set at less than 0.05. The statistical
heterogeneity was assessed using the 12 statistic. Where substantial statistical heterogeneity
was present, we explored potential sources of heterogeneity in the subgroup analyses.
Sensitivity analyses were performed to explore the influence of statistical models (fixed vs
random effects) on the effect size, the influence of individual trials, per protocol analysis and
the inclusion of “double-zero” events (zero outcomes in both ICS and non-1CS groups).

Additional details on eligibility, search, data extraction, study characteristics and quality
assessment are available in the Supplemental file and e-Figures 1-4.
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We identified 38 studies, 29 RCTs and nine observational. The flowchart is shown in Figure
1. Twenty-five studies initially fulfilled our inclusion criteria. Thirteen additional studies
were identified; four through the reviews of web-based pharmaceutical clinical trial
registries and nine through the reviews of bibliographies of the previous meta-analyses.10: 16
We then investigated why the nine latter studies were not included in our initial search
results and discovered that their published versions did not contain either of the specific
inclusive terms: “pneumonia” or “pneumoni*”. Study characteristics are shown in Tables 1
(29 RCTs)37. 1740 and 2 (9 observational studies).5: 11-14, 41-44

The 29 RCTs included 33,472 patients, of whom 18,715 received ICS and 14,757 received
control treatment. The duration of trials ranged from 24 weeks to three years, with median
duration of 12 months. The most studied ICS was fluticasone with 22,216 participants in 19
trials, followed by budesonide with 8,768 participants in eight trials, and 2 mometasone
trials with 2,488 participants. We considered all RCTs as high quality studies based on the
sequence generation and double-blinding. At the outcome-level RCTs were judged to be at
‘high’ rather than “very high’ risk of bias, as this bias would be expected to be non-
differential.

There were nine observational studies, which included 292,430 patients, of whom 76,521
were on ICS and 215,909 were not on ICS. Seven studies were cohort and two were case-
control studies. Eight studies assessed risk of pneumonia requiring admission to the hospital
and one included patients admitted to either emergency room or hospital. While quality of
pneumonia ascertainment was more systematic compared to RCTSs, all observational studies
were also judged to be at "very high’ risk of bias due to high heterogeneity and conferred
overall lower confidence in pneumonia and mortality outcomes (Table 3).

We attempted to obtain additional unpublished information on 11 trials by contacting
corresponding authors by email. Five investigators replied to the first email sent and three
were able to provide usable information on three trials. We received no replies to the second
email attempts.

Pneumonia

All 29 RCTs were usable for estimating unadjusted increased risk of pneumonia with the use
of ICS; RR 1.61; 95% CI 1.35-1.93, p<0.001 (Figure 2). The heterogeneity was deemed
acceptable (12=37%). Nineteen trials with fluticasone showed significantly increased risk of
pneumonia, RR 1.76; 95% CI 1.53-2.02, p<0.001; while eight trials of budesonide and two
trials of mometasone showed a non-significant risk, RR 1.27; 95% CI 0.86-1.87, p=0.23;
and RR 1.36; 95% CI 0.57-3.22, p=0.49; respectively (e-Figure 5, Online Supplement).
However, the difference among these three ICS subgroups was not significant (p=0.27,
12=23%). Eight trials that allowed use of ICS in the run-in period showed slightly higher risk
of pneumonia compared to 13 trials without ICS in run-in period, RR 1.70; 95% CI
1.13-2.55, p=0.01; versus RR 1.59; 95% CI 1.40-1.80, p<0.001; respectively. Two trials with
oral corticosteroids used in the run-in period showed even higher risk of pneumonia, RR
2.14; 95% CI 1.29-3.58, p=0.003.
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Four observational studies (2 cohort and 2 case-control) allowed estimation of unadjusted
risk of pneumonia, which was increased, OR 1.89; 95% CI 1.39-2.58, p<0.001; with the
near-maximum heterogeneity noted (Figure 2). Excluding two case-control studies improved
heterogeneity somewhat (12=62%) and the estimated OR for pneumonia remained similar,
OR 1.74; 95% CI 0.97-3.13, p=0.06.

Notably, there was no statistically significant difference (none is singular) between
subgroups within any of the subgroup-level analyses.

Pneumonia-associated mortality and case-fatality

Six of 29 RCTs reported mortality experience among patients with pneumonia, hence they
were useful in estimating risk of pneumonia-related mortality and fatality. There was no
significant differences between ICS and non-ICS arms in either pneumonia-associated
mortality; RR 1.50; 95% CI 0.85-2.67, p=0.16, or pneumonia fatality; RR 0.91; 95% ClI
0.52-1.59, p=0.74 (Figure 3), with no heterogeneity among these trials, 12=0%. This
suggested that significantly increased risk of pneumonia in ICS group was not
proportionately followed by higher risks of pneumonia-associated mortality or pneumonia
fatality, which were not significantly different between the ICS and non-ICS groups.

Only two observational studies allowed estimation of pneumonia-associated mortality
(number of pneumonia cases who died divided by number of all patients, with or without
pneumonia, in the ICS versus non-1CS groups). There was no difference in pneumonia-
associated mortality between the ICS versus non-1CS groups; OR 1.09; 95% CI 0.98-1.21,
p=0.13, 12=0% (Figure 4). Seven observational studies allowed estimation of unadjusted risk
of pneumonia fatality (number of pneumonia cases who died divided by all pneumonia cases
in the ICS versus non-ICS groups). There was a significant difference in pneumonia fatality
between the ICS and non-ICS groups; OR 0.72; 95% CI 0.59-0.88, p=0.001, however,
substantial heterogeneity was observed (12=74%., p<0.001).

Overall mortality

All RCTs allowed estimation of unadjusted risk of overall mortality with ICS use and the
risk was not different from the comparison arm, RR 0.95; 95% CI 0.85-1.05, p=0.31; 12=0%
(Figure 5). The risk estimate was similar for all three studied ICS medications. Six estimable
observational studies demonstrated decreased unadjusted risk of overall mortality with ICS
use but with high heterogeneity, OR 0.79; 95% CI 0.65-0.97, p=0.02, 12=83% (Figure 4).
Exclusion of a single case-control study improved heterogeneity somewhat (12=72%) with
no change in estimated risk, OR 0.75; 95% CI 0.60-0.94, p=0.01.

Study drop-out rates

All 29 RCTs were assessed for the study drop-out rates. Compared with placebo, use of ICS
was associated with a lower relative risk of trial drop-out, RR 0.84; 95% CI 0.81-0.88,
p<0.001; 12=29% (e-Figure 6, Online Supplement).
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Sensitivity analyses

Sensitivity analysis on effect size for statistical models showed no appreciable differences
for any of the outcomes for fixed vs random effects. Excluding case-control studies
decreased the heterogeneity without a change in overall results. Sensitivity analysis of all
RCTs by “per protocol” (PP) strategy (excluding patients that did not complete the trial)
rather than per ITT, decreased the estimated risks for pneumonia and overall mortality
outcomes. This is as expected because the study completion was previously shown to be
favored by ICS versus non-ICS arms.2! For the outcome of overall mortality (e-Figure 7,
Online Supplement), a change to PP strategy resulted in a significant decrease in unadjusted
risk of overall mortality for patients in ICS arms, RR 0.89; 95% CI 0.81-0.99, p=0.03;
12=0%). Sensitivity analysis with inclusion of “double-zero” events, and change in risk
estimates from RR to OR or vice-versa did not significantly affect any results.

Discussion

Our findings confirm significantly increased unadjusted risk of pneumonia among ICS users
in published RCTs as well as observational studies on the topic. Despite this observed risk,
pneumonia-associated mortality, pneumonia fatality and overall mortality were not
significantly different between the ICS and non-1CS group in RCTs. Surprisingly,
observational studies showed significantly decreased risk of pneumonia fatality and overall
mortality in the ICS group but with the substantial heterogeneity among these studies. The
estimable risk of pneumonia-associated mortality in two observational studies was not
different between ICS and non-ICS groups, but it was proportionately lower than the
observed higher risk of incident pneumonia in those studies.

In terms of risk of pneumonia associated with ICS use, our results are remarkably similar to
the results of a previous meta-analysis on the topic?, although the total number of patients
in the current meta-analysis is twice as large. Therefore, the evidence for increased
unadjusted risk of pneumonia with ICS use remains robust. Also, similar to previous
reports,*® in our meta-analysis this risk was more prominent for fluticasone, which has
higher corticosteroid receptor affinity compared to budesonide.*6 Although the subgroup
analysis showed that the risk of pneumonia was higher in trials where corticosteroids were
used in the run-in period, none of the differences among subgroups were statistically
significant. A proposed rationale for the observed increased risk of pneumonia with ICS use
is combination of immunosuppressive effect of corticosteroids superimposed on an exposed
COPD patient with chronically obstructed airways frequently colonized with bacteria.*6 Of
note, this risk is not uniform for all patients and is likely dependent on the host
characteristics (age, COPD severity, functional status etc.) and medication effects (dose,
duration and potency of ICS compounds).

The risk of incident pneumonia was estimated to be higher in observational studies than in
RCTs. This could be likely explained by the retrospective inclusion of patients with
pneumonia diagnosis without proper adjustment for the duration of preceding respiratory
symptoms. A recent major trial showed that a half of all pneumonia events in the fluticasone
arm were associated with an ongoing or unresolved COPD exacerbation. The data from this
trial’s daily record cards showed more unresolved exacerbations preceding pneumonia
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events in the ICS-treated patients.> While this effect is possible to study and analyze
prospectively, the retrospective observational design would not allow this.

Despite an increased unadjusted risk of pneumonia in RCTs, meta-analysis on pneumonia-
associated and overall mortality outcomes showed no significant difference between ICS and
non-ICS groups. This could be expected if pneumonia events were not severe enough to
affect the mortality outcomes. However, both COPD and pneumonia are among the most
frequent causes of death, and as such the overall mortality would be expected to be higher in
a group of COPD patients with higher rates of serious pneumonia. Moreover, pooling of the
observational studies with >75,000 pneumonia events showed similar results. All pneumonia
events in observational studies were diagnosed upon the emergency room or hospital
admission making these more severe than ambulatory pneumonia events not requiring
hospitalization. Therefore, we propose that although ICS might predispose COPD patients to
the increased risk of pneumonia, their anti-inflammatory or other mitigating effect might
counterbalance the pneumonia risk and result in similar or improved mortality. A recently
published RCT on the role of systemic corticosteroids among patients hospitalized for
community-acquired pneumonia with high inflammatory response has indicated a protective
effect of corticosteroids.#” This paradoxical beneficial effect of corticosteroids that has been
earlier suggested?S: 46 might be further supported by the higher adherence among ICS users
in RCTs. A sensitivity analysis by PP strategy, which accounted for the imbalance in drop-
out rates in RCTs, showed that patients in ICS arms had significantly decreased unadjusted
overall mortality compared to patients in non-ICS arms. Of note, the mortality was assessed
completely, regardless of the compliance or drop out from the study protocol.

In view of a recently suggested “double-effect” of I1CS,6: 48 we also analyzed the risk of
pneumonia case-fatality between ICS and non-ICS groups. In meta-analyses of both RCTs
and observational studies, the estimated risks of pneumonia fatality were in the opposite
direction from the observed increased risk for pneumonia, although patients who use ICS
tend to be older @ with more severe disease.

In a recent, population-based study Gershon et al. reported no difference in incidence of
pneumonia requiring hospitalization in patients with newly prescribed combination of ICS
and long acting beta agonists (LABA) compared to LABA alone.*® However, patients with
new prescriptions for ICS/LABA had decreased risk of overall mortality compared to those
using LABA alone. Post hoc addition of this study (with more than 12,000 patients) to our
meta-analysis did not change results.

This meta-analysis has several limitations, mostly rooted in the trials and studies we
included. As mentioned earlier, many of the trials did not systematically define pneumonia
events or require radiographic confirmation for cases of suspected pneumonia. While this
specific limitation was largely averted in observational studies, pooling of observational
studies resulted in large heterogeneity due to other inherent biases. Although included
studies used varying and subjective criteria for the ascertainment of pneumonia diagnosis,
this bias was non-differential relative to ICS and non-ICS groups and the expected effect of
this bias on the mortality outcomes would not be expected to be different. Indeed, the studies
differed widely in their methodologies and only a few of the studies were estimable for the
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specific outcomes (e.g. pneumonia mortality), which might have affected the power of the
meta-analysis to identify significant differences. Despite the above limitations, the overall
similarity in the risk estimates for “pneumonia® and changes in their direction for the
mortality outcomes are considered as important findings. Our meta-analysis was prone to
reporting bias as we depended solely on the investigator’s reporting of outcomes. Only about
half of contributing authors replied to our enquiry and only a third was able to provide us the
required information, hence the possibility for bias remains. Although all but one RCT?
were sponsored by the pharmaceutical industry, we did not observe evidence for publication
bias. We reviewed the clinical trials registry and included both published and unpublished
studies. Also, solid evidence for increased unadjusted risk of pneumonia has been the
finding in both the non-industry and industry-sponsored studies.

We investigated only the crude outcome risks, both in RCTs and in observational studies. A
random enrollment in RCTs and a large number of patients in observational studies likely
eased this concern. Although a few observational studies reported adjusted analyses, their
selected predictor and outcome variables varied drastically precluding meaningful pooling.
Moreover, the available adjusted risk estimates in the individual studies were all very similar
to the unadjusted ones. Without individual-patient data, we could not study any differences
in pneumonia-associated and overall mortality based on COPD severity or presence of
comorbidities. We grouped all patients utilizing ICS into ICS-user group, regardless of ICS
being used alone or in combination with other agents. Similarly, those in non-ICS user group
were not using ICS regardless of potential use of other pertinent medications. More
portioned investigation of ICS alone or in combination with other medications were not done
at this stage.

Finally, the grade of confidence in risk estimates from the included studies ranged from low
(pneumonia-associated mortality) to high (overall mortality) in RCTs and was lower in
observational studies. Previously noted major limitation with ascertainment of pneumonia
and associated mortality,1° still remains. Only future prospective trials of ICS, which would
systematically assess and monitor pneumonia as a prespecified outcome using objective
pneumonia definitions could clarify this and other above-mentioned concerns.

Conclusion

Despite the fact that most RCTs and observational studies demonstrate increased risk of
pneumonia associated with ICS use, the risks of pneumonia fatality and pneumonia-
associated as well as overall mortality are, surprisingly, not increased in RCT’s and are
reduced in observational studies. This paradox suggests an unexplained “double effect” of
ICS in COPD patients and merits further study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Meta-analysis of RCTs and observational studies for pneumonia. Risk estimates shown

Favours [experimental] Favours [control]

are relative risk (RR) for RCTs and odds ratio (OR) for observational studies
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Figure 3. Meta-analysis of RCTs for pneumonia-associated mortality and pneumonia fatality.

Risk estimates shown are relative risks (RR)
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Figure 4. Meta-analysis of observational studies for pneumonia-associated mortality and case

fatality. Risk estimates shown are odds ratios (OR)
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Figure 5. Meta-analysis of RCTs and observational studies for overall mortality. Risk estimates
shown are relative risk (RR) for RCTs and odds ratio (OR) for observational studies
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