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The triple therapy for chronic obstructive pulmonary disease
increases the risk of pneumonias compared to the

dual-bronchodilator therapy
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Chronic obstructive pulmonary disease (COPD) became
the third leading cause of death in the world in 2020 (1).
"Two types of long-acting inhaled bronchodilators, namely
long-acting muscarinic antagonists (LAMAs) and long-
acting beta-2-agonists (LABAs), play an essential role in the
maintenance treatment of COPD (1,2). Besides, inhaled
corticosteroids (ICS) may be administered for a subgroup
of COPD cases (1). There was a long-lasting controversy
whether ICS is a safe and effective medication for COPD
management (3,4). If ICS has indication, which subgroup
of COPD patients have reasonable indication for the triple
therapy, the combination of LAMA, LABA, and ICS. The
GOLD 2020 recommends the triple therapy for patients
belonging to the Group D who have eosinophilia because
some of recent large-scale randomized controlled trials
(RCT5) revealed that the triple therapy greatly reduced the
risk of exacerbation of eosinophilic patients (1). In addition,
the triple therapy has a reasonable indication for those with
asthma COPD overlap (5).

Exacerbation is often used as the primary endpoint
of trials that assess the medical treatment for COPD
because an expected number of all-cause deaths, an
ultimate endpoint, is too small and because an exacerbation
has substantial impact on the mortality, quality of life
change, and future clinical course of COPD. Besides the
exacerbation, a pneumonia is another serious concern to
choose inhaled medications for COPD because a pneumonia
directly disposes a patient at a high risk of death and
critically worsens future clinical course even if survived (6).
ICS alone or in combination with a LABA has known to
increase the risk of pneumonia (3,4). A recent real-world
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analysis by Suissa et al. with nearly nine thousand cases
reported that the incidence of severe pneumonia requiring
hospitalization was increased with the triple therapy
initiation [hazard ratio, 1.46; 95% confidence interval (CI),
1.03-2.06] (7). Whether the triple therapy increases the
risk of pneumonia in RCTs is a serious issue because RCT
is the most reliable and standard study design to assess the
impact of any medication. Although many trials have been
conducted to compare the dual bronchodilator therapy and
the triple therapy for COPD, the published articles showed
varied results how the triple therapy affect the risk of
pneumonia. We conducted a meta-analysis to see if COPD
patients who were treated with the triple therapy have
increased risk of a pneumonia compared to those with the
dual bronchodilator.

Patient informed consent and institutional ethics review
board approval were not applicable since our review did
not directly deal with patients and clinical data. We tried
to search for candidate articles using PubMed, Cochrane
CENTRAL, and Web of Science Core Collection on
April 20, 2020. Both randomized and well-designed non-
RCTs that compared the triple therapy and the dual-
bronchodilator therapy in any language were included.
Withdrawing ICS from the triple therapy was allowed.
The patients should be diagnosed to have COPD based on
the standard guidelines (1). The primary endpoint of our
analysis is the incidence of pneumonia during follow-up.
Subgroup analyses from RCTs and observational studies
were performed. Data were independently extracted by two
review authors (KW, NH). A random-effect model meta-
analysis using Mantel-Haenszel odds ratio was performed
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Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, 95% CI

1.1.1 Randomized controlled trial

Chapman, Sunset, 2018, FP 9 526 6 527 36% 1.51 [0.53, 4.28]

Fergusan, Kronos, 2018, BUD 12 B39 10 625 52% 1.18 [0.50, 2.74] —

Lipson, Impact, 2018, FF 317 41561 97 2070 24.2% 1.68[1.33,2.12] —
Magnhussen, Wisdom, 2014, FP 72 1243 B8 1242 181% 1.06 [0.75, 1.49] =

Papi, Tribute, 2018, FF 28 764 27 768 10.6% 1.04 [0.61,1.79] S

Rabe, Ethos, 2020, BUD 183 4268 61 2128 20.6% 1.52[1.13,2.04] =
Subtotal (95% CI) 11591 7360 82.2% 1.38[1.15, 1.67] <>

Total events 269

Heterogeneity: Tau®= 0.01; Chi*= 6.47, df= 5 (P = 0.26); F= 23%

Test for overall effect: Z= 3.42 (P = 0.0006)

1.1.2 Real-world clinical trial

Suissa, the current, 2020, NS 280 6921 37 1932 17.8% 2.16[1.53, 3.05] _——
Subtotal (95% CI) 6921 1932 17.8% 2.16 [1.53, 3.05] e
Total events 280 37

Heterogeneity: Not applicable

Test for overall effect: Z= 4.35 (P < 0.0001)

Total (95% CI) 18512 9292 100.0% 1.47[1.19,1.82] <

Total events

Heterogeneity: Tau®= 0.03; Chi*=11.19, df = 6 (P = 0.08); IF= 46% = e 3 P

Test for overall effect: Z= 3.61 (P = 0.0003)
Test for subaroup differences: Chi®= 4.89, df=1 (P = 0.03), F=79.5%

Favours Triple therapy Favours LAMA+LABA

Figure 1 Forest plots for pneumonia frequency. The triple therapy versus the dual-bronchodilator therapy. The first author, study name if

applicable, publication year, and a type of inhaled corticosteroids were shown on the left side. A random-model meta-analysis using Mantel-

Haenszel (M-H) analysis was conducted using Review Manager ver. 5 (Cochrane, London, UK). A propensity score matched study was

analyzed together with randomized controlled trials because a propensity score study mimics a randomized controlled trial. FP, fluticasone

propionate; FF, fluticasone furoate; BUD, budesonide; NS, not specified.

using Review Manager version 5 (Cochrane, London, UK).

We eventually found six RCTs and one observational
study (7-13). All of them were written in English language.
Numbers of patients included in each study ranged from
1,053 to 8,853 with a median of 2,485, and a total of
27,804. The random-effect model meta-analysis revealed
that the patients who were treated with the triple therapy
had higher risk of pneumonia (odds ratio 1.47, 95% CI,
1.19-1.82, P<0.001; I’=46%, P for heterogeneity =0.08;
Figure I). The impact of the triple therapy on the frequency
of pneumonia was stronger in the real-world than expected
from the RCTs (Figure I) (7). The triple therapy also led
to the increased risk of pneumonia based on a fixed-model
sensitivity analysis (odds ratio 1.55, 95% CI, 1.35-1.77,
P<0.001; I’'=46%, P for heterogeneity =0.08).

Our data were consistent with previous meta-analyses that
evaluated the impact of ICS on the pneumonias of COPD
patients. Singh et al. reported a meta-analysis of 18 RCTs
in 2009 (3). The included trials evaluated fluticasone
propionate alone or budesonide alone or in the form of
combination with LABA. They showed that ICS were
associated with a significantly increased risk of pneumonia
(relative risk, 1.60; 95% CI, 1.33-1.92; P<0.001; ’=16%) (3).
In 2014, Kew er al. conducted an update meta-analysis
incorporating 43 trials that evaluated fluticasone propionate
and budesonide (4). The conclusion from Kew et /.
matched to that from Singh et /. Our analysis had a few
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differences compared to these previous meta-analyses. First,
we included recently published studies since 2014 (Figure I).
Second, one study adopted a new drug, fluticasone furoate.
Third, we focused on the comparison between the dual
bronchodilator therapy and the triple therapy. Finally, three
RCTs adopted single-device triple therapy using a novel
device. Despite these difference from the previous meta-
analyses, adding ICS to other inhaler medication increased
the risk of pneumonia (Figure 1) (3,4). These consistent
results are biologically plausible because corticosteroids are
immunosuppressants. Regardless of the increased risk of
pneumonia, we should mention that risk of all-cause death
was lower in the triple therapy arm (OR 0.75, 95% CI,
0.60-0.93, I’=0%, P for heterogeneity =0.59), according to
the random-model meta-analysis from the six RCTs.

A limitation is a moderate heterogeneity (I'=46%), which
was mainly explainable by study design (heterogeneity
between RCT and real-world subgroups, 1°=79.5%,
P=0.03). Nonetheless, we believe that our data is trustful
because both subgroups suggested significantly increased
pneumonia risk in patients with triple therapy. Another
limitation is that we could not detect high risk ICS type or
patient characteristics leading to ICS-caused pneumonia.

Adding ICS on the dual-bronchodilator therapy
decreased exacerbation and all-cause death, but increased
pneumonia. Merits and demerits from the triple therapy
should be well recognized.
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