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Efficacy and Safety of Different Doses of Systemic Corticosteroids in

COPD Exacerbation

Xiaofeng Pu, Liang Liu, Bimin Feng, Maolin Wang, Limei Dong, Zhengji Zhang, Qingze Fan,

Ying Li, and Guojun Wang

BACKGROUND: Although systemic corticosteroids (SCS) have long been used to treat patients
with COPD exacerbation, the recommended dose remains controversial. We aimed to perform a
meta-analysis and an indirect treatment comparison to investigate the efficacy and safety of dif-
ferent doses of SCS in subjects with COPD exacerbation. METHODS: Studies were identified by
searching different databases for randomized controlled trials that investigated the efficacy and
safety of SCS with placebo in subjects with exacerbation of COPD. The different doses of SCS
were assigned to low-dose (ie, initial dose < 40 mg prednisone equivalent/d [PE/d]), medium-
dose (initial dose = 40-100 mg PE/d, and high-dose (initial dose > 100 mg PE/d) groups. The
indirect treatment comparison was performed between low-, medium-, and high-dose SCS
groups. RESULTS: Twelve trials with 1,375 participates were included. Compared to placebo,
the risk of treatment failure was lower in the low-dose SCS groups (risk ratio 0.61 [95% CI
0.43-0.88], P = .007) and high-dose SCS groups (risk ratio 0.64 [95% CI 0.48-0.85], P = .002);
the FEV, was significantly improved in low-dose (mean difference 0.09 [95% CI 0.06-0.12], P <
.001), medium-dose (mean difference 0.23 [95% CI 0.02-0.44], P = .036), and high-dose SCS
groups (mean difference 0.09, [95% CI 0.03-0.15], P < .001, respectively). Regarding safety, the
incidence of hyperglycemia was higher in high-dose SCS groups versus placebo (risk ratio 2.52
[95% CI 1.13-5.62], P = .02). The indirect comparison between low-, medium-, and high-dose
SCS found that the risk of treatment failure and changes in FEV,; were similar between these
doses of SCS. CONCLUSIONS: This meta-analysis indicates that low-dose SCS (initial dose =<
40 mg PE/d) was sufficient and safer for treating subjects with COPD exacerbation, and it was
noninferior to higher doses of SCS (initial dose > 40 mg PE/d) in improving FEV; and reducing
the risk of treatment failure. However, our findings need to be verified in head-to-head random-
ized controlled trials. Key words: COPD exacerbation, systemic corticosteroids; different doses; meta-
analysis, indirect treatment comparison. [Respir Care 0;0(0):1—e. © 0 Daedalus Enterprises]

Introduction

COPD is a common, preventable, controllable, and treat-
able disease. Patients with COPD are often exposed to large
amounts of harmful particles or gases, resulting in abnormal
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airways and alveoli, persistent respiratory symptoms, and air
flow limitations." The psychological, mental, and economic
burden of COPD often exceeds that of other diseases; mean-
while, quality of life and work productivity of individuals
with COPD is frequently reduced.”® To date, the morbidity
of COPD has been estimated to be about 11.7% worldwide,
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with approximately 3 million people dying annually due to
COPD. COPD has become one of the global leading causes
of death.”

For individuals with COPD, symptoms develop over
time and activities of daily living gradually decrease, with
exacerbations of the disease occurring in many patients.’
COPD exacerbations accelerate respiratory failure and
increase mortality and relapse rates.>® It is noteworthy that
a remarkable number of COPD exacerbation patients who
require hospitalization are readmitted within 6 months of
the primary treatment.”®

Several drugs are recommended for patients with COPD
exacerbation, including bronchodilators (eg, [,-agonists,
long-acting muscarinic antagonists, theophylline), antibiot-
ics, and inhaled or systemic corticosteroids.””'? Systemic
corticosteroids (SCS) are commonly prescribed to treat
patients with respiratory conditions such as asthma and to
reduce the risk of flare-ups of inflammatory conditions,
including rheumatologic and autoimmune diseases, allergic
reactions, and inflammatory bowel disease. Although SCS
have long been used to treat patients with COPD exacerba-
tion, there have been no head-to-head randomized con-
trolled trials (RCTs) to directly compare the effect of
different dosage regimens of SCS. In addition, there is cur-
rently no consensus on the standard dose and duration of
SCS in the treatment of COPD exacerbation. The Japanese
Respiratory Society recommend oral prednisolone 3040
mg/d for 7-10 d in patients with COPD exacerbation.'*
However, the Thoracic Society of Australia and New
Zealand recommend a 5-d course of 30—50 mg oral prednis-
olone, which is adequate for the treatment of exacerbations
of COPD." Similarly, the steroid regimen recommended by
the Global Obstructive Lung Disease (GOLD) guideline is
40 mg/d oral prednisolone for 5 d.' One systematic review
compared different durations of SCS therapy for subjects
with COPD exacerbation,'® but the corresponding daily
doses were not assessed. Another systematic review that con-
centrated on high-dose versus low-dose systemic steroids for
treatment of exacerbation of COPD failed to identify any
randomized trials comparing different doses of SCS."” In
addition, Cheng et al'® performed a meta-analysis to com-
pare the efficacy and safety of different doses of SCS with
placebo via subgroup analysis of high-dose and low-dose
SCS, but this approach might not clearly explain which dose
is better. Therefore, indirect treatment comparison could
be used to obtain more rigorous results. We aimed to com-
pare the efficacy and safety of different doses of SCS in sub-
jects with COPD exacerbation using meta-analysis followed
by an indirect treatment—comparison technique.

Methods

This meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and
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Fig. 1. Flow chart. RCT =randomized controlled trial.

Meta-analyses (PRISMA) statement,'® and it was registered
in the International Database of Prospectively Registered
Systematic Reviews (PROSPERO; CRD42019122267).
The selection process of the present meta-analysis is illus-
trated in Figure 1.

Two reviewers performed a comprehensive literature
search for RCTs investigating the effects of different doses
of SCS in subjects with COPD exacerbation. The relevant
terms were searched in PubMed, Embase, Cochrane
Library, Cochrane Central Register of Controlled Trials
(CENTRAL), and ClinicalTrials.gov to retrieve studies
available up to December 4, 2019. The following key
words were used in the literature search: corticosteroids
(glucocorticoid, hydrocortisone, prednisone, prednisolone,
methylprednisone, methylprednisolone, dexamethasone,
triamcinolone, beclomethasone, betamethasone, flutica-
sone), and exacerbations of COPD (acute or chronic). Only
articles published in English or Chinese were included. The
detailed search strategy is shown in the supplementary
materials (available at: http://www.rcjournal.com).

The criteria were selected via the framework of patient
problem, intervention, comparison, outcomes, and study.
Briefly, studies that met the following criteria were
included in the analysis: the included patient problem was
diagnosed as exacerbation of COPD according to the
GOLD criteria'; intervention was SCS with usual treatment
(eg, antibiotics and inhaled bronchodilators); comparison
was usual treatment (eg, antibiotics and inhaled bronchodi-
lators) versus placebo; outcomes were changes in FEVy,
treatment failure (eg, death from any cause or the need for
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intubation and mechanical ventilation, readmission because
of COPD, the need for additional treatment), relapse after
treatment (eg, treatment for new exacerbation, readmission
or hospitalization for COPD), hospital length of stay
(LOS), mortality, and adverse effects. The study included
RCTs comparing the efficacy and safety of SCS versus pla-
cebo in subjects with COPD exacerbation. We excluded
studies using the following criteria: subjects with complica-
tions including allergic rhinitis, pulmonary infarction, pul-
monary encephalopathy, asthma, atopy, pneumoconiosis,
and active tuberculosis; studies of inhaled corticosteroids;
non-RCTs; and review articles or other types of article.

We assessed the quality of each included study according
to the Cochrane Handbook for Systematic Reviews of
Interventions.”® We assessed risk of bias according to the
following items: random-sequence generation, allocation
concealment, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting. Two reviewers
independently assessed the risk of bias and resolved dis-
agreements by discussion.

The following study characteristics were extracted by 2
reviewers from included studies: publication details (eg,
title, authors, and year of publication); subjects (eg, sample
size, mean age, gender, smoking history, and inclusion cri-
teria); interventions (eg, type of SCS, administration route,
dose, and duration); outcomes (eg, changes in FEV, treat-
ment failure, relapse after treatment, hospital LOS, mortal-
ity, and adverse effects).

The primary outcomes of the current meta-analysis were
treatment failure and relapse after treatment. The secondary
outcomes were changes in FEV}, hospital LOS, mortality,
and adverse effects. Dosing categories were assigned as fol-
lows: low-dose (initial dose = 40 mg prednisone equiva-
lent/d [PE/d]), medium-dose (initial dose = 40-100 mg
PE/d), and high-dose (initial dose > 100 mg PE/d) groups
recommended in established criteria of the literature and
guideline.'*' The SCS equivalent doses were used accord-
ing to each drug’s relative anti-inflammatory potency.*

Data Analysis

Review Manager 5.3 software was used to perform sta-
tistical analysis. Statistical heterogeneity was assessed
using the chi-square test and I* statistical values. Random-
effects models were used for significant heterogeneity, rep-
resented by I* values > 50%; otherwise, a fixed-effects
model was utilized. For continuous outcomes (ie, changes
in FEV, and hospital LOS), mean differences (MDs) with
corresponding 95% CIs were used as effective measures.
The risk ratio (RR) with corresponding 95% Cls was calcu-
lated as an effective measure for dichotomous outcomes
(ie, treatment failure, relapse after treatment, mortality, and
adverse effects). For outcome indicators with large hetero-
geneity, sensitivity analysis was used to find the source of
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heterogeneity. The subgroup analysis was performed if the
duration of SCS was = 5 d to verify the efficacy of the
short-duration regimen in subjects with COPD exacerbation
according to GOLD.!

Indirect treatment comparison was performed according
to Bucher et al.” If the pooled effect estimate for each group
was statistically different compared with the placebo, the RR
or MD for each indirect comparison was calculated using
ITC (Indirect Treatment Comparison, Version 1.0, Ottawa:
Canadian Agency for Drugs and Technologies in Health)
software. This indirect comparison was made through a com-
mon comparator (placebo group). The efficacy or safety
between 2 SCS doses was considered significantly different
if the 95% CI did not contain a RR = 1 or MD = 0.

Results
Characteristics and Risk of Bias of Included Studies

Of the 1,683 studies we retrieved from the aforemen-
tioned databases, we screened 12 RCTs***3 with 1,375 sub-
jects that met the inclusion criteria. Two studies***
included outpatients (assigned to low- and medium-dose
SCS groups, respectively), and the other studies involved
inpatients. Detailed features included in RCTs are pre-
sented in Table 1. In addition, risk of bias is shown in
Figure 2. Eight studies described random-sequence genera-
tion, whereas in 4 studies the indicators were insufficient or
unclear. Allocation concealment was adequate in 6 studies;
however, the other 6 studies did not describe this aspect suf-
ficiently or allocation concealment was not mentioned. Ten
studies reported adequate blinding of subjects and investi-
gators, whereas 2 studies did not state blinding of subjects
and investigators. In addition, only 4 of the 12 included
studies described blinding of outcome assessment. Ten
studies were considered to have a low risk of attrition bias
because no outcome data were missing or the data existed
but did not have an impact on observed clinical effects; risk
of bias was unclear for 1 study because it did not address
the question of completeness, and 1 study was considered
to have a high risk of bias due to incomplete outcome data,
which had an impact on observed clinical effects. Selective
outcome reporting did not appear in 10 studies, whereas it
remained elusive in the other 2 studies. Finally, we did not
identify other sources of bias in 6 studies, and they were
unclear in the other 6 studies.

Meta-Analysis Outcomes

Table 2 shows details of the meta-analysis results of all
outcomes. Overall, 12 studies mentioned the outcome of
treatment failure. The risk of treatment failure was signifi-
cantly lower in low-dose and high-dose SCS groups com-
pared to placebo (RR 0.61 [95% CI 0.43-0.88], P = .007;
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Table 1.  Characteristics of Enrolled Studies
Study Inclusion Criteria Age, y Subjects, N Male Smokers, Systemic Co.rticosteroid Follow-Up,
Subjects, n n Regime d
Aaron et al** Age = 35 y; smoking history  69.4 £ 10.8 147 84 65 Prednisolone 40 mg/d (10 d) 30
= 15 pack-years;
FEV,/FVC < 0.7
Abroug et al*® Age = 40 y; smoking history 69 =72 217 191 ND Oral prednisolone 1 mg/kg/d ND
= 20 pack-years; (10 d)
FEV,/FVC < 0.7
Albert et al* Acute respiratory insuffi- 61.5*95 44 44 ND IV Methylprednisolone 0.5 3
ciency; acute and chronic mg/kg every 6 h (3 d)
bronchitis, and chronic
airflow obstruction
Alia et al”’ Age = 18y, with known 68.4 = 10.2 83 68 ND  Methylprednisolone 0.5 mg/kg ND
COPD exacerbation every 6 h (3 d), then every
12 h (3 d), then daily (4 d)
Bullard et al*® Ages = 40 y; FEV, < 0.6; 66.0 £ 10.9 113 97 ND IV Hydrocortisone 100 mg ev- 14
FEV,/FVC < 0.6 ery 4 h (4 d), oral predniso-
lone 40 mg every 6 h (4 d)
Chen et al* FEV,/FVC < 0.7; history of 71773 130 98 ND (1) Oral prednisolone 30 mg/d 30
cough and sputum = 2y (7 d); (2) prednisolone 30
mg/d (10 d), 15 mg/d (4 d)
Davies et al*° Age 40-80y; FEV, < 0.7; 673 = 8.4 56 39 29 Prednisolone 30 mg/d (14 d) 42
FEV,/FVC < 0.75
Emerman et al’’  Age > 50 y; FEV, < 0.7 or 64.0 £ 7.8 96 50 ND Methylprednisolone 100 mg 2
FEV,/FVC < 0.6 once
Maltais et al* Age = 50 y; smoking history ~ 70.4 = 8.3 128 105 45 Prednisolone 30 mg every 12 10
= 20 pack-years; postbron- h (3 d), then prednisolone
chodilator FEV, < 0.7 nor- 40 mg/d (7 d)
mal predicted value;
FEV,/FVC < 0.7
Niewoehner et al*> Age = 50 y; smoking history ~ 67.7 = 9.3 271 268 138 (1) Methylprednisolone 125 mg 180
= 30 pack-years; FEV, < every 6 h (3 d); predniso-
15L lone 60 mg/d (4 d), 40 mg/d
(4 d), 20 mg/d (32 d), 10
mg/d (7 d), 5 mg/d (7 d); (2)
methylprednisolone 125 mg
every 6 h (3 d) and prednis-
olone 60 mg/d (4 d), 40
mg/d (4 d), 20 mg/d (4 d)
Sun et al** Age = 35 y; COPD exacerba- 72.3 * 16.6 63 50 ND IV hydrocortisone 50 mg 28
tion; the diagnostic criteria every 8 h (7 d)
of CIRCI
Thomson et al*®  FEV, = 0.6, FEV,/FVC < 67.8 = 8.6 27 26 8 Oral prednisone 60 mg/d (3 d), 14
0.65 40 mg/d (3 d), 20 mg/d (3 d)

ND = no data, not reported
IV = intravenous
CIRCI = critical illness-related corticosteroid insufficiency

RR 0.64 [95% CI 0.48-0.85], P = .002) (Fig. 3). However,
the medium-dose SCS group and the high-dose SCS group
with duration = 5 d did not show significant difference of
treatment failure versus placebo (RR 0.56 [95% CI 0.18—
1.71], P = .31; RR 1.47 [95% C1 0.56-3.85], P = .43) (Fig.
3). When the outpatient studies were removed, the pooled

4

effect estimates decreased slightly in the low-dose SCS
groups, and the risk of treatment failure was then not signif-
icantly lower than placebo (RR 0.59 [95% CI 0.34-1.02]
P = .057; see the supplementary materials at http://www.
rcjournal.com). The pooled effect estimates slightly
increased in the medium-dose SCS group but was still not
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Fig. 2. A: Risk of bias summary for included studies, showing each risk of bias item for every included study. B: Risk of bias graph presenting

each risk of bias item as percentages across all included studies.

significantly different than placebo (RR 0.76 [95% CI
0.29-1.98], P = .58; see the supplementary materials at
http://www.rcjournal.com).

There were 7 studies that reported the outcome of relapse
after treatment, and the forest plot indicates that low-, me-
dium-, high-dose SCS groups were all not significantly dif-
ferent versus placebo (RR 0.68 [95% CI 0.45-1.04], P =
.08; RR 0.4 [95% CI 0.11-1.44], P = .36; and RR 0.65
[95% CI 0.38-1.12], P 12, respectively) (Fig. 4).
Nevertheless, subgroup analysis indicated that the inci-
dence of relapse after treatment was lower in high-dose
SCS group for > 5 d compared to placebo (RR 0.48 [95%
CI10.26-0.91], P = .02) (Fig. 4). When the outpatient study
was removed, the direction of the pooled effect estimates
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did not change in the low-dose SCS group versus placebo
(RR 0.86 [95% CI 0.33-2.28], P = .77; see the supplemen-
tary materials at http://www.rcjournal.com).

The effects of low-, medium-, high-dose SCS groups ver-
sus placebo on the changes in FEV, are shown in Figure 5
and Table 2. The pooled effect estimates showed that the
changes in FEV; were not noted between high-dose SCS
for = 5 d and placebo (MD 0.1 [95% CI -0.02 to 0.21],
P = .09); but there was significant difference between
high-dose SCS for > 5 d (MD 0.09 [95% CI 0.03-0.15],
P = .004), medium-dose SCS (MD 0.23 [95% CI 0.02—
0.44, P = .036), and low-dose SCS (MD 0.09 [95% CI
0.06-0.12, P < .001) and placebo (Fig. 5). The pooled MD
of low-dose SCS group remained unchanged when the
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Pooled Effect Estimates of Studied Outcomes

Outcomes

SCS Groups vs Placebo

SCS Subgroups vs Placebo

Low Dose

Medium Dose

High Dose

High Dose With
Short-Term SCS

High Dose With
Long-Term SCS

Treatment failure™®
Relapse after treatment*
Changes in FEV *
Length of hospital stay”
Mortality*

Adverse effect of

0.61 (0.43-0.88)
P =0%P = 007

0.68 (0.45-1.04)
F=0%P =08

0.09 (0.06-0.12)
P =0%P < 001

~1.21 (-2.24 t0 -0.19)

P=0%P=.02

1.97 (0.18-21.29)
P =NA

3.26 (0.81-13.23)

0.56 (0.18-1.71)
P =69%P =31

0.40 (0.11-1.44)
P =NA

0.23 (0.02-0.44)
P=74% P = .036

1.00 (=0.58 to 2.58)
P =NA

1.15 (0.61-2.14)
P =0%P=.67

3.29 (0.33-32.84)

0.64 (0.48-0.85)
F=31%P=.02

0.65 (0.38-1.12)
P=42%P=.12

0.09 (0.04-0.15)
P =14% P < .001
—2.00 (-5.68 to 1.68)
F=NA

0.96 (0.49-1.88)
F=0%P=.9

2.52(1.13-5.62)
P=47%P = .02

0.60 (0.22-1.67)

1.47 (0.56-3.85)

F=0%P=.43
1.69 (0.55-5.24)
P =NA

0.10 (-0.02 t0 0.21)
P =43%P = .09
NA

3.00 (0.13-69.87)
P =NA
NA

1.00 (0.07-15.00)

0.57 (0.42-0.78)
P =15%P < 001
0.48 (0.26-0.91)
F=0%P=.02
0.09 (0.03-0.15)
P =41% P = 004
NA

0.89 (0.44-1.79)
P=0%P=.5
NA

0.55 (0.18-1.68)

hyperglycemia* F=57%P=.1 P =66%P=.31
Risk of gastrointestinal 1.26 (0.33-4.80) NA
bleeding* F=0%P=.14

Short-term means duration of SCS = 5 d and long-term means duration of SCS > 5 d.
*Data presented as risk ratio (95% CI).

#Data presented as mean difference (95% CI), expressed in L for changes in FEV.
SCS = systemic corticosteroids

NA = not applicable

F=0%P=.233 F=NA F=0%P=.29

outpatient study was removed (MD 0.09 [95% CI 0.06—
0.12], P < .001), and only 1 study was left in the medium-
dose SCS group (MD 0.14 [95% CI 0.13-0.16], P < .001;
see the supplementary materials at http://www.rcjournal.
com).

The low-dose SCS group exhibited decreased hospital
LOS versus placebo (MD —1.21 [95% CI -2.24 to —0.19],
P = .02) using a fixed effects model (I*> = 47%). For the
medium- and high-dose SCS groups, there was only 1 study
in each group, and the SCS did not show significant differ-
ences compared to placebo (Table 2). Meanwhile, SCS
groups did not show significant difference in mortality
compared to placebo (Table 2; see the supplementary mate-
rials at http://www.rcjournal.com).

The incidence of hyperglycemia in low-dose and me-
dium-dose SCS groups did not show significant difference
versus placebo (Table 2). However, the high-dose SCS
group had a significantly increased incidence of hypergly-
cemia versus placebo (RR 2.52 [95% CI 1.13-5.62], P =
.02) using a fixed-effects model (I* = 47%). For increasing
the risk of gastrointestinal bleeding, each SCS group was
not statistically different compared to placebo (Table 2; see
the supplementary materials at http://www.rcjournal.com).

Table 3 shows details of the results of indirect treatment
comparison. For each outcome, the indirect treatment com-
parison was performed when there were at least 2 SCS
groups or subgroups in which the pooled effect estimates
were statistically different compared to the placebo. Thus
we indirectly compared treatment failure and changes in

6

FEV, between SCS groups (or subgroups) using placebo as
the common comparator. For treatment failure, there was
no significant difference between the low-dose group and
the high-dose group (RR 0.95 [95% CI 0.62-1.47], P =
.92), nor was there a significant difference between the
low-dose group and the high-dose for > 5 d subgroup (RR
1.07 [95% CI 0.67-1.72], P = .89). For changes in FEV},
the low-, medium-, high-dose groups and high-dose for > 5
d subgroup were indirectly compared, and there was no sig-
nificant difference in any comparison with the P values
ranging from .47 to .99 (Table 3).

Discussion

Our meta-analysis investigated the safety and efficacy of
different doses of SCS in subjects with COPD exacerbation.
The results of this meta-analysis indicate that low-dose
SCS (ie, initial dose = 40 mg PE/d) was a sufficient and
safer treatment for subjects with COPD exacerbation, and it
was noninferior to higher-dose SCS (ie, initial dose > 40
mg PE/d) for improving FEV/, reducing the risk of treat-
ment failure, and shortening hospital LOS.

Over the past several decades, SCS drugs have been
approved for the clinical treatment of COPD exacerbation.
However, the most appropriate dose for patients with exac-
erbation of COPD remains elusive. Because there are no
direct RCT comparisons between various doses of SCS, we
used indirect comparison techniques to explore the efficacy
and safety of different doses of SCS to treat subjects with a
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Test for overall effect: Z=1.01 (P = .31)
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Placebo
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Risk Ratio
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Risk Ratio
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Albert 1980 2 22 2 22 2.3 1.00(0.15-6.48) E—
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Heterogeneity: Chi? = 0.22, df = 1 (P =.64); 1= 0%

Test for overall effect: Z=0.79 (P = .43)
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Heterogeneity: Chi? = 2.36, df = 2 (P = .31); I? = 15%

Test for overall effect: Z = 3.56 (P < .001)
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Heterogeneity: Chi? = 5.79, df =4 (P = .22); 1= 31% (').01 0'.1 1 1'0 106

Test for overall effect: Z = 3.03 (P = .002)
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Fig. 3. Forest plots for the effect of different doses of SCS on treatment failure. A: Low-dose SCS versus placebo; (B) medium-dose SCS versus
placebo; (C) high-dose SCS versus placebo. SCS = systemic corticosteroids.

COPD exacerbation. In this meta-analysis, we investigated
the safety and efficacy of different doses of SCS in subjects
with exacerbation of COPD. The enrolled studies were
assigned to low-dose, medium-dose, and high-dose SCS
groups. The grouping of SCS dose regimens that we used
were different from those used in the study by Cheng et
al.'® They defined low-dose SCS as an initial dose < 80 mg
PE/d, but this may not be precise due to the wide range of
dosages. For example, combining outcomes from the study
performed by Maltais et al,* in which 60 mg prednisolone/d
was used, with outcomes from other RCTs in which a dose
regimen < 40 mg prednisolone/d was used might impact the
pooled effect estimates. Therefore, we assigned the studies

RESPIRATORY CARE @ ® ® VOL ® NO @

in which doses were < 40 mg prednisolone/d to the low-
dose SCS group according to GOLD guidelines, which rec-
ommend 40 mg prednisolone/d for COPD exacerbation.'
We defined the high-dose SCS as an initial dose > 100 mg
PE/d based on a previous review.?' Compared to placebo,
high-dose SCS with a duration > 5 d was associated with
lower risk of treatment failure or relapse and improved
FEV,; however, this treatment significantly increased the
incidence of hyperglycemia, which was demonstrated in a
previous cohort study.*® Medium-dose SCS improved FEV,
versus placebo, but it did not show superiority in other out-
comes. Interestingly, only low-dose SCS significantly short-
ened the hospital LOS versus placebo, which was consistent
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A Low-dose SCS Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight, % M-H, Fixed (95% CI) M-H, Fixed (95% Cl)
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3.3.1 SCS =5 days
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Heterogeneity: Not applicable
Test for overall effect: Z=0.91 (P = .36)

3.3.2 SCS > 5 days

Alia 2011 3 43 5 40 171
Bullard 1996 5 60 14 53 49.1
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Test for overall effect: Z = 1.56 (P = .12)
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Fig. 4. Forest plots for the effect of different doses of SCS on relapse after treatment. A: Low-dose SCS versus placebo; (B) medium-dose SCS
versus placebo; (C) high-dose SCS versus placebo. SCS = systemic corticosteroids.

with previous observational studies.”’*® Generally, COPD
severity in outpatients differed from that of inpatients. When
outpatient studies were removed, the pooled effect estimates
of changes in FEV and relapse remained largely unchanged;
the risk of treatment failure of the low-dose SCS group was
no longer significantly different from placebo, but showed a
trend (P = .057) that should be interpreted with caution.

The results of our indirect comparisons indicate that there
was no significant difference between various SCS doses
and treatment failure or changes in FEV,. Meanwhile, the
SCS subgroup with SCS > 5 d did not show superiority
compared to other SCS groups in reducing the risk of treat-
ment failure and improving FEV,. Leuppi et al** performed
an RCT and reported that, in the long-term SCS group, mean

8

cumulative prednisone dose was statistically higher, but no
significant difference was noted in time to death or in the
combined end point of exacerbation and recovery of lung
function compared to short-term SCS. The results of this
RCT are consistent with ours. The current meta-analysis
results were also accordant with previous observational stud-
ies.***® High-dose and long-term SCS should be used with
caution due to the risk of hyperglycemia, and these regimens
did not show superiority in improving lung function or prog-
nosis compared with lower dose SCS.

A previous Cochrane review'® reported that shorter
courses of SCS (ie, ~ 5 d) did not lead to worse outcomes
compared with longer courses (ie, 10-14 d). The RECUT
trial, which is currently recruiting subjects, is designed to
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Fig. 5. Forest plots for the effect of different doses of SCS on changes in FEV;. A: Low-dose SCS versus placebo; (B) medium-dose SCS versus
placebo; (C) high-dose SCS versus placebo. SCS = systemic corticosteroids.

Table 3. Indirect Comparisons Between Low, Medium, and High Doses of SCS in COPD

Outcomes Comparisons Effect Size (95% CI) P
Treatment failure Low dose/high dose with long-term SCS 1.07 (0.67-1.72) .89
Low dose/high dose 0.95 (0.62-1.47) 92

Changes in FEV, Low dose/medium dose —0.14 (-0.35 t0 0.07) 49
Low dose/high dose —-0.001 (-0.06 to 0.06) .99

Low dose/high dose with long-term SCS 0.002 (-0.06 to 0.07) 98

Medium dose/high dose 0.14 (-0.08 to 0.36) 47

Medium dose/high dose with long-term SCS 0.14 (-0.07 to 0.36) .99

Effect sizes are as follows: risk ratio for treatment failure; mean difference for changes in FEV (expressed in L).
SCS = systemic corticosteroids
Long-term = SCS duration > 5 d

explore whether a 3-d treatment with orally administered be reduced by shorter therapy duration.*” In the current
SCS is noninferior to 5-d treatment in subjects with COPD investigation, there is a trend to reduce the duration of SCS
exacerbation, and whether total corticosteroid exposure can courses in subjects with COPD exacerbation. In the
RESPIRATORY CARE © ® ® VOL @ NO @ 9
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meantime, to reduce exposure of patients with COPD exac-
erbation to SCS, the daily dose should also be considered.
A current RCT (NCT01742338) has been designed to per-
form a direct, head-to-head comparison of different doses
of corticosteroids to determine whether a high-dose cortico-
steroid regimen in subjects with COPD exacerbations is
associated with better clinical outcomes and at acceptable
risk of adverse effects compared to a low-dose corticoste-
roid regimen, but that study is still recruiting. In this meta-
analysis, we noted that an initial SCS dose = 40 mg PE/d
was noninferior for reducing the risk of treatment failure
and for improving FEV, compared to a higher dose of SCS,
and it appears sufficient to treat patients with COPD exac-
erbation. However, an indirect treatment comparison is not
as precise as direct research. Therefore, RCTs evaluating
various SCS doses in COPD exacerbation are needed to
define the most appropriate dose for patients with COPD
exacerbation and to promote the rational clinical use of
SCS.

This meta-analysis has several limitations. First, the com-
mon comparator (in this case, placebo) should be similar
across the included RCTs; however, the characteristics (eg,
the follow-up protocols) of the included studies may not be
totally consistent. Second, only outcomes (ie, changes in
FEV; and treatment failure) were indirectly compared. Due
to the lack of pooled statistically significant data in each
group, we could not detect differences in other outcomes
(eg, relapse after treatment, hospital LOS, mortality, and
adverse effects) between various doses of SCS to treat
COPD exacerbation. Third, there was significant heterogene-
ity in some outcomes, while the effect estimates remained
stable after removing 1 study at a time. Fourth, some studies
in this review had relatively small sample sizes, although no
significant risk of bias was noted. The study with small sam-
ple size likely lacks sufficient statistical power to detect true
positive associations; however, pooling these high-quality
studies could achieve reliable results.

Conclusions

This meta-analysis indicates that low-dose SCS (ie, ini-
tial dose = 40 mg PE/d) is sufficient and safer for treatment
of subjects with COPD exacerbation, and that it was nonin-
ferior to higher-dose SCS (ie, initial dose > 40 mg PE/d) in
improving FEV, reducing the risk of treatment failure, and
shortening hospital LOS. However, further RCTs that
directly compare the efficacy and safety of different SCS
doses in COPD exacerbation are required.
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