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Background and Objective: Although corticosteroids have been widely used in the
treatment of acute exacerbation of chronic obstructive pulmonary disease (AECOPD), few
studies have evaluated the effectiveness of nebulized corticosteroids (NCS), systemic corti-
costeroids (SCS), and NCS plus SCS in the management of AECOPD in China. This study
aimed to evaluate the effectiveness of NCS, SCS, and NCS plus SCS in Chinese patients
with AECOPD.

Patients and Methods: This was a real-world study of AECOPD patients at 43 sites from
January to September 2014. During hospitalization, patients treated with nebulized budeso-
nide (NCS group, n=1091), SCS (SCS group, n=709), or both (NCS+SCS group, n=1846)
were included. Propensity score matching (PSM) and subgroup analyses were performed.
The primary outcomes were the length of hospital stay, mortality, and change in arterial
blood gases from baseline.

Results: Multivariable analysis showed that the three treatments at the same severity of
AECOPD were not significantly different regarding intubation rates, rates of pneumonia
improvement at discharge, rates of new-onset pneumonia in hospital, and mortality. Following
PSM, NCS+SCS was associated with greater length of hospital stay than both NCS and SCS (in
patients without respiratory failure [RF, P<0.001] and with type I RF [P=0.022]), and more
hospitalization costs than the other two treatments (in patients without RF [P<0.001]).
Conclusion: NCS is effective for patients with AECOPD, which may be an alternative
treatment option. Further clinical trials are urgently needed to better understand the efficacy
of NCS, SCS, and NCS+SCS in AECOPD management in China.

Keywords: acute exacerbation, chronic obstructive pulmonary disease, clinical outcomes,
corticosteroids

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and
mortality. The number of patients with COPD in China increased from 32.4 million
in 1990 to 99.9 million in 2015."* COPD resulted in 910,809 deaths in China in
2013, accounting for 31.1% of all deaths from COPD worldwide.'

Acute exacerbation of COPD (AECOPD) is characterized by increases in
a patient’s dyspnea, cough, and/or sputum production.> The Global Initiative for
Chronic Obstructive Lung Disease (GOLD) defines an acute exacerbation as
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an acute event characterized by a worsening of the
patients’ respiratory symptoms that is beyond normal day-
to-day variations and leads to a change in medication.’

Acute exacerbation is common in patients with COPD and
is associated with increased morbidity, mortality, and
healthcare costs.*

GOLD attempted to provide evidence-based interna-
tional guidelines for the treatment of AECOPD,® aiming
to minimize the impact of AECOPD and prevent future
events.® Systemic corticosteroids (SCS), bronchodilators,
and antibacterial agents can be used for managing
AECOPD.*” The use of SCS for AECOPD is recom-
mended since they improve symptoms and lung function,
shorten the length of hospital stay and lower the read-
mission rate.® Nevertheless, the frequent use of SCS can
result in osteoporosis, thinning of the skin, cataract forma-
tion, myopathy, and glucose intolerance.®* Several studies
suggested that inhaled corticosteroids (ICS) can be safe
and effective in managing AECOPD because of their high
degree of topical anti-inflammatory activity with limited
systemic effect.'®'? ICS are found to improve symptoms,
lung function, and quality of life and reduce exacerbations
of COPD." One study from China demonstrated that ICS
have a similar efficacy than SCS.'* Nevertheless, those
studies included mostly mild AECOPD patients, which
do not reflect hospitalized AECOPD patients in a real-
world setting.

Therefore, we designed a post hoc study to evaluate the
effectiveness of nebulized corticosteroids (NCS), SCS, and
NCS+SCS therapies in the management of AECOPD in
China.

Patients and Methods

The original study was a retrospective, multicenter, non-
interventional study (ClinicalTrials.gov NCT02051166)
that was carried out at 43 sites located in 22 provinces
across China from January 2014 to September 2014. The
primary objective was to investigate the treatment patterns
of AECOPD in hospitalized patients in China.'> The out-
comes of the original study were the percentage of patients
receiving glucocorticoids by different routes of adminis-
tration, doses and duration, mortality, and the mean length
of hospitalization.'> Forty sites (93.0%) were tertiary hos-
pitals located in major cities. The original study and post
hoc analyses were approved by the local ethics committees
(Appendix 1) and conducted in accordance with the

Declaration of Helsinki. Treatments were formulated

according to local clinical practice, which presented
a minimal risk to the patients. Informed consent was
waived by the local ethics committees, as data were col-
lected retrospectively from patients who have been treated
and discharged from the hospital. Data for the study was
provided by each site via electronic and paper case report
forms (CRFs). The study database was used for the present
post hoc analysis, which is the first multicenter, real-world,
non-interventional study in China to report the possible
outcome difference(s) among different treatments in mana-
ging hospitalized AECOPD patients. The data accessed
complied with relevant data protection and privacy regula-
tions, as per Chinese laws and regulations and the Good
Clinical Practice.

Study Populations

Eligible patients were >40 years of age, diagnosed with
COPD according to the GOLD 2013 criteria for at least
three months before acute exacerbation, were hospitalized
after September 2013 due to AECOPD (patients could be
included if they were hospitalized after September 2013
and were still hospitalized in January 2014), and received
nebulized budesonide (NCS group), oral or intravenous
SCS (SCS group), or both treatments sequentially or con-
currently (NCS+SCS group). Those hospitalized patients
were considered as moderate-to-severe AECOPD patients,
judged by the physicians. Patients were excluded if they
had participated in a trial within 3 months before enroll-
ment, had aggravated AECOPD during the enrollment
period, and were discharged without treatment, or the

primary diagnosis was not AECOPD.

Outcomes

The primary outcomes were the length of hospital stay,
mortality during hospitalization, and change in arterial
blood gases (PaO,, PaCO,, Sa0,, and pH) from baseline.
The secondary outcomes were the intubation rates, rates of
pneumonia improvement at discharge (defined as the num-
ber of patients whose pneumonia at enrollment or during
hospitalization was cured at discharge), rates of new-onset
pneumonia during hospitalization, and AECOPD hospitali-
zation costs. The data about pneumonia were collected from
medical records. Patients were analyzed according to the
respiratory failure (RF) type. Type I RF was defined as
PaO, <60 mmHg, with a normal or low PaCO,. Type II
RF was defined as PaO, <60 mmHg and PaCO, >50 mmHg.
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Statistical Analysis

Continuous data are presented as mean =+ standard deviation
(SD) and were compared by one-way analysis of variance
(ANOVA). Categorical data are presented as counts and
percentages, and the chi-square test or Fisher’s exact test
was performed for group comparisons. Univariable and
multivariable logistic regression analyses were used to
detect if the different treatments were associated with the
outcomes. Multivariable linear regression was performed to
detect if the different treatments were associated with
lengths of hospital stay and improvement of PaO,, PaCO,,
Sa0,, and pH. A survival data analysis method (sub-
distribution hazard regression for competing risk) was used
to compare the time to discharge among the three groups.
The competing risk introduced by death with a shorter time
duration representing an opposite effect against discharge
was excluded by using this model. Propensity score match-
ing (PSM) was used to match data and to analyze the
differences after matching. Variables matched were demo-
graphics (sex and age) and disease characteristics (RF,
acidosis, duration of COPD, and duration of AECOPD).
Conditional on the NCS group, we used logistics regression
to create two propensity scores for the NCS+SCS and SCS
groups, respectively. After that, we used these two scores

together to construct matched samples by applying the strata
match method. The interval was set as 0.25 multiplied by SD
of the two scores. All matched patients were kept to accom-
modate the data loss of the matching across the three groups.
Statistical analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). A two-tailed P< 0.05 indi-

cated statistical significance.

Results
Demographics and Baseline

Characteristics

Overall, 5067 inpatients with AECOPD were first included,
of which 1421 were excluded from the final analysis because
of no corticosteroid treatment during AECOPD, NCS other
than budesonide, budesonide add-on to another NCS, NCS
given via other methods than nebulization; or SCS delivered
via other means than orally or intravenously. Finally, 3646
patients who received NCS (n=1091), NCS+SCS (n=1846),
or SCS (n=709) for treatment of AECOPD were included in
the post hoc analysis (Figure 1).

Across the three groups, most patients were male (range
72.4% to 79.5%), and the mean age ranged from 72.9 to 73.2
years. Most patients had a history of smoking (ie, current or
former smokers) (range, 66.0% to 69.1%). The duration of

5067 inpatients with AECOPD
e  Patients >40 years of age

L]
L]

Hospitalized after September 2013 due to AECOPD

Diagnosed with COPD according to the GOLD 2013 criteria at least 3 months before having AECOPD

1421 subjects excluded

intravenously

Without corticosteroids treatment during AECOPD
NCS other than budesonide

Nebulized budesonide add-on to another ICS

ICS delivered by methods other than nebulization
SCS delivered by methods other than orally or

Raw data
3646 subjects included

Propensity score matched data
2059 subjects included

e nebulized budesonide and/or oral/
intravenous systemic corticosteroids

' ! .

e nebulized budesonide and/or oral/
intravenous systemic corticosteroids

' ! .

NCS.n=1091 NCS+SCS.n=1846 SCS,n=709
Unknown RF, n=107 Unknown RF, n=214 Unknown RF, n=84

NCS.n=598 NCS+SCS.n=1044 | | SCS,n=417

Figure | Flow diagram of the patient selection process for post hoc analysis.

Abbreviations: ICS, inhaled corticosteroids; NCS, nebulized corticosteroids (budesonide); SCS, systemic corticosteroids; NCS+SCS, combination of NCS and SCS
therapies; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; RF, respiratory failure.
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Table | Baseline Characteristics of Hospitalized AECOPD Patients Treated with NCS, SCS, or NCS+SCS Before Propensity Score

Matching
Variables NCs SCS NCS+SCS P
(N=1091) (N=709) (N=1846)

Age (years) 72.9%9.79 72.9+9.59 73.249.27 <0.001*

Sex 0.220°
Male 790 (72.4%) 564 (79.5%) 1403 (76.0%)

Female 301 (27.6%) 145 (20.5%) 443 (24.0%)

BMI (kg/m?) 22.243.75 21.8+3.38 22.2+3.32 <0.001*
Duration of COPD (years) 9.2+9.06 10.7£9.19 10.1+9.70 <0.001*
Duration of AECOPD (days) 19.0+48.09 17.9£34.01 17.0+35.71 <0.001*
Pneumonia at enrollment 264 (24.2%) 172 (24.3%) 473 (25.6%) 0.919°

First monitor index
First PaO, (mmHg) 74.4£26.50 79.8+30.89 79.9£30.93 <0.001*
First PaCO, (mmHg) 48.7+15.36 50.9+16.98 51.5£16.90 <0.001*
First SaO, (%) 91.3£9.20 92.1£8.72 92.6+7.44 <0.001*
First pH 7.410.06 7.4£0.07 7.4£0.06 <0.001*

Smoking
Smoking status 0.305°

Never smoked 350 (32.1%) 229 (32.3%) 547 (29.6%)

Current smokers 276 (25.3%) 163 (23.0%) 462 (25.0%)

Former smokers 456 (41.8%) 305 (43.0%) 814 (44.1%)

Missing data 9 (0.8%) 12 (1.7%) 23 (1.2%)
Smoking duration (years) 35.3%13.19 34.3%12.17 35.0+£12.82 <0.001*
Smoking amount (packets/year) 58.3£93.45 66.8+115.20 63.0£96.59 <0.001*

Living environment
Long-term passive smoking 91 (8.3%) 53 (7.5%) 143 (7.7%) 0.650°
Long-term exposure to occupational dust and gas fumes 74 (6.8%) 41 (5.8%) 105 (5.7%) 0.359°
Air pollution 411 (37.7%) 255 (36.0%) 655 (35.5%) 0.139°
Damp, cold or foggy 106 (9.7%) 166 (23.4%) 207 (11.2%) 0.081°
None of the above 518 (47.5%) 311 (43.9%) 925 (50.1%) 0.090°

Comorbidities 177 (16.2%) 137 (19.3%) 366 (19.8%) -

Mean total dose (mg) 33.0£25.16 367.9+364.72* 36.9£70.50/442.2+482.75* -

Mean daily dose (mg) 3.8£1.77 49.9+38.34% 3.1£3.07/61.1£61.36% -

Mean treatment duration (days) 8.7+5.11 7.9+5.10 12.3+8.29/7.8+5.44 -

Notes: Data were summarized as meantstandard deviation for continuous variables and n (percentage) for categorical data. *One-way analysis of variance. t’Chi-square test.

*Equivalent prednisone dose.

Abbreviations: NCS, nebulized corticosteroids; SCS, systemic corticosteroids; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass

index.

smoking ranged from 34.3 to 35.3 years, and the range of
pack-year was 58.3 to 66.8. Almost 50% of the patients
(range, 43.9% to 50.1%) in each group had not experienced
long-term passive smoking, occupational dust and gas fumes,
air pollution, damp or foggy living environments (Table 1).

Clinical Outcomes
The SCS group was associated with the highest rate of
mortality and the largest improvement in PaO,. The NCS

+SCS group was associated with the longest hospital stay
and the highest hospitalization costs compared with the
other groups. The NCS group had the largest improve-
ments in PaCO, and Sa0,. No change in pH was observed
among the three groups (Table 2).

Multivariable Regression Analysis
After adjusting for age, sex, height, weight, duration of
COPD, duration of initial AECOPD, and baseline PaO,,
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Table 2 Clinical Outcomes of Hospitalized AECOPD Patients Treated with NCS, SCS, or NCS+SCS Before Propensity Score

Matching
Variables NCs SCS NCS+SCS P
(N=1091) (N=709) (N=1846)

Primary outcomes

Length of hospital stay (days) 11.8+6.84 12.0£5.10 13.3+£6.46 <0.001*

Mortality 11 (1.0%) 15 (2.1%) 31 (1.7%) <0.001°

Improvement monitor index
Improvement of PaO, (mmHg) 5.9+31.46 6.4+44.01 5.5+37.07 0.001*
Improvement of PaCO, (mmHg) —5.3+14.42 —4.9+16.78 —4.3+15.30 0.001%
Improvement of SaO, (%) 4.8%11.82 3.9+12.92 2.9+8.45 <0.001?
Improvement of pH 0.0+0.07 0.0+0.08 0.0+0.07 <0.001*

Secondary outcomes
Intubation rate 32 (2.9%) 15 (2.1%) 53 (2.9%) 0.147°
New onset pneumonia in hospital 21 (1.9%) 20 (2.8%) 49 (2.7%) 0.966°
Rate of pneumonia improvement at discharge®” 241 (22.1%) 162 (22.8%) 456 (24.7%) 0.108°
Hospitalization expense (CNY) 14,668.6%15,563.76 14,614.4£10,242.93 17,905.4+15,503.07 <0.001*

Notes: Data were summarized as mean#standard deviation for continuous variables and n (percentage) for categorical data. “Rate of pneumonia improvement at discharge
was defined as the reduction in the incidence of pneumonia from baseline to discharge. *One-way analysis of variance. bChi-square test.
Abbreviations: NCS, nebulized corticosteroids; SCS, systemic corticosteroids; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CNY, China Yuan.

PaCO,, Sa0,, and pH, multivariable logistic regression
analysis with treatment as the only independent variable
(adjusted analysis) showed that the three treatment groups
at the same severity of AECOPD were similar with respect
to intubation rate, rate of pneumonia improvement at dis-
charge, rate of new-onset pneumonia in the hospital, and
mortality (P>0.05) (Figure 2).

The final general linear model, adjusted for age, sex,
height, weight, duration of COPD, duration of initial
AECOPD, initial PaO,, PaCO,, Sa0O,, and pH showed
that NCS+SCS therapies were associated with longer
length of hospital stay at the same severity grade of
AECOPD compared with NCS therapy (P<0.001,
P=0.012, and P=0.028, respectively). In AECOPD patients
without RF, treatment with NCS+SCS was associated with
larger improvements in PaO, and SaO, compared with
NCS (P=0.001, P=0.006, respectively), and treatment
with SCS was associated with larger improvement in
PaO, compared with NCS (P=0.038). In AECOPD
patients with type I RF, treatment with NCS+SCS was
associated with larger improvement in PaCO, compared
with NCS (P=0.016) (Figure 3).

Sub-Distribution Hazard Regression for
Competing Risk of Death and Discharge

After adjustment for age, sex, height, weight, duration of
COPD, duration of initial AECOPD, and baseline PaO,,

PaCO,, Sa0,, and pH, the model with treatment as the
only independent variable showed that the NCS+SCS
group had longer median hospital stays compared with
the NCS group in AECOPD patients at the same severity
grade (P<0.001, P=0.016, and P<0.001, respectively), and
the SCS group had longer median hospital stays compared
with the NCS group in AECOPD patients with type II RF
(P<0.048) (Supplemental Figure 1).

Propensity Score Matching Analysis
Following PSM, differences in some baseline characteris-
tics and clinical outcomes were no longer significant
except for baseline PaO, (P=0.030) and baseline PaCO,
(P=0.001) (Supplemental Table 1). The NCS+SCS group
was associated with a significantly greater length of hos-
pital stay in patients without RF (£<0.001) (Table 3) and
in patients with type I RF (P=0.022) (Table 4). Meanwhile,
NCS+SCS had greater hospitalization costs (17,669.9
CYN) compared with NCS (13,268.9 CYN) and SCS
(13,7529 CYN) in AECOPD patients without RF
(P<0.001) (Table 3).

Discussion

SCSs are considered as a mainstay of AECOPD treat-
ment, but they have many side effects such as hypergly-
cemia, hypertension, osteoporosis, peptic ulcer, and
immunosuppression. For elderly patients with AECOPD,
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Clinical outcomes OR [95% CI] P
Intubation rate
Without RE~ NCS+SCS vs. NCS ifﬁ [g‘ii’ z%] 8;?7
SCS vs. NCS S410.64,3.78] :
Type I RF NCS+SCS vs. NCS 1.00 [0.08, 14.76] 0.999
SCS vs. NCS <0.001 [*, 3.55] n/a
Type IRF  NCS+SCS vs. NCS 0.97[0.34, 2.94] 0.963 ——
SCS vs. NCS 0.26 [0.04, 1.20] 0.116 O
Rate of pneumonia improvement at discharge
Without RE NCS+SCS vs. NCS 0.93[0.19, 3.53] 0.920 —_—
SCS vs. NCS 0.44 [0.09, 1.80] 0.267 &
Type I RF NCS+SCS vs. NCS n/a n/a
SCS vs. NCS n/a n/a
Type Il RF NCS+SCS vs. NCS 0.49 [<0.001, 98.99] 0.805
SCS vs. NCS >999.9 [0.09, *] n/a
Rate of new onset p ia in the h
Without RE NCS+SCS vs. NCS 1.57[0.82, 3.20] 0.191 il
SCS vs. NCS 2.10[0.99, 4.59] 0.055 T——
Type I RF NCS+SCS vs. NCS 7.32[0.67, 302.59] 0.173 =
SCS vs. NCS 3.38[0.11, 138.31] 0.454 i
Type IRF  NCS+SCS vs. NCS 0.65 [0.18, 2.44] 0.513 =
SCS vs. NCS 0.220.01, 1.49] 0.181 i
Mortality
Without R~ NCS+SCS vs. NCS 1.63 [0.63, 5.07] 0.347 ———
SCS vs. NCS 2.74[0.95, 9.00] 0.073 L)
Type I RF NCS+SCS vs. NCS 4.10 [0.42, 61.43] 0.250 i
SCS vs. NCS 5.57[0.45, 92.32] 0.182 B
Type Il RF NCS+SCS vs. NCS >999.9 [3.26, *] n/a
SCS vs. NCS >999.9 [1.04, *] n/a
0.01 0.01 1 10 100

Adjusted Odds Ratio (95% CI)

Figure 2 Frequency and logistic regression results for categorical data of clinical outcomes. NCS was used as the reference; adjusted odds ratio was adjusted by age, sex,
height, weight, duration of COPD, duration of initial AECOPD, PaO, at the first time, PaCO, at the first time, SaO, at the first time and pH at the first time. OR values of
some clinical outcomes were very large or small, and the exact value could not be obtained, *was used instead.

Abbreviations: NCS, nebulized corticosteroids (budesonide); SCS, systemic corticosteroids; NCS+SCS, combination of NCS and SCS therapies;RF, respiratory failure; OR,

odds ratio; n/a, not assessed.

more attention needs to be paid to these side effects
because of the high frequency of comorbidities, espe-
cially because immunosuppression often induces infec-
tions or aggravates pre-existing infections. Some
observational studies suggest that low doses of SCSs
may be superior to high doses in patients with
AECOPD,'®'® even though high doses are more com-
monly used.'” In a single-center retrospective cohort
study, 665 AECOPD patients were divided into three
cumulative dose range groups (low: <250 mg prednisone
251 to 500 mg, and high:

>501 mg) and there were no statistically significant

equivalents, moderate:

increases in length of hospital stay and readmission
rates when the systemic corticosteroid doses increased,

but the rate of impaired blood glucose levels obviously
increased with SCS dose.?’ In addition, those studies
mostly included patients with mild AECOPD, and data
are lacking regarding moderate and severe AECOPD.
ICSs may be a suitable solution to balance the benefits
and side effects of SCS because of lower rates of side
effects. Randomized controlled trials showed that nebu-
lized budesonide alone might be a suitable alternative for
AECOPD treatment. Maltais et al*' observed that the
difference in forced expiratory volume in one second
(FEV1) between nebulized budesonide (2 mg, q 6 h) and
oral prednisolone (30 mg, q 12 h) was not significant in the
treatment of non-acidotic AECOPD. A recent Chinese
study also showed that there were no significant
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Clinical outcomes b (SEM) P
Length of hospital stay
Without RF NCS+SCS vs.NCS ~ 1.378 (0.288)  <0.001 -
SCS vs. NCS 0.129 (0.361)  0.722
Type I RF NCS+SCS vs. NCS  1.694 (0.669)  0.012 —_—
SCS vs. NCS 0.450 (0.886) 0.612 NS ¥ V—
Type Il RF NCS+SCS vs. NCS ~ 1.703 (0.771)  0.028 —
SCS vs. NCS 0.774 (0.923)  0.402 R
Improvement of PaO,
Without RF NCS+SCS vs.NCS  7.161(2.152)  0.001 —
SCS vs. NCS 5.991(2.880)  0.038 1
Type IRF NCS+SCS vs. NCS ~ 4.068 (4.731)  0.391 *
SCS vs. NCS 12.462 (6.907)  0.073
Type Il RF NCS+SCS vs. NCS 2318 (3.221) 0.472 -
SCS vs. NCS 6.156 (3.815)  0.108 =
Improvement of PaCO,
Without RF NCS+SCS vs. NCS ~ 0.781(0.921)  0.397 —-—
SCS vs. NCS 2.083(1.233)  0.091 =
Type IRF NCS+SCS vs. NCS ~ 3.703 (1.524)  0.016 e |
SCS vs. NCS 1.943 (2.224)  0.384 =
Type Il RF NCS+SCS vs. NCS ~ 1.870(1.707)  0.274 -
SCS vs. NCS 1961 (2.021)  0.333 -
Improvement of Sa0,
Without RF NCS+SCS vs. NCS  1.086 (0.395)  0.006 o
SCS vs. NCS -0.350 (0.520)  0.501 |
Type I RF NCS+SCS vs.NCS 2139 (1.178)  0.071 .'
SCS vs. NCS 1.613 (1.736)  0.354
Type II RF NCS+SCS vs. NCS 0348 (1.021)  0.734 S ——
SCS vs. NCS 1.743 (1.209)  0.150 -
Improvement of pH
Without RF NCS+SCS vs. NCS  0.003 (0.004)  0.436
SCS vs. NCS 0.001 (0.006)  0.814
Type IRF NCS+SCS vs. NCS ~ -0.005 (0.009)  0.577
SCS vs. NCS -0.007 (0.013)  0.579
Type Il RF NCS+SCS vs.NCS  0.007 (0.008)  0.388
SCS vs. NCS 0.010 (0.010)  0.325
-8.0 -4.0 0 4.0 8.0

Adjusted regression coefficient and SEM

Figure 3 The final general linear model results for continuous data of clinical outcomes. NCS was used as the reference; the adjusted regression coefficient was adjusted by
age, sex, height, weight, duration of COPD, duration of initial AECOPD, PaO, at the first time, PaCO, at the first time, SaO, at the first time and PH at the first time. The
value greater than 8 or less than —8 was not shown in the graph on the right.
Abbreviations: NCS, nebulized corticosteroids (budesonide); SCS, systemic corticosteroids; NCS+SCS, combination of NCS and SCS therapies; RF, respiratory failure; b,
regression coefficient; SEM, standard error of the mean.

differences in symptoms, pulmonary function, and arterial
blood gas analysis between the nebulized budesonide
2 mg, 3 the

times/day) group and intravenous

methylprednisolone group (40 mg/day), while the occur-
rence of adverse events in the nebulized budesonide group
was lower.?” Since the effect of AECOPD severity on

International Journal of Chronic Obstructive Pulmonary Disease 2020:15

submit your manuscript

2349

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

Table 3 Clinical Outcomes of Hospitalized AECOPD Patients without RF After Propensity Score Matching

Clinical Outcomes Without RF
NCS SCs NCS+SCS P
(N=468) (N=317) (N=826)
Primary outcomes
Length of hospital stay (days) 11.6+7.86 11.4+4.61 13.3£6.69 <0.001*
Mortality 5 (1.1%) 6 (1.9%) 10 (1.2%) 0.565°
Improvement of PaO, (mmHg) —6.3+32.77 —5.5+44.02 —4.8+37.11 0.913%
Improvement of PaCO, (mmHg) —5.4%15.62 —4.0£17.13 —5.0£14.00 0.781%
Improvement of SaO, (%) —0.7+4.32 —1.5+6.55 0.0+5.77 0.050*
Improvement of pH 0.0+0.08 0.0+0.09 0.0£0.07 0.850°
Secondary outcomes
Intubation rate 10 (2.1%) 9 (2.8%) 12 (1.5%) 0.291°
New onset pneumonia in hospital 9 (1.9%) 13 (4.1%) 25 (3.0%) 0.201°
Rate of pneumoniaimprovement at discharge® 110 (23.5%) 69 (21.8%) 219 (26.5%) 0.618°
Hospitalization expense (CNY) 13,268.9+£15,582.72 13,752.9+8877.18 17,669.9+14,380.95 <0.001*

Notes: Data were summarized as meanzstandard deviation for continuous variables and n (percentage) for categorical data. “Rate of pneumonia improvement at discharge
was defined as the reduction in the incidence of pneumonia from baseline to discharge. *One-way analysis of variance. "Chi-square test. “Fisher’s exact test.
Abbreviations: RF, respiratory failure; NCS, nebulized corticosteroids; SCS, systemic corticosteroids; AECOPD, acute exacerbation of chronic obstructive pulmonary

disease; BMI, body mass index; CNY, China Yuan.

these results cannot be excluded, the conclusions of those
studies are of limited value.

This is the first multicenter, non-interventional, real-
world study to evaluate the effectiveness of NCS, SCS,
and NCS+SCS therapies in the management of AECOPD
in China, with a large sample size covering a large propor-
tion of the country. PSM and subgroup analyses based on
the presence of RF were used to reduce the impact of the
potential confounding factors on the results of the study,
especially AECOPD severity. Regardless of the severity of
AECOPD assessed by RF, the three treatment groups after
PSM were similar with respect to the improvement of
blood gas analysis, intubation rates, and mortality. The
NCS+SCS group showed significantly greater lengths of
hospital stay in patients without RF as well as in patients
with type I RF, and had greater hospitalization costs in
patients without RF. The present study further confirms
and expands the previous study, revealing that NCS, SCS,
and NCS+SCS for AECOPD at the same severity level are
similar with regard to intubation rates, in-hospital mortal-
ity, and changes in arterial blood gases in a real-world
clinical setting in China, except for the fact that NCS
+SCS was associated with increased risk of longer hospital
stay and higher hospitalization costs. The results suggested
that NCS is not inferior to SCS in effectiveness for these
outcomes when used for the treatment of AECOPD.
Therefore, we speculate that NCS may be an alternative

to SCS, and it is possible to be used as the initial treatment
of AECOPD in China. Nevertheless, some patients were
treated with NCS+SCS after NCS or SCS failed. Thus,
they needed longer observation time, leading to
a prolonged hospital stay. This could explain why the
NCS+SCS group had the longest length of hospital stay.
The results of the present study before PSM suggest
that in patients with RF, the risks associated with SCS are
more important than their potential benefits. A small study
indicated that SCS in patients improved respiratory func-
tions in patients with respiratory failure compared with
placebo, but no comparison was made with ICS.* In
addition, non-negligible adverse reactions were noted
with SCS, including hyperglycemia, acute psychosis, and
upper
a negative relation between respiratory muscle strength

gastrointestinal  hemorrhage.””>  Furthermore,
and cumulative dose of SCS has been reported,”* high-
lighting the particular care that should be taken with SCS
in patients with AECOPD and respiratory failure. In fact,
two studies suggested that the use of SCS, particularly at
high doses and with long duration, in patients with
AECOPD and respiratory failure, will not help the patients
survive their AECOPD event.>>*® A previous study in
China showed that the most common daily dose of methyl-
prednisolone injection was 40 mg, followed by 80 mg and
20 mg, while the most common daily dose of oral methyl-
prednisolone was 20 mg, followed by 16 mg and 8 mg; in
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Table 4 Clinical Outcomes of Hospitalized AECOPD Cases with RF After Propensity Score Matching
Clinical Outcomes Type | RF Type Il RF
NCS SCS NCs P NCS SCS NCSs P
+SCS +SCS
(N=50) (N=33) (N=73) (N=80) (N=67) (N=145)
Primary outcomes
Length of hospital stay (days) 11.3£4.95 12.0+4.86 13.845.60 | 0.022* | 11.8+5.62 12.6+4.67 13.3+6.81 0.208*
Mortality 3 (6.0%) | (3.0%) 2 (2.7%) 0.763° | 0 (0%) 0 (0%) 4 (2.8%) 0.186°
Improvement of PaO, (mmHg) 16.8+23.74 | 24.1+18.86 | 21.1+27.07 | 0.640° | 21.3+20.91 | 29.0+25.89 | 24.5+23.44 | 0.241°
Improvement of PaCO, (mmHg) 3.5+9.54 2.2+6.13 3.418.69 0.875* | —8.6+1422 | —8.3+15.66 | —5.1£14.81 | 0.243%
Improvement of SaO, (%) 6.3%11.85 | 8.0£10.53 | 6.5£7.04 0.842° | 14.7+12.69 | 13.8£13.54 | 9.9+12.26 | 0.053°
Improvement of pH 0.0+0.07 0.0+0.04 0.0+0.05 0.928" | 0.0£0.06 0.0+0.08 0.0+0.07 0.483*
Secondary outcomes
Intubation rate 2 (4.0%) 0 (0%) 2 (2.7%) 0.819° | 6 (7.5%) I (1.5%) 8 (5.5%) 0.253°
New onset pneumonia in hospital 0 (0%) I (3.0%) 1 (1.4%) 0.488° | 2 (2.5%) I (1.5%) 3 (2.1%) 1.000°
Rate of pneumoniaimprovement at 8 (16.0%) 10 (30.3%) | 12 (16.4%) | — 9 (11.3%) 16 (23.9%) | 24 (16.6%) | 0.451°
discharge#
Hospitalization expense (CNY) 14,992.1 14,436.0 18,250.8 0.205° | 17,793.8 17,312.2 18,956.9 0.687%
+12,627.63 | +7168.92 +13,433.27 +16,916.03 | £10,060.92 | *+13,814.30

Notes: Data were summarized as meanztstandard deviation for continuous variables and n (percentage) for categorical data. Type | RF was defined as PaO,<60 mmHg, with
a normal or low PaCO,. Type Il RF was defined as PaO,<60 mmHg and PaCO,>50 mmHg. “Rate of pneumonia improvement at discharge was defined as the reduction in
the incidence of pneumonia from baseline to discharge. *One-way analysis of variance. °Fisher’s exact test.

Abbreviations: RF, respiratory failure; NCS, nebulized corticosteroids; SCS, systemic corticosteroids; AECOPD, acute exacerbation of chronic obstructive pulmonary

disease; BMI, body mass index; CNY, China Yuan.

comparison, the most common daily dose of nebulized
budesonide was 2 mg, followed by 4 mg and 6 mg.'® In
this previous study, the mean length of hospitalization was
12.246.2 days and the mortality rate during hospitalization
was 1.2%."5 In the present study, the dose of corticoster-
oids was of course lower in the NCS group compared with
the two other groups, but the duration of treatment was
similar. Future studies should examine predictors that
could help determine the most appropriate routes of
administration, doses, and duration.

The present study is the first multicenter study to evaluate
the effectiveness of steroid therapies for patients with
AECOPD in China. The large sample size and stratification
of AECOPD severity, according to RF, reduced the potential
bias. Nevertheless, this study also has several limitations.
First, since this is a retrospective real-world study, we could
not define the baseline severity of COPD as well as compar-
ing the effectiveness of NCS, SCS, and NCS+SCS on
patients’ lung functions due to incomplete data. Further
analysis has been done based on the RF type as severity
grade. Second, the dosage and duration of corticosteroids
were not included in the multivariable analysis, which also
can affect the outcome. Third, data of oxygen therapy was
not collected in the database, which might have an impact on

PaCO,. Fourth, this was a retrospective study of data col-
lected at multiple hospitals. Because different hospitals use
different charts system and have different local practices and
policies, some data could not be unified among centers. The
types of exacerbations (ie, bacterial, viral etiology, eosino-
philic) and biomarkers are among the variables that could not
be analyzed. Previous studies reported that the cause of
exacerbations is associated with treatment and patient
outcomes.”’ >° This will have to be examined in well-
designed and well-planned prospective registry studies.
Fifth, almost all patients (>90% at each center) were treated
with antibiotics, and we could not perform any reliable
analysis of the impact of concomitant antibiotics use.

Conclusions

In conclusion, this post hoc analysis examined the NCS,
SCS, and NCS+SCS therapies in AECOPD management
in China. The real-world data do not demonstrate that NCS
is worse than SCS, and NCS may be used as an alternative
treatment for AECOPD.

Abbreviations
AECOPD, Acute exacerbations of chronic obstructive pul-
monary disease; NCS, Nebulized corticosteroids; ICS,

International Journal of Chronic Obstructive Pulmonary Disease 2020:15

submit your manuscript

2351

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

Inhaled corticosteroids; SCS, Systemic corticosteroids;
PSM, Propensity score matching; RF, Respiratory failure;
BMI, Body mass index; CNY, China Yuan; OR, Odds
ratio; HR, Hazard ratio; b, Regression coefficient; SEM,
Standard error of the mean.
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