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Introduction: Inhaled corticosteroids (ICSs) play an important role in lowering the risk of
acute exacerbation of chronic obstructive pulmonary disease (COPD). However, ICSs are
known to increase the risk of pneumonia. Moreover, previous studies have shown that the
incidence rate of pneumonia varies depending on the type of ICS. In this study, the risk of
pneumonia according to the type of ICS was investigated in a population-based cohort.
Methods: A retrospective cohort study was conducted using claims data of the entire
population from the Korean National Health Insurance Service. Patients who were newly
diagnosed with COPD and prescribed fluticasone propionate or budesonide were enrolled as
study subjects. Cumulative doses of ICSs were classified into categorical variables to analyze
the risk of pneumonia within identical ICS doses.

Results: A total of 47,473 subjects were identified and allocated as 14,518 fluticasone
propionate and 14,518 budesonide users through 1:1 propensity score matching.
Fluticasone propionate users were more likely to develop pneumonia than budesonide
users (14.22% vs 10.66%, p<0.0001). The incidence rate per 100,000 person-years was
2,914.77 for fluticasone propionate users and 2,102.90 for budesonide users. The hazard ratio
(HR) of pneumonia in fluticasone propionate compared to budesonide was 1.34 (95% CI
1.26-1.43, p<0.0001). The risk of pneumonia for fluticasone propionate compared to bude-
sonide increased with higher ICS cumulative doses: 1.06 (0.93-1.21), 1.41 (1.19-1.66), 1.41
(1.23-1.63), and 1.49 (1.33-1.66) from the lowest to highest quartiles, respectively.
Conclusion: ICS types and doses need to be carefully considered during treatment with
ICSs in patients with COPD.

Keywords: inhaled corticosteroid, chronic obstructive pulmonary disease, pneumonia,
fluticasone propionate, budesonide

Introduction

Chronic obstructive pulmonary disease (COPD) is the fourth largest cause of death
worldwide, and is likely to be the third in the near future.' Drugs such as long-
acting muscarinic antagonist (LAMA), long-acting -agonist (LABA), and inhaled
corticosteroids (ICSs) have been developed and used to prevent COPD exacerba-
tions, control symptoms, and improve survival rates.” In the treatment of COPD,
ICSs are used in combination with LABA and/or LAMA to improve quality of life
by alleviating symptoms and reducing the frequency of acute exacerbation.’ In
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recent years, it has been found that triple therapy combin-
ing ICS/LABA/LAMA in a single inhaler reduced the
frequency of exacerbation of COPD compared to LABA/
LAMA dual therapy.* Thus, it is expected to expand the
prescription of ICSs for the management of COPD.’

Patients with COPD might experience various systemic
side effects, such as hyperglycemia, adrenal suppression, glau-
coma, cataract, and osteoporosis from the use of ICSs.® Of
these, pneumonia is a major trigger for acute exacerbation of
COPD, although it has not been directly associated with a rise
in the mortality of patients with COPD.” In previous studies
concerning the association between ICSs and the development
of pneumonia, there were consistent results showing that the
incidence of pneumonia increased in patients treated with ICSs
compared to those treated without ICSs.® However, there were
conflicting results regarding whether the incidence of pneu-
monia varied depending on the type of ICS. In a meta-analysis,
no significant difference was noted in the occurrence of pneu-
monia between fluticasone propionate and budesonide.” On
the other hand, in another study, fluticasone propionate was
highly associated with the risk of pneumonia compared to
budesonide through an indirect comparison. '

Considering the substantial discordance between the
recommendations of guidelines and practice patterns in

real-world clinics,”’12

robust evidence through direct
comparison of ICS types in a real-world population is
essential for the safe management of patients with COPD
treated with ICSs. Therefore, this study aimed to examine
whether the incidence of pneumonia differed depending on
the type of ICS, fluticasone propionate and budesonide, in

real-world clinical settings.

Methods

Data Source

The National Health Insurance Service (NHIS) is a single
insurer that covers the 100% of the Korean population and
is compulsory for all residents in Korea.'> Those insured
under the NHIS need to pay monthly contributions accord-
ing to their socioeconomic status. Healthcare providers
offer healthcare services to the insured and submit health-
care claims to the NHIS for reimbursement. Diseases and
healthcare services are electronically converted using
a coding system to determine the claim costs. Diseases
are classified into diagnostic codes according to the
International Classification of Diseases, 10th revision
(ICD-10). The claim data are reviewed to determine
whether the healthcare services were appropriate, and the

claimed costs are finally reimbursed to healthcare provi-
ders from the NHIS. The claim database contains general
information, including patient demographics, diagnosis,
diagnostic procedures, and status of outpatients or inpati-
ents. In addition, it contains detailed information related to
drugs, such as the names, dosages, prescription dates,
durations, and routes of administration. NHIS data without
individual identifiers were obtained. This study was
approved by the Institutional Review Board of Wonju
Severance Christian Hospital (CR318361). Since this was
a retrospective study using anonymous claims data, the
requirement for informed consent was waived.

Study Design and Subjects

Of the entire Korean population registered in the NHIS,
patients who had a COPD diagnosis at least twice between
January 2005 and December 2018 were initially selected.
The diagnosis of COPD was based on the corresponding
diagnostic codes J42-J44 (except for J430). Those who
were diagnosed with lung cancer (C33—C39) and did not
have a history of a lung function test 1 year before and
after their COPD diagnosis were excluded. Finally, half of
the participants were extracted and selected for this study.
This 50% provision of the sampling data is a NHIS procedure
that is applied to prevent healthcare databases from being
used for commercial purposes. The other applied exclusion
criteria were as follows: diagnostic history of COPD before
2005; patient age <40 years; no record of a prescription for
the management of COPD; treatment with only oral medica-
tions without prescriptions of any inhalers; prescriptions of
different types of ICSs simultancously; death before pre-
scription of ICSs; insufficient medication records; not treated
with fluticasone propionate or budesonide; and diagnosis of
pneumonia before the index date.

Fluticasone propionate was chosen as the component
of fluticasone, while another component of fluticasone,
fluticasone furoate, was not included in this study.
is another ICS
a comparator of fluticasone propionate. Therefore, all

Budesonide component that act as
study participants were treated with various ICS commer-
cial products containing fluticasone propionate or budeso-
nide for at least 1 month, regardless of the use of metered
dose inhalers or dry powder inhalers. The index date was
defined as the first date of fluticasone propionate or bude-
sonide prescription in each group. The period from the
COPD diagnosis to the index date was calculated. Data on
the prescription of other inhaled medications treated
together with ICSs such as fluticasone propionate and
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budesonide during 1 year after the index date were col-
lected. These were classified as short-acting p-agonist
(SABA), LABA, LAMA, and LABA/LAMA.

The diagnosis of comorbidities was based on the corre-
sponding diagnostic codes for each disease. The comorbid-
ities included in this study were diabetes (E10-E14),
hypertension (110), heart failure (111, I50), stroke (I60—
169), chronic kidney disease (N17-N19), and chronic liver
disease (K70-K76). In addition, Charlson comorbidity
indices (CCls) were calculated using diagnostic codes.
Prescription records of oral corticosteroids (OCSs) were
collected in terms of the proportion of subjects who had an
OCS prescription and the mean duration of the OCS pre-
scription during 1 year after the index date. These two factors
were used to determine the baseline severity of COPD.

Outcome Variables

The objective of this study was to compare the incidence
of pneumonia between participants treated with fluticasone
propionate and those treated with budesonide. Patients
admitted for the treatment of pneumonia were identified
as having pneumonia in this study. Therefore, the date of
first hospitalization with a diagnostic code of pneumonia
(J10-J18) was defined as pneumonia.'* Cumulative doses
of ICSs were calculated. Budesonide was converted to
fluticasone propionate considering an ICS equivalent
dose in which 50 pg fluticasone propionate was equivalent
to 80 pg budesonide.'® The ICS cumulative dose was the
sum of all prescribed ICSs for the entire study period and
divided into four groups.

Statistical Analysis

To reduce selection bias, fluticasone propionate users and
budesonide users were subjected to propensity score matching
at a 1:1 ratio. The matching was conducted between the two
groups by means of logistic regression of various variables
such as age, sex, comorbidities, bronchodilator prescription
types, OCS prescription rates and durations, and intervals from
COPD diagnosis to the index dates. Clinical features of fluti-
casone propionate and budesonide users were compared using
Student’s t-test for continuous variables and the chi-squared
test for categorical variables. Survival analysis over time was
analyzed through a Log rank test using Kaplan-Meier curves.
Cox proportional hazards analyses were performed to analyze
the hazard ratio (HR) and 95% confidence interval (CI)
describing the relative risk of pneumonia between fluticasone
propionate and budesonide users. Significant differences in
baseline characteristics between the two groups after

propensity score matching were included in the multivariate
analysis. All statistical analyses were conducted using SAS 9.4
(version 9.4; SAS Institute Inc., Cary, NC, USA). Statistical
significance was set at p < 0.05.

Results

Baseline Characteristics of Study Subjects
Among the entire Korean population, those who had
a diagnosis of COPD without lung cancer between 2005
and 2018 and who had a pulmonary function test within
1 year before or after their COPD diagnosis were identi-
fied. A 50% random sampling of 772,623 patients was
performed. Patients diagnosed with COPD before 2005
were excluded from the study. When the other exclusion
criteria were applied, 47,473 participants were included in
this study. Among them, 32,802 were treated with flutica-
sone propionate and 14,671 were treated with budesonide.
After 1:1 propensity score matching, 14,518 fluticasone
propionate and 14,518 budesonide users were selected as
the target population for statistical analysis (Figure 1).

The average age was 61.96 + 11.53 years in fluticasone
propionate users and 61.99 + 11.35 years in budesonide users
(p = 0.1341). Sex, comorbidities, and CCI did not differ
between the two groups. SABA use was more frequent in
budesonide users than in fluticasone propionate users (6.12%
versus 2.12%, p < 0.0001). However, LABA use was higher
in fluticasone propionate users than in budesonide users
(78.27% versus 74.20%, p <0.0001). A significant difference
was not observed in terms of OCS prescription rates and
durations of OCS prescriptions (Table 1).

The average cumulative ICS dose was 185,065 =+
524,205 pg for fluticasone propionate users and 141,148
+ 318,030 pg for budesonide users. The cumulative ICS
doses were divided into quartiles: 0-15,000 pg (Q1),
15,001-36,000 pg (Q2), 36,001-135,000 pg (Q3), and
>135,000 pg (Q4) (Table 2).

Incidence and Risk of Pneumonia

Pneumonia was significantly more common in those trea-
ted with fluticasone propionate than in those treated with
budesonide for an observational period of approximately
13 years (p < 0.0001) (Figure 2). For fluticasone propio-
nate users, the total number of pneumonia cases was 2,064
and the incidence rate was 2,914.77 per 100,000 person-
years. For budesonide users, there were 1548 pneumonia
cases and the incidence rate was 2,102.90 per 100,000 per-
son-years. The incidence of pneumonia increased with
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(n=1,545,246)

COPD diagnosis without lung cancer from 2005 to 2018
and PFT before or after 1 year of COPD diagnosis

‘ 50% randomly sampling data (n=772,623) ‘

| Excluded COPD before 2005 (n=305,808)

‘ New diagnosis of COPD from 2005 to 2018 (n=467,815) |

Excluded |

Younger than 40 years (n=61,835)

Not treated after COPD diagnosis (n=67,398)
Prescribed with only oral medication (n=179,082)
Prescribed with different component of ICS
simultaneously (n=5,562)

Pneumonia diagnosis before index date (n=48,137)
Death before index date (n=16,732)

Insufficient record for medication (n=1,475)

Not prescribed with fluticasone propionate or
budesonide (n=40,121)

A 4

‘ Final included subjects (n=47,473)

A,

A4

‘ Fluticasone propionate (n=32,802)‘ ’

Budesonide (n=14,671) ‘

i

i

Fluticasone propionate (n=14,518) and budesonide
(n=14,518) user after 1:1 propensity score matching

Figure | Flowchart of patient selection.

higher cumulative ICS doses in both groups. The inci-
dence rates of pneumonia were 2,138.25 (Q1), 2,737.23
(Q2), 3,139.52 (Q3), and 3,625.99 (Q4) for fluticasone
propionate users, while those of budesonide users were
1,957.91 (Ql), 1,917.65 (Q2), 2,021.29 (Q3),
2,434.71 (Q4) (Table 3).

Fluticasone propionate was associated with increased

and

risk of pneumonia compared to budesonide (HR 1.34, 95%
CI 1.26-1.43, p < 0.0001) (Supplementary Table S1).
Additional analyses were conducted to compare the risk

of pneumonia with identical ICS doses (Supplementary
Table S2). The risk of pneumonia for fluticasone propio-
nate increased with higher ICS cumulative doses com-
pared to budesonide: the HRs were 1.06 (0.93-1.21)
(Q1), 1.41 (1.19-1.66) (Q2), 1.41 (1.23-1.63) (Q3), and
1.49 (1.33-1.66) (Q4) (Figure 3).

Discussion

In the comparison of the risk of pneumonia, fluticasone
propionate was significantly more associated with pneu-
monia than budesonide in patients with COPD. The devel-
opment of pneumonia increased with higher cumulative
ICS doses in both fluticasone propionate and budesonide

users. In the comparison of identical ICS doses, the risk of
pneumonia increased with higher ICS cumulative doses in
those treated with fluticasone propionate compared to
those treated with budesonide.

ICSs have been found to cause systemic side effects and
pulmonary complications. Among them, pneumonia is
a well-known pulmonary complication that has been
demonstrated in all study designs, including randomized
controlled-trials (RCTs), population-based case-control stu-
dies, cohort-studies, and meta-analyses.'® In recent two
meta-analyses, ICSs significantly increased the risk of
pneumonia with the relative risk of 1.43 (1.34-1.53) and
1.59 (1.33-1.90)."7-'® In observational studies, the relative
risk of pneumonia from ICS use ranged from 1.11 (1.05—
1.18) to 3.26 (1.07-9.98).* On the other hand, the differ-
ences in the risk of pneumonia among the different types of
ICSs were controversial. In meta-analyses, fluticasone pro-
pionate was highly associated with pneumonia, with
a relative risk of pneumonia ranging from 1.43 (1.13—
1.81) to 1.84 (1.47-2.30); in contrast, budesonide was not
found to be associated with pneumonia.'®'”?* However,
these studies consisted of RCTs with indirect comparison
between ICSs and LABA or placebo. In addition, the other
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Table | Baseline Characteristics of Study Subjects

Fluticasone Budesonide p value
Propionate (n=14,518)

(n=14,518)

n % n %

Age (years)

Mean (SD) 61.96 (11.53) 61.99 (11.35) 0.1341
4049 2491 17.16 2342 16.13 0.2124
50-59 3735 25.73 3793 26.13
60-69 4286 29.52 4360 30.03
70-79 3084 21.24 3110 21.42
> 80 922 6.35 913 6.29

Sex
Male 8335 57.41 8294 57.13 0.6267
Female 6183 42.59 6224 42.87

Comorbidity
Diabetes 4414 30.40 4494 30.95 0.3087
Hypertension 4183 288l 4200 28.93 0.8258
Heart failure 3660 25.21 3716 25.60 | 0.4503
Stroke 2955 20.35 3046 2098 | 0.1872
Chronic kidney disease 715 4.92 720 4.96 0.8923
Chronic liver disease 5059 34.85 5057 34.83 0.6401

(ofel}

Mean (SD) 3.01 (2.08) 2.97 (2.06)
<2 4030 27.76 4112 2832 | 0.2840
22 10,488 | 72.24 10,488 | 72.24

Bronchodilator
SABA 308 2.12 888 6.12 | <0.0001
LAMA 1876 12.92 1905 13.12 | 06131
LABA 11,363 78.27 10,772 | 7420 | <0.0001
LABA/LAMA 971 6.69 953 6.56 0.6711

OCS prescription
Yes 12,256 | 84.42 12,341 | 85.00 | 0.1657
No 2262 15.58 2177 15.00

OCS prescription day
Mean (SD) 11.08 (17.45) 10.96 (17.57) 0.5365

Interval from COPD diagnosis to index date
Mean (SD) 441.4 (834.0) 466.2 (911.5) 0.0154

Abbreviations: SABA, short-acting p-agonist; LAMA, long-acting muscarinic
antagonist; LABA, long-acting 3, agonist; OCS, oral corticosteroid.

meta-analysis with indirect comparisons did not find
a difference in the risk of pneumonia between fluticasone
propionate and budesonide.” In a recent meta-analysis
including one RCT (fluticasone furoate) and five observa-
tional cohort studies (fluticasone propionate) with direct
comparisons between fluticasone and budesonide, an

Table 2 Proportion of Subjects According to the Cumulative
Doses of ICS

Budesonide
(n=14,518)

Fluticasone
Propionate (n=14,518)

n % n %

ICS cumulative dose (ug)

Mean (SD) 185,065 (524,205) 141,148 (318,030)
0-15,000 4801 33.07 4944 | 3405
15,001-36,000 2354 16.21 2935 | 2022
36,001-135,000 | 3625 24.97 3160 | 2177
>135,000 3738 25.75 3479 | 2396

increased risk of pneumonia was associated with flutica-
sone, with a relative risk of 1.14 (1.09-1.20) for serious
pneumonia.*® Thus, the observed increased risk of pneumo-
nia with fluticasone propionate administration compared to
budesonide that was found in our study is consistent with
the results of previous observational studies. Although
RCTs demonstrating different risks of pneumonia through
head-to-head comparisons are still sparse, our observational
study with a large number of subjects and a long-term
observational period consolidates the evidence for the risk
of pneumonia between fluticasone propionate and budeso-
nide. Moreover, in a prospective population-based cohort
study, the annual incidence of hospitalized patients with
community-acquired pneumonia was approximately 10-
fold higher in patients with COPD than in the general
population: 634 per 100,000 adults in the general popula-
tion and 5832 per 100,000 in patients with COPD.**
Considering the higher risk of pneumonia in COPD and
overall study results regarding ICSs, physicians need to pay
close attention to ICSs themselves as well as the types of
ICSs at the start of ICS treatment.

The different risk of pneumonia between fluticasone
propionate and budesonide may be explained by the phar-
macokinetic and pharmacodynamic properties of each ICS
component, influencing local immunity against bacterial
infection. First, ICS particles are dissolved in the mucosal
lining fluid and then absorbed into the airway tissue.”
Dissolution is determined by its aqueous solubility or
lipophilicity. Fluticasone propionate is highly lipophilic,
whereas budesonide is less lipophilic. In an in vitro study
examining the dissolution rate of ICSs, budesonide dis-
solved quickly in human bronchial fluid (6 min), while
fluticasone propionate dissolved very slowly (>8 h).?® In
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propionate

Figure 2 The probability free of pneumonia over time in patients treated with different types of ICSs.

a human study, patients with severe COPD received treat-
ment with budesonide/formoterol or fluticasone propio-
nate/salmeterol, and ICS concentration was measured in
spontaneously expectorated sputum.?’ Most of the bude-
sonide was recovered within the first 2 h, whereas the
fluticasone propionate in the expectorated sputum continu-
ously increased over 6 h. Although budesonide has less
lipophilic and rapid absorption properties, it also acts for
a long duration, similar to highly lipophilic fluticasone
propionate. Because budesonide conjugates with the fatty
the highly
lipophilic.”®?° Activated human bronchial epithelial cells

acids in airway tissues, it becomes

and alveolar macrophages in response to swine dust or
lipopolysaccharides release pro-inflammatory cytokines
such as interleukin-6 (IL-6), IL-8, and tumor necrosis
factor-a. ICSs were found to inhibit the release of pro-
inflammatory cytokines from bronchial epithelial cells and
alveolar macrophages. In this regard, fluticasone propio-
nate had an approximately 10 times potent immunosup-
pressive effect than budesonide.*® In addition, fluticasone
propionate had a 1080 times greater inhibitory effect than
budesonide on the expression of cell surface adhesion
molecules such as E-selectin and vascular cell adhesion
molecule-1, which are related to the recruitment of

Table 3 Crude Incidence Rate of Pneumonia According to the ICS Type and Dose

Variables Fluticasone Propionate Budesonide

Person-Year | Pneumonia Cases | Incidence Rate | Person-Year | Pneumonia Cases | Incidence Rate

(per 100,000) (per 100,000)
Total 70,811.79 2064 2,914.77 73,612.70 1548 2,102.90
ICS cumulative dose (ug)
0-15,000 21,606.49 462 2,138.25 22,421.82 439 1,957.91
15,001-36,000 10,996.52 301 2,737.23 14,340.45 275 1,917.65
36,001-135,000 17,359.32 545 3,139.52 15,287.24 309 2,021.29
>135,000 20,849.45 756 3,625.99 21,563.18 525 2,434.71
3234  "es International Journal of Chronic Obstructive Pulmonary Disease 2021:16
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Total 1.34 (1.26-1.43, p<0.0001)

ICS cumulative dose (Q1) 1.06 (0.93-1.21, p=0.3861)

ICS cumulative dose (Q2) 1.41 (1.19-1.66, p<0.0001)

ICS cumulative dose (Q3) 1.41 (1.23-1.63, p<0.0001)

ICS cumulative dose (Q4) 1.49 (1.33-1.66, p<0.0001)

F—e—H
F—e—
F—eo—

0 15 20

Hazard ratio

Figure 3 Risk of pneumonia in fluticasone propionate users compared with budesonide users. Hazard ratios were calculated as the ratio of the risk of pneumonia in
fluticasone propionate compared to budesonide (reference) within identical doses and presented with 95% Cls and p value.

leukocytes.>'*? Collectively, budesonide’s rapid absorp-
tion to airway tissues, conjugation with fatty acids, and
less potent immunosuppressive effects may contribute to
its associated decreased risk of pneumonia in COPD.

Our study had several strengths. First, this is a population-
based cohort study with a large number of study subjects and
a long-term follow-up duration of approximately 13 years. To
our knowledge, our study results are based on a large number
of populations, compared to previous observational studies
describing the risk of pneumonia with direct comparisons
between fluticasone propionate and budesonide.®> Second,
a dose-response risk of pneumonia with ICSs was demon-
strated. Studies on different risks according to cumulative
ICS doses are sparse. Previous observational studies did not
describe the different risk of pneumonia according to ICS
doses.?> On the contrary, we found that the risk of pneumonia
increased more with higher cumulative doses of fluticasone
propionate compared to budesonide through analyses within
identical ICS cumulative doses.

This study has several limitations. First, pneumonia was
defined as the first hospitalization with a diagnosis of pneu-
monia and diagnosis of pneumonia in outpatient settings was
not included as a pneumonia case. As radiologically proven
pneumonia was not included as a pneumonia case recruit-
ment, the incidence of pneumonia in this study might not
reflect the exact statistics of pneumonia. However, in the
validation study of claims-based pneumonia diagnosis, the

diagnostic accuracy estimated as positive predictive value
was overall 80% and greater in inpatient hospitalization
compared to outpatient visit (87.6% versus 73.4%).%
Second, there might be confounding factors that interfered
with the comparison between fluticasone propionate and
budesonide. Lung function and COPD exacerbation which
could both increase the risk of pneumonia were not included
in the baseline characteristics of study subjects. In addition,
actual intake of the ICS which could be a possible source of
difference in the risk of pneumonia were unknown. Instead,
we collected data on OCS prescriptions as a surrogate of
COPD exacerbation to adjust the severity of COPD at base-
line. Moreover, comorbidities and bronchodilator usage were
also adjusted through propensity score matching and multi-
variate analysis for a more exact comparison of the risk of
pneumonia between the two groups. Third, potential influ-
ence of eosinophils on the risk of pneumonia was not
reported. After treatment with fluticasone propionate for
1 year in patients with stable COPD, sputum bacterial load
increased only in patients with lower baseline sputum or
blood eosinophils (<2%).>* In the observational cohort
study, blood eosinophils less than 100/uL was found to be
an independent factor associated with the risk of
pneumonia.®® Interaction between eosinophils and risk of
pneumonia should be thoroughly investigated in large num-
ber of patients with COPD stratified by blood or sputum
eosinophil count.
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Conclusion

Fluticasone propionate is associated with an increased risk of

pneumonia compared to budesonide in patients with COPD.

In

addition, the risk of pneumonia increased at higher ICS

doses. Therefore, the types of ICSs and ICS doses need to be
carefully considered in the treatment of COPD with ICS.
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