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Blood eosinophil count and treatment patterns of chronic obstructive
pulmonary disease patients in South Korea using real-world data

Aims Results

This study aims to analyze the distribution and stability of
blood eosinophil count (BEC) and explore real-world
treatment patterns among chronic obstructive pulmonary
disease (COPD) patients in South Korea.

BEC stability: moderate (intra-class correlation = 0.5615).
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2,661 patients aged = 40 years with
confirmed COPD diagnosis.

Background/Aims: Chronic obstructive pulmonary disease (COPD) management guidelines have increasingly emphasised
the importance of exacerbation prevention, and the role of blood eosinophil count (BEC) as a biomarker for inhaled cortico-
steroids (ICS) response. This study aimed to describe the distribution and stability of BEC and understand real-world treat-
ment patterns among COPD patients in South Korea.

Methods: This was a retrospective database analysis using data obtained from the KOrea COPD Subgroup Study (KOCOSS)
registry between January 2012 and August 2018. KOCOSS is an ongoing, longitudinal, prospective, multi-centre, non-in-
terventional study investigating early COPD amongst South Korean patients. BEC stability was assessed by calculating the
intra-class correlation (ICC) coefficient. “Exacerbators” were patients who had a record of > 1 exacerbation in the 12 months
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prior to the visit.

Results: The study included 2,661 patients with a mean age of 68.6 years. Most patients were male (92.0%). Mean BEC
was significantly higher in exacerbators compared to non-exacerbators. Patients with > 2 exacerbations at baseline had a less
stable BEC over time (ICC = 0.44) compared to non-exacerbators (ICC = 0.57). Patients with BEC > 300 cells/uL at baseline
predominantly received triple therapy (43.8%).

Conclusions: This study may further develop current understanding on BEC profiles amongst COPD patients in South Ko-
rea. BEC measurements are stable and reproducible among COPD patients, which supports its use as a potential biomarker.

Keywords: Pulmonary disease, chronic obstructive; Eosinophils; Registries; Korea

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common
and treatable progressive disease characterised by persistent
airflow limitation and respiratory symptoms accompanied
by an enhanced chronic inflammatory response in the lungs
[1]. COPD is one of the leading causes of mortality and mor-
bidity worldwide [2], and its global prevalence is projected
to increase in the coming decades.

In recent years, guidelines for the management of COPD
by the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) have been updated to include greater emphasis on
the importance of exacerbation prevention, and the use of
blood eosinophil count (BEC) as a biomarker to potentially
identify populations with a greater likelihood of a benefi-
cial response to inhaled corticosteroids (ICS) [3]. The 2023
GOLD Report recommends long-acting beta-agonist (LABA)
+ long-acting muscarinic antagonist (LAMA) + ICS triple
therapy in patients with BEC > 300 cells/uL among high risk
patients [3]. Given the potential close link between BEC and
ICS response, BEC thresholds can be a useful tool to guide
treatment choice in COPD patients. The shift in COPD man-
agement towards using BEC as a biomarker of ICS response,
as well as the increased emphasis on exacerbation preven-
tion using treatments, warrants further evaluation of the
distribution and stability of BEC, and treatment use in the
real world. For BEC to be useful as a clinical biomarker, BEC
measurements should be stable and reproducible among
COPD patients [4]. The implication of variable BEC measure-
ments is that patients may cross BEC thresholds and this
may result in patients being assigned to an inaccurate ICS
response category. To date, there remains insufficient ev-
idence regarding the stability of BEC and its confounding
factors [5].

https://doi.org/10.3904/kjim.2024.034

Until now, most evidence regarding BEC resulted from
clinical trials. However, clinical trials cannot represent real
clinical practice. Due to the strict inclusion/exclusion crite-
ria, many patients were not included in the trials. Thus, it is
mandatory to confirm whether the results of clinical trials
are validated in real world study. Moreover, many BEC stud-
ies predominantly performed in Western countries. How-
ever, there are several unique features in Asian COPD pa-
tients [6]. Given the paucity of studies and data sources that
evaluate the BEC profiles of COPD patients in Asia, more
region-specific studies are needed to better characterise
this population. Therefore, this study aimed to describe the
distribution and stability of BEC in a clinical setting, and to
understand the real-world treatment patterns among COPD
patients in South Korea.

METHODS

Data source

Anonymised data were obtained from the KOrea COPD
Subgroup Study (KOCOSS), an ongoing, longitudinal, pro-
spective, multi-centre registry investigating the characteris-
tics and disease course of early COPD amongst South Kore-
an patients, to inform guidelines for the early detection and
treatment of COPD patients.

Patient recruitment for KOCOSS began in January 2012
and is ongoing. Patients are enrolled from over 45 tertiary
and university-affiliated hospitals across South Korea (Sup-
plementary Table 1) and meet the following inclusion crite-
ria: aged > 40 years, have a confirmed diagnosis of COPD
by spirometry (post bronchodilator forced expiratory volume
(1 second)/forced vital capacity [FEV1/FVC] < 0.70), and
presence of either cough, sputum or dyspnoea. Patients are
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excluded if they: are unable to complete a pulmonary func-
tion test; had a diagnosis of any myocardial infarction or
cerebrovascular events within the previous 3 months before
enrolment; had systemic steroid use for conditions other
than COPD exacerbation within 8 weeks before enrolment;
are pregnant; are diagnosed with any rheumatoid disease,
malignancy, or irritable bowel disease, or did not consent
to study participation. All Patients were enrolled during the
stable state. Patients with acute exacerbation were not en-
rolled during the exacerbation period. Additional eligibility
criteria were applied to the data obtained from KOCQOSS for
selected objectives (Supplementary Table 2). For each of the
objectives, patients with missing or incomplete data were
excluded for analysis.

Data are collected at baseline (study entry) and at sub-
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sequent visits in 6-monthly intervals for up to 5 years (with
a + 3-month time window for each visit) (Supplementary
Table 3). Patient data are collected by physicians or trained
nurses using case-report forms (CRF). Baseline characteris-
tics include comorbidities based on patients’ past medical
history from the KOCOSS CRF. Comorbidities with > 10%
prevalence among the study population are reported. In this
analysis, patient demographics were stratified at study entry
by BEC level (< 150 or > 150 cells/uL), a commonly used
threshold for evaluating eosinophil-associated airway in-
flammation and exacerbations [7]. Although data on smok-
ing history were also extracted from the KOCOSS database
for this study, the definition for each smoking status (cur-
rent smoker, ex-smoker, and non-smoker) and number of
pack years were not specifically defined.

Study design
KOCOSS study start Data extraction for Est. KOCOSS study
date analysis completion date
Jan 2012 Aug 2018 ongoing
Single patient journey Date not captured in the current
After enrolment, follow-up visits every 6 months; up to 5 years database analysis
L J
V
Data extraction
window

Figure 1. Study design. KOCOSS, KOrea COPD Subgroup Study; COPD, chronic obstructive pulmonary disease.

KOCOSS cohort

(n =2,661)

Patient demographics Patterns in BEC;

Patient demographics;

an base!ln_e stratified by BEC stratified by_cl!nlcal
characteristics (n = 1569) characteristics
(n=2,661) ' (n=1,691)

Stability of BEC Real-world treatment

PROs measurements over patterns and pathways
(n =2,591) time to triple therapy
(n=1,748) (n =2,661)

Without at least 1 BEC
recorded at baseline,
recorded at baseline in 6-month or 12-month
a stable state follow-ups in stable 6-month or 12-month
(n=1,092) state follow-up
(n = 970) (n =70)

Without data for at
least one of the PROs
completed at baseline,

Without at least one
BEC recorded during
a stable state at
baseline or any
follow-up
(n=913)

Without 1 BEC

Figure 2. KOCOSS cohort breakdown. Additional criteria by each objective are listed in Table 1. KOCOSS, KOrea COPD Subgroup Study;
COPD, chronic obstructive pulmonary disease; BEC, blood eosinophil count; PRO, patient-reported outcome.
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During the conduct of the KOCOSS study, history of
smoking was removed as an inclusion criterion due to the
presence of COPD patients in South Korea who have nev-
er smoked. Additionally, asthma history was removed as an
exclusion criterion, to include asthma-COPD overlap (ACO)
patients in the registry.

Study design and ethics compliance

This was a retrospective database analysis of patients who
enrolled in the KOCOSS between January 2012 and Au-
gust 2018 (Fig. 1). The KOCOSS study was approved by
Konkuk University on the 12th of January 2012 (IRB num-
ber: KUH1010338). This study was performed in accor-
dance with the Helsinki Declaration of 1964, and its later
amendments. This study complied with all applicable laws
regarding patient privacy. No direct patient contact or pri-
mary collection of individual human patient data occurred.
Study results are in tabular form and presented as aggregate
analyses that omit patient identification. Patient identifiers
were excluded from all publications and reports.

Definitions

Patients’ BEC were recorded in a stable state of COPD (i.e.,
no symptom-defined exacerbation, or systemic treatment
with antibiotics and/or steroids on the day of measure-
ment). Exacerbations were defined in KOCOSS as wors-
ening of respiratory symptoms (cough/sputum/dyspnoea),
which required treatment with oral corticosteroids and/or
antibiotics. Only moderate (based on the KOCOSS definition
and involving unscheduled outpatient department visits) to
severe (requiring hospitalisation or visit to the emergency
room) exacerbations were considered in this analysis. “Ex-
acerbators” were defined as patients who had a record of >
1 exacerbation in the 12 months prior to the visit. “Non-Ex-
acerbators” were defined as patients who had no record of
COPD exacerbation in the 12 months prior the visit. During
the follow-up period, patients could transition from being
an Exacerbator to a non-exacerbator and vice-versa. To as-
sess treatment patterns, COPD medications and treatment
modifications were recorded every visit based on the pre-
scriptions of pulmonology specialists; the use of ICS and tri-
ple therapy were recorded as “Yes” or “No”. At the time
this study was conducted, treatments examined were based
on recommendations from the 2017 GOLD Report. Other
definitions are reported in Supplementary Table 4.
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PRO assessments
Patients’ quality of life was evaluated with several patient-
reported outcome (PRO) assessment tools at baseline and

Table 1. Baseline characteristics

. - Num.ber i Baseline
Baseline characteristic patients data
(n=2,661)
Age (yr) 2,486 68.6+ 8.0
Sex 2,598 100
Male 2,391 92.0
Female 207 8.0
BMI (kg/m?)? 2,503 231£823
Smoking status 2,559 100
Current smoker 684 26.7
Ex-smoker 1,669 65.2
Non-smoker 206 8.1
Lived in a factory area? 2,521 100
Yes 361 14.3
No 2,160 85.7
Comorbidities (reported by 2,578 100
> 10% of the study population)®)
Hypertension 1,018 39.5
Asthma 812 315
Tuberculosis 639 24.8
Diabetes mellitus 438 17.0
Emphysema 397 15.4
Measles 370 14.4
Pneumonia 339 13.1
Allergic rhinitis 265 10.3

Values are presented as mean =+ standard deviation or per-
centage only.

BMI, body mass index.

AWorld Health Organisation classification: underweight (below
18.5 kg/m?), normal (18.5-24.9 kg/m?), overweight (25.0-29.9
kg/m?), obese (30.0 kg/m? and greater), and unknown (no
BMI data). Asia-Pacific classification: underweight (below 18.5
kg/m?), normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?),
obese (25.0 kg/m? and greater), and unknown (no BMI data).
B’Comorbidities: myocardial infarction; heart failure; peripheral
vascular disease; diabetes mellitus; hypertension; inflammatory
bowel disease; bronchiectasis; chronic bronchitis; emphysema;
tuberculosis; measles; whooping cough; pneumonia; asthma;
allergic rhinitis; atopic dermatitis; and gastroesophageal reflux
disease/reflux esophagitis; Comorbidities (based on ‘past med-
ical history’ in KOrea COPD Subgroup Study [KOCQOSS] case
report form) with > 10% prevalence among the study popula-
tion were reported.
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during the follow-up period. COPD impact on patients’
well-being and daily life was measured with the COPD As-
sessment Test (CAT) and St. George's Respiratory Question-
naire, COPD version (SGRQ-C). The Modified Medical Re-
search Council Dyspnoea Scale (MMRC) was used to stratify
dyspnoea severity in the study population. Lastly, the Beck
Depression Inventory Questionnaire (BDIQ) was used to
measure the severity of depression in patients at baseline
only.

PROs were stratified by ICS usage, exacerbation status,
and BEC. Of note, a threshold of BEC > 300 cells/uL was

100
90
80
70
60
50 7

% of patients

40 7
30 7

<150

2150 <300 =300 <400

BEC (cells/uL)

>400 <500 =500

Figure 3. Percentage of patients by BEC threshold (cells/uL), at
baseline (n = 1,569). BEC, blood eosinophil count.

Table 2. Baseline characteristics based on the BEC level

The Korean Journal of Internal Medicine Vol. 40, No. 1, January 2025

used for stratification instead of BEC > 150 cells/uL due to
greater correlation with increased risk of exacerbation given
higher baseline severity [8].

Analysis

Following data was collected and analysed: (1) explore the
patterns in BEC, stratified by clinical characteristics such as
ICS use and exacerbation status; (2) explore the stability of
BEC measurements over time; (3) describe patients’ quali-
ty of life as evaluated by PROs; and (4) understand the re-
al-world treatment patterns among COPD patients in the
KOCOSS cohort.

Statistical analysis

Descriptive analyses were used to evaluate the objectives
as described in the preceding section. Descriptive statistics,
including mean, standard deviation (SD), median, and inter-
quartile range (IQR) are presented for continuous variables,
while counts and percentages are presented for categorical
variables. Statistical significance in this study was set at p <
0.05.

Stability in BEC during the follow-up period was assessed
by calculating the intra-class correlation (ICC) coefficient
using the between-patient and within-patient variance
(1€ = ). The ICC can be interpreted in this study
as: poor (< 0.5), moderate (0.50-0.75), good (0.75-0.90), or

BEC < 150 cells/uL

BEC > 150 cells/uL

Baseline characteristic Number of patients

Baseline data

Number of patient -
umber of patients Baseline data

(n=712) (n=857)
Age (yr) 677 68.7 8.2 820 67.9 + 8.1
Sex 707 100 852 100
Male 641 90.7 809 95.0
Female 66 9.3 43 5.0
BMI (kg/mz)a> 704 22.8(20.6-25.1) 850 23.3(21.2-25.6)
Smoking status 706 100 846 100
Current smoker 188 26.6 257 30.4
Ex-smoker 447 63.3 538 63.6
Non-smoker 71 10.1 51 6.0

Values are presented as mean = standard deviation, percentage only, or median (interquartile range).

BEC, blood eosinophil count; BMI, body mass index.

AWorld Health Organisation classification: underweight (below 18.5 kg/m?), normal (18.5-24.9 kg/m?), overweight (25.0-29.9
kg/m?), obese (30.0 kg/m? and greater), and unknown (no BMI data). Asia-Pacific classification: underweight (below 18.5 kg/m?),
normal (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?), obese (25.0 kg/m? and greater) and unknown (no BMI data).
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excellent (> 0.90) stability [9]. One ICC model was developed
for each of the following groups: all patients; patients with
0 exacerbations at baseline; patients with 1 exacerbation at
baseline; patients with 2 or more exacerbations at baseline.
For each model, univariate analysis was first performed us-
ing the following variables: age, sex, body mass index (BMI),
smoking status (including pack years), time since diagnosis,
prior history of exacerbations, ICS usage (ICS vs. non-ICS
containing regimen), and asthma status. Baseline and one
year follow up BEC was also categorized by three groups
(BEC < 100 cells/uL, 100 cells/uL < BEC < 300 cells/uL, and
BEC > 300 cells/uL) and analysed by using Kappa statistic. Al
analyses were performed using SPSS Statistics for Windows
version 22.0 software (IBM Corp., Armonk, NY, USA).

RESULTS

Patient demographics, stratified by BEC
In total, 2,661 patients were present in the KOCOSS registry
at the time of data extraction in December 2018. Patients
included for analysis of each objective are reported in Figure 2.
The mean age of patients was 68.6 + 8.0 years. Patients
were mostly male (92.0%) and majority had a history of
smoking (91.9%) (Table 1). The most common comorbid-
ities were hypertension (39.5%) and asthma (31.5%). An
exacerbation in the previous 12 months prior to enrolment
was reported by 21% of patients, and approximately half
of the cohort (46%) were on an ICS-containing regimen at
entry into the registry. Spirometry results between ICS and
non-ICS users are reported in Supplementary Table 5. More

100
90 +
80 - 78
70
60

50

% of patients

40

30

Baseline (n = 1,569) 12 mo (n = 805) 24 mo (n = 546)

Figure 4. Percentage of patients with BEC measurements as the
study progressed. BEC, blood eosinophil count.
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than half of the cohort had BEC > 150 cells/uL (55%) at base-
line (Fig. 3). Comparing between patients with BEC > 150
cells/uL and patients with BEC < 150 cells/uL, it was ob-
served that patients were similar in age and BMI (Table 2).
Patients with a higher BEC (> 150 cells/uL) were more like-
ly to be a current smoker compared to those with BEC
< 150 cells/uL. Finally, considering the retrospective design
of our study which analysed real-world data on patients
who may not have undergone multiple testing or follow-up,
BEC measurements were not available at all the study time-
points for all patients (Fig. 4).

185

p=0.1562 p=03082 p=07634

180

176.3

175

170

165

BEC (cells/uL)

160

155

150

145
Baseline 12 mo 24 mo
M Overall 167.4 173.9 164.8
W ICS 173.4 176.3 168.9
M Non-ICS 162.2 160.8 163.5

M Overall MICS M Non-ICS

Figure 5. Distribution of BEC (geometric mean) over time, strati-
fied by ICS usage. BEC, blood eosinophil count; ICS, inhaled corti-
costeroid.

250 - p=0011M p=0.1505 p=0.9549
2145
200
165.0 163.8
150

BEC (cells/uL)

100

50

0

Baseline 12 mo 24 mo
M Non-exacerbator 165.4 170.7 165.0
M Exacerbator 214.5 197.3 163.8

M Non-exacerbator M Exacerbator

Figure 6. Distribution of BEC (geometric mean) over time, strati-
fied by exacerbation status. BEC, blood eosinophil count.
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Patterns in BEC, stratified by clinical
characteristics
The mean BEC for the overall cohort measured at 12-month
intervals was similar across timepoints. ICS users had a high-
er mean BEC than non-ICS users across timepoints (Sup-
plementary Table 6). However, no significant differences
were observed between these two groups at any time point
(p=0.1562, 0.3082, and 0.7634 at baseline, 12-month fol-
low-up, and 24-month follow-up, respectively) (Fig. 5).
Patients who were exacerbators had a higher BEC than
non-exacerbators both at baseline and at the 12-month fol-
low-up (Fig. 6). An exploratory analysis was conducted on
the relationship between baseline BEC and exacerbation.
For further details, please refer to Supplementary Appendix 1.

Stability of BEC measurements over time

The ICC predominantly lied between 0.40-0.75 (Fig. 7). Pa-
tients with > 2 exacerbations at baseline had a less stable
BEC over time compared to non-exacerbators (ICC = 0.44

0.8 4

0.7 0.6846

0.6 05615 05679
0.5 -
04364
0.4 -
0.3
0.2
0.1
0

All patients Patients with zero Patients with one Patients with two or more
exacerbation at baseline exacerbation at baseline exacerbation at baseline

Intra-class correlation

Figure 7. Stability of BEC over time. BEC, blood eosinophil count.

Table 3. Distribution of BEC between baseline and year 1
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vs. 0.57, respectively) (Fig. 7). Baseline and one year follow
up BEC was categorized into three groups. Two consecu-
tive BEC was available in 736 patients. In the baseline, the
number (%) of patients with BEC < 100 cells/uL, 100 cells/uL
<BEC <300 cells/uL, and BEC > 300 cells/uLwas 174 (23.6%),
370 (50.3%), and 192 (26.1%). The number (%) in year 1
was 176 (23.9%), 372 (50.5%), and 188 (25.5%). About
60% of patients (438/736) remained in the initial group,
however, some patients moved to other groups (Table 3).
The Cohen’s kappa coefficient was 0.350 (p < 0.001).

Quality of life

Exacerbators at baseline reported significantly worse CAT
and SGRQ-C scores compared to non-exacerbators (CAT:
173 +86vs. 139+ 7.6, p<0.001, SGRQ-C: 41.0 + 20.5
vs. 29.6 + 17.6, p < 0.001) (Table 4). ICS users at baseline
reported significantly worse CAT and SGRQ-C scores com-
pared to non-ICS users (CAT: 16.0 £ 8.2 vs. 14.0 = 7.6,
p<0.001; SGRQ-C: 36.6 £ 19.9v5.29.7 + 17.6, p < 0.001)
(Table 4). Patients at baseline with BEC > 300 cells/uL re-
ported worse CAT and SGRQ-C scores compared to patients
with BEC < 300 cells/uL (CAT: 14.8 + 8.0 vs. 15.3 + 8.1;
SGRQ-C: 32.4 £ 19.1 vs. 34.3 £ 19.6). However, there was
no significant statistical difference (Table 4).

Treatment patterns

The most prescribed treatments in the overall cohort at
baseline were LAMA, followed by ICS/LABA and LAMA +
ICS/LABA (triple therapy). This was consistently observed at
6 months post-enrolment (Table 5). Patients most switched
to triple therapy from: LAMA; ICS/LABA; LAMA + LABA
(Fig. 8). The most common COPD treatments used imme-
diately prior to triple therapy were LAMA and ICS/LABA.

Year 1
BEC < 100 cells/L 103 ;g'(')s/c “eL”jUBLEC BEC > 300 cells/L ot
Baseline
BEC < 100 cells/uL 90 (12.2) 73(9.9) 1(1.5) 174 23.6)
100 cells/L < BEC < 300 cells/ul 73(9.9) 234 (31.8) 63(8.6) 370 (50.3)
BEC > 300 cells/j 13(1.8) 65 (8.8) 114 (15.5) 192 (26.1)
Total 176 (23.9) 372 (50.5) 188 (25.5) 736 (100.0)

Values are presented as number (%).
BEC, blood eosinophil count.
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Table 5. Treatments prescribed in the overall cohort at different time points

Treatments

Baseline (n = 2,501)

6 months (n = 1,596) 12 months (n = 1,338)

Mono-bronchodilator treatment

LAMA? 343 (13.7)

LABA? 74.(2.9)
Dual bronchodilator treatment

LABA/LAMA 159 (6.4)

LAMA + LABA? 60 (2.4)
ICS plus mono-bronchodilator treatment

ICS/LABA? 224.(8.9)

LAMA +ICS 3(0.1)

LABA +ICS 1(0.0)
Triple therapy

LAMA + ICS/LABA 207 (8.3)

ICS + LABA/LAMA 4(0.2)

LAMA + LABA + ICS 1(0.0)
Others

No treatment 177 (7.1)

SABA only 33(1.3)

ICS 0(0.0)

198 (12.4) 148 (11.0)
38(2.4) 33(2.5)
87 (5.5) 74 (5.5)

256 (1.9)

165 (10.3) 109 (8.1)
4(0.3) 3(0.2)
0(0.0) 1(0.1)

164 (10.3) 145 (10.8)
2(0.) 5(0.4)
0(0.0) 0(0.0)

36 (2.3) 52 (3.9)
23 (1.4) 22 (1.6)
2(0.1) 2(0.1)

Values are presented as number (%).

LAMA, long-acting muscarinic antagonist; LABA, long-acting beta-agonist; ICS, inhaled corticosteroids; SABA, short-acting be-

ta-agonist.

Jpatients on these treatments may have also used short-acting bronchodilators (referring to SABA or short-acting muscarinic an-

tagonists).

Only the most commonly prescribed treatments in the study population are listed (other treatments that are less commonly used
are not shown in the table). Triple therapy is defined as simultaneous ICS, LABA, and LAMA treatments.

% of patients

LAMA + LABA to
triple therapy

LAMA to
triple therapy

ICS/LABA to
triple therapy

M First treatment to second treatment M Second treatment to third treatment
I Third treatment to fourth treatment

Figure 8. Most common pathways to triple therapy. LAMA,
long-acting muscarinic antagonist; ICS, inhaled corticosteroid;
LABA, long-acting beta agonist.
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Among the cohort, 22% and 21% were treated with LAMA
or ICS/LABA, respectively, as their first treatment option be-
fore switching to triple therapy as their second treatment
option. Similarly, 17% and 14% of the cohort were treated
with LAMA or ICS/LABA, respectively, as their second treat-
ment option before switching to triple therapy as their third
treatment option (Fig. 8).

Among those who were Exacerbators at baseline, there
was an upward trend in the proportion of patients using an
ICS-containing regimen as time progressed (baseline to 18
mo) (Fig. 9). Only a small proportion of highly symptomatic
patients (CAT > 20) at baseline were prescribed LAMA +
LABA treatment (7.8%). ICS/LABA + LAMA (44.2%), ICS/
LABA (11.7%) and LAMA (12.3%) were prescribed more
than LAMA + LABA treatment. Within the BEC > 300 cells/
L at baseline subgroup, patients were predominantly tak-
ing triple therapy (ICS/LABA/LAMA, 43.8%) instead of ICS/
LABA (8.2%) or ICS + LABA treatment (0.0%).

https://doi.org/10.3904/kjim.2024.034
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ICS containing
line of therapy
(Baseline)

ICS containing
line of therapy
(6 months)

KJIM™

ICS

ICS containing
line of therapy
(12 months)

ICS containing
line of therapy

ICS containin
(18 months) J

line of therapy
(24 monts)

Figure 9. ICS usage across different time points (Exacerbators at baseline). Different number between time points is due to the missing

data. ICS, inhaled corticosteroid.

DISCUSSION

This study aimed to describe the distribution and stability of
BEC and to understand the real-world treatment patterns
among COPD patients in South Korea. Most of the 2,661
patients were male, had an average age of 68 years, and
were ex-smokers. Hypertension and asthma were the most
common comorbidities in the KOCOSS cohort.

Patient demographics, stratified by BEC

Large population-based studies showed that patient charac-
teristics, such as older age, male, high BMI and not being a
current smoker, are associated with high BEC [10-12]. How-
ever, along with a smaller cohort in France [13], this study
was unable to confirm these associations. Further studies
will be needed to confirm an association between BEC and
patient demographics.

While patient inclusion criteria were adjusted during the
study (i.e., the inclusion criteria for patients to have a history
of smoking and the exclusion criteria for patients with asth-
ma history were removed), the broadened inclusion criteria
resulted in a study population that more accurately reflected
the real-world setting. The high proportions of current smok-
ers (26.7%) and ex-smokers (65.2 %) reflect the initial inclu-
sion criterion of smoking history. Given that smoking is more
prevalent amongst males than females in Korea [14-16],
the initial inclusion criterion of smoking history may also ex-
plain the high proportion of males (92.0%) observed in our
study.

https://doi.org/10.3904/kjim.2024.034

Considering that this was a real-world study, the decrease
in percentage of patients with BEC measurements over the
study period could be due to patients choosing not to return
to tertiary care (study site) but other clinics or hospitals for
follow-up, lack of regular follow-up in routine clinical prac-
tice, and local testing practices which focus on diagnosis
only.

Patterns in BEC, stratified by clinical
characteristics

Mean BEC in our study was within the BEC range seen in
other countries [17]. The mean BEC was observed to be
higher for exacerbators compared to non-exacerbators.
Other studies also support an association between higher
BEC and increased exacerbation risk [8,18-21]. It may be
that patients who require ICS and have exacerbations reflect
a more severe COPD profile. However, the specific mecha-
nisms by which higher BEC is associated with increased ex-
acerbations remain to be explored.

Stability of BEC measurements over time
Few studies have explored the reproducibility of BEC levels
(i.e., stability of BEC measurements over time) and factors
that may influence this. Reproducibility would support the
role of BEC as a good biomarker [4]. In our study, BEC stabil-
ity was 0.5615, suggesting moderate stability overall.
Comparing across subgroups of patients with different
baseline exacerbation status, it was observed that the sub-
group of patients with > 2 exacerbations at baseline had
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slightly less stable BEC over time, compared to the non-ex-
acerbators (0.44 vs. 0.57). A study from the United King-
dom supports an association between exacerbations and
BEC instability [22]. While there were potential confounders
such as treatment regimens, preliminary findings from this
KOCOSS analysis suggest a correlation between BEC stabil-
ity and exacerbations. Further links with treatments, such
as ICS, and other outcomes, including hospitalisations or
mortality remain to be explored. These data further develop
our understanding of BEC as a potential biomarker in COPD
that may allow evaluation of disease severity in patients.

Quality of life

COPD reduces breathing capacity and impairs the patient’s
ability to carry out daily activities as the disease progresses,
adversely affecting the quality of life among patients [23].
In this study, ICS users and Exacerbators reported worse
CAT and SGRQ-C scores as compared to non-ICS users and
non-exacerbators, respectively.

While older treatment guidelines recommended ICS-con-
taining regimens as the mainstay of therapy [1], the intro-
duction of dual long-acting bronchodilators to the treat-
ment landscape has provided prescribers with a wider range
of COPD treatment options, allowing a more tailored man-
agement approach that considers the individual patient’s
symptoms and exacerbation risk [3]. In our study, worse
PRO scores amongst ICS users may reflect older treatment
guidelines wherein ICS was commonly prescribed, including
in COPD patients with more severe COPD.

Patients with higher BEC also reported worse CAT and
SGRQ-C scores compared to patients with lower BEC. How-
ever, the difference was not statistically significant, poten-
tially due to the limited number of responses that could be
included for this specific analysis. Further studies with larger
sample sizes are needed to explore this correlation between
BEC and patient’s quality of life.

Treatment patterns
This study showed that patients in South Korea switched
to triple therapy from LAMA or ICS/LABA. This result is in
line with a United Kingdom study, which reported that ICS
+ LABA usage was most likely to result in switches to triple
therapy [24].

Use of triple therapy was reported in a high proportion
(43.8%) of patients with BEC > 300 cells/uL at baseline in
our study. In Korea, prescribers follow the Korean Academy
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of Tuberculosis and Respiratory Disease guidelines, which
recommend that LAMA or ultra (24 h) LABA single therapy,
or LABA + LAMA or ICS + LABA combination therapy can be
administered as first-line treatment for group “Da” patients
(analogous to GOLD Group E) [25]. Patients can escalate to
triple therapy as second-line treatment if exacerbation per-
sists [25]. Given the multiple routes to triple therapy if pre-
scribers follow the local Korean guidelines for highly symp-
tomatic patients, this may explain the high proportion of
patients with BEC > 300 cells/uL who were predominantly
taking triple therapy at baseline.

BEC and ICS

There was no significant difference in BEC between patients
with and without ICS. Perhaps the use of ICS did not affect
the blood eosinophil level. Also, the KOCOSS study began in
2012. In previous GOLD documents, ICS was recommended
for patients with an FEV1 < 50%. Blood eosinophils were
not recommended as a biomarker for ICS response in those
days.

Prescription pattern over time

Blood eosinophil levels are highly associated with ICS re-
sponse. The aim of the study was to demonstrate changes
in BEC over time. Thus, we were also wondering whether
there was a change in prescription patterns. Previous studies
indicated a trend where the use of ICS-containing regimens
increased over time. In this study, we also confirmed that
the proportion of ICS-containing regimens has increased
over time, although the numbers are limited.

Strengths

This is the largest COPD epidemiology study including BEC
data in Asia. Other studies involving smaller populations
have been conducted in China (n = 1,566) using data from
the acute exacerbation of chronic obstructive pulmonary
disease inpatient registry (ACURE) study, as well as in South
Korea (n = 629) using data from the COPD in Dusty Area
(CODA) registry and the Korean Obstructive Lung Disease
(KOLD) cohort [26,27]. Additionally, the longitudinal design
of the KOCOSS registry and the full characterisation of the
study population (i.e., disease severity, PROs) allow the ob-
servation of disease progression and clinical outcomes of
Korean COPD patients over time. Lastly, the KOCOSS cohort
may have a higher proportion of patients with early-stage
COPD as compared to other cohorts, as the registry’s objec-
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tive was to inform development of future guidelines for the
early-detection of COPD patients, as well as the prevention
of severe COPD progression.

Limitations

Given the discrete nature of data collection every 6 months,
some events (i.e., treatment changes between visits or treat-
ment gaps [treatments stopped until refill at next visit]) may
have not been recorded. Due to the infrequency of data
measurements (i.e., every 12 mo), the data regarding sta-
bility of BEC should be treated with caution. Furthermore,
no conclusive evidence was available to demonstrate the
statistical significance of the association between BEC and
the patient’s quality of life, and between BEC and a more
severe COPD profile, likely due to the small subgroup sizes
and incomplete data. Although a larger sample size with
lower drop-out rate would be advantageous, it should be
noted that testing practices may be subject to clinical rele-
vance and guideline recommendations based on available
evidence supporting BEC as a biomarker for prognosis.
Thus, until BEC measurement becomes part of routine test-
ing, achieving larger sample sizes through real-world data
collection may not be feasible.

Changes in prescribing practice were likely influenced by
changes to COPD management guidelines over the years.
Challenges with accounting for externalities, such as miss-
ing follow-up data, led to difficulties with interpreting data
from the multivariable fractional polynomial negative bino-
mial model (Supplementary Appendix 1). Although ACO
patients were included in the study population to reflect
the real-world setting more closely, the high proportion of
individuals with co-existing asthma (31.5%) in our analyses
potentially limits the generalisability of our conclusions to
COPD patients. Due to the use of different asthma diagnosis
tools by physicians thus leading to a slightly heterogenous
ACO population being represented in the study, the avail-
able data for the ACO population were also challenging to
interpret (Supplementary Appendix 1).

Conclusions

In this study, we have described the BEC status in Korean
COPD patients. This study may further develop current un-
derstanding on BEC profiles amongst COPD patients. BEC
measurements are stable and reproducible among COPD
patients, which supports its use as a potential biomarker.

https://doi.org/10.3904/kjim.2024.034
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KEY MESSAGE

1. A fair-to-good BEC stability across patients ob-
served in this study suggests that BEC measure-
ments are stable and reproducible among COPD
patients.

2. Mean BEC was higher in exacerbators compared
to non-exacerbators.

3. Frequent exacerbator (> 2) may have more variable
BEC over time compared to non-exacerbator.
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Supplementary Appendix 1. Exploratory analyses.

Asthma-chronic obstructive pulmonary disorder (COPD) overlap population

Patients with a history of asthma showed a higher blood eosinophil count (BEC) as compared to non-asthmatic patients at
baseline. However, in the 12-month and 24-month follow-ups, patients with a history of asthma reported lower BEC as
compared to non-asthmatic patients (geometric mean [geometric standard deviation]: 170.2 (0.9) vs. 167.0 (0.8); 169.9 (0.8)
vs. 177.0 (0.9); 157.7(0.9) vs. 169.7 (0.8), respectively). A higher proportion of patients with BEC > 500 cells/uL had asthma
(37.6%) as compared to patients with BEC < 500 cells/uL (28.6%). Lastly, a higher proportion of patients who used inhaled
corticosteroid (ICS) at baseline had asthma (39.7%) as compared to non-ICS users (25.0%).

Impact of BEC on the number of moderate and severe exacerbations following enrolment

The impact of BEC on the number of moderate and severe exacerbations following enrolment was evaluated using a multi-
variable fractional polynomial negative binominal model using data from 1,569 patients (1,092 patients were excluded from
this analysis due to the lack of BEC data recorded at baseline in a stable state).

A higher baseline BEC corresponded to a lower number of moderate/severe exacerbations following enrolment (i.e., 12-
and 24-months post enrolment) (Supplementary Fig. 1). Also, ICS users were significantly more likely to have an exacerbation
following enrolment (Supplementary Fig. 1). The large confidence interval of the model’s result poses a challenge to data
interpretation; there is no conclusive evidence in our study on whether changes in BEC is associated with future exacerbations.
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Supplementary Appendix 2. Results.

BEC distribution
Baseline blood eosinophil count (BEC) was available in 2,067/2,661 (77.7%) patients. Mean (SD) BEC was 241 (278). Mini-
mum was 0 and maximum 3,989. The distribution of BEC was illustrated in Supplementary Figure 2.

Comparison between patients with BEC = 300 and BEC < 300
Among patients with BEC > 300, inhaled corticosteroid (ICS) was prescribed in 38.2%. Among BEC < 300, ICS was 40.5%
(p = 0.436). Among patients with BEC > 300, 25.3% patients experienced the exacerbation. Among BEC < 300, 21.7% ex-

perienced (p = 0.103).
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Supplementary Table 1. Number of KOCOSS-enrolled hos-
pitals in each region

Location Number of hospitals
Seoul 19
Gyeonggi province 14
Gangwon province 3
Gyeongsangbuk province 3
Gyeongsangnam province 4
Jeollabuk province 1
Jeollanam province 1
Chungcheongbuk province 1
Chungcheongnam province 1
Jeju province 1

KOCOSS, KOrea COPD Subgroup Study; COPD, chronic ob-
structive pulmonary disease.

The participant tertiary hospitals provide specialised health-
care for a minimum of 20 medical specialties, with a full suite
of essential services in internal medicine; surgery; paediatrics;
obstetrics and gynaecology; radiology; anaesthesiology; labo-
ratory medicine; pathology; mental health and dentistry. The
university-affiliated hospitals are tertiary referral hospitals. All
hospitals have a bed capacity of 400 to 2,800, function as
an emergency medical centre for each region and have been
designed to provide residency trainings. Most of the patients
were referred from primary care clinics and all the hospitals
have a pulmonary department. The number of pulmonologists
in each hospital ranges from 2-29.
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Supplementary Table 2. Additional criteria applied to the KOCOSS registry for data collection

Obijective

Additional criteria®

Patient demographics, stratified by BEC
Patterns in BEC, stratified by clinical characteristics

The stability of BEC measurements over time

Quality of life (as evaluated by PROS)

At least one BEC recorded at baseline in a stable state

At least one BEC recorded at baseline, 6-month or 12-month follow-up in a stable
state

At least one BEC recorded at baseline or any follow-up in a stable state
Multiple observations were considered where available

Patients with data for at least one of the PROs completed at baseline

KOCOSS, KOrea COPD Subgroup Study; COPD, chronic obstructive pulmonary disease; BEC, blood eosinophil count; PRO, pa-

tient-reported outcome.

Aadditional eligibility criteria applied in addition to the original KOCOSS criteria for selected objectives.
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https://doi.org/10.3904/kjim.2024.034


www.kjim.org

"
Rhee CK, et al. BEC and real-world treatment patterns KJ I MQ\

Supplementary Table 3. Data timepoints for each objective

Data timepoints

Objectives Any visits after

Baseline 6-months® 12-months®  24-months? - 2
-months
Patient demographics and baseline X
characteristics
Patient demographics, stratified by BEC X
Patterns in BEC, stratified by clinical x x X
characteristics
Patterns in BEC (impact of BEC on the X X X X X
number of moderate and severe
exacerbations following enrolment)
The stability of BEC measurements over time X X X X X
Quality of life (as evaluated by PROs) X
Treatment patterns among the COPD cohort X X X

BEC, blood eosinophil count; PRO, patient-reported outcome; COPD, chronic obstructive pulmonary disorder.
AThere is a + 3-month time window for each visit.
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Supplementary Table 4. Variables and definitions

Category Variable Definitions and remarks
COPD characteristics Time since diagnosis - At baseline

Asthma, current or prior diagnosis - If applicable

Spirometry results - FEV1; FVC; FEV1/FVC
COPD severity classification - GOLD 2017 classification (A, B, C or D)
Treatment patterns COPD medications prescribed at - COPD medications were recorded every 6-months by research nurse,
over 1 year each visit based on the prescriptions of pulmonology specialists
- The use of ICS and use of triple therapy were described as “Yes/No”
Duration of COPD treatments - NA
Treatment modifications at or - Discontinuation/no further treatment, treatment switch, augmenta-
between visits tion with another treatment) were indicated

- Start and end date of new treatments (if any) were indicated

COPD, chronic obstructive pulmonary disorder; FEV1, forced expiratory volume (1 second); FVC, forced vital capacity; GOLD, Global
Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; NA, not applicable.

www.kjim.org https://doi.org/10.3904/kjim.2024.034


www.kjim.org

.

Rhee CK, et al. BEC and real-world treatment patterns KJ I MQ\
Supplementary Table 5. Respiratory results between ICS users, non-ICS users and BEC
Parameters Respiratory ICS Non-ICS e BEC < 300 cells/uL  BEC > 300 cells/pL
results (n =557) (n =796) (n=1,213) (n = 356)
FEV1 (L) No. 553 790 - 1,204 354
Mean + SD 1.5+0.6 20+6.9 < 0.001 1.7+0.6 22+10.3
Median (IQR) 1.5(1.1-1.9) 1.7 (1.3-2.1) - 1.6 (1.2-2.0) 1.6 (1.3-2.1)
FVC (L) No. 553 789 - 1,204 352
Mean + SD 3.2+038 33+0.38 0.0296 3.3+09 33+0.38
Median (IQR) 3.2(2.6-3.8) 3.3(2.7-3.8) - 3.3(2.7-3.8) 3.3(2.8-3.8)
FEV1/FVC (L) No. 552 786 - 1,202 350
Mean + SD 48.6 = 12.7 52.7+12.0 < 0.001 514+ 125 511123
Median (IQR) 48 (39.0-58.0) 55 (45.0-62.0) - 53.0 (42.0-61.0) 52.0 (42.0-61.0)

ICS, inhaled corticosteroid; BEC, blood eosinophil count; FEV1, forced expiratory volume (1 second); FVC, forced vital capacity; L,
litres; SD, standard deviation; IQR, interquartile range.
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Supplementary Table 6. BEC between ICS and non-ICS users

Parameter Overall ICS Non-ICS p value
BEC at baseline
No. 1,647 595 825
Mean + SD 240.5 £ 2701 257 £ 2879 227.7 £ 260.9 0.3590
GM = GSD 167.4 +0.9 173409 162.2 £ 0.8 -
Median (IQR) 167.9 (98.1-289.4) 167.4 (100.0-301.0) 167.0 (94.0-276.8) -
BEC at 12-months
No. 696 335 138
Mean + SD 249.1 + 315.8 254.1 +313.5 253.1 +418.2 0.2100
GM = GSD 1739+09 176.3 0.9 160.8 £ 0.9 -
Median (IQR) 175.1 (103.6-296.9) 182.7 (100.6-309.1) 155.1 (109.6-250.8) -
BEC at 24-months
No. 435 219 86
Mean + SD 222.3+205.3 242.8 + 246.4 2015+ 151.7 0.5297
GM + GSD 164.8 + 0.8 1689+ 0.9 163.5+0.7 -
Median (IQR) 168.2 (101.7-281.0) 172.2 (102.3-299.2) 159.2 (101.8-250.9) -

BEC, blood eosinophil count; ICS, inhaled corticosteroid; SD, standard deviation; GM, geometric mean; GSD, geometric standard
deviation; IQR, interquartile range.
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Supplementary Figure 1. Multivariable fractional polynomial
negative binominal model. Cl, confidence interval; ICS, inhaled
corticosteroid.

https://doi.org/10.3904/kjim.2024.034

KJIM™

www.kjim.org


www.kjim.org

KJ I MQ‘ The Korean Journal of Internal Medicine Vol. 40, No. 1, January 2025

400
350
300
250 |

200

Number of patiens

150 —

100 +

50 H

N / / /

S N S N S QO o~ Q S N S N S N o~ QO o QO S N N
S N S S S Q S Q S QO S N S '~ QO S Q
§ 8§ § F 5T FE S FE S ESE S ES

BEC (cell/uL)

Supplementary Figure 2. Distribution of blood eosinophil count. BEC, blood eosinophil count.
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