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Background: Chronic obstructive pulmonary disease (COPD) is a heterogeneous disorder
encompassing different phenotypes with different responses to treatment. The present 1-year,
two-center hospital-based study investigated whether the plasma immunoglobulin E (IgE)
level and/or eosinophil cell count could be used as biomarkers to stratify patients with COPD
according to predicted responses to inhaled corticosteroids (ICS)-based therapy.

Methods: A hospital-data based cohort study of COPD patients treated at two territory hospital
centers was conducted for 1 year. Allergic biomarkers, including blood eosinophil counts and IgE
levels, were assessed at baseline. Lung function parameters, including forced expiratory volume
in 1 second (FEV), forced vital capacity (FVC), and the COPD Assessment Test (CAT), were
also evaluated. The frequencies of acute exacerbation (AE) and pneumonia were also measured.
Eosinophilia and a high IgE level were defined as >3% and 173 IU/mL, respectively.
Results: A total of 304 patients were included. Among patients with eosinophilia and high
IgE levels, ICS-based therapy was associated with significant improvements in FEV , FVC,
and CAT scores, compared with bronchodilator (BD) therapy (P=0.042). ICS-based therapy
was also associated with a significantly lower incidence of AE vs BD-based therapy (11.7%
vs 24.1%; P<<0.008). Among patients with only eosinophilia, ICS-based therapy yielded
significantly better CAT score results vs BD-based treatment (7 vs 13; P=0.032). A receiver
operating characteristic curve analysis found that the combination of a high plasma IgE level
and eosinophilia most sensitively and specifically identified patients who would benefit from
the addition of ICS to BD therapy.

Conclusion: Our findings support the use of blood eosinophil cell counts plus IgE levels as
predictive biomarkers of the ICS response in certain patients with COPD. Both biomarkers
could potentially be used to stratify COPD patients regarding ICS-based therapy.

Keywords: chronic obstructive respiratory disease, COPD, allergy, bronchodilators, corticos-
teroids, exacerbation, pulmonary function, COPD Assessment Test

Introduction

Chronic obstructive pulmonary disease (COPD) and asthma are characterized by
airflow obstruction.!? Despite this and other similarities, however, the two diseases
have distinct characteristics. COPD is characterized by the presence of poorly reversible
airway obstruction and is commonly associated with a history of tobacco smoking.* The
COPD-associated inflammatory milieu primarily comprises macrophages, neutrophils,
and cytotoxic (CD8%) T cells.? By contrast, asthma airway obstruction is either totally
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or partially reversible, and this occurs spontaneously or in
response to medical treatment.* Additionally, the asthma-
associated inflammatory milieu is typified by the activation
of mast cells and elevations in the numbers of activated
eosinophils and natural killer cells and type 2 T helper (CD4")
cell-produced (Th2) cytokine levels.* Additionally, patients
with allergic asthma exhibit elevated total serum immuno-
globulin E (IgE) and antigen-specific levels.®

Not all patients with COPD respond similarly to treat-
ment, and the heterogeneity of COPD has become increas-
ingly apparent. Several different existing COPD phenotypes
describe the variability among individual patients with
COPD with respect to clinically important parameters
such as symptoms, exacerbations, treatment responses,
disease progression, and mortality.® To date, four pheno-
types have been described: emphysema, chronic bronchitis,
frequent exacerbators, and asthma-COPD overlap syndrome
(ACOS).*7 Patients with ACOS, which affects approxi-
mately 15%-20% of those with COPD, exhibit features
of both COPD and asthma.®!! Patients with ACOS tend to
be younger, have a shorter smoking history, and use more
respiratory medication, compared to patients with COPD."?
The levels of IgE and antigen-specific IgE are higher among
patients with ACOS than those with COPD. 2 In addition, the
presence of peripheral eosinophilia (>300 eosinophils/puL
or >5% leukocytes) and a prior history of atopy are con-
sidered characteristics of ACOS.!® Traditionally, patients
with the ACOS phenotype have been excluded from major
clinical studies of asthma because of their smoking histories
and from studies of COPD because of bronchodilator (BD)-
mediated reversibility.*'* Frequent exacerbators are those
patients with =2 exacerbations per year, a presentation that
is associated with poor prognosis.'>!7 An elevated sputum
eosinophil level (=3%) has been associated with exacerba-
tions in up to 28% of patients with COPD.'®!° Increased
serum eosinophilia is also present in approximately 30%
of patients with stable COPD and may predict an increased
risk of exacerbation.?

According to current concepts, master regulators within the
airway epithelium, such as IL-33, increase the activity of Th2
cytokines in the airway and trigger a cascade of downstream
events, including IgE-medicated hypersensitivity and effector
cell (mast cells, eosinophils, and basophils) chemoattraction.?!
Regarding asthma pathogenesis, the Global Initiative for
Asthma (GINA) guideline recommendations suggest the use
of inhaled corticosteroids (ICS) as the optimal treatment for
these T helper cells.?? By contrast, the use of ICS treatment for
COPD remains controversial. Although ICS reduce the risk of

exacerbation in patients with COPD, ICS monotherapy less
effectively improves lung function when compared with long-
acting BDs (long-acting -agonists [LABAs]) and does not
affect declines in lung function or mortality.>*2¢ In addition,
the long-term use of ICS increases the risk of pneumonia.”’
Current guidelines recommend the use of ICS in combination
with LABAs for COPD patients with severe airflow limita-
tions and frequent exacerbations despite the use of regular
BD therapy.2 However, ICS are commonly used with LABAs
for the clinical treatment of patients with mild-to-moderate
COPD.?* The guidelines also recommend the avoidance of
ICS monotherapy in patients with COPD.

Historically, treatment decisions have been based on the
severity of airflow limitation. However, treatment approaches
are shifting to an increased focus on clinical phenotype.* The
identification of biomarkers predictive of treatment responses
in a COPD population comprising diverse phenotypes would
yield significant clinical benefits. Several studies have found
that patients with increased IgE levels exhibit increased
responses to treatment when corticosteroids are added to
BD therapy, compared to those without high IgE levels.**!
Siva et al found that in patients with COPD who present with
sputum eosinophilia (but not those without eosinophilia),
ICS significantly reduce exacerbations.?> However, only a
few studies have specifically investigated whether blood
eosinophil cell counts or IgE levels could serve as biomark-
ers for identifying the subset of COPD patients who would
benefit from the addition of ICS to BD therapy.>*

Little is known about whether COPD patients with high
IgE levels and/or eosinophilia would respond well to ICS
therapy. This 1-year, two-center hospital-based clinical study
aimed to investigate the relationship of blood eosinophil
cell counts and/or IgE levels with the clinical outcomes of
COPD patients treated with long-acting BDs with or without
adjunct ICS.

Materials and methods
Study design and population

This study featured a prospective cohort design. From
March 2014 to February 2016, patients with COPD were
recruited from the Outpatient Clinics of the Chest Medicine
Departments of two medical centers (Far Eastern Memorial
Hospital and Changhua Christian Hospital). The inclusion
criteria for eligible COPD patients were as follows: basic
medical history, physical examination, chest X-ray findings,
and lung function data. The inclusion criteria for COPD
included chronic airway symptoms such as a productive
cough, breathlessness, and/or wheezing and confirmed
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chronic airway obstruction by spirometry, defined as 1) a
forced expiratory volume in 1 second (FEV )/forced vital
capacity (FVC) of <70% and 2) a FEV of <80% of the
predicted value. Men and women (aged >40 years) who
had been diagnosed with COPD more than 6 months prior
to screening were enrolled in the study. A smoking history
equivalent to >10 pack-years was also required. Patients
with the following conditions were excluded from the study:
a life-threatening COPD acute exacerbation (AE) within the
past year; emergency department or hospitalization visit for
COPD exacerbation in the 4 weeks prior to the screening
period; receipt of a systemic corticosteroid prescription in
the month before screening; a history of non-smoking or
an equivalent of <10 pack-years; a significant asthma and
atopy diagnosis without a smoking history; active pulmonary
tuberculosis; and/or a clinically significant respiratory tract
infection in the 4 weeks before screening. Patients who cur-
rently use medications that affect bronchospasms and/or lung
functions were also excluded.

Patients initially underwent serum testing for eosinophil
counts and IgE analysis at the time of the initial COPD
diagnosis. Eosinophilia and an elevated IgE level were
defined as >3% and 173 IU/mL," respectively. The par-
ticipants were classified into four groups according to these
parameters: higher eosinophil count and IgE level (HEE),
higher eosinophil count (HEO), higher IgE level (HIE),
and lower eosinophil count and IgE level (LEE). The Far
Eastern Memorial Hospital and Changhua Christian Hospital
Institutional Review Boards approved the collection of
anonymized samples for the present study. Ethical approval
from the hospitals and informed consent from all study
subjects were obtained.

An AE of COPD was defined as a presentation with at
least two major symptoms, including increased dyspnea,
increased sputum purulence, and increased sputum volume,
or one major and one minor symptom (including nasal
discharge/congestion, wheeze, sore throat, cough) for at least
2 consecutive days. All chest radiographs were assessed by
the investigators (respiratory physicians).

Assessment of efficacy and safety

During the 52-week treatment follow-up period, patients
underwent clinical evaluations, including spirometric lung
function tests (FEV, and FVC) and symptom scoring using
the COPD Assessment Test (CAT) to evaluate the interven-
tion. Spirometry testing, CAT, and clinical parameter assess-
ment were performed at the baseline and every 3 months
thereafter throughout the study period. Therapies were

classified as ICS based or BD based. The primary endpoint
was a comparison of lung function at the initial treatment
versus that at the end of the study in patients treated with
either type of therapy. The secondary endpoints included
the frequency of health-related quality of life with CAT
scores and AE (COPD deterioration resulting in emergency
treatment, hospitalization, or treatment with additional
systemic steroid or antibiotic agents). Adverse events were
documented using spontaneous reports, patient interviews,
and diary entries.

Statistical analysis

Among patients’ demographic and clinical characteristics,
age is presented as mean * standard deviation (SD) and
other categorical variables are summarized as numbers (%)
and were evaluated using the chi-square test. Continuous
variables are presented as medians with interquartile ranges
(range between the 25th and 75th percentiles). Continuous
variables were analyzed using an analysis of variance with
a random-effect model. The Mann—Whitney test was used
for comparisons of two independent groups. The Kruskal—
Wallis method and Bonferroni post hoc analysis were used
for multiple testing. The diagnostic performances of eosino-
phil cell counts and IgE for COPD were determined using
receiver operating characteristic (ROC) curves. The ROC
curves for different outcomes were compared using the
Hanley and McNeil method. All statistics are two sided, and
a P-value <0.05 was considered to indicate statistical signifi-
cance. All statistical analyses were performed using SPSS
software, version 16.0 (SPSS, Inc., Chicago, IL, USA).

Results
Baseline demographics and disease

characteristics

A total of 304 patients with COPD were included in the
study. The HEE and LEE patient groups were larger (n=85
and n=121, respectively) than the HEO and HIE groups
(n=51 and n=47, respectively; Table 1). The overall baseline
characteristics of the four groups were similar. In all groups,
the mean ages ranged from 64 to 68 years (P=0.136), and
most patients (91.7%-95.7%) were male. Additionally,
12%—15% of patients had a positive BD test, and most
patients had a COPD classification of Global Initiative for
Chronic Obstructive Lung Disease (GOLD) IT or GOLD III.
CAT, pulmonary function, medication use, and comorbidity
parameters were also similar across the groups (P=0.066).
By contrast, the frequency of an AE that required >1 hospi-
talization was higher in the HEE group (18.8%) than in the
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Table | Baseline demographic characteristics of study subjects with COPD

HEE (n=85) HEO (n=51) HIE (n=47) LEE (n=121) P-value

Age, year (mean £ SD) 64.3+18.1 69.5£19.9 67.8£185 68.2+21.6 0.136
Sex 0.582

Male 79 (92.9%) 47 (92.2%) 45 (95.7%) 111 (91.7%)

Female 6 (7.1%) 4 (7.8%) 2 (4.3%) 9 (7.4%)
Smoking, pack-years (mean + SD) 25.1+14.7 26.6£19.5 247154 26.2+20.2 0.481
Acute exacerbation (> admission) 16 (18.8%) 7 (13.7%) 6 (12.8%) 13 (10.7%) 0.043*
Lung function test
Bronchodilator test respond (+) I'1(14.8%) 6 (11.8%) 6 (12.8%) 14 (11.6%) 0.144
GOLD | (%) 6(7.1) 5(9.8) 5(10.6) 17 (14.0) 0.078
GOLD Il (%) 41 (48.2) 24 (47.1) 22 (46.8) 59 (48.8)
GOLD Il (%) 22 (25.9) 17 (33.3) 14 (29.8) 38 (31.4)
GOLD IV (%) 16 (18.8) 5(9.8) 6 (12.8) 7 (5.8)
Group A (%) 5(5.9) 7 (13.7) 5(10.6) 20 (16.5) 0.06
Group B (%) 37 (43.5) 22 (43.1) 19 (40.4) 61 (50.4)
Group C (%) 25 (29.4) 18 (35.3) 19 (40.4) 32 (26.4)
Group D (%) 18 (21.1) 4(7.8) 4 (8.5) 8 (6.6)
FEV, (L) (% of predicted) 1.24+0.18 (48.7) 1.28+0.21 (52.5) 1.37+0.19 (58.9) 1.35+0.24 (56.2) 0.117
FVC (L) (% of predicted) 2.1940.42 (49.5) 2.294+0.52 (53.8) 2.40+0.45 (60.6) 2.4610.51 (62.7) 0.066
FEV /FVC (% of predicted) 50.2+20.3 49.4+22.9 51.9£18.1 51.6+19.4 0.273
FEV, reversibility (%) 6.215.5 84159 6.315.8 7.11+6.4 0.391
CAT baseline 17+9 14£10 1419 1819 0.529
Medications
LABA (%) I (12.9) 5(9.8) 6(12.8) 18 (14.9) 0.214
LAMA (%) 19 (22.3) 15 (29.4) 13(27.7) 32 (26.4)
LABA/LAMA (%) 20 (23.5) 12 (23.5) 14 (29.8) 29 (23.9)
ICS/LABA (%) 14 (16.5) 6 (11.8) 7 (14.8) 19 (15.7)
ICS/LABA/LAMA (%) 21 (24.7) 13 (25.5) 7 (14.8) 23 (19.0)
Comorbidity
Hypertension (%) 33 (39.2) 19 (37.2) 17 (36.2) 47 (38.8) 0.113
Diabetes mellitus (%) 14 (16.5) 9 (17.6) 10 (21.2) 17 (14.0)
Coronary artery disease (%) 9 (10.6) 8 (15.7) 4 (8.5) 14 (11.6)
Congestive heart failure (%) I (12.9) 6(11.8) 7 (14.9) 20 (16.5)

Notes: Continuous variables are presented as mean + SD; categorical variables are presented as numbers and percentages. *Significant difference between the four groups:

P<<0.05.

Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in | second; FVC, forced vital capacity;
GOLD, Global Initiative for Chronic Obstructive Lung Disease; HEE, higher eosinophil count and IgE levels; HEO, higher eosinophil count; HIE, higher IgE level; ICS, inhaled
corticosteroids; LABA, long-acting [3-agonist; LAMA, long-acting muscarinic antagonist; LEE, lower eosinophil count and IgE level; SD, standard deviation.

other three groups (13.7%, 12.8%, and 10.7% in the HEO,
HIE, and LEE groups, respectively, P=0.043).

Treatment outcomes

Treatment outcomes were evaluated in the three patient
groups with high eosinophil cell counts and/or IgE levels.
In the HEE group, ICS-based therapy was associated with a
significantly greater FEV and FVC and better CAT results,
compared to BD-based therapy (P=0.042) (Table 2). Addi-
tionally, in this group, ICS-based therapy was associated
with a significantly lower incidence of AEs, compared with
BD-based therapy (11.7% vs 24.1%; P<<0.008). Furthermore,
ICS-based therapy yielded significantly better CAT results
among patients in the HEO group, compared with BD-
based treatment (7 vs 13; P=0.032; Table 2). However, no

significant differences between treatments were observed in
terms of pulmonary functions and the frequency of AEs in the
HEO group (P-values =0.072). The outcomes did not differ
with respect to ICS-based and BD-based therapies among
patients in the HIE group (P-values =0.129; Table 2).

ROC curve analysis

The ROC curve analysis indicated that the area under the
curve was greatest for patients in the HEE group (0.78) com-
pared to those in the HEO (0.64) and HIE groups (0.69), as
well as those in the LEE group (0.533) (P=0.046; Figure 1).

Discussion
COPD is a heterogeneous disorder that encompasses dif-
ferent phenotypes with distinct clinical characteristics.
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Table 2 Treatment effectiveness in COPD patients with allergic phenotypes

HEE (n=85) P-value HEO (n=51) P-value HIE (n=47) P-value
Lung function FEV (mL) <0.008* 0.072 0.129
ICS-based therapy® 132.4+28.8 115.5£30.9 119.8+31.4
BD-based therapy® 85.7£24.2 96.1+£28.7 97.4£32.7
Lung function FYC (mL) <0.007* 0.141 0.352
ICS-based therapy 141.1£39.6 119.9£42.3 123.8+40.7
BD-based therapy 105.8+41.7 124.6+39.7 126.6+44.1
COPD Assessment Test 0.042* 0.032* 0416
ICS-based therapy 815 7t6 9+7
BD-based therapy 12+7 13+9 1148
Acute exacerbation (> hospitalization) <0.008* 0.245 0.475
ICS-based therapy 10 (11.7%) 7 (13.6%) 6 (13.4%)
BD-based therapy 21 (24.1%) 10 (19.8%) 10 (20.3%)

Notes: Continuous variables are presented as mean + SD; categorical variables are presented as numbers and percentages. *Significant difference between ICS- and BD-
based treatment within a given group, P<<0.05. fICS-based therapy including ICS/LABA or ICS/LABA/LAMA; BD-based therapy including LABA; LAMA or LABA/LAMA.

Abbreviations: BD, bronchodilator; COPD, chronic obstructive pulmonary disease; FEV |, forced expiratory volume in | second; FVC, forced vital capacity; HEE, higher
eosinophil count and IgE level; HEO, higher eosinophil count; HIE, higher IgE level; ICS, inhaled corticosteroids; LABA, long-acting B-agonist; LAMA, long-acting muscarinic

antagonist.

Traditionally, these different phenotypes have been defined
according to pathogenesis, natural history, risk factors, prog-
nosis, and treatment response. Furthermore, this phenotypic
diversity may partly explain the variable responses to therapy
observed among COPD patients. Therefore, the identification
of biomarkers that could be used to guide treatment would
yield great clinical benefits. The present study investigated
whether the plasma IgE levels and/or eosinophil cell counts
could be used as biomarkers to stratify patients with COPD
according to predicted responses to ICS-based therapy.

Sensitivity

AUC

Eosino + IgE 0.78

0.2 === IgE 0.69
01 - += == Eosinophil 0.64
) — LEE 0.53
0.0 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

1 - specificity

Figure 1 ROC curves for eosinophil + IgE, IgE, eosinophil, and LEE in patients with
chronic obstructive pulmonary disease.

Abbreviations: eosino, eosinophil; IgE, immunoglobulin E; LEE, lower eosinophil
and IgE group; ROC, receiver operating characteristic.

The study results indicate that patients with both high plasma
IgE levels and cosinophilia have a significantly greater
pulmonary response, a reduced risk of AE, and improved
CAT scores when treated with a combination of ICS- and
BD-based therapy, compared with BD therapy alone. By con-
trast, patients with either high plasma IgE levels or eosino-
philia generally had similar treatment responses, regardless
whether ICS were added to BD-based therapy. In addition,
ICS therapy did not reduce the risk of AE in these latter two
patient populations. ROC curve analysis suggests that the
combination of the two biomarkers might better identify
patients who would benefit from the addition of ICS to BD
therapy, compared with either biomarker alone.

Several previous studies have evaluated the use of eosino-
phil cell counts as a biomarker of ICS responses in patients
with COPD. Leigh et al observed an association of sputum
eosinophilia (>3% in induced samples) with significant
improvements in the FEV | and dyspnea following treatment
with inhaled budesonide.** Similar findings were reported for
prednisone.*’ Pascoe et al performed a post hoc analysis of
two replicate randomized studies that assessed the effective-
ness of vilanterol alone or in combination with fluticasone in
patients with mild-to-moderate COPD and a history of =1
exacerbation in the previous year.?>* The authors compared
the rate of exacerbations in patients from the original study,
who had baseline blood eosinophil frequencies of <2%
of =2% (n=3,177). Pascoe et al found that vilanterol plus flu-
ticasone was associated with a significantly greater reduction
in the exacerbation rate among patients with blood eosinophil
frequencies =2%, compared with vilanterol alone (0.91 vs
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1.28 exacerbation per patient per year; P<<0.0001), but not
among patients with blood eosinophil frequencies <2%
(0.79 vs 0.89; P=0.2827).* The authors also found no asso-
ciation of blood eosinophil cell counts with improvements in
FEV  or the risk of pneumonia when administering vilanterol
plus fluticasone vs vilanterol alone.

Siddiqui et al performed a post hoc analysis of data
from the Foster 48-week Trial to Reduce Exacerbations in
COPD trial to examine the role of blood eosinophil levels
on treatment responses to fluticasone plus beclomethasone
vs fluticasone alone.>* Patients (n=1,184) were stratified into
four quartiles based on their baseline blood eosinophil cell
counts (<110.5/uL, 110.4-<181.6/uL, 181.6-<279.8/uL,
and =279.8/uL). The authors observed greater treat-
ment differences in patients with baseline eosinophil
counts =279.8/uL, compared to those with lower eosinophil
counts. Furthermore, in the highest eosinophil count group,
treatment with fluticasone plus beclomethasone resulted in
significantly better improvements in FEV , COPD exacerba-
tion rate, and changes in St George’s Respiratory Question-
naire scores (P-values <0.001). The studies by Pascoe et al
and Siddiqui et al both support the use of the eosinophil
cell count as a predictive biomarker of responses to ICS.
By contrast, in our study, only patients with both increased
levels of eosinophils and IgE benefited from the addition of
ICS to BD-based therapy. However, neither Pascoe et al nor
Siddiqui et al evaluated IgE levels in their patient popula-
tions, and therefore it is difficult to directly compare findings
between these studies.

Another post hoc analysis evaluated the effectiveness
and safety of high- or medium-dose ICS when combined
with salmeterol for patients with different blood eosinophil
counts.*® Cheng and Lin* used data from a previous pro-
spective randomized study and classified patients (n=248)
into higher and lower eosinophil count groups. The authors
observed the greatest increase in FEV, among patients
with high eosinophil counts when treated with higher dose
fluticasone (1,000 pg/day) plus salmeterol (P<<0.05). Addi-
tionally, among patients with high eosinophil counts, those
who were treated with high-dose fluticasone plus salmeterol
therapy experienced greater quality of life improvements
(evaluated by the CAT) than those treated with low-dose
fluticasone (500 pg/day) plus salmeterol or those with low
blood eosinophil counts, regardless of the ICS dose.

By contrast, a prospective study by Roche et al found that
administration of a once-daily LABA/long-acting muscarinic
antagonist combination therapy comprising indacaterol plus
glycopyrronium was similarly, if not more, effective as a

twice-daily administration of the LABA/ICS combination
of salmeterol plus fluticasone for patients with COPD.*’
That study compared treatment efficacies according to
blood eosinophil levels (<2% and =2%, <3% and =3%,
and <5% and =5%) and absolute blood eosinophil counts
(=150 cells/uL, 150—<300 cells/uL, and =300 cells/uL).
Roche et al found that indacaterol plus glycopyrronium was
superior to salmeterol plus fluticasone for the prevention of
exacerbations, regardless of the baseline eosinophil level.
Moreover, the rate of moderate or severe exacerbation did
not increase with increasing blood eosinophil cell levels.
Patients in both the <2% and =2% eosinophil groups who
received salmeterol plus fluticasone had a higher incidence
of pneumonia when compared with those who received inda-
caterol plus glycopyrronium. The cross-study differences in
findings might reflect differences in the study designs, patient
populations, and specific treatment regimens used.

Several limitations of the present study should be con-
sidered. This study was not a prospective randomized study,
and we did not use specified cutoff values for eosinophil cell
counts or IgE levels. It is possible, as observed by Siddiqui
et al, that patients with different eosinophil counts and/or IgE
levels might have different responses to therapy. Prospec-
tive, randomized studies are needed to further investigate the
uses of eosinophil cell counts and IgE levels as biomarkers
predictive of which patients with COPD would benefit from
the addition of ICS to BD therapy.

Finally, the complex and heterogeneous nature of COPD
has prompted us to design a novel COPD therapeutic policy
that addresses lung function severity, symptoms, serum
biomarkers, phenotypes, and comorbidities. The clinical
phenotypes should comprise a survey of frequent exacerba-
tors, chronic bronchitis, ACOS, and bronchiectasis-COPD
overlay syndrome. Our strategy includes three components.
The first addresses an evaluation via the lung function status
and symptom severity. The lung function status is determined
by GOLD severity (I-1V), and symptom severity is evalu-
ated using modified Medical Research Council (mMRC)
or CAT scores. The second involves serum biomarkers,
specifically the serum eosinophil frequency and IgE level.
The third combines phenotypes and comorbidities (Figure 2).
All suggested medications and comorbidity management
methods are included in this COPD therapy strategy. The
cutoff values for each parameter are as follows: severe lung
function status, FEV, <50% of predicted value; mMRC >2
and CAT score >10; and serum eosinophil frequency >3%
and IgE level >173 IU/mL. According to our study results, it
is most important to use the serum eosinophil and IgE levels
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Figure 2 Chronic obstructive pulmonary disease treatment strategy, including lung
function, symptoms, serum biomarkers, phenotypes, and comorbidities.
Abbreviations: ACOS, asthma-COPD overlap syndrome; AE, acute exacerbation;
BCOS, bronchiectasis-COPD overlay syndrome; CAT, COPD Assessment Test;
CVD, cardiovascular disease; GOLD, Global Initiative for Chronic Obstructive
Lung Disease; ICS, inhaled corticosteroids; IgE, immunoglobulin E; LABA, long-
acting B-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical
Research Council; NAC, N-acetylcysteine.

as guides for treatment decisions regarding the prescription
of ICS therapy for COPD patients.

Conclusion

The findings of this study support the combined use of
blood eosinophil and IgE levels as predictive biomarkers
of responses to ICS among patients with COPD. The use of
both biomarkers yielded greater improvements in pulmonary
function and quality of life and a reduced exacerbation rate.
Blood eosinophil and IgE levels could potentially be used to
help tailor treatments an optimize outcomes among patients
with COPD.
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