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THERAPEUTIC ADVANCES in

Respiratory Disease Review
Stepwise management of COPD: What B

iIs next after bronchodilation?

Marc Miravitlles'™’, Kazuto Matsunaga and Michael Dreher

Abstract: Inhaled bronchodilator therapy with long-acting muscarinic antagonists (LAMAs)
and long-acting B,-agonists (LABAs) in combination is currently the mainstay of treatment for
chronic obstructive pulmonary disease (COPD]). Treatment guidelines recommend the addition
of inhaled corticosteroids (ICS) to LABA/LAMA only in patients with a history of frequent/
severe exacerbations and high blood eosinophil counts, or in those with concomitant asthma.
Despite this, real-world data suggest that clinicians are not adhering to this guidance and that
ICS are frequently overused. This is possibly due to the incorrect assumption that when LABA/
LAMA therapy is not sufficient, adding an ICS to the treatment regimen is the logical next step.
In this narrative review, we describe global and country-specific guideline recommendations
from Germany, Spain, and Japan and compare these with real-world data on LABA/LAMA and
ICS use in clinical practice. We also provide a clinical guide to the use of add-on therapies with
LABA/LAMA for different patient phenotypes, including (1) patients still symptomatic (but not
exacerbating) despite LABA/LAMA treatment; (2) patients still exacerbating despite LABA/
LAMA treatment who have high blood eosinophil counts; and (3) patients still exacerbating
despite LABA/LAMA treatment who do not have high blood eosinophils or concomitant
asthma.

Plain language summary
What are the options for patients with COPD when LABA/LAMA is not enough?

Treatment guidelines for chronic obstructive pulmonary disease (COPD) recommend dual
bronchodilator therapy for the majority of patients, consisting of an inhaled combination
of long-acting B,-agonist (LABA) and long-acting muscarinic antagonist (LAMA). Patients
whose COPD is not well controlled on LABA/LAMA require further clinical intervention,
which may or may not involve treatment with additional drugs.

Data from observational studies reflecting routine clinical practice suggest that inhaled
corticosteroids (ICS) are often added to LABA/LAMA, even though treatment guidelines
recommend only adding ICS in a specific group of patients with a history of exacerbations
and high levels of eosinophils (a type of inflammatory cell] in the blood, or in those with
current asthma. As long-term ICS use may be associated with an increased risk of side
effects such as pneumonia, it is important to avoid overuse of ICS. When a patient’'s COPD
is not well controlled on LABA/LAMA, other treatable conditions should first be ruled
out, and factors such as medication adherence, inhaler technique, and co-existing health
conditions should also be considered.

This review gives advice on what follow-up options physicians should consider when LABA/
LAMAis not providing adequate control of a patient’s COPD. Specifically, recommendations
are given for three different patient profiles:
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symptoms, known as exacerbations).

or current asthma.

1. Patients who still have symptoms of COPD (but no acute/sudden worsenings of

2. Patients who have exacerbations, as well as high levels of eosinophils in the blood.
3. Patients who have exacerbations, but without high levels of eosinophils in the blood

Keywords: COPD, dyspnoea, eosinophils, exacerbations, inhaled corticosteroids, long-acting

beta-agonists
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Background

Chronic obstructive pulmonary disease (COPD)
is characterized by progressive deterioration of
lung function and airflow limitation. Long-term
maintenance treatment is required for relief of
symptoms,!»2 the most characteristic of which is
chronic and progressive dyspnoea.!>* COPD may
also be punctuated by periods of acute worsening
of respiratory symptoms, called exacerbations.!>*

Inhaled bronchodilator therapy with long-acting
muscarinic antagonists (LAMASs) and long-acting
B,-agonists (LABAs) in combination is currently
the mainstay of COPD treatment.!-%¢ The Global
Initiative for Chronic Obstructive LLung Disease
(GOLD) 2023 report recommends first-line
treatment with LABA/LAMA for patients with
high symptom burden (modified Medical
Research Council [mMRC] score =2 and/or
COPD Assessment Test score =10), or frequent
or severe exacerbations (=2 moderate exacerba-
tions/year or =1 exacerbation leading to hospi-
talization) and a blood eosinophil count
<300 cells/uL..! According to GOLD 2023, triple
therapy (ICS in combination with LABA/LAMA)
should only be considered as initial pharmacological
treatment in patients with both frequent or severe
exacerbations and blood eosinophils =300 cells/uL,
and the use of LABA/ICS is no longer encouraged.!
However, if patients with COPD have concomitant
asthma, ICS use is mandatory.!

Global and specific national guidelines are largely
harmonized in their recommendations that most
patients with COPD should be on bronchodilator
monotherapy or dual therapy."”° However,
despite guidelines showing that LABA/LLAMA is
central to the management of COPD, this is often
not the case.

In this review, we compare guidelines for the
pharmacological treatment of COPD with real-
life prescribing patterns reported in registries and
other published studies. We also include a brief
clinical description of when and why add-on ther-
apies to LABA/LLAMA should be considered as a
second step in treatment for the following patient
phenotypes: (1) patients still symptomatic (but
not exacerbating) despite LABA/LLAMA treat-
ment; (2) patients still exacerbating despite
LABA/LAMA treatment who have high blood
eosinophil counts; and (3) patients still exacer-
bating despite LABA/LAMA treatment but who
do not have high blood eosinophil counts or con-
comitant asthma.

Recommendations in guidelines: How should
patients be treated?

According to the GOLD 2023 report, LLABA/
LAMA is recommended as first-line therapy for the
majority of patients with COPD.! In line with these
recommendations, the American Thoracic Society
(ATS) and Japanese Respiratory Society (JRS) also
recommend first-line therapy with LABA/LAMA
for patients with COPD and dyspnoea or exercise
intolerance.!®!! In terms of follow-up treatment,
GOLD recommends the addition of ICS (LABA/
LAMA/ICS) if patients continue to have exacerba-
tions despite LAMA or LABA monotherapy (f
blood eosinophils =300 cells/uL), or LABA/LAMA
dual therapy (if blood eosinophils =100 cells/uL.).
However, in patients with persistent dyspnoea
despite LABA/LLAMA, ICS is not recommended;
instead, switching inhaler type or molecules should
be considered, as well as non-pharmacological
approaches (e.g. pulmonary rehabilitation). Other
potential causes of dyspnoea should also be investi-
gated and treated.!
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Similar to GOLD, the German National
Guideline for COPD recommends that the major-
ity of patients are initially treated with a long-act-
ing bronchodilator or LABA/LAMA dual
therapy.® Patients classified as GOLD A are rec-
ommended either short-acting muscarinic antag-
onists or short-acting f,-agonists, LAMA or
LABA as initial therapy.® For patients who con-
tinue to experience exacerbations despite ade-
quate treatment with long-acting bronchodilators,
ICS should be considered.®

The Spanish COPD guidelines stratify patients
into two levels of risk — low and high — according
to the degree of airflow obstruction, degree of
dyspnoea, and frequency or severity of exacerba-
tions.” For the initial treatment of low-risk
patients (i.e. forced expiratory volume in 1s
=50%, mMRC 0-1, and <1 moderate exacerba-
tion in the previous year), a LAMA monotherapy
is recommended, with LABA/LAMA as follow-
up treatment; for high-risk patients, three pheno-
types are included in the pharmacological
treatment scheme, namely non-exacerbators,
non-eosinophilic exacerbators, and eosinophilic
exacerbators.” For non-exacerbators (<1 exacer-
bation per year) and non-eosinophilic exacerba-
tors, LABA/LAMA is recommended as both
initial and follow-up inhaled treatment, with tri-
ple therapy an option for non-eosinophilic exac-
erbators with blood eosinophils >100 cells/uL,
taking into account the frequency, severity, and
aetiology of the exacerbations and the risk of
pneumonia.’ For eosinophilic exacerbators, step-
up from LABA/ICS to LABA/LAMA/ICS is
recommended.”

According to the JRS guidelines, LAMA (or
LABA) is recommended for patients with mild
COPD; patients with moderate-to-severe COPD
should be treated with LABA/LLAMA, with the
addition of macrolides, theophylline, or a muco-
Iytic agent if further control of symptoms is
required.!! ICS is recommended in patients with
concomitant asthma-like features and/or in
patients with frequent exacerbations and blood
eosinophil counts of more than 300 cells/uL.11:12

Largely, the recommendations are aligned
between GOLD, ATS, Germany, Spain, and
Japan, as well as between guidelines from many
other countries or regions.l.7-%1L13-17 For exam-
ple, the ATS practical guidelines strongly recom-
mend that any patient with dyspnoea and exercise

intolerance should be given LABA/LAMA as
first-line therapy.!°

It is important to acknowledge that guideline rec-
ommendations always refer to classes of drugs
rather than specific LAMA, LABA, or ICS mol-
ecules (and their combinations) within each class.
Although some studies have suggested that differ-
ent LABA/LAMA fixed-dose combinations have
specific efficacy profiles in COPD that might
allow more personalized therapy,!® systematic
reviews evaluating intra-class efficacy for LABA/
LAMA and LABA/LAMA/ICS have not shown
any clear evidence of greater efficacy associated
with specific combinations.!®2> A summary of
international and national treatment guidelines
for COPD is presented in Table 1.

Data from registries: How are patients

being treated in real-life practice?

When looking at country-specific real-world data
regarding the use of LAMA, LABA, and ICS, it
appears that clinicians are not always adhering to
the current recommendations, as illustrated by
the examples below.1,7:9-11,24-40

In Germany, results from two large registry studies
indicate discrepancies between real-world findings
and current treatment guidelines.?’30 For exam-
ple, in the COSYCONET (COPD and SYstemic
consequences-COmorbidities NETwork) COPD
cohort, 67.6% of patients were treated with
LABA/LLAMA;?¢ however, when these patients
were classified according to 2017 GOLD criteria
(ABCD classification scheme), 66% of patients in
groups A and B (low exacerbation rates) were
treated with ICS, despite ICS treatment being
considered inappropriate in these patients in most
circumstances.?8 Conversely, there was evidence
of undertreatment in groups C and D (high exac-
erbation rates), with many patients not treated
with LAMA or LABA/LAMA as recommended.?8
Similar results have been found in another German
registry, the DACCORD registry.29:30:37-40 For
patients with data available at the end of the
1-year follow-up period, LAMA monotherapy or
LABA/LAMA/ICS was the most common ther-
apy despite most patients being classified as
GOLD B,?® for whom treatment with LAMA,
LLABA, or LABA/LAMA is recommended.® In a
further analysis carried out after 2 years of follow-
up, the majority of patients were on LAMA mon-
otherapy (36%) or LABA/LAMA/ICS (30%).3°
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Table 1. Summary of treatment recommendations from international and national COPD guidelines.

Guidelines

First-line treatment

Follow-up treatment

GOLD 2023!

JRS"

German National
Guidelines?

Spanish National
Guidelines’

o LABA/LAMA for the majority of patients
(GOLD Bor E)
e Abronchodilator (GOLD A

Mild COPD: LAMA monotherapy (followed by
LABA monotherapy if poor disease control
on LAMA]

Moderate-severe COPD: LABA/LAMA

e Long-acting bronchodilator monotherapy
or LABA/LAMA dual therapy for the
majority of patients

e Ashort-acting or long-acting
bronchodilator monotherapy (GOLD A)

Low riska: LAMA monotherapy

High riskb (non-exacerbators): LABA/LAMA

High risk® (non-eosinophilic exacerbators):
e LABA/LAMA

High risk® (eosinophilic exacerbators):
LABA/ICS

For patients with dyspnoea despite LABA/LAMA:

e ICS not recommended

e Treat other potential causes of dyspnoea

e Switch inhaler type or molecules

e Assess need for non-pharmaceutical intervention(s)

Addition of ICS if:

e BEC=300cells/uL and exacerbations not well controlled on LABA or LAMA
monotherapy

e BEC=100cells/uL and exacerbations not well controlled on LABA/LAMA

For patients treated with LABA/LAMA/ICS:

e Addition of roflumilast if patients have FEV; <50% predicted and chronic
bronchitis, particularly if =1 exacerbation in previous year

e Addition of macrolides in nonsmokers (azithromycin preferred, taking into
consideration the potential for antibiotic resistance)

LABA/LAMA

Addition of ICS for patients with comorbid asthma and/or frequent or severe
exacerbations + BEC =300 cells/pL

Addition of macrolides, theophylline, or mucolytic agent if frequent
exacerbations occur despite two or more long-term control agents

For patients with persistent dyspnoea:
e Escalate from short-acting bronchodilator to LABA or LAMA monotherapy
e Escalate from LABA or LAMA monotherapy to LABA/LAMA dual therapy

Addition of ICS if exacerbations persist despite long-acting bronchodilator

therapy

e For patients treated with LABA/ICS or LABA/LAMA, escalate to LABA/
LAMA/ICS

Addition of roflumilast if patients have exacerbations, chronic bronchitis, and
severe-to-very-severe airflow limitation

LABA/LAMA

LABA/LAMA

After first-line LABA/LAMA: ICS-containing therapy if BEC =100 cells/pL¢
LABA/LAMA/ICS

For patients treated with LABA/LAMA or LABA/LAMA/ICS:

e Addition of roflumilast if patients have an exacerbation phenotype, chronic
bronchitis, and severe airflow limitation

e Addition of macrolides if patients have an exacerbation phenotype (=3
exacerbations during the previous year despite adequate inhaled treatment)

aFEV, =50%, mMRC 0-1, and <1 moderate exacerbation in the previous year.

bFEV, <50%, mMRC 2-4, and =2 moderate exacerbations (or =1 exacerbation leading to hospitalization) in the previous year.

¢Taking into account the frequency, severity, and aetiology of the exacerbations, as well as the risk of pneumonia.

BEC, blood eosinophil count; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1s; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; JRS, Japanese Respiratory Society; LABA, long-acting ,-agonist;

LAMA, long-acting muscarinic antagonist, mMRC, modified Medical Research Council.
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Only a minority of patients (16%) were on LABA/
LAMA at the end of 2years, despite 75% of
patients in DACCORD being non-exacerbators.3?

Overuse of ICS has also been reported in Spanish
registries.2426 Among patients with COPD initi-
ating LABA/LAMA/ICS in primary care, 70%
were classified as GOLD A or B.24 These patients
were on triple therapy despite 54% being non-
exacerbators at baseline, and they continued on
the same treatment over time regardless of dis-
ease severity.?* In another primary care study
from Spain, almost half (48%) were treated with
ICS, although only 27% experienced moderate or
severe exacerbations in the previous year (34%
during the previous 2years).?>

A number of observational/registry studies have
also been conducted in Japan.3!-3% Analysis of
data from patients with COPD in the COPD
Assessment in Practice (CAP) study, 65% of
whom had no previous exacerbations in the last
year,?! showed that 28% of patients were treated
with LABA/LAMA/ICS and 21% with LABA/
LAMA.3* When the patients in the study were
classified according to GOLD 2017 criteria, 36%
of patients in group A were receiving an ICS-
containing treatment regimen.32

Data from other regions, such as Latin America
and Central and Eastern Europe, suggest that
overuse of ICS is not unique to Germany, Spain,
and Japan. In the LASSYC (Latin American
Study of 24-h Symptoms in Chronic Obstructive
Pulmonary Disease) study, 32.7% of GOLD A
patients and 19.8% of GOLD B patients were
treated with LABA/ICS, and 17.3% of GOLD A
patients and 30.2% of GOLD B patients were
treated with LABA/LAMA/ICS.?> In the POPE
(Phenotypes of COPD in Central and Eastern
Europe) study in Central and Eastern Europe,
34% of GOLD A patients and 41.6% of GOLD
B patients were prescribed ICS-containing
therapies.3¢

Use of LABA/LAMA as maintenance therapy:
What are the treatment pathways?

There are three main pathways leading to LABA/
LAMA therapy: (1) stepping up treatment from
short-acting bronchodilators, LAMA monother-
apy, or LABA monotherapy; (2) withdrawing
ICS from LABA/LAMAJICS or switching from

LABA/ICS; and (3) LABA/LLAMA as initial ther-
apy (Figure 1).

In the first pathway, guidelines recommend esca-
lation to dual therapy if patients remain sympto-
matic despite short- or long-acting bronchodilator
monotherapy.”® In the second pathway, with-
drawal of ICS, either from LABA/ICS or from
triple therapy (i.e. switching to LABA/LAMA), is
recommended for patients without a history of
frequent exacerbations and with a blood eosino-
phil count <300 cells/uLL*! (ICS withdrawal in
patients with eosinophils =300 cells/ul. is more
likely to be associated with the development of
exacerbations).! In the third pathway, LABA/
LAMA should be initiated if patients have a high
symptom burden,»?® impaired physical activ-
ity,10:42-44 or frequent/severe exacerbations (=2
moderate exacerbations or =1 exacerbation lead-
ing to hospitalization in the past year) and blood
eosinophils <300 cells/uL.!

In patients for whom LABA/LLAMA treatment is
not enough, the first steps to take before chang-
ing therapy are to check patient adherence,
inhaler compatibility/technique, alternative
combinations of LABA/LAMA, and inhalation
ability.»45 It is important to ensure that patients
are adherent and using their inhalers correctly
before considering changing their medication or
device. Poor adherence may be unintentional or
intentional: unintentional non-adherence can
often be remedied using patient education, sim-
plification of treatment regimens, or the use of a
reminder system, whereas intentional non-
adherence may be more complex and challeng-
ing to address.*® Some patients actively engage
with disease management but may not receive
full benefit from their medication due to incor-
rect inhalation technique, or other reasons
beyond their control.#> Some studies have indi-
cated that around 50-70% of patients are not
using their inhalers correctly.4748 It is also neces-
sary to check that patients can achieve the
required peak inspiratory flow for their
device.49-51

Once these factors have been checked, it is impor-
tant to take into account the phenotype of the
patient before considering the next steps; for
example, whether the key factor is symptoms (e.g.
dyspnoea) or exacerbations, and what the exacer-
bation phenotype is (eosinophilic or non-eosino-
philic; Figure 1).
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Step-up in patients who
remain symptomatic despite
long-acting bronchodilator

monotherapy

ICS withdrawal? in patients
without a history of frequent
exacerbations and blood eosinophil
count <300 cells/uL

comorbidities
Bronchoscopic or
surgical treatments®
» Morphine®

! !
+ Rehabilitation Eosinophilic Non-eosinophilic
J Chet_:kadherence_ . 1cS - Mucolytics/
and inhaler technique + Roflumilast antioxidants
+ Check

+ Roflumilast

« Macrolides

+ Inhaled antibiotics
« Physiotherapy

Figure 1. The role of LABA/LAMA and add-on therapies in the management of COPD.
aDe-escalation from ICS in patients with eosinophils >300 cells/uL is more likely to be associated with the development of

exacerbations.’
®For management of very severe and/or end-stage COPD only.

COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting 3,-agonist; LAMA, long-acting

muscarinic antagonist; SABD, short-acting bronchodilator.

For patients with dyspnoea, it is important to look
for cardiovascular disease, which is a common
comorbidity in COPD. For example, in the
DACCORD study, >50% of patients with COPD
had cardiovascular comorbidities, with a rise in
prevalence corresponding to increasing age
groups.® For patients with exacerbations, it is
imperative to recognize that not all exacerbations
are the same and that different add-on therapies
are required for different types of exacerbation.>?

While the majority of patients who receive LABA/
LAMA plus add-on therapy are on triple therapy
(LABA/LAMA/ICS), this may not be suitable for
all, and there are other add-on options available
for certain patient phenotypes.!->3 Tools that can
help phenotype patients in order to select the
most appropriate therapy to add to LABA/LAMA
are described in Table 2 and considered further
in relation to three distinct patient phenotypes.

Phenotype 1: patients still symptomatic (but
not exacerbating) despite LABA/LAMA

For patients with this phenotype, management is
difficult and options are limited. In patients with-
out a history of exacerbations, ICS has only a
modest additional impact on lung function and
symptoms.>%55

Key strategies for phenotype 1

e Itis important to evaluate and provide suit-
able interventions for pulmonary complica-
tions and systemic comorbidities as these
can have an impact on mortality.56:57

e For example, prefrailty and frailty have
been reported in up to 56% and 20% of
patients with COPD, respectively;>® in
addition, frailty and respiratory impairment
together substantially increase the risk of
death.>® Patient-reported outcome measures
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Table 2. What diagnostic tools can be used to phenotype patients?

Test

Role

CT scan

Echocardiography

Blood gas analysis

Detect bronchiectasis in frequent exacerbators and evaluate
emphysema for bronchoscopic or surgical lung volume
reduction

Detect cardiovascular comorbidity or pulmonary hypertension

Detect respiratory insufficiency type | (hypoxemia — LTOT) or

type Il (hypercapnia — long-term non-invasive ventilation)

Full-body plethysmography
Sleep study
Baseline blood eosinophil count and FeNO

Cardiopulmonary exercise testing
causes

Sputum analysis

Detect hyperinflation/emphysema (— ELVR)
Detect obstructive sleep apnoea
Detect patients who are responsive to ICS treatment

Quantify exercise limitations and identify the underlying

To detect chronic pathogens that may be causing an infection

in the airways

CT, computed tomography; ELVR, endoscopic lung volume reduction; FeNO, fractional exhaled nitric oxide; ICS, inhaled

corticosteroid; LTOT, long-term oxygen therapy.

such as the PROMs-D (patient-reported
outcome measures for dyspnoea-related
behaviour and activity limitation scale) are
effective in stratifying patients for frailty,°°
which has led to their inclusion in the JRS
guidelines.!!

e Check inhaler technique and adherence,
lung function (e.g. post-bronchodilator
reversibility test to rule out the possibility of
asthma phenotype).

e Consider comorbid conditions (Table 3).60-65

e Late/end-stage COPD: consider opiates/
morphine, lung volume reduction surgery,
and lung transplantation.

Phenotype 2: patients still exacerbating
despite LABA/LAMA and with high blood
eosinophil counts

In patients with COPD who continue to exacer-
bate whilst prescribed LABA/LAMA, biomark-
ers can be used to guide therapy.61:68-70
Assessment of blood eosinophil count in combi-
nation with exacerbation history can be used to
predict responsiveness to ICS, and further mark-
ers such as fractional exhaled nitric oxide
(FeNO) can indicate that ICS might be benefi-
cial.%® Physicians should also consider allergic
(atopic) asthma as an alternative diagnosis by

testing for immunoglobulin E.”! The JRS guide-
lines recommend measurement of this type 2
inflammation biomarker to confirm asthma-like
features in patients with COPD.!!

In combination with an exacerbation history, a
high blood eosinophil count is a predictive bio-
marker that helps to identify patients who would
benefit from ICS treatment.”>73 However, the
definition of high blood eosinophils has been
debated,’*7% and greater variability has been
reported at higher eosinophil thresholds.8%:8! The
GOLD 2023 report recommends that patients
with a blood eosinophil count =300 cells/uL. and
frequent or severe exacerbations (=2 moderate
exacerbations or =1 requiring hospitalization per
year) should be treated with ICS in addition to
LABA/LLAMA.! The addition of ICS can also be
considered at a lower eosinophil threshold
(=100 cells/uL) if patients continue to have exac-
erbations despite LABA/LLAMA.! However, these
values should not be used as precise cut-offs, but
rather to identify individuals with the greatest
likelihood of ICS benefit.82

Key strategies for phenotype 2
e An ICS is indicated in addition to LABA/
LAMA.
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Table 3. Assessment/management of comorbid conditions.

Comorbidity

Clinical
assessment/tests

Pharmacological
treatment

Non-pharmacological treatment

Cardiovascular
disease

Lung cancer

Frailty

Obstructive sleep
apnoea

Respiratory failure

Obesity

Indication of comorbid
heart failure, consider
selective B;-blocker

Blood pressure, chest
X-ray, ECG, BNP, UCG

Chest X-ray, chest CT
scan

Fried criteria, PROMs-D
scale,®0 accelerometer

PROMs-D =1: consider
SABA assist use®’

Polygraphy/
polysomnography

Pulse oximetry, ABGA

BMI, bioelectrical
impedance analysis

Management of risk factors, such as obesity and
cigarette smoking

PROMs-D=1: consider coaching and pulmonary
rehabilitation

AHI>5 consider CPAP
Sleep hygiene and patient education to avoid risk
factors such as alcohol use and weight gain

Pa0,<60mmHg: consider LTOT

Consider long-term NPPV if:

o PaC0,>50mmHg during daytime
spontaneous breathing or >55mmHg during
night-time spontaneous breathing®?

o Persistent hypercapnia >53mmHg for
=14days following treatment with non-
invasive ventilation for an exacerbation$2.66.67

Diet, exercise

ABGA, arterial blood gas analysis; AHI, apnoea -hypopnoea index; BMI, body mass index; BNP, brain natriuretic peptide; CPAP, continuous positive
airway pressure; CT, computed tomography; ECG, electrocardiogram; LTOT, long-term oxygen therapy; NPPV, non-invasive positive-pressure ventilation;
PaCO0,, partial pressure of carbon dioxide in the arterial blood; Pa0,, partial pressure of oxygen in the arterial blood; PROMs-D, patient-reported
outcome measures for dyspnoea-related behaviour and activity limitation; SABA, short-acting 8,-agonist; UCG, ultrasound echocardiography.

e It is useful to interpret different biomarkers
using a reference range to predict the effect
of ICS (Table 4).1,68:69,83

e High-dose ICS is not always necessary, and
medium doses should be considered during
follow-up.

e Current smoking decreases FeNO levels by
approximately 30%38%* and may impair ICS
efficacy.85-87

Phenotype 3: patients still exacerbating
despite LABA/LAMA but without high
eosinophils or concomitant asthma

Not all exacerbations are alike:#8-93 around 50—
70% of exacerbations are due to respiratory infec-
tions, whereas 10% are due to environmental
pollution and up to 30% are of unknown
aetiology.%*

ICS are not beneficial for patients with low blood
eosinophil counts (i.e. a neutrophilic phenotype)

who experience exacerbations. As exacerbations
in these patients tend to be associated with a
greater presence of bacterial pathogens,®> detec-
tion and management of potential airway infec-
tion is key for this patient phenotype,61:96:97 as
well as assessment of potential bronchiectasis and
comorbidities.

Patients with purulent sputum have been found
to have greater neutrophilic inflammation and a
higher presence of bacterial pathogens.% Purulent
sputum is a key sign to differentiate between bac-
terial causes as opposed to inflammatory, viral, or
environmental causes,*% and serial sputum cul-
tures help identify patients with chronic bacterial
infection, especially when caused by unusual bac-
teria.?%1%0 For the detection of possible bronchiec-
tasis, high-resolution chest computed tomography
(CT) is useful.?® The mean prevalence of bron-
chiectasis in patients with COPD has been
reported to be 54.3% (ranging from 4% to 72%
in some studies).7:101
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Table 4. Tests and treatment pathways for initiating/continuing ICS treatment.

Support

Against

Concomitant asthma'
Baseline blood eosinophil count
=300 cells/pL"11687083
e Baseline FeNO =35 pphb'.¢8.70.83

Initiating ICS e
treatment °

e Baseline blood eosinophil count

<100 cells/pL""

Baseline FeNO <20 pph¢8.70:83
Repeated pneumonia’

Evidence of chronic bronchial infection
History of mycobacterial infection

Support Against (consider withdrawal)
Continuing e Concomitant asthma’ e Patients who lack clinical benefit or
ICS Baseline blood eosinophil count who experience side effects of ICS
treatment =100 cells/pL [if persistent (e.g. pneumonia)’

exacerbations despite LABA/LAMA]!

e Baseline FeNO =20 pph¢8.70.83

e Patients with infrequent exacerbations and
eosinophil count <300 cells/pL%!

FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; LAMA, long-acting

muscarinic antagonist; ppb, parts per billion.

Vaccination is also important in patients with
COPD given the link between viral infections and
exacerbations. The influenza vaccine is recom-
mended for all patients with COPD, whereas
pneumococcal vaccines are recommended for
patients aged >65 years and for younger patients
with significant comorbidities.!

Key strategies for phenotype 3

e A chest CT scan is recommended for the
identification of bronchiectasis as well as
other pathologies, for example, bronchiolitis.

e Sputum culture should be implemented in
exacerbating patients with purulent sputum
or bronchiectasis present on a chest CT
scan.

e Roflumilast and/or macrolides can be con-
sidered for patients with frequent exacerba-
tions and a low eosinophil count.!

e For patients with chronic bronchitis, roflu-
milast is recommended to reduce exacerba-
tions, particularly in patients with a prior
hospitalization for an exacerbation, greater
exacerbation frequency, and higher base-
line blood eosinophil counts.102

e If pathogenic microorganisms are identified
in the airways, targeted antibiotic therapy
should be initiated before consideration of
long-term macrolide use (both roflumilast
and macrolides often cause side effects and/
or bacterial resistance).103

e A subgroup of particularly challenging
patients with frequent bacterial

exacerbations and showing colonization
(e.g. with Pseudomonas aeruginosa) need
eradication therapy, which can include
inhaled antibiotics.194

Long-term macrolides can be considered in
patients with frequent exacerbations;®* however,
patients’ sputum should be regularly tested for bac-
terial resistance and should be re-evaluated if non-
tuberculous mycobacterium is identified.6%%5
Currently, there is no consensus regarding how
long this treatment should be applied, and there-
fore this treatment should be initiated and moni-
tored by a respiratory specialist.> Mucoactive
drugs are other options to consider for this patient
profile. Considering the increase in non-tubercu-
lous mycobacterial infections, the use of erythro-
mycin, which does not develop cross-resistance
with clarithromycin, is recommended.!!

The potential limitations to this review are that
whilst we did look at global and country-specific
guidelines, we predominately focused on registry
data from three specific countries, which may not
necessarily be extrapolated to all populations.
Furthermore, there are differences between the
three countries, both environmentally and clini-
cally, that may have an impact on the patient
phenotypes.

Conclusions
Despite global and national recommendations
that most patients with COPD should be on
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LABA/LLAMA, real-world data suggest that coun-
tries are not adhering to this guidance and that
ICS are frequently overused.

In patients currently on LABA/LAMA who
continue to experience symptoms or exacerba-
tions, evaluation of current treatment and inter-
vention for comorbidities should be considered
as early as possible. In accordance with treat-
ment guidelines, the addition of ICS to LABA/
LAMA must be considered if patients have fre-
quent or severe exacerbations with high eosino-
phil counts (=300cells/ull), or concomitant
asthma, and if other treatable pathologies such
as bronchiectasis or chronic infections have
been ruled out.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions

Marc Miravitlles: Conceptualization; Formal
analysis; Investigation; Methodology; Writing —
original draft; Writing — review & editing.

Kazuto Matsunaga: Conceptualization; Formal
analysis; Investigation; Methodology; Writing —
original draft; Writing — review & editing.

Michael Dreher: Conceptualization; Formal
analysis; Investigation; Methodology; Writing —
original draft; Writing — review & editing.

Acknowledgements

Paul Todd, PhD, of Nucleus Holdings provided
medical writing and editorial support. Nucleus
also submitted the manuscript under the authori-
zation of the authors. All statements and disclo-
sures were reviewed and approved by the authors
prior to submission.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: The authors
received no payment for the development of this
manuscript. Medical writing and editorial sup-
port (including submission) for this article was
funded by Boehringer Ingelheim.

Competing interests

MM has received speaker fees from AstraZeneca,
Boehringer Ingelheim, Chiesi, Cipla, Menarini,
Kamada, Takeda, Zambon, CSL Behring,
Specialty Therapeutics, Janssen, Grifols and
Novartis, consulting fees from AstraZeneca,
Atriva Therapeutics, Boehringer Ingelheim,
Chiesi, GlaxoSmithKline, CSL Behring, Inhibrx,
Ferrer, Menarini, Mereo Biopharma, Spin
Therapeutics, Ono Pharma, Palobiofarma SL,
Takeda, Novartis, Novo Nordisk, Sanofi,
Zambon and Grifols, and research grants from
Grifols. KM has received speaker fees from
AstraZeneca, Boehringer Ingelheim, Chest,
Chugai Pharma, Eli Lilly, GlaxoSmithKline,
Insmed, Kyorin Pharma, Meiji-Seika Pharma,
Merck, Novartis, Ono Pharma, Pfizer, Sanofi,
and Thermo Fisher Scientific, consulting fees
from AstraZeneca, Boehringer Ingelheim, Chest,
GlaxoSmithKline, Novartis, and Sanofi, and
research grants from Boehringer Ingelheim,
Novartis, and AstraZeneca. MD has received
speaker fees from Actelion, AstraZeneca, Bayer,
Berlin Chemie, Boehringer Ingelheim, Chiesi,
GlaxoSmithKline, Janssen-Cilag, Hamilton,
Heinen und Lowenstein, Intermune, Janssen,
Linde, Novartis, Pfizer, Philips Respironics,
ResMed, Roche, and Weinmann, consulting fees
from  Almirall, AstraZeneca, Boehringer
Ingelheim, Chiesi, GlaxoSmithKline, Hamilton,
Janssen-Cilag, Linde, Novartis, Pfizer, Philips
Respironics, ResMed, and Roche, and research
grants from Linde, Philips Respironics, and
ResMed.

Availability of data and materials
Not applicable.

ORCID iDs

Marc Miravitlles https://orcid.org/0000-
0002-9850-9520

Michael Dreher https://orcid.org/0000-

0002-3452-5329

References
1. Global Initiative for Chronic Obstructive Lung

Disease. Global strategy for the diagnosis,
management, and prevention of chronic
obstructive lung disease: 2023 report, https://
goldcopd.org/wp-content/uploads/2022/11/
GOLD-2023-ver-1.0-14Nov2022_WMV.pdf
(2022, accessed 17 November 2022).

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

M Miravitlles, K Matsunaga et al.

10.

11.

12.

13.

14.

Anzueto A and Miravitlles M. Considerations
for the correct diagnosis of COPD and its
management with bronchodilators. Chest 2018;
154: 242-248.

. Anzueto A and Miravitlles M. Pathophysiology

of dyspnea in COPD. Postgrad Med 2017; 129:
366-374.

Anzueto A and Miravitlles M. Chronic
obstructive pulmonary disease exacerbations: a
need for action. Am ¥ Med 2018; 131: 15-22.

. Lavorini F, Janson C, Braido F, er al. What to

consider before prescribing inhaled medications:
a pragmatic approach for evaluating the current
inhaler landscape. Ther Adv Respir Dis 2019; 13:
1753466619884532.

Anzueto A and Miravitlles M. The role of fixed-
dose dual bronchodilator therapy in treating
COPD. Am §F Med 2018; 131: 608-622.

. Miravitlles M, Calle M, Molina J, et al. Spanish

COPD Guidelines (GesEPOC) 2021: updated
pharmacological treatment of stable COPD. Arch
Bronconeumol 2022; 58: 69-81.

Cheng SL and Lin CH. COPD guidelines in the
Asia-Pacific regions: similarities and differences.
Diagnostics (Basel) 20215 11: 1153.

. Vogelmeier C, Buhl R, Burghuber O, ez al.

[Guideline for the diagnosis and treatment

of COPD patients — Issued by the German
Respiratory Society and the German
Atemwegsliga in Cooperation with the Austrian
Society of Pneumology]. Preumologie 2018; 72:
253-308.

Nici L, Mammen M], Charbek E, ez al.
Pharmacologic management of chronic
obstructive pulmonary disease. An official
American Thoracic Society clinical practice
guideline. Am ¥ Respir Crit Care Med 20205 201:
e56—e69.

Japanese Respiratory Society. The JRS guidelines
for the management of chronic obstructive pulmonary
disease. Tokyo, Japan: Medical Review Co., Ltd.,
2022.

Yanagisawa S and Ichinose M. Definition and
diagnosis of asthma-COPD overlap (ACO).
Allergol Int 2018; 67: 172—-178.

Montes de Oca M, Lopez Varela MV, Acuna
A, et al. Incorporating new evidence on inhaled
medications in COPD. The Latin American
Chest Association (ALAT) 2019. Arch
Bronconeumol (Engl Ed) 20205 56: 106—-113.

Zatloukal J, Brat K, Neumannova K, er al.
Chronic obstructive pulmonary disease —

15.

16.

17.

18.

19.

20.

21.

22.

23.

diagnosis and management of stable disease; a
personalized approach to care, using the treatable
traits concept based on clinical phenotypes.
Position paper of the Czech Pneumological and
Phthisiological Society. Biomed Pap Med Fac
Univ Palacky Olomouc Czech Repub 2020; 164:
325-356.

Bourbeau ], Bhutani M, Hernandez P, ez al.
Canadian Thoracic Society Clinical Practice
Guideline on pharmacotherapy in patients with
COPD - 2019 update of evidence. Can ¥ Respir
Crit Care Sleep Med 2019; 3: 210-232.

Yang IA, Brown JL, George ], et al. COPD-X
Australian and New Zealand guidelines for the
diagnosis and management of chronic obstructive
pulmonary disease: 2017 update. Med ¥ Aust
2017; 207: 436-442.

Miravitlles M, Kawayama T and Dreher M.
LABA/LLAMA as first-line therapy for COPD:
a summary of the evidence and guideline
recommendations. ¥ Clin Med 2022; 11.

Sposato B, Petrucci E, Serafini A, et al. Which
LABA/LLAMA should be chosen in COPD
patients in real life? Pulim Pharmacol Ther 2021;
71: 102076.

Hurst JR, Gruffydd-Jones K, Biswas M, er al.
Efficacy and safety of LAMA/LABA fixed-dose
combination therapies in chronic obstructive
pulmonary disease: a systematic review of direct
and indirect treatment comparisons. Int § Chron
Obstruct Pulmon Dis 20205 15: 1529-1543.

Lee HW, Park ], Jang EJ, et al. Comparisons

of exacerbations and mortality among LAMA/
LABA combinations in stable chronic obstructive
pulmonary disease: systematic review and
Bayesian network meta-analysis. Respir Res 2020;
21: 1-15.

Lee HW, Kim HJ, Jang E]J, er al. Comparisons
of efficacy and safety between triple (inhaled
corticosteroid/long-acting muscarinic antagonist/
long-acting beta-agonist) therapies in chronic
obstructive pulmonary disease: systematic review
and Bayesian network meta-analysis. Respiration
2021; 100: 631-643.

Ismaila AS, Haeussler K, Czira A, et al.
Fluticasone furoate/umeclidinium/vilanterol (FF/
UMEC/VI) triple therapy compared with other
therapies for the treatment of COPD: a network
meta-analysis. Adv Ther 20225 39: 3957-3978.

Ferguson GT, Buhl R, Voss F, er al. Safety of
tiotropium/olodaterol in COPD: pooled analysis
of three large, 52-week randomized clinical trials.
Am J Respir Crit Care Med 2018; 197: A3035.

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

THERAPEUTIC ADVANCES in
Respiratory Disease

Volume 17

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Monteagudo M, Nunez A, Solntseva I, ez al.
Treatment pathways before and after triple
therapy in COPD: a population-based study in
primary care in Spain. Arch Bronconeumol (Engl
Ed) 2021; 57: 205-213.

Miravitlles M, Roman-Rodriguez M, Ribera X,
et al. Inhaled corticosteroid use among COPD
patients in primary care in Spain. Int § Chron
Obstruct Pulmon Dis 20225 17: 245-258.

Izquierdo JL, Morena D, Gonzalez Y, et al.
Clinical management of COPD in a real-world
setting. A big data analysis. Arch Bronconeumol
(Engl Ed) 20215 57: 94-100.

Lutter JI, Jorres RA, Trudzinski FC, ez al.
Treatment of COPD groups GOLD A

and B with inhaled corticosteroids in the
COSYCONET cohort — determinants and
consequences. Int § Chron Obstruct Pulmon Dis
2021; 16: 987-998.

Graf ], Jorres RA, Lucke T, er al. Medical
treatment of COPD. Dizsch Arztebl Int 2018;
155: 599-605.

Buhl R, Criee CP, Kardos P, et al. A year in
the life of German patients with COPD: the
DACCORD observational study. Int ¥ Chron
Obstruct Pulmon Dis 20165 11: 1639-1646.

Kardos P, Vogelmeier C, Worth H, ez al. A
two-year evaluation of the ‘real life’ impact of
COPD on patients in Germany: the DACCORD
observational study. Respir Med 2017; 124: 57—-64.

Matsunaga K, Hayata A, Akamatsu K, ez al.
Stratifying the risk of COPD exacerbation using
the modified Medical Research Council scale:

a multicenter cross-sectional CAP study. Respir
Investig 2015; 53: 82-85.

Oishi K, Hirano T, Hamada K, ez al.
Characteristics of 2017 GOLD COPD group
A: a multicenter cross-sectional CAP study in
Japan. Int ¥ Chron Obstruct Pulmon Dis 2018; 13:
3901-3907.

Kobayashi S, Hanagama M, Ishida M, er al.
Clinical characteristics and outcomes in Japanese
patients with COPD according to the 2017
GOLD classification: the Ishinomaki COPD
Network Registry. Int ¥ Chron Obstruct Pulmon
Dis 2018; 13: 3947-3955.

Choi JY, Milne S, Yunus F, ez al. Current chronic
obstructive pulmonary disease treatment status

in Asia: a position statement of the Asian Pacific
Society of Respirology. Tuberc Respir Dis (Seoul)
2022; 85: 279-282.

Casas A, Montes de Oca M, Menezes AM, et al.
Respiratory medication used in COPD patients

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

47.

from seven Latin American countries: the
LASSYC study. Int ¥ Chron Obstruct Pulmon Dis
2018; 13: 1545-1556.

Koblizek V, Milenkovic B, Barczyk A, ez al.
Phenotypes of COPD patients with a smoking
history in Central and Eastern Europe: the POPE
study. Eur Respir ¥ 2017; 49: 1601446.

Buhl R, Criee CP, Kardos P, er al. Dual
bronchodilation vs triple therapy in the ‘real-life’
COPD DACCORD study. Int ¥ Chron Obstruct
Pulmon Dis 2018; 13: 2557-2568.

Vogelmeier C, Worth H, Buhl R, ez al.
‘Real-life’ inhaled corticosteroid withdrawal in
COPD: a subgroup analysis of DACCORD.
Int ¥ Chron Obstruct Pulmon Dis 2017; 12:
487-494.

Worth H, Buhl R, Criee CP, et al. GOLD 2017
treatment pathways in ‘real life’: an analysis of
the DACCORD observational study. Respir Med
2017; 131: 77-84.

Worth H, Buhl R, Criee CP, et al. The ‘real-life’
COPD patient in Germany: the DACCORD
study. Respir Med 2016; 111: 64-71.

Chalmers JD, Laska IF, Franssen FME, er al.
Withdrawal of inhaled corticosteroids in COPD:
a European Respiratory Society guideline. Eur
Respir 20205 55: 2000351.

Minakata Y, Morishita Y, Ichikawa T, ez al.
Effects of pharmacologic treatment based

on airflow limitation and breathlessness on
daily physical activity in patients with chronic
obstructive pulmonary disease. Int ¥ Chron
Obstruct Pulmon Dis 20155 10: 1275-1282.

Hayata A, Minakata Y, Matsunaga K, er al.
Differences in physical activity according to
mMRC grade in patients with COPD. Int ¥ Chron
Obstruct Pulmon Dis 20165 11: 2203-2208.

Miravitlles M, Garcia-Rivero JL, Ribera X,

et al. Exercise capacity and physical activity in
COPD patients treated with a LAMA/LABA
combination: a systematic review and meta-
analysis. Respir Res 2022; 23: 347.

Peche R, Attar-Zadeh D, Scullion J, ez al.
Matching the inhaler to the patient in COPD.
F Clin Med 2021; 10: 5683.

. George M. Adherence in asthma and COPD:

new strategies for an old problem. Respir Care
2018; 63: 818-831.

Muller T, Moller M, Lucker C, et al. Use of
web-based videos in a community pharmacy
to optimize inhalation technique. Int J Chron
Obstruct Pulmon Dis 2020; 15: 3367-3373.

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

M Miravitlles, K Matsunaga et al.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Muller T, Muller A, Hubel C, ez al. Optimizing
inhalation technique using web-based videos in

obstructive lung diseases. Respir Med 2017; 129:
140-144.

Mahler DA. Peak inspiratory flow rate as a
criterion for dry powder inhaler use in chronic
obstructive pulmonary disease. Ann Am Thorac
Soc 20175 14: 1103-1107.

Mahler DA. Peak inspiratory flow rate: an
emerging biomarker in chronic obstructive
pulmonary disease. Am F Respir Crit Care Med
2019; 199: 1577-1579.

Mahler DA and Halpin DMG. Peak inspiratory
flow as a predictive therapeutic biomarker in
COPD. Chest 20215 160: 491-498.

Soler-Cataluna JJ, Pinera P, Trigueros JA,

et al. Spanish COPD Guidelines (GesEPOC)
2021 update diagnosis and treatment of COPD
exacerbation syndrome. Arch Bronconeumol 2022;
58: 159-170.

Miravitlles M, Soler-Cataluna JJ, Calle M, ez al.
Treatment of COPD by clinical phenotypes:
putting old evidence into clinical practice. Eur
Respir ¥2013; 41: 1252-1256.

Cazzola M, Calzetta L, Rogliani P, ez al. Triple
therapy versus dual bronchodilation and inhaled
corticosteroids/long-acting beta-agonists in
COPD: accumulating evidence from network
meta-analyses. Pulm Ther 2019; 5: 117-126.

Calverley PMA, Magnussen H, Miravitlles M,
et al. Triple therapy in COPD: what we know and
what we don’t. COPD 2017; 14: 648-662.

Divo M, Cote C, de Torres JP, er al.
Comorbidities and risk of mortality in patients
with chronic obstructive pulmonary disease. Am ¥
Respir Crit Care Med 2012; 186: 155-161.

Eroglu SA, Gunen H, Yakar HI, ez al. Influence
of comorbidities in long-term survival of chronic
obstructive pulmonary disease patients. ¥ Thorac
Dis 2019; 11: 1379-1386.

Marengoni A, Vetrano DL, Manes-Gravina

E, et al. The relationship between COPD and
frailty: a systematic review and meta-analysis of
observational studies. Chest 2018; 154: 21-40.

Vaz Fragoso CA, Enright PL,, McAvay G, et al.
Frailty and respiratory impairment in older
persons. Am § Med 2012; 125: 79-86.

Oishi K, Matsunaga K, Harada M, ez al. A

new dyspnea evaluation system focusing on
patients’ perceptions of dyspnea and their living
disabilities: the linkage between COPD and
frailty. ¥ Clin Med 2020; 9: 3580.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Matsunaga K, Harada M, Suizu ], ez al.
Comorbid conditions in chronic obstructive
pulmonary disease: potential therapeutic targets
for unmet needs. ¥ Clin Med 2020; 9: 3078.

Windisch W, Geiseler J, Simon K, ez al.

German National Guideline for treating chronic
respiratory failure with invasive and non-invasive
ventilation — revised edition 2017: part 2.
Respiration 2018; 96: 171-203.

Hirano T, Matsunaga K, Hamada K, ez al.
Combination of assist use of short-acting beta-2
agonists inhalation and guidance based on
patient-specific restrictions in daily behavior:
impact on physical activity of Japanese patients
with chronic obstructive pulmonary disease.
Respir Investig 2019; 57: 133-1309.

Murphy PB, Rehal S, Arbane G, et al. Effect of
home noninvasive ventilation with oxygen therapy
vs oxygen therapy alone on hospital readmission
or death after an acute COPD exacerbation:

A randomized clinical trial. ¥AMA 2017; 317:
2177-2186.

Ergan B, Oczkowski S, Rochwerg B, ez al.
European Respiratory Society guidelines on
long-term home non-invasive ventilation for
management of COPD. Eur Respir § 2019; 54:
1901003.

Yamaji Y, Oishi K, Hamada K, ez al. Detection of
type2 biomarkers for response in COPD. ¥ Breath
Res 20205 14: 026007.

Hirano T and Matsunaga K. Measurement

of blood eosinophils in asthma and chronic
obstructive pulmonary disease. Intern Med 2022;
62: 21-25.

Oishi K, Matsunaga K, Shirai T, ez al. Role

of type2 inflammatory biomarkers in chronic
obstructive pulmonary disease. ¥ Clin Med 2020;
9: 2670.

Tamada T, Sugiura H, Takahashi T, ez al.
Biomarker-based detection of asthma-COPD
overlap syndrome in COPD populations. Inz ¥
Chron Obstruct Pulmon Dis 20155 10: 2169-2176.

Brusselle G, Pavord ID, Landis S, et al. Blood
eosinophil levels as a biomarker in COPD. Respir
Med 2018; 138: 21-31.

Moran A and Pavord ID. COPD exacerbation
phenotypes: the next frontier. Respirology 2020;
25:230-231.

Sivapalan P, Lapperre TS, Janner ], ez al.
Eosinophil-guided corticosteroid therapy in
patients admitted to hospital with COPD
exacerbation (CORTICO-COP): a multicentre,
randomised, controlled, open-label, non-

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

THERAPEUTIC ADVANCES in
Respiratory Disease

Volume 17

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

inferiority trial. Lancet Respir Med 20193 7:
699-709.

Bafadhel M, Pavord ID and Russell RE.
Eosinophils in COPD: just another biomarker?
Lancer Respir Med 20175 5: 747-759.

Matsunaga K, Oishi K, Miravitlles M, ez al. Time
to revise COPD treatment algorithm. Int ¥ Chron
Obstruct Pulmon Dis 20195 14: 2229-2234.

Singh D. Blood eosinophil counts in chronic
obstructive pulmonary disease: a biomarker of
inhaled corticosteroid effects. Tuberc Respir Dis
(Seoul) 2020; 83: 185-194.

Kostikas K, Papathanasiou E, Papaioannou Al,
et al. Blood eosinophils as predictor of outcomes
in patients hospitalized for COPD exacerbations:
a prospective observational study. Biomarkers
2021; 26: 354-362.

Miravitlles M, Monteagudo M, Solntseva I, ez al.
Blood eosinophil counts and their variability and
risk of exacerbations in COPD: a population-
based study. Arch Bronconeumol (Engl Ed) 2021;
57: 13-20.

Oshagbemi OA, Burden AM, Braecken DCW,
et al. Stability of blood eosinophils in patients
with chronic obstructive pulmonary disease and
in control subjects, and the impact of sex, age,
smoking, and baseline counts. Am ¥ Respir Crit
Care Med 2017; 195: 1402-1404.

Abe Y, Suzuki M, Kimura H, er al. Blood
eosinophil count variability in chronic obstructive
pulmonary disease and severe asthma. Allergol Int
2022; 72: 402-410.

Singh D, Agusti A, Martinez FJ, et al. Blood
eosinophils and chronic obstructive pulmonary
disease: a Global Initiative for Chronic
Obstructive Lung Disease science committee
2022 review. Am F Respir Crit Care Med 2022;
206: 17-24.

Matsunaga K, Kuwahira I, Hanaoka M, ez al. An
official JRS statement: the principles of fractional
exhaled nitric oxide (FeNO) measurement and
interpretation of the results in clinical practice.
Respir Investig 20215 59: 34-52.

Matsunaga K, Hirano T, Akamatsu K, ez al.
Exhaled nitric oxide cutoff values for asthma
diagnosis according to rhinitis and smoking
status in Japanese subjects. Allergol Int 2011; 60:
331-337.

Hoonhorst S, ten Hacken NH, Vonk JM,

et al. Steroid resistance in COPD? Overlap and
differential anti-inflammatory effects in smokers
and ex-smokers. PLoS One 2014; 9: e87443.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Pascoe S, Barnes N, Brusselle G, et al. Blood
eosinophils and treatment response with triple
and dual combination therapy in chronic
obstructive pulmonary disease: analysis of the
IMPACT trial. Lancet Respir Med 2019; 7:
745-756.

Sonnex K, Alleemudder H and Knaggs R. Impact
of smoking status on the efficacy of inhaled
corticosteroids in chronic obstructive pulmonary
disease: a systematic review. BMF Open 2020; 10:
e037509.

Sapey E, Bafadhel M, Bolton CE, ez a/l. Building
toolkits for COPD exacerbations: lessons from
the past and present. Thorax 2019; 74: 898-905.

Zhou A, Zhou Z, Zhao Y, et al. The recent
advances of phenotypes in acute exacerbations of
COPD. Int ¥ Chron Obstruct Pulmon Dis 2017; 12:
1009-1018.

Lopez-Campos JL and Agusti A. Heterogeneity
of chronic obstructive pulmonary disease
exacerbations: a two-axes classification proposal.
Lancetr Respir Med 20155 3: 729-734.

Hurst JR. Exacerbation phenotyping in chronic
obstructive pulmonary disease. Am ¥ Respir Crit
Care Med 2011; 184: 625-626.

MacDonald M, Korman T, King P, ez al.
Exacerbation phenotyping in chronic obstructive
pulmonary disease. Respirology 2013; 18: 1280-1281.

Cen L-J, Zhang X-x and Guan W-]. Phenotyping
acute exacerbation of COPD: what more can we
do for hospitalised patients? ER¥ Open Res 2021;
7: 00362-02021.

Sapey E and Stockley RA. COPD exacerbations
2: aetiology. Thorax 2006; 61: 250-258.

Murphy TF and Sethi S. Chronic obstructive
pulmonary disease: role of bacteria and guide to
antibacterial selection in the older patient. Drugs
Aging 20025 19: 761-775.

Armitage MN, Spittle DA and Turner AM. A
systematic review and meta-analysis of the prevalence
and impact of pulmonary bacterial colonisation in
stable state chronic obstructive pulmonary disease
(COPD). Biomedicines 20215 10: 81.

Ni Y, Shi G, Yu Y, et al. Clinical characteristics
of patients with chronic obstructive pulmonary
disease with comorbid bronchiectasis: a systemic
review and meta-analysis. Int ¥ Chron Obstruct
Pulmon Dis 2015; 10: 1465-1475.

Miravitlles M, Kruesmann F, Haverstock D, ez al.
Sputum colour and bacteria in chronic bronchitis
exacerbations: a pooled analysis. Eur Respir
20125 39: 1354-1360.

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

M Miravitlles, K Matsunaga et al.

97. Santos S, Marin A, Serra-Batlles J, ez al.
Treatment of patients with COPD and recurrent
exacerbations: the role of infection and
inflammation. Inz ¥ Chron Obstruct Pulmon Dis
2016; 11: 515-525.

98. Martinez-Garcia MA, Rigau D, Barrecheguren
M, et al. Long-term risk of mortality associated
with isolation of pseudomonas aeruginosa in
COPD: a systematic review and meta-analysis.
Int ¥ Chron Obstruct Pulmon Dis 20223 17:
371-382.

99. Martinez-Garcia MA and Miravitlles M.
Bronchiectasis in COPD patients: more than a
comorbidity? Int ¥ Chron Obstruct Pulmon Dis
2017; 12: 1401-1411.

Martinez FJ, Rabe KF, Calverley PM, et al.
Determinants of response to roflumilast in
severe chronic obstructive pulmonary disease.
Pooled analysis of two randomized trials. Am ¥
Respir Crit Care Med 2018; 198: 1268-1278.

100.

101.

102.

103.

104.

Martinez-Garcia MA and Miravitlles M. The
impact of chronic bronchial infection in COPD:
a proposal for management. Int ¥ Chron Obstruct
Pulmon Dis 2022; 17: 621-630.

De la Rosa Carrillo D, Martinez-Garcia MA,
Barreiro E, er al. Effectiveness and safety of
inhaled antibiotics in patients with chronic
obstructive pulmonary disease. A multicentre
observational study. Arch Bronconeumol 2022;
58: 11-21.

Herath SC, Normansell R, Maisey S, et al.
Prophylactic antibiotic therapy for chronic
obstructive pulmonary disease (COPD).
Cochrane Database Syst Rev 2018; 10:
Cd009764.

Smith D, Du Rand IA, Addy C, ez al. British
Thoracic Society guideline for the use of
long-term macrolides in adults with respiratory
disease. BMY Open Respir Res 20205 7:
370-404.

Visit Sage journals online
journals.sagepub.com/
home/tar

S Sage journals

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar

