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Key Messages

� Asthma-COPDOverlap (ACO) is not a distinct disease entity but a termapplied to patientswith clinical features of both asthmaandCOPD.

� Asthma-COPD Overlap is associated with greater morbidity than asthma and COPD alone and with relative treatment refractoriness,
but information is sparse about its course and optimal treatment.

� Current treatment recommendations are based on consensus because most clinical studies in asthma and COPD have excluded pa-
tients with ACO.

� Initialmanagement approach should includeaddressingenvironmental triggers aswell as identifying and treatingunderlying comorbidities.

� In selecting pharmacologic therapies, patients with ACO should be treated early with an ICS and 1 or more long-acting bronchodilator.

� In patients with severe disease, every effort should be made to address and target the patient’s treatable traits.

� A better understanding of the molecular mechanisms and drivers of airway inflammation in patients with ACO as well as the iden-
tification of novel biomarkers may lead to a more precise treatment approach for important unmet needs.
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bjective: To review the latest literature on management approaches to patients with asthma chronic
bstructive pulmonary disease (COPD) overlap (ACO).
ata Sources: Studies and reports were identified from the databases of PubMed/Medline and Clinical-
rials.gov from the US National Institutes of Health and the Cochrane Register of Controlled Trials.

Study Selections: Studies on the management of asthma, COPD, and ACO were included in this review.
Results: Patients with asthma COPD overlap tend to have greater morbidity than those with asthma or COPD
alone, but the information on the best therapeutic approach to this group of patients is still limited. Current
treatment recommendations rely on expert opinions, roundtable discussions, and strategy documents,
because most clinical studies in asthma and COPD have excluded patients with ACO. Because of the potential
risk described in patients with asthma with the use of long-acting 2 agonist monotherapy, initial therapy for
patients with ACO is recommended to include a long-acting bronchodilator in conjunction with inhaled
corticosteroids. Long-acting muscarinic antagonists are effective in both asthma and COPD and should be
considered in ACO as an add-on treatment. If inhaler therapy is not effective, advanced therapies based on
phenotyping and identification of treatable traits may be considered.
Conclusion: Few studies have evaluated prospectively therapies in the ACO population, and future studies
need to determine best strategies for the treatment of these patients, focusing on targeting its different
phenotypes and its treatable traits.
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CreditTM. Minimum passing score on the post-test is 70%.
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information can be applied to their own practices.
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Introduction

Asthma and chronic obstructive pulmonary disease (COPD) are
the most common chronic pulmonary conditions. Both diseases
have considerable heterogeneity but share a substantial number of
clinical features. Over the past decade, significant interest has been
expressed in the group of patients who have overlapping charac-
teristics of both diseases. Although previously described as asthma
COPD overlap syndrome (ACOS), the terminology of “syndrome”
has now been abandoned because it does not describe a separate
disease entity, but rather a spectrum of overlapping features of both
asthma and COPD. Asthma COPD overlap (ACO) is a term now used
to refer to this spectrum of chronic airways disease. However, much
controversy exists about the exact definition of ACO between
studies, and therefore its exact prevalence among the asthma and
COPD populations is difficult to estimate. In general, using the
various definitions, most studies suggest that the prevalence of ACO
ranges between 1.1% and 4.5% in the general population but is
considerably higher in asthma and COPD populations, with a
reported prevalence of 27% and 33%, respectively.1e4

As previously mentioned, several definitions for ACO have been
proposed, but no consensus exists. These definitions include the
need for documentation of fixed airway obstruction depicted by a
post-bronchodilator forced expiratory volume in 1 second (FEV1)/
forced vital capacity (FVC) ratio of less than 0.7 in the setting of
clinical features that include age older than 40 years, significant
history of smoking or other known exposure, patient-reported or a
physician’s diagnosis of asthma, significant bronchodilator
reversibility in FEV1 of more than 200 to 400 mL, the presence of
significant sputum or blood eosinophilia, and documentation of
wheezing or an atopic disease.5e9 Irrespective of the definition for
ACO, most studies suggest that these patients haveworse outcomes
than patients with either disease. For example, patients with ACO
have more respiratory symptoms, worse quality of life, greater
physical impairment, and higher risk of exacerbations, cost of care,
and more health care utilization.2,5,10e12 The reasons for why the
course of the disease in these patients tends to be associated with
worse outcomes than those of patients with either asthma or COPD
are not well understood. However, possibly triggers for its exacer-
bations are broader, or patients with ACO may inherently be more
susceptible for the progression of their disease.

Initial Evaluation of Patients with ACO

In a joint statement by the Global Initiate for Asthma (GINA) and
Global Initiate for Chronic Obstructive Lung Disease (GOLD), several
steps have been proposed for the evaluation of patients with sus-
pected ACO.13 The first step is to confirm the accurate diagnosis of
the patient. This includes a complete clinical history evaluating
Table 1
Clinical Features Outlining the Differences and Similarities of Asthma and COPD13

Feature Favors asthma

Age of onset of symptoms Before age 20 years
Features of respiratory symptoms Triggered by allergens, exercise, humidity, varia

temperature
Day-to-day variability

Lung function Variable airflow limitation
Reversibility

History Previous diagnosis of asthma
Family history of asthma and atopic conditions

Variability over time Seasonal variability
Response to therapy Spontaneous improvement

Rapid improvement to bronchodilators and grad
response to ICS

Radiographic findings Chest X-ray: may be normal
Chest CT: may show airway thickening and mos

COPD, chronic obstructive pulmonary disease; CT, computed tomography; FEV1, forced e
chronic symptoms such as cough, sputum production, dyspnea,
recurrent respiratory infections, and exposures to environmental
hazards, tobacco exposure, prior diagnoses of asthma or COPD, and
prior response to inhaler therapy. Physical examination is also key
and may reveal features of hyperinflation, wheezing, and other
abnormalities. Radiographic testing also may aid in the diagnosis or
confirmation of the disease. Computed tomography may indicate
emphysema or other abnormalities that can guide therapy. The
second step involves evaluating features that may favor the diag-
nosis of asthma or of COPD (Table 1). Patients with ACO have
overlapping features of both diseases. The third step includes the
evaluation physiologic measures, including spirometry (Table 2).
These steps are crucial to determine whether a patient has ACO and
are imperative in selecting appropriate therapy, particularly in
more severe disease, in which the therapies of asthma and COPD
diverge.

Pharmacologic Therapy in ACO

Because of heterogeneity of ACO and lack of consensus on its
definitions, therapy of this disease is based on treating both the
underlying asthma and COPD. Furthermore, patients with ACO have
notoriously been excluded from clinical trials evaluating asthma
and COPD therapies, and lack of solid clinical evidence makes it
difficult to determine appropriate treatment strategies. In addition,
some patients may present with features of both asthma and COPD
in equipoise, and the distinction may be problematic, especially in
asthma patients who smoke, older patients with asthma, and COPD
patients who have underlying type 2 (T2) airway inflammation
reflected by sputum or blood eosinophilia.

Pharmacologic Treatment Mild/Moderate ACO

Initial management of patients with ACO should adopt a similar
approach to that used in patients with asthma or COPD. Every effort
has to be made to identify triggers and limit the patient’s expo-
sures. Smoking cessation is particularly important in patients with
ACO, because this irritant will affect the progression and symptoms
control in asthma and COPD independently. In addition, smoke
exposure has been shown to decrease the response to inhaled
corticosteroids.14 Evaluation of other exposures such as biomass
smoke, pollution, and other irritants needs to be considered.
Delivering patient education and ensuring adequate inhaler tech-
nique are vital in this group of patients and should be encouraged at
every visit.15,16 Using an active management cycle inwhich patients
are assessed, the response is reviewed, and the treatment is
adjusted based on their symptoms and exacerbation history is also
recommended.15,16 When selecting therapies, identifying underly-
ing comorbidities is key, because increasing evidence shows that
Favors COPD

After age 40 years
tions in Chronic symptoms despite therapy: cough, sputum

production
Exertional dyspnea
Airflow limitation with a fixed post-bronchodilator
FEV1/FVC < 0.70

Previous diagnosis of COPD
Significant exposure to tobacco smoke or other noxious agent
Slow progression of symptoms

ual
Bronchodilators provide limited relief

aicism
Chest X-ray: hyperinflation
Chest CT: emphysema

xpiratory volume in 1 second; FVC, forced vital capacity.



Table 2
Spirometric Changes in Asthma, COPD, and ACO13

Spirometric measure Asthma COPD ACO

Normal post bronchodilator FEV1/FVC Consistent with the diagnosis Not consistent with the diagnosis Not consistent with the diagnosis
Post-bronchodilator FEV1/FVC < 0.70 Consistent with airflow limitation but

may respond to treatment
Required for the diagnosis Consistent with the diagnosis

Post-bronchodilator FEV1 > 80%
predicted

Consistent with the diagnosis with good
asthma control

Mild disease if post bronchodilator
FEV1/FVC < 0.70

Consistent with the diagnosis if post
bronchodilator FEV1/FVC < 0.70

Post-bronchodilator FEV1 < 80%
predicted

Consistent with the diagnosis with
increased risk of asthma
exacerbations

FEV1 used for severity assessment and
may indicate risk factors (ie,
mortality)

FEV1 used for severity assessment and
may indicate risk factors (ie,
mortality)

Post-bronchodilator increase of
FEV1 > 12% and 200 mL

Commonly encountered Occasionally encountered Occasionally encountered

Post-bronchodilator increase of
FEV1 > 12% and 400 mL

High probability of asthma Infrequently encountered Consistent with the diagnosis

ACO, asthma COPD overlap; COPD, chronic obstructive pulmonary disease; CT, computed tomography; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity.
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comorbid conditions may exert a considerable effect in patients
with ACO, and considering diagnoses such as gastroesophageal
reflux disease, osteoporosis, cardiovascular disease, and depression
is essential.17

Therapy for mild to moderate disease in patients with chronic
airway disease, including asthma and COPD, is centered on inhaled
therapy (Fig 1). Patients with asthma or COPD are treated in a
stepwise approach based on symptom control and history of ex-
acerbations.15,16 Patients with infrequent symptoms can be
managed with as-needed short-acting bronchodilators. Neverthe-
less, as the symptoms progress, the treatment of asthma and COPD
differ. Specifically, in the introduction of inhaled corticosteroids
(ICS), patients with asthma are introduced in the earlier stages,
whereas in COPD they are limited to patients with a history of
exacerbations not responding to long-acting bronchodilators. In
asthma, early introduction of ICS can decrease the risk of exacer-
bations and improve asthma control.18,19 Long-acting b2 agonists
(LABA) are recommended as an add-on therapy if other controllers
are not effective.16 Single therapy with a LABA in asthma is con-
traindicated because in 2 trials, salmeterol was linked to increased
risk of asthma-related death.20,21 Conversely, in COPD, the use of
long-acting bronchodilators, LABAs, or long-acting muscarinic
Figure 1. Approach to management of patients with ACO. LABA, long-acting b2 agonist; LA
exhaled nitric oxide; *Consider in severe patients with chronic bronchitis. **Consider in a
asthma.
antagonists (LAMA) has been associated with improvements in
symptoms, quality of life, lung function, and exacerbation risk.22e25

Although limited evidence is available on the initial approach to
inhaler therapy in patients with ACO, avoiding single therapy with
LABA is judicious in this group of patients because of the safety
concerns observed in the asthma population.13 Therefore, the early
use of ICS in this population has been recommended to target
airway inflammation, but because these patients have concomitant
airway obstruction, managing their symptoms should include
adding 1 or more long-acting bronchodilators, oftenwith the initial
addition of a LABA. The early use of ICS in combinationwith a LABA
in treatment for patients with COPD who have a history of asthma
is supported by a case-control study.26 Gershon and colleagues26

evaluated data from older adults with COPD, particularly those
with concomitant asthma (ie, ACO), and they demonstrated that
newly prescribed LABA/ICS therapy, compared with newly pre-
scribed LABAs alone, was associated with a significantly lower risk
of the composite outcome of death or COPD hospitalization.26

Although commonly used, a great need remains to better under-
stand the role of the long-term efficacy and safety of inhaled cor-
ticosteroids in the ACO population. Indeed, prospective clinical
trials are required to validate (or refute) response to ICS and the
MA, long-acting muscarinic antagonist; ICS, inhaled corticosteroid; FeNO, fractional
llergic and eosinophilic phenotypes. ***Consider in patients with underlying severe



Figure 2. Cellular and molecular targets of airway inflammation in asthma, COPD, and ACO. IL, interleukin; ILC2, type 2 innate lymphoid cell; Th2, T helper 2; TSLP, thymic
stromal lymphopoietin; BLT2, leuko triene B4 receptor 2; CXCL8, CXC motif chemokine ligand 8; TFG-b, transforming growth factor b; CXCL, chemokine ligand. Modified from
Assaf S, Hanania NA. Exp Rev Precis Med Drug Dev. 2019;4:121-128.
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cost-effectiveness of this approach. Patients treated with ICS/LABA
who continue to have symptoms are often treated with an addi-
tional long-acting bronchodilator, such as a LAMA. Tiotropium
bromide has been the most commonly used LAMA in this situation,
because it is the only one currently approved for treatment of
asthma. In a large, 12-week, randomized, double-blind, placebo-
controlled, parallel group, clinical trial, Magnussen et al27 demon-
strated that patients with COPD who have concomitant asthma
(ACO) achieve spirometric improvements with tiotropium along
with symptomatic benefit, as seen by reduced need for rescue
medication.27 Triple inhaler therapy (ICS/LABA/LAMA) has been
effective in both asthma and COPD and therefore should be
considered if the patient’s symptoms progress, especially if there is
a history of frequent exacerbations.28e30 If inhaler therapy is not
effective in these patients, advanced therapies based on pheno-
typing and identification of treatable traits may be considered.
These include the use of monoclonal antibodies, phosphodiesterase
inhibitors, and macrolides (Fig 1).

Pharmacologic Treatment of Severe ACO

Biologics
Understanding the molecular mechanisms of airway inflam-

mation in both asthma and COPD has led to the identification of
novel targets for therapy that include cytokines and chemokines
(Fig 2). Indeed, several monoclonal antibody biologics and small
molecule inhibitors and antagonists have been developed and are
either approved or currently being evaluated in clinical trials.
Monoclonal antibodies targeting T2 inflammation in severe asthma
have thus far been the most successful, and 5 different monoclonal
antibodies are now approved for the treatment of severe T2 high
asthma (allergic and eosinophilic asthma); others are being eval-
uated (Fig 3). Biomarkers, such as immunoglobulin E (IgE) and
peripheral blood eosinophils, and exhaled nitric oxide (FeNO) can
identify patients who may benefit from these therapies.31e36 The
use of these therapies has been associated with significant reduc-
tion in exacerbations, emergency room visits, need for systemic
corticosteroids, and improvements in quality of life, among other
outcomes.31e40

Because of the success of biologics in asthma, a similar strategy
has been attempted in patients with COPD whose phenotypic
characteristics that may predict a favorable response, such as those
with underlying T2 airway inflammation and eosinophilic features.
However, the results of these studies have shownmixed results. For
example, a randomized, double-blinded, placebo-controlled study
explored the effects of benralizumab, a monoclonal antibody tar-
geting the alpha subunit of the interleukin (IL)-5 receptor, in 101
patients with COPD and at least 3% sputum eosinophil count and at
least 1 exacerbation in the previous 12 months.41 Treatment with
benralizumab for 56 weeks was associated with significant eosin-
ophil count reductions, but not with reductions in the annualized
rate of exacerbations compared with placebo, 0.95 (0.68-1.29) vs
0.92 (0.67-1.25), respectively. No difference was seen in the severe
exacerbations leading to a hospitalization or health careerelated
quality of life. Interestingly, improvement of pre-bronchodilator
FEV1 occurred in the treatment group at week 56 compared with
placebo (130 mL � 410 vs -60 mL � 240, P ¼ .014). Subgroup
analyses suggested that patients with higher peripheral blood
eosinophil counts may have benefits, but the study was not pow-
ered to accurately determine these differences. Nevertheless, this
was the first study to show potential benefits of targeting eosino-
philic inflammation in COPD. No safety concerns were reported.

In a pilot study, the effects of mepolizumab, a monoclonal
antibody that neutralizes IL-5, were evaluated in 18 COPD patients
with at least 1 exacerbation in the past 12 months and sputum
eosinophil counts greater than 3%.42 Importantly, patients with a
previous diagnosis of asthmawere not excluded. Patients that were
randomized to receive mepolizumab experience reductions in both



Figure 3. Therapies approved or under development targeting T2 airway inflammation.105 DC, dendritic cell; ILC2, group 2 innate lymphoid cell; KIT, proto-oncogene c-kit;
Th2, T-helper cell; PGD2, prostaglandin D2; TSLP, thymic stromal lymphopoietin; CRTH2, chemoattractant receptor homologous molecule expressed on TH2 cells. Used with
permission from: Assaf S, Hanania NA. Curr Opin Allergy Clin Immunol. 2019;19:379-386.
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sputum and blood eosinophil counts, but they did not have sig-
nificant improvements in exacerbation rates or lung function
compared with placebo. These findings were limited by the size of
the trial and the relatively short duration of treatment (6 months).
These limitations were overcome in the phase 3 METREX and
METREO trials.43 The patients included in these trials had a
diagnosis of COPD confirmed by spirometry, had at least 2 exacer-
bations or 1 severe exacerbation that led to hospitalization in the
prior year, and were receiving background therapy of inhaled cor-
ticosteroids in addition to a long-acting bronchodilator. In METREX,
836 patients with and without an eosinophilic phenotype (more
than 150 eosinophils per microliter in the peripheral blood) were
randomized to receive mepolizumab at 100 mg every 4 weeks of
placebo (1:1). In METREO, 675 patients with an eosinophilic
phenotype were randomized to receive mepolizumab at 100 mg or
300 mg every 4 weeks or placebo (1:1:1). In both trials, patients
received treatment for 52 weeks. In METREX, the mean annualized
rate of moderate or severe exacerbations was lower in the in the
mepolizumab group compared with placebo (1.4 vs 1.71 per year,
relative risk [RR] 0.82; 95% confidence interval [95%CI], 0.68-0.98;
P ¼ .04). The time to the first exacerbation was longer in the
mepolizumab group compared with placebo, 192 vs 141 days,
respectively (hazard ratio 0.75; 95%CI, 0.60-0.94, P ¼ .04). In
METREO, the annualized rates of exacerbations were lower in the
mepolizumab groups compared with placebo, but did not reach
statistical significance (1.19 in the 100-mg group [RR 0.80; 95%CI,
0.65-0.98, P ¼ .07], 1.27 in the 300-mg group [RR 0.86; 95%CI, 0.70-
1.05; P ¼ .14] vs 1.49 in the placebo group. In both trials, lung
function andmeasures of health-related quality of life were similar.
No new safety signals were observed in either trial. The Food and
Drug Administration concluded that the magnitude and consis-
tency of the benefits were not sufficient to approve the use of
mepolizumab in COPD.44 Additionally, they expressed the opinion
that smokers with a history of asthma should have been excluded
at screening to limit underlying asthma as confounder.
Most recently, 2 randomized, double-blind, double-dummy,
placebo-controlled, parallel-group, phase 3 studies evaluating the
use of benralizumab in moderate to very severe COPD with a his-
tory of exacerbations were completed (TERRANOVA and
GALATHEA).45 TERRANOVA was a dose ranging study that evalu-
ated subcutaneous benralizumab every 8 weeks (first 3 doses every
4 weeks) at 3 different doses: 10 mg, 30 mg, and 100 mg compared
with placebo. A total of 1545 patients with a baseline eosinophil
count greater than 220 cells/mL received therapy or placebo for
56 weeks. No significant improvements were observed in the
annual exacerbation rates in the 10-mg (RR 0.85, 95%CI 0.71-1.01,
P ¼ .06), 30-mg (RR 1.04, 95%CI 0.88-1.23, P ¼ .66), or 100-mg (RR
0.93, 95%CI 0.78-1.10, P ¼ .40) treatment groups compared with
placebo. Similarly, no improvements in lung function or respiratory
symptoms were observed. In GALATHEA, 2 doses (30 mg or 100 mg
subcutaneously every 8 weeks, with the initial 3 doses every
4 weeks) of benralizumab were evaluated in 1120 patients with
moderate to very severe COPD and a blood eosinophil count greater
than 220 cells/mL. The patients received either 1 of the benralizu-
mab doses or placebo for 56 weeks or placebo as an add-on therapy
to dual- or triple-inhaler therapy. A trend toward improvement in
the annual rate of exacerbations was seenwith the 30-mg (RR 0.96,
95%CI 0.80-1.15, P ¼ .65) and 100-mg (RR 0.83, 95%CI 0.69-1.00, P ¼
.05) dosing schemes compared with placebo. Likewise, no signifi-
cant differences were observed with respect to lung function and
respiratory symptoms. Interestingly, patients in the 100-mg dosing
group had a significant improvement in the annual rate of severe
exacerbations (RR 0.57, 95%CI 0.36-0.91, P ¼ .02). In both TERRA-
NOVA and GALATHEA, adverse events were similar in the treatment
and placebo groups, and they were consistent with the benralizu-
mab phase 3 trials in severe eosinophilic asthma.35,36,46 In
summary, targeting the IL-5 pathway does not consistently
improve outcomes in COPD, even in those with a history of exac-
erbations and an eosinophilic phenotype. Subgroup analyses have
identified potential patient populations who may benefit from
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these therapies, particularly those with higher peripheral blood
eosinophil counts, but future studies will require larger patient
populations. Possibly, just as with asthma, earlier studies will serve
as the basis for future studies in which other clinical factors and
biomarkers will lead to better identify responders. Reassuringly,
the therapies studied to date are safe and well tolerated, but
long-term data are still required.

Targeting pathways beyond IL-5 is being considered for future
therapies in both asthma and COPD. In asthma, promising results
target alarmins released by airway epithelial cells, in particular
thymic stromal lymphopoietin (TSLP), IL-25, and IL-33. Targeting
these costimulatory cytokines can block T2 inflammatory response
and may have important clinical implications. For example, teze-
pelumab, a monoclonal antibody targeting TSLP, was shown to
decrease the rate of exacerbations in patients with uncontrolled
moderate-to-severe asthma irrespective of blood eosinophil
counts.47 Murine models have shown that inhibition of IL-25 or IL-
33 reduces T2 cytokine production and eosinophilic inflammation,
and the results of ongoing human trials are eagerly awaited
(NCT03112577).48,49 In COPD, an ongoing trial (NCT03930732) is
evaluating the use of dupilumab, an inhibitor of the alpha subunit
of the IL-4 receptor, in patients with moderate to severe COPD. The
results of these trials and others will help determine the role of
targeting these pathways in COPD.

Only a few studies of biologics have been conducted in ACO. This
is possibly attributable to the varying definitions of ACO, wide
range of disease severity, and exclusion and inclusion criteria for
the different studies. For these reasons, studies are limited to case
reports, registries, and real-life experiences.50e53 Omalizumab has
been studied the most in patients with overlapping features. An
analysis of 177 subjects from the Australian Xolair Registry indi-
cated similar improvements in health careerelated quality of life
and asthma control in patients with severe allergic asthma
compared with those with COPD overlapping features.52 No im-
provements were observed in lung function. The PROSPERO study
(Prospective Observational Study to Evaluate Predictors of Clinical
Effectiveness in Response to Omalizumab) was an observational,
real-life study that evaluated the effectiveness of omalizumab after
48weeks of therapy.54 Current and prior smokers and patients with
coexisting COPD were not excluded from this study. In a post hoc
analysis of 737 patients from this cohort (ACO n ¼ 56, non-ACO n ¼
681), patients with and without overlapping features had similar
improvements in exacerbation rates and asthma control.53 Never-
theless, because of the inherent limitations of a real-life study,
these data should be interpreted with caution, because these types
of studies have less rigor compared with the regulatory trials pre-
viously described.

The question remains as to whether one should use biologics
on a routine basis in patients with ACO. Limited data are
available to make a definitive recommendation regarding the use
of these treatments in patients with overlapping features. In
clinical practice, patients with uncontrolled asthma and coex-
isting COPD are encountered regularly. A real-life study showed
that 22% to 30% of patients that receive biologicals for asthma
have coexisting COPD.55 This suggests that these patients are
already receiving these therapies routinely. When all clinical
management goals have been addressed, such as disease edu-
cation, environmental measures, smoking cessation, and treat-
ment of comorbid conditions, considering biological therapies in
ACO is reasonable. Taking into consideration the robust evidence
of improvements in multiple important asthma outcomes and
understanding the limited ACO-specific studies, biologics likely
should not be withheld in patients with ACO, particularly if
patients’ conditions remain uncontrolled with frequent exacer-
bations or on chronic oral corticosteroids. Fortunately, biologics
have been considered generally safe in the COPD population, but
information of ongoing studies will provide additional safety
information.

Targeting non-T2 airway inflammation including neutrophilic
inflammation remains a great unmet need for treatment of severe
asthma and COPD. Several agents, including biologics such those
targeting IL-8, IL-17 and tumor necrosis factor-alpha and small
molecule antagonists such as CXCR2 and LTB4 antagonists, have
failed to show benefits in clinical trials.56e61 Several other targets
are being evaluated (Fig 2), but none of these has been evaluated in
patients with ACO.

The identification of treatable traits remains the recommended
approach in patients with ACO.62e65 These treatable traits should
be clinically relevant, be easily identified and measured, and have
therapeutic implications.63 These traits include biomarkers, such as
those used for the selection of biologicals in asthma, but they also
may include respiratory symptoms, radiographic characteristics,
comorbid conditions, history of exacerbations or infections, and
others,65 for example, using the combination of 2 biomarkers,
periostin and Chitinase-3-like protein 1 (YKL-40), Shirai and col-
leagues66 were able to better characterize 3 populations of patients
with chronic airway disease.66 Patients with asthma and ACO had
higher levels of periostin but not in COPD, whereas YKL-40 was
high in COPD and ACO but not in asthma.66 Future studies need to
explore ways to ensure more appropriate selection of patients,
using clinical traits and biomarkers to identify responders.

Macrolides
Macrolides have been useful in various chronic pulmonary dis-

eases, including diffuse panbronchiolitis, noncystic bronchiectasis,
and cystic fibrosis. In asthma and COPD, various trials have been
shown to provide benefits regarding exacerbations and other
important outcomes. The mechanisms explaining these benefits
are incompletely understood. The anti-microbial properties of
these compounds may be beneficial in certain cases. Notably, in-
fections with atypical pathogens may contribute to exacerbations,
uncontrolled symptoms, and progression of the disease.67 Addi-
tionally, some evidence links toxins from Mycoplasma pneumoniae
and infection with other atypical bacteria with T2 inflammatory
responses and airway remodeling that may be possibly mitigated
with macrolides.67,68 The potential anti-inflammatory properties of
macrolides also have been debated considerably, but mounting
evidence suggests that this class of medications may affect the
various inflammatory pathways. For example, clarithromycin has
been linked to suppression of the IL-13emediated production of
mucus by goblet cells and periostin by fibroblasts.69,70 Various
studies also have shown that macrolides may reduce airway reac-
tivity and remodeling.71e74 Emerging evidence also suggests that
these medications may alter gene expression.75 In relation to ACO,
these potential benefits appear to extend to inflammation induced
by smoke exposure.76,77

Various trials have evaluated the use of macrolides in asthma,
with mixed results. A systematic review of 23 studies showed that
macrolides were not consistently beneficial comparedwith placebo
in asthma, but evidence was considered to be of low quality
because of the considerable heterogeneity of study populations,
interventions, and reported biases.78 Other meta-analyses had
similar observations and suggested improvements in quality of life,
symptoms scores, and airway hyperreactivity.79,80 The AMAZES
study was a randomized, double-blind, placebo-controlled trial,
and the largest to date evaluating the effects of azithromycin in
asthma.81 It included 420 patients with persistent uncontrolled
asthma despite ICS/LABA that were treated with azithromycin
500 mg 3 times per week or placebo (1:1) for 48 weeks. Treatment
with azithromycin was associated with reduced yearly asthma
exacerbations rates compared with placebo (1.07; 95%CI 0.85-1.29
vs 1.86; 95%CI 1.54-2.18, P< .001). Improvement was seen as well in
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asthma quality of life. Patients with eosinophilic and non-
eosinophilic phenotypes experienced similar improvements. Diar-
rhea was more frequently encountered in the treatment group, but
overall azithromycin was well tolerated.

Several clinical trials support the chronic use of azithromycin in
COPD. Albert and colleagues82 demonstrated that daily 250 mg of
azithromycin prevented COPD exacerbations compared with pla-
cebo after 1 year of therapy in addition to usual care.82 Although
significant improvements in quality of life occurred, a small num-
ber of patients experienced hearing problems with therapy. Other
studies have supported these findings, even beyond 12 months of
therapy.83e86 More recently, a study showed that azithromycin
therapy also may have a role during the highest risk period after
acute exacerbation of COPD (AECOPD).87 In the study by Ver-
meersch and colleagues,87 301 patients were enrolled after an
AECOPD and received 3 months of azithromycin or placebo.87 Pa-
tients that received therapy had a lower rate of treatment failure
after 3months comparedwith placebo (49 vs 60%, HR¼ 0.73; 95%CI
0.53-1.01, P ¼ .0526). Patients in the azithromycin arm also expe-
rienced less intensification of the treatment and readmissions. The
clinical benefits were lost after 6 months of therapy. This suggest
that in at-risk patients, longer courses of therapy may be required.

No study has evaluated prospectively the effects of macrolides
in patients with ACO, and few data on the use of macrolides in ACO
exist. In a study that evaluated the use of low-dose azithromycin in
patients with primary antibody deficiency, both asthma and COPD
were enrolled in addition to other chronic lung diseases. Similar to
these studies, exacerbation reductions were observed in these at-
risk populations.88 Given the evidence from studies in both
asthma and COPD populations, azithromycin can be considered as
an adjunctive therapy in patients with ACO. However, this therapy
should be reserved for patients whose condition remain uncon-
trolled despite ICS/LABA, those whose condition has failed to
respond to other therapies, or those considered at-risk for future
exacerbations. Long-term azithromycin use has been linked to
increased antimicrobial resistance, and a careful risk/benefit
evaluation should be done before initiating this therapy.81,89 Pre-
screening patients for the risk of cardiac arrhythmias and hearing
problems and close post-initiation monitoring is recommended if
the decision to start azithromycin is made.90

Phosphodiesterase inhibitors
Theophylline, a nonselective phosphodiesterase inhibitor, was 1

of the first medications used in treatment of patients with chronic
airways diseases, and in fact, is still used worldwide inmilder forms
of asthma and COPD.15,16,91 In COPD, theophylline has been shown
to improve lung function and symptoms, but it does not reduce the
rate of exacerbations.92,93 Similarly, in patients with asthma, im-
provements in lung function were seen after treatment with
theophylline, but no changes in the control of the disease.94,95

Doxofylline, another methylxanthine, has similar benefits in
asthma compared with theophylline, but it may have a safer pro-
file.96,97 To date, no studies have been conducted evaluating the
efficacy of methylxanthines in an ACO population. In patients that
have milder forms of ACO, this class of medications may be
considered, but other safer and more effective therapies exist.

The oral phosphodiesterase-4 inhibitor roflumilast has been
effective in improving lung function and decreased exacerbations
rates in a subgroup of patients with COPDdthose with a history of
frequent exacerbations, a chronic bronchitis phenotype, and a FEV1
less than 50% predicted.98e100 In asthma, roflumilast has shown
consistent improvements of lung function in a meta-analysis of 14
trials.101 Moreover, roflumilast is generally well-tolerated in
asthma, and the most frequently reported side effects include
diarrhea, nausea, and headache.101,102 No data exist on the effects of
roflumilast in ACO patients. Interestingly, COPD patients with
higher counts of eosinophils had greater reduction in exacerbation
rates.103 Supporting these findings, a study of bronchial biopsies of
COPD patients indicated a decrease in tissue eosinophils after 16
weeks of therapy with roflumilast compared with placebo.104 Other
studies have shown anti-inflammatory effects mediated by other
cellular lines, such as neutrophils.105 The findings on the studies in
asthma and COPD, and the potential effects on eosinophils and
other anti-inflammatory properties, makes roflumilast an attractive
option to examine further in patients who have ACOwho are at risk
of frequent exacerbations.

Nonpharmacologic Management of ACO

Other management approaches for ACO include non-
pharmacologic strategies. All patients should engage in regular
physical activity and pursue a healthy diet.15,16Weight loss has been
shown to be beneficial in asthma and is recommended in the
setting of obesity.106 Avoidance of known triggers, including occu-
pational and indoor exposures, remains very important.16 Aspirin
and other nonsteroidal anti-inflammatory drugs can worsen
asthma control; thus, caution should be exercised in all patients
with features of asthma.107 Pneumococcal vaccination is recom-
mended for patients older than 65 years; in COPD it has been
shown to reduce the likelihood of exacerbations.108 Annual influ-
enza vaccination has been beneficial in both asthma and COPD and
should be advocated in ACO patients.109,110 Pulmonary rehabilita-
tion has been found to be effective in a wide range of severities in
symptomatic patients with COPD and should be offered also to
patients with ACO.111 Bronchial thermoplasty has only been studied
in severe asthma, and its effects on ACO patients remain un-
known.112 Although most of these nonpharmacological measures
have not been evaluated in the ACO population, their efficacy has
been demonstrated independently in COPD and in asthma, and
they should be contemplated in all patients with features of both
diseases.13,15,16

Conclusion

Asthma-COPD overlap is not a distinct disease entity but a term
applied to patients with clinical features of both asthma and COPD.
Epidemiologic studies suggest that ACO is associated with greater
morbidity than asthma and COPD alone, and with relative treat-
ment refractoriness, but information is sparse about its course
because most clinical studies have excluded such patients. There-
fore, current recommendations for therapy are based on expert
opinion, roundtable discussions, and strategy documents (ie, GINA
and GOLD), and they suggest that initial therapy of patients with
ACO should include 1 or more long-acting bronchodilators, the
cornerstone of COPD treatment and an inhaled corticosteroid, the
cornerstone of asthma treatment. In severe disease, management
should target treatable traits as well as be driven by phenotypic and
endotypic characterization of the patients. Several biologic thera-
pies are now available that target drivers of T2 airway inflammation
in asthma, but few of these have thus far been evaluated in the ACO
population. Targeting non-T2 inflammation remains a major unmet
need. In the future, a better and more in-depth understanding of
the molecular mechanisms of ACO and its related phenotypes will
help identify future targets of therapy.
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