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KEY POINTS

e Precision medicine can be achieved by targeting specific phenotypes where asthma and
COPD overlap.

e Many agents show promise in ameliorating type 2 eosinophilic inflammation and are pro-
gressing through clinical trials; however, novel therapies targeting neutrophilic inflamma-
tion have been less successful.

Specific biomarkers are required to identify those likely to benefit from antimicrobial inter-
ventions in airways disease.

Therapeutic agents targeting inflammation may have a positive impact on airway remod-
eling or mucous hypersecretion; however, further studies in larger numbers are required to
evaluate both specific agents in current development and novel approaches.

INTRODUCTION

Heterogeneity is well recognized in airways diseases like asthma and chronic obstruc-
tive pulmonary disease (COPD), and characterization of distinct phenotypes has high-
lighted where pathologic processes overlap. Asthma-COPD overlap (ACO) has been
used to describe individuals with clinical features of both diseases. More specificity,
however, is required because treatments are increasingly targeted to specific disease
traits and established biomarkers rather than traditional disease labels. The underpin-
ning mechanisms for many of the novel therapies within are common and likely to be
effective in the correctly identified individual, irrespective of a disease label such as
asthma, COPD, or ACO.
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In this article, the authors discuss novel therapeutic agents according to several
phenotypes recognized in both asthma and COPD, including the more widely estab-
lished T2 eosinophilic inflammation, particularly noted in asthma, as well as other
pathways such as neutrophilic inflammation and dysbiosis more commonly reported
in COPD. Specifically, the following treatment topics are reviewed (Fig. 1):

T2-mediated, eosinophilic inflammation
Non-T2 (neutrophilic) inflammation
Dysbiosis

Mucous hypersecretion

Airways remodeling

T2 Eosinophilic Inflammation

T2-mediated eosinophilic inflammation is the most common inflammatory endotype in
asthma and may be underestimated due to the suppressive effects of treatment, with
only 5% of patients persistently “T2-low” following T2 biomarker-based corticosteroid
optimization.” Inflammation in COPD is more commonly Th1 mediated and neutro-
philic; however, sputum eosinophilia is recorded in 10% to 40% of patients.?

Eosinophilic inflammation has been the recent focus of pharmacotherapy in asthma,
with multiple agents now licensed or in development; however, there are currently no
licensed T2 biologics available for use in COPD.

ANTI-IMMUNOGLOBULIN E

Omalizumab is approved for use in children and adults with moderate-to-severe
asthma and proven aeroallergen sensitization. Omalizumab reduces circulating immu-
noglobulin E (IgE) in the blood and interstitial space and inhibits IgE binding to high-
and low-affinity receptors on mast cells, basophils, and dendritic cells. Clinically, oma-
lizumab reduces asthma exacerbations and oral corticosteroid dependence.®

Data suggest that atopy is present in roughly one-third of patients with COPD?;
however, it is associated with a lower risk of acute exacerbation. Independent of
allergic status, upregulation of the high-affinity FceRI receptors on plasma dendritic
cells implicated in the asthmatic response to omalizumab has also been demonstrated
in severe COPD?® indicating that selected patients with COPD could benefit from anti-
IgE treatment.
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Fig. 1. Inflammatory pathways and therapeutic targets in airways disease. RBM, Reticular
basement membrane.
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Although omalizumab use in COPD has not been studied, small studies in allergic
asthma with comorbid COPD, consistent with ACO, suggest a positive impact. A post-
hoc analysis of Prospective Observational Study to Evaluate Predictors of Clinical
Effectiveness in Response to Omalizumab (PROSPERO) evaluated ~50 patients
with ACO, based on 2 different definitions: indicating similar improvements in exacer-
bations and asthma control compared with those observed in asthmatic subjects
without ACO.° Similarly, data from the Australian Xolair Registry reported that 17 pa-
tients with ACO demonstrated improvements in asthma control and quality of life
compared with those with no COPD, although associated improvements in forced
expiratory volume in 1 second (FEV,) were not observed in this subgroup.” A further
analysis examined the response to omalizumab in subgroups of asthma with and
without fixed airflow obstruction (FAO), demonstrating a positive impact on exacerba-
tions in those with high but not low bronchodilator reversibility (BDR) in both of these
groups, whereas improvements in FEV; were observed only in those with high BDR
and absent FAO.®

ANTI-INTERLEUKIN-5/5R

Interleukin (IL)-5 is produced by T-helper type 2 lymphocytes, innate lymphoid type
2 cells, and eosinophils and is a key cytokine involved in recruitment, maturation, acti-
vation, and survival of eosinophils. Biological agents are available targeting both IL-5
and the IL-5 receptor. In severe eosinophilic asthma, these agents have consistently
reduced acute exacerbation rates and successfully allowed reduction of oral cortico-
steroid burden.®~"® Sputum IL-5 levels are elevated in eosinophilic COPD'® suggesting
that targeting this pathway could be of clinical benefit.

Benralizumab in COPD: In an initial phase 2a trial in eosinophilic COPD, treatment
did not meet the primary end point of reducing exacerbation rates. However, reduction
in sputum eosinophils was associated with a significant improvement in FEV; and
there was a trend toward reduced exacerbations in those with higher blood eosino-
phils, suggesting treatment could be beneficial in some."” The subsequent phase 3
trial found no significant reduction in exacerbation rate despite substantial depletion
of sputum and blood eosinophils.'® Further analysis was performed, aiming to identify
the population of subjects with COPD most likely to benefit from treatment, with the
greatest treatment effect in those with blood eosinophils greater than or equal to
220 cells/uL, particularly in the presence of increased exacerbation frequency and se-
vere airflow obstruction (FEV, <40%)."° Another trial of benralizumab for acute exac-
erbations of eosinophilic airways disease, including both subjects with asthma and
COPD, is ongoing.?®

Mepolizumab in COPD: Two phase 3 trials (Mepolizumab vs. Placebo as Add-on
Treatment for Frequently Exacerbating COPD Patients (METREX) and Mepolizumab
vs. Placebo as Add-on Treatment for Frequently Exacerbating COPD Patients Charac-
terized by Eosinophil Level (METREQ)) evaluated the impact of anti-IL-5 on COPD
exacerbation rates in subjects who were uncontrolled despite triple therapy.?' Out-
comes were assessed across a range of baseline blood eosinophil counts. In eosino-
philic COPD, moderate and severe exacerbation rates were reduced by 18% and
20%, respectively, whereas no benefit was observed in those who were noneosino-
philic. The phase 3 Mepolizumab as Add-on Treatment IN Participants With COPD
Characterized by Frequent Exacerbations and Eosinophil Level (MATINEE)?? trial is
recruiting subjects with eosinophilic COPD who are persistent exacerbators with an
elevated blood eosinophil count at baseline (>300 cells/uL) and will assess the effect
on annualized exacerbation rates. The Mepolizumab for COPD Hospital Eosinophilic
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Admissions Pragmatic Trial (COPD-HELP) trial is also evaluating the effect of mepoli-
zumab on acute exacerbations of COPD.2®

TARGETING INTERLEUKIN-4/13

Despite being an integral T2 cytokine, therapies targeting IL-13 alone in asthma have
failed to meet the primary end point of reducing asthma exacerbations, and develop-
ment has ceased.?*?° The efficacy of lebrikizumab was examined in patients with
moderate-to-severe COPD and a history of exacerbations but did not reduce exacer-
bations,?® and development has ceased.

The monoclonal antibody dupilumab targets IL-4Ra, blocking downstream activity in
both IL-13 and IL-4 pathways. In asthma, this has led to significant clinical improvements
both with regard to exacerbation rates and physiology.?” Consequently, this agent is be-
ing evaluated in moderate-to-severe COPD with evidence of T2 inflammation.?®

Targeting Epithelial Cytokines

The epithelial cytokines IL-25, IL-33, and Thymic stromal lymphopoietin perpetuate T2
inflammation via downstream effects on various cells including Th2 cells, innate
lymphoid cells, and dendritic cells. Therapies targeting these upstream mediators
are more advanced in asthma but are now in trials for appropriate subgroups of pa-
tients with COPD.

Interleukin-33: 1L-33 is a member of the IL-1 family and signals via the ST2 pathway
to promote Th2 immunity and inflammation. IL-33 levels are increased in asthma with
bronchial epithelial cells as an important source. A role in asthma pathophysiology is
supported by genome association studies.?®*° A phase 2a clinical trial of anti-IL-33 in
asthma was positive for a reduction in loss of control events.®'

IL-33 levels and levels of the soluble ST2 receptor are also known to be increased in
COPD, with IL-33 levels correlating positively with blood eosinophil count®? and asso-
ciated with an increased risk of exacerbation. Rabe and colleagues®® demonstrated
that the genetic risk of COPD is reduced by loss-of-function mutation in the IL-33
gene. The investigators subsequently randomized 343 patients with COPD to itepeki-
mab or placebo. Although the study was negative overall, subgroup analysis revealed
that exacerbations were reduced and FEV, improved in former smokers, whereas
therapy had no impact on clinical outcomes in those who continued to smoke.>®
Phase 3 trials will aid understanding of whether this represents a therapeutic option
in certain patients.

Targeting the ST2 receptor has also shown promise. In a phase 2 trial in asthma, the
ST2 receptor antagonist, astegolimab, significantly reduced acute exacerbations,
including in those with blood eosinophils less than 300 cells/uL.** A similar phase
2a trial has recently been published in COPD, although it did not meet statistical sig-
nificance.®® Subgroup analysis indicated that effects were greatest in those with blood
eosinophil counts less than 170 cells/uL and exploring the effects of treatment on
other exacerbation drivers, such as respiratory viral infection, may help to clarify these
effects in future.

TSLP: TSLP is another epithelial cytokine that is elevated in asthma. A mechanistic
trial in severe asthma showed that the anti-TSLP agent tezepelumab successfully at-
tenuates eosinophilic inflammation in the airway submucosa,*® whereas concurrent
phase 3 clinical trials reported a significant reduction in acute exacerbations and
improvement in other clinical outcomes.®”
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Targeting TSLP in COPD is being studied in the Tezepelumab COPD Exacerbation
Study (COURSE) trial, a phase 2a multicenter randomized controlled trial to assess the
effect of tezepelumab on moderate or severe exacerbation rate ratios.>®

OTHERS

DP.: Selective DP, inhibitors were an attractive prospect for targeting eosinophilic
inflammation in airways disease due to expression of the receptor on key inflammatory
cells, and involvement in regulating both allergic and non-allergic pathways.>° Howev-
er, phase 2 data demonstrating significant reductions in airway eosinophilia in
asthma“® were not reflected in 4 further phase 3 trials.*'**? Earlier studies of another
DP, antagonist, AZD1981, in COPD had been negative, with no significant impact
on FEV; or Clinical COPD Questionnaire scores.*®

SBO010 (GATAS inhibitor): GATAS is an integral transcription factor directly involved
in Th2 differentiation and initial expression of T2 cytokines.** The inhaled DNA enzyme
SBO010 cleaves GATA3 mRNA and has been shown to attenuate Th2 inflammatory re-
sponses in both asthma*® and eosinophilic COPD.*® Drug development remains
ongoing. It has also been suggested that sirtuin 6 activators could decrease the T2 im-
mune response through decreased acetylation of GATA3.47:48

Dexpramipexole: Dexpramipexole is an oral, synthetic aminobenzothiazole initially
developed as treatment of amyotrophic lateral sclerosis. Despite failing to meet phase
3 outcomes in this area, a significant and targeted depletion of blood eosinophils in sub-
jects receiving the drug was observed during the development program, related to in-
hibition of eosinophil maturation. Subsequent positive studies in hypereosinophilic
syndrome*® and chronic rhinosinusitis with nasal polyps®® have led to extension of clin-
ical trials into asthma. A phase 2 trial in moderate-to-severe eosinophilic (>0.3 x 10%/L)
asthma reported that 300 mg dexpramipexole led to an 80% decrease in blood eosin-
ophils with an associated trend toward improvement in FEV,,%" indicating a potential
benefit in other eosinophilic airways diseases such as eosinophilic COPD.

Non-T2 Inflammation, T1/17, and Neutrophilic Inflammation

Neutrophilic inflammation is well recognized as the predominant inflammatory charac-
teristic of COPD but is also a recognized phenotype of asthma, so it is of relevance to
those with ACO. However, to date interventions to target neutrophilic inflammation
have been disappointing and none are currently or imminently licensed. A summary
of trialed therapies, both past and ongoing, are described in Table 1.

Airways Dysbiosis

The development of culture-independent techniques for in-depth characterization of
airway ecology means this is an evolving field. It is known that some clinical outcomes,
such as exacerbations, in airways disease relate to bacterial, viral, or fungal airway
infection, and that these may or may not be associated with a chronically altered
airway ecology. Understanding the relationship between airway organisms and inflam-
mation is likely to indicate several novel therapeutic targets in future, irrespective of
disease label.

Macrolide therapy

Long-term macrolide therapy is a well-established therapy in COPD®? and should be
considered in moderate-to-severe asthma®3°* wherein the benefits are thought to
outweigh the risks. Although many patients currently benefit from this therapy, appro-
priate patient selection will help to reduce the wider public health risks from antibiotic
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Table 1

Key trials of therapies targeting mediators of non-T2 inflammation in airways disease

Target Evidence in Asthma Evidence in COPD Current Perspective for ACO
TNF-o Increased rates of malignancy in the No impact on health status, lung Despite use in other conditions, the
treatment group®’ (golimumab) function, or physical activity including unacceptable adverse event profile has
in subgroups selected by elevated prevented use of anti-TNF agents in
baseline TNF or CRP airways disease
Concern for increased rates of
malignancy®® (infliximab)
IL-1 Improved late-phase allergen response®  Reduced blood neutrophils and CRP but Further trials of canakinumab in asthma
(canakinumab) no effect on exacerbation rates or have been halted due to the SARS-CoV-
quality of life (MEDI8968)'%° 2 pandemic'®?
No impact on lung function Many NLRP3 inhibiting agents are in
(canakinumab)'?’ early-phase development; however,
Agents targeting the NLRP3 RRx-001 (an oncological treatment)
inflammasome have reduced airway potently inhibits NLRP3 without
inflammation and airway significant safety concerns and is in
hyperresponsiveness in animal phase 3 clinical trials'®; this could
models'%* potentially be of benefit in airways
disease
IL-6 No effect on late-phase allergen response  No clinical trial data Although no studies are currently in

in mild asthma, although participants
were unselected and predominantly T2
high (tocilizumab)'%°

progress, specific asthma and COPD
phenotypes have been linked to IL-6
trans-signalling, so there may be a basis
for targeting IL-6 in selected groups in
future
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IL-17 No impact on asthma control, asthma No impact on lung function, symptom Considerable interest remains in the Th17
symptoms, or lung function scores, and rescue medication use. No pathway as a key mediator of
(brodalumab).'°® Follow-up trials measurement made of biological neutrophilic inflammation in airways
refuted any benefit in subjects with mediators limiting ability to examine disease, and early studies in animal
high bronchodilator reversibility'%’ effects in specific endotypes (CNTO models suggest that this pathway could

IL-23 No improvement in lung function or 6785)'%9 also be targeted, for example, through
asthma control in T2-low, uncontrolled the Th17 transcription factor RORyt''°
moderate-to-severe asthma Further characterization of this pathway
(CIM112)"98 and the relationships with other

Despite evidence for a biological effect, No reported clinical trials of anti-IL23 in inflammatory pathways may indicate

median time to asthma worsening COPD whether IL-17-targeted therapies could
increased in the treatment group improve outcomes in selected patiemts
(risankizumab)'"" with airways disease

CXCR2 No effect on severe exacerbations, lung Improved FEV, particularly in smokers, The role of CXCR2 in regulation of

function, symptoms, or quality of life in
subjects with low blood eosinophils
and IgE (AZD5069)'"?

but high rates of treatment
discontinuation due to neutropenia
and increased infections on continued
monitoring (navarixin)''?

Improved patient-reported dyspnoea
outcomes in a small study (anti-IL8)""*

neutrophil extracellular trap
formation'® presents the opportunity
to refine the use of anti-CXCR2 in
specific disease phenotypes of severe
asthma and COPD

Kinase inhibitors: PI3K

P38 MAPK

Reduced sputum proinflammatory
cytokines but no impact on clinical
outcomes (nemiralisib)''®

No reported trials in asthma

Evidence of reduced inflammation and
improved time to recovery when given
at time of acute exacerbation; however,
no improvement in FEV; and no effect
on future exacerbations
(nemiralisib)''7-112

Well tolerated but no effect on exercise
tolerance or lung function including in
subgroups without eosinophilia
(losmapimod)'23-12°

Multiple kinases drive inflammation and
remodeling in the lung and therefore
represent potential therapeutic
strategies in both asthma and COPD;
however, off-target effects and lack of
specificity have been some of the issues
stalling development. Agents targeting
JAK1 and spleen tyrosine kinases
remain in early-phase
development'20-122

(continued on next page)
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Table 1
(continued)
Target Evidence in Asthma Evidence in COPD Current Perspective for ACO
PDE3/4 Improvement in lung function in asthma  Roflumilast a currently licensed therapy Although roflumilast is already licensed
but not progressed in clinical trials recognized to have some positive in COPD, the side effect profile has
(roflumilast)'?® impact on FEV, and exacerbations; limited use. Development of agents
however, poorly tolerated due to delivered directly to the respiratory
gastrointestinal and psychiatric adverse tract may minimize the systemic effects
effects associated with treatment’?’ Attenuation of Th1 cytokines indicates
Inhaled PDE4 reduces the late-phase Inhaled PDE3/4 inhibitors reduce there may be specific populations
allergen response (CHF6001)'%° inflammation and improve FEV, within airways disease more likely to
(ensifentrine)'3%131 benefit'?®

Abbreviations: CRP, C-reactive protein; CXCR2, C-X-C motif chemokine receptor 2; JAK1, Janus kinase 1; MAPK, mitogen-activated protein kinase; NLRP3, NLR fam-
ily pyrin domain containing 3; PDE, phosphodiesterase; PI3K, phosphoinositide 3 kinase; RORYyt, RAR-related orphan receptor gamma; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; T2, type 2 inflammation; TNF, tumor necrosis factor.

849

|e 39 JaAIg

*SOPBAIISAI SOYIAIIP SO SOPO, *ou[ IAIAS[H ‘77020 WS1Ado) "uoroezioine urs sosn son0
uoyuIad 98 ON "AJUSWEAISN[OXA [euosIad osn eIed “77(T ‘L 03S05e ud 191A0s[H 10d S9°Aa3[[eotur|)

op AJLIN0AS [R100S pue YI[ESH JO AIeIqry [euoneN uo (e/u) 10 snowkuouy eied opeSieosoq



Novel Therapeutic Strategies in ACO

resistance®®; therefore identifying the target population most likely to respond remains
an unmet clinical need.

In asthma, Brusselle and colleagues®® indicated that the benefits of macrolide ther-
apy were observed in noneosinophilic subgroups only; however, this was refuted by
the Effect of azithromycin on asthma exacerbations and quality of life in adults with
persistent uncontrolled asthma (AMAZES) trial, which reported benefits independent
of inflammatory status,’” although subgroup analysis demonstrated maximal effects
in those with positive bacterial cultures. Posthoc analysis of the AMAZES trial has,
however, suggested that airway abundance of Haemophilus influenzae predicts
response to azithromycin therapy.®® At present, widely accessible biomarkers of dys-
biosis are not available; however, in future it is likely that these will be useful to indicate
those most likely to benefit. In COPD, the Gammaproteobacteria to Firmicutes ratio
(yP:F) has shown promise in identifying those likely to benefit from antimicrobials in
the context of acute exacerbation.®

Probiotics and prebiotics

Probiotics are live microorganisms that confer health benefits on their recipient host
and include the genera Lactobacillus and Bifidobacteria. Prebiotics are indigestible
carbohydrates metabolized by gut bacteria but not host cells, thereby stimulating
growth and/or activity of beneficial organisms. These strategies have been used in
asthma with the aim of modulating the gut microbiome to achieve an antiinflammatory
effect.®° Probiotics have demonstrated mixed success in terms of improving clinical
outcomes in asthma but remain in clinical trials. A current trial in COPD is seeking
to ascertain whether modulating the lower respiratory microbiome will reduce exacer-
bations in moderate-to-very severe COPD, comparing an oral probiotic intervention
with inhalation of amikacin, combined administration of the influenza and pneumo-
coccal vaccine, and current standard of care.®’

Phage therapy

Bacteriophages are natural biological entities that kill bacteria with species-specific
precision, indicating a promising strategy to target pathogens known to be implicated
in chronic lung diseases. Although bacteriophages were discovered over a century
ago, there has been renewed interest recently in view of increasing antibiotic resis-
tance and slowed development of new antibiotic agents.®? In COPD, bacteriophage
abundance decreased during viral infection, suggesting a possible mechanism for
increased susceptibility to bacterial infection in this context.®® Virome study in asthma
also indicates that bacteriophage abundance was severely reduced compared with
healthy controls, and correlated with ACT and FEV4.%“ Clinical trials in obstructive air-
ways disease are awaited; however, in preclinical studies of chronic lung infection,
phage therapy was shown to be efficacious against Pseudomonas aeruginosa.®®

Antifungal and antiviral interventions

Viral infection, particularly rhinovirus, is a well-recognized etiological factor in exacer-
bations and is associated with suboptimal interferon responses. Although a trial of
inhaled interferon-f did not improve asthma control questionnaire-6 scores in those
with asthma with acquired viral infection, analysis of the subgroup with moderate-
to-severe disease demonstrated a significant improvement compared with placebo.®®
In vitro bronchial epithelial cells pretreated with azithromycin had an augmented inter-
feron response when infected with rhinovirus,®” suggesting that the positive effects
observed in clinical trials in asthma and COPD may relate to the effect on viral immu-
nity; however, whereas studies of azithromycin in acute exacerbations of COPD
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trended toward reducing treatment failure,®® studies in acute exacerbations of asthma
were negative, albeit potentially underpowered.®®

The clinical significance of fungal infection in COPD is incompletely understood, and
likely to be underestimated; however, Aspergillus spp are isolated in ~15% at exac-
erbation and follow-up, with hypersensitivity to Aspergillus reported in 8% to 15%,
associated with reduced lung function.”® It is unknown whether antifungal therapies
may improve lung function in COPD, and treatment is only recommended where there
is a concurrent diagnosis of fungal lung disease. Fungal sensitization is more common
in severe asthma, reported in up to 50%7"; however, to date antifungal treatment in
severe asthma not meeting criteria for allergic bronchopulmonary aspergillosis has
not been efficacious in reducing severe exacerbations or improving quality of life.”?

Mucous Hypersecretion

Mucus is an aqueous solution of lipids, proteins, and mucins. Mucins are encoded by
MUC genes and synthesized in goblet cells and submucosal glands.”

In asthma, mucous hypersecretion is linked to overexpression of the cytokine IL-13,
which increases the number of goblet cells in the airway. Studies in COPD have linked
goblet cell hyperplasia and mucin production to activation of the epidermal growth
factor receptor (EGFR) cascade.

Several mucolytic agents are licensed for use in airways disease; however, develop-
ment of novel agents to inhibit mucin synthesis has been limited by lack of both effi-
cacy and selectivity resulting in poor tolerance (eg, targeting EGFR”* and MAPK1375).
Bio-11006, an agent aiming to reduce mucin secretion via inhibition of myristoylated
alanine-rich C-kinase substrate (MARCKS), remains in development for COPD having
demonstrated an improvement in mucous hypersecretion with associated increase in
lung function in an initial phase 2 trial’®; however, there are no active trials in asthma at
present.

Several bronchoscopic techniques have been proposed for the treatment of chronic
bronchitis, characterized by increased mucous production and goblet cell hyperpla-
sia. The RejuvenAir System (CSA Medical, Inc. Lexington, MA) metered cryospray
aims to destroy hyperplastic goblet cells and excessive airway mucous glands with
topical liquid nitrogen spray. Small studies have demonstrated the technique to be
safe,”” and further trials assessing the effects of treatment on acute exacerbations
(NCT03893370) and goblet cell density (NCT03892694) are ongoing. In bronchial rheo-
plasty, the RheOx catheter delivers bursts of high-frequency electrical energy to the
airway using a monopolar electrode, targeting abnormal goblet cells and glands.
Despite some early serious adverse events (SAEs), this technique reduced goblet
cell hyperplasia score and improved patient-reported outcomes at 12 months.”®
These bronchoscopic techniques have not yet been trialed in patients with asthma,
or evaluated subgroups with features of ACO.

Targeting mucin synthesis or secretion in airways disease will require development
of agents with greater selectivity. Other novel approaches have been proposed
further, such as lysis of occlusive mucous plugs in the context of acute clinical
deterioration.”®

Airways Remodeling

Airway remodeling occurs in both asthma and COPD, affecting both small and large
airways in asthma and predominantly small airways in COPD. Common remodeling
features include loss of epithelial integrity, mucous hypersecretion, increased airway
smooth muscle (ASM) mass, and alterations to levels of extracellular matrix proteins
and airway microvasculature. Inflammation is closely linked to remodeling, and one
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approach is to target the inflammatory pathways responsible for structural changes in
the airway. Physiologic changes including airflow limitation and airway hyperrespon-
siveness occur in both conditions to differing degrees.®°

Targeting airway smooth muscle

Therapies targeting ASM have been more extensively studied in asthma because ASM
area in COPD airways is similar to that in healthy smokers and nonsmokers, although
with increased localization of neutrophils.8' The anti-DP, agent, fevipiprant, reduced
ASM mass compared with placebo® with computational modeling indicating that
both attenuation of eosinophilic inflammation and decreased myofibroblast recruit-
ment were responsible; however, as discussed earlier, this agent is no longer in devel-
opment for asthma or COPD. Other biologic agents in asthma have not reported
reductions in ASM compared with placebo,*¢#2:%2 and indeed a recent cluster analysis
based on fluctuations in lung function in asthma and COPD suggests that remodeling
is not directly related to T2 inflammation.®*

Bronchial thermoplasty (BT) in severe asthma involves pulsed application of radio-
frequency energy to the airway wall via a bronchoscopically inserted catheter and led
to improvements in exacerbations and hospitalizations in clinical trials.®>-8¢ The pos-
itive impacts reported following BT are thought to relate to reduction in ASM as a
direct response to heat; however, biopsy studies have shown an improvement in
epithelial integrity post-BT, and mathematical modeling suggests that other mecha-
nisms may contribute to ASM reduction.®” Small retrospective studies of BT in sub-
jects with ACO and severe asthma with smoking history suggest that a benefit is
still observed in these groups; however, further data are required.®®-°' In COPD, tar-
geted lung denervation aims to disrupt parasympathetic nerve transmission to and
from the lung through the application of radiofrequency energy via a dual cooled cath-
eter, reducing ASM contraction and mucous production and increasing acetylcholine
production. The Targeted Lung Denervation for Patients With Moderate to Severe
COPD-2 (AIRFLOW-2) trial indicated that those receiving treatment experienced fewer
events, and were less likely to be hospitalized for COPD exacerbation, than those in
the sham procedure group.®? The AIRFLOW-3 trial will study the technique in a larger
number of subjects.®3—%°

Novel remodeling targets
Several novel bronchodilator targets are in preclinical development and may demon-
strate efficacy in asthma, COPD, and ACO in future; these include the selective phos-
phodiesterase inhibitors discussed in see Table 1, bitter taste receptor agonists,
E-prostanoid receptor 4 agonists, Rho kinase inhibitors, calcilytics, agonists of perox-
isome proliferator-activated receptor-y, agonists of relaxin receptor 1, soluble gua-
nylyl cyclase activators, and pepducins.®®

With increasing recognition of heterogeneity in asthma and COPD, characterization
of underlying disease mechanisms has highlighted numerous potential therapeutic tar-
gets. Agents directed toward these may have benefit only in specific subgroups,
although pathways may be common across asthma and COPD, and future clinical trials
will need to carefully select both appropriate subjects for inclusion and clinical outcome
measures to ensure that the effects of new treatments can be interpreted with confi-
dence. The lack of a clear definition for ACO increases the complexity of performing
prospective clinical trials in this group; however, where evidence is consistent across
phenotype-specific populations in asthma and COPD, extrapolation may be possible.

As there is increasing success in outcomes such as reducing exacerbations across
airways disease, focus should shift to other treatment goals where current agents
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have demonstrated less success, although the contribution of extrathoracic factors
such as obesity, deconditioning, and comorbidities may play a significant role here. Ex-
pectations will then need to be raised further to include cure and disease prevention.

SUMMARY

Novel therapeutic options in asthma, COPD, and ACO have started to come into clin-
ical practice over the last decade, initially targeting anti-IL-5 pathways, but will
continue to expand and indications widen. The specificity of treatment group, along-
side relatively expensive cost, means they are likely to remain specialist interventions
requiring phenotypic workup; this makes their application in ACO more challenging
but does mean careful patient characterization and workup is needed to ensure the
right patient receives the right therapy.

To date, most therapies have targeted T2 inflammation and eosinophil-driven dis-
ease, with limited success in antineutrophilic interventions. Other pathways, such as
dysbiosis, mucous hypersecretion, and airways remodeling provide considerable op-
portunities for increased therapeutic targets over the next 15 years.

CLINICS CARE POINTS

Targeted therapies are unlikely to be licensed in ACO due to the lack of formal diagnostic
criteria; this could potentially limit access where there is a potential benefit for patients.

Standalone trials, or posthoc analyses of interventions in subgroups with specific treatable
traits like fixed airflow obstruction, but without disease labels, could provide evidence to
support the use of targeted therapies in certain groups.

We suggest that when assessing a patient for specific therapeutic strategies, clinicians could
clearly identify and document the mechanism or treatable trait that a therapy will target
rather than utilizing broad disease labels, such as ACO, for example, “eosinophilic airway
inflammation with recurrent exacerbations” or “recurrent lower respiratory tract infections
with growth of Haemophilus influenzae in sputum.”

Although patients with ACO may have wider-ranging disease features, it is important to
acknowledge that they may still demonstrate features consistent with the inclusion

criteria of clinical trials of targeted therapies in either asthma or COPD that justify the use of
these agents.
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