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Abstract: Although non-eosinophilic asthma (NEA) is not the best known and most prevalent
asthma phenotype, its importance cannot be underestimated. NEA is characterized by airway
inflammation with the absence of eosinophils, subsequent to activation of non-predominant type
2 immunologic pathways. This phenotype, which possibly includes several not well-defined
subphenotypes, is defined by an eosinophil count <2% in sputum. NEA has been associated
with environmental and/or host factors, such as smoking cigarettes, pollution, work-related
agents, infections, and obesity. These risk factors, alone or in conjunction, can activate specific
cellular and molecular pathways leading to non-type 2 inflammation. The most relevant clinical
trait of NEA is its poor response to standard asthma treatments, especially to inhaled cortico-
steroids, leading to a higher severity of disease and to difficult-to-control asthma. Indeed, NEA
constitutes about 50% of severe asthma cases. Since most current and forthcoming biologic
therapies specifically target type 2 asthma phenotypes, such as uncontrolled severe eosinophilic
or allergic asthma, there is a dramatic lack of effective treatments for uncontrolled non-type 2
asthma. Research efforts are now focusing on elucidating the phenotypes underlying the non-
type 2 asthma, and several studies are being conducted with new drugs and biologics aiming
to develop effective strategies for this type of asthma, and various immunologic pathways are
being scrutinized to optimize efficacy and to abolish possible adverse effects.

Keywords: asthma, non-eosinophilic asthma, asthma phenotype, asthma endotype, neutrophilic
asthma

Introduction

Asthma, as described by the Global Initiative for Asthma (GINA), is a heterogeneous
disease, usually characterized by chronic airway inflammation. It is defined by the
history of respiratory symptoms such as wheeze, shortness of breath, chest tightness,
and cough that vary over time and in intensity, together with variable expiratory airflow
limitation.! This heterogeneous syndrome exhibits marked variability in its clinical
and pathological features, eliciting factors and triggers, as well as in the response
to therapy, giving rise to different asthma phenotypes (ie, observable characteristics
without a relation to the underlying pathology that can change over time). Several clas-
sifications of asthma have been proposed over the years, based on the etiopathogenesis
(allergic or non-allergic), inflammatory pattern (eosinophilic or non-eosinophilic),
and more recently, in the underlying distinctive pathophysiologic mechanism (type
2-high or type 2-low).2 This latter classification, simplified as type 2 and non-type 2
asthma, is becoming widely accepted since it is considered that it reflects better the
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endotype (ie, a subtype of a condition defined by a distinct
pathophysiological mechanism), which has important impli-
cations for predicting responsiveness to corticosteroids® and
specific treatments such as currently available biologics.*
Although the heterogeneity of asthma is present across the
whole spectrum of severity, it is particularly relevant in the
most severe forms of the disease. In this patient population,
inflammatory phenotyping is recommended to prescribe
selective therapies.’

Non-eosinophilic airway
inflammation: prevalence and
mechanisms

Assessment of airway inflammation by sputum cytology (more
commonly used), bronchial wash, bronchoalveolar lavage
(BAL) and bronchial biopsies shows evidence of eosinophilic,
neutrophilic, and mixed eosinophilic/neutrophilic and pauci-
granulocytic profiles.® The neutrophilic and paucigranulocytic
variants are considered to be non-type 2 asthma.

Approximately 50% of asthma patients have an eosino-
philic inflammatory phenotype,” whereas the remaining
patients show a non-eosinophilic phenotype that can be
neutrophilic or paucigranulocytic. Non-eosinophilic asthma
(NEA) can be observed in patients with severe asthma but
also in approximately half of patients with mild-to-moderate
asthma.® Gibson et al® reported that in a group of 56 non-
smoking adults with persistent asthma treated with high-dose
inhaled corticosteroids (ICS), 59% exhibited NEA associ-
ated with neutrophil influx and activation. Moreover, NEA
is also common among patients with work-related asthma,'
particularly when caused by low-molecular-weight agents.!

The diagnosis of neutrophilic asthma is made when high
sputum neutrophils counts (>65%) or neutrophilic infiltration
in bronchial biopsies are observed.!'>!* Nair et al'® have pro-
posed that the term “neutrophilic asthma” should be limited
to those patients who consistently (on at least two occasions)
have a sputum neutrophil count >65% or 2500 x 10*/mL.

It is widely accepted that corticosteroids increase the neu-
trophil counts in peripheral blood and sputum due to an anti-
apoptotic effect on neutrophils,'* suggesting that this type of
inflammation could be secondary to the treatment with these
drugs. However, neutrophilic inflammation in asthma patients
can be observed regardless of corticosteroid therapy, confirm-
ing that NEA represents a pathologically distinct disease
phenotype, which in fact is less responsive to corticosteroid
therapy.'® Using a cluster analysis from the Severe Asthma
Research Program, elevated sputum neutrophil counts were
found to be associated with more severe asthma phenotypes

and with poor response to corticosteroids.'® Notwithstand-
ing, mixed eosinophilic and neutrophilic inflammation of
the airways are commonly found in severe asthma,'” and this
mixed inflammatory pattern can be a biomarker of the most
severe types of the disease.'®

In adult patients with refractory asthma, airway neutro-
philia has been associated with persistent airflow obstruc-
tion.!? Neutrophil recruitment and activation into the airways
have been related to the stimulation of toll-like receptor
signaling and activation of innate immunity, causing a
shift toward Thl and Th17 responses. This process leads
to increased production of interleukin (IL)-8, IL-17A, neu-
trophil elastase, and a form of matrix metalloproteinase-9
(MMP-9) that shows reduced inhibition by tissue inhibi-
tors of metalloproteinases.?’ These cytokines and activated
enzymes, acting together, can modify airway structures to
contribute to the lower FEV , remodeling, and fixed airway
obstruction seen in adult patients with severe neutrophilic
asthma.?® However, intraepithelial airway neutrophils in chil-
dren with severe asthma were associated with a higher FEV|
and better symptom control, despite lower dose maintenance
with inhaled steroids, which suggests a potential benefit for
neutrophils in pediatric severe asthma pathophysiology.?!

Interestingly, airway microbiology in neutrophilic asthma
has been found to be significantly different from that seen in
patients with eosinophilic asthma, and multivariate analysis
showed that sputum neutrophil count was the strongest pre-
dictor of microbiota composition.?? Patients with neutrophilic
asthma showed a greater frequency of pathogenic taxa at high
relative abundance and reduced Streptococcus, Gemella, and
Porphyromonas taxa relative abundance.?

Ntontsi et al* investigated the functional and inflammatory
characteristics of patients with paucigranulocytic asthma among
240 patients with stable asthma. Patients were categorized
into inflammatory phenotypes as paucigranulocytic (47.9%),
neutrophilic (5.4%) and the remaining were eosinophilic (40%)
or mixed (6.7%). Patients with paucigranulocytic asthma had
better lung function and less frequency of severe refractory
asthma. The authors concluded that paucigranulocytic
asthma most likely represents a group of patients with good
response to treatment rather than a real asthma phenotype.
Notwithstanding, paucigranulocytic patients who remain
uncontrolled despite optimal treatment (around 15%) represent
an asthmatic population that requires further study.

Diagnosis of NEA

The definition of asthma remains limited to the descrip-
tion of its key clinical features, with broad reference to the
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underlying inflammatory characteristics and heterogeneity.
Although patients with asthma can be grouped into specific
clusters using statistical approaches of organized data,? the
objective diagnosis of asthma does not differ in patients
with different airway inflammation patterns. Identification
of inflammatory asthma phenotypes requires the use of spe-
cific methods to assess the presence of inflammation in the
airways, such as induced sputum, BAL, or bronchial biopsies.
However, these methods to assess the type and extent of
airway inflammation are not widely available, and they are
not completely reliable and reproducible.

Because the upper limit of the normal range for sputum
eosinophil counts in the healthy (non-asthmatic) population
is £1.9%,% it has been established that a percentage >2%,
2.5%, or 3%, according to different authors,?*?’ is diagnostic
for eosinophilic asthma. Thus, NEA has been defined as
asthma with a sputum eosinophil count of less than either
<2% or <3%, while neutrophilic inflammation has been
defined with cut-off points varying from >60% t0>76%.%
Sputum neutrophil cell count in healthy subjects is highly
variable, usually averaging 30%-35%.% NEA is often asso-
ciated with levels of neutrophil-associated chemokines in
BAL or blood. Human neutrophil lipocalin,* leukotriene B,
(LTB,), tumor necrosis factor-alpha (TNF-ar), IL-17A, IL-8,
elastase, granulocyte-macrophage-colony-stimulating factor,
or MMP-9 levels are detectable in sputum, BAL fluid, and
plasma in patients with severe neutrophilic asthma.?! The
raised concentrations in sputum of hydrogen sulfide could be
used as a potential biomarker for neutrophilic asthma associ-
ated with airflow obstruction.>? IL-8 activates neutrophils and
sputum IL-8 levels were higher in NEA patients while IL-8
receptors are increased in this type of asthmatics.?* However,
neutrophilic inflammation in NEA is not always present.
In particular, it has been previously described that there is
no evidence of either neutrophilic or eosinophilic airway
inflammation in over 30% of adults with asthma,** and this
is even more frequent in asthmatic adolescents.** None of the
inflammatory-phenotyping or the novel omics-endotyping
strategies (metabolomics, proteomics, and transcriptomics)
have been clearly translated to the clinical practice.

In everyday clinical practice, the absence of biomarkers
clearly associated to type 2 asthma should be underlined.
Patients with NEA are less atopic and usually have lower
levels of fractional exhaled nitric oxide (FeNO), often <30
parts per billion and <300 eosinophils/uL in blood.*

Although blood eosinophils have been proposed as a
practical alternative to predict sputum eosinophilia, sputum
neutrophil count is poorly related to blood neutrophils.?’

The combination of blood eosinophil count, FeNO, Asthma
Control Questionnaire, medication use, nasal polyposis, aspi-
rin sensitivity, and neutrophil/eosinophil responsiveness upon
stimulation with formyl-methionyl-leucyl phenylalanine was
used by Hilvering et al*® to predict the presence of eosino-
philic and neutrophilic asthma. These authors compared the
diagnostic value of this multivariate prediction model with
sputum eosinophilia as gold standard in 115 adult asthmatic
patients. They found that the number of patients correctly
classified as eosinophilic asthma was 47.6%, but interestingly
reached a 95.7% for NEA.

Moreover, this kind of patients usually have poor short-
term response to ICS.* The absolute sputum neutrophil
counts and the percentage have been associated with low
post-bronchodilator FEV, which lends support to the hypoth-
esis that neutrophilic airway inflammation has a role in the
progression of persistent airflow limitation in asthma.* In
the Airways Disease Endotyping for Personalized Therapeu-
tics study, non-type 2 phenotype, mostly neutrophilic, had
reduced lung capacity and lower bronchodilation response,
which could suggest more extensive tissue remodeling.?*

Other studies have confirmed that subjects with increased
neutrophils in sputum (neutrophilic asthma and mixed granu-
locytic asthma) were older and had increased total cell count
and cell viability compared with other subtypes.*

Brooks et al*!' found, in a cohort of 50 adult asthmatics,
that only 8% had neutrophilic asthma, with three fourths of
asthmatics classified as neutrophilic asthma at any assess-
ment being older than 60 year of age. In a retrospective
study conducted in 508 asthmatics with successful sputum
induction, recruited from the University Asthma Clinic of
Liege, an independent predictor of sputum neutrophilia was
advanced age but not blood neutrophil count.?”

Surprisingly, although previous studies associated NEA
to be relatively stable over time, they also described that
52% of asthmatics changed the phenotype in response to
ICS, observing at the same time, improvement in Asthma
Control Questionnaire-7 score in the NEA group with
optimized treatment. These facts complicate distinguishing
between NEA and COPD, especially in the elderly, because
both diseases have similar underlying mechanisms and
show analogous patterns of simple spirometric parameters.
Gorska et al*? described that in COPD, the degree of
systemic inflammation was independent of the level of
airway neutrophilia, but the neutrophilic phenotype of
COPD was associated with more severe airway obstruction
and hyperinflation. Precise pulmonary function tests such
as total lung capacity or the carbon monoxide diffusing
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capacity of the lungs (DL ) can help distinguishing
between these diseases.* Chest images might also be
helpful identifying different imaging-based phenotypes.*
Compared with healthy nonsmoker subjects, both asthma
with a post-bronchodilator FEV  <80% and COPD subjects
demonstrated a decreased airway circularity especially in
large and upper lobar airways, and a decreased normalized
hydraulic diameter in segmental airways.* Besides,
COPD subjects had more severe emphysema and small-
airway disease, smaller regional tissue fraction and lung
deformation, compared with asthmatic patients.*

In summary, although the optimal diagnosis of NEA
should be performed by sputum cell count, an older age of
the patients, absence of atopy, low FeNO levels (considering
concurrent factors), a low blood eosinophil count, in addition
to a persistent airflow limitation, could guide us toward the
presence of this phenotype.

Causative agents and risk factors

The causes of neutrophilic inflammation in asthma remain
unclear. However, external factors such as pollution, infec-
tions, cigarette smoke, or some occupational exposures have
been described as inducers of NEA.? Host factors such as
obesity seem to be related as well to this asthma phenotype.

Environmental inducers

Smoking

The prevalence of active smoking among individuals with
asthma is approximately the same as in the population at
large and even nonsmoking patients with asthma may have
significant exposure to passive smoke. Smoking in asthma is
associated with corticosteroid insensitivity and poor symp-
tom control.* This group of patients is at risk of develop-
ing worse asthma-specific quality of life, higher frequency
of exacerbations, life-threatening asthma attacks, and an
increased impact on healthcare resources due to unscheduled
doctor visits and frequent hospital admissions.”” A strong
association between active cigarette smoking and severity of
asthma has been demonstrated, especially in those patients
who smoked >20 pack-years. Shimoda et al*® evaluated the
influence of cigarette smoking on airway inflammation in
patients with asthma. They found that smokers with asthma
showed a lower FEV | to FVC ratio, a lower FeNO, a higher
neutrophil proportion and lower eosinophil proportion, in
induced sputum of smokers than in nonsmokers with asthma.
They also showed that bronchial hyperresponsiveness (BHR)
was increased in smokers with asthma compared with non-
smokers with asthma.*

Cigarette smoke can damage directly the epithelium and
has been associated with a non-eosinophilic airway inflamma-
tion compared to never smokers with asthma. Through direct
activation of macrophages, these cells produce inflammatory
molecules, tissue proteases like MMP, IL-8, and other che-
mokines involved in the mobilization and prolonged survival
of neutrophils in the lung tissue, while produce less IL-10,
which leads to a non-type 2 pattern with a reduced B-cell
number and lower levels of IL-4 and IL-5.% Siew et al®
demonstrated that the expression of IL-17A, IL-6, and IL-8
and neutrophil numbers were significantly elevated in the
bronchial mucosa of the asthmatic smokers compared to the
nonsmokers. Moreover, the expression of IL-17A correlated
with that of IL-8 and neutrophil numbers.

Pollution

Outdoor air pollution could contribute to asthma as an
aggravating factor and as a cause itself of asthma. Pollutants,
such as diesel exhaust particles, ozone, or nitrogen oxide,
can induce neutrophilic airway inflammation and BHR.*!
Probably, pollutants are capable to damage the epithelium
in the airways through an oxidative mechanism. Surface
macrophages and epithelial cells are involved in the activa-
tion of epithelial nuclear factor-kB (NF-kB) and generation
of proinflammatory mediators such as IL-6, IL-8, TNF-q.,
leading to neutrophilic inflammation and remodeling in the
bronchi.>> Moreover, asthmatics may be pre-disposed to the
deleterious effects of pollutants like ozone, having constitu-
tively modified host defense functions and gene signatures.>

Workplace agents

Injury to the airway epithelium is likely to play a central role
in the pathogenesis of irritant-induced asthma. Inhalation of
irritants induces oxidative stress causing the epithelial dam-
age and releasing pro-neutrophilic inflammation mediators.
Bronchial neutrophilic inflammation has also been reported
in patients with occupational asthma exposed to high-
molecular-weight and low-molecular weight (LMW) agents.>

In fact, NEA has been reported to be more frequent than
eosinophilic asthma in patients with occupational asthma
caused by LMW agents.'!

A post-challenge increase in sputum neutrophil count
has been documented especially after exposure to LMW
agents.>* However, the interpretation of changes in spu-
tum neutrophil counts requires further validation because
increased sputum neutrophils and IL-8 levels were observed
in subjects exposed to LMW agents who were diagnosed as
having other respiratory diseases.” Additionally, increased
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concentrations of MMP-9 and IL-1f in induced sputum were
detected in COPD patients compared to occupational asthma
workers.*® MMP-9 levels in induced sputum also increase in
allergic occupational asthma patients who underwent specific
inhalation challenge on 2 consecutive days with flour, but not
changes in the levels of other MMPs have been reported.’’

Work-related asthma, which is usually underdiagnosed, is
an important cause of severe uncontrolled asthma with fatal
or near-fatal attacks, so it is mandatory to be considered as
cause of NEA.*®

Infections

Several studies have associated NEA with persistent bacte-
rial presence and potent Thl and Th17 responses. Because
it functions by recruiting neutrophils, Th17/IL-17 plays an
important role in host defense and hyperimmune responses
against pathogenic bacteria.” Activation of this pathway
leads to a raise in IL-8 levels in the bronchial epithelium,
inducing neutrophilic inflammation. Refractory asthma has
been associated with increased numbers of neutrophils and
proneutrophilic biomolecules in the airways. Alan et al®
showed in 60 patients with refractory asthma that subclinical
infection was present in 40%, which likely contributed to neu-
trophilic inflammation. Moreover, Hadebe et al®! explored, in
a murine model, the effects of bacterial lipopolysaccharide
(LPS) and B-glucan, two commonly encountered microbial
agonists, on the pathogenesis of allergic and non-allergic
respiratory responses to house dust mites. They observed
that sensitization of mice with house dust mites and LPS
plus B-glucan induced robust adjunctive neutrophilia,
while the eosinophilic response was largely unaltered when
compared to mice sensitized with house dust mites alone,
driving steroid-refractory asthma. Finally, there could be
an association between disordered bacterial microbiota and
pathogenesis of asthma. Wood et al®? found several potentially
pathogenic bacteria in the sputum from patients with stable
asthma, as well as increases in sputum total cell counts, in
the proportion and number of neutrophils, and IL-8 levels,
suggesting the presence of a specific lung microbiota and
subsequent effects on immunity.

Host factors

Obesity

The relationship between asthma and obesity has already
been studied for >20 years. Camargo et al conducted a
prospective study in 1999 where a strong, independent,
and positive association between body mass index (BMI)
and adult-onset asthma was found.®> Subsequently, cluster

studies such as those carried out by Denlinger et al** and
Haldar et al% showed a specific asthma phenotype of NEA
associated with obesity, so this new phenotype was included
in GINA guidelines.' Nevertheless, other studies have not
been able to verify this association, questioning if obesity
could be a causal factor or just a comorbidity. Holguin et al®
studied a group of 1,049 patients with asthma differentiating
between early-onset asthma and late-onset asthma, setting
12 years of age as the cutoff point. Two opposite phenotypes
emerged from this study, whereas obesity in early-onset
asthma was a consequence of asthma severity and acted as
a comorbidity, and in late-onset asthma obesity seemed to
have a causative association with asthma and its severity.
Therefore, the relationship between these two factors seems
to be heterogeneous, leading to a complex interplay.

Characteristics of the association between asthma and
obesity have not been clarified yet. McLachlan et al®” and
Sutherland®® reported that obesity in asthma patients is more
prevalent among women, while Barranco et al® and Beu-
ther and Sutherland™ found that this association is equally
distributed in both sexes or even is more prevalent among
men. Obesity was not found to be associated with BHR in
some studies,*”* while other studies have found that obesity
is associated with BHR in women” and men.”? Deepening
even further into these contradictions, a study specifically
designed to evaluate the causative relation between obesity
and asthma suggests that it is more plausible that obesity is
caused by asthma and not conversely.”

Despite these controversial observations, specific
molecular pathways and cellular populations have been spot-
ted among obese asthmatics, supporting the link between
asthma and obesity. Obesity-related asthma is considered to
be non-Th2-related, because obesity induces a Th1 polariza-
tion among CD4 cells™ leading to a predominant NEA with
no atopic or Th2-related previous responses. Nevertheless,
eosinophilic asthma can be found in obese people, since
obesity can also be a cofactor in other asthma phenotypes.”
A recent study by Jesus et al’® showed that obese asthmatics
tend to have worse asthma control than non-obese patients.
Moreover, decreased prevalence of atopy and higher basophil
counts were observed among these obese asthma patients.”

The two most important biomarkers related to asthma
and obesity are leptin and adiponectin. Leptin is an IL-6-
like protein, overproduced in the adipose tissue of obese
asthmatics, that causes BHR, pulmonary inflammation, and
poor response to ICS.”* Inversely to leptin, adiponectin dips
in obese patients, being an anti-inflammatory protein that
also decreases insulin resistance.®®3! It has been suggested
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that adiponectin itself is not an optimal biomarker, but its
ratio related to leptin seems to be a good quality biomarker.”
Other biomarkers, such as eotaxin or resistin, have also been
studied in asthma and obesity, but they are not considered to
be relevant nowadays.

In summary, it has been confirmed that an association
between asthma and obesity exists, but the underlying mecha-
nisms remain to be clarified.

Treatment

Non-type 2 asthma constitutes a therapeutic challenge
urgently needing solution, as these patients usually have
poor response to corticosteroids. However, studies assessing
a step-down of ICS in this specific population were lacking
until recently.?*2 Demarche et al®* withdrew or reduced the
dose of ICS in two thirds of non-eosinophilic asthmatics
irrespective of baseline asthma control. The best predictor of
failure to stop ICS was an elevated blood eosinophil count.

The type 2 asthma-targeted medications, such as anti-
IgE or anti-IL-5, are not suitable in this patient population.
Although there are hypothesis of potential pathways leading
to non-eosinophilic inflammation in non-type 2 asthma, cur-
rently no specific biomarkers are readily available to support
diagnosis and phenotyping of these patients.?

Table 1 shows the main differences between type 2 and
non-type 2 asthma.

Recruitment of neutrophils into the airways is mediated
by several proinflammatory neutrophil attractants generated
by the asthmatic airways, including LTB,, TNF-a, IL-8,
and GRO0.% In patients with moderate to severe asthma,
increased expression of IL-8 correlates with raised neutrophil
concentrations in sputum, which in turn correlates with an
increase in the frequency of exacerbations of acute asthma.®

Neutrophil signaling pathways are complex and ligand—
receptor relationships are rarely exclusive. For example,
IL-8 (CXCLS) signals through both low- and high-affinity
receptors designated CXCR1 and CXCR2, respectively.
CXCR?2 itself can respond to other chemokines beyond

Table | Differences between type 2 and non-type 2 asthma

Type 2 e More severe asthma
asthma e Airway and systemic eosinophilia
o Responsiveness to corticosteroids

e Responsiveness to inhibitors of type 2 inflammation

Non-type 2 | o Less severe asthma
asthma e Absence of airway and systemic eosinophilia

Lack of responsiveness to corticosteroids
o Lack of responsiveness to inhibitors of type 2

inflammation

CXCLS, including CXCL1, 2, 3, 5, 6, and 7. In experimental
models for respiratory conditions, blockade of CXCRI1
and CXCR2 by specific inhibitors significantly reduced
neutrophilic airway inflammation.® Interestingly, both
CXCRI1 and CXCR2 are expressed in endobronchial biopsies
from patients with severe COPD, but also in healthy controls.*

Neutrophils play an essential role for the antimicrobial
response of the lungs, and CXCR2 inhibition, in animal
models, impaired neutrophil function, especially their ability
to kill infectious agents. In humans, it appears that CXCRI1,
rather than CXCR2, is the functionally important receptor
subtype involved with neutrophil degranulation; therefore,
phagocytosis may remain preserved following anti-CXCR2
use.87,88

Several authors have focused on developing strategies
to regulate neutrophil function in order to modulate non-
eosinophilic inflammation. Notwithstanding, most of these
approaches remain investigational

Non-pharmacological interventions
Avoidance from exposure to environmental and occupational
pollutants and smoking cessation may reduce neutrophilic
inflammation in asthma.®** After cessation of exposure to
occupational agents, neutrophilic inflammation was reduced
in the patients whose asthma subsided or improved, as com-
pared to those who showed no improvement.”

Inhibition of chemokine receptors
The chemokine receptor CXCR?2 is a key mediator of neutro-
phil migration, which also plays a role in tumor development.
In severe asthma, CXCR2 inhibition induced significant
decreases in circulating neutrophils but had limited or no
effect on pulmonary function or quality-of-life measures, the
mean absolute neutrophil count in blood was reduced by 14%
at the end of 4 weeks, but recovered by the fifth week.!-*2
Nair et al’! evaluated the efficacy and safety of another
CXCR?2 antagonist, SCH 527123, in a randomized, placebo-
controlled, Phase 2 trial, in severe asthmatic patients who
were selected on the basis of high neutrophil counts in sputum
at baseline. This drug caused a mean reduction of 36.3% in
sputum neutrophil percentage compared to a 6.7% increase
in the placebo arm. The mean absolute neutrophil count in
blood was reduced by 14% at the end of 4 weeks, but recovered
by the fifth week. The authors did not find differences in
the overall rates of adverse events among the groups and it
yielded a trend toward improvement in the ACQ score in the
active treatment arm. No statistically significant changes were
observed in FEV, sputum myeloperoxidase, IL-8, or elastase.
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O’Byrne et al®? assessed both the efficacy and safety of a
CXCR2 antagonist, AZD5069, in patients with uncontrolled
persistent asthma in a multicenter, randomized, double-blind,
placebo-controlled trial. The trial comprised 640 patients
aged >18 years with uncontrolled asthma despite combination
therapy with long-acting 32 agonists and medium-dose or
high-dose ICS. The primary endpoint was the number of
severe asthma exacerbations in 6 months. Treatment with
AZD5069 was generally well tolerated, being nasopharyngitis
the most commonly reported adverse event overall. However,
this selective CXCR2 antagonist did not reduce the frequency
of severe exacerbations in patients with uncontrolled severe
asthma. In addition, the authors did not assess the precise
causes of exacerbations that occurred during the study, so
this limitation could cause a bias in the evaluation of these
molecules.

TNF-o blockers

Wenzel et al*® assessed the safety and efficacy of golimumab
in 309 patients with uncontrolled, severe, persistent asthma.
Co-primary endpoints were the change from baseline
through week 24 in prebronchodilator %predicted FEV,
and the number of severe asthma exacerbations through
week 24, with no significant differences from placebo.
Moreover, one death and all eight malignancies occurred
in the active groups. The authors concluded that treatment
with golimumab did not demonstrate a favorable risk—benefit
profile in this study population of patients with severe,
persistent asthma.

Small clinical studies with etanercept, a soluble TNF-o
receptor blocker, reported beneficial effects on clinical
outcomes.”

Biomarkers such as FeNO decrease in methacholine
bronchial reactivity, histamine in sputum, differential cell
counts, percentage of eosinophils, and levels of eosinophilic
cationic protein in sputum have been assessed in several
clinical trials.”** However, only the decrease in methacholine
reactivity and histamine concentration in sputum have been
found to be potentially suitable for assessing the efficacy of
TNF-a blockers.***

Anti-IL-6

Chu et al®® observed that elevated IL-6 in sputum was
associated with a lower FEV | in patients with mixed
eosinophilic-neutrophilic bronchitis. In mice, allergen
exposure increased lung IL-6, and IL-6 was produced by
dendritic cells and alveolar macrophages. Loss of function
of IL-6 signaling abrogated elevations of eosinophil and
neutrophil recruiting cytokines/chemokines and allergen-

induced airway inflammation in mice. Therefore, the authors
demonstrate the association of pleiotropic cellular airway
inflammation with IL-6 using human and animal data. These
data suggest that exacerbations of asthma, particularly those
with a combined eosinophilic and neutrophilic bronchitis,
may respond to therapies targeting the IL-6 pathway and
therefore provide a rational basis for initiation of clinical
trials to evaluate this.

In two cross-sectional studies comprising 249 and 387
patients, respectively, the IL-6 high (in plasma) asthma
patients had a significantly higher average BMI, worse lung
function, and more frequent asthma exacerbations than IL-
6-low patients. Moreover, FEV | values were also significantly
worse in non-obese IL-6-high asthma patients than in IL6-low
asthma patients.”

In a study in patients with severe eosinophilic asthma,
it was found that type-2 cytokine-secreting CD8+ CRTH2+
(Tc2) cells, as well as concentrations of prostaglandin D2
(PGD2) and cysteinyl leukotriene E4 (LTE4), are increased
in the airways in this group of patients. In vitro PGD2 and
LTE4 function synergistically trigger Tc2 cells recruitment
and activation in a T-cell receptor-independent manner. These
lipids regulate diverse genes in Tc2 cells inducing other
proinflammatory cytokines and chemokines, which could
contribute mainly to eosinophilia.”’

Anti-IL-17

Since IL-17 signaling has been implicated in the development
and persistence of NEA, blocking IL-17 receptor signaling
could be beneficial. Brodalumab is a human monoclonal
antibody that binds with high affinity to human IL-17RA,
blocking the biologic activity of IL-17A, IL-17F, IL-17A/F
heterodimer, and IL-25.

Busse et al®® carried out a randomized, double-blind,
placebo-controlled study in 302 patients with moderate to
severe asthma who received brodalumab or placebo. The
primary endpoint of the study was the ACQ total score change
from baseline to week 12. FEV , FeNO levels, and neutrophil
counts were the biomarkers included in the study.

For the overall study population, no treatment differences
were observed in any of the primary or secondary
endpoints. However, in the high-reversibility subgroup (post-
bronchodilator FEV  improvement >20%; n=112), there was
an ACQ significant change of uncertain clinical relevance.

IL-1B blockers

The antibody canakinumab, that blocks IL-1p, or anakinra,
which is an IL-1 receptor antagonist that blocks the biologic
activity of IL-1 by competitively inhibiting the binding of
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IL-1 to the soluble or membrane-bound IL-1 receptor, might
be of benefit in neutrophilic asthma.*

In experimental respiratory disease models, including
neutrophilic asthma, excessive nucleotide-binding oligomeriza-
tion domain-like receptor family, pyrin domain-containing 3
(NLRP3) inflammasome correlates with neutrophilic inflamma-
tion, disease severity, steroid resistance, and IL-1[3 expression.!®
Treatment with anti-IL-1B3, Ac-YVAD-cho, and MCC950
suppressed IL-1 responses and steroid-resistant features of
disease in mice. Moreover, neutrophil depletion suppressed
IL-1B-induced steroid-resistant airway hyperresponsiveness.'®

Moreover, steroid insensitivity and reduced HDAC2
activity are both linked to aberrant phosphoinositide 3-kinase
(PI3K) activity. Recently, infection has shown to induce
increases in the levels of microRNA (miRNA)-21.°! In
mouse models of Chlamydia, Haemophilus influenzae, influ-
enza, and RSV infection—induced steroid-insensitive allergic
airway disease, there was an amplification of PI3K-dependent
activity, and a suppression of HDAC2. These effects were
attenuated and steroid sensitivity was restored by inhibiting
miRNA-21 or PI3K. Thus, a novel miRNA-21/PI3K/HDAC?2
axis was identified in a previously unrecognized pathogenic
role. The authors concluded that treatment with Ant-21, or
the pan-PI3K inhibitor LY294002, reduced PI3K activity
and restored HDAC?2 levels. This led to suppression of air-
way hyper-responsiveness and restored steroid sensitivity to
allergic airway disease.'!

Kinase inhibitors
Several p38MAPK inhibitors have shown to restore corti-
costeroid sensitivity in PMBCs from patients with severe
asthma. A post hoc analysis of a 6-month clinical trial with
losmapimod (GW856553) in COPD, but not in asthma,
reported a reduction in exacerbations in a subgroup of
patients with a blood eosinophil count <2%, which may sug-
gest a preferentially beneficial effect of p38MAPK inhibitors
in non-eosinophilic inflammation.'**!%
Phosphatidylinositol 3-kinase delta (PI3Kd) and Janus-
activated kinases (JAK) modulate lymphocyte activation.
JAK and PI3KJ inhibitors reduced cytokine levels by
means of direct effects on T-cell activation in both asthma
and healthy BAL cells. Moreover, the combination of dexa-
methasone with either a JAK or PI3Kd inhibitor showed an
additive anti-inflammatory effect.!®

Phosphodiesterase 4 (PDE4) inhibitors

Inhibition of PDEs that increase cyclic adenosine mono-
phosphate or cyclic guanosine monophosphate levels would

result in anti-inflammatory responses. Interestingly, the PDE4
inhibitor roflumilast has shown improvements in neutrophil-
mediated airway inflammation and a decrease in exacerba-
tions in COPD patients.'?

Roflumilast has shown to attenuate allergen-induced bron-
choconstriction in patients with asthma. Significant reductions
in allergen-induced airway inflammation, including a reduc-
tion in both eosinophil and neutrophil counts, and physi-
ologic responses to allergen-induced challenge, achieving a
significant reduction in TNF-o, have also been observed.!%

FLAP inhibitor: 5-lipoxygenase-activating
protein

The oral 5-lipoxygenase-activating protein (FLAP) inhibi-
tor GSK2190915 was evaluated by Chaudhuri et al'®” in 14
patients with asthma and elevated sputum neutrophils in a
double-blind, cross-over, randomized design. The primary
endpoint was the percentage and absolute sputum neutrophil
count, averaged for end-of-treatment visits. GSK2190915 did
not significantly reduce mean percentage sputum neutrophils,
or mean sputum neutrophil counts. However, GSK2190915
resulted in a marked suppression (>90%) of sputum LTB4
and urine LTE4, but did not alter clinical endpoints. The
authors concluded that despite suppressing the target media-
tor LTB4, FLAP inhibitor GSK2190915 had no short-term
effect on sputum cell counts or clinical endpoints in patients
with asthma and sputum neutrophilia.

Although the relative contribution of LTB4 and leukotri-
ene D4 in improving patient outcomes in neutrophilic asthma
remains unrevealed, inhibition of 5-lipoxygenase that gener-
ates LTB4 and LTD4 seems to offer therapeutic benefit in
asthma associated with aspirin sensitivity and nasal polyps.>!

Macrolides

Clarithromycin and azithromycin have demonstrated effec-
tiveness in NEA.1%-110 A clinical trial assessing the effect of
low-dose azithromycin in 420 severe asthmatics treated for 48
weeks, the AMAZES (Asthma and Macrolides: Azithromy-
cin Efficacy and Safety) study has shown that azithromycin
reduced asthma exacerbations and significantly improved
asthma-related quality of life.!®® Using induced sputum, 144
(43%) patients had an eosinophilic inflammatory phenotype
and 187 (57%) had a non-eosinophilic phenotype. Azithro-
mycin reduced asthma exacerbations in both eosinophilic
asthma and NEA. In NEA, patients treated with placebo
(n=104) experienced 1.74 exacerbations per person-year,
compared with those treated with azithromycin (n=120)
who experienced 1.15 exacerbations per person-year (inci-
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dence rate ratio; IRR 0.66 [95% CI 0.47—0.93]; P=0.019). In
eosinophilic asthma, patients treated with placebo (n=103)
experienced 1.98 exacerbations per person-year, whereas
those treated with azithromycin (n=93) experienced 0.96
exacerbations per person-year (IRR 0.52 [95% CI 0.29-0.94];
P=0.030). Moreover, azithromycin had a positive effect on
lower respiratory tract infection in NEA. The findings of the
AMAZES study point out that azithromycin is a potential
treatment for patients with NEA, for whom there is a limited
therapeutic arsenal. The most common adverse effect was
diarrhea in the active group arm.

The authors concluded that azithromycin might be a useful
add-on therapy in persistent asthma. The mechanism of action
could be due to antibacterial or anti-inflammatory actions,
which include inhibition of NF-kB and other transcription fac-
tors as well as reduction in neutrophil migration or function.'®®

Besides, it has been shown that macrolides may exert
antiviral actions!® and an ability to restore corticosteroid
sensitivity by inhibiting the PI3K pathway and restoring
histone deacetylase 2 (HDAC2)!''? and by attenuating TNF-ot
and IL-17 immune responses.'!!

Statins, peroxisome proliferator-activated
receptor Y (PPARY) agonist and other

treatments

Statins have shown to reduce inflammatory pathways poten-
tially relevant to the pathogenesis of asthma and smoke-
induced airway diseases and might restore corticosteroid
sensitivity in asthma.!'?

Low-dose theophylline has been shown to restore cortico-
steroid sensitivity in vitro by increasing HDAC-2 activity.?
Theophylline also inhibits oxidative stress-dependent PI3K-d
activation and restores corticosteroid sensitivity in peripheral
blood mononuclear cells from patients with COPD.%

In preclinical studies peroxisome PPARY agonists have
shown to reduce eosinophilic and neutrophilic lung infiltra-
tion in experimental animal models exposed to allergen or
tobacco smoke. Inhaled PPARYy agonist analogs are under
development.'"

Tiotropium has demonstrated clinical efficacy in patients
with fixed airway obstruction, usually associated with
neutrophilic airway inflammation.'*

Bronchial thermoplasty improves symptoms and reduces
exacerbations in patients with severe uncontrolled asthma
and chronic airflow obstruction phenotype.'"

A summary of the pharmacologic treatments for NEA
under development is shown in Table 2.

Comments and conclusion

Over the past 15-20 years, the study of asthma patients using
different approaches has yielded several phenotypes and
endotypes and has shown that in many cases, inflammation
in asthma is not always characterized by eosinophilia and
type 2 cytokines but could be in fact non-type 2.

NEA constitutes a differentiated phenotype among patients
with asthma, with distinct clinical and pathophysiological fea-
tures. Its poor response to classical treatments, particularly
corticosteroids, leads to difficult-to-treat and severe asthma
that frequently remains uncontrolled. Definition for NEA has
been well established, showing eosinophil counts in sputum
under 2%—3%. Since this is an accessible test, diagnosis of
NEA should be always considered, especially in patients with
difficult to control asthma who are not responding as expected
to ICS. It is mandatory to rule out NEA in patients exposed to
occupational triggers, infections, pollution, tobacco smoke,
and in elderly or obese patients, since these are typical triggers
and risk factors. Notwithstanding, it is not always feasible
to completely avoid these factors, so it will be an essential
concern in patients with difficult to control asthma.

New therapeutic approaches in uncontrolled asthma are
mainly focused in allergic and eosinophilic asthma, due to their
prevalence and known cellular and molecular targets, whereas
the situation in NEA, for which there is a lack of effective
specific treatments, can represent an orphan asthma endotype.

Despite the absence of substantiated specific treatment
for NEA, multiple therapies have been studied to optimize
management of this condition, challenging both clinicians
and researchers to find the most suitable treatment for these
patients.

In spite of specific treatment shortage nowadays, it is
crucial that we keep on differentiating patient’s phenotypes
and endotypes and that we pursue the most suitable treatment
for each patient. We should never fade on our search of the
ideal treatment and approach for a specific condition such
as NEA, which can be of utmost relevance for a substantial
number of asthma patients. Treatment approach in these
patients should consider the prevailing features in each patient,
such as the profile of airway inflammation (neutrophilic or
paucigranulocytic), Thl or Thl17-predominant, the degree
of corticosteroid insensitivity and the possible involvement
of non-inflammatory pathways such as heightened BHR and
airway remodeling. However, while there are several hypotheses
of potential pathways leading to noneosinophilic airway
inflammation, currently no specific biomarkers are readily
available to support diagnosis and endotyping of these patients.
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The reality is that there is a significant lack of effective
treatment for these patients. The available treatments and some
of the drugs under development for NEA may have failed
because the wrong patients were targeted (lack of biomarker),
because the wrong endpoints/outcomes were chosen, or the
wrong timeframes of treatment examined. Moreover, some
of the theoretical pathways that are thought to be important
in NEA may be simply ineffective or irrelevant.

Therefore, the approach to this group of patients is nowa-
days addressed by pathophysiological hypothesis and, from a
practical approach, by the evidence of efficacy of macrolides.
Future clinical development of novel treatment strategies are
urgently needed in order to cover these unmet needs in NEA.
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