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Abstract
Asthma affects over 300 million people worldwide and its prevalence is increasing. COPD is the third
leading cause of death globally. Asthma and COPD are complex inflammatory diseases of the airways in
which impaired host defences lead to increased susceptibility to pathogens, pollutants and allergens. There
is a constant interplay between host and the environment. Environmental exposures can alter the lung
microbiome and influence the development of sensitisation by disrupting normal immunoregulation. The
underlying airway inflammation in severe asthma is heterogeneous, with upregulation of type 2 cytokines
in most cases but increased neutrophilic inflammation and activated T-helper 17 mediated immunity in
others. COPD may also comprise several different phentoypes that are driven by different molecular
mechanisms or endotypes. This disease heterogeneity is affected by comorbidities, treatments and
environmental exposures. Recent intervention trials have shed light on the pathways beyond type 2
inflammation that can lead to beneficial outcomes versus potentially deleterious effects. We have made a
great deal of progress over the last 10 years in terms of immunology and the pathophysiology of asthma
and this has led to the development of novel treatments and major improvements in severe asthma
outcomes. In COPD, however, no targeted treatments have demonstrated great improvements. This article
reviews the mechanism of action and efficacy of the available biologics in asthma and COPD.

Introduction
Over the last two decades, the understanding of the complex pathophysiology of asthma has led to the
development of targeted treatments for uncontrolled severe asthma. It is increasingly recognised that
asthma is a heterogeneous disease, with numerous clinical and inflammatory phenotypes showing different
responses to treatment [1–8]. The most important clinical phenotypes are based on the age of onset. Early/
childhood onset of asthma is mostly associated with a sensitisation to common aeroallergens [9]. In this
phenotype, a T-helper (Th) 2-driven T-cell receptor-specific allergic response leads to eosinophilic
inflammation. A subgroup of this early allergic asthma may become severe, exhibit frequent exacerbations
and develop fixed airflow obstruction [10]. In contrast to this phenotype, late/adult-onset asthma is mostly
nonallergic. In this phenotype, it is important to exclude occupational asthma or aspirin-sensitive asthma as
avoidance of exposure may lead to an improvement in asthma status [11].

Besides the clinical phenotypes of asthma, there are also asthma inflammatory phenotypes. Type 2 asthma
is characterised by eosinophilic airway inflammation that can be either allergen driven or secondary to the
activation of innate lymphoid cell type 2 (ILC2) [12]. ILC2 cells do not express an antigen-specific T-cell
receptor but respond to epithelial cytokines such as thymic stromal lymphopoietin (TSLP) and interleukin
(IL) 33 (figure 1). When activated, ILC2 cells may produce both IL-5, leading to hypereosinophilia, and
IL-13, leading to the production of exhaled nitric oxide and smooth muscle cell contraction with
subsequent bronchial hyperresponsiveness. ILC2 cells are, however, more resistant to inhaled
corticosteroids (ICS) [13]. Type 2 low asthma can be either neutrophilic or paucigranulocytic [14, 15].
Patients with the latter may exhibit persistent symptoms of asthma despite the low levels of granulocytic
inflammation or type 2 biomarkers [16]. The inflammatory phenotypes are not fixed over time [17] and
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have to be re-assessed in cases of loss of control. The only feature that is common to all asthma
inflammatory phenotypes is airway hyperresponsiveness, measured by direct or indirect bronchial
challenges, which has been related to the number of mast cells in airway smooth muscle [18].

Several treatments targeting the cytokines involved in the pathophysiology of asthma, such as IL-5, IL-4,
IL-13, IgE and TSLP, have proven efficacy in the management of severe asthma. COPD is also a
heterogeneous disease with distinct inflammatory phenotypes, including eosinophilia, which may drive
acute exacerbations in a subgroup of patients. Therefore, monoclonal antibodies developed to improve
asthma status have been tested in COPD to see if they can similarly provide a therapeutic benefit for
people with COPD of an eosinophilic phenotype.

This article reviews the mechanism of action and efficacy of the available biologics in asthma and COPD
and is based on discussions that took place during the European Respiratory Society (ERS) Lung Science
Conference 2022 in Estoril, Portugal. This review focuses on targeted therapies that have been developed
based on the emerging classification of patients by phenotypes and endotypes in asthma and COPD. We
performed a search using pre-defined specific keywords and summarised main studies in the field.

Severe asthma
Diagnosis and pheno-endotyping
Before thinking about a biologic treatment for a patient suffering from asthma, we must confirm the
diagnosis of severe asthma, improve the patient’s adherence to ICS, check and correct the inhaler
technique, identify and eliminate exposure to risk factors and triggers such as allergens, irritants and
smoking, and assess and treat co-existing conditions such as obstructive sleep apnoea, dysfunctional
breathing, chronic rhinosinusitis and nasal polyps [19]. After this adequate management, in some patients,
asthma may remain poorly controlled despite high-dose ICS and other controllers [20]. These patients
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could be candidates for targeted treatments. Clinicians need to establish clinical and inflammatory
phenotypes through measurements of sputum inflammatory cells, blood eosinophil count and exhaled nitric
oxide and look at coexisting conditions such as severe atopic dermatitis, chronic rhinosinusitis with nasal
polyps, eosinophilic pneumonia and eosinophilic granulomatosis with polyangiitis (EGPA) to make the
best treatment choice [21].

Induced sputum is the gold standard to phenotype the airway inflammatory pattern in severe asthma and is
recommended in current guidelines on the management of this disease [19, 22]. Eosinophilic asthma is
defined by sputum eosinophil counts greater than 1–3%, while neutrophilic asthma is defined by sputum
neutrophil counts greater than 60–76%. When both cell types are increased, asthma is defined as mixed
granulocytic; while if both cell types are below the normal range, asthma is considered as
paucigranulocytic [15, 16]. As induced sputum analysis is technically demanding, time-consuming and not
widely available, several surrogate markers have been discovered to establish the inflammatory phenotype.
An increase in sputum eosinophils can be suspected in cases of increased blood eosinophils or exhaled
nitric oxide fraction (FENO) but there is no correlation between sputum and blood neutrophils [15, 23]. The
only surrogate biomarkers for sputum neutrophils were identified in volatile organic compounds [24].

Type 2 high asthma is the most frequently encountered form of severe asthma. In a recent paper, HINKS

et al. [25] proposed to consider severe asthma as “type 2 high” in cases of blood eosinophils ⩾150 μL−1,
FENO ⩾25 ppb or sputum eosinophils ⩾2%. In the absence of these type 2 biomarkers, other measurements
should be performed to determine type 2 low asthma, such as the measurement of sputum neutrophils
(⩾61%), sputum myeloperoxidase or volatile organic compounds, in order to discriminate between
neutrophilic and paucigranulocytic asthma. The absence of type 2 biomarkers is suggestive of
paucigranulocytic or neutrophilic severe asthma, but a diagnosis of type 2 low asthma should be suspected
after at least three measurements of biomarkers below the cut-offs. In cases of neutrophilic asthma,
smoking and occupational exposure should be assessed, imaging should be performed to exclude
bronchiectasis and sputum cultures, and microbiology should be done to exclude aggravator or situations
mimicking neutrophilic asthma [25].

FRØSSING et al. [26] reported the absence of elevated type 2 biomarkers in 30% of patients with severe
asthma, while 70% had type 2 severe asthma defined by FENO ⩾25 ppb, total serum IgE ⩾150 KU·L−1 or
blood eosinophil counts ⩾300 mm−3. Only 15% of patients with severe asthma had an increase in all type
2 biomarkers. Exhaled nitric oxide and blood eosinophil counts are the two most important type 2
biomarkers for the management of severe asthma; the first reflecting the production of airway IL-13 and
the second associated with elevated systemic IL-5. These biomarkers can be used to phenotype severe
asthma and to predict the response to targeted treatments.

Targeted treatments for severe asthma
Six targeted treatments have been approved by the United States Food and Drug Administration for
the management of severe asthma [21]. The first targeted treatment available in clinical practice for the
management of severe asthma is the anti-IgE omalizumab. This treatment has been found to reduce
exacerbations and improve asthma quality of life in patients sensitised to perennial aeroallergens, who are
exacerbation prone and who most often have early-onset asthma [27–40] (table 1). Some data in the
literature suggest that omalizumab could be discontinued after 5 years in 60% of patients without relapse
for at least 4 years [41]. This could be due to a disease modification effect, as CHANEZ et al. [42] found
that omalizumab was able to reduce FcεRI expression in basophils (82.6%) and to a lesser extent in
plasmacytoid dendritic cells. Future long-term clinical studies must be conducted to confirm these issues.
Regarding safety, hypersensitivity reactions at the site of injection have been reported and anaphylaxis
occurs in 0.1–0.2% of patients, most frequently with one of the first three doses.

Anti-IL-5 mepolizumab has been shown to improve severe eosinophilic asthma irrespective of the allergic
status [43]. The DREAM study concluded that elevated baseline blood eosinophils and history of
exacerbations in the previous year were predictors of a good response to mepolizumab in terms of reduction
in exacerbations [44]. In the MENSA trial, mepolizumab reduced asthma exacerbations by 53% as compared
to placebo and improved asthma quality of life in adolescents and adults treated with high-dose ICS
+long-acting β-agonists (LABAs) exhibiting at least two exacerbations within the last year and having blood
eosinophil counts ⩾300 μL−1 in the past year or >150 μL−1 at screening [45]. In the MUSCA study,
mepolizumab was associated with significant improvements in health-related quality of life and had a safety
profile similar to that of placebo [46]. Real-life data confirmed the drastic improvement of severe
hypereosinophilic asthma treated with mepolizumab [47, 48] (table 1). Mepolizumab also allowed a 50%
reduction in the dose of oral corticosteroids (OCS) with one third of patients able to withdraw OCS [48, 49].
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TABLE 1 Targeted treatments for severe asthma: effect on exacerbations, oral corticosteroid (OCS) dose reduction, OCS withdrawal, symptoms, quality of life (QoL), lung function and prediction
of response

Biologic agent Exacerbations OCS dose reduction OCS withdrawal Symptoms QoL FEV1 Prediction of response

Omalizumab
HUMBERT et al. [37]
(INNOVATE)#

26% reduction NA NA p=0.039 AQLQ +0.45 p=0.043 NA

BUSSE et al. [36]# 27% reduction NA NA NS NA NS BEC >300 mm−3

SORKNESS et al. [38]# 50% reduction NA NA p<0.01 NA NA High FENO, blood eosinophils
and BMI >25 kg·m−2

HANANIA et al. [39]# 53% reduction NA NA p<0.05 p<0.05 NA FENO >20 ppb, BEC >260
mm−3, high periostin

HANANIA et al. [27]# 25% reduction NA NA p<0.05 AQLQ +0.29 NA NA
VIGNOLA et al. [40]# 30% reduction NA NA p=0.023 p<0.001 NA NA
ADACHI et al. [29]¶ 44% reduction 80% reduction NA NA NA NA NA
CASALE et al. [34]¶ 39% reduction NA NA ACT +4.4 NA NS NA
CAZZOLA et al. [30]¶ 78% reduction 71% reduction NA NA NA NA NA
YORGANCIOĞLU et al. [31]¶ 71% reduction at

5 years
NA NA p<0.001 NA NA NA

HUMBERT et al. [28]¶ 78.5% had a
⩾40% reduction

NA NA NA NA NA Not BEC

FRIX et al. [33]¶ 83% reduction at
5 years

p<0.05 NA ACQ −0.8 after 5 years AQLQ +1.5 after
5 years

FEV1 +6% at
1 year

NA

BRUSSELLE et al. [32]¶ 65% reduction at
week 52

NS NA NA 84% had AQLQ
increase >0.5

NA NA

Mepolizumab
PAVORD et al. [44]
(DREAM)#

48% reduction
(75 mg i.v.)

NA NA ACQ −0.16 (NS) AQLQ +0.08 (NS) FEV1 +61 mL Baseline BEC and history of
exacerbations

ORTEGA et al. [45]
(MENSA)#

53% reduction
(100 mg s.c.)

NA NA ACQ −0.44 SGRQ −7 FEV1 +98 mL
(p=0.03)

NA

CHUPP et al. [46]
(MUSCA)#

58% reduction NA NA NA SGRQ −7.7 NA NA

BEL et al. [49]
(SIRIUS)#

32% reduction 50% reduction OR 1.67 (p=0.41) ACQ −0.52 SGRQ −5.8 at week
24 (p=0.02)

pre-BD FEV1
+114 mL (NS)

NA

HARRISON et al. [48]
(REALITI-A)¶

69% reduction at
5 years

52% reduction at
week 49

34% reduction NA NA NA NA

SCHLEICH et al. [47]¶ 85% reduction 75% at 30 months NA ACQ −1.13 AQLQ +1.24 FEV1 +190 mL NA
Reslizumab
BJERMER et al. [53]# NA NA NA ACQ −0.36 (p=0.03) AQLQ +0.36 (p=0.02) FEV1 +160 mL NA
CASTRO et al. [51]# 67% reduction

(NS)
NA NA ACQ −0.38 (NS) NA FEV1 +240 mL

(p=0.002)
Nasal polyposis –

improvement in ACQ
CORREN et al. [52]# NA NA NA ACQ-7 −0.195 (p<0.05) NA FEV1 +68 mL NA

Benralizumab
BLEECKER et al. [54]
(SIROCCO)#

51% reduction NA NA ACQ −0.25 NA FEV1 +159 mL NA

FITZGERALD et al. [57]
(CALIMA)#

28% reduction NA NA ACQ-6 –0.25 AQLQ +0.24 pre-BD FEV1
+116 mL

BEC >300 mm−3

Continued
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TABLE 1 Continued

Biologic agent Exacerbations OCS dose reduction OCS withdrawal Symptoms QoL FEV1 Prediction of response

NAIR et al. [56]
(ZONDA)#

70% reduction 75% reduction 52% reduction NS at week 28 NS at week 28 NS at week 28 NA

HARRISON et al. [55]
(ANDHI)#

49% reduction NA NA ACQ-6 –0.36 SGRQ −8.11 FEV1 +160 mL NA

KAVANAGH et al. [58]¶ 72.8% reduction Median reduction of
100%

51.4% ACQ-6 −0.75 AQLQ +0.89 post-BD FEV1
+140 mL

Higher BEC, adult-onset, nasal
polyposis

Dupilumab
CASTRO et al. [60]# 48% reduction NA NA ACQ-5 −0.22 (week 52) AQLQ +0.26

(week 52)
FEV1 +140 mL BEC >300, FENO >25 ppb:

better improvement in lung
function and exacerbations

RABE et al. [62]# 59% reduction 28% reduction 52% versus 29%
in placebo group

ACQ-5 −0.47 NA FEV1 +220 mL BEC >300, higher FENO

CORREN et al. [61]# 45% reduction NA NA ACQ-5 −0.26 (allergic
asthma) and NS in
nonallergic asthma

NA FEV1 +130 mL Elevated type 2 biomarkers

SHER et al. [63]# 66% reduction 41–89% 0.41 ACQ-5 −1.06–−1.25 NA FEV1
+250–360 mL

DUPIN et al. [66]¶ 75% reduction Reduction from
20 mg to 5 mg
prednisolone

NA ACT +7 NA FEV1 +10% NA

Tezepelumab
CORREN et al. [69]# 66–78% reduction NA NA NA NA FEV1 +150 mL Irrespective of allergic status
MENZIES-GOW et al. [68]# 66% reduction NA NA ACQ-6 −0.33 AQLQ +0.34 FEV1 +130 mL High blood eosinophils,

high FENO
CORREN et al. [71]# NA NA NA Significant improvement

in ACQ-6 (OR 1.94)
Significant

improvement in
AQLQ (OR 1.96)

NA NA

CORREN et al. [70]# 62–71% reduction NA NA ACQ-6 −0.29 AQLQ +0.20 NS FEV1 +120–
150 mL

Irrespective of blood
eosinophils

ACQ: Asthma Control Questionnaire; ACT: Asthma Control Test; AQLQ: Asthma Quality Of Life Questionnaire; BD: bronchodilator; BEC: blood eosinophil count; BMI: body mass index; FENO: exhaled
nitric oxide fraction; FEV1: forced expiratory volume in 1 s; NA: not available; NS: nonsignificant; SGRQ: St George’s Respiratory Questionnaire. #: Randomised controlled trial. ¶: Real-word evidence
study.
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Anti-IL-5 reslizumab given intravenously was also found to significantly reduce exacerbations in
adolescents and adults with uncontrolled asthma despite medium to high dose ICS+LABAs and who had
at least one exacerbation in the past year and blood eosinophil counts >400 μL−1 at screening [50].
Moreover, reslizumab led to a better reduction in exacerbations in patients with late-onset asthma [50]. The
presence of nasal polyposis was associated with a better response in terms of asthma control [51]. Some
studies found a significant improvement in asthma control [52, 53], quality of life [53] and lung function
[51, 53] (table 1).

The anti-IL-5 receptor benralizumab targets the IL-5 receptor on the surface of eosinophils and basophils.
Benralizumab depletes eosinophils and basophils by antibody-dependent cell-mediated cytotoxicity. In the
SIROCCO study [54], benralizumab was administered to adolescents and adults with persistently
uncontrolled asthma and who had at least two exacerbations within the last 12 months despite high-dose
ICS+LABA. This targeted treatment induced a reduction in exacerbations by 51% only in patients with
blood eosinophil counts ⩾300 μL−1. The best predictors of response to benralizumab were history of
previous exacerbations and blood eosinophil counts. HARRISON et al. [55] found that age of onset was also
important to take into account, as patients with onset of asthma earlier than 18 years of age had no
significant improvement in exacerbations, quality of life, asthma control and lung function with
benralizumab. According to the ZONDA trial, benralizumab allowed a 75% reduction in OCS dose with
52% of patients able to stop OCS [56]. The ANDHI and CALIMA trials reported significant improvements
in asthma control, quality of life and lung function [55, 57]. Results were confirmed by real-life studies,
where it was found that benralizumab significantly decreased exacerbation rate and OCS use and improved
asthma symptoms, quality of life and lung function [58] (table 1). Anti-IL-5 and anti-IL-5 receptor
treatment has to be continued for life as there is a rapid recurrence of systemic eosinophilia after
discontinuation of these targeted treatments.

Anti-IL-4R dupilumab targets the IL-4 receptor shared by IL-4 and IL-13. In the Liberty Asthma Quest
study [59], dupilumab led to a rapid improvement in lung function in patients with uncontrolled asthma
despite medium-to-high dose ICS plus up to two additional controllers and at least one severe exacerbation
in the previous year. Moreover, there was an overall 50% reduction in asthma exacerbations as compared
to placebo with a better decrease in patients exhibiting blood eosinophil counts greater than 300 μL−1 and
FENO ⩾50 ppb [60]. In this phase 3 study, dupilumab reduced exacerbations by 54–90%, with greater
improvements in patients with more exacerbations prior to study initiation [61]. In another study,
dupilumab was able to significantly reduce the dose of OCS, with 52% of patients able to withdraw OCS
as compared to 29% in the placebo group [62]. SHER et al. [63] confirmed an important reduction in
exacerbations and OCS use, together with a significant improvement in lung function (table 1). In
TRAVERSE, an open-label extension study performed across 27 countries, 2282 adults and adolescents
were enrolled and data showed that the safety and efficacy of dupilumab are sustained when treatment is
extended up to 148 weeks [64]. BACHARIER et al. [65], however, reported a risk of increase in blood
eosinophil counts and some parasitic infections, requiring the exclusion of parasitic infections before the
start of anti-IL-4R treatment. In the study by DUPIN et al. [66], 25% of patients had an hypereosinophilia
greater than 1500 mm−3 at least once during follow-up, persisting after 6 months in 14% of patients.

Anti-alarmins such as anti-TSLP block upstream cytokines and can therefore be offered to a broader
population of severe asthma patients. TSLP is produced by epithelial cells in response to exposure to
pollutants, allergens or viral infection [67]. TSLP is able to induce the production of IL-4, IL-13 and IL-5,
leading to an increase in IgE, eosinophils and FENO with a subsequent increase in bronchial
hyperresponsiveness, mucus hypersecretion and airway remodelling [67]. Targeting TSLP [68] allows an
overall reduction of 66% in exacerbations, with a significant effect in type 2 low severe asthma. A better
reduction in exacerbations was observed in patients with higher blood eosinophil counts or higher FENO

levels. In patients that had both low FENO and low blood eosinophils, tezepilumab was still able to reduce
exacerbations by 25%. This is the first targeted treatment that shows a significant reduction in
exacerbations in patients with severe asthma and blood eosinophils below 150 μL−1 and FENO <25 ppb.
CORREN et al. [69] confirmed the important reduction in exacerbations and a significant improvement in
lung function. Two other studies also found an impact of tezepelumab on asthma symptom control and
quality of life [70, 71]. The improvement in asthma outcomes is probably driven, at least in part, by
reductions in airway submucosal eosinophils, IL-5 and IL-13 and a reduction in hyperresponsiveness to
mannitol, pointing to a possible direct effect of tezepelumab on mast cells [72, 73]. Of note, tezepelumab
did not affect innate immunity because it did not decrease neutrophil and T-cell numbers.

According to the results of randomised controlled trials, the choice of monoclonal antibody treatment in
uncontrolled severe asthma should be directed by patient characteristics. Anti-IgE is indicated in patients
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with severe asthma who are sensitised to perennial allergens, most often with childhood onset of asthma or
in patients with coexisting conditions such as allergic rhinitis, chronic rhinosinusitis with nasal polyposis
or chronic urticaria. Total serum IgE has to be assessed for dosing according to local criteria and the
response to omalizumab has been found to be slightly better in patients with increased blood eosinophils
or FENO [21]. Treatments targeting IL-5 and its receptor have dramatically improved asthma outcomes in
severe hypereosinophilic asthma irrespective of the presence of allergy. These treatments have been found
to be more effective in adult-onset asthma and in patients combining chronic rhinosinusitis with nasal
polyps, eosinophilic pneumonia or EGPA [47, 74, 75]. According to current data, anti-IL-4R treatments
are good options to improve asthma outcomes in patients with severe type 2 childhood or adult-onset
asthma, irrespective of allergy, and show a better response in cases of increased blood eosinophil counts
and FENO. Co-existing conditions in favour of this treatment involve atopic dermatitis and chronic
rhinosinusitis with nasal polyposis [21]. As mentioned previously, the treatment should be selected
according to patient characteristics. When focusing on biomarkers, patients with severe asthma and levels
of eosinophils >1500 μL−1 should be treated with anti-IL-5(R) after ruling out parasitic infections,
haematologic diseases and other hypereosinophilic conditions [21]. If both type 2 biomarkers – blood
eosinophils and FENO – are low, allergic status has to be checked. In cases of sensitisation to perennial
allergens, anti-IgE and anti-TSLP are good options; while, in the absence of sensitisation, anti-TSLP is the
only option for the patient. If blood eosinophils <150 μL−1 are associated with FENO ⩾25 ppb, according
to allergic status, the pulmonologist should propose anti-IgE, anti-IL-4R or anti-TSLP.

Finally, for patients with blood eosinophil counts between 150 and 1500 μL−1, clinical characteristics,
biomarkers and coexisting conditions need to be integrated in order to choose between anti-IgE,
anti-IL-4R, anti-IL5, anti-IL-5(R) or anti-TSLP [21].

Safety
Drug-related adverse events have been assessed in randomised controlled trials.

The incidence of treatment-related side-effects was similar in patients receiving omalizumab versus placebo
[39]. Mepolizumab was not associated with an increased risk of adverse events as compared to placebo
[45, 46], even in a population of patients with chronic OCS use [49]. There might be rare cases of
hypersensitivity reactions. Reslizumab was well tolerated, with only rare cases of anaphylactic reactions
after injections [50]. The most common adverse events observed with benralizumab were nasopharyngitis,
but its occurrence was not significantly different from the placebo group [57]. This observation was
confirmed in a study assessing the corticosteroid-sparing effect of benralizumab, showing that the
frequencies of adverse events were similar between benralizumab and placebo [56].

The most common adverse events with dupilumab compared with placebo were upper respiratory tract
infections and injection-site reactions [76]. Hypereosinophilia has been observed in 4–25% of patients
treated with dupilumab [60] and is transient in most cases, although there have been reports of persistent
cases of symptomatic hypereosinophilia consistent with EGPA, eosinophilic pneumonia, eosinophilic
vasculitis and sudden worsening of asthma symptoms. One hypothesis for this hypereosinophilia is that
blockade of the IL-4/IL-13 pathway reduces eosinophil migration, thereby inducing an increase in blood
eosinophils by inhibiting eotaxin-3, vascular cell adhesion protein 1 and thymus and activation-regulated
chemokine without simultaneously inhibiting eosinophilopoiesis in bone marrow. Therefore, when
choosing the optimal biologic, it seems necessary to consider the presence of hypereosinophilia
(>1500 μL−1), in which case an anti-IL-5/IL-5R agent is preferable. When dupilumab is started in severe
asthma patients, blood eosinophilia should be monitored on a regular basis.

Finally, the frequencies and types of adverse events with tezepelumab did not differ meaningfully from the
placebo group. Longer-term follow-up of patients treated with biologics is of upmost importance to
confirm the absence of later events and the inclusion of patients suffering from severe asthma in registries
will offer clinicians data on long-term safety.

Concept of remission
Recently, the concept of remission has been developed and different definitions have been used [77]. It
seems clear that the definition of remission must include the absence of exacerbations, withdrawal of
systemic corticosteroid use and asthma symptom control. The inclusion of the fourth criteria –
improvement in lung function – remains under debate as some patients with long disease duration and
fixed airflow obstruction are sometimes unable to improve or normalise their lung function while being
asymptomatic and exacerbation-free. The patient’s view also needs to be taken into account when
developing a consensus on the definition of remission.
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MENZIES-GOW et al. [78] evaluated the proportion of patients reaching remission with benralizumab. After
1 year of treatment, 23.9% (140/586) of SIROCCO/CALIMA patients had no exacerbations, no OCS use, a
pre-bronchodilator (BD) forced expiratory volume in 1 s (FEV1) increase of at least 100 mL and an Asthma
Control Questionnaire (ACQ)-6 score lower than 1.5. A very recent observational study evaluated predictors
of remission with mepoilzumab [79] defined as patients who combined 1 year after therapy: no chronic
treatment with oral corticosteroids, no exacerbation, asthma control, FEV1 >80% or an improvement of
FEV1 >10% and a blood eosinophil count <300 mm−3. Patients reaching remission were characterised at
baseline by increased levels of sputum eosinophils, sputum eotaxin-1, sputum TSLP, sputum IL-5, sputum
eosinophil peroxydase and sputum IgE while blood eosinophils were not able to discriminate between
patients in remission after 1 year of treatment. Other analyses have been performed with other biologics and
preliminary results were presented during the ERS International Congress 2022 in Barcelona, Spain. It is of
upmost importance to define remission to allow comparison between different studies.

Future therapeutic options
New drugs have been recently studied such as anti-ST2, astegolimab [80]. This treatment, which targets the
IL-33 pathway, led to a slightly better reduction in exacerbation in patients with low blood eosinophil
counts; suggesting that the IL-33 pathway could be more important in type 2 low severe asthma.

Itepekimab is a human IgG4P monoclonal antibody against IL-33. In a phase 2 trial [81], 296
moderate-to-severe asthmatics were randomly assigned 300 mg subcutaneous itepekimab, itepekimab plus
dupilumab (both at 300 mg), dupilumab (300 mg) or placebo every 2 weeks for 12 weeks. Eligibility
criteria were a pre-BD FEV1 value between 50 and 85% predicted and at least one severe asthma
exacerbation. After randomisation, LABA was discontinued at week 4 and ICS were tapered over weeks 6–9.
The primary end-point was an event indicating a loss of asthma control defined as a reduction of at least
30% in the morning peak expiratory flow (PEF) or at least six additional uses of rescue medication on two
consecutive days, an increase by four of the most recent doses of ICS or an asthma exacerbation. Patients
with a loss of asthma control returned to maintenance LABA+ICS and the trial drug was discontinued. By
12 weeks, loss of asthma control occurred in 22% of the itepekimab group (OR versus placebo 0.42), 27% of
the combination group (OR 0.52) and 19% of the dupilumab group (OR 0.33), as compared with 41% in the
placebo group. The combination of itepekimab and dupilumab was not superior to either treatment alone.
The incidence of adverse events was similar in all four trial groups.

Anti-IL-23 risankizumab [82] has been studied in moderate to severe asthma. IL-23 promotes Th17-cell
proliferation, neutrophil recruitment and Th2 cytokine production. This phase 2a, multicentre, randomised,
double-blind, placebo-controlled, 24-week trial assessed the efficacy and safety of risankizumab, an
anti-IL-23p19 monoclonal antibody in adults with severe asthma. Eligible patients had at least two
exacerbations or one severe exacerbation resulting in hospitalisation or emergency visit. FEV1 was between
40 and 85% and the smoking history was less than 10 pack-years. A total of 105 patients received 90 mg
risankizumab subcutaneously once every 4 weeks while 109 were assigned to the placebo group. The
primary end-point was the time to first asthma worsening (decrease in PEF, increase in rescue medication
use, exacerbation or increase in ACQ-5 >0.75). The time to first asthma worsening was shorter with
risankizumab than with placebo (40 days versus 86 days, p=0.03) and the annualised rate of asthma
worsening was higher. Risankizumab did not affect sputum cell counts, but downregulated genes involved
in the activation of natural killer cells and cytotoxic T-cells and the activation of Th1 and Th17
transcription factors. These findings support the view that risankizumab exerted a biologic effect on airway
immunity, which may have contributed to the poor clinical outcome.

Treatments targeting neutrophilic asthma such as anti-IL-17 and anti-CXCR2 have not shown any
improvement in asthma outcomes in this asthma phenotype [83, 84]. This could be due to the fact that
neutrophilic inflammation reflects microbiome dysbiosis. The microbiome is defined as the combined
genetic material from microorganisms in a particular environment. As such, it represents the communities
of microorganisms including bacteria, viruses, fungi, protists and archea that inhabit a specific niche. Most
studies into the respiratory microbiome focus on bacteria, but it is important to remember that other
microorganisms may play a role in modifying health and disease [85]. The microbiome in airway diseases
is altered mostly by a loss of bacterial diversity and expansion of specific pathogenic taxa. There might be
airway dysbiosis in neutrophilic asthma with upregulation of sputum IL-1β and Proteobacteria [86], in
particular Haemophilus. Perturbation in the normal healthy microbiome in chronic airway diseases is
caused by different factors, such as airway structural damage and changes in the metabolic activity and
immune system within the lungs. Moreover, recurrent courses of systemic corticosteroids and antibiotics
may also contribute to changes in the microbiome. Several studies have demonstrated a link between the
microbiome and inflammatory phenotype. Dysbiosis could in part explain the effect of azithromycin in
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reducing exacerbations, as shown in the AMAZES trial [7], irrespective of the phenotype. Patients who
were bacteria positive showed the best improvement with azithromycin 500 mg three times per week over
48 weeks.

The only feature that is common to all asthma inflammatory phenotypes is the airway hyperresponsiveness
measured by direct or indirect bronchial challenges. Bronchial thermoplasty has been shown to reduce
airway smooth muscle mass and can lead to improvement of asthma control and reduction in asthma
exacerbations [87]. It also led to repair of epithelial cells [88, 89]. The number of mast cells in airway
smooth muscle has been found to be related to asthma severity and bronchial hyperresponsiveness to
methacholine [18]. Imatinib, a KIT inhibitor targeting mast cell survival [90], was able to reduce airway
hyperresponsiveness. Tezepilumab was also found to reduce airway hyperresponsiveness [72] and this
could be due to a direct effect of TSLP on smooth muscle cells. Future strategies must be developed to
reduce intrinsic airway smooth muscle hypercontractility. Previous studies supported a critical role for
NADPH oxidase-4 overexpression in the promotion of oxidative stress and consequent airway smooth
muscle hypercontractility in asthma [91]. The study by PRIHANDOKO et al. [92] also provides evidence that
pharmacological targeting of lung free fatty acid receptor 4 has in vivo efficacy and might have therapeutic
value in the treatment of bronchoconstriction.

COPD
Diagnosis and pheno-endotyping
COPD is a complex heterogeneous syndrome, having both pulmonary and extrapulmonary features [93].
The diagnosis of COPD is based on the presence of chronic airflow limitation, as assessed by post-BD
FEV1 and FEV1/forced vital capacity measurements. COPD may comprise several different phenotypes
that are driven by different molecular mechanisms or endotypes [94]. Genetic, clinical and inflammatory
phenotypes of COPD such as alpha-1 antitrypsin deficiency or telomerase polymorphisms, smoking versus
nonsmoking, small airways disease and emphysema, as well as frequent exacerbators or inflammatory
phenotypes such as eosinophilic or neutrophilic, have been recognised and this could lead to the
prescription of targeted treatments [95]. Most patients have increased neutrophils and macrophages in
sputum, reflecting the increased secretion of neutrophil and monocyte chemotactic mediators in the lungs
[96]. However, some patients also have increased eosinophils in sputum and this may be reflected by
increased blood eosinophils [97]. Identification of elevated blood or sputum eosinophils [98] has been
associated with an increased risk of exacerbations [99] and has been associated with a better response to
ICS in reducing and treating exacerbations [100, 101]. Other studies have demonstrated that ICS do not
have a major role in reducing exacerbations in patients with eosinophil counts <150 cells·μL−1 and
relatively increased efficacy in patients with higher eosinophil counts [102, 103].

Patients with COPD should be assessed and treated according to their individual treatable characteristics.

Targeted treatment for COPD
Several innate and adaptive immune responses could be targeted with biologicals in COPD. However,
recent studies failed to demonstrate a significant reduction in exacerbations in COPD using targeted
treatments [104–106]. The reasons for this poor response to biologics in COPD as compared to what can
be achieved in severe asthma remains unclear.

The treatable traits concept has been proposed to manage chronic airway diseases such as asthma and
COPD with the same drugs according to inflammatory characteristics [107]. One important treatable trait
in chronic airway diseases is the eosinophilic airway inflammation that has been shown to predict the
response to ICS [108] and systemic corticosteroids [109], while blood eosinophilia was associated with a
better response to anti-IgE [110], anti-IL-5(R) [44, 54] and anti-IL-4R [60] in asthma. However, several
studies suggest that the results observed in asthma cannot be generalised in COPD patients.

Anti-IL5 mepolizumab has been found to reduce exacerbations by 50% in hypereosinophilic severe asthma [45],
while the reduction in exacerbation was only 15% in hypereosinophilic COPD patients [104]. As in studies with
asthma, efficacy again tracked with higher eosinophil counts at entry. More importantly, mepolizumab
significantly improved quality of life in severe eosinophilic asthma but not in COPD in these studies.

The same observation was made with anti-IL-5R benralizumab [106] in eosinophilic COPD. This targeted
treatment was able to reduce exacerbations by 50% in severe eosinophilic asthma with blood eosinophils
>300 μL−1 [54], while this reduction was not significant in hypereosinophilic COPD patients exhibiting
blood eosinophils higher than 220 μL−1 [106]. In the study by BRIGHTLING et al. [111], no significant
reduction in exacerbations was shown with benralizumab as compared to placebo.
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Different hypotheses could explain the difference in response to biologicals in asthma and COPD despite
the presence of elevated blood eosinophils as a treatable trait in both conditions. The first being the
absence of randomisation according to smoking status and the absence of phenotyping of COPD
exacerbations. COPD exacerbations may indeed be treated with either OCS or antibiotics or both. It is of
upmost importance to evaluate the effect of biologics on the reduction of COPD exacerbations according
to the exacerbations’ profiles. Moreover, COPD is a disease affecting the airways and the parenchyma.
Patients suffering from COPD should undergo a chest computed tomography scan to exclude a dominant
emphysema component, in which case parenchymal destruction should not be improved by biologics.

A phase 2a trial with itepekimab, a monoclonal antibody targeting IL-33, was reported in patients with
moderate–severe COPD on standard therapy. No reduction in exacerbation rate was observed in active
smokers, while a 42% reduction occurred in former smokers [112]. This study may suggest that active
smoking, with a resultant predominance of neutrophilic inflammation, may cloud the underlying
contribution of coexisting Th2 responses to the pathogenesis of COPD.

The BOREAS study (a pivotal study to assess the efficacy, safety and tolerability of dupilumab in patients
with moderate-to-severe COPD with type 2 inflammation) is evaluating the role of dupilumab in patients
with eosinophilic COPD (NCT03930732).

Promising future phenotypic characteristics
Studies looking at the microbiome in COPD have found a link between inflammatory phenotypes and the
microbiome [86]. In healthy individuals, the lung microbiome is shaped very early in life, starting with
inheriting the mother’s microbiome during delivery and then evolving during childhood according to
different factors such as breastfeeding and early-life exposures like infections and the presence of pets. The
microbiome is quite stable during adulthood and then changes occur during aging due to
immunosenescence. In patients with chronic airway diseases, the microbiome may evolve not only
according to increased microbial immigration upon inhalation of bacteria and microaspiration but also
decreased microbial elimination in cases of impaired innate and adaptative host defences [113]. Regional
growth conditions such as the presence of inflammatory cells, oxygen tension, temperature or local pH
may also impact the lung microbiome [114]. Several studies have reported the composition of the airway
microbiome in patients suffering from COPD and found a loss in microbiome diversity and an increase in
Proteobacteria, particularly the genus Haemophilus. These bacteria were associated with increased severity
reflected by increased exacerbations characterised by a greater fall in lung function, especially when
associated with eosinophilic inflammation [115]. Dysbiosis was also associated with increased mortality
[116] compared to patients with a more balanced profile. Haemophilus has been found to be associated
with increased neutrophilic inflammation [115] while healthy regulatory bacteria such as Campylobacter,
Rothia and Fusobacterium were predominant in eosinophilic phenotypes. Neutrophilic COPD, reflected by
the amount of sputum neutrophil extracellular traps, was associated with lower microbiome diversity and a
significant increase in Pseudomonas and Haemophilus. Antibiotics have been found to modulate the
microbiome and reduce the neutrophil degranulation pathway, thereby improving microbiome dysbiosis
and patient status [117]. ICS were found to increase Proteobacteria in patients with sputum eosinophil
counts below 2% while antibiotics decrease these bacteria [118]. In another study, ICS were found to alter
the microbiome by modulating host immunity [119]. Macrolide antibiotics have powerful effects on host
immunity and can reduce exacerbations [120]. Macrolides may decrease Haemophilus influenzae but this
will lead to an increase in Pseudomonas aeruginosa [121, 122].

All these studies looking at the microbiome in COPD highlight that it is of upmost importance to
phenotype exacerbations to avoid giving antibiotics when this is not necessary. There are still many
unanswered questions around the effect of antibiotics on the microbiome and more longitudinal studies
are needed.

Conclusion
Asthma and COPD are complex inflammatory diseases of the airways in which impaired host defences
lead to increased susceptibility to pathogens, pollutants and allergens. Environmental exposures can alter
the microbiome and influence the development of sensitisation by disrupting normal immunoregulation.

A great deal of progress has been made in gaining insights into the immunology and pathophysiology of
asthma and this has led to the development of novel treatments and major improvement in severe asthma
outcomes. In COPD, however, no targeted treatments have at present demonstrated great improvement.
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