
10/17/25

1

Geoffrey.chupp@yale.edu

Type 2 low asthma diagnostic and management challenges
Geoffrey Chupp, MD

Professor of Medicine, Yale School of Medicine
Executive Director, Yale Center for Asthma and Airway Disease

(Asthma, Bronchiectasis, COPD)

2

Consultant/Advisor:  Glaxo Smith Kline, Astra Zeneca, Regeneron, 
Sanofi Genzyme, Amgen, Teva, Genentech, Merck, Takeda
Clinical trial PI/Research Grants:  Glaxo Smith Kline, Astra Zeneca, 
Amgen, Teva, Genentech, RAPT

Disclosures

Case 1- History
• HPI: 18 y.o. male- asthma/allergies since birth. Asthma was moderately 

severe on prednisone every few years- used ICS/LABA for control
• ~12 months prior asthma symptoms increased. Multiple exacerbations 

required prednisone. Continued at 20mg a day for control. Tapering from this 
dose increased symptoms. In ER 3x last year.

• Developed a red, itchy, nodular rash that resolved when on prednisone. Rash 
was located on his hands, feet, and thighs. Biopsy of the rash- allergic 
reaction, no vasculitis.

• Medications:  FF/V/U 200 daily, montelukast 10 mg, Loratidine 10 mg, pred 
20mg, albuterol

• Social Hx: Used to vape nicotine, quit ~1 year ago. Has gained 50lbs on 
prednisone. Works as a car mechanic. Lives with his mother, dog in the 
home that he is allergic to. Hobbies are cars, motorcycles.

• ROS: negative for other symptoms to suggest EGPA. No nasal polyps

Case 1- Exam/labs (2024)
• FeNO 25 ppb
• Bloodwork: IgE 720 IU/L

Eos  780 cells/ul- on prednisone, rechecked. 
ANCA negative (MPO/PR3) 
ABPA titers neg, 
ANA Neg, 
Flow cytometry negative, PDGF mutation neg

• Allergy tests: Molds negative, grasses +2, dog/cat +3, trees +3, dust mite +4, 
cockroach +1, trees +2

• Radiology: PA/Lat CXR and HRCT unremarkable
• PFT:  Mild obstructive physiology with reversibility (FEV1 80%)

Phenotyping indicates this patient is both Allergic and Eosinophilic 

Plenty of options: T2 High biologics for the treatment of severe asthma

Chupp et al 2019, Annual Rev Medicine

Inhibit IL-4 and IL-13
Pathways
Reduces FeNO, IgE
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Approaches to identifying phenotypes
Biased approaches. Asthma phenotyping began decades ago with the 
concepts of extrinsic (allergic) and intrinsic (nonallergic) asthma14. 
People with extrinsic asthma developed the disease early in life, were 
atopic (they made IgE specific to identifiable allergens) and had 
identifiable allergic triggers, other allergic diseases such as rhinitis 
or eczema or a family history of allergic disease. Intrinsic asthma 
developed later in life (after 40 years of age), was associated with 
aspirin-exacerbated respiratory disease (AERD) but not with allergic 
sensitization, and was generally not as well understood. Inflammatory 
biomarkers other than those related to IgE were not used. When 
small pathobiological studies in humans suggested that levels of TH2 
cytokines were similar in extrinsic and intrinsic asthma, and treat-
ment with inhaled corticosteroids was found to be effective in the 
majority of mild to moderate asthma cases, the distinctions between 
extrinsic and intrinsic asthma fell out of favor20–23.

Although most asthma is mild to moderate (and heterogeneity 
is indeed present in individuals with mild to moderate asthma), 
pathobiological studies in the 1990s of people with severe, refrac-
tory asthma reintroduced the concept of asthma heterogeneity with 
the finding that some of these individuals had neutrophilic inflam-
mation that had not previously been reported in milder asthma24. 
Eosinophils were present in lung tissue from about 50% of people with 
severe asthma, and this group of individuals had a thicker subepithe-
lial basement membrane (SBM), higher expression of transforming 
growth factor-β (TGF-β), more frequent and more severe symptoms, 
and more near-fatal events than individuals who had asthma with-
out eosinophilic inflammation8,25–27. Age at onset (using age 12 as 
a cut-off) was reported to be an important factor in distinguishing 
atopic and allergic asthma from a less well-defined but more eosino-
philic adult-onset phenotype25. Exercise-induced, obesity-related,  
smoking-related, neutrophilic and even ‘paucigranulocytic’  
(the absence of an observable inflammatory process) were all sug-
gested as asthma phenotypes, but few corresponding clinical and 
biological characteristics were identified.

Unbiased approaches. Because of concerns about clinical bias and the 
continued lack of specific cellular biomarkers for asthma phenotypes, 

several groups began to approach phenotyping in a manner that was 
less biased and more statistically based. Among these were a study in 
the United Kingdom that involved two groups of patients; a US study 
that involved a group, enhanced for individuals with severe asthma, 
from eight centers involved in the National Institutes of Health– 
sponsored Severe Asthma Research Program (SARP); and an analysis 
of two large European asthma cohorts28–30.

The UK and SARP studies used cluster analysis, a method that 
combines various approaches to group important variables such as 
those related to asthma exacerbations, which include steroid bursts, 
emergency-room visits and hospitalization. These grouped variables 
were then used to produce clustered variables to identify phenotypes. 
However, the process of choosing variables introduces some bias. For 
instance, the UK cluster analysis included sputum eosinophils and 
bronchodilator responsiveness but did not include typical physiological  
measures of airway obstruction, such as forced expiratory volume in 
1 second (FEV1); the SARP analysis included lung function but not 
inflammatory markers28,29. The European analysis was performed on 
people with asthma from across two European cohorts and used latent 
class analysis (LCA), which groups variables into latent classes under 
the statistically based assumption that the variables in a particular 
latent class are independent of each other. The European analysis had 
more limited phenotypic information than the other two studies.

Despite statistical variations in their approaches and the wide range 
of variables that were available and that were analyzed in each study, 
the results of the three studies are more similar than different, and 
they overlap with results obtained using the earlier, biased phenotype 
approaches. All three studies found age at disease onset to be a key 
differentiating factor. Early-onset disease is consistently associated 
with a more atopic and allergic condition over a range of severities, 
whereas later-onset disease is associated with eosinophilic inflam-
mation and obesity, is more common in women and is generally less 
allergic. Interestingly, despite the association of early-onset disease 
with atopy and allergy, none of the unbiased approaches found vari-
ables associated with these conditions (such as atopy and total IgE) 
to be key distinguishing features of the subgroups.

A single cluster analysis has also been performed in children with 
asthma and was primarily limited to one urban center that included 
a large group of underserved children31. These children were pre-
dominantly atopic and allergic, as would be expected from a pediatric 
cohort, but greater severity was not correlated with greater numbers of 
skin-test reactions, higher IgE or higher exhaled nitric oxide (FeNO, a 
product of the TH2-regulated inducible nitric oxide synthase (iNOS) 
enzyme), which generally tracks with atopy, allergy and the response 
to inhaled corticosteroids32–34. Rather, the determinants of severity  
were based primarily on asthma duration, medication use and  
lung function.

Thus, many of the elements needed for pathological and immuno-
logical definition of asthma phenotypes were missing from these stud-
ies, and only one cluster analysis was generally replicated in a second 
(albeit milder) cohort28. However, in addition to these clinically ori-
ented clusters, a molecular phenotyping analysis in people with mild 
corticosteroid-naïve asthma has also been published35. In this study, 
the authors analyzed airway epithelial brushings for the expression 
of three genes upregulated by the TH2-type cytokine interleukin-13 
(IL-13) in epithelial cell cultures—POSTN, which encodes periostin; 
CLCA1, which encodes calcium-activated chloride channel regulator 1;  
and SERPINB2, which encodes serpin peptidase inhibitor, clade B, 
member 2—and used these signature genes to identify ‘TH2-high’ 
individuals. Of those analyzed, approximately 50% of people with 
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Figure 1 Schematic representation of the umbrella term ‘asthma’. The key 
clinical features of severity (lung function, symptoms and exacerbations), 
inflammatory characteristics (particularly TH2 immunity) and their 
division into associated phenotypes are shown. However, these phenotypes 
have not yet been fully characterized.
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Wenzel, Nature Medicine 2012;18 (5):716
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Case 2- History
• HPI: 64 yo male presents for an opinion regarding severe uncontrolled 

asthma. He thinks he may have had undiagnosed asthma as a child. Had 
protracted URI with coughing. No hx of allergies. First diagnosed with asthma 
in his 20s when he had SOB and chest tightness. Given albuterol and 
stopped smoking. Would have flares requiring prednisone 2x per year. 
Started Symbicort at some point which helped but still flared and got OCS 2x 
per year. Flares are protracted. Montelukast didn’t help. 

• PMH: GERD, controlled on PPI, deviated septum on CT scan, CAD, HTN, 
Afib OSA on CPAP

• Medications: Symbicort 160, 2p BID, tiotroprium, and albuterol PRN, 
Flonase, Zetia, PPI, Eliquis

• Social Hx: Smoked from age 16 to 25 yo, ½ PPD, Runs PR firm, home with 
HVAC, area rugs, no pets.

• Family Hx: Father had COPD

Case 2- PE/Labs
• PE:  Good air entry.  Clear with no wheezing. ACT score 13

• Bloodwork: IgE 100 IU/ml, 
Eos  70 cells/ml. (past results- 70, 30, 30, 60 cells/ul over the last 3 
years)
ANCA negative
Normal total IgG and subclasses

• Allergy tests:  Immunocap and SPT negative

• Radiology: PA/Lat CXR, HRCT - unremarkable

Caso clínico real. Dr. Chupp. Yale New Haven Hospital

FVC FEV1 FEV1/FVC FENO TLC RV DLco

08/3/21 113% 79% 0.69 7ppb 118 % 72 % 115 %

Evaluation of patients with asthma

• Confirm the diagnosis

• Rule out asthma mimics/alternative Dx
VCD, IgG deficiency, bronchiectasis, GERD, A1AT, heart 
disease, Tracheobronchomalacia etc.

• Optimize standard treatments- adherence, etc

• Phenotype the patient

• Consider phenotype specific therapy
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Approaches to identifying phenotypes
Biased approaches. Asthma phenotyping began decades ago with the 
concepts of extrinsic (allergic) and intrinsic (nonallergic) asthma14. 
People with extrinsic asthma developed the disease early in life, were 
atopic (they made IgE specific to identifiable allergens) and had 
identifiable allergic triggers, other allergic diseases such as rhinitis 
or eczema or a family history of allergic disease. Intrinsic asthma 
developed later in life (after 40 years of age), was associated with 
aspirin-exacerbated respiratory disease (AERD) but not with allergic 
sensitization, and was generally not as well understood. Inflammatory 
biomarkers other than those related to IgE were not used. When 
small pathobiological studies in humans suggested that levels of TH2 
cytokines were similar in extrinsic and intrinsic asthma, and treat-
ment with inhaled corticosteroids was found to be effective in the 
majority of mild to moderate asthma cases, the distinctions between 
extrinsic and intrinsic asthma fell out of favor20–23.

Although most asthma is mild to moderate (and heterogeneity 
is indeed present in individuals with mild to moderate asthma), 
pathobiological studies in the 1990s of people with severe, refrac-
tory asthma reintroduced the concept of asthma heterogeneity with 
the finding that some of these individuals had neutrophilic inflam-
mation that had not previously been reported in milder asthma24. 
Eosinophils were present in lung tissue from about 50% of people with 
severe asthma, and this group of individuals had a thicker subepithe-
lial basement membrane (SBM), higher expression of transforming 
growth factor-β (TGF-β), more frequent and more severe symptoms, 
and more near-fatal events than individuals who had asthma with-
out eosinophilic inflammation8,25–27. Age at onset (using age 12 as 
a cut-off) was reported to be an important factor in distinguishing 
atopic and allergic asthma from a less well-defined but more eosino-
philic adult-onset phenotype25. Exercise-induced, obesity-related,  
smoking-related, neutrophilic and even ‘paucigranulocytic’  
(the absence of an observable inflammatory process) were all sug-
gested as asthma phenotypes, but few corresponding clinical and 
biological characteristics were identified.

Unbiased approaches. Because of concerns about clinical bias and the 
continued lack of specific cellular biomarkers for asthma phenotypes, 

several groups began to approach phenotyping in a manner that was 
less biased and more statistically based. Among these were a study in 
the United Kingdom that involved two groups of patients; a US study 
that involved a group, enhanced for individuals with severe asthma, 
from eight centers involved in the National Institutes of Health– 
sponsored Severe Asthma Research Program (SARP); and an analysis 
of two large European asthma cohorts28–30.

The UK and SARP studies used cluster analysis, a method that 
combines various approaches to group important variables such as 
those related to asthma exacerbations, which include steroid bursts, 
emergency-room visits and hospitalization. These grouped variables 
were then used to produce clustered variables to identify phenotypes. 
However, the process of choosing variables introduces some bias. For 
instance, the UK cluster analysis included sputum eosinophils and 
bronchodilator responsiveness but did not include typical physiological  
measures of airway obstruction, such as forced expiratory volume in 
1 second (FEV1); the SARP analysis included lung function but not 
inflammatory markers28,29. The European analysis was performed on 
people with asthma from across two European cohorts and used latent 
class analysis (LCA), which groups variables into latent classes under 
the statistically based assumption that the variables in a particular 
latent class are independent of each other. The European analysis had 
more limited phenotypic information than the other two studies.

Despite statistical variations in their approaches and the wide range 
of variables that were available and that were analyzed in each study, 
the results of the three studies are more similar than different, and 
they overlap with results obtained using the earlier, biased phenotype 
approaches. All three studies found age at disease onset to be a key 
differentiating factor. Early-onset disease is consistently associated 
with a more atopic and allergic condition over a range of severities, 
whereas later-onset disease is associated with eosinophilic inflam-
mation and obesity, is more common in women and is generally less 
allergic. Interestingly, despite the association of early-onset disease 
with atopy and allergy, none of the unbiased approaches found vari-
ables associated with these conditions (such as atopy and total IgE) 
to be key distinguishing features of the subgroups.

A single cluster analysis has also been performed in children with 
asthma and was primarily limited to one urban center that included 
a large group of underserved children31. These children were pre-
dominantly atopic and allergic, as would be expected from a pediatric 
cohort, but greater severity was not correlated with greater numbers of 
skin-test reactions, higher IgE or higher exhaled nitric oxide (FeNO, a 
product of the TH2-regulated inducible nitric oxide synthase (iNOS) 
enzyme), which generally tracks with atopy, allergy and the response 
to inhaled corticosteroids32–34. Rather, the determinants of severity  
were based primarily on asthma duration, medication use and  
lung function.

Thus, many of the elements needed for pathological and immuno-
logical definition of asthma phenotypes were missing from these stud-
ies, and only one cluster analysis was generally replicated in a second 
(albeit milder) cohort28. However, in addition to these clinically ori-
ented clusters, a molecular phenotyping analysis in people with mild 
corticosteroid-naïve asthma has also been published35. In this study, 
the authors analyzed airway epithelial brushings for the expression 
of three genes upregulated by the TH2-type cytokine interleukin-13 
(IL-13) in epithelial cell cultures—POSTN, which encodes periostin; 
CLCA1, which encodes calcium-activated chloride channel regulator 1;  
and SERPINB2, which encodes serpin peptidase inhibitor, clade B, 
member 2—and used these signature genes to identify ‘TH2-high’ 
individuals. Of those analyzed, approximately 50% of people with 
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Figure 1 Schematic representation of the umbrella term ‘asthma’. The key 
clinical features of severity (lung function, symptoms and exacerbations), 
inflammatory characteristics (particularly TH2 immunity) and their 
division into associated phenotypes are shown. However, these phenotypes 
have not yet been fully characterized.
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Current  Concept: continuum of immune responses in asthma   

Wenzel, Nature Medicine 2012;18 (5):716
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Simpson et al.  Respirology 2006;11:54-61
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described an early-onset, symptom-predominant group with
minimal eosinophilic disease. Cluster 4 described an eosino-
philic inflammation–predominant group with few symptoms,
late-onset disease, and a greater proportion of males.

Discriminant function modeling identified the majority of
input parameters used in the cluster analysis of both popula-
tions to be significant determinants of cluster membership
(Table E1 of the online supplement). The discriminant function
model of primary-care and refractory asthma clusters required
seven of eight input parameters (excluding atopic status) and
five of seven parameters (excluding atopic status and sex),
respectively. The accuracy of the discriminant function models
for predicting cluster membership was 94.6% (primary care)
and 96.8% (refractory asthma).

Cluster analysis was performed from baseline data in 68
patients of the prospective study dataset. Three clusters were
identified (Table E2); all were comparable with clusters ob-
served in the larger refractory asthma population. The original
study demonstrated a significant reduction in severe exacerba-
tion frequency in the sputum arm, with no significant difference
in corticosteroid usage between the groups. The present cluster-
specific analysis revealed that all of the benefit for preventing
exacerbations occurred in the inflammation-predominant co-
hort (3.53 [SD, 1.18] vs. 0.38 [SD, 0.13] exacerbation/patient/yr,
P 5 0.002) (Table 4). In addition, sputum-guided therapy
allowed successful downtitration of corticosteroid therapy in
early symptom-predominant asthma (Table 4; mean difference,
1,829 mg beclomethasone equivalent/d [95% confidence interval,
307–349 mg]; P 5 0.02), without compromising asthma control.

A univariate ANOVA with the cluster model as a covariate
identified both treatment grouping and the cluster model as
significant determinants for observed differences in exacerba-
tion frequency (P 5 0.002, study groups; P 5 0.03, cluster
model), but only the cluster model was a significant determinant
for differences in inhaled corticosteroid dose (P 5 0.07 for
treatment groups and P 5 0.005 for cluster model).

DISCUSSION

The need for classifying asthma heterogeneity has gained
urgency with the parallel development of better tools for mea-
suring disease characteristics that highlight disparity in clinical,
physiologic, and pathologic markers, together with novel and
specific molecular therapies that are only likely to be efficacious
in particular subgroups of asthma. This study is the first to apply
principles of cluster analysis for the identification of clinical
asthma phenotypes. We have further shown that phenotypes
constructed in this way exhibit clinically relevant differences in
outcome, with management strategies that use a measure of
eosinophilic inflammation for titrating corticosteroid therapy.

Asthma classification is complicated by the multidimensional
nature of the disease. This prompted our consideration of
cluster analysis techniques for this purpose. We selected the k-
means clustering algorithm as it maximizes separation between
clusters, thereby offering the greatest scope for identifying
distinct groups within the population. Both familiar and pre-
viously uncharacterized asthma subgroups were identified that
are more representative of multidimensionality. The identifica-

Figure 1. Clinical phenotypes of asthma. A summary of phenotypes identified using cluster analysis in primary- and secondary-care asthma
populations. The clusters are plotted according to their relative expression of symptoms and inflammation because these are the two clinically pertinent
and modifiable dimensions of the disease. The plot highlights greater discordance to be a feature of secondary-care asthma. Although reasons for
this dissociation are unclear, the use of measures of airway inflammation in these subgroups is clinically informative. BMI 5 body mass index.

Haldar, Pavord, Shaw, et al.: Clinical Asthma Phenotypes 221

Haladar AJRCCM. 2008;178:218

Early cluster analysis of pateints with asthmatics 
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Current clustering paradigms to dissect heterogeneity of asthma
BUT clinical utility is in question

Kaur, chupp JACI 2019

Our patient
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antibody (omalizumab) is the only biological agent now approved for 
asthma. Although IgE-specific antibody treatment has been targeted  
toward allergic asthma, this classification is loosely defined as  
minimal elevations of total IgE in the presence of any IgE specific 
to a particular allergen. With this definition, IgE-specific antibodies 
affect both early- and late-phase allergic physiological reactions and 
eosinophilic inflammation56.

Even more specifically targeting TH2 immunity than antibodies to 
IgE, the four-week administration of an inhaled IL-4Rα antagonist  
improved physiological responses to allergen inhalation and decreased 
FeNO in people with mild, corticosteroid-naïve asthma32,58. There 
may also be a pharmacogenetic response to anti–IL-4Rα treatment, 
as known risk alleles in the gene encoding IL-4Rα identified partici-
pants with better treatment responses59. In contrast, a monoclonal 
antibody to IL-5 did not show efficacy in an allergen-challenge 
model despite causing profound reductions of blood eosinophils7. 
In addition, two weeks of systemic anti–IL-13 treatment affected 
physiological responses to allergens but not eosinophilic inflamma-
tion57. Although the reasons for the differing effects of IL-4 and/or 
IL-13 from those of IL-5 in allergic responses are not known, the 
observed efficacy of antibodies to IL-13 in the absence of a reduc-
tion in eosinophils and the failure of antibodies to IL-5 despite a 
reduction in eosinophils suggest that noneosinophilic components 
may be of greater importance than eosinophils in these specific  
allergic responses.

Specific TH2 pathway inhibition in nonphenotyped, corticosteroid-
treated individuals with chronic asthma has generally been ineffec-
tive5. In contrast, even modest phenotyping, as shown by the case 
of antibody to IgE above, improves overall efficacy to some degree, 
reducing asthma exacerbations and improving symptoms and quality 

of life12,13,60. Yet, as many as 50–60% of individuals did not respond to 
IgE-specific antibody treatment, particularly those with greater severity  
of disease, and there are no biomarkers other than IgE to predict 
response60,61. Perhaps the most robust clinical response to IgE- 
specific antibody therapy was observed in a study of African-American 
children living primarily in inner-city environments62, a population 
enriched for highly TH2-skewed asthma43,63. Thus, it remains to 
be determined whether using a potential TH2 biomarker to define  
TH2-allergic asthma would improve the likelihood of a response to 
IgE-specific antibody treatment.

Interestingly, a recent study of treatment with a monoclonal 
antibody to IL-13, lebrikizumab, showed modest but significant 
improvements in FEV1 (ref. 64) in people with moderate to severe 
corticosteroid-treated asthma. Conventional markers of allergic 
inflammation (IgE, atopy and blood eosinophils) did not define 
lebrikizumab responders. However, recent studies have suggested 
that serum periostin, an epithelial protein that is induced by IL-13 
and present in greater amounts in the airways of some people with 
mild asthma, may be a biomarker for a more general TH2 asthmatic 
phenotype65–67. FeNO has also been proposed as a TH2 biomarker 
because it is produced by inducible nitric oxide synthase, an enzyme 
that is induced in human airway epithelial cells by IL-13 and present 
in greater abundance in asthma33,68,69. In the lebrikizumab study 
described above, a subgroup of individuals who had asthma with 
persistent elevations in serum concentrations of periostin showed 
greater improvements in airway function and fewer exacerbations 
after treatment than those with lower concentrations of serum  
periostin64. Interestingly, in a post hoc analysis, FeNO levels were as 
helpful as periostin in identifying TH2-high individuals who would 
respond to lebrikizumab, but these biomarkers were not compared 
with the percentages of sputum eosinophils. Although this study 
suggests that periostin may be an easily obtainable TH2 biomarker, 
whether it will be better than FeNO or sputum eosinophils remains 
to be determined in prospective studies.
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Figure 4 Theoretical range of factors that may be involved in the 
development of non-TH2 asthma. These factors include infection-related 
elements, TH1 and TH17 immunity, non-TH2–associated smooth-muscle 
changes including genetics and oxidative stress, and the development of 
neutrophilic inflammation. IFN-γ, interferon-γ; GRO-α, growth-regulated 
oncogene-α; PAMP, pathogen-associated molecular pathway; DAMP, 
danger-associated molecular pathway; TLR, Toll-like receptor.
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Figure 3 Theoretical grouping of emerging asthma phenotypes based 
on the distinction between TH2-high asthma and non-TH2 asthma. TH2 
asthma consists of both early- and later-onset disease over a range of 
severities. It is likely that the majority of early-onset allergic asthma 
is mild but that an increasing complexity of immune processes leads 
to greater severity. Later-onset eosinophilic asthma without traditional 
allergic elements is more likely to be severe, whereas EIA is a milder 
form of TH2 asthma. Non-TH2 asthma includes very late–onset, obesity-
associated asthma as well as smoking-related and neutrophilic asthma, 
and asthma in which affected individuals show little inflammation.  
The intensity of the colors represents the range of severity; the relative 
sizes of the subcircles suggest relative proportions of affected individuals.

Clinical phenotypes of T2 low asthma fall along a continuum

Wenzel, Nature Medicine 2012;18 (5):716

T2 low asthma current definition includes biomarker and 
sputum subtypes: consensus is needed 

• Verify T2 status over time (usually 6 months)
• Consider medications as complicating factors (ICS,OCS)
• Definition driven by clinical analysis of biologic therapies
• Given lack of consensus definition prevalence estimates vary 

widely from 10%-40% 
• May differ by asthma severity- again driven by definition

BEC < 150
FeNO < 25

Sputum phenotype
Neutrophiliic

Paucigranulocytic
Mixed PMN/Eos

+/- Atopy

tezepelumab, a biologic therapy approved for T2-low severe
asthma.64 Among currently available medications, azithromycin
is a promising treatment option for inducing clinical remission in
patients with T2-low uncontrolled asthma.65

POSSIBLE MECHANISMS
Possible mechanisms

Several factors such as obesity, aging and in! ammaging,
altered lung microbiome, and epithelial dysfunction have been
proposed as possible mechanisms underlying T2-low asthma,
which may act independently or synergistically to contribute to
its heterogeneity. Whereas allergic T2-mediated diseases are
predominant in children with allergy and contribute less in
adulthood, systemic chronic in! ammation and neutrophilic
in! ammation can be a feature of adult asthma.66 This in! am-
mation can be facilitated by various factors, including obesity and
aging.67,68 Obesity is characterized by low-grade systemic
chronic in! ammation driven by nutrient excess or over-
nutrition.69 The role of obesity has been characterized in adult-
onset asthma, and a subtype of T2-low asthma is obesity-related
asthma, in which M1 macrophages secretes IL-1b, IL-6, and
TNF-a in excess adipose tissues.70,71 These elevated mediators
could be a contributing factor to airway neutrophilic in! am-
mation in patients with obesity-related asthma.71,72

The aging process is characterized by elevated proin-
! ammatory cytokine levels, including IL-1b, IL-6, TNF-a, and
C-reactive protein (CRP), through the accumulation of senescent
cells and their secretion of in! ammatory factors, known as
in! ammaging.73,74 Whereas immune cell senescence, known as
immunesenescence, caused by the aging process, includes a
decline in adaptive immunity, in! ammaging represents the
chronic activation of innate immunity.67,74 It is in! uenced by
several factors including genetic predisposition, gut microbiome,
oxidative stress, and in! ammatory cell death.74,75 Obesity is also
a signi" cant contributing factor to in! ammaging.67,75 Although
the association between in! ammaging and asthma is not well

established, elevated levels of sputum IL-6 and IL-17A are
increased in aged asthma patients.76 Elevated sputum neutrophils
have increased during growing at ages 20 and 30 in patients with
asthma,77-79 implicating that innate immune activation may
begin as part of the growth process. Although neutrophil counts
elevate in T2-low asthma, the aging process has been associated
with declined phagocytotic functions of macrophages and neu-
trophils, possibly leading to impairment to pathogen elimination
and the colonization of pathogens.80,81

Chronic bacterial colonization and recurrent infection may be
another important contributor to airway neutrophilic in! am-
mation.82,83 Patients with T2-low asthma can have a relative
abundance of respiratory pathogens, including members of the
Moraxellaand Haemophilusgenera,84-87 with airway bacterial
diversity being lower than those with eosinophilic asthma.85,86,88

Dysbiosis of the lung microbiome has been found in patients
with T2-low asthma, particularly neutrophilic asthma.87,89 Bac-
terial dysbiosis with colonization of persistent non-typable
Haemophilus in! uenzaewas also reported in neutrophilic
asthma.86,90 These mechanisms might be closely correlated and
suggest an intervention of antibiotics, including azithromycin, to
chronic bacterial colonization and infection.

Epithelial dysfunction is a possible mechanism contributing to
T2-low asthma. Airway epithelial cells serve as a physical barrier
between the environment and the lungs. However, exposure to
environmental triggers, including viral or bacterial pathogens,
cigarette smoke, and particulate matter, can impair this barrier,
leading to epithelial barrier dysfunction.91 The impaired
epithelial barrier permits increased penetration of these envi-
ronmental agents. Different environmental stimuli can induce
the release of distinct alarmins and in! ammatory cytokines from
epithelial cells to activate downstream in! ammatory pathways.
Viral or bacterial pathogens, cigarette smoke, and particulate
matter could promote T1 and T3 in! ammation through medi-
ators including IFN-g, IL-17, TNF-a, IL-1b, and IL-6,
involving TH1 cells, TH17 cells, group 1 innate lymphoid
cells, and group 3 innate lymphoid cells. These in! ammatory

FIGURE 1. Persistence and variability of type 2 (T2) status over time. The analysis included a subgroup of 72 adult patients with asthma
(68.6% female, mean age 47.7 years) from the Severe Asthma Research Program-3 cohort, a US-based multicenter longitudinal study
enriched for individuals with severe disease. A total of 40.3% of patients had variable T2 endotype status over 3 years whereas 50%
were persistently T2-low (T2-L) and 9.7% were persistently T2-high (T2-H). Reproduced from Fahy et al. 58
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Previous Randomized Controlled Trials With Existing Biologics

Alarmins as Novel Targets

Thymic stromal lymphopoietin (TSLP), IL-33, IL-25, and granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) are early media-
tors released by airway epithelial cells when they encounter
environmental triggers, such as pathogens, allergens, or air pollutants
(Fig 1). These alarmins mediate the activation and recruitment of
innate and adaptive immune cells, 36 orchestrating airway in ! amma-
tion and remodeling. TSLP and IL-33 activate immature dendritic cells,
which in turn interact with naive CD4+ T cells and promote their dif-
ferentiation into T H1, TH2, TH17, or regulatory T cells (Treg). 37,38

Alarmins further stimulate type 2 innate lymphoid cells to secrete
type 2 mediators. 39 Thus, TSLP and IL-33 are potentially superior ini-
tiators of both T2-low and T2-high asthma. In theory, therapeutic
blockade of these alarmins with mAbs may inhibit asthma pathogene-
sis, prevent trigger related exacerbations, and reduce airway in ! am-
mation irrespective of the underlying in ! ammatory phenotype.

Thymic Stromal Lymphopoietin

Tezepelumab is a mAb directed against TSLP (Fig 2). A phase III
clinical trial investigated its effectiveness in severe, uncontrolled
asthma (Table 2).40 The primary end point was the annualized

Figure 1. Pathophysiology of T2-high and T2-low asthma. Alarmins secreted by airway epithelial cells activate T cells and innate lymphoid cells. Type 2 cytoki nes mediate the
recruitment of eosinophils/basophils in T2-high asthma. Type 1 and type 17 cytokines are thought to drive T2-low asthma and contribute to neutrophil recruitment. Cytokines dis-
cussed in this review are indicated in red. DC, dendritic cell; GM-CSF, granulocyte-macrophage colony-stimulating factor; IgE, immunoglobulin E; IL, interleukin; Th, T helper cell;
TNF, tumor necrosis factor; TSLP, thymic stromal lymphopoietin.

Figure 2. Therapeutic targets of monoclonal antibodies and biological disease-modifying antirheumatic drugs. GM-CSF, granulocyte-macrophage colony-st imulating factor; IL,
interleukin; ILC, innate lymphoid cell; Th, T helper cell; TNF, tumor necrosis factor; TSLP, thymic stromal lymphopoietin.
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Previous Randomized Controlled Trials With Existing Biologics

Alarmins as Novel Targets

Thymic stromal lymphopoietin (TSLP), IL-33, IL-25, and granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) are early media-
tors released by airway epithelial cells when they encounter
environmental triggers, such as pathogens, allergens, or air pollutants
(Fig 1). These alarmins mediate the activation and recruitment of
innate and adaptive immune cells, 36 orchestrating airway in ! amma-
tion and remodeling. TSLP and IL-33 activate immature dendritic cells,
which in turn interact with naive CD4+ T cells and promote their dif-
ferentiation into T H1, TH2, TH17, or regulatory T cells (Treg). 37,38

Alarmins further stimulate type 2 innate lymphoid cells to secrete
type 2 mediators. 39 Thus, TSLP and IL-33 are potentially superior ini-
tiators of both T2-low and T2-high asthma. In theory, therapeutic
blockade of these alarmins with mAbs may inhibit asthma pathogene-
sis, prevent trigger related exacerbations, and reduce airway in ! am-
mation irrespective of the underlying in ! ammatory phenotype.

Thymic Stromal Lymphopoietin

Tezepelumab is a mAb directed against TSLP (Fig 2). A phase III
clinical trial investigated its effectiveness in severe, uncontrolled
asthma (Table 2).40 The primary end point was the annualized

Figure 1. Pathophysiology of T2-high and T2-low asthma. Alarmins secreted by airway epithelial cells activate T cells and innate lymphoid cells. Type 2 cytoki nes mediate the
recruitment of eosinophils/basophils in T2-high asthma. Type 1 and type 17 cytokines are thought to drive T2-low asthma and contribute to neutrophil recruitment. Cytokines dis-
cussed in this review are indicated in red. DC, dendritic cell; GM-CSF, granulocyte-macrophage colony-stimulating factor; IgE, immunoglobulin E; IL, interleukin; Th, T helper cell;
TNF, tumor necrosis factor; TSLP, thymic stromal lymphopoietin.

Figure 2. Therapeutic targets of monoclonal antibodies and biological disease-modifying antirheumatic drugs. GM-CSF, granulocyte-macrophage colony-st imulating factor; IL,
interleukin; ILC, innate lymphoid cell; Th, T helper cell; TNF, tumor necrosis factor; TSLP, thymic stromal lymphopoietin.
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Figure 1. The process of selecting articles.

3. Results

The great majority of articles ( n = 19) were comprehensive reviews, though none of
them was a systematic review. Six clinical trials were identiÞed by our search (Table 1).
Here we discuss the most signiÞcant cornerstones of T2-low asthma.

Table 1. Targeted treatment for neutrophilic asthma.

Main Study
(and Related Articles)

Year Biomarkers Treatment Conclusion

Wenzel [11] 2009 TNF Golimumab No clinical efÞcacy

Holgate (Howarth, Berry,
Morjaria) [ 12]

2011 TNF Etanercept No clinical efÞcacy

Niessen (Gibson, Brusselle,
Taylor) [ 13]

2020 TNF Macrolides (azithromycin)
Dysregulated TNF in pt. with NA is

suppressed by azithromycin

Simpson [14] 2008 Unknown
Macrolides

(clarithromycin)
Modulation of airways neutrophil

accumulation and activation

Brusselle [7] 2013 Unknown Macrolides (azithromycin) Reduction in severe exacerbation

Nair [ 15] 2012 CXCR2
CXCR2 receptor

antagonist (SCH527123)
Reduction in sputum neutrophils in

patients with SA and sputum neutrophils

Leaker [16] 2013 CXCR2
CXCR2 antagonist

(AZD8309)
Inhibition of LPS-induced inßammation

OÕByrne (Watz) [17] 2016 CXCR2
CXCR2 antagonist

(AZD5069)
Reduction in mucosal, sputum and blood

neutrophils without clinical efÞcacy

Busse [18] 2013 IL-17 Anti-IL-17R (Brodalumab) No clinical efÞcacy

Chaudhuri (Follows) [ 19] 2014
5-lipoxygenase-activating

protein (FLAP)
FLAP inhibitor
(GSK2190915)

No effect on sputum cell counts or
clinical endpoints in patients with
asthma and sputum neutrophils

TNF tumor necrosis factor; CXCR2 C-X-C motif chemokine receptor 2; IL-17 interleukin 17; anti-IL-17R anti-
interleukin 17 receptor; FLAP lipoxygenase-activating protein.
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Articles
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adherence to trial medication was 81% (SD 8), with 83% of 
patients taking over 75% of doses.

There was a signiÞcant reduction in the incidence of 
total (moderate and severe combined) asthma 
exacerbations in the azithromycin-treated group 
(Þgure 2). The placebo group experienced 
1á86 exacerbations per person-year (95% CI 1á54Ð2á18), 
whereas the azithromycin-treated group experienced 
1á07 exacerbations per person-year (0á85Ð1á29). The 
incidence rate ratio was 0á59 (95% CI 0á47Ð0á74; 

p<0á0001; Þgure 2B). 127 (61%) patients in the placebo 
group experienced at least one asthma exacerbation 
compared with 94 (44%) patients in the azithromycin 
group (p<0á0001). We assessed time to asthma 
exacerbation and found that azithromycin was 
associated with a reduced hazard ratio (HR 0á65 [95% CI 
0á50Ð0á85]; p=0á001; Þgure 2C). The beneÞcial e! ect of 
azithromycin remained signiÞcant after adjustment for 
di! erences in maintenance inhaled corticosteroid dose 
(Þgure 3), a history of frequent (at least two) asthma 
exacerbations, in those with chronic cough and sputum 
production and in those with and without bacterial 
pathogen isolation from sputum using standard culture 
techniques.

Azithromycin use was associated with an improvement 
in asthma-related quality of life (adjusted mean 
di! erence 0á36 [95% CI 0á21Ð0á52]; p=0á001; table 2). 
This beneÞt was seen across all AQLQ domains (table 3), 
and in the symptoms domain the mean change from 
baseline was 0á5 units, which equates to the minimal 
important di! erence for this questionnaire.

Azithromycin reduced asthma exacerbations in both 
eosinophilic asthma and non-eosinophilic asthma 
(Þgure 3). In non-eosinophilic asthma, patients treated 
with placebo (n=104) experienced 1á74 exacerbations per 
person-year, compared with those treated with 
azithromycin (n=120) who experienced 1á15 exacerbations 
per person-year (incidence rate ratio 0á66 [95% CI 
0á47Ð0á93]; p=0á019). In eosinophilic asthma, patients 
treated with placebo (n=103) experienced 1á98 exacer-
bations per person-year whereas those treated with 
azithromycin (n=93) experienced 0á96 exacerbations per 
person-year (IRR 0á52 [95% CI 0á29Ð0á94]; p=0á030).

Severe asthma exacerbations were signiÞcantly reduced 
by azithromycin treatment. The placebo group 
experienced 1á07 severe asthma exacerbations per 
person-year whereas the azithromycin treated group 

Figure ! : Asthma exacerbations (severe and moderate) during 48 weeks of 
treatment with azithromycin 500 mg, three times per week, or placebo
(A) Cumulative severe and moderate asthma exacerbations. (B) Exacerbations 
per person-year and incidence rate ratio. Point estimate of annualised asthma 
exacerbation rate with 95% CI is shown. (C) Proportion of patients free from an 
asthma exacerbation for 1 year according to treatment group: median 
exacerbation-free days: azithromycin, 344 days (IQR 233 to not determined); 
placebo, 148 days (56Ð333).
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Figure " : E! ect of add-on azithromycin treatment on asthma exacerbations according to prespeciÞed 
subgroup analyses
Inhaled corticosteroid dose adjustment adjusted for maintenance inhaled corticosteroid dose at baseline (low, 
medium, or high). Non-eosinophilic asthma deÞned by baseline sputum eosinophil count less than 3% or blood 
eosinophil count less than 300 per µL if sputum unavailable. Eosinophilic asthma deÞned by baseline sputum 
eosinophil count of 3% or more, or blood eosinophil count greater than 300 per µL if sputum unavailable. 
VAS=visual analogue scale. *SigniÞcant interaction between subgroup and treatment.
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associated with a reduced hazard ratio (HR 0á65 [95% CI 
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(Þgure 3), a history of frequent (at least two) asthma 
exacerbations, in those with chronic cough and sputum 
production and in those with and without bacterial 
pathogen isolation from sputum using standard culture 
techniques.

Azithromycin use was associated with an improvement 
in asthma-related quality of life (adjusted mean 
di! erence 0á36 [95% CI 0á21Ð0á52]; p=0á001; table 2). 
This beneÞt was seen across all AQLQ domains (table 3), 
and in the symptoms domain the mean change from 
baseline was 0á5 units, which equates to the minimal 
important di! erence for this questionnaire.

Azithromycin reduced asthma exacerbations in both 
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(Þgure 3). In non-eosinophilic asthma, patients treated 
with placebo (n=104) experienced 1á74 exacerbations per 
person-year, compared with those treated with 
azithromycin (n=120) who experienced 1á15 exacerbations 
per person-year (incidence rate ratio 0á66 [95% CI 
0á47Ð0á93]; p=0á019). In eosinophilic asthma, patients 
treated with placebo (n=103) experienced 1á98 exacer-
bations per person-year whereas those treated with 
azithromycin (n=93) experienced 0á96 exacerbations per 
person-year (IRR 0á52 [95% CI 0á29Ð0á94]; p=0á030).
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by azithromycin treatment. The placebo group 
experienced 1á07 severe asthma exacerbations per 
person-year whereas the azithromycin treated group 

Figure ! : Asthma exacerbations (severe and moderate) during 48 weeks of 
treatment with azithromycin 500 mg, three times per week, or placebo
(A) Cumulative severe and moderate asthma exacerbations. (B) Exacerbations 
per person-year and incidence rate ratio. Point estimate of annualised asthma 
exacerbation rate with 95% CI is shown. (C) Proportion of patients free from an 
asthma exacerbation for 1 year according to treatment group: median 
exacerbation-free days: azithromycin, 344 days (IQR 233 to not determined); 
placebo, 148 days (56Ð333).
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Figure " : E! ect of add-on azithromycin treatment on asthma exacerbations according to prespeciÞed 
subgroup analyses
Inhaled corticosteroid dose adjustment adjusted for maintenance inhaled corticosteroid dose at baseline (low, 
medium, or high). Non-eosinophilic asthma deÞned by baseline sputum eosinophil count less than 3% or blood 
eosinophil count less than 300 per µL if sputum unavailable. Eosinophilic asthma deÞned by baseline sputum 
eosinophil count of 3% or more, or blood eosinophil count greater than 300 per µL if sputum unavailable. 
VAS=visual analogue scale. *SigniÞcant interaction between subgroup and treatment.
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