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Severe asthma is a heterogeneous condition with different phenotypes and endotypes.1 Thus, 
a simple diagnostic label of severe asthma is not precise enough to guide treatment plans. 
The concept of “treatable traits” has proposed that a biomarker-directed therapy, based on 
phenotypes or endotypes, can help personalize treatment plans and finally may lead to better 
clinical outcomes.2 Successful clinical trials targeting type 2 (T2) airway inflammation proved 
that the concept of treatable traits is clinically relevant to severe asthma management, and 
there is emerging consensus on treatable traits in severe asthma.3-6

Sex is a biologic factor, but not a treatable trait. However, it is likely that sex is clinically 
relevant to asthma evaluation and management. It has consistently been reported that sex 
is associated with age-related patterns of asthma prevalence.7 Also, it has been associated 
with certain asthma parameters indicating more active disease, such as symptom frequency, 
exacerbation, or disease severity.8-10 In a cluster analysis of adult asthmatics in the UK, obese 
non-eosinophilic asthma with high symptom expression was more female predominant, 
while late-onset eosinophilic asthma was not.10 Therefore, it is speculated that sex is a 
determinant for the pattern of treatable traits, or may help to understand the phenotype 
complexity among patients with severe asthma.

In this issue of the Allergy Asthma Immunology Research, Senna et al.11 examined sex differences 
in clinical, functional, and biologic phenotypes among severe asthmatics in Italy to explore 
sex-related treatable traits. They analyzed severe asthmatics enrolled in the Severe Asthma 
Network in Italy─a multi-center real-life registry study with a relatively large sample size 
(n = 1,123). They confirmed a female predominance (61.8%) and sex differences in several 
comorbidities of severe asthmatics; female patients had more comorbid obesity and 
gastroesophageal reflux disease, whereas males more frequently had smoking history and 
comorbid nasal polyps.

One interesting finding that draws our attention is a sex difference in T2 profile (defined 
as a combination of blood eosinophils > 300/µL, fractional exhaled nitric oxide [FeNO] 
> 25 parts per billion and serum total immunoglobulin E (IgE) > 150 U/µL in the study by 
Senna et al.11). T2 profile was more frequent in males than in females, although the rate of 
atopic sensitization was comparable. They attempted multivariate regression analyses, with 
adjustment for sex, age, asthma onset age, and comorbidities, and then found that T2 profile 
was significantly associated with late onset of disease (> 40 years) and less body mass index 
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(< 25 kg/m2). Male sex showed a positive trend toward T2 profile, but did not reach the level of 
statistical significance in the multivariate models (adjusted odds ratio: 1.30; 95% confidence 
interval: 0.97–1.76; p = 0.087).11

Their findings are straightforward and descriptive rather than mechanistic because T2 profile 
was assessed only using rather convenient surrogate markers (such as the combinations of 
FeNO, total IgE, or blood eosinophils) and no parameters were given to explain the basis of T2 
inflammation.11 Atopic sensitization to conventional aeroallergens was less likely to explain 
T2 phenotype.11 Type 2 innate lymphoid cells (ILC2s) may play a role in T2 inflammation, as 
they are capable to induce persistent airway eosinophilia in severe asthmatics.12 Staphylococcus 
aureus (SA) may be one of the triggering factors for host T2 immune responses even in non-
atopics.13 SA is a frequent colonizer in the nasal mucosa,14 and staphylococcal serine protease-
like proteins (Spls) can shift toward T2 inflammation (including eosinophilia and Spl-specific 
IgE sensitization) via inducing IL-33 and ILC2 responses from the airway epithelium.15 IgE 
sensitization to SA enterotoxins is associated with nasal polyps and asthma severity, which 
is also more prevalent in older males.16,17 Thus, it has been suggested that host immune 
responses to SA may underlie a subphenotype of late-onset severe eosinophilic asthma.13 This 
hypothesis is now being evaluated in different cohorts of severe asthmatics to see if there are 
certain molecular endotypes related to SA exposure.

Another question is how to further phenotype T2-low severe asthma. Although several 
treatable traits have been suggested through cluster analyses and randomized clinical trials 
with monoclonal antibodies, there are limited options for patients with T2-low severe 
asthma.1,3,18 An omics-based approach may help understand potentially different immune 
pathways across asthma phenotypes.19 The U-BIOPRED cohort study integrated sputum 
transcriptomic signatures and suggested 3 transcriptomic-associated clusters (TACs) among 
moderate-to-severe asthmatics: TAC1 (T2-high phenotype, enriched by IL-13/Th2 and ILC2 
gene signatures), TAC2 (neutrophilic phenotype, enriched by ILC1, neutrophil activation 
and inflammasome signatures) and TAC3 (pauci-granulocytic or moderately eosinophilic 
phenotype, enriched by ILC3, Th17, OXPHOS and ageing signatures).20 Omics-based approach 
will broaden our understanding of molecular pathways underlying non-T2 severe asthma.

While it is utmost important to understand immune mechanisms underlying asthma severity, 
it is equally important to well characterize patients, particularly for symptomatology. A 
subgroup of severe asthmatic patients (such as female-predominant, obese, non-eosinophilic 
asthma) show little evidence of T2 inflammation or airflow obstruction but are reportedly 
highly symptomatic.10 However, to our knowledge, there is little evidence as to which 
symptom components are particularly uncontrolled and why such sex differences occur 
in severe asthmatics.21 Female patients may have a greater perception of symptoms, such 
as cough or breathlessness, despite better lung functions than male patients.22 Cough and 
breathlessness were tipped as key symptoms causing distress severe asthmatic patients during 
acute exacerbation.23 In functional brain imaging studies for cough (but not asthma), a greater 
activation of the somatosensory cortex was observed in response to tussigen inhalation 
challenge among females, suggesting a sex difference in the central processing of cough 
sensation.24 Sensory neuropathy is also suggested to underlie certain common comorbidity, 
such as laryngeal dysfunction,25 and is less likely to respond to conventional anti-asthmatic 
treatments. Neuro-phenotyping with proper characterization of symptomatology and 
comorbidity may help further understand mechanisms of severe asthma.
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The study by Senna et al.11 is a large-scale, real-world evidence to confirm sex differences in 
phenotypes or treatable traits that were identified in previous studies of severe asthmatic 
patients. More work is warranted to further understand the role of sex in asthma phenotypes 
and endotypes, but their study suggested several clues that we should seek in further 
characterization of severe asthmatics. The newly discovered treatable mechanisms would 
not only provide new pathobiological insights but also help develop novel treatment options. 
System biology and novel phenotyping could be promising options to bring advances in 
precision medicine for severe asthma.
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