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• Although asthma has been considered as a single disease 

for years, recent studies have increasingly focused on its 

heterogeneity 

 

• The characterization of this heterogeneity has promoted 

the concept that asthma consists of multiple phenotypes 

or consistent groupings of characteristics 



Asthma 
Phenotype 

Variable Airflow 
Obstruction 

Allergy 

Eosinophilic airway 
inflammation 

Symptoms 

- PEF Variability 

- Modified JACS - Atopic status (SPT) 

- Induced sputum 

Demographics 
BMI 

- Age of onset 
- Gender 

‘Domains’ of the clinical phenotype 

Disease factors Patient factors 

  Outcomes and response 
to treatment 

16 commonly measured clinical variables in 6 domains 

P. Haldar et al AJRCCM, 2008 



Clinical phenotypes of asthma 

P. Haldar et al AJRCCM, 2008 



• Several large multicenter studies have been conducted that  used different 

clustering techniques to identify asthma phenotypes. 

• The largest studies are from the Severe Asthma Research Program (SARP) in the 

USA, the Leicester study conducted in the UK and the European U-BIOPRED 

study 

 

Cluster Analysis and Clinical Asthma Phenotypes 
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• Clinical phenotyping didn’t identify a specific pathobiology, biomarker, 

genetics, or contribute to the development of a specific therapy.   

• Therefore it seems necessary to move from a clinically or statistically defined 

phenotype into a biologically defined endotype. 

• Thus, the term “endotype” is emerging to meet the demand for linking 

pathophysiological mechanism with specific asthma subtypes. 

Moving to Endotype  



Molecular phenotyping supports a T2/atopic phenotype 

 
Woodruff  P,  et al  AJRCCM 
2009 

3 genes   expressed in vitro in epithelial cells  in response to IL-13 applied to ex 
vivo epithelial cells----“cluster’ of mild asthmatics with:  
•   More BHR, atopy, eosinophils 
•   Identified by increases in epithelial periostin in particular   
 

  



Th2-Hi cluster:   high Th2 cytokines by mRNA in tissue 



Inflammatory phenotypes: type-2 versus non type-2 immune 
process 

Wenzel Nature Medicine 2012 

Type-2 Non-Type-2 

11 



 T2 Hi associated asthma: 

-   Atopic and allergic component 

- Eosinophilic inflammation 

- Good response to corticosteroids 

- Increased thickness of the SBM  

T2 Low associated asthma: 

- Generally adult onset 

- Associated with a low FEV1, and less BHR 

-   No history of childhood allergic features 

-   Respond poorly to corticosteroid therapy 



Induced sputum is the gold standard to identify 
airway inflammatory phenotypes  
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76% 

Neutrophilic 
Asthma 

Mixed 
Granulocytic 

Asthma 

Pauci-granulocytic  
asthma 

Eosinophilic 
Asthma 

13 



Early-onset allergic Childhood – allergen trigger – 
rhinitis 
IgE – FENO – eosinophils  

(Seasonal) exacerbations 

Early-onset – obesity 
exacerbated 

Childhood – allergen trigger – 
obesity 
Specific IgE eosinophils 

Obsesity exacerbated 

Severe late-onset 
hypereosinophilic 

Adult onset – less atopic – 
sinusitis – nasal polyps - 
Eosinophils 

Severe exacerbations 

NSAID-Exacerbated  Adult onset – nasal polyps 
High urinary LTE4 – eos 

Exacerbations 

ABP mycosis Adult onset – molds sensit – 
mucus production 
IgE  sIgE – bronchiectasis – BEC… 

Exacerbations  

Exacerbation prone Sinusitis – GERD - eosinophils Frequent exacerbations 

Severe asthma phenotype Biomarker - characteristics Prognosis 

Type-2 asthma 



Paucigranulocytic Lack of airway inflammation 

Neutrophilic Adult onset – neutrophils in sputum 

Obesity induced – non eos Adult onset obese female very symptomatic 
IL6 leptin 

Smoker Worse QOL – more symptoms 
More neutroph CS insensitivity 

Non Type-2 asthma 



Biomarkers for T2 asthma 

T2 inflammation is manifested by:  

• High FeNO –correlate to airway hyperresponsiveness and risk of exacerbations  

• Blood eosinophil  ( > 300 cells/μL) predicts  higher risk of exacerbations, airflow 

obstruction and response to ICS 

• IgE levels correlate with the T2 allergic inflammation and asthma risk 



Development of biologics - Targeting specific inflammatory  pathways  as 

promising personalized medicines  in the treatment of severe asthma 

 



Question 

 

Should a measurement of a specific biomarker be used to 

guide initiation of treatment with a monoclonal anti-IL5 or 

IL5Rα antibody in adults and children with severe asthma? 

ERS-ATS Severe Asthma Task Force 



Mepolizumab Benralizumab Reslizumab 

Bleecker 2016 
Fitzgerald 2016 

Castro 2015 

Bleecker 2016 
Castro 2014 
Fitzgerald 2016 
 

Eos<300/μL 

≥300/μL 

P=0.02 

P<0.00001 

Eos≥400/μL 

≥500/μL 

≥700/μL 

P<0.00001 

P<0.00001 

P<0.00001 

GRADE evidence profile: anti-IL5/IL5Rα – Exacerbation rates 

Holguin et al ERJ, in press 

Eos≥150/μL 

≥300/μL 

≥400/μL 

≥500/μL 

P<0.00001 

P<0.00001 

P<0.00001 

P<0.00001 

Ortega 2016 (MENSA) 



We suggest that a blood eosinophil count cut-off of >150/uL can be used to 

guide anti-IL5 initiation in adult patients with severe asthma and a history 

of prior asthma exacerbations.  

(Conditional recommendation, low quality of evidence) 

 

We place a high value on reducing exacerbations. 



 

Should a measurement of a specific biomarker be used, in addition 

to total IgE level, to guide initiation of treatment with a monoclonal 

anti-IgE antibody in adults and children with severe asthma? 

 

 

 

ERS-ATS Severe Asthma Task Force 



GRADE evidence profile: Omalizumab - Exacerbations 

FeNO Blood eos count Serum periostin Blood eos count 

Busse 2013 

P=0.01 

P=0.88 

≥300/ μL 

<300/ μL 

P=0.09 

P=0.76 

P=0.02 

P=0.76 

P<0.0001 

P=1.00 

≥260/ μL 

<260/ μL 

≥19.5 ppb 

<19.5 ppb 

Hanania 2013 

≥50 ng/ml 

<50 ng/ml 

Time to first exacerbation Exacerbation rate 

Holguin et al ERJ, in press 



 

Using a blood eosinophil cut-off of ≥260/uL  

OR using a FeNO cut-off of 19.5 ppb  

to identify adolescents (>12 years) and adults with severe allergic asthma 

more likely to benefit from anti-IgE treatment  

(Conditional recommendation; low quality of evidence). 

 

The recommendation places a high value on an increased treatment 

response when blood eosinophil and FeNO are used to select patients and a 

low value on the use of periostin. 

 
 
 



Placebo DUPI 
300 

Placebo Placebo Placebo Placebo Placebo DUPI 
200 

DUPI 
200 

DUPI 
200 

DUPI 
300 

DUPI 
300 

FeNO <25 ppb + Eos <150 cells/µl FeNO <25 ppb + Eos ≥150 cells/µl FeNO >25 ppb + Eos ≥150 cells/µl 

Dupilumab 300 mg dose on severe asthma exacerbations  
according to combination of FeNO and blood eosinophil counts  

Castro et al NEJM 2018; 378: 2486. 



severe asthma patients:  

anti-IgE or anti-IL5/IL-5Rα or anti-IL4Rα ? 



© Global Initiative for Asthma, www.ginasthma.org 

2019 
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But how good is high blood eosinophil or FeNO or 

serum periostin as a predictor of high-T2 inflammation 

in severe asthma? 



How common is a Type 2 high inflammation  in  
U-BIOPRED severe asthma?  

 Gene Set Variation Analysis 

 U-BIOPRED Bronchial Brushings  

 Define “Th2(IL-13) High” as 

 >95th %ile of Healthy controls 

Transcriptome analysis of bronchial brushings for T2 signature from  
epithelial cells activated by IL-13 in vitro  (IL13 IVS definition) 

 Name of signature Details Reference 

IL13 Th2: Effect of IL-
13 on airway 
epithelial cells   

CST1, CCL26, PRB2, PRB1, PRB3, POSTN, PRB4, ITLN1, ALOX15, SH2D1B, CA2, NOS2, 
FCGBP, FOXA3, SPDEF, CAPN14, DUOXA2, CLDN5, PADI3, TSPAN8, ALPL, KCNJ16, 
FETUB, B3GNT6, CDH26, LRRC31, MUC13, VSIG2, CSTA, FAM3B, SLC9B2, NTRK1, KLF4, 
HPDL, SOCS1, TRNP1, HS3ST1, VWF, DUOX2, CISH, ATP13A5, ZNF808, RNASE4, CCBL1, 
SDCBP2, TMPRSS2, HYAL1, CCDC109B, FAM83D, TRAK1, TPK1, SLC7A1, CYP2C18, 
CDC42EP5, KCNS3, ADRA2A, MRAP2, SLC2A10, PPARG, FAM26E, ADCY4, WNT3, 
SLCO4A1, ALDH1A2, C10orf99, WDFY2 

Alevy YG, Patel AC, Romero AG, Patel DA, Tucker J, 
Roswit WT, Miller CA, Heier RF, Byers DE, Brett TJ, 

Holtzman MJ. IL-13-induced airway mucus 
production is attenuated by MAPK13 inhibition. J Clin 

Invest 2012; 122: 4555-4568. 

Non-smoking 
Severe 
asthma 

Smoking 
Severe 
asthma 

Mild- 
Moderate 
asthma 

Healthy 

Enrichment score for IL-13 IVS signature 

37 %  17 %  25 %  

95th centile 

A B C D 

 Pavlidis S, et al. Eur Respir J. 2019;53(1). pii: 1800938.  



Receptor operator characteristics curves for classification of  asthma patients as Type 2-high 

Blood eosinophil count FeNO Serum periostin 

 
AUC, area under the curve; FeNO, fractional exhaled nitric oxide. 
 
1. Pavlidis S, et al. Eur Respir J. 2019;53(1). pii: 1800938.  

“Type-2 High in Severe Asthma: predictability by Blood Eosinophil, 
FeNO and Serum Periostin in U-BIOPRED  

Type 2-high has been measured by level of a representative Type-2-high signature 
of transcripts expressed in airway epithelium of each asthmatic patients 
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What about T2-low or non-T2 mechanisms? 



Type 2-low asthma patients 

• 40% of patients with severe asthma do not have type 2 inflammation 

• Type 2-low asthma patients respond poorly to both currently approved 

biologics and corticosteroids 

• Investigational approaches in type 2-low asthma targeted the IL- 17 

receptor in moderate-to-severe asthma,  Anti-IL-17 agent brodalumab did 

not show any treatment differences compared with placebo  

• A follow-up phase 2b study in the high-reversibility subgroup (postBD FEV1 

improvement 20%) was stopped because of lack of efficacy 

• Treatment options for type 2-low asthma remain an unmet need 

Carr TF J Allergy Clin Immunol Pract. 2017 ; 5(4): 877–886 



Treatments options in Non eosinophilic asthma 

32 Gaga et al ERJ Open march 2018 – Manka Ann Allergy Asthma Immunol 2018 

Anti-IL17R 
Brodalumab 
Busse AJTCCM 2013 

CXCR2: neutro chemoattractant  
Navarixin, a CXCR2 R Antag  
↓ sputum and blood neutrophils  
Trend better ACQ 
no significant change in FEV1  
(Nair Clin Exp Allergy 2012) 

Imatinib: KIT inhib 
KIT increase Mast cell survival  
Decrease BHR 
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