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 Asthma is a heterogeneous disease, usually characterized by 

chronic airway inflammation. It is defined by the history of respiratory 

symptoms such as wheeze, shortness of breath, chest tightness and 

cough that vary over time and in intensity, together with variable 

expiratory airflow limitation.

Definition of asthma
NEW!

GINA 2014

Recognizable clusters of demographic, clinical and/or pathological 

characteristics are often called “asthma phenotype”; however, 

they do not correlate strongly with specific pathological process or 

treatment responses. 

The 10–20% of asthma patients  do not respond to guideline-based 

therapies     “Unmet need”                  Am J Respi Crit Care Med 2004; 170:836–844
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Eur Respir J 2014; 43: 343–373

Definition of severe asthma for patients 6 years old and above

Asthma which requires treatment with guidelines suggested medications for GINA Stages 4‐5 
asthma (high dose inhaled CS* and LABA or leukotriene modifier/theophylline) for the 
previous year or systemic CS for ≥50% of the previous year to prevent it from becoming 
“uncontrolled” or which remains “uncontrolled“ despite this therapy.

I. Uncontrolled asthma defined as at least one of the following:
1. Poor symptom control: ACQ consistently >1.5, ACT ≤19 (or “not well controlled” by NAEPP/GINA guidelines)
2. Frequent severe exacerbations: 2 or more bursts of systemic CSs (>3 days each) in the previous year
3. Serious exacerbations: at least one hospitalization, ICU stay or mechanical ventilation in the previous year
4. Airflow limitation: after appropriate bronchodilator withhold FEV1< 80% predicted (in the face of reduced 

FEV1/FVC defined as less than the lower limit of normal)

II. Controlled asthma that worsens on tapering of these high doses of inhaled CS or 
systemic CS (or additional biologics)

Phenotyping patients with severe asthma and 

personalized therapy 
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The Classification of Biologic Agents 

Therapy Target Drugs

Anti-IgE FcεRI domain of IgE Omalizumab

Cytokine mediators

Interleukin-5 Mepolizumab, Reslizumab

Interleukin-5 receptor Benralizumab

Interleukin-13 Lebrikizumab, Tralokinumab

Interleukin-4 receptor α; IL-4/IL-13 Pitrakinra, AMG317, Dupilumab

Thymic stromal lymphopoietin (TSLP) AMG 157

TNF-α Golimumab

IL-2 Rα Daclizumab

Chemokine-receptor 
antagonists

CXCR2 SCH527123

Mast-cell inhibitors Tyrosine kinase Masitinib

Prostaglandin D2 
receptor antagonists

CRTH2 AMG 853, OC000459

Toll-like receptor agonists Toll-like receptor 9 QbG10
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Anti‐IgE antibody (Omalizumab)

• International ERS/ATS guidelines on definition, evaluation and treatment of 

severe asthma                                                              Eur Respir J 2014; 43: 343–373

– Those adults and children aged ≥ 6 years with severe asthma

– Confirmed IgE dependent allergic asthma 

– Total serum IgE level is 30 to 700 IU/mL (in 3 studies the range was wider 30 to 1300 IU/mL)

• If a patient does not respond within 4months of initiating treatment, it is 

unlikely that further administration of omalizumab will be beneficial 
Eur Respir J 2014; 43: 343–373

• It stands as the only ‘biologic’ approved by the FDA, NICE for the 

treatment of severe asthma  

– Reduces the rate, severity and duration of exacerbations 

– Improvements in asthma-related symptoms, quality of life, and lung function 

– Reduced emergency room visits, hospital admissions

– Reduced requirement for both inhaled corticosteroids (ICS) and rescue bronchodilators   
J Allergy Clin Immunol 2001; 108:184–190

Allergy 2005; 60:309–316 

J Asthma 2012; 49:144–152
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• The primary end point 
- The change in expression of high-affinity IgE receptor (FcεRI) on blood 

basophils and plasmacytoid dendritic cells (pDC2) after 16 weeks

• Lung function and clinical variables was also examined

• Ages; 18–70 years (n=41)

• Severe, persistent, nonatopic asthma that was uncontrolled according to 

GINA step 4 treatment  

• Total serum IgE levels ranged from 30 to 700 IU/mL

CHEST 2013; 144(2):411–419
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Outcome Placebo (n=21) Omalizumab (n=20)
Difference Between 

Groups (95% CI)
P-Value

FEV1 (mL) 0±200 250±380 250 .032

FEV1 (% predicted) - 0.2±7.7 +9.7±16.1 +9.5 .029

Responders at visit 10 (no) 5 9 4 .185

Asthma exacerbations 1.43±1.94 0.80±1.47 … .278

ACQ Score -0.5±1.43 -0.5±0.98 0 .744

FENO, ppb 0.7±17.6 2.4±18.2 1.7 .766

Clinical Secondary Efficacy Outcomes at Week 16, According to Treatment Assignment

Change in FCεRI expression on basophils and plasmacytoid dendritic cells (pDC2s) 

(P<0.001) (P<0.001) 

Basophils pDC2s
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Journal of Asthma, 2013; 50: 296–301

• To evaluate the effectiveness of omalizumab in non-atopic asthma

• Using data from a multicenter registry of severe asthma, the clinical outcome 
of severe non-atopic asthmatics vs. severe allergic asthmatics (26 vs. 266)

• Severe exacerbations
• Pulmonary function
• Global Evaluation of Treatment Effectiveness (GETE) scale
• Asthma Control Test (ACT)
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Evolution of GETE

ACT Evolution

Average of Exacerbations

Pulmonary Function
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Ann Intern Med. 2011;154:573-582

The Effects of Omalizumab to Patients Chronically treated with Oral 
Corticosteroids

Chest 2013;143:398–405

• The reduction in asthma exacerbation rate was not important in
patients who received long term treatment with OCS   

• It seems that patients treated with oral corticosteroids at entry are unlikely to 
respond as well to omalizumab
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• Odds ratio of having one or more exacerbations

Those who were diagnosed with severe asthma who were receiving background inhaled
plus oral steroid therapy (OR: 1.65)

• Rescue medication use

No significant difference between subcutaneous omalizumab and placebo was noted for 
this outcome in participants with severe asthma who were receiving a background 
therapy of inhaled plus oral corticosteroids. 

Omalizumab for Asthma in Adults and Children. Cochrane Database Syst Rev 2014

Not all severe asthma patients may respond to omalizumab treatment 
The reflection of  tremendous heterogeneity in severe asthma 
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• Ages; 12–75 years (n=850) 

• History of severe persistent allergic asthma for more than 1 year 
• Asthma remained inadequately controlled despite treatment with high-dose 

ICS plus long-acting ß2-agonist (LABA) 

AJRCCM. 2013;187:804–811

• To assess role as a biomarkers of Th2 inflammation and 
predictors of treatment effects 

1) FENO

2) Blood eosinophil count
3) Serum periostin

• Primary endpoint
- Number of protocol-defined asthma exacerbations during the 48 wks
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Mean Percent Reduction in Protocol-defined Asthma
Exacerbation Rate in the Low- and High-Biomarker Subgroups
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IL-5-Targeted Antibodies

• Two Different Pathways lead to Eosinophilic Airway Inflammation in Asthma

Nat Med 2013;19: 977–979
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• Mepolizumab; humanized monoclonal IL-5 antibody 
• Persistent sputum eosinophilia (>3%) with oral prednisone. (n=20)

- Prednisone of 5-25 mg/d, >4 wks & fluticasone; 600-2000 μg

• Mepolizumab (at a dose of 750 mg IV) at 2, 6, 10, 14, and 18 for 26 wks

N Engl J Med 2009; 360:985–993

• The primary outcomes 
- Prednisone-sparing effect of mepolizumab
- The proportion of patients with exacerbations

• Secondary objectives
- Effect on the number of eosinophils in sputum and blood
- Symptoms
- Airflow limitation
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The Proportion of Patients 
without an Asthma Exacerbation 

(P = 0.002)

The Median Time to Exacerbation
• 20 weeks in the mepolizumab group 
• 12 weeks in the placebo group (P = 0.003) 

Protocol for Reduction in the Dose of 
Prednisone
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Eosinophils in Sputum Eosinophils in Blood 

Reduction in Prednisone Dose
• In the mepolizumab group; 83.8±33.4% 
• In the placebo group       ; 47.7±40.5%

(P= 0.005) (P= 0.004)

(P = 0.04)
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• The primary outcome 
- The rate of clinically significant asthma exacerbations

• Secondary outcomes
- Change in blood and sputum eosinophil counts
- Change in FEV1 
- Change in ACQ score

• Ages; 12–74 years (n=621)

• Recurrent severe asthma exacerbations 
• Signs of eosinophilic inflammation 

1) sputum eosinophil ≥ 3%, 2) FENO≥50 ppb, 3) blood eosinophil≥300 /mL
4) deterioration of asthma control after a 25% or less reduction in ICS or oral CS

• One of three doses of I.V. mepolizumab (75, 250, or 750 mg), monthly 13 infusions 

Lancet 2012; 380: 651–59
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Cumulative Number of Exacerbations with time

Blood Eosinophil Sputum Eosinophil

Change in FEV1 Change in ACQ score

Secondary Outcomes

Predictive Modelling of Rate of Exacerbations

Blood eosinophil count and number of 
exacerbations in previous year instead of 

IgE and Atopy

75 mg; 48% p<0.0001
250 mg; 39% p=0.0005
750 mg; 52% p<0.0001
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• Ages; 16–74 years (n=135)

• Severe eosinophilic asthma using systemic CS (5-35 mg/D >6mo)

• The presence of eosinophilic inflammation
1) Blood eosinophil ≥ 300/mL during the 12-month period or 

≥ 150/mL during the optimization phase 

• Mepolizumab (at 100 mg) SC every 4 wks for 20 weeks

• The primary outcome 
- The degree of reduction in the glucocorticoid dose during 20 to 24 wks

• Other outcomes 
- The rate of asthma exacerbations
- Asthma control
- Safety 

N Engl J Med 2014;371:1189-97
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Primary Outcomes

Change from Baseline in Glucocorticoid 
Dose

Asthma Exacerbations ACQ-5 Score

Study Design



Hallym University Kangnam Sacred Heart Hospital 

• Ages; 12-82 years (n=576)

• Asthma exacerbations ≥ 2 in 1 yrs (fluticasone propionate ≥ 880μg with an additional controller)

• Evidence of eosinophilic inflammation
- Blood Eosinophil count ≥ 150 cells/mL at screening or 

≥ 300 cells/mL during the previous year

• Mepolizumab; either a 75-mg IV or 
a 100-mg SC every 4 weeks for 32 weeks

• The primary outcome measure 
- The annualized frequency of clinically significant exacerbations

• Secondary outcomes 
- ACQ-5
- SGRQ 
- FEV1 

N Engl J Med 2014;371:1198-1207
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Summary of Efficacy Outcomes

Mepolizumab administered either intravenously or subcutaneously significantly reduced 
asthma exacerbations and was associated with improvements in markers of asthma control
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• Age; 18 to 75 years (n=106)

• Eosinophilic asthma 
- Fluticasone ≥ 880 µg + at least other agents
- Asthma Control Questionnaire (ACQ) score ≥ 1.5
- Induced sputum eosinophils ≥ 3% 

• Reslizumab (3.0 mg/kg, monthly IV for 3months) 

• The primary efficacy measure 
- Change in ACQ score from baseline to end of therapy

• Other efficacy measures
- Spirometry
- Blood and induced sputum eosinophil counts
- The percentage of patients with clinical asthma exacerbations

Am J Respir Crit Care Med. 2011;184:1125–1132   



Hallym University Kangnam Sacred Heart Hospital 

Efficacy Outcomes for Asthma Symptoms and Airway Function
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• Benralizumab, anti-IL-5Rα antibody
• Ages; 18–75 years (n=609)

• 2-6 exacerbations in the past year with medium-high-dose ICS ± LABAs
• Eosinophilic inflammation criteria 

1) ELEN index positive (an algorithm to predict elevated sputum eosinophils), 2) FeNO ≥50 ppb

• Eosinophilic groups;  benralizumab, 2, 20 or 100 mg SC vs. placebo

Non-eosinophilic groups; benralizumab, 100 mg SC vs. placebo

• The primary efficacy endpoint
- The asthma annual exacerbation rate 

in eosinophilic individuals

• Secondary efficacy endpoints
- Change in FEV1 
- ACQ-6 score
- Overall symptom score
- AQLQ score

Lancet Respir Med 2014; 2: 878–90

• Efficient eosinophil 
depletion through 
afucosylation

• Eosinophil reduction of 
bronchial mucosa 
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Annual exacerbation rate for protocol-defined eosinophilic and 
non-eosinophilic participants

Efficacy endpoints according to baseline blood eosinophil count statistically significant result p<0.169
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IL-13-Targeted Antibodies

NEJM. 2011;365;1142
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• 219 adults who had asthma that was inadequately controlled despite ICS             
(fluticasone; 200-1000 μg)

• Patient subgroups classification
- Type 2 helper T-cell (Th2) status; total IgE level >100 IU/mL and 

blood eosinophil count ≥ 140/mL

- Serum periostin level

• Lebrikizumab (at a dose of 250 mg) SC monthly for 6 months

• The primary efficacy outcome
- Change in prebronchodilator FEV1 from baseline to week 12

• Secondary prespecified outcomes 
- The rates of exacerbations and severe exacerbations through week 24
- Peak exploratory flow
- Change in ACQ5 score 
- Asthma symptom score 
- Use of rescue medication

N Engl J Med 2011;365:1088-98
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Primary Outcome; Relative Change in FEV1 

P=0.02

P = 0.03

P = 0.61

Exploratory Efficacy Outcomes

• In a post hoc analysis, 
high FeNO had greater 
improvements in FEV1

• The rate of protocol-defined 
exacerbations was 60% lower in 
the high-Th2 subgroup (P = 0.03)
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Eur Respir J 2013; 41: 330–338

• Ages; 18–65 yrs (n=194)

• Moderate-to-severe uncontrolled asthma
• Tralokinumab 150, 300 or 600 mg S.C every 2 weeks for 12 Wks.

• Primary end-point
- Changes in ACQ-6 score

• Secondary end-points 
- Pre-bronchodilator lung function
- Rescue ß2-agonist use
- Safety
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(p=0.375)

(P=0.072)

ACQ-6 Score

FEV1

ACQ-6 Score

FEV1

Tralokinumab 600 mg (p=0.041)
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IL-4/IL-13 Targeted Antibodies

Sci Signal 2008;1(51):pe55.
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• The primary efficacy end point
- The occurrence of an asthma exacerbation during the 12-week 

• Secondary end points 
- The time to an asthma exacerbation 
- FEV1
- PEF
- ACQ5 score 
- Asthma symptom scores 
- Nocturnal awakenings
- Rescue ß-agonist use N Engl J Med 2013;368:2455-66

• Dupilumab, anti-IL-4 Rα antibody
• Ages; 18-65 years (n=104)

• Persistent, moderate-to-severe asthma (fluticasone ≥250 μg and salmeterol 50 μg BID)

• Blood eosinophil count ≥ 300 cells/mL or Sputum eosinophil ≥ 3%
• Dupilumab(300 mg); once weekly SC for 12 weeks
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Study Design
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• Improvement in FEV1 correlated with the reduced FeNO
value at week 12 (Pearson’s r = −0.408, P = 0.009)
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Thymic stromal lymphopoietin (TSLP) 
Targeted Antibodies

Nat Med 2013;19: 977–979
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• AMG 157, anti-TSLP antibody
• Ages; 18–60 yrs (n=31)

• Mild, stable atopic asthma
• AMG 157 (700 mg) IV monthly for 3 months 

• The primary end point 
- The late asthmatic response (3 to 7 hours after the allergen challenge)

N Engl J Med 2014;370:2102-10
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Allergen-Induced Percent Reduction in the Forced Expiratory Volume in 1 Second (FEV1).
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Changes in Eosinophils in Peripheral Blood 

Changes in Eosinophils in Sputum 

Changes in the Fraction of Exhaled Nitric Oxide

★ P<0.05
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Author Severity/n Treatment Outcomes Summary Results

Anti-TNF-α antibody

Wenzel et
al, 2009

Severe asthma 
uncontrolled with 
ICS +LABA/309

Golimumab, anti TNFα, 24 w
FEV1, Exacerbations
AQLQ, PEFR

• FEV1 unchanged
• No reduction in exacerbations, AQLQ, PEFR.
• SAE; 30.3%  

IL- 2 Rα chain antibody

Busse et
al, 2008

Moderate to 
severe/115

Daclizumab, IL-2Rα chain
antibody, 20 weeks

Change in FEV1(%)
Asthma Exacerbations

• Improved FEV1 (P= 0.05)
• Reduction in daytime asthma scores & use 

of SABA
• Prolonged time to severe exacerbations
• Reduction in blood eosinophils

CXCR2 receptor antagonist

Nair et al,
2012 

Severe asthma/34
Sputum neutrophil 
≥ 40% 

SCH527123, CXCR2 
receptor antagonist, 
4 Weeks

Changes in sputum and
neutrophil activation 
markers

• Reduction in blood and sputum neutrophil
• Reduction in mild exacerbations (p=0.05)
• No reduction in ACQ score (p=0.053)

Tyrosine kinase inhibitor targeting stem cell factor receptor (c-kit) and platelet-derived growth factor (PDGF) receptor

Humbert
et al, 2009

Severe, CS 
dependent/
44

Masitinib (3, 4.5 and 6 
mg/kg/day), 16 w

Oral CS dose
ACQ, FEV1

• No difference in OCS dose
• ACQ improved (P < 0.001)
• No difference in FEV1

TLR-9 agonist

Beeh et al, 
2013

Mild-moderate 
persistent allergic 
asthma/63

QbG10; 7 injections of 

0.9mg, controlled steroid 
withdrawal, 12 wks

Asthma symptoms, 
salbutamol usage, ACQ 
FEV1, blood eosinophils, 
FENO,

• All patient-reported parameters improved
• At week 12, 2/3 of QbG10; well controlled
• Δ FEV1 (p=0.002) 
• Blood Eosinophil (p=0.01)
• FENO (p=0.166) 

Others

Am J Respir Crit Care Med. 2009; 179: 549–558. Am J Respir Crit Care Med. 2008; 178: 1002–1008. Clin Exp Allergy. 2012; 42: 1097–1103. Allergy. 2009; 64: 1194–1201
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Target Biomarkers Expected clinical benefits Therapeutic limitations Comments

IgE

• Serum IgE
Allergen specific 
IgE/AST

• FENO 
Blood Eosinophil 
Periostin

• Reduced exacerbations
• Decreased asthma Sx
• Improved QOL
• Reduced ICS dose 
• Improved lung function
• Reduced ER visits and 

Hospitalizations

• Prednisone dose 
reduction? 

• Uncertain clinical 
efficacy in OCS 
asthma

• Value in non-atopic 
patients?  

IL-5
Peripheral blood 
and sputum 
eosinophils

• Reduced  exacerbations 
• Prednisone dose 

reduction 

• Asthma Sx control (±)
• QOL (±)
• FEV1 (±)

Effective in both 
atopic and non-
atopic asthma

IL-13 Perisotin, FENO • Improvement of FEV1
• Slightly increased 

blood Eosinophil 

IL-4 
/IL-13

Peripheral blood
and sputum 
eosinophils

• Reductions in 
exacerbations 

• Improvement in FEV1
• Reduction in ICS

• Prednisone-sparing
effects? 

Proposed guideline for anti-Th2-cytokine therapy in severe refractory asthma

• Sputum eosinophil counts 
• Blood eosinophil counts 
• FeNO
• Periostin

The suggested surrogated markers of treatments effects 
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Conclusion

• New biologic agents are considered as an effective in 
severe asthma who uncontrolled with standard 
treatment. 

• Identification of patients who are most likely to 
respond to new therapies using phenotyping and 
biomarkers may be also important in the future. 
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Thank You for Your Attention! 


