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Asthma mortality increases with disease severity
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GINA 2021 severe asthma decision tree



GINA 2021 severe asthma decision tree



Chung et al, ERJ 2014









>80% 
of  the 3611 patients with 

uncontrolled asthma mistakenly 
viewed it as controlled

Price D, et al. npj Prim Care Respir Med 2014;24:14009.

Survey of 8,000 patients 

with Asthma

Patients perceive asthma control differently
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100%

1864

No night  symptoms

FEV1

Am PEF

No SABA use

Airway hyperresponsiveness

Months

amPEF: morning peak expiratory flow; FEV1: forced expiratory volume in 1s; AHR: airway hyper-responsiveness.

Short range

CONTROL reaching

Large range

CONTROL maintenance

Adapted from Woolcock, AJ. Clin Exp Allergy Rev 2001;1(2):62-64. 

No night  symptoms

FEV1 Am PEF No SABA use
Airway hyperresponsiveness

Asthma needs to be treated Long term



How to approach severe 
asthma



Severe asthma





Am J Respir Crit Care Med Vol 199, Iss 4, pp 433–445, Feb 15, 2019





Difficult to treat asthma GINA 2019



Block IgE, Unlock Life

Am J Respir Crit Care Med Vol 199, Iss 4, pp 433–445, Feb 15, 2019

Dupilumab1 Mepolizumab2 Reslizumab3 Benralizumab4 Omalizumab5

Patient 
population

• Severe asthma with 
type 2 inflammation 
characterized by raised blood 
EOS and/or 
raised FeNO

• Inadequately 
controlled with high-dose ICS 
plus another maintenance 
treatment

• Aged ≥12 years 

• Severe refractory 
eosinophilic asthma* 

• Aged ≥6 years 

• Severe eosinophilic asthma 

• Inadequately controlled 
despite high-dose ICS plus 
another maintenance 
medication 

• Aged ≥18 years 

• Severe eosinophilic asthma 

• Inadequately 
controlled despite 
high-dose ICS + LABA

• Aged ≥18 years 

• Severe persistent allergic 
asthma

• Reduced lung function, 
frequent daytime symptoms or 
night-time awakenings, and 
multiple severe exacerbations 
despite high-dose 
ICS + LABA

• Aged ≥6 years 

Dosing 200 mg or 300 mg SC q2w 100 mg SC q4w 3 mg/kg IV q4w
30 mg SC q4w for first 3 doses 
followed by q8w

75–600 mg SC q2w/q4w
by weight

Baseline 
biomarker criteria 
in clinical studies

• QUEST and VENTURE: 
no minimum baseline biomarker 
requirement 
for study inclusion

• EOS ≥150 cells/μL
at screening or ≥300 
cells/μL within the past 
12 months

• EOS ≥400 cells/μL • SIROCCO and CALIMA: 
no biomarker inclusion criteria; 
patients stratified by EOS <300 and 
≥300 cells/μL

• ZONDA: EOS ≥150 cells/μL

• Convincing IgE-mediated 
asthma

• Positive skin test 
or in vitro reactivity 
to a perennial aeroallergen 



Severe asthma therapy

• Omalizumab

• Benralizumab

• Dupilumab

• Tiotropium

• Bronchial thermoplasty



INNOVATE Study: 
INvestigatioN of Omalizumabin seVere Asthma TrEatment

➢ A 28-week randomized double-blind, placebo-controlled study to assess the efficacy and safety of 

add-on Omalizumab therapy in patients with severe persistent asthma (GINA 2002)

✓ Inadequately controlled despite high doses of ICS (>1,000 μg/day BDP) and LABA

INNOVATE 

Humbert M, et al. Allergy 2005; 60: 309-16 



INNOVATE 

Study design

Screening 
tests

(7 days)

28 weeks

⚫ 12-75 years
⚫ Inadequately 

controlled despite 
GINA 4 therapy 

Randomization
*Visits 0, 1, 2, 4, 12, 20 and 28 weeks

Run-in phase
(8 weeks)

Follow-up
(16 weeks)

Humbert M, et al. Allergy 2005; 60: 309-16 

Omalizumab (n=209)a

Placebo (n=210)a

Primary outcome: rate of clinically significant asthma exacerbation
Key secondary outcomes:

Rate of severe asthma exacerbation Healthcare resource use
Physician’s GTE Lung function (FEV1)
Quality of life (AQLQ score) Clinical symptom scores
Safety and tolerability

aOf 482 patients randomized, 419 were included in the efficacy analysis.
AQLQ = Asthma Quality-of-Life Questionnaire; FEV1 = forced expiratory volume in 1 second.



INNOVATE 

Omalizumab significantly reduced clinically 
significant exacerbations over 28 weeks

 –26.2%

p=0.042Clinically significant exacerbation rate*

*Adjustment due to a pre-study imbalance in exacerbation rate; unadjusted difference 
between study group –19.2% (p=0.156).
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INNOVATE 

Omalizumab significantly reduces severe 
exacerbations and emergency visits at Week 28

∆ –50.0%

p=0.002

∆ –43.9%

p=0.038

Severe exacerbation rate Total emergency visit rate

Humbert M, et al. Allergy 2005; 60: 309-16 

<
50% 

reduction <

43.9% 
reduction



SIROCCO and CALIMA (Trials 1 and 2)
Exacerbation Reduction Studies1,2

Randomised, double-blind, parallel-group, placebo-controlled, Phase III studies

Run-in

Benralizumab 30 mg 

SC every 4 weeks

Benralizumab 30 mg 

SC every 4 weeks

for the 1st 3 doses

Placebo SC 

every 4 weeks

Randomisation 

1:1:1

Benralizumab 30 mg 

SC every 4 weeks

Benralizumab 30 mg 

SC every 8 weeks with placebo 

SC at 4 week interim

Placebo SC 

every 4 weeks

Screening/run-in (4 weeks)

Treatment period (56 weeks)

Treatment period (48 weeks)

Follow-up 

(4 weeks)

Follow-up 

(8 weeks)

CALIMA

SIROCCO

E
n

ro
ll
m

e
n

t

We will be discussing the results from the Q8W arm of both studies, consistent 
with the indicated dosage and administration of Benralizumab

Primary 

endpoint

AER in patients 

with blood 

eosinophils 

≥300/μL and high-

dose ICS/LABA*

*Patients were enrolled regardless of eosinophil level and then stratified 2:1 ≥300 cells/μL and less than 300 cells/μL.

AER=annual exacerbation rate; ICS=inhaled corticosteroids; LABA=long-acting 2-agonist; SC=subcutaneous.

1. Bleecker ER, et al. Lancet. 2016;388:2115–2127. 2. FitzGerald JM, et al. Lancet. 2016;388:2128–2141.



Patient Baseline Characteristics: 
All Patients in Placebo and Q8W Arms

All Patients
Regardless of baseline 
blood eosinophil count

SIROCCO (Trial 1)1 CALIMA (Trial 2)2

Placebo
n=407

Benralizumab
(Q8W)
n=398

Placebo
n=440

Benralizumab
(Q8W)
n=441

Mean age in years (SD) 48.7 (14.9) 47.6 (14.5) 48.8 (15.1) 49.0 (14.3)

White, N (%) 302 (74) 287 (72) 372 (85) 369 (84)

Mean baseline % predicted
FEV1 (SD)

56.6 (15.0) 56.1 (14.6) 58.0 (14.9) 57.9 (14.9)

Mean ACQ-6 score (SD) 2.9 (0.9) 2.8 (0.9) 2.7 (0.9) 2.8 (0.9)

Median eosinophil count in
cells/μL (range)*

370
(0 to 2690)

360
(0 to 3100)

371
(0 to 4494)

400
(0 to 2600)

Mean exacerbations in previous
12 months (SD)

3.0 (1.8) 2.8 (1.5) 2.7 (1.6) 2.7 (1.4)

ACQ-6=Asthma Control Questionnaire, six-question version; FEV1=forced expiratory volume in 1 second; SD=standard deviation.

1. Bleecker ER, et al. Lancet. 2016;388:2115–2127. 2. FitzGerald JM, et al. Lancet. 2016;388:2128–2141.

On average, patients in 
SIROCCO and CALIMA

• were ~49 years of age

• were mostly White

• had poorly controlled 
symptoms (ACQ-6)

*Patients were enrolled regardless of eosinophil level and then stratified 2:1 ≥300 cells/μL and less than 300 cells/μL.



SIROCCO and CALIMA (Trials 1 and 2)
Primary Endpoint: Annual Exacerbation Rate

AER in patients with blood eosinophils ≥300 cells/μL1–3* 

1.52

1.01
0.74 0.73

0.0

0.5

1.0

1.5

2.0

Trial 1 Trial 2
SIROCCO (Trial 1)

48 weeks
CALIMA (Trial 2)

56 weeks

A
ER

Placebo Benralizumab

(n=267)

(n=267)

(n=248)

(n=239)

51%
Reduction in AER 

(P<0.001) 28%
Reduction in AER 

(P=0.019)

*An asthma exacerbation was defined as worsening of asthma requiring use of steroids for at least 3 days, and/or emergency department visits requiring use of steroids and/or 

hospitalisation. For patients on maintenance OCS, an exacerbation was defined as a temporary increase in stable oral/systemic corticosteroids for at least 3 days or a single depo-

injectable dose of corticosteroids. The AER was defined as the total number of exacerbations multiplied by 365.25, divided by the total duration of follow-up (days) within the treatment 

group. AER=annual exacerbation rate; OCS=oral corticosteroids.

1. Benralizumab [summary of product characteristics]. AstraZeneca AB, SE-151 85, Södertälje, Sweden; 2017. 

2. Bleecker ER, et al. Lancet. 2016;388:2115–2127. 3. FitzGerald JM, et al. Lancet. 2016;388:2128–2141. 



-39%c

1. Bleecker ER et al. Supplementary appendix. Lancet. 2016;388:2115-2127; 2. FitzGerald JM et al. Supplementary appendix. Lancet. 2016;388:2128-2141.

Decreased exacerbations requiring hospitalization 
or ED visit in SIROCCO (EOS ≥300 cells/μL, high-
dosage ICS)

26
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-63%b

SIROCCO (at 48 weeks)1 CALIMA (at 56 weeks)2,a

N= 267 275 267 N= 248 241 239

-7%

aData for CALIMA from high-dosage ICS cohort; bp=0.001; cp=0.0529. Note: Values in parentheses above bars represent 95% CI. Data for exacerbations requiring hospitalization or ED visit are 

taken from information collected on eCRF

eCRF = electronic case report form; ED = emergency department; eos = baseline blood eosinophil count; ICS = inhaled corticosteroid; Q4W = every 4 weeks; Q8W = every 8 weeks.
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SIROCCO and CALIMA (Trials 1 and 2)
Secondary Endpoint: Lung Function

Pre-bronchodilator FEV1 in patients with blood eosinophils ≥300 cells/μL1–4* 
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Placebo (n=261) Benralizumab (n=264)

Weeks

290

209

398

239

SIROCCO2,4

159 mL increase 
in FEV1 compared to 
placebo (P=0.001) at 
treatment end*

Improvement was seen as 
early as 4 weeks†

CALIMA: FEV1 improvement for 
Benralizumab (330 mL; n=238) was 
116 mL greater than placebo (215 
mL; n=244); P=0.010 at end of 
treatment1,3

*Statistical significance for FEV1 improvement was established at end of treatment. 
†The analysis of this endpoint was not multiplicity protected. Therefore, p value is reported as nominal. Results are descriptive only. 
Benralizumab demonstrated greater improvements in change from baseline in pre-bronchodilator FEV1 compared with placebo at Week 4 (first measured time point after administration of 

treatment dose) that were maintained through end of treatment. 

FEV1=forced expiratory volume in 1 second.

1. Benralizumab [summary of product characteristics]. AstraZeneca AB, SE-151 85, Södertälje, Sweden; 2017. 

2. Bleecker ER, et al. Lancet. 2016;388:2115–2127.3. FitzGerald JM, et al. Lancet. 2016;388:2128–2141. 4. Data on File. REF-22898. AZPLP.

P=0.039†



Dupilumab inhibits both IL-4 and IL-13 signaling 
pathways, which are key and central drivers of type 
2 inflammation1–6 

IL, interleukin; IL-4Rα, interleukin-4 receptor alpha. 1. Gandhi NA, et al. Nat Rev Drug Discov. 2016;15(1):35–50. 2. Le Floc’h A, et al. Allergy. 2019;75:1188–1204. 3. Kabesch M, et al. J Allergy Clin Immunol. 2006;117:269–274. 4. Munitz A, et al. Proc Natl Acad Sci USA. 
2008;105:7240–45. 5. Zhu J. Cytokine. 2015;75:14–24. 6. Bieber T, et al. Allergy. 2020;75:54–62. 
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Dupilumab

Expression of type 2 cytokines and chemokines and activation 
of additional pro-inflammatory signaling pathways

Type 1 receptor

• B cells

• Monocytes

• Fibroblasts

• T cells

• Eosinophils

• Mast cells

Type 2 receptor

• Activated B cells

• Monocytes

• Fibroblasts

• Smooth muscle cells

• Epithelial cells

JAK1 JAK3

STAT6 STAT6 STAT3

JAK1 TYK2

γcIL-4Rα IL-13RαIL-4Rα

Dimerization

Binding

Binding

IL-4 and IL-13 bind to receptors containing
a shared subunit, IL-4Rα1,2

1

Dupilumab inhibits IL-4 signaling via the Type 1 
receptor and both IL-4 and IL-13 signaling through 
the Type 2 receptor1,2

3

Dupilumab is a human monoclonal antibody that 
binds specifically to IL-4Rα, the shared receptor 
component for IL-4 and IL-13, thus inhibiting the 
dual signaling pathways of both IL-4 and IL-131,2

2

IL-4

IL-13



Phase 3 LIBERTY Asthma QUEST: Study Design1,2

ACQ-5, 5-item Asthma Control Questionnaire; BD, bronchodilator; FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroids; LABA, long-acting β2 agonist; LTRA, leukotriene receptor antagonist; q2w, every 2 
weeks; R, randomization; SC, subcutaneous; SCS, systemic corticosteroids. 
1. Busse WW, et al. Adv Ther. 2018;35:737–748. 2. https://clinicaltrials.gov/ct2/show/NCT02414854. Accessed January 2018.
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Dupilumab SC 200 mg q2w

Dupilumab SC 300 mg q2w Follow-up

OR

TRAVERSE OLE

Screening

Baseline Week 643–5 weeks

Treatment period

Week 52

Loading dose 
with double dose

Placebo SC 300 mg q2w

Placebo SC 200 mg q2w

Background therapy: medium- to high-dose ICS + a second controller medication 
(eg, LABA, LTRA, etc.); a third controller is allowed

R
(n=1902)

Key eligibility criteria
▪ Treatment with medium- to 

high-dose ICS + up to two 
additional controllers

▪ Pre-BD FEV1 ≤80% of predicted 
for adults (≤90% of predicted 
for adolescents)

▪ ACQ-5 ≥1.5

▪ FEV1 reversibility ≥12% 

▪ ≥1 SCS treatment or a 
hospitalization/emergency care 
visit for worsening asthma 
requiring SCS administration



Phase 3 LIBERTY Asthma QUEST: Efficacy 
Endpoints1,2

aA severe exacerbation was defined as a deterioration of asthma leading to treatment for ≥3 days with systemic glucocorticoids or hospitalization or an ER visit leading to treatment with systemic glucocorticoids. 
ACQ-5, 5-item Asthma Control Questionnaire; AQLQ(S), Asthma Quality of Life Questionnaire with Standardized Activities; BD, bronchodilator; EOS, eosinophils; ER, emergency room; FEV1, forced expiratory volume in 1 second.  
1. Busse WW, et al. Adv Ther. 2018;35:737–748. 2. Castro M, et al. N Engl J Med. 2018;378:2486–2496.

30

▪ Annualized rate of severe exacerbation eventsa over 52 weeks
▪ Absolute change from baseline in pre-BD FEV1 at Week 12

Primary endpoints

▪ Annualized rate of severe exacerbation events over 52 weeks in patients with EOS ≥150/µL and ≥300/µL 
▪ Absolute change from baseline in pre-BD FEV1 at Week 12 in patients with EOS ≥150/µL and ≥300/µL 
▪ Change from baseline in ACQ-5 score at Week 24
▪ Change from baseline in AQLQ(S) score at Week 24 
▪ Annualized rate of severe asthma exacerbations resulting in hospitalization or ER visit

Key secondary endpoints:



Dupilumab significantly Reduced Severe 
Exacerbation Rates in Patients with Baseline 
EOS ≥150/μL or FeNO ≥25 ppbWeek 52; Phase 3 (QUEST)1–3

***p<0.001. 

CI, confidence interval; EOS, eosinophils; FeNO, fractional exhaled nitric oxide; ITT, intention to treat, ppb, parts per billion. 

1. Castro M, et al. N Engl J Med. 2018;378(26):2486-2496. 2. Rabe KF. EMJ Allergy Immunol. 2018;3[1]:60-69. 3. Dupixent (dupilumab). Summary of product characteristics.
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65–70% reduction vs placebo56–67% reduction vs placebo



Study design: double-blind, randomised, 
placebo-controlled, parallel-group (twin trials)

Three co-primary endpoints:
hierarchical testing 

Kerstjens et al. NEJM 2012;367:1198-1207.
FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; LABA, long-
acting β2-agonist; qd, once daily
* Pre-specified dataset of trial 1 + trial 2

All patients at least on ICS 
maintenance therapy 
(≥800 μg budesonide or 
equivalent/day)+LABA

1. FEV1 peak 
(0-3 h) after 24 
weeks 

2. FEV1 trough 
after 24 weeks 

3. Time to first severe asthma 
exacerbation in pooled* analysis  
after 48 weeks

148 centres, 5 continents

Placebo Respimat® qd, morning

Visit 0 Visit 1

(screening)

Visit 2

(randomisation)

Visit 9

(end of

treatment)

Visit 10

Tiotropium Respimat® 5 µg qd, morning

Add-on to at least ICS+LABA

4-week 

screening

4-week

follow-up

-4 0 48 52



Significant lung function improvement in 
FEV1 peak and trough in trials 1 and 2

Add-on to ICS+LABA

Placebo Respimat® Trial 1 Placebo Respimat® Trial 2Tiotropium Respimat® 5 µg Trial 1 Tiotropium Respimat® 5 µg Trial 2

FEV1 response results from Kerstjens et al. NEJM 2012;367:1198-1207.
FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid;
LABA, long-acting β2-agonist. 
*P<0.05; **P<0.01; ***P<0.0001. Error bars represent standard errors
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FEV1 peak 0–3 hours at week 24

150

Trial 1; Mean Difference 
86 ± 34 mL (p = 0.01)

Trial 2; Mean Difference 
154 ± 32 mL (p <0.001) 



Tiotropium Respimat®: 282 days; Placebo Respimat®: 226 days (25th percentile)
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Time (days)

Add-on to ICS+LABA

Number needed to treat: 15

Patients at risk

Placebo

Respimat®

Tiotropium 

Respimat®

454 435      412 388 379 367 356 339 332       319     303     290      282      272

453 430 409 401 389 378 363 353 348 339 331 319 308 298

Tiotropium Respimat® n=122 (26.9%), Placebo Respimat® n=149 (32.8%) 

HR=0.79; Risk reduction of 21% (P=0.03)

Kerstjens et al. NEJM 2012;367:1198-1207.
HR, hazard ratio; ICS, inhaled corticosteroid;  LABA, long-acting β2-agonist; OR, odds 
ratio

Significant reduction in time to first severe 
asthma exacerbation – pooled



Bronchial 
thermoplasty

• Bronchoscopy

• Using thermal energy at 65 
degree C into airway 

• Reduce airway smooth 
muscle

• Reduce airway 
hyperresponsivenes

• Approved for treating severe 
asthma 
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PAS2 Real world experience
Chupp. ERJ 2017

AIR2 5 year follow up
Wechsler. JACI 2013

AIR2 Trial
Castro. AJRCCM 2010

RISA Trial
Pavard. AJRCCM 2007

AIR Trial
Cox. NEJM 2007

Mild Asthma Study 
Cox. AJRCCM 2006

Feasibility/Lobectomy
Miller. CHEST 2005

Thailand Study





AIR2 Am J Respir Crit Care Med Vol 181. pp 116–124, 2010



AIR2 Am J Respir Crit Care Med Vol 181. pp 116–124, 2010

• 288 subjects-30 centers

• Bronchial Thermoplasty vs Sham Control

• 2:1 Randomization

• Key inclusions:
• High dose ICS/LABA

• FEV1 > 60%

• Main Outcome: AQLQ

• Secondary Outcome: Exacerbations

• Follow up 1 year



AQLQ

AIR2 Am J Respir Crit Care Med Vol 181. pp 116–124, 2010



AIR2 Am J Respir Crit Care Med Vol 181. pp 116–124, 2010





Lancet Respir Med 2021; 9: 457–66









Chulalongkorn
Hospital

• Start Bronchial 
thermoplasty 7/7/2016

• More than 20 patients



Chulalongkorn Hospital

In Thailand, bronchial thermoplasty is safe and effective for treating 
severe asthma. Severe exacerbation and hospitalization and quality of 
life were significantly improved after the procedures.

Thanthitaweewat ERS 2020



Mepolizumab Reslizumab Dupilumab Benralizumab Bronchial 
Thermoplasty

RCT Yes Yes Yes Yes Yes

Long term follow 
up

Yes No No Yes Yes

Number of 
patients

576
135
347

953 769
1902
210

1306
1205
369

112
297
190

Follow up time 4.5 year 52 week 52 week 2 year 10 year

Reduce 
exacerbation

53-61% 50-59% 46-59% 28-51% 33-51%

Reference NEJM 2014
JACI 2019

Lancet Respir
Med 2015

Lancet 2016
NEJM 2018

Lancet 2016
NEJM 2017
Lancet Respir
2019

NEJM 2007
AJRCCM 2010
ERJ 2017
Lancet Respir
Med 2021



Conclusion
• Severe asthma

• Require high dose ICS/LABA and/or LAMA, prednisolone and other therapy to 
control symptoms

• Exclude poor adherence, poor inhaler technique, other disease

• Treatment
• Comorbidities

• Tiotropium

• Biologics

• Bronchial thermoplasty



THANK YOU
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