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The Guidelines for Asthma

⚫ the Global Initiative for Asthma (GINA, revised annually)

◆ are targeted toward primary care providers and available as management guidance for 

countries to use in designing their own guidelines, taking socioeconomic issues in 

consideration

⚫ the National Institute for Health and Care Excellence 

(NICE; United Kingdom, last updated in 2017)

◆ are focused on mild-to-moderate asthma and primary care providers

⚫ the Expert Panel Report of the National Asthma Education and Prevention 

Program (NAEPP)

◆ the Expert Panel Report 3 (ERP-3 in 2007)

Ballas ZK. J Allergy Clin Immunol 2018;142:787.



Mild Asthma

⚫ Definition in the GINA document

◆ “Asthma that is well controlled with Step 1 or Step 2 treatment (Box 

3-5, p.44), i.e. with as-needed reliever medication alone, or with low-

intensity controller treatment such as low dose ICS, leukotriene 

receptor antagonists or chromones”

⚫ GINA Step 2 in the SYGMA study

◆ uncontrolled while the patient was using inhaled short-acting 

bronchodilators (SABA) as needed OR

◆ well controlled while the patient was using low-dose inhaled 

glucocorticoid (ICS) or leukotriene-receptor antagonist maintenance 

therapy plus a SABA as needed
GINA 2018

O'Byrne PM, et al. N Engl J Med 2018;378:1865-76



Bloom CI, Thorax 2018;73:313-20.



Bloom CI, Thorax 2018;73:313-20.

Change in Exacerbation Rates by BTS step



Westerhof GA, J Allergy Clin Immunol 2018;141:104-9 e3.

◆ to determine which factors 

predict remission or persistence 

of the disease

◆ the ADONIS (Adult-Onset 

Asthma and Inflammatory 

Subphenotypes) study.

◆ adult patients with recently

diagnosed (<1 year) asthma 

◆ Asthma remission

⚫ no symptoms & medication

for ≥1 year



Westerhof GA, J Allergy Clin Immunol 2018;141:104-9 e3.

Baseline characteristics



Westerhof GA, J Allergy Clin Immunol 2018;141:104-9 e3.

Probability of Asthma Persistence

NP: nasal polyps 
BHR: bronchial hyperresponsiveness



Step 2 – low-dose controller 
+ as-needed inhaled SABA

GINA 2018, Box 3-5, Step 2 (5/8)

PREFERRED 

CONTROLLER 

CHOICE

Other 

controller 

options

RELIEVER

STEP 1 STEP 2
STEP 3

STEP 4

STEP 5

Low dose ICS

Consider low d

ose ICS 
Leukotriene receptor antagonists (LTRA)

Low dose theophylline*

Med/high dose ICS

Low dose ICS+LTRA

(or + theoph*)

As-needed short-acting beta2-agonist (SABA)
As-needed SABA or 

low dose ICS/formoterol#

Low dose 

ICS/LABA**

Med/high 

ICS/LABA

*Not for children <12 years

**For children 6-11 years, the preferred Step 3 treatment is medium dose ICS

#For patients prescribed BDP/formoterol or BUD/ formoterol maintenance and reliever therapy

 Tiotropium by mist inhaler is an add-on treatment for patients ≥12 years with a history of exacerbations

Refer for 
add-on 

treatment 
e.g. 

tiotropium,*

anti-IgE, 
anti-IL5/5R*

Add tiotropium*

Med/high dose IC

S  + LTRA 

(or + theoph*)

Add low 
dose OCS

GINA 2018, Box 3-5



O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.

- SYGMA 1 -
Symbicort Given as Needed in Mild Asthma 1

Three 
Regimens 

◆ 12 years of age or older (n=3836), 52 weeks

⚫ 200 μg of budesonide and 6 μg of formoterol (Symbicort Turbuhaler) as needed

⚫ 200 μg of budesonide (Pulmicort Turbuhaler) as twice-daily maintenance therapy 

plus terbutaline at a dose of 0.5 mg (Turbuhaler) used as needed

⚫ Terbutaline at a dose of 0.5 mg (Turbuhaler) used as needed.



O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.

Baseline Characteristics



O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.

Primary Outcome: eWCAW
eDiary-Derived Well-Controlled Asthma Weeks

Uncontrolled in Step 1 Controlled in Step 2



O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.

Annualized Exacerbation Rate



Severe AE

O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.

Moderate or Severe AE



Bateman ED, et al. N Engl J Med 2018;378:1877-87.

◆ A more pragmatic study design without daily reminders to use maintenance med.

◆ Noninferiority in preventing severe exacerbation in patients with mild asthma 

- SYGMA 2 -
Symbicort Given as Needed in Mild Asthma 2

Two 
Regimens 

n=2189

n=2187



Bateman ED, et al. N Engl J Med 2018;378:1877-87.

Baseline Characteristics



Bateman ED, et al. N Engl J Med 2018;378:1877-87.

Annualized Rate of Severe Exacerbations

Time to First Severe Exacerbation



Bateman ED, et al. N Engl J Med 2018;378:1877-87.

Change in Prebronchodilator FEV1 from Baseline



Bateman ED, et al. N Engl J Med 2018;378:1877-87.

Change in ACQ-5 Score from Baseline



Risk of a Severe Exacerbation 
Following Higher Reliever Use: 

Post-hoc Analysis of SYGMA 1 in Mild Asthma

European Respiratory Journal 2018 52: Suppl. 62, OA1680.



European Respiratory Journal 2018 52: Suppl. 62, OA1680.



Jackson DJ, N Engl J Med 2018;378:891-901.

◆ 5 to 11 years of age, n=254, mild-to-moderate persistent asthma, 

◆ at least one exacerbation leading to systemic steroid treatment in the previous year

◆ fluticasone propionate at a dose of 44 μg per inhalation, two inhalations twice daily

- STICS -
the Step Up Yellow Zone ICS to Prevent Exacerbations Trial 



Jackson DJ, N Engl J Med 2018;378:891-901.

Outcomes & Growth



Jackson DJ, N Engl J Med 2018;378:891-901.



Quadrupling Inhaled Glucocorticoid Dose
to Abort Asthma Exacerbations

McKeever T, N Engl J Med 2018;378:902-10.

◆ 16 years of age or older

◆ at least one exacerbation

leading to systemic steroid 

treatment in the previous year

◆ The primary outcome: the time 

to a first severe exacerbation

⚫ systemic corticosteroid

⚫ unscheduled health care visit



McKeever T, N Engl J Med 2018;378:902-10.

Baseline Characteristics



Asthma Self-management Plan

McKeever T, N Engl J Med 2018;378:902-10.

Zone 2

80

Zone 2 or above : 562/957 in the quadrupling group, 
552/965 in the non-quadrupling group

Reliever inhaler 

± Quadruple ICS 



McKeever T, N Engl J Med 2018;378:902-10.

Time to the First Severe Asthma Exacerbation

an adjusted hazard ratio: 0.81
(95% CI, 0.71 to 0.92; P=0.002)



Continuum of Care
Patient-adjusted Plus Physician-directed Step-wedge 

Approach to Pharmacotherapy in Asthma

O'Byrne PM, Eur Respir J 2017;50.



the Immunopathobiology of Asthma

McGregor MC, et al. Am J Respir Crit Care Med 2019;199:433-45.



Rabe KF, N Engl J Med 2018;378:2475-85.

◆ 210 patients with oral glucocorticoid–dependent severe asthma

◆ Dupilumab (at a dose of 300 mg) or placebo every 2 weeks for 24 weeks 

◆ adjusting glucocorticoid in a downward trend from week 4 to week 20 

and then maintained at a stable dose for 4 weeks. 

◆ the primary end point: the percentage reduction in the glucocorticoid dose at week 24

LIBERTY ASTHMA VENTURE



Rabe KF, N Engl J Med 2018;378:2475-85.

Baseline Characteristics



Rabe KF, N Engl J Med 2018;378:2475-85.

Percentage Reduction in Oral Glucocorticoid Dose

Week



Rabe KF, N Engl J Med 2018;378:2475-85

Change from Baseline in FEV1

Higher by a mean value of 

0.22 liters (95% CI, 0.09 to 0.34)

Week

Rate of Severe 
Exacerbations

Reduced exacerbation

59% (95% CI, 37 to 74) 



Rabe KF, N Engl J Med 2018;378:2475-85

Severe Exacerbation & FEV1 by Baseline Blood Eosinophil Subgroups



Rabe KF, N Engl J Med 2018;378:2475-85.

Overview of Adverse Events



Castro M, N Engl J Med 2018;378:2486-96.

◆ 1902 patients 12 years of age or older with uncontrolled asthma

◆ The primary end points: the annualized rate of severe asthma exacerbations

the absolute change from baseline to week 12 in the FEV1

LIBERTY ASTHMA QUEST

◆ Background therapy

Medium to high dose of ICS 

+ controllers (LABA/LTRA)



Castro M, N Engl J Med 2018;378:2486-96.

Baseline Characteristics



Castro M, N Engl J Med 2018;378:2486-96.

Annualized Rate of Severe Asthma Exacerbations



Castro M, N Engl J Med 2018;378:2486-96.

Forest Plots of the Risk of Severe Exacerbation

200 mg

300 mg



Castro M, N Engl J Med 2018;378:2486-96.

Severe Exacerbation by Baseline FENO & Blood Eosinophil Subgroups

Change of FEV1 by Baseline FENO & Blood Eosinophil Subgroups



Castro M, N Engl J Med 2018;378:2486-96.

Change in the Prebronchodilator FEV1

P<0.001 for the comparisons of each Dupilumab dose with matched placebo at week 12

0.34 vs. 0.21 L (Dupilumab 300 mg vs. Placebo, 2.00 ml)

0.32 vs. 0.18 L (Dupilumab, 200 mg vs. Placebo, 1.14 ml)



Castro M, N Engl J Med 2018;378:2486-96.

Overview of Adverse Events



Russell RJ, Lancet Respir Med 2018;6:499-510.

◆ Tralokinumab: a human monoclonal antibody that neutralizes interleukin 13

◆ MESOS: a multicentre, double-blind, randomised, placebo-controlled phase 2 trial 

◆ aged 18–75 years with uncontrolled moderate-to-severe asthma for 12 months or more

◆ Primary outcome: change from baseline to week 12 in bronchial biopsy eosinophil count

- MESOS -
Tralokinumab on Eosinophilic Airway Inflammation 

in Uncontrolled Moderate-to-severe Asthma

n=39

n=40



Russell RJ, Lancet Respir Med 2018;6:499-510.

Participants treated with tralokinumab showed an 
increase in blood eosinophil count

Week



Panettieri RA, Jr., Lancet Respir Med 2018;6:511-25.

◆ STRATOS 1: randomized, double-blind, 
parallel-group, placebo-controlled, 
phase 3 clinical trials

- STRATOS 1 & 2 -
Tralokinumab for severe, uncontrolled asthma

◆ STRATOS 2

aged 12–75 years with severe 
asthma that was uncontrolled 
despite use of ICS (≥500 µg/d
fluticasone or equivalent)
and LABA (but not OCS)



Panettieri RA, Jr., Lancet Respir Med 2018;6:511-25.

Annualized Asthma Exacerbation Rate (AAER)



Panettieri RA, Jr., Lancet Respir Med 2018;6:511-25.

Mean Absolute Change in FEV1

Week



Busse WW, et al. Eur Respir J 2019;53.

◆ 40-week, randomized, double-blind trial

◆ severe, uncontrolled asthma requiring maintenance OCS treatment plus ICS/LABA

◆ primary end-point: % change from baseline in average OCS dose at week 40

- TROPOS -
Tralokinumab Did Not Demonstrate 

Oral Corticosteroid-sparing Effects in Severe Asthma



Busse WW, et al. Eur Respir J 2019;53.

Baseline Characteristics



Busse WW, et al. Eur Respir J 2019;53.

Primary & Secondary End-points

Percentage Change of OCS



Anti-Interleukin-5 Antibodies 
for Eosinophilic Asthma

Benralizumab 
(Fasenra)

Mepolizumab 
(Nucala)

Reslizumab
(Cinqair)

Dupilumab
(Dupixent)

Mechanism

of Action

IL-5 receptor 

antagonist

IL-5 antagonist IL-5 antagonist IL-4 receptor alpha 

subunit antagonist 

(inhibits IL-4 and 

IL-13 signaling)

Formulation 30 mg/mL soln

in single-dose 

prefilled syringes

100 mg lyophilized 

powder 

in single-dose vials

100 mg/10 mL soln

in single-use vials

200 mg/1.14 mL, 

300 mg/2 mL soln

in single-dose 

prefilled syringes

Dosage 30 mg SC q4 wks

× 3,  then q8 wks

100 mg SC q4 wks 3 mg/kg IV q4 wks 400 mg SC then 

200 mg q2 wks or

600 mg SC then 

300 mg q2 wks

FDA-approv

ed age

≥12 years ≥12 years ≥18 years ≥12 years

Cost $4752 $2868 $2588 $1466

JAMA 2019;321:1000-1.



Efficacy of the Biologics 

Therapy
Asthma
Exacerbation

Lung 
Function

Corticosteroid Weaning Special Considerations

Omalizumab
Reduces by
25%

Minimal or
equivocal
improvement

Decreases use of ICS, but no 
data that it helps with OCS
weaning

Only s.c. biologic approved 
for children 6–11 yr old

Mepolizumab
Reduces by
~50%

Inconsistent
effect

Decreases total use of OCS 
and has been shown to 
facilitate complete weaning
from chronic OCS (14%)

Standard s.c. dosing has 
not been shown to 
decrease sputum 
eosinophilia; approved 
at higher dosing for EGPA

Reslizumab
Reduces by
~50–60%

Improved
Has not been specifically
evaluated for this indication

Only weight-based dosing 
i.v. biologic approved for 
asthma

Benralizumab
Reduces by
~25–60%

Improved
Decreases total use of OCS 
and has been shown to 
facilitate complete weaning
from chronic OCS (50%)

Only s.c. biologic that 
offers every-8-wk dosing

Dupilumab
Reduces by
~50–70%

Improved

Decreases total use of OCS 
and has been shown to 
facilitate complete weaning
from chronic OCS (50%)

Only biologic that can 
be self-administered s.c.; 
showed benefit with 
FENO > 25 ppb 
regardless of eosinophil 
count

McGregor MC, et al. Am J Respir Crit Care Med 2019;199:433-45.



- BORA -
Long-term Safety and Efficacy of Benralizumab

Busse WW, Lancet Respir Med 2019;7:46-59.

◆ Eligible patients: completed the SIROCCO or CALIMA trials and remained 

on subcutaneous benralizumab 30 mg every 4 weeks (Q4W) or every 8 weeks (Q8W) (no placebo)

◆ The primary endpoint: the safety and tolerability of the two dosing regimens of benralizumab



Busse WW, Lancet Respir Med 2019;7:46-59.

Adverse Events



Busse WW, Lancet Respir Med 2019;7:46-59.

Cumulative number of new exacerbations 

◆ patients with baseline blood eosinophil counts ≥300 cells per µL

◆ 37 (4%) of 1046 patients who received benralizumab in BORA had exacerbations that led to hospital admission,

which is similar to the percentages in SIROCCO and CALIMA (4–6%)



Khatri S, et al. J Allergy Clin Immunol 2018 (ePub)

- COLUMBA -
Long-term Safety and Durability of Mepolizumab 

Response in Patients with Severe Eosinophilic Asthma

◆ Open label, single arm, multi-center, extension study

◆ 347 patients treated for up to 4.5 years by Mepolizumab 100 mg SC every 4 weeks



Khatri S, et al. J Allergy Clin Immunol 2018 (ePub)

Exacerbation 
Rates

Adverse Events (>10%)



Sabogal Pineros YS, Am J Respir Crit Care Med 2019;199:508-17.

◆ Mild steroid-naive patients with asthma: (irrespective of the blood eosinophil levels) 

⚫ either 750 mg intravenous mepolizumab or placebo

⚫ experimentally infected with rhinovirus 16 after 2 weeks

◆ Primary outcomes: The prebronchodilator FEV1 before and after RV16 challenge

- MATERIAL -



Sabogal Pineros YS, Am J Respir Crit Care Med 2019;199:508-17.

Lung Function Parameters



Sabogal Pineros YS, Am J Respir Crit Care Med 2019;199:508-17.

Viral Titer in Nasal Swab

sIgA and Mast Cell Activation



Bateman ED, Am J Respir Crit Care Med 2019;199:489-95.

◆ To predict response and nonresponse to intravenous reslizumab at 52 weeks 
at 16 weeks of treatment 



Bateman ED, Am J Respir Crit Care Med 2019;199:489-95.

Definitions of Responders, Nonresponders, and Indeterminate

ACQ = Asthma Control Questionnaire 
AQLQ = Asthma Quality of Life Questionnaire
CAE = clinical asthma exacerbation

Comparison of Actual Week 52 Responses 
versus Those Predicted from Week 16 Data

Non-responder Indeterminate Responder



Heaney LG, Am J Respir Crit Care Med 2019;199:454-64.

◆ To distinguishing patients with difficult-to-control asthma who respond to ICS 

from refractory asthma



Heaney LG, Am J Respir Crit Care Med 2019;199:454-64.

◆ Remote FENO suppression testing is an effective means of identifying nonadherence to 

ICS in subjects with difficult-tocontrol asthma

Relationship Between FENO after 7-day Suppression 
Testing and FEBO after 1-month Monitoring for 
Subject with Good Adherence



Assessment Protocol in Consideration 
of Biologic Therapy

Bender BG, Am J Respir Crit Care Med 2019;199:400-2.



Severe Asthma Algorithm Approach: 
A Simple Approach

Papaioannou AI, et al. Respir Med 2018;142:15-22.


