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 An illustrative case.

 Are we aiming for remission?

 The roles of  IL-4 and IL-13.

 BOREAS – off  label but interesting.

 Summary

Outline of  Biologic Therapy Presentation
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Mr. C

68-Year-Old Man With Late-Onset Asthma

• Presented with asthma exacerbation to the ER 7 years 
ago

• Nasal polyp surgery 8 years ago and no history of 
asthma previously

• Nasal congestion, partial anosmia has returned

• Asthma episode appears to have occurred following 
ingestion of NSAID

• Former smoker (15 pack-years); quit >20 years ago.

• On disability leave from employment in an auto factory 
because of frequent asthma exacerbations in past 3 
years

Age: 68
Gender: Male



Mr. C

68-Year-Old Man With Late-Onset Asthma

Age: 68
Gender: Male

Medications at Referral 

• Budesonide/formoterol 200 mcg; 
2 inhalations BID

• Budesonide 200mcg; 2 inhalations BID

• Montelukast 10 mg; QD

• Nasal ciclesonide; 3 sprays each nostril QD



Mr. C

68-Year-Old Man With Late-Onset Asthma

Age: 68
Gender: Male

Clinical status:

• ACT 7/25

• ACQ6 3.1

• ER visits every 6 to 8 weeks

• Absent from work



Should we be concerned about short 

courses of  prednisone?We 
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Treatment of  exacerbations with SCS increases the risk of  

comorbidity development in a dose-dependent manner

Hazard ratio (95% CI)

Osteoporosis 
diagnosis/ 
fracture

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Pneumonia

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Sleep apnea

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Depression/ 
anxiety

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Peptic ulcer

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Renal 
impairment

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Hazard ratio (95% CI)

Cerebrovascular 
accident

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Heart failure

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Myocardial 
infarction

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Cardio-
cerebrovascular 
disease

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Type 2 diabetes 
mellitus

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Cataract

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Glaucoma

≥10
5–<10
2.5–<5
1.0–<2.5
0.5–<1.0
>0–<0.5

Patients (≥18 years) with active asthma requiring SCS compared with the reference category of >0–<0.5g cumulative exposure1

1.50.
7

0.
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1.50.7 0.8 0.9 2 2.5 3 4 5 6 7 8 9 101

HR (95% CI)
5.79 (2.82, 11.88)

4.96 (2.56, 9.63)

2.39 (1.20, 4.79)

2.60 (1.48, 4.56)

1.34 (0.74, 2.44)

Reference

Dose (g)
≥10

5–<10

2.5–<5

1.0–<2.5

0.5–<1.0

>0–<0.5

≥10 1.0–<2.5

5–<10

>0–<0.5 (Reference)2.5–<5

0.5–<1.0

Dose (g)

SCS = systemic corticosteroids

1. Price D, et al. J Allergy Asthma 2018;11:193–204 



Low-Dose Cumulative OCS Exposure Is Associated 
With Significant Adverse Effects1,a

HR, hazard ratio. 
aFor cumulative systemic CS exposure, HR are presented per 1.0 g increase in cumulative SCS dose as a continuous variable.1

1. Price DB et al. J Asthma Allergy. 2018;11:193-204. 2. Price D et al. NPJ Prim Care Respir Med. 2014;24:14009.
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Low-Dose Cumulative OCS Exposure Is Associated 
With Significant Adverse Effects1,a

HR, hazard ratio. 
aFor cumulative systemic CS exposure, HR are presented per 1.0 g increase in cumulative SCS dose as a continuous variable.1

1. Price DB et al. J Asthma Allergy. 2018;11:193-204. 2. Price D et al. NPJ Prim Care Respir Med. 2014;24:14009.
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Mr. C

68-Year-Old Man With Late-Onset Asthma

Age: 68
Gender: Male

Labwork:

• Blood eosinophil count 500 to 700

• Serum IgE 465 iU/ml

• ANCA negative

• Aspergillus IgG negative

• Sputum eosinophils – not done

• FeNO – not done



Mr. C has Markedly Impaired Lung Function, 
Abnormal CT

13

Spirometry FEV1=58% of predicted

Sinus CT scans were also done.

Asthma Control Test 7 out of 25 (poorly controlled)

Thorax CT Scan mild cylindrical right upper lobe 
bronchiectasis with mucus plugging

Adherence >80% controller therapy adherence 
(pharmacy records)

Consider inserting CT image if available



Mr. C

68-Year-Old Man With Late-Onset Asthma

• A biologic therapy for severe asthma is 
started – benralizumab.

Age: 68
Gender: Male



Inflammatory, Immunologic, and Pathobiologic Features Leading to Severe Asthma.

Israel E, Reddel HK. N Engl J Med 2017;377:965-976



Should our therapy be driven by the 

blood eosinophil signal?
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Blood Eosinophils in Asthma:  Relationship to Exacerbations and 

Control

1-DB Price et Al., October 2015 Blood eosinophil count and prospective annual asthma disease burden: a UK cohort study, The Lancet Respiratory Medicine
2- Wardlaw AJ et al. Br Med Bull. 2000;56(4):985-1003.                                                                       
3- Van Veen et al. J Allergy Clin Immunol. 2009;124(3): 615-616 4- Tran et Al., Ann Allergy Asthma Immunol. 2014 Jul; 113(1):19-24

A B

Adjusted rate ratios (RRs)
for severe exacerbations

Adjusted odds ratios (ORs)
for overall asthma control
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Mr. C

68-Year-Old Man With Late-Onset Asthma

• A  follow-up is booked 4 months after the 
introduction of biologic therapy -
benralizumab.

Age: 68
Gender: Male



Mr. C

Evaluation on Biologic Therapy:  4 months

Age: 68
Gender: Male

Clinical status:

• ACT 8/25

• ACQ6 2.7

• No ER visits, no prednisone

• Still absent from work

• Spirometry unchanged.



Mr. C

Decision on Biologic Therapy:  4 months

Age: 68
Gender: Male

You would:

• Continue the current biologic therapy.

• Discontinue the current biologic therapy.

• Switch to an alternative biologic therapy of a different 
class.

• Phone a friend.



Mr. C

68-Year-Old Man With Late-Onset Asthma

• After 12 months on biologic therapy -
referred to the Asthma & Airway Centre 
because he continued to have 
exacerbations requiring prednisone every 
6 to 8 weeks despite ICS/LABA and a 
biologic therapy.

Age: 68
Gender: Male



Mr. C

68-Year-Old Man With Late-Onset Asthma

Age: 68
Gender: Male

Clinical status at referral:

• ACT 8/25

• ACQ6 3.2

• 4 bursts of prednisone in the previous 12 months.

• Inhaler technique adequate

• Adherence to inhaled therapy (per pharmacy records) 
>80%

• Negative skin prick tests to common aeroallergens



Mr. C

68-Year-Old Male With Late-Onset Asthma



Mr. C

68-Year-Old Man With Late-Onset Asthma

• The patient is switched to dupilumab.

Age: 68
Gender: Male



Mr. C

Evaluation on Alternative Biologic Therapy:  6 

months

Age: 68
Gender: Male

Clinical status:

• ACT 24/25

• ACQ6 0.4

• No ER visits, no prednisone

• Still absent from work

• Spirometry normal.



Mr. C

68-Year-Old Male With Late-Onset Asthma

On dupilumab (6 

months)



Frequent Exacerbations Lead to Increasing Airflow 
Limitation

Patients with well-controlled asthma at baseline followed for 3 years (N=128)*

Graph created from publication data.
*No exacerbations (n=100); exacerbations (n=28). †Severe exacerbation was defined as worsening asthma requiring at least 3 days of treatment with systemic 
corticosteroids, or a hospitalization due to asthma.
BD, bronchodilator; FEV1, forced expiratory volume in 1 second.
Matsunaga K, et al. J Allergy Clin Immunol Pract. 2015;3(5):759-764.
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Low FEV1 Is a Predictor of  
Future Severe Exacerbations

Graph created from publication data.
*Cox proportional hazard model analysis adjusted for age at index date, smoking status, BMI, gender, rhinitis, chronic sinusitis,
nasal polyps, atopic dermatitis, diabetes, anaphylaxis, ischemic heart disease, heart failure, food allergy, anxiety, depression, and psoriasis. 
BMI, body mass index; CI, confidence interval; FEV1, forced expiratory volume in 1 second; HR, hazard ratio; pp, percent predicted.
Khan A, et al. Ann Allergy Asthma Immunol. 2018;121:S22-S62.
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Reduced FEV1 Is Associated With Increased Mortality

25-year follow-up in adult patients with asthma (n=1075)

Graph created from publication data.
*Relative risk of death from asthma during 25 years of follow-up.
BD, bronchodilator; CI, confidence interval; FEV1, forced expiratory volume in 1 second; pp, percent predicted.
Ali Z, et al. Chest. 2013;143:1649-1655.
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What accounts for these improvements?
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Chemokine upregulation 
(eg, eotaxin, TARC)

36

Type 2 Inflammation in the Airway Is Characterised by 

Type 2 Cytokine Activity1-6

From: N Engl J Med, Israel E, Reddel HK, Severe and Difficult-to-Treat Asthma in Adults, 377, 965-976. Copyright ©  (2017) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.

IgE=immunoglobulin E; IL=interleukin; ILC2=Type 2 innate lymphoid cells; TARC=thymus and activation-regulated chemokine; Th0=naïve T-helper cell; Th2=Type 2 T-helper cells; TSLP=thymic stromal lymphopoietin.

1. Gandhi NA, et al. Nat Rev Drug Discov. 2016;15(1):35-50. 2. Fahy JV. Nat Rev Immunol. 2015;15(1):57-65. 3. Israel E, Reddel HK. N Engl J Med. 2017;377(10):965-976. 4. Drake LY, et al. Allergy. 2014;69(10):1300-1307.

5. Robinson D, et al. Clin Exp Allergy. 2017;47(2):161-175. 6. Menzies-Gow AN, et al. Clin Exp Allergy. 2007;37(7):1023-1032.

Th2 cellILC2

IL-5 IL-13IL-4

Trigger

(eg, allergens, viruses)

Th2 activation

Epithelium activation

Type 2 cytokine production

Dendritic cell

IL-33, IL-25, 
TSLP

Th0 cell

IL-4

• Mucus hypersecretion
• Goblet cell hyperplasia
• Fibrosis
• Smooth muscle contractility

B cell
IgE

Basophil Mast cell

B cell class switching/IgE production

Normal 
airway

FeNO production

Inflammatory cell 
trafficking to tissue

Eosinophil activation in bone marrow 

Eosinophil

IL-4 and IL-13

play a central role in 

Type 2 inflammation



Airway Epithelial Remodeling Is Evident in 
Moderate-to-Severe Asthma1

Ab, antibody; Epi, epithelium; GB, goblet cell; H&E, hematoxylin and eosin; LR, lamina reticularis.

1. Shifren A et al. J Allergy (Cairo). 2012;2012:316049.

3

7



Postmortem Lung Autopsies Demonstrate 
Thickening of RBM and Increased ASM in Fatal Asthma1

aReprinted from Malmstrom K et al. Respir Res. 2017;18(1):94. https://creativecommons.org/publicdomain/zero/1.0/ 

ASM, airway smooth muscle; RBM, reticular basement membrane.

1. Malmstrom K et al. Respir Res. 2017;18(1):94. 



Degree of Mucus Plugging Associated With Increased 
Type 2 Cytokine Expression and Reduced Lung Function1

FVC, forced vital capacity.

Reprinted with permission from J Clin Invest. 2018;128(3):997-1009.

1. Dunican EM et al. J Clin Invest. 2018;128(3):997-1009.

High Mucus Plug Scores Associated With Elevated
Type 2 Cytokine Expression in Sputum

3

9



Is Mr. C enjoying a remission on 

treatment?
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Menzies-Gow JACI 2020



Menzies-Gow JACI 2020



How many on biologics achieve 

remission?

MAT-KR-2001410-1.0-10/2020



Benralizumab Showed Benefits in Achieving 
On-Treatment Clinical Remission

Graph created from publication data.
*Post hoc analysis of the phase 3 SIROCCO and CALIMA trials including patients not receiving OCS at baseline. †An exacerbation was defined as a worsening of asthma resulting in use of systemic corticosteroids,
temporary increase in OCS dose for ≥3 days, a dose of injected corticosteroids, or an emergency department visit or inpatient hospital admission. 
ACQ-6, 6-Item Asthma Control Questionnaire; pre-BD, pre-bronchodilator; FEV1, forced expiratory volume in 1 second; OCS, oral corticosteroid. 
Menzies-Gow A, et al. Adv Ther. 2022;39(5):2065-2084.
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Dupilumab Treatment Led to On-Treatment 
Clinical Remission Over 2 Years*

Graph created from publication data.
*Clinical remission was defined as patients having no exacerbations and no OCS use, ACQ-5 <1.5, and either percent predicted post-BD FEV1 ≥80% or improvement over PSBL in pre-BD FEV1 ≥100 mL.
†Post hoc analysis of the phase 3 QUEST and TRAVERSE OLE studies.
ACQ-5, 5-Item Asthma Control Questionnaire; FEV1, forced expiratory volume in 1 second; OCS, oral corticosteroids; OLE, open label extension; post-BD, post-bronchodilator; PSBL, parent study baseline.
Pavord ID, et al. Poster presented at the Australasian Society of Clinical Immunology and Allergy Annual Conference (hybrid); August 30–September 2, 2022; Melbourne, Australia.
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Is the anti-IL13 effect important?
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Dupilumab Reduces Sputum Eosinophils, Mucus Plugging and 

Improves Ventilation in Patients With Moderate-to-Severe 

Asthma



Baseline Demographics



Outcomes



Outcomes



Outcomes



Exploratory CT Outcomes



Dupilumab Effects on Ventilation



And then there’s COPD…
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Exhaled Nitric Oxide is Elevated in COPD

Ansarin ERJ 2001



Exhaled Nitric Oxide is Elevated in COPD –

Association with Lung Function Abnormalities

Ansarin ERJ 2001



Nitric Oxide is Reduced by ICS in COPD 

Ferreira AJRCCM 2001



 Eosinophils are non-specific Type 2 biomarkers.

 If  we aim for “remission” on or off  therapy, we should decide what that looks 

like for each patient.  That might include making lung function normal or 

addressing a co-morbidity. Only about one third of  biologic treated patients 

seem to achieve optimal or complete response.

 Responder analyses should be reported as part of  biologic clinical trials.

 The airway effects of  dupilumab (an anti-IL13 effect) seem to be unique.

 Four months of  biologic therapy may not be sufficient to gauge results.

Summary:
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