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Disclosures

Step #1.  Make sure the patient 
has asthma

• 150 pts referred to 
difficult asthma clinic 
at NJH
– Extensive evaluation  

• Similar to results from 
Canada in milder 
asthma (random 
dialing approach 
evaluating ~500 
“asthmatics”  Aaron et al, 
CMJ 2008

Did not have asthma!

Had asthma

No asthma

Probably no asthma
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Differential Dx Of Wheezing

• “Asthma”

• VCD

• ABPA

• Chronic Eosinophilic 
Pneumonia

• Airway Tumors

• Bronchostenosis/TBM/DAC

• CHF

• Infection

 TB

 Tonsils

 Foreign body

 Goiter

 Post polio 
syndrome

 COPD

 PE

 Fixed lesions

Spiro
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Cicatricial Pemphigoid
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Dyspnea at Rest and with Exertion/ 
“Severe Asthma”

End-Inspiratory Dynamic Expiratory

Dynamic Expiratory CT Severe Tracheomalacia

Severe Asthma Accounts for Disproportionate 
Amount of Asthma Cost to Society

Nurmagambetov T et al. Annals ATS. 2018;15(3):348-356.
Israel et al; NEJM. 2017;377:965-976.

Total costs of asthma in the US = $81.9 billion

Severe asthmatics represent ~10 % of adults with asthma but incur >60% of 
costs

Asthma Cost to Society 2008-2013

$3 billion due to missed 
work or school

$29 billion due to 
asthma-related mortality

$50.3 billion in medical 
costs

Adapted from Creticos. Adv Stud Med. 2002;2:499-503.

Mechanisms of Asthma Leading 
to Symptoms 

Symptoms

Asthma Triggers

Smooth Muscle 
Dysfunction

Allergens Exercise Irritants Viruses Weather

Bronchial Constriction

Hypertrophy 
Hyperplasia

Inflammatory 
Mediator 
Release

Bronchial Hyperreactivity Inflammatory Cell Infiltration

Architectural 
Changes

Mucus
Secretion

Epithelial 
Damage

Edema

Impaired 
Ciliary 

Function

Inflammation
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Animation: Epithelial Alarmins

Overview of the Overview of the 
Inflammatory CascadeInflammatory Cascade

First 
allergen 

exposure

Antigen 
presenting 

cell

T cell

B cell

Plasma 
cell

IgE

Mast cell
Second 
allergen 

exposure

IgE cross-
linked by 
allergen

Mast cell 
degranulation

Asthma
Symptoms and 
Exacerbation

Histamine
Leukotrienes

Prostaglandins
Cytokines

Cytokines
IL-4, IL-13

Brownell J, Casale TB. Immunol Allergy Clin N Am 2004;24:551-8.

Eosinophils Can Have Reciprocal Interactions 
With Other Immune Cells to Perpetuate Chronic Inflammation1

1. Jacobsen EA et al. Annu. Rev. Immunol. 2021. 39:719-757; 2. Brusselle GG et al. Nat Med. 2013;19:977-979; 3. Lambrecht BN et al. Nat Immunol. 2015;16:45-56; 4. Peters MC et al. Lancet. 2020;1;395:371-383; 5. 
Pelaia C et al. Front. Physiol. 2019. 

Allergic Eosinophilic Asthma1-3 Non-allergic Eosinophilic Asthma1-3

New findings suggest 
that eosinophils are 
directly involved as 

pivotal orchestrators of 
the type 2 immune 

response4

Circulating 
eosinophilEosinophil 

progenitor

Eosinophil maturation5

Bone 
marrow

Eosinophil recruitment5

Inflamed tissue

Eosinophil migration5

Peripheral blood

Dendritic cell

Allergens Viruses Bacteria SmokePollutantsEpithelium 

Epithelial cells

Reciprocal
interactions
likely occur

IL-33
IL-25
TSLP

ILC2

NKT Cells

Macrophages

Mast Cell

IgE

B-cell

MHCII
TCR

Naïve 
T-cell

Th2 Cell

IL-5

Eosinophils

IL-33
IL-25
TSLP

IL-33
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Eosinophilic Inflammation Is Central to the Key 
Pathological Features and Clinical Consequences of 
Asthma

EOS = eosinophils.
1. Peters MC et al. Lancet. 2020;395;371-383; 2. The Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention 2021; 3. Israel E et al. N Engl J Med. 
2017;377:965-976; 4. Gandhi NA et al. Nat Rev Drug Discov. 2016;15:35-50; 5. McBrien et al. Front Med. 2017;4.

Smooth muscle contractility and 
hypertrophy3

Eosinophil-rich airway 
inflammation (Type 2)2,3

Mucus production3

Airway remodelling2,3

Epithelial damage4

Airway obstruction2,3

(eg, ↓ lung function)

Exacerbations2,3

Symptoms2,3

Airway 
hyperresponsiveness2,3

Asthma airway pathology Clinical consequences
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Goblet cell hyperplasia5

Image courtesy of Rohit Katial, MD. 

Traditional and Personalized 
Approach to Asthma Therapy

Dunn RM and Wechsler ME. Clinical Pharmacology and Therapeutics 2015; 97(1): 55-65
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Increasing gene expression of T2-cell cytokines (IL-5, IL-13, and IL-4) in the airways2

T2-Low and T2-High: Examples of Asthma Phenotypes1,2

Early age of 
onset

IgE=immunoglobulin E; T2=T-helper cell type 2.
1. Fahy JV. Nat Rev Immunol. 2015;15(1):57-65.
2. Woodruff PG, et al. Am J Respir Crit Care Med. 2009;180:388-395. 
3. Wenzel SE. Nat. Med. 2012;18(5):716-725. 
4. Peters MC, et al. J Allergy Clin Immunol. 2014;133(2):388-394.

Commonly 
severe Early age of 

onset

Atopic/IgE 
component

Higher
eosinophil 
counts

More 
responsive 

to T2-
inhibition

More 
steroid 

responsive

T2-HIGH1-4

~ 50%

May be 
linked to 

obesity or 
neutrophilia

Less 
response to 
T2-inhibition

Poor 
steroid 

response

T2-LOW1-4

30%-50% Lower 
eosinophil 

counts

May be less 
severe

Goals of Asthma Treatment

Overall Asthma Control

Current Control

Symptoms

Activity

Reliever use

Lung function

Future Risk

Instability/
worsening

Loss of 
lung function

Exacerbations

Adverse effects 
of medication

NHLBI website.
Taylor DR, et al. Eur Respir J. 2008;32:545-554.

Goals of Asthma Therapy

• Minimal or no chronic symptoms 
day or night

• Minimal or no exacerbations
• No limitations on activities; no school/work 

missed
• Maintain (near) normal pulmonary function
• Minimal use of inhaled short-acting 

beta2-agonist
• Minimal or no adverse effects from medications

Guidelines for the Diagnosis and Management of Asthma—Update on Selected Topics 2022.
NIH, NHLBI. May 2003 (reprint). NIH Publication No. 02-5075.
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Asthma Therapy Through the Ages

G. Cardano
 Diet
 Exercise
 Sleep
 No feathers

T. Willis
 Fetid gums
 Musk
 Vitrioloic ether

J. Floyer
 Gill
 Hyssop
 Syrup of sulphur
 Bleeding

W. Osler
 Atropine
 Morphine
 Chloroform
 Lobelia

 Amyl nitrate
 Asthma cigarettes

1500s           1600s 1700s 1800s

Asthma Therapy – 1800s 

Asthma Therapy in the 1900s

 Adrenaline
 Methyl 

xanthines

 Systemic
steroids 
(ACTH)

 Oral steroids
 -agonists

 Long-acting 
2-agonists

 Leukotriene 
modifiers

1900-30s       1940s        1950s        1970s        1990s

 Cromones
 Inhaled steroids
 2-selective agonists
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Biomarkers

Summary: Increased Eosinophils 
in Asthma

1. Bousquet J et al. N Engl J Med. 1990;323;1033-1039; 2. Louis R et al. Am J Respir Crit Care Med. 2000;161;9-16; 3. Broekema M et al. Respir Med. 2010;104:1254-1262; 4. Woodruff PG 
et al. J Allergy Clin Immunol. 2001;108:753-758; 5. McGrath KW et al. Am J Respir Crit Care Med. 2012;185:612-619; 6. Zeiger RS et al. J Allergy Clin Immunol Pract. 2014;2:741-750; 7. 
Price D et al. J Asthma Allergy. 2016;9:1-12.

Lung 
function3-5Exacerbation 

Risk6,7

Elevated eosinophils were correlated with:

• Increased asthma severity1,2

• Worsening lung function3-5

• Increased risk of exacerbations6,7

• Increased rates of hospitalizations and ED visits6

Exacerbation 
Risk6,7

Lung 
function3-5

Increased Eosinophils in Asthma: 
Major Risk Factor for Exacerbations

BMI = body mass index; Cl = confidence interval; EOS = eosinophils; F = female; GERD = gastroesophageal reflux disease; M = male.

Blood eosinophil 
>400 cells/µL:

• Single best 
predictor of 
multiple 
exacerbations

• likelihood of ≥2 
exacerbations by 
1.5-fold 

Decreasing likelihood Increasing likelihood of 2+ exacerbations

Age (per year increase)

Gender (F vs. M)

Overweight vs. normal BMI

Obese vs. normal BMI

Smoker vs. non-smoker

Ex-smoker vs. non-smoker

Blood EOS >400 cells/µL vs. ≤400 
cells/µL
Anxiety/depression

Diabetes (type 1 or 2)

Eczema

GERD

Rhinitis

Acetaminophen prescription

1.007 (1.005-1.008)      <0.001

1.21 (1.14-1.28)            <0.001

1.08 (1.01-1.16)              0.028

1.17(1.09-1.24)             <0.001

0.93 (0.88-0.99)              0.024

1.14 (1.06-1.22)            <0.001

1.48 (1.39-1.58)            <0.001

1.09 (1.04-1.15)              0.001

1.11 (1.05-1.17)            <0.001

1.08 (1.03-1.14)               0.003

1.12 (1.05-1.20)              0.001

1.10 (1.04-1.16)            <0.001

Odds ratio (95% CI)    p-value

1.23 (1.17-1.30)            <0.001

0.8 1.0 1.6

Historical Analysis of 130,547 Patients With Asthma

Adapted from Price D et al. J Asthma Allergy. 2016;9:1-12.
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Overall 
Asthma Control

0.3 0.5 0.7 1.0 1.5 2.0

Adjusted ORa

Peripheral Blood Eosinophil Levels 
Have Been Correlated With Both 
Asthma Severity and Control

28

aData from medical records of patients with asthma who were aged 12-80 years and had 2 years of continuous records, including 1 year before (baseline) and 1 year after (outcome) 
their most recent eosinophil count. Patients were assigned to 9 eosinophil count categories and were compared with a reference category of ≤200 cells/μL (n=68,407). Data adjusted for 
age, gender, body mass index, smoking status, and Charlson comorbidity index score.
OCS = oral corticosteroids; OR = odds ratio; RR = rate ratio.
Price DB et al. Lancet Respir Med. 2015;3:849-858. 

201–300 cells per µL (n=25,882)

301–400 cells per µL (n=15,030)

401–500 cells per µL (n=8659)

501–600 cells per µL (n=4928)

601–700 cells per µL (n=2726)

701–800 cells per µL (n=1631)

801–900 cells per µL (n=947)

901–1000 cells per µL (n=1019)

>1000 cells per µL (n=1019)

Severe 
Exacerbations

Adjusted RRa

0.5 0.7 1.0 1.5 2.0 2.5

Acute 
Respiratory Events

0.5 0.7 1.0 1.5 2.0 2.5

Adjusted RRa
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Severe Exacerbation - an asthma-related hospitalization, attendance at an accident and an emergency department, or a prescription for acute 
oral OCS 

Acute Respiratory Event - defined more broadly as an asthma-related hospital attendance or admission, or accident and an emergency 
department attendance, a prescription for acute OCS, or prescription for antibiotics in conjunction with an asthma-related primary care 
consultation

Overall Asthma Control - the absence of any acute respiratory event (as defined above) or asthma-related outpatient department visit with an 
average daily dose of 200 μg or less of salbutamol or 500 μg or less of terbutaline

Th1Th2

Allergies Pathogen/Physical/Cellular/Metabolic Smoking

Neutrophils

GLAND

Mast 
cells

Th2
cells

Dendriti
c cells

B cells

Eosinophils

IL-4/13
IL-5

OX40/L

TSLP

Growth factors

IgE

CXCL8

Th1/Tc1
cells

CXCL9-11

IFNγ
TGFβ

MUCUS

FIBROBLASTS/MATRIX

VESSELS

AIRWAY SMOOTH MUSCLE

iNOS, DUOX, EPO  

Oxidative/nitrative 
stress

NO

CC
L24
/26

IL-4/-13
MUC5AC

Obesity/metabolic factors 

PGD2

Pathobiology may involve multiple 
different immune/cellular pathways

Nitric Oxide (No) Production1,2

• NO—endogenous 
regulatory molecule

• Synthesis regulated by 
family of enzymes—NO 
synthases (NOS)

• Inducible NOS-derived 
NO is predominantly 
produced in bronchial 
wall epithelial cells

• Exhaled NO levels 
increase during Th2 
(allergic) inflammation—
often correlate with 
eosinophilic 
inflammation

AP, activator protein; iNOS, inducible nitric oxide synthase; IL, interleukin; IFN-, interferon-gamma; STAT, signal transducer and 
activator of transcription.
1. Yates. Immunol Cell Biol. 2001;79(2):178-190. 2. Alving et al. Eur Respir Mon. 2010;49:1-31.
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iNOS Staining

iNOS Stain in a Normal 
Subject

iNOS Stain in a Severe 
Asthmatic

FeNO and Eosinophils After Anti-
IL-13 Treatment

Adapted from Corren et al 
NEJM 2011; 365: 1088-98 

FeNO and Eosinophils After Anti-
IL-5 Treatment

Adapted from Haldar et al; NEJM 2009; 360: 973-84
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GINA 2022 Guidelines: Add Biologics at Step 5

RELIEVER: As-needed short-acting beta2-agonist

STEP 1
Take ICS whenever 
SABA taken

STEP 2
Low dose 
maintenance ICS

STEP 3
Low dose 
maintenance 
ICS-LABA

STEP 4
Medium/high
dose maintenance 
ICS-LABA

STEP 5
Add-on LAMA
Refer for assessment
of phenotype. Consider 
high dose maintenance 
ICS-LABA, ± anti-IgE,
anti-IL5/5R, anti-IL4R, 
anti-TSLP

RELIEVER: As-needed low-dose ICS-formoterol

STEPS 1 – 2
As-needed low dose ICS-formoterol

STEP 3
Low dose 
maintenance 
ICS-formoterol

STEP 4
Medium dose 
maintenance 
ICS-formoterol

STEP 5
Add-on LAMA
Refer for assessment
of phenotype. Consider 
high dose maintenance 
ICS-formoterol,
± anti-IgE, anti-IL5/5R, 
anti-IL4R, anti-TSLP

CONTROLLER and
PREFERRED RELIEVER
(Track 1). Using ICS-formoterol 
as reliever reduces the risk of 
exacerbations compared with 
using a SABA reliever

CONTROLLER and
ALTERNATIVE RELIEVER
(Track 2). Before considering a 
regimen with SABA reliever, 
check if the patient is likely to be 
adherent with daily controller

See
sev
ast

Assess the 
severe 

asthma 
phenotype 
and factors 
contributing 

to symptoms, 
QoL, and 

exacerbations

Assess the 
severe 

asthma 
phenotype 
and factors 
contributing 

to symptoms, 
QoL, and 

exacerbations

Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2022. Available from: www.ginasthma.org. 

Katial et al. JACI: In Practice 2017. 5(2): S1-S14. 

tezepeluma
b

Important Th2 Biologic Targets

Anti-IL5 
Mepolizumab
Reslizumab

IL5R
benralizumab



2/28/2024

13

IL-5
• Principal eosinophilic 

regulatory cytokine
• Involved in the maturation, 

differentiation, survival, and 
activation of eosinophils

• Raised levels are present in 
40–60% of asthmatics.

• Release toxins that promote 
airway inflammation in 
asthmatic patients

Benralizumab Mepolizumab
Reslizumab

Eosinophil

The Targets: IL-5 or Eosinophils (IL-5Rα)

Benralizumab Mechanism of Action: Enhanced 
Antibody-Dependent Cell- Mediated Cytotoxicity

aBenralizumab induces eosinophil apoptosis within 6 hours in vitro;3 blood eosinophils were depleted within 24 hours in a phase 1 study2

ADCC = antibody-dependent cell-mediated cytotoxicity; EOS = eosinophil; Fc = fragment crystallizable region; IL-5Rα = interleukin 5 receptor alpha; mAb = monoclonal 
antibody; MOA = mechanism of action; NK = natural killer.
1. Kolbeck R et al. J Allergy Clin Immunol. 2010;125:1344-1353; 2. Laviolette M et al. J Allergy Clin Immunol 2013;132:1086-1096; 3. Dagher R et al. Oral presentation 
presented at International Eosinophil Society 10th Biennial Symposium; 19-23 July 2017; Gothenburg, Sweden; 4. Tan LD et al. J Asthma Allergy. 2016;9:71-81.

FcγRIIIα

NK cell recruitment

ADCC

Directly targets
IL-5Rα

Benralizumab induces rapida

and near complete depletion of 
blood eosinophils1-4

Benralizumab 
(IL-5Rα mAb)

Eosinophil

Release of cytotoxic mediators from 
NK cells to induce eosinophil 
apoptosis3

In vitro fluorescence
imaging video3

Natural Killer Cell–Mediated 
Eosinophil Apoptosis Targeted 

by Benralizumab

Rania Dagher, Va rsha Kumar, Alan Copenhaver, Richard Hanna, 

Paul  Newbold, Al ison A Humbles, Roland Kolbeck║

Rapid and Sustained Blood Eosinophil 
Depletion With Benralizumab

39

aThe median EOS count at Week 68 was 10 cells/µL, Q4W/Q4W; 10 cells/µL, PBO/Q4W; 160 cells/µL, Q8W/Q8W, 200 cells/µl, PBO/Q8W; Q8W last dose at Week 48, Q4W last dose on 
Week 52. 
EOS = eosinophil; MOA = mechanism of action; Q4W = every 4 weeks; Q8W = every 8 week (first 3 doses Q4W).
1. Pham TH et al. Respir Med. 2016;111:21-29; 2. Busse WW et al. Supplementary appendix. Lancet Resp Med. 2019;7:46-59.
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After 1 Year of treatment in SIROCCO/CALIMA

Phase III (BORA) extension study of SIROCCO
and CALIMA patients (≥300 cells/µL)2,a

Placebo followed by benralizumab 30 mg Q8W

Benralizumab 30 mg Q8W throughout

Weeks

Off-treatment period

0
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0 12 56 684428
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Phase IIa (CP197) study in patients with 
mild to moderate asthma1

40
0

20
0

0
20 40 60 800

Days

30
0

Placebo

Benralizumab 25 mg

Administration of benralizumab or placebo on Days 0, 28, and 56

50
0

10
0
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Anti IL-5 Improves Outcomes in 
Eosinophilic Asthma

• Mepolizumab, benralizumab, reslizumab

– Reduce Eosinophils

– Reduce Exacerbations

– Improve Lung Function

– Improve Quality of Life

– Facilitate Corticosteroid Withdrawal

Biologics can target IL4 and IL13

GM-CSF=granulocyte-
macrophage colony-

stimulating factor; 
Ig=immunoglobulin; 

IL=interleukin; ILC2=innate
lymphoid cell type 2; NKT 
cells=natural killer T cells; 

TH17=T helper cell 17; TH2=T 
helper type 2 cell; 

TSLP=thymic stromal
lymphopoietin.

From Israel E, Reddel HK. Severe 
and difficult-to-treat asthma in 

adults. Drazen JM, ed. N Engl J 
Med. 377(10):965-976. 

Copyright© 2017 Massachusetts 
Medical Society. Reprinted with 
permission from Massachusetts 

Medical Society.

Broader Blockade of Type 2 Cytokines IL-4 and IL-13 
Improves Outcomes

• Dupilumab
• Targets IL-4 receptor alpha
• Prevents IL-4 and IL-13 from binding to IL-13 receptor

• Works downstream via jak-stat dependent pathways to 
- Prevent IL-4 mediated production of IgE
- Prevent IL-13 mediated eNO and mucus production
- Prevent IL-4 and IL-13 mediated trafficking of eosinophils into the 

tissue



2/28/2024

15

Dupilumab Anti IL-4/13

• Reduces Exacerbations
– Improves Lung Function
– Improves Quality of Life
– Facilitate Corticosteroid Withdrawal

• Also approved for atopic dermatitis, chronic 
rhinosinusitis, eosinophilic esophagitis, prurigo 
nodularis

What about blocking epithelial 
alarmins? 

Biologics can target TSLP upstream

GM-CSF=granulocyte-
macrophage colony-stimulating

factor; Ig=immunoglobulin; 
IL=interleukin; ILC2=innate
lymphoid cell type 2; NKT 
cells=natural killer T cells; 

TH17=T helper cell 17; TH2=T 
helper type 2 cell; 

TSLP=thymic stromal
lymphopoietin.

From Israel E, Reddel HK. Severe and 
difficult-to-treat asthma in adults. Drazen
JM, ed. N Engl J Med. 377(10):965-976. 

Copyright© 2017 Massachusetts 
Medical Society. Reprinted with 

permission from Massachusetts Medical 
Society.
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Tezepelumab Targets TSLP and Blocks 
Inflammation from 
the Top of the Cascade

• Tezepelumab – human monoclonal antibody that binds to 
TSLP, specifically blocking it from interacting with its 
receptor

• Has potential to inhibit multiple downstream inflammatory 
pathways and enact broad effects on airway inflammation
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Treatment group

N=146N=145N=145N=148

0.0

0.2

0.4

0.6

61% 71% 66%

0.67

0.26

0.19 0.22

Percentage AER reduction 
vs placebo

*** *** ***

Tezepelumab treatment reduced exacerbations vs 
placebo

Significant reduction in annualised AER for all tezepelumab
treatment groups compared with placebo; P<0.001

Placebo (N=148)
Tezepelumab 70 mg Q4W (low dose) (N=145)

Tezepelumab 210 mg Q4W (medium dose) (N=145)
Tezepelumab 280 mg Q2W (high dose) (N=146)

Corren J, Parnes JR, Wang L, et al. Tezepelumab in adults with uncontrolled asthma. N Engl J Med. 2017;377(10):936-946.

An overview of biologic therapies used in 
inflammatory disorders

aUSA only; EU approved for ≥18 years of age.
AD, atopic dermatitis; ADCC, antibody-dependent cell-mediated cytotoxicity; CRSwNP, chronic rhinosinusitis with nasal polyposis; CSU, chronic spontaneous urticaria; EGPA, eosinophilic granulomatosis with polyangiitis; HES, hypereosinophilic syndrome; 
IgE, immunoglobulin E; IL, interleukin; IL-5Rα, interleukin-5 receptor alpha; mAb, monoclonal antibody; NA, not applicable; NK, natural killer; TSLP, thymic s tromal lymphopoietin; TSLPR, thymic s tromal l ymphopoietin receptor.
1. Fasenra summary of product characteristics. 2019. https://www.medicines.org.uk/emc/product/10559/smpc (accessed 10 Feb 2021); 2. https://www.fda.gov/ (Accessed Feb 2021); 3. Cinqaerosummary of product characteristics. 2019. https://www.medicines.org.uk/emc/product/4370#PRODUCTINFO (accessed 10 Feb 2021); 4. 
Nucala summary of product characteristics. 2020. https://www.medicines.org.uk/emc/product/10563/smpc(accessed 10 Feb 2021); 5. AstraZeneca press release. https://www.astrazeneca.com/media-centre/press-releases/2020/tezepelumab-navigator-phase-iii-trial-met-primary-endpoint.html (accessed 10 Feb 2021); 6. Dupixent summary of 
product characteristics. 2021. https://www.medicines.org.uk/emc/product/11321/smpc (Accessed 10 Feb 2021); 7. Xolair summary of product characteristics. 2019. https://www.medicines.org.uk/emc/product/4725/smpc(accessed 10 Feb 2021).

Mode of action

Humanized mAb to IL-5Rα

Recruits NK cells to eosinophils 
via IL-5Ra that directly induce 

apoptosis via enhanced ADCC; it 
also interferes with 

IL-5 signalling

Humanized mAb to IL-5 

Binds to and inhibits IL-5 ligation 
to IL-5Ra, suppressing 

IL-5 signalling

Humanized mAb to IL-5 

Binds to and inhibits IL-5 ligation to 
IL-5Ra, suppressing 

IL-5 signalling

Humanized mAb to TSLP 

Targets and blocks TSLP from 
interacting with its receptor 

complex (TSLPR/IL-7Rα),  
suppressing inflammatory 

signalling

Humanized mAb to IL-4Rα

Binds to IL-4Rα and inhibits both 
IL-4 and IL-13 signalling pathways

Humanized mAb to IgE 

Binds free IgE, inhibiting IgE
interactions with the high-affinity 
IgE receptors (FcɛRI), suppressing 

inflammatory signalling

Administration Subcutaneous Intravenous Subcutaneous Subcutaneous Subcutaneous Subcutaneous

Indications

Add-on therapy for severe 
eosinophilic asthma
(≥12 years of age)a

Add-on therapy for severe 
eosinophilic asthma

(≥18 years of age)

Add-on therapy for 
moderate-to-severe 
eosinophilic asthma 

(≥6 years of age)

HES (≥12 years of age)

EGPA (adults)

Not yet approved Add-on therapy for severe 
eosinophilic asthma

(≥12 years of age)

Severe CRSwNP (adults)

AD
(≥6 years of age)

Add-on therapy for severe allergic 
asthma 

(≥6 years of age)

Severe CRSwNP (adults)

CSU 
(≥12 years of age)

Approval dates

Asthma: 2017 (USA), 
2018 (EU)

Asthma: 2016 (USA and EU) Asthma: 2015 (USA),
2019 (EU)

HES: 2020 (USA)
EGPA: 2017 (USA)

NA Asthma: 2018 (USA), 
2019 (EU)

CRSwNP: 2019 (USA and EU)
AD: 2020 (USA and EU)

Asthma: 2003 (USA), 
2005 (EU)

CRSwNP: 2020 (USA and EU)
CSU: 2014 (USA and EU)

Benralizumab1,2 Dupilumab2,6Mepolizumab2,4 Omalizumab2,7Tezepelumab5Reslizumab2,3
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Exacerbation rates for all biologics (overall population)

SIROCCO1 CALIMA2

Pooled 
(SIROCCO/
CALIMA)3

ZONDA4 PONENTE5 ANDHI6 30827 30837 NCT024521908 NCT025016298

Annual rate
vs placebo:a,b

-45% 
(30 mg Q4W)

-51%
(30 mg Q8W)

Annual rate
vs placebo:a,b

-36% 
(30 mg Q4W)

-28%
(30 mg Q8W)

Annual rate vs 
placebo:a,b

-41% 
(30 mg Q4W)

-43%
(30 mg Q8W)

Annual rate vs 
placebo:

-55%
(30 mg Q4W)

-70%
(30 mg Q8W)

Annualized 
exacerbation rate 

during OCS 
reduction:

0.64

Annual rate vs 
placebo:

-49%

Annual rate vs 
placebo:b

-50%

Annual rate vs 
placebo:b

-59% 

Annual rate vs 
placebo:b

-21% 

Rate during study vs 
placebo:b

-19%

Benralizumab Reslizumab

MENSA9 MUSCA10 SIRIUS11 NAVIGATOR12 SOURCE13 LIBERTY ASTHMA 
QUEST14

LIBERTY ASTHMA 
VENTURE15 INNOVATE16 EXTRA17 eXpeRiencec,18 STELLAIRc,19

Annual rate vs 
placebo:

-53%

Annual rate vs 
placebo:

-58%

Annual rate vs placebo: 
-32%

Annual rate
vs placebo:

-56% 

Data not yet 
published

Annual rate vs 
placebo:b

-48%
(200 mg SC Q2W)

-46%
(300 mg SC Q2W)

Annual rate vs placebo:
-59%

Rate over 28 weeks vs 
placebo:

-26%

Rate over 48 weeks 
vs placebo:

-25% 

Mean number of 
exacerbations pre-

treatment:
Clinically significant: 4.9

Severe: 2.2

Mean number of 
exacerbations Month 24:
Clinically significant: 0.6

severe: 0.1

Annual rate change 
from prior year to 

starting omalizumab 
treatment:

-48.5% (adults)
-60.2% (minors)

Tezepelumab Dupilumab Omalizumab

aPatient population with baseline blood eosinophils ≥300 cells/mm3; b% calculated from rate ratio vs placebo; cRWE study with varied dosing regimens.
1. Bleecker ER et al. Lancet 2016;388:2115–27; 2. Fitzgerald JM et al. Lancet 2016;388:2128–41; 3. FitzGerald JM et al. Lancet 2018;6:51–64; 4. Nair P et al. N Engl J Med 2017;376:2448−58; 5. Menzies-Gow A et al. AAAAI 2021;L45 (poster presentation); 6. Harrison TW et al. Lancet Respir Med 2021:260−74; 
7. Castro M et al. Lancet Respir Med 2015;3:355−66; 8. Bernstein JA et al. Lancet Respir Med 2020;8:461−74; 9. Ortega HG et al. N Engl J Med 2015;372:1777; 10. Chupp GL et al. Lancet Respir Med 2017;5:390−400; 11. Bel EH. N Engl J Med 2014;371:1189‒97; 12. Menzies-Gow A et al. AAAAI 2021;L46 (poster 
presentation); 13. Wechsler ME et al. Respir Res 2020;21:264; 14. Castro M et al. N Engl J Med 2018;378:2486–96; 15. Rabe K et al. N Engl J Med 2018;378:2475–85; 16. Humbert Met al. Allergy 2005;60:309−15; 17. Hanania NA et al. Ann Intern Med 2011;154:573−82; 18. Braunstahl GJ et al. Respir Med
2013;107:1141−51; 19. Humbert M et al. Eur Respir J 2018;51:1702523.

Mepolizumab

Lung function for all biologics (overall 
population)

SIROCCO1 CALIMA2

Pooled 
(SIROCCO/
CALIMA)3

ZONDA4 PONENTE5 ANDHI6 30827 30837 NCT024521908 NCT025016298

Week 48 vs placeboa

Pre-BD FEV1

106 mL
(30 mg Q4W)

159 mL
(30 mg Q8W)

Week 56 vs placeboa

Pre-BD FEV1

125 mL
(30 mg Q4W)

116 mL
(30 mg Q8W)

Week 48/56 
vs placeboa

Pre-BD FEV1

146 mL 
(30 mg Q8W) 

Week 20 vs placebo 
Pre-BD FEV1

222 mL 
(30 mg Q8W) 

Not reported
Week 24 vs placebo

FEV1 160 mL

Week 52 
vs placebo

Pre-BD FEV1

126 mL

Week 52
vs placebo

Pre-BD FEV1

90 mL

Week 52 
vs placebo

Pre-BD FEV1

140 mL

Week 24 
vs placebo

Pre-BD FEV1

-19 mL

MENSA9 MUSCA10 SIRIUS11 NAVIGATOR12 SOURCE13 LIBERTY ASTHMA 
QUEST14

LIBERTY ASTHMA 
VENTURE15 INNOVATE16 EXTRA17 eXpeRience18 STELLAIR19

Week 32 
vs placebo

Pre-BD FEV1

98 mL
(100 mg SC Q4W)

Week 24 
vs placebo

Pre-BD FEV1

120 mL

Week 24 
vs placebo

Pre-BD FEV1

114 mL

Week 52 
vs placebo
Pre-BD FEV1

130 mL

Data not yet 
published

Week 12 vs placebo
Pre-BD FEV1

140 mL (200 mg)
130 mL (300 mg)

Week 24 vs placebo
Pre-BD FEV1

220 mL
(300 mg SC Q2W)

Week 28 vs placebo 
Pre-BD FEV1

94 mL
Not reported

Change in mean FEV1 
(% predicted) from baseline:

Responder population:
10.3% at Month 12
9.9% at Month 24

Non-responder population:
8.8% at Month 12
5.5% at Month 24

Not reported

aPatient population with baseline blood eosinophils ≥300 cells/mm3.
1. Bleecker ER et al. Lancet 2016;388:2115–27; 2. Fitzgerald JM et al. Lancet 2016;388:2128–41; 3. FitzGerald JM et al. Lancet 2018;6:51–64; 4. Nair P et al. N Engl J Med 2017;376:2448−58; 5. Menzies-GowA et al. AAAAI 2021;L45 (poster presentation); 6. Harrison TW et al. Lancet Respir Med 2021:260−74; 
7. Castro M et al. Lancet Respir Med 2015;3:355−66; 8. Bernstein JA et al. Lancet Respir Med 2020;8:461−74; 9. Ortega HG et al. N Engl J Med 2015;372:1777; 10. ChuppGL et al. Lancet Respir Med 2017;5:390−400; 11. Bel EH. N Engl J Med 2014;371:1189‒97; 12. Menzies-GowA et al. AAAAI 2021;L46 (poster 
presentation); 13. Wechsler ME et al. Respir Res2020;21:264; 14. Castro M et al. N Engl J Med 2018;378:2486–96; 15. Rabe K et al. N Engl J Med 2018;378:2475–85; 16. Humbert M et al. Allergy 2005;60:309−15; 17. Hanania NA et al. Ann Intern Med 2011;154:573−82; 18. Braunstahl GJ et al. Respir Med 2013;107:1141−51; 19. Humbert M et al.
Eur Respir J 2018;51:1702523.

Benralizumab Reslizumab

Tezepelumab Dupilumab OmalizumabMepolizumab

Summary

• “Guideline” guided treatment is not optimal 
in at least 50% of patients

• Step 3 and above assessment of role of TH2 
mechanism to guide therapy

• Recognition and treatment of co-morbidities 
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Summary

• Biologics are currently directed to TH2 
pathways

• Biomarkers currently being studied most 
extensively are Th2 based in relation to 
current therapeutics

Summary

• Type 2 or T2 high asthma can be eosinophilic, allergic, or 
mixed

• Type 2 cytokines IL-4, IL-13, and IL-5 lead to airway 
remodeling, nitric oxide production, smooth muscle 
contractility, and eosinophil activation and recruitment

• Non type 2 or T2 low asthma can be neutrophilic or 
paucigranulocytic

• Neutrophilic asthma has poorer response to corticosteroids, 
higher associations with fixed airflow obstruction

• Paucigranulocytic asthma demonstrates uncoupling of airway 
structural changes and remodeling from inflammation


