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Step #1. Make sure the patient
has asthma

Probably no asthma * 150 pts referred to
difficult asthma clinic

at NJH

— Extensive evaluation
No asthm Similar to results from

Canada in milder

asthma (random

dialing approach

evaluating ~500

“asthmatics” Aaron etal,
. CMJ 2008
Did not have asthmal!
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Differential Dx Of Wheezing

* “Asthma” *TB

- VVCD * Tonsils

UN=1=TN * Foreign body
* Goiter

* Post polio
syndrome

*+ COPD
* PE
* Fixed lesions

* Chronic Eosinophilic
Pneumonia

* Airway Tumors

» Bronchostenosis/TBM/DAC
* CHF

* Infection
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Cicatricial Pemphigoid




Dyspnea at Rest and wi
“Severe Asthma”

End-Inspiratory Dynamic Expiratory

Dynamic Expiratory CT Severe Tracheomalacia

Asthma Cost to Society 2008-2013

Total costs of asthma in the U:

asthma-related mortal

$3 billion due to missed $50.3 billion in medical
work or school $29 billion due to costs

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

Nurmagambetov T et al. Ann 8;15(3):348-356
Israel et al; NEJM. 20

Mechanisms of Asthma Leading
to Symptoms

Allergens  Exercise Irritants  Viruses _ Weather

Hypertrophy Secretion l
iresimad B
" Architeotural  Epithela r
ftammatory Chiary
Mediator Changes Damage Function

Reloase
Bronchial Constriction _ | Bronchial H; ctivit Inflammatory Cell Infiltratio

Symptoms

Adapted from Creticos. Adv Stud Med. 2002:2:499-503.
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Overview of the
Inflammatory Cascade

Mast cell

Plasma oy ol B @ second

exposure

cell - 2. 0 O allergen

IgE cross-
linked by

Cytokines
allergen

IL-4, 1L-13

Antigen
presenting

cell g
‘ ‘ First stamine Mast cell
‘ Leukotrienes degranulation

allergen e
‘ ‘ exposure Prostagl_andms
Cytokines

Brownell J, Casale TB. Immunol Allergy Clin N Am 2004;24:551-8.
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Eosinophils Can Have Reciprocal Interactions
With Other Immune Cells to Perpetuate Chronic Inflammation®
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Eosinophilic Inflammation Is Central to the Key
Pathological Features and Clinical Consequences of

Asthma

Eosinophilrich airway
inflammation (Type 2)**

Epithelial damage®

Goblet cell hyperplasia®

Mucus production’

hypertrophy®

‘i’ Airway remodelling?*

Smooth muscle contractilty and

Exacerbations??

Airway obstruction?s
(eg. | lung function)

Symptoms??

Airwa
hyperresponsiveness?®

Gt ey

2/28/2024

Traditional and Personalized
Approach to Asthma Therapy

Diagnosis

¥
Assessment of
asthma severity
Avoidance of triggers
Management
of comorbidities

v

Stepwise approach to therapy

SABA, ICS alone, ICS + LABA,
ICS+ LTRA, Oral Steroids.
Omalizumab

Personalized approach to asthma

Diagnosis

v
Refractory asthma?

v
Characterize subtype
v

Smoking Hx

v

IgE Eosinophils
Eosinophils  Neutrophils
Periostin Cytokines
Cytokines

1)
Tailored therapy

Dunn RM and Wechsler ME. Clinical Pharmacology and Therapeutics 2015; 97(1): 55-65
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T2-Low and T2-High: Examples of Asthma Phenotypes'2

- -
w2, s
severe response responsive.
T2-LOW™™ T2-HIGH™

Loss 30%-50%  Lower
response to cosinophil
T2 inhibition counts

linked to

neutrophiia

ession of T2-cell cytokines 3, and IL-4) in th

IgE=immunoglobulin E; T2=T-helper cel type 2.
1. Fahy JV. Nat Rev Immunol. 2015;15(1):57-65.

2. Woodnt PG, et al. Am J Respir Crit Gare Med. 2008;180:388-395.
3. Wenzel SE. N, Med. 2012:18(5)716-725.

4. Peters MC, et alJ Allergy Clin Immunol, 2014;133(2):388-394

Goals of Asthma Treatment

Overall Asthma Control

Future Risk

Current Control

Instability/
worsening

Exacerbations

Symptoms Reliever use

Adverse effects
of medication

Loss of
lung function

Activity Lung function

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
beta,-agonist

* Minimal or no adverse effects from medications
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Asthma Therapy Through the Ages

G. Cardano is J. Floyer W. Osler
Diet etid gums = Gil = Atropine

» Exercise Musk Hyssop = Morphine

* Sleep » Vitrioloic ether » Syrup of sulphur * Chioroform

* No feathers * Bleeding * Lobelia

R

= Amyl nitrate
= Asthma cigarettes

Asthma Therapy — 1800s

Asthma Therapy in the 190

= Adrenaline = Oral steroids = Long-acting
= Methyl = f-agonists Bo-agonists 3
-_—

xanthines = Leukotriene
modifiers

= Systemic = Cromones I @
—_—

steroids * Inhaled steroids i

(ACTH) = By-selective agonists o
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Biomarkers

Summary: Increased Eosinophils
in Asthma

Elevated eosinophils were correlated with:

* Increased asthma severity'-2

* Worsening lung function®®

Exacerbation * Increased risk of exacerbations®”

Lung
RiskeT function®*

* Increased rates of hospitalizations and ED visits®

Bousaer J et Engl e 1990323103103 2 Lou 3. Am el C Car e, 20007161515, Broekema et Resir e 2010104125122 & Woodh 5.

Increased Eosinophils in Asthma:
Major Risk Factor for Exacerbations

Historical Analysi 30,547 Patients Withi Asthma

s ratio (8% C1)pvaluo

#ge (per year increase) 1007 (1.005-1.008)  <0.001 C/

Gonder (Fvn ) — 12z oo Blood eosinophil
Overveightvs. nom 8 —— 1(orise  oom >400 cellsjyL:
e = « Single best

‘Smoker vs. non-smoker —— 110006122 <000 predictor of
e o o Tltile

R s exacerbations
o - PR *  likelihood of 22
. — wmaosi o exacerbations by
aero —— wmosiz oon 1.5-fold

dates rom Prics o 1. Astma Allorgy 2016112
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Peripheral Blood Eosinophil Levels
Have Been Correlated With Both
Asthma Severity and Control

heute o
Exacermatons Respratoy Events Asthma Gontrol
o 000 el er . (25582 . p |
2 301400 cells per u (1-15,090) o -
£ o150l per it (o) - . -
& so1-s0cetspert etz - - -
3 cormoctsperst (2726 . - N
B 701-600 el per i (n=1631) . . —
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£ sor-to00clsperut o019 . o -
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Severe Exacorbation - an asthma-relaed hospialzation, attendance at an accidont and an emorgency departmen, or a proscription for acute

oral 0CS
Acute Respiratory Event - defined more broadly as an asthma-related hospital attendance or adission,or accident and an emergency
department attendance, a prescri ocs o with primary care

consulation
Overall Asthma Control -the absence of any acule respialory everd (as defined above) orasthma-related oupatient department visitwih an
‘average dally dose of 200 g or ess of salbutamol or 500 g or ess of erbutaline

Pathobiology may involve multiple
different immune/cellular pathways

_ Th1

Allergies  Pathogen/Physical/Cellular/Metabolic  Smoking

NO
Oxidativelnitrative

iNos, puox,JEHo

FIBROBLASTSMATRIX |
fctors Obesityimetabolic factofs
N i 4 A d

Eosinophils vesseLs

ARWAY SMOOTHMUSCLE

Nitric Oxide (No) Production?-2

Healthy

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

vator protein; INOS, inducible nitric oxide synthase; IL, interleukin; IFN-y, interferon-gamma; STAT, signal transducer and

activator of transcription.
ol Cell Biol. 2001;79(2):178-190. 2. Alving et al. Eur Respir Mon. 2010;49:1-31.

NO NO o
A

:
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iNOS Staining

iNOS Stain in a Severe
Asthmatic

iNOS Stain in a Normal
Subject

FeNO and Eosinophils After Anti-
IL-13 Treatment

—4— Lebrkizumab_—o— Placeho

. gy g g B

O Placebo
W Lebrkizumab

Maan FaNO (ppb)

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

FeNO and Eosinophils After Anti-
IL-5 Treatment

100, P=029

Mepolizumab

" \/\/\L_L,*\l/\/\

Placebo

Placebo

030 E\;\*,_X—{

Feno (PPB)

7 startof Mepol
fepolizumab o
treatment Start of

treatment

BaseO 1 2 3 4 5 6 7 8 9 1011 —
line Base-0 1 2
line

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

Add-on LAMA
Ror for assessment
ofp
STEPS 1-2
s naeded low dose ICS formaterd

formoterol

STEP4
Medumigh
sTEP2 dose maintenance
STEP 1 e ICSLABA
TokeICSuhnever  maimenanca ICS
SRBA aren

RELIEVER: As-needed shortacting betax-agonist

Important Th2 Biologic Targets

sssophis

FIGURE 2. mportant tp0 2
fom Michel ot o,

Katial et al. JACI: In Practice 2017. 5(2): $1-S14.

Anti-IL5

Mepolizumab
Reslizumab

ILSR

benralizumab
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The Targets: IL-5 or Eosinophils (IL-5Ra)

Benralizumab “y/* Mep9lizumab-_ 2
Reslizumab

Eosinophil IL-5
Raised levels are present in +  Principal eosinophilic
40-60% of asthmatics. regulatory cytokine
Release toxins that promote * Involved in the maturation,
airway inflammation in differentiation, survival, and
asthmatic patients activation of eosinophils
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Benralizumab Mechanism of Action: Enhanced
Antibody-Dependent Cell- Mediated Cytotoxicity

NK cell recruitment

,m@

Release of cytotoxic mediators from
NK cells to induce eosinophil imaging video?

— @

and near complete depletion of

Benralizumab induces rapid®
blood eosinophilsi*

In vitro fluorescence

Rapid and Sustained Blood Eosinophil
Depletion With Benralizumab

Phase lla (CP197) study in patients with
mild to moderate asthma?

13
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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

Inflammatory mechanizms and pathobiologic features leading to sevore asthma

lg=immunoglobul
IL=interleukin; ILC:
lymphoid cell typ
cells=natural kill

helper type I;
TSLP=thymic stromal
Iymphopoietin

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

14



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?

W17 &
helper type 2 cell;
TSLP=thymic stromal
Iymphopoetin

2/28/2024
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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

Tezepelumab treatment reduced exacerbations vs
placebo

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

An overview of biologic therapies used in
inflammatory disorders

2/28/2024
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Exacerbation rates for all biologics (overall population)

Lung function for all biologics (overall
population)

Summary

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

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

¢ Recognition and treatment of co-morbidities

2/28/2024
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Summary

» Biologics are currently directed to TH2
pathways

e 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
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