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Barrier organ

Mucosal tissues of the human body

lachrymal . "
gland Eonjunctlva T
) oral cavity .
salivary trachea | respira-
gland tory
tract
gastro- | lungs _
mammary % intestinal esophagus
gland tract
kidney stomach
| intestine

uro-| wuterus
genital | bladder [
tract | vagina / [

Figure 11-1 Immunobiology, 7ed. (© Garland Science 2008)
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Allergy or oral tolerance:

J

AR EF B TH1I-TH2 ehT 47

I's

Immune responses to
allergens, pathogens, etc

Type | diseases:
* Defense against infections
 Oral tolerance
However: Autoimmune
diseases
* Typ | diabetes
* IBD & Crohns disease
* Multiple Sclerosis

THO

Type Il diseases:
Allergic host defenses
IgE synthesis and therewith
 Allergies
» Defense of parasites
However also:

» Artherosclerosis
 Reumatoid athritis
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Palm NW, et al. Nature
2012;484:465-72.
Allergic host defences

Barrier Removal/ Inactivation/ Tissue
enhancemen expulsion Killing Restriction pmt{?ggﬂnlr: and Avoidance

Keratinocyte Sneezing Eosinophil-mediated  Granuloma formation ECM deposition Conditioned
and goblet cell Coughing helminth killing Restriction of feeding  Epithelial metaplasia avoidance
hyperplasia Vomiting Mast-cell-mediated Disruption of niche Barrier restoration  of sources of noxious
(mucus secretion) Diarrhoea venom detoxification  Restriction of spread xenobiotics and
irritants, and

ltch
Venomous species
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ik ~ Foreign Protein

! :l;NmG Annals of Allergy, Asthma, & Immunology 1999; 83:426-430.
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' Population
Exposure to allergens '
Mite
Cat cow’s milk protein < : -
Cockreach w % Primary avoidance
A'tem.ﬁ. : > . - Emmn
Diesel or other .

High-dose cat allergen
particulates

N:¥
Sensitization

(Th2, IgE, G1, IgG4)
Allergens i

‘Diesel particulates
Endotoxin % -
Rhinovirus \ ‘ Allergen avoidance

Inhaled corticosteroids

N

Inflammation or  Remodeling or
Bronchial H

(T cells, mast cells, eosinophils}

l\
Allergens

Rhinevirus .
Endetoxin . \ ‘
N e Allergen avoidance

N

Nasal Symptoms
or Wheezing




Curr Opin Pediatr 2008;20:682-7
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symptom severity

2 4 8 16 . =32 - 64
age (years)

- OCZEema === food - asthma === rhinitis

allergy
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An example of current asthma phenotypes as they relate
to inflammatory type (type-2 high or low) and other
variables

Asthma

Symptoms (wheezing, chest tightness, shortness of breath), Reversible airway obstruction

Type 2 High
IL-4, IL-5, IL-13, GM-C

Type 2 Low

Atopy/Allergy

Early Age of Onset ' Later Age of Onset

Eosinophilia

Neutrophilia Pauci-
Granulocytic

CS Responsive _
(generally mild/moderate) - Type 1 High Smoking

Asthmatic related
Granulomatosis Type 1/Th17 High?

Severe Asthma

Obesity
Related



...........................................................................................................................................................
.

Diagnosis

Symptom control & risk factors
(including lung function)

Inhaler technique & adherence
Patient preference

Symptoms
Exacerbations
Side-effects

Asthma medications

Patient satisfaction Non-pharmacological strategies

Lung function Treat modifiable risk factors

VvV \\//
STEP 5
STEP 4
Refer for )
STEP 3 add-on *Not for children <12 years
PREFERRED | STEP 1 STEP 2 . treitr;ent *Eor children 6-11 years, the
CONT%%IE)I_I(EZE Med/high  : giotropium,*t | preferred Step 3 treatment is
ICS/LABA anti-IgE, medium dose ICS
Low dose anti-IL5/5R*
Low dose ICS ok #For patients prescribed
ICSILABA BDP/formoterol or BUD/
: formoterol maintenance and
Other |Consider Iow; Leukotriene receptor antagonists (LTRA) Med/high dose ICS: Add tiotropium**: Add low reliever therapy
controller | doselCS : Low dose theophylline* Low dose ICS + Med/high dose i dose OCS
options LTRA ICS + LTRA T Tiotropium by mist inhaler is
(or + theoph*) (or + theoph*) an add-on treatment for
: : A ded SABA patients 212 years with a
As-needed short-acting beta,-agonist (SABA S-neeae or history of exacerbations
REHIEVER g 7ok ( ) low dose ICS/formoterol*

GINA 2018, Box 3-5 (2/8) (upper part) © Global Initiative for Asthma



Treatment steps ™ ™ /7
according to :\:l __j: L&g,/l

GINA 2015 —
Thermoplasty
<ﬁ;dju5tme nt according to treatment respon 5> Low-dose 06
| Biologics *
Add-on specific immunotherapy Tiotropium Tiotropium
options (individual assessment necessary) (Respimat®) (Respimat®)

ET

Controller ICS Montelukast  Montelukast Montelukast
Alternative Theophyllin ~ Theophyllin Theophyllin Theophyilin
Controller

Ist choice ICS ICS/LABA  ICS/LABA  ICS/LABA

Basic

Elimination of triggers
Weight reduction/treatment of comorbidities




SPECIALIST CARE; SEVERE ASTHMA CLINIC IF AVAILABLE

Assess and treat severe asthma phenotypes contd

Continue to optimize management as in section 3 (including inhaler technique, adherence,

—

targeted treatments
. - Consider add-on Type ﬁ
2-targeted biologic for
patients with exacerbations |
or poor symptom control |'
on high dose ICS-LABA, |
who:@ |
- have eosinophilic or
allergic biomarkers, or
- need maintenance OCS

= Consider local payer
eligibility criteria ©

response when choosing
between available |
therapies |

= Also consider cost, dosing |
frequency, route (SC or
V), patient preference \ ‘

l JII| ||'|

and predictors of />

Which biologic
is appropriate fo
start first?

Consider add-on biologic Type 2

comorbidities)

b
Fd
EEETN  wnatractor mey predargooa -
asthma response to anti-lge?
Is the patient eligible for anti-lgE ponse fo ant-ig ' / \
for severe allergic asthma? « Blood eosinophils 2260/l ++ | [ '
« Sensitization on skin prick testing or specific IgE © * FeNO 220 ppb + | e o
; L « Allergen-driven symptoms +
+ Total serum IgE and weight within dosage range © -
i . = Childhood-onset asthma +
- Exacerbations in last year @
| | unclear
|
| Choose one ' l
\ if eligible; L Good e
. . trial for at least asthma
Anti-IL5/ Anti-IL5R What factors may predict good / 4 months and response?  Good response
) o ; ; asthma response to anti-IL5/5R? | assess response L to T2-targeted
Is the patient eligible for anti-IL5/ anti-IL5R | therapy

for severe eosinophilic asthma?
- Exacerbations in last year ©
- Blood eosinophils 2300/l ©

no
no

[ ~»
% Is the patient eligible for anti-IL4R

... Tor severe eosinophilic asthma?
- Exacerbations in last year®

+ Blood eosinophils 21504 or FeNO 225 ppb®

.. or because of need for maintenance 0CS0 ?

|
__/ Eligible for none?

Retum to section ba

- Higher blood eosinophils +++
- More exacerbations in ‘

[ no

previous year +++
« Adult-onset of asthma ++

- Nasal polyposis ++ ,| STOP add-on
//J Consider switching
- fo a different Type

What factors may predict good 2-targeted therapy,

asthma response to anti-IL4R? if eligible

« Higher blood eosinophils +++

« Higher FeNO +++ no

Anti-IL4R may also be used io treat \

Little/no response
to T2-targeted
therapy

- Moderate/severe atopic dermatitis
- Nasal polyposis

© Global Initiative for Asthma, www.ginasthma.org




Overview of the type 2 Immune response In
asthmatic patients

A Type 2 immune response asthma P
Eosinophilic o . Airway hyperreactivity | H
inflammation Antigen-speacinelgE and remodeling E
N
O
T
4/‘/ | \A\. :
v P
E

ILC2 Epithelium Mast cell NKT Th2
! ! ! ! |
N
D
IL-13 IL-33 IL-13 IL-13 IL-13 T
: Y

barrier

J . IL-5

ok dysfunction =2 - E

CRTH2/PGD2 CRTH2/PGD2 CRTH2/PGD2
treatment targets treatment targets treatment targets




RCTs of Interventions Reducing Airway
Smooth Muscle Mass in Asthma

Intervention
ASM |
Bronchoscopy ASM Intervention T
Study reported ASM | placebo
Corticosteroids Yes Yes No Unknown
Anti-IgE Yes No Not Reported Not Reported
Thermoplasty Yes Yes Yes Unknown
Gollopamil Yes Yes Yes No
Anti-IL5 (Mepolizumab) Yes Yes No No
Anti-IL5R (Benralizumab) Yes No Not reported Not reported
Anti IL13 (Lebrikizumab) Ongoing?
Anti IL13 (Tralokinumab) Yes No No No
Anti-IL4Ra (Dupilumab) Ongoing?
Anti-DP2 Yes Yes Yes Yes

Berair R et al. Drugs 2014;74:1345-1369; Chernyavsky et al. Eur Respir J 2018; 515:1701680; Haldar et al. N Engl J
Med 2009;360:973-984; Girodet et al. Am J Respir Crit Care Med. 2016;193:627-33; Russell et al. Lancet Resp Med
2018;6:499-510; Saunders et al. Sci Trans Med 2019;11:eaa06451.



GINA 2018 — main treatment figure

Step 1 treatment is for Diagnosis
patients with symptoms '

Symptom control & risk factors
(including lung function)

<twice/month and no risk

factors for exacerbations Inhaler technique & adherence

Patient preference

Symptoms

Exacerbations
Side-effects Asthma medications
: Patient satisfaction Non-pharmacological strategies
Previously, no controller Lung function Treat modifiable risk factors
was recommended for : /
Step 1, i.e. SABA-only : VS /
treatment was ‘preferred’ : s
. STEP 5
STEP 4
{ Referfor | .
STEP 3 add-on Not for children <12 years
. gﬁ;gﬁgg STEP1 STEP2 : tfeae'g‘e"' “For children 6-11 years, the
CHOICE Med/high ioropium*t | preferred Step 3 treatment is
il ICS/LABA ﬂﬂgjgg medium dose ICS
ow dose antHL5"
Low dose ICS ICS/LABA™ #For patients prescribed
BDP/formoterol or BUD/
: formoterol maintenance and
Other |Consider low Leukotriene receptor antagonists (LTRA) Med/high dose ICS: Add tiotropium’™: Add low reliever therapy
controller | doselCS i Low dose theophylline* Lowdose/CS+ i Med/highdose : dose OCS
options LTRA ICS+LTRA t Tiotropium by mist inhaler is
: (or +theoph®) i (or +theoph”) an add-on treatment for
: : A ol SAEA patients 212 years with a
As-needed short-acting beta2-agonist (SABA i S-neeae or history of exacerbations
RELIEVER : . ( ) ’ low dose ICS/formoterol* Y

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

© Global Initiative for Asthma



\’-&\TM]/
P
&

Assessment of risk factors for poor asthma outcome&@“‘%°

RITIE

Risk factors for exacerbations include:

« Uncontrolled asthma symptoms

Additional risk factors, even if the patient has few symptoms:
» High SABA use (=3 canisters/year)

Having 21 exacerbation in last 12 months

Low FEV;; higher bronchodilator reversibility

Incorrect inhaler technique and/or poor adherence

Smoking

» Obesity, chronic rhinosinusitis, pregnancy, blood eosinophilia

« Elevated FeNO in adults with allergic asthma taking ICS

 Ever intubated for asthma

Risk factors for fixed airflow limitation include:

* No ICS treatment, smoking, occupational exposure, mucus
hypersecretion, blood eosinophilia; pre-term birth, low birth weight

Risk factors for medication side-effects include:

* Frequent oral steroids, high dose/potent ICS, P450 inhibitors



Initial controller treatment for adults,
adolescents and children 6-11 years

Start controller treatment early GINA 2018

— For best outcomes, initiate controller treatment as early as
possible after making the diagnosis of asthma

Indications for regular low-dose ICS - any of:
— Asthma symptoms more than twice a month
— Waking due to asthma more than once a month
— Any asthma symptoms plus any risk factors for exacerbations
— 1.e. most asthma patients, to reduce risk of flare-ups
Consider starting at a higher step If:
— Troublesome asthma symptoms on most days

— Waking from asthma once or more a week, especially if any risk
factors for exacerbations

If initial asthma presentation is with an exacerbation:

— Give a short course of oral steroids and start regular
controller treatment (e.g. high dose ICS or medium dose
ICS/LABA, then step down)



Background to changes in 2019 —
the risks of ‘'mild” asthma

Patients with apparently mild asthma are at risk of serious
adverse events

— 30-37% of adults with acute asthma
— 16% of patients with near-fatal asthma had symptoms less than weekly in

' ious 3 ths (D , Allergy 2007
— 15-20% of adults dying of asthma "o o1e 2 monthe (Bussen Aleray 2007

Exacerbation triggers are variable (viruses, pollens, pollution,
poor adherence)

Inhaled SABA has been first-line treatment for asthma for 50 years

— This dates from an era when asthma was thought to be a
disease of bronchoconstriction

— Patient satisfaction with, and reliance on, SABA treatment is
reinforced by its rapid relief of symptoms, its prominence in ED
and hospital management of exacerbations, and low cost

— Patients commonly believe that “My reliever gives me control
over my asthma”, so they often don’t see the need for additional
treatment



Background to changes in 2019 —
the risks of SABA-only treatment

* Regular or frequent use of SABA Is associated with
adverse effects

1 B-receptor downregulation, decreased
bronchoprotection, rebound hyperresponsiveness,
decreased bronchodilator response (Hancox, respir Med 2000)

— Increased allergic response, and increased
eosinophilic airway inflammation (airiage. Asrcem 2000
* Higher use of SABA Is associated with adverse
clinical outcomes

— Dispensing of 23 canisters per year (average 1.7
puffs/day) is associated with higher risk of emergency
department presentations (stanford, Aaai 2012)

— Dispensing of 212 canisters per year is associated
with higher risk of death

(Suissa, AJRCCM 1994)



Box 3-5A

Adults & adolescents 12+ years

Personalized asthma management:
Assess, Adjust, Review response

Asthma medication options:
Adjust treatment up and down for
individual patient needs

PREFERRED ‘ STEP 1

CONTROLLER
to prevent exacerbations | As-needed low
and control symptoms dose

. ICS-formoterol *

Low dose ICS
taken whenever

Other
SABA is taken t

controller options

Symptoms
Exacerbations
Side-effects Lung
function

Patient satisfaction

WITI4p
Va 24

Confirmation of diagnosis if necessary §
Symptom control & modifiable ¢

risk factors (including lung function)

Comorbidities d
Inhaler technique & adherence Asnd
Patient goals

Treatment of modifiable risk
factors & comorbidities
Non-pharmacological strategies
Education & skills training
Asthma medications

STEP 3

STEP 2

Daily low dose inhaled corticosteroid (ICS),
or as-needed low dose ICS-formoterol *

Low dose
ICS-LABA

Leukotriene receptor antagonist (LTRA), or
low dose ICS taken whenever SABA taken T

‘Medium dose
'ICS, or low dose
ICS+LTRA #

PREFERRED
RELIEVER

As-needed low dose ICS-formoterol £

:
.
reliever option
$
*

Off-label; data only with budesonide-formoterol (bud-form)

1 Off-label; separate or combination ICS and SABA inhalers

© Global Initiative for Asthma, www.ginasthma.org

I Low-dose ICS-form is the reliever for patients prescribed bud-
form or BDP-form maintenance and reliever therapy

# Consider adding HDM SLIT for sensitized patients with allergic
rhinitis and FEV >70% predicted

1

wod



Functional relationship between
upper and lower airway

Lymphocyte and

eosinophil
United airway disease @ﬂfiltrﬂtiﬂn
VS
One airway, one disease X

Lymphocyte and
eosinophil
infiltration

Dixon AE. Current Opinion in
Pulmonary Medicine 2009,
15:19-24

Inflammation in the nose, sinuses and lungs is characterized by similar
inflammatory profile, and disease severity in nose and sinuses parallels
that in the lungs of asthmatics.
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Allergen

Macrophage/ \
Dendritic cel@

Th2 cell
G / Neutrophil

ast cell

= - _ Eosmoph:l
g Mucus pTug‘
elial shedding
ﬂ' mﬁﬂﬁ‘ﬁﬁ Nerve acnvaﬁloiﬁﬂiﬁ
Subepithelial
- fibrosis
Plasma leak Sensory nerve
M / Edema activation
ucus
hypersecretion VasodilatatioM Cholinergic
hyperplasia New vessels (angiogenesis) reflex
.- . Bronchoconstriction
) "::_::j:i_:’:_:—;'—“’- ~ Hypertrophy/hyperplasia

Airway smooth muscle Source: Peter J. Barnes, MD



Major immune pathways

TLR

Allergen
Epithelial cells

OO \C)OOO

Involved in asthma pathogenesis

Mechanical stress

|

Airway hyper-responsiveness,
remodelling

Allergen proteases, viruses

444

=
OO O

r

IL4Ra

Interleukin33

»
»

Interleukin25

o®

Dendritic cell
Interleukin 13 IL25R IL33R
N T~ /
(¢} \Vi
Fibroblasts
D14
Lancef2

Treg cell

GATA3
STAT6

Th cell

Th2 cell

Martinez FD, et al. Lancet
2013; 382: 136072

Inter|euk|n 4

Interleukin 13

Interleukin 4

O
% Interleukin 5 (%())

09

Interleukin 13

STAT6

TR

S
—
o
%%

Allergic
inflammation

B cell
Interleukin4 O OO gO

Interleukin 13 0

GL.

Interleukin 33

Mast cell

Basophil



Airway remodeling In the epithelial mesenchymal
trophic unit

a b @

\
IL-13
EEIAR) Disrupt EC ¢ EGFR © Goblet-cell
%E barrier H IL-13Ru %F metaplasia
000000 00000 O@TOQOOOOOOOO
0@ ©° o © ;%
O ’
© , EGF S - EGF Q
o VEGF-A £~ : »
<®>O &7 HEEE Peri!stin TEF-B S5 Il LIGH'I:\
. 4
@}:® ; IL-5
Angiogenesis and /
lymphangiogenesis y
J & = IL-13 <€~
S Macrophage Eosinophil
proliferation . ’
Collager_1 I.I &l ATGF-p4
Laminin
Tenascin
Proteoglycans

Lambrecht BN, et al, Nature Medicine 2012



Increase in adhesion molecules
Apoptosis and modulation of

repair of airway epithelizal cells
Secretion of mucin

Fibroblast

Capillary

Macrophage

—- %(&% Adhesion, migration,
= 5 ~ and activation of

ated cells
Goblet cellsj— Epithelium

[ TENS '~"‘4I > :
Basal cells - 3 > Rt : PRy £
Irritant pithelial — 2 2t m o ' \
eiS —\_ o} 5 -_' = : X .A A

Capillary

A1

Fibroblast
! dddad
] Myofibroblast

x 4 ‘
»| Increased responsiveness

= of smcoth-muscle cells

¥4 to contractile agents

> x: ) -,f/’ /
o : ."’v’/ % W/

.
P
/il Proliferation and activation of
> myofibroblasts and fibroblasts
g Increased synthesis of extracellular-
matrix glycoproteins

muscle cells

3 Increase in adhesion molecules
of microvascular endothelium
Enhanced leukocyte migration

Extracellular
matrix

Eosinophii
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Common sources of indoor pollution in the home environment

Allergenic source Main allergens
Indoor Cats Derp1l
Dogs Canfl
pollutions |- =-
Rats/mice Musm 1, Ratn 1
House dust mites (HDM) Derpl Derfl Derm1l

Tropical storage mite (Bloomia tropicalis) Blo t

Cockroaches Peral Blag1l

Mould (e.g. Penicillium sp. Cladosporium
sp, Alternaria sp.)

Pot plants (e.g. Ficus benjamina, Yucca
elephantipes, Dieffenbachia picta and various allergens

various allergens

Euphorbia pulchermma)

Other indoor factors Type of emissions

Mew buillding matenals formaldehyde, vanous VOC
Mew chip board formaldehyde

Environmental tobacco smoke (ETS) nicotin, aldehydes, particles, VOC

Biomass and wood combustion aldehvydes, particles, VOC

Low ventilation flow (poor ventilabion)  Increased levels of all pollutants

aldehydes, VOC, microbial WVOC
Building dampness (MVOIC), mycotoxins, endotoxin,
mould, bactena, microbial compounds
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ATMOSPHERIC AEROSOL PROCESSES
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Airway Inflammation and Remodeling

mast cell

collagen 1III, V

32
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vascular permeability
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airway wall remodeling

fibroblast activation
epithelial fibrogenesis
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Possible Factors Contributing
to Airway Remodeling

Environment
Normal

Airway Function Genetic

predisposition

Asthma

Remodeling

Smooth muscle
hypertrophy/hyperplasia

Matrix deposition

- - Genetic predisposition
L8 SN for remodeling
Epithelial and goblet cell

phenotype alterations

Reprinted from Lazaar AL, Panettieri RA Jr. Am J Med. 2003;115:652-659, with permission from Excerpta Medica, Inc.



Main
characteristics
of al rway ubepithelial Fibrosis
remodeling

e : Increased
Epithelial Alteration

Airway Remodeling

Goblet & Mucous
Gland Hyperplasia

Inflammation

—— Angiogenesis

Cartilage Integrity




Scheme showing airway wall features, mechanisms, and current and/or
potential therapies in pediatric severe asthma

Environmental insult
Allergen / Infection / Pollution

bronchial
epithelium

Airway

Inflammation :
remodelling




Scheme showing airway wall features, mechanisms, and current and/or
potential therapies in pediatric severe asthma

Altered epithelial gene Intraepithelial Goblet cell hyperplasia
expression and function neutrophils Not fully understood
Potential therapies: Protective function?
Targeted manipulation of genes, Related to IL-17 Allergic burden:
e.g. PCDH1, ORMDL3, CDHR3 signaling? Multiple and severe

4

sensitisation

/ Mechanism not fully understood

Therapies:
Anti - IgE Ab: only in a sub-set
Immunotherapy (future?)

Altered epithelial secretion
Secretion of innate epithelial
cytokines (IL-33) with increased
tissue expression
Induction of ILC2 and Th2 cells
Potential therapies:
Potential blocking agents for

innate cytokines Thickened RBM
Blocking agents for induction of EMTQ
ILC2 cells Early in life?
Parallel to inflammation
Further mechanisms
need to be elucidated
Increased ASM e
) Therapies:
L VitD S :
teroids

| GR expression

Eosinophilia Bronchodilators

Potential therapies: Fiasleianiio steraiis ) oy

Vit D supplements , ,
Anti - IL-13 Potential therapies:

Anti-IL-5 Ab
Anti-IL-5Ra
CRTH2 antagonists




& s S B

§2d FIRBs g b B4

5RFERFR A RAF K

FAFRIFRTERERLIT L
EEFE



