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« Appreciate the key differences between T2 high and T2 low asthma

« Using clinical characteristics and biomarkers, identify specific asthma
phenotypes

» Formulate atargeted treatment plan for patients with asthma based on their
‘treatable traits’

Register now at congress.chestnet.org Connecting a Global Community

in Clinical Chest Medicine
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* Heterogenous
* Chronic airway inflammation

* Wheeze, shortness of breath, chest
tightness and cough that vary over time
and in intensity

* Variable expiratory airflow limitation.
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Antigen

Mast cell proliferation
IgE synthesis
Mucin secretion

|
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APC Th2

Eosinophilic airway
inflammation
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Complex gene/environment interactions
result in different clinical expressions

Early onset

Symptoms

[ B
Exacerbations ; FEVA J
N

: . No or less
b T2 inflammation ,
Phenotype A l ' ‘ Phenotype C l

Severity

Type 2

Allergic
asthma
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Non-Type 2

Obesity-
associated

Smooth-muscle mediated,
paucigranulocytic

Childhood

Register now at congress.chestnet.org

Adult Adult
Age at onset
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You evaluated the following patientsin clinic last week and have requested testing to
better characterize their asthma. Which ONE of your patientsis UNLIKELY to have
non-eosinophilic asthma?

* A 50 year old female with adult onset asthma, obesity and GERD

* A 45 year old male current smoker with late onset asthma and recurrent bronchitis

* A 32 year old female nonsmoker with asthma, nasal polyps and aspirin sensitivity

* A 63 year old female nonsmoker with late onset asthma and fixed airflow
obstruction
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Question 2047

You evaluated the following patientsin clinic last week and have requested testing to
better characterize their asthma. Which ONE of your patientsis UNLIKELY to have
non-eosinophilic asthma?

* A 56 year old female with adult onset asthma, obesity and GERD

* A 45 year old male current smoker with late onset asthma and recurrent bronchitis

* A 32 year old female nonsmoker with asthma, nasal polyps and aspirin sensitivity

* A 063 year old female nonsmoker with late onset asthma and fixed airflow
obstruction

Connecting a Global Community

Register now at congress.chestnet.org

in Clinical Chest Medicine
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T2 High A T2 Low
« Allergic, atopic *  Non-atopic
*  Eosinophilic *  Non-eosinophilic
«  Steroid responsive * Airway remodeling
- TH2,ILC2 *  Poorly steroid responsive
TH1,TH17
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personalized approach to therapy 2019

Empmcal m;dlcme I l Stratified medicine I [ Personalized medicine

p RN
Q\ oy
Wiy | my

1
1
.

* One treatment for all * Different treatments for ¢ Individual treatments
* Evidence based each group for each patient

» Evidence based * Evidence based

» Biomarker led * Patient derived

Register now at congress.chestnet.org
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These biomarkers may reflect Type 2

@ cytokines that are released as part of the Source Measured characteristic | Developmental stage
inflammatory response
Blood eosinophil Blood Cell (eosinophil) Available
IL-13 13 /s IL-13/IL-4 FeNO Exhaled breath Exhaled gas (nitric oxide) | Available
EOSINOPHILS IgE Blood Protein Available
. o ‘ : Sputum eosinophil Sputum Cell (eosinophil) Available only in
lumen i o specialized centers
Bronchial Secretion of Induction of iNOS, Periostin Blood Protein Unavailable
epithelium periostin ) leading to increases in '
‘ / FeNO that can be g . — YKL-40 Blood Protein Research only
Subepi. Periotin It somton 3‘.“ ireasured i M€ bisat h E:im",:::f:: :‘: l::' Transcriptomics Blood, sputum, Gene Research only
SPace | pasolateraly and enters the measured in sputum endobronchial biopsies
i Metabolomics exhaled breath, urine Molecules Research only
Eosinophils can be T . "
oSS T e biood FD)-PET-CT Organ Metabolic activity uptake | Research only
- ® Hyperpolarized Organ Ventilation defects Research only
i o - - D gas MRI
marrow IL-5 induces eosinophil
PERIOSTIN FeNO i

Register now at congress.chestnet.org Lim HF & Nair P. Semin Respir Crit Care Med 2018,;39:56
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manage mild asthma 2019

Sputum Strategy FeNO Strategy

a)2.0 b)4 : 0.25-
@ : Physician assessment-based
o adjustment (PABA)
© 0.20 ++ Biomarker-based adjustment (BBA)
£ 1.5+ -
8 P
8 8 015 i g '
g £ ,0_-:;1--++4--H-+ Symptom-based adjustment (SBA)
51.0 2 F
X &
2 & 010
§ ot Hazard Ratio  Log-rank
£0.5 p : (97.5% CI) P value
< 0.05- PABA Vs BBA: 1.2 (0.6-2.3) 68
2 ;__[‘ PABA vs SBA: 1.6 (0.8-3.3) 18

: BBAvs SBA: 1.4 (0.6-2.9) 35

0.0- : _l_:—" ' A ; 4 3 . . . 0 ! - . T T T T T T T \
0 200 400 600 800 0 200 400 600 800 0 4 8 12 16 20 24 28 32 36 40 44
Days from maintenance Days from maintenance Treatment Period, wk
Mild asthma .
Moderate-Severe Asthma Mild-M oderate asthma

) JayaramL. et al. ERJ 2006; 27: 483
Register now at congress.chestnet.org Calhoun Wet al. JAMA 2012: 308: 987
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Dosing Mechanism FDA Indication
Omalizumab (Xolair® 75-375mgSCQ  Anti-IgE Age 2 6 years with moderate to severe
1ZU r-, 2 N
2-4 weeks persistent asthma who test positive

Genentech)

for year-round allergens’

Mepolizumab (Nucala®, 100 mg SCQ 4 Anti-IL-5 Age 2 12 years with severe asthma
GlaxoSmithKline) weeks and eosinophilic phenotype?®

. S 3mg/kgIVQ4 Anti-IL-5 Age 2 18 years with severe asthma
Reslizumab (Cinqgair®, Teva) ] i p
weeks and eosinophilic phenotype
: 30mgsSCQ4 Anti-IL-5Ra Age 2 12 years with severe asthma
Benralizumab (Fasenra™, . .
weeks x 3, then and eosinophilic phenotype®
AstraZeneca)
Q 8 weeks
200mgscQ2 Anti-IL-4Ra Age 2 12 years with moderate to
Dupilumab (Dupixent®, weeks severe asthma with an eosinophilic
Sanofi/Regeneron) 300mgsSCQ2 phenotype or with oral corticosteroid
weeks dependent asthma'?

Register now at congress.chestnet.org C ICER 2018 obal Community

| Chest Medicine
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Biologics for Type 2 Asthma - Efficacy Eongress) | st i bisdms

Treatment Rate Ratio (95% Cl) Treatment Difference (95% Cl)
Omalizumab 0.52 (0.37-0.73) Omalizumab NR
Mepolizumab 0.45 (0.36-0.55) Mepolizumab -0.42 (-0.56 t0 -0.28)
Reslizumab 0.43 (0.33-0.55) Reslizumab -0.27 (-0.36 t0 -0.19)
Benralizumab 0.59 (0.51-0.68) Benralizumab -0.23 (-0.34 t0 -0.12)
DT T E P OL N -3 0.44 (0.34-0.58) OITT T EL DL - -0.39 (-0.53 to -0.25)

I Ll 0.40(0.31-0.53) Mean DifferceAQLQ -0.22 (-0.36 to -0.08)
Rate Ratio for exacerbations Treatment Difference (95% Cl) Mean Difference ACQ
Omalizumab 0.26 (0.05-0.47)

Mepolizumab NR

Reslizumab 0.28 (0.17-0.39)
Benralizumab 0.23 (0.11-0.35)
DI EL Ol T8 0.29 (0.15-0.44)
DITJITGEL DN G- 0.26 (0.12-0.40)

Register now at congress.chestnet.org Connecting a ICER 2018 nity

in Clini= Bicine
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Which of the following is true about Type 2 Asthma?

A. Themagority of patients with eosinophilic asthma are atopic and have early onset
disease

B. AERD isacommon cause of eosinophilic asthma
C. High (>2%) sputum eosinophilsis noted in approximately 50% of late onset asthma
D. Eosinophilic asthma comprises at least 75% of all asthma
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* T, biased inflammation, using airway epithelial transcriptomics, has been observed in
* Only 50 % of patients with mild-moderate asthma

* Only 37% of patients with severe asthma

* Mechanisms of T2-low asthma are not well understood
* Th1/Th17 pathway activation
* Innate immune defects, barrier dysfunction
* Tissue remodeling

* Neurogenic inflammation

* 'Typically refractory to steroids

Waodruff P. AJRCCM 2009 |
Kno CS. U-BIOPRED. AJRCCM 2017.




T2 low asthma is a common inflammatory phenotype Z= CHEST | Thailand
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McGrath et a. AJRCCM 2012

*  Repeated sputum analysis from 995 subjects with mild-mod
asthma

-
(=}
J

* 47% of patients not on ICS were persistently non-eosinophilic

8 -
-
Lemiére et al. JACI 2006 8
*  Sputum analysis from 31 patients with severe asthma §_‘
*  58% with low sputum eosinophil count (<3%) M e —— ST
[} = = — -
Hastie et al, JACI 201 0 0 (n=145) 8 (n=68) 10‘:‘:2:8) 14 (n=68) 52 (n=77)

| —Non-Eosinophilic (n=73)  Intermittent {(n=43) — Persistent (n=35) |

* 242 patients enrolled in SARP (Severe and Non-severe)
*  65% had NEA (36% Paucigranulocytic; 29% neutrophilic)
* No difference between ICS+ or ICS- groups

Register now at congress.chestnet.org Connectingl & GI<|)tc>:ahI CorI:n':junity
in Clinica est Medicine




Paucigranulocytic Asthma

Although most common phenotype in stable asthma
*  ~20% of PGA is severe refractory

Uncoupling of airway obstruction from airway

inflammation

Airway smooth muscle dysfunction and AHR

Proposed mechanisms
*  Altered neural control of ASM contractility
*  Nonimmunologic mediators & critical signaling molecules

¢ Upregulation of expression of specific asthma susceptible
genes

¢ ?Consequence of ‘burnout’ of Al in severe longstanding
asthma

Register now at congress.chestnet.org
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Environmental Factors
(cig smoke, allergens, contractile agonists)

Airway Lumen . J

i

-1, TGF i "
B " deposition
b ECM deposition

e a

e ———

SUUE TUiba and Panettieri JACI 2018
- = vied =




Bronchial Thermoplasty
AIR2 Tria

0.9
0.8
0.7- +
0.6
0.5
0.4-
0.3

1 ] Sham
B BT

Events per subject year

0.2+

0.1

Severe Unscheduled Emergency Hospitalisations
exacerbations  physician room
office visits visits

Register now at congress.chestnet.org
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Randomized study with sham control

Primary endpoint AQLQ

79% of BT and 64% of sham subjects achieved
changesinAQLQ > 0.5

6% more BT subjects hospitalized in the treatment
period (up to 6 wk after BT)

In the post-treatment period (6-52 wk after BT), the
BT group had fewer severe exacerbations, ED visits
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Real world effectiveness — 3 year follow-up ERLLS

Severe Exacerbations ER Visits Hospitalizations
90% 40% 25% T
80% 35%
20% T
70% ~* S b
0,

, 60% - i s ! T -

50%
B e 1 Ju + 20% + T ] ] 1
D o -
a3 o T 15% * 1 10%
2 30% 1 : I
° - I 10% .

20% 1 5%

o 4 ¥ § F 2
10% o 4 1
0% r ' ; . 0% ; : . ; 0% +— ' : , '
Prior 12 Year1 Year2 Year3 F:nriortgz Year1 Year2 Year3 in"oor:ng Year1 Year2 Year3
Months onths
MPAS2 AAIR2 MPAS2 AAIR2 WPAS2 AAIR2

Connecting
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*  Associated with
*  Oxidative stress
¢ Chronic infection
* Smoking
* High fat diet

*  Impaired lung function with less bronchodilator reversibility
* Increased prevalence of GERD and Chronic Rhino-Sinusitis

*  Impaired Glucocorticoid response

Register now at congress.chestnet.org Green, RH. et al. Thorax 2002

Smpson JL et al. Asian Pac J Allergy Immunol 2014
Samitas K. Curr Opin Pulm Med 2017
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N=420 100 - —— Azithromycin
Symptomatic asthma despite o5 il —— Placebo
ICS/LABA =
Azithromycin 500 mg thrice weekly vs _«,‘% 60-
placebo for 48 weeks § i

5 20

Hazard ratio (95% CI) =0-65 (0-50-0-85); p=0-001
% 100 200 300 400
Days

Register now at congress.chestnet.org Gibson, Peter G et al. The Lancet 2017
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AMAZES 9015
Number Exacerbatlions per Incidence rate
person-year ratio (95% ClI)
Placebo Azithromycin
Non-eosinophilicasthma 224 174 1-15 L 0-66 (0-47-0-93)
Eosinophilic asthma 196 1-98 0-96 . 0-52 (0-29-0-94)
Inhaled corticosteroid 420 1-86 1-07 —— 0-58 (0-46-0-74)
dose adjustment
Frequent exacerbators 140 279 1-47 — 0-55 (0-41-0-73)
Cough and sputum VAS 48 172 079 2 0-49 (0-26-0-95)
Bacteria—negative 188 1-85 118 — 0-61 (0-52-0-72)*
Bacteria—positive 48 2-64 111 - 0-39 (0-22-0-69)*
) 02 04 0'6 08 10 12 14
Favours azithromycin Favours placebo

Register now at congress.chestnet.org

Gibson, Peter G et al. The Lancet 2017
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Mechanical factors I nﬂ ammatl on
Increased peripheral airway closure
Increased impedance High fat/low fiber diet
Mass loading Adiposetissue & adipokines
Decreased ERV Innate & adaptive immune
function
Gut microbiome
Comorbidities
Anxiety/Depression
GERD
OSA

Register now at congress.chestnet.org " Dixon AE. AJRCCM 2016
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Loss

Dias-Junior, 2014  Diet + weight loss medication 7.5% Improved asthma control
Scott, 2013 Diet + exercise 28 8.5% Improved asthma control
. Improved symptoms
0,
Hernandez Dl 96 RO decreased medications
Romero, 2008
Diet 6.1% Improved symptoms
Johnson, 2007 Diet 10 8% Improved asthma control
Stenius-Aarniala . 0 Improved lung function
2000 LAt 1o Lo Improved symptoms

Register now at congress.chestnet.org

Slide courtesy Dr. Anne Dixon



Which of the following cytokinesis considered an “epithelial Z= CHEST | Thailand
alarmin” and is being investigated as a treatment target for severe Congress | Bangkok | 10-12 April
eosi nophilic asthma? 2019

Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF)
Thymic stromal lymphopoietin (TSLP)

Platel et-derive growth factor (PDGF)

Stem cell factor (SCF)

oo w>

Register now at congress.chestnet.org Connestlnglia.GI:)t;‘I C:"';"';‘:'"_'ty
in Clinical Chest Medicine
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ORIGINAL ARTICLE
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Tezepelumab in Adults with Uncontrolled 2019

Asthma

0.6 0.67 \ | |

(90% CI1 0.57, 0.80) 61% 71% 66%
(90% C139%, 75%)  (90% CI 53%, 82%)  (90% Cl 47%, 79%)

Percentage AER reduction vs placebo

I I

0.4 - E : i

B Placebo (N = 148) : : :

W Tezepelumab 70 mg Q4W (low-dose) (N = 145) ¥ { :

M Tezepelumab 210 mg Q4W (medium-dose) (N = 145) | v
B Tezepelumab 280 mg Q2W (high-dose) (N = 146) 0.2 1 0.26 h

(90% C10.19, 0.34)

0.19 (90% C1 0.16, 0.30)
(80% C10.13, 0.27)

Asthma Exacerbation Rate (Per Patient-Year)

0.0+

N =148 N =145 N =145 N =146
Treatment Group

Register now at congress.chestnet.org Correnj NE]M 2017 dl_m_itY
) pdicine




Effect independent of Eos or Th status

=z CHEST
Congress
2019
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A Subpopulation Analysis
M Placebo Ml Low-dose tezepelumab 1 Medium-dose tezepelumab Wi High-dose tezepelumab
(70 mg every 4 wk) (210 mg every 4 wk) (280 mg every 2 wk)
P=0.03 P=0.001 P<0.001 P=0.008 P=0.005

[ | | | | [ | |
P=0.001 P=0.006 P=0.03 P<0.001 P<0.001 P=0.02
| | | | | | | | | | |

" P=0.02 P=0.006 P<0.001 P=0.004

& 1.00- 1 1 1 ri
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Register now at congress.chestnet.org

Corren |. NEJM 2017




Potential therapeutic targetsin non-type 2 asthma

Viruses

Airway
epithelial cell

Anti-TNF

(infliximab,
golimumab and
etanercept)

antagonist
( in and
danirixin)

ROS

OO

—‘sf%l

Bacteria

b7

Neutrophil

Register now at congress.chestnet.org

and CXCL8

Neutrophil
elastase

oF0

Macrophage

Mucus
hypersecretion

-17 ’—]
te

Anti-IL-17

nab and
kizumab)

ILC3

T,17 cell Teell

CXCL10 0000
and CXCL119
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Congress
2019

Anti-IL-1B
(canakinumab
and anakinra)

IL-1B and
IL-18
0

00
o I Anti-IL-6R
(tocilizumab)

antagonist

Thailand

Bangkok | 10-12 April

PJ Barnes. Nature Reviews Immunology 2018: 454-466
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Is there persistent T2 inflammation despite optimized treatment with high-dose inhaled glucocorticoids and LABA?
Start with peripheral biomarkers (blood eosinophil count and Feno levels)

Y::s I\io
\ 1
Persistent T2 Infl tion despite High-Dose Inhaled e Possible Non-T2 Inflammation
Glucocorticoids (high blood eosinophil or sputum (low blood eosinophil count+low Feno level)
-

I

eosinophil counts or high Feno level or a combination)

Consider and treat contributory factors { {
Recheck inhaler technique Induced le not availabl
Re:::;l: :sdslil:rr‘e;c;. if Feno level still high, consider Feno Induced sputum sample treat as sputum
Treat coexisting conditions related to T2 inflammation: I neutroptiic Inflamonation
Rhinosinusitis: intensify treatment ‘ ‘
AERD: leukotriene modifier; consider desensitization
ABPA: high-dose inhaled glucocorticoids; consider High sputum eosinophils (=2%) despite Low sputum eosinophils despite
antifungal agent high-dose inhaled glucocorticoids high-dose inhaled glucocorticoids
Persistent T2 Infl ion +Exacerbations in Previous Yr Non-T2 Inflammation
Biologic therapies specific to T2 inflammation |
One exacerbation +high blood eosinophil count+high Feno ‘ * ‘—‘—‘
level +eligibility for omalizumab, then add omalizumab
=2 exacerbations T2 Inflammation Mixed Paucigranulocytic Neutrophilic
High blood eosinophil count+high Feno level + H  (high eosinophil and low (high eosinophil and high (low eosinophil and low (low eosinophil and high
eligibility for omalizumab, then add omalizumab or neutrophil counts) neutrophil counts) neutrophil counts) neutrophil counts)
anti-interleukin-5 Consider and treat coexisting Reassess differential Consider and treat coexisting
High blood eosinophils+low Feno level, then add conditions associated with diagnosis conditions associated with
anti-interleukin-5 T2 and non-T2 inflammation | | Other treatment non-T2 inflammation,
If poor response, consider switching to alternative Other treatment Nonpharmacologic including smoke exposure,
treatments for T2 inflammation, if eligible Trial of macrolide strategies infections, irritants,
Persi T2 Infl ion+No Exacerbations in Previous Yr If no response after Nonbiologic treatment pollutants, and altered
Consider other therapies rel to T2 inflammation 3-6 mo, stop and initiate if not already tried in microbiome
Higher-dose inhaled glucocorticoids biologic therapy for T2 the patient Other treatment
Nonbiologic add-on therapy if not already tried in the patient inflammation Treat infections
T No phenotype-specific
‘ P treatment currently
available
Assess response, side effects, and patient satisfaction Consider macrolide

Connecting =

Register now at congress.chestnet.org Israel E. NEJM 20'7;
. .




zZ CHEST | Thailand
Summary Congress Bangkok | 10-12 April

« Asthmais a heterogenous disease with complex pathophysiology
« Multiple endotypes result in amyriad of phenotypes
« Eosinophilic inflammation can be allergic or non-allergic

* Current biologics target patients with T2 high asthma and biomarkers can help select
most efficacious biologic

*  NEOA or T2-low asthmais a common phenotype in adult asthma

* Neutrophilic inflammation is especially associated with corticosteroid-resistant severe
asthma

« Urgent need for treatment optionsin T2 low asthma
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