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Learning ODbjectives

« Define, compare and contrast the spectrum of phenotypes
and endotypes in asthma

« Discuss treatment options based upon asthma phenotypes
utilizing randomized trials and available biomarkers

« Review a potential algorithm to help select asthma therapy
based upon phenotypes
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Definitions

Phenotype

* An individual's observed characteristics that result from
gene-environment interactions (e.g., atopy, obesity)

Endotype

« A subtype of a condition defined by a distinct and
functional pathobiologic mechanism (e.g., AERD,
eosinophilic*, T,2-high?*)

* Commonly used as example of endotype but
pathophysiogic mechanism variable

Wenzel SE. Nat Med. 2012;18(5):716-725. Lang DM. Allergy Asthma Proc. 2015;36:418-424



Phenotype versus Endotype

Hypochromic/ Hyperchromic/

Phenotype microcytic macrocytic
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Definitions

PRACTALL Consensus report, EAACI and AAAAI

Asthma endotypes: A new approach to classification of
within the asthma syndrome

disease entities

Jan Lotvall, MD,? Cezmi A. Akdis, MD,® Leonard B. Bacharier, MD,° Leif Bjermer, MD,Y Thomas B. Casale, MD,®

Adnan Custovic, MD,f Robert F.

Lemanske, Jr, MD,? Andrew J. Wardlaw, MD," Sally E. Wenzel, MD,’

and Paul A. Greenberger, MD'  Gateborg and Lund, Sweden, Davos, Switzerland, St Louis, Mo, Omaha, Neb, Manchester and Leicester,

United Kingdom, Madison, Wis, Pittsburgh, Pa, and Chicago, 1l (J Allergy Clin Immunol 2011;127:355-60.)

Requirement for defining an ‘endotype’:
--must fulfill at least 5 of 7 parameters:

1.

2.
3.
4

Clinical characteristics 5. Histopathology
Biomarkers 6. Epidemiology
Pulmonary physiology 7. Response to treatment

Genetics



The Relationship Between Phenotype and Endotype

The asthma syndrome

Asthma symptoms, variable airway obstruction

Phenotypic characteristics in asthma

Observed, directly related to the disease process. Includes physiology,
triggers, and inflammatory parameters.

Asthma endotypes

Distinct disease entities; can be characterized by a phenotypic group
but are defined by a specific biologic mechanism

Endotype 1| Endotype 2] Endotype 3

Late-onset asthma

Severe eosinophilic
late-onset asthma

Adapted from Lotvall J et al. J Allergy Clin Immunol. 2011;127:355-60



Peripheral Blood Eosinophils

Eosinophil Levels Correlate With

Asthma Exacerbations And Asthma Control

Elevated eosinophil counts are associated with asthma severity,

severity of exacerbations, and level of asthma control!-3
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aData from medical records of asthmatics aged 12—80 years with 2 years of continuous records, including 1 year before (baseline) and 1 year after (outcome) their most recent eosinophil count. Patients assigned to 9 eosinophil count
categories compared with a reference category of 200 cells per L or less (n=68 407). Adjusted for age, sex, body-mass index, smoking status, and Charlson comorbidity index score.

RR-=rate ratio; OR=o0dds ratio.
1. Price DB et al. Lancet Respir Med. 2015;3(11):849-58. 2. Wenzel SE et al. Am J Respir Crit Care Med. 1999;160:1001-1008. 3. Price DB et al. J Asthma Allergy. 2016;9:1-12.



Asthma Phenotypes
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Hekkin P et al. JACI Pract Nov-Dec 2014



Phenotype versus Endotype: T2 High is Phenotype
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Problems with This Definition

“Severe eosinophilic late-onset asthma”

* Not really hypereosinophilic (normal blood count)

« Severity, age, disease duration, and the presence of
eosinophils are phenotypic descriptions

« Eosinophils: neither necessary nor sufficient to cause
severe asthma.

 Allergy: neither necessary nor sufficient to cause
severe asthma.

* The presence of “hypereosinophilia” does not denote
the pathobiologic mechanism or pathway.




Asthma: A Heterogeneous Disease

_ Premenstrual asthma
Clinical Exercise-induced asthma
M Professional asthma

i Associated co-morbidities (atopy,
gastro-oesophageal reflux, rhinitis, rhinosinusitis,
obesity, aspirin-sensitivity, food allergy)
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Inflammation - NEUterhi”C
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Types of Inflammation, 1 versus 2

Inflammatory mechanisms and pathobiologic features leading to severe asthma

Inflammatory mechanisms associated with granulocytic inflammation

Type 2 inflammation 'Non-type 2 inflammation

Antigens | Irritants, pollutants, microbes, and viruses I
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Phenotypes: Unbiased Data-Driven Analysis

/—_ 268% <68% \

<108%

2108% Age of Onset 265%

‘ <40 yrs =40 yrs l <65%

Mild atopic asthma
Mild-moderate atopic asthma
Non-atopic late-onset asthma
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Severe asthma with fixed airflow
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Novel Therapies Targeting T2 High Asthma
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Hanania NA et al. Ann Int Med
2011:154:573-582

Significant Reduction in Exacerbations in Patients
Not Taking Chronic OCS"2.*.1. %
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% Reduction in exacerbation rate

Asthma Exacerbation Reductions in Omalizumab

Pivotal Clinical Trials by Eosinophil Strata

Blood eosinophils/pL
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Omalizumab Persistence After
Discontinuation of Long Term RX:
Prediction of Relapse or Remission
(EXCEL extended or EXPORT)
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The Targets:

IL-5 or Eosinophils/Basophils (IL-5Ra)

IL-5Ra Mab =
Benralizumab %

IL-5 Mab
Reslizumab
Mepolizumab

Casale, JACI. 2017



Exacerbation Rate Reduction Similar Among IL-5
Blockers

Exacerbation rate

Study or subgroup Treatment  in treatment arm in placebo arm Exacerbation rate ratio IC 95%
Haldar 2009 Mep 750 54/29 107/33 0.57[0.31,1.08]
Pavord 2012 Mep ;26250' 589/462 382/159 — 0.53[0.41,0.69]
Ortega 2014* Mep 75,100 334/385 334/191 —a— 05[0.36,0.68]
Flood-Page 2007 Mep 250,750 Not available
Bel 2014* Mep 100 99/69 140/66 I = 0.68[0.43,1.06]
Castro 2011 Res 3 Not available
Castro eos. 2014* Ben 2,20,100 106/244 46/80 B = 0.76[0.62,0.93]
Castro non eos. 2014 Ben 100 60/140 80/142 R 0.77[0.65,0.91]
Castro study1 2015* Res 3 220/245 439/244 —— 0.5[0.35,0.71]
Castro study2 2015* Res 3 200/232 490/232 - i 0.41[0.26,0.64 )
RE Model Overall 1662/1636 2018/1805 <l 06[0.5,0.71]
RE Model Eosinophilic* 1548/972 1831/1147 s 0.57[047,0.69]
) T T
Qverall 17 = 0.61 030 045 065 1.00
Eosinophilic I = 0.54 Favour to treatment Favour to placebo

Carbon et al, Clin Expt Allergy, 2016



Dupilumab: Fully Human mAb to IL-4Ra

Dupilumab

P

Ny = h 2 N/
Cytoplasm \ / l

No signaling

Nucleus

Casale, JACI, 2017



Dupilumab Phase 2b FEV1 Results

et
—e— Placebo —a— Dwupilomab 200 mig

o-5o—, ~—.=— Dwupilumall 200 g every 2 weeks

A5 — eveny 4 weeks —— Dupilomab 200 mg

Q-0 T Dupiluvmab 300 mg ewvery 2 weeks
= —
E ::' 0-3= — every 4 weeks
g B -
g —
= B
-

+

5 +
iy F
& = 3
s B
=
L =
oM,
& 5
g £
=
[
=2 —
D
5 = +
= = F
2B +
-

Wenzel, et al, Lancet, 2016



Dupilumab Phase 2b Exacerbation
Results
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Molecular Changes in the Atopic Dermatitis
Transcriptome in Studies M4A and M4B.

A Gene-Expression Profiles

Tissue Lesional

Nonlesional

Treatment

Placebo

EASI

After

Time Point
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Annualized Rate of Asthma Exacerbations at Week 52, According to
Baseline Biomarker Status, and Change from Baseline in the Fraction of
Exhaled Nitric Oxide (Feno).

A Subpopulation Analysis
I Placebo I Low-dose tezepelumab Medium-dose tezepelumab i High-dose tezepelumab
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Tezepelumab OCS Sparing?

 Embargoed until May 12, 2021
 Lead author Michael Wechsler

* Press release suggested did not reach
outcome...is it possible a therapeutic
effective in more diverse population
may not demonstrate CS sparing effect
expected with Type 2 selective
therapies such as CS?



Radiologic Phenotype: Mucus impaction, Proposed
Endotype MUC5AC:MUC5B:high, EPO:high

Healthy  Asthma

(22) (146) ESARP 1/2 SARP 3

MUCS5AC: MUC5B

kK
*kk

T T
el

% Subjects

Log, normalized gene expression

60-80% 4
FEV1 (% predicted) Before steroid After steroid

Dunican et al JCI 2018



Table 1

Potential factors or pathways and their mechanisms implicated in non-T2 asthma

Factors/pathways Mechanisms References

Th17 pathway Secretion of IL-17 and IL-6 with promotion of neutrophil infiltration in the airway 14,5,9,10°]

Th1 pathway Secretion of IFN-y with suppression of secretory leukocyte protease inhibitor [12]
associates with AHR development

NETS Activation of the inflammasome and secretion of IL-1B, causing arway epithelial [13,15,17°]
injury

Airway dysbiosis Sputum microbiome is less diverse and dissimilar in bacterial taxa, but underlying [19°.20,21,22"
mechanism is unclear

Nitric oxide signaling Decreased levels of NO in the airway of obese asthmatics may result in impaired 37,38
bronchodilation

Nerve growth factor Sensory hyperinnervation contributing to AHR [24,25]

ORMDL3 Reduced serum sphingolipids contributing to AHR and airway remodeling [28° 31]

RGS Reduced termination of GPCR signaling may result in more severe AHR [32-39]

AHR: Airway hyperresponsiveness; GPCR: G protein-coupled receptor; NET: neutrophil extracellular traps; ORMDL3: Oromucoid-like 3; RGS:

Regulator of GPCR signaling.

Hudey, Cardet Ledford. Curr Opinion Immunol 2020;66:123-28



Phenotype: Neutrophilic Asthma

Demographics and Clinical Characteristics of Subjects in Clusters O Paucigranulocytic

Cluster A Cluster B Cluster C  Cluster D DEosinophiIPredominant

Number of Subjects 132 127 117 47 p-1'nlue1l ] Neutrophil Predominant

Age at Enrollmen (yrs) 27(10) [ 42014 50(10)  <0.0001 _ _
Gender (% Female) 73% 61% 62% 43% 0.003 B Mixed Granulocytic

Race (% White) 70% 58% 62% T9% 0.03

Body Mass Index (BMI) 28 (6) 31(9) 32 (10) 31 (6) 0.0001
%, with BMI = 30 28% 46% 50% 57% <0.0001
Age of Asthma Onset (yrs) 12 (13) 12 (12) 17 (16) 22 (18) 0.001

% with onset = 12 years old 37% 41% 52% 60% 01

Asthma Duration (yrs) 15 (8) 23 (13) 24 (14) 28 (18)

% of Subjects with Severe Asthma 15% 24% 38% 66%

Baseline Lung Function”
I FEV1 % predicted 07 (10) 73 (13) 76 (13) 47 (15)
FVC % predicted 104 (11) 87(12) 87(12) 65 (14)

FEV1/FVC 080(0.1) 070(0.1) 071(0.1) 059(0.1)

Post-bronchodilator Lung Function”

FEV1 % predicted 107 (10) 86 (11) 88 (12) 61 (14)

) _ Cluster A Cluster B Cluster C Cluster D
FVC % predicted 108 (1) 96 (13) 96 (11) 79 (15)

Change in % predicted FEV1 12(13)  2020)  19(23)  31(28) < Variable Fartial R-Square  Fvalue  pvalue

PCy, Methacholine (mgimpy’§  1.66(0.7) 089 (08) 10707 093 (05) Baseline FEV1 % predicted” 0 o mho
%% Sputum nentrophils 151.58 < 0.0001

Atopy Status

Total Serum IgE (IU/mi)! 120(0.6) 178(0.6) 135(0.6) 118(0.7)

Current Age (vears) 2701 =0.0001
Maximal FEV1 % predicted” 875 <0.0001
Number Positive SPT 4029 48(3.2) 4.2(3.1) 40(3.5) 2 5 Asthma Duration (yvears) 4136 0.005
% Sputum ecsmophils 5.82 0.0007

Body Mass Index (BMI) 458 0.004

% with =1 Positive SPT™~ 85% 90% 83% 76%

Exhaled Nitric Oxide (ppb)’ 3004 3404 2604 3204

Mumber of asthma controllers’ 317 0.02

Moore JACI 2014




Annual asthma exacerbation rate (95% () Number of exacerbations

Percent exacerbation free

Gibson
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Neutrophilic Asthma: Proposed Endotype of Low-
LXA4 and SAA-high et b

BALF from patients
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Endotype:
Aspirin Exacerbated Respiratory Disease
AERD or NERD

A disease with many names

What it Is What it Is not

e Asthma e Not IgE-mediated allergy to
aspirin

e Nasal polyposis (NP) with
chronic hyperplastic e Not Mendelian inheritance

eosinophilic rhinosinusitis : .
P e Not childhood disease

e Sensitivity to COX-1 inhibitors e Not due to obvious

environmental trigger

e Not transient

Ledford JACI IP 2016



AERD: Eicosanoid Dysregulation Relates to the
Pathobiologic Mechanism of the Endotype
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Late-onset Asthma Associated with Obesity: Proposed Endotype with
Reduced eNO Due to Increased Catabolism
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Response to Weight Reduction in Obese Asthma
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Phenotype- and Biomarker-Based Treatment
Algorithm

Assessment of specific IgE, Eosinophils,

FeNO (where available)
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Phase 2/3 Trial Asthma Cemetery




Summary

T

Asthma is heterogeneous.

Knowledge is limited of endotypes defined by
molecular aberrations consistently demonstrated in
longitudinal analyses.

There are only a few existing treatments geared
towards particular asthma phenotypes.

Endotypes help select the ‘right patient for the right
drug’ but effective therapies for multiple phenotypes
are appealing as a worthy trial in challenging or
severe asthma
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