T2 high and T2 low asthma: clinical and inflammatory
phenotypes and therapeutic approach
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. Phenotypes, Endotypes, Genotypes, and Biomarkers: current concept
. T2 high vs. T2 low asthma
. Clinical significance of identifying T2 chronic rhinosinusitis with nasal polyps

. Treatment strategies based on endo-phenotypes and T2 biomarkers
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Phenotypes, Endotypes, Genotypes, and Biomarkers

Asthma symptoms Ea N
+

/
I
; Diagnostic and clinical
|
\

criteria met Variable airflow limitation Phenotype Endotypes
\,______'_"_____________________/;____"_"___—_____JS‘_"___________—___;—\'_______"___—___: G ! ) l
' Observable clusters of ) A
' features: demographics, [ bg? Blood Sputum Other
' triggers, symptoms, Phenotype Phenotype Phenotype | 0 el biomarkers biomarkers
i response to therapy, etc. ) Ethnicity laE - - FENO
Vo o on o oo oen e - - - - /_ __________________ / -— \ — e Smoking Hx g EOSInophlls
e e S iy, T i) [ e T AT N e Eosinophils Neutrophils
| . » g
, Endotype Endotype Endotype Endotype Endotype |, Penqstm Cytokines
: o o o o , Cytokines
. i || ¢ i i |
|
: Distinct molecular mechanisms that are biologically Endotype Endotype :
, linked to clinical features. Accuracy at this level allows e (] |
, refined, personalized treatment /precision medicine ' ' | T2/Th2 Predomi Non-T2/T hE]
\ 4
Phenotype 1 Phenotype 2
Eosinophilic Noneosinophilic

J Allergy Clin Immunol 2011;127:355-60.)

Clin Pharmacol Ther. 2015 Jan;97(1):55-65.
Endotype Endotype' [Endotype’ [Endotype} [Endotype'

Am J Respir Crit Care Med 2018: 197(1);22-37
IgE-driven IL5-driven  1L4/13-driven




Eur Respir J 2022; 59: 2102669
Eur Respir J 2017; 49: 1602135

Phenotypefrom cell
= ok
Eosinophilic
=5 non-Eognophilic

GENES

i

478 DEG:

Multiple cytokine receptors &

Lnrymes (protease, lipase)

TAC1 TAC2

CCR3, IL33R, TSLPR
Charcot Leyden Crystal (CLC) CASP4
CPA3 (Carboxypeptidase) TLR1 e

IL18RAP1 Methly

TAC:
Transcriptome-
associated
clusters

-(hstets from disease
drivers

1Al

TAR

TACS

Multiple metabolicand
ubiquitination enzymes

TAC3

erase: METT(S

Severe asthma
phenotypes and endotypes

0.50
0.25
0.00 +
-0.25
—0.50

LS 2

IL-13/Th2

r

HokE

) b

CXCR1, CXCR2 Aldehyde dehydrogenase: ALDH1A1l
Fatty acid metabolism: ME1
Adenosine deaminase: CECR1
Fuctosidase: FUCA1

I ransf?rase: NAA20, ACAA2
trans

TACT

TAC?2

TAC3

0.8 5
0.4 1

0.0

Non-allergic

—

Low
inflammation

Paucigranulocytic

Neutrophil
L

N

o

== ‘

B ok

bl

TAC1

TAC?

TAC3

Expression of gene signatures in the 3 sputum
Transcriptome-Associated Clusters (TACs)



Clinical phenotypes of asthma: Allergic vs Non-allergic

_ Allergic (Extrinsic) Non-allergic (Intrinsic)

Age at asthma onset Younger Older

Allergic trigger Yes No

Seasonal symptom pattern Marked Not marked
Nasal polyps Less common More common
Disease Severity Less More

Current or family history of atopy/eczema More common Less common

Rackemann, F. A working classification of asthma. Am. J. Med. 1947: 3; 601-606



Eosinophilic airway inflammation in allergic/non-allergic asthma
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T2 high vs T2 low endo-phenotypes

Inflammatory endotypes

Type T helpercells Typical Typical cells

and ILCs cytokines involved
involved
Typel T,landILC1  IFNyand Neutrophils,
TNF NK cells
Type2 T,2andILC2  IL-4,IL-5, IgE-producing
IL-10 and B cells, mast cells
IL-13 and eosinophils
Type3 T,17andILC3 IL-17 and Neutrophils
IL-22

ILCs, innate lymphoid cells; NK, natural killer; T, T helper.

Nat Rev Dis Primers. 2020 Oct 29;6(1):86.
GINA 2023

* Type 2 High endo-phenotype

*

2

2

Allergy driven symptoms, high IgE/atopy
Steroid responsive

Eosinophilic inflammation

- Blood eosinophil count (BEC) >150/uL and/or
- sputum eosinophil >2% and/or
- FeNO >20 ppb

* Type 2 Low endo-phenotype

*

obesity, smoking, Occupational/environmental
exposures, respiratory infections

Non-atopic, Non-eosinophilic, type 1/3

Airway remodeling, Poorly steroid responsive



Asthma Phenotypes with Type 2 Signatures

Age at Corticosteroid Additional
Onset Responsiveness IgE/Atopy Cellular Inflammation Characteristics
Mild—-moderate allergic asthma  Childhood Good to excellent  High Low level, corticosteroid- Seasonal allergic
responsive eosinophilia symptoms
Severe allergic asthma Childhood  Modest to poor High Low level, less Fewer allergic
corticosteroid- symptoms

responsive eosinophilia
and neutrophiliia

Highly eosinophilic (blood), 30-40 yrs  Typically requires Generally low Persistent high Nasal polyps, sinusitis,
despite ICS of age (but responds to) eosinophilia possible aspirin sensitivity
systemic ILC2 involvement
corticosteroids
Type 2 plus additional immune Middle age Poor Low Persistent eosinophils Systemic connective
pathways (type 1, 17, etc.) tissue symptoms,

familial autoimmunity

Definition of abbreviations: ICS, inhaled corticosteroids; ILC2, innate lymphoid cell type 2.

Sally E. Wenzel. Am J Respir Cell Mol Biol 2016; 55(1):1—-
y |



Chronic rhinosinusitis with nasal polyps (CRSWNP) and T2 inflammation

T2 allergic rhinitis T2 eosinophilic CRSwNP T1 CRSsNP
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Allergy 2008: 63: 261-267
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Front Allergy. 2021 Oct 27:2:741788



Rhinoscopic view Left Sagittal View

[able 2 | Clinical differences between CRSsNP and CRSwNP

Clinical
characteristics

Nasalendoscopy

Symptom patterns

CRSsNP

Oftennormalaspect®, with
one-third of patients having
oedema in middle meatus
and mucopurulence

Facial pain or pressure?,
anterior or posterior
discharge?®, nasal congestion
and loss of smell

CRSwNP

Bilateral nasal polyps® but
often oedema with no polyps
after surgery

Loss of smell and taste?,

nasal congestion®, anterior
posterior discharge, and
facial pain or pressure

Asthma comorbidity

Average 20%, with up to 40%
intype 2 disease and <10% in
non-type 2 disease

Average 50%, 50-70% in
severe type 2 disease, 20-50%
inmoderate type 2 disease,
0-20% in non-type 2 disease

W
. Middle
Superior  tyrbinate

Recurrence within
12 years after surgery

AERD

20% intype 2 disease, <10%
innon-type 2 disease

Rarely

Up to 80% in type 2 disease,

<10% in non-type 2 disease
10-30%

Inferior
turbinate )

Nat Rev Dis Primers. 2020 Oct
29;6(1):86.



Cytokine production

ILC2

Th2 cell

Clinical & Experimental Allergy, 2017 (47)
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Treatment strategies based on endo-phenotypes

PBE high PBE high *Preferred for concomitant eosinophilic
Feno high Feno high : S
AIIergic Nona"ergic t‘bO.phac,lt%b . : : . e
tPreferred for concomitant chronic rhinosinusitis
Anti-IL-5(ra)” Anti~IL-5(rq) wit.h nasa! polyps or concomitant atopic dermatitis
Anti—IL-4ra’ Anti-IL-4ra iPreferred for concomitant chronic idiopathic
Anti-IgE* urticaria
§Comparable efficacy of anti-IL-5(r«) & anti-1L-4rax
if PBE greater than or equal to 150/ul.
Il Anti-IL-4ra preferred over anti-IgE due to greater
PBE high ok Io.w exacerbation rate reduction
Feno low Feno high
Naonallergic Allerglc Anti-IL-5(ra) preferred over anti-IL-dra for patients
ith endotvoes 1. 2 T: y :
Anti-IL-5(ra) Al with endotypes 1, 2, & 3, if PBE greater than or
Anti—IL-4ra® Anti-IgE equal to IOOO/HL

J Allergy Clin Immunol Pract. 2020 Nov-Dec;8(10):3363-

[FENO; fractional exhaled nitric oxide, PBE; peripheral blood eosinophil]
3370.



Treatment strategies based on T2 biomarkers

Blood eosinophils Blood eosinophils Blood eosinophils
<150 cells/pL 2160-51500 cells/plL >1500 cells/pLf

to FeNO levels

1. Consider BEC and FeNO levels, taking |High blood eosinophil _.’ Anti-IL-5/5Ra |

FeNO FeNO 2:: :co:'i:tﬁ‘:;hef BEC “i:st;'s Ra) or : Rule out haematological
s S ok Sridnntinlse High FeNO to blood |/ anti-4113 it g
dominant biomarker® eosinophil levels 4‘ wcondmo ng

v v
e [t M [
a ren i ni | .
allergen allergen Se;:;:;:}ggnc | AntiL-413 \

2. Consider the presence/activity of Anti IL-5/5Ra J

T2 comorbid disease entities associated - AntIL413,
Yes No Yos No with severe asthma CRSwNP = anti-IgE, or
, : . L | anti-IL-5/5Ra

Response Ant- .t 8]
| to current | % -IGE,
Anti-IgE? available'y- Ly “ﬁz}; 3 Sensitivity to inhaled Ly,  anti-IL4/13,
biclogics or perennial allergen anti-IL-5, or
unlikely anti-IgE® . ant-L-SRa®e
N
Biologic treatment response improves with increasing blood eosinophil levels >

Anti-TSLP (Tezepelumab)
N Engl J Med 2022;386:157-71.

J Allergy Clin Immunol Pract . 2022;10(2):422-
432,



Eosinophilic asthma 7} 5’3 =2 &HXl=2?

. 56A| H| & A O — adult-onset asthma, obesity and GERD
. 32M| " — asthma, nasal polyps and aspirin sensitivity

. 63N H|S A A — Iate onset asthma, fixed airflow obstruction
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History & investigation (2)

Blood eosinophil 7.4% (523cells/uL), FeNO 119 ppb (first time)
Ig 209.3 MAST O|= I E7| & (class 4)

FEV, 15% -BDR =d, DLco 38%, RV 212%

Echocardiography: normal



Gender: Male Room: 57A

Age: 69 Race: Asian
Height(cm): 151 Weight(kg): 53.0
Any Info: EX,40PY

Spirometry
FVC Liters
FEV1 Liters

FEV1/FVC %
FEF25-75% L/sec
IsoFEF25-75 L/sec

PEF L/sec
PEFT Sec
FET100% Sec
FIVC Liters
FIF50% L/sec
PIF L/sec
FVL ECode
Lung Volumes
TLC Liters
vC Liters
FRC PL Liters
ERV Liters
RV Liters
RV/TLC %
Diffusing Capacity (Hb 15.9)
DLCO mL/mmHg/min
DL Adj mL/mmHg/min

DLCO/VA  mL/mHg/min/L
DL/VA Adj mL/mHg/min/L
VA Liters
ivc Liters

Ref

3.32
2.32

74
2.20
2.20
5.77

2.83

4.99
2.83
3.07
0.97
2.26

41

14.9
14.9
4.04

Pre

1.11
0.34
30
0.10
0.10
1.66
0.07
10.99
1.15
3.04
3.11
000010

6.05
1.26
5.00
0.24
4.79

79

5.7
5.5
2.66
2.57
2.13
1.07

% Ref

33
15

5
5
29

41

121
45
163
25
212

38
37
66
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Physician: L} =&

Technician: 0| 24
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1.10
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Investigation (2)




Problem list

# Type 2 high COPD (mild emphysema/bronchiectasis) vs. ACO

TP> 1. ICS/LABA DPI (high resistance inhaler) + LABA/LAMA DPI
- triple DPI (low resistance inhaler) + as needed SABA (- = ICS/SABA)
L = MART ICS/formoterol MDI + Spiriva Respimat
I = LABA/LAMA Respimat + ICS MDI

2. Consider systemic corticosteroid, Biologic agents anti-IL-4/13 > anti-IL5



Phenotypes of Asthma—COPD Overlap

Post bronchodilator FEV1/FVC < 0.7

i A ' AS Phenotype C - COPD with eosinophilia
Predomlnantly young females or older * Older males

asthmatics with airway remodeling + Use of long-acting muscarinic agents
No significant smoking history « Blood eosinophil >300 cells/pL

)

:-'.' nenotype B — Smoking asthmatics ™, fhenotype D - COPD with significant BDR
 Predominantly young females Older males

Strong smoking history Blood eosinophils <300 cells/pL
Atopic features Bronchodilator reversibility(FEV1 215% and
2400 ml)

Immunol Allergy Clin N Am 42 (2022) 645-655.



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 20, 2023 VOL. 389 NO. 3

Dupilumab for COPD with Type 2 Inflammation Indicated
by Eosinophil Counts

COPD on triple therapy (371& O|4h
MmMRC >2 ; FEV1 30%~70% ; blood eosinophil count >300 /uL
N=939, current or former smokers 40-80A]

Chronic bronchitis for at least 3 months during the year before screening

22[0| o S5k Y%l or 12/0|2] FF Y3t

—

ot5}= steroid response (+)

—_—

- X313

|_o

previous or current asthma 2HAt= 25 K| Q|




Cumulative Moderate or Severe COPD Exacerbations

Cumulative Mean No. of Events

1.0+
0.9
0.8
0.7
0.6
0.54
0.4
0.34
0.2+

Placebo

o]

" -
.r"'{' Dupilumab
ull

I I [ [ I [
12 16 20 24 28 32 36 40 44 48 52
Week

Exacerbation rate ratio
0.70 (0.58 - 0.86; P<0.001)

Prebronchodilator FEV,

LS Mean Change from Baseline

(liters)

0.324
0.234
0.24+
0.204
0.16+
0.12+
0.084
0.04—
0.00
—0.04-

Dupilumab

-0.08

A
| I A | [ |

|
Base-2 4 8 12 24 36 44 52

line week

COPD patients with baseline FeNO > 20 (45%)
FEV, at week 12 was 232 ml vs. 108 mL;
A 124 mL (p=0.002)



OPD # 3 months

o ACT247, 28tet HEESAH BE S, Dupilumab #7

° PFT [ FEV1 _%Pred |

16/05/21 18/05/07 20/04/22 22/04/08 24/03/25
RV _%Pred |
16/05/21 18/05/07 20/04/22 : 40.60
20 33.00
276.12 ' 29.00 29
e s
2436 % 230055 oy 3400
[
220.89 o ZDaD
16.24 \1 4o
165.67 //
142.00
5 8.12
110.45
0.00
55.22 ~ A A
' [ Meas | Meas (%Prad) HA2A | Meas (%Pred) ZArat | Meas (%Pred) Meas (%Pred)
2024.03.20 23.00 2024.03.20 0.57 (24.00) 2024.03.20 2.48 (75.00) 2024.03.20 5.72 (115.00) | 2024.03.20 7.30 (48.00)
0.00 2023.12.18 30.00 2023.12.18 0.34 (15.00) 2023.12.18 1.11 (33.00) 2023.12.18 6.05 (121.00) | 2023.12.18 5.70 (38.00)

A FEV, 230 mL
A FVC 1,370 mL



Diagnosis of severe eosinophilic asthma

TABLE 1 Possible diagnostic scheme for severe eosinophilic asthma (SEA)

Major criteria Minor criteria

Diagnosis of severe asthma Late onset of disease

Evidence of high-load eosinophilic disease (persistent blood or sputum Upper airway disease [i.e. chronic rhinosinusitis, often
eosinophilia detected on >2 occasions]) with nasal polyposis]

Frequent exacerbations (>2 per year] Role of other biomarkers (e.g. FeNo, periostin and DPP-4)

Dependence (continuous or intermittent) on oral corticosteroids to achieve Fixed airflow obstruction

asthma control

Air trapping/presence of mucus plugs

DPP-4: dipeptidyl peptidase-4; FeNo: exhaled nitric oxide fraction.

Roland Buhl et al. Eur Respir J 2017; 49:
1700634



Effects of Dupilumab on Mucus Plugging and
Ventilation Defects in Patients with Moderate-to- Archives of Allergy
Severe Asthma: A Randomized, Double-Blind,

Placebo-Controlled Trial

Nair et al. Am J Respir Crit Care Med. 2023 Nov 1;208(9):995-

997.

Baseline, Week 0

129%e MRI VDP=13%

Post-dupilumab, Week 16

-

128Xe MRI V

7.
DP=3%

CT mucus score=18

CT mucus score=11

International Clinical Allergy - Research Article

and Immunology Int Arch Allergy Immunol 2023;184:783-791
DOI: 10.1159/000530392

Effect of Benralizumab on Mucus Plugs
in Severe Eosinophilic Asthma

Natsumi Sakai® Toshiyuki Koya? Yui Murai® Fumito Tsubokawa?
Kentaro Tanaka® Shun Naramoto® Ami Aoki® Kenjiro Shima®
Yosuke Kimura? Satoshi Watanabe? Takashi Hasegawa® Toshiaki Kikuchi?

Published September 20, 2023
@EJM NEJM Evid 2023; 2 (10)
EV|dence DOI: 10.1056/EVID0a2300135

ORIGINAL ARTICLE

Tezepelumab and Mucus Plugs in Patients with
Moderate-to-Severe Asthma

Lars H. Nordenmark, Ph.D.,! Asa Hellgvist, M.Sc.,? Claire Emson, Ph.D.,? Sarah Diver, M.D.,* Celeste Porsbjerg, M.D., Ph.D.}
Janet M. Griffiths, Ph.D.,SJohn D. Newell Jr, M.D.,%7 Samuel Peterson, M.Sc.,” Beata Pawlikowska, B.Sc. 2
Jane R. Parnes, M.D.,° Ayman Megally, M.D.,'® Gene Colice, M.D.,*® and Christopher E. Brightling, F.Med.Sci.*
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Examination & Medications

A 214 wheezing +

Modifiable risk factors and triggers

o SHA/RA™ UZISHR L E () HIE{ S & (dog 1597, 25 25} - OfAD| 21 IF3I — (CASE2
D ALL)

Not taking NSAIDs, beta-blocker, or ACE-|
et S K| 1cs/LABA MDI M| A| EF AFE oFat

S 27| A2 E 2RI A| Co-ordination §FHE.



Investigation

Blood eosinophil 0.3% (23-150 cells/uL), sputum eosinophil 0%
neut 90% FeNO 16 ppb Ig 47.1 MAST: all negative

(without systemic corticosteroid use)
0 Et= 2| BPT PC20=6.45mg/ml
FEV1 66%, BDR 540ml|/32% S 7}

CXR: no active lesion, PNS: mild haziness (ENT: no nasal polyps)



Investigation (2)

Gender: Female
Age: 57
Height(cm): 157
Any Info: NON

Room: PLM
Race: Asian

Weight(kg): 84.0

Spirometry
FVC Liters
FEV1 Liters
FEV1/FVC %
FEF25-75% L/sec
IsoFEF25-75 L/sec
PEF L/sec
PEFT Sec
FET100% Sec
FIVC Liters
FIvV1 Liters
FIF50% L/sec
PIF L/sec
FVL ECode
Lung Volumes
TLC Liters
vC Liters
FRC PL Liters
ERV Liters
RV Liters
RV/TLC %
Diffusing Capacity (Hb 12.9)
DLCO mL/mmHg/min
DL Adj mL/mmHg/min
DLCO/VA  mL/mHg/min/L
DL/VA Adj mL/mHg/min/L
VA Liters
IvC Liters

Ref

3.37
2.55

79
2.55
2.55
5.53

2.89

4.57
2.89
2.58
0.95
1.75

38

18.7
18.7
4.38

Pre

2.39
1.69
71
1.04
1.04
4.49
0.10
11.22
2.08
1.84
2.72
2.84
000000

4.25
2.39
2.29
0.22
1.86

44

16.0
16.2
5.28
5.37
3.02
1.66

% Ref

71
66

41
41
81

72

93
83
89
24
106

85
87
121

Date: 2024 03 18
Physician: _t=&
Technician: 0| =4

Post % Ref
3.06 91
2.23 87

73
1.54 60
2.99 117
6.35 115
0.10
10.40
2.67 93
2.41
3.24
3.54
000000

%Chg

28
32

48
188
41

0

-7

28
e
119
.25

g
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non-Type 2 asthma: Diagnosis and Treatment

* Prevalence of non-Type 2 asthma: 20-30%

« non-Type 2 asthma Xt ™ |4 3® blood eosinophils and FeNO &7
+ OCS (oral corticosteroids) A|Z H
o 1272t 0OCS BE =

o 7ttt &2 0OCS 8 7A| Al ; _ : ; }
« Consider trial of add-on treatments (if available and not already tried)
A

- LAMA

Low dose azithromycin

Anti-IL4Rex * if taking maintenance OCS

,-!'u.nii—T.‘SrLF*“lr (but insufficient evidence in patients on maintenance OCS)

As last resort, consider add-on low dose OCS, but implement strategies
to minimize side-effects
Fur. Respir . 2011, 38, 567-574. « Consider bronchial thermoplasty (+ registry)

Biomedicines 2023, 11, 1226. « Stop ineffective add-on therapies
GINA 2023



Problem list

# T2 low asthma with comorbidities including obesity, localized allergic rhinitis/CRSsNP

P>
1. N&s&a
2. LTRA, 2|AH4 A MA, intranasal corticosteroid, low dose azithromycin

3. High dose extrafine ICS/LABA DPI + LAMA DPI 11&E5|, S Q7| AR u= HIE

4. Consider oral corticosteroids
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Endo-phenotype of severe asthma 0f| [[} £ St=d X| &
+ Type 2 biomarker BEC/FeNO ratio, IgE, atopy status
+ Comorbidities Of| [CF2fA] 41 EH
- Atopic dermatitis, CRSWNP, chronic urticaria, eosinophilic esophagitis, otitis media &
+ Radiologic phenotype: Mucus plug on chest CT

+ Bronchitis phenotype: ™ Al 2t X} HIL0| HE S L =240

Non-Type 2 M4l/copD &%l M Type 2 &S U CHE H 2 MST

+ Non type 2 biomarker Z Q|
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X ICS-LABA: Inhaled CorticoSteroids-Long Acting Beta-2 Agonist

LAMA: Long Acting Muscarinic Antagonist
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X ICS-LABA: Inhaled CorticoSteroids (High dose) -Long ActingBeta-2 Agonist

LAMA: Long Acting Muscarinic Antagonist
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X ICS-LABA: Inhaled CorticoSteroid (high dose) -Long Acting Beta-2 Agonist

LAMA: Long Acting Muscarinic Antagonist
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