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Learning
Objectives:

Upon completion of

this learning activity,

participants should
be able to:

* Describe T2 inflammation in the
context of pathogenesis and therapy
of allergic and respiratory diseases.

* Review where are we today with
biologic treatments for T2lo asthma

* Discuss what is needed to better
treat patients for T2lo asthma




Jill is 51 yo obese female presents with a 25-year H/O asthma
3 steroid bursts in last 12 months
Current ACT scoreis 17

Medications:

C aS e e Budesonide/formoterol160/4.5 BID and PRN

e Albuterol 2 puffs Q4h PRN

P r eS e n t at I O n : PMH: Chronic rhinitis and multiple “sinus infections” annually

11 J)
J I L L PE: Diffuse wheezing on expiration

Meds: mometasone 2 spr each nostril QD; atorvastatin QD

Spirometry:

* FEV 65 %FVC 75%
* FVC 75%
e FEV/FVC: 0.7




Patients (%)

Analysis of Inhaled Corticosteroid
Partial- and Non-Responders
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IMalmstrom K, et al. Arch Intern Med. 1999;130:487-95.
2Tantisira KG, et al. Hum Mol Genet 2004;13:1353-9.



Next
steps to
consider

Check reversibility

Do complete PFTs with DLCO

pMieasure FeNO

Measure blood eosinophils

Do allergy testing

Measure total IgE

Rhinoscopy

Sinus CT




Asthma
Biomarkers:

Not where we
need to be!

Allergic: IgE 30-1300
- Eosinophilic:
Bld >150/sputum>1%
« Type 2 hi:
Bld eos >150/FeNO>20

« Type 2lo:
None of the above!

Agache et al, Allergy, 2020, Casale et al, Allergy, 2018

Breath biomarkers @

Sputum inflammation,
infection, metabolites,
mediators

Airway lumen

Asthmatic
airway
Airway wall
wa" . thickness:
3 CT/MRI imaging
Remodeling
Inflammation
Blood vessel

- ' 0 Blood
: Q @ Q inflammation,

IgE

Distal sites: urine metabolites

Custovic et al, JACI. 2/2022



Check reversibility: 10% and 125mL

Do complete PFTs with DLCO: Did not do

N eXt Me=25ure FeNO: 18
S t e p S t O Measure blood eosinophils: 125
consider

fO I \] I L L Measure total IgE: 30

Rhinoscopy: Dia nct &S

Sinus CT: Did not do




Characteristics of T2 Low Asthma

Treatment of T, Low Asthma

Tiotropium
Smoking Cessation

Poor Bronchodilator Reversibility,
Less Responsive to Steroid

Neutrophilic Inflammation —2g &

-
“p-(~4

Anti-Microbials
@2~ Anti-TSLP

Higher BMI
Metabolic Dysfunction

Reduction in Obesity
Anti-IL-6?

T.F. Carr / Ann Allergy Asthma Immunol 2021.



Budesonide 28, Placebo 22

p = 0.0043
p =0.1509 |
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Respirology. 2021;26:666—672



- Eos are a good biomarker to
T h e T2 I O B I O m a.r ke r predict exacerbations
CO n u n d ru m ——— Placebo, >4 prev. exac.  —— Mepolizumab, > 4 prev. exac.

Placebo, 3 prev. exac. Mepolizumab, 3 prev. exac.
Placebo, 2 prev. exac. Mepolizumab, 2 prev. exac.

No specific biomarker
We lack T2lo to predict
biomarkers exacerbations in T2lo
patients
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Improved clinical
responses with the
current T2 hi
biomarkers are largely
driven by the placebo
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annualized rate of sever®
exacerbations

> Adjusted

LS mean change from baseline in
pre-BD FEV, (L)

mean change from baseline in
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I Pooled placebos

Eos < 150 cells/puL

$16%6 —30% —a6%
1.145
(0.791 to 1.657) 0.695
(0.279 to 1.729) 0.542

(0.198 to 1.479)

FeNO < 25 ppb FeNO 25 to < 50 ppb FeNO 2 50 ppb

Eos < 150 cells/uL

0.22
(-0.08 to 0.52)

(-0.08 to 0.23)

0.06
(-0.01 t0 0.14)

FeNO < 25 ppb FeNO 25 to < 50 ppb FeNO = 50 ppb

Eos < 150 cells/puL

0.17
(-0.13 to 0.47)
0.15
(-0.00 to 0.31)
(-0.03-t0 0.15)
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I Pooled dupilumab 200 mg q2w and 300 mg g2w

Eos 150 to < 300 cells/uL

—39% —51% $28%
0.613
0.401 t0 0.93
( 280 0.493
(0.247 10 0.982)
1.225

(0.473 to 3.174)

FeNO < 25 ppb FeNO 25 to < 50 ppb FeNO 2 50 ppb

Eos 150 to < 300 cells/pL

0.19 E
(0.06 to 0.33) (-0.03 to 0.43)

-0.05
(-0.13 to 0.03)

n =93 =183 n=51 i n=o8 n=24 i neds

FeNO <25 ppb FeNO 25 to < 50 ppb FeNO = 50 ppb

Eos 150 to < 300 cells/pL

0.20
(0.06 to 0.35)

o.
(-0.09 to 0.44)

(-0.07 t0 0.11)

FeNO < 25 ppb FeNO 25 to < 50 ppb FeNO = 50 ppb

The Journal of Allergy and Clinical Immunology: In Practice 2023 111213-1220.e2DOI: (10.1016/j.jaip.2022.11.043)
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Good news!
Your asthma has stayed the same,
But the research findings have changed!



Which to Choose When the 3
Biomarkers Are Not Helpful

* Patient preferences (shared
decision making)

 What is the end game for the
patient?
* Data-driven choices

* Exacerbation Triggers
* Insurance coverage!




Effects of Biologics Approved for Asthma on Comorbidities

Comorbidity Omalizumab = Mepolizumab Reslizumab Benralizumab  Dupilumab Tezepelumab
Atopic dermatitis +- - No data No data Indicated Failed
CRSwWNP (nasal Indicated Indicated + +H Indicated No data
polyposis)

Food allergy + No data No data No data + No data
Allergic + No data No data No data + No data

rhinoconjunctivitis/
allergic rhinitis

D B i i




Differences Between The 2 Main CRS Phenotypes

L\

Characteristics CRSSNP CRSWNP

Predominant Thl Th2
inflammatory profile**

Common Asthma: 22% Asthma: 56%
comorbidities>* Allergic rhinitis: 52% Allergic rhinitis: 76%

Asthma + allergic rhinitis: 68%  Asthma + allergic rhinitis: 82%
A/NSAID-ERD: 8%-26%

1. Benjamin MR, et al. J Allergy Clin Immunol Pract. 2019;7:1010-1016. 2. Cho SH, et al. J Allergy Clin Immunol Pract. 2016;4:639-642. 3. Orlandi RR, et al. Int
Forum Allergy Rhinol. 2016;6(Suppl 1):S22-S209. 4. Hopkins C. N Engl J Med. 2019;381:55-63. 5. Laidlaw TM, et al. J Allergy Clin Immunol Pract.
2021;9:1133-1141.



Add LAMA

OCS burst

Change INCS dose and agent

Th erapeu tic Consider a biologic
Considerations « Which one????

Antibiotics
Refer to ENT

Other?




Low-Dose Cumulative OCS Exposure |s Associated

With Significant Adverse Effects’?

44% of adults with asthma reported OCS use in the past 12 months?

0.5t0<1.0¢g
1.0to<2.5g
2.5to<5¢g
5to<10g
210 g

HR (95% Cl) vs reference of >0 to <0.5 g cumulative OCS exposure
1.16 (1.01-1.34)
1.37 (1.18-1.58)

1.34 (0.74-2.44)
2.60 (1.48-4.56)
2.39 (1.20-4.79)
4.96 (2.56-9.63)

5.79 (2.82-11.88)

1.17 (0.97-1.42)
1.70 (1.41-2.05)
2.52 (2.02-3.14)
3.36 (2.65-4.26)
3.98 (3.09-5.14)

1.34 (1.11-1.63)
2.03 (1.65-2.50)
2.59 (2.07-3.24)

Cumulative OCS | Osteoporosis Diagnosis . Type 2 Diabetes Cardio-/Cerebrovascular
* Pneumonia . .
Exposure and Fracture Mellitus Disease

1.14 (0.98-1.32)
1.42 (1.22-1.66)
1.79 (1.49-2.14)
1.96 (1.59-2.41)
2.23 (1.79-2.77)

Most adverse effects become significant above 0.5 to <1.0 g, equal to 4 lifetime “bursts”?

HR, hazard ratio.

aFor cumulative systemic CS exposure, HR are presented per 1.0 g increase in cumulative SCS dose as a continuous variable.!
1. Price DB et al. J Asthma Allergy. 2018;11:193-204. 2. Price D et al. NPJ Prim Care Respir Med. 2014;24:14009.
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Non-T2/Neutrophilic inflammation
i+ Pathogens, |rr|tants smoking

j,\n mﬁ\mzi\mmf nﬁm \mzz
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GM-CSF

Neutrophil
recruitment

Xie, Abel, Casale, Tu. JACI, 2022



Rationale For Anti-IL-6 Blockade In Severe Asthma

. - , B. SARP Asthma Cohort
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UCSF UCSF SARP
Healthy Asthma Asthma
N =93 N =249 N = 387

IL-6 IL-6
Low High

Testing Anti-1L6 Blockade with Clazakizumab in
NHLBI-PRECISE Study On Severe Asthma

Number of Asthma Exacerbations over 3 years of Follow up
p=0.008
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Peters et al Lancet Respir 2016, AJRCCM 2020



RESEARCH SUMMARY

Risankizumab in Sevete Asthma —
A Phase 24, Placebo-Controlled Trial

Brightling CE et al. DOI: 10.1056/NEJMoa2030880

Brightling CE et al. N Engl J Med 2021;385:1669-1679

Bardin and Foster. n engl j med 385;18, October 28, 2021

Risankizumab Treatment for Severe Asthma
|

| Th17 and Thl
transcriptional gene
signature

v Host-defense gene
signature

o, Gene profiles of
natural kller cell and
CD8+ T-cel activation

=

Median Time to First Asthma Worsening
Hazard ratio, 1.46; 959 ClI, 1.05 to 2.04; P=0.03
100 —
90 —
30 —
70
60 —
50 —
40 —
30
20 —
10 —
o

86 days

No. of Days

Risankizumab Placebo

» No benefit with

respect to clinical
outcomes

+ Distupted balance
of Th17 and The?

o Impaired immunity?

Estimated Percentage of Patients
without Asthma Worsening

100
90 -
80 -
70 -
60
50—
40

Percentage of Patients

Placebo

- =y

10 - Risankizumab

Weeks since First Dose

No. at Risk
Placebo 109 78 64 55 49 47
Risankizumab 105 62 46 38 37 31

CONCLUSIONS
Treatment with the monoclonal antibody risankizumab

43 0
29 (o]

was not beneficial in severe asthma and resulted in worse

outcomes than placebo.




Therapeutic Agents
Targeting Th17 Cell
Responses

Naive CD4+ T cells
IL-6
IL-6R o

O Q’II" MP5-20F3

Q"& Atlizumab
TMP778 IL-18 @ — Y canakinumab
TMP920 9]
VTP-938 -
BIX119
Ursolic acid

JNJ-61803534 o
Secukinumab

Y16 v]ry Brodalumab

KD025

Neutrophil

Xie, Abel, Casale, Tu. JACI, 2022



Neutrophils and IL-17

« Cutoff of 76% neutrophils in sputum proposed, but....
— Neutrophilia does not always predict neutrophilic bronchial inflammation.
— Neutrophilia can coexist with eosinophilia.

e |L-17A levels elevated in bronchial tissues, PBMCs, and serum in asthma and
assoc with incr AHR and asthma severity.

« IL-17F level also increased in asthma and correlated with airway neutrophils and
more severe disease.

« 2 clinical trials of humanized anti—-IL-17A mADbs, secukinumab (AIN457) and
CJM112, and 1 trial of brodalumab (AMG-827), mAb that binds to IL-17RA, FAILED!

Xie, Abel, Casale, Tu. JACI, 2022



Triggers

Alarmins

Cellular Targets

Mediators

Pathophysiology/
Pathobiology

Clinical
Sequelae

Allergen — -

Adaptive immunity

T cells

Structural cells Innate immunity I
ILC2

B cell

| Fibroblast  Airway smooth muscle | Neutrophil Eosinophil Basophil Mast cell Dendritic cell Macrophage 1 1.2,1:7)
IL-6  IL-8 IL-12 GM-CSF histamine CysLT  GM-CSF CCL1 CCL11 IL-4  IL-5 IgE
CCL5 CCL11 TNFa IFNy IL-3  IL-6 IL-8 IL-10 CCL17 cCcCL18 IL-9 IL-13  IL-17
MMP  collagen IL-13 CXCL1 MCP-1  MIP-1a CCL19 CCL22 TNFa
>4 N il

N
Airway hyperresponsiveness + Inflammation

Airway remodeling
S )

A fl RSy Y [
ole ®

. o
S P e e ok,

2>

Worsening Reduced I | More frequent
< > exacerbations

Poor
Lung function < > asthma symptoms quality of life

Allergy. 2023;78:402-417



. Trial Design n
Screening and Run-in A | l t I -— I I —33
Period (4 wk) Intervention Period Follow-up Period

Placebo, every 2 wk, subcutaneously
Itepekimab 300 mg, every 2 wk, subcutaneously

Itepekimab 300 mg+dupilumab 300 mg, every 2 wk, subcutaneously
Dupilumab 300 mg, every 2 wk, subcutaneously + -

Fluticasne (250 ytwice daily or equivalen
T

’ I S = | Dupilumab

Background therapy * Inhaled No background
LABA glucocorticoid therapy
withdrawal taper

- B r Interleukin-4 and : j
——3 Thymic stromal —3» e interleukin-13 I— Dupilumab
() lymphopoietin Partial Interleukin-5
—>» |nterleukin-33 « mbibiian i Other p:.ithways? |

The NEW ENGLAND JOURNALo MEDICINE

[ ;Itepekimab ]

Efficacy and Safety of Itepekimab for Moderate-to-Severe Asthma

PHASE 2, MULTICENTER, RANDOMIZED TRIAL

5 296 Adults Placebo
- - e LR e 3
with moderate- . P =
o to-severe . \?\’
> N=74
asthma '
@ Every 2 wk for 12 wk
——
Event indicating 16 Participants 20 Participants 14 Participants 30 Participants
loss of asthma 22%/o 27%0o 19%0 41°,o
\S Control OR (95% CI) as compared with placebo
0.42 (0.20—0.88) 0.52 (0.26—1.06) 0.33 (0.15—0.70)

Itepekimab led to a lower incidence of loss of asthma
& control than placebo and improved lung function.

Bardin and Foster. n engl j med 385;18, October 28, 2021 M:E-Wechsleret 4l 10:10567NEIMoa2024257 Copyright © 2021 Massachusetts Medical Society




Astegolimab (anti-ST2) efficacy and safety in adults with severe
asthma, including patients with low eosinophils

astegolimab Patients enrolled "
I L_33 ﬁ = (antl'STZ) > macrophage ( EOS‘lO EOS'hi
2 b Y - neutrophil Placebo (n=127) | = n=32
o .6 \ X — o a 70 mg (n=127) n=96 n=31
) 1 %35‘:}‘ “@) £
mast cell @ =
. 2. 4 ©< 210 mg (n=126) |-V n=29
sT2+cells Y@ . g
- = Sdotielum < (490 mg (n=122) [k n=31
comnonnt Y N <
Study design Primary endpoint: annualized asthma exacerbation rate
/| Screening | Run-in | Double-blind treatment period | Follow-up | A 4 Overall Eos-lo )
- o 3% 27 4% % 21%  s1%
> ' ' ' adaiin ~Rglalalgly et ) Radlang
q’ . L L] L] ' L]
3 = Placebo SC Q4W & oE : ; i : : !
Patients '§ - 2 w 0 V v A
el \ % '
l\::‘i‘t:l';ns;votlalree& 8 S 70 mg astegolimab SC Q4W é 3 X
asthmaon — E- § e E 0.4 -
assttal'lt::fa :é § 210 mg astegolimab SC Q4W 'u%’ E
therapy E = 0.2 4
= o
£
w
- 0.0
} = = = : Placebo 70 210 490 Placebo 70 210 490
Week -4 0 2 54 70 Astegolimab (m Astegolimab (m
- o L g (mg) g (mg) )

AER, asthma exacerbation rate; Eos-lo, <300 eosinophils/pL; Eos-hi, 2300 eosinophils/pL;
IL, interleukin; Q4W, every 4 weeks: SC, subcutaneous




Search
MEDLINE
EMBASE
CENTRAL

Web of Science

Interventions

Anti-thymic stromal
* lymphopoietin (TSLP)
IL-33 inhibitors

IL-25 inhibitors

”“".""E’e’ = Certal_nty o Risk difference with usual
Outcomes participants the evidence care
(studies) (GRADE)
Exacerbations 921 GIOIG10) 301 fewer per 1,000
(2300 cell/ul) (4 RCTs) Moderate (352 fewer to 230 fewer)
Exacerbations 1338 HDOO 165 fewer per 1,000
(<300 cells ulL) (4 RCTs) Low (259 fewer to 24 fewer)
Change in FEVA 758 OODD (:\’:3% g;aﬁﬁg'{ohgge%
(2 300 cells/ul) (4 RCTs) High ) g )
higher)
hmgemrevi  x  geeO  MOSIom
(< 300 cells/ul) (4 RCTs) Moderate ’ g )
higher)
Serious adverse 2722 SODO 3 more per 1,000
events (11 RCTs) Moderate (O fewer to 6 more)

Su et al, JACI, In Press

Anti-epitheliai aerivea cytokines ror severe
asthma: a systematic review and meta-analysis

. 9 L]
12 trials “',' 2,391 patients

Conclusions: Anti-epithelial
derived (type 2) cytokines are
effective at improving lung function
and probably reduce
exacerbations in patients with
severe eosinophilic asthma (RR

0.36 [95% CI 0.25 t0 0.51]). The
effect on patients with low (<300
cell/ulL) eosinophils is less certain.




Non-Eosinophilic/T2lo Asthma

Lack of good biomarkers

AIT. Not appropriate

No specific T2lo biologics approved, and concern for AEs

T2hi biologics:

— Omalizumab: small case series of nonallergic asthma and ACO

— Dupilumab: works poorly in eosinophil and/or FeNO low
patients

— IL-5 blockers: work poorly in eosinophil low patients
Alarmin blockers:

— Tezepelumab

— Astegolimab (anti-ST2)



Putative Therapeutic Targets for T2lo Asthma

© o Allergens ® o Viruses Bacteria '———=m Cigarette smoke CC% Air pollutants
OOO " O
o ®
Airway epithelium
Tezepelumab — TSLP IL-33R |—— Astegolimab Soug
Itepekimab — IL-33 IL-33R\
/ . . Macrophages
Canakinumab, Anakinra— IL-1B IL-23 —— Risankizumab x f.' . /
Treg '
IL- 23\4
v Tocilizumab f TH

GM-CSF

ILC3 TH17 \
10757, Brodalumab /
Lenznlumab Etanercept Infliximab, Golimumab
IL- 1[3 L-17 Lenzilumab
. GM-CS
TNF Neutrophlls /

A .
- ’ Canakmumab
S y Anakinra X
: — d T GM-CSF
Macrophages TNF

Monocytes T Neutrophlls

Etanercept, Infliximab, Golimumab

N.M. Niessen et al. / Ann Allergy Asthma Immunol 129 (2022)



Non-Eosinophilic/T2lo Asthma
Points to Consider

 Are we doomed to failure without POC biomarkers that allow
patient enrichment for clinical trials?

* Important to recognize that no phenotype or endotype is pure!

« What are the consequences of inhibiting the action of
neutrophils in the lung?



Precision Medicine:
The next Generation Cure?!

Try to find something that works like steroids
But costs much more!
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