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B Chronic Rhinosinusitis

e Chronicinflammatory disorder of the paranasal sinuses

e C(Clinical symptoms (lasting for at least 12 weeks) include:
* Anterior or posterior nasal rhinorrhea
* Nasal congestion
e Facial pressure/pain
* Hyposmia

* Evidence of sinonasal inflammation on sinus CT scan and/or
on nasal endoscopy
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Bl Chronic Rhinosinusitis: Phenotypes

r e Majority of patients with CRS (80%)
" * 30% have comorbid asthma

* Mechanistically is less well-studied
* Fewer available treatment options

* Minority of patients with CRS (18-20%)
* More severe disease than CRSsNP

Chronic Rhinosinusitis - : F e 30% recurrence rate of polyps
with Nasal Polyps g TN ‘ following sinus surgery

(CRSWNP) 50-60% have comorbid asthma
*  More mechanistic studies available
* Recent advances in treatment options

Benjamin M et al. JACI: IP. 2019 Mar;7(3):1010-1016.
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Bl Aspirin Exacerbated Respiratory Disease (AERD)

e C(linical triad of CRSWNP, asthma, and
intolerance to COX-1 inhibitors

e Observedin 12.4-15% of asthmatics

Asthma CRSWNP e Observed in 9.7-16% of patients with
CRSWNP
)4 * Typically is associated with more severe
Intolerance upper and lower respiratory disease
to COX-1 * Dysregulation of arachidonic acid
Inhibitors metabolism thought to play a role in
AERD pathogenesis

* Recent advances in treatment options

Feinberg School of Medicine Stevens W et al. JACI: IP. 2017 Jul-Aug;5(4):1061-1070



A Overview of CRSWNP pathogenesis

Initiation === IMmune barrier defect === Activation, recruitment, and === Formation of nasal polyp
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I Simplified overview of CRSWNP pathogenesis
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g, TYre 2 Inflammation in CRSWNP: Factors that promote
eosinophil survival and chemotaxis
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A Type 2 Inflammation in CRSWNP and AERD
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B Eosinophils are elevated in most nasal polyps

Number of H&E positive cells
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B \\/hat role do eosinophils play in CRSWNP?

|
Clinical Biomarker?
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I Tissue eosinophilia is associated with CRS recurrence
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B Peripheral eosinophilia is associated with CRS recurrence

Table 3 Multivariate Cox proportional hazards model: refractori-
ness of chronic rhinosinusitis

Hazard ratio P value
Peripheral blood eosinophils
2% 1
2< <% 1.72 (0.95-3.10) 0.072
h< <10% 1.86 (1.49-3.32) 0.036*
10% < 2.12 (2.66-4.06) 0.024*%
CT shadow: ethmoid > maxillary 2.15 (1.22-3.79) 0.008**

CT, computer tomography. Values in parentheses are 95% confi-
dence intervals. *P value < 0.05; **P value < 0.01.
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B ECP and IL-5 are prognostic factors for polyp recurrence

TABLE Il. Multivariate logistic regression analyses of the predictors in CRSwWNP

Analysis methods Estimate Std. Error zvalue P
Multivariate analysis @
Clinical prediction model
Pre-ESS MLM 0.07 0.03 2.46 *P<0.05
Asthma 1.80 0.60 3.156 **P<0.01
Biomarker prediction
model
log (ECP) 0.72 0.23 3.10 ** P <0.01
log (anti-dsDNA IgG) 0.44 0.27 1.63 *P<0.05
) |og (IL-5) 0.17 0.19 0.93 *P <0.05
Combined prediction
model
Pre-ESS MLM 0.08 0.03 2.29 *P<0.05
Asthma 2.36 0.74 3.20 *P<0.05
log (ECP) 0.44 0.27 1.60 *P<0.05
log (anti-dsDNA IgG) 0.59 0.33 1.80 *P<0.05
log (IL-5) 0.54 0.25 2.16 *P<0.05

a Multivariate models were adjusted for age and sex.

ESS - endoscopic sinus surgery

MLM - modified Lund Mackay (radiographic measure of sinonasal disease severity)
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Bl Reduced smell is a common clinical symptom of CRSWNP

Sense of Taste/Smell
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Bl Olfactory eosinophilia correlated with olfaction function

CLC in Nasal Tissue (ACt)

CLC expression
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B \\/hat role do eosinophils play in CRSWNP?
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CD69 surface expression on eosinophils is elevated in nasal
- polyps compared to peripheral blood
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I Simplified overview of CRSWNP pathogenesis
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Bl Basophils are elevated in CRSWNP but not AERD nasal polyps

Number of 2D7 positive cells
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B Flow cytometry-based approach to identify basophils

Peripheral Blood Basophils
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B Flow cytometry-based approach to identify basophils

Peripheral Blood
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-Basophils are elevated in nasal polyps of patients with

AERD compared to CRSWNP
Total Leukocytes Basophils
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Basophils are also elevated in peripheral blood of patients

- with AERD compared to CRSwWNP
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Increased number of activated (CD63*) basophils in nasal
-polyps of patients with AERD compared to CRSWNP

Number of CD63* Basophils Number of CD63* Basophils
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More Activated
CD63 MFI

CD63 MFI
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CD203c MFI

Increased intensity of CD63 and CD203c staining on
basophils in nasal polyps compared to peripheral blood
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marker of basophil degranulation

Peripheral Blood

Flow cytometry-based approach to utilize 2D7 expression as a putative
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More Degranulated

% 2D7* Basophils
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More Degranulated

Reduced intracellular 2D7 staining in nasal polyp basophils
from AERD compared to CRSWNP or AERD blood
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Measurements of basophil activation and degranulation
correlate with enhanced disease severity
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Measurements of basophil activation and degranulation
correlate with enhanced disease severity
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I Simplified overview of CRSWNP pathogenesis
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I Elevation of neutrophils in a subset of eosinophilic nasal polyps

Eosinophil Cationic Protein Neutrophil elastase
(eosinophil marker) (neutrophil marker)
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Charcot-Leyden crystals can induce a pro-inflammatory
response in nasal polyps and recruit neutrophils
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CD66b-PerCP/Cy5.5

=)

=

i

21

Elevated neutrophils in nasal polyps have an activated

phenotype
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Neutrophils are the predominant cellular source of
Oncostatin M in nasal polyps

Stevens et al. JACI. 2017 Jun;139(6):1966-1978.
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Oncostatin M promotes epithelial barrier dysfunction
and is elevated in CRSWNP

OSM protein- tissue
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Oncostatin M synergizes with IL-4 signaling to induce
TSLP expression in CRSwWNP

Nasal Epithelial Cells
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-The mixed eosinophilic and neutrophilic endotype may
be associated with severe disease in CRS
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Mixed eosinophilic and neutrophilic inflammation is
B -ssociated with more severe sinonasal disease

™ Northwestern Medicine’

Feinberg School of Medicine

Paucigranulocytic Neutrophilic Eosinophilic Mixed granulocytic P-value
No. 33 23 73 35
Age (years) 50.3x14.0 541+16.6 481+13.5 475+ 13.6 26
Sex, no. (% female) 17 (52) 7(30) 33(45) 15(43) A7
Race, no. (% white) 29 (88) 20(87) 60 (82) 30(86) .87
Current smoker, no. (%) 2 (6) 2(9) 51(7) 1(3) .80
BMI (kg/m?) 305112 30467 30.5%6.0 28,6164 .68
Nasal polyps, no. (%) 6(15) 11 (48) 55(75) 26 (74) <.0001
Asthma, no. (%) 9(27) 92(39 26 (36) 18 (51) 21
Allergic rhinitis, no. (%) 19 (58) 12(52) 45 (62) 26 (74) 20
AERD, no. (%) 0(0) 1(4) 10 (14) 5(14) .09
AFRS, no. (%) 1(3) 1(4) 12 (16) 7(20) .08
NCS, no. (%) 25(86) 19 (83) 59 (81) 28 (80) 92
LTR, no. (%) 4(12) 5(22) 21(29) 11(31) .22
| SNOT-22 score 43.0+19.5 47.0 £20.3 412 +18.5 56.2+21.7 03 I
Rhinologic 11.8+5.0 124+58 11.8+5.2 147 +4.7 A8
Extranasal 79+36 87x29 70x3.6 8.0+33 36
Ear/Facial 8.2x48 8.0+51 74+52 11.0+5.3 .06
Psychological 11.5+8.8 127469 11.2+79 171+ 9.0 .05
Sleep 104+ 7.0 124+ 6.4 104167 141+ 7.0 17
CT score 11.0(8.0 to 14.0) 15.0 (7.5 to 19.0) 16.5(13.0 to 20.5) 17.0(14.0 to 21.0) <.0001 I
SIT score -3.0(-7.0t0 -1.0) -9.0(-19.5t0 -1.5) -13.0(-26.0t0 -3.0) -14.0(-25.5t0 -4.0) .04
Mucopurulence, no. (%) 11(33) 14 (61) 12 (18) 9 (26) .0005
Prior surgery, no. (%) 8(24) 8(35) 29 (40) 17 (49) 21

Succar et al. Allergy. 2020 Mar;75(3):713-716.



I \ariation in defining inflammatory endotypes

eas
V'

T1.T3

IL1T A (RMA) IFNG [RMA)
CEF3{GCSF) CXCL10

ILITF  CCL20 CXCLY
IL1B  CHI3LY CXCL11
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Inflammatory mediator expression
 CLC, ECP, IL-5, IL-13,
* |FNg, CXCL10
* |L-17, GCSF

Cellular composition
* Number of neutrophils versus eosinophils

Location, location, location
* Nasal polyp tissue
* Nasal lavage
* Nasal secretions

Kato et al. Allergy. 2022 Mar;77(3):812-826.



I CRS inflammatory endotypes determined by cytokine profiles

Type 1 Type 2 Type 3
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Red dotted line: 90t percentile of the expression measured in control ethmoid tissue
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I Type 2 inflammatory endotype of CRS patients in Chicago

All CRS

B Type 1 (IFNy)
B Type 2 (CLC and ECP)

B Type 3 (IL-17A)

Greater than the 90t percentile expression in control ET
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Stevens et al. J Allergy Clin Immunol Pract. Nov-Dec 2019;7(8):2812-2820.



I Type 2 inflammatory endotype of CRS patients in Chicago

CRSsNP

CRSwNP

AERD

B Type 1 (IFNy)
B Type 2 (CLC and ECP)

B Type 3 (IL-17A) Greater than the 90t percentile expression in control ET

™ FNogth\SNheﬁtf:AndMedicine@ Stevens et al. J Allergy Clin Immunol Pract. Nov-Dec 2019;7(8):2812-2820.
1 0Ol O edicine
e Bee Stevens et. al unpublished 2023.



B Novel treatment options for CRSWNP
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B Dupilumab and CRSWNP (SINUS-24 & SINUS-52)

—4— Placebo —m— Dupilumab every 2 weeks —=— Dupilumab every 2 weeks until week 24 and
---- Treatment ended atweek 24 every 4 weeks until week 52

A Nasal polyp score

05— SINUS-24 - SINUS-52
B e e o e
“w

Off treat t

E 05— reatrpen
E
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LS mean change from baseline
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B \Vepolizumab and CRSWNP (SYNAPSE)
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LS mean change from basaline (95% Cl)
in total end oscopic NP score
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e Placebo (1=201) = Mepolizumab 100 mg SC (n=206) Han et al. Lancet Respir Med. 2021 Oct;9(10):1141-1153.



Dexpramipexole treatment was associated with a
B (cduction in eosinophils but not nasal polyp size

Peripheral Eosinophils Polyp Eosinophils
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B Omalizumab and CRSwWNP (52-week extension)

A B
NPS NCS
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. Which biologic is better? No head-to-head comparisons
but... there are indirect treatment comparisons

GRAPHICAL ABSTRACT

( )\I Comparative efficacy and safety of monoclonal antibodies and aspirin desensitization for
“L¥ chronic rhinosinusitis with nasal polyposis: a systematic review and network meta-analysis

Rescue surgery
Rescue systemic steroids
Nasal polyp size
Radiographic severity
Adverse events
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Oykhman P et al. JACI. 2021 Sep 17;S0091-6749(21)01393-2.



Which biologic is better? No head-to-head comparisons
but... there are indirect treatment comparisons

A Favors treatment Favors placebo

-l [

Omalizumab q2w—q4w vs placebo

POLYP 1 (Txn =72/ PBO n = 66) —— ~0.55 (~0.85, —0.25)
POLYP 2 (Txn =62/ PBO n = 65) — ~0.50 (~0.81, -0.19)
==

Direct meta-analysis —0.53 (-0.74, -0.31)

Dupilumab 300 mg q2w vs placebo

SINUS-24 (Txn =143 /PBO n = 133) ——- —0.89 (-1.07, -0.71)
SINUS-52 (Tx n =295 /PBO n = 153) - —0.87 (-1.03, -0.71)
Direct meta-analysis - —0.88 (-1.00, —-0.76)

Favors dupilumab | Favors omalizumab

r

Dupilumab 300 mg g2w vs omalizumab q2w—q4w‘
Bucher indirect comparison — —0.35 (-0.60, —-0.11)

2 -1 0 1 2
Mean difference in NC score (95% CI)

M Northwestern Medicine’
Feinberg School of Medicine Peters et al. J Allergy Clin Immunol Pract. 2021 Jun;9(6):2461-2471.e5.



A Summary

Specific Potential
clinical clinical
features treatments

Immune
Source cells Effector cells

targets

Tun MNone MNone MNone None e e
to date to date

S ks , Undefined Undefined

T1 IFN- ILC1 1 - ; v
Y @ @ b ™ Q ises to date to date
IL-4 'g - Asthma, ln."la'_:r be rr:ure :esplgr;sive
T2 IL-5 w0 ILC2 i Parasites smell loss, 0 COMGOSIGICS,
st N , consider type 2
IL-13 gk e NP formation biologicals
: Bacteri
T3 IL-17 @ ILC3 ena . e i
Fungi

™ North t Medicing'
Fei(r?:erg ‘sﬁﬁ‘z o?l'\'ﬂlldiciri ene Kato et al. Allergy. 2022 Mar;77(3):812-826.



I Unmet needs

What are the roles for eosinophils, basophils, and neutrophils in
CRS- clinical biomarker or mediator in pathogenesis or both?

What is the “best” method to define inflammatory endotypes?
What is the clinical significance of inflammatory endotypes?

How can we improve clinical management of CRS?
* How do you select which patient to start on a biologic?
* Which biologic do you start?
 What about sinus surgery?
* What about patients with CRSsNP or non-type 2 inflammation?

Can further investigation of the cellular basis of chronic
rhinosinusitis predict the role of biologics?

M Northwestern Medicine’

Feinberg School of Medicine
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Nasal Polyp Formation Overview
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I AERD pathogenesis: mixed inflammatory endotypes

Sinonasal Mucus Bronchoalveolar Fluid

n=30 n=22
Bl Type 2-high Il Eosinophilic
Hl Type 1/3- high Bl Neutrophilic
1 Other 1 Paucigranulocytic

Scott WC et al. , JACI. 2021;147(4):1318-28.

o Jakiela B et al. JACI. 2021;147(4):1269-80
W™ FNp:th\SNheslt?KAndl\/_ledlmne@ Jakiela B et al. JACI 2022. in press.
enberg seogtoTediene Stevens and Cahill. JACI. 2023. in press.



Bl Fstimated prevalence of AERD in the United States

0.6% - 2.5% 12.4% - 14.9%
Asthmatics

9.7% - 16%
Nasal Polyps

General Population

15% of patients with AERD may not be

able to identify if they are intolerant to
COX-1 inhibitors

Rajan et al. J Allergy Clin Immunol; 2015

Stevens et al. J Allergy Clin Immunol Pract. 2017

Szczeklik et al. Eur Resp J. 2000

M Northwestern Medicine’ White et ql. Semin Respir Crl.t Care Med; 2012
Feinberg School of Medicine Cahill et al. ) AIIergy Clin Immunol. 2017



B Patients with AERD tend to have more severe disease

Radiologic Sinus Score

Radiology Sinus Number of Sinus Chronic Oral
Score Surgeries Steroid Use

*kk
kkk

k%%
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*kk 3 3~ (23)
0 S
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3 Lw
& T T
o cE
2 1- £ § 5m (18)
£ = ]
= 28
g7 (0)
w 0-
CRSWNP CRSWNP AERD CRSWNP  CRSwNP AERD o CRSWNP CRSWNP AERD
(n=457)  +Asthma  (n=122) +Asthma (n=459) + Asthma (n=173)
(n=410) (n=412)

*AERD patients, on average, are significantly younger
at the time of first sinus surgery (40yrs) than
CRSWNP (43yrs) or CRSWNP+Asthma (42yrs)

** p<0.01; *** p<0.001; Chi-squared

W N_orthwestern I\/_Iedicine@
Feinberg School of Medcine Stevens W et al. JACI: IP. 2017 Jul-Aug;5(4):1061-1070



B Post-hoc analysis of AERD (SINUS-24 & SINUS-52)

SINUS-24 SINUS-52
Patients with comorbid NSAID-ERD Placebo Dupilumab LS mean Placebo Dupilumab LS mean difference
(n=38) 300 mg q2w difference (n=44) 300 mg q2w (95% ClI)
(n=46) (95% CI) (n=76)
Nasal polyp score — scale 0-8 0.21 -1.41 -1.62 0.27 -1.82 -2.10
(0.27) (0.26) (-2.28t0-0.97) (0.23) (0.19) (-2.61 to —1.58)
_____pooo0t  poooot |
Nasal congestion/obstruction score —  -0.37 -1.39 -1.02 -0.18 -143 -1.25
scale 0-3 (0.14) (0.14) (-1.37t0 -0.68) (0.13) (0.11) (-1.54 to -0.96)
_____poooot  pwoooor |
Lund-Mackay CT score — -0.71 -7.37 -6.66 -0.14 -6.26 -6.13
scale 0-24 (0.74) (0.68) (-8.37 to —4.95) (0.61) (0.50) (-7.48t0 -4.78)
____poooor  p<oooot |

In AERD patients, dupilumab was associated with significant improvement in nasal
polyp score, nasal congestion score, and CT score compared to placebo

™ Northwestern Medicine’
Feinberg School of Medicine Bachert et al. Lancet. 2019 Nov 2;394(10209):1638-1650.



A Post-hoc analysis of AERD vs CRSWNP (SINUS-24 & SINUS-52)

CRSwNP and NSAID-ERD diagnosis Baseline disease severity
° Without NSAID-ERD More severe in patients with
-ERD than without
AL L G - e
With NSAID-ERD

SINUS-24 and SINUS-52 TSs

pooled analysis - n=204 LMK-CT score

N=T724(TT) qﬂﬁ;ﬁ;ﬁ_ UPSIT score

Daily loss of smell score

Dupilumab efficacy

Similar dupilumab efficacy Higher dupilumab
between patient groups: efficacy in patients with
NSAID-ERD than
- - without NSAID-ERD
g o 8 {nominal p < .05):
% * LMK-CT score =
= + SNOT-22 smellitaste - + NC score
E * Rhinosinusitis VAS E + SNOT-22 total score
E * UPSIT score E « TSS
= + Daily loss of smell score - + PNIF
+ FEV,
* ACQ-6 score

Key: Without NSAID-ERD With NSAID-ERD

M Northwestern Medicine’
Feinberg School of Medicine Mullol et al. AIIergy. 2022 Apr;77(4):1231-1244.



I Post-hoc analysis of AERD (POLYP 1 and POLYP 2)

Nasal Polyp Score

Asthma/Aspirin Comorbidity

N value Mean (95% CI)

59 -1.17 (-1.83, -0.50)

87 -0.90 (-1.44, -0.36)

111 -0.72 (-1.22,-0.22)

Asthmatic and Aspirin Sensitive > |
Asthmatic not Aspirin Sensitive I =
Mo Asthma I A
I I | |
-2.0 -1.5 -1.0 -0.5
Nasal Congestion Score Rate Ratio
Asthmal/Aspirin Comorbidity
Asthmatic and Aspirin Sensitive *
Asthmatic not Aspirin Sensitive =
MNo Asthma & |
I | |
-1.0 -0.6 -0.4 -0.2

M Northwestern Viedicing’
Feinberg School of Medicine

Rate Ratio

0.0

N value Mean (95% CI)
! 60  -054(-090,-018)
i 87 -052(0.93,-0.12)
i 111 -0.56 (-0.88, -0.24)
i
0.0

Gevaert et al. J Allergy Clin Immunol. 2020



B Post-hoc analysis of AERD (SYNAPSE) — nasal polyp score

point improvement from baseline
in total endoscopic NP score (%0)

Proportion of patients with =1 or =2

Difference (mepolizumab — placebo)*

30.5 32.7

18.4 19.7

>] >2
With comorbid AERD
(n=108)

™ Northwestern Medicine’
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=

Without comorbid AERD
(n=299)

Bachert C. et al. JACI. 2022 May;149(5):1711-1721.
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