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Abstract

Background: The human monoclonal antibody dupilumab blocks interleukin (IL)-4
andIL-13, key and central drivers of type 2 inflammation. Dupilumab, on back-
ground mometasone furoate nasal spray (MFNS), improved outcomes in the phase IlI
SINUS-52 study (NCT02898454) in patients with severe chronic rhinosinusitis with
nasal polyps (CRSWNP). This posthoc analysis of SINUS-52 examined whether eosino-
philic status of CRSWNP was a predictor of dupilumab efficacy.

Methods: Patients were randomized 1:1:1 to dupilumab 300 mg every 2 weeks (q2w)
until week 52; dupilumab 300 mg g2w until Week 24, then 300 mg every 4 weeks until
week 52; or placebo (MFNS) until week 52. Coprimary endpoints were change from
baseline in nasal polyps score (NPS), nasal congestion (NC), and Lund-Mackay score
assessed by CT (LMK-CT) at week 24. Patients (n = 438) were stratified by eosino-
philic chronic rhinosinusitis (ECRS) status according to the Japanese Epidemiological
Survey of Refractory Eosinophilic Rhinosinusitis algorithm.

Results: Dupilumab significantly improved NPS, NC, and LMK-CT scores versus pla-
cebo at week 24 in all ECRS subgroups (p < 0.001), with improvements maintained or
increased at week 52 (p < 0.001). There was no significant interaction between ECRS
subgroup (non-/mild or moderate/severe) and dupilumab treatment effect for all end-
points at weeks 24 and 52 (p > 0.05), except LMK-CT at week 24 (p = 0.0275). Similar
results were seen for the secondary endpoints. Dupilumab was well tolerated across
all ECRS subgroups.

Conclusion: Dupilumab produced consistent improvement in symptoms of severe
CRSwWNP irrespective of ECRS status. Therefore, blood eosinophil level may not be a

suitable biomarker for dupilumab efficacy in CRSWNP.
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GRAPHICAL ABSTRACT

Dupilumab Placebo

Patients with CRSWNP from SINUS-52 were classified by eosinophilic status (ECRS subgroup; JESREC criteria). Although moderate/severe
ECRS shows greater baseline disease burden than mild/no ECRS, improvements in disease control, symptom burden, sense of smell, and
HRQoL with dupilumab versus placebo are unaffected by ECRS status. Eosinophilic status is not a biomarker for dupilumab efficacy in

CRSWNP patients meeting SINUS-52 inclusion criteria.

Abbreviations: CRSWNP, chronic rhinosinusitis with nasal polyps; ECRS, eosinophilic chronic rhinosinusitis; EOS, eosinophil; HRQoL, health-
related quality of life; ITT, intention-to-treat; JESREC, Japanese Epidemiological Survey of Refractory Eosinophilic Rhinosinusitis; LMK-CT,
Lund-Mackay score assessed by CT; SINUS-52, controlled clinical study of dupilumab in patients with nasal polyps; SNOT-22, 22-item

sinonasal outcome test; VAS, visual analog scale

1 | INTRODUCTION

Chronic rhinosinusitis with nasal polyps (CRSWNP) is a chronic in-
flammatory disease of the nasal passages and paranasal sinuses
associated with a high symptom burden and poor health-related
quality of life (HRQoL).1™> CRSWNP pathophysiology is predomi-
nantly characterized by type 2 inflammation with interleukin (IL)-4,
IL-13, and IL-5 as prominent cytokines, and tissue infiltration by eo-
sinophils, lymphocytes, basophils, and mast cells.?3¢~7

In Japan and East Asia, neutrophil infiltration has been tradition-
ally dominant in CRSWNP.1"13 However, in recent years, cases of
eosinophilic CRSWNP have increased in these regions. The reasons
for this are not entirely clear, but may include environmental fac-
tors, changes in diet and hygiene, and the switch from oral to in-
haled corticosteroids in the treatment of asthma.*™¢ It is thought
that eosinophilic chronic rhinosinusitis (ECRS) and CRSwNP develop
in a Thelper 2-dominant environment.® A study demonstrating that
tissue eosinophilia in nasal polyps dramatically increased over a 10-
20 year period in the same study cohorts in Asian countries provides
support for the involvement of environmental factors, such as air
pollution, microbiome, and the use of antibiotics in mucosal inflam-
matory patterns in patients with chronic rhinosinusitis (CRS).*2

The Japanese Epidemiological Survey of Refractory Eosinophilic
Rhinosinusitis (JESREC)' developed and validated an algorithm that
enables diagnosis of populations of patients with eosinophilic CRSWNP
currently widely used in Japan, and classification of the severity of

eosinophil status is expected to lead to better treatment outcomes.
According to this JESREC algorithm, CRSWNP may be classified as
“non-ECRS,” “mild ECRS,” “moderate ECRS,” and “severe ECRS” (see
Figure 1 for more detail on the classifications).* In addition, according
to the JESREC study, 45.2% of Japanese patients with CRS postendo-
scopic sinus surgery have noneosinophilic (type 2-low) disease.*

Severe eosinophilic asthma is also driven by type 2 inflamma-
tion and characterized by sputum eosinophilia and mild-to-moderate
increases in blood eosinophil counts.!” Targeting IL-5 with biologic
agents for the treatment of severe asthma in patients with elevated
peripheral eosinophil counts has been shown to reduce the num-
ber of exacerbations. Thus, in the setting of eosinophilic asthma,
eosinophilia represents a potential biomarker for biologic therapy.
Whether eosinophilic status also represents a biomarker for biologic
therapy in CRSWNP has not been established.

Dupilumab is a fully human Veloclmmune®-derived monoclonal
antibody that blocks the shared receptor component for IL 4 and IL
13, which are key and central drivers of type 2 inflammation.'®20 |t
is approved in Japan as an add-on maintenance treatment in adult
patients with inadequately controlled CRSWNP. In the SINUS-52
(NCT02898454) phase Ill study, the coprimary endpoints of changes
from baseline to week 24 in nasal polyp score (NPS), nasal congestion/
obstruction (NC), and Lund-Mackay score assessed by CT (LMK-CT)
were met. Dupilumab, on a background of mometasone furoate nasal
spray (MFNS) versus MFNS alone (placebo), significantly improved
endoscopic, radiographic, clinical, and patient-reported outcomes in
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Criteria for diagnosis of eosinophilic chronic rhinosinusitis (JESREC score)'41

Factor Score
Side affected: both sides 3 points
With nasal polyps 2 points
CT changes: ethmoid/maxillary = 1 2 points
Peripheral blood eosinophil count
> 2% and < 5% 4 points
> 5% and < 10% 8 points
> 10% 10 points

2 70 eosinophils per field, ECRS is confirmed.

When the total score is = 11 points, the possibility of ECRS is high. A definite diagnosis of ECRS
should be made by microscopic examination of nasal polyp/paranasal sinus tissues. If three fields

inspected under a microscope at a total magnification of 400 x (ocular lens, field number 22) show

patients with severe CRSWNP refractory to standard-of-care ther-
apy.?! The aim of this study was to determine whether eosinophilic
status in CRSWNP, classified using the JESREC algorithm, was a pre-
dictor of dupilumab efficacy compared with placebo in patients with
severe CRSWNP enrolled in the SINUS-52 study.

2 | METHODS

2.1 | Study design

SINUS-52 was a multinational, multicenter, randomized, double-
blind, placebo-controlled, parallel-group study of dupilumab
in patients with severe uncontrolled CRSwWNP. The methods
for SINUS-52 have been reported elsewhere.?! Briefly, adults
(218 years) with bilateral endoscopic NPS 25 with 22 for each nos-
tril and 22 chronic rhinosinusitis symptoms were randomized 1:1:1
to dupilumab 300 mg subcutaneous (SC) every 2 weeks (q2w) for
52 weeks; dupilumab 300 mg SC g2w for 24 weeks, then 300 mg
SCevery 4 weeks (q4w) for 28 weeks; or placebo g2w for 52 weeks.

The current analysis is a posthoc analysis of SINUS-52 that
uses the JESREC algorithm to classify patients into non-ECRS,
mild ECRS, moderate ECRS, and severe ECRS subgroups.’* The
cut-off value for ECRS is a score of 11 points, with a sensitivity
of 83% and specificity of 66%.** The JESREC algorithm is shown

in Figure 1.2

2.2 | Outcome measures

Coprimary efficacy endpoints in SINUS-52 were change from base-
line at week 24 in NPS, NC score of 22 of 3 and a weekly average
score of 21 at randomization (0 = no symptoms, 1 = mild, 2 = moder-
ate, and 3 = severe);LMK-CT score was a third coprimary endpoint in
Japan only. Changes in these parameters from baseline at 52 weeks
were secondary endpoints.?? Additional secondary efficacy end-
points were changes from baseline (weeks 24 and 52) in the 22 item
Sinonasal Outcome Test (SNOT-22) score, patient-reported Total
Symptom Score (TSS; a composite severity score consisting of the
sum of daily symptoms of NC, loss of smell, and anterior or posterior
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TABLE 1 Baseline demographic and disease characteristics by JESREC subgroup

Non-ECRS Mild ECRS Moderate ECRS Severe ECRS p value (non-/mild versus
(n=73) (n=61) (n = 144) (n = 160) moderate/severe ECRS)?
Age, years 53.10(12.87) 54.07 (11.28) 51.39 (12.21) 51.46(12.93) 0.1022
Male sex, n (%) 50 (68.5) 48 (78.7) 91 (63.2) 82 (51.3) 0.0013
Weight, kg 79.64 (14.74) 84.98 (17.68) 81.06 (18.74) 76.82 (18.39) 0.0824
Bilateral endoscopic NPS,” range 5.88 (1.25) 5.98 (1.21) 6.27 (1.16)° 6.14 (1.25) 0.0266
0-8
Daily NC score,b range 0-3 2.46(0.61) 2.35(0.62) 2.41 (0.60) 2.47 (0.56) 0.5932
LMK-CT score,” range 0-24 16.44 (4.33) 15.87 (3.49) 18.33(3.33) 19.11 (3.40) <0.0001
TSS,b range 0-9 7.21(1.52) 6.88 (1.50) 7.13(1.53) 7.45 (1.31) 0.1220
LoSS,° range 0-3 2.71(0.57) 2.52(0.63) 2.75 (0.59) 2.85(0.36) 0.0009
Smell test (UPSIT) score,b range 15.14 (8.96)¢ 17.37 (8.90)f 13.33 (7.78)8 11.60 (6.53)h <0.0001
0-40
SNOT-22 total score,’ range 0-110 47.14 (19.23) 49.20 (22.10) 54.06 (21.60)° 53.05 (20.39)' 0.0120
CRSWNP severity (VAS) score,” 7.65 (2.23) 7.64(2.18) 8.22 (2.07) 8.12(1.98)" 0.0175
range 0-10 cm
Patients with comorbid asthma, 28 (38.4) 0 81 (56.3) 153 (95.6) <0.0001
n (%)
Patients with comorbid NSAID- 14 (19.2) 0 43(29.9) 60 (37.5) <0.0001
ERD, n (%)
Blood eosinophils, Giga/L 0.13 (0.09) 0.24 (0.15) 0.41 (0.31) 0.67 (0.37) <0.0001
Eosinophils 19 (26.0) 55(90.2) 137 (95.1) 160 (100) <0.0001
2150 cells/pl, n (%)
Eosinophils 7 (9.6) 9 (14.8) 87 (60.4) 152 (95.0) <0.0001
2300 cells/pl, n (%)
Eosinophils 55(75.3) 0 0 0
<2%, n (%)
Eosinophils 18 (24.7) 59 (96.7) 76 (52.8) 4 (2.5)
>2%-< 5%, n (%)
Eosinophils 0 1(1.6) 54 (37.5) 100 (62.5)
>5%-<10%, n (%)
Eosinophils 0 1(1.6) 14 (9.7) 56 (35.0) <0.0001
>10%, n (%)
Periostin, ng/ml 91.27 (37.76) 90.26 (30.71)' 113.52 (46.89)° 123.26 (53.47)¢  <0.0001
Total IgE, IU/ml 198.89 (251.85) 185.38 (268.77)I 266.83 (428.23)¢ 260.09 (319.26) 0.0489

Note: Data are presented as mean (SD) unless otherwise stated.

Abbreviations: CRSWNP, chronic rhinosinusitis with nasal polyps; ECRS, eosinophilic chronic rhinosinusitis; IgE, immunoglobulin E; JESREC, Japanese
Epidemiological Survey of Refractory Eosinophilic Rhinosinusitis; LMK-CT, Lund-Mackay score assessed by CT scan; LoSS, loss of sense of smell; NC,
nasal congestion; NPS, nasal polyp score; NSAID-ERD, nonsteroidal antiinflammatory drug-exacerbated respiratory disease; SD, standard deviation;
SNOT-22, 22-item Sinonasal Outcome Test; TSS, Total Symptom Score; UPSIT, University of Pennsylvania Smell Identification Test; VAS, visual
analog scale.

p values were obtained using a t-test for equality of variance. In cases where the equality of variance assumption was not met, Satterthwaite's p
value was calculated. p values were obtained using the chi-square test. In cases with an expected cell frequency <5, Fisher's exact test was used.
PHigher scores indicate greater disease severity, except for UPSIT, where higher scores indicate lower disease severity.
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FIGURE 2 Effect of dupilumab 300 mg
versus placebo on change from baseline
in symptom scores at weeks 24 and 52
by ECRS subgroup: (A) NPS, (B) NC, and
(C) LMK-CT scores. ECRS subgroups
were defined according to the JESREC
algorithm (Figure 1). Data for dupilumab
300 mg g2w and q2w-g4w treatment
arms are pooled. Cl, confidence interval;
ECRS, eosinophilic chronic rhinosinusitis;
ITT, intention-to-treat; JESREC, Japanese
Epidemiological Survey of Refractory
Eosinophilic Rhinosinusitis; LMK-CT,
Lund-Mackay score assessed by CT; LS,
least squares; NC, nasal congestion; NPS,
nasal polyp score; q2w, every 2 weeks;
g4w, every 4 weeks
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TABLE 2 Interaction between ECRS subgroup and dupilumab
treatment effect versus placebo at weeks 24 and 52

LS mean of treatment effect of
dupilumab versus placebo (95% Cl)

Moderate/
Endpoint Non-/mild ECRS  severe ECRS p value
Week 24
NPS -1.37(-1.88, -1.99 (-2.36, 0.0945
-0.86) -1.61)
NC -0.79 (-1.09, -0.92 (-1.11, 0.5073
-0.48) -0.72)
LMK-CT -3.82(-5.07, -5.59 (-6.38, 0.0275
-2.57) -4.80)
TSS -1.94 (-2.77, -2.70(-3.20, 0.1205
-1.11) -2.20)
UPSIT 8.45 (5.68, 11.74 (9.83, 0.0692
11.23) 13.64)
SNOT-22 -14.78 (-21.03, -19.16 (-23.49, 0.2802
-8.54) -14.83)
CRSwNP -2.41(-3.45, -3.28 (-3.90, 0.1462
VAS -1.36) -2.67)
Week 52
NPS -1.83(-2.42, -2.50 (-2.90, 0.0911
-1.23) -2.10)
NC -0.93(-1.24, -1.11 (-1.31, 0.3374
-0.62) -0.91)
LMK-CT -5.39 (-6.97, -6.64 (-7.61, 0.1995
-3.82) -5.67)
TSS -2.68 (-3.56, -3.32(-3.83, 0.1768
-1.80) -2.81)
UPSIT 8.35(5.42, 11.63 (9.75, 0.0733
11.28) 13.51)
SNOT-22 -18.65 (-24.88, -23.92 (-28.20, 0.1676
-12.42) -19.65)
CRSwNP -3.24 (-4.32, -3.94 (-4.61, 0.2723
VAS -2.16) -3.28)

Note: ECRS subgroups were defined according to the JESREC algorithm

(Figure 1).

Data were analyzed using an ANCOVA model with the corresponding
baseline value, treatment group, asthma/N-ERD status, prior surgery

history, and regions (except for the subgroups of Region and Territory)

as covariates, plus the subgroup variable and the subgroup-by-
treatment interaction.

Abbreviations: ANCOVA, analysis of covariance; Cl, confidence interval;

CRSwWNP, chronic rhinosinusitis with nasal polyps; ECRS, eosinophilic
chronic rhinosinusitis; JESREC, Japanese Epidemiological Survey of
Refractory Eosinophilic Rhinosinusitis; LMK-CT, Lund-Mackay score
assessed by CT; LS, least squares; NC, nasal congestion; NPS, nasal

polyp score; NSAID-ERD, nonsteroidal antiinflammatory drug-
exacerbated respiratory disease; SNOT-22,22-item Sinonasal Outcome

Test; TSS, Total Symptom Score; UPSIT, University of Pennsylvania
Smell Identification Test; VAS, visual analog scale.

rhinorrhea), CRSWNP severity (visual analog scale [VAS]) score,
and University of Pennsylvania Smell Identification Test (UPSIT)
score.”! The SNOT-22 is a validated disease-specific tool consist-
ing of 22 items evaluating the patient-perceived health burden of

rhinosinusitis.?® Each item is scored from O (no problem) to 5 (worst
symptom) with a maximum score of 110 and a change of 8,9 points
regarded as the minimally important difference. The VAS is a 10-
point scale capturing patients’ perception of how troublesome their
symptoms are, ranging from O (not troublesome at all) to 10 (worst
thinkable troublesome). A score of 0-3 is classified as mild, >3-7 as

moderate, and >7 as severe.*?*

2.3 | Statistical methods

For least squares (LS) mean changes from baseline, each of the
imputed complete data was analyzed by fitting an analysis of co-
variance (ANCOVA) model with change from baseline at the cor-
responding visit as the response variable, and the corresponding
baseline value, treatment group, asthma/nonsteroidal antiinflam-
matory drug-exacerbated respiratory disease (NSAID-ERD) status,
prior surgery history, and regions as covariates. Data collected after
treatment discontinuation were included. Data after systemic cor-
ticosteroids or sinonasal surgery were set to missing and imputed
by worst observation carried forward, and other missing data were

imputed by multiple imputation.

3 | RESULTS

3.1 | Baseline demographic and disease
characteristics

A total of 448 patients were randomized to study treatment in
SINUS-52, but after randomization, one patient was excluded because
no study drug was administered, and a further nine patients were ex-
cluded because no LMK score was obtained, and thus ECRS severities
were not specified. This post hoc analysis was performed using the
remaining 438 patients (intention-to-treat [ITT] population).

Patients from the ITT population were stratified by ECRS sta-
tus at baseline according to the JESREC algorithm (Figure 1)'* 365
(83.3%) patients had an ECRS phenotype (mild n = 61 [16.7%], mod-
erate n = 144 [39.5%], and severe n = 160 [43.8%]) and 73 (16.7%)
did not (non-ECRS). Proportions in each subgroup were similar for
Japanese patients (n = 49): 40 (81.6%) with ECRS (mild n = 2 [5.0%],
moderate n = 18 [45.0%], and severe n = 20 [50.0%]) and nine (18.4%)
without ECRS. At baseline, patients tended to have more severe
disease characteristics with increasing ECRS severity (Table 1).
Statistically significant differences between non-/mild and moder-
ate/severe ECRS were shown for NPS (p = 0.0266), LMK-CT score
(p < 0.0001), LoS score (p = 0.0009), UPSIT score (p < 0.0001), SNOT-
22 score (p = 0.012) and CRSWNP VAS (p = 0.0175). In the patient
subgroups with moderate/severe ECRS, there was a significantly
greater proportion of females (p = 0.0013) and significantly higher
mean peripheral blood eosinophil count (p < 0.0001) and mean blood
immunoglobulin E (IgE) levels (p = 0.0489) compared with those in
the non-/mild ECRS subgroups.
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TABLE 3 Summary of adverse events over 52 weeks by ECRS subgroup

ITT Non-ECRS
Dupilumab Dupilumab
300 mg q2w 300 mg q2w- Placebo 300 mg 300 mg q2w-q4w
Placebo (n = 150) (n = 149) q4w (n = 148) (n =20) (n =26) (n=27)
Any TEAE 136 (90.7) 124 (83.2) 132(89.2) 15(75.0) 20(76.9) 24 (88.9)
Any serious TEAE 15 (10.0) 8(5.4) 10 (6.8) 1(5.0) 2(7.7) 3(11.1)
Any TEAE leading To death 0 0 1(0.7) 0 0 0
Any TEAE leading to permanent 17 (11.3) 6(4.0) 2(1.4) 2 (10.0) 0 1(3.7)
treatment discontinuation
TEAEs occurring in 25% of patients in the ITT population® (MedDRA PT)
Nasopharyngitis 36 (24.0) 30(20.1) 31(20.9) 2(10.0) 4(15.4) 9(33.3)
Upper respiratory tract infection 19 (12.7) 10 (6.7) 8(5.4) 3(15.0) 2(7.7) 1(3.7)
Bronchitis 8(5.3) 9(6.0) 9(6.1) 1(5.0) 2(7.7) 1(3.7)
Sinusitis 17 (11.3) 8(5.4) 13(8.8) 3(15.0) 0 1(3.7)
Headache 18(12.0) 14 (9.4) 16 (10.8) 2(10.0) 3(11.5) 2(7.4)
Nasal polyps 25(16.7) 8(5.4) 15(10.1) 1(5.0) 4(15.4) 1(3.7)
Epistaxis 20(13.3) 13 (8.7) 7(4.7) 3(15.0) 4(15.4) 1(3.7)
Cough 8(5.3) 9 (6.0) 9(6.1) 0 0 3(11.1)
Asthma 19 (12.7) 6(4.0) 13(8.8) 3(15.0) 0 1(3.7)
Injection-site erythema 11(7.3) 11(7.4) 10 (6.8) 3(15.0) 3(11.5) 2(7.4)
Injection-site reaction 3(2.0) 5(3.4) 8(5.4) 0 1(3.8) 1(3.7)

Note: Values are n (%). ECRS subgroups were defined according to the JESREC algorithm.

Abbreviations: ECRS, eosinophilic chronic rhinosinusitis; ITT, intention-to-treat; JESREC, Japanese Epidemiological Survey of Refractory
Eosinophilic Rhinosinusitis; MedDRA PT, Medical Dictionary for Regulatory Activities Preferred Term; q2w, every 2 weeks; g4w, every 4 weeks;

TEAE, treatment-emergent adverse event.
Any treatment arm.

3.2 | Efficacy of dupilumab by ECRS subgroup
Dupilumab treatment was associated with significant improve-
ments in each ECRS subgroup (including non-ECRS) for the copri-
mary endpoints of change from baseline in NPS, NC, and LMK-CT
scores at weeks 24 and 52, consistent with the overall population of
patients with CRSwWNP recruited to the SINUS-52 study. As shown
in Figure 2, LS mean (95% confidence interval[Cl]) differences with
dupilumab 300 mg g2w at 24 weeks were all statistically signifi-
cantly improved versus placebo for NPS, NC, and LMK-CT scores
across all ECRS subgroups (all p values <0.001). Improvements
in NPS, NC, and LMK-CT scores, with dupilumab 300 mg versus
placebo were maintained or had increased through week 52, irre-
spective of ECRS status (Figure 2 and Figure S1). There was no ap-
parent subgroup-by-treatment interaction for any of the primary
or secondary outcomes when evaluating the interaction between
ECRS subgroup (non-/mild ECRS or moderate/severe ECRS) and
the treatment effect of dupilumab versus placebo (Table 2; p values
all >0.05). The only exception was for LMK-CT at Week 24, where
the calculated p value was 0.0275, suggesting a greater effect of
dupilumab in the moderate/severe ECRS subgroup compared with
the non-/mild ECRS subgroup for this endpoint.

Dupilumab treatment was associated with similar improvements

in each ECRS subgroup for the secondary endpoints of change from

baseline in UPSIT, SNOT-22, TSS, and CRSWNP severity (VAS) scores
at weeks 24 and 52 (Figure 3). For all secondary efficacy endpoints
(except SNOT-22 at week 52 in the non-ECRS subgroup with dupi-
lumab g2w treatment [p =0.0786]), LS mean (95% Cl) differences to
weeks 24 and 52 were significantly greater with dupilumab 300 mg
g2w and g2w-g4w than placebo (p values <0.0271) across ECRS
subgroups.

3.3 | Effect of dupilumab on eosinophils

A subanalysis was conducted to determine the effect of dupilumab
on blood eosinophil counts in each ECRS subgroup. As eosinophil
count was a safety analysis item, the data were handled using last
observation carried forward, and the interaction between placebo
and dupilumab in each ECRS severity subgroup was examined
using ANCOVA. Overall, no significant interaction was observed
(p = 0.06).

3.4 | Safety of dupilumab by ECRS subgroup

Dupilumab was generally well tolerated over 52 weeks across
JESREC subgroups, with a safety profile similar to that observed
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Wi LEYH

Mild ECRS Moderate ECRS Severe ECRS

Dupilumab Dupilumab Dupilumab
Placebo 300 mg q2w 300 mg q2w-q4w Placebo 300mgqg2w 300mgq2w-  Placebo 300 mg q2w 300 mg q2w-
(n=20) (n=23) (n=18) (n=58) (n=41) q4w (n = 44) (n =49) (n=57) q4w (n = 54)
17 (85.0) 19 (82.6) 17 (94.4) 53(91.4) 34(82.9) 40(90.9) 48 (98.0) 49 (86.0) 47 (87.0)
2(10.0) 3(13.0) 1(5.6) 3(5.2) 1(2.4) 2(4.5) 8(16.3) 2(3.5) 3(5.6)
0 0 0 0 0 1(2.3) 0 0 0
3(15.0) 2(8.7) 0 4(6.9) 2(4.9) 0 7 (14.3) 2(3.5) 1(1.9)
3(15.0) 6(26.1) 1(5.6) 14 (24.1) 9(22.0) 10(22.7) 17 (34.7) 11 (19.3) 11 (20.4)
1(5.0) 2(8.7) 2(11.1) 10 (17.2) 2(4.9) 2 (4.5) 4(8.2) 4(7.0) 3(5.6)
0 1(4.3) 0 3(5.2) 5(12.2) 4(9.1) 4(8.2) 1(1.8) 4(7.4)
1(5.0) 4(17.4) 3(16.7) 10(17.2) 2(4.9) 5(11.4) 3(6.1) 2(3.5) 4(7.4)
3(15.0) 2(8.7) 3(16.7) 8(13.8) 2(4.9) 6(13.6) 4(8.2) 6(10.5) 4(7.4)
3(15.0) 0 0 12(20.7) 2(4.9) 5(11.4) 8(16.3) 2(3.5) 9(16.7)
1(5.0) 1(4.3) 2(11.1) 12(20.7) 5(12.2) 1(2.3) 4(8.2) 3(5.3) 2(3.7)
1(5.0) 3(13.0) 1(5.6) 4(6.9) 2(4.9) 1(2.3) 3(6.1) 3(5.3) 3(5.6)
1(5.0) 0 0 7(12.1) 2(4.9) 3(6.8) 8(16.3) 4(7.0) 9(16.7)
1(5.0) 0 1(5.6) 2(3.4) 4(9.8) 3(6.8) 5(10.2) 3(5.3) 4(7.4)
1(5.0) 0 3(16.7) 1(1.7) 2(4.9) 2 (4.5) 1(2.0) 2(3.5) 1(1.9)

among the overall ITT population (Table 3). The number of serious
treatment-emergent adverse events (TEAEs) reported by patients
receiving dupilumab 300 mg g2w and g2w-g4w was low with
no trends observed across ECRS subgroups. There was only one
death reported, which occurred in the dupilumab 300 mg g2w-
g4w group, which was deemed unrelated to the study drug and
has been reported previously.?° Nasopharyngitis was the most
frequently reported TEAE in the non-, moderate, and severe ECRS
subgroups (non-ECRS: dupilumab g2w 15% and dupilumab q2w-
g4w 33% versus placebo 10%; moderate ECRS: 22% and 23%
versus 24%; severe ECRS: 19% and 20% versus 35%) and sinusitis
was the most frequent (17% and 17% versus 5%)in the mild ECRS
subgroup.

4 | DISCUSSION

Various factors have been proposed to explain the increasing
prevalence of eosinophilic CRSWNP in Japan.’®*¢ Changes in
diet and nutrition may be involved, although there is no direct
evidence for this. Fermented food may regulate coagulation
and fibrinolysis in nasal mucosa. Increased consumption of fer-
mented foods, along with environmental changes, may have led
to alterations to the bacterial flora in the mouth, nasal cavity, and

intestine, resulting in an increase of patients with ECRS among the
Japanese population, although the precise causative mechanisms
have not been established.'®¢ Oral corticosteroids were tradi-
tionally used to treat patients with moderate or severe asthma in
Japan, but following publication of management guidelines, these
have largely been replaced by inhaled corticosteroids.?® Patients
with ECRS often have asthma, including aspirin/nonsteroidal anti-
inflammatory drug-induced asthma, and oral glucocorticosteroids
(GCS) are more effective than topical GCS at suppressing blood
eosinophil counts. Consequently, the reduction in the use of oral
corticosteroids in asthma treatment may have contributed to the
increase in ECRS, as the secondary benefit of oral corticosteroids
among individuals with comorbid asthma has been lost.*

In cases of CRSWNP with strong eosinophilic infiltration, nasal
polyps often recur after sinus surgery. Eosinophilic CRSWNP was,
therefore, described as ECRS, to differentiate it from CRSwWNP that

responds well to standard approaches to treatment.**

According
to the JESREC scoring system and algorithm for classifying chronic
rhinosinusitis, cases of moderate-to-severe ECRS are considered
intractable disease (Figure 1).1* Consistent with previous studies
showing that peripheral blood eosinophilia can be considered a
biomarker for severe intractable disease,%"29 in the current study,
patients tended to have more severe disease characteristics with

increasing ECRS severity at baseline. Previous reports have also
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® Dupilumab 300 mg at Week 24

(A) TSS

AllITT (153/295) —C— P < .0001
AIlITT (153/295) —e— P <0001
Non-ECRS (20/53) —— P =.0003
Non-ECRS (20/53) —_—— P =.0001
Mild ECRS (20/41) L —— P=.0018
Mild ECRS (20/41) —e—— P <.0001
Moderate ECRS (59/85) f——i P < .0001
Moderate ECRS (59/85) —— P <.0001
Severe ECRS (51/109) — e P < 0001
Severe ECRS (51/109) —— P <.0001

-5 —4 -3 -2 -1 0 1

= Dupilumab better Placebo better sy

LS mean difference versus placebo (95% Cl)
(©) SNOT-22

AllITT (152/292) ——i P < 0001
AllITT (152/292) —e— P <.0001
Non-ECRS (20/53) —_—— P=.0271
Non-ECRS (20/53) ———— P =.0045
Mild ECRS (20/41) — P <.0001
Mild ECRS (20/41) ———i P <.0001
Moderate ECRS (58/85) ———i P < .0001
Moderate ECRS (58/85) —— P <.0001
Severe ECRS (51/106) —— P < .0001
Severe ECRS (51/106) ———i P <.0001

r T T T
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@ Dupilumab better  Placebo better mm—jp

LS mean difference versus placebo (95% Cl)

@® Dupilumab 300 mg at Week 52

(B) UPSIT
AllITT (150/287) —— P < .0001
AIlITT (150/287) —e— P <.0001
Non-ECRS (20/51) ———— P =.0003
Non-ECRS (20/51) —_——— P =.0007
Mild ECRS (20/39) ——— P < .0001
Mild ECRS (20/39) ————i P <.0001
Moderate ECRS (57/84) —— P < .0001
Moderate ECRS (57/84) —— P <.0001
Severe ECRS (50/106) P — P < .0001
Severe ECRS (50/106) ——A P <.0001
0 5 10 15 20

4— Placebo better Dupilumab better sy

LS mean difference versus placebo (95% Cl)

(D) VAS for rhinosinusitis
AllITT (150/289) —e— P <.0001
AllITT (150/289) —e— P <.0001
Non-ECRS (20/52) —_—— P =.0001
Non-ECRS (20/52) —_——— P <.0001
Mild ECRS (20/41) —_——— P=.0078
Mild ECRS (20/41) —_——— P =.0004
Moderate ECRS (56/84) ————i P < .0001
Moderate ECRS (56/84) —— P <.0001
Severe ECRS (51/105) ———— P < 0001
Severe ECRS (51/105) —— P <.0001

-6 -5 —4 -3 -2 -1 0
= Dupilumab better  Placebo better mmm—jp

LS mean difference versus placebo (95% Cl)

FIGURE 3 Effect of dupilumab 300 mg versus placebo on changes from baseline in secondary efficacy endpoints at weeks 24 and

52 by ECRS subgroup: (A) TSS, (B) UPSIT, (C) SNOT-22, and (D) CRSWNP severity (VAS) scores. ECRS subgroups were defined according

to the JESREC algorithm (Figure 1). Data for dupilumab 300 mg g2w and g2w-g4w treatment arms are pooled. Higher scores indicate
greater disease severity, except for UPSIT, where higher scores indicate lower disease severity. Cl, confidence interval; CRSWNP, chronic
rhinosinusitis with nasal polyps; ECRS, eosinophilic chronic rhinosinusitis; ITT, intention-to-treat; JESREC, Japanese Epidemiological Survey
of Refractory Eosinophilic Rhinosinusitis; LS, least squares; g2w, every 2 weeks; g4w, every 4 weeks; SNOT-22, 22-item Sinonasal Outcome
Test; TSS, Total Symptom Score; UPSIT, University of Pennsylvania Smell Identification Test; VAS, visual analog scale

observed that patients with moderate and severe ECRS were
predominantly male, and had higher peripheral blood eosinophil
count and blood IgE levels compared with those classified as hav-
ing mild and non-ECRS.?? ECRS subtypes based on JESREC scores
and mucosal eosinophil counts showed different inflammatory
patterns, supporting use of the JESREC score and mucosal eosin-
ophil counts in predicting ECRS endotypes.*°

Dupilumab has been shown to improve NPS, LMK-CT score,
nasal symptoms, quality-of-life scores, and olfactory function.?! We
report that dupilumab treatment led to significant improvements in
coprimary and secondary endpoints associated with CRSWNP sever-
ity across all ECRS and non-ECRS subgroups classified by the JESREC
algorithm, which increased or were maintained for up to 52 weeks

of treatment. This represents consistent improvement in objective
(NPS and LMK-CT) and subjective (NC, loss of smell, and SNOT-22)
assessment of CRSWNP disease control irrespective of ECRS status
in the SINUS-52 study. Improvement was evident at the time of first
assessment in all disease scores and increased through subsequent
assessments. In addition, the treatment effect of dupilumab was
similar across all ECRS subgroups, even though baseline disease bur-
den was higher in the moderate and severe subgroups classified as
intractable disease. The statistical analysis indicated no significant
interaction between dupilumab treatment effect and ECRS sub-
group across all endpoints, with the single exception of LMK-CT at
week 24, where there was a suggestion of an increased dupilumab
treatment effect in the moderate/severe ECRS subgroups versus the
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non-/mild ECRS subgroups. Based on inclusion criteria, all patients
had a baseline JESREC score of 5-7(bilateral disease, nasal polyps,
and ethmoid opacification [Figure 1]), and therefore percentage
blood eosinophils was the main distinguishing factor in the present
study. All patients defined as non-ECRS by the JESREC algorithm
had <5% eosinophils in the peripheral blood (approximately equiv-
alent to <300 cells/pl) at baseline (Table 1). A type 2 inflammatory
phenotype in patients without asthma, but with blood eosinophils
>300 cells/pl, is highly likely in mild ECRS.3%%2 Moreover, there
are data to suggest that the proportion of patients with non-ECRS
driven predominantly by neutrophilic inflammation may be higher in
Japanese populations than in Western populations in which ECRS
predominates, although there is evidence that eosinophilic inflam-
mation is on the rise in Japan and Southeast Asia.’®%% As such, in the
current study, the non-ECRS subgroup likely included patients with
and without a type 2 inflammatory phenotype. Therefore, improve-
ments with dupilumab were observed in patients from SINUS-52
with severe symptoms of CRSWNP as defined by an NPS =5, in-
cluding those defined as non-ECRS by the JESREC algorithm, irre-
spective of blood eosinophils. Although peripheral blood eosinophil
count plays a role as one of the biomarkers for CRS classification,
it does not have a dominant correlation with dupilumab efficacy in
CRSwWNP. By blocking the shared receptor component for IL 4 and
IL 13 and inhibiting signaling pathways of both IL 4 and IL 13, key
and central drivers of the type 2 inflammation underlying CRSWNP,
dupilumab has a broad effect in several cells and cytokines involved
the inflammatory process at the origin of CRSwWNP.

Dupilumab was generally well tolerated in patients with severe
CRSWNP, irrespective of ECRS status, in line with the overall popula-
tion of patients recruited to the SINUS-52 study. Consistent with the
overall ITT population, the number of adverse events reported with
dupilumab was similar to or lower than those reported with placebo.

These analyses were carried out in the overall ITT population
because of the small sample size of the Japanese population (n = 49)
in SINUS-52. By using this approach, and classifying patients using
an algorithm designed for the Japanese population, we were able to
robustly study the effects of eosinophilic disease on efficacy and
safety outcomes with dupilumab treatment, aiding understanding
of the likely effects in Japanese patients. Improvements with dupi-
lumab versus placebo in each ECRS subgroup were similar between
ITT and Japanese populations (data not shown). Multiple imputation
methods were applied for the missing values. The use of this approach
results in less biased findings when dealing with missing covariate
data. A separate subanalysis of Japanese patients enrolled in the
SINUS-52 study demonstrated that the efficacy of dupilumab on the
primary measures of change from baseline in NPS, NP, and LMK-CT
scores at 24 weeks was consistent with the overall ITT population.®*

5 | CONCLUSIONS

In patients with severe, uncontrolled CRSWNP, dupilumab as an add-
on to MFNS improved disease control, symptom burden, sense of

smell, and HRQoL across all ECRS subgroups defined by the JESREC
algorithm, consistent with the overall population of patients re-
cruited to the SINUS-52 study. Dupilumab was generally well toler-
ated across ECRS subgroups. These results enhance understanding
of dupilumab treatment benefit, with improvements shown irre-
spective of eosinophilic disease, and suggest that blood eosinophil
level may not be a suitable biomarker for dupilumab efficacy in
CRSwWNP with NPS >5.
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