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Abstract: Patients with asthma frequently have comorbid chronic rhinosinusitis (CRS) with or without nasal polyps, increasing
disease burden and complicating treatment. These post hoc analyses investigated disease-specific health-related quality of life
(HRQoL) and general health status in the randomized, placebo-controlled QUEST study (NCT02414854) in patients treated with
dupilumab for moderate-to-severe asthma with comorbid CRS. Patients received 300 mg of dupilumab or placebo every 2 weeks for
52 weeks. CRS HRQoL was assessed by the 22-item Sino-Nasal Outcome Test (SNOT-22; items scored 0-5). The 22 items are
categorized into 5 domains (nasal, ear/facial, sleep, function, and emotion), and patients report the top 5 most important items affecting
their health. General health status was assessed by Euro-QoL visual analog scale (EQ-VAS). Of 1902 patients, 382 (20.1%) self-
reported comorbid CRS; 193 patients receiving dupilumab 300 mg q2w or matched placebo were included in this analysis. At baseline,
the most impacted SNOT-22 domain was nasal, and general health status was below population norms. Patients rated “decreased sense
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of taste/smell,” “nasal blockage,” “cough,” “reduced productivity,” and “wake up tired” as the 5 most important SNOT-22 items
affecting their health. Percentage change from baseline in SNOT-22 total score was significantly greater for dupilumab vs placebo at
Weeks 24, 36, and 52 (all p < 0.05). Improvements from baseline were significantly greater for dupilumab vs placebo at Week 52 for
all SNOT-22 domains (p < 0.05), except emotion. At Week 52, significant changes from baseline with dupilumab vs placebo were
observed for all 5 most important SNOT-22 items affecting their health (all p < 0.05). EQ-VAS was significantly improved with
dupilumab vs placebo by Week 12, with improvements sustained to Week 52 (all p < 0.01). In patients with moderate-to-severe asthma
who self-reported comorbid CRS, dupilumab treatment vs placebo improved CRS-specific HRQoL and general health status.
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Introduction

Approximately 20% of patients with asthma have uncontrolled, moderate-to-severe disease despite standard-of-care.
These patients are at increased risk for illness, utilize considerable health-care resources,’' and have coexisting type 2
inflammatory conditions. In an international cohort of patients with moderate-to-severe asthma (n = 899), 17% were
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found to have comorbid chronic rhinosinusitis with nasal polyps (CRSWNP).? Patients with asthma with comorbid
chronic rhinosinusitis (CRS) have a high disease burden, with poorer lung function,’ greater eosinophilic
inflammation,®* and reduced asthma control,> leading to a phenotype of difficult-to-treat asthma.® Consequently,
these patients also have more severe impairment of disease-specific (asthma control and sinonasal symptoms) and
general health-related quality of life (HRQoL).”®

Dupilumab is a fully human VelocImmune®-derived monoclonal antibody that blocks interleukin (IL)-4Ra, the
shared receptor component for IL-4 and IL-13, key cytokines in the type 2 inflammatory response.” In the Phase 3
LIBERTY ASTHMA QUEST study (NCT02414854) in patients with uncontrolled, moderate-to-severe asthma,
dupilumab significantly reduced severe asthma exacerbations, and improved lung function, asthma control, and
asthma-related HRQoL vs placebo, with incidence of treatment-emergent adverse events similar across treatment
groups.'® These effects of dupilumab were also demonstrated in the subgroup of patients in QUEST with comorbid
CRS, who have a higher asthma symptom burden and are harder to treat.'' There are multiple links between the upper
and lower airways'? and research has shown that improving the upper airway leads to an improvement in the lower
airway.'®> Reducing lower airway burden in patients with asthma and CRS (who have a higher symptom load) may
have the potential to improve quality of life. We wanted to assess whether in this patient group, receiving treatment
for asthma (thus improving the lower airway) would demonstrate an improvement in CRS-specific HRQoL and
general health status. We therefore undertook a post hoc analysis to assess whether improvement in asthma with
dupilumab had an impact on patient-reported CRS-specific HRQoL and general health status in patients with
uncontrolled, moderate-to-severe asthma and a history of comorbid CRS with or without nasal polyps from the
QUEST study.

Materials and Methods

Study Design and Patients

Full details of the QUEST study (NCT02414854) have been published previously.'” In brief, eligible patients were
adults/adolescents with uncontrolled, moderate-to-severe asthma, and were receiving continuous treatment with medium-
to-high doses of inhaled corticosteroids plus 1 or 2 additional asthma controller medications. Patients were randomized
(2:2:1:1) to receive dupilumab 200 mg subcutaneously (SC), dupilumab 300 mg SC, or matched placebo every 2 weeks
(q2w) for 52 weeks. All patients provided written informed consent. The local institutional review board or ethics
committee at each study center oversaw trial conduct and documentation. This analysis included patients who self-
reported having either CRS or nasal polyps (via an eDiary, no formal diagnosis of CRS was made). Objective measures
of nasal polyps were not available in these patients, therefore the term CRS is used throughout and includes those with
and without nasal polyps. The analysis focused on patients who received dupilumab 300 mg q2w (the approved dose for
CRSwNP) or matched placebo. The 200 mg q2w and matched placebo group were not included in this analysis as this
dose is not approved for CRSWNP. Access to data and related study documents from the QUEST study may be requested
by qualified researchers. Further details on Sanofi’s data sharing criteria, eligible studies, and process for requesting
access can be found at: https://www.vivli.org/.

Outcomes

CRS-specific HRQoL was assessed using the 22-item Sino-Nasal Outcome Test (SNOT-22). The items are scored on
a Likert-like scale of 0 (“no problem”) to 5 (“problem as bad as it can be”) and allows patients to report up to 5 most
important items affecting their health. The 22 items are categorized into the following 5 validated domains for CRSwNP:
nasal (8 items), ear/facial (4 items), sleep (4 items), function (3 items), and emotion (3 items)."'* The total score ranges from
0 to 110, and the domain scores are presented as the average item score per domain (0-5). In each case, higher scores
represent worse CRS-specific HRQoL. Percentage change in total score from baseline, change from baseline in domain
scores, and change from baseline scores of the top 5 items were assessed at Weeks 12, 24, 36, and 52. Individual response
thresholds were defined by SNOT-22 improvement from baseline >8.9 (minimal clinically important difference). General
health status was self-reported by the patient and measured with the Euro-QoL visual analog scale (EQ-VAS; collected
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within the EQ-5D-5L instrument), which scores from 0 “worst imaginable health state” to 100 “best imaginable health
state” and whose change from baseline was assessed at Weeks 12, 24, 36, and 52.

Statistical Analyses

Least squares (LS) mean changes from baseline vs placebo were derived from a mixed model with repeated measures
with percent change from baseline in SNOT-22 total score or change from baseline in SNOT-22 domain or item score
values up to Week 52 as the response variable, and treatment, age, region (pooled country), baseline eosinophil strata,
baseline inhaled corticosteroid dose level, visit, treatment-by-visit interaction, baseline SNOT-22 total or domain or item
score value, and baseline-by-visit interaction as covariates. The proportion of patients achieving response thresholds for
SNOT-22 was compared between dupilumab and placebo at a given visit using a logistic regression, with treatment, age,
region (pooled country), baseline eosinophil strata, baseline inhaled corticosteroid dose level, and baseline SNOT-22 total
score as covariates; the odds ratio vs placebo was computed with its 95% confidence interval. There was no imputation
for missing values; all reported p-values are nominal.

Results

Baseline Characteristics

The intention-to-treat population comprised 1902 patients, of whom 382 (20.1%) reported a history of CRS at baseline.
A total of 193 of these patients received dupilumab 300 mg q2w or matched placebo and were included in the current
analyses. Baseline characteristics were generally balanced between the dupilumab 300 mg 2w and placebo groups
(Supplementary Table S1).

Most Affected Domains and Most Important SNOT-22 Items
The most affected SNOT-22 domain at baseline was nasal, followed by function, sleep, emotion, and ear/facial
(Supplementary Table S1). The SNOT-22 items rated as 1 of the top 5 most important by patients at baseline were

“decreased sense of smell/taste” (rated most important by 53.8% of patients), “nasal blockage” (51.5%), “cough”
(42.0%), “reduced productivity” (37.3%), and “wake up tired” (24.3%) (Supplementary Table S2). Items were rated
“severe problem or problem as bad as it can be” by 43% of patients for “decreased sense of smell/taste,” 28% for “nasal

blockage,” 17% for “cough,” 17% for “reduced productivity,” and 22% for “wake up tired.”

SNOT-22 Scores
Mean (standard deviation [SD]) baseline SNOT-22 score for placebo was 43.8 (19.3) and for dupilumab was 42.8 (18.0;
range 0-110; Supplementary Table S1). LS mean percentage change from baseline in SNOT-22 total score was

significantly greater for dupilumab vs placebo at Week 24 (LS mean difference vs placebo [95% confidence interval]
—18.67% [-34.37, —2.98] p = 0.02), Week 36 (—31.44% [—48.73, —14.14] p = 0.0004), and Week 52 (—33.70 [-50.06,
—17.34] p <0.0001; Figure 1A). At Week 52, 47.8% of patients in the dupilumab group achieved a clinically meaningful
improvement of >8.9 points'’ vs 40.9% of patients in the placebo group (odds ratio vs placebo: 1.60, 95% confidence
interval (0.79, 3.26); p = 0.20).

At Week 52, significant changes from baseline with dupilumab vs placebo were observed for all 5 SNOT-22 items rated
most important by patients (Figure 1B-F; all p < 0.05). Changes from baseline for “decreased sense of smell/taste” and
“nasal blockage” were significantly greater for dupilumab vs placebo at all timepoints (Weeks 12, 24, 36, 52; all p <0.05).
Improvements from baseline were significantly greater for dupilumab vs placebo at Week 52 across all SNOT-22 domains
(all p <0.05), except emotion (Figure 2). Changes from baseline for nasal and ear/facial domains were even significantly
greater for dupilumab vs placebo at all timepoints (Weeks 12, 24, 36, 52; all p < 0.05; data not shown).

EQ-VAS
Mean (SD) baseline EQ-VAS scores (measuring general health status) were 63.6 (17.4) for placebo and 62.8 (19.3) for
dupilumab (range 0—100; Supplementary Figure S1) and were below population norms, which range from 70.4 to 83.3
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Figure | LS mean percentage change from baseline in SNOT-22 total score (A), LS mean change from baseline in top 5 important SNOT-22 items: (B) decreased sense of
smell/taste, (C) nasal blockage, (D) cough, (E) reduced productivity, and (F) wake up tired, in patients with asthma with comorbid CRS.

Notes: Data are LS mean (+SE). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs placebo.

Abbreviations: BL, baseline; CRS, chronic rhinosinusitis; LS, least squares; q2w, every 2 weeks; SE, standard error; SNOT-22, 22-item Sino-Nasal Outcome Test.
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Figure 2 LS mean change from baseline in SNOT-22 domain (nasal, ear/facial, sleep, function, emotion) scores dupilumab vs placebo at Week 52 in patients with asthma with
comorbid CRS.

Notes: *p < 0.05, *p < 0.01, ****p < 0.0001 vs placebo.

Abbreviations: Cl, confidence interval; CRS, chronic rhinosinusitis; LS, least squares; SNOT-22, 22-item Sino-Nasal Outcome Test.

depending upon country.'® EQ-VAS was significantly improved with dupilumab vs placebo by Week 12 (LS mean
difference vs placebo [95% confidence interval] 7.04 [2.01, 12.08], p < 0.01), with improvements sustained to Week 52
(7.09 [2.27, 11.90], p < 0.01; Figure S1). At Week 52, mean (SD) EQ-VAS scores for placebo (74.3 [16.6]) and
dupilumab (79.6 [15.3]) were both within population norms.

Discussion

Patients with uncontrolled moderate-to-severe asthma with comorbid CRS have greater disease burden, more severely
impaired HRQoL, and are often more difficult to treat than patients with either condition alone.’> "’ Here we report on the
effect of dupilumab on CRS-specific HRQoL and general health status in asthma patients with a patient-reported history of
CRS. SNOT-22 has been identified as the most suitable patient reported outcome for assessing HRQoL in patients with
CRS, while EQ-VAS has shown sensitivity to clinical change in rhinosinusitis that supports its use for monitoring patient
outcomes in this condition.'”?° Previously it has been suggested that greater efficacy with dupilumab in those with
comorbid asthma and CRSwNP than either alone may be because of simultaneous control of upper and lower airway type 2
inflammation,?' which may translate into improved quality of life for the patient.

The current post hoc analyses were conducted as the impact of dupilumab on the most important aspects affecting
patients’ health, different aspects of CRS-specific HRQoL, and overall general health status in patients with moderate-to-
severe asthma and CRS with/without nasal polyps had not been previously reported. Dupilumab-treated patients
demonstrated improvements in the top 5 items on SNOT-22 and across SNOT-22 domains, along with
significant percent change improvement in SNOT-22 total score at 24 weeks, which were sustained over 52 weeks.
Percent change gives a precise description of change over time as it accounts for baseline measurements. Improvements
vs placebo were statistically significant at Week 52 for all domains of SNOT-22 (except emotional). The lack of statistical
significance for the improvement in emotion domain score could be due to the low number of patients reporting the 3
emotion domain items as most important to them (frustrated/restless/irritable [18% of patients]; sad [8%]; embarrassed
[7%]). It may also show that in patients who have asthma as the primary disease, the impact on CRS-related emotional
health may be less prominent, as previous analyses have demonstrated significant improvement with dupilumab in all
domains in patients with moderate-to-severe CRSWNP.?* Multiple symptoms of CRSWNP have a negative impact on
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patients’ physical and mental wellbeing, with loss of smell being one of the most troublesome symptoms.* In the current
study, improvements were seen in the top 2 SNOT-22 items (“sense of smell/taste” and “nasal blockage”) from first
assessment at Week 12 and sustained to Week 52. In this population that had general health status (as per EQ-VAS
scores) below population norms at baseline, dupilumab treatment rapidly improved general health status vs placebo at
Week 12, with improvements maintained to Week 52.

Similarly, dupilumab added to standard of care has previously been shown to improve symptoms, lung function, and
asthma-related HRQoL in the SINUS-24/SINUS-52 Phase 3 study of patients with severe CRSWNP with asthma.?*
Dupilumab also improved asthma-related outcomes: annualized severe exacerbation rates, lung function, patient-reported
asthma control, and asthma-related HRQoL in patients with moderate-to-severe asthma with CRS.'"" This report
demonstrates dupilumab efficacy for improving CRS-specific HRQoL and general health status in moderate-to-severe
asthma with CRS.

Limitations of this analysis include its post hoc nature and the relatively small number of patients with coexisting
CRS, and that comorbidity was self-reported. In addition, the severity of nasal polyposis was not recorded as part of the
QUEST study, so the effect of dupilumab at different nasal polyp severity levels could not be determined.

Given the post hoc nature of these data, randomized controlled trials in patients with moderate-to-severe asthma and
CRS (with or without nasal polyps) are needed. Currently, dupilumab is being studied in a Phase 3, randomized trial in
patients with CRS without nasal polyps (Liberty CRSsNP ORION; NCT04678856), which includes a subgroup of
patients with comorbid asthma, and a Phase 4, randomized, head-to-head trial (vs omalizumab) in patients with
CRSwNP and comorbid asthma (EVEREST; NCT04998604), which might provide further evidence on the efficacy
of dupilumab in these populations.

Conclusion

In patients with moderate-to-severe asthma who self-reported a history of comorbid CRS, dupilumab treatment improved
CRS-specific HRQoL and general health status. These data add to our understanding of the effects of targeting type 2
inflammation in patients with coexisting upper and lower airways disease.

Abbreviations

BL, baseline; CRS, chronic rhinosinusitis; CRSwWNP, chronic rhinosinusitis with nasal polyps; EQ-VAS, Euro-QoL visual
analog scale; HRQoL, health-related quality of life; IL, interleukin; LS, least squares; q2w, every 2 weeks; SC,
subcutaneous; SD, standard deviation; SE, standard error; SNOT-22, 22-item Sino-Nasal Outcome Test.
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