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Abstract
Background: The impact of mepolizumab on impaired sleep, one of the most bothersome symptoms in patients with chronic 

rhinosinusitis with nasal polyps (CRSwNP), is unknown. This study aimed to determine the effect of mepolizumab and impact 

of comorbid upper and lower airway disease and blood eosinophil count (BEC) on sleep-/fatigue-related outcomes in CRSwNP.     

Methods: This was an analysis of the Phase III SYNAPSE and MUSCA (NCT03085797/NCT02281318) trials of mepolizumab in 

patients with severe CRSwNP and severe asthma, respectively. Endpoints included change from baseline in 22-item Sino-Nasal 

Outcome Test (SNOT-22) sleep and fatigue domains (SYNAPSE: Weeks 24 and 52; MUSCA: Week 24) in the overall populations 

and post hoc subgroups (SYNAPSE: comorbid asthma, comorbid  non-steroidal anti-inflammatory drug-exacerbated respiratory 

disease [N-ERD] and BEC [<300/≥300 cells/µL]; MUSCA: comorbid CRSwNP). Results: In SYNAPSE, 289/407 patients with severe 

CRSwNP had comorbid asthma, 108 had N-ERD, and 278 had BEC ≥300 cells/µL. In MUSCA, 105/551 patients with severe asthma 

had comorbid CRSwNP. Baseline sleep and fatigue scores were worse in patients with comorbid airway disease and higher BEC. 

Improvements from baseline in sleep and fatigue scores were greater with mepolizumab versus placebo at Week 52 in SYNAPSE 

(difference in least squares mean change: -2.7 [sleep], -3.4 [fatigue], and Week 24 in SYNAPSE (-1.6 and -2.2) and MUSCA (-0.8 

and -1.2), with consistent results across comorbidity and BEC subgroups. Conclusion: Mepolizumab improves sleep and fatigue 

in severe CRSwNP, irrespective of comorbid airway disease and BEC, with consistent effects in severe asthma with and without 

comorbid CRSwNP.
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Introduction
Chronic rhinosinusitis with nasal polyps (CRSwNP) is characte-

rised by chronic inflammation of the nasal cavities and paranasal 

sinuses, with sinonasal symptoms for >12 weeks and secondary 

outgrowths of sinonasal tissue into nasal polyps (1-3). A large 

proportion of patients with CRSwNP exhibit an eosinophilic or 

type 2 inflammatory endotype (4-6). The most common sinonasal 

symptoms of CRSwNP are nasal obstruction/congestion, reduc-

tion/loss of sense of smell, anterior/posterior nasal discharge, 

and facial pain/pressure (1). Beyond the cardinal symptoms of 

CRSwNP, patients also have reduced physical and mental health, 

social functioning, and sleep, and impaired overall health-rela-

ted quality of life (HRQoL) (1, 7-10). In particular, previous studies 

have indicated that up to 90% of patients with severe CRSwNP 

have impaired sleep and up to approximately 80% experience 

negative impacts on their activities of daily living (11-13). Sleep 

disruption increases with disease severity (12), and is a significant 

contributor to decreased HRQoL in CRSwNP (11), an increased 

risk of depression (11, 14, 15), and impaired cognitive function (15, 16), 

which can contribute to decreased work productivity (17).

In addition to conventional standard of care (SoC) treatments, 

Type 2 inflammation-targeting biologic therapies are now also 

available as add-on options for severe CRSwNP (1, 18-20). One such 

biologic is mepolizumab, a first-in-class humanised monoclonal 

antibody that specifically inhibits interleukin (IL)-5, the primary 

cytokine responsible for the proliferation, activation and survival 

of eosinophils (21, 22). In the Phase III SYNAPSE study in patients 

with severe, treatment-refractory CRSwNP, inhibition of IL-5 via 

treatment with mepolizumab 100 mg administered (20) 

subcutaneously (SC) reduced nasal polyp size and improved 

sinonasal symptoms. Additionally, patients treated with 

mepolizumab had a reduced requirement for systemic cortico-

steroids (SCS) and sinus surgery, compared with placebo (23). 

Additionally, mepolizumab significantly reduced patients’ 22-

item Sino-Nasal Outcome Test (SNOT-22) total scores versus pla-

cebo, indicating improved disease-specific HRQoL (23). However, 

the specific impact of mepolizumab on sleep and fatigue, as well 

as daily activity and work impairments in patients with CRSwNP 

have not been examined. In addition, the impact of comorbid 

upper and lower airway disease and blood eosinophil counts 

on these outcomes are still to be explored. This is of particular 

relevance given the body of evidence supporting the unified 

airway hypothesis, which proposes that diseases of the upper 

and lower airways represent a single pathological process, and 

therefore should be treated as such (24, 25).

The objective of this analysis was to investigate the impact of 

mepolizumab on sleep- and fatigue-related symptoms of severe 

CRSwNP, in addition to determining the impact of comorbid 

asthma, comorbid non-steroidal anti-inflammatory drug-exacer-

bated respiratory disease (N-ERD), and blood eosinophil counts 

on these outcomes using data from SYNAPSE in addition to the 

MUSCA trial of mepolizumab in patients with severe asthma (26), 

a proportion of whom had comorbid CRSwNP.

Materials and methods
Study designs 

The study designs of SYNAPSE and MUSCA have previously been 

described (23, 26). Briefly, SYNAPSE and MUSCA were Phase III,

randomised, double-blind, placebo-controlled, parallel-group 

trials including patients with severe CRSwNP and severe asthma, 

respectively (205687 [NCT03085797]; 200862 [NCT02281318]).

In SYNAPSE, patients with severe CRSwNP were randomised (1:1) 

to receive mepolizumab 100 mg SC or placebo every 4 weeks, in 

addition to SoC, for 52 weeks. SoC included daily mometasone 

furoate nasal spray throughout the study period, in addition to 

saline nasal irrigations, and courses of SCS and/or antibiotics, as 

required. In MUSCA, patients with severe asthma were rando-

mised (1:1) to receive mepolizumab 100 mg SC or placebo every 

4 weeks, in addition to SoC, for 24 weeks. SoC included inhaled 

corticosteroid (ICS) and ≥1 additional controller medication such 

as a long-acting β
2
-agonist, leukotriene receptor antagonist or 

theophylline. 

Both studies were conducted in accordance with the ethical 

principles of the Declaration of Helsinki, Good Clinical Practice 

guidelines from the International Conference on Harmonisation, 

and applicable country-specific regulatory requirements. All 

patients provided written informed consent before initiation 

and the studies were approved by local ethics review boards at 

the participating sites.

Patient eligibility

Key patient eligibility criteria for SYNAPSE (23) included being ≥18 

years of age with recurrent, severe bilateral sinonasal symptoms 

(according to the 2012 European Position Paper on Rhinosinu-

sitis and Nasal Polyps) (27) that were refractory to SoC, having ≥1 

endoscopic sinus surgery (a procedure involving incision and 

removal of nasal polyp tissue from the nasal cavity) in the prior 

10 years, and being in need of further sinus surgery (defined 

as an overall symptoms visual analogue scale score >7 [severe 

disease] and endoscopic nasal polyp score of ≥5 [maximum 8], 

with a score ≥2 in each nasal cavity). Patients with comorbid 

asthma were eligible for inclusion, except for those who had an 

asthma exacerbation requiring hospitalisation within 4 weeks of 

the screening visit, those who used SCS during the 4-week pre-

screening period, or those who planned to use maintenance SCS 

during the double-blind study period of SYNAPSE.

Key patient eligibility criteria for MUSCA (26) included being ≥12 

years of age with severe asthma and having ≥2 exacerbations re-

quiring SCS in the previous 12 months and a pre-bronchodilator 

forced expiratory volume in 1 second (FEV
1
) <80% predicted (for 

patients ≥18 years) or <90% predicted (for patients 12–17 years), 

as per European Respiratory Society/American Thoracic Society 
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criteria for severe uncontrolled asthma (28). Excluded patients 

were current or former smokers (≥10 pack years), those with 

concurrent respiratory disease, and those and who had received 

omalizumab ≤130 days prior to screening. Patients with comor-

bid CRSwNP were eligible for inclusion.

Endpoints and assessments

This analysis focused on sleep-related endpoints from the 

SYNAPSE and MUSCA studies. SYNAPSE endpoints included 

changes from baseline to Week 52 in: SNOT-22 sleep domain 

and item scores, SNOT-22 fatigue domain and item scores, 

Asthma Control Questionnaire (ACQ-5) score (in patients with 

comorbid asthma only), and Work Productivity and Activity 

Impairment (WPAI) questionnaire scores. These endpoints were 

assessed in the overall SYNAPSE patient population receiving 

mepolizumab or placebo; to investigate the impact of comorbid 

upper and lower airway disease and blood eosinophil counts on 

these outcomes, post hoc subgroup analyses of patients strati-

fied by comorbid asthma (yes/no), N-ERD (yes/no), and blood 

eosinophil count threshold (<300 or ≥300 cells/µL) were also 

performed.

Endpoints were also assessed at Week 24 in the overall popu-

lations of SYNAPSE and MUSCA, and post hoc in subgroups of 

patients with comorbid asthma and comorbid CRSwNP, respecti-

vely; endpoints included change from baseline at Week 24 in the 

SNOT-22 sleep domain and item scores, SNOT-22 fatigue domain 

and item scores, and ACQ-5 scores (for all MUSCA patients and 

SYNAPSE patients with comorbid asthma only). 

The established minimal clinically important difference (MCID) 

for total SNOT-22 score is 8.9 (29). The MCID for ACQ-5 is a 0.5 

Table 1. Patient baseline demographics and clinical characteristics in SYNAPSE and MUSCA.

*SD of log-transformed eosinophil count. ACQ-5, Asthma Control Questionnaire; CRSwNP, chronic rhinosinusitis with nasal polyps; N-ERD, non-steroidal 

anti-inflammatory drug-exacerbated respiratory disease; SC, subcutaneous; SD, standard deviation; SNOT-22, mean 22-item Sino-Nasal Outcome Test; 

VAS, visual analog scale; WPAI, Work Productivity and Activity Impact questionnaire.

SYNAPSE MUSCA

Placebo 
(n=201)

Mepolizumab 
100 mg (n=206)

Placebo 
(n=277)

Mepolizumab 
100 mg (n=274)

Age, years, mean (SD) 48.9 (12.5) 48.6 (13.6) 52.1 (12.9) 49.8 (14.0)

Female, n (%) 76 (38) 67 (33) 176 (64) 149 (54)

Total endoscopic nasal polyp score (0-8), 
mean (SD)

5.6 (1.4) 5.4 (1.2) N/A N/A

Overall VAS score (0-10), mean (SD) 9.1 (0.7) 9.0 (0.8) N/A N/A

Nasal obstruction VAS score (0-10), mean (SD) 9.0 (0.8) 8.9 (0.8) N/A N/A

SNOT-22 scores, mean (SD)
Total score (0-110)
Sleep domain score (0-15)
   Difficulty falling asleep
   Wake up at night
   Lack of good night’s sleep
Fatigue domain score (0-20)
   Wake up tired
   Fatigue
   Reduced productivity
   Reduced concentration

(n=198)
64.4 (19.0)

8.9 (3.9)
2.8 (1.5)
3.0 (1.5)
3.2 (1.4)

11.3 (5.1)
3.2 (1.4)
3.0 (1.4)
2.7 (1.4)
2.4 (1.5)

(n=205)
63.7 (17.6)

8.7 (3.8)
2.7 (1.4)
2.9 (1.4)
3.1 (1.4)

11.2 (4.8)
3.1 (1.3)
2.9 (1.3)
2.8 (1.3)
2.5 (1.4)

(n=212)
33.4 (21.8)

5.3 (4.3)
1.5 (1.6)
1.9 (1.6)
1.9 (1.6)
7.7 (5.6)
2.0 (1.6)
2.1 (1.7)
2.0 (1.5)
1.5 (1.5)

(n=210)
33.5 (20.5)

5.0 (3.9)
1.5 (1.4)
1.8 (1.4)
1.8 (1.5)
7.5 (5.4)
1.9 (1.5)
2.0 (1.5)
2.0 (1.5)
1.5 (1.5)

Comorbidities, n (%)
CRSwNP
Asthma
N-ERD

201 (100)
149 (74)
63 (31)

206 (100)
140 (68)
45 (22)

47 (17)
277 (100)

17 (6)

58 (21)
274 (100)

15 (6)

Blood eosinophil count, cells/mL, geometric mean 
(SD*)

400 (0.8) 390 (0.8) 350 (0.9) 300 (1.1)

ACQ-5 score, mean (SD) 2.2 (1.4) 2.4 (1.4) 2.2 (1.2) 2.2 (1.1)

WPAI scores (%), mean (SD) - -

   Work time missed n=151, 5.0 (12.88) n=153, 4.9 (12.91)

   Impairment while working n=148, 50.1 (30.77) n=151, 48.1 (28.95)

   Overall work impairment n=151, 50.8 (31.82) n=153, 49.5 (29.76)

   Activity impairment n=198, 53.2 (29.07) n=204, 53.4 (27.99)
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change in total score (30). For WPAI, a study in patients receiving 

surgery for chronic rhinosinusitis reported an MCID of ≥15.2% 

for improvement in impairment while working and ≥14.5% for 

activity impairment (31).

Statistical analysis

Change from baseline in SNOT-22 sleep and fatigue domain and 

individual item scores were reported as least squares (LS) mean 

(standard error). Treatment differences between mepolizumab 

and placebo were analysed using a mixed model repeated mea-

sures model adjusted for covariates and reported as mean 95% 

confidence interval [CI]). For the SYNAPSE population, covariates 

included treatment group, geographic region, baseline, log(e) 

baseline blood eosinophil count, visit and interaction terms 

for visit by baseline and visit by treatment group. Estimates 

were based on weighting applied to each level of class variable 

determined from observed proportions. Patients who had sinus 

surgery before Week 52, withdrew from the study early, or had 

missing data were assigned their worst observed score before 

the event for all subsequent visits. For the MUSCA population, 

covariates included baseline, region, baseline maintenance oral 

corticosteroid (OCS) therapy (OCS vs no OCS), exacerbations in 

the year prior to the study (as an ordinal variable), baseline % 

predicted FEV
1
, treatment and visit, plus interaction terms for 

visit by baseline and visit by treatment group.

Figure 1. A) Change from baseline and B) treatment difference in SNOT-22 sleep and fatigue domains and items at Week 52 for mepolizumab versus 

placebo (SYNAPSE population). *p<0.001; Data available for 403 patients at Week 52 (placebo n=198, mepolizumab n=205); One patient in the 

mepolizumab group and three patients in the placebo group with missing baseline data were excluded from the analysis. Note: p-values have not 

been adjusted for multiple testing. CI, confidence interval; LS, least squares; SNOT-22, mean 22-item Sino-Nasal Outcome Test; SC, subcutaneous; SE, 

standard error.
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Results
Patients

Of the 407 patients with severe CRSwNP in the overall SYNAPSE 

population, 289 (71%) had comorbid asthma, 108 (27%) had 

comorbid N-ERD and 278 (68%) had blood eosinophil counts 

≥300 cells/µL. Of the 551 patients with severe asthma in the 

overall MUSCA population, 105 (19%) had comorbid CRSwNP.

Baseline SNOT-22 sleep and fatigue domain scores for SYNAPSE 

and MUSCA, patient demographics and baseline characteristics 

for SYNAPSE and patient demographics and nasal polyp status 

for MUSCA are included in Table 1. In the SYNAPSE popula-

tion, patients with comorbid airway disease and higher blood 

eosinophil counts had numerically higher baseline SNOT-22 

sleep and fatigue domain scores, indicating higher impact on 

sleep and fatigue; baseline WPAI scores were similar between 

subgroups with no noticeable trends observed (Supplementary 

Table 1). In the MUSCA population, baseline SNOT-22 sleep 

domain scores, and to a lesser extent baseline SNOT-22 fatigue 

domain scores were higher in patients with comorbid CRSwNP 

versus without CRSwNP (Supplementary Table 1).

Change from baseline in SNOT-22 sleep and fatigue domain 

and item scores at Week 52 (SYNAPSE)

Improvements from baseline to Week 52 in sleep and fatigue 

domain scores, in addition to individual items from these 

domains, were larger with mepolizumab compared with 

placebo (Figure 1A). These treatment differences were signifi-

cantly greater (p<0.001) for sleep and fatigue domain scores 

(difference in LS mean change: -2.7 and -3.4, respectively) and 

all sleep- and fatigue-related SNOT-22 item scores (Figure 1B). 

Improvements from baseline at Week 52 in SNOT-22 sleep and 

fatigue domain scores were numerically larger with mepolizu-

mab versus placebo, irrespective of comorbid asthma, comorbid 

N-ERD, and blood eosinophil count (Figures 2A and B).

Change from baseline in ACQ-5 score and WPAI score at 

Week 52 (SYNAPSE)

Patients with comorbid asthma treated with mepolizumab 

versus placebo had a greater reduction from baseline in ACQ-5 

score at Week 52 (LS mean change: -1.12 vs -0.46 points), indi-

cating improved disease control with mepolizumab (treatment 

Figure 2. Impact of comorbidities and blood eosinophil count on A) change from baseline and B) treatment difference in SNOT-22 sleep and fatigue 

domains at Week 52 for mepolizumab versus placebo (SYNAPSE population). P-values: ***<0.001; **0.001–<0.01; *0.01–≤0.05. Note: p-values have 

not been adjusted for multiple testing. BEC, blood eosinophil count; CI, confidence interval; LS, least squares; N-ERD, non-steroidal anti-inflammatory 

drug-exacerbated respiratory disease; SNOT-22, mean 22-item Sino-Nasal Outcome Test; SC, subcutaneous; SE, standard error.
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Figure 3. Impact of comorbidities on change from baseline in LS mean (SE) and treatment difference in WPAI scores at Week 52 (SYNAPSE popula-

tion) on A&B) Work time missed; C&D) Impairment while working; E&F) Overall work impairment and; G&H) Activity impairment. P-values: ***<0.001; 

**0.001–<0.01; *0.01–≤0.05. BEC, blood eosinophil count; CI, confidence interval; LS, least squares; N-ERD, non-steroidal anti-inflammatory drug-exac-

erbated respiratory disease; WPAI, Work Productivity and Activity Impact questionnaire; SC, subcutaneous; SE, standard error.
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Figure 4. A) Change from baseline and B) treatment difference for SYNAPSE population and C) change from baseline and D) treatment difference for 

MUSCA population in SNOT-22 sleep and fatigue domain and item scores at Week 24 for mepolizumab (SYNAPSE: N=194; MUCSA: N=204) versus 

placebo (SYNAPSE: N=189; MUCSA N=201). Analysis was performed separately for each item using mixed model repeated measures with covariates of 

treatment group, geographic region, baseline, log(e) baseline blood eosinophil count, visit plus interaction terms for visit by baseline and visit by 

treatment group. Estimates are based on weighting applied to each level of class variable determined from observed proportions. Patients with nasal 

surgery/sinuplasty prior to visit were assigned the worst possible score across all patients. CI, confidence interval; LS, least squares; SNOT-22, mean 

22-item Sino-Nasal Outcome Test; SC, subcutaneous; SE, standard error.
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difference: -0.66 [95% CI: -0.92, -0.40]; p<0.001).

In the total SYNAPSE population, WPAI scores were lower with 

mepolizumab compared with placebo, indicating less impair-

ment on work and daily activities (Figure 3A–H). Results for the 

airway comorbidity and blood eosinophil count subgroups were 

similar to the total population, although patients with a blood 

eosinophil count ≥300 cells/µL tended to have higher WPAI 

domain scores, indicating more impairment than patients with 

counts <300 cells/µL.

Change from baseline in SNOT-22 sleep and fatigue domain 

and item scores, and ACQ-5 score at Week 24 (SYNAPSE and 

MUSCA populations) 

At Week 24, patients in the SYNAPSE and MUSCA populations 

treated with mepolizumab had larger reductions in sleep and 

fatigue domain scores and items compared with placebo (Figure 

4A–D); these treatment differences were generally larger in the 

SYNAPSE versus the MUSCA population, including sleep domain 

scores (-1.6 vs -0.8) and fatigue domain scores (-2.2 vs -1.2). 

Figure 5. Impact of comorbidities on change from baseline at Week 24 on SNOT-22 sleep and fatigue domain and item scores (A. SYNAPSE and 

B. MUSCA; C. SYNAPSE with/without N-ERD; D. MUSCA with/without N-ERD). CI, confidence interval; CRSwNP, chronic rhinosinusitis with nasal polyps; 

LS, least squares; N-ERD, non-steroidal anti-inflammatory drug-exacerbated respiratory disease; SC, subcutaneous; SE, standard error; SNOT-22, 

mean 22-item Sino-Nasal Outcome Test. 
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When assessed by subgroups, patients with a primary diagno-

sis of severe CRSwNP (SYNAPSE) and patients with a primary 

diagnosis of severe asthma (MUSCA) had numerically larger 

improvements from baseline to Week 24 in SNOT-22 sleep and 

fatigue domain scores with mepolizumab versus placebo, ir-

respective of comorbid asthma (SYNAPSE) or CRSwNP (MUSCA) 

(Figure 5A and 5B). Treatment differences in SNOT-22 sleep 

and fatigue scores were similar for SYNAPSE patients with and 

without comorbid asthma but MUSCA patients with comorbid 

CRSwNP had numerically greater differences than those without 

CRSwNP (Figure 5A and 5B).

At Week 24, SYNAPSE patients with comorbid asthma trea-

ted with mepolizumab versus placebo had a larger LS mean 

reduction from baseline in ACQ-5 score (-0.71 vs -1.22 points), 

indicating improved asthma control with mepolizumab 

(treatment difference: -0.51 [95% CI: -0.76, -0.26]; p<0.001). 

The change from baseline reported here for both placebo and 

mepolizumab exceeds the commonly accepted MCID for ACQ-5 

(30). For patients in MUSCA with comorbid CRSwNP, LS mean 

reductions from baseline in SNOT-22 scores were also greater 

with mepolizumab versus placebo for sleep (-2.5 vs -0.1 points; 

treatment difference: -2.4 [95% Cl: -4.2, -0.6]) and fatigue (-2.9 vs 

-0.3 points; treatment difference: -2.6 [95% CI: -4.7, -0.5]).

Discussion
This is the first analysis to examine the effect of mepolizumab on 

sleep- and fatigue-related symptoms in patients with CRSwNP, 

including how comorbid upper and lower airway disease im-

pacts these outcomes. The results indicated that 

mepolizumab reduced sleep disturbances and fatigue in pa-

tients with CRSwNP, the former being one of the most common 

and bothersome patient-reported symptoms of the disease (7, 

11, 13, 32), and that reductions in these disease impacts in these 

patients were irrespective of the presence of comorbid asthma/

N-ERD or baseline blood eosinophil count. Additionally, in 

patients with a primary diagnosis of severe asthma treated with 

mepolizumab in MUSCA, reductions in sleep impairment were 

observed in those with comorbid CRSwNP. Similarly, reductions 

in fatigue were observed in patients with and without comorbid 

CRSwNP. Together, these findings suggest that mepolizumab 

provides sleep benefits across patients with severe CRSwNP and 

severe asthma, supporting the united airways disease hypothe-

sis.

This corresponds with the results of two previous studies, which 

found that the severity of CRSwNP, and presence and severity 

of allergic rhinitis, are both predictors of increased risk of sleep 

impairment (33, 34). However, it should be noted that other studies 

have not shown an association between nasal polyp scores and 

sleep impairment when analysing Lund–Mackay computed 

tomography score and endoscopy grading (11, 35). 

The basis on which comorbid airway disease increases sleep 

impairment may be due to several factors, including a direct 

impact from an increased burden of respiratory symptoms 

and/or further inflammatory changes (36). This is supported by 

a previous questionnaire study, which found that the preva-

lence of sleep problems increase with the number of sinonasal 

symptoms patients experience (12). Similarly, a prospective 

study found an association between daytime sleepiness and 

nasal blockage, in addition to a correlation between daytime 

sleepiness and disease severity, as indicated by SNOT-22 score 
(35). Furthermore, individual CRSwNP symptoms including nasal 

obstruction, anterior nasal drainage, facial pain/pressure, head-

ache, and cough, and characteristic symptoms of asthma such 

as wheezing and chest tightness are all significantly associated 

with increased risk of sleep impairment (33, 37). The relationship 

to the impact of chronic inflammation on sleep may be bidirec-  

tional, with Type 2 inflammation (as reflected by the altered ex-

pression of cytokines IL-4 and IL-13), resulting in disturbed sleep 
(38), and sleep deprivation in turn inducing changes in inflam-

matory marker expression (39). In mice, alteration in the circadian 

rhythm regulator, brain and muscle aryl hydrocarbon receptor 

nuclear translocator-like 1 increased IL-5 levels and eosinophil 

counts (40). In the current study, higher blood eosinophil counts 

were associated with worse SNOT-22 sleep domain 

scores at baseline, although whether this was due to a direct 

impact of the inflammation associated with blood eosinophil 

counts or an increased severity of symptoms due to inflam-    

mation is unknown. Overall, further research is required to es-

tablish the relationship between sleep disturbance, symptoms, 

and inflammation in CRSwNP and asthma.

Mepolizumab-treated SYNAPSE patients slept better and were 

less fatigued than those receiving placebo irrespective of 

comorbid asthma/N-ERD, as indicated by greater improvements 

in SNOT-22 sleep and fatigue domain scores, both of which 

have previously been validated for patients with moderate-to-

severe CRSwNP (41). Although numerical improvements with                

mepolizumab versus placebo were clear for patients irrespective 

of baseline blood eosinophil count, only the improvement for 

patients with baseline blood eosinophil count ≥300 reached 

statistical significance; in those with baseline blood eosino-

phil count <300 cells/µL the benefit of mepolizumab was not 

statistically significant for either domain. Additionally, impro-

vements in sleep and fatigue were also seen for patients with 

a primary diagnosis of severe asthma in MUSCA after 24 weeks 

of mepolizumab treatment, although treatment differences 

were approximately half those seen for patients with a primary 

diagnosis of CRSwNP in SYNAPSE at the same timepoint. This 

difference is likely a reflection of the severity of the CRSwNP 

population in SYNAPSE, as indicated by criteria such as a need 

of further sinus surgery. Interestingly, improvements in SNOT-22       

sleep and fatigue domain scores with mepolizumab versus 

placebo were larger in patients from MUSCA with severe asthma 
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and comorbid CRSwNP, compared with those without CRSwNP. 

Together, these results suggest that the symptoms and patho-

logy of CRSwNP have a greater impact on sleep and fatigue 

than those of asthma, and that sleep impairment and fatigue, as 

measured by SNOT-22 domains, are constructs that better score 

the impact of CRSwNP severity than asthma severity. Neverthe-

less, the improvement in sleep and fatigue domain scores in 

patients with severe asthma without comorbid CRSwNP suggest 

that mepolizumab provides sleep and fatigue benefits across 

both severe CRSwNP and severe asthma. These results also 

provide support for the united airways disease hypothesis, and 

suggest that eosinophils and IL-5 have pathological roles in both 

diseases (24, 25).

Patients with severe CRSwNP from the SYNAPSE study treated 

with mepolizumab had lower WPAI scores at study end than 

those receiving placebo, suggesting mepolizumab reduces work 

impairment, with generally similar results in the comorbidity 

and blood eosinophil subgroups. This may be a result of impro-

ved sleep and reduced fatigue, particularly given that the 

SNOT-22 fatigue domain items for reduced productivity and 

reduced concentration were significantly improved with         

mepolizumab treatment. However, despite this, for patients wit-

hout comorbid asthma there was not any significant difference 

between treatments for work time missed, impairment while 

working, or activity impairment. 

The treatment benefits of mepolizumab may also contribute 

to the previously demonstrated meaningful improvements in 

HRQoL (42), particularly given the association between HRQoL 

and sleep (11). HRQoL in patients with severe CRSwNP, including 

those with coexisting asthma/N-ERD, is as severely affected as 

for patients with diseases including type 2 diabetes, rheumatoid 

arthritis, and asthma (43). It remains to be established whether 

mepolizumab also improves disease-associated depression and 

impaired cognition, both of which are increased in CRSwNP (14-16).

Overall, these results suggest that in addition to reducing nasal 

polyp size, symptoms, quality of life, and the need for SCS and  

sinus surgery over SoC treatment alone (23), mepolizumab redu-

ces the impact of CRSwNP on sleep and fatigue, across patients 

with comorbid upper and lower airway disease and across base-

line blood eosinophil count thresholds. These benefits are also 

further to the consistent improvements in nasal polyp size and 

nasal obstruction with mepolizumab versus placebo demonstra-

ted across comorbidity and blood eosinophil count subgroups 

in a previous analysis of SYNAPSE (44). Similarly, the results also 

suggest that mepolizumab versus placebo provides sleep and 

fatigue benefits in patients with severe asthma both with and 

without comorbid CRSwNP, further to the previously demonstra-

ted reductions in exacerbation frequency and improvements 

in symptoms, HRQoL and lung function across comorbidity 

subgroups (including CRSwNP, sinusitis and allergic rhinitis) (45).

The limitations of this study should be considered when 

interpreting results. First, comorbid asthma and N-ERD in 

patients from SYNAPSE and comorbid CRSwNP in patients from 

MUSCA were determined using medical history. Therefore, not 

all patients may have met a more formal definition of either               

comorbidity. Second, the number of patients in some subgroups 

was small, particularly those with comorbid N-ERD in SYNAPSE 

and those with comorbid CRSwNP in MUSCA; moreover, the 

post hoc assessment of outcomes in subgroups precluded 

statistical testing to determine differences between subgroups. 

Additionally, SNOT-22 is validated for use as a composite score; 

however, for the purposes of this study the sleep-relevant 

components have been analysed separately, and the tailored 

subdomain used requires cautious interpretation in relation to 

findings from other studies using the standard definition. This 

bespoke approach reflects the specific clinical framework of our 

study but may limit the comparability of our findings with those 

studies using a broader, established metric. Finally, it should be 

noted that SYNAPSE was a 52-week study and was therefore 

not designed to compare endpoints at Week 24; as such, the 

SYNAPSE results should be interpreted with caution.

Conclusion
These results suggest that mepolizumab improves sleep dis-

turbances and reduces fatigue in patients with severe CRSwNP, 

irrespective of comorbid asthma, N-ERD, and baseline blood 

eosinophil count. Improvements in these symptoms were also 

observed in patients with severe asthma both with and without 

comorbid CRSwNP, suggesting inhibition of IL-5 by 

mepolizumab treatment provides improvements in sleep im-

pairment and fatigue across both patients with severe CRSwNP 

and severe asthma.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Baseline clinical characteristics by subgroup in SYNAPSE and MUSCA.

SYNAPSE

Comorbid asthma (n=289) No comorbid asthma (n=118)

Placebo 
(n=149)

Mepolizumab 
(n=140)

Placebo 
(n=52)

Mepolizumab 
(n=66)

SNOT-22 sleep domain score (0-15), mean (SD) 9.4 (3.7) 9.0 (3.9) 7.6 (4.2) 8.1 (3.6)

SNOT-22 fatigue domain score (0-20), mean (SD) 11.9 (4.78) 12.1 (4.63) 9.5 (5.65) 9.4 (4.70)

WPAI scores (%), mean (SD)

Work time missed n=114, 5.0 (13.60) n=107, 5.3 (13.98) n=37, 5.0 (10.49) n=46 ,4.1 (10.04)

Impairment while working n=112, 52.8 (29.45) n=105. 48.1 (29.16) n=36, 41.9 (33.71) n=46, 48.0 (28.80)

Overall work impairment n=114, 53.7 (30.34) n=107, 49.6 (29.99) n=37, 41.8 (34.91) n=46, 49.2 (29.52)

Activity impairment n=146, 54.5 (28.31) n=139, 52.0 (28.01) n=52, 49.4 (31.09) n=65, 56.5 (27.92)

Comorbid N-ERD (n=108) No comorbid N-ERD (n=299)

Placebo 
(n=63)

Mepolizumab 
(n=45)

Placebo 
(n=138)

Mepolizumab 
(n=161)

SNOT-22 sleep domain score (0-15), mean (SD) 9.8 (3.8) 9.3 (3.8) 8.6 (3.9) 8.5 (3.8)

SNOT-22 fatigue domain score (0-20), mean (SD) 12.9 (4.66) 12.9 (4.51) 10.6 (5.17) 10.8 (4.80)

WPAI scores, mean (SD)

Work time missed n=48, 8.5 (19.15) n=34, 7.1 (15.85) n=103, 3.3 (8.14) n=119, 4.3 (11.94)

Impairment while working n=46, 58.7 (26.47) n=34, 46.2 (28.50) n=102, 46.3 (31.90) n=117, 48.6 (29.18)

Overall work impairment n=48, 59.5 (28.59) n=34, 48.4 (29.69) n=103, 46.8 (32.56) n=119, 49.8 (29.89)

Activity impairment n=61, 57.5 (28.32) n=45, 50.4 (27.63) n=137, 51.2 (29.29) n=159, 54.3 (28.12)

Blood eosinophil count <300 cells/µL 
(n=129)

Blood eosinophil count ≥300 cells/µL 
(n=278)

Placebo (n=62) Mepolizumab 
(n=67)

Placebo (n=139) Mepolizumab 
(n=139)

SNOT-22 sleep domain score (0-15), mean (SD) 8.5 (4.2) 7.7 (4.0) 9.1 (3.8) 9.1 (3.7)

SNOT-22 fatigue domain score (0-20), mean (SD) 10.8 (5.09) 10.1 (5.11) 11.5 (5.14) 11.8 (4.57)

WPAI scores (%), mean (SD)

Work time missed n=44, 2.1 (5.91) n=50, 5.4 (15.97) n=107, 6.1 (14.69) n=103, 4.7 (11.20)

Impairment while working n=44, 45.2 (28.89) n=49, 49.8 (31.66) n=104, 52.2 (31.44) n=102, 47.3 (27.69)

Overall work impairment n=44, 45.9 (29.38) n=50, 51.8 (32.44) n=107, 52.8 (32.69) n=103, 48.4 (28.46)

Activity impairment n=62, 52.1 (25.93) n=66, 57.1 (29.13) n=136, 53.7 (30.47) n=138. 51.7 (27.36)

MUSCA

Comorbid CRSwNP (n=82) No comorbid CRSwNP (n=352)

Placebo 
(n=37)

Mepolizumab 
(n=45)

Placebo 
(n=181)

Mepolizumab 
(n=171)

SNOT-22 sleep domain score (0-15), mean (SD) n=36, 6.8 (4.82) n=44, 5.9 (3.96) n=176, 4.9 (4.18) n=166, 4.8 (3.84)

SNOT-22 fatigue domain score (0-20), mean (SD) n=36, 8.2 (5.51) n=44, 7.7 (5.62) n=176, 7.6 (5.58) n=166, 7.5 (5.30)

N-ERD, non-steroidal anti-inflammatory drug-exacerbated respiratory disease; SD, standard deviation; SNOT-22, mean 22-item Sino-Nasal Outcome 

Test; WPAI, Work Productivity and Activity Impact questionnaire.


