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Abstract
Background: Chronic rhinosinusitis with nasal polyps (CRSwNP) is a predominantly 
type 2- mediated inflammatory disease with high symptom burden and reduced health- 
related quality of life (HRQoL). This report aimed to comprehensively understand the 
effects of dupilumab on domains of HRQoL, their individual elements, and health sta-
tus in patients with severe CRSwNP from phase 3 SINUS- 24 (NCT02912468) and 
SINUS- 52 (NCT02898454) trials.
Methods: Patients were randomized to dupilumab (n = 438) or placebo (n = 286) for 
24 weeks (SINUS- 24), or 52 weeks (SINUS- 52). Disease- specific HRQoL using 22- item 
sino- nasal outcome test (SNOT- 22), and health status using EuroQoL- visual analog scale 
(EQ- VAS) was evaluated in the pooled intention- to- treat (ITT) population (Week 24), 
SINUS- 52 ITT (Week 52) and in the subgroups with/without asthma; non- steroidal anti- 
inflammatory drug- exacerbated respiratory disease (NSAID- ERD); and prior sinus surgery.
Results: At baseline, patients had poor disease- specific HRQoL and general health 
status and identified “Decreased sense of smell/taste” and “Nasal blockage” as the 
most important symptoms. Dupilumab significantly improved SNOT- 22 total, domain 
(Nasal, Sleep, Function, Emotion, and Ear/facial), and 22- item scores, and EQ- VAS, 
at Week 24 vs placebo (all p < .0001), with continued improvements to Week 52 
in SINUS- 52. Improvements occurred irrespective of comorbid asthma, NSAID- ERD, 
or prior surgery. A significantly greater proportion of dupilumab- treated patients ex-
ceeded clinically meaningful thresholds for SNOT- 22 total score and EQ- VAS vs pla-
cebo (all subgroups p < .05 except patients without surgery at Week 24).
Conclusions: Dupilumab treatment led to significant clinically meaningful improve-
ments across all aspects of disease- specific HRQoL, and general health status in pa-
tients with severe CRSwNP.
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1  |  INTRODUC TION

Chronic rhinosinusitis with nasal polyps (CRSwNP) is a predominantly 
type 2- mediated inflammatory disease of the nasal cavity and para-
nasal sinuses associated with significant impact on health- related 
quality of life (HRQoL). CRSwNP is diagnosed based on a combina-
tion of symptoms, including nasal congestion/blockage, reduction/
loss of smell, facial pressure, and anterior/posterior rhinorrhea, with 
an objective presence of nasal polyps assessed by nasal endoscopy 
and/or sinus opacification by computed tomography scan.1

HRQoL is a multidimensional dynamic concept that includes 
physical, mental, and social domains which are influenced by disease 
and treatment.2– 4 CRSwNP impacts multiple aspects of HRQoL in-
cluding mental and physical health, sleep, productivity, cognitive and 
social functioning, and general health status.1,5– 9 HRQoL is further 
worsened in patients with comorbidities, including asthma, non- 
steroidal anti- inflammatory drug- exacerbated respiratory disease 
(NSAID- ERD), or a history of sino- nasal surgery.5,10 The treatment 
objectives for CRSwNP are to achieve and maintain disease control, 
defined as absence of symptoms, improved HRQoL and health sta-
tus, and improved endoscopic and radiologic outcomes.1

Dupilumab is a fully human VelocImmune®- derived monoclonal 
antibody that blocks interleukin (IL)- 4Rα, the shared receptor com-
ponent for IL- 4 and IL- 13, which are key and central drivers of type 2 
inflammation.11– 14 In the phase III SINUS- 24 (NCT02912468) and 
SINUS- 52 (NCT02898454) studies, dupilumab on a background of 

intranasal corticosteroids, significantly improved endoscopic (nasal 
polyp score), radiologic (Lund- McKay computed tomography score), 
patient- reported symptoms, and clinical outcomes, in patients with 
uncontrolled CRSwNP, and was generally well tolerated.15 Dupilumab 
is approved for the treatment of CRSwNP in the USA, EU, and Japan.

The objective of these post- hoc analyses of the SINUS- 24 and 
SINUS- 52 trials, was to evaluate the effect of dupilumab on multidi-
mensional disease- specific HRQoL, and general health status mea-
sures in patients with severe CRSwNP, including difficult- to- treat 
subgroups.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and patients

Full details of the phase III, multinational, multicenter, randomized, 
double- blind, placebo- controlled, parallel- group studies SINUS- 24 
and SINUS- 52 have been published previously.15 Briefly, these stud-
ies included adults (≥18 years) with bilateral endoscopic nasal polyp 
scores (NPS) ≥5 with ≥2 for each nostril and moderate- to- severe 
nasal congestion for ≥8 weeks, and the presence of either rhinorrhea 
or loss of smell despite receiving systemic corticosteroids in the pre-
ceding 2 years or previous sino- nasal surgery. Patients were stratified 
by history of prior sinus surgery, asthma/NSAID- ERD, and country at 
randomization. Patients received 100 µg mometasone furoate nasal 

G R A P H I C A L  A B S T R A C T
CRSwNP is a predominantly type 2- mediated inflammatory disease with high symptom burden that impacts HRQoL. In the SINUS- 24 and 
SINUS- 52 studies, patients with CRSwNP were randomized to dupilumab or placebo. Dupilumab led to significant clinically meaningful 
improvements across all aspects of disease- specific HRQoL and general health status in patients with CRSwNP, irrespective of comorbid 
asthma, NSAID- ERD, or prior NP surgery.
Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; EQ- VAS, EuroQoL- visual analog scale; HRQoL, health- related quality of 
life; ITT, intent to treat; NSAID- ERD, non- steroidal anti- inflammatory drug- exacerbated respiratory disease; NP, nasal polyp; SINUS- 24 and 
SINUS- 52, two placebo- controlled clinical studies assessing dupilumab in patients with chronic rhinosinusitis with nasal polyps over 24 and 
52 weeks, respectively; SNOT- 22, 22- item Sino- Nasal Outcome Test
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spray in each nostril twice daily throughout the trial period. Rescue 
treatment with systemic corticosteroids (SCS), sinus surgery, or nasal 
lavage with saline and/or systemic antibiotics was allowed as per in-
vestigator's discretion (see Statistical methods for further details). 
All patients provided written informed consent before participating 
in the trials. Local institutional review board or ethics committee at 
each study center oversaw trial conduct and documentation.

2.2  |  Treatment

In SINUS- 24, patients were randomized 1:1 to receive subcuta-
neous (SC) dupilumab 300 mg every 2 weeks (q2w) (n = 143) 
or placebo q2w (n = 133) for 24 weeks. In SINUS- 52, patients 
were randomized 1:1:1 to receive dupilumab 300 mg SC q2w for 
52 weeks (n = 150); dupilumab 300 mg SC q2w for 24 weeks, then 
300 mg SC every 4 weeks for 28 weeks (n = 145); or placebo q2w 
for 52 weeks (n = 153). The pooled analyses presented here in-
cluded all patients treated with dupilumab 300 mg q2w or pla-
cebo q2w from SINUS- 24 and SINUS- 52 at Week 24. The analyses 
at Week 52 included patients treated with placebo or dupilumab 
300 mg q2w from SINUS- 52 only.

2.3  |  Outcome measures

Disease- specific HRQoL was assessed using the 22- item sino- nasal 
outcome test (SNOT- 22; a secondary endpoint from SINUS- 24 and 
SINUS- 52) score at baseline and Weeks 4 (SINUS- 52 only), 8, 16, 24 
(SINUS- 24 and SINUS- 52), 40, and 52 (SINUS- 52 only). SNOT- 22 is a 
patient- reported outcome (PRO) that assesses the impact of chronic 
rhinosinusitis (CRS) on HRQoL with a recall period of 2 weeks.16,17 It 
includes 22 items, each 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 (Table S1). 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).18 The total score ranges from 0 to 110, and 
the domain scores are presented as the average item score per do-
main (0– 5). In each case, higher scores represent worse HRQoL. The 
SNOT- 22 domain scores allow for both granular understanding on 
the burden of CRSwNP on a patient's HRQoL, and a comprehensive 
evaluation of treatment efficacy in addition to objective disease 
measures. Assessing domain and item scores provides an under-
standing of individual aspects of CRSwNP which have the greatest 
impact on patients, helping to identify what “drives” the disease from 
a patient perspective.

General health status was assessed at baseline and Weeks 16 
(SINUS- 52 only), 24 (SINUS- 24 and SINUS- 52), 40, and 52 (SINUS- 52 
only) using the EuroQoL- visual analog scale (EQ- VAS [0– 100] of 
the EuroQoL 5- dimension 5- level; an exploratory endpoint from 
SINUS- 24 and SINUS- 52), with higher scores indicating better health 
status, which is a generic, standardized questionnaire developed to 

provide a simple measure of general health status.19 EQ- VAS also 
provides policy makers with uniform criteria for comparison with 
other diseases and population normative data.3,20 HRQoL and health 
status are distinct constructs and it has been shown that patients' 
ratings of these are influenced by different factors; HRQoL is influ-
enced by emotional well- being, whereas health status is influenced 
by physical functioning.21

2.4  |  Statistical methods

SNOT- 22 total score was analyzed as absolute and percent change 
from baseline at Weeks 24 and 52. SNOT- 22 domain scores, SNOT- 
22 items, and EQ- VAS were expressed as absolute change from 
baseline at Weeks 24 and 52. Individual response thresholds were 
defined by improvements at Weeks 24 and 52 from baseline meet-
ing or exceeding minimum clinically important differences (MCIDs) 
for the SNOT- 22 total score (≥8.9)17 and the EQ- VAS (≥8).22 Absolute 
and/or percent changes from baseline in continuous outcomes were 
analyzed in the intention- to- treat (ITT) population with a hybrid of 
the worst observation carried forward (WOCF) and multiple impu-
tation methods, followed by an analysis of covariance (ANCOVA) 
model with the baseline value of the corresponding outcome, treat-
ment, asthma or NSAID- ERD status, prior surgery history, region 
(pooled countries), and, for the pooled analyses, the study as co-
variates. For patients who received SCS or who underwent sinus 
surgery for any reason, data collected post- surgery or post- SCS 
treatment were set to missing, and the worst post- baseline value on 
or before the time of surgery or SCS treatment was used to impute 
the Week 24 or Week 52 values. For patients who discontinued 
treatment without rescue by surgery or SCS, a multiple imputa-
tion approach was used to impute missing values, using all patients 
who had not been rescued by surgery or were not receiving SCS. 
Statistical inference obtained from all imputed data was combined 
using Rubin's rule. Least squares (LS) mean differences vs placebo 
along with 95% confidence intervals (CIs) were then calculated.

To assess the effect size of the difference between dupilumab 
and placebo, Hedges' g of the LS mean difference vs placebo were 
computed for outcomes without established clinically important dif-
ferences.23 These were for (i) percent change from baseline in SNOT- 
22 total score, (ii) absolute change from baseline in domain scores, 
and (iii) top 2 items. An absolute value of 0.5 represents a “medium” 
effect size and a value of 0.8 a “large” effect size.23

The proportion of patients achieving response was compared be-
tween dupilumab and placebo in the ITT using the Cochran– Mantel– 
Haenszel test performed on the association between the responder 
status and treatment group (dupilumab vs placebo), stratified by 
asthma/NSAID- ERD status, prior surgery history, region, and for the 
pooled analyses, the study as covariates. Odds ratios (ORs) with 95% 
CIs were computed. Patients who were indicated for NP surgery, 
received SCS for any reason, were considered non- responders for 
time points after using SCS or surgery; patients with missing data at 
the visit of interest were also considered as non- responders.
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Similar analyses on continuous and binary outcomes were per-
formed separately in each of the following subgroups: patients with 
and without asthma, with and without NSAID- ERD, and with and with-
out prior NP surgery history at baseline. Comorbid asthma and NSAID- 
ERD diagnoses were ascertained by self- reported medical history.

Correlations between SNOT- 22 and EQ- VAS outcomes at base-
line were computed using the Spearman correlation coefficient for 
overall treatment groups.

3  |  RESULTS

3.1  |  Baseline demographic and disease 
characteristics

In the pooled ITT population at baseline, patients with CRSwNP had 
poor disease- specific HRQoL and general health status was worse 
than population norms. Mean (SD) SNOT- 22 total score was 50.94 
(20.66) (Table 1), the most affected SNOT- 22 domain at baseline 
was (mean [SD]) Nasal (3.08 [0.82]), followed by Sleep (2.33 [1.40]), 
Function (2.13 [1.39]), Emotion (1.71 [1.35]), and Ear/facial (1.37 
[1.15]), with baseline domain scores being similar across subgroups 
(data not shown). 59% of patients had comorbid asthma, 28% had 
NSAID- ERD, and 63% had prior NP surgery. Mean baseline SNOT- 
22 scores in these subgroups were, with asthma: 53.98; without 

asthma: 46.55; with NSAID- ERD: 52.86; without NSAID- ERD: 
50.19; with surgery: 51.63; without surgery: 49.72 (Figure S1). In the 
ITT population and across all subgroups, “Decreased sense of smell/
taste” and “Nasal blockage” were identified by patients as the most 
important SNOT- 22 items affecting their health at baseline (> 80% 
of patients reported these items as important).

Mean (SD) baseline EQ- VAS score was 65.4 (20.4), which is 
below population norms which range from 70.4 to 83.3 by coun-
try.20 There was a weak correlation between SNOT- 22 total score 
and EQ- VAS at baseline (Spearman's correlation −0.354), signifying 
the different concepts these outcomes measure (disease- specific 
HRQoL and general health status). The lack of agreement between 
these outcomes has previously been reported.24

3.2  |  Dupilumab efficacy on disease- 
specific HRQoL

3.2.1  |  SNOT- 22 total percent score

At Week 24, the LS mean (standard error) percent change from base-
line in SNOT- 22 total score for dupilumab was −56.7% (2.2) and for 
placebo was −20.1% (2.5) in the ITT population (LS mean difference 
vs placebo [95% CI] −36.6% [−41.9%, – 31.3%]). The effect size for 
percent change in SNOT- 22 total score was large (absolute Hedges' 

Pooled SINUS- 24 and SINUS- 52

Placebo 
(n = 286)

Dupilumab
300 mg q2w 
(n = 438)

Overall 
(n = 724)

Age, mean (SD), years 51.28 (12.90) 51.47 (12.79) 51.39 (12.83)

Male sex, n (%) 165 (57.7) 272 (62.1) 437 (60.4)

NC score, mean (SD) [range 0– 3] 2.41 (0.54) 2.39 (0.60) 2.40 (0.58)

TSS, mean (SD) [range 0– 9] 7.18 (1.39) 7.14 (1.45) 7.16 (1.43)

VAS for overall rhinosinusitis, mean (SD) 
[range 0– 10]

7.97 (2.14) 7.82 (2.02) 7.88 (2.07)

SNOT- 22 total score, mean (SD) [range 
0– 110]a

52.27 (21.11) 50.05 (20.33) 50.94 (20.66)

Nasal domain, mean (SD) [range 0– 5]a 3.12 (0.83) 3.05 (0.81) 3.08 (0.82)

Ear/facial domain, mean (SD) [range 
0– 5]a

1.44 (1.23) 1.33 (1.09) 1.37 (1.15)

Sleep domain, mean (SD) [range 0– 5]a 2.39 (1.41) 2.29 (1.40) 2.33 (1.40)

Function domain, mean (SD) [range 
0– 5]a

2.22 (1.39) 2.07 (1.39) 2.13 (1.39)

Emotion domain, mean (SD) [range 
0– 5]a

1.79 (1.34) 1.65 (1.36) 1.71 (1.35)

EQ- VAS (health status), mean (SD) [range 
0– 100]b

64.9 (20.6) 65.8 (20.3) 65.4 (20.4)

Abbreviations: EQ- VAS, EuroQoL- visual analog scale; HRQoL, health- related quality of life; ITT, 
intention to treat; NC, nasal congestion; q2w, every 2 weeks; SD, standard deviation; SNOT- 22, 
22- item sino- nasal outcome test; TSS, total symptom score; VAS, visual analog scale.
aHigher scores represent worse HRQoL.
bHigher scores indicate better health status.

TA B L E  1  Baseline demographics and 
disease characteristics (ITT)
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g > 0.8) at all post- baseline assessments (data not shown). Dupilumab 
treatment was associated with significantly greater percentage 
reductions in SNOT- 22 total score at Week 24 (representing im-
provement in HRQoL) vs placebo, irrespective of the presence of 
comorbid asthma or NSAID- ERD, or history of prior NP surgery with 
continued improvement through to Week 52 (all p < .0001; Figure 1).

3.2.2  |  SNOT- 22 domain scores

Improvements were observed in all SNOT- 22 domain scores in 
dupilumab- treated patients vs placebo at Week 24 in the pooled ITT 
population, with the greatest improvements (LS mean difference 
[95% CI]), seen in the Nasal domain −1.16 (−1.31, −1.02), followed by 

F I G U R E  1  Improvement in percentage change from baseline in SNOT- 22 total score (ITT and subgroups). (A) Pooled SINUS- 24 and 
SINUS- 52 Week 24. (B) SINUS- 52 Week 52. *p < .0001 least squares mean difference dupilumab vs placebo. ITT, intention to treat; NP, nasal 
polyp; NSAID- ERD, non- steroidal anti- inflammatory drug- exacerbated respiratory disease; SNOT- 22, 22- item sino- nasal outcome test

13.59

57.81
55.46

7.85

56.88

17.29

55.42

3.09

57.42

15.62

56.12

19.01

59.41

10.35

Im
pr

ov
em

en
t f

ro
m

 b
as

el
in

e 
in

 S
N

O
T-

22
 to

ta
l s

co
re

 (%
)

70

60

50

40

30

20

10

0

20.07

56.67 56.79

17.82

45.20

11.81

57.45

11.10

55.58

22.41

56.84

17.13

56.85

25.25

Placebo Dupilumab

ITT
(n = 286/438)

With asthma
(n = 170/258)

Without asthma 
(n = 116/180)

With NSAID-ERD
(n = 82/122)

Without NSAID-ERD
(n = 204/316)

With prior 
NP surgery

(n = 187/272)

Without prior 
NP surgery
(n = 99/166)

* * * * * * *

(A)

Im
pr

ov
em

en
t f

ro
m

 b
as

el
in

e 
in

 S
N

O
T-

22
 to

ta
l s

co
re

 (%
)

70

60

50

40

30

20

10

0

Placebo Dupilumab

ITT
(n = 153/150)

With asthma
(n = 91/85)

Without asthma 
(n = 62/65)

With NSAID-ERD
(n = 44/35)

Without NSAID-ERD
(n = 109/115)

With prior 
NP surgery
(n = 88/88)

Without prior 
NP surgery
(n = 65/62)

* * * * * * *

(B)



2216  |    LEE Et aL.

Sleep −0.82 (−0.99, −0.65), Function −0.71 (−0.87, −0.56), Emotion 
−0.66 (−0.79, −0.52), and Ear/facial −0.60 (−0.72, −0.48) domains 
(Figure 2; Table S2). Improvements were also seen in subgroups 
of patients with/without comorbid asthma, prior NP surgery, and 
NSAID- ERD, although greater improvements were seen in patients 
in the difficult- to- treat subgroups (Figure 2). At Week 52, dupilumab 
had the largest LS mean difference vs placebo across all subgroups in 
the Nasal domain (all p < .0001) followed by either Sleep or Function 
domains depending on subgroup (Figure 2; Table S2), which were 
also the most impacted domains at baseline. In the ITT popula-
tion, a large effect size (>0.8) was observed for the Nasal domain 
(Hedges' g [95% CI]: −1.2 [−1.4, −1.1] at Week 24 and −1.5 [−1.7, −1.2] 
at Week 52) and the Ear/facial and Sleep domain at Week 52 (−0.9 
[−1.1, −0.6] and −0.8 [−1.1, −0.6], respectively). A medium effect size 
(>0.5) was observed across all other domains at Week 24 and Week 
52 (data not shown).

3.2.3  |  SNOT- 22 items

Dupilumab treatment was associated with significant improvements 
in all SNOT- 22 items vs placebo, irrespective of the presence of co-
morbid asthma or NSAID- ERD, or of prior NP surgery (all p < .05; 
Figure 3; Figure S2). In the ITT population, LS mean differences 
(95% CI) in change from baseline between dupilumab and placebo 
groups were −1.97 (−2.19, −1.75; p < .0001) for “Decreased sense of 
smell/taste.” The corresponding changes in the subgroups were pa-
tients with asthma −2.14 (−2.44, −1.84), without asthma −1.77 (−2.10, 
−1.44), with NSAID- ERD −2.12 (−2.54, −1.70), without NSAID- ERD 
−1.92 (−2.18, −1.66), prior NP surgery −2.01 (−2.29, −1.73), and no 
prior NP surgery −1.92 (−2.29, −1.56), respectively (all p < .0001). 
For “Nasal blockage” LS mean differences (95% CI) in change from 
baseline between dupilumab and placebo groups were −1.55 (−1.75, 
−1.36; p < .0001). The corresponding changes in the subgroups 
were patients with asthma −1.71 (−1.96, −1.46), without asthma 
−1.32 (−1.64, −1.01), with NSAID- ERD −1.88 (−2.25, −1.50), with-
out NSAID- ERD −1.43 (−1.65, −1.20), prior NP surgery −1.58 (−1.83, 
−1.34), and no prior NP surgery −1.53 (−1.85, −1.20), respectively (all 
p < .0001). A large effect size was observed from Week 8 (data not 
shown), continuing to Week 24, for both “Decreased sense of smell/
taste” (Hedges' g [95% CI]: Week 24: −1.4 [−1.5, −1.2], Week 52: −1.5 
[−1.7, −1.3]) and “Nasal blockage” (Week 24: −1.2 [−1.4, −1.1], Week 
52: −1.3 [−1.5, −1.0]).

3.2.4  |  SNOT- 22 responder analysis

A significantly greater proportion of dupilumab- treated patients 
exceeded the defined clinically meaningful threshold for SNOT- 22 
total score vs placebo at Week 24 and Week 52 (Figure 4). Significant 
improvements were also observed in subgroups with or without 
comorbid asthma, prior NP surgery, and without NSAID- ERD at 
Week 24 and Week 52 (Figure 4), although greater improvements 
were seen in patients in the difficult- to- treat subgroups.

3.2.5  |  Dupilumab efficacy on general health status

In the ITT population, dupilumab treatment was associated with 
significant improvements in EQ- VAS vs placebo at Weeks 24 and 
52, and irrespective of the presence of comorbid asthma, NSAID- 
ERD, or prior NP surgery (all p < .05; Table 2). At Weeks 24 and 
52, patients treated with dupilumab achieved mean scores within 
the range of population norms (70.4– 83.320), in the ITT popu-
lation (Week 24: 76.7; Week 52: 78.2), and across all subgroups 
(score range 74.3– 79.4). In patients treated with placebo, scores 
remained below population norms at Weeks 24 and 52 (subgroup 
scores range 64.1– 69.5) with the exception of the subgroup with-
out asthma (70.5 at Week 24 and 70.7 at Week 52; Table 2). In 
the ITT population, a significantly higher proportion of dupilumab- 
treated patients achieved a clinically meaningful improvement in 
EQ- VAS vs placebo at Week 24 (46.8% vs 25.9%; OR 2.58 [1.85, 
3.61]; p < .0001) and Week 52 (50.0% vs 18.3%; OR 4.30 [2.55, 
7.27]; p < .0001), with a similar effect vs placebo was seen in all 
subgroups (except patients without surgery at Week 24; Figure S3); 
greater improvements were seen in patients in the difficult- to- treat 
subgroups.

4  |  DISCUSSION

CRSwNP is a type 2 inflammatory disease associated with significant 
impact on HRQoL.1,25,26 Impairment in overall HRQoL in patients 
with CRSwNP has been previously reported5,7 but not specifically 
in patients with uncontrolled CRSwNP refractory to available medi-
cal and surgical treatment. Here, we expand on previous findings15 
to report on the broad impact of CRSwNP on HRQoL burden, and 
the effect of dupilumab in improving multiple aspects of HRQoL 

F I G U R E  2  Spider plot of LS mean difference between dupilumab and placebo in change from baseline in SNOT- 22 domain scores at 
(A) Week 24, and (B) Week 52 (ITT and subgroups). LS mean difference vs placebo in domain scores (range, 0– 5) are plotted. Each of the 
imputed complete data were analyzed by fitting an ANCOVA model with change from baseline at the corresponding visit as the response 
variable, and the corresponding baseline value, treatment group, asthma/NSAID- ERD status, prior surgery history, regions, and, for 
the pooled analyses, study indicator as covariates. Data collected after treatment discontinuation were included. Data post- SCS or NP 
surgery were set to missing and imputed by WOCF; other missing data were imputed by multiple imputation methods. *p < .01, **p < .001, 
***p < .0001; †p < .05. ANCOVA, analysis of covariance; ITT, intention to treat; LS, least squares; NP, nasal polyp; NSAID- ERD, non- steroidal 
anti- inflammatory drug- exacerbated respiratory disease; SCS, systemic corticosteroids; SNOT- 22, 22- item sino- nasal outcome test; WOCF, 
worst observation carried forward
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including the domains and items of SNOT- 22, and general health 
status in such patients.

SNOT- 22 has been identified as a useful PRO for assessing HRQoL 
in CRS.1,27– 30 The domains of SNOT- 22, validated in the CRSwNP 
population, provide valuable information on the dimensions of the 
patient's life most burdened, inform treatment decision- making, and 
are pertinent to personalized medicine.1,18 The EQ- VAS has been 
adopted as an attractive tool for rhinosinusitis outcomes research 
in recent years, as it shows sensitivity to clinical change in rhinosi-
nusitis that supports its use for monitoring patient outcomes.31– 34

In the present study, patients had high HRQoL burden at base-
line as shown by SNOT- 22 total scores, Nasal domain scores (domain 
including all nasal symptoms) and also in the scores for the Sleep 
domain (including difficulty falling asleep, waking up at night, lack 
of a good night's sleep, and waking up tired) and Function domain 
(e.g., fatigue, reduced productivity, and concentration). These find-
ings illustrate a broad impact of CRSwNP on day- to- day living, and a 
potential impact on societal factors such as productivity loss. More 
than 80% of the patients reported the SNOT- 22 items “Decreased 
sense of smell/taste” and “Nasal blockage” as the most important 
items affecting their health across all subgroups, suggesting that, 
from a patient's perspective, these are markers of disease severity 
and thus an important outcome measure of treatment efficacy.

In addition, patients had worse mean EQ- VAS scores at base-
line (approximately 66) than population norms (70.4– 83.3)20 across 
all subgroups. A previously reported analysis showed that EQ- VAS 
scores at baseline in the SINUS- 24 study were lower than those of 

other chronic conditions: rheumatoid arthritis, type 2 diabetes, and 
asthma (Global Initiative for Asthma steps 1– 3 and 4– 5).35

It has been previously reported that dupilumab treatment re-
sulted in significant and clinically meaningful improvements in 
SNOT- 22 total score vs placebo in patients with severe CRSwNP.15 
The present analyses expand on these observations, showing sig-
nificant improvements in percent change from baseline in SNOT- 
22 total score associated with dupilumab. Percent change gives a 
precise description of change over time as it accounts for baseline 
measurements. This effect was observed in the ITT population and 
in patient subgroups considered hard to treat, such as those with 
comorbid asthma or NSAID- ERD, or who have undergone prior NP 
surgery. A significantly greater proportion of dupilumab- treated pa-
tients achieved a clinically meaningful SNOT- 22 response, defined 
as improvement of ≥8.9 on the SNOT- 22 total score17 in ITT and in all 
subgroups. Effect sizes were analyzed for outcomes for which clini-
cally meaningful change scores have not yet been established. These 
are complementary to statistical significance and provide a measure 
of the magnitude of change between treatment groups without con-
founding by sample size. In the ITT population, a large effect size 
was observed for percent change in SNOT- 22 total score by Week 8, 
and this continued to improve to Week 24. Improvements noted for 
SNOT- 22 in the placebo group are likely to be the result of optimiza-
tion of the standard of care component within the context of a clini-
cal trial setting. Such changes were not seen in the placebo group for 
objective measures assessed in the trials such as nasal polyp score 
and Lund– Mackay CT score.

F I G U R E  3  LS mean difference (95% CI) between dupilumab and placebo in change from baseline at Week 24 in SNOT- 22 items (ITT 
n = 438). Baseline pooled for placebo and dupilumab- treated patients. “% 5 most important” represents the percentages of patients who 
considered each item as one of the 5 most important items affecting their health at baseline. The 5 most frequently reported are highlighted 
in orange and underlined (orange numbers signify order of importance). CI, confidence interval; ITT, intention to treat; LS, least squares; 
PBO, placebo; SD, standard deviation; SNOT- 22, 22- item sino- nasal outcome test

LS mean difference (95% CI) vs placebo in change from baseline at Week 24
–2.5 –2.0 –1.5 –1.0 –0.5 0.0

Baseline
mean (SD)

1.07 (1.34)

% 5 most
important

p-value
vs PBO

Dizziness, –0.45 (–0.59, –0.30) 3.9 < .0001

0.88 (1.26)Ear pain, –0.49 (–0.63, –0.35) 3.1 < .0001

2.21 (1.26)Sneezing, –0.55 (–0.71, –0.39) 3.7 < .0001

1.53 (1.51)Sad, –0.59 (–0.74, –0.44) 4.1 < .0001

1.92 (1.39)Cough, –0.61 (–0.80, –0.42) 13.8 < .0001

2.36 (1.50)Fatigue, –0.68 (–0.86, –0.51) 13.2 < .0001

1.55 (1.56)Facial pain/pressure, –0.69 (–0.85, –0.54) 7.0 < .0001

2.10 (1.52)Frustrated/restless/irritable, –0.69 (–0.86, –0.52) 20.5 < .0001

2.13 (1.50)Reduced productivity, –0.72 (–0.89, –0.55) 16.6 < .0001

1.50 (1.56)Embarrassed, –0.74 (–0.89, –0.58) 8.3 < .0001

1.91 (1.49)Reduced concentration, –0.76 (–0.93, –0.59) 15.7 < .0001

2.02 (1.62)Difficulty falling asleep, –0.77 (–0.96, –0.59) 8.1 < .0001

2.49 (1.54)Wake up tired, –0.79 (–0.97, –0.61) 19.8 < .0001

1.98 (1.58)Ear fullness, –0.85 (–1.02, –0.68) 12.4 < .0001

2.97 (1.27)Post-nasal discharge, –0.86 (–1.04, –0.68) 39.5 < .0001

2.38 (1.56)Wake up at night, –0.86 (–1.05, –0.67) 25.7 < .0001

2.42 (1.60)Lack of a good night’s sleep, –0.89 (–1.09, –0.70) 18.0 < .0001

3.08 (1.20)Runny nose, –1.17 (–1.36, –0.98) 17.3 < .0001

3.37 (1.13)Need to blow nose, –1.29 (–1.47, –1.10) 22.6 < .0001

3.05 (1.31)Thick nasal discharge, –1.40 (–1.59, –1.21) 37.1 < .0001

3.75 (0.98)Nasal blockage, –1.55 (–1.75, –1.36) 82.4 < .0001

4.28 (1.17)
Decreased sense of smell/taste,

 –1.97 (–2.19, –1.75) 87.4 < .0001

All patients – ITT

3
5

4
2

1
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Assessing SNOT- 22 domain and item scores provides an 
understanding of individual aspects of CRSwNP which have the 
greatest impact on a patient's life and may provide a more com-
plete assessment of a patient's disease than SNOT- 22 total score 
alone. Dupilumab treatment led to significant improvements 
in all 5 SNOT- 22 domains at Week 24, with the most marked 
improvements observed for Nasal, Sleep, and Function domains. 
A large or medium effect size was reported across all domains at 
Week 24.

Improvements with dupilumab were significant for all 22 items 
of SNOT- 22 at Week 24, showing that the decrease in total score 
with dupilumab treatment was comprehensive, with the greatest 
improvement in the 2 items considered most important by patients. 
Continued improvement in all SNOT- 22 items was observed be-
tween Weeks 24 and 52, showing that the comprehensive HRQoL 
improvements achieved with dupilumab were sustained over time, 
and suggesting that the “maximum” treatment effect was still to 
be achieved at Week 52. Patients with comorbid asthma, NSAID- 
ERD, or prior NP surgery had numerically greater improvements in 

SNOT- 22 item scores than patients without, probably due to worse 
baseline scores in these subgroups.

Dupilumab treatment resulted in statistically significant and 
clinically meaningful improvements in EQ- VAS, both in change from 
baseline and in the number of responders in general health status 
vs placebo in all subgroups. This finding further supports the com-
prehensive effect of dupilumab, with improvements in multiple 
elements of HRQoL and general health status, and continued im-
provement up to Week 52. A limitation of this study is that MCIDs 
are not established for SNOT- 22 percentage change in total score, 
domain scores, and individual items scores.

5  |  CONCLUSIONS

Patients with severe CRSwNP have a wide- ranging burden on their 
HRQoL and worse general health status than population norms. In 
these patients, dupilumab treatment led to significant improvements 
across all components of disease- specific HRQoL (including nasal 

F I G U R E  4  SNOT- 22 total score responder analysis at Weeks 24 and 52 (ITT and subgroups). Treatment responder was defined as 
an improvement of ≥8.9 from baseline at Weeks 24 and 52 (MCID for SNOT- 22). Odds ratio with 95% confidence interval. *p < .0001, 
ITT, intention to treat; MCID, minimum clinically important difference; NSAID- ERD, non- steroidal anti- inflammatory drug- exacerbated 
respiratory disease; NP, nasal polyp; PBO, placebo; q2w, every 2 weeks; SNOT- 22, 22- item sino- nasal outcome test

Placebo Better Dupilumab Better

Odds Ratio

0.5 1.0 60.0

5.73 (2.51, 13.09)*
4.56 (2.58, 8.06)*

9.66 (4.62, 20.20)*
4.11 (2.72, 6.21)*

6.20 (3.33, 11.54)*
2.17 (1.48, 3.20)*

16.43 (4.44, 60.79)*
3.86 (2.01, 7.50)*

5.08 (2.27, 11.41)*
3.33 (1.99, 5.56)*

11.19 (5.21, 24.04)*
5.03 (3.24, 7.80)*

7.73 (4.47, 13.36)*
4.26 (3.05, 5.95)*

Patients without prior NP surgery
(n PBO/n dupilumab) [% responders]

| W24 | (99/160) | [42.4/74.7] 
| W52 |  (65/62)  | [35.4/72.6] 

Patients with prior NP surgery
(n PBO/n dupilumab) [% responders]

| W24 | (187/272) | [43.9/75.4] 
| W52 |   (88/88)   | [26.1/77.3] 

Patients without NSAID-ERD
(n PBO/n dupilumab) [% responders]

| W24 | (204/316) | [27.0/44.9] 
| W52 | (109/115) | [34.9/75.7] 

Patients with NSAID-ERD
(n PBO/n dupilumab) [% responders]

| W24 |  (82/122) | [23.2/51.6] 
| W52 |  (44/35)   | [18.2/74.3] 

Patients without asthma
(n PBO/n dupilumab) [% responders]

| W24 | (116/180) | [48.3/75.0] 
| W52 |   (62/65)   | [41.9/80.0] 

Patients with asthma
(n PBO/n dupilumab) [% responders]

| W24 | (170/258) | [40.0/75.2] 
| W52 |   (91/85)   | [22.0/71.8] 

All ITT
(n PBO/n dupilumab) [% responders]

| W24 | (286/438) | [43.4/75.1] 
| W52 | (153/150) | [30.1/75.3] 
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symptoms, sleep, and function), and general health status for which 
mean scores achieved were within the range of population norms. The 
results provide stakeholders with insight into the significant impact 
this disease has on patient quality of life and the effects of dupilumab 
across multiple measures of HRQoL and overall health status.
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