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Objectives/Hypothesis: The 22-item Sinonasal Outcome Test (SNOT-22) is a validated chronic rhinosinusitis health-
related quality-of-life outcome (HRQoL) measure; however, SNOT-22 domains have not been validated specifically for chronic
rhinosinusitis with nasal polyps (CRSwNP).

Study Design: Validation of SNOT-22 domain structure, using data from 3 randomized, placebo-controlled, double-
blinded, multicenter clinical trials of dupilumab in adults with moderate-to-severe CRSwNP.

Methods: Preliminary dimensional structure was derived by exploratory factor analyses of SNOT-22 data from a phase 2 trial
(NCT01920893) of dupilumab for the treatment of CRSwNP. Data from 2 phase 3 clinical trials (NCT02912468 and NCT02898454)
were then used for confirmatory factor analysis, and evaluated for reliability, construct validity, and responsiveness. In all three trials,
the SNOT-22 was administered electronically on a tablet and trial participants were required to answer all items.

Results: Factor analysis supported five domains: Nasal, Ear/Facial, Sleep, Function, and Emotion. Correlations between
domains were moderate to high, ranging from 0.53 (Nasal–Emotion) to 0.88 (Function–Sleep). Construct validity was mostly
supported; relationships with other measures were almost always in the intended direction and magnitude. Internal consis-
tency reliability also confirmed questionnaire structure with strong Cronbach’s alpha values (all >0.80). Moderate-to-high cor-
relations were observed between change in SNOT-22 domain scores and other study patient-reported outcome measures,
along with large effect-size estimates (≥0.7), demonstrating responsiveness of the Nasal, Sleep, and Function domains. Emotion
and Ear/Facial domains had small-to-moderate effect sizes.

Conclusions: Psychometric analyses support the validity, reliability, and responsiveness of five domains of SNOT-22
(Nasal, Ear/Facial, Sleep, Function, and Emotion) for assessing symptoms and impact on HRQoL in patients with CRSwNP.
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INTRODUCTION
Chronic rhinosinusitis with nasal polyps (CRSwNP)

is a condition predominantly associated with type
2 inflammation1,2 and significantly impaired health-
related quality of life (HRQoL),3–5 with symptoms includ-
ing nasal congestion, loss of smell, and rhinorrhea, as
well as sleep disturbances.6,7 Given the symptomatic
nature of CRSwNP, patient-reported outcome measures
(PROMs) have a crucial role in informing treatment
choices.8,9 The 22-item Sinonasal Outcome Test (SNOT-22)
is a PROM designed to evaluate the impact of chronic
rhinosinusitis (CRS) on HRQoL.10 The content of SNOT-22
captures symptom severity, social and emotional impact,
productivity, and sleep consequences of CRS. Items are
scored from 0 (no problem) to 5 (problem as bad as it can
be) and summed to form a total score of 0 to 110.11

Based on the Consensus-based Standards for the
Selection of Health Status Measurement Instruments
checklist,12,13 SNOT-22 is recognized as one of the most
robust CRS-specific PROMs and has been recommended for
use in routine clinical evaluation and clinical trials.14–17

While the total score of SNOT-22 is an appropriate indicator
of overall disease impact, greater granularity in outcome
scores is required to assess the burden of CRS on patients’
HRQoL, as well as to determine which domains are
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impacted, and where treatment is most efficacious when
making patient-level decisions about care.16–20

Differences in symptoms, symptom severity, effects on
HRQoL, and patient-perceived symptom control between
patients with CRSwNP and patients with CRS without
nasal polyp (CRSsNP)21 also points to the need for a domain
structure that is specific to CRSwNP patients.16,17 Although
there is considerable overlap in the clinical presentation of
the CRS subtypes,3,8 patients with CRSwNP experience
nasal congestion, loss of smell, and rhinorrhea more fre-
quently and with greater severity than patients with
CRSsNP, who report facial pain more frequently.6,7 Such
differences in symptoms could lead to differences between
CRSwNP and CRSsNP22 in the way aspects of HRQoL are
affected, thus potentially resulting in different domain
structures underlying SNOT-22 items. Therefore, the objec-
tive of the present study was to evaluate SNOT-22 domain
structure, using data collected in interventional studies with
patients with CRSwNP, and document the cross-sectional
and longitudinal psychometric properties of the identified
domains. The evaluation followed US Food and Drug
Administration guidance for the psychometric evaluation of
PROMs.23

METHODS

Data Sources
Data were from three randomized, placebo-controlled, double-

blinded, multicenter clinical trials of dupilumab in adults with mod-
erate-to-severe CRSwNP; one of the studies was a phase 2 trial
(NCT01920893 [ACT12340])24 and two of the studies were phase 3
trials (NCT02912468 [EFC14146] and NCT02898454 [EFC14280])25

(Table S1). Data from baseline, a mid-treatment time point (week
8 in phase 2, week 16 in phase 3) and end of treatment (week 16 in
phase 2, week 24 in phase 3) were analyzed.

In all three trials, SNOT-22 was administered electroni-
cally on a tablet and participants were required to answer all
items. Additional PROMs data included the Total Symptom
Score (TSS; weekly average [range, 0–9]), the rhinosinusitis
Visual Analog Scale (VAS) assessing disease severity, the
36-Item Short-Form Health Survey version 2 (SF-36 v2),
the EuroQoL-Visual Analog Scale (EQ-VAS), the Lund-Mackay
score based on sinus computed tomography scan (LMK-CT), the
University of Pennsylvania Smell Identification Test (UPSIT),
and the Nasal Polyps Score (NPS) (Table S2).

Analytic Approach
Analyses were performed using SAS version 9.4 (SAS Insti-

tute, Inc, Cary, North Carolina) and Mplus version 7.4
(Muthén & Muthén, Los Angeles, California).

SNOT-22 Domain Structure. A preliminary dimen-
sional structure for SNOT-22 for CRSwNP was derived based on
the results of an exploratory factor analysis conducted using the
phase 2 trial data and further informed by the developer’s knowl-
edge of the SNOT-22 conceptual framework, as well as previous
published factor structures proposed for CRS.16–20 An inter-item pol-
ychoric correlation matrix with squared multiple correlations as
communality estimates, weighted least-squares mean and variance
adjusted (WLSMV) estimation, and quartimin rotation were used.

To evaluate the proposed preliminary structure, confirma-
tory factor analysis was conducted using the pooled phase 3 trial
data at baseline and week 24, and WLSMV estimation.

Goodness-of-fit statistics were used to evaluate confirmatory fac-
tor analysis model fit. Specific criteria for model fit were as fol-
lows: comparative fit index (CFI)26 and non-normed fit index27

≥0.95 to indicate acceptable fit; and root mean square error of
approximation (RMSEA) <0.06 to indicate satisfactory fit, 0.06 to
0.08 to indicate fair fit, 0.08 to 0.10 to indicate mediocre fit, and
>0.10 to indicate poor fit.28–30

Measurement Properties of the SNOT-22
Domain Scores. Data from both phase 2 and phase 3 trials
were used to evaluate floor and ceiling effects, reliability, con-
struct validity, and responsiveness. SNOT-22 domain scores,
based on the confirmed factor solution, were computed using the
mean of the corresponding SNOT-22 items comprising each of
the domains.

Floor and Ceiling Effects. SNOT-22 item-level
response distributions were examined to identify potential
response biases, including floor or ceiling effects, defined as
exceeding two-times the expected portion of patients with the
lowest or highest scores based on a uniform distribution
(e.g., 33.3% for a 6-point scale [0–5]).

Reliability. Cronbach’s coefficient alpha values (optimal
values 0.70–0.90)31 of the SNOT-22 scores were computed to
evaluate internal consistency reliability of the proposed domain
scores. Test–retest reliability of the SNOT-22 was evaluated with
intraclass correlation coefficients,32 with test–retest data for a
subset of stable patients defined based on no change in
rhinosinusitis VAS categories (i.e., mild; 0–3; moderate; >3–7; or
severe; >7–10). Week 8 (test) and week 12 (retest) data in the
phase 2 trial, and week 16 (test) and week 24 (retest) data in
the phase 3 trials, were used to estimate intraclass correlation
coefficients from two-way mixed-effects analysis of variance
(ANOVA) models for absolute agreement of single measures.32

Intraclass correlation coefficients >0.70 indicated substantial
agreement.33

Construct Validity. Convergent and divergent val-
idities of the proposed SNOT-22 domains were assessed using
correlation analyses between SNOT-22 domain scores and scores
on the other PROMs and clinician-reported outcome measures.
Correlations with measures of related PROM constructs
(e.g., rhinosinusitis VAS and TSS) were expected to be at least
moderate (r ≥ 0.30),34 whereas correlations with the clinician-
reported outcome measures were expected to be small to moder-
ate (r < 0.30).

To assess the discriminating ability of SNOT-22, known-
group validity was evaluated using ANOVA to compare the base-
line SNOT-22 domain scores for subgroups defined by patients’ sta-
tus on the rhinosinusitis VAS (mild, moderate, or severe) and by
the score quartiles on the TSS, UPSIT, LMK, and NPS. Higher
SNOT-22 scores (i.e., higher impact on HRQoL) were anticipated
for subgroups with a worse status indicated by the known groups.

Ability to Detect Change. Ability to detect change, or
responsiveness, of the proposed SNOT-22 domains was evaluated
using correlation analyses between changes in SNOT-22 and changes
in supporting PROMs and clinician-reported measures. Negative
change in SNOT-22 scores indicates improvement from baseline to
follow-up. The effect-size estimates of change were expressed in units
of standard deviation (SD) of changes (i.e., standardized response
mean); values ≥0.2 ≤ 0.5 indicate small, ≥0.5 < 0.8 indicate moderate
effects, and ≥0.80 indicate large effects.34

RESULTS

Patient Characteristics
The analysis samples comprised 60 patients from

the dupilumab phase 2 study and 711 patients from the
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pooled phase 3 studies (Table S3). Demographics were
broadly comparable between patients from phase 2 and
3 studies with regard to mean age (48.4 and 51.4 years),
race (98.3% and 87.6% White), gender (56.7% and 60.3%
male), and age of NP onset (38.9 and 40.6 years), respec-
tively. NPS (5.8 and 6.0), UPSIT (14.2 and 14.0), and
LMK (18.7 and 18.4) were also similar between the phase
2 and phase 3 patient samples. The inclusion criteria for
the phase 3 studies required patients to have moderate to
severe symptoms at screening, thus patients from the
pooled phase 3 studies had more severe symptoms (based
on the rhinosinusitis VAS and TSS) than patients in the
phase 2 study (Table S3).

SNOT-22 Domain Structure
SNOT-22 item response frequencies show no evi-

dence of extreme or unexpected distributional anomalies
and indicated improvement in SNOT-22 scores. Descrip-
tive statistics showed floor effects (<63.3%) in some items
of the Ear/Facial and Emotion domains at baseline
(Fig. S1; Table S4).

A preliminary exploratory factor analysis of phase
2 baseline and end-of-trial polychoric correlations yielded
4–5 factors. Several item cluster trends (i.e., item load-
ings ≥0.30) were consistently observed across the explor-
atory factor analysis models: Nasal domain (items 1, 2,
3, 4, 5, 6, 7, 12); Ear/Facial domain (items 8, 9, 10, 11);
Sleep domain (items 13, 14, 15, 16); Function domain
(items 17, 18, 19); Emotion domain (items 20, 21, 22)
(Table I). The major difference between the baseline
exploratory factor analysis and the end-of-trial explor-
atory factor analysis of the phase 2 data was in the com-
bination or separation of the items in the Sleep and
Function domains and the items in the Function
and Emotion domains.

The clinical relevance of an outcome is important,
and this was observed for SNOT-20, which required modi-
fication as it excluded two cardinal symptoms of CRSwNP
(i.e., nasal congestion and loss of sense of smell/taste).22

Therefore, the results of the exploratory factor analysis
were reviewed by the developer of SNOT-22, clinicians,
outcomes researchers, and psychometricians in the pro-
ject team to evaluate the clinical relevance of the identi-
fied domains. Following this review, it was determined
that a five-factor model separating the SNOT-22 items
would be optimal from both a clinical and outcomes
perspective.

The proposed five-domain structure, based on the
phase 2 exploratory factor analysis results (Table I), was
fitted using confirmatory factor analysis with pooled
phase 3 data at baseline (Fig. 1A) and week 24 (Fig. 1B),
and showed generally acceptable model fit.

Using the baseline data, all loadings were above 0.6
except for item 12 (decreased sense of smell/taste), which
had a loading of 0.49 on the Nasal domain. Goodness-of-
fit statistics for the five-factor confirmatory factor analy-
sis with no cross-loading were: CFI, 0.962; Tucker-Lewis
index (TLI), 0.956; RMSEA, 0.094 (95% confidence inter-
val [CI], 0.089–0.098). Minor modification to allow item
16 (wake up tired) to load on both the Sleep and Function

domains reduced RMSEA to 0.076 (95% CI, 0.071–0.081),
with the strongest loading of this item (0.487) still on the
Sleep domain. Correlations among the factors ranged
from 0.53 (Nasal and Emotion domains) to 0.88 (Function
and Sleep domains), providing support for the computa-
tion of a total score (Table II). Based on the week 24 data,
all loadings were consistently above 0.66. Goodness-of-fit
statistics for the 5-factor confirmatory factor analysis
with no cross-loading were: CFI, 0.975; TLI, 0.971; and
RMSEA, 0.084 (95% CI, 0.079–0.089).

SNOT-22 Domain Scores
Each domain score (of the five domains) was com-

puted as the average score of the corresponding items in
the scale. Domain scores ranged from 0 to 5, with lower
scores indicating better Nasal, Ear/Facial, Sleep, Func-
tion, and Emotion status. Total scores ranged from 0 to
110, with lower scores indicating lower impact on
HRQoL.

Mean domain scores (Table III) showed a similar
order of magnitude across the phase 2 and pooled phase
3 trials. At baseline, mean domain scores were highest for
Nasal (2.6, phase 2; 3.1, phase 3), followed by Sleep (1.8,
phase 2; 2.3, phase 3), Function (1.8, phase 2; 2.1, phase 3),
Emotion (1.1, phase 2; 1.7, phase 3), and Ear/Facial (1.1,
phase 2; 1.4, phase 3).

Table I.
SNOT-22 Domains and Items Based on Exploratory Factor Analysis

and Confirmatory Factor Analysis.

SNOT-22 Domain SNOT-22 Item

Nasal 1. Need to blow nose

2. Nasal blockage

3. Sneezing

4. Runny nose

5. Cough

6. Post-nasal discharge

7. Thick nasal discharge

8. Decreased sense of smell/taste

Ear/Facial 9. Ear fullness

10. Dizziness

11. Ear pain

12. Facial pain/pressure

Sleep 13. Difficulty falling asleep

14. Wake up at night

15. Lack of a good night’s sleep

16. Wake up tired

Function 17. Fatigue

18. Reduced productivity

19. Reduced concentration

Emotion 20. Frustrated/restless/irritable

21. Sad

22. Embarrassed

SNOT-22 = 22-item Sinonasal Outcome Test.
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Measurement Properties of the SNOT-22 Domains
Floor and Ceiling Effects. Floor effects (i.e., more

than 33.3% reporting no problem) were consistently
observed in phase 2 and phase 3 baseline data for the
following items: dizziness (phase 2: 60%, phase 3:
50.6%), ear pain (phase 2: 63.3%, phase 3: 57.5%), facial
pain/pressure (phase 2: 40%, phase 3: 38.5%), sadness
(phase 2: 51.7%, phase 3: 36%), and embarrassment
(phase 2: 65%, phase 3: 40.8%). None of the items were

flagged for floor or ceiling effects based on the phase
2 end-of-treatment data. Because the measure was
administered electronically, incomplete SNOT-22 sub-
missions were not allowed. The entire range of possible
responses (0–5) was utilized in most items. Generally,
the SNOT-22 item score means decreased and the vari-
ability increased from baseline to end of treatment.
This pattern is consistent with the study including
active treatment.

EmotionFunctionSleep
Ear/

FacialNasal

0.90 0.86 0.75 0.89 0.79 0.83 0.81 0.85 0.87 0.88 0.93 0.95 0.96 0.93 0.93 0.94 0.90 0.860.73 0.74 0.89 0.66

0.74

0.60

0.58

0.63

0.71

0.74

0.78

0.89 0.91

0.78

SNOT-22 items

1 2 3 4 5 6 7 12 8 9 10 11 13 14 15 16 17 18 19 20 21 22

EmotionFunctionSleep
Ear/

FacialNasal

1 2 3 4 5 6 7 12 8 9 10 11 13 14 15 16 17 18 19 20 21 22

0.79 0.75 0.67 0.76 0.75 0.77 0.80 0.85

SNOT-22 items*

0.84 0.88 0.93 0.94 0.94 0.91 0.92 0.94 0.84 0.810.59 0.69 0.76 0.49

0.70

A

B

0.61

0.55

0.53

0.69

0.73

0.71

0.88 0.87

0.75

Fig. 1. Five-factor SNOT-22 confirmatory factor analysis based on pooled phase 3 data at (A) baseline; (B) week 24. (A) *P < .01. Goodness-
of-fit statistics for the five-factor confirmatory factor analysis with no cross-loading are as follows: CFI, 0.962; TLI, 0.956; RMSEA, 0.094 (95%
CI 0.089–0.098). Minor modification to allow item 16 to load on both the Sleep and Function domains reduced RMSEA to 0.076 (0.071–0.081),
with the strongest loading of this item (0.487) still on the Sleep domain. Items: 1. need to blow nose; 2. nasal blockage; 3. sneezing; 4. runny
nose; 5. cough; 6. post-nasal discharge; 7. thick nasal discharge; 8. ear fullness; 9. dizziness; 10. ear pain; 11. facial pain/pressure; 12.
decreased sense of smell/taste; 13. difficulty falling asleep; 14. wake up at night; 15. lack of a good night’s sleep; 16. wake up tired; 17.
fatigue; 18. reduced productivity; 19. reduced concentration; 20. frustrated/restless/irritable; 21. sad; 22. embarrassed. (B) Goodness-of-fit
statistics for the five-factor confirmatory factor analysis with no cross-loading are as follows: CFI, 0.975; TLI, 0.971; and RMSEA, 0.084 (95%
CI, 0.079–0.089). Items: 1. need to blow nose; 2. nasal blockage; 3. sneezing; 4. runny nose; 5. cough; 6. post-nasal discharge; 7. thick nasal
discharge; 8. ear fullness; 9. dizziness; 10. ear pain; 11. facial pain/pressure; 12. decreased sense of smell/taste; 13. difficulty falling asleep;
14. wake up at night; 15. lack of a good night’s sleep; 16. wake up tired; 17. fatigue; 18. reduced productivity; 19. reduced concentration; 20.
frustrated/restless/irritable; 21. sad; 22. embarrassed. CFI = comparative fit index; CI = confidence interval; RMSEA = root mean square error
of approximation; SNOT-22 = 22-item Sinonasal Outcome Test; TLI = Tucker-Lewis index.
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Reliability. The internal consistency reliability
results supported the proposed domains of SNOT-22 with
strong Cronbach’s alpha values (all >0.80) in both phases
2 and 3 (Table II). Test–retest reliability intraclass corre-
lation coefficients were above the recommended level of
0.70 for all domains in both trials (Table II).

Construct Validity. Construct validity hypotheses
were mostly supported with most correlations within the
expected direction and size. As expected, the relation-
ships between SNOT-22 scores and the rhinosinusitis
VAS and TSS were greater than those between the
SNOT-22 scores and UPSIT, LMK, and NPS, suggesting
that the clinician-evaluated outcomes measure different
concepts than the SNOT-22 domain scores (Table III).

ANOVA provided support for the discriminating abil-
ity, or known-groups validity, of SNOT-22 based on
PROMs (Table S5). Higher SNOT-22 domain scores
(i.e., higher impact) were observed for higher CRSwNP
disease-severity groups assessed based on rhinosinusitis
VAS, TSS, UPSIT, LMK, and NPS using the pooled phase
3 data. Specifically, significant mean differences in SNOT-
22 scores were consistently observed between the subgroup
of participants reporting mild or moderate status versus
those reporting severe status on the rhinosinusitis VAS,
and between the upper and lower quartiles of the TSS,
UPSIT, LMK, and NPS (P < .05). However, discrimination
between subgroups was not as strong using the phase
2 data, possibly because of the small sample sizes of the
subgroups. Thus, while significant differences and expected
patterns of mean scores of the SNOT-22 total and domains
(especially the Nasal domain) were observed across sub-
groups based on PROMs (rhinosinusitis VAS and TSS indi-
vidual items), mean differences were not significantly
different across subgroups based on clinician-evaluated
measures (i.e., UPSIT, LMK, NPS).

Ability to Detect Change. The correlations between
change in SNOT-22 domain scores and change in
rhinosinusitis VAS scores (0.30 [Ear/Facial, phase 2] to
0.61 [Nasal, phase 2]) and TSS (0.36 [Emotion, phase 3]
to 0.74 [Nasal and Total, phase 3]) were moderate to
strong in magnitude (Table IV). Changes in all SNOT-22

domain scores correlated more strongly with changes in
SF-36 mental component summary scores (�0.46 to
�0.61) than with changes in SF-36 PCS scores (�0.22 to
�0.32) (phase 2; change scores not available in phase 3).
The change in UPSIT was strongly correlated with
changes in SNOT-22 Nasal scores (�0.62) in phase 2 and
moderately correlated (�0.44) in phase 3. The change in
EQ-VAS was poorly correlated with most SNOT-22
domain scores, which is expected as EQ-VAS captures
general health status.

Standardized response mean estimates for the
SNOT-22 Emotion domain were small in phase 2 and
moderate (�0.6) in phase 3 trials. Standardized response
mean estimates were moderate for the Ear/Facial (�0.6),
Sleep (�0.7), and Function (�0.7) domains, and large for
the Nasal domain (�1.2) in all trials.

DISCUSSION
Our study was motivated by the need for a domain

structure developed for the relevant population of inter-
est; in this case, for patients with CRSwNP, who report
different symptom experience compared with CRSsNP.21

The present study used data from phase 2 and phase 3
trials of dupilumab to establish five SNOT-22 domains in
patients with CRSwNP, namely, Nasal, Ear/Facial, Sleep,
Function, and Emotion. We found that test–retest reli-
ability and construct validity of the identified SNOT-22
domain scores satisfied commonly accepted criteria. Spe-
cifically, test–retest reliability intraclass correlation coef-
ficients were >0.70, the magnitudes and patterns of
validity correlations were mostly consistent with a priori
hypotheses, and the SNOT-22 domain scores adequately
discriminated between levels of rhinosinusitis severity
(rhinosinusitis VAS categories) and symptom severity
(quartile groups of the TSS). Descriptive statistics
highlighted floor effects (<63.3%) in some items of the
Ear/Facial and Emotion domains at baseline; however,
those items support the internal measurement structure
with high item-factor loadings (>0.70) and consistently
strong item-domain correlations (>0.50), and both related

Table II.
SNOT-22 Inter-Domain Correlations and Domain Reliability.

SNOT-22
Domain

Pearson Correlations at Baseline, Phase 3 Cronbach’s
Alpha

at Baseline,
Phase 2/Phase 3

Test–Retest ICC (95% CI), Phase 2/Phase 3

Nasal
Ear/
Facial Sleep Function Emotion No Change on RS VAS* No Change on NPS†

Nasal 1.0 – – – – 0.84/0.83 0.82 (0.69, 0.90)/0.86 (0.84, 0.88) 0.83 (0.66, 0.92)/0.84 (0.80, 0.88)

Ear/facial 0.699 1.0 – – – 0.81/0.81 0.84 (0.72, 0.91)/0.76 (0.72, 0.80) 0.76 (0.54, 0.88)/0.76 (0.70, 0.81)

Sleep 0.609 0.686 1.0 – – 0.89/0.91 0.88 (0.78, 0.94)/0.77 (0.74, 0.81) 0.86 (0.71, 0.93)/0.78 (0.72, 0.83)

Function 0.554 0.731 0.877 1.0 – 0.90/0.92 0.90 (0.82, 0.95)/0.75 (0.71, 0.79) 0.91 (0.81, 0.96)/0.78 (0.72, 0.83)

Emotion 0.533 0.707 0.749 0.870 1.0 0.87/0.86 0.84 (0.71, 0.91)/0.80 (0.76, 0.83) 0.85 (0.70, 0.93)/0.80 (0.75, 0.85)

Total – – – – – 0.94/0.94 0.92 (0.85, 0.96)/0.86 (0.84, 0.88) 0.89 (0.77, 0.95)/0.85 (0.81, 0.88)

*No change in rhinosinusitis VAS categories between Week 8 and Week 12.
†No change in NPS between Week 8 and Week 12.
CI = confidence interval; ICC = intraclass correlation coefficient; NPS = Nasal Polyps Score; RS VAS = rhinosinusitis Visual Analog Scale;

SNOT-22 = 22-item Sinonasal Outcome Test.
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domains were sensitive to change when defined by other
outcome measures. Previous studies have shown a wide
spread of symptoms in patients with CRSwNP prior to
surgical intervention, in which all symptoms had a mean
score above 1 and showed improvement after surgery.22

The SNOT-22 domain scores also demonstrated ability
to detect change, as evidenced by the moderate-to-strong
responsiveness correlations with changes in other PROMs
and clinician-reported measures. The Emotion and
Ear/Facial domains were less responsive than the other
SNOT-22 domains and had small-to-moderate sizes of stan-
dardized response mean, whereas the other domains had
moderate-to-large sizes of standardized response mean.
Insofar as previous studies have also identified five domains
of SNOT-22,16,17 these evaluations were conducted in
patients with mixed types of CRS. Within previous studies,

three domains (Ear/Facial, Sleep dysfunction, and Psycho-
logical dysfunction) contained the same or similar SNOT-22
items to the Ear/Facial, Sleep, and Emotion domains identi-
fied in our study. However, the other two domains identified
(Rhinologic symptoms and Extra-nasal rhinologic symp-
toms)16,17 were different to those identified in our study
(Nasal and Function). Such differences in identified domains
might have arisen from variation in patient characteristics
in our study compared with previous studies assessing
SNOT-22 domains; for example, inclusion of patients with
medically refractory CRS, of whom only 39% had nasal poly-
posis. Conversely, our study comprised a homogenous sam-
ple of patients with CRSwNP. Furthermore, the previous
studies16,17 included patients from the United States only,
while our study was based on data from three international
clinical trials.24,25 Similarly, a previously published four-

Table III.
SNOT-22 Total/Domain Descriptive Statistics, and Convergent and Divergent Validity.

SNOT-22 Domain Time Mean � SD, Median

Pearson Correlations

RS VAS TSS SF-36 PCS SF-36 MCS EQ-VAS UPSIT LMK NPS

Nasal

Phase 2 BL 2.6 � 0.86, 2.6 0.50* 0.69* �0.45* �0.31* �0.45* �0.35* 0.09 0.07

End of treatment 1.4 � 1.04, 1.1 0.73* 0.86* �0.36* �0.25 �0.40* �0.74* 0.68* 0.31*

Phase 3 BL 3.1 � 0.82, 3.1 0.48* 0.67* �0.42* �0.26* �0.29* �0.28* 0.25* 0.16*

Week 24 1.67 � 1.11, 1.50 0.69* 0.78* – – �0.45* �0.50* 0.52* 0.42*

Ear/facial

Phase 2 BL 1.1 � 1.04, 0.8 0.43* 0.44* �0.36* �0.48* �0.38* �0.03 �0.24 �0.08

End of treatment 0.5 � 0.86, 8.3 0.39* 0.39* �0.46* �0.50* �0.37* �0.40* 0.19 �0.02

Phase 3 BL 1.4 � 1.15, 1.3 0.33* 0.37* �0.39* �0.42* �0.29* �0.09* 0.11* 0.08*

Week 24 0.69 � 0.89, 0.25 0.49* 0.48* – – �0.38* �0.29* 0.27* 0.23*

Sleep

Phase 2 BL 1.8 � 1.24, 1.8 0.24* 0.47* �0.28* �0.17 �0.25 �0.09 �0.00 0.13

End of treatment 0.8 � 1.01, 0.5 0.41* 0.61* �0.50* �0.32* �0.45* �0.43* 0.34* 0.13

Phase 3 BL 2.3 � 1.40, 2.3 0.35* 0.38* �0.34* �0.34* �0.31* �0.13* 0.14* 0.17*

Week 24 1.30 � 1.20, 1.0 0.45* 0.48* – – �0.43* �0.27* 0.20* 0.26*

Function

Phase 2 BL 1.8 � 1.29, 1.7 0.28* 0.46* �0.55* �0.50* �0.44* �0.05 �0.17 �0.06

End of treatment 0.8 � 1.03, 0.3 0.35* 0.50* �0.56* �0.62* �0.42* �0.36* 0.16 �0.03

Phase 3 BL 2.1 � 1.39, 2.3 0.33* 0.32* �0.39* �0.49* �0.36* �0.12* 0.11* 0.09*

Week 24 1.19 � 1.17, 1.0 0.45* 0.46* – – �0.47* �0.27* 0.20* 0.23*

Emotion

Phase 2 BL 1.1 � 1.12, 0.7 0.35* 0.41* �0.30* �0.60* �0.48* �0.10 �0.11 0.10

End of treatment 0.5 � 0.84, 0.0 0.41* 0.45* �0.20 �0.63* �0.22 �0.31* 0.11 �0.03

Phase 3 BL 1.7 � 1.36, 1.7 0.31* 0.32* �0.28* �0.64* �0.37* �0.10* 0.08* 0.13*

Week 24 0.9 � 1.08, 0.33 0.47* 0.46* – – �0.42* �0.26* 0.20* 0.24*

Total score

Phase 2 BL 41.0 � 18.92, 40.5 0.46* 0.64* �0.49* �0.48* �0.49* �0.19 �0.08 0.04

End of treatment 20.5 � 17.55, 17.0 0.64* 0.78* �0.50* �0.49* �0.47* �0.64* 0.51* 0.16

Phase 3 BL 50.9 � 20.67, 50.0 0.45* 0.53* �0.45* �0.48* �0.39* �0.19* 0.18* 0.16*

Week 24 27.62 � 20.17, 23.0 0.65* 0.69* – – �0.52* �0.42* 0.39* 0.37*

Magnitudes of the correlations are evaluated as weak (r < 0.30), moderate (r = 0.30–0.49), or strong (r ≥ 0.50).
*P < .05.
BL = baseline; EQ-VAS = EuroQol-Visual Analog Scale; LMK = Lund-Mackay score; MCS = mental component summary; NPS = Nasal Polyps Score;

PCS = physical component summary; RS VAS = rhinosinusitis Visual Analog Scale; SD = standard deviation; SF-36 = 36-Item Short-Form Health Survey;
SNOT-22 = 22-item Sinonasal Outcome Test; TSS = Total Symptom Score (of the symptoms e-diary; computed as the sum of the weekly averages of nasal con-
gestion/obstruction item, the average of the 2 anterior/posterior rhinorrhea items, and the loss of sense of smell item); UPSIT = University of Pennsylvania Smell
Identification Test.
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domain model of SNOT-2220 was also developed in a hetero-
geneous sample of patients with CRS. To determine the
best-fitting domain structure, further research is warranted
using an independent dataset and comparing those models
against the domain structure identified in our study.

Although clinically relevant CRS phenotypes can be
generally defined by observable characteristic (including the
presence or absence of nasal polyps), recognition of CRS het-
erogeneity has promoted the concept of multiple “end-
otypes”, which have distinct underlying pathophysiologic
mechanisms.1,35 This improved understanding has aided
development of biologic agents for CRS management.36

Treatment recommendations are now tailored to this
broader classification of CRS phenotypes beyond just the
presence of NP.37 The distinct symptomatology across
the different CRS phenotypes and endotypes highlights the
need for phenotype-specific PROMs, in addition to correlat-
ing endotype physiology with existing and/or specific scales.
We identified five SNOT-22 domains in our sample of
patients with CRSwNP, which is characterized in Western
countries by dominance of the type 2 endotype (>80% of
patients),38–40 many of whom would be considered to have
type 2 inflammation. We hypothesize that the domain struc-
ture would apply to all CRS patients with type 2 inflamma-
tion, but further work would be needed to confirm this
assumption. The SNOT-22 domain scores can be used along-
side the SNOT-22 total score to provide more granular,
empirically derived data in clinical research and practice,
which allows physicians to tailor treatment options, and can
support a more detailed understanding of the impact and
burden of CRSwNP across the domains in different patients,
for which the total score does not discriminate. For example,
patients who present with primary complaints on the Nasal

domain but no impairment on Sleep may require a different
treatment approach than patients who present with both
nasal complaints and sleep impairment. The ability to
obtain clinically relevant and interpretable domain scores
from SNOT-22 provides valuable information on the HRQoL
impact of CRSwNP to inform treatment decision-making
and is especially pertinent to personalized medicine.

Study Strengths and Limitations
The strengths of this study include the independent

and large size of the sample provided by the phase 3 stud-
ies and the interventional, placebo-controlled study
design, allowing for evaluation of the ability to detect
change. This approach of using phase 3 data for the con-
firmatory analysis was followed because of the timelines
of the studies, with phase 2 data used to inform the con-
duct of the phase 3 trials. Although the phase 2 sample
was relatively small (n = 60), the confirmatory analysis
conducted in the larger phase 3 sample (n = 711) should
mitigate any limitations with using the phase 2 sample.
In addition, as the studies were conducted globally, the
racial homogeneity of the sample should be noted; how-
ever, there is no reason to suggest that scores or domains
of the SNOT-22 would be culturally variable, although
further study would be needed to confirm this
assumption.

The findings of our study must be considered in light
of a few limitations. First, the trials comprised only
patients with moderate or severe CRSwNP; hence, until
further psychometric validation is conducted in a wider
patient group to include patients with mild CRSwNP, the
results may have limited external validity for patients

Table IV.
Change in SNOT-22 Scores and Responsiveness Correlations.

SNOT-22
Domain Phase

Mean Change � SD
(n = 52,674)

Standardized
Response Mean

Responsiveness Pearson Correlations Between Change Scores

RS
VAS TSS

SF-
36 PCS

SF-
36 MCS

EQ-
5D VAS UPSIT LMK NPS

Nasal 2 �1.2 � 1.04 �1.2 0.61* 0.74* �0.32* �0.39* �0.43* �0.62* 0.40* 0.35*

3 �1.4 � 1.14 �1.2 0.57* 0.71* NA NA �0.29* �0.44* 0.43* 0.47*

Ear/facial 2 �0.6 � 1.05 �0.6 0.30* 0.41* �0.23 �0.54* �0.17 �0.37* 0.14 0.18

3 �0.7 � 1.09 �0.6 0.35* 0.40* NA NA �0.19* �0.21* 0.20* 0.26*

Sleep 2 �0.9 � 1.26 �0.7 0.54* 0.71* �0.22 �0.46* �0.17 �0.42* 0.30* 0.26

3 �1.0 � 1.41 �0.7 0.35* 0.43* NA NA �0.24* �0.22* 0.22* 0.29*

Function 2 �0.9 � 1.26 �0.7 0.42* 0.60* �0.32* �0.61* �0.25 �0.33* 0.23 0.24

3 �0.9 � 1.34 �0.7 0.36* 0.39* NA NA �0.25* �0.21* 0.21* 0.23*

Emotion 2 �0.5 � 1.34 �0.4 0.40* 0.51* �0.32* �0.51* �0.31* �0.33* 0.26 0.04

3 �0.8 � 1.23 �0.6 0.31* 0.36* NA NA �0.24* �0.20* 0.18* 0.18*

Total score 2 �19.9 � 21.46 �0.9 0.57* 0.74* �0.33* �0.56* �0.34* �0.53* 0.35* 0.28*

3 �22.63 � 21.90 �1.0 0.51* 0.62* NA NA �0.30* �0.35* 0.35* 0.40*

Magnitudes of the correlations are evaluated as weak (r < 0.30), moderate (r = 0.30–0.49), or strong (r ≥ 0.50). Magnitudes of standardized response mean
are evaluated as small (0.20–0.49), moderate (0.50–0.79), or large (≥0.80).

*P < .05.
EQ-5D = EuroQol 5-dimensional; LMK = Lund-Mackay score; MCS = mental component summary; NA = not available; NPS = Nasal Polyps Score;

PCS = physical component summary; RS VAS = rhinosinusitis Visual Analog Scale; SD = standard deviation; SF-36 = 36-Item Short-Form Health Survey;
SNOT-22 = 22-item Sinonasal Outcome Test; TSS = Total Symptom Score (of the symptoms e-diary; computed as the sum of the weekly averages of nasal con-
gestion/obstruction item, the average of the 2 anterior/posterior rhinorrhea items, and the loss of sense of smell item); UPSIT = University of Pennsylvania Smell
Identification Test; VAS = visual analog scale.
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with less severe disease. However, the use of end-of-
treatment data from phase 2 and phase 3 trials, at which
point many patients’ symptoms would have become mild-
to-moderate, provides indirect support for observations in
a population with mild CRSwNP. It is also noteworthy
that further research is needed to identify changes in
scores that imply the clinical meaningful change in these
domains. Further investigation of the validity of identi-
fied domain scores in patients with other phenotypes of
CRS would also be of interest, particularly, given the
focus on improving diagnostic approaches and treatment
strategies for each CRS phenotype.37 Finally, although
the clinical relevance the proposed domains was ensured
through input from clinicians during identification of
these domains, further testing would be required to dem-
onstrate their relevance to patients with CRSwNP.

Despite these limitations, our psychometric analyses
support the validity, reliability, and responsiveness of five
domains of SNOT-22 (Nasal, Ear/Facial, Sleep, Function,
and Emotion) suitable for assessing symptoms and the
impact of CRSwNP on HRQoL.
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