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Predictors of Sinonasal Improvement After Highly Effective
Modulator Therapy in Adults with Cystic Fibrosis

Daniel M. Beswick, MD ; Christine M. Liu, BS ; Jonathan B. Overdevest, MD, PhD ;
Anna Zemke, MD, PhD; Aastha Khatiwada, PhD; David A. Gudis, MD ; Jessa E. Miller, MD ;
Adam Kimple, MD, PhD; Jeremy P. Tervo, BS; Emily DiMango, MD; Jennifer L. Goralski, MD;
Claire Keating, MD; Brent Senior, MD; Amanda L. Stapleton, MD; Patricia H. Eshaghian, MD;

Jess C. Mace, MPH, CCRP; Karolin Markarian, BS; Jeremiah A. Alt, MD, PhD ; Todd E. Bodner, PhD;
Naweed I. Chowdhury, MD, MPH; Anne E. Getz, MD; Peter H. Hwang, MD; Ashoke Khanwalker, MD;

Jivianne T. Lee, MD ; Douglas A. Li, MD; Meghan Norris, PA; Jayakar V. Nayak, MD, PhD ;
Cameran Owens, PA; Zara M. Patel, MD ; Katie Poch, BS; Rodney J. Schlosser, MD;

Kristine A. Smith, MD, MPH; Timothy L. Smith, MD, MPH ; Zachary M. Soler, MD, MSc ;
Jeffrey D. Suh, MD; Grant A. Turner, MD; Marilene B. Wang, MD; Milene T. Saavedra, MD;

Jennifer L. Taylor Cousar, MD, MSCS

Objectives: The 22-question SinoNasal Outcome Test (SNOT-22) assesses chronic rhinosinusitis (CRS) severity. We aimed
to identify predictors of SNOT-22 score improvement following highly effective modulator therapy (HEMT) initiation and to
corroborate the SNOT-22 minimal clinically important difference (MCID) in adults with cystic fibrosis (CF).

Methods: Prospective observational data was pooled from four studies across 10 US centers investigating people with CF
(PwCF) and CRS. Three studies evaluated HEMT’s impact on CRS. For participants enrolled prior to HEMT initiation, SNOT-22 scores
were obtained at baseline and after 3–6 months of HEMT. Multivariate regression identified predictors of improvement. Cronbach’s
alpha and four distribution-based methods were used to assess internal consistency and calculate the MCID of the SNOT-22.

Results: A total of 184 PwCF participated with mean baseline SNOT-22 scores ranging from 18.1 to 56.7. Cronbach’s alpha
was ≥0.90 across sites. Participants at sites with pre- and post-HEMT data reported improvement in SNOT-22 scores after initiating
HEMT (all p < 0.05). Worse baseline SNOT-22 score (odds ratio (OR): 1.05, p < 0.001, 95% CI: 1.02–1.08), F508del homozygosity
(OR: 4.30, p = 0.040, 95% CI: 1.14–18.99), and absence of prior modulator therapy (OR: 4.99, p = 0.017, 95% CI: 1.39–20.11) were
associated with greater SNOT-22 improvement. The mean MCID calculated via distribution-based methods was 8.5.

Conclusion: Worse baseline sinonasal symptoms, F508del homozygosity, and absence of prior modulator therapy
predicted greater improvement after HEMT initiation. The mean MCID for SNOT-22 in PwCF is 8.5 points, similar to non-CF
individuals with CRS, and provides a threshold specifically for PwCF. The SNOT-22 has strong internal consistency in PwCF.

Key Words: CFTR modulator therapy, chronic rhinosinusitis, cystic fibrosis, elexacaftor/tezacaftor/ivacaftor, minimal clin-
ically important difference.

Level of Evidence: 3
Laryngoscope, 00:1–9, 2024
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INTRODUCTION
Chronic rhinosinusitis (CRS) is prevalent in people

with cystic fibrosis (PwCF).1–3 CRS in PwCF is associated
with diminished quality of life (QOL), olfactory dysfunc-
tion, worse lower airway health, and increased treatment
burden.4–6 Management approaches for CF-CRS are
shifting with the introduction of highly effective CF trans-
membrane conductance regulator (CFTR) modulator ther-
apy (HEMT), such as elexacaftor/tezacaftor/ivacaftor
(ETI), which cause marked improvement in a wide vari-
ety of CF manifestations beyond sinus disease.7–10 In
PwCF, HEMT improves patient-reported sinonasal symp-
toms and objective measures of CRS; however, these stud-
ies were of modest size, potentially limiting their power
to identify predictors of response.

While spirometry is frequently used to track severity
in lung disease, CRS severity is often evaluated with the
22-question SinoNasal Outcome Test (SNOT-22), a
patient-reported measure of CRS symptoms’ impact on
QOL.11 This instrument has been recommended for
sinonasal symptom assessment by the CF Foundation,3

has strong psychometric properties in general
populations,11 and has assessed QOL changes post-
intervention.12–14 The minimal clinically important differ-
ence (MCID) establishes the minimum threshold for clini-
cally meaningful change that is both noticeable to the
patient and statistically significant in a measurement
tool. While the MCID for SNOT-22 is well established in
persons with CRS, the MCID for SNOT-22 scores and
measures of internal consistency have not been deter-
mined in PwCF. Because of the systemic nature of their
disease and associated mucociliary defect, PwCF may
have a distinct disease burden than non-CF CRS individ-
uals, highlighting the importance of calculating CF-
specific MCID values.

Establishing a CF-specific MCID is important
because it gives insight into current data around the
effects of HEMT on sinus disease and because it may
inform future clinical and translational work. Sinonasal
outcomes from HEMT in PwCF may be influenced by
unique factors such as their lung disease and global treat-
ment needs compared to non-CF CRS individuals, so
extrapolating the general MCID to the CF population has
validity limits. In the current work, determining predic-
tors of SNOT-22 improvement may augment understand-
ing of treatment outcomes, guide personalized treatment
plans, and help patients set realistic expectations.14,15

The SNOT-22 as a patient-reported outcome is a frequent
study endpoint in CF sinus disease7–9,16; ensuring there
is robust and accurate understanding of instrument per-
formance, including the MCID in PwCF, informs future
clinical study design and allows comparison of future
treatments with existing datasets.

Therefore, the goals of this research were three-fold.
First, we identified clinical and disease factors that
predicted improvement in SNOT-22 scores after HEMT
was initiated using pooled primary data from multiple
prospective studies encompassing a wide range of PwCF
and care centers across the United States. Second, we
quantified the MCID for the SNOT-22 in PwCF to provide

context in which to evaluate these results. Third, using
our newly determined MCID, we evaluated if the origi-
nally identified predictors of improvement exceeded the
estimated population-specific clinical relevance threshold.

MATERIALS AND METHODS

Population and Study Design
Study data originated from four prospective, observational

investigations. Three of the four studies evaluated whether clini-
cally prescribed ETI improved CF-CRS7–9 and the fourth study
investigated treatment outcomes for CF-CRS (NCT04469439).16

Study 1. DiMango et al. enrolled PwCF ≥18 years of age
from Columbia University (New York, NY) and evaluated the
response to ETI after 3 months of treatment.17

Study 2. Beswick et al. enrolled PwCF ≥18 years of age
from National Jewish Health (NJH; Denver, CO) and assessed
response to ETI over 6 months.7

Study 3. Stapleton et al. enrolled PwCF ≥12 years of age
at two centers (University of North Carolina (Chapel Hill, NC)
and University of Pittsburgh (Pittsburgh, PA)) and investigated
response to ETI over 6 months.9

Study 4. The cohort from the fourth study,16 which will be
referred to as “multi-center,” was comprised of PwCF ≥18 years
of age who enrolled from eight US CF-accredited centers coordi-
nated from University of California, Los Angeles. Supplemental
Table 1 lists sites. Participants in study 4 are distinct from
study 2.

Pooling all studies, participants were enrolled from 10 CF
centers. Participants provided informed consent at their local
centers for the original Institutional Review Board (IRB)-
approved studies and completed questionnaires.

In studies 1–3, participant demographics, baseline health
status, and baseline clinical outcome predictors were collected
before and after HEMT initiation. Studies 1, 2, and 3 established
that improvements in SNOT-22 total score plateaued after
1 month and remained stable after that time, which is consistent
with timing and stability of improvement seen in pulmonary
function and other organ systems in Phase 3 trials of ETI.18 Con-
sequently, we pooled data from 3- and 6-month post-HEMT ques-
tionnaires from studies 1–3, under the assumption that the
treatment effect stabilizes within 1 month of ETI initiation.7,9 In
the fourth study, participant demographics, baseline health sta-
tus, and baseline SNOT-22 score from the single baseline time
point were used. Data from Study 4 were utilized in calculations
to estimate the MCID because only a baseline time point was
required for this analysis. Data from Study 4 were not used to
evaluate predictors of response to HEMT because study 4 was
not intended for that purpose.

Main Outcome Measure
In all four studies, the SNOT-22 instrument evaluated

QOL impairment related to CRS (total score range: 0–110) across
multiple scale subdomains, with higher values indicating worse
QOL.19 We focused on total SNOT-22 score.

Statistical Analysis
Individual subject data were available from each study and

pooled for analysis. All study data were secured and protected in
a de-identified manner. Baseline SNOT-22 scores from studies 1–
4 were pooled to enhance the statistical power for calculating
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distribution-based MCID calculations. Only baseline SNOT-22
scores were necessary for calculating distribution-based MCIDs,
which allowed the combining of study 4, with its distinct design,
with the longitudinal studies 1–3. The pooling of data was also
considered appropriate due to the uniformity of outcome mea-
sures across the studies (SNOT-22 scores) and the homogeneity
of the participant populations, which included individuals aged
≥12 years with confirmed diagnosis of cystic fibrosis. These ele-
ments were critical for ensuring the validity of combining
datasets for MCID analysis.

Data from longitudinal studies 1–3, which included base-
line and follow up SNOT-22 scores, were pooled to determine
predictors of therapeutic response. In addition to the combined
prospective data, data for the analysis of predictive factors were
supplemented via retrospective review from one site (Columbia
University). Internal consistency of the SNOT-22 was evaluated
for each data source and all participants using Cronbach’s alpha
(α). A two-sided alpha value of 0.05 was used throughout. Statis-
tical analyses were completed using R Statistical Software
(v4.1.1; R Core Team 2021). Missing SNOT-22 questionnaire
responses were imputed using K-means clustering approach.

Determining Predictors of Sinonasal Symptom
Improvement: Aggregate Analysis of
Longitudinal SNOT-22 Scores from Studies 1–3

Univariable and multivariable regression analysis were
performed to identify factors that were associated with improve-
ments in SNOT-22 score collected from studies 1–3. Factors
included in univariable and multivariable analysis were: age,
sex, body mass index (BMI), baseline percent predicted forced
expiratory volume in 1 s (ppFEV1), baseline SNOT-22 score,
CFTR genotype, history of prior sinus surgery, history of prior
modulator use, CF-related diabetes, history of Pseudomonas or
Staphylococcus infection in the lung, and enrollment site. Factors
a priori were included in the models due to their associations
with the outcome in previous literature, to control for con-
founding, and to address potential multicollinearity issues.7,17,20

Two outcomes were considered for multivariable regression: (1) a
continuous outcome of change in SNOT-22 from baseline to
follow-up was assessed using a multivariable linear regression
model and (2) a binary outcome of whether participant responses
exceeded the newly calculated MCID from baseline to follow-up
was assessed using a multivariable logistic regression model.

Methods to Determine the MCID: Pooled Baseline
SNOT-22 Scores from Studies 1–4

The MCID for the SNOT-22 was determined by estimating
a clinical relevance threshold using four distribution-based
methods using pooled data from studies 1–421,22:

1. One-half the standard deviation of the baseline score was cal-
culated, drawing from methodology in human psychology.23

2. One standard error of the measurement (SEM) was identified.
The SEM is a fixed characteristic of a measure in a specific
population. A change smaller than the SEM may be a mea-
surement error rather than a true change.24

3. Cohen’s effect size (d) of the smallest unit of change (0.2) was
estimated.25 The effect size estimates the magnitude of the
between-group differences. This measure estimates the mag-
nitude of the intervention’s effect on QOL.

4. The minimal detectable change (MDC) value was quantified.
MDC is the smallest change, which can be considered above
the measurement error within a confidence interval (CI).26

Initially, these four MCID values were separately computed
for the four centers comprising studies 1–3 and for the patient
population from study 4 to determine a specific estimate of
MCIDs for each data source. Studies 1–3 were separated by site
to account for variability across different centers as these studies
contained pre- and post-ETI SNOT-22 score data.21,22 Multi-
center study 4 was treated as a separate group because of its dis-
tinct study design from studies 1–3.

For final estimate of MCID in PwCF, data from all studies
were pooled to increase overall sample size, and MCIDs were cal-
culated for the pooled sample using the four distribution-based
approaches. Mean MCID values from the four approaches for the
pooled sample were established as the MCID for SNOT-22 in
PwCF. The 95% CI for MCID in the respective centers and the
pooled samples were calculated based on 5000 bootstrap
resamples.

RESULTS

Study Population
Overall, 184 PwCF were enrolled from 10 institutions

across four studies (Table I). Mean participant age was
34 (standard deviation, SD 13) years, 62.1% were female
(113/184), 66.7% had used modulator therapy before ETI
(116/184), and 72.2% had undergone prior sinus surgery
(127/184). The majority of our combined cohort consisted
of adults with CF, with adolescents (aged 12–17 years)
comprising 5% (9/184) of participants. Baseline SNOT-22
scores were available for 177 (96.2%) participants. Of the
three studies that evaluated change after ETI, follow-up
SNOT-22 scores were available for 96.0% (97/101) of par-
ticipants. Baseline SNOT-22 scores, sex, and genotype
distribution varied across sites (Supplemental Table 2).
The mean improvement in SNOT-22 with ETI treatment
ranged from 9.7 (SD 11.2) to 15.7 (SD 11.0) points across
sites (Table II). SNOT-22 score improvement post-ETI
was normally distributed with few outliers (Supplemental
Figure 1).

Predictors of SNOT-22 Score Improvement after
HEMT Initiation

Multivariable linear regression analysis was per-
formed using change in SNOT-22 score as a continuous
outcome variable (Table III). Baseline SNOT-22 score
(p < 0.001), F508del homozygosity (p = 0.003), and
absence of prior modulator use (p = 0.005) were associ-
ated with greater improvement in SNOT-22 scores at
follow-up. Worse baseline ppFEV1 trended toward associ-
ation with change in SNOT-22 score (p = 0.077).

SNOT-22 Instrument: Internal Consistency and
MCID Calculations

Cronbach’s alpha for the SNOT-22 instrument was
≥0.90 at all study locations (Table IV), indicating high
internal consistency. Distribution-based MCID values in
the pooled cohort (N = 177) were: (A) 0.5*SD = 10.9,
(B) SEM = 5.0, (C) d = 4.4, and (D) MDC = 13.8
(Table IV). Overall MCID obtained after averaging the
four distribution-based methods for the total cohort was
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8.5 points. Although there was modest variability in
MCID values across methods, mean MCID values across
sites were similar. Using the entire pooled cohort, the
mean MCID (95% CI) from all four methods was 8.5
(7.9, 8.8).

Predictors of Improvement Post-HEMT Exceeding
a Newly Calculated MCID

To test the performance of the calculated MCID in
the combined, prospective dataset of studies 1–3, we con-
structed a binary logistic multivariable model using the
MCID to bin scores. Overall, 54% (54/97) of participants
had a change in SNOT-22 that exceeded the 8.5 MCID.
Univariable analysis demonstrated that older age and
worse baseline SNOT-22 scores were significantly associ-
ated with post-treatment improvements exceeding the
MCID (Table V). On multivariable analysis, site and
baseline SNOT-22 score were strongly multicollinear
(variance inflation factors >5), so site was removed from
the final model. In the final model, higher baseline
SNOT-22 score, F508del homozygosity, and absence of
prior modulator use were associated with greater
improvement in SNOT-22 score post-HEMT (Table VI).
These factors were consistent with findings in the

multivariable model treating SNOT-22 improvement as a
continuous outcome.

Compared to PwCF who were F508del heterozygous,
participants who were F508del homozygous were >4
times more likely to report improvement exceeding the
MCID (odds ratio [OR]: 4.30, p = 0.040, 95% CI: 1.14–
18.99). For every point increase in baseline SNOT-22
score in the logistic model, the odds of improving beyond
the MCID at follow-up increased by 4.89% (p < 0.001,
95% CI: 1.02–1.08). Absence of prior modulator use before
ETI also predicted significantly greater improvement in
post-treatment SNOT-22 scores. Compared to individuals
with a history of prior modulator use, PwCF who had no
modulator use were five times as likely to report improve-
ment exceeding the MCID (OR: 4.99, p = 0.017, 95% CI:
1.39–20.11).

DISCUSSION
In this study, data from 10 US centers from four pro-

spective studies investigating the impact of ETI on CRS
were combined. Pooling data permitted greater statistical
power to determine predictors of QOL improvement after
initiating ETI and enabled calculation of the MCID for
the SNOT-22 in a large, predominantly adult CF popula-
tion. We initially employed multivariable regression anal-
ysis to determine predictors of SNOT-22 improvement. To
validate our findings, we then calculated a population-
specific MCID using data from all four studies, providing
a better estimate of the clinical significance of these fac-
tors. We subsequently applied a logistic regression model
to the three studies with prospective data, aiming to iden-
tify factors that exceeded our newly established MCID.
Both approaches consistently identified worse baseline
disease severity, F508del homozygosity, and absence of
prior modulator therapy as factors predicting SNOT-22
score improvement after ETI initiation.

Understanding predictors of symptom improvement
in PwCF enables enhanced prognostication and better
informs patients on the most effective treatment
interventions for their individual circumstances.13 In the
non-CF CRS population, sinonasal symptom burden
has been shown to be a driving factor in treatment selec-
tion between sinus surgery and continued medical ther-
apy.12 Prior work in the CF-CRS population demonstrated
that symptom burden and ETI status were predictive of
choice of treatment for CRS.27 Conversely, knowledge of
factors not associated with greater improvement, namely,
CF-related diabetes and absence of prior sinus surgery,
may support clinician decision-making in identifying
patients at greater risk of persistent sinus disease in the
post-modulator period and who may benefit from otolaryn-
gology referral.

Our analysis reveals a consistent relationship
between greater baseline SNOT-22 score severity and
sinonasal symptom improvement post-ETI. For each
incremental increase in baseline SNOT-22 scores, the
odds of improving beyond the MCID at follow-up
increased by 4.89%.This finding expands on results from
the component studies in our analysis, which individually
reported higher sinonasal symptom burden7,17 and worse

TABLE I.
Characteristics of Study Participants with Cystic Fibrosis Included

in this Study.

Characteristics N (%) Mean (SD)

Age (years), n = 182 34 (13)

Sex, n = 182

Male 69 (37.9)

Female 113 (62.1)

Genotype, n = 184

F508del/other 85 (46.2)

F508del/F508del 78 (42.4)

Other/other 21 (11.4)

ppFEV1, n = 168 73 (25)

BMI (kg/m2), n = 175 23 (5)

Cystic fibrosis-related diabetes, n = 184 63 (36.0)

History of Staphylococcus aureus or
Pseudomonas aeruginosa infection,
n = 172

143 (83.1)

Prior CFTR modulator therapy, n = 174 116 (66.7)

Prior sinus surgery, n = 176 127 (72.2)

Baseline SNOT-22 score, n = 177 — 39 (21)

Post-ETI SNOT-22 score, n = 133 — 28 (21)

Care center/enrollment site, n = 184

Multi-center study 83 (45.1)

Columbia University 42 (22.8)

National Jewish Health 25 (13.6)

University of Pittsburgh 14 (7.6)

University of North Carolina 20 (10.9)

BMI = body mass index; CFTR = cystic fibrosis transmembrane con-
ductance regulator; ppFEV1 = percent predicted forced expiratory volume in
1 second; ETI = elexacaftor/tezacaftor/ivacaftor; SD = standard deviation;
SNOT-22 = 22-question SinoNasal Outcome Test.
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radiographic sinus disease9 as associated with improve-
ment in SNOT-22 following ETI initiation. There are mul-
tiple possible explanations of this effect. At a molecular
level, greater airway epithelial inflammation enhances
rescue of mutant CFTR and boosts efficacy of CFTR mod-
ulators, which may lead to symptom improvement.28,29

Observations in non-CF CRS patients pursuing sinus sur-
gery show that patients with pre-operative SNOT-22
scores ≥30 had a greater probability of achieving an
improvement exceeding MCID relative to those with
lower scores.14 Our findings in PwCF are consistent with
this trend of more severe pre-treatment symptoms
predicting greater therapeutic impact post-intervention.

Our study uniquely identifies the subpopulation of
PwCF and CRS with F508del homozygosity as a predictor
of improvement, a finding likely discovered via additional
statistical power.7–9 After ETI initiation, participants
with F508del homozygosity were >4 times more likely to
report improvement beyond the MCID when compared

to those with F508del heterozygosity. This is supported
by in vitro findings where F508del homozygotes showed
greater CFTR expression in bronchial epithelial cells
than heterozygotes.30 Despite these differences, clinical
measures such as ppFEV1 and sweat chloride concentra-
tions after ETI exhibit comparable improvements in
F508del homozygotes and heterozygotes.30 Further inves-
tigation is required to determine if there are differential
effects on sinonasal symptoms between these two
subgroups.

Before the introduction of ETI, two less effective
modulator combinations were in clinical use for individ-
uals who were F508del homozygous,31,32 which partially
ameliorated CRS symptoms.10 Participants with absence
of prior modulator use were nearly five times more likely
to experience SNOT-22 score improvement post-
treatment, indicating that modulator-naïve status is a
significant predictor of better outcomes compared to those
with modulator use history. This is supported by one of
the component studies in this article, which noted a trend
toward greater sinus CT opacification improvement in
PwCF naïve to modulators.7 Similarly, other ETI studies
report greater changes in ppFEV1, BMI, and CF-specific
QOL33 occurred in modulator-naïve individuals compared
to those taking ivacaftor at baseline.34,35 These findings
are anticipated, considering that modulator-naïve
patients lack prior partial CFTR correction. Alternatively,
the “ceiling effect” might explain why patients with prior
treatments report less ETI benefit than untreated indi-
viduals due to less biochemical range for improvement.
Nevertheless, identifying modulator-naïve status as a
predictor highlights the importance of considering treat-
ment history when evaluating potential response to new
CF-CRS therapies.

Thresholds of clinical relevance are critical to inter-
preting patient outcomes in both clinical and research
contexts. Using distribution-based approaches employed
in prior studies,21,22 our MCID estimates for SNOT-22 for
PwCF were calculated to be 8.5 points. We confirmed that
this CF-specific MCID is comparable to, although slightly
lower, than the established MCID for non-CF individuals
with CRS, reported as nine points for surgical treatment

TABLE II.
Change in 22-Question SinoNasal Outcome Test Score by Site after Initiation of Highly Effective Modulator Therapy for the Centers that Had

Pre- and Post-Data (n = 97).

Care center Time point N Mean � SD Change from baseline, Mean � SD p-value

Columbia Baseline 42 56.7 � 18.1 - -

University 3 months 42 46.8 � 15.5 �10.0 � 12.6 (n = 42) <0.001

National Jewish Health Baseline 25 33.1 � 14.5 - -

6 months 25 17.4 � 11.5 �15.7 � 11.0 (n = 25) <0.001

University of North Carolina Baseline 20* 30.0 � 17.6 - -

6 months 16 11.6 � 12.9 �15.5 � 13.9 (n = 16) <0.001

University of Pittsburgh Baseline 14 18.1 � 16.1 - -

6 months 14 8.4 � 7.6 �9.7 � 11.2 (n = 14) 0.006

SD = standard deviation.
*In the 6 month follow-up phase, the University of North Carolina cohort experienced a reduction of four participants. This attrition was attributed to circum-

stances related to the COVID-19 pandemic.

TABLE III.
Multivariable Linear Regression Analysis of Factors Associated with
Improvement in SNOT-22 Score Treated as a Continuous Variable

after Initiation of ETI.

Variable Estimate 95% CI p-value

Age (years) �0.054 (�0.29, 0.18) 0.644

Sex, male �0.872 (�5.58, 3.84) 0.714

BMI (kg/m2) �0.324 (�0.91, 0.26) 0.275

F508del/F508del �10.043 (�16.5, �3.61) 0.003*

No prior CFTR modulator therapy �9.049 (�15.4, �2.73) 0.005*

No prior sinus surgery 0.33 (�4.68, 5.34) 0.896

Baseline ppFEV1 0.095 (�0.01, 0.20) 0.077

Baseline SNOT-22 score �0.256 (�0.38, �0.14) <0.001*

Cystic fibrosis-related diabetes 2.175 (�2.63, 6.98) 0.37

Factors with 95% CI including 0 are non-significant.
95% CI = 95% confidence interval; BMI = body mass index; CFTR =

cystic fibrosis transmembrane conductance regulator; ETI = elexacaftor/
tezacaftor/ivacaftor; MCID = minimal clinically important difference; ppFEV1

= percent predicted forced expiratory volume in 1 second; SNOT-
22 = 22-Question SinoNasal Outcome Test.

*Denotes p < 0.05.
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and 12 points for medical treatment.19,21,36,37 The CF-
specific MCID may reflect a lower clinical threshold
because of surgical patients’ heightened expectations for
improvement, or PwCF’s greater sensitivity for highly
effective therapies given the chronicity and severity of
sinonasal symptoms. The comparable MCIDs between
PwCF+CRS and non-CF CRS individuals treated surgi-
cally may imply that both cohorts perceive a similar

magnitude of change in SNOT-22 scores as clinically sig-
nificant. Future research should explore anchor-based
methodologies in PwCF to enhance MCID estimates
using global health assessments.

Strengths of this investigation include use of pro-
spectively collected, multi-institutional data from studies
originally designed to assess CF-CRS. PwCF had varying
degrees of sinonasal symptom severity across centers,

TABLE V.
Univariable Analysis of Factors Associated with Improvement in SNOT-22 Score Exceeding MCID After Initiation of ETI.

Variable Did not Meet/Exceed MCID N = 43 (%) Met/Exceeded MCID N = 54 (%) p-value

Mean age � SD (years) 30.7 � 11.0 36.1 � 12.3 0.027

Sex

Male 20 (46.5%) 21 (38.9%) -

Female 23 (53.5%) 33 (61.1%) 0.584

Mean BMI � SD (kg/m2) 22.4 � 4.8 22.5 � 3.8 0.905

Genotype

F508del/other 22 (51.2%) 28 (51.9%) 1

F508del/F508del 21 (48.8%) 26 (48.1%) -

Prior CFTR modulator therapy 28 (65.1%) 32 (59.3%) 0.704

Prior sinus surgery 32 (74.4%) 35 (64.8%) 0.426

Mean baseline ppFEV1 � SD 77.1 � 24.0 67.9 � 23.7 0.063

Mean baseline SNOT-22 score � SD 31.5 � 22.2 47.1 � 19.9 <0.001*

Mean post-ETI SNOT-22 score � SD 30.1 � 23.1 26.1 � 19.7 0.368

Cystic fibrosis-related diabetes 14 (32.6%) 19 (35.2%) 0.956

History of Staphylococcus or Pseudomonas infection 39 (92.9%) 47 (88.7%) 0.735

Care center/enrollment site

Columbia University 21 (48.8%) 21 (38.9%) 0.141

National Jewish Health 8 (18.6%) 17 (31.5%) -

University of Pittsburgh 9 (20.9%) 5 (9.3%) -

University of North Carolina 5 (11.6%) 11 (20.4%) -

p-values are based on t-tests for continuous variables and Chi-square tests for categorical variables.
MCID = minimal clinically important difference; SD = standard deviation; BMI = body mass index; CFTR = cystic fibrosis transmembrane conductance

regulator; ppFEV1 = percent predicted forced expiratory volume in 1 second; ETI = elexacaftor/tezacaftor/ivacaftor; SNOT-22 = 22-Question SinoNasal Out-
come Test.

*Denotes p < 0.05.

TABLE IV.
Estimates of the MCID for the 22-Question SinoNasal Outcome Test Calculated using Distribution-Based Approaches in People with Cystic

Fibrosis.

Data source N
Cronbach’s
alpha (α)

MCID values

Mean
(95% CI)

½ baseline standard
deviation

1 SEM of baseline
measurement

Cohen’s effect
size (d)

Minimal detectable
change

Multi-center,
imputed

76 0.93 10.0 5.3 4.0 14.7 8.5 (8.1, 9.0)

Columbia University 42 0.93 9.0 4.8 3.6 13.4 7.7 (7.3, 8.4)

National Jewish
Health

25 0.90 7.2 4.5 2.9 12.5 6.8 (6.3, 7.5)

University of North
Carolina

20 0.92 8.8 4.9 3.5 13.6 7.7 (6.7, 9.2)

University of
Pittsburgh

14 0.94 8.0 3.8 3.2 10.7 6.4 (4.9, 8.7)

All participants 177 0.95 10.9 5.0 4.4 13.8 8.5 (7.9, 8.8)

The 95% CIs for the MCIDs are calculated based on 5000 bootstrap resamples.
MCID = minimal clinically important difference; SEM = standard error of the measurement; 95% CI = 95% confidence intervals.
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and the SNOT-22 survey had high internal consistency in
each study and in the pooled data, suggesting results are
applicable to individuals with a broad range of SNOT-22
scores. All study participants had confirmed diagnoses of
CF, and MCID calculations are ideally performed in sin-
gle disorder populations. Another notable aspect is the
robust Cronbach’s alpha value exceeding 0.9, which
underscores the reliability of the SNOT-22 in PwCF and
validates the use of SNOT-22 in evaluating sinonasal
symptom burden in PwCF. Finally, our identified predic-
tors of improvement were consistent in both the continu-
ous and binary regression models, lending additional
validity to our findings.

The study is also subject to the following limitations.
Despite the established rigor of distribution-based
approaches, our MCID calculations would have been ideal
if multi-center, anchor-based data were available to fur-
ther validate our distribution-based MCID. When deter-
mining predictors of response to HEMT, there were
minor differences in follow-up time-point across the stud-
ies from 3 to 6 months; however, these differences are
unlikely to impact the overall results given that changes
in SNOT-22 scores after HEMT initiation are stable after
1 month.7,9 Although 184 PwCF were included in this
study and 97 participants were included in the analysis
of predictors of response to ETI; type 2 error remains a
possibility due to available sample size. Missing data
occurred for a small number of study participants.
Finally, individuals under age 12 years were not included
in this study and very few participants were age 12–
17 years so results are primarily applicable to adults and
may not be generalizable to children.

CONCLUSION
Greater SNOT-22 score improvements post-ETI were

associated with worse baseline sinonasal symptom sever-
ity, F508del homozygosity, and absence of prior modula-
tor therapy in PwCF. The SNOT-22 showed strong
internal consistency for varying sinonasal severities in

PwCF. Distribution-based MCID was calculated to be 8.5
in this predominantly adult CF cohort initiating HEMT,
comparable to clinical thresholds of non-CF CRS individ-
uals pursuing surgery.
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