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EPOS 2020 criteria provide a useful framework for dupilumab allocation in CRSwWNP,
while type 2 inflammatory features may further refine prediction of treatment response
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Abstract

Background: Chronic rhinosinusitis with nasal polyps (CRSWNP) is often a type 2-driven inflammatory disease that markedly
impairs quality of life. Dupilumab offers major therapeutic benefit but at high cost, underscoring the need for accurate patient
selection. EPOS2020 introduced indication criteria for biologic therapy, yet their real-world predictive validity remains underexplo-
red. Methods: This study screened 224 CRSWNP patients treated with dupilumab between November 2019 and May 2025. Outco-
mes included Total Polyp Score (TPS), 22-item Sinonasal Outcome Test (SNOT-22), olfactory performance, and serum biomarkers.
Patients were stratified into EPOS-eligible and ineligible groups based on EPOS2020 criteria, and responses were evaluated using
minimal clinically important difference (MCID) thresholds and EPOS/EUFOREA response criteria. Predictors of adequate response
were analyzed with logistic regression, and treatment trajectories with linear mixed-effects models. Results: EPOS2020 criteria
could be assessed in 177 patients, of whom 76 met them at baseline. EPOS-eligible patients achieved greater improvements in
TPS, SNOT-22, and olfaction, and were more likely to reach MCID for TPS. EPOS-eligible patients also had higher composite EPOS
response scores, although “adequate EUFOREA response” rates did not differ. Non-steroidal anti-inflammatory drug exacerbated
respiratory disease independently predicted adequate response, while higher baseline serum IgE was associated with faster
improvement trajectories. Conclusions: EPOS2020 criteria provide an effective framework for dupilumab allocation, although
markers of active type 2 inflammation may better predict response than categorical eligibility alone.
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP) is a persistent
inflammatory condition of the paranasal sinuses . It affects
approximately 1-2% of the Western population ?* and has a
significant impact on quality of life and healthcare utilization ©®,
While intranasal corticosteroids and sinus surgery remain the
standard therapeutic approaches for CRSWNP in routine prac-
tice, these strategies are not effective in all patients ©.

Recently, biologics have emerged as a transformative treatment
option for CRSWNP, with dupilumab being one of the more
efficacious agents '3, However, the high cost of biologics
underscores the need to identify patients who are most likely to
benefit ", The European Position Paper on Rhinosinusitis and
Nasal Polyps 2020 (EPOS 2020) guideline was the first to provide
widely adopted, specific indication criteria with defined cut-offs
for biologic treatment in CRSWNP, serving as an international
reference for clinical practice "%. Although randomized control-
led trials (RCTs) and real-world studies have already confirmed
the efficacy of dupilumab across diverse populations '¢'®, real-
world validation of the EPOS 2020 indication criteria in terms of
selecting the best patients for treatment is limited. While one
real-world study reports larger improvements among EPOS 2020
indication criteria- eligible patients ¥, studies including patients
not meeting EPOS 2020 criteria have generally not stratified or
compared outcomes according to EPOS 2020 status 2%, Further-
more, it is still unclear whether the EPOS 2020 criteria predict
treatment response using both, absolute changes and clinically
meaningful improvements, such as minimal clinically impor-
tant difference (MCID) and the European Forum for Research
and Education in Allergy and Airway Diseases (EUFOREA)/EPOS
response criteria.

The present study aimed to evaluate the real-world outcomes

of dupilumab in patients with CRSWNP, stratified according to
the EPOS 2020 indication criteria. Specifically, we examined
whether EPOS-defined eligibility for dupilumab predicts, not
only absolute improvements, but also achievement of clinically
meaningful benefits. In addition, we explored whether other
baseline factors, such as nonsteroidal anti-inflammatory drug
(NSAID)-exacerbated respiratory disease (N-ERD), total IgE levels,
and blood eosinophil counts, can further refine patient stratifi-
cation and enhance prediction of treatment response beyond
the current EPOS 2020 indication criteria framework.

Materials and methods

Study design and setting

This retrospective, single-center analysis was conducted at the
Department of Otorhinolaryngology, Medical University of
Vienna, General Hospital of Vienna, Austria. Ethical approval was
granted by the institutional review board (EK: 1340/2025). The
dataset included patients treated between November 2019 and
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May 2025.

Patient cohort and clinical protocol

A total of 224 patients diagnosed with CRSWNP according to
EPOS 2020 diagnostic criteria had at least 1 baseline and 1
follow-up visit and therefore screened for inclusion. All began
dupilumab treatment under European Medicines Agency (EMA)
recommendations, which states that dupilumab is indicated as
add-on therapy with intranasal corticosteroids for adults with se-
vere CRSWNP for whom systemic corticosteroids and/or surgery
do not provide adequate disease control 2", All patients had

at least one follow-up visit. The observation period extended

up to 4.5 years, with outcomes modeled to 5 years. Follow-up
generally occurred at baseline, 3, 6, and 12 months, and annually
thereafter.

At each visit, clinicians documented demographic and clinical
characteristics (age, sex, smoking, asthma (physician-diagnosed
condition, confirmed by a respiratory specialist, requiring
regular treatment with inhaled corticosteroids), allergy (positive
history with documented use of antihistamines for symptom
control), N-ERD (presence of: 1) asthma as defined above, 2) a
documented history of hypersensitivity reactions to NSAIDs, and
3) evidence of chronic rhinosinusitis with nasal inflammation),
and prior surgeries). Disease severity was assessed with the Total
Polyp Score (TPS), olfactory function with the Sniffin’ Sticks 16
Identification Test, and Patient Reported Outcome Measures
(PROM:s) with the 22-item Sinonasal Outcome Test (SNOT-22),
Asthma Control Test (ACT), mini-Asthma Quality of Life Ques-
tionnaire (AQLQ), and aero-allergy Visual Analogue Scale (VAS,
10cm scale with higher values indicating higher disease burden).
Annual blood samples were analyzed for IgE, Eosinophil Cationic
Protein (ECP), and Absolute Eosinophil Count (AEC). All data
were anonymized, stored on secure institutional servers, and
curated by the Vienna Airway Lab team.

Statistical analysis

Baseline values were defined at treatment initiation (Day 0/
Baseline). For group comparisons patients were stratified by
EPOS 2020 indication criteria as EPOS eligible or EPOS ineligible,
and those with “Unknown” status due to missing data for group
comparisons were excluded from the analysis.

EPOS 2020 indication criteria

Eligibility for biologic therapy was defined according to EPOS

2020/EUFOREA indication criteria ?2. Briefly to fulfill these cri-

teria all patients are required to have had bilateral nasal polyps

and prior endoscopic sinus surgery. In addition, they must fulfill

at least three of the following five criteria:

1. Evidence of type 2 inflammation, defined as tissue eosinop-
hils =10 per high-power field, blood eosinophils =150 cells/



L, or total IgE =100 IU/mL

2. Need for systemic corticosteroids (=2 courses per year or
long term (>3 months) low dose steroids) or contraindica-
tion to systemic corticosteroids

3. Significantly impaired quality of life, defined as SNOT-22
240

4, Significant loss of smell, defined as anosmia on smell
testing

5. Comorbid diagnosis of asthma requiring regular inhaled
corticosteroid therapy

Descriptive statistics and baseline comparisons

Categorical variables were reported as percentages and conti-
nuous variables as median and [Interquartile range, (IQR)], as
distributions were non-normally distributed according to the
Shapiro-Wilk test. Group comparisons were performed using
chi-square or Fisher’s exact tests for categorical variables and
Mann-Whitney U tests for continuous variables. Rank-biserial
correlation coefficients were calculated as non-parametric mea-
sures of effect size for Mann-Whitney U comparisons.

Treatment effect and MCID analyses

Treatment effects were evaluated by calculating delta changes
(follow up visit — baseline visit) between baseline and the most
recent clinical followup visit for each outcome (TPS, Sniffin’
Sticks, SNOT-22, ACT, AQLQ, allergy VAS, IgE, ECP, AEC). Minimal
clinically important differences (MCID), defined from published
thresholds (Table S1), were used to determine patients fulfilling
this measure of outcome.

EPOS/EUFOREA evaluation of response assessment

Response to biologic therapy was assessed based on the EPOS/

EUFOREA criteria across five domains: nasal polyp size, syste-

mic corticosteroid use, quality of life, olfaction, and comorbid

asthma "?. Each domain was evaluated as a binary outcome

(improved vs not improved) using the following definitions:

. Nasal polyp size: reduction in total polyp score (TPS) com-
pared with baseline
Systemic corticosteroid use: reduction in the number of
systemic corticosteroid courses during follow-up compared
with the pre-treatment period

«  Quality of life: improvement in SNOT-22 score compared
with baseline

«  Olfaction: improvement in Sniffin’ Sticks score compared
with baseline

«  Comorbid asthma: improvement in asthma control (ACT
score)

For each patient, only domains that were assessable at baseline

were included. A domain was considered non-assessable if the

patient did not exhibit the feature at baseline (e.g., no prior

systemic steroid use, normosmia, absence of asthma). The total
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number of domains showing improvement was divided by the
number of assessable domains to generate a normalised res-
ponse score ranging from 0 to 1, where 1 indicates improvement
in all assessable domains to allow comparison between patients
with variable baseline assessable domains. For transparency 95
patients had all 5 criteria assessable at baseline, 64 had 4 asses-
sable and 18 had 3.

“Adequate response” was defined according to EUFOREA criteria
(TPS <4, nasal congestion score <2, CRS VAS <5 (only used to
determine adequate response status, not used as a separate
outcome measure), SNOT-22 <30, and no systemic steroid or
surgical requirement) and assessed at 12 months (+60 days;
closest to day 365) and at last available follow-up #3. Baseline
predictors of adequate response at last available follow-up were
evaluated using multivariable logistic regression, including age,
sex, smoking status, asthma, N-ERD, prior surgery, TPS, SNOT-22,
total serum IgE, ECP, and AEC. Odds ratios (OR) with 95% confi-
dence intervals (Cl) were reported.

Longitudinal trajectory analysis

To assess longitudinal trajectories, linear mixed-effects models
were fitted separately for each outcome (TPS, Sniffin’ Sticks,
SNOT-22, ACT, AQLQ, Allergy VAS, and serum biomarkers [IgE,
ECP, AEC]). Models included baseline covariates, with biomarker
variables log-transformed and continuous variables standar-
dised. A patient-level random intercept was included to account
for within-patient correlation from repeated measurements, and
covariate X time interactions were used to evaluate whether
baseline factors modified rates of change during treatment. Fin-
dings were interpreted with emphasis on effect sizes and con-
sistency across outcomes but due to the retrospective design of
this study should be interpreted as hypothesis generating rather
than mechanistic insight.

Statistical software

All statistical analyses were performed using Python (v3.11.13;
Python Software Foundation, Wilmington, DE, USA) with the
packages pandas (v2.3.2), NumPy (v2.3.3), SciPy (v1.16.2), stats-
models (v0.14.5), and matplotlib (v3.10.6). Linear mixed-effects
models were implemented in R (version 4.5.1; R Foundation for
Statistical Computing, Vienna, Austria) using the Ime4 package
(v1.1-37), as this package provides established and validated
functionality for mixed-effects modelling 4.

Results

Overview of study population and comparison groups

A total of 224 patients were assessed for study inclusion, of
whom 76 (33.9%) fulfilled EPOS 2020 indication criteria, 101
(45.1%) did not. For 47 (21%) patients there was insufficient
information to determine their EPOS 2020 eligibility criteria
status. All further grouped analyses were restricted to the 177
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Table 1. Baseline characteristics of the study cohort stratified by EPOS 2020 eligibility criteria.

EPOS ineligible (n=101)

Variable EPOS eligible (n =76)
Demographics

Male 57.9%

Age (years) 48.5 [40.0-57.0]
Smoking 7.9%

Length of Follow-up (years) 1.88[1.15-3.21]

Comorbidities and disease burden

Allergy 67.1%
Asthma 80.3%
NERD 54.0%
Number of previous ESS Surgeries 2.0[1.0-3.0]
TPS 4.0 [4.0-6.0]
SNOT-22 55.0 [42.0-68.0]
Sniffin’ Sticks 16 identity Score 4.0 [3.0-6.0]
ACT 19.0 [15.0-22.0]
AQLQ 78.0 [62.0-88.0]
Allergy VAS (10cm Scale) 6.9 [4.8-7.9]

Inflammatory biomarkers
Total IgE (kU/L)

ECP (pg/L)

AEC (x10%/L)

99.0 [51.0-388.0]
55.0 [34.0-88.0]
0.4[0.3-0.5]

56.4% 1.000
47.0[37.0-55.0] 0.392
8.9% 1.000
1.82[0.85-3.00] 0.520
54.5% 0.115
56.4% <0.001
29.7% 0.002
1.0[0.0-2.0] 0.003
4.0 [2.0-6.0] 0.033
40.0 [29.0-58.0] <0.001
7.0 [4.0-11.0] <0.001
21.0[17.0-24.0] 0.142
84.0 [64.0-95.0] 0.160
6.6 [4.1-8.5] 0.997
106.0 [40.0-328.0] 0.816
46.0[23.0-71.0] 0.070
0.3 [0.2-0.4] 0.079

Demographic and clinical features were compared between patients who fulfilled EPOS indication criteria at baseline (EPOS Eligible) and those who

did not (EPOS Ineligible). Categorical variables are reported as percentages and compared using chi-square or Fisher’s exact test. Continuous variables

are summarized as median [interquartile range] and compared using Mann-Whitney U tests. ACT = Asthma Control Test, AEC = Absolute Eosinophil

Count, AQLQ = Asthma Quality of Life Questionnaire, ECP = Eosinophilic Cationic Protein, EPOS = European Position Paper on Rhinosinusitis and Nasal

Polyps, ESS = Endoscopic Sinus Surgery Ig = Immunoglobin, NERD = NSAID Exacerbated Respiratory Disease, SNOT-22 = 22 item Sinonasal Outcome

Test, TPS =Total Polyp Score, VAS = Visual Analogue Scale.

patients with clear EPOS categorization. Baseline characteristics
of the included patients are presented in Table 1. Follow-up
duration varied across the population. The median duration of
follow-up from treatment initiation to last available visit was
1.85 years (IQR 0.94-3.15). Follow-up data were available for 177
patients within the first year, with progressively fewer patients
contributing data at later timepoints (105 at 1-2 years, 59 at 2-3
years, 45 at 3—-4 years, and 9 at 4-5 years). Compared with EPOS-
ineligible patients, those fulfilling EPOS criteria demonstrated

a higher baseline disease burden across multiple domains,
including a greater number of prior sinus surgeries (2.0 [1.0-3.0]
vs 1.0 [0.0-2.0]; p=0.003), and significantly higher rates of
comorbid asthma (80.3% vs 56.4%; p<0.001) and N-ERD (54.0%
vs 29.7%; p=0.002). They also exhibited worse disease severity,
with higher SNOT-22 scores (55.0 [42.0-68.0] vs 40.0 [29.0-58.0];
p<0.001), poorer olfactory function (Sniffin’ Sticks 16 Identity
Score: 4.0 [3.0-6.0] vs 7.0 [4.0-11.0]; p<0.001), and slightly
higher polyp scores (TPS 4.0 [4.0-6.0] vs 4.0 [2.0-6.0]; p=0.033).
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There were no significant differences between groups in other

demographic factors, allergy status, asthma control (ACT), qua-
lity of life (AQLQ), allergy VAS, or inflammatory biomarkers (IgE,
ECP, AEC) (Table 1).

Patients who fulfil EPOS criteria demonstrate greater impro-
vements in polyp burden, symptoms, and olfaction

Delta change analysis (follow-up visit — baseline visit) was
performed on the 177 patients with clear EPOS 2020 eligibility
status according to the indication criteria for biologics (Table 2).
Patients meeting EPOS indication criteria (EPOS eligible) showed
significantly greater improvement in key clinical domains com-
pared with non-eligible patients. Polyp burden reduction was
more pronounced in the EPOS-eligible group (-4.0 [-5.0 to —-2.8])
than in the EPOS-ineligible group (-3.0 [-4.0 to —1.0]; p<0.001,
rank-biserial r=-0.33). Symptom burden measured by SNOT-22
improved by -37.0 [-53.0 to -20.3] in EPOS-eligible versus -26.0
[-40.0 to —10.8] in EPOS-ineligible patients (p=0.002, rank-bise-
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Table 2. Median changes (A = last follow-up — baseline) in clinical and biomarker outcomes among patients stratified by EPOS 2020 eligibility at baseline.

Outcome EPOS eligible (n=76) EPOS ineligible (n=101) Rank-biserial r
TPS -4.0 [-5.0--2.8] -3.0 [-4.0--1.0] <0.001 -0.33
Sniffin’ Sticks 16 Identity Score 4.0[1.0-7.0] 1.0 [0.0-5.0] 0.009 0.24
SNOT-22 -37.5[-53.0--20.3] -26.0 [-40.0—-10.8] 0.002 -0.29
ACT 3.0[0.0-7.0] 3.0 [0.0-6.0] 0.780 0.04
AQLQ 15.0 [3.0-25.0] 11.8 [4.0-29.0] 0.972 0.00
Allergy VAS (10 cm scale) 1.5[-0.5-3.8] 1.9[0.4-4.7] 0.243 -0.17
Total IgE (kU/L) -69.6 [-198.1—-37.8] -69.5 [-252.2—26.7] 0.664 -0.05
ECP (ug/L) 0.0 [-21.9-21.4] -0.3[-18.4-16.2] 0.968 -0.01
AEC (x10°/L) 0.0 [-0.1-0.2] 0.0 [-0.1-0.2] 0.589 -0.08

Values represent the median change in each outcome variable. P-values are derived from the Mann-Whitney U test. Rank-biserial correlations are reported as non-
parametric effect-size measures for between-group differences, where values closer to +1 indicate greater group separation and values near 0 indicate minimal difference.
Delta changes were calculated between baseline and the last recorded clinical follow-up visit for each patient; median follow-up duration was 1.85 years [0.94-3.15]. ACT =

Asthma Control Test, AEC = Absolute Eosinophil Count, AQLQ = Asthma Quality of Life Questionnaire, ECP = Eosinophilic Cationic Protein, EPOS = European Position Paper

on Rhinosinusitis and Nasal Polyps, Ig = Immunoglobin, SNOT-22 = 22-item Sinonasal Outcome Test, TPS = Total Polyp Score, VAS = Visual Analog Scale.e

Table 3. Proportion of patients achieving minimal clinically important difference (MCID) in key outcomes, stratified by EPOS 2020 eligibility at baseline.

EPOS Ineligible (n=101)

Outcome EPOS Eligible (n = 76)
TPS 98.7%
SNOT-22 89.6%
Sniffin' Sticks 16 Identity Score 75.3%
ACT 61.0%
AQLQ 76.6%
Allergy VAS (10cm Scale) 19.5%

77.2% <0.001
77.2% 0.056
65.3% 0.201
51.5% 0.446
86.1% 0.314
14.9% 0.731

MCID was acquired by comparing baseline to last available follow-up across these key outcome measures, median follow-up duration was 1.85 years [0.94-3.15]. MCID

thresholds were derived from established literature (Table S3).Statistical comparison between groups was performed using Fisher’s Exact Test. ACT = Asthma Control Test,

AQLQ = Asthma Quiality of Life Questionnaire, EPOS = European Position Paper on Rhinosinusitis and Nasal Polyps, SNOT-22 = 22 item Sinonasal Outcome Test, TPS = Total

Polyp Score, VAS = Visual Analogue Scale.

rial r=-0.29). Olfactory performance improved by +4.0 [1.0-7.0]
versus +1.0 [0.0-5.0] (p=0.009, rank-biserial r=0.24). Other
outcomes, including ACT, AQLQ, allergy VAS, and biomarker
levels (IgE, ECP, and AEC), showed no significant between-group
differences, though the direction of change consistently favored
the EPOS-eligible group (Table 2).

EPOS-eligible patients more frequently achieve MCID in TPS
and SNOT-22 and reach higher EPOS/EUFOREA evaluation of
response scores

MCID analyses (for definitions for single items, please refer to
Table S1) further supported these findings (Table 2). Nearly all
EPOS-eligible patients achieved MCID in TPS (98.7%) compared
with 77.2% of EPOS-ineligible patients (p<0.001). MCID in SNOT-
22 was also more frequent in EPOS-eligible patients (89.6%

vs 77.2%), nearly reaching significance (p=0.056). For other

domains, Sniffin’ Sticks, ACT, AQLQ, and allergy VAS, there were
no statistically significant differences between groups.

We also assessed how the two groups performed in the EU-
FOREA evaluation of response criteria 2. At the last recorded
follow-up, patients who fulfilled EPOS 2020 indication criteria
at baseline demonstrated significantly higher median response
scores compared with those who did not (0.6 [0.6-0.8] vs 0.5
[0.4-0.6]; p < 0.001), data not shown.

Adequate response according to EUFOREA criteria shows no
difference by EPOS eligibility

Adequate response to biologic therapy defined by EUFOREA cri-
teria ® was evaluated at both 12 months and the last available
visit. At 12 months (60 days), adequate response was observed
in 68.0% of EPOS-eligible patients and 62.5% EPOS-ineligible
patients, with no significant difference (p=0.791. At last available
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Table 4. Baseline predictors of dupilumab treatment trajectory in disease specific outcomes identified using linear mixed-effects models.

Outcome Predictor Estimate Std Error
SNOT-22 Age -5.36 1.64
Sex (male) -6.43 3.24
Total IgE +5.03 1.05
Sex (male) x time +0.48 0.14
Asthma X time +0.39 0.18
Total IgE X time -0.26 0.06
TPS Sex (male) +0.70 0.32
Allergy -0.76 033
Total IgE +0.70 0.10
Total IgE x time -0.02 0.01
Sniffin’ Sticks 16 Identity Score  Total IgE -0.56 0.18
AEC -3.12 1.38
Age X time -0.03 0.01
Sex (male) x time -0.05 0.02
Total IgE x time +0.03 0.01

tvalue Interpretation
-3.27 Older age associated with better baseline symptoms
-1.98 Male sex associated with better baseline symptoms
4.79 Higher IgE associated with worse baseline symptoms
3.41 Male sex associated with slower improvement
2.14 Asthma associated with slower improvement
-4.38 Higher IgE associated with faster improvement
2.18 Male sex associated with higher baseline TPS
-2.33 Allergy associated with lower baseline TPS
6.86 Higher IgE associated with higher baseline TPS
-4.11 Higher IgE associated with faster polyp reduction
-3.07 Higher IgE associated with worse baseline smell
-2.26 Higher eosinophils associated with worse baseline smell
-2.62 Older age associated with slower improvement
-2.06 Male sex associated with slower improvement
2.66 Higher IgE associated with faster smell recovery

Baseline effects indicate associations with overall symptom or disease severity averaged across follow-up, while trajectory effects (interaction with

time) indicate whether baseline factors modified the slope of change during treatment. Statistical significance was defined as |t| = 2 or <-2 (p < 0.05).

AEC = Absolute Eosinophil Count, Ig = Immunoglobin, SNOT-22 = 22 item Sinonasal Outcome Test, TPS = Total Polyp Score.

follow-up, 62.7% of EPOS-eligible patients and 57.0% of EPOS-
ineligible patients achieved adequate response, again with no
significant difference (p=0.534).

Disease burden and N-ERD drive likelihood of adequate
response

Multivariable logistic regression was performed to evaluate
baseline predictors of EUFOREA-defined adequate response
(Figure 1). N-ERD was the only independent predictor of
response, associated with a significantly increased likelihood
of achieving adequate response (OR 4.26, 95% Cl 1.31-13.78;
p=0.016). In contrast, higher baseline subjective and endosco-
pic disease burden was associated with a reduced likelihood of
achieving adequate response. Higher total polyp score (TPS)
(OR0.78, 95% Cl 0.61-0.99; p=0.039) and SNOT-22 (OR 0.69, 95%
Cl10.52-0.91; p=0.009) independently predicted lower odds of
achieving adequate response. Other baseline factors were not
independently associated with treatment response (Table S2).

Longitudinal mixed-effects analyses suggest an association
between baseline type 2 inflammatory burden and disease
trajectories

Longitudinal mixed-effects modelling identified baseline serum
total IgE as the most consistent predictor of both baseline
disease severity and subsequent treatment response across
key outcomes (Table 4). Higher IgE levels were associated with
worse disease at initiation, including higher SNOT-22 scores
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(+5.03 £ 1.05, t=4.79), higher TPS (+0.70 + 0.10, t=6.86), and
poorer olfactory function (-0.56 + 0.18, t=-3.07). Despite this
greater baseline disease burden, elevated IgE was also associa-
ted with more favorable treatment trajectories, predicting faster
improvement in SNOT-22 (interaction —0.26 + 0.06, t=—4.38), TPS
(-0.02 £ 0.01, t=-4.11), olfactory function (+0.03 + 0.01, t=2.66).
Other covariates demonstrated outcome-specific effects. Male
sex and asthma were associated with slower improvement in
SNOT-22, while older age and male sex were associated with
slower recovery of olfactory function. Baseline differences were
also observed, with male sex associated with higher TPS and
better SNOT-22 scores, and allergy status associated with lower
baseline TPS. Across secondary clinical outcomes (AQLQ and
ACT), effects were more heterogeneous, with baseline IgE as-
sociated with worse asthma control and quality of life, but with
mixed and outcome-specific influences on longitudinal change
depending on sex, allergy status, and N-ERD. For inflammatory
biomarkers, relationships were largely confined to biological
coherence rather than clinical trajectories, with strong cross-as-
sociations between eosinophils and ECP, and differential effects
of N-ERD, prior surgery, and baseline inflammatory burden on
biomarker reduction over time. Full details of these interactions
are provided in Table 3 and Table S3.

Discussion
In this study EPOS-eligible patients showed greater improve-
ment in TPS, SNOT-22, and olfaction, with higher MCID attain-
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Figure 1. Forest plot of multivariable logistic regression results for baseline predictors of adequate response to dupilumab. Odds ratios (ORs) with

95% confidence intervals from multivariable logistic regression for baseline predictors of achieving adequate response to dupilumab according to

EUFOREA criteria at the last available follow-up. Points represent odds ratios and horizontal lines represent 95% confidence intervals on a logarith-

mic scale. The vertical dashed line indicates an OR of 1. Odds ratios greater than 1 indicate an increased likelihood of achieving adequate response,

whereas odds ratios less than 1 indicate a reduced likelihood. Numeric predictors were entered as linear terms, such that odds ratios represent the

change in odds associated with a 1-unit increase in the predictor, except for SNOT-22, which was modelled per 10-point increase. Absolute eosinophil

count (AEC) was modelled per 0.1 x 10°/L increase and total IgE per 10 kU/L increase. Binary variables were modelled as presence versus absence of

the characteristic (sex: male vs female).

ment and overall response scores. However, EUFOREA-defined
“adequate response” did not differ between groups, suggesting
limited applicability of threshold-based outcomes in EPOS
ineligible patients. N-ERD independently predicted adequate
response, while higher baseline IgE was associated with worse
initial disease but faster improvement. Our results suggest that
baseline disease severity and prominent evidence of Type 2 in-
flammation are important predictors of response to dupilumab.
The effectiveness of EPOS 2020 in identifying CRSWNP patients
who may benefit from dupilumab therapy is also confirmed by
several real-world studies 7%, Cohorts of EPOS 2020-¢eligible
patients demonstrated significant disease control and restora-
tion of quality of life within 12 months of treatment, with mean
SNOT-22 scores decreasing by over 30 points, nasal polyp scores
by more than 4 points, and olfactory function by over 5 points ®
29, Studies with longer follow-up also showed that such statisti-
cally significant improvements persisted at 24 months %39 with
a recent 5-year study of CRSWNP showing benefit at 36 months
and beyond, with mean delta changes of -3.02 for polyp scores,
-5.00 for SNOT-22, and +1.5 for smell function “”. Our data,
covering a follow-up period of up to 4.5 years, agree with these
data and confirm the substantial benefits of dupilumab in EPOS-
eligible patients, with the EPOS-eligible group exhibiting larger

reductions in polyp burden, greater improvements in symptom
scores and olfactory performance. Importantly EPOS-eligible pa-
tients had greater baseline disease burden by the nature of the
indication criteria. This greater baseline severity increased the
potential for larger absolute improvements and higher MCID at-
tainment during dupilumab treatment. Therefore, the observed
differences support the clinical utility of EPOS 2020 criteria for
identifying patients with substantial modifiable disease burden.
The superiority of screening patients using EPOS 2020 indication
criteria before initiating dupilumab therapy is further supported
by a real-world study, which included 71% EPOS 2020-eligible
and 29% non-eligible CRSWNP patients. This cohort demon-
strated greater improvements in both SNOT-22 and nasal polyp
scores among EPOS-eligible patients 9. In that cohort, failure
to reach the SNOT-22 MCID was more common among patients
not meeting EPOS 2020 indication criteria, supporting a less
consistent treatment benefit in this group . Similarly, EPOS-
ineligible patients in our cohort more often failed to achieve the
SNOT-22 MCID than EPOS-eligible patients (23.0% vs 10.7%),
although meaningful symptom improvement can still occur in
non-eligible patients, as also shown by CHRINOSOR @),

In our cohort, EUFOREA-defined adequate response at 12
months was similar between EPOS-eligible and EPOS-ineligible

Rhinology Vol 64, No 5, October 2026



Dupilumab outcomes by EPOS eligibility

patients (68.0% vs 62.5%), despite greater improvements in TPS,
SNOT-22, olfaction, and continuous EPOS/EUFOREA response
scores among EPOS-eligible patients. This suggests that “ade-
quate response” may better reflect low residual disease activity
or remission-like control than the full magnitude of improve-
ment from baseline, consistent with DUPIREAL, where 34.3%
failed to meet the “4-outcome response” despite low symptom
burden and high satisfaction in many patients ©".

Beyond EPOS eligibility, our analyses suggest that markers of
type 2 inflammatory disease burden may further help identify
patients most likely to benefit from dupilumab. N-ERD was the
strongest independent predictor of EUFOREA-defined adequate
response, consistent with the recognised type 2 inflammatory
burden in this subgroup and real-world evidence supporting
dupilumab efficacy in CRSWNP with N-ERD 1¢3%:3239) |n |ongi-
tudinal analyses, higher baseline IgE, another marker of type

2 inflammation, was associated with greater baseline disease
burden and faster improvement in SNOT-22, TPS, and olfaction,
although these effects were modest ©°. Previous studies have
shown that dupilumab reduces IgE levels in CRSWNP, but the
value of baseline IgE as a response predictor remains uncer-
tain, with conflicting real-world data ©¢3°. Taken together, our
findings should not be interpreted as evidence that any single
biomarker independently determines response due to the retro-
spective nature of this study, but rather as supporting a broader
signal that type 2 inflammatory activity, assessed through both
clinical phenotype and biomarkers, is central when evaluating
suitability for dupilumab therapy.

Given the substantial cost of biologic therapy, appropriate pa-
tient selection is clinically and economically important. Dupilu-
mab has been estimated to cost substantially more than ESS and
first-line biologic strategies may markedly increase healthcare
expenditure compared with surgery-first approaches 449, In
contrast, ESS with maintenance topical corticosteroids provides
durable disease control for many patients “? and recent data

is increasingly showing the value of complete prior surgery in
disease control “>#4, Qur data support EPOS 2020 criteria as a
useful framework for identifying patients most likely to benefit,
while also suggesting that optimal candidates are those with
persistent disease despite appropriate surgery and topical the-
rapy, alongside clear evidence of type 2 inflammation @,

This study provides robust real-world evidence on dupilumab
outcomes in CRSwWNP stratified by EPOS 2020 criteria. Strengths
include a large cohort with extended follow-up, comprehensive
assessment across clinical, patient-reported, and biomarker
outcomes, and complementary analytical approaches enabling
evaluation of both clinically relevant and independent predic-
tors of response. Several limitations should be considered. The
retrospective design introduces potential selection bias and
incomplete data capture. Adjustment within EPOS group com-
parisons was not performed, as this would involve controlling
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for variables that define the groups themselves. The EPOS 2020
indication criteria represents a composite construct; there-
fore, baseline differences between groups are inherent, and
EPOS-stratified analyses are not intended to isolate individual
components, which were instead examined using multivariable
and longitudinal modelling. The adapted EPOS/EUFOREA res-
ponse assessment may introduce bias due to variable baseline
applicability of domains. Multiple exploratory analyses incre-
ase the risk of type | error, and findings should be considered
hypothesis-generating. Finally, the use of EMA-based prescri-
bing criteria resulted in a broader, more heterogeneous cohort,
potentially attenuating differences between EPOS groups. While
this reflects real-world practice in Austria, generalisability may
be limited in settings with stricter eligibility criteria.

Conclusion

EPOS 2020 indication criteria remain a robust framework for
identifying patients who benefit most from dupilumab. Beyond
these established guidelines, our data highlight additional pre-
dictors, particularly evidence of significant type 2 inflammatory
burden, which may further refine patient selection.

Abbreviations

ACT: Asthma Control Test; CRS: Chronic Rhinosinusitis; CRSWNP:
Chronic Rhinosinusitis with Nasal Polyps; ENT: Ear, Nose, Throat;
EPOS: European Position Paper on Rhinosinusitis and Nasal
Polyps; EUFOREA: European Forum for Research and Education
in Allergy and Airway Diseases; IL: Interleukin; IQR: Interquartile
Range; AQLQ: Asthma Quality of Life Questionnaire; MCID : Mini-
mal Clinically Important Difference; N-ERD: NSAID Exacerbated
Respiratory Disease; NSAID: Non-Steroidal Anti-Inflammatory
Drugs; QoL: Quality of Life; SD: Standard Deviation; SNOT-22: 22
Item Sino Nasal Outcome Test; Th: T-Helper Cell; TPS: Total Polyp
Score; VAS: Visual Analogue Score.

Acknowledgments
None to declare.

Author contributions

SS and NJC had the initial idea for the retrospective analysis and
SS, NJC, TJB, KG, AT, FF, and NM performed all data collection.
NJC, SS, DP and JED interpreted the data and designed the
figures. All authors wrote and critically revised the manuscript
together. CM advised on key statistical analyses.

Conflict of interest

JED served as a speaker and/or consultant and/or advisory
board member for Sanofi, AstraZeneca, and GSK. JED is an
investigator for Sanofi, GSK and AstraZeneca (grants paid to her
institution). SS served as a speaker and/or consultant and/or ad-
visory board member for Sanofi and Novartis. SS is an investiga-



tor for Novartis and AstraZeneca (grants paid to his institution).
The other authors declare no conflict of interest.

Ethic approval and consent to participate
Retrospective analysis of this patient population was approved

(EK: 1340/2025).
Funding

received funding.

by the Ethical Committee at the Medical University of Vienna

References

1.

Staricha KL, Ali HM, Stokken JK. State of the
art medical management of nasal polyps.
Am J Rhinol Allergy. 2023;37(2):153-61.
Johansson L, Akerlund A, Holmberg
K, Melen |, Bende M. Prevalence of nasal
polyps in adults: the Skovde population-
based study. Ann Otol Rhinol Laryngol.
2003;112(7):625-9.

Campion NJ, Kohler R, Ristl R, Villazala-
Merino S, Eckl-Dorna J, Niederberger-
Leppin V. Prevalence and symptom bur-
den of nasal polyps in a large Austrian
population. J Allergy Clin Immunol Pract.
2021,9(11):4117-29 e2.

Mullol J, Sastre J, Dominguez-Ortega J, et al.
Prevalence of chronic rhinosinusitis with-
out/with nasal polyps according to severity
in Spain. Rhinology. 2024;62(4):421-31.
Gliklich RE, Metson R. The health impact of
chronic sinusitis in patients seeking oto-
laryngologic care. Otolaryngol Head Neck
Surg. 1995;113(1):104-9.

Lourijsen ES, Fokkens WJ, Reitsma S. Direct
and indirect costs of adult patients with
chronic rhinosinusitis with nasal polyps.
Rhinology. 2020;58(3):213-7.

Bachert C, Bhattacharyya N, Desrosiers
M, Khan AH. Burden of disease in chronic
rhinosinusitis with nasal polyps. J Asthma
Allergy. 2021;14:127-34.

Mora T, Munoz-Cano R, Ribo P, Mullol J,
Valero A. Differential healthcare direct costs
of asthma and chronic rhinosinusitis with
nasal polyps in Catalonia (Spain). Rhinology.
2024;62(5):590-6.

Marglani O, Al Abri R, Al Ahmad M, Alsaleh
S, Abuzakouk M, Kamel R. Management
of chronic rhinosinusitis with nasal polyps
(CRSWNP) in the pan-Arab region: consen-
sus recommendations from a multidisci-
plinary expert working group. J Asthma
Allergy. 2023;16:1055-63.

. Xu X, Reitsma S, Wang Y, Fokkens WJ.

Updates in biologic therapy for chronic rhi-
nosinusitis with nasal polyps and NSAID-
exacerbated respiratory disease. Allergy.
2022;77(12):3593-605.

. Dominguez-Sosa MS, Cabrera-Ramirez

MS, Marrero-Ramos MDC, et al. Efficacy of
dupilumab on chronic rhinosinusitis with
nasal polyps and concomitant asthma in
biologic-naive and biologic-pretreated
patients. Ann Med. 2024,56(1):2411018.

. Lipworth BJ, Han JK, Desrosiers M, et al.

Tezepelumab in adults with severe chronic
rhinosinusitis with nasal polyps. N Engl J
Med. 2025;392(12):1178-88.

20.

21.

22.

23.

De Corso E, Canonica GW, Heffler E, et al.
Dupilumab versus omalizumab in patients
with chronic rhinosinusitis with nasal pol-
yps and coexisting asthma (EVEREST): a
multicentre, randomised, double-blind,
head-to-head phase 4 trial. Lancet Respir
Med. 2025;13(12):1067-77.

Yong M, Kirubalingam K, Desrosiers MY, Kilty
SJ, Thamboo A. Cost-effectiveness analysis
of biologics for the treatment of chronic
rhinosinusitis with nasal polyps in Canada.
Allergy Asthma Clin Immunol. 2023;19(1):90.
Fokkens WJ, Lund VJ, Hopkins C, et al.
European position paper on rhinosi-
nusitis and nasal polyps 2020. Rhinology.
2020;58(Suppl S29):1-464.

Bachert C, Han JK, Desrosiers M, et al.
Efficacy and safety of dupilumab in patients
with severe chronic rhinosinusitis with nasal
polyps (LIBERTY NP SINUS-24 and LIBERTY
NP SINUS-52): results from two multicentre,
randomised, double-blind, placebo-con-
trolled, parallel-group phase 3 trials. Lancet.
2019;394(10209):1638-50.

Book R, Lazutkin A, Eliashar R. Long-term
real-world outcomes and insights of bio-
logic therapies in chronic rhinosinusitis with
nasal polyps. Int J Mol Sci. 2025;26(10).

Kilty SJ, Lasso A. Canadian real-world
study long-term clinical results using
dupilumab for chronic rhinosinusitis with
polyps. J Otolaryngol Head Neck Surg.
2024;53:19160216241278659.

Schmale IL, Poulakis A, Abend A, Luitje
ME, Man LX. Chronic rhinosinusitis with
nasal polyposis treated with dupilumab:
real-world use and outcomes. J Allergy Clin
Immunol Pract. 2023;11(10):3203-10.

Huber P, Forster-Ruhrmann U, Olze H, et al.
Real-world data show sustained therapeutic
effects of dupilumab in chronic rhinosinusi-
tis with nasal polyps (CRSwNP) over 3years.
Allergy. 2024,79(11):3108-17.

Agency EM. Therapeutic indica-
tions of dupilumab https://www.ema.
europa.eu/en/medicines/human/
EPAR/dupixent#:~:text=those%20
given%20placebo.-,Chronic%20rhi-
nosinusitis%20with%20nasal%20
polyposis,patients%27%20perception%20
0f%20nasal%20congestion.

Fokkens WJ, Viskens AS, Backer V, et al.
EPOS/EUFOREA update on indication and
evaluation of biologics in chronic rhinosi-
nusitis with nasal polyps 2023. Rhinology.
2023;61(3):194-202.

Bachert C, Han JK, Wagenmann M, et al.
EUFOREA expert board meeting on uncon-

24.

25.

26.

27.

28.

29.

30.

32.

33.

Campion et al.

MZ is funded by FWF Grant KLP4891723. No other authors

trolled severe chronic rhinosinusitis with
nasal polyps (CRSwNP) and biologics:
Definitions and management. J Allergy Clin
Immunol. 2021;147(1):29-36.

Bates D, Machler M, Bolker B, Walker S.
Fitting linear mixed-effects models using
Ime4. J Statis Software. 2015;67(1):1 - 48.
Ottaviano G, Saccardo T, Roccuzzo G, , et
al. Effectiveness of dupilumab in the treat-
ment of patients with uncontrolled severe
CRSwWNP: a "real-life" observational study in
naive and post-surgical patients. J Pers Med.
2022;12(9).

Albrecht T, Sailer MM, Capitani F, van Schaik
C, Lowenheim H, Becker S. Real-world evi-
dence for the effectiveness and safety of
dupilumab in patients with CRSWNP after
1 year of therapy. World Allergy Organ J.
2023;16(5):100780.

van der Lans RIL, Otten JJ, Adriaensen G, et
al. Two-year results of tapered dupilumab
for CRSWNP demonstrates enduring effica-
cy established in the first 6 months. Allergy.
2023;78(10):2684-97.

Al-Ahmad M, Ali A, Talat W, Dawood HA,
Imam O. Long-term effects of dupilumab
on chronic rhinosinusitis with nasal pol-
yps: a step towards clinical remission. World
Allergy Organ J. 2025;18(2):101024.
Mortuaire G, Seys SF, de Kinderen J, et al.
Indication for biologics in a real-world
cohort of dupilumab treated chronic
rhinosinusitis with nasal polyps patients
according to international recommenda-
tions: evidence from the European CRS
Outcome Registry (CHRINOSOR). Rhinology.
2025.

Elzinga HBE, Otten JJ, Cornet ME, et al. Two-
year data of tapered dupilumab shows high
effectiveness in chronic rhinosinusitis with
nasal polyps with nonsteroidal anti-inflam-
matory drug-exacerbated respiratory dis-
ease. Allergy. 2025,;80(6):1737-45.

. De Corso E, Pasquini E, Trimarchi M, al.
Dupilumab in the treatment of severe
uncontrolled chronic rhinosinusitis with
nasal polyps (CRSwNP): A multicen-
tric observational Phase IV real-life study
(DUPIREAL). Allergy. 2023;78(10):2669-83.
Laidlaw TM, Mullol J, Fan C, et al. Dupilumab
improves nasal polyp burden and asth-
ma control in patients with CRSWNP
and AERD. J Allergy Clin Immunol Pract.
2019;7(7):2462-5.e1.

Comhair SAA, Bochenek G, Baicker-McKee
S, et al. The utility of biomarkers in diagnosis
of aspirin exacerbated respiratory disease.
Respir Res. 2018;19(1):210.

Rhinology Vol 64, No 5, October 2026



Dupilumab outcomes by EPOS eligibility

34.

35.

36.

37.

38.

39.

Johns CB, Laidlaw TM. Elevated total serum
IgE in nonatopic patients with aspirin-exac-
erbated respiratory disease. Am J Rhinol
Allergy. 2014;28(4):287-9.

Matsunaga K, Koarai A, Koto H, et al.
Guidance for type 2 inflammatory bio-
markers. Respiratory Investigation.
2025;63(3):273-88.

Bachert C, Gevaert P, Lipworth B, et al.
Dupilumab efficacy across serum IgE and
blood eosinophil levels in chronic rhi-
nosinusitis with nasal polyposis. Allergy.
2024;79(10):2858-61.

Jonstam K, Swanson BN, Mannent LP, et
al. Dupilumab reduces local type 2 pro-
inflammatory biomarkers in chronic rhi-
nosinusitis with nasal polyposis. Allergy.
2019;74(4):743-52.

Cavaliere C, Seys SF, de Kinderen J, et al.
characterization of chronic rhinosinusitis
patients based on markers of type 2 inflam-
mation: findings from the european CRS
outcome registry (CHRINOSOR). Clin Transl
Allergy. 2025;15(9):e70095.

Sarnoch SO, Pepi¢ A, Schmitz L, Becker B,

Nicholas J. Campion, Dioni-Pinelopi Petsiou, Florian Fally, Karina Berbalk,
Noah Melamed, Aldine Tu, Christina Morgenstern, Mohammed Zghaebi,

40.

41.

42.

43.

Betz C, Hoffmann AS. The value of biomark-
ers in the therapy of CRSWNP with bio-
logicals-a long-term follow-up of dupilum-
ab therapy. Eur Arch Otorhinolaryngol.
2024;281(9):4789-805.

Fieux M, Margier J, Bartier S, et al. The extra
cost of biologics as first-line treatment in
uncontrolled chronic rhinosinusitis with
nasal polyps with no previous sinus surgery
is overwhelming: a budget impact analysis.
Rhinology. 2025,63(4):495-504.

Calus L, Van Bruaene N, Bosteels C, et al.
Twelve-year follow-up study after endo-
scopic sinus surgery in patients with chron-
ic rhinosinusitis with nasal polyposis. Clin
Transl Allergy. 2019;9:30.

Campion NJ, Sacks PL, Png LH, et al. Extent
of sinus surgery is associated with disease
control in biologic treated type 2 dominant
CRS. Int Forum Allergy Rhinol. 2026.
Workman AD, Kuppusamy K, Lerner DK, et
al. Assessing adequacy of surgical extent in
CRSWNP: the completion of surgery index.
Int Forum Allergy Rhinol. 2025;15(1):9-17.

. Pace GM, Giombi F, Pirola F, et al. Prediction

of clinical response to dupilumab for
CRSWNP based on the Amsterdam classifi-
cation of completeness of endoscopic sinus
surgery (ACCESS) Score. Ann Otol Rhinol
Laryngol. 2025;134(3):201-10.

Julia Eckl-Dorna, MD, PhD

Vienna Airway Lab

Department of Otorhinolaryngology
Research Laboratories

Anna Spiegel Il Research Building
Medical University of Vienna
Lazarettgassenweg 12 / 25.06.338
A-1090 Vienna

Austria

Tel: +43 (0)1 40400-65398
E-mail: julia.eckl-dorna@medu-
niwien.ac.at

Rhinology 64: 5, 0 - 0, 2026
https://doi.org/10.4193/Rhin25.687

Fana A. Kidane, Linda Liu, Minghao Pan, Tina J. Bartosik, Victoria Stanek,
Katharina Gangl, Julia Eckl-Dorna*, Sven Schneider

Vienna Airway Lab, Department of Otorhinolaryngology, Medical University of Vienna, Vienna, Austria

This manuscript contains online supplementary material

Rhinology Vol 64, No 5, October 2026

10

Received for publication:
December 8, 2025
Accepted: June 17,2026

Associate Editor:

Sietze Reitsma



Campion et al.

SUPPLEMENTARY MATERIAL

Table S1. Summary of Minimal Clinically Important Difference (MCID) definitions and their sourced literature.

Outcome MCID Definition Reference

TPS > 1-point decrease Bachert C, Khan AH, Hopkins C, Blaiss MS, Soler ZM, Nash S, et al. Rapid and Continuing Impro-
vements in Nasal Symptoms with Dupilumab in Patients with Severe CRSWNP. J Asthma Allergy.
2022;15:557-63.

SNOT-22 > 8.9-point decrease Hopkins C, Gillett S, Slack R, Lund VJ, Browne JP. Psychometric validity of the 22-item Sinonasal Out-
come Test. Clin Otolaryngol. 2009;34(5):447-54.

Sniffin' Sticks 16 > 1-point increase Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. 'Sniffin’ sticks": olfactory performance assessed by

Identity Score the combined testing of odor identification, odor discrimination and olfactory threshold. Chem
Senses. 1997;22(1):39-52.

ACT > 3-point increase Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhingran P. The minimally important difference

of the Asthma Control Test. J Allergy Clin Immunol. 2009;124(4):719-23 e1.

AQLQ > 0.5-point increase Juniper EF, Guyatt GH, Willan A, Griffith LE. Determining a minimal important change in a disease-
specific Quality of Life Questionnaire. J Clin Epidemiol. 1994;47(1):81-7.

Allergy VAS > 1-point change Bousquet PJ, Combescure C, Klossek JM, Daures JP, Bousquet J. Change in visual analog scale score in
a pragmatic randomized cluster trial of allergic rhinitis. J Allergy Clin Immunol. 2009;123(6):1349-54.

ACT = Asthma Control Test, AQLQ = Asthma Quality of Life Questionnaire, EPOS = European Position Paper on Rhinosinusitis and Nasal Polyps, SNOT-
22 =22 item Sinonasal Outcome Test, TPS = Total Polyp Score, VAS = Visual Analogue Scale.

Table S2. Multivariable logistic regression of baseline predictors for adequate response to dupilumab at the last available visit.

Variable OR 95% CI (Lower) 95% CI (Upper) p-value
Age 1.00 0.97 1.04 0.859
Sex (male) 2.32 0.74 7.32 0.151
Smoking 0.81 0.17 3.76 0.783
Number of previous ESS 0.76 0.51 1.14 0.189
surgeries

Asthma 0.63 0.20 1.96 0.422
N-ERD 4.26 1.31 13.78 0.016
Allergy 2.05 0.68 6.15 0.201
TPS 0.78 0.61 0.99 0.039
Sniffin’ Sticks 0.91 0.79 1.05 0.192
SNOT-22 0.69 0.52 0.91 0.009
Total IgE 1.00 0.99 1.01 0.692
AEC 0.93 0.75 1.15 0.499

Table showing adjusted odds ratios (ORs) with 95% confidence intervals from multivariable logistic regression for baseline predictors of achieving
“adequate response” to dupilumab according to EUFOREA criteria at the last available follow-up. Odds ratios greater than 1 indicate an increased like-
lihood of achieving adequate response, whereas odds ratios less than 1 indicate a reduced likelihood. Predictors measured on numeric scales were
entered as linear terms, such that odds ratios represent the change in odds associated with a 1-unit increase in the predictor: age per year, TPS per
1-point increase, Sniffin’ Sticks 16 Identity Test score per 1-point increase, SNOT-22 per 10-point increase, number of previous surgeries per additional
surgery, total IgE per 10 kU/L increase, and absolute eosinophil count per 0.1 x 10°/L increase. Binary predictors were modelled as presence versus
absence of the characteristic. AEC = Absolute Eosinophil Count, ESS = Endoscopic Sinus Surery, Ig = Immunoglobulin, N-ERD = non-steroidal anti-

inflammatory drug (NSAID) Exacerbated Respiratory Disease, SNOT-22 = 22 item Sinonasal Outcome Test, TPS = Total Polyp Score.
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Table S3. Baseline predictors of dupilumab treatment trajectory in disease related outcomes identified using linear mixed-effects models.

Outcome Predictor Estimate  Std Error tvalue Interpretation
AQLQ Sex (male) +8.76 2.76 3.17 Male sex associated with better baseline QoL
Allergy -6.10 2.89 -2.12 Allergy associated with worse QoL
Total IgE -2.80 0.86 -3.25 Higher IgE associated with worse QoL
Sex (male) x time -0.34 0.10 -3.34 Male sex associated with faster improvement
N-ERD X time -0.23 0.1 -2.12 AERD associated with faster improvement
Allergy x time +0.21 0.10 222 Allergy associated with slower improvement
Total IgE x time +0.14 0.05 3.02 Higher IgE associated with slower improvement
ACT Total IgE -0.42 0.21 -2.00 Higher IgE associated with worse asthma control
Sex (male) x time -0.07 0.03 -2.65 Male sex associated with faster improvement
AEC ECP +0.15 0.02 10.1 Higher ECP associated with higher eosinophils
N-ERD X time +0.01 0.01 3.52 N-ERD associated with slower reduction
2‘;’;:;:50: i)ir:;\;ious -0.01 0.01 -2.57 More surgery associated with faster reduction
ECP X time +0.01 0.01 4.63 Higher ECP associated with slower reduction
ECP AEC +2.64 0.17 15.2 Higher eosinophils associated with higher ECP
N-ERD X time -0.01 0.01 -2.62 N-ERD associated with faster reduction
AEC x time -0.03 0.01 -5.99 Higher eosinophils associated with faster reduction
IgE Sex (male) +0.60 0.20 2.96 Male sex associated with higher IgE
Asthma +0.49 0.23 2.15 Asthma associated with higher IgE
Allergy +0.46 0.21 2.21 Allergy associated with higher IgE

Baseline effects indicate associations with overall symptom or disease severity averaged across follow-up, while trajectory effects (interaction with
time) indicate whether baseline factors modified the slope of change during treatment. Statistical significance was defined as |t| = 2 or <-2 (p < 0.05).
ACT = Asthma Control Test, AEC = Absolute Eosinophil Count, AQLQ = Asthma Quiality of Life Questionnaire, ECP = Eosinophilic Cationic Protein, Ig =
Immunoglobin, NERD = NSAID Exacerbated Respiratory Disease.
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