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Abstract
Background: Chronic rhinosinusitis (CRS) is often driven by type 2 inflammation and is characterized by nasal obstruction/

discharge, facial pain/pressure, and/or reduced smell, either with or without nasal polyps (CRSwNP or CRSsNP). Objective: To 

test whether dupilumab improves radiographic features in CRSsNP. Methods: ORION (NCT04678856), a phase 2, randomized, 

multicenter, double blind, placebo-controlled study, assessed dupilumab efficacy and safety in adults with uncontrolled CRSsNP. 

Patients were randomized 1:1 to dupilumab or placebo for 24 to 52 weeks. Endpoints included changes from baseline at week 

24 in Lund–Mackay computed tomography (LMK-CT) score (dupilumab only [primary] and vs placebo [secondary]), sinus Total 

Symptom Score (sTSS), University of Pennsylvania Smell Identification Test (UPSIT) score, and 22-item Sino-Nasal Outcome Test 

(SNOT-22) score. Primary analysis was conducted in the intention-to-treat population with screening blood eosinophil count 

(sBEC) ≥300 cells/μL. Safety data were evaluated in all patients. Results: Seventy-one patients were randomized (dupilumab, 

n = 38; placebo, n = 33). In the dupilumab group with sBEC ≥300 cells/μL (n = 16), mean (95% CI) week 24 change from baseline 

in LMK-CT was -6.63 (-8.71 to -4.54); week 24 mean differences vs placebo (95% CI) for LMK-CT, sTSS, UPSIT, and SNOT-22 were 

-5.95 (-8.38 to -3.51), -1.43 ( 3.28 to 0.41), 5.91 (-1.56 to 13.38), and -14.71 (-34.35 to 4.94). Treatment-emergent adverse events were 

balanced between treatment groups. Conclusion: Dupilumab was associated with improvement in LMK-CT score and a trend

toward improvement in sinonasal symptoms at week 24 in adults with severe, uncontrolled CRSsNP with sBEC ≥300 cells/μL.
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Randomized phase 2 trial (ORION)
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LMK-CT* mean change from baseline (dupilumab), –6.63 

Analyses were conducted in the pre-specified population of patients with a screening 
blood eosinophil count ≥300 cells/µL. 
*Higher scores indicate worse disease. †Higher scores indicate better sense of smell.
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Dupilumab 300 mg q2w (n = 38)

versus placebo
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–1.43

Baseline Week 24

5.91 –14.71

Stratified by screening 
blood eosinophil count 
(≥300 or <300 cells/µL)

of patients had blood 
eosinophil count 
≥300 cells/µL

Placebo (n = 33)
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1:1 randomization

Lee SE, Peters AT, Gevaert P, et al.      Rhinology 2026.         

CRSsNP, chronic rhinosinusitis without nasal polyps; LMK-CT, Lund–Mackay computed tomography (range 0 to 24); q2w, every 2 weeks;
SNOT-22, 22-item Sino-Nasal Outcome Test (range 0 to 110); sTSS, sinus Total Symptom Score (range 0 to 9);
TEAE, treatment-emergent adverse event; UPSIT, University of Pennsylvania Smell Identification Test (range 0 to 40).
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Introduction
Chronic rhinosinusitis (CRS) without nasal polyps (CRSsNP) is 

a subtype of CRS (1) with a prevalence of 4 to 6% in adults (2,3) 

and an incidence in US children, adolescents, and adults of 

approximately 1048 cases per 100,000 person-years (4). CRSsNP 

comprises approximately 80% of CRS cases, typically presenting 

with rhinorrhea and facial pain and/or pressure (1,5). Around 

one-third of CRSsNP patients exhibits a predominantly type 

2 (T2) inflammatory endotype (6,7) resembling CRS with nasal 

polyps (CRSwNP), with elevated levels of interleukin (IL)-4, IL-5, 

IL-13, and immunoglobulin E (IgE) (8-12). These patients may have 

eosinophilic nasal mucosa and high blood eosinophil counts 
(13). Patients with CRSsNP and tissue eosinophilia have greater 

disease severity and less improvement in quality-of-life follo-

wing sinonasal surgery (14-16).

Approximately 25% of patients with CRSsNP undergo surgical 

intervention due to inadequately controlled symptoms, despite 

appropriate medical therapy including intranasal corticoste-

roids (INCS), systemic corticosteroids (SCS), and antibiotics (17,18). 

Furthermore, 24 to 36% of patients with CRSsNP have coexisting 

asthma (5,13), which is known to increase the risk of recurrent 

sinonasal surgery (19). The chronic, refractory nature of CRS con-

tributes to its socioeconomic burden, including direct diagnos-

tic and therapeutic costs, diminished productivity, and negative 

effects on physical and mental wellbeing (20-25).

Dupilumab, a fully human monoclonal antibody, inhibits both 

IL-4 and IL-13 signaling pathways, which are key and central 

drivers of T2 inflammation (26). It is approved for nine indications, 

including as an add-on maintenance treatment in patients aged 

≥12 years with inadequately controlled CRSwNP (27). The ORION 

study aimed to assess dupilumab efficacy and safety in adult 

patients with uncontrolled CRSsNP, stratified by blood eosinop-

hil count, as a systemic indicator of T2 inflammatory phenotype 
(28-32).

Materials and methods 

Study design

Liberty ORION (NCT04678856) was a phase 2, multicenter, 

randomized, double blind, placebo-controlled study assessing 

the safety and efficacy of dupilumab in adults with uncontrol-

led CRSsNP. Following a 2- to 4-week screening period, patients 

were randomized 1:1 to dupilumab 300 mg every 2 weeks (q2w) 

or placebo for a treatment period of 24 to 52 weeks depending 

on the time of enrollment (Supplementary Material), and a post-

treatment follow-up period of 12 weeks. Stratification factors 

included screening blood eosinophil count (sBEC; ≥300 cells/μL 

or <300 cells/μL), background INCS use, and global region. 

Patients

Eligible patients were ≥18 years old with bilateral inflammation 

of the paranasal sinuses, Lund–Mackay computed tomography 

(LMK-CT) score ≥8, bilateral ethmoid opacification, and per-

sistent symptoms of loss of smell and rhinorrhea, nasal con-

gestion/obstruction, and facial pain/pressure. The LMK-CT score 

quantifies sinus opacification by grading the anterior ethmoid, 

posterior ethmoid, maxillary, frontal, and sphenoid sinuses, and 

each ostiomeatal complex; scores range from 0 to 24, with hi-

gher values indicating more extensive opacification (33). Patients 

additionally had to have undergone prior sinonasal surgery for 

CRS, received SCS therapy for CRS within the prior 2 years, or 

have an intolerance/contraindication to SCS (Table S1).

Study endpoints

Endpoints were evaluated in the subgroup of patients with sBEC 

≥300 cells/µL, those with sBEC <300 cells/µL, and the overall po-

pulation. The primary endpoint was the change from baseline to 

week 24 in LMK-CT score in patients in the dupilumab arm with 

sBEC ≥300 cells/μL. In February 2023, the protocol was amen-

ded, changing the primary endpoint from sinus Total Symptom 

Score (sTSS) to the radiographic LMK-CT score, with sTSS reclas-

sified as a secondary endpoint. The threshold LMK-CT minimal 

clinically important difference (MCID) score was defined as 4.95 

points (34). Secondary endpoints included change from baseline 

to week 24 in LMK-CT score in the dupilumab vs placebo arms, 

change from baseline to week 24 in sTSS, safety (treatment-

emergent adverse events [TEAEs] and serious TEAEs), and 

pharmacokinetics (PK) (systemic concentration) and immunoge-

nicity (formation of anti-drug antibodies [ADAs] and neutralizing 

antibodies) of dupilumab. sTSS is a composite score assessing 

nasal congestion (NC), anterior/posterior rhinorrhea, and facial 

pain/pressure, using a scale of 0 to 9, with a higher score indica-

ting greater symptoms. Exploratory endpoints included change 

from baseline to week 24 in 22-item Sino Nasal Outcome Test 

(SNOT-22) score, University of Pennsylvania Smell Identification 

Test (UPSIT) score, three-dimensional computed tomography 

(CT) volumetric assessment of paranasal sinuses, NC symptom 

severity score, rhinorrhea severity score, facial pain/pressure se-

verity score, loss of smell symptom severity score, rhinosinusitis 

severity visual analog scale (VAS), VAS for the European Quality 

of Life 5 Dimensions 5 Level Version (EQ-5D-5L), EQ-5D-5L single 

index score, Patient Global Impression of Change (PGIC), Patient 

Global Impression of Severity (PGIS), forced expiratory volume in 

1 second (FEV
1
), 6-item Asthma Control Questionnaire (ACQ-6) 

score, healthcare resource utilization, and analyses of biomarkers 

(serum total IgE, blood eosinophils, plasma eotaxin-3, serum pe-

riostin, and serum thymus and activation-regulated chemokine 

[TARC] levels) (Table S1) (35). The MCID in SNOT-22 was defined 

as a decrease of ≥8.9 points (36), while the MCID in UPSIT was 

considered as a ≥4 points increase (37).

Changes in LMK-CT score, three-dimensional CT volumetric 

measurement of the sinuses, scores on sinonasal symptom 

measures, and UPSIT score were evaluated in the subgroup of 
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Table 1. Baseline characteristics—randomized population.

Characteristic Screening blood eosinophil 
count ≥300 cells/μL

Screening blood eosinophil 
count <300 cells/μL

All patients

Placebo 
(n = 15)

Dupilum-
ab 300 

mg q2w 
(n = 16)

All 
(n = 31)

Placebo 
(n = 18)

Dupilum-
ab 300 

mg q2w 
(n = 22)

All 
(n = 40)

Placebo
 (n = 33)

Dupilum-
ab 300 

mg q2w 
(n = 38)

All 
(n = 71)

Age, years, mean (SD) 44.87 
(18.07)

43.00 
(12.32)

43.90 
(15.14)

49.61 
(17.15)

48.95 
(12.47)

49.25 
(14.56)

47.45 
(17.46)

46.45 
(12.60)

46.92 
(14.95)

Sex, n (%)

Female 8 (53.3) 11 (68.8) 19 (61.3) 8 (44.4) 14 (63.6) 22 (55.0) 16 (48.5) 25 (65.8) 41 (57.7)

Region*, n (%)

Asia 1 (6.7) 1 (6.3) 2 (6.5) 2 (11.1) 4 (18.2) 6 (15.0) 3 (9.1) 5 (13.2) 8 (11.3)

Latin America 2 (13.3) 2 (12.5) 4 (12.9) 0 3 (13.6) 3 (7.5) 2 (6.1) 5 (13.2) 7 (9.9)

East Europe 3 (20.0) 5 (31.3) 8 (25.8) 5 (27.8) 6 (27.3) 11 (27.5) 8 (24.2) 11 (28.9) 19 (26.8)

Western countries 9 (60.0) 8 (50.0) 17 (54.8) 11 (61.1) 9 (40.9) 20 (50.0) 20 (60.6) 17 (44.7) 37 (52.1)

Race, n (%)

White 14 (93.3) 13 (81.3) 27 (87.1) 16 (88.9) 18 (81.8) 34 (85.0) 30 (90.9) 31 (81.6) 61 (85.9)

Black or African American 0 1 (6.3) 1 (3.2) 0 0 0 0 1 (2.6) 1 (1.4)

Asian 1 (6.7) 1 (6.3) 2 (6.5) 2 (11.1) 4 (18.2) 6 (15.0) 3 (9.1) 5 (13.2) 8 (11.3)

Not reported 0 1 (6.3) 1 (3.2) 0 0 0 0 1 (2.6) 1 (1.4)

Ethnicity, n (%)

Hispanic or Latino 1 (6.7) 1 (6.3) 2 (6.5) 1 (5.6) 4 (18.2) 5 (12.5) 2 (6.1) 5 (13.2) 7 (9.9)

Non-Hispanic or Latino 13 (86.7) 13 (81.3) 26 (83.9) 17 (94.4) 18 (81.8) 35 (87.5) 30 (90.9) 31 (81.6) 61 (85.9)

Baseline weight, kg, mean (SD) 80.31 
(20.65)

73.26 
(15.49)

76.67 
(18.21)

76.07 
(12.48)

70.69 
(14.39)

73.11 
(13.67)

77.99 
(16.55)

71.77 
(14.71)

74.66 
(15.79)

Baseline BMI, kg/m2, mean (SD) 28.52 
(7.13)

26.42 
(5.38)

27.44 
(6.27)

27.56 
(4.35)

26.09 
(5.26)

26.75 
(4.87)

28.00 
(5.71)

26.23 
(5.24)

27.05 
(5.49)

Time since first diagnosis of CRSsNP, 
years, mean (SD)

7.41 
(7.89)

7.32 
(9.01)

7.37 
(8.32)

11.53 
(9.20)

10.15 
(7.88)

10.77 
(8.41)

9.66 
(8.75)

9.00 
(8.35)

9.31 
(8.49)

Number of patients with comorbid 
asthma, n (%)

8 (53.3) 9 (56.3) 17 (54.8) 9 (50.0) 8 (36.4) 17 (42.5) 17 (51.5) 17 (44.7) 34 (47.9)

Number of prior sinonasal surgeries, 
mean (SD)

1.0 (0.0) 2.0 (1.7) 1.4 (1.2) 1.3 (0.7) 1.4 (0.8) 1.4 (0.7) 1.2 (0.5) 1.7 (1.2) 1.4 (0.9)

Time since most recent sinonasal 
surgery, years, mean (SD)

5.37 
(5.81)

1.73 
(1.07)

3.85 
(4.73)

5.77 
(6.38)

3.26 
(2.25)

4.67 
(5.04)

5.59 
(5.94)

2.63 
(1.95)

4.32 
(4.83)

Background INCS use, n (%) 12 (80.0) 12 (75.0) 24 (77.4) 12 (66.7) 18 (81.8) 30 (75.0) 24 (72.7) 30 (78.9) 54 (76.1)

Baseline LMK-CT score, mean (SD) 11.73 
(3.51)

11.28 
(3.37)

11.50 
(3.39)

11.31 
(2.98)

11.50 
(3.99)

11.41 
(3.53)

11.50 
(3.19)

11.41 
(3.69)

11.45 
(3.44)

Baseline sTSS, mean (SD) 7.45 
(1.21)

7.74 
(1.22)

7.60 
(1.20)

7.20 
(0.93)

7.36 
(1.21)

7.29 
(1.08)

7.31 
(1.06)

7.52 
(1.21)

7.42 
(1.14)

Baseline nasal congestion/ob-
struction symptom severity score, 
mean (SD)

2.69 
(0.42)

2.82 
(0.29)

2.75 
(0.36)

2.59 
(0.44)

2.57 
(0.43)

2.58 
(0.43)

2.63 
(0.43)

2.67 
(0.40)

2.65 
(0.41)

Baseline anterior/posterior rhinor-
rhea severity score †, mean (SD)

2.54 
(0.45)

2.65 
(0.36)

2.59 
(0.40)

2.43 
(0.43)

2.29 
(0.53)

2.35 
(0.49)

2.48 
(0.44)

2.44 
(0.49)

2.46 
(0.46)

Baseline facial pain/pressure seve-
rity score, mean (SD)

2.22 
(0.85)

2.27 
(0.80)

2.25 
(0.81)

2.19 
(0.53)

2.50 
(0.60)

2.36 
(0.58)

2.20 
(0.68)

2.41 
(0.69)

2.31 
(0.69)

Baseline UPSIT score, mean (SD) 24.87 
(7.41)

25.69 
(9.13)

25.29 
(8.21)

20.06 
(9.76)

22.73 
(9.05)

21.53 
(9.35)

22.24 
(8.98)

23.97 
(9.08)

23.17 
(9.01)

Baseline SNOT-22 score, mean (SD) 75.17 
(18.32)

79.86 
(14.93)

77.69 
(16.41)

68.71 
(13.39)

69.19 
(22.20)

68.97 
(18.55)

71.38 
(15.65)

73.46 
(20.08)

72.52 
(18.10)

Baseline 3D CT total volume occupied 
by disease in all sinuses (%), mean (SD)

55.95 
(19.36)

52.63 
(16.99)

54.24 
(17.95)

52.70 
(17.86)

49.71 
(19.65)

51.06 
(18.68)

54.18 
(18.33)

50.94 
(18.39)

52.44 
(18.31)
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patients with sBEC ≥300 cells/µL. Changes in LMK-CT score, sco-

res on sinonasal symptom measures, and UPSIT score were also 

evaluated in the subgroup of patients with sBEC <300 cells/µL. 

PK, safety, and biomarkers were analyzed in the total patient po-

pulation. FEV
1
 and ACQ-6 scores were evaluated only in patients 

with coexisting asthma.

Statistical considerations and protocol modifications

In the initial study protocol (September 2020), the sample size 

was calculated at 140 patients, with ~100 patients with sBEC 

≥300 cells/µL. However, due to difficulties in recruitment due to 

the COVID-19 pandemic and geopolitical conflicts, the protocol 

was amended in February 2023 to reduce the target patient 

population, modify endpoints, and amend the study from a 

two-part phase 2/3 study to a single-part phase 2 study. An 

alternative size calculation was conducted to ensure sufficient 

accuracy for estimating the primary endpoint in patients with 

sBEC ≥300 cells/μL. With a 1:1 randomization ratio, an assumed 

standard deviation (SD) of 5 and an estimated 10% dropout rate, 

approximately 15 patients per arm with sBEC ≥300 cells/μL were 

targeted to provide a two-sided 95% confidence interval (CI) 

with a half-width of <3 for the primary endpoint. An additional 

20 patients per arm with sBEC <300 cells/μL were planned for 

inclusion, bringing the total sample size to approximately 35 

patients per treatment arm. In the initial protocol, the primary 

endpoint of change from baseline at week 24 in LMK-CT score 

was intended to be compared between the dupilumab and pla-

cebo groups; however, following the amendment, the reduced 

sample size did not support adequate power for the placebo 

comparison. Therefore, no statistical hypotheses were tested.

Efficacy analyses were conducted on the intention-to-treat (ITT) 

population in patients with sBEC ≥300 cells/μL and are shown; 

efficacy data for other populations are available in the Supple-

mentary Material.

Data collected after sinonasal surgery or SCS treatment were 

excluded. The worst post baseline value on or before the time 

of surgery or SCS treatment was used to assign week 24 or week 

52 value. Missing data were not imputed. Descriptive statistics 

along with the 95% CI of the mean for the dupilumab group are 

presented for the primary endpoint. Secondary and exploratory 

endpoints were analyzed using the same methodology. Mean 

treatment differences (95% CI) between dupilumab and placebo 

groups are presented. Safety analyses were conducted on all 

treated patients. 

The full study protocol (number NCT04678856) is available 

at: https://cdn.clinicaltrials.gov/large-docs/56/NCT04678856/

Prot_000.pdf.

Ethical approval	

This study was conducted according to the protocol and con-

sensus ethical principles derived from international guidelines 

including the Declaration of Helsinki and the International 

Council for Harmonization of Technical Requirements for Phar-

maceuticals for Human Use guidelines for Good Clinical Practice, 

and all applicable laws, rules, and regulations. The protocol, 

protocol amendments, informed consent form, Investigator's 

Brochure, and other relevant documents (e.g. advertisements) 

were submitted to an institutional review board/independent 

ethics committee by the Investigators and were reviewed and 

approved before study initiation. This includes Commissie 

voor Medische Ethiek-Universitair Ziekenhuis in Gent, Belgium 

(study’s global principal investigator, Dr. Philippe Gevaert’s 

ethics committee) and institutional review boards/independent 

ethics committees of study sites screening participants (Table 

S2). Signed informed consent was obtained from all patients 

taking part in the study.

Results
Baseline demographics and characteristics

From December 2, 2020, to May 22, 2023, 269 adult patients 

were screened, and 71 randomized (dupilumab: 38, placebo: 33) 

(Figure S1). Forty-one (57.7%) patients were female. Of the ran-

domized patients, 31 (43.7%) had sBEC ≥300 cells/μL; 16 (22.5%) 

in the dupilumab group, 15 (21.1%) in the placebo group (Figure 

S1). Overall, 34 (89.5%) patients in dupilumab group completed 

the 52-week treatment period, compared with 24 (72.7%) 

patients in the placebo group. Baseline demographics and 

disease characteristics were balanced across treatment groups 

and consistent with a population of patients with inadequately 

controlled CRSsNP (Table 1; Table S3).

Endpoints in patients with screening blood eosinophil count 

≥300 cells/µL

LMK-CT score

For patients with sBEC ≥300 cells/μL, treatment with dupilumab 

led to a clinically meaningful reduction in sinus opacification, 

Table 1 legend. 3D, three-dimensional; BMI, body mass index; CRSsNP, chronic rhinosinusitis without nasal polyps; CT, computed tomography; INCS, 

intranasal corticosteroids; LMK-CT, Lund–Mackay computed tomography; q2w, every 2 weeks; SD, standard deviation; SNOT-22, 22-item Sino-Nasal 

Outcome Test; sTSS, sinus Total Symptom Score; UPSIT, University of Pennsylvania Smell Identification Test. *Asia: China, South Korea; Latin America: 

Argentina, Chile; East Europe: Hungary, Russia, Ukraine; Western countries: Belgium, Canada, Portugal, Spain, Sweden, United States. †Average of ante-

rior and posterior rhinorrhea scores. 
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with a mean (SD) change from baseline in LMK-CT score of -6.63 

(3.91) (95% CI: -8.71 to -4.54) at week 24 (primary endpoint and 

-5.71 (3.94) (95% CI: -8.21 to -3.21) at week 52. Following 24 

weeks of dupilumab treatment, the mean difference in LMK-CT 

score vs placebo was -5.95 (95% CI: -8.38 to -3.51) (Figure 1). 

Baseline and week 24 sinus CT scan images from a patient with 

sBEC ≥300 cells/μL who responded to dupilumab treatment are 

shown (Figure S2). The proportion of patients who achieved the 

MCID in outcomes, where applicable, are given (Table S4).

Three-dimensional volumetric measurement of the sinuses

In patients with sBEC ≥300 cells/µL, treatment with dupilumab 

led to a reduction in mean three-dimensional CT total volume 

occupied by disease at week 24 (mean difference vs placebo 

-24.13 [95% CI: -34.58 to -13.68]), which was sustained through 

week 52 (mean difference vs placebo -23.68 [95% CI: -36.46 to 

-10.91]) (Figure 2).

Sinonasal symptom measures

In patients with sBEC ≥300 cells/µL, improvement in sTSS with 

dupilumab vs placebo was observed as early as week 8, with 

a mean difference vs placebo of -1.43 (95% CI: -3.28 to 0.41) 

at week 24 and a mean difference vs placebo of -2.40 (95% CI: 

-4.65 to -0.15) at week 52 (Figure 3A). Week 24 mean difference 

vs placebo in NC, facial pain/pressure, and anterior/posterior 

rhinorrhea (components of sTSS) were -0.64 (95% CI: -1.24 to 

-0.03), -0.24 (-0.91 to 0.44), and -0.57 (-1.20 to 0.07), respectively 

(Figure S3).

Among patients with sBEC ≥300 cells/µL, those who received 

dupilumab had a mean difference vs placebo in SNOT-22 total 

score of -14.71 (95% CI: -34.35 to 4.94) at week 24 and -25.46 

(-47.42 to -3.49) at week 52 (Figure 3B). At week 24, 86.7% of 

dupilumab-treated patients vs 53.8% in the placebo group had 

a clinically meaningful improvement in SNOT-22.

Dupilumab treatment was associated with a mean difference vs 

placebo in UPSIT score of 5.91 (95% CI: -1.56 to 13.38) at week 24 

and 3.64 (-5.66 to 12.95) at week 52 (Figure 3C) in patients with 

sBEC ≥300 cells/µL.

Additional efficacy endpoints

In patients with sBEC ≥300 cells/μL receiving dupilumab, impro-

vements were seen in rhinosinusitis VAS and ACQ-6 scores, with 

some improvements in other measures (Figure S4, Table S5).

Endpoints in other patient populations

Additional results in patients with sBEC <300 cells/μL, and regar-

dless of sBEC, can be found in the Supplementary Material. Im-

provements in LMK-CT score and sinonasal symptom measures 

were observed in patients receiving dupilumab with sBEC <300 

cells/μL (Table S6), and improvements in LMK-CT score and sTSS 

were observed irrespective of sBEC (Table S7).

Biomarkers

In the dupilumab group of the safety population, serum total 

IgE, periostin, and serum TARC levels decreased at week 24, 

while blood eosinophils and plasma eotaxin-3 levels remained 

stable. At week 52, however, all these biomarkers displayed a 

reduction (Table S8).

PK and immunogenicity

Mean trough dupilumab concentrations increased over time to 

week 12, reached steady state by week 24, and were sustained 

at steady-state level throughout week 52 (Figure S5). Immuno-

genicity results are given (Tables S9 and S10).

Figure 1. Mean change from baseline in LMK-CT score over time in the 

ITT population with screening blood eosinophil count ≥300 cells/μL. 

LMK-CT score range 0 to 24; higher scores indicate greater sinus opaci-

fication. The threshold for the MCID in LMK-CT score was defined as 

4.95 points (34). The dotted line indicates the LMK-CT MCID. The number 

and percentage of patients achieving MCID threshold for LMK-CT are 

displayed in Table S4. BL, baseline; ITT, intention-to-treat; LMK-CT, Lund–

Mackay computed tomography; MCID, minimal clinically important dif-

ference; q2w, every 2 weeks; SE, standard error.
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Safety

The incidence of TEAEs was similar between groups. In the 

dupilumab group, 29 (76.3%) patients had ≥1 TEAE, compared 

with 27 (81.8%) patients in the placebo group (Table 2). Serious 

TEAEs were reported in 7.9% of the dupilumab group and 18.2% 

of the placebo group, none of which were deemed related 

to the investigational medicinal product by the Investigator 

(Supplementary Results). The most commonly reported TEAEs 

occurring in >5% of patients were COVID-19, nasopharyngitis, 

upper respiratory tract infection, headache, injection-site ery-

thema, injection-site reaction, and accidental overdose (Table 

2). There were no TEAEs leading to death, no cases of clinically 

symptomatic eosinophilia, eosinophilic pneumonia or eosinop-

hilic granulomatosis with polyangiitis, and one case of systemic 

hypersensitivity (urticaria) in the placebo group. One patient 

(2.6%) who received dupilumab permanently discontinued tre-

atment due to a TEAE (COVID-19 infection). No TEAEs of special 

interest were reported in dupilumab recipients.

Discussion
In the phase 2 ORION study, treatment with dupilumab was 

associated with improved radiographic findings (LMK-CT) and 

trends toward improvement in sinonasal symptoms and health-

related quality of life vs placebo, with effects most evident in 

patients with T2 inflammatory phenotypes (i.e. sBEC ≥300 cells/

μL). Dupilumab met the amended primary endpoint of reducing 

sinus opacification and was generally well tolerated, with no 

new safety concerns identified in the study population. Similarly 

to the efficacy outcomes noticed in patients with sBEC ≥300 

cells/μL, amelioration of LMK-CT, sTSS, SNOT-22, and UPSIT 

scores were observed in participants with sBEC <300 cells/μL at 

screening treated with dupilumab (38). LMK-CT score was selec-

ted as the primary endpoint because it provides an objective, 

reproducible measure of sinus opacification, which reflects 

underlying inflammation (39).

Evidence suggests that patients with CRSsNP and T2 inflam-

mation are more likely to have reduced sense of smell and taste, 

headache and/or migraine, and coexisting asthma (6, 13, 40). 

Current medical therapies commonly prescribed for CRSsNP 

include INCS, SCS, and antibiotics, but are insufficient, with 

around 27% of patients requiring surgery and 18% continuing 

to have symptoms (17). Even with surgery, patients with CRSsNP 

and other coexisting T2 inflammatory conditions such as asthma 

may require additional future surgeries (19). Thus, there is a need 

for novel therapies (41). In the phase 2 ORION study, improvement 

in CRSsNP symptomatology may have resulted from the reduc-

tion of sinus inflammation observed radiographically by LMK-CT 
(39, 42) in both the full dupilumab-treated ITT population and in 

patients with/without screening blood eosinophils ≥300 cells/

μL treated with dupilumab. Radiographic improvements only as-

sess one domain of disease; improvements in other parameters 

such as sTSS, UPSIT, and SNOT-22, were only seen in the subset 

of patients with sBEC ≥300 cells/μL.

CRSsNP and CRSwNP differ in histologic, inflammatory, and 

clinical features. Patients with CRSwNP show a more consistent 

Figure 3. Mean change from baseline in (A) sTSS, (B) SNOT-22 score, and 

(C) UPSIT score over time in the ITT population with screening blood 

eosinophil count ≥300 cells/μL. sTSS score range 0 to 9; higher scores 

indicate greater symptom severity. sTSS is a composite score combin-

ing NC, facial pain/pressure, and anterior/posterior rhinorrhea (all range 

0 to 3). SNOT-22 score range 0 to 110; higher scores indicate greater 

rhinosinusitis-related health burden. The clinically meaningful improve-

ment in SNOT-22 was defined as a decrease of ≥8.9 points (36), while for 

UPSIT was considered as an increase of ≥4 (37). The dotted lines indicate 

outcome MCID. The number and percentage of patients achieving 

MCID threshold for SNOT-22 and for UPSIT are displayed in Table S4. 

UPSIT score range 0 to 40; lower scores indicate decreased olfaction. 

BL, baseline; ITT, intention-to-treat; MCID, minimal clinically important 

difference; NC, nasal congestion; q2w, every 2 weeks; SE, standard error; 

SNOT-22, 22-item Sino-Nasal Outcome Test; sTSS, sinus Total Symptom 

Score; UPSIT, University of Pennsylvania Smell Identification Test.

5
10

0
–5

–25

52

Weeks

M
ea

n 
(S

E)
 c

ha
ng

e 
fr

om
ba

se
lin

e 
in

 S
N

O
T-

22
 s

co
re

Number of participants

Placebo
Dupilumab 300 mg q2w

12
14

11
14

8
12

Placebo
Dupilumab 300 mg q2w

–10
–15
–20

4024BL

9
13

1

2

0

–1

–5

5248

Weeks

M
ea

n 
(S

E)
 c

ha
ng

e 
fr

om
ba

se
lin

e 
in

 sT
SS

Number of participants

Placebo
Dupilumab 300 mg q2w

15
16

14
16

9
14

Placebo
Dupilumab 300 mg q2w

–2

–3

–4

44403632282420161284BL

15
16

15
16

15
16

14
16

14
16

13
16

11
15

11
15

10
14

10
14

10
14

5

10

0

–5

–10

52

Weeks

M
ea

n 
(S

E)
 c

ha
ng

e 
fr

om
ba

se
lin

e 
in

 U
PS

IT
 s

co
re

Number of participants

Placebo
Dupilumab 300 mg q2w

15
16

14
16

8
13

Placebo
Dupilumab 300 mg q2w

40242BL

15
16

11
15

A

B

C

–30
–35
–40
–45
–50

Corrected Proof



7

Lee et al.

Rhinology Vol 64, No 5, October 2026

T2 phenotype (43). Although there is a subgroup of patients 

with CRSsNP with a similar T2 phenotype (6, 7), identification of 

patients more likely to respond to T2-targeted therapy is not 

well defined. There is currently no established biomarker or bio-

marker threshold for identifying T2 inflammation in CRSsNP, and 

a knowledge gap remains on how best to distinguish patients 

with CRSsNP who may benefit from treatments targeting T2 

inflammation. The ORION study sought to address this know-

ledge gap by investigating the efficacy of dupilumab in patients 

with CRSsNP with sBEC ≥300 cells/μL, because this threshold 

indicates T2 inflammation in other inflammatory airway diseases 

such as asthma, and is predictive of response to biologic thera-

pies (44). These data suggest that blood eosinophil count may be 

a useful biomarker to identify patients with CRSsNP who may 

benefit from treatments that target T2 inflammation; however, 

further validation is required.

Indeed, T2 inflammation in CRSsNP is associated with elevated 

blood and sinus eosinophil counts (13), and a blood eosinop-

hil count of ≥300 cells/μL has predictive value for identifying 

eosinophilic CRSsNP (45). Because blood eosinophil count may 

Table 2. Overview of adverse event profile: TEAEs—safety population.

Adverse events, n (%) Placebo (n = 33) Dupilumab 300 mg q2w 
(n = 38)

Patients with any TEAE 27 (81.8) 29 (76.3)

Patients with any serious TEAE 6 (18.2) 3 (7.9)

Patients with any TEAE leading to death 0 0

Patients with any TEAE leading to permanent study intervention discontinuation 0 1 (2.6)

TEAEs occurring in ≥5% of patients in any treatment group

Infections and infestations 17 (51.5) 21 (55.3)

COVID-19 7 (21.2) 8 (21.1)

Bronchitis 0 2 (5.3)

Gastroenteritis 0 2 (5.3)

Nasopharyngitis 2 (6.1) 2 (5.3)

Otitis media 1 (3.0) 2 (5.3)

Viral upper respiratory tract infection 2 (6.1) 2 (5.3)

Upper respiratory tract infection 3 (9.1) 0

Nervous system disorders 6 (18.2) 3 (7.9)

Headache 2 (6.1) 2 (5.3)

Respiratory, thoracic, and mediastinal disorders 4 (12.1) 2 (5.3)

Asthma 2 (6.1) 1 (2.6)

Gastrointestinal disorders 5 (15.2) 7 (18.4)

Chronic gastritis 0 2 (5.3)

Gastroesophageal reflux disease 0 2 (5.3)

Musculoskeletal and connective tissue disorders 6 (18.2) 6 (15.8)

Arthralgia 1 (3.0) 2 (5.3)

Back pain 0 2 (5.3)

General disorders and administration-site conditions 2 (6.1) 8 (21.1)

Injection-site erythema 1 (3.0) 4 (10.5)

Injection-site reaction 1 (3.0) 3 (7.9)

Fatigue 0 2 (5.3)

Injection-site swelling 2 (6.1) 0

Injury, poisoning, and procedural complications 7 (21.2) 7 (18.4)

Accidental overdose 3 (9.1) 2 (5.3)

Fall 2 (6.1) 1 (2.6)

n (%) = number and percentage of patients with at least one adverse event during the treatment-emergent period. q2w, every 2 weeks; TEAE, treat-

ment-emergent adverse event.
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be used to guide treatment decisions in patients with asthma 
(46), clinical research to develop a similar approach for patients 

with CRSsNP would be valuable in identifying patients who may 

derive greater benefit from treatments targeting T2 inflam-

mation. However, phenotypic and endotypic classification can 

be challenging due to inter-observer variability (47, 48). Immune 

markers of T2 inflammation often do not map to polyp status in 

patients, so intra-operative tissue evaluation can help demon-

strate T2 inflammation missed by endoscopy (49). As such, tissue 

histopathology may better distinguish active T2 inflammation 

than blood eosinophil counts alone.

This study had several limitations, including that the study 

was originally designed with a primary clinical endpoint of 

sTSS; however, recruitment challenges necessitated a protocol 

amendment, changing the primary endpoint to a radiographic 

one, and moving the original clinical primary endpoint to a 

secondary endpoint. This radiographic endpoint may not fully 

correlate with clinical symptoms or disease burden (39, 50). Due to 

the small sample size, only descriptive statistical analyses could 

be performed without multiplicity control, restricting the ability 

to make strong efficacy conclusions. For particular SNOT-22 

outcomes, we acknowledge that interpretation by eosinophil 

subgroup is limited by the relatively small sample size. As this 

is a Phase 2 study, these findings are intended to inform the 

design and powering of future Phase 3 trials, where more robust 

subgroup analyses will be feasible. In smaller patient cohorts, 

the known heterogeneity of CRSsNP symptoms may impact 

changes observed in the placebo group. Further, the study 

inclusion criteria targeted a specific population of patients, 

leading to a high screen failure rate, particularly for the criterion 

requiring bilateral inflammation of paranasal sinuses (LMK-CT 

score ≥8) and bilateral ethmoid opacification, and enrollment of 

a population that was predominantly white and from Western 

countries. Future studies are needed to confirm the efficacy 

observed in this clinical trial and to better elucidate the impact 

of dupilumab on CRSsNP.

Conclusion
In patients with inadequately controlled CRSsNP and sBEC ≥300 

cells/μL, treatment with dupilumab led to clinically meaning-

ful improvements in sinus opacification assessed by LMK-CT 

score; additionally, patients had a trend toward improvement in 

multiple other parameters, including clinical symptoms, sense 

of smell, and health-related quality of life. Dupilumab was well 

tolerated, with no new safety concerns identified.

Abbreviations
3D: Three-dimensional: ACQ-6: 6-item Asthma Control Ques-

tionnaire; ADA: Anti-drug antibody; BL: Baseline; BMI: Body 

mass index; CI: Confidence interval; CRS: Chronic rhinosinusitis; 

CRSsNP: Chronic rhinosinusitis without nasal polyps; CRSwNP: 

Chronic rhinosinusitis with nasal polyps; CT: Computed tomo-

graphy; EQ-5D-5L: European Quality of Life 5 Dimensions 5 

Level Version; FEV
1
: Forced expiratory volume in 1 second; IgE: 

Immunoglobulin E; IL: Interleukin; INCS: Intranasal corticoste-

roids; ITT: Intention-to-treat; LMK-CT: Lund–Mackay computed 

tomography; MCID: Minimal clinically important difference; NC: 

Nasal congestion; PGIC: Patient Global Impression of Change; 

PGIS: Patient Global Impression of Severity; PK: Pharmacoki-

netics; q2w: Every 2 weeks; sBEC: Screening blood eosinophil 

count; SCS: Systemic corticosteroids; SD: Standard deviation; 

SE: Standard error; SNOT-22: 22-item Sino-Nasal Outcome Test; 

sTSS: Sinus Total Symptom Score; TARC: Thymus and activation-

regulated chemokine; TEAE: Treatment-emergent adverse event; 

T2: Type 2; UPSIT: University of Pennsylvania Smell Identification 

Test; VAS: Visual analog scale.

Acknowledgments
The authors thank Lakiea Wright (formerly of Sanofi) for insights 

and guidance, and Laurent Andrieu (of Sanofi) for statistical 

support. Medical writing support, under the guidance of the 

authors, was provided by Olympia Gianfrancesco, PhD, an 

employee from the Publications and Medical Affairs Division of 

Omnicom Health Medical Communications and was funded by 

Sanofi and Regeneron Pharmaceuticals Inc. in accordance with 

Good Publications Practice (GPP 2022) guidelines (Ann Intern 

Med 2022;175:1298-1304).

Author contributions
SEL, ATP, JKH, CB, FMdS, and AR performed the study investi-

gation and wrote, reviewed, and edited the manuscript. PG 

conceptualized the study and contributed to the methodology 

set up, performed the study investigation, and wrote, reviewed, 

and edited the manuscript. C-CH performed the formal result 

analysis, contributed to the methodology visualization and set 

up, and wrote, reviewed, and edited the manuscript. PC concep-

tualized the study and contributed to the methodology set up, 

wrote the original manuscript draft, and reviewed and edited 

the manuscript. JM, AM, APF, LBR, and NAP conceptualized the 

study, contributed to the methodology set up, and wrote, revie-

wed, and edited the manuscript.

Conflict of interest
This work was funded by Sanofi and Regeneron Pharmaceuticals 

Inc.  Disclosure of potential conflict of interest: SEL is an advisory 

board member for and reports clinical trial funding from Astra-

Zeneca, Genentech, GSK, Regeneron Pharmaceuticals Inc., and 

Sanofi, and reports publication support from AstraZeneca, GSK, 

Regeneron Pharmaceuticals Inc., and Sanofi. ATP has received 

research support from AstraZeneca, Insmed, Regeneron Phar-

maceuticals Inc., and Sanofi, and is an advisory board member 

for AstraZeneca, Chiesi, Eli Lilly, GSK, Regeneron Pharmaceuti-

Corrected Proof



9

Lee et al.

Rhinology Vol 64, No 5, October 2026

cals Inc., and Sanofi. PG is an advisory board member for and has 

received clinical trial funding from AstraZeneca, Eli Lilly, Genen-

tech, Insmed, Novartis, Regeneron Pharmaceuticals Inc., Roche, 

and Sanofi. JKH is an advisory board member for AstraZeneca, 

Genentech, GSK, Novartis, Regeneron Pharmaceuticals Inc., and 

Sanofi. CB is an advisory board member for AstraZeneca, Novar-

tis, and Sanofi. FMdS and AR have nothing to disclose. JM and 

APF are employees and shareholders of Regeneron Pharmaceu-

ticals Inc. C-CH, PC, AM, LBR, and NAP are employees of Sanofi 

and may hold stock and/or stock options in the company.

Funding
Research sponsored by Sanofi and Regeneron Pharmaceuticals 

Inc. Clinicaltrials.gov identifier: NCT04678856.

Availability of data and materials
The data that support the findings of this study are available 

from the corresponding author upon reasonable request.

References 
1.	 Cho SH, Kim DW, Gevaert P. Chronic rhinosi-

nusitis without nasal polyps. J Allergy Clin 
Immunol Pract. 2016;4(4):575-582.

2.	 Sedaghat AR, Kuan EC, Scadding GK. 
Epidemiology of chronic rhinosinusitis: 
prevalence and risk factors. J Allergy Clin 
Immunol Pract. 2022;10(6):1395-1403.

3.	 Ahn JC,  K im JW, Lee CH,  Rhee CS. 
Prevalence and risk factors of chronic 
rhinosinusitus, allergic rhinitis, and nasal 
septal deviation: results of the Korean 
national health and nutrition survey 2008-
2012. JAMA Otolaryngol Head Neck Surg. 
2016;142(2):162-167.

4.	 Tan BK, Chandra RK, Pollak J, et al. Incidence 
and associated premorbid diagnoses of 
patients with chronic rhinosinusitis. J 
Allergy Clin Immunol. 2013;131(5):1350-
1360.

5.	 Benjamin MR, Stevens WW, Li N, et al. 
Clinical characteristics of patients with 
chronic rhinosinusitis without nasal pol-
yps in an academic setting. J Allergy Clin 
Immunol Pract. 2019;7(3):1010-1016.

6.	 Stevens WW, Peters AT, Tan BK, et al. 
Associations between inflammatory endo-
types and clinical presentations in chronic 
rhinosinusitis. J Allergy Clin Immunol Pract. 
2019;7(8):2812-2820.e2813.

7.	 Tan BK, Klingler AI, Poposki JA, et al. 
Heterogeneous inflammatory patterns in 
chronic rhinosinusitis without nasal polyps 
in Chicago, Illinois. J Allergy Clin Immunol. 
2017;139(2):699-703.e697.

8.	 Delemarre T, Bochner BS, Simon HU, 
Bachert C. Rethinking neutrophils and 
eosinophils in chronic rhinosinusitis. J 
Allergy Clin Immunol. 2021;148(2):327-335.

9.	 Giri S, Schneider AL, Tan BK. Chronic rhinosi-
nusitis: future treatments and unmet needs. 
J Allergy Clin Immunol. 2022;150(2):287-290.

10.	 Xie X, Xuan L, Zhao Y, Wang X, Zhang L. 
Diverse endotypes of chronic rhinosinusitis 
and clinical implications. Clin Rev Allergy 
Immunol. 2023;65(3):420-432.

11.	 Zhang S, Wang Z. Eosinophil extracellular 
traps in eosinophilic chronic rhinosinusi-
tis induce Charcot-Leyden crystal forma-
tion and eosinophil recruitment. Biosci Rep. 
2024;44(3):BSR20230410.

12.	 Lal D, Brar T, McCabe C, et al. Epigenetic 
modifications are associated with mRNA 

and cytokine expression changes in chronic 
rhinosinusitis: a multiomics study from the 
United States. Front Allergy. 2025;6:1606255.

13.	 Delemarre T, Holtappels G, De Ruyck N, et 
al. Type 2 inflammation in chronic rhinosi-
nusitis without nasal polyps: Another rel-
evant endotype. J Allergy Clin Immunol. 
2020;146(2):337-343.e336.

14.	 Kountakis SE, Arango P, Bradley D, Wade 
ZK, Borish L. Molecular and cellular staging 
for the severity of chronic rhinosinusitis. 
Laryngoscope. 2004;114(11):1895-1905.

15.	 Soler ZM, Sauer DA, Mace J, Smith TL. 
Relationship between clinical measures 
and histopathologic findings in chronic rhi-
nosinusitis. Otolaryngol Head Neck Surg. 
2009;141(4):454-461.

16.	 Soler ZM, Sauer D, Mace J, Smith TL. Impact 
of mucosal eosinophilia and nasal poly-
posis on quality-of-life outcomes after 
sinus surgery. Otolaryngol Head Neck Surg. 
2010;142(1):64-71.

17.	 Lal D, Scianna JM, Stankiewicz JA. Efficacy 
of targeted medical therapy in chronic rhi-
nosinusitis, and predictors of failure. Am J 
Rhinol Allergy. 2009;23(4):396-400.

18.	 Philpott C, Beard DJ, Saeedi E, et al. The 
clinical effectiveness of clarithromycin ver-
sus endoscopic sinus surgery for adults 
with chronic rhinosinusitis with and with-
out nasal polyps (MACRO): a pragmatic, 
multicentre, three-arm, randomised, pla-
cebo-controlled phase 4 trial. The Lancet. 
2025;406(10506):926-939.

19.	 Sella GCP, Tamashiro E, Sella JA, et al. 
Asthma is the dominant factor for recur-
rence in chronic rhinosinusitis. J Allergy Clin 
Immunol Pract. 2020;8(1):302-309.

20.	 Rosenfeld RM, Piccirillo JF, Chandrasekhar 
SS, et al. Clinical practice guideline (update): 
adult sinusitis. Otolaryngol Head Neck Surg. 
2015;152(2 Suppl):S1-S39.

21.	 Chowdhury NI, Mace JC, Smith TL, Rudmik 
L. What drives productivity loss in chronic 
rhinosinusitis? A SNOT-22 subdomain analy-
sis. Laryngoscope. 2018;128(1):23-30.

22.	 Pandrangi VC, Mace JC, Kim JH, et al. Work 
productivity and activity impairment in 
patients with chronic rhinosinusitis under-
going endoscopic sinus surgery-A prospec-
tive, multi-institutional study. Int Forum 
Allergy Rhinol. 2023;13(3):216-229.

23.	 Erskine SE, Hopkins C, Clark A, et al. Chronic 

rhinosinusitis and mood disturbance. 
Rhinology. 2017;55(2):113-119.

24.	 Romano A, Barone S, Borriello G, et al. 
Impact of FESS on symptomatology and 
quality of life of patients with CRSsNP. Eur 
Arch Otorhinolaryngol. 2025;282(4):1891-
1900.

25.	 Fan H, Han Z, Gong X, et al. Prevalence 
and predictors of depression and anxiety 
in patients with chronic rhinosinusitis: a 
systematic review and meta-analysis. BMJ 
Open. 2024;14(3):e079273.

26.	 Le Floc'h A, Allinne J, Nagashima K, et al. 
Dual blockade of IL-4 and IL-13 with 
dupilumab, an IL-4Rα antibody, is required 
to broadly inhibit type 2 inflammation. 
Allergy. 2020;75(5):1188-1204.

27.	 US Food and Drug Administrat ion. 
DUPIXENT prescr ib ing informat ion . 
Updated 2025. Accessed July 3, 2025. 
Available here: https://www.regeneron.
com/downloads/dupixent_fpi.pdf

28.	 Folci M, Ramponi G, Arcari I, Zumbo A, 
Brunetta E. Eosinophils as major player in 
type 2 inflammation: autoimmunity and 
beyond. Adv Exp Med Biol. 2021;1347(197-
219.

29.	 Quirce S, Cosío BG, España A, et al. 
Management of eosinophil-associated 
inflammatory diseases: the importance of a 
multidisciplinary approach. Front Immunol. 
2023;14:1192284.

30.	 Matsunaga K, Koarai A, Koto H, et al. 
Guidance for type 2 inflammatory biomark-
ers. Respir Investig. 2025;63(3):273-288.

31.	 Christenson SA, Hanania NA, Bhatt SP, et al. 
Type 2 inflammation biomarkers and their 
association with response to dupilumab 
in COPD (BOREAS): an analysis of a ran-
domised, placebo-controlled, phase 3 trial. 
Lancet Respir Med. 2025;13(8):687-697.

32.	 Wu PW, Huang CC, Chang PH, Lee TJ, Fan 
YH, Huang CC. Blood eosinophil count 
is the dominant clinical marker for type 
2 inf lammator y sever ity in CRSwNP. 
Laryngoscope. 2025;135(4):1326-1334.

33.	 Lund VJ, Mackay IS. Staging in rhinosinusi-
tus. Rhinology. 1993;31(4):183-184.

34.	 Han JK, Bachert C, Lee SE, et al. Estimating 
clinically meaningful change of effica-
cy outcomes in inadequately controlled 
chronic rhinosinusitis with nasal polyposis. 
Laryngoscope. 2022;132(2):265-271.

Corrected Proof



10

Phase 2 ORION trial data for dupilumab in CRSsNP

Rhinology Vol 64, No 5, October 2026

35.	 K looster B, Chatter ton K , Ibrahim N, 
Bernstein MC, Shields AL, Allen V. Patient-
centered outcomes for clinical trials in 
chronic rhinosinusitis with or without nasal 
polyps and allergic fungal rhinosinusitis. J 
Patient Rep Outcomes. 2025;9(1):11.

36.	 Hopkins C, Gillett S, Slack R, Lund VJ, 
Browne JP. Psychometric validity of the 
22-item Sinonasal Outcome Test. Clin 
Otolaryngol. 2009;34(5):447-454.

37.	 Mahadev A, Kallogjeri D, Piccirillo JF. 
Validation of minimal clinically impor-
tant difference (MCID) for University 
of Pennsylvania Smell Identification Test 
(UPSIT). Am J Rhinol Allergy. 2024;38(2):123-
132.

38.	 Mortuaire G, Bequignon E, Daveau C, et al. 
Responders to biologics in severe uncon-
trolled chronic rhinosinusitis with nasal pol-
yps: a multicentric observational real-life 
study. Rhinology. 2025;63(1):22-31.

39.	 Hopkins C, Browne JP, Slack R, Lund V, 
Brown P. The Lund-Mackay staging system 
for chronic rhinosinusitis: how is it used 
and what does it predict? Otolaryngol Head 
Neck Surg. 2007;137(4):555-561.

40.	 Striz I, Golebski K, Strizova Z, et al. New 
insights into the pathophysiology and ther-
apeutic targets of asthma and comorbid 
chronic rhinosinusitis with or without nasal 
polyposis. Clin Sci (Lond). 2023;137(9):727-
753.

41.	 Nappi E, Marzio V, Giombi F, et al. Chronic 

rhinosinusitis with and without nasal pol-
yps: the state-of-the-art of current treat-
ment strategies and future developments. 
Front Allergy. 2025;6:1714577.

42.	 Lund VJ, MacKay IS. Outcome assessment 
of endoscopic sinus surgery. J R Soc Med. 
1994;87(2):70-72.

43.	 Laidlaw TM, Mullol J, Woessner KM, Amin 
N, Mannent LP. Chronic rhinosinusitis with 
nasal polyps and asthma. J Allergy Clin 
Immunol Pract. 2021;9(3):1133-1141.

44.	 Oppenheimer J, Hoyte FCL, Phipatanakul W, 
Silver J, Howarth P, Lugogo NL. Allergic and 
eosinophilic asthma in the era of biomark-
ers and biologics: similarities, differences 
and misconceptions. Ann Allergy Asthma 
Immunol. 2022;129(2):169-180.

45.	 Hatsukawa H, Ishikawa M. Clinical util-
ity of machine learning methods using 
regression models for diagnosing eosin-
ophilic chronic rhinosinusitis. OTO Open. 
2024;8(1):e122.

46.	 Kostikas K, Brindicci C, Patalano F. Blood 
eosinophils as biomarkers to drive treat-
ment choices in asthma and COPD. Curr 
Drug Targets. 2018;19(16):1882-1896.

47.	 Toppila-Salmi S, Reitsma S, Hox V, et 
al. Endotyping in chronic rhinosinusi-
tis-an EAACI task force report. Allergy. 
2025;80(1):132-147.

48.	 Kato A, Peters AT, Stevens WW, Schleimer 
RP, Tan BK, Kern RC. Endotypes of chron-
ic rhinosinusitis: relationships to disease 

phenotypes, pathogenesis, clinical find-
ings, and treatment approaches. Allergy. 
2022;77(3):812-826.

49.	 Tomassen P, Vandeplas G, Van Zele T, et 
al. Inflammatory endotypes of chronic 
rhinosinusitis based on cluster analy-
sis of biomarkers. J Allergy Clin Immunol. 
2016;137(5):1449-1456.e1444.

50.	 Chen T, Chidarala S, Young G, et al. 
Association of sinonasal computed tomog-
raphy scores to patient-reported outcome 
measures: a systematic review and meta-
analysis. Otolaryngol Head Neck Surg. 
2023;168(4):628-634.

Stella E. Lee, MD

Department of Otolaryngology–

Head & Neck Surgery

Brigham and Women’s Hospital

Harvard Medical School

45 Francis Street

02115, Boston, MA

United States

E-mail: slee192@bwh.harvard.edu

Stella E. Lee1, Anju T. Peters2, Philippe Gevaert3, Joseph K. Han4, Claus Bachert5,6, 
Francisco Moreira da Silva7, Andrés Rosenblüt8, Chih-Chi Hu9, Jennifer 
Maloney10, Paolo Caferra11,12,$, Adrianna Michalak13, Andrew P. Fontenot10, 
Lacey B. Robinson14, Neelam A. Phadke14

1 Department of Otolaryngology–Head & Neck Surgery, Brigham and Women’s Hospital, Harvard Medical School, 

Boston, MA, United States
2 Feinberg School of Medicine, Northwestern University, Chicago, IL, United States
3 Upper Airways Research Laboratory, Department of Head and Skin, Ghent University, Ghent, Belgium
4 Department of Otolaryngology and Head and Neck Surgery, Eastern Virginia Medical School, Norfolk, VA, United 

States
5 Department of Otorhinolaryngology—Head and Neck Surgery, University Hospital of Münster, Münster, Germany
6 First Affiliated Hospital, Sun Yat-sen University, Guangzhou, China
7 Department of Otorhinolaryngology, Hospital Senhora da Oliveira, Guimarães, Portugal
8 Unidad de Otorrinolaringologia, Hospital Dr Sotero del Rio, Puente Alto, Santiago, Chile
9 Sanofi, Morristown, NJ, United States
10 Regeneron Pharmaceuticals Inc., Tarrytown, NY, United States 
11 Sanofi, Amsterdam, The Netherlands
12 Department of Pharmacy, University of Pisa, Pisa, Italy
13 Sanofi, Toronto, ON, Canada
14 Sanofi, Cambridge, MA, United States

Rhinology 64: 5, 0 - 0, 2026

https://doi.org/10.4193/Rhin25.660

Received for publication:

November 21, 2025

Accepted: May 16, 2026

$ https://orcid.org/0009-0008-4379-

5524

Associate Editor: 

Sietze Reitsma

This manuscript contains online supplementary material

Corrected Proof



I

Lee et al.

Rhinology Vol 64, No 5, October 2026

SUPPLEMENTARY MATERIAL

Methods
Key inclusion and exclusion criteria 

Key inclusion criteria for enrollment in the Liberty ORION study 

were:

•	 At least 18 years of age at the time of signing the informed 

consent form

•	 Bilateral inflammation of the paranasal sinuses on compu-

ted tomography scan with a Lund–Mackay (LMK) compu-

ted tomography score ≥8 and bilateral ethmoid opacifica-

tion before randomization

•	 The following symptoms ongoing for at least 12 consecu-

tive weeks before Visit 1

•	 Loss of smell and rhinorrhea (anterior/posterior) of any 

severity, with or without facial pain/pressure

•	 Nasal congestion, with a score of ≥2 at Visit 1 (day 

score) and Visit 2 (weekly average score)

•	 Sinus Total Symptom Score ≥5 at Visit 1 (day score) and Visit 

2 (weekly average score)

•	 At least one of: 

•	 Prior sinonasal surgery for chronic rhinosinusitis (CRS)

•	 Treatment with systemic corticosteroid therapy for CRS, 

as defined by any dose and duration within the prior 2 

years before screening (Visit 1) or intolerance/contrain-

dication to systemic corticosteroids (SCS)

Key exclusion criteria were:

•	 Conditions or concomitant diseases making the patient 

non-evaluable at Visit 1 or for the primary efficacy end-

point, including:

•	 Nasal polyposis observed during nasal endoscopy at 

Visit 1, or history of nasal polyposis

•	 Nasal septal deviation causing complete occlusion of at 

least one nostril

•	 Acute sinusitis, purulent drainage, nasal infection, or 

upper respiratory tract infection at Visit 1 or 2

•	 Ongoing rhinitis medicamentosa

•	 Eosinophilic granulomatosis with polyangiitis (Churg–

Strauss syndrome), granulomatosis with polyangiitis 

(Wegener’s granulomatosis), microscopic polyangiitis, 

Young’s syndrome, Kartagener’s syndrome or other 

dyskinetic ciliary syndromes, cystic fibrosis

•	 Nasal cavity malignant tumor and benign tumors (e.g. 

papilloma, hemangioma)

•	 Forced expiratory volume in 1 second (FEV
1
) ≤50% of pre-

dicted normal at Visit 1

•	 Radiologic suspicion or confirmed invasive or expansive 

fungal rhinosinusitis

•	 Dupilumab treatment within the last 12 months or disconti-

nuation of dupilumab due to adverse event (AE)

•	 Sinus surgery within the 6 months before Visit 1, or sino-

nasal surgery changing the structure of the nose such that 

evaluation of LMK is not possible

•	 Unstable dose of intranasal corticosteroid spray 4 weeks 

before Visit 1 and during screening, or use of intranasal 

corticosteroid drops, intranasal corticosteroid-emitting de-

vices/stents, or nasal spray using exhalation delivery system 

during the screening period

•	 Use of SCS during the screening period

•	 Biologic therapy/systemic immunosuppressant treatment 4 

weeks or five half-lives before Visit 1, whichever is longer

Settings and locations

The study was conducted at 58 sites in 13 countries (Argen-

tina, Belgium, Canada, Chile, China, Hungary, Portugal, Russia, 

South Korea, Spain, Sweden, Ukraine, United States). The full 

list of study sites is available at: https://clinicaltrials.gov/study/

NCT04678856#contacts-and-locations.

 

Randomization and blinding

The randomization process was managed centrally by the spon-

sor, with investigational medicinal products packaged accor-

dingly. This included generation of the randomization list and 

allocation of intervention numbers by the Interactive Response 

Technology (IRT) system. Before study commencement, each 

site received login credentials and guidance for IRT usage. Ran-

domization was stratified by screening blood eosinophil count 

(sBEC; ≥300 cells/μL or <300 cells/μL), background intranasal 

corticosteroid use (yes or no), and region. Furthermore, alerts 

were implemented to ensure an adequate representation of 

patients with coexisting asthma, restricting those without to no 

more than 70% of the randomized population. Upon screening, 

the Investigator or designee obtained the patient number from 

the IRT. If rescreening was required, a new informed consent 

form needed to be signed, resulting in the assignment of a new 

patient number. Once randomized, patients could not be reran-

domized within the study. Dupilumab 300 mg and placebo were 

provided in visually indistinguishable 2 mL pre-filled syringes, 

each labeled with a treatment kit number for identification. The 

sponsor was blinded until after the final database lock.

Statistical consideration

In efficacy analyses, data following surgery or SCS administra-

tion were excluded, and the worst post baseline value before 

these events was assigned using a “worst observation carried 

forward” approach. Baseline values were used for patients with 

no post baseline data. Data collected after discontinuing the 

study intervention were included in the analysis. No imputation 
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was performed for missing data.

Safety assessments were conducted on the safety population, 

comprising all patients who received at least one dose of study 

medication. The incidence of AEs, including treatment-emer-

gent AEs (TEAEs), serious AEs, and AEs leading to discontinuati-

on, was tabulated by system organ class and preferred term. AEs 

were further categorized by severity, relationship to treatment, 

and endpoint. Laboratory and vital signs data were summarized 

using descriptive statistics, with clinically significant abnorma-

lities flagged based on pre-defined criteria. Final analyses were 

conducted following the database lock, which occurred after all 

patients completed the end-of-study visit.

Treatment duration

Treatment was stopped for all patients when the last patient had 

completed 24 weeks of treatment. Therefore, all patients follo-

wing Amendment 02 were treated for at least 24 weeks, and the 

other patients (enrolled before Amendment 02) had a variable 

treatment period of up to 52 weeks.

Results
Additional results for patients with sBEC ≥300 cells/μL 
Healthcare resource utilization and productivity

Summary of healthcare resource utilization

Both dupilumab 300 mg every 2 weeks (q2w) and placebo 

treatments resulted in a comparable number of visits to general 

practitioners and specialists. However, dupilumab treatment led 

to a lower number of unscheduled visits compared with placebo 

(Table S5).

Summary of missed days at work/missed days at school

Patients treated with dupilumab 300 mg q2w reported a higher 

mean (standard deviation [SD]) number of missed workdays 

compared with those receiving placebo (17.20 [63.90] vs 7.89 

[14.43]). No patients in either treatment group reported missing 

school days (Table S5).

Patient Global Impression of Severity (PGIS) of CRS without nasal 

polyps (CRSsNP)

The PGIS assesses CRSsNP severity on a 4-point scale ranging 

from “None” to “Severe.” At baseline, no patients in the dupilu-

mab or placebo groups rated their CRSsNP severity as “None” or 

“Mild” (Table S3). By week 24, dupilumab treatment improved 

patient-reported CRSsNP severity, with 40.0% of patients rating 

their symptom severity as “None” or “Mild” compared with 23.1% 

in the placebo group. This improvement continued through 

week 52 (Table S5).

Patient Global Impression of Change (PGIC) of CRSsNP

The PGIC evaluates the change in CRSsNP symptoms on a 

7-point scale from “Very much better” to “Very much worse.” Pa-

tients treated with dupilumab reported greater improvements, 

with 53.3% rating their symptoms as “Very much better” or 

“Moderately better” compared with 23.1% in the placebo group 

at week 24. This improvement was maintained through week 52 

(Table S5).

Visual analog scale (VAS) for the European Quality of Life 5 Dimen-

sions 5 Level Version (EQ-5D-5L)

The VAS for EQ-5D-5L measures self-rated health on a scale from 

0 (worst imaginable health) to 100 (best imaginable health). The 

baseline mean (SD) VAS scores were higher in the dupilumab 

group compared with the placebo group (58.21 [30.03] vs 49.75 

[32.90]), indicating better health-related quality of life (Table S3). 

Both treatment groups showed improvement at week 24, with 

mean difference vs placebo of -3.01 (95% confidence interval 

[CI]: -30.89 to 24.86). This improvement continued through week 

52 (Table S5).

6-item Asthma Control Questionnaire (ACQ-6) in patients with 

coexisting asthma

Among patients with sBEC ≥300 cells/μL, there were 8 patients 

with coexisting asthma in the placebo group and 9 patients 

in the dupilumab group. At baseline, asthma was uncontrol-

led with a mean (SD) ACQ-6 score of 2.25 (0.94) in the placebo 

group and 2.44 (1.16) in the dupilumab group (Table S3). Dupilu-

mab treatment resulted in a substantial decrease in ACQ-6 score 

at week 24 (mean difference vs placebo -1.03 [95% CI: -2.40 to 

0.34]), with improvements observed as early as week 12 and 

sustained through week 52 (mean difference vs placebo -1.89 

[95% CI: -3.67 to -0.12]) (Table S5, Figure S5).

Spirometry in patients with coexisting asthma

In the dupilumab group, mean (SD) baseline FEV
1
 for patients 

with coexisting asthma was 2.76 (0.87) L in the placebo group 

and 2.62 (0.78) L in the dupilumab group, with a baseline 

percent predicted FEV
1
 of 88.78% (13.85) (Table S3). Dupilu-

mab treatment improved FEV
1
 at week 24 (mean difference vs 

placebo 0.42 L [95% CI: -0.09 to 0.94]) and maintained its value 

at week 52 (mean difference vs placebo 0.42 L [95% CI: -0.15 to 

0.98]), indicating improved lung function (Table S5).

Safety results 

Serious TEAEs in the dupilumab group included cholecystitis 

acute and biloma, chronic gastritis, and myocardial bridging, 

whereas in the placebo group serious TEAEs included CRS, dia-

betic neuropathy, peripheral arterial occlusive disease, syncope, 

asthma, foot deformity, and spinal osteoarthritis.
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Table S1. Study objectives and selected endpoints.

Objectives Endpoints

Primary

To evaluate the efficacy of dupilumab as assessed by the reduction at 
week 24 in sinus opacification on CT scan in the dupilumab group only

Change from baseline to week 24 in opacification of sinuses assessed by 
CT scan using the LMK score in the dupilumab group 

Secondary

To evaluate the efficacy of dupilumab as assessed by the reduction at 
week 24 in sinus opacification on CT scan and sTSS vs placebo

Change from baseline to week 24 in opacification of sinuses assessed by 
CT scan using the LMK score 
Change from baseline to week 24 in sTSS*

To evaluate the safety and tolerability of dupilumab in patients with 
CRSsNP vs placebo

Incidence of TEAEs, serious TEAEs, and TEAEs leading to treatment 
discontinuation

Exploratory

To evaluate the effect of dupilumab on overall health status, global im-
pression of disease severity/change, and HCRU/productivity vs placebo 

Change from baseline to week 24 in the EQ 5D-5L 
Cumulative amount of HCRU 
Cumulative number of missed days of school/work 
Change from baseline to week 24 in PGIS of CRSsNP
PGIC in CRSsNP at week 24
Change from baseline to week 24 in headache severity score using the 
symptom diary

To characterize the effect of dupilumab in patients with CRSsNP by 
evaluating blood biomarkers vs placebo

Pharmacodynamic biomarker levels in blood (IgE, eotaxin-3, periostin, 
and TARC) 

To explore the effect of dupilumab as assessed by three-dimensional CT 
volumetric measurement of the paranasal sinuses

Change from baseline to week 24 in three-dimensional CT volumetric 
measurement of the paranasal sinuses

To evaluate the efficacy of dupilumab in improving CRSsNP symptoms 
at week 24 vs placebo

Change from baseline to week 24 in:
•	 NC symptom severity score using the daily CRSsNP sinonasal 

symptom e-diary
•	 Anterior/posterior rhinorrhea severity score using the daily CRS-

sNP sinonasal symptom e-diary
•	 Facial pain/pressure severity score using the daily CRSsNP sinona-

sal symptom e-diary
•	 Loss of smell symptom severity score using the daily CRSsNP sino-

nasal symptom e-diary
•	 UPSIT score

To evaluate the effect of dupilumab on CRSsNP overall disease severity 
at week 24 vs placebo 

Change from baseline to week 24 in rhinosinusitis severity VAS

To evaluate the effect of dupilumab at week 24 in the subgroups of 
patients with comorbid asthma in the dupilumab group

Change from baseline to week 24 in the dupilumab group in:
•	 FEV1 in the CRSsNP with asthma population
•	 ACQ-6 score in the CRSsNP with asthma population 

To evaluate the effect of dupilumab in patients regardless of screening 
blood eosinophil count in the dupilumab group

Change from baseline to week 24 in opacification of sinuses assessed by 
CT scan using LMK score regardless of screening blood eosinophil count 
in the dupilumab group
Change from baseline to week 24 in sTSS regardless of the screening 
blood eosinophil count in the dupilumab group

To evaluate the effect of dupilumab on HRQoL at week 24 vs placebo Change from baseline to week 24 in SNOT-22 score

ACQ-6, 6-item Asthma Control Questionnaire; CRSsNP, chronic rhinosinusitis without nasal polyps; CT, computerized tomography; EQ-5D-5L, 

European Quality of Life 5 Dimensions 5 Level Version; FEV
1
, forced expiratory volume in 1 second; HCRU, healthcare resource utilization; HRQoL, 

health related quality of life; IgE, immunoglobulin E; LMK, Lund–Mackay; NC, nasal congestion; PGIC, Patient Global Impression of Change; PGIS, 

Patient Global Impression of Severity; SNOT-22, 22-item Sino-Nasal Outcome Test; sTSS, sinus Total Symptom Score; TARC, thymus and activation-

regulated chemokine; TEAE, treatment-emergent adverse event; UPSIT, University of Pennsylvania Smell Identification Test; VAS, visual analog scale. 

*Composite severity score consisting of the NC, anterior/posterior rhinorrhea, and facial pain/pressure items of the CRSsNP sinonasal symptom 

e-diary.
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Table S2. Institutional Review Board and Independent Ethics Committees study approval references.

Country IRB/IEC Related clinical site number(s) IRB/IEC decision(s) 
number(s)/reference(s)

Argentina Comite de Etica en Investigacion INAER 0320001 Registration code: 5995

Fundacion Cidea 0320002 Registration code: 6281

Comite de Etica en Investigacion INAER 0320003 Registration code: 6325

Belgium Commissie voor Medische Ethiek-Universitair Ziekenhuis Gent 0560001; 0560002 BC 09202

Canada Comité d’éthique de la recherche du CHUM 1240001; 1240012 20.283

Comité d’éthique de la recherche du CHUM 1200005 MP-02-2021-9387, 
20.283

Advarra 1240002 SSU00131586

Advarra 1240003 SSU00135281

Queen 's University Health Sciences & Affiliated Teaching Hospitals 
Research Ethics Board (HSREB)

1240007 TRAQ #: 6034785

Hamilton Integrated Research Ethics Board (HiREB) 1240010 12856

UBC – Providence Health Care Research 1240013 H21-03195

Western University Health Sciences Research 1240016 121280

Chile Comite de Etica de la Investigacion S.S.M Sur Oriente 1520001 Approval received on 23 
September 2021*

China Beijing Tongren Hospital, Capital Medical 1560001 TREC2021-04

IEC of First Hospital, Jilin University 1560005 21Y341-001

Shanghai Tongji Hospital 1560006 2021-105

Medical Clinical Trial Ethics Committee of Yantai Yuhuangding 
Hospital

1560008 [2021] No. 83

IEC of The First Affiliated Hospital of Chongqing Medical University 1560010 CY202115001

The Third Xiangya Hospital Of Central South University 1560013 21261

Hungary Egészségügyi Tudományos Tanács 3480001; 3480004 OGYI/50751-5/2021

Portugal CEIC – Comissão de Ética para a Investigação Clínica 6200001; 6200002; 6200003 MAP / MAP / OF / 2021 / 
6080 / 20201092

Russia Ethics Board at Ministry of Health of the Russian Federation 6430001; 6430002; 6430003; 
6430005

Protocol № 264

Ethics Board at Ministry of Health of the Russian Federation 6430002 Protocol № 245

Ethics Board at Ministry of Health of the Russian Federation 6430003 Protocol № 248

Ethics Board at Ministry of Health of the Russian Federation 6430005 Protocol № 04

The Independent Interdisciplinary Ethics Committee 6430001 Protocol № 15

South 
Korea

Samsung Medical Center 4100002 2022-08-085-002

SMG Seoul National University Boramae Medical Center 4100003 20-2022-104

Spain CEIm Corporació Sanitaria Parc Taulí 7240001; 7240002; 7240004; 
7240005; 7240007; 7240008; 
7240009

Act nº 534

Sweden Etikprovningsmyndigheten 7520001 Dnr 2021-04691

Ukraine LEC of the Central City Clinical Hospital 8040001 Protocol №  51

LEC of the Institute of otolaryngology n.a. prof.O.S. Kolom 8040002 Protocol № 2/21

LEC of Regional Clinical Specialized Dispensary for Radiation 
Protection of Citizenry

8040004 Protocol № 3

LEC of Municipal Non-Commercial Enterprise Clinical Hospital of 
Emergency Medical Care

8040005 Protocol № 3

LEC of the Medical Center of the LLC “Medical Center” Consilium 
Medical

8040007 Protocol № 2021/3/3

LEC of the Treatment and diagnostic center 
“Healthy and Happy”

8040008 Protocol № 29
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Country IRB/IEC Related clinical site number(s) IRB/IEC decision(s) 
number(s)/reference(s)

United 
States

Eastern Virginia Medical School 8400009 21-04-FB-0097

WCG IRB 8400003; 8400004; 8400006; 
8400007; 8400010; 8400014; 
8400015; 8400016; 8400017; 
8400021

20203050

Table S2 continued. Institutional Review Board and Independent Ethics Committees study approval references.

Clinical sites shown screened at least 1 participant. Clinical site names can be found at: ClinicalTrials.gov.  IEC, independent ethics committee; IRB, 

institutional review board.  *No specific decision number/reference was given.

Table S3. Additional baseline disease characteristics—randomized population.

Characteristic Screening blood eosinophil 
count ≥300 cells/μL

Screening blood eosinophil 
count <300 cells/μL

All patients

Placebo 
(n = 15)

Dupilum-
ab 300 

mg q2w 
(n = 16)

All 
(n = 31)

Placebo 
(n = 18)

Dupilum-
ab 300 

mg q2w 
(n = 22)

All 
(n = 40)

Placebo
 (n = 33)

Dupilum-
ab 300 

mg q2w 
(n = 38)

All 
(n = 71)

Loss of smell symptom severity score 2.62 
(0.62)

2.61 
(0.43)

2.61 
(0.52)

2.45 
(0.67)

2.48 
(0.67)

2.47 
(0.66)

2.53 
(0.64)

2.53 
(0.58)

2.53 
(0.60)

Headache severity score 2.01 
(0.98)

2.33 
(0.77)

2.17 
(0.88)

2.23 
(0.51)

2.24 
(0.88)

2.24 
(0.73)

2.13 
(0.75)

2.28 
(0.83)

2.21 
(0.79)

Rhinosinusitis severity VAS score 8.85 
(1.23)

9.18 
(0.97)

9.03 
(1.09)

8.74 
(1.06)

8.94 
(1.12)

8.85 
(1.08)

8.78 
(1.11)

9.03 
(1.05)

8.92 
(1.08)

EQ-VAS score 49.75 
(32.90)

58.21 
(30.03)

54.31 
(31.04)

51.59 
(23.51)

54.00 
(29.91)

52.92 
(26.91)

50.83 
(27.24)

55.69 
(29.59)

53.48 
(28.43)

EQ-5D-5L single index score 0.64 
(0.32)

0.48 
(0.36)

0.55 
(0.35)

0.62 
(0.27)

0.59 
(0.27)

0.61 
(0.27)

0.63 
(0.29)

0.54 
(0.31)

0.58 
(0.30)

PGIS categorical score, n (%) (n = 12) (n = 14) (n = 26) (n = 17) (n = 21) (n = 38) (n = 29) (n = 35) (n = 64)

None 0 0 0 0 0 0 0 0 0

Mild 0 0 0 0 0 0 0 0 0

Moderate 3 (25.0) 3 (21.4) 6 (23.1) 7 (41.2) 3 (14.3) 10 (26.3) 10 (34.5) 6 (17.1) 16 (25.0)

Severe 9 (75.0) 11 (78.6) 20 (76.9) 10 (58.8) 18 (85.7) 28 (73.7) 19 (65.5) 29 (82.9) 48 (75.0)

Coexisting asthma, n (%) 8 (53.3) 9 (56.3) 17 (54.8) 9 (50.0) 8 (36.4) 17 (42.5) — — 34 (47.9)

FEV
1
, L* 2.76 

(0.87)
2.62 

(0.78)
2.69 

(0.80)
2.78 

(0.99)
2.27 

(0.63)
2.54 

(0.85)
2.77 

(0.91)
2.46 

(0.71)
2.61 

(0.82)

FEV
1
, % predicted* 82.86 

(11.94)
88.78 

(13.85)
86.00 

(12.95)
82.73 
(7.61)

81.45 
(14.52)

82.13 
(11.03)

82.79 
(9.55)

85.33 
(14.23)

84.06 
(12.00)

ACQ-6 score* 2.25 
(0.94)

2.44 
(1.16)

2.37 
(1.05)

2.19 
(1.43)

2.52 
(1.20)

2.34 
(1.30)

2.21 
(1.22)

2.48 
(1.14)

2.35 
(1.17)

Data are shown as mean (SD), unless otherwise stated. ACQ-6, 6-item Asthma Control Questionnaire; EQ-5D-5L, European Quality of Life 5 Dimensions 

5 Level Version; EQ-VAS, EuroQol visual analog scale; FEV
1
, forced expiratory volume in 1 second; PGIS, Patient Global Impression of Severity; q2w, 

every 2 weeks; SD, standard deviation; SNOT-22, 22-item Sino-Nasal Outcome Test; sTSS, sinus Total Symptom Score; UPSIT, University of Pennsylvania 

Smell Identification Test; VAS, visual analog scale. *Assessed only in patients with coexisting asthma. 
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Table S4. Proportion of patients with sBEC ≥300 cells/μL who achieved the MCID in LMK-CT, SNOT-22, and UPSIT, at 24 weeks.

Outcome MCID threshold Number of patients per treat-
ment group*

Number (%) of participants with 
sBEC ≥300 cells/μL achieving 

MCID at week 24

LMK-CT ≥4.95-point decrease Dupilumab (16) 11 (68.8)

Placebo (14) 1 (7.1)

SNOT-22 ≥8.9-point decrease Dupilumab (15) 13 (86.7)

Placebo (13) 7 (53.8)

UPSIT ≥4-point increase Dupilumab (16) 5 (31.3)

Placebo (14) 2 (14.3)

LMK-CT, Lund–Mackay computed tomography; MCID, minimal clinically important difference; sBEC, screening blood eosinophil count; SNOT-22, 

22-item Sino-Nasal Outcome Test; UPSIT, University of Pennsylvania Smell Identification Test. *Dupilumab, n = 16; placebo, n = 15. Missing data were 

not imputed.

Table S5. Exploratory endpoints in patients with screening blood eosinophil count ≥300 cells/µL.

Placebo (n = 15) Dupilumab 300 mg q2w (n = 16)

Change from baseline in rhinosinusitis severity VAS

Week 24 -1.27 (2.66) -2.66 (2.20)

Week 52 -0.49 (1.24) -3.82 (3.54)

Change from baseline in EQ-5D-5L single index score

Week 24 0.07 (0.17) 0.25 (0.27)

Week 52 -0.11 (0.42) 0.28 (0.28)

Change from baseline in nasal congestion/obstruction score

Week 24 -0.50 (0.70) -1.14 (0.90)

Week 52 -0.25 (0.43) -1.05 (1.03)

Change from baseline in anterior/posterior rhinorrhea severity score

Week 24 -0.56 (0.84) -1.12 (0.86)

Week 52 -0.18 (0.38) -1.19 (1.09)

Change from baseline in facial pain/pressure severity score

Week 24 -0.69 (0.76) -0.92 (1.00)

Week 52 -0.33 (0.54) -0.94 (1.10)

Change from baseline in loss of smell symptom severity score

Week 24 -0.36 (0.64) -1.09 (0.96)

Week 52 -0.54 (0.78) -1.15 (1.03)

Change from baseline in headache severity score

Week 24 -0.61 (0.87) -0.98 (1.01)

Week 52 -0.16 (0.59) -1.03 (1.02)

Cumulative post-baseline healthcare resource utilization and productivity

Number of visits to general practitioner 0.57 (1.60) 0.63 (1.20)

Number of visits to specialist 0.93 (1.69) 0.81 (2.07)

Number of unscheduled visits 0.50 (0.94) 0.13 (0.34)

Days missing from work 7.89 (14.43) 17.20 (63.90)
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Placebo (n = 15) Dupilumab 300 mg q2w (n = 16)

Patient Global Impression of Severity of CRSsNP, n (%)

Week 24

Number 13 15

None 1 (7.7) 1 (6.7)

Mild 2 (15.4) 5 (33.3)

Moderate 4 (30.8) 5 (33.3)

Severe 6 (46.2) 4 (26.7)

Week 52

Number 9 12

None 0 3 (25.0)

Mild 0 4 (33.3)

Moderate 4 (44.4) 1 (8.3)

Severe 5 (55.6) 4 (33.3)

Patient Global Impression of Change of CRSsNP, n (%)

Week 24 *

Number 13 15

Very much better 2 (15.4) 4 (26.7)

Moderately better 1 (7.7) 4 (26.7)

A little better 3 (23.1) 5 (33.3)

No change 7 (53.8) 2 (13.3)

A little worse 0 0

Week 52 †

Number 8 12

Very much better 1 (12.5) 4 (33.3)

Moderately better 1 (12.5) 1 (8.3)

A little better 1 (12.5) 5 (41.7)

No change 4 (50.0) 2 (16.7)

A little worse 1 (12.5) 0

Change from baseline in ACQ-6 score

Week 24 -0.19 (1.59) -1.22 (0.88)

Week 52 0.70 (0.82) -1.19 (1.58)

Change from baseline in FEV1, L

Week 24 -0.34 (0.64) 0.08 (0.23)

Week 52 -0.44 (0.67) -0.02 (0.27)

Data are shown as mean (SD), unless otherwise stated. ACQ-6, 6-item Asthma Control Questionnaire; CRSsNP, chronic rhinosinusitis without nasal 

polyps; EQ-5D-5L, European Quality of Life 5 Dimensions 5 Level Version; FEV1, forced expiratory volume in 1 second; q2w, every 2 weeks; SD, 

standard deviation; VAS, visual analog scale. * No patients reported “A little worse,” “Moderately worse,” or “Very much worse.”  † No patients reported 

“Moderately worse” or “Very much worse.”
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Table S6. Results for patients with screening blood eosinophil count <300 cells/μL.

Placebo (n = 18) Dupilumab 300 mg q2w (n = 22)

LMK-CT, mean (SD) change from baseline

Week 24 0.72 (4.21) -5.61 (5.12)

Week 52 -1.18 (5.17) -6.27 (5.21)

LMK-CT, mean difference vs placebo (95% CI)

Week 24 — -6.33 (-9.51 to -3.16)

Week 52 — -5.09 (-9.04 to -1.13)

sTSS, mean (SD) change from baseline

Week 24 -1.79 (1.48) -1.80 (2.05)

Week 52 -2.06 (1.99) -3.00 (2.44)

sTSS, mean difference vs placebo (95% CI)

Week 24 — -0.01 (-1.18 to 1.16)

Week 52 — -0.94 (-2.66 to 0.79)

SNOT-22, mean (SD) change from baseline

Week 24 -19.00 (15.87) -21.71 (27.93)

Week 52 -22.58 (20.99) -36.83 (30.94)

SNOT-22, mean difference vs placebo (95% CI)

Week 24 — -2.71 (-19.01 to 13.58)

Week 52 — -14.25 (-36.63 to 8.13)

UPSIT, mean (SD) change from baseline

Week 24 -0.06 (6.89) 2.45 (6.77)

Week 52 -2.33 (9.65) -0.43 (6.03)

UPSIT, mean difference vs placebo (95% CI)

Week 24 — 2.52 (-2.03 to 7.06)

Week 52 — 1.90 (-4.51 to 8.32)

CI, confidence interval; LMK-CT, Lund–Mackay computed tomography; q2w, every 2 weeks; SD, standard deviation; SNOT-22, 22-item Sino-Nasal 

Outcome Test; sTSS, sinus Total Symptom Score; UPSIT, University of Pennsylvania Smell Identification Test. 

Table S7. LMK-CT and sTSS scores at week 24, regardless of screening blood eosinophil count.

Placebo (n = 33) Dupilumab 300 mg q2w (n = 38)

LMK-CT, mean (SD) change from baseline

Week 24 0.07 (3.46) -6.04 (4.62)

Week 52 -1.04 (4.00) -6.02 (4.61)

sTSS, mean (SD) change from baseline

Week 24 -1.77 (1.79) -2.38 (2.40)

Week 52 -1.54 (1.82) -3.08 (2.70)

LMK-CT, Lund–Mackay computed tomography; q2w, every 2 weeks; SD, standard deviation; sTSS, sinus Total Symptom Score. 
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Table S8. Biomarker response—safety population.

Biomarkers Placebo (n = 33) Dupilumab 300 mg q2w (n = 38)

Total serum IgE, IU/mL

Baseline 259.23 (442.00) 448.41 (1832.52)

Week 24 change from baseline -29.92 (127.96) -314.66 (1459.57)

Week 52 change from baseline 70.62 (266.09) -103.51 (235.90)

Eotaxin-3 in plasma, pg/mL

Baseline 210.00 (219.48) 187.35 (163.12)

Week 24 change from baseline -5.19 (179.94) 94.68 (1029.07)

Week 52 change from baseline 37.17 (71.68) -35.33 (183.57)

Periostin in serum, ng/mL

Baseline 78.73 (25.79) 69.04 (27.05)

Week 24 change from baseline 6.96 (25.79) -15.88 (20.73)

Week 52 change from baseline -0.18 (28.59) -17.71 (23.12)

TARC in serum, pg/mL

Baseline 409.17 (525.87) 281.30 (145.35)

Week 24 change from baseline -3.06 (256.60) -42.13 (115.94)

Week 52 change from baseline -35.64 (236.78) -60.85 (57.00)

Blood eosinophils, 109 cells/L

Baseline 0.300 (0.201) 0.264 (0.171)

Week 24 change from baseline 0.034 (0.257) 0.018 (0.192)

Week 52 change from baseline 0.041 (0.205) -0.010 (0.277)

Data are shown as mean (SD). IgE, immunoglobulin E; q2w, every 2 weeks; SD, standard deviation; TARC, thymus and activation-regulated chemokine.

Table S9. Summary of ADA incidence during the on-treatment period—ADA population.

Placebo (n = 33) Dupilumab 300 mg q2w (n = 38)

Pre-existing immunoreactivity, n (%) 1 (3.0) 0

Treatment-emergent response 1 (3.0) 1 (2.6)

Persistent response, n (%) 1 (3.0) 1 (2.6)

Transient response, n (%) 0 0

Indeterminate response, n (%) 0 0

Peak post-baseline titer

Number 1 1

Median 960 480

Q1, Q3 960, 960 480, 480

Min, Max 960, 960 480, 480

Low (<1000), n (%) 1 (3.0) 1 (2.6)

Moderate (1000 to 10,000), n (%) 0 0

High (>10,000), n (%) 0 0

Patients with treatment-boosted response, n (%) 1 (3.0) 0

Peak post-baseline titer

Number 1 0

Median 1920 —

Q1, Q3 1920, 1920 —

Min, Max 1920, 1920 —
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Placebo (n = 33) Dupilumab 300 mg q2w (n = 38)

Low (<1000), n (%) 0 0

Moderate (1000 to 10,000), n (%) 1 (3.0) 0

High (>10,000), n (%) 0 0

Ratio of peak post-baseline to baseline titer

Number 1 0

Mean (SD) 64.00 (VNC) —

Median 64 —

Q1, Q3 64, 64 —

Min, Max 64, 64 —

ADA-positive (treatment-emergent or treatment-boosted), n (%) 2 (6.1) 1 (2.6)

Peak post-baseline titer

Number 2 1

Median 1440 480

Q1, Q3 960, 1920 480, 480

Min, Max 960, 1920 480, 480

Low (<1000), n (%) 1 (3.0) 1 (2.6)

Moderate (1000 to 10,000), n (%) 1 (3.0) 0

High (>10,000), n (%) 0 0

ADA-negative (neither treatment-emergent nor treatment-boosted), n (%) 31 (93.9) 37 (97.4)

Peak post-baseline titer

Number 1 0

Median 30 —

Q1, Q3 30, 30 —

Min, Max 30, 30 —

Low (<1000), n (%) 1 (3.0) 0

Moderate (1000 to 10,000), n (%) 0 0

High (>10,000), n (%) 0 0

ADA, anti-drug antibody; Max, maximum; Min, minimum; Q, quartile; q2w, every 2 weeks; SD, standard deviation; VNC, value not calculated. 

Table S10. NAb status during the on-treatment period—ADA population.

Placebo (n = 33) Dupilumab 300 mg q2w (n = 38)

Patients with positive NAb* 3 (9.1) 1 (2.6)

Patients with pre-existing immunoreactivity 1 (3.0) 0

Patients with treatment-emergent response 1 (3.0) 1 (2.6)

Persistent response 1 (3.0) 1 (2.6)

Transient response 0 0

Indeterminate response 0 0

Patients with treatment-boosted response 1 (3.0) 0

Peak post-baseline ADA titer

Number, n 3 1

Low (<1000) 2 (6.1) 1 (2.6)

Moderate (1000 to 10,000) 1 (3.0) 0

High (>10,000) 0 0

Data are shown as n (%). ADA, anti-drug antibody; NAb, neutralizing antibody; q2w, every 2 weeks. *NAb-positive patients were defined as those with 

at least one post-baseline ADA classified as neutralizing-positive. 
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Figure S1. Patient disposition and trial profile. q2w, every 2 weeks.
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Figure S2. Baseline and week 24 sinus CT scans of a patient with sBEC ≥300 cells/μL treated with dupilumab, showing near complete resolution of 

opacification in (A) the bilateral maxillary sinuses, (B) the bilateral ethmoid and sphenoid sinuses, and (C) the bilateral frontal sinuses. CT, computed 

tomography; sBEC, screening blood eosinophil count.

Corrected Proof



XIII

Lee et al.

Rhinology Vol 64, No 5, October 2026

Figure S3. Mean change from baseline in sTSS components over time—ITT population with screening blood eosinophil count ≥300 cells/μL. (A) NC, 

(B) facial pain/pressure, (C) anterior/posterior rhinorrhea. NC, facial pain/pressure, and anterior/posterior rhinorrhea each have a range of 0 to 3; 

higher scores indicate greater symptom severity. BL, baseline; ITT, intention-to-treat; NC, nasal congestion; q2w, every 2 weeks; SE, standard error; 

sTSS, sinus Total Symptom Score. 

Corrected Proof



XIV

Phase 2 ORION trial data for dupilumab in CRSsNP

Rhinology Vol 64, No 5, October 2026

Figure S4. Mean change from baseline in ACQ-6 over time—ITT population with screening blood eosinophil count ≥300 cells/μL and coexisting asth-

ma. ACQ-6 score range 0 to 6; higher scores indicate poorer asthma control. ACQ-6, 6-item Asthma Control Questionnaire; BL, baseline; ITT, intention-

to-treat; q2w, every 2 weeks; SE, standard error. 

Figure S5. Serum dupilumab concentrations—pharmacokinetic population. BL, baseline; q2w, every 2 weeks; SE, standard error. 
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