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Abstract
Objective: To evaluate the association between smell loss and other aspects of disease, and evaluate dupilumab efficacy in

patients with severe chronic rhinosinusitis with nasal polyps (CRSwNP) and moderate or severe smell loss.

Methods: This post-hoc analysis of the SINUS-24/52 studies (NCT02912468/NCT02898454) analyzed nasal polyp score

(NPS, 0−8), nasal congestion/obstruction (NC, 0−3), Lund-Mackay CT-scan score (LMK-CT, 0−24), rhinosinusitis severity
visual analog scale (RS-VAS, 0-10), and 22-item Sinonasal Outcome Test (SNOT-22, 0−110) according to baseline monthly

average patient-reported loss of smell scores (LoS, 0−3) of >1 to 2 (moderate) or >2 to 3 (severe) in patients randomized

to dupilumab 300 mg or placebo every 2 weeks.

Results: Of 724 patients randomized, baseline LoS was severe in 601 (83%) and moderate in 106 (15%). At baseline, severe versus

moderate LoS was associated with 1-point greater severity of NC (odds ratio [OR] 6.01 [95% confidence interval, (CI) 3.95, 9.15]),

5-point greater severity of LMK-CT (OR 2.19 [1.69, 2.85]), and 8.9-point greater severity of SNOT-22 (OR 1.35 [1.20, 1.49]). At

Week 24, least squares mean differences (95% CI) dupilumab versus placebo in change from baseline were: NPS −1.90 (−2.56,
−1.25) and −1.95 (−2.20, −1.70) in the moderate and severe baseline LoS subgroups, respectively; NC −.35 (−.64, −.06) and
−1.00 (−1.13, −.87); LMK-CT −6.30 (−7.88, −4.72) and −6.22 (−6.82, −5.63); RS-VAS −1.18 (−2.20, −.16) and −3.47 (−3.90,
−3.03); and SNOT-22 −7.52 (−14.55, −.48) and −21.72 (−24.63, −18.82); all nominal P< .05 versus placebo. Improvements

with dupilumab in NC, RS-VAS, and SNOT-22 were statistically greater in patients with severe versus moderate baseline LoS.

Conclusion: Significant smell impairment in severe CRSwNP is associated with significant disease (NC, RS-VAS, LMK), health-

related quality of life impairment (SNOT-22), asthma, and non-steroidal anti-inflammatory drug-exacerbated respiratory dis-

ease. Dupilumab significantly improved NPS, NC, LMK-CT, RS-VAS, and SNOT-22 in subjects with moderate and severe base-

line smell loss.
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Introduction
Chronic rhinosinusitis with nasal polyps (CRSwNP) is a predom-
inantly type 2-mediated inflammatory disease of the nasal cavity
and paranasal sinuses, associated with a high symptom burden
and poor health-related quality of life (HRQoL).1,2 Smell loss
is a cardinal symptom of CRSwNP and is reported by patients
to be one of the most important and troublesome symptoms.3,4

Severity of smell loss is correlated with the presence of coexist-
ing asthma and nonsteroidal antiinflammatory drug-exacerbated
respiratory disease (NSAID-ERD), which are common in
patients with CRSwNP.5 The impact of smell loss may be under-
appreciated by patients but it can have a profound effect on
HRQoL, including anxiety and depression.2,6,7 Established
medical and surgical treatment options for CRSwNP have differ-
ent profiles in terms of smell improvement. Corticosteroids are
the first-line treatment for CRSwNP and can improve smelling
ability in the short term, but may be ineffective in the long
term and can have deleterious side effects with systemic use.8,9

Endoscopic sinus surgery can provide long-lasting symptom
control but disease recurrence and need for revision surgery
are common.10–13

Dupilumab is a fully human VelocImmune®-derived
monoclonal antibody that binds to interleukin (IL)-4 receptor
α to block the shared receptor component for IL-4 and IL-13,
which are key and central drivers of type 2 inflammation in
multiple diseases.14–17 In the Phase 3 SINUS-24 and
SINUS-52 studies (NCT02912468 and NCT02898454) in
patients with uncontrolled CRSwNP, dupilumab signifi-
cantly improved objective and patient-reported outcomes,
including sense of smell, with safety consistent with the
known dupilumab safety profile.4,18 However, the efficacy
of dupilumab according to severity of baseline smell loss in
the SINUS trials has not been established.

Evidence is accumulating that severity of smell loss corre-
lates with severity of other aspects of disease in CRSwNP,
but uncertainty remains around the degree of association with
different subjective and patient-reported disease measures.19–
21 The SINUS trials provide a rich dataset to explore the asso-
ciation between severity of baseline smell loss and other mea-
sures of CRSwNP disease. Previous reports from the SINUS
trials analyzed smell loss using the University of
Pennsylvania Smell Identification Test (UPSIT).4,22 These
analyses found correlations between UPSIT and other aspects
of CRSwNP, as well as significant improvements in UPSIT
with dupilumab treatment versus placebo. However, in real-
world practice, most clinicians do not use psychophysical
smell tests such as UPSIT. Consequently, here we investigated
the simple subjective assessment of smell loss used in the
SINUS trials, in which patients rated the severity of their
smell loss daily on a scale of 0 to 3 using an eDiary (loss of
smell score; LoS), which may mirror everyday clinical practice
more closely. The aims of this post-hoc analysis of the SINUS
trials were to evaluate the association between baseline smell
loss and other aspects of disease severity in patients with

severe CRSwNP, and to evaluate the efficacy of dupilumab
in subgroups with baseline severe or moderate smell loss
using the LoS score.

Methods

SINUS Study Design
SINUS-24 (NCT02912468) and SINUS-52 (NCT02898454)
were prospective, randomized, double-blind, placebo-
controlled Phase 3 trials of dupilumab in patients with
severe CRSwNP. A comprehensive description of the study
designs has been published previously.18 Briefly, patients
18 years of age or older were eligible if they had bilateral
nasal polyps (nasal polyp score [NPS]≥ 5 out of maximum
8 and ≥2 in each nasal cavity) and symptoms of chronic rhi-
nosinusitis despite intranasal corticosteroid therapy, and had
received systemic corticosteroids in the preceding 2 years
and/or undergone sinonasal surgery. In SINUS-24, patients
were randomized 1:1 to subcutaneous (SC) dupilumab
300 mg or placebo once every 2 weeks (q2w) for 24
weeks. In SINUS-52, patients were randomized 1:1:1 to
dupilumab 300 mg SC or placebo q2w for 52 weeks, or dupi-
lumab 300 mg SC q2w for 24 weeks, then every 4 weeks for
28 weeks in SINUS-52. In both studies, patients received
background mometasone furoate nasal spray from 4 weeks
prior to randomization and throughout the study. Both
studies met their coprimary endpoints (improvement in
NPS and nasal congestion (NC) at 24 weeks) and met all pre-
specified secondary endpoints. The studies were conducted
in accordance with Good Clinical Practice and the principles
ordained in the Declaration of Helsinki. The protocols were
approved by appropriate ethical review boards, and all
patients provided written informed consent.

Assessments
Severity of LoS and NC were recorded daily by patients
using an eDiary on a scale of 0= no symptom, 1=mild, 2
=moderate, and 3= severe symptom. NPS, Lund-Mackay
CT-scan score (LMK-CT), rhinosinusitis severity visual
analog scale (VAS), and the 22-item Sinonasal Outcome
Test (SNOT-22) were assessed at clinic visits as described.18

Post-Hoc Analysis
This post-hoc analysis included patients randomized to dupilu-
mab 300 mg or placebo q2w. Patients were grouped into LoS
severity subgroups according to baseline 7-day average LoS
scores moderate (>1 to 2) and severe (>2). Odds ratios (ORs)
for baseline severe versus moderate LoS were determined for
(i) presence/absence of prior sinonasal surgery, each additional
surgery, asthma, NSAID-ERD; and (ii) severity of other base-
line disease parameters: rhinosinusitis severity VAS >7 cm,
SNOT-22 score >50, and clinically meaningful difference in
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NPS and NC (both 1-point greater score),23 and SNOT-22
(8.9-point greater score).24 Least squares mean changes from
baseline in NPS, NC, LMK-CT, and SNOT-22 were deter-
mined by LoS severity subgroup (moderate or severe) at the
first postbaseline assessment common to both studies, at
Week 24 (pooled studies), and at Week 52 (SINUS-52). The
first postbaseline assessment was Week 4 for NC (average of
the first 28 days), Week 8 for NPS and SNOT-22, and Week
24 for LMK-CT.

Statistical Analyses
ORs were derived using logistic regression using SAS with
binary logit and Fisher’s scoring. Least squares mean change
from baseline was analyzed using the same imputed dataset
as the primary analysis, with missing values imputed by
worst observation carried forward and multiple imputation as
described.10 Each of the imputed complete data was analyzed
by fitting an analysis of covariance model with the correspond-
ing baseline value, treatment group, asthma/NSAID-ERD
status, prior surgery history, regions, and study as covariates.
As this was a post-hoc analysis, all P-values are nominal.

Results

Association Between Moderate Versus Severe
Smell Loss and Disease Burden
Of 724 patients randomized, 707 (97.7%) had at least moderate
LoS (score >1) at baseline and were included in this analysis

(601 [83.0%] with severe LoS [score >2 to 3] and 106 [14.6%]
with moderate LoS [score >1 to 2]). Only 11 patients (1.5%)
had mild LoS (score >0 to 1) and six (.8%) had no LoS (score 0).

Patients with severe LoS at baseline had significantly higher
prevalence of prior nasal polyp surgery, coexisting asthma and
NSAID-ERD, and significantly higher baseline NC, LMK-CT,
and SNOT-22 scores than patients with moderate LoS
(Table 1). Moreover, a significantly greater proportion of patients
with severe versusmoderate LoS at baseline had severe disease as
indicated by rhinosinusitis VAS scores >7 cm and SNOT-22
scores >50. At baseline, severe versus moderate LoS was associ-
ated with a 1-point greater severity of NC (OR 6.01 [95% confi-
dence interval, (CI) 3.95, 9.15]; P< .0001), a 5-point greater
severity of LMK-CT (OR 2.19 [1.69, 2.85]; P< .0001), and an
8.9-point greater severity of SNOT-22 (OR 1.35 [1.20, 1.49]; P
< .0001) (Figure 1). Severe versus moderate LoS at baseline
was also associated with significant ORs of having prior
surgery, asthma, NSAID-ERD, and severe rhinosinusitis accord-
ing to VAS>7 cm or SNOT-22 score>50 (Figure 1). There was
no significant difference in baseline NPS between patients with
moderate and severe LoS, and the odds of severe versusmoderate
baselineLoSdidnot significantly changewith baselineNPS score
(OR 1.12 [95% CI 0.96, 1.32]; P= .16).

Association Between Moderate Versus Severe LoS
and Dupilumab Effect on Disease Outcomes
Demographics and baseline characteristics were well
balanced between the placebo and dupilumab treatment

Table 1. Demographic and Baseline Disease Characteristics of Patients With Moderate (Score >1 to 2) or Severe (Score >2 to 3) LoS† at

Baseline (Pooled SINUS-24/−52 Population).

Moderate LoS at baseline (N= 106) Severe LoS at baseline (N= 601) P value

Age, years 52.6 (11.6) 51.0 (13.0) .2413

Male, n (%) 66 (62.3) 360 (59.9) .6466

Prior sinonasal surgery, n (%) 43 (40.6) 404 (67.2) <.0001

Asthma, n (%) 42 (39.6) 380 (63.2) <.0001

NSAID-ERD, n (%) 16 (15.1) 185 (30.8) .0010

Severe rhinosinusitis (VAS >7 cm), n (%) 47 (44.3) 456 (75.9) <.0001

Severe rhinosinusitis (SNOT-22 > 50), n (%) 30 (28.3) 319 (53.1) <.0001

NPS (0−8) 5.8 (1.2) 6.0 (1.3)‡ .1594

NC (0−3) 1.9 (0.4) 2.5 (0.6) <.0001

LMK-CT (0−24) 16.3 (4.0)§ 18.9 (3.9)|| <.0001

Rhinosinusitis VAS (0−10 cm) 6.8 (2.2) 8.1 (1.9) <.0001

SNOT-22 (0−110) 40.9 (16.0)¶ 53.2 (20.8)†† <.0001

Note: †28-day average.
‡n= 598.

§n= 104.

||n= 589.

¶n= 101.

††n= 594.

Data are mean (standard deviation) unless otherwise specified.

P-values are from chi-square test for proportions and from t-test using Satterthwaite approximation for continuous variables (NC and SNOT-22).

LMK-CT, Lund-Mackay CT-scan score; LoS, loss of smell; NC, nasal congestion/obstruction score; NPS, nasal polyp score; NSAID-ERD, nonsteroidal

antiinflammatory drug-exacerbated respiratory disease; SNOT-22, 22-item Sinonasal Outcome Test; VAS, visual analog scale.
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groups, as shown in Supplemental Table 1. Significant
improvements in NPS, NC, LMK-CT, rhinosinusitis VAS,
and SNOT-22 scores were observed with dupilumab versus
placebo in both the moderate baseline LoS subgroup and
the severe baseline LoS subgroups. Improvements at the
first postbaseline assessment were sustained or increased at
Week 24 in the pooled studies (Figure 2) and at Week 52
in SINUS-52 (Supplemental Figure 1) in both LoS severity
subgroups. The magnitude of improvements in NC, rhinosi-
nusitis VAS, and SNOT-22 with dupilumab at Week 24 was
statistically greater in patients with severe LoS than in
patients with moderate LoS at baseline (P-values for sub-
group by treatment interaction .0002, .0001, and .0004,
respectively). Improvements in NPS and LMK-CT with
dupilumab did not differ significantly between the moderate
and severe baseline LoS subgroups (P-values for subgroup
by treatment interaction .77 and >.99, respectively).

Discussion
This post-hoc analysis set out to provide a greater understand-
ing of the impact of LoS in patients with CRSwNP and its asso-
ciation with outcomes with dupilumab treatment. LoS is a
prevalent symptom in CRSwNP, as demonstrated by ∼98%
of patients in the SINUS study population having at least mod-
erate smell loss despite receiving standard of care (intranasal

corticosteroids). This highlights an unmet need and a particu-
larly important one from the patient’s perspective, since LoS
is cited as one of the most bothersome and often overlooked
symptoms of CRSwNP,25 and one that is associated with
reduced HRQoL.4,26 As psychophysical smell tests such as
UPSIT may not be administered in real-world clinical practice
owing to cost and time constraints, the current analysis
focused on the subjective LoS score. With the LoS score,
patients rate the severity of their smell loss using a simple
scale of no, mild, moderate, or severe symptoms, which may
reflect everyday clinical practice more closely than psychophys-
ical tests. Analysis of baseline characteristics by baseline LoS
severity indicated that patients with severe LoS at baseline
had a higher prevalence of prior nasal polyp surgery, coexisting
asthma, and NSAID-ERD and higher baseline NC, LMK-CT,
and SNOT-22 scores than patients with moderate LoS.
Association of smell loss severity with SNOT-22 is in agree-
ment with the established impact of LoS on HRQoL.2,6,7

Association of smell loss severity with prior surgery may
reflect longer-standing and more severe disease compared
with patients without surgery, and also illustrates an unmet
need following surgery in CRSwNP.

Proposed pathophysiological mechanisms for smell loss
in CRSwNP include reduced airflow to the olfactory cleft
due to the presence of nasal polyps and/or a sensorineural
deficit due to inflammation in the olfactory mucosa.27 The

Figure 1. Odds ratios for baseline severe versus moderate LoS by other baseline characteristics.
Note: CI, confidence interval; LMK-CT, Lund-Mackay CT-scan score; LoS, loss of smell; NC, nasal congestion/obstruction score; NPS, nasal polyp score;

NSAID-ERD, nonsteroidal antiinflammatory drug-exacerbated respiratory disease; SNOT-22, 22-item Sinonasal Outcome Test; VAS, visual analog scale.

**P< .01; ****P< .0001.
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Figure 2. Change from baseline after the first post baseline assessment and after 24 weeks in NPS, NC, LMK-CT, rhinosinusitis VAS, and

SNOT-22 scores by moderate or severe LoS score at baseline (pooled SINUS 24/−52).
Note: NC values are 28-day average. CI, confidence interval; LMK-CT, Lund-Mackay CT-scan score; LoS, loss of smell; LS, least squares; NC, nasal congestion/

obstruction score; NPS, nasal polyp score; ns, not significant; SE, standard error; SNOT-22, 22-item Sinonasal Outcome Test; VAS, visual analog scale.

Nominal P: *P< .05, **P< .01, ***P< .001, ****P< .0001.
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involvement of a mechanism beyond a simple reduction in
airflow is supported by findings that olfactory dysfunction in
CRSwNP measured using Sniffin’ Sticks does not depend on
nasal obstruction as assessed by either polyp size or airflow lim-
itation.28,29 Our results confirm an absence of association
between nasal polyp size and a simple subjective measure of
smell loss in a large cohort with uncontrolled CRSwNP,
further lending weight to a pathophysiology of smell loss
involving sensorineural deficit. Possible biochemical mecha-
nisms underlying such a deficit are emerging with evidence
from studies on the impact of type 2 inflammation on olfaction
using mouse models, including a direct effect of IL-4 on olfac-
tory sensory neurons and IL-13-induced loss of neurons from
the olfactory epithelium.30,31

Dupilumab improved symptoms and objective CRSwNP
outcomes in the SINUS trials,18 but the effect of baseline
LoS severity on dupilumab treatment effect was unknown.
We found that dupilumab significantly improved all analyzed
CRSwNP outcomes and HRQoL versus placebo in patients
with moderate LoS and in patients with severe LoS at baseline.
For the patient-reported endpoints, NC, RS-VAS, and
SNOT-22, the magnitude of improvements with dupilumab at
Week 24 were greater in the severe baseline LoS subgroup
than the moderate baseline LoS subgroup. This may reflect
the greater baseline severity, and therefore greater scope for
improvement, observed in these measures in the severe baseline
LoS subgroup compared with the moderate baseline LoS sub-
group. For the objective endpoints, NPS and LMK-CT, base-
line differences between LoS subgroups were proportionately
smaller and no difference was observed between LoS sub-
groups in the magnitude of dupilumab treatment effect at
Week 24. Looking at Week 52 (SINUS-52 study only), a
similar pattern of results was seen except that the difference
in magnitude of improvement in RS-VAS with dupilumab
between LoS subgroups did not reach statistical significance.
The similarity of magnitude of improvement in NPS and
LMK-CT with dupilumab regardless of subjective degree of
smell loss at baseline further supports a pathophysiology of
smell loss that can be reversed independently of reductions in
polyp size and sinus opacity.29

Limitations of this analysis include that it was post hoc
and that the LoS score is not validated. In addition, the
SINUS studies involved patients with severe CRSwNP
uncontrolled by standard of care, which limits the generaliz-
ability of our findings to patients with milder disease. As
patients had to have an NPS score of ≥5 for inclusion in
the SINUS studies, the associations we found may not
apply in patients with NPS ≤4. Moreover, there was little
variation in LoS scores (83% severe, 15% moderate), with
a smaller subset of patients with mild smell loss, which
limited the variability available for association analyses.

In conclusion, this analysis shows that increased severity
of smell loss is associated with greater severity of NC,
RS-VAS, LMK-CT, greater impact on HRQoL (SNOT-22),
and greater prevalence of respiratory comorbidities in

patients with severe CRSwNP. Dupilumab significantly
improved NPS, NC, LMK-CT, RS-VAS, and SNOT-22 in
subgroups with moderate LoS and severe LoS at baseline.
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