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What is already known about this topic? Loss of smell is one of the most important and difficult-to-treat symptoms for
patients with chronic rhinosinusitis with nasal polyps (CRSwNP).

What does this article add to our knowledge? Dupilumab produced rapid, significant, and sustained improvements in
sense of smell in patients with severe CRSwNP, including those with prior sinonasal surgery and those with comorbid
asthma and nonsteroidal anti-inflammatory drugeexacerbated respiratory disease.

How does this study impact current management guidelines? The ability to alleviate loss of smell, one of the most
troublesome and difficult-to-treat symptoms of severe CRSwNP, supports dupilumab as an effective treatment for patients
with CRSwNP who otherwise have limited therapeutic options.
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CRSwNP- C
hronic rhinosinusitis with nasal polyps
CT- C
omputed tomography

ESS- E
ndoscopic sinus surgery
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ealth-related quality of life
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mmunoglobulin E
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LMK- L
und-Mackay

LoS- L
oss of smell

LS- L
east squares

NC- N
asal congestion

NPS- N
asal polyp score
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onsteroidal anti-inflammatory drugeexacerbated
respiratory disease
q2w- E
very 2 weeks

SCS- S
ystemic corticosteroids
SNOT-22- 2
2-Item Sinonasal Outcome Test

UPSIT- U
niversity of Pennsylvania Smell Identification Test
BACKGROUND: Loss of smell (LoS) is one of the most
troublesome and difficult-to-treat symptoms of severe chronic
rhinosinusitis with nasal polyps (CRSwNP).
OBJECTIVE: To assess the impact of dupilumab on sense of
smell in severe CRSwNP.
METHODS: In the randomized SINUS-24 and SINUS-52
studies, adults with severe CRSwNP received dupilumab 300 mg
subcutaneously or matching placebo every 2 weeks for 24 or 52
weeks, respectively. Smell was assessed using daily patient-
reported LoS score (0e3) and University of Pennsylvania Smell
Identification Test (UPSIT; 0e40). Data from the 2 studies were
pooled through week 24. Relationships between patient phe-
notypes and smell outcomes were also assessed.
RESULTS: We randomized 724 patients (286 placebo, 438
dupilumab); mean CRSwNP duration was 11 years; 63% had prior
sinonasal surgery. Mean baseline LoS was 2.74. Dupilumab
produced rapid improvement in LoS, evident by day 3, which
improved progressively throughout the study periods (least squares
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mean difference vs placebo L0.07 [95% CIL0.12 toL0.02];
nominal P < .05 at day 3, andL1.04 [L1.17 toL0.91]; P < .0001
at week 24). Dupilumab improved mean UPSIT by 10.54 (least
squares mean difference vs placebo 10.57 [9.40e11.74]; P < .0001)
at week 24 from baseline (score 13.90). Improvements were
unaffected by CRSwNP duration, prior sinonasal surgery, or
comorbid asthma and/or nonsteroidal anti-inflammatory
drugeexacerbated respiratory disease. Baseline olfaction scores
correlatedwith allmeasured local and systemic type2 inflammatory
markers except serum total immunoglobulin E.
CONCLUSIONS: Dupilumab produced rapid and sustained
improvement in sense of smell, alleviating a cardinal symptom of
severe CRSwNP. � 2021 The Authors. Published by Elsevier
Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). (J Allergy Clin Immunol Pract 2022;10:1086-95)

Key words: Chronic rhinosinusitis with nasal polyps; Sense of
smell; Anosmia; Type 2 inflammation; Dupilumab
INTRODUCTION
Chronic rhinosinusitis with nasal polyps (CRSwNP) is a chronic

inflammatory disease of the nasal and paranasal sinuses characterized
by long-term symptoms of rhinosinusitis (nasal congestion, rhi-
norrhea/postnasal drip, loss of smell [LoS], facial pain/pressure) and
presence of nasal polyps on nasal endoscopy.1 CRSwNP exhibits a
type 2 inflammatory signature in themajority of patients inWestern
countries, characterized by interleukin (IL)-4, IL-5, and IL-13, and
infiltration of nasal polyps by eosinophils, basophils, and mast
cells.1-4 Impairment of sense of smell is one of the most trou-
blesome and recalcitrant symptoms in patients with CRSwNP.2,5

LoS correlates with disease severity, has a substantial impact on
quality of life, and may be the first sign of disease recurrence.6-9

Existing standard of care does not provide long-lasting
restoration of sense of smell in patients with CRSwNP.5 A
2014 Cochrane review found little evidence of a difference in
olfactory outcomes between medical and surgical manage-
ment of CRSwNP.10 Long-term topical corticosteroids and
repeated bursts/short courses of systemic corticosteroids
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TABLE I. Demographics and baseline characteristics by anosmia status (pooled studies)*

Characteristic

UPSIT < 19 (anosmic)

(n [ 551)

UPSIT ‡ 19 (nonanosmic)

(n [ 159) Nominal P

Age, y, mean (SD) 51.9 (12.9) 49.4 (12.5) .0259

Male, n (%) 321 (58.3) 107 (67.3) .0402

NP duration, y, mean (SD) 11.9 (9.7) 8.0 (7.9) <.0001

Prior sinonasal surgery, n (%) 379 (68.8) 71 (44.7) <.0001

Number of surgeries, n (% of surgery population)

1 211 (55.7) 39 (54.9)

2 74 (19.5) 17 (23.9)

�3 94 (24.8) 15 (21.1)

SCS in the last 2 y, n (%) 408 (74.0) 125 (78.6) .2407

Any comorbid type 2 medical history† including
asthma/NSAID-ERD, n (%)

465 (84.4) 100 (62.9) <.0001

Asthma, n (%) 358 (65.0) 62 (39.0) <.0001

NSAID-ERD, n (%) 178 (32.3) 23 (14.5) <.0001

NPS (0e8), mean (SD) 6.08 (1.22) 5.16 (1.28) <.0001

NC (morning) score (0e3), mean (SD) 2.44 (0.58) 2.26 (0.56) .0005

LMK total CT score (0e24), mean (SD) 19.33 (3.58) 15.01 (3.96) <.0001

Rhinosinusitis severity (VAS 0e10), mean (SD) 8.05 (1.98) 7.19 (2.25) <.0001

TSS score (0e9), mean (SD) 7.34 (1.34) 6.50 (1.52) <.0001

SNOT-22 (0e110), mean (SD) 52.34 (20.73) 45.12 (19.35) .0001

PNIF, L/min, mean (SD) 82.35 (54.80) 103.93 (57.18) <.0001

FEV1, L, mean (SD) 2.77 (0.92) 3.16 (0.88) <.0001

ACQ-6 (patients with asthma), mean (SD) 1.59 (1.10) 1.54 (1.16) .7362

Blood eosinophils, �109/L, median (95% CI) 0.37 (0.35e0.40) 0.26 (0.23e0.30) <.0001

Serum total IgE, IU/mL, median (95% CI) 121.0 (105.0e134.0) 118.5 (95.0e150.0) .3159

Periostin, ng/mL, median (95% CI) 109.0 (104.0e114.0) 86.8 (83.6e93.8) <.0001

TARC, pg/mL, median (95% CI) 297 (280e310) 270 (243e306) .0260

Eotaxin-3, pg/mL, median (95% CI) 63.5 (60.5e68.7) 47.3 (42.4e54.7) <.0001

Nasalz total IgE, IU/mL, median (95% CI) 7.0 (5.0e17.0) 4.0 (3.0e5.0) .0036

Nasalz ECP, ng/mL, median (95% CI) 34.0 (24.0e43.0) 8.0 (6.0e41.0) .0085

ACQ-6, 6-Item Asthma Control Questionnaire; ECP, eosinophil cationic protein; FEV1, forced expiratory volume in 1 s; NP, nasal polyp; PNIF, peak nasal inspiratory flow;
TARC, thymus and activationeregulated chemokine; TSS, total symptom score; VAS, visual analog scale.
*Higher scores indicate greater disease severity, except for UPSIT, where higher scores indicate lower disease severity. P values are based on t test for means, Wilcoxon rank
sum test for medians, and chi-square test for categorical variables.
†A patient was considered to have comorbidity history or ongoing comorbid disease if the patient had or has any of the following diseases: atopic dermatitis, allergic
conjunctivitis, allergic rhinitis (any, seasonal, perennial), eosinophilic esophagitis, food allergy, and/or hives.
zAssessed in SINUS-52 only.
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(SCS) when symptoms worsen are the standard medical ap-
proaches for treatment of olfactory dysfunction in patients
with CRSwNP.5 A recent prospective study of olfactory
outcomes after endoscopic sinus surgery (ESS) in patients
with CRSwNP found that patients whose olfaction did not
respond to oral corticosteroids did not benefit from surgery.11

Moreover, in those patients who benefited from surgery,
improvement in olfaction was often not long-lasting, peaking
approximately by 1 month and decreasing by 3 months after
surgery.11 A separate prospective analysis found olfactory
disturbance to be the most frequently mentioned post-
operative disabling problem at 6 weeks and 7 months
postsurgery.12 In a recent cross-sectional analysis of patient-
reported outcomes, patients with a history of ESS did not
report improvement in sense of smell compared with patients
without a history of ESS, and olfactory impairment worsened
with increasing number of ESS procedures.13

The mechanism of reversing sensorineural loss in patients with
chronic rhinosinusitis with or without polyposis is not well un-
derstood. Olfactory dysfunction in CRSwNP appears to be
multifactorial, involving effects of chronic inflammation on the
olfactory mucosa, edema of the neuroepithelium that impedes the
transmission of synaptic impulses (neurosensory processes), in
addition to changes in airflow within the olfactory cleft (conductive
processes).14,15 Direct neurotoxic actions of inflammatory media-
tors have been proposed.16-19 Superior turbinate eosinophilia and
sinus opacification have also been implicated in LoS in
CRSwNP.2,20-22 However, although Lund-Mackay (LMK)
computed tomography (CT) scores of sinus opacification correlate
with presurgery olfactory dysfunction, there is no correlation be-
tween LMK CT scores and postoperative improvements in olfac-
tion.23 These observations suggest that inflammation within the
mucosa of the olfactory cleft may cause irreversible changes that
limit postoperative improvement in olfaction following sinonasal
surgery. A mouse model of allergic chronic rhinosinusitis demon-
strated a decrease of immature olfactory neurons associated with a
type 2/Th2 response (including IL-4, IL-13, and IL-5 messenger
RNA levels confirmed at protein level) within the olfactory area.24

Dupilumab is a fully human VelocImmune-derived
monoclonal antibody that inhibits signaling of both IL-4
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FIGURE 1. Change in daily assessed LoS symptom score. (A) Daily scores to day 28 (main panel) and week 24 (inset) in pooled SINUS-24
and SINUS-52. (B) Monthly average scores to week 52 in SINUS-52.z Nominal P versus placebo * < .05; ** < .01; *** < .001. Derived
from ANCOVA model with change from BL at the corresponding visit as the response variable and the corresponding BL value, treatment
group, asthma/NSAID-ERD status, prior surgery history, region, and study indicator as covariates. The number of imputed values by visit
is given in Table E2 (available in this article’s Online Repository at www.jaci-inpractice.org). ANCOVA, Analysis of covariance; SE,
standard error. †Prespecified P versus placebo < .0001. zAverage of previous 28 days.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 4

MULLOL ETAL 1089
and IL-13, key cytokines involved in type 2emediated
inflammation.25-27 Dupilumab subcutaneous injection is
approved for the treatment of adults with inadequately
controlled CRSwNP.28,29 In the phase 3 SINUS 24-week
and 52-week trials in adults with severe CRSwNP
(NCT02912468 and NCT02898454), dupilumab added to
standard of care significantly reduced polyp size, sinus opa-
cification, and severity of symptoms versus placebo and was
generally well tolerated.30
The objective of the analyses presented here is to compre-
hensively assess the impact of dupilumab on olfactory outcomes
in patients with severe CRSwNP in the SINUS trials.
METHODS

Study design, patients, and interventions
SINUS-24 and -52 were multinational, multicenter, random-

ized, double-blind, placebo-controlled, parallel-group studies

http://www.jaci-inpractice.org
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Baseline characteristics

Gender

CRSwNP duration

Prior NP surgery

Asthma

NSAID-ERD

SCS in 2 y prior to study

NPS

NC

LMK CT scan total score

TSS

Rhinosinusitis VAS

SNOT-22 total score

Blood eosinophils × 109

Age, y <65
≥65
Male
Female

≤median
>median

Yes
No

Yes
No

Yes
No

Yes
No

≤median
>median

≤median
>median

≤median
>median

≤median
>median

≤7
>7

≤40
>40

≤0.15
>0.15

Serum total IgE ≤median
>median

0 5 10 15
∆ UPSIT†

0.0 –0.5 –1.0 –1.5
∆ LoS‡

0.0 –1.0 –2.0 –3.0

∆ SNOT-22 item
“Decreased sense of smell/taste”‡

* * *

** *** *

* * *

Change from baseline at 24 weeks, LS mean difference versus placebo (95% CI)

FIGURE 3. Treatment effect at 24 weeks in 3 measures of olfaction by specified BL characteristics (pooled studies). Overall P for
interaction * < .05, ** < .01, *** < .001. Each of the imputed complete data was analyzed by fitting an ANCOVA model with the
corresponding BL value, treatment group, asthma/NSAID-ERD status, prior surgery history, region, and study indicator as covariates, plus
the subgroup variable and the subgroup-by-treatment interaction. Analysis was based on the same imputed dataset using WOCF/MI from
primary analysis of the end point in each of the 2 studies. ANCOVA, Analysis of covariance; MI, multiple imputation; NP, nasal polyp;
TSS, total symptom score; VAS, visual analog scale; WOCF, worst observation carried forward. †Lower scores indicate more severe
disease. zHigher scores indicate more severe disease.
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conducted in hospitals or referral centers in 25 countries.30 The
studies were conducted in accordance with Good Clinical Practice
and with the principles ordained in the Declaration of Helsinki,
protocols were approved by appropriate ethical review boards, and
all patients provided written informed consent. Patients 18 years of
age or older with bilateral nasal polyps (nasal polyp score [NPS] �
5 out of maximum 8) and symptoms of chronic rhinosinusitis
despite intranasal corticosteroid therapy were eligible if they had
received SCS in the preceding 2 years (or had a medical contra-
indication or intolerance to SCS) or previous sinonasal surgery.
Patients received 100 mg of mometasone furoate nasal spray in each
nostril twice daily from 4 weeks prior to randomization to the end
of the study. Patients were randomized 1:1 to double-blind treat-
ment with subcutaneous dupilumab 300 mg or matching placebo
every 2 weeks (q2w) for 24 weeks in SINUS-24, and 1:1:1 to either
subcutaneous dupilumab 300 mg q2w for 52 weeks, subcutaneous
dupilumab 300 mg q2w for 24 weeks followed by every 4 weeks to
52 weeks, or placebo throughout in SINUS-52. Both studies
achieved their primary objective of reduction in their coprimary
end points: (1) nasal congestion/obstruction (NC) score and (2)
bilateral NPS at week 24. Further details of the studies have been
described previously.30

Assessments

Sense of smell was assessed using a patient-reported LoS symptom
score recorded daily using an eDiary with a scale of 0 to 3, where 0¼
no symptom, 1¼mild LoS, 2¼moderate LoS, and 3¼ severe LoS. In
addition, the University of Pennsylvania Smell Identification Test
(UPSIT; scale 0e40) was administered in the clinic at baseline (BL)
and at weeks 2, 8, 16, and 24 in SINUS-24, and weeks 2, 4, 16, 24,
and 52 in SINUS-52. Higher scores indicate better sense of smell in
UPSIT, and scores less than 19 indicate anosmia. Sense of smell was
also assessed in the health-related quality of life (HRQoL) 22-item
Sinonasal Outcome Test (SNOT-22) with the item “Decreased
sense of smell/taste,” which has a scale of 0 to 5, with 0 being “No
problem” and 5 being “Problem as bad as it can be.” The SNOT-22
was completed in the clinic at BL and at weeks 8, 16, and 24 in
SINUS-24 and weeks 4, 8, 16, 24, 40, and 52 in SINUS-52.

Statistical methods
Power calculations for the primary end points and procedures for

randomization and blinding were detailed previously.30 Data are
presented for placebo and dupilumab 300 mg q2w, pooled from
SINUS-24 and SINUS-52 up to week 24, and from SINUS-52 up
to week 52. The BL differences between patients with and without
anosmia (UPSIT < 19) were tested using Student t test or Wilcoxon
rank sum test for continuous variables and chi-square test for cate-
gorical variables. Among patients who were anosmic at BL, the
proportion who became nonanosmic at week 24 was compared
using CochraneManteleHaenszel test with treatment,
asthma/nonsteroidal anti-inflammatory drugeexacerbated respira-
tory disease (NSAID-ERD) status, surgery history, region, and study
as covariates. Associations between BL smell scores and other BL
measures were analyzed by Spearman correlation.
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Change from BL at week 24 in UPSIT and LoS symptom score
were prespecified secondary end points.30 Other analyses reported
here are post hoc and associated P values are not multiplicity-adjusted
and are reported as nominal accordingly. BL LoS was taken as the
average of daily scores over the 7 days prior to day 1. LoS analyses at
weeks 24 and 52 used the average of daily LoS scores for days 142 to
169 and days 338 to 365, respectively. Change from BL in smell
outcomes was analyzed for the intention-to-treat population using a
hybrid of the worst observation carried forward and multiple
imputation methods, followed by an analysis of covariance model,
with the BL value of the corresponding end point, treatment, asthma
or NSAID-ERD status, surgery history, study indicator, and region
as covariates. For patients who received SCS or who underwent
sinonasal surgery for any reason, data collected postsurgery or post-
SCS treatment were set to missing in the worst observation carried
forward multiple imputation approach, and the worst post-BL value
on or before the time of surgery or SCS treatment was used to
impute missing week 24 values. For patients who discontinued
treatment without rescue by surgery or SCS, a multiple imputation
approach was used to impute missing values, using values of all
patients who had not been rescued by surgery or were not receiving
SCS. Statistical inference obtained from all imputed data was
combined using Rubin’s rule.31 To compare effects between sub-
groups, a similar analysis of covariance model was carried out, with
the addition of the subgroup covariate and the subgroup-by-
treatment interaction. The interaction P value was calculated from
this model.
RESULTS

Patient characteristics
The pooled intention-to-treat population comprised 724 pa-

tients: 286 in placebo groups and 438 in dupilumab-treatment
groups. Demographic and BL characteristics were well
balanced across treatment groups, as reported previously
(Table E1; available in this article’s Online Repository at www.
jaci-inpractice.org).30 Mean duration of CRSwNP was 11.0
years (SD 9.5), 459 patients (63.4%) had prior sinonasal surgery,
of whom 205 (44.7%) had 2 or more prior sinonasal surgeries,
and 538 patients (74.3%) had received SCS in the previous 2
years. The great majority of patients had severely impaired sense
of smell; mean self-reported LoS symptom score was 2.74 (SD
0.53) out of maximum 3. Among the 710 patients who
completed an UPSIT assessment at BL, mean UPSIT score was
14.0, 551 patients (77.6%) were anosmic (UPSIT score < 19),
147 (20.7%) were hyposmic (UPSIT 19e34), and only 12 pa-
tients (1.7%) were normosmic (UPSIT > 34; Table E1). The
SNOT-22 questionnaire item ranked most important by patients
was “Decreased sense of smell/taste” (87.4% of patients), and
this item had the greatest mean BL score (4.28 out of maximum
5; Figure E1; available in this article’s Online Repository at www.
jaci-inpractice.org).

Baseline associations of smell dysfunction
Patients who were anosmic at BL (UPSIT < 19) had lower

HRQoL assessed by SNOT-22, greater prevalence of asthma
and/or NSAID-ERD, and more of them had undergone prior
sinonasal surgery than patients without anosmia (UPSIT � 19;
Table I). Moreover, compared with patients without anosmia,
patients with anosmia had longer duration of CRSwNP, more
severe CRSwNP disease measured by rhinosinusitis severity vi-
sual analog scale, NC, NPS, total symptom score, and LMK CT
scores, lower peak nasal inspiratory flow, worse lung function
assessed by forced expiratory volume in 1 s, and higher levels of
all assessed type 2 inflammatory markers in blood (eosinophils,
periostin, thymus and activationeregulated chemokine, eotaxin-
3) and nasal secretions (eosinophil cationic protein, total
immunoglobulin E [IgE]), except serum total IgE (Table I).
Similar associations of BL disease activity scores and biomarker
levels with BL olfactory function were observed across the 3
measures of olfaction (Figure E2; available in this article’s Online
Repository at www.jaci-inpractice.org).

Smell outcomes

Dupilumab produced rapid improvements in sense of smell.
Differences versus placebo were evident by day 3 for daily
patient-reported LoS (least squares [LS] mean difference �0.07;
95% CI �0.12 to �0.02; nominal P < .01; Figure 1, A), and at
the first assessments for UPSIT (week 2; LS mean difference
5.53; 95% CI 4.38e6.69) and SNOT-22 item “Decreased sense
of smell/taste” (week 8; LS mean difference e1.54; 95% CI
e1.77 to e1.32; both nominal P < .0001; Figure 2).

Daily patient-reported mean LoS improved progressively
throughout the study (Figure 1). In the pooled population, LS
mean change in LoS with dupilumab was �1.30 by week 24
(average of previous 28 days’ daily assessments), representing a
47.5% improvement from BL, and the difference versus placebo
was �1.04 (95% CI �1.17 to �0.91); P less than .0001. In
SINUS-52, LS mean change in LoS with dupilumab was �1.21
at week 24 and �1.29 at week 52, with differences versus

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 4

MULLOL ETAL 1093
placebo of �0.98 (95% CI �1.15 to �0.81) and �1.10 (95%
CI �1.31 to �0.89), respectively; both P less than .0001
(Figure 1, B). Mean UPSIT increased with dupilumab at each
assessment to week 24 in the pooled population (LS mean
change 10.54 at week 24; difference vs placebo 10.57 [95% CI
9.40e11.74]; P < .0001; Figure 2, A). The proportion of pa-
tients with anosmia in the dupilumab group declined from
78% at BL to 45% at week 2 and 28% at week 24 (both nominal
P < .0001; Figure 2, B). In the placebo group, the proportion of
patients who were anosmic was unchanged at week 24 relative to
BL (77%). Among patients who were anosmic at BL, 62.3% of
dupilumab-treated patients became nonanosmic at week
24 compared with 5.5% of placebo patients (using nonresponder
imputation; odds ratio 45.1 [95% CI 21.0e97.2]; nominal
P < .0001). In SINUS-52, LS mean change in UPSIT with
dupilumab was 9.71 at week 24 and 9.53 at week 52, with
differences versus placebo of 10.52 (95% CI 8.98e12.07) and
10.30 (95% CI 8.5e12.10), respectively; both P < .0001
(Figure E3, A; available in this article’s Online Repository at
www.jaci-inpractice.org). In the pooled population, improve-
ment in SNOT-22 item “Decreased sense of smell/taste” with
dupilumab increased at each assessment to LS mean
change �2.49 at week 24 (difference vs placebo e1.97 [95%
CI e2.19 to e1.75]; nominal P < .0001; Figure 2, C). In
SINUS-52, LS mean change in SNOT-22 item “Decreased sense
of smell/taste” with dupilumab was �2.46 at week 24 and �2.59
at week 52, with differences versus placebo of �1.92 (95%
CI �2.21 to �1.63) and �2.23 (95% CI �2.57 to �1.88),
respectively; both P less than .0001 (Figure E3, B). Smell out-
comes worsened after discontinuation of dupilumab at week 24
in patients in SINUS-24.30

Association of BL characteristics with smell

outcomes
Dupilumab effects on smell were unaffected by gender,

CRSwNP duration, prior surgery, SCS use in the previous 2
years, history of comorbid asthma or NSAID-ERD, BL NPS,
NC score, total symptom score, rhinosinusitis severity visual
analog scale, HRQoL (SNOT-22), or serum total IgE levels
(Figure 3). Rapid improvement in smell was achieved with
dupilumab regardless of prior sinonasal surgery (Figure E4;
available in this article’s Online Repository at www.jaci-
inpractice.org). Even patients with multiple prior sinonasal sur-
geries achieved improvements in smell with dupilumab
(Figure E5; available in this article’s Online Repository at www.
jaci-inpractice.org). Dupilumab improved smell outcomes versus
placebo in patients with BL blood eosinophil count 0.15� 109/L
or less, and also in patients with BL blood eosinophil count
greater than 0.15 � 109/L, with greater improvements in the
latter group (Figure 3). Similarly, dupilumab improved smell
outcomes versus placebo in patients older and younger than
65 years, and in patients with BL LMK CT scan total score 19 or
less and greater than 19 (the study population median), with
greater improvements observed in the younger than 65 years old
group and the LMK CT scan score greater than 19 group,
respectively.

Effect of week 4 smell response on week 24

outcomes
To investigate any association of early smell response with

subsequent effects on CRSwNP disease outcomes, we analyzed
patients with impaired sense of smell at BL in SINUS-52
(UPSIT � 33; n ¼ 429; 96% of the study population) ac-
cording to above- and below-median UPSIT response at week 4.
Nasal congestion, NPS, and LMK CT scan total score at week 24
were significantly better with dupilumab than placebo at week 24
in both the group with above-median UPSIT and the group with
below-median UPSIT response at week 4 (Figure 4).
DISCUSSION
Loss or reduction in sense of smell is one of the most trou-

blesome and difficult-to-treat symptoms in CRSwNP.2,5 Patients
in our cohort reported “Decreased sense of smell/taste” as the
most important HRQoL item in SNOT-22, consistent with
previous reports about the major burden associated with LoS in
CRSwNP.32,33 Dupilumab improved sense of smell significantly
and rapidly according to 3 measures of olfaction (patient-re-
ported LoS severity, UPSIT, and SNOT-22 item “Decreased
sense of smell/taste”), with effects observed within the first week
for daily assessed LoS severity, and at the first assessment for
UPSIT and SNOT-22 item “Decreased sense of smell/taste.”
Improvements increased thereafter, with more than 60% of pa-
tients with anosmia (UPSIT < 19) achieving improvement in
sense of smell (UPSIT � 19) by 24 weeks. The rapidity and
magnitude of smell recovery observed in this trial support a key
role of type 2 inflammatory processes in smell loss in CRSwNP,
and indicate that these processes may be reversible with dupi-
lumab treatment.

Notably, dupilumab’s effects on olfaction were unaffected by
duration of CRSwNP, prior sinonasal surgery, previous SCS
use, presence of comorbid asthma and/or NSAID-ERD, or BL
polyp score. The observed absence of treatment-by-subgroup
interaction for smell outcomes in prior surgery, asthma, and
NSAID-ERD subgroups is consistent with the findings of
similar efficacy in NPS, NC, LMK CT scan, and SNOT-22
scores regardless of prior surgery, asthma, and NSAID-ERD
in the SINUS studies.34-36

Durable restoration of sense of smell following surgery is
uncommon,11-13 and our findings confirm that sense of smell
can be restored and maintained with dupilumab even in patients
with multiple prior surgeries. Improvements in sense of smell
with dupilumab were greater in patients with higher LMK total
CT score at BL than in patients with lower LMK total CT score.
Assessment of volumetric olfactory cleft opacification could have
provided better understanding of this finding because there is a
negative correlation between quantitative olfactory test scores
and volumetric olfactory cleft opacification.37,38

Patients with anosmia had higher BL levels of systemic (blood)
and local (nasal secretion) type 2 inflammatory biomarkers than
patients without anosmia, suggesting that the degree of ongoing
type 2 inflammatory processes affects the severity of olfactory
dysfunction in CRSwNP. Of the biomarkers assessed at BL, only
serum total IgE was not associated with anosmia. Our findings
are consistent with those of an observational cross-sectional study
of patients with CRSwNP, in whom smell function (assessed
using Sniffin’ Sticks odor tests) was found to correlate with blood
eosinophil count but not with serum total IgE.39

The findings of this analysis, demonstrating severe loss of
sense of smell in patients with CRSwNP, as well as the significant
improvement in smell outcomes after treatment with dupilumab,
support the use of sense of smell and its improvement after

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


J ALLERGY CLIN IMMUNOL PRACT
APRIL 2022

1094 MULLOL ETAL
treatment as criteria for patient selection and response to bi-
ologics, respectively. Sense of smell has been included in criteria
for both patient selection and response to biologics in recent
international expert consensus statements from the European
Forum for Allergy and Airway Diseases (EUFOREA) and the
European Position Paper on Rhinosinusitis and Nasal Polyps
(EPOS).1,40 In our cohort, BL smell scores were significantly
correlated with other BL measures of disease, despite all patients
having severe disease, thereby limiting the range of values
available for correlation. Moreover, the cardinal importance of
LoS to patients, confirmed in this study, supports its value as a
patient-centered indicator of disease response. Nevertheless,
NPS, NC, and LMK CT scan score outcomes at 24 weeks were
significantly improved with dupilumab in patients with both
better than and worse than median week 4 UPSIT response
among those who had impaired sense of smell at BL in SINUS-
52, suggesting that improvement in sense of smell has limited
value as a proxy for improvement in other outcomes. A
contributory factor in this finding could be that some patients
might have irreversible anosmia; among patients with anosmia at
BL, 38% in the dupilumab group were still anosmic after 24
weeks of dupilumab treatment.

In conclusion, dupilumab, by inhibiting the key and central
type 2 cytokines IL-4/IL-13 involved in type 2 inflammation,
provided rapid (within 1 week) and lasting (up to 52 weeks)
improvements in sense of smell in patients with severe CRSwNP,
regardless of prior sinonasal surgery, SCS use, or presence of
asthma and/or NSAID-ERD. The ability to reverse LoS, one of
the most troublesome and difficult-to-treat symptoms of severe
CRSwNP, supports the effectiveness of dupilumab in patients
who otherwise have limited therapeutic options.

NOTE
For a video summary of this article, please see Video 1

(available in this article’s Online Repository at www.jaci-
inpractice.org).
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FIGURE E2. Association of BL disease activity scores and biomarker
(pooled studies). ECP, Eosinophil cationic protein; TARC, thymus and
visual analog scale. *Lower scores indicate more severe disease. †Hig
only.

FIGURE E1. The SNOT-22 items BL score and importance to patients*
response to the SNOT-22 summary question, “Please mark the mos
All patients with SNOT-22 data at BL (n ¼ 712). Score range for each
can be.
levels with BL olfactory function across 3 measures of olfaction
activation-regulated chemokine; TSS, total symptom score; VAS,
her scores indicate more severe disease. zAssessed in SINUS-52

(pooled studies). *Proportion of patients who identified the item in
t important items affecting your health (maximum of 5 items).”
item is 0e5, with 0 ¼ No problem and 5 ¼ Problem as bad as it



FIGURE E3. The LS mean change from BL to 52 weeks in (A) UPSITand (B) SNOT-22 item “Decreased sense of smell/taste” in SINUS-52.
***Nominal P < .001 versus placebo. SE, Standard error. †Prespecified P < .0001 versus placebo.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 4

MULLOL ETAL 1095.e2



FIGURE E4. The LS mean change to week 24 in (A) UPSIT and (B) LoS symptom score* in patients with and without prior sinonasal
surgery (pooled SINUS-24 and SINUS-52). SE, Standard error. *LoS symptom score monthly values are the average of the previous 28
days.
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FIGURE E5. The LS mean change to week 24 in (A) UPSIT and (B) LoS symptom score by number of prior sinonasal surgeries (pooled
SINUS-24 and SINUS-52). SE, Standard error.
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TABLE E2. Number of imputed values by visit

LoS score

Visit wk*

4 8 12 16 20 24 28 32 36 40 44 48 52

Placebo 1 2 4 3 7 9 8 8 8 8 9 9 9

Dupilumab q2w 1 2 4 5 8 8 4 4 5 4 4 5 5

UPSIT

Visit wk*

2 16 24 52

Placebo 8 8 8 8

Dupilumab q2w 8 8 9 6

SNOT-22 taste/smell item

Visit wk*

8 16 24 40 52

Placebo 6 7 10 12 9

Dupilumab q2w 9 15 12 7 4

*Pooled SINUS-24 and SINUS-52 up to wk 24 (placebo N ¼ 286; dupilumab q2w N ¼ 438); SINUS-52 only for wk 28e52 (placebo N ¼ 153; dupilumab q2w N ¼ 150).

TABLE E1. Demographics and BL characteristics by treatment allocation in the pooled SINUS-24 and SINUS-52 studies

Characteristic Placebo (n [ 286) Dupilumab 300 mg q2w (n [ 438) All patients (n [ 724)

Age, y, mean (SD) 51.3 (12.9) 51.5 (12.8) 51.4 (12.8)

Male, n (%) 165 (57.7) 272 (62.1) 437 (60.4)

NP duration, y, mean (SD) 10.83 (9.01) 11.12 (9.73) 11.01 (9.45)

Prior sinonasal surgery, n (%) 187 (65.4) 272 (62.1) 459 (63.4)

SCS in the last 2 y, n (%) 209 (73.1) 329 (75.1) 538 (74.3)

Any comorbid type 2 medical history*
including asthma/NSAID-ERD, n (%)

226 (79.0) 351 (80.1) 577 (79.7)

Asthma, n (%) 170 (59.4) 258 (58.9) 428 (59.1)

NSAID-ERD, n (%) 82 (28.7) 122 (27.9) 204 (28.2)

UPSIT (0e40),†z mean (SD) 14.1 (8.3) 13.9 (8.2) 14.0 (8.2)

UPSIT category, n (%)

<19 (anosmia) 219 (77.4) 332 (77.8) 551 (77.6)

19e34 (hyposmia) 61 (21.6) 86 (20.1) 147 (20.7)

>34 (normal) 3 (1.1) 9 (2.1) 12 (1.7)

LoS (0e3),x mean (SD) 2.72 (0.52) 2.74 (0.54) 2.74 (0.53)

SNOT-22 item “Decreased sense of
smell/taste” (0e5),x mean (SD)

4.30 (1.20) 4.26 (1.14) 4.28 (1.17)

NP, Nasal polyp.
*A patient was considered to have comorbidity history or ongoing comorbid disease if the patient had or has any of the following diseases: atopic dermatitis, allergic
conjunctivitis, allergic rhinitis (any, seasonal, perennial), eosinophilic esophagitis, food allergy, and/or hives.
†Lower scores indicate greater disease severity.
zBL data were available for 710 patients.
xHigher scores indicate greater disease severity.
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