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ABSTRACT

Background: Patients with aspirin-exacerbated respiratory disease (AERD) frequently experience symptoms consistent
with eustachian tube dysfunction (ETD), which can substantially impair patient quality of life.
Methods:We analyzed a cohort of 98 adult patients with AERD who participated in a longitudinal, survey-based study.
Results: By assessing data over 1 year, we established that, in patients with AERD, the ear/facial subdomain of the 22-item

Sino-Nasal Outcome Test (SNOT-22) questionnaire could predict performance on the 7-item Eustachian Tube Dysfunction
Questionnaire, a validated instrument for the diagnosis of ETD. We then performed a re-analysis of data from a prospective,
open-label study of 22 adult patients with AERD treated with dupilumab for 3 months. We found that treatment with dupilu-
mab was associated with a significant decrease in the SNOT-22 ear/facial subdomain score, which reflects a substantial reduc-
tion in otologic symptoms and ETD within 1 month of initiating dupilumab and was sustained for 3 months afterward.
Conclusion:Our findings provide evidence that dupilumab significantly improved ETD and otologic symptoms in AERD,

evidenced by changes in the SNOT-22 ear/facial subdomain score. The presence of ETD and otologic symptoms should be con-
sidered when determining the optimal therapeutic course for patients with AERD.

(Allergy Asthma Proc 45:421–425, 2024; doi: 10.2500/aap.2024.45.240047)

A spirin-exacerbated respiratory disease (AERD) is a
syndrome characterized by chronic rhinosinusitis

with nasal polyps (CRSwNP), severe asthma, and respi-
ratory reactions to cyclooxygenase-1 inhibitors. The
chronic inflammation and obstruction of the sinonasal
passages and eustachian tubes that characterize AERD
are known to contribute to the development of eusta-
chian tube dysfunction (ETD), ear infections, and con-
ductive hearing loss.1 Otologic symptoms described in

the setting of CRSwNP include ear fullness, dizziness,
and ear pain.2,3

The mainstays of treatment for CRSwNP in the set-
ting of AERD have traditionally included intranasal
corticosteroids, endoscopic sinus surgery (ESS), and as-
pirin therapy after desensitization (ATAD). ATAD is a
therapeutic option specific for patients with AERD,
which requires patients to undergo aspirin desensitiza-
tion followed by daily aspirin therapy and can lead to
improvements in upper- and lower-airway symptoms.4

ESS has been shown to improve otologic-specific 22-
item Sino-Nasal Outcome Test (SNOT-22) scores in
AERD and CRSwNP,5,6 and the improvement in the
SNOT-22 otologic-specific domain scores remained sta-
ble for patients with AERD when ATAD was used after
ESS.6 Recently, biologics that target type 2 inflammation
have also emerged as effective treatment options for
AERD7–9 because these agents are effective for treating
both asthma and CRSwNP. Two international phase III
studies of dupilumab compared with placebo for severe
CRSwNP showed that patients who received dupilu-
mab had a reduction in the endoscopic nasal polyp
score, improved sinonasal symptoms, and improved
smell.10 Dupilumab is also efficacious for upper- and
lower-airway symptoms in patients with AERD specifi-
cally and can be efficacious in patients who do not
respond to ATAD.9,11,12

It has recently been shown that dupilumab has a
benefit in treating ETD in patients with CRSwNP.13
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Dupilumab has also been shown to significantly
improve the SNOT-22 ear/facial subdomain score in
patients with asthma and chronic rhinosinusitis.14

However, the role of biologics in treating otologic
symptoms and ETD in AERD has not yet been charac-
terized. In this study, we sought to understand the
effects of dupilumab, a monoclonal antibody that tar-
gets interleukin-4Ra, on otologic symptoms and ETD
in AERD.
We first investigated the utility of the SNOT-22 in

assessing otologic symptoms in AERD. The SNOT-22
ear/facial subdomain is a subset of four questions on
the standard SNOT-22 form validated for assessing
otologic and facial symptoms in CRSwNP,15,16 with a
score ranging from 0 to 20, with a minimal clinically
important difference of 3.2 points (Fig. 1).17 The 7-item
Eustachian Tube Dysfunction Questionnaire (ETDQ-7),
a validated questionnaire for the diagnosis of ETD, has
been shown to correlate with the SNOT-22 total score
and ear/facial subdomain score in studies that included
patients with chronic rhinosinusitis18,19 although this
correlation has not been previously specifically investi-
gated in patients with AERD. ETDQ-7 scores range from
7 to 49, and scores�14.5 are strongly predictive of clini-
cally meaningful ETD,20 with a difference of 3.5 points
defined as aminimal clinically important difference.21

METHODS
To investigate whether the ETDQ-7 and the SNOT-22

ear/facial subdomain scores are correlated in patients
with AERD, we examined previously collected data
from a cohort of 98 adult patients with AERD who
participated in a single-center, cross-sectional survey-
based study at the Brigham and Women’s Hospital, as
described previously.12 The study was approved by the
Mass General Brigham institutional review board, and
all the participants provided informed consent. All
participants had a physician-confirmed diagnosis of
CRSwNPandAERD. Eighty seven of the 98 participants

(89%) had undergone physician-observed aspirin chal-
lenge to confirm the diagnosis. The other 11 participants
had not undergone formal drug challenge to confirm
the diagnosis but had convincing clinical histories of
upper and/or lower respiratory reactions to a cyclooxy-
genase-1 inhibitor. The patients completed the SNOT-22
and ETDQ-7 questionnaires every 3 months for 1 year
via an electronic survey, and the association between the
SNOT-22 ear/facial subdomain score and the ETDQ-7
score was analyzed by using repeated measures analy-
sis of variance with the subdomain score as a time-
changing continuous variable.
We then analyzed the four individual SNOT-22 ear/

facial subdomain questions by using repeated meas-
ures analysis of variance, with each question as a cate-
gorical covariate and the responses as a four-category,
time-changing variable. The responses “moderate (3),”
“severe (4),” and “problem as bad as it can be (5)”
were combined and defined as “moderate or greater,”
given the distribution of responses.
After establishing that the SNOT-22 ear/facial subdo-

main score correlates with the ETDQ-7 score in patients
with AERD, we assessed the impact of dupilumab ther-
apy on otologic symptoms and ETD in AERD. We per-
formed a re-analysis of previously collected data from a
prospective, open-label study of 22 adults with AERD,
with the diagnosis confirmed by physician-observed aspi-
rin challenge, treated with dupilumab for 3 months, as
described previously.22 Notably, 8 of the 22 patients were
on ATAD during the observational study, 10 of the 22
had tried ATAD but discontinued aspirin due to lack of
efficacy or adverse effects before enrollment in the study.
The SNOT-22 scores were collected at a pre-dupilumab
baseline and at 1 and 3 months after dupilumab initiation,
and were analyzed with a mixed-effects model.

RESULTS AND DISCUSSION
In assessing the correlation of ETDQ-7 and the

SNOT-22 ear/facial subdomain scores in patients with

Below, you will find a list of symptoms and social/emotional consequences of your rhinosinusitis. 
We would like to know more about these problems and would appreciate your answering the 
following questions to the best of your ability.

There are no right or wrong answers, and only you can provide us with this information. Please 
rate your problems as they have been over the past two weeks. Thank you for your participation.

Considering how severe the 
problem is when you 
experience it and how 
frequently it happens, please 
rate each item below on how 
“bad” it is by circling the 
number that corresponds 
with how you feel using this 
scale:

No Problem Very Mild 
Problem

Mild or 
Slight 

Problem
Moderate 
Problem

Severe 
Problem

Problem as 
bad as it 
can be

7.) Ear Fullness 0 1 2 3 4 5
8.) Dizziness 0 1 2 3 4 5
9.) Ear Pain/Pressure 0 1 2 3 4 5
10.) Facial 
Pain/Pressure 0 1 2 3 4 5

Figure 1. The SNOT-22 ear/facial
subdomain questions, validated for the
assessment of otologic and facial symp-
toms in chronic rhinosinusitis. The
instructions, question form, and rating
scale, as provided to patients, are pre-
sented in the figure. Each individual
question is scored from 0 to 5; the
SNOT-22 ear/facial subdomain score
can range from 0 to 20. SNOT-22 =
22-Item Sino-Nasal Outcome Test.
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AERD, we found that a one-point increase in the
SNOT-22 ear/facial subdomain score was associated
with an increase in the mean ETDQ-7 score of 1.2 6
standard error (SE) of 0.1 points (p< 0.0001). Combining
all timepoints for the specific subdomain questions, we
found that, for the “ear fullness” question (p<0.0001),
the “ear pain/pressure” question (p< 0.0001), and “fa-
cial pain/pressure” question (p=0.03), each of the three
questions were significant predictors of the ETDQ-7
score. Individual responses to the “dizziness” question
were not significant predictors of ETDQ-7. The least
square mean ETDQ-7 score associated with specific
responses to each SNOT-22 ear/facial subdomain ques-
tion is illustrated in Figure 2.
By using a mixed-effects model, we found a signifi-

cant decrease in mean6 SE SNOT-22 ear/facial sub-
domain score after initiation of dupilumab, from
4.9 6 1.2 at baseline to 1.0 6 0.4 at month 1 and 0.9 6
0.5 at month 3 (p< 0.001) (Fig. 3). The difference in the
mean subdomain score from baseline to month 1 (3.9)
was more than the minimal clinically important
difference for this subdomain. The magnitude of
decrease in SNOT-22 ear/facial subdomain scores
was not associated with age, gender, baseline periph-
eral blood absolute eosinophil count, or ATAD use.

We separately analyzed the otologic-specific SNOT-
22 ear/facial subdomain questions (“ear fullness”
and “ear pain/pressure”) by using a mixed-effects
model (Fig. 3). After starting dupilumab, there was a
significant decrease in mean score for both “ear full-
ness” (1.5 6 0.4 to 0.3 6 0.1 [month 1] and 0.4 6 0.2
[month 3], p= 0.001) and “ear pain/pressure” (1.0 6
0.4 to 0.1 6 0.1 [month 1] and 0.2 6 0.1 [month 3],
p= 0.01, reported as mean 6 SE).
Analysis of our findings suggests that dupilumab is

effective at treating otologic symptoms and ETD in
AERD. This effect is rapid (within 1 month), sus-
tained for at least 3 months after starting dupilumab,
and corresponds with the previously reported dupi-
lumab-induced improvement in objective smell meas-
urements, nasal polyp score, and overall sinonasal
symptoms in this cohort of participants.22 Dupilumab
is known to be efficacious for the treatment of asthma
and sinonasal symptoms in AERD,9,22 and analysis of
these data suggests another therapeutic benefit of this
medication. Given the substantial impact of ETD on
overall quality of life,19 the treatment of ETD is an im-
portant clinical consideration. A reduction in ana-
tomic obstruction and improvement in sinonasal
patency are likely central to improving middle ear

Figure 2. Least square mean ETDQ-7 score by response to SNOT-22 ear/facial subdomain questions. Least square mean with standard
error bar ETDQ-7 score by SNOT-22 ear/facial subdomain response. Repeated measures ANOVA: n = 98, *p < 0.05, ****p < 0.0001.
Responses “moderate,” “severe,” and “problem as bad as it can be” were combined as “moderate and greater.” The dotted line indicates an
ETDQ-7 score diagnostic for ETD. SNOT-22 questionnaire responses to “ear fullness,” “ear pain/pressure,” and “facial pain/pressure”
were significant independent predictors of the ETDQ-7 score. ETDQ-7 = 7-Item Eustachian Tube Dysfunction Questionnaire; SNOT-22 =
22-item Sino-Nasal Outcome Test; ANOVA = analysis of variance.
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dysfunction in AERD. Whereas ESS accomplishes this
surgically, we hypothesize that dupilumab achieves
this immunologically through mitigation of type 2
inflammation central to disease pathogenesis. In prac-
tice, analysis of these data suggests that patients with
AERD and who are experiencing ETD may benefit
from treatment with dupilumab, especially those
ineligible for ESS or who prefer a nonsurgical treat-
ment option.
Analysis of these data also demonstrates that the

SNOT-22 ear/facial subdomain scores can predict the
ETDQ-7 scores among patients with AERD, specifically
the “ear fullness” and “ear pain/pressure” questions.
Notably, even a response of “mild or slight problem” to
either “ear fullness” or “ear pain/pressure” was associ-
ated with an ETDQ-7 score above the threshold for clini-
cally meaningful ETD symptoms. This suggests that
even mild, minimally bothersome otologic symptoms in
AERD can be indicative of ETD. Importantly, these data
also demonstrate that the SNOT-22 score can be used to
help identify ETD in a clinical setting. Although the
SNOT-22 ear/facial subdomain score has been demon-
strated to correlate with the ETDQ-7 score in previous
studies, our data now also confirm the relationship
between these instruments in the AERD population.
Although the SNOT-22 is likely to be familiar to clini-
cians who treat CRSwNP and AERD, questionnaires spe-
cifically for the diagnosis of ETD and other otologic
symptoms are less commonly used in routine clinical
allergy/immunology practice. These data support the
use of the SNOT-22 for identification of diverse AERD
symptoms.

This study does have limitations given its scope.
Most notably, this study was limited and observational
in nature; thus, the lack of a matched control group for
patients on dupilumab limits the interpretation of the
findings. In addition, because this study focused on
patient-reported outcome measures, objective meas-
ures of otologic symptoms (such as otoscopic exami-
nation or audiologic evaluation) were not available.
Future prospective, randomized studies are required
to establish the effects of dupilumab treatment on
otologic symptoms in AERD and CRSwNP, and
should correlate patient reports of symptomatic
improvement with objective assessment of anatomy
and function. Nonetheless, patient-reported sympto-
matic improvements are an important clinical goal.
We did not identify a significant relationship between
patient demographics or biomarkers and dupilumab-
induced improvement in otologic symptoms, perhaps
due to the small sample size. Larger future studies
should assess for possible predictive biomarkers to help
phenotype patients most likely to respond to therapy.

CONCLUSION
Results of the study suggest that dupilumab signifi-

cantly reduces otologic symptoms and likely improves
eustachian tube symptoms in AERD, an effect that can
be measured clinically by changes in the SNOT-22
ear/facial subdomain scores. For clinicians, the pres-
ence of ETD and otologic symptoms should be consid-
ered when determining the optimal treatment for
AERD.
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Figure 3. Decreases in otologic SNOT-22 scores after 1 and 3 months of treatment with dupilumab. The SNOT-22 otologic questions score
(range, 0–5) and SNOT-22 ear/facial subdomain score (range, 0–20) 1 month and 3 months after initiating dupilumab are shown.
Dupilumab treatment significantly reduced the mean SNOT-22 ear/facial subdomain score (p < 0.001), “ear fullness” (p = 0.001), and “ear
pain/pressure” (p = 0.01) response scores (mixed-effects model, n = 22). Columns reflect mean score 6 SE, with individual data points plot-
ted. Pairwise comparisons on graph reflect post hoc Tukey multiple comparisons test (*p < 0.05, **p < 0.01, ***p < 0.001). SNOT-22 = 22-
Item Sino-Nasal Outcome Test; SE = standard error.
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