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Background: Patterns of medication use and efficacy in aspirin-exacerbated respiratory disease (AERD) have not
been well characterized, especially since the advent of respiratory biologics. Aspirin therapy after desensitization
(ATAD) is efficacious for upper and lower respiratory symptoms for patients with AERD, though aspirin-related
adverse effects can limit therapy. The optimal coordination of ATAD and respiratory biologics for the treatment
of AERD remains unclear.
Objective: We aimed to characterize patterns of medication use and treatment experience with biologics and
ATAD in AERD.
Methods:We surveyed 98 patients with AERD recruited from the Brigham andWomen’s Hospital AERD registry.
Patients completed an online questionnaire describing their medication history and treatment experience.
Results: A total of 52 (53.0%) patients reported a history of use of one or more respiratory biologics (omalizumab,
mepolizumab, reslizumab, benralizumab, or dupilumab), and 84 (85.7%) reported undergoing aspirin desensiti-
zation. There were 24 patients (24.4%) who reported concurrent use of a biologic and ATAD. Compared with
those taking ATAD alone, patients taking a biologic and ATAD concurrently were less likely to report that aspirin
was effective for their AERD symptoms (odds ratio, 0.161 [95% confidence interval, 0.03-0.76]; P =.02). Whereas
patients reported varying efficacy with biologics, dupilumab had the highest odds of patients reporting it worked
“very well” (odds ratio, 17.58 [95% confidence interval, 5.68-54.35]; P < .001).
Conclusion: Biologics are emerging as a treatment option for AERD and are generally well tolerated. Biologic effi-
cacy in AERD is variable by agent, thoughmost patients taking dupilumab found it to be effective. Patients on a bio-
logic in conjunctionwith ATADmay represent amore severe subset of AERD forwhich ATAD alone is insufficient.
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Introduction

Aspirin-exacerbated respiratory disease (AERD), also known as
non-steroidal anti-inflammatory drug−exacerbated respiratory dis-
ease, is a chronic inflammatory disease characterized by asthma,
chronic rhinosinusitis with nasal polyps (CRSwNP), and respiratory
reactions to cyclooxygenase-1 inhibitors. Asthma and CRSwNP are a
substantial burden for patients with AERD1,3 who frequently require
trials of multiple medications to obtain adequate symptom control.2
Patterns of medication use in AERD have not been well character-
ized, especially since the advent of respiratory biologics, now
approved for severe asthma and CRSwNP.4-10 Respiratory biologics
are monoclonal antibodies targeting specific mediators in type 2
inflammatory pathways, which are dysregulated in AERD.11 Omalizu-
mab (anti−immunoglobulin E), mepolizumab (anti−interleukin [IL]-
5), and dupilumab (anti−IL-4Ra) all have, at least, some efficacy in
the treatment of CRSwNP or asthma in patients with AERD.6,12−15

Notably, there have been no head-to-head trials comparing the effi-
cacy of different biologics in the treatment of AERD.

Aspirin therapy after desensitization (ATAD) is a unique treatment
modality for AERD, which has long been a mainstay of clinical man-
agement.16 During desensitization, patients with AERD are given
sequentially higher doses of aspirin until a respiratory reaction is pro-
voked; after which, a state of tolerance is reached, allowing for higher
doses of aspirin to be administered. Patients then take high-dose
aspirin daily as a continuing medication. This modality has been
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Table 1
Patient Demographic and Clinical Characteristics

Demographic and clinical characteristics (N = 98)

Age (mean § SD) 51.8 § 12.2 y
Age at asthma diagnosis (mean § SD) 33.2 § 14.2 y
Age at nasal polyp diagnosis (mean § SD) 37.1 § 12.4 y
Number of lifetime endoscopic sinus surgeries (mean § SD) 3.0 § 2.7
ACT (mean § SD) 22.4 § 3.4
SNOT-22 (mean § SD) 22.9 § 18.3
Sex n (%)

Male 38 (38.8%)
Female 60 (61.2%)

Race n (%)
White 89 (90.8)
Black 3 (3.1)
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found to improve lung function and quality of life, and also reduce
sinonasal symptoms and medication use.17−21 However, there is an
increased risk of adverse events associated with ATAD compared
with placebo.18

At this time, the optimal use and coordination of ATAD, respira-
tory biologics, and other medications in the treatment of AERD
remain unclear. In addition, there are minimal data regarding
patient-reported experiences with these medications. Understanding
patient perceptions of medication efficacy and tolerability, in addi-
tion to impacts on quality of life, is of foundational importance in
understanding how to treat this complex disease. To this end, we
sought to characterize patterns of medication use and therapeutic
experience among patients with AERD.
More than 1 race 3 (3.1)
Asian 1 (1.0)
Other 1 (1.0)
Prefer not to say 1 (1.0)

Ethnicity n (%)
Hispanic/Latino 2 (2.0)

Total annual household income n (%)
$0-$35,000 5 (5.1)
$35,001-$70,000 15 (15.3)
$70,001-105,000 19 (19.3)
>$105,001 50 (51.0)
No response provided 9 (9.1%)

Abbreviations: ACT, asthma control test; SNOT-22, sinonasal outcome test.
Methods

We conducted a single-center, cross-sectional, survey-based
study at the Brigham and Women’s Hospital (BWH) in September
2020. The study was approved by the Mass General Brigham institu-
tional review board. Patients provided informed consent and were
compensated a nominal fee for their participation. Eligible patients
were 18 years old or older with a physician-confirmed diagnosis of
AERD, followed for their AERD care at a Mass General Brigham facil-
ity, and enrolled in the BWH AERD registry (a database of patients
with AERD approved by the institutional review board). An initial
recruitment email and 1 reminder email were sent to the 303 eligible
patients in the BWH AERD registry. The first 100 patients to respond
were enrolled in the study. Patients completed an online question-
naire describing their medication history and AERD treatment experi-
ence. In addition, patients also completed the 22-item sinonasal
outcome test (SNOT-22) for assessment of sinonasal symptoms, the
asthma control test (ACT) for assessment of asthma symptoms, and
the healthy days core module (health-related quality of life [HRQOL]
−4), a validated questionnaire designed by the Centers for Disease
Control and Prevention assessing the quality of life in the preceding
30 days. After enrollment, 2 patients did not complete the survey.
Data from the electronic medical record was accessible to the study
team but only used to clarify major discrepancies in patient
responses. Data were collected and managed using research elec-
tronic data capture. Data were exported and analyzed using Microsoft
Excel (Microsoft Corporation, Redmond, Washington), GraphPad
Prism 9.2 (GraphPad Software, San Diego, California), and Statistical
Analysis System version 9.4 (SAS Institute, Cary, North Carolina). Stu-
dent’s t test was used to compare means. The x2 test, logistic regres-
sion, and multinomial logistic regression were used to assess
relationships among categorical variables. The generalized estimating
equation was used to analyze the patient-reported efficacy of biologic
agents.
Results

Study Population and Demographics

Patient demographics are summarized in Table 1. Survey respond-
ents included 60 (61.2%) women and 38 (38.8%) men. At the time of
the survey, the mean age of participants was 51.8 (§ 12.2) years. The
mean age at asthma diagnosis was 33.2 (§ 14.2) years, and the mean
age at nasal polyp diagnosis was 37.1 (§ 12.4) years. Patients
reported a mean of 3.0 (§ 2.7) lifetime sinus surgeries. Patients
reported using a median of 4 different classes of medications (range,
1-7), including inhalers, intranasal corticosteroids, antileukotriene
agents, antihistamines, high-dose aspirin, and respiratory biologics at
the time of the survey (Fig 1 and Table 2). A greater percentage of
women were on daily antihistamines, compared with men (60.0% vs
31.6%; P = .006, x2 test). Otherwise, there were no age- or sex-associ-
ated differences in medication use.
Aspirin Therapy After Desensitization

A total of 84 patients (85.7%) reported having undergone aspirin
desensitization (Fig 2), with most (n = 78) continuing daily aspirin
(650-1300 mg daily) afterward. Unsuccessful desensitization (never
reaching a state of tolerance) was the most common reason for not
taking aspirin postdesensitization (n = 4). Patients who continued
ATAD reported taking aspirin for a mean of 46.2 (§ 40.5) months
(range, 1-240 months). Of these patients, 75.6% responded “Yes”
when asked: “was daily aspirin effective?” with response choices
“yes”, “no”, and “not sure.” Among patients who found ATAD effec-
tive, most patients reported improvements in sinus symptoms and
asthma, with fewer reporting improvements in otologic symptoms
and general well-being (Fig 3). The most common reason for ATAD
discontinuation was aspirin-related adverse effects (n = 10).
Respiratory Biologic Treatment

There were 52 (53.0%) patients who reported a history of use of
one or more respiratory biologics (omalizumab, mepolizumab,
reslizumab, benralizumab, or dupilumab); 20 patients had trialed
multiple biologic agents (Fig 4). There were 30 patients who started
but then discontinued a biologic, and among those, all but 4 were
transitioned to an alternative biologic. The most common reason
cited for biologic discontinuation or transition was lack of efficacy.
There were only 5 instances of biologic adverse effects reported as
the reason for discontinuation: hives and postinjection dizziness
with omalizumab, body aches with mepolizumab, muscle aches
with reslizumab, and gastric adverse effects with dupilumab. Most
patients who transitioned biologic therapy ultimately started dupi-
lumab; no patients had switched from dupilumab to another bio-
logic. Patients were asked to rate how well a respiratory biologic
worked for them, with response options “very well”, “ok”, “not at
all” and “not sure.” Compared with other biologics, dupilumab had
the highest odds of participants reporting it worked “very well,”
(odds ratio [OR], 17.58 [95% confidence interval [CI], 5.68-54.35]; P
<.001, generalized estimating equation). Specifically, 85.7% of
patients on dupilumab reported it worked “very well” compared



Figure 1. Current Medications. Patients self-reported the medications they were currently taking for the treatment of AERD through an online questionnaire. Specific numeric data
and details of medication categories illustrated in the bar graph.

Table 2
Patient-reported medication use. and noted in list of current medications. AERD, aspirin-exacerbated respiratory disease.
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with 40.0% of those who took omalizumab, 26.1% of patients who
took mepolizumab or reslizumab, and none of the patients took
benralizumab (Fig 5).

There were no significant differences in average SNOT-22 score,
ACT score, or the number of lifetime sinus surgeries among patients
on a biologic alone, ATAD and a biologic, ATAD alone, or neither
ATAD nor a biologic. However, patients who had a history of biologic
use were more likely to have had rapid postoperative polyp regrowth
(polyp recurrence in less than 6 months vs greater than 6 months)
compared with those who had not used a biologic (OR, 3.23 [95% CI,



Figure 2. Outcomes after aspirin desensitization. Patients self-reported reasons for not taking aspirin post-desensitization and discontinuing aspirin after daily aspirin therapy; cat-
egories of response were determined by a review of patient comments and medical records. The green-outlined box lists the percentages of patients who found ATAD effective for a
given AERD symptom. AERD, aspirin-exacerbated respiratory disease; ATAD, aspirin therapy after desensitization.
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1.14-9.17]; P = .02, multinomial logistic regression). Compared with
those not on a biologic, patients currently on a biologic reported
more days in the past month in which their physical health was not
good, as per the HRQOL-4 (6.5 vs 2.5 days; P = .006, Student’s t test).

There were 24 patients (24.4%) who reported concurrent use of
ATAD and a biologic agent. Compared with all other participants,
patients on ATAD and a biologic were, on average, older at study
entry (57.1 vs 50.0 years; P = .01, Student’s t test) and at the time of
nasal polyp diagnosis (42.8 vs 35.3 years; P = .01, Student’s t test),
though there were no significant differences in the mean duration of
nasal polyposis. Compared with patients on ATAD alone, patients on
ATAD and a biologic were less likely to respond “yes” when asked if
aspirin was effective for their AERD symptoms (OR, 0.161 [95% CI,
0.03-0.76]; P = .02, x2 test) (Fig 6).

A total of 23 patients (23.4%) reported the use of a biologic with-
out aspirin; 16 of these patients reported taking ATAD in the past.
Among this group, aspirin-related adverse effects (n = 5) and lack of
efficacy (n = 7) were the most common reasons for discontinuation of
ATAD.
Discussion

To our knowledge, this study is among the first to characterize
patterns of medication use and patient experience with respiratory
biologics in AERD and provides pragmatic insights regarding current
practices in the management of AERD at a large referral center. Our
survey respondents were taking a median of 4 daily medications for
the management of AERD, highlighting the substantial burden of this
disease and the potential challenges associated with cost, adherence,
and quality of life. Clinicians caring for patients with AERD should



Figure 3. Symptom improvement after aspirin desensitization. Patients who reported that ATAD was effective (n = 59) were then asked to report which symptoms were improved
by ATAD. Patients were permitted to select multiple symptoms. Most patients reported ATAD as effective in treating nasal polyps and sinus symptoms. ATAD, aspirin therapy after
desensitization.
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anticipate prescribing multiple classes of medications to achieve ade-
quate symptomatic control of asthma and CRSwNP.

This study confirms that patients with AERD consider aspirin ther-
apy to be effective and well-tolerated, consistent with previous
studies.16,22 The most common reasons for ATAD discontinuation
were related to adverse effects and changes in risk-benefit stratifica-
tion rather than lack of efficacy. For patients on ATAD, clinicians
should monitor aspirin-related adverse effects and remain cognizant
of medical history changes that would modify the risk for aspirin-
related adverse events.

This study also highlights the emerging role of biologics in AERD
management, with 49% of patients in this cohort currently on a
respiratory biologic, with most patients on dupilumab. Dupilumab is
approved by the US Food and Drug Administration for the treatment
of both CRSwNP and eosinophilic asthma, making it well-suited for
patients with AERD. Whereas patients reported varying efficacy of
biologics, most patients who took dupilumab reported this agent
worked “very well,” including 13 of 18 patients on dupilumab who
previously trialed a different biologic. Among that group, only 1
patient reported the previous biologic worked “very well”; in that
patient, omalizumab was ultimately discontinued because of waning
efficacy. Whereas data suggest the efficacy of dupilumab for the
treatment of asthma and CRSwNP in AERD,13 there remains a pau-
city of objective data comparing the efficacy of specific biologic
agents in AERD. Nevertheless, the pattern observed in this cohort is
consistent with previous data, highlighting the efficacy of dupilumab
among patients with AERD both in a real-world setting23 and in
those with previous inadequate response to biologic agents target-
ing IL-5 or IL-5Ra.24

In this study, 24 patients reported concurrent use of ATAD and a
biologic. Aspirin desensitization followed by ATAD is a mainstay of
AERD treatment. However, there remains little data to guide the
approach to implementing biologic therapy among patients with
AERD on or eligible for ATAD. In our cohort, patients on a biologic
were less likely to find ATAD effective for their symptoms compared
with those on ATAD alone. This pattern suggests that biologic initia-
tion may reflect an escalation of care for those already on ATAD who
do not experience adequate symptomatic relief. Patients taking both
ATAD and a biologic may represent a subgroup of “medium” respond-
ers to ATAD: ATAD was sufficiently efficacious to not warrant discon-
tinuation, but not enough to preclude the need for further therapy in
the form of biologics. Alternatively, patients may continue on ATAD
to maintain cross-tolerance to other NSAIDs. Thus, properly assessing
patient response to ATAD could be a crucial step in identifying
patients who may require biologic therapy. This approach would be
supported by a recently proposed algorithm for the integration of
biologics into AERD care.11

In addition, a proportion of patients in our study were on a respi-
ratory biologic without ATAD; most of those patients had taken
ATAD in the past, with most discontinuing for aspirin-related adverse
effects and lack of efficacy. Thus, biologic therapy alone may be an
option for those who tolerate ATAD poorly or are otherwise at ele-
vated risk for aspirin-related adverse effects, including those with
renal impairment, a history of peptic ulcers, or taking anticoagulants.
Whereas patients with AERD are often diagnosed at younger ages,
the need to consider risk and comorbidities in management becomes
especially crucial as patients become older, given the increased risks
of bleeding in elderly patients on aspirin.

Patients with AERD taking a biologic reported more days of feel-
ing physically unwell compared with those not on a biologic on the
basis of HRQOL-4 responses. However, interestingly, there were no
significant differences in mean SNOT-22 and ACT scores. The lack
of significant difference in the latter may reflect the efficacy of bio-
logic therapy in managing asthma and sinonasal disease burden;
nevertheless, the number of days of physical health impairment
suggests that patients who initiate biologic therapy continue to
have a poorer perception of their health. These data suggest that
the goal of biologics in AERD may be to reduce symptoms to a man-
ageable level rather than to induce a complete resolution of symp-
toms. However, this study did not collect data regarding SNOT-22
and ACT scores before the initiation of biologics, which limits the
characterization of symptom reduction associated with biologic
use.

In addition, patients who had ever been on a biologic were more
likely to have polyp growth in less than 6 months postsurgery. Thus,
patients who ultimately require biologic therapy for AERD likely



Figure 4. Outcomes of biologic therapy among patients with AERD. Most patients who discontinued a biologic transitioned to a different biologic agent, with 19 patients ultimately
being transitioned to dupilumab. Only 4 patients discontinued biologic therapy entirely. AERD, aspirin-exacerbated respiratory disease.
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represent a subset of patients with AERD with more severe disease.
Whereas biologic therapy may be efficacious, as measured by clinical
outcome scores, symptom severity and medication burden may con-
tinue to negatively influence patient perceptions of health.

This study presents some limitations. As a descriptive, survey-
based investigation, the patient-reported data collected are largely
subjective, introducing the possibility of recall bias. Regardless,
patient perception of efficacy and tolerability remain valuable and
important considerations when designing an optimal medication
regimen. In addition, the patients in the BWH AERD registry, by vir-
tue of seeking treatment at our tertiary care center, may reflect a
population of patients with AERD having more severe diseases
requiring intensive therapy. Even within the BWH AERD registry, our
cohort may represent a subgroup of individuals more likely to be on
biologics because of particularly severe disease, and who may have
been more likely to enroll in this study by virtue of more frequent
contact with the medical system and greater investment in their
treatment. Indeed, patients in this cohort report a mean of 3 lifetime
endoscopic sinus surgeries, indicating substantial sinonasal disease.

Moreover, as a cross-sectional study, these data present patient
status at a moment in time; thus, it is not possible to discern from
these data specifically whether observed characteristics necessarily
reflect the inherent nature of the disease as opposed to the effect of
therapy. We anticipate that many patients in this cohort are likely to
initiate and discontinue both biologic therapy and ATAD over time.
Therefore, future studies should further characterize clinical out-
comes among patients with AERD on ATAD and biologics to define
the optimal use of these modalities with respect to disease manage-
ment, cost-effectiveness, and quality of life.

Finally, more than 70% of the patients in this study reported an
annual household income greater than $70,000, with most patients
on private health insurance plans, likely enabling greater access to



Figure 5. Patient-reported efficacy of biologic agents in AERD. Patients who used a biologic agent were asked “how well did this medication work for you?” with response options
“very well”, “ok”, “not at all” and “not sure.” Patients were most likely to report that dupilumab worked “very well” (OR, 17.58 [95% CI, 5.68-54.35; P <.001], Generalized Estimating
Equation). AERD, aspirin-exacerbated respiratory disease; CI, confidence interval; OK, okay; OR, odds ratio.

Figure 6. Patient-reported efficacy of aspirin therapy after desensitization in AERD.
Patients who took ATAD were asked: “Was aspirin therapy effective?” with response
options “yes”, “no”, and “not sure.” Patients taking ATAD and a biologic were less likely
to respond “yes” compared with those who took ATAD alone (OR, 0.161 [95% CI, 0.03-
0.76]; P = .02, x2 test). ATAD, aspirin therapy after desensitization; CI, confidence inter-
val; OR, odds ratio.
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biologic therapy from a cost perspective. Thus, our cohort’s experi-
ence may not be generalizable to other populations, especially those
facing structural barriers to accessing affordable healthcare.

This study highlights the emerging role and efficacy of biologic
agents in AERD, especially dupilumab. This study also reiterates the
breadth of therapeutic interventions required to maintain symptom-
atic control in this complex disease. The data emphasize the benefits
of ATAD while highlighting a need to carefully consider the adverse
effects of this therapy. Future studies will characterize the role of
multimodal medical therapy on quality of life and AERD disease pro-
gression and will evaluate the role of biologics in reducing medica-
tion burden in AERD.
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