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Abstract

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 AERD patients, though aspirin-related side effects can limit therapy. The optimal
coordination of ATAD and respiratory biologics for treatment of AERD remains unclear.

Obijective: 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 and Women’s
Hospital AERD registry. Patients completed an online questionnaire describing their medication
history and treatment experience.

Results: Fifty-two (53.0%) patients reported a history of biologic use (omalizumab,
mepolizumab, reslizumab, benralizumab, and/or dupilumab), and 84 (85.7%) reported undergoing
aspirin desensitization. Twenty-four patients (24.4%) reported concurrent use of a biologic and
ATAD. Compared to those taking ATAD alone, patients taking a biologic and ATAD concurrently
were less likely to report that aspirin was effective for their AERD symptoms (OR 0.161 [95%

Cl 0.03-0.76], p=.02). While patients reported varying efficacy with biologics, dupilumab had
the highest odds of patients reporting it worked “Very Well” (OR 17.58 [95% ClI: 5.68-54.35], p
<0.0001).
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Conclusion: Biologics are emerging as a treatment option for AERD, and are generally well
tolerated. Biologic efficacy in AERD is variable by agent, though the majority of patients taking
dupilumab found it to be effective. Patients on a biologic in conjunction with ATAD may represent
a more severe subset AERD for which ATAD alone is insufficient.
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Introduction

Methods

Aspirin-exacerbated respiratory disease (AERD), also known as NSAID-exacerbated
respiratory disease, is a chronic inflammatory disease characterized by asthma, chronic
rhinosinusitis with nasal polyps (CRSwNP), and respiratory reactions to cyclcooxygenase-1
inhibitors. Asthma and CRSWNP are a substantial burden for AERD patients,1-2 who
frequently require trials of multiple medications to obtain adequate symptom control.3

Patterns of medication use in AERD have not been well characterized, 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.! Omalizumab (anti-IgE),
mepolizumab (anti-IL-5), and dupilumab (anti-IL-4Ra.) all have at least some efficacy in
treatment of CRSWNP or asthma in patients with AERD.5:12-15 Notably, there have been no
head to head trials comparing the efficacy 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 management!6. During desensitization, patients
with AERD are given sequentially higher doses of aspirin until a respiratory reaction is
provoked, 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.
ATAD has been shown to improve lung function and quality of life, and also reduce
sinonasal symptoms and medication usel’=21, However, there is an increased risk of adverse
events associated with ATAD compared to placebol8.

At this time, the optimal use and coordination of ATAD, respiratory biologics, and other
medications in the treatment of AERD remains unclear. Additionally, there are minimal
data regarding patient-reported experiences with these medications. Understanding patient
perceptions of medication efficacy and tolerability, in addition 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.

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
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General Brigham Institutional Review Board. Subjects provided informed consent and
were compensated a nominal fee for their participation. Eligible patients were 18 years

old or greater with a physician-confirmed diagnosis of AERD, followed for their AERD
care at a Mass General Brigham facility, and enrolled in BWH AERD Registry (an IRB
approved database of patients with AERD). An initial recruitment email and one reminder
email was 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 questionnaire
describing their medication history and AERD treatment experience. Additionally, 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 (HRQOL-4), a CDC-designed validated questionnaire assessing
quality of life in the preceding 30 days. After enrollment, two 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 Electronic Data Capture (REDCap®). Data were exported and
analyzed using Microsoft Excel (Redmond, WA), GraphPad Prism 9.2 (La Jolla, CA), and
SAS v9.4 (Cary, NC). Student’s t test was used to compare means. The chi-square test,
logistic regression, and multinomial logistic regression were used to assess relationships
between categorical variables. The Generalized Estimating Equation was used to analyze
patient-reported efficacy of biologic agents.

Study Population and Demographics

Patient demographics are summarized in Table 1. Survey respondents included 60 (61.2%)
women and 38 (38.8%) men. At the time of survey, mean age of participants was 51.8 +
12.2 years. Mean age at asthma diagnosis was 33.2 + 14.2 years, and 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, anti-leukotriene agents, antihistamines,
high-dose aspirin, and respiratory biologics at the time of the survey (Figure 1). A greater
percentage of women were on daily antihistamines, compared to men (60.0% vs 31.6%,
p=0.006, Chi-square test). Otherwise, there were no age- or gender-associated differences in
medication use.

Aspirin therapy after desensitization

Eighty-four patients (85.7%) reported having undergone aspirin desensitization (Figure 2),
with the majority (n=78) continuing daily aspirin (650mg — 1300mg daily) afterward.
Unsuccessful desensitization (never reaching a state of tolerance) was the most common
reason for not taking aspirin post-desensitization (n=4). Patients who continued aspirin
therapy after desensitization (ATAD) reported a 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 effective, most patients reported improvements in sinus symptoms and
asthma, with fewer reporting improvements in otologic symptoms and general well-being
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(Figure 3). The most common reason for ATAD discontinuation was aspirin related side
effects (n=10).

Respiratory biologic treatment

Fifty-two (53.0%) patients reported history of respiratory biologic use (omalizumab,
mepolizumab, reslizumab, benralizumab, and/or dupilumab); 20 patients had trialed multiple
biologic agents (Figure 4). There were 30 patients who started but then discontinued a
biologic, and among those, all but four were transitioned to an alternative biologic. The most
common reason cited for biologic discontinuation or transition was lack of efficacy. There
were only five instances of biologic side effects reported as the reason for discontinuation:
hives and post-injection dizziness with omalizumab, body aches with mepolizumab, muscle
aches with reslizumab, and gastric side effects with dupilumab. The majority of patients
who transitioned biologic therapy ultimately started dupilumab; no patients had switched
from dupilumab to another biologic. 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 to other biologics, dupilumab had the highest odds of participants
reporting it worked “Very Well,” (OR 17.58 [95% ClI: 5.68-54.35, p <0.0001], Generalized
Estimating Equation). Specifically, 85.7% of patients on dupilumab reported it worked
“Very Well,” compared to 40.0% of those who took omalizumab, 26.1% of patients who
took mepolizumab/reslizumab, and none of the patients who took benralizumab (Figure 5).

There were no significant differences in average SNOT-22 score, ACT score, or 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 post-operative polyp regrowth (polyp recurrence

in less than 6 months vs. greater than 6 months) compared to those who had not used a
biologic among those who had been on a biologic (OR 3.23 [95% CI 1.14-9.17] p=0.028,
multinomial logistic regression). Compared to those not on a biologic, patients currently on
a biologic reported more days in the past month where their physical health was not good, as
per the HRQOL-4 (6.5 vs 2.5 days, p=0.006, Student’s t test).

Twenty-four patients (24.4%) reported concurrent use of ATAD and a biologic agent.
Compared to 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 not significant
differences in mean duration of nasal polyposis. Compared to 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, Chi-square test)
(Figure 6).

Twenty-three patients (23.4%) reported use of a biologic without aspirin. Sixteen of these
patients reported taking ATAD in the past. Among this group, aspirin-related side effects
(n=5) and lack of efficacy (n=7) were the most common reasons for discontinuation of
ATAD.
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Discussion

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 four daily medications for the management of AERD,
highlighting the substantial burden of this disease, as well as the potential challenges
associated with cost, adherence, and quality of life. Clinicians caring for patients with
AERD should anticipate prescribing multiple classes of medications to achieve adequate
symptomatic control of asthma and CRSWNP.

This study confirms that patients with AERD consider aspirin therapy to be effective and
well-tolerated, consistent with previous studies.16-22 The most common reasons for ATAD
discontinuation were related to side effects and changes in risk/benefit stratification, rather
than lack of efficacy. For patients on ATAD, clinicians should monitor aspirin-related side
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 the majority on
dupilumab. Dupilumab is FDA-approved for treatment of both CRSWNP and eosinophilic
asthma, making it well-suited for AERD patients. While patients reported varying efficacy
of biologics, the vast majority of patients who took dupilumab reported this agent worked
“Very Well,” including 13 of 18 patients on dupilumab who had previously trialed a different
biologic. Among that group, only one patient reported the prior biologic worked “Very
Well”; in that patient, omalizumab was ultimately discontinued due to waning efficacy.
While data suggests efficacy of dupilumab for the treatment of asthma and CRSWNP in
AERD13, there remains a paucity of objective data comparing the efficacy of specific
biologic agents in AERD. Nonetheless, the pattern observed in this cohort is consistent with
previous data, highlighting the efficacy of dupilumab among AERD patients both in a real
world setting?3, and in those with previous inadequate response to biologic agents targeting
IL-5 or IL-5Ra.4

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 to those on ATAD alone.

This pattern suggests that biologic initiation 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” responders to ATAD:
ATAD was sufficiently efficacious so as to not warrant discontinuation, 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
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biologic therapy. This approach would be supported by a recently proposed algorithm for the
integration of biologics into AERD care.1!

Additionally, a proportion of patients in our study were on a respiratory biologic without
ATAD; a majority of those patients had taken ATAD in the past, with most discontinuing
for aspirin related side effects and lack of efficacy. Thus, biologic therapy alone may

be an option for those who tolerate ATAD poorly, or are otherwise at elevated risk for
aspirin-related adverse effects, including those with renal impairment, a history of peptic
ulcers, or taking other anticoagulant medications. While 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 increased risk bleeding in elderly
patients on aspirin.

Patients with AERD taking a biologic reported more days of feeling physically unwell
compared to those not on a biologic based on 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 biologic therapy in managing
asthma and sinonasal disease burden; nonetheless, number of days of physical health
impairment suggests that patients who initiate biologic therapy continue to have a poorer
perception of their health. This data suggests that the goal of biologics in AERD may be
to reduce symptoms to a manageable level, rather than to induce a complete resolution of
symptoms. However, this study did not collect data regarding SNOT-22 and ACT scores
prior to the initiation of biologics, which limits characterization of symptom reduction
associated with biologic use.

Additionally, patients who had ever been on a biologic were more likely to have polyp
growth in less than 6 months post-surgery. Thus, patients who ultimately require biologic
therapy for AERD likely represent a subset of AERD patients with more severe disease.
While biologic therapy may be efficacious as measured by clinical outcome scores,
symptom severity and medication burden may continue 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. Additionally, the
patients in the BWH AERD registry, by virtue of seeking treatment at our tertiary care
center, may reflect a population of AERD patients with more severe disease requiring
intensive therapy. Even within the BWH AERD registry, our cohort may represent a
subgroup of individuals more likely to be on biologics due to 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 three lifetime endoscopic sinus surgeries, indicating substantial
sinonasal disease.
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Moreover, as a cross-sectional study, these data present patient status at a moment in

time; thus, it is it 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 the course of time. Therefore, future
studies should further characterize clinical outcomes among AERD patients on ATAD and
biologics to define the optimal use of these modalities with respect to disease management,
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 the majority on private health insurance plans, likely enabling
greater access to biologic therapy from a cost perspective. Thus, our cohort’s experience
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 symptomatic control in this complex disease. The data emphasize the benefits of
ATAD, and while highlighting a need to carefully consider adverse effects of this therapy.
Future studies will characterize the role of multimodal medical therapy on quality of life and
AERD disease progression, and will evaluate the role of biologics in reducing medication
burden in AERD.
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HRQOL-4 Healthy Days Core Module
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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

depicted in the bar graph (A) and noted in the table (B).
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Aspirin
Desensitization
n=84
(85.7%)

ATAD
Started ATAD effective
n= 78 (92.9%) n=59
(75.6%)

Did not start
ATAD
n=6 (7.1%)

-Unsuccessful
Desensitization (n=4)

-Patient preference (n=1)

ATAD
discontinued
n=19 (24.4%)

ATAD ongoing
n=59 (75.6%)

-Lack of efficacy (n=1)

-Aspirin side effects (n=10)
-Lack of efficacy (n=9)

-Increased risk of aspirin
therapy (n=2)

-Preprocedural discontinuation
without resumption (n=2)

Figure 2: Outcomes After Aspirin Desensitization
Patients self-reported reasons for not taking aspirin post-desensitization and discontinuing

aspirin after daily aspirin therapy; categories of response were determined by review
of patient comments and medical records. The green-outlined box lists the percentages
of patients who found aspirin therapy after desensitization effective for a given AERD
symptom.
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Percent of Patient Reporting Improvement
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Improvement in Symptoms after Aspirin Desensitization

Symptom

Figure 3: Symptom Improvement after Aspirin Desensitization
Patients who reported that aspirin-therapy after desensitization (ATAD) was effective (n=59)

were then asked to report which symptoms were improved by ATAD. Patients were
permitted to select multiple symptoms. The majority of patients reported ATAD as effective
in treating nasal polyps and sinus symptoms.
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Figure 4: Outcomes of biologic therapy among AERD patients

Most patients who discontinued to a biologic transitioned to a different biologic agent,
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with 19 patients ultimately being transitioned to dupilumab. Only four patients discontinued

biologic therapy entirely.
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Figure 5: Patient Reported Efficacy of Biologic Agents in AERD
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03

[m]

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

<0.0001], Generalized Estimating Equation).
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"Was Aspirin Therapy Effective?"
*
100

60-

40-

20=

Percentage of Patients Responding "Yes"

Biologic + ATAD ATAD Alone
Medication Regimen

*- OR 0.161 [95% CI 0.03-0.76], p=.02, Chi-square test

Figure 6: Patient reported efficacy of aspirin therapy after desensitization in AERD
Patients who took aspirin therapy after desensitization (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 to those who took ATAD
alone (OR 0.161 [95% CI 0.03-0.76], p=.02, Chi-square test).
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Patient Demographic and Clinical Characteristics

Table 1:

Demographic and Clinical Characteristics (N = 98)

Age (mean + SD)

51.8 + 12.2 years

Age at Asthma Diagnosis (mean * SD)

33.2 £ 14.2 years

Age at Nasal Polyp Diagnosis (mean + SD)

37.1+12.4 years

Number of Lifetime Endoscopic Sinus Surgeries (mean = SD) | 3.0+ 2.7
ACT (mean + SD) 224+34
SNOT-22 (mean * SD) 229+18.3
Gender n (%)
Male 38 (38.8%)
Female 60 (61.2%)
Race n (%)
White 89 (90.8)
Black 3(3.1)
More than one 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%)
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