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Abstract Aspirin-exacerbated respiratory disease (AERD) is frequently diagnosed in patients
with severe type 2 airway inflammation presenting with nasal polyps and severe asthma. It has
been associated with a recalcitrant course with high medical and surgical requirements. The
advent of recent biological and other targeted treatments show promise in the medical man-
agement of patient with AERD. The goal of complete disease control where patients no longer
require recurrent surgical procedures, systemic corticosteroid exposure and may live with a
stable and relatively normal quality of life is now within reach. Further work is necessary to
identify biomarkers predictive of treatment response.
Copyright ª 2020 Chinese Medical Association. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Aspirin-exacerbated respiratory disease (AERD) is a com-
mon diagnosis in patients with severe and recurrent nasal
polyposis. It is diagnosed when the triad of nasal polyposis,
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acetyl salicylic acid/nonsteroidal anti-inflammatory drugs
(ASA/NSAID) hypersensitivity and asthma are identified.
AERD generally is identified in those with the most severe
inflammation and is associated with higher morbidity.
There have been several important advances in the man-
agement of asthma and nasal polyps which have the po-
tential to change the treatment paradigm in the
management of AERD.
Importance of AERD

AERD, while often thought of as a rare syndrome, is actually
present in 15% of severe asthmatics, and 7%e8% of all
asthmatics and patients with chronic rhinosinusitis.1

Although this represents a fraction of the total population
of these diseases, it is well known that AERD patients
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exhibit numerous factors associated with poor outcomes.
Severe asthma is heavily enriched with AERD patients.2

These patients are much more likely to have intubation,
persistent airflow obstruction and need for systemic corti-
costeroids. In AERD, the sinus burden of illness is evident by
much higher need for sinus surgery, much earlier polyp
recurrence at 6 months, worsened sense of smell scores.
The LundeMackay (LM) computed tomography scoring sys-
tem is used to grade the intensity of sinus inflammation.
Higher LM scores are strongly associated with positive
aspirin challenges.3 The burden of illness in AERD is signif-
icant. AERD subjects simultaneously experience both the
asthma and sinusitis components of the disease, often with
additive effects from both of these which lead to a
heightened burden of illness.

Treatment options in AERD

Topical therapy

A mainstay of therapy in both asthma and nasal polyps is
topical corticosteroid treatment. Multiple inhaler regimens
are useful for control of the lower airways inflammation
and are an early step in treatment of all patients. Unfor-
tunately, topical therapy for nasal polyposis is less suc-
cessful, particularly in AERD. Although topical mometasone
is approved for nasal polyposis at 2 sprays each nostril,
twice daily, it is frequently ineffective in bringing control to
the upper airway disease. This is likely in part related to
anatomy and limited accessibility of higher levels of
inflammation unreached by typical nasal delivery sprays.
This led to the use of topical budesonide in combination
with nasal lavage or nebulization. This has been recom-
mended in many different applications and has been useful
in several case series, including in AERD patients, to better
control nasal polyp growth.4e6 These treatments are off-
label and can sometimes be inaccessible for that reason
to patients. Most recently, fluticasone in a unique delivery
mechanism marketed as Chance in the United States has
been approved for nasal polyps. Compared to fluticasone
nasal spray, Chance provides both higher dose of flutica-
sone and its delivery mechanism allows for higher delivery
of topical corticosteroid into areas directly impacted by
nasal polyps. This involves an “exhalation delivery” system
where the patient blows into the device through a mouth-
piece and with the device placed to seal the nostril this
closes the soft palate resulting in the greater deposition to
the polyps. Although this treatment has proven effective-
ness in nasal polyposis it has not been studies in AERD nor
were there any specific AERD sub analyses in the published
studies.

Anti-mediator therapy

AERD is strongly associated with production of cysteinyl
leukotrienes which are increased at baseline when
compared with aspirin tolerant asthmatics or nasal polyp
sufferers. These levels increase dramatically during ASA/
NSAID provoked reactions.7 Numerous studies implicate the
important role that leukotrienes have in disease patho-
genesis. Despite this, there are limited data on the specific
effectiveness in the long-term treatment of AERD. There
are two categories of leukotriene modifiers. First are the
CysLT1 receptor antagonists montelukast and zafirlukast.
These block signaling through the CysLT1 receptor but do
not effect signaling through CysLT2 or GPR99 (CysLT3).
Montelukast and zafirlukast have a clear role in protection
of the lower airway during aspirin desensitization.8,9 The
long-term benefit in asthma or nasal polyps is less clear.
Although routinely added to the regimen of AERD patients,
this strategy merits further study in terms of polyp recur-
rence rates, sinus outcomes and asthma control specifically
in AERD.

The other category of leukotriene modifier drugs is 5-
lipoxygenase inhibitors. Zileuton, a partial inhibitor of 5-
lipoxygenase blocks the downstream formation of all leu-
kotrienes (including LTB4) and other pro-inflammatory 5-
lipoxygenase pathway products. It is the only drug in this
class. Zileuton decreases levels of leukotriene C4, D4 and
importantly E4 which signals through GPR99/CysLT3.
Zileuton has been studied in AERD specifically and has a
positive effect on asthma, sinus outcomes as well as pre-
venting or diminishing aspirin-induced reactions.10e12 In the
United States, until recently, zileuton has been difficult to
obtain due to cost and insurance issues. It is now more
accessible for patients and may be a viable treatment op-
tion for some patients.
Aspirin therapy

Aspirin therapy after desensitization (ATAD) was discovered
inadvertently at Scripps Clinic in the late 1970’s during
studies of subjects undergoing aspirin challenges.13 It was
unanticipated that daily aspirin therapy after undergoing
desensitization would have the potential to have a disease
modifying effect. Yet, in the last 4 decades, studies have
consistently confirmed many clinical and immunologic ef-
fects of this therapy. Clinically, aspirin therapy has primary
effectiveness on the upper airway, where it has shown
benefit on symptom control including SNOT-22(Sino-nasal
Outcome Test-22) scores and sense of smell. ATAD has the
potential to significantly decrease the trajectory of polyp
growth and in some situations prevent need for further
surgery. Patients on aspirin therapy have needed less sys-
temic corticosteroids and may have improvement in asthma
outcomes e an effect that might be secondary to improve-
ment in upper airway inflammation. The benefit of ASA has
been primarily associated with higher doses than necessary
for anti-platelet effect, with most studies identifying
325 mg twice daily up to 650 mg twice daily as necessary for
optimal/maximum therapeutic effect. Other studies have
shown improvement on lower doses. The mechanism
explaining the improvement on aspirin therapy remains
elusive and somewhat speculative. Aspirin treatment in
AERD patients does reduce the production of terminal cys-
teinyl leukotrienes. Yet, they continue to be produced at
elevated levels while on aspirin therapy. Downregulation of
the CysLT1 receptor occurs which would lead to blunted
responsiveness to these leukotrienes.14 CysLT1 receptor
expression is under control of STAT6/IL-4 which several
studies suggest might be blunted during aspirin therapy.15,16

Recent work demonstrates that although mast cell
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activation appears to be increased during chronic aspirin
therapy, clinical benefit is still present.17 This argues for
another dominant pathway blunting mediator production
and inflammation. The mast cell specific prostaglandin D2
has been recently identified as a dominant mediator in a
subtype of AERD characterized by excessive gastrointestinal
reactivity and cutaneous symptoms. These subjects have a
more resistant pharmacologic effect of COX-1 inhibition in
PGD2 production in parallel with the difficulty attaining the
desensitized state.18 The finding that the PGD2/CRTH2 axis
is markedly elevated in severe asthma,19 and that PGD2 is
significantly decreased after aspirin therapy in the face of
obvious mast cell activation argues that this effect might be
an important component of therapeutic effect of aspirin
therapy after desensitization.17

Until recently, ATAD was considered expensive, logisti-
cally difficult and unsafe for many patients. It still is not
offered to many patients either because of lack of aware-
ness or lack of capabilities for performing aspirin desensi-
tization.20 Yet, it is clear over the last decade that this
treatment is now becoming commonplace in many outpa-
tient allergy clinics across the United States so that nearly
every large city has several options for patients to be
treated. ATAD is generally recommended for patients with
disease that has not responded to conventional medical
therapy who experience recurrent polyposis, recurrent
need for systemic corticosteroids and diminished quality of
life or who have a medical need for COX1 therapy.21

Approximately 85% of patients will experience some
degree of benefit from ATAD. There are no diagnostic tests
or predictive tools to identify responders or non-
responders. Between 10% and 15% will be unable to
remain on aspirin therapy due to gastrointestinal side ef-
fects or bleeding/bruising.22 Once desensitized, subject
must remain on a minimum of 325 mg aspirin once daily to
maintain desensitization. However, in case a patient misses
their treatment, they can resume dosing within 48 h.
Beyond 48e96 h off of aspirin, most patients will gradually
regain their sensitivity.23
Biologic therapy

Over the past 5 years, the approval of 4 new biologic
therapies appropriate for patients with AERD with more in
the pipeline, the landscape of therapeutic options for our
patients has dramatically changed. Previously, omalizumab
was approved for allergic asthma, and was often an option
for AERD patients. Now with the approval of reslizumab,
mepolizumab, benralizumab and dupilumab for severe type
2 asthma syndromes and dupilumab also approved for nasal
polyposis, there are many more options to consider.

AERD is defined by a strong Type 2 inflammatory signal
characterized by high levels of IL-4, Il-13, IL-5 cytokines
leading to recruitment of eosinophils, lymphocytes, ba-
sophils and mast cells to the sinonasal and pulmonary
mucosa.24,25 The nasal polyps have high levels of eosino-
phils and often, peripheral eosinophilia is present in AERD
predicting a good response to all of these new biologic
therapies. Unfortunately, there are few studies specif-
ically evaluating the AERD subgroup, and several of the
registry trials did not specifically identify aspirin
sensitivity as a historical characteristic that could be
analyzed post hoc.

There are currently no head to head studies of the
various biologics in the management of nasal polyposis or
AERD specifically. The first biologic to market was omali-
zumab initially for atopic asthma and more recently for
urticaria. It has shown benefit in a small case series of
Japanese subjects with AERD where it not only led to
improvement in some clinical symptoms, but also a dra-
matic decrease in mast cell mediators strongly associated
with AERD.26 Lang and colleagues demonstrated that oma-
lizumab can block the clinical symptoms during aspirin
challenge, although this effect was not consistently seen in
a large case series including omalizumab treated pa-
tients.27,28 Bachert has published a trial of omalizumab in
CRSwNP and asthma and showed a reduction in total nasal
endoscopic polyp score was seen by week 8 on therapy.29

Recent data on the effectiveness of omalizumab for nasal
polyposis increase optimism for use of omalizumab in the
AERD population specifically.30

Mepolizumb (anti-IL-5 monoclonal antibody) has been
studied in a small case series of AERD patients where
benefit was seen with the intravenous dosing of 750 mg
every 4 weeks. It too, was shown to improve the total polyp
score.31,32 Tuttle et al,33 did a retrospective analysis of
their patients who received mepolizumab and found that it
was a useful adjunct to management of AERD. There are
ongoing trials for mepolizumab in CRS with nasal polyps.

Dupilumab is an IL-4 alpha receptor antagonist that
blocks both IL-4 and IL-13 signaling. This is the first biologic
approved to treat nasal polyposis.34 The nasal polyposis
studies included aspirin reactivity as a specific subgroup.
This group was evaluated in a post hoc analysis where the
benefit of dupilumab was similar in the self-described AERD
cohort when compared with the aspirin tolerant group;
including a significant reduction in the total polyp score,
SNOT-22 score, and improvement in the sense of smell.35

Additional studies looking at individual biologics in
chronic rhinosinusitis with polyposis will be forthcoming
which may help with the decision as to which biologic to
choose for our patients.

Cost considerations: Health economics are a critical
component of medical decision making. New therapies are
often expensive and can be inaccessible to patients for that
reason. Prior authorization, peer-to-peer discussions,
dealing with insurance denials, and utilization in managed
care settings all create unique challenges for a busy prac-
tice. Topical nasal corticosteroid sprays are inexpensive
and in many cases available over the counter without in-
surance approval. This makes them a first line therapy in all
situations.

Budesonide respules are generic and often can be inex-
pensive, but when added to nasal rinses are considered off-
label and are thus sometimes not covered for use in nasal
polyposis. The cost of 1 year of therapy is about $400 -
$3500 depending on regional and coverage variability.

Chance� has the clinical indication for nasal polyps. The
manufacturer cooperates with commercial insurance plans
to significantly decrease the out of pocket costs to patients
but may not be a covered option for Medicare or other
payors. The cost of a year of Chance� is approximately
$6300.
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Aspirin is obviously inexpensive ($0.05 for the most
expensive aspirin products) and easily accessible. The one-
time cost of desensitization to allow introduction of aspirin
is generally $2000-$3000. Aspirin desensitization and
ongoing therapy with aspirin is inexpensive with a calcu-
lated saving of $6768 per quality-adjusted life year in
2008.36

Biologic therapies are much more expensive, making
approval and use a bigger hurdle. The absolute cost of
therapy is in the $30,000-$40,000/year with costs to payors
and patients alike likely to be highly variable around the
country.

Control

What constitutes CONTROL of AERD? Control of asthma has
been studied extensively.37,38 Absence of hospitalizations
and emergency visits, limited need for systemic cortico-
steroids, minimal symptoms and satisfactory quality of life
are all markers of a controlled asthmatic. It is less clear
what constitutes control of nasal polyposis. What degree of
anosmia is acceptable, how many sinus infection episodes
per year, what degree of polyp growth or need for future
surgery is acceptable? These questions come up during
every office visit with an AERD patient and the answers
currently rest in the shared medical decision making be-
tween the clinician and patient to determine whether the
patient feels that their disease has become controlled with
the current therapy. It is the failure of control that likely
guides the decision to escalate therapy, consider revision
sinus surgery or add systemic corticosteroids.

Timing of treatment approaches

The authors follow a large cohort of AERD patients and
review the various logistical questions and dilemmas that
emerge over the course of treatment and longitudinal
follow-up. Most patients with AERD benefit from the use of
leukotriene modifying drugs as well as topical steroids. All
patient should be offered topical corticosteroids in the
most effective formulation (Chance, topical budesonide
rinses, topical nasal corticosteroid sprays) and montelukast
or zafirlukast.

Many patients will have already had one, if not several
sinus surgeries by the time AERD is formally diagnosed.39

Given the high likelihood of polyp recurrence in AERD, it
is important that the allergist and sinus surgeon collaborate
on the timing and appropriate treatment approach in all
patients. The benefits of sinus surgery are the debulking of
inflammatory polyp tissue and opening of natural drainage
pathways allowing for deposition of topical therapy.40

The initial management of AERD is based on standard of
care for the management of asthma and chronic rhinosi-
nusitis with nasal polyposis. Unique to AERD, in all patients,
specific counselling regarding avoidance of COX-1 inhibiting
NSAIDs needs to be done. Celecoxib is a safe alternative for
as needed therapy that should also be discussed with all
patients in need of occasional pain relief. The use of
leukotriene-modifying agents (montelukast or zafirlukast)
should be utilized early in the course of the illness given the
unique pathophysiology of AERD with overproduction of
cysteinyl-leukotrienes.41 The use of LTMDs may also provide
added protection from severe respiratory reactions with
accidental NSAID exposure.8 Between 33% and 66% of pa-
tients with AERD are atopic and it is critical that their
environmental allergies be addressed as well.39,42

For those patients with AERD who continue have un-
controlled asthma, recalcitrant nasal polyps, recurrent
purulent sinusitis, need for repeated courses of systemic
corticosteroids and or repeat sinus surgeries a step up in
therapy is needed. Before consideration for ASA desensiti-
zation or starting a biologic, it would be worthwhile to do a
trial of zileuton (5-lipo-oxygenase inhibitor) alone or in
combination with their current LTMD. A survey study of
patients with AERD found the addition of zileuton to be very
effective, however it is only rarely prescribed.43 In a clin-
ical trial that included patients with AERD, addition of
zileuton improved pulmonary function as well as decreased
nasal symptoms of congestion, and impaired sense of smell
in the AERD patients.10

Currently there are very limited data on biologics in
AERD patients let alone a head to head trial with aspirin
desensitization and treatment. The decision to pursue
aspirin desensitization versus a biologic therapy should be
based on multiple factors including whether or not there
are any absolute contraindications to use of ASA: peptic
ulcer disease, history of bleeding disorders, planned preg-
nancies etc. If ASA desensitization is not a preferred option,
pursuing the use of a biologic therapy makes sense.
Currently only dupilumab has an indication for nasal polyps.
However, based on the underlying diagnosis of asthma, the
other biologics can be considered.
Timing of surgery

In a surgically treated patient, if disease control is inade-
quate the decision to escalate medical management is
made. If aspirin therapy is considered this has logistical
considerations as many surgeons are reluctant to perform
sinus surgery in a patient taking ongoing aspirin. Thus,
performing aspirin desensitization about 4e6 weeks after
sinus surgery is generally recommended. Additionally,
available data supports the role of aspirin therapy in pre-
venting polyp progression rather than causing polyp
regression.22 Beginning aspirin therapy in a patient with
advanced polyps is far less likely to be successful and if the
patient ultimately requires sinus surgery, aspirin may need
to be discontinued and desensitization occur again after
surgery.

If a patient with AERD is desensitized to ASA prior to
surgery, the dose can be decreased aspirin to 325 mg daily.
ASA can then be withheld for a 48-h window around surgery
and restarted without the need for repeat desensitization
in that setting. Alternatively, ibuprofen which has a less
potent anti-platelet effect, could be substituted for aspirin
the week prior to and during surgery. This has been re-
ported in a case series, but has not been formally studied
for perioperative safety from a bleeding perspective.44

Ideally, aspirin should be started after sinus surgery in
most situations. But the use of leukotriene modifiers and
biologic therapies can be started at all time points in the
continuum. In the dupilumab studies, approximately 1/3 of
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patients had not undergone sinus surgery. The average
reduction in polyp score was approximately 37%. Although,
symptoms improved and polyp scores were reduced, it is
unclear whether beginning a biologic in conjunction with
surgery would have a better clinical effect.

Common clinical scenarios

Although patients present with a unique combination of
variables, three common situations emerge that are
reviewed below with a discussion of specific timing and
treatment considerations.

Newly diagnosed patent

This patient is identified early in the course of their illness.
They likely have had an evaluation for allergic rhinitis and
asthma, but the full extent of their AERD has only recently
been recognized. These patients should undergo imaging to
gauge the extent of their disease and collaboration with a
sinus surgeon should begin. Comorbid asthma should be
controlled within the standard treatment guidelines,
keeping in mind that lower airway control will be influ-
enced by the upper airway disease. Aggressive nasal corti-
costeroid treatments should be employed with
consideration for initial surgical debulking and opening of
natural sinus ostia to enhance topical therapy. Early in the
course of the disease, the surgeon/allergist collaboration
will be able to closely follow the patient and decide when
step-up therapy to zileuton, ATAD, or biologics should be
considered.

The chronic surgical failure

This patient has a long history of persistent and severe
chronic sinusitis with nasal polyposis. This patient has had
multiple sinus surgeries, with only short-lived symptomatic
improvement and early polyp recurrence. When this pa-
tient presents, it is unlikely the further surgical treatment
will provide durable benefit, therefore immediate escala-
tion in medical management needs to be considered. At this
level, zileuton needs to be strongly considered. A discussion
regarding the risks and benefits of ATAD or a biologic should
be undertaken. Patient preference might guide treatment
escalation. If the patient needs aspirin for cardiovascular
disease prophylaxis or treatment with NSAID’s for other
indications such as pain from various etiologies, that may
guide one’s choice. Additionally, the need for upcoming
sinus surgery will be an additional factor that should be
considered in patients who are interested or good candi-
dates for ATAD. If ATAD is planned, any sinus surgery should
occur first followed 4e6 weeks later by initiation of aspirin.

Early polyp recurrence

This patient will have undergone an initial surgery and
might be early in the course of their illness. They have been
identified with early polyp recurrence or rapid symptom
progression. At this stage, AERD might not be recognized
and the purpose of the visit to the allergist might be for
assessment of underlying atopic disease, immunodeficiency
and AERD. Once AERD is recognized in this setting, this is an
optimal time to employ ATAD. Current evidence suggests
that aspirin therapy might have the best effect in patients
with recent surgical debulking as prevention of polyp
growth and symptoms control are the primary goals. These
patients should be followed closely for the clinical benefit
of aspirin, and also any progression of sinus disease. In the
event of failure of other medical therapy, this is an ideal
candidate for a trial of a biologic therapy.

Every patient with AERD is unique and their preferences
dictate the treatment paradigm. Some patients have had
sinus surgery and never want surgery again. Other patients
want to do everything possible to regain sense of smell, and
others are most interested in decreasing systemic cortico-
steroid burden. Much work is necessary to define control in
sinus disease and specifically in AERD. The treatment
approach, timing, and medical necessity/cost effectiveness
of each of the treatments above require a detailed dis-
cussion with patients and shared medical decision making.
Much work is necessary to define the role for aspirin ther-
apy vs biologic in AERD as well as better biomarkers to
predict responsiveness to these therapies. For example,
might dupilumab or some future biologic allow an AERD
patient to take any dose of aspirin or NSAID’s without re-
action? Even if not, might they prevent reactions to the
escalating doses of aspirin used in desensitization? That
would be the discovery of the “Holy grail” of aspirin
desensitization: “silent” desensitization. This approach
would drastically reduce the cost of the biologic.

In any case, at this point in time, it is encouraging that
we now have numerous treatment options at our disposal in
managing patients with AERD and recalcitrant disease and
with more type 2 treatment options on the horizon, the
landscape is now brighter for patients with AERD.
Declaration of Competing Interest

Ronald Simon, MD e none. Katharine Woessner, MD:
Speakers Bureau e Glaxo SmithKline, Astra-Zeneca. Advi-
sory Board e Regeneron. Andrew White, MD: Speakers Bu-
reau e Astra-Zeneca, Regeneron, Optinose. Advisory Board
e Optinose, Regeneron, Astra-Zeneca.

References

1. Rajan JP, Wineinger NE, Stevenson DD, White AA. Prevalence of
aspirin-exacerbated respiratory disease among asthmatic pa-
tients: a meta-analysis of the literature. J Allergy Clin Immu-
nol. 2015;135:676e681.e1.

2. Mascia K, Haselkorn T, Deniz YM, Miller DP, Bleecker ER,
Borish L. Aspirin sensitivity and severity of asthma: evidence
for irreversible airway obstruction in patients with severe or
difficult-to-treat asthma. J Allergy Clin Immunol. 2005;116:
970e975.

3. Mascia K, Borish L, Patrie J, Hunt J, Phillips CD, Steinke JW.
Chronic hyperplastic eosinophilic sinusitis as a predictor of
aspirin-exacerbated respiratory disease. Ann Allergy Asthma
Immunol. 2005;94:652e657.

http://refhub.elsevier.com/S2095-8811(20)30138-4/sref1
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref1
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref1
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref1
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref1
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref2
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref2
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref2
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref2
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref2
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref2
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref3
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref3
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref3
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref3
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref3


246 A.A. White et al.
4. Neubauer PD, Schwam ZG, Manes RP. Comparison of intranasal
fluticasone spray, budesonide atomizer, and budesonide re-
spells in patients with chronic rhinosinusitis with polyposis
after endoscopic sinus surgery. Int Forum Allergy Rhinol. 2016;
6:233e237.

5. Steinke JW, Payne SC, Tessier ME, Borish LO, Han JK, Borish LC.
Pilot study of budesonide inhalant suspension irrigations for
chronic eosinophilic sinusitis. J Allergy Clin Immunol. 2009;
124:1352e1354.e7.

6. Snidvongs K, Pratt E, Chin D, Sacks R, Earls P, Harvey RJ.
Corticosteroid nasal irrigations after endoscopic sinus surgery
in the management of chronic rhinosinusitis. Int Forum Allergy
Rhinol. 2012;2:415e421.

7. Daffern PJ, Muilenburg D, Hugli TE, Stevenson DD. Association
of urinary leukotriene E4 excretion during aspirin challenges
with severity of respiratory responses. J Allergy Clin Immunol.
1999;104:559e564.

8. White A, Ludington E, Mehra P, Stevenson DD, Simon RA. Effect
of leukotriene modifier drugs on the safety of oral aspirin
challenges. Ann Allergy Asthma Immunol. 2006;97:688e693.

9. White AA, Stevenson DD, Simon RA. The blocking effect of
essential controller medications during aspirin challenges in
patients with aspirin-exacerbated respiratory disease. Ann
Allergy Asthma Immunol. 2005;95:330e335.

10. Dahlén B, Nizankowska E, Szczeklik A, et al. Benefits from
adding the 5-lipoxygenase inhibitor zileuton to conventional
therapy in aspirin-intolerant asthmatics. Am J Respir Crit Care
Med. 1998;157:1187e1194.

11. Israel E, Fischer AR, Rosenberg MA, et al. The pivotal role of 5-
lipoxygenase products in the reaction of aspirin-sensitive
asthmatics to aspirin. Am Rev Respir Dis. 1993;148:1447e1451.

12. Lee SE, Farquhar DR, Adams KN, et al. Effect of zileuton
treatment on sinonasal quality of life in patients with aspirin-
exacerbated respiratory disease. Am J Rhinol Allergy. 2019;
33:791e795.

13. Stevenson DD, Simon RA, Mathison DA. Aspirin-sensitive
asthma: tolerance to aspirin after positive oral aspirin chal-
lenges. J Allergy Clin Immunol. 1980;66:82e88.

14. Sousa AR, Parikh A, Scadding G, Corrigan CJ, Lee TH. Leuko-
triene-receptor expression on nasal mucosal inflammatory
cells in aspirin-sensitive rhinosinusitis. N Engl J Med. 2002;347:
1493e1499.

15. Steinke JW, Culp JA, Kropf E, Borish L. Modulation by aspirin of
nuclear phospho-signal transducer and activator of transcrip-
tion 6 expression: possible role in therapeutic benefit associ-
ated with aspirin desensitization. J Allergy Clin Immunol.
2009;124:724e730.e4.

16. Katial RK, Strand M, Prasertsuntarasai T, Leung R, Zheng W,
Alam R. The effect of aspirin desensitization on novel bio-
markers in aspirin-exacerbated respiratory diseases. J Allergy
Clin Immunol. 2010;126:738e744.

17. Cahill KN, Cui J, Kothari P, et al. Unique effect of aspirin
therapy on biomarkers in aspirin-exacerbated respiratory dis-
ease. A prospective trial. Am J Respir Crit Care Med. 2019;200:
704e711.

18. Cahill KN, Bensko JC, Boyce JA, Laidlaw TM. Prostaglandin D₂: a
dominant mediator of aspirin-exacerbated respiratory disease.
J Allergy Clin Immunol. 2015;135:245e252.

19. Fajt ML, Gelhaus SL, Freeman B, et al. Prostaglandin D₂
pathway upregulation: relation to asthma severity, control,
and TH2 inflammation. J Allergy Clin Immunol. 2013;131:
1504e1512.

20. Waldram JD, White AA. A survey of aspirin desensitization
practices among allergists and fellows in training in the United
States. J Allergy Clin Immunol Pract. 2016;4:1253e1255.

21. Stevenson DD, Simon RA. Selection of patients for aspirin
desensitization treatment. J Allergy Clin Immunol. 2006;118:
801e804.
22. Berges-Gimeno MP, Simon RA, Stevenson DD. Long-term
treatment with aspirin desensitization in asthmatic patients
with aspirin-exacerbated respiratory disease. J Allergy Clin
Immunol. 2003;111:180e186.

23. Pleskow WW, Stevenson DD, Mathison DA, Simon RA, Schatz M,
Zeiger RS. Aspirin desensitization in aspirin-sensitive asthmatic
patients: clinical manifestations and characterization of the
refractory period. J Allergy Clin Immunol. 1982;69:11e19.

24. Han JK. Subclassification of chronic rhinosinusitis. Laryngo-
scope. 2013;123(Suppl 2):S15eS27.

25. Schleimer RP. Immunopathogenesis of chronic rhinosinusitis
and nasal polyposis. Annu Rev Pathol. 2017;12:331e357.

26. Hayashi H, Mitsui C, Nakatani E, et al. Omalizumab reduces
cysteinyl leukotriene and 9a,11b-prostaglandin F2 over-
production in aspirin-exacerbated respiratory disease. J Al-
lergy Clin Immunol. 2016;137:1585e1587.e4.

27. Lang DM, Aronica MA, Maierson ES, Wang XF, Vasas DC,
Hazen SL. Omalizumab can inhibit respiratory reaction during
aspirin desensitization. Ann Allergy Asthma Immunol. 2018;
121:98e104.

28. Waldram J, Walters K, Simon R, Woessner K, Waalen J,
White A. Safety and outcomes of aspirin desensitization for
aspirin-exacerbated respiratory disease: a single-center study.
J Allergy Clin Immunol. 2018;141:250e256.

29. Gevaert P, Calus L, Van Zele T, et al. Omalizumab is effective
in allergic and nonallergic patients with nasal polyps and
asthma. J Allergy Clin Immunol. 2013;131:110e116.e1.

30. Gevaert P, Bachert C, Corren J, et al. Omalizumab efficacy and
safety in nasal polyposis: results from two parallel, double-
blind, placebo-controlled trials. Ann Allergy Asthma Immu-
nol. 2019;123:S17.

31. Bachert C, Sousa AR, Lund VJ, et al. Reduced need for surgery
in severe nasal polyposis with mepolizumab: randomized trial.
J Allergy Clin Immunol. 2017;140:1024e1031. e14.

32. Gevaert P, Van Bruaene N, Cattaert T, et al. Mepolizumab, a
humanized anti-IL-5mAb, as a treatment option for severe nasal
polyposis. J Allergy Clin Immunol. 2011;128:989e995. e1-8.

33. Tuttle KL, Buchheit KM, Laidlaw TM, Cahill KN. A retrospective
analysis of mepolizumab in subjects with aspirin-exacerbated
respiratory disease. J Allergy Clin Immunol Pract. 2018;6:
1045e1047.

34. Bachert C, Han JK, Desrosiers M, et al. Efficacy and safety of
dupilumab in patients with severe chronic rhinosinusitis with
nasal polyps (LIBERTY NP SINUS-24 and LIBERTY NP SINUS-52):
results from two multicentre, randomised, double-blind, pla-
cebo-controlled, parallel-group phase 3 trials. Lancet. 2019;
394:1638e1650.

35. Laidlaw TM, Mullol J, Fan C, et al. Dupilumab improves nasal
polyp burden and asthma control in patients with CRSwNP and
AERD. J Allergy Clin Immunol Pract. 2019;7:2462e2465.e1.

36. Shaker M, Lobb A, Jenkins P, et al. An economic analysis of
aspirin desensitization in aspirin-exacerbated respiratory dis-
ease. J Allergy Clin Immunol. 2008;121:81e87.

37. Alzahrani YA, Becker EA. Asthma control assessment tools.
Respir Care. 2016;61:106e116.

38. Castillo JR, Peters SP, Busse WW. Asthma exacerbations:
pathogenesis, prevention, and treatment. J Allergy Clin
Immunol Pract. 2017;5:918e927.

39. Berges-Gimeno MP, Simon RA, Stevenson DD. The natural his-
tory and clinical characteristics of aspirin-exacerbated respi-
ratory disease. Ann Allergy Asthma Immunol. 2002;89:
474e478.

40. DeConde AS, Mace JC, Levy JM, Rudmik L, Alt JA, Smith TL.
Prevalence of polyp recurrence after endoscopic sinus surgery
for chronic rhinosinusitis with nasal polyposis. Laryngoscope.
2017;127:550e555.

41. Dahlén SE, Malmström K, Nizankowska E, et al. Improvement of
aspirin-intolerant asthma by montelukast, a leukotriene

http://refhub.elsevier.com/S2095-8811(20)30138-4/sref4
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref4
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref4
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref4
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref4
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref4
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref5
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref5
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref5
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref5
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref5
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref6
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref6
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref6
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref6
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref6
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref7
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref7
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref7
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref7
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref7
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref8
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref8
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref8
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref8
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref9
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref9
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref9
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref9
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref9
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref10
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref10
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref10
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref10
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref10
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref11
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref11
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref11
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref11
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref12
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref12
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref12
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref12
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref12
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref13
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref13
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref13
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref13
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref14
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref14
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref14
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref14
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref14
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref15
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref15
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref15
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref15
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref15
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref15
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref16
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref16
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref16
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref16
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref16
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref17
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref17
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref17
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref17
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref17
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref18
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref18
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref18
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref18
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref19
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref19
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref19
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref19
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref19
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref20
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref20
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref20
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref20
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref21
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref21
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref21
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref21
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref22
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref22
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref22
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref22
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref22
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref23
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref23
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref23
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref23
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref23
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref24
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref24
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref24
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref25
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref25
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref25
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref26
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref26
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref26
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref26
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref26
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref27
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref27
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref27
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref27
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref27
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref28
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref28
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref28
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref28
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref28
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref29
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref29
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref29
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref29
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref30
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref30
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref30
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref30
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref31
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref31
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref31
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref31
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref32
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref32
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref32
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref32
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref33
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref33
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref33
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref33
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref33
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref34
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref34
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref34
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref34
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref34
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref34
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref34
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref35
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref35
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref35
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref35
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref36
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref36
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref36
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref36
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref37
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref37
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref37
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref38
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref38
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref38
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref38
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref39
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref39
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref39
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref39
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref39
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref40
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref40
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref40
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref40
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref40
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref41
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref41


Aspirin-exacerbated respiratory disease 247
antagonist: a randomized, double-blind, placebo-controlled
trial. Am J Respir Crit Care Med. 2002;165:9e14.

42. Szczeklik A, Nizankowska E, Duplaga M. Natural history of
aspirin-induced asthma. AIANE investigators. European
network on aspirin-induced asthma. Eur Respir J. 2000;16:
432e436.

43. Ta V, White AA. Survey-defined patient experiences with
aspirin-exacerbated respiratory disease. J Allergy Clin Immu-
nol Pract. 2015;3:711e718.
44. Do T, Canty E, Bajaj P, Ishmael F, Craig T. Long-term assess-
ment of aspirin desensitization shows successful bridging with
non-aspirin nonsteroidal anti-inflammatory drugs for proced-
ures. Allergy Asthma Proc. 2019;40:311e315.
Edited by Yu-Xin Fang

http://refhub.elsevier.com/S2095-8811(20)30138-4/sref41
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref41
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref41
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref42
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref42
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref42
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref42
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref42
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref43
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref43
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref43
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref43
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref44
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref44
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref44
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref44
http://refhub.elsevier.com/S2095-8811(20)30138-4/sref44

	Aspirin-exacerbated respiratory disease: Update on medical management
	Introduction
	Importance of AERD
	Treatment options in AERD
	Topical therapy
	Anti-mediator therapy

	Aspirin therapy
	Biologic therapy
	Control
	Timing of treatment approaches
	Timing of surgery
	Common clinical scenarios
	Newly diagnosed patent
	The chronic surgical failure
	Early polyp recurrence

	Declaration of Competing Interest
	Declaration of Competing Interest
	References


