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ABSTRACT

Introduction: Clinical features of aspirin-exacerbated respiratory disease (AERD) consist of moderate to
severe asthma associated with chronic rhinosinusitis (CRS), which are derived from overproduction of
cysteinyl leukotrienes along with chronic type 2 mediated inflammation in the upper and lower airway
mucosa.

Area covered: This review provides recent up-to-date information regarding phenotypes of AERD and
encompasses comprehensive diagnostic methods and treatment options. To confirm the diagnosis of
AERD, provocation testing via nasal, inhalation or the oral route of aspirin remains the gold standard; in
vitro diagnostic methods are still not available. Essential management is to avoid cross-reacting
cyclooxygenase 1 (COX-1) inhibitors along with use of highly selective COX-2 inhibitors and to maintain
pharmacologic treatment depending on the severity of asthma and chronic rhinosinusitis. Recent
biologics, including anti-IgE and anti-IL5 antibodies, are required in severe AERD patients with CRS.
Aspirin desensitization can be recommended when indicated.

Expert commentary: AERD is a heterogeneous disease in terms of severity and associated allergic
disease. When performing diagnosis and treatment for AERD, such disease characteristics need to be
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kept in mind.

1. Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) can induce
various clinical manifestations of hypersensitivity reactions,
which can be classified into cross-reactive and non-cross-
reactive reactions. In cross-reactive reactions, aspirin or
other NSAIDs elicit hypersensitivity: (1) aspirin-exacerbated
respiratory disease (AERD), (2) NSAID-exacerbated cuta-
neous disease, and (3) NSAID-induced urticaria/angioe-
dema. In non-cross-reactive reactions, single NSAID or
several NSAID within a same chemical group elicit hyper-
sensitivity: (4) single-NSAID-induced urticaria/angioedema
or anaphylaxis, and single-NSAID-induced delayed hyper-
sensitivity reactions [1]. AERD is clinically diagnosed as
developing asthma exacerbation after taking of NSAIDs.
However, clinical severity of asthma is moderate to severe,
even in the case of not taking of NSAIDs.

AERD is characterized by a distinctive pathogenic
mechanism, dysregulated arachidonic acid metabolisms
resulting in activation of eosinophilic inflammation [2].
Recently, apart from analysis of asthma phenotype, AERD
has been found to consist of different phenotypes and
severities [3]. The efficacy of biologic agents targeting IgE
is effective for the treatment of AERD [4]. In addition, bio-
logics targeting IL5 can be a promising treatment option.
The current review will discuss pathogenesis, clinical fea-
tures, diagnostic methods, and treatment of AERD with
updated information.

2. Clinical features

The prevalence of AERD is reported to range from 7% to 20%
of adult asthmatic patients [1,5], which is more prevalent in
severe asthmatic patients. AERD most frequently occurs in
middle-aged adults, with predominance in females. Chronic
rhinosinusitis (CRS) and nasal polyps are the most common
comorbid conditions, which affect asthma severity. Both
asthma and CRS symptoms can be exacerbated seriously
after NSAIDs/aspirin exposure in a dose-dependent manner.
The prevalence of AERD in children is lower, but clinical phe-
notypes are similar [6].

Both atopics and nonatopics are affected with AERD [1,2].
Some AERD patients have high serum total IgE (above the
upper limit of normal) without atopy, which may be asso-
ciated with IgE responses to staphylococcal superantigens
[7,8]. AERD patients show more frequent asthma exacerbation
(higher prevalence of severe asthma), lung function decline
(lower FEV1% values), and need for higher doses of inhaled
and systemic steroids to control symptoms [2]. Patients with
CRS/nasal polyps suffer from severe persistent nasal obstruc-
tion, postnasal drip, and anosmia requiring intranasal steroids.
Nasal polyps found in AERD patients undergo rapid regrowth
after polypectomies, resulting in frequent sinus surgeries [2,9].

Clinical features and courses of AERD patients are variable.
Drug responses to leukotriene modifiers are inconsistent. A
recent study reported 4 classes in a Polish cohort of 231 AERD
patients: class 1, asthma with a moderate course, intensive
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upper airway symptoms, and blood eosinophilia; class 2,
asthma with a mild course, with low health-care use; class 3,
asthma with a severe course with severe exacerbations and
airway obstruction; and class 4, poorly controlled asthma with
frequent exacerbations in female subjects. Atopic status did
not affect AERD. Patients with intensive upper airway symp-
toms had the highest levels of blood eosinophils and urinary
leukotriene E4 (LTE4) [3].

3. Pathogenesis

Major pathogenetic mechanisms are dysregulation of ara-
chidonic acid metabolisms, especially cysteinyl leukotriene
(CysLT) overproduction, and eosinophil activation. NSAIDs/
aspirin ingestion in sensitive patients inhibits the cycloox-
ygenase 1 (COX-1) pathway and reduces prostaglandin E2
(PGE2) levels, which leads to overproduction of CysLTs
with increased expression of CysLT receptors [2,10].
Activation status of eosinophils (interacting with activated
platelets) with increased level of eosinophil-derived cyto-
kines and chemical mediators, as well as mast cells
(increased production of PGD2), is noted along with type
2-mediated inflammation in upper and lower airway
mucosa of AERD patients [11]. Recent studies suggested
potential mechanisms of eosinophil activation in AERD
patients: increased level of autophagy and etosis of eosi-
nophils. Autophagy is a cytoplasmic component within
double membrane structures which is delivered to lyso-
some for degradation [12]. Etosis is a non-apoptotic cell
death pathway, extracellular trap cell death (etosis) that
mediates the eosinophil cytolytic granule [13]. Both of
them are correlated with asthma severity [14] and innate
immune responses, such as IL-33 and TSLP, released from
airway epithelial cells [15,16]. Further investigations will be
needed to identify new therapeutic targets in these path-
ways. In addition, recent data demonstrate increased acti-
vation of the 15-lipoxygenase (LO) pathway and decreased
synthesis of lipoxin A4, which are associated with eosino-
phil activation and clinical outcome [2,10,17].

Genetic and epigenetic factors could influence these find-
ings. Many studies have been devoted to investigating the
genetic mechanisms of AERD in AERD cohorts based on
diverse ethnic groups. First, the human leukocyte antigen
(HLA) allele DPB1*0301 is a strong genetic marker for AERD
in Western and Asian populations [17,18], in which the pre-
valence of this allele was significantly higher in the AERD
group than in the control groups. Patients with this allele
showed typical clinical characteristics of AERD, including
lower FEV1% predicted values and a very high prevalence of
CRS with nasal polyps. Several candidate gene approaches are
focused on identifying genes related with CysLT synthesis,
including the 5-LO pathway and CysLT receptors, and eosino-
phil activation: the genetic polymorphisms of CysLTR1 (-634
C>T, —475 A>C, —336 A>G), CysLTR2 (=189 T>C), P2RY12 (the
third receptor of CysLT at 742 T>C and 18 C>T) have been
associated with CysLT overproduction and eosinophil activa-
tion [17,19,20]. The genetic polymorphisms of CCR3 (-520
T>C) and CRTH2 (466 T>C) are associated with eosinophil
migration and activation in AERD patients. Another genetic

approach, a genome-wide association study (GWAS) study,
demonstrated dipeptidyl-peptidase 10 (DPP10) as a significant
gene marker in association with the phenotype of AERD and
eosinophil activation [21]. Epigenetic study also provide addi-
tional genetic background which account for AERD pathogen-
esis [22]. Nasal polyps of five AERD patients were investigated
using genome-wide methylation assay, along with them of
four aspirin-tolerant asthma (ATA) patients [23]. It was found
that PGDS, ALOX5AP, and LTB4R were hypomethylated and
PTGES was hypermethylated, all of which are genes in the
arachidonic pathway. PGD synthase encoded from PGDS
increase production of PGD2. ALOX5AP encodes arachidonate
5-LO-activating protein and LTB4R encodes leukotriene B4
receptors, whereas PTGES encodes PGE synthase, which is
attenuated by hypermethylation. Histone acetylation serves
to increase exposure of promoter region to transcription factor
in chromatin. In a study with experiments using fibroblasts
from nasal polyps of AERD patients, impaired histone acetyla-
tion at the PTGER2 promoter could be implicated in decreased
expression of PGE2 receptors and resultant rapid growth of
nasal polyps in AERD [24]. Regarding environmental factors,
viral infections (especially rhinovirus) and staphylococcal
superantigens could augment Th2-derived immune responses
in the upper and lower airway mucosa of AERD patients [25].
Further studies will be needed to elucidate how genetic/epi-
genetic mechanisms can be interacted with various environ-
mental factors to present these phenotypes and endotypes.

Therefore, AERD is usually accompanied by blood, nasal, and
sputum eosinophilia along with extensive eosinophilic inflam-
mation in upper (including nasal polyps and sinus mucosa) and
lower airway mucosae along with increased expression of type
2 cytokines, including IL5 [2]. In addition, levels of activated
platelets and platelet-leukocyte aggregates are increased in
both the peripheral blood and nasal polyp tissue of AERD
patients, which are associated with eosinophil activation and
CysLT production [26]. Therefore, the pathogenesis of AERD
involves two separate, albeit probably closely related, mechan-
isms. One is the mechanism underlying NSAIDs/aspirin-induced
acute respiratory reactions, which are the hallmark of this syn-
drome; the other is the mechanism for the development of
chronic intractable inflammation of the lower and upper airway
mucosa, which is present, even in the absence of exposure to
NSAIDs, and underlies the chronicity of the disease.

4. In vivo and in vitro diagnostic methods

The clinical suspicion of AERD is based on a history of adverse
reactions precipitated by NSAIDs/aspirin. However, 18% of
patients with AERD did not recognize hypersensitivity reac-
tions before aspirin provocation test in a survey [27]. In addi-
tion, only one of three subjects regarded as AERD showed
positive response to provocation test [28]. Therefore, in
patients without a definite history, challenge tests are neces-
sary to confirm or exclude hypersensitivity. The recent the
European Academy of Allergy and Clinical Immunology
(EAACI) position papers reported guidelines for standardized
oral, inhalation, and nasal challenges for patients with NSAID
hypersensitivity [1,2,29].
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Since most AERD patients have moderate-to-severe
asthma, diagnostic methods for adult asthma, such as sputum
and blood eosinophil counts, airway reversibility testing with
spirometry, and methacholine bronchial challenge tests,
should be performed to evaluate the degree of asthma sever-
ity. As AERD patients present with more severe clinical symp-
toms, they show lower mean values of PC20 methacholine
(more severe airway hyperresponsiveness to methacholine)
and FEV1(%) [2]. Allergy skin tests and determination of
serum-specific IgE to common inhalant allergens are needed
to evaluate atopic status as well as associated allergic rhinitis
and asthma. To confirm the diagnosis of AERD, three types of
aspirin-provocation tests are widely applied: oral, inhalation
(bronchial), and nasal [1,2,29], which should be carried out in a
clinical setting under the direct supervision of an experienced
specialist. Emergency resuscitative equipment should be read-
ily available. Baseline FEV1 should be at least 70% of the
predicted value. All the challenge tests are preceded by pla-
cebo challenge. Before any challenges, withdrawal of several
types of antiasthmatic medications is indicated: short-acting
B,-agonists and ipratropium bromide, 6 h; long-acting (3,-ago-
nists, long-acting theophylline, and tiotropium bromide, 24 h
(48 h if possible); short-acting oral antihistamines, 3 days; and
leukotriene modifiers, at least 1 week. However, there are
evidences to support continuing treatment with leukotriene
receptor antagonists (LTRAs) as a premedication. LTRAs do not
prevent upper respiratory reactions, whereas they prevent or
attenuate significant aspirin-induced bronchospasm during
oral challenge [30,31]. Oral and inhalation challenges should
not be performed on patients with unstable asthma or FEV1
lower than 70% of the predicted value or less than 1.5 L. If
regular treatment with oral corticosteroids is required, the
doses should not exceed 10 mg prednisolone or equivalent.
The doses of bronchial and nasal corticosteroids should be as
low as possible and kept stable throughout the challenge. The
lysine—aspirin bronchoprovocation test is widely used in Asia
[2] and Europe [1], and its detailed standardized test protocol
has been published. This inhalation challenge is safer and
faster to carry out than the oral provocation test, although it
is less sensitive. Inhalation challenge involves administration
of increasing doses of lysine-aspirin using a dosimeter-con-
trolled nebulizer every 30 min, with FEV1 measurement every
10 min after each administration. Criteria for a positive
response are the same as for oral aspirin challenge (greater
than 20% fall in FEV1% predicted from the baseline value). In

Table 1. Characteristics of aspirin provocation tests in AERD.
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cases of a positive reaction, symptoms are relieved by inhala-
tion of a short-acting ,-agonist until FEV1 returns to the
baseline value. If more severe reactions occur, oral or intrave-
nous corticosteroids are administered. A negative result of an
inhalation test does not always exclude AERD; subsequently,
an oral aspirin challenge can be also performed if necessary.

Controlled oral challenge with aspirin is regarded as the
gold standard which is recently standardized [1,29,32]. This
challenge is the most sensitive method (sensitivity ranging
from 89% to 90%) to confirm the presence of AERD and is
used to achieve aspirin desensitization. However, significant
and longer duration of bronchospasm are more likely to hap-
pen compared with bronchial and nasal challenge tests. In the
United States, only the oral aspirin challenge test is available
[32]. The oral test is carried out with placebo challenge, fol-
lowed by 20-30 mg of aspirin which is increased (until a
cumulative dose of 500 mg) at 2-h intervals. When patients
who are suspected as having aspirin hypersensitivity do not
show positive reactions after the final dose, 500 mg of aspirin
can be administered (total cumulative dose of 1000 mg). If the
patient has a history of severe hypersensitivity reactions (pro-
found dyspnea and/or anaphylactic shock), the test is com-
menced with 10 mg of aspirin at longer intervals for patient
safety [29]. This allows the challenge to be completed within
2-3 days. FEV1% predicted value is measured before each
aspirin dose and every 30 min thereafter. The challenge is
stopped if FEV1% falls by 20% of baseline or lower (a positive
reaction). Oral challenge is preferred for the investigation of
extrapulmonary or systemic symptoms of AERD. The threshold
dose of aspirin that provokes a 20% FEV1 fall varies among
patients and may represent bronchial sensitivity to CysLTs.
Nasal aspirin challenge tests are also applicable, in which
positivity is determined based on symptom scores and results
of rhinomanometry and/or acoustic rhinometry after nasal
instillation of lysine—aspirin solution [33]. The tests are safe,
do not produce systemic reactions, but are not sensitive. They
are recommended for patients with predominant nasal symp-
toms and for those in whom oral or inhalation tests are contra-
indicated because of the severity of their asthma. Patients with
nasal problems, such as septal perforation or severe nasal
blockade, are not suitable candidates (Table 1).

As in vitro testing, measurement of leukotriene which is
released from peripheral blood leukocytes has been used for
the diagnosis of AERD. However, the results of such studies are
inconsistent [34]. There is still no useful in vitro test confirmed

Starting Cumulative Frequency of
Route dose dose dosing Advantage Disadvantage
Oral 27 mg 500 mg 4 Most sensitive Not possible in patients with uncontrolled asthma
Being able to assess extrabronchial symptoms (FEV1% should be at least 70% of predicted value)
Probability of severe bronchospasm or anaphylaxis
Long duration
Occurrence of silent desensitization
Bronchial 0.18 mg 218 mg 8 Less probability of severe bronchospasm Not possible in patients with uncontrolled asthma
Rapid (FEV1% should be at least 70% of predicted value)
Not possible in patients with only upper airway symptoms
Nasal 5mg 75 mg 4 Safe Low sensitivity

Possible in patients with uncontrolled asthma  Not possible in patients with nasal pathology

Need for special equipment

FEV1: Forced expiratory volume in the first second.
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Table 2. Diagnostic methods of AERD.

Confirmative diagnostic methods
Lysine-aspirin bronchoprovocation test
Oral aspirin provocation test

No reliable in vitro testing

Potential biomarkers

Serum periostin/DPP10 level

HLA DPB1*0301

DPP: Dipeptidyl-peptidase 10; HLA: human leukocyte antigen.

in the context of cross-reactive hypersensitivity reactions
including AERD. The basophil activation test, which measures
CD63 and/or CD203 expression on in vitro challenge, has been
suggested for the in vitro diagnosis of AERD (especially for
patients with anaphylaxis). The specificity and sensitivity of
this test vary, and no firm conclusion on the reliability of this
test in a clinical setting has been made [35]. Recent studies
suggested potential biomarkers for predicting the phenotype
of AERD. First, serum periostin level was significantly higher in
AERD patients than in ATA patients, in which much higher
levels were found in severe AERD patients with CRS [36].
Second, in parallel with the result of a GWAS study, signifi-
cantly higher DPP10 level was noted in sera of AERD patients
compared to ATA patients. Furthermore, the receiver operat-
ing curve analysis, which is applied to validate diagnostic
accuracy of a test, suggested that DPP10 may be a significant
serum biomarker for differentiating AERD from ATA groups
[17,21] (Table 2). Nasal CysLTs and urine LTE4 metabolites
were significantly higher in AERD group compared to the
ATA group, which were also higher after an aspirin provoca-
tion test [37,38]. Therefore, LTE4 level in body fluids can be a
consistent functional biomarker for diagnosing AERD com-
pared to other types of asthma, including ATA patients and
normal healthy controls. Recently, there have been a few
studies showing high fractional exhaled nitric oxide levels in
AERD patients compared to ATA group; however, these results
are inconsistent among studies reported and further valida-
tion studies are needed [39].

5. Treatment and personalized medicine

Two essential components of AERD treatment are absolute
avoidance of NSAIDs and pharmacological treatment accord-
ing to the symptom severity of asthma and CRS. If indicated,
aspirin desensitization, surgery, and novel treatment options
with biologics can be applied [40,41].

Most AERD patients show similar upper and lower respira-
tory symptoms when exposed to various COX-1 inhibitors.
There is extensive cross-reactivity among COX-1 inhibitors,
while azapropazone, choline magnesium trisalicylate, and
salsalate which are very weak inhibitors of COX-1 and COX-
2 are well tolerated by the majority of AERD patients.
Selective COX-2 inhibitors are generally well tolerated by
most patients, but a few patients with unstable asthma (1-
2%) react to selective COX-2 inhibitors [42]. Hypersensitivity
reactions to selective COX-2 inhibitors are anecdotally known
to occur in AERD patients with unstable asthma [43,44].
There is a report that 3 (2.9%) of 104 AERD patients devel-
oped positive reaction to oral challenge with etoricoxib [45].
In a systematic review, celecoxib exposure did not cause

significant difference in respiratory symptoms in AERD
patients with stable asthma [46]. Therefore, the oral provoca-
tion test with alternative COX-2 inhibitor needs to be con-
sidered before prescribing them particularly for AERD
patients with uncontrolled asthma.

Regarding pharmacologic treatment, most AERD patients
have chronic asthma symptoms in a moderate-to-severe
degree and should maintain step 4-5 treatments, including
combination inhalers of medium/high dose of inhaled corti-
costeroid and long-acting 3,-agonist with or without antimus-
carinic agent according to the guideline [47]. Considering that
CysLT overproduction is a key pathogenic mechanism, leuko-
triene modulators, including LTRAs and 5-LO inhibitors, are
widely used in order to control CysLT-mediated upper and
lower airway symptoms of AERD patients. They are prescribed
as mono or add-on therapy to standard pharmacologic treat-
ment. In clinical practice, LTRA is the most widely used drug
for the treatment of AERD, especially in elderly AERD patients
[48], because 5-LO inhibitor is available only in limited coun-
tries. The AERD patients treated with an LTRA generally show
improvement in upper and lower airway symptoms, lung
function, quality of life, asthma exacerbation, and less bronch-
odilator use [49]. According to control status, maintenance
medications are increased (step up) or decreased (step down).

Aspirin desensitization can be considered when patients
are refractory to conventional medications (especially for cor-
ticosteroid-dependent asthma) or need aspirin/NSAID mainte-
nance to control other medical conditions, including coronary
artery disease or chronic arthritis [40,41]. After an acute reac-
tion (i.e. after inadvertent aspirin intake or diagnostic chal-
lenge), the refractory period develops and lasts 2-5 days.
During this period, patients may take aspirin without any
adverse symptoms. After that, aspirin may again precipitate
an adverse reaction. However, by continuing administration of
aspirin each day during the refractory period after reaction
onset and thereafter for many weeks, months, or years, this
state of tolerance can be maintained. This procedure is called
desensitization. Several desensitization protocols that allow for
completing the procedure within 3-5 days have been pro-
posed. There have been several studies demonstrating that
aspirin desensitization improves lung function and CRS symp-
toms. In addition, AERD patients who had nasal polypectomy,
desensitization may improve both nasal symptoms and nasal
polyp scores as well as the requirement for recurrent surgery
[50,51]. There is no standardized protocol for aspirin desensi-
tization; however, a maintenance aspirin dose of 650 mg twice
daily for the first month and a lower dose of 325 mg twice
daily, as symptoms are controlled, are recommended [40,51].
Aspirin desensitization can be beneficial for some patients
with AERD associated with upper and lower airway inflamma-
tion but it should be adopted carefully considering serious
adverse reactions, such as stomach pain or bleeding, during
the maintenance period of aspirin desensitization.

Novel options with biologics are available to achieve more
effective control of upper and lower airway symptoms of
severe AERD patients. First, anti-IgE antibody therapy (omali-
zumab) improves upper and lower airway symptoms, quality
of life, and nasal polyp score in severe, allergic asthma, includ-
ing AERD [52,53]. A Japanese study demonstrated that anti-IgE
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therapy for more than 6 months effectively reduced asthma
exacerbation and CysLT levels in AERD patients, suggesting
that omalizumab could suppress mast cell-mediated inflam-
mation in the upper and lower airway mucosa of AERD
patients [4]. However, substantial AERD patients are nonaller-
gic and proportion of allergic subjects in AERD are not differ-
ent from those in ATA. A few studies suggest that omalizumab
also has therapeutic effects in patients with nonallergic
asthma in which IgE localized in target tissues may play an
important role [54,55]. Further study should conduct to find
whether omalizumab is truly effective and which mechanism
is involved for AERD. Second, a phase 2 clinical trial reported
the benefit of mepolizumab in reducing the need for surgery
in patients with severe, bilateral nasal polyps, including those
with AERD [56]. Clinical trials of the anti-IL5 antibody reslizu-
mab [57] and the anti-IL5 receptor antibody benralizumab in
patients with severe eosinophilic asthma showed that the
monoclonal antibodies effectively reduce asthma exacerba-
tion, eosinophil counts, and asthmatic symptoms [58]. The
effectiveness and safety of these biologics in AERD have not
been systematically investigated. However, considering that
eosinophils are more activated in the upper and lower airway
mucosa of AERD and closely associated with severe CRS and
asthma symptoms, anti-IL5 and anti-IL5 receptor antibodies
may offer a promising treatment option. Given the role of
PGD2 and its receptor, chemoattractant receptor homologue,
expressed on Th2 cells (CRTH2) in the pathogenic mechanisms
of AERD, a recent clinical trial showed that the CRTH2 antago-
nist 0C000459 was effective in controling eosinophilic inflam-
mation [59], CRTH2 antagonists could be another potential
treatment option to control airway inflammation in AERD
patients (Figure 1).

In severe CRS patients with multiple nasal polyps and nasal
passage obstruction, surgical procedures (polypectomy, func-
tional endoscopic sinus surgery, or ethmoidectomy) are
needed to relieve symptoms and to remove polypoid tissue
from sinuses, although AERD patients seem to respond less
well to surgical intervention.

EXPERT REVIEW OF RESPIRATORY MEDICINE . 5

6. Conclusion

The management of AERD should be preceded by detailed
information on underlying asthma, and CRS/nasal polyps,
which may affect the clinical course of AERD. The aspirin
challenge test via the oral or bronchial route is a definitive
method for diagnosing AERD. Guideline-based stepwise treat-
ment is also effective for AERD patients. However, a consider-
able portion of AERD patients are not well controlled by
pharmacologic treatment. Therefore, sinus surgery, aspirin
desensitization, and biologic treatment are considerations
according to the clinical manifestation of AERD.

7. Expert commentary

Initial AERD diagnosis is based on a history taking. However,
some patients are not aware of reaction from aspirin or
NSAIDs before provocation test and the others thought to
be AERD show negative response to provocation test. To
avoid these underdiagnosis and overdiagnosis of AERD, pro-
vocation test is useful. Three routes of provocation tests can
be applicable, oral, bronchial (inhalation), and nasal. Although
oral provocation test is still a gold standard for the diagnosis
of AERD, substantial proportion of AERD patients have uncon-
trolled asthma. Therefore, oral challenge test has been
replaced with bronchial/nasal challenge tests. Each test has
relative advantage and disadvantage compared with others.
Therefore, provocation test should be applied and interpreted
according to the symptom and comorbidity of patients.

For AERD patients, all of aspirin or other NSAIDs can elicit
hypersensitivity reaction. COX-2 inhibitors are mostly used
safely but they can rarely cause reaction especially in patients
with uncontrolled asthma. Therefore, safety of COX-2 inhibi-
tors needs to be confirmed particularly in AERD patients with
uncontrolled asthma before prescribing them.

Recent development of biologic agents targeting cytokines
which underlie the pathogenesis of asthma may be of benefit
for the treatment of AERD. AERD is a heterogeneous disease

Airway epithelial cells
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Figure 1. Potential targets in the pathogenic mechanisms of AERD.
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CysLTs = cysteinyl leukotrienes; CRTH2 = chemoattractant receptor-homologous molecule expressed on T-helper type 2 cells; EDN = eosinophil-derived neurotoxin; EET = eosinophil
extracellular trap; DPP10 = dipeptidyl-peptidase 10; LTB4 = leukotriene B4; PGD2 = prostaglandin D2; TSLP = thymic stromal lymphopoietin.
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and consists of different phenotypes. In addition to NSAIDs,
atopic status, associated allergic disease, and other comorbid
disease which may affect the clinical outcome of AERD should
be taken into account. Treatment regimens should be opti-
mized based on the severity of AERD.

8. Five-year view

Rapid growth of molecular genetic analysis will shed light on
the genetic/epigenetic mechanisms underlying AERD. Safer
and more reliable in vitro diagnostic tests to complement
the risks of challenge tests will be validated in the clinical
setting. Randomized clinical trials will clarify the efficacy of
biologic agents for the treatment of AERD.

Key issues

® AERD is a major manifestation of NSAID hypersensitivity
and usually associated with moderate to severe asthma
with CRS/nasal polyps. It is mainly derived from arachidonic
acid dysregulation (CysLT overproduction with a reduction
in PGE2), and activated eosinophils (with activated plate-
lets) and mast cells. Major genetic/epigenetic mechanisms
are dysregulation of genes involved in the 5-LO/15-LO
pathways and eosinophil activation, including CCR3 and
CRTH2, as well as HLA DPB1*0301.

® The diagnosis of AERD can be established with aspirin
provocation testing via the oral, bronchial, and nasal route
and a history of adverse reactions to NSAID/aspirin. Novel
biomarkers, such as serum periostin and DPP10, are under
investigation to increase diagnostic value.

® Treatment options include absolute avoidance of COX-1
inhibitors, pharmacologic treatment, and aspirin desensiti-
zation if indicated. Besides standard pharmacological treat-
ment (including LTRA), biologics, including anti-IgE
(omalizumab) and anti-IL5 (mepolizumab, reslizumab) and
anti-IL5 receptor antibodies (benralizumab) may offer treat-
ment options for severe AERD patients with CRS.
Considering heterogeneity in AERD, evaluation of AERD
phenotypes will be essential for improving clinical outcome
and for achieving the future precision medicine in the
management of AERD.
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