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KEY POINTS

e Hypersensitivity reactions to aspirin and nonsteroidal antiinflammatory drugs (NSAIDs) are
common, and the allergist must carefully elicit the history when these drugs could be the
cause.

e Desensitization protocols are an option for most causes of hypersensitivity reactions. Oral
challenges can be equally useful to identify safe alternatives.

e Cyclooxygenase-2-specific medications are often well-tolerated in the NSAID- or aspirin-
allergic patient.

INTRODUCTION

Nonsteroidal antiinflammatory drugs (NSAIDs) are a group of pharmaceuticals primar-
ily used for analgesic purposes with the exception of acetylsalicylic acid (aspirin [ASA])
whose primary use is for its antiplatelet effect. The availability of these medications
over the counter, combined with their often first-line use in most types of pain and fe-
ver, make them one of the most popular classes of medications used worldwide. The
use of ASA for primary and secondary prevention of cardiovascular disease
significantly increases the global use of this medication class. In 2005, 19.3% of adult
Americans took ASA daily or every other day." Although the prevalence of hypersen-
sitivity to NSAIDs may be low, the sheer volume of use and exposure makes
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consultation to the allergist for a reaction to one of these medications a relatively com-
mon occurrence.

The existence of several types of hypersensitivity reactions can make the approach
to these patients somewhat challenging. Yet, hypersensitivity reactions can be most
effectively compartmentalized into pharmacologic (secondary to cyclooxygenase-1
[COX-1] inhibition) or a specific (likely IgE) mediated effect. The presence of reactions
to more than one structurally dissimilar NSAID will greatly inform the clinician to the
presence of a COX-1 based hypersensitivity reaction.

Several specific reaction phenotypes have been described® and will are outlined
below, and discussed throughout the article in finer detail.

1. NSAID-exacerbated cutaneous disease (NECD): Sensitivity to all COX-1-inhibiting
NSAIDs in the setting of active chronic spontaneous urticaria (pharmacologic effect
of COX-1 inhibition).

2. NSAID-induced urticaria/angioedema (NIUA): These patients have no underlying
chronic urticaria, but experience cutaneous symptoms with all COX-1-inhibiting
NSAIDs.

3. Single NIUA, anaphylaxis, or both: Patients experience cutaneous or systemic
anaphylactic reactions isolated to a single NSAID.

4. ASA-exacerbated respiratory disease (AERD): A complex pharmacologic effect of
COX-1 inhibition leading to primary respiratory hypersensitivity reactions. This oc-
curs with all COX-1-inhibiting NSAIDs.

5. Non-mast cell-related (drug rash with eosinophilia and systemic symptoms,
aseptic meningitis etc): These involve immune reactions do not depend on mast
cell involvement and will not be specifically addressed further.

As would be true for any consultation for a drug allergy, the differentiation of immu-
nologic hypersensitivity from adverse drug effect becomes paramount. NSAIDs are
well-known for effects on the gastrointestinal tract. These reactions can vary from
annoying to severe, with severe gastritis potentially being inaccurately labeled as an
“allergy” in the electronic health record.®

NONSTEROIDAL ANTIINFLAMMATORY DRUG HYPERSENSITIVITY ENDOTYPES
AND MECHANISMS

ASA had been in clinical use since 1899 when Bayer began marketing it. Yet, it was not
until John Vane published the first study of prostaglandin inhibition by ASA in 19714
that the pharmacology of NSAIDs became defined. The ensuing decades saw signif-
icant progress to the point we are today with numerous COX-1 and COX-2 selective
agents on the market. Nonspecific NSAIDs can have action at both COX-1 and
COX-2. COX-1 has a constitutive “housekeeping” function in endothelium, kidney,
and stomach as well as other locations.® Yet, it most likely that the benefits of the
NSAID class are related to the effect on COX-2, which is an inducible enzyme at the
site of inflammation. COX-2 inhibition can decrease localized prostaglandin formation
therefore improving pain and swelling. It is now felt likely the most common side ef-
fects of NSAIDs (gastritis, increased thrombosis potential, etc) are related to the
NSAID effects on COX-1.

One potential pitfall for the clinician might be to dichotomize this class of drugs into
COX-1 versus COX-2 inhibitors. Although this fits into the general paradigm of hyper-
sensitivity reaction phenotypes that can be seen, it also may be overly simplified. A
better understanding of NSAID function in and around COX-1 and COX-2 might
help to inform reaction phenotypes that do not also fit into a classic pattern. In that



Aspirin and NSAIDs Hypersensitivity and Management

regard, 4 broad groups have been described within the NSAID family (Box 1). First,
there are compounds that produce full inhibition of both COX-1 and COX-2 with
poor selectivity. Second are compounds that fully inhibit COX-1 and COX-2 with pref-
erential COX-2 activity. A third group strongly inhibits COX-2 with minimal activity at
COX-1, and finally, there are compounds that only weakly act at both COX 1 and
COx-2.°

PREVALENCE

It is somewhat difficult to pinpoint a precise NSAID hypersensitivity prevalence esti-
mate because the various subtypes of hypersensitivity discussed make it challenging
to identify in the general population. Furthermore, some reactions only occur within a
specific defined disease population (AERD in nasal polyposis and NECD in chronic ur-
ticaria), making it less relevant to describe global prevalence. Yet, with millions of
Americans using an NSAID on a regular basis, it is important to understand the scope
of the problem that allergists encounter. In nearly all subtypes of drug allergy, NSAIDs
are a common cause.

In a Latin American study, of confirmed cases of drug-induced anaphylaxis, 57.8%
were secondary to an NSAID.® In 806 patients with adverse drug reactions, anaphy-
laxis was identified in 14.5%. NSAIDs represented the most frequent cause.” In

Box 1
List of NSAIDs classified by effects on COX-1 and COX-2

NSAIDs that fully inhibit COX-1 and COX-2
Aspirin
Piroxicam
Sulindac
Ibuprofen
Ketorolac
Naproxen
Ketoprofen
Indomethacin
Diclofenac

Preferential COX-2 inhibitors with partial COX-1 inhibition
Etodolac
Meloxicam
Nimesulide?
Nabumetone

Primary COX-2 inhibitors with little action at COX-1
Rofecoxib?
Etoricoxib?
Valdecoxib?
Lumiracoxib?®
Celecoxib

Weak inhibitors of both COX-1 and COX-2
5-ASA
Acetaminophen
Diflunisal
Sulfasalazine

Abbreviations: COX, cyclooxygenase; NSAIDs, nonsteroidal antiinflammatory drugs.

2 Not available in the United States.

729



730

Modena et al

cutaneous drug reactions in the outpatient clinic, NSAIDs were the second most com-
mon cause behind antimicrobials.® NSAID induced adverse cutaneous drug reactions
in Chinese inpatients caused 18.5% of all drug induced reactions and were the third
most common behind antimicrobials and radiocontrast media.®

Ortiz-Sanjuan and colleagues'® evaluated 239 patients with drug-induced cuta-
neous vasculitis and identified the cause as NSAIDs in 10% (second only to beta-
lactams). In Brazil, 10.5% of severe cutaneous adverse reactions were secondary to
analgesic or antiinflammatory drugs."’

It would seem that, globally, in any case of a suspected hypersensitivity reaction, a
specific and focused history on NSAID exposure is imperative. The fact that many of
these medications are available over the counter and will not necessarily show up on
pharmacy or medical records adds to the importance of inquiring specifically about
these medications.

NONSTEROIDAL ANTIINFLAMMATORY DRUG-EXACERBATED CUTANEOUS DISEASE

Patients with chronic spontaneous urticaria who experience an exacerbation of their
underlying urticaria and/or angioedema with COX-1 inhibitors are defined as having
NECD."?

Clinical Presentation of Nonsteroidal Antiinflammatory Drug-exacerbated
Cutaneous Disease

In patients with chronic spontaneous urticaria, approximately 12% to 30% will expe-
rience an exacerbation of their urticaria and/or angioedema with minutes to hours of
exposure to COX-1-inhibiting NSAIDs.'®'* As seen in AERD, individuals with NECD
react to all COX-1-inhibiting NSAIDs and, despite avoidance of NSAIDs, the underly-
ing disease process continues (ie, avoidance of COX-1-inhibiting NSAIDs will not
ameliorate their chronic urticaria).’® In general, the highly selective COX-2 inhibitors
are well-tolerated.'®'” The sensitivity to NSAIDs can fluctuate over time and, in gen-
eral, during periods of remission of their chronic urticaria, all NSAIDs are well-
tolerated.'®

Diagnosis of Nonsteroidal Antiinflammatory Drug-exacerbated Cutaneous Disease

The single criterion for diagnosing NECD s flare of their underlying chronic urticaria
with NSAID exposure.

Controversy

For the patient who has chronic urticaria and needs an NSAID, determining whether or
not they will tolerate one necessitates conducting a challenge. There are many vari-
ables that can lead to worsening urticaria in chronic urticaria, such as viral infections,
physical factors, and hormones, thus making it difficult to rely on history for making the
diagnosis of NECD. Therefore, oral ASA challenge is the gold standard for making the
diagnosis. The European guidelines recommend doing a 2-day placebo controlled
ASA challenge after the patient has been without any eruption for 1 to 2 weeks.™® A
problem with that approach is that their chronic urticaria will be in remission and
they may no longer be reactive.'® Another approach would be to withdraw the patient
from antihistamines to do the challenge; however, the interpretation of the challenge is
complicated by the question as to whether the ASA triggered the urticarial flare or was
it the withdrawal of the antihistamines. Taking an example from a study looking at food
additives in chronic urticaria, using the minimum effective dose of antihistamine to
control the urticaria but still having some symptoms, an NSAID challenge can be per-
formed while the urticaria is active.?°
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Management of Nonsteroidal Antiinflammatory Drug-exacerbated Cutaneous
Disease

Avoidance of NSAIDs is the cornerstone of management of NECD. The highly selective
COX-2 inhibitors are generally well-tolerated in this patient population.’®'” When the
chronic urticaria is quiescent, the majority of patients will be able to once again
tolerate the COX-1-inhibiting NSAIDs. Often these patients and their providers believe
they are hypersensitive to NSAIDs going forward and they unnecessarily avoid these
medications. It is useful to rechallenge with ASA once the chronic urticaria is not
active. Some patients with chronic urticaria have relapses episodically; it is likely
that their sensitivity to NSAIDs will recur with subsequent flares of chronic urticaria.

Nonsteroidal Antiinflammatory Drug-exacerbated Cutaneous Disease and the
Role of Aspirin Desensitization

If there is a need for ASA in chronic urticaria for cardioprotective reasons, the 81-mg
dose is often below the provoking dose for exacerbating urticaria.?’ Therefore, it is
worth challenging with 40.5 mg of ASA on their maintenance dose of chronic urticaria
therapy and repeat in 90 minutes. If tolerated, start ASA 81 mg/d?? (Fig. 1).

If they react to ASA, it is the authors’ clinical experience that ASA desensitization is
rarely successful in patients with NECD. Simon?® reported attempts to desensitize 25
patients to ASA with a history of chronic urticaria and NECD. These patients devel-
oped marked worsening of urticaria, not responsive to antihistamines, and required

I Non-AERD patients |

|

No Pretreatment
Have antihistamines and leukotriene
receptor antagonists available

|

Administer 40.5 mg ASA

(use % tablet 81 mg tablet of ASA)

| [somn]

Administer 40.5 mg ASA

(use % tablet 81 mg tablet of ASA)

| [oomn_]

If patient reacts to final dose, can repeat 40.5 mg
ASA. If no reaction begin ASA 81 mg/ d

Fig. 1. Protocol for oral aspirin (ASA) challenge in patients with a history of cutaneous re-
actions to nonsteroidal antiinflammatory drugs. to get to 81 mg antiplatelet dose. Symp-
toms should be treated with antihistamines; if severe symptoms occur, treat and repeat
the dose. Once tolerant can start 81 mg/d of aspirin. AERD, aspirin-exacerbated respiratory
disease. (From White AA, Stevenson DD, Woessner KM, et al. Approach to patients
with aspirin hypersensitivity and acute cardiovascular emergencies. Allergy Asthma Proc
2013;34(2):141; with permission.)
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prednisone. Rechallenge with ASA met with the same reaction.?® There are several
case reports of successful desensitization to ASA in NECD, but these are isolated re-
ports suggesting that attempts to desensitize even with high-dose antihistamines are
not successful in the majority of cases.?*2°

NONSTEROIDAL ANTIINFLAMMATORY DRUG-INDUCED URTICARIA/ANGIOEDEMA

These patients have no underlying chronic skin disease but develop urticaria and/or
angioedema within minutes to hours after ingesting COX-1 inhibiting NSAIDs.
NSAID-induced angioedema (often periorbital) without urticaria can be seen some-
times developing up to 24 hours after exposure.?®=? It was originally suggested
that NIUA was a precursor to developing chronic urticaria, preceding its development
by years.2° However, a more recent study found that the percentage of patients with
NIUA who developed chronic urticaria was not different from that among healthy con-
trol subjects.30 Patients with NIUA react to chemically unrelated COX-1 inhibitors,
suggesting the pathogenesis is due to COX-1 inhibition, similar to AERD.

Diagnosis of Nonsteroidal Antiinflammatory Drug-induced Urticaria/Angioedema

A history of skin reactions to at least 2 chemically unrelated NSAIDs in patients without
underlying chronic cutaneous disease have a high likelihood of having NIUA.283C |f the
history is not clear, then an oral challenge with ASA is recommended to confirm the
diagnosis of a cross-reactive type of NSAID hypersensitivity as well as to differentiate
it from single NIUA.®!

Management of Nonsteroidal Antiinflammatory Drug-induced
Urticaria/Angioedema

If no NSAIDs are required, a simple management strategy is avoidance of strong COX-
1 inhibitors. In general, the highly selective COX-2 inhibitors and weak COX-1 inhibi-
tors (acetaminophen and paracetamol) are well-tolerated.'®'”

Aspirin Desensitization in Nonsteroidal Antiinflammatory Drug-Induced
Urticaria/Angioedema

Unlike NECD, if ASA or other NSAIDs are required, these patients can undergo suc-
cessful desensitization®'??? (see Fig. 1; Fig. 2). The clinical experience of the au-
thors’ is that these desensitizations can sometimes be challenging and may require
multiple days to be successful. The addition of antihistamines and antileukotrienes
are helpful until tolerance is established. As with AERD, when desensitized with
ASA, they are cross-desensitized to all COX-1-inhibiting NSAIDs, which can be main-
tained with daily dosing.

A recent longitudinal study by Dofia and colleagues®® found that 63% of patients
lost their sensitivity to NSAIDs and could tolerate them at 72 months after the last re-
action. This stresses the importance of reassessment periodically to prevent the un-
necessary avoidance of ASA or other NSAIDs.

SINGLE NONSTEROIDAL ANTIINFLAMMATORY DRUG-INDUCED URTICARIA/
ANGIOEDEMA, ANAPHYLAXIS, OR BOTH

This NSAID hypersensitivity classification is characterized by wheals, angioedema
and/or anaphylaxis triggered by a single NSAID or by 2 or more NSAIDs with a similar
chemical structure.®* Any of the following clinical manifestations may be observed af-
ter oral, topical, or injected exposure to a single NSAID: urticaria, angioedema, laryn-
geal edema, generalized pruritus, rhinitis, bronchospasm, anaphylaxis, and even
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Administer 121.5 mg ASA®

(use 1.5 tablet 81 mg tablet of ASA)

l 90 min

Administer 202.5 mg ASA®

(use 2.5 tablet 81 mg tablet of ASA)

l 90 min

Administer 325 mg ASA®

I -

Challenge/Desensitization complete

Fig. 2. Protocol for increasing the aspirin (ASA) dose from 81 mg to 325 mg. Symptoms
should be treated if they occur. @ If severe symptoms occur at any dose, that dose should
be repeated before proceeding to final dose. (From White AA, Stevenson DD, Woessner
KM, et al. Approach to patients with aspirin hypersensitivity and acute cardiovascular emer-
gencies. Allergy Asthma Proc 2013;34(2):142; with permission.)

death can occur.®>°¢ Reactions to a single NSAID are seen most commonly with the
pyrazolone class followed by acetaminophen, paracetamol, diclofenac, and
ibuprofen.3’—4

Diagnosis of Single Nonsteroidal Antiinflammatory Drug-Induced Urticaria/
Angioedema

Diagnosing single NSAID reactors can be challenging. With the exception of pyrazo-
lones, there are no standardized skin tests or in vitro assays. Relying on the patient ‘s
history is unreliable, as was shown in a study by Viola and colleagues,*? in which they
assessed NSAID hypersensitivity in 275 patients with a history of an NSAID reaction
with provocation tests. Despite a history of reacting to an NSAID, 77.8% of their sub-
jects tolerated that NSAID in an oral challenge (patients with AERD were excluded).*?

In the absence of a reliable in vitro test, an accurate diagnosis depends on a careful
history and oral drug challenge and provocation testing. In patients with a history of
anaphylaxis or a very severe reaction, an oral provocation test with the suspect
drug should almost never be performed because alternative NSAIDs are readily
available.®*

Management of Single Nonsteroidal Antiinflammatory Drug-Induced
Urticaria/Angioedema

Once the culprit NSAID is identified in single NSAID reactors, management involves
avoidance of that drug and others that are chemically related (Box 2). Desensitization
is not recommended because the multiple other NSAID alternatives on the market
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Box 2
List of NSAIDs classified by physical structure

Enolic acids

Oxicams
Piroxicam (Feldene)

Pyrazoles
Phenylbutazone (Butazolidin)
Oxyphenbutazone (Tandearil)

Carboxylic acids

Salicylates
Acetylsalicylic acid (aspirin)
Salsalate (Disalcid)
Difunisal (Dolobid)
Choline salicylate (Trilisate)

Acetic acids
Indomethacin (Indocin)
Etodolac (Lodine)
Sulindac (Clinoril)
Tometin (Tolectin)
Zomepirac (Zomax)
Diflofenac (Voltaren)

Fenamates
Meclofenamate (Meclomen)
Mefenamic acid (Ponstel)

Pyrrolo-pyrrole
Ketorolac tromethamine (Toradol)

Propionic acids
Ibuprofen (Motrin, Rufen)
Naproxen (Naprosyn)
Naproxen sodium (Anaprox)
Benoxaprofen (Oraflex)
Fenoprofen (Nalfon)
Ketoprofen (Orodis)

Abbreviation: NSAIDs, nonsteroidal antiinflammatory drugs.

make substitution of a COX-2 or structurally dissimilar NSAID a better option in almost
all cases.

ASPIRIN-EXACERBATED RESPIRATORY DISEASE
Clinical Characteristics

AERD, a specific subtype of chronic rhinosinusitis and asthma, is characterized by
chronic eosinophilic sinonasal and lower airway inflammation with severe and recur-
rent nasal polyposis, asthma, and acute exacerbations of upper and lower respiratory
symptoms when exposed to ASA or other COX-1-inhibiting NSAIDs. AERD occurs in
roughly 7% of asthmatics, although the prevalence is 1 in 8 of those with severe
asthma. It occurs in roughly 9% of patients with chronic rhinosinusitis, and one-
third of those with asthma and nasal polyposis.*®

A recent survey of 190 participants with AERD showed that the impact of AERD on
quality of life is substantial.** Using a scale of 1 (mild) to 9 (severe), the mean score
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was 6, with roughly 28% of patients reporting either an 8 or 9. When asked to identify
the one aspect that most reduced their quality of life, chronic nasal symptoms and
anosmia were most common, reported in 43% and 39% of respondents, respectively.
Further, 87% and 89% of patients reported that chronic nasal symptoms and a
decreased sense of smell decreased their quality of life, which compared with only
65% reported chronic asthma symptoms.

It is increasingly recognized that alcohol ingestion also induces respiratory symp-
toms in patients with AERD. A survey of 59 patients with AERD (confirmed by a pos-
itive reaction to a supervised ASA challenge) found that 75% reported upper
respiratory reactions (rhinorrhea or nasal congestion) and 51% reported lower respi-
ratory reactions (wheezing or dyspnea) with ingestion of only a few sips of alcohol.*®
Overall, 83% of patients with AERD reported alcohol-induced respiratory symptoms,
compared with 43% of patients with ASA-tolerant asthma and 43% of patients with
nasal polyps (with ASA tolerance). The etiology of this phenomenon is yet to be eluci-
dated, but the authors theorize that alcohol-induced reactions occur by altered
production or metabolism of cysteinyl leukotrienes, the putative mediators of
ASA-induced reactions.

Not only are daily symptoms contributing to the morbidity of AERD, but the aggres-
sive nature of the inflammation tends toward more severe outcomes in both the upper
and lower airways. Patients with AERD are at a 10-fold greater risk for sinus surgery
and have much higher rates of recurrence 6 months after surgery.*® In terms of lower
airway involvement, patients with AERD are much more likely to have persistent
airflow limitation, to have been intubated for asthma, to have had an asthma exacer-
bation in the past year, and to require systemic corticosteroids when compared with
ASA-tolerant asthmatics.*”~4°

Pathogenesis of Aspirin-Exacerbated Respiratory Disease

The etiology of AERD is incompletely understood. AERD occurs typically in adulthood.
Nasal and sinus symptoms typically precede lower airway disease, and the develop-
ment of pulmonary symptoms is believed to indicate disease progression. Thus, the
development of AERD is possibly the result of a combination of environmental insults
and airway changes, likely in individuals with a yet-to-identified genetic susceptibility.

The molecular pathophysiology is characterized by an imbalance in proinflamma-
tory and antiinflammatory mediators of the arachidonic acid signaling pathway. Partic-
ularly, the overproduction of inflammatory cysteinyl leukotrienes LTC,4, LTD,4, and
LTE,4, which are potent inducers of mucous production, bronchospasm, and airway
edema,®® and a reduction in the antiinflammatory prostaglandin E2 (PGE,) are
believed to have central roles.

Mast Cells

Mast cell activation and marked tissue eosinophilia characterize airway inflammation
in AERD. Degranulated mast cells are readily found in nasal polyps,®'-°? and their pres-
ence does not depend on allergic sensitization.>® Administration of ASA has shown to
acutely increase mast cell granule contents (ie, tryptase and histamine) and eicosa-
noid mediators (ie, PGD,) in the nasal passage.>*~°® As a result, mast cell degranula-
tion is believed to contribute to the acute symptoms of an ASA reaction. Supportively,
mast cell-stabilizing medications, such as cromolyn sodium, have shown to prevent
ASA-induced bronchoconstriction.57:%8

The mechanisms by which COX-1 inhibiting medications trigger mast cell degranu-
lation are unknown, but likely involve reduction in PGE,, an inhibitor of mast
cell degranulation. AERD airway mast cells produce diminished levels of PGE, at
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baseline.5®% A further reduction of PGE, by COX-1 inhibition is likely central to the
pronounced mast cell degranulation.5°:6’

Additionally, activated mast cells are responsible for the production of prosta-
glandin D2 (PGD,), a proinflammatory arachidonic acid metabolite overrepresented
in AERD airways at baseline and further increased during an ASA challenge reac-
tion.%%:62-64 PGD, causes airway bronchoconstriction and nasal congestion by dilata-
tion of sinusoid vessels, which occurs mechanistically by increases in cyclic
adenosine monophosphate tissue levels.®®%° PGD, mediates chemotaxis of eosino-
phils and newly described ILC2b.%%5” PGD, activates T2-delineated T cells, baso-
phils, and monocytes via the CRTH2 receptor.?® Finally, a failure of ASA
desensitization has been recently associated with markedly higher levels of basal urine
PGD, metabolite, termed PGD-M.%*

Eosinophils

Eosinophils comprise more than 60% of nasal polyp cell population, and can be found
in mostly between the thickened basement membrane and epithelial cells.®" Patients
with AERD have higher sinonasal and lower airway eosinophilia than patients with
chronic rhinosinusitis with nasal polyps alone.®' Mast cells contribute to eosinophil
chemotaxis into the airways by secretion of eosinophil chemoattractant factors
eotaxin and IL-5,%° providing a link between mast cell degranulation/activation and
eosinophil infiltration, and perhaps the first step in polyp formation. Eosinophils alter-
natively act on mast cells, and the 2 cell types act reciprocally to guide and enhance
each other’s function, something that has recently been termed the “allergic effector
unit.”0”

Notwithstanding the paradigm that mast cells and eosinophils conspire to produce
AERD airway inflammation, several studies have shown that it is the intensity of eosin-
ophil infiltration of the sinuses and lungs, and not the presence of mast cells, that dis-
tinguishes AERD from ASA-tolerant asthma.”"”2 Like mast cells, PGE, acts through
receptor EP2 to inhibit eosinophil activation.”> PGE, production is suppressed, and
expression of its receptor EP2 is diminished in AERD. COX-1-inhibiting enzymes
further suppress PGE, production, overcoming inhibition thresholds of eosinophils.”?
The breakthrough release of the PGE, ‘brake’ leads to a surge in cysteinyl leukotriene
secretion by airway eosinophils, which mechanistically occurs by a dramatic upregu-
lation in leukotriene C4 synthase.”® Platelets that are adherent to eosinophils in the
inflammatory milieu and other leukocytes also express LTC, synthase and contribute
to the surge in leukotriene production.”* Further, there is recent evidence that impaired
granulocyte protein kinase A synergizes with adherent platelets to dysregulate PGE,-
dependent suppression of 5-lipoxygenase activity.”®

As an alternative explanation to mast cell degranulation, this surge in cysteinyl leu-
kotrienes produced by platelets and eosinophils is theorized to be the primary driver of
bronchospasm. Supportively, drugs that inhibit leukotrienes are shown to increase
FEV, after 6 weeks of therapy,’® and blunt the decrease in FEV; in response to ASA
ingestion.”” Of note, mast cells in AERD have shown to modestly express LTC4 syn-
thase,”® and are thought to be unlikely contributors to the “leukotriene surge.””? Yet, in
30 patients with ASA-tolerant asthma, it was mucosal mast cells, and not eosinophils,
that were the dominate cells containing LTC4 synthase.”®

Tissue Remodeling

Nasal polyps are edematous and fibromatous structures surrounded by a thick
basement membrane, and demonstrate high rates of extracellular matrix breakdown
and tissue remodeling. Nasal polyp tissues express high levels of matrix
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metalloproteinases (MMPs).”%-8° Matrix metalloproteinase-9 is secreted by activated
mast cells with levels paralleling eosinophil cationic protein, an eosinophil matrix pro-
tein, and its activity upregulated by the presence of mast cell enzymes tryptase and
chymase.®’

The growth factor transforming growth factor-beta, which is secreted by mast cells,
eosinophils, macrophages, and epithelial cells, causes fibroblastic proliferation,
collagen production, and nasal polyp fibroblast expression of vascular endothelial
growth factor.2 Transforming growth factor-beta enhances eosinophilic inflammation
by augmentation of eotaxin production.®%8

PGE,, which has demonstrated an antiproliferative effect on nasal fibroblasts via the
E prostanoid (EP2) receptor, may play a second important role in the prevention of
nasal polyp growth. AERD nasal fibroblasts have demonstrated decreased expression
of EP2 receptors and the ability to resist the antiproliferative effect of PGE,.®°
Providing evidence that environmental insults and influences are responsible for
development of AERD by way of epigenetic modification of DNA, histone acetylation
at the EP2 promotor site has been shown to correlate with EP2 messenger RNA levels.

Aspirin Challenges and Diagnosis of Aspirin-Exacerbated Respiratory Disease

AERD reactions are prototypically described as acute worsening of upper and lower
airway symptoms, most often an increase in nasal congestion with accompanying
shortness of breath, wheezing and/or chest tightness within 2 to 3 hours of ingesting
ASA of other NSAIDs. NSAID reactions are not mediated by IgE, and are believed to
result from a chemical imbalance in arachidonic acid metabolites. Individual re-
sponses to NSAIDs can vary from mild pruritus and nasal congestion to life-
threatening acute asthma exacerbation, with reaction characteristics and severity
are dependent on intrinsic and extrinsic factors not yet fully understood.

A positive provocation challenge to ASA or NSAIDs in an individual with nasal pol-
yposis and asthma makes the diagnosis of AERD. To date, there are no validated bio-
markers to make the diagnosis.?® Only 43% of ASA challenges result in bronchial
reactions in those suspected to have AERD,®” and the sensitivity is only 45% to
69% when a positive response is defined as decrease in the FEV; of 20% or
greater.®8-°2 Further, with the increased use inhaled corticosteroids and leukotriene-
modifying drugs before drug challenges and the transition to intranasal ketorolac
with modified oral ASA challenge as a safe alternative to an oral ASA challenges,
the number and severity of bronchial reactions and extrapulmonary reactions has
decreased significantly.®?-9

Several recent studies have proposed a decrease in the FEV, of 15% or greater as a
new diagnostic criterion for ASA positive response. The lowered criterion seems to
improve sensitivity while maintaining a satisfactory specificity. Yet, if this criterion
were used alone to make the diagnosis, it would miss many “reactors”; an estimated
65% of individuals reportedly experience eye and/or nasal symptoms alone.

Peak nasal inspiratory flow is another measure that has been used to quantify nasal
reactions, where a decrease of greater than 25% is highly specific for a positive reac-
tions.® Like the use of spirometry, peak nasal inspiratory flow is not sensitive and ne-
glects other symptoms that indicate a positive allergic response, such as tearing,
rhinorrhea, or pruritus. As a result, the determination of a positive challenge still de-
pends on the clinical judgment of the supervising physician.

Recently, a composite score termed the 10-Symptom AERD Composite Score,
based on patient yes or no responses to the presence of 10 clinical symptoms, has
been developed to aid physicians in quantifying subjective complaints during an
ASA challenge. Specifically, 1 point is awarded for each yes response to nasal
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congestion, runny nose, itchy nose, sneezing, itchy or watery eyes, itchy tongue or
mouth, throat tightness, and wheezing or chest tightness. Although not validated on
an external cohort, an additive score of 5 or greater was moderately sensitive and
highly specific in an internal cohort of 115 suspected patients with AERD.%®

Aspirin Desensitization for Aspirin-exacerbated Respiratory Disease

There are several methods described for ASA desensitization. The general recommen-
dations for any patient undergoing ASA desensitization for AERD include ensuring that
the underlying asthma is well-controlled before commencing the desensitization and
using a leukotriene modifier drug during the desensitization unless there is a contrain-
dication. It would seem obvious that an unstable asthmatic patient should not undergo
a desensitization, which could worsen asthma further. This caution sometimes means
that a patient requires a step up in asthma management or even a systemic cortico-
steroid burst before the desensitization. The use of leukotriene modifier drugs during
the desensitization have been shown to have a significant effect on blunting the asth-
matic reaction while preserving the upper airway reaction in most patients, allowing for
the desensitization to serve a diagnostic purpose in those patients where the diag-
nosis of AERD is in doubt.®*+%¢

Initial desensitization protocols were often spread out over an entire week. When
done exclusively under a research protocol, the first day generally included placebo
challenges only to ensure stable airways. In the past decade, the desensitization
setting has migrated to the outpatient and nonresearch setting. This change has
generated interest in accelerating the desensitization, while preserving the excellent
safety record of ASA desensitization. Lee and colleagues®® described the use of
nasal ketorolac in an effort to diminish lower respiratory reactions and increase the
speed of the desensitization (Table 1). Many institutions use an oral ASA protocol
with approximately 90-minute dosing intervals. Both the nasal ketorolac and the
oral ASA protocols involved more than 1 clinic day to accomplish; with most patients
finishing on day 2 and some on the third day. Chen and colleagues®' describe an
hourly dose escalation protocol that allows those patients with a completely negative
challenge to be completed on the first day. Even in this protocol, many patients
needed to return on the second day to complete the protocol. Overall, there are
several published protocols describing successful ASA desensitization in patients
with AERD.

COX-2 INHIBITORS

COX-2 inhibitors have been available throughout the world primarily for use as anal-
gesic and antiinflammatory agents. Initially, the lack of safety data in COX-1-hyper-
sensitive patients and warning labels from the US Food and Drug Administration
(which are still present) raised the specter of possible cross-reactivity in NSAID-
hypersensitive patients. Yet, mechanistically, the COX-2 inhibitors would not be
expected to cause a problem in COX-1 reactors. Because, by definition, the COX-2
inhibitors have little to no activity at COX-1 and are structurally dissimilar, it became
a logical conclusion that COX-2 agents would provide an alternative to narcotics in
COX-1-sensitive patients. Numerous studies have now shown this to be the case in
both AERD and NECD."”°7-%8 |n a metaanalysis of blinded, placebo-controlled clinical
trials, there was no respiratory reactivity seen in AERD upon selective COX-2 chal-
lenge.®® With selective NSAIDs (weak COX-1 activity at higher doses), approximately
1 in 13 patients with AERD reacted®® (curiously, a small number of COX-2 induced re-
actions are reported in COX-1 reactors). Bobolea and colleagues'® report a case of
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Table 1

Nasal ketorolac and oral aspirin challenge protocol

Time Dose?

Day 1
8:00 am 1 spray ketorolac (1 spray in 1 nostril)
8:30 am 2 sprays ketorolac (1 each nostril)
9:00 Am 4 sprays ketorolac (2 each nostril)
9:30 am 6 sprays ketorolac (3 each nostril)
10:30 Am 60 mg aspirin
12:00 pm 60 mg aspirin
3:00 pm Discharge patient

Day 2
8:00 am 150 mg aspirin
11:00 Am 325 mg aspirin®
2:00 pm Discharge patient

@ (1) Spirometry (FEV,) and objective clinical evaluation should be performed before each dose. (2)
Treat reactions appropriately and wait until symptoms resolve. (a) Reactions are classified as fol-
lows: (i) Nasoocular. (ii) Nasoocular with >15% decline in FEV, (“Classic reaction”). (iii) Lower res-
piratory reaction [>20% decline in FEV,]. (iv) Laryngospasm with or without (i), (ii), or (iii). (v)
Systemic reaction (urticaria, gastrointestinal symptoms, hypotension). (3) Aspirin desensitization:
(a) After reactions are treated and resolve, continue next scheduled ketorolac dose OR repeat
oral provoking aspirin dose. (b) Desensitization is complete after 325 mg of aspirin. (c) Patient
should take 650 mg of aspirin that evening then continue 650 mg twice daily as their continuous
aspirin dose until further instructed. Preparing nasal ketorolac: (1) Take ketorolac (60 mg/2 mL) and
mix with preservative-free normal saline (2.75 mL). (2) Place combined solution in a nasal spray bot-
tle (one that delivers 100 pl/actuation). (3) Prime with 5 sprays before use. Each spray will now
actuate 1.26 mg of ketorolac solution. (4) Patient should tilt head down during sprays and sniff
gently to avoid swallowing solution.
b If no reaction occurs within 3 hours after 325 mg dose, consider it a negative challenge.
Adapted from Lee RU, White AA, Ding D, et al. Use of intranasal ketorolac and modified oral
aspirin challenge for desensitization of aspirin-exacerbated respiratory disease. Ann Allergy
Asthma Immunol 2010;105(2):132; with permission.

an individual with respiratory reactions to high-dose NSAIDs and 2 different COX-2 in-
hibitors, despite being on low-dose ASA (100 mg) for antiplatelet effect. The authors
hypothesize that COX-2 inhibitors, which might have a gradual effect on total body
PGE; levels,’®" might be more likely to cause acute symptoms in patients with a
chronically low PGE, from low-dose ASA. Indeed, recent studies demonstrate the
central involvement of COX-2 in the pathophysiology of AERD.'%? Although there is
no clear mechanism to explain this phenomenon, the presence of these rare dual re-
actors suggests that most COX-1 reactive patients should receive the first dose of a
COX-2 inhibitor under observation in the office.

SALICYLATES

There is no known cross-reactivity between salicylates and NSAIDs. The potential
concern for reactivity likely comes from the common salicylate component of acetyl
salicylic acid (ASA) and other nonacetylated salicylates. This issue tends to emerge
in the clinical setting when a patient has a history of NSAID hypersensitivity and is a
candidate for a salicylate compound for an autoimmune indication. Direct challenges
with salicylates in AERD subjects were tolerated in all.'%3-105
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CHILDREN

Clearly, far less is known regarding hypersensitivity reactions to NSAIDs in pediatric
patients. The general approach to categorizing reactions would be similar to that of
adults, with the main exception being that AERD does not occur in young children.
Although there are rare case reports of AERD in the pediatric age group, even those
are primarily in the teenage years.'%% %7 In challenge studies of children with a history
of NSAID hypersensitivity, the reaction could be confirmed in only one-third to two-
thirds (31% to 68%).7°%-11° As in adults, it seems that clinical history is insufficient
to make the diagnosis, and drug provocation studies are likely necessary to truly
confirm the diagnosis. In children with a negative provocative challenge, 12% reported
subsequent NSAID reactivity, including several cases that were subsequently proven
upon reevaluation.”'" It is important to note that several studies point out that there are
a group of children with NSAID reaction patterns that cannot be explained by our cur-
rent mechanistic understanding of these reactions. %112

Chronic Urticaria

In pediatric patients with chronic urticaria, single-blinded, placebo-controlled chal-
lenges identified 24% reacting to ASA in the daily or near daily hive group, and in
only 1 in 10 of the recurrent urticaria group (urticaria 2-4 days per week).''®

Respiratory Reactions

Interestingly, a small group of pediatric patients have been described with respiratory
reactions to NSAIDs. This number is 2% of all asthmatics,''* although a much earlier
study suggested that as many as 28% might be ASA intolerant with respiratory reac-
tions.""S It seems unlikely that these subjects had the clinical phenotype of AERD,
making reactivity at this level hard to explain. Perhaps differences in asthma control
over the decades could explain either true or perceived reactivity to NSAIDs in these
patients. Larger challenge studies include cutaneous, respiratory, and anaphylaxis re-
actions; therefore, it seems that some children are prone to respiratory reactions
(whether or not they have asthma).’® In general, the limited literature on this subject
would suggest that drug provocation challenges are necessary and safe in children.
Most pediatric reactors react to more than 1 drug."'” Cross-reactions to paracetamol
are not unusual (10%)."1°

COMMON CLINICAL SCENARIOS

There are a few common situations that merit specific discussion. These are situations
that emerge in the literature repeatedly and are also the most common clinical ques-
tions posed to the authors by referring providers.

Emergent Need for Aspirin in Acute Coronary Syndrome

First is the acute need for ASA in the cardiac care unit in a patient with a history of an
ASA or NSAID reaction. This is a logistical challenge for the allergist, frequently
involving a vague and remote history of NSAID reactivity. Fortunately, there now are
several studies addressing this issue. The main limitation of all of these studies is
the inability to prove the patient truly has hypersensitivity. Thus, desensitization pro-
tocols proceed under the assumption that the patient has ongoing hypersensitivity.
The tremendous success of these protocols should not be used as a diagnosis of
NSAID reactivity unless the patient clearly has a reaction during the procedure.
Many times, in the acute setting in the coronary care unit, the medical need for ASA
outweighs the desire to make an accurate diagnosis.
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The literature clearly supports the safety of performing one of the various desensi-
tization protocols that have been published.?! 18120 Although previous studies were
generally just small case series, a large multicenter prospective trial involving 330 pa-
tients provides convincing evidence that it is safe to perform ASA desensitization in the
acute setting.’>! When reactions occur, they are mild and easy to treat. The authors’
experience is that most of these cases can be approached with a graded ASA chal-
lenge in the cardiac care unit (see Figs. 1and 2; Fig. 3). This allows a more accurate
determination of ongoing hypersensitivity, while also allowing the timely administration
of ASA.

It is critical to point out that a patient with a high suspicion of AERD who requires
ASA presents a different challenge. This patient should not undergo a rapid desensi-
tization, because these protocols are not studied in the acute setting. A rapid desen-
sitization would likely lead to more severe asthma and a potentially more dangerous
situation in a patient recovering from a cardiac event. The initial consultation in the cor-
onary care unit should identify anosmia, history of asthma, and types of NSAID reac-
tions, which would help to raise the suspicion for AERD.

Need Assessment of Nonsteroidal Antiinflammatry Drug Hypersensitivity for Pain
Management Options

The other common clinical situation is a patient with a history of an NSAID reaction in
the past who wants to know what they can take for pain. Generally, these patients

AERD patients

Pretreatment
Leukotriene Receptor Antagonist
LABA/ICS Combination
Steroid burst if asthma unstable

v

Administer 40.5 mg ASA

(use % tablet 81 mg tablet of ASA)

| [omn ]

Administer 40.5 mg ASA
(use % tablet 81 mg tablet of ASA)

If patient reacts to final dose, can repeat 40.5 mg
ASA. If no reaction begin ASA 81 mg/ d

Fig. 3. Protocol that could be used in the acute hospital setting for a patient with aspirin-
exacerbated respiratory disease (AERD) needing desensitization emergently owing to acute
coronary syndrome. Be prepared to treat respiratory reactions: bronchodilators, antihista-
mines, and so on. Typical provoking dose between 60 and 100 mg in AERD. ASA, aspirin.
(From White AA, Stevenson DD, Woessner KM, et al. Approach to patients with aspirin hy-
persensitivity and acute cardiovascular emergencies. Allergy Asthma Proc 2013;34(2):141;
with permission.)
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present with a history of a cutaneous reaction or systemic anaphylaxis symptoms.
Many times, the patient and referring provider are unaware that a COX-2 inhibitor
could be an option. Office challenge with a COX-2 is recommended because there
are rare cases of reactivity, but in general COX-2 inhibitors are well-tolerated and pro-
vide an adequate solution for intermittent pain relief. The next step would be to
address whether the reaction is cross-reactive or not. Cross-reactivity reactions can
present a challenge, because there become few options for the patient to take. There
are reports that premedication with antihistamines could allow tolerance in some pa-
tients."?? Desensitization could be attempted, but would require daily administration
to maintain desensitization, a circumstance that might not be necessary or valuable
in a patient who only needs intermittent use.

SUMMARY

The successful approach to NSAID hypersensitivity can be distilled down to 2 critical
elements: the ability to obtain a history that points toward a specific NSAID reactivity
pattern and the willingness to perform targeted graded dose challenges. The literature
supports these as safe and extremely useful in guiding the use of pain medications,
antiplatelet ASA, or therapeutic ASA in AERD.
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