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Aspirin-induced asthma: a tribute to John Vane as

a source of inspiration

Andrzej Szczeklik
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Abstract:

Aspirin-induced asthma is a distinct clinical syndrome consisting of inflammation, characterized by chronic eosinophilic rhinosi-

nusitis with asthma and often nasal polyposis. Aspirin and other nonsteroidal anti-inflammatory drugs (NSAIDs) exacerbate asthma,

resulting in violent attacks. This is the hallmark of the clinical syndrome as explained by the cyclooxygenase theory. This theory,

which is now generally accepted, states that asthma attacks precipitated by aspirin and other NSAIDs have no allergic background;

instead, they occur due to the inhibition of cyclooxygenase-1 in sensitive patients. This paper describes how the discoveries of John

Vane inspired the authors of the cyclooxygenase theory and led to further insight into the biology of eicosanoid metabolism in this

relatively common type of asthma.
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Introduction and historical note

When we search for the origins of concepts, notions

and ideas, we turn to the ancient Greeks. However,

where did the Greeks get their sources? In Homer.

The Greeks never looked further back than Homer be-

cause they did not believe it was necessary. Interest-

ingly, it is in the Iliad that we first encounter the ono-

matopeic word ���µ�. Homer used it to describe

Hector, who, after being chased by Achilles three

times around the walls of Troy, lied prostrated in terri-

ble breathlessness (“astmati”).

Asthma has been familiar to man throughout his-

tory. Its clinical features are well known, and various

forms of asthma have been described. However,

a new type of asthma appeared at the beginning of the

XXth century, and its appearance coincided with the

introduction of aspirin as a therapy [5]. Reports of

anaphylactic-like reactions to aspirin soon became

public. The major type of adverse reaction was acute

bronchospasm. These symptoms began 15 to 20 min

after the ingestion of aspirin, sometimes resulting in

fatal asphyxiation. The association of aspirin hyper-

sensitivity, asthma and nasal polyps was first recorded

by Widal in 1922. Over the years, it became evident

that aspirin-induced asthma (AIA) is a distinct clinical

syndrome of intractable inflammation in both the up-

per and lower respiratory tracts and is characterized

often by chronic rhinosinusitis and nasal polyposis.

Because exposure to aspirin does not initiate the un-

derlying inflammatory process, AIA is increasingly

referred to as aspirin-exacerbated respiratory disease

(AERD).
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Prevalence, natural history and clinical

presentation

AIA remains largely underdiagnosed. Many patients

may not be aware of aspirin hypersensitivity because

they deliberately avoid nonsteroidal anti-inflammatory

drugs (NSAIDs) due to their well-known adverse ef-

fects. Alternatively, they may experience mild asthma

attacks after ingesting NSAIDs but do not correlate

the two events. A main factor in underdiagnosing as-

pirin hypersensitivity is the lack of diagnostic aspirin

challenges, simply because many physicians are

afraid of them. In one European survey, 15% of asth-

matic subjects were unaware of their aspirin sensitiv-

ity before undergoing positive aspirin provocation

tests. In a meta-analysis of 15 studies that used oral

aspirin challenges to detect AIA in adult asthmatics,

the average prevalence was 21% [4]. In patients with

rhinosinusitis and nasal polyposis, the prevalence of

aspirin hypersensitivity is even higher, reaching

30–40%.

Females are predominant in this aspirin-sensitive

population for unknown reasons. They outnumber

men by a ratio of 2.5 to 1. In general, the disease de-

velops according to a characteristic pattern with a dis-

tinct sequence of symptoms. While patient history

may be suggestive of the syndrome, the definitive di-

agnosis is made only with challenge (provocation)

tests.

AIA is usually proceeded by chronic rhinitis/rhi-

nosinusitis. According to two large studies involving

patients from Europe [8] and the United States [1], the

first nasal symptoms appeared at the age of 29 and 34

years, respectively. The presentation starts as watery

rhinitis and nasal congestion, and many patients de-

scribe an upper respiratory tract infection (common

cold). Perhaps a viral infection may initiate the vi-

cious circle of inflammatory events leading to AIA in

genetically susceptible subjects [6]. Asthma is diag-

nosed usually 2–3 years later, and adverse clinical re-

actions precipitated by aspirin or other NSAIDs ap-

pear in patients who previously tolerated these drugs

very well. The “classic” adverse reactions to aspirin

ingestion include bronchospasm of variable severity,

usually accompanied by profuse rhinorrhea and nasal

congestion. Additionally, sneezing, itching, ocular

“injection” tearing and, to a lesser extent, periorbital

swelling can occur. Some patients experience skin

rush and erythema of the head and neck. The severity

of adverse reactions to aspirin or other NSAIDs may

range from isolated rhinitis to life-threatening ana-

phylactic reactions. In some patients, aspirin ingestion

may lead to nausea, stomach cramps, or myocardial

ischemia [9].

AIA is a severe type of asthma and runs a pro-

tracted course even after complete avoidance of aspi-

rin and other NSAIDs. Up to 50% of patients require

systemic corticosteroids to control their asthma. In

a recent Japanese study, patients with multiple exacer-

bations of asthma more frequently had hypersensitiv-

ity to aspirin and reported more asthma-related hospi-

talizations. Aspirin hypersensitivity was also strongly

associated with near-fatal asthma [10].

Positive skin-prick tests to at least one aeroallergen

were documented in 34–64% of patients with AIA.

Marked blood and sputum eosinophilia are common.

The majority of patients suffer from chronic hy-

pereosinophilic sinusitis and polyposis that usually

fills all of the sinuses and destroys bone structures.

The development of nasal polyposis is indicated by

the loss of smell, and normal olfaction correlates

negatively with AIA diagnosis. Symptoms from the

upper respiratory tract are often exacerbated by sinus

infections, which on average occur five to six times

per year. Aspirin-sensitive nasal polyps are character-

ized by rapid regrowth, resulting in multiple sinus sur-

geries. The involvement of the sinuses, as evidenced

by computed tomography, occurs with a higher mag-

nitude in AIA patients compared to patients who tol-

erate aspirin well.

Mechanisms of the disease

Sudden and dangerous reactions to aspirin have raised

substantial interest in the topic. Several theories re-

garding the origin of these reactions have been pro-

posed, but these remain unsubstantiated and lack sci-

entific evidence. In the early seventies, an allergy was

widely believed to underlie these reactions. However,

both skin tests with aspirin and a search for anti-

aspirin antibodies in the blood of the patients were

negative. At about this time, I noticed that other

NSAIDs in addition to aspirin could precipitate simi-

lar reactions. We discussed these observations with

Richard Gryglewski and set up a study that was in-

spired by the recent discovery of John Vane [12], who
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demonstrated that aspirin and several other NSAIDs

act by inhibiting one enzyme, cyclooxygenase (COX)

[2]. Could this be the case with our patients? At the

clinical site, we collected about 40 AIA patients and

started to challenge them carefully with increasing

doses of 20 different NSAIDs. The challenges began

with very small doses; they were closely monitored

by a physician and coupled with lung function tests.

We found that some NSAIDs caused bronchial ob-

struction, while others were well tolerated. In the De-

partment of Pharmacology, Richard Gryglewski and

his team checked the ability of the same compounds

to inhibit cyclooxygenase in vitro. They used the bio-

assay technique developed by John Vane. When we

combined the results of the in vivo and vitro studies,

we found that compounds that precipitated bronchial

obstruction in patients also inhibited COX in vitro,

while those that were well tolerated lacked this activ-

ity. Moreover, there was a clear correlation between

the potency of a drug to inhibit COX in vitro and its

ability to precipitate a clinical reaction. We presented

these results at an international conference in London

in 1974 and published them in British Medical Journal

in 1975 [7], expanding the results to other NSAIDs in

the following two years. These results were con-

firmed by several other laboratories and led to the de-

velopment of the cyclooxygenase theory of AIA. This

theory states that asthma attacks precipitated by aspi-

rin and several other NSAIDs are not due to allergies,

but rather, they are due to the inhibition of COX-1 in

the respiratory tract of the sensitive patients. The the-

ory predicts drugs that can be taken safely by a patient

and those that must be avoided. Furthermore, this the-

ory indicated serious alterations in the metabolism of

arachidonic acid in this type of asthma. In the follow-

ing years, this led to the discoveries of other eicosa-

noid alterations that accompany AIA, such as over-

production of cysteinyl-leukotrienes or a deficiency

of lipoxins. Perhaps a persistent, latent rhinovirus in-

fection of the respiratory tract may be the origin of

these alterations in arachidonate metabolism [6, 13].

These concepts have been recently reviewed [10, 11].

It was John Vane’s discovery of the action of aspi-

rin that inspired Richard Gryglewski and I to carry out

the studies briefly presented in this review. We were

both very much influenced in our research by Sir

John. Richard, of course, was John’s closest collabo-

rator and contributed greatly to several important dis-

coveries [3]. I was privileged to know Sir John for

over thirty years and was fortunate to share his friend-

ship, creativity, inventiveness and brilliance. He was

always ready to generate new ideas, to listen carefully

to others and to ignite interest. Discussions regarding

the current research took place every day in the labo-

ratory and at the lovely parties hosted by Lady

Daphne, Teresa Gryglewska and my wife Maria. Sir

John was our guiding light. He attracted talented men

and women from all over the world, with Richard

Gryglewski being the best example. John, our mentor,

opened new vistas in medicine and introduced us to

the delights of science.
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