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Abstract

Background—Aspirin desensitization followed by daily aspirin provides therapeutic benefits to 

patients with aspirin exacerbated respiratory disease (AERD). It is not well understood how 

eicosanoid levels change during aspirin treatment.

Objective—To investigate associations between clinical outcomes of aspirin treatment and 

plasma eicosanoid levels in AERD patients.

Methods—Thirty-nine AERD patients were offered aspirin treatment (650 mg twice daily) for 

four weeks. Respiratory parameters and plasma levels of multiple eicosanoids were recorded at 

baseline and after four weeks of aspirin therapy using the Asthma Control Test (ACT) and 

Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ). Respiratory function was evaluated 

using the forced expiratory volume in 1 second (FEV1) and nasal peak flow (NPF).

Results—After aspirin treatment, respiratory symptoms improved in sixteen patients, worsened 

in twelve patients, and did not change in four. Seven patients were unable to complete the 

desensitization protocol. Patients with symptom improvement had higher baseline plasma 15-

hydroxyeicosatetraenoic acid (15-HETE) levels than patients with symptom worsening: 7006 

(IQR 6056-8688) vs. 4800 (IQR 4238-5575) pg/ml, p=0.0005. Baseline 15-HETE plasma levels 

positively correlated with the change in ACT score (r=0.61, p=0.001) and in FEV1 after four 

weeks of aspirin treatment (r=0.49, p=0.01). It inversely correlated with RQLQ score (r=−0.58, 
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p=0.002). African-American and Latino patients were more likely to have symptom worsening on 

aspirin or fail to complete the initial desensitization than White, Non-Latino patients (p=0.02).

Conclusions—In AERD patients, low baseline 15-HETE plasma levels and African-American 

or Latino ethnicity are associated with worsening of respiratory symptoms during aspirin 

treatment.
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Introduction

Aspirin-exacerbated respiratory disease (AERD) affects 7% of adult asthma patients.1 

AERD appears in adulthood, manifesting as asthma, nasal polyps, and hypersensitivity 

reactions, such as acute bronchospasm, rhinorrhea, and conjunctivitis, to aspirin and other 

non-steroidal anti-inflammatory drugs (NSAIDs).2,3 Aspirin desensitization has been shown 

to be an effective treatment for many AERD patients.4–8 Aspirin desensitization and long-

term aspirin therapy have been reported to improve asthma control, and reduce emergency 

room visits and hospitalizations for asthma exacerbations, decrease oral steroid use, and 

reduce nasal polyp recurrence.6–10

Changes in several biomarkers in plasma, urine, or sputum have been evaluated during 

aspirin administration in AERD patients. Peripheral blood and tissue eosinophilia is a 

prominent feature of AERD, and alterations in eosinophil counts were observed during 

aspirin challenges and after several weeks of aspirin treatment.11–13 After long-term aspirin 

treatment in AERD patients, respiratory symptoms improved while peripheral eosinophil 

counts either increased12 or did not change.8 After several weeks of high-dose aspirin 

therapy, there was no change in urinary leukotriene E4 (LTE4) or 9α,11β-prostaglandin F2 

levels,8,12 while serum levels of interleukin (IL) 4 and sputum levels of matrix 

metalloproteinase-9 both decreased.13 Urinary thromboxane, prostacyclin, prostaglandin D 

metabolite (PGDM), and prostaglandin E metabolite (PGEM) levels decreased after eight 

weeks of successful aspirin treatment.12

Eosinophilia in AERD and in other forms of asthma has been linked to levels of one 

eicosanoid, 15-hydroxyeicosatetraenoic acids (15-HETE).14,15 15-HETE is derived from 

arachidonic acid via the 15-lipoxygenase (15-LO) pathway and eosinophils have a high 

capacity to produce this eicosanoid.16 In asthma patients, most of the 15-HETE comes from 

eosinophils although it is also produced by bronchial epithelium.14 In patients with severe 

eosinophilic asthma compared to patients with severe asthma without airway eosinophilia, 

higher levels of 15-HETE were observed in bronchoalveolar lavage fluid (BALF) and were 

associated with airway fibrosis.15 On the other hand, inhalation of external 15-HETE results 

in reduced bronchial responsiveness to methacholine.17 In addition, 15-HETE production 

increased in peripheral blood lymphocytes, eosinophils, and in cells from nasal polyp tissue 

in response to stimulation with aspirin in aspirin-sensitive and in aspirin-tolerant severe 

asthma patients.18–21 Although 15-HETE is associated with eosinophilic inflammation in 
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asthmatic and AERD patients, it is unknown whether 15-HETE is affected by aspirin 

desensitization and whether its levels change during aspirin treatment in AERD. Changes in 

the levels of some other HETE’s after aspirin have been studied. For instance, 5-HETE 

levels do not change, while 12-HETE levels increase after aspirin administration in both 

AERD patients and healthy volunteers.22 Other HETE metabolites, including 8-HETE, 19-

HETE, and 20-HETE, and other eicosanoids have not been studied in AERD, specifically in 

relation to the outcomes of aspirin treatment.

In addition to arachidonic acid metabolites, derivatives from linoleic acid play an important 

role in asthma. For example, linoleate 13-hydroxyoctadecadineoic acids (13-HODE) is 

formed from linoleic acid through lipoxygenation by 15-LO, like 15-HETE.23 13-HODE has 

been shown to induce airway epithelial apoptosis and is associated with features of severe 

airway obstruction, lung remodeling, and increase in epithelial stress-related 

proinflammatory cytokines.24 The influence of 13-HODE on AERD treatment outcomes has 

not been studied.”

We investigated associations between clinical outcomes of aspirin desensitization, peripheral 

blood eosinophilia, and circulating levels of several oxylipins, in an ethnically diverse group 

of AERD patients from the Bronx, NY.

Methods

Patients

Patients with suspected AERD aged 18 years or older were recruited into the study. All 

patients signed an informed consent at the time of enrollment, which was approved by the 

Institutional Review Board at Albert Einstein College of Medicine.

Study protocol

All patients underwent a standard oral graded aspirin challenge to diagnose aspirin 

sensitivity using a previously described protocol.25 All patients were requested to take 10 

mg of montelukast daily starting one week prior to the challenge to enhance safety of aspirin 

challenges.26 None of the patients were taking 5-lipoxygenase inhibitors during the study. 

All patients continued to take their prescribed inhaled corticosteroids (ICS) with or without 

long-acting beta-agonists (LABA) at the time of the study. On the mornings of the study 

visits, ICSs and both LABA and short-acting beta-agonists were withheld. All visit were 

conducted starting 7:30 am. Patients were asked not to have breakfast or drinks past 

midnight and were given a meal after aspirin challenge at the study site.

For the graded challenge, 40 mg of aspirin (dissolved Original Alka-Seltzer®) was initially 

administered and then the dose was doubled every 90 minutes (80, 160, and 325 mg).25 The 

diagnosis of AERD was confirmed by the presence of a positive aspirin challenge response, 

defined as a hypersensitivity reaction with at least one of the following: a) ≥20% decline in 

FEV1; b) decline in FEV1 of < 20% combined with naso-ocular reactions; c) isolated naso-

ocular reactions. Patients who experienced hypersensitivity reactions were treated based on 

their specific symptoms. After symptoms resolved, the provoking aspirin dose was repeated 
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and the dose escalation continued until the 325 mg aspirin dose was reached. Patients were 

then placed on 650 mg of aspirin twice daily.

Baseline data included spirometry and nasal inspiratory peak flow (NPF). Spirometry was 

performed according to the Puritan Bennett Renaissance® II spirometer guidelines 

(Pleasanton, CA). NPF was measured following manufacturer guidelines with an In-

Check™ Nasal inspiratory flow device (Clement International, Ltd., Essex, UK). The best of 

three efforts was recorded for spirometry and NPF. Scores from the Asthma Control Test 

(ACT) and Rhino-Conjunctivitis Quality of Life Questionnaire (RQLQ) were recorded for 

each patient. Blood was collected at baseline for measurement of the complete blood count 

(CBC) and eosinophil count (Sysmex XN-Series Automated Hematology Analyzer, 

Lincolnshire, IL).

Patients were reevaluated after four weeks of aspirin treatment. Each of the parameters 

described above was recorded at the follow-up visit. All follow-up visits were conducted at 

the same time of the day and in the manner described for the baseline visit. Having patients 

take all their medications including 650 mg of aspirin at the study site during the follow-up 

visit insured compliance with aspirin. While all patient had a hypersensitivity reaction at the 

baseline visit, none of the patients had a reaction to 650 mg of aspirin at the follow up visit 

after four weeks.

Plasma eicosanoid measurements

Blood samples were collected into EDTA-containing collection tubes. Plasma was separated 

and frozen at –80°C. 250 µl plasma was mixed with 250 uL of 0.1% acetic acid in 5% 

methanol and 3ng of each internal standard (d4-PGE2, 10,11-epoxyhepoxylin, and 10,11-

dihydroxynonadecanoic acid). Samples were randomized; eicosanoids were extracted by 

blinded technicians.

Eicosanoids were isolated by liquid:liquid extraction as previously described.27,28 Online 

liquid chromatography of extracted samples was performed with an Agilent 1200 Series 

capillary HPLC (Agilent Technologies, Santa Clara, CA, USA). 28 Concentrations of 

eicosanoids were measured and are reported as picograms per milliliter (pg/mL). The 

following eicosanoid levels were possess potent leukotriene B4 (LTB4); thromboxane (TXB) 

metabolite – 11-dehydro-TXB2; prostaglandin D2 (PGD2); prostaglandin E2 (PGE2), 

prostacyclin metabolite – 6-keto-PGF1α; several HETE metabolites – 5-HETE, 8-HETE, 

11-HETE, 12-HETE, 15-HETE, 19-HETE, and 20-HETE; trihydroxyoctadecamonoenoic 

acid (THOME) metabolites – 9,10,13-THOME, 9,12,13-THOME; dihydroxyoctadecenoic 

acid metabolites (DHOME) – 9,10-DHOME, 12,13-DHOME; epoxyeicosatrienoic acid 

metabolites (EET) – 11,12-EET, 14–15-EET; dihydroxyeicosatrienoic acid metabolites 

(DHET) – 5,6-DHET, 8,9-DHET, 11,12-DHET, 14,15-DHET, 17,18-DHET; 

hydroxyoctadecadienoic acid metabolites (HODE) – 9-HODE, 13-HODE; 

epoxyoctadecenoic acid metabolites (EpOME) – 9,10-EpOME, 12,13-EpOME.

Statistical Analysis

After four weeks of aspirin therapy, change in symptoms was diagnosed in patients who 

reported either an ACT score change of at least 3 points29 or an RQLQ score change of at 
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least 0.5 points.30 If the change in both questionnaire scores was less the symptoms were 

described as unchanged.

Baseline characteristics were compared between four groups of AERD patients: those who 

were unable to complete the desensitization protocol, patients with symptom improvement, 

patients with symptom worsening, and patients with no change in symptoms after four 

weeks of aspirin treatment. One-way ANOVA or Kruskal-Wallis rank test (if data were non-

normally distributed) were used for analysis. For comparison of outcomes between patients 

with symptom improvement and patients with symptom worsening a t-test or Mann Whitney 

test (if data were non-normally distributed) were used. All summary statistics were 

expressed as means ± standard error of the means (SEM) or as medians and interquartile 

ranges (IQR). Paired data were analyzed by using paired t-test or Wilcoxon signed-rank test, 

as appropriate. Categorical data were analyzed by chi-square or Fisher’s exact tests, as 

appropriate. Pearson or Spearman rank correlation analyses were used, as appropriate. Since 

multiple comparisons of plasma eicosanoid levels were performed, Bonferroni correction 

was applied to the eicosanoid analyses. Associations between eicosanoids that were 

significant on bivariate association analysis (15-HETE) and success of aspirin 

desensitization were analyzed in a logistic regression model. The model was adjusted for 

potential confounders (age, gender, and race/ethnicity). Due to a small sample size we did 

not assess for interactions. All statistical analyses were performed with STATA 14.0 

software (StataCorp, College Station, TX). P-values of <0.002 were considered significant 

for eicosanoid analyses and <0.05 for all other analyses.

Results

Thirty-nine AERD patients were recruited into the study. All patients underwent aspirin 

challenges. Seven patients were unable to complete the aspirin desensitization protocol due 

to persistent gastrointestinal or respiratory symptoms. Patients who completed the aspirin 

desensitization protocol continued taking aspirin 650 mg orally twice daily and were 

scheduled for a follow-up visit four weeks later.

Clinical responses to aspirin desensitization after four weeks

After four weeks of daily aspirin treatment, patients fell into four distinct categories of 

patient-reported clinical outcomes: 1) Improvement in respiratory (asthma and/or nasal) 

symptoms; 2) worsening of respiratory symptoms; 3) no change in symptoms, or 4) inability 

to complete the initial aspirin desensitization protocol due to either continuous symptoms of 

nausea and vomiting or prolonged bronchospasm, or both.

Patient demographics and characteristics categorized by these aspirin treatment outcomes 

are presented in Table I. There was no difference in treatment outcomes by age or gender, 

but there was a significant difference in responses among different ethnic groups. Among 

patients who reported worsening of respiratory symptoms at four weeks, 75% were African-

Americans and 25% were Latinos; among those who failed to complete the initial 

desensitization, 85.7% were African-Americans and 14.3% were Latinos. In contrast, none 

of the white, non-Latino patients either worsened or failed to complete the initial 

desensitization (p=0.02 for outcomes by race/ethnicity). In addition, Lund-Mackay sinus 
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scores were significantly higher in patients who could not complete the desensitization 

protocol (p=0.02), suggesting that these patients had more severe sinus disease.

In patients with symptom improvement, mean ACT score improved from 19.25 (±1.0) to 

22.3 (±0.6), p=0.0003, and mean RQLQ score improved from 2.7 (IQR 1.5–4.2) to 1.2 (IQR 

1.0–1.9), p=0.001. In patients with symptom worsening, mean ACT score worsened from 

17.9 (±1.2) to 11.9 (±1.0), p=0.0001, and mean RQLQ score worsened from 2.4 (IQR 1.9–

3.1) to 3.6 (IQR 2.5–4.5), p=0.003 (Figure 1A and B).

In patients with symptom improvement mean FEV1 significantly increased from 84.3%-

predicted (±4.9) to 95.2%-predicted (±5.0), p<0.0001, but NPF did not significantly change. 

In patients with symptom worsening, mean FEV1 significantly decreased from 88.8%-

predicted (±5.0) to 70.0%-predicted (±7.3), p=0.002, and median NPF value also 

significantly decreased from 100 (IQR 50–125) L/min to 55 (IQR 35–70), p=0.01 (Figure 

1C and D).

Plasma eicosanoid analysis

Patients with symptom improvement after four weeks of aspirin therapy had higher baseline 

plasma 15-HETE levels than patients with symptom worsening: 7006 (IQR 6056–8688) 

pg/ml vs. 4800 (IQR 4238–5575) pg/ml (p=0.0005, Table I and Figure 2A). Baseline 15-

HETE plasma levels positively correlated with the ACT score change after four weeks 

(r=0.61, p=0.001, Figure 2B), and with the FEV1 change after four weeks of aspirin 

treatment (r=0.49, p=0.01, Figure 2C). Baseline 15-HETE plasma levels inversely correlated 

with RQLQ score change at four weeks (r=−0.58, p=0.002, Figure 2D). The worsening in 

ACT and RQLQ scores and in FEV1 was observed in non-Caucasian patients (Figures 2B–

D). There was no significant correlation between baseline 15-HETE plasma levels and NPF.

After aspirin desensitization, plasma 15-HETE significantly changed from baseline only in 

the patients whose symptoms worsened. These patients had an increase in plasma 15-HETE 

levels from 4800 (IQR 4238–5575) pg/ml at baseline to 5288 (IQR 4650–5463) pg/ml after 

four weeks of aspirin treatment (p=0.04, Figure 3).

The baseline plasma levels of all of the other (twenty six) measured eicosanoids were not 

significantly different between patients with symptom improvement and patients with 

symptom worsening (Figure E1). There was also no significant change in the plasma levels 

of all the other eicosanoids after four weeks of aspirin treatment in either group (Figure E2.).

Changes in peripheral eosinophil counts

Mean peripheral eosinophil counts increased in all patients after four weeks of aspirin 

treatment, from 0.7 (±0.07) to 1.1 (±0.18) k/µL (p=0.001). However, the eosinophil count 

increases were not uniform in these patient groups. Mean eosinophil counts increased from 

0.6 (±0.08) to 0.8 (±0.15) k/µL (p=0.02) in patients with symptom improvement. In contrast, 

mean eosinophil counts increased from 0.7 (±0.14) to 1.7 (±0.35) k/µL (p=0.004) in patients 

with symptom worsening (Figure 4.). The change from baseline in eosinophil counts was 

greater in patients with symptom worsening than in patients with symptom improvement: 

210% (±67.0) vs. 37% (±13.0), respectively (p=0.006, data not shown). African-American 
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and Latino patients were more likely to have higher peripheral eosinophil counts and a 

decrease in ACT score and in FEV1 after 4 weeks of aspirin treatment (Figure 5).

The eosinophil count after four weeks of aspirin treatment inversely correlated with the 

change in ACT score (r=−0.45, p=0.02, Figure 5A) and change in FEV1 (r=−0.68, 

p=0.0001, Figure 5B).

There was no significant correlation between eosinophil counts after four weeks of aspirin 

treatment and RQLQ score or NPF.

Relationship between 15-HETE and peripheral eosinophils

In patients with symptom improvement, eosinophil counts after four weeks were positively 

correlated with plasma 15-HETE levels both at baseline (r=0.81, p=0.007) and at four weeks 

of aspirin treatment (r=0.92, p=0.008) (Figure 6A.). In contrast, in patients with symptom 

worsening after four weeks of aspirin treatment, there was no significant correlation between 

eosinophil counts and plasma 15-HETE levels (Figure 6B).

Multivariable analysis of factors associated with improved symptom score after aspirin 
desensitization

The unadjusted odds ratio (OR) for improvement in symptom score during aspirin treatment 

was 1.12 (95%CI 1.02–1.22) for every 100 pg/mL of baseline plasma 15-HETE levels. 

Adjustment for age, gender, and race/ethnicity did not substantially alter the association 

between baseline plasma 15-HETE levels and improvement in symptom score during aspirin 

treatment (OR: 1.18 (95%CI 1.02–1.36)). Additional adjustment for chronic oral prednisone 

use also did not alter this association (OR 1.2 (95%CI 1.01–1.42)). Adjusting for Lund-

Mackay scores did not substantially alter the association between baseline plasma 15-HETE 

levels and improvement in symptom scores during aspirin treatment (OR: 1.18 (95%CI 

1.03–1.36)).

Discussion

Long-term aspirin treatment is a common adjunct in AERD care and its benefits have been 

reported in several studies.5,31,32 In this study we investigated associations of plasma 

eicosanoids with outcomes of aspirin treatment in AERD patients. Similar to previous 

reports, some patients reported symptom improvement.7–9,12 However, a substantial fraction 

of our AERD patients had worsening of respiratory symptoms in response to high-dose 

aspirin treatment. To our knowledge, this is the first report on aspirin treatment outcomes in 

a predominantly minority AERD population, on the association of the treatment outcomes 

with 15-HETE plasma levels, and on the unusual and unexpected outcome of high-dose 

aspirin treatment in AERD patients – worsening of respiratory symptoms and a decline in 

FEV1.

While aspirin desensitization and high-dose long-term aspirin treatment are helpful for 

symptom control in most AERD patients, not all patients benefit from this treatment. To 

date, studies reported several reasons for discontinuation of aspirin treatment, such as 

aspirin-induced gastrointestinal (GI) side effects,6,8,9 followed by desensitization failure,12 
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and a lack of improvement.9 One study reported discontinuation of long-term aspirin 

treatment due to asthma or nasal symptoms in four out of ninety-three patients.9 We 

observed worsening of respiratory symptoms and an FEV1 decline in some of the 

desensitized patients. Worsening was not uniform among all demographic groups. Among 

African-American patients, 64% had worsening in respiratory symptoms after aspirin 

treatment. In Latino patients, 27% experienced worsening in respiratory symptoms. In 

contrast, no White, non-Latino patients had worsening in respiratory symptoms on aspirin 

therapy. It is possible that also White, non-Latino AERD patients experience worsening of 

respiratory symptoms on aspirin therapy. However, due to a small number of these patients 

in our study we did not observe this outcome.

We observed that lower baseline 15-HETE plasma levels were associated with worsening in 

respiratory symptoms in response to aspirin therapy and higher baseline 15-HETE plasma 

levels were associated with improvement in respiratory symptoms and function (FEV1) after 

aspirin treatment. In addition, 15-HETE plasma levels significantly correlated with 

peripheral eosinophilia in patients with an FEV1 increase, while there was a lack of 

correlation in patients with an FEV1 decline on aspirin therapy. Therefore, it is not only the 

baseline 15-HETE levels that are predictive of response to aspirin treatment, but perhaps 

more importantly, its relationship with eosinophilia. Having both a higher baseline 15-HETE 

plasma levels and a lower eosinophil count during aspirin treatment seem to be associated 

with improvement in respiratory symptoms and function after four weeks of aspirin 

treatment.

This observation raises the question as to how aspirin affects 15-HETE and eosinophilia in 

general, and more specifically in AERD patients. Previous studies reported that there was 

higher production of 15-HETE by eosinophils after aspirin stimulation of peripheral blood 

leukocytes and in nasal polyps of AERD patients. 19–21

Aspirin-induced acetylation of human cyclooxygenases (COX-1 and COX-2) in vitro causes 

a complete inhibition of COX-1 activity. In contrast, aspirin inhibits COX-2 by only about 

50% and converts COX-2 to a form that catalyzes production of 15-HETE instead of 

prostaglandin H2 (the precursor of prostaglandins D2 and E2) from arachidonic acid.33 The 

produced 15-HETE is primarily of the R- and not the S-stereoconfiguration that is typical of 

15-HETE produced by 15-LO.33 Our detection method does not distinguish the two 15-

HETE stereoisomers. However, such analysis could be performed in a future study.

Native 15(S)-HETE is metabolized into the lipoxins (LX) A2 and B2. Lipoxin generation is 

initiated in two ways. The first pathway involves conversion of LTA4 by 12-LO to lipoxin A2 

and B2 in leukocytes and does not require 15-HETE.34 The second pathway involves 15-LO, 

which converts arachidonic acid to 15(S)-HETE. 15(S)-HETE is then converted to lipoxins 

by 5-LO.35

In the presence of aspirin, a third pathway of lipoxin production is initiated: COX-2-

generated 15(R)-HETE is converted by 5-LO to the aspirin-triggered lipoxins, 15-epimer-

lipoxins A4 and B4.36 Lipoxins possess potent anti-inflammatory effects, including 

inhibition of eosinophil chemotaxis and a decrease in IL-5 and eotaxin secretion.37
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Interestingly, 15-LO products possess both pro- and anti-inflammatory effects. For example, 

its derivatives can serve as precursors to the above-mentioned anti-inflammatory lipoxins or 

can be metabolized to pro-inflammatory 14,15-leukotriene derivatives – eoxins.38,39 They 

increase the permeability of the endothelial cells in vitro.38 Eosinophils and nasal polyps are 

an abundant source of eoxins.

We observed a higher level of 15-HETE at baseline in patients whose symptoms improved 

on aspirin. While we did not measure lipoxins, it is possible that more 15(S)-HETE was 

available to be converted into lipoxins in patients who were successfully desensitized and 

treated.

Previous studies reported that high 15-HETE levels are mainly indicative of pro-

inflammatory responses in asthma.15,23,40,41 High 15-HETE levels have also been shown in 

the sputum of patients with chronic bronchitis compared to control subjects.42

We observed a significant increase in peripheral eosinophilia in most of the study patients 

after four weeks of aspirin treatment. We noticed that the increase in eosinophilia was 

inversely correlated with ACT score change and FEV1 change at four weeks. There were no 

significant differences in baseline eosinophil count by treatment outcomes, but patients with 

worsening in respiratory symptoms and function had a greater increase in eosinophil counts 

at four weeks. In addition, an improvement in respiratory symptoms and function (FEV1) 

was observed in patients who had a strong positive correlation between the eosinophil count 

and 15-HETE plasma levels while there was no significant correlation between eosinophil 

counts and 15-HETE levels in patients whose respiratory symptoms and FEV1 worsened. 

This observation suggests that plasma 15-HETE may regulate peripheral blood eosinophilia 

and its deficit results in a disproportional increase in eosinophils during aspirin treatment. 

The increase in peripheral blood eosinophilia after aspirin treatment could be due to the 

previously reported decrease in a PGD2 metabolite, which otherwise helps recruit 

eosinophils into the respiratory tissue.11 The decrease in PGD2 metabolite production after 

aspirin treatment diminishes its chemotactic shunting of eosinophils into the respiratory 

tissue thereby releasing eosinophils into the bloodstream.12

Unexpectedly, all patients who had worsening of respiratory symptoms after four weeks of 

aspirin treatment were ethnic minority individuals. The question remains as to why minority 

patients had lower 15-HETE plasma levels at baseline and a significantly greater increase in 

eosinophil counts after four weeks of aspirin.

Disparities in asthma prevalence, severity, and morbidity among minority populations have 

been documented by previous research.43,44 African-American patients also seem to have 

more severe sinus disease.45 Our study indicates that similar disparities exist in AERD, 

specifically with regard to aspirin treatment outcomes.

In summary, this study suggests that aspirin treatment outcomes are not uniform across all 

AERD patients. A disproportionate increase in eosinophils as a consequence of aspirin 

treatment in AERD can be associated with worsening of lung function. Higher 15-HETE 

level at baseline and its strong correlation with eosinophilia at four weeks of aspirin therapy 

is characteristic for patients who benefited from this treatment. This indicates a possible role 
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of baseline 15-HETE as predictor of aspirin treatment outcomes in AERD patients. 

Additional studies are needed to investigate the mechanism and additional treatment options 

for AERD in a larger group of ethnically diverse patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

ACT Asthma Control Test

AERD aspirin-exacerbated respiratory disease

BALF bronchoalveolar lavage fluid

COX cyclooxygenase

DHET dihydroxyeicosatrienoic acid

DHOME dihydroxyoctadecenoic acid

EET epoxyeicosatrienoic acid

EpOME epoxyoctadecenoic acid

FeNO fraction of exhaled nitric oxide

FEV1 forced expiratory volume in 1 second

HETE hydroxyeicosatetraenoic acid

HODE hydroxyoctadecadienoic acid

IL interleukin

IQR interquartile range

LTE4 leukotriene E4

LO lypoxygenase
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LX lipoxin

NPF nasal inspiratory peak flow

NSAIDs non-steroidal anti-inflammatory drugs

OR odds ratio

PGDM prostaglandin D metabolite

PGEM prostaglandin E metabolite

RQLQ Rhino-Conjunctivitis Quality of Life Questionnaire

SEM standard error of the mean

THOME trihydroxyoctadecamonoenoic acid

TXB 11-dehydrothromboxane B2

95%CI 95% confidence interval
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Highlights Box

1. What is already known about this topic? High-dose daily aspirin provides 

therapeutic benefits to patients with AERD.

2. What does this article add to our knowledge? Low baseline plasma 15-HETE 

levels and increased eosinophilia during aspirin treatment may predict 

worsening respiratory function during high-dose aspirin therapy in AERD 

patients.

3. How does this study impact current management guidelines? These findings 

need to be confirmed in a larger study. If confirmed, baseline 15-HETE 

plasma levels could be used to select AERD patients who are most likely to 

benefit from aspirin treatment.
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Figure 1. 
A. Asthma Control Test (ACT) questionnaire scores before and after four weeks of aspirin 

treatment for four weeks in patients with symptom improvement (left panel) and symptom 

worsening (right panel). Higher score corresponds to better asthma control, horizontal bars 

represent mean values.
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B. Rhinoconjunctivitis Quality Of Life Questionnaire (RQLQ) scores before and after 

aspirin treatment for four weeks in patients with symptom improvement (left panel) and 

symptom worsening (right panel). Lower score corresponds to better symptom control, 

horizontal bars represent median values.

C. FEV1%-predicted before and after aspirin treatment for four weeks in patients with 

symptom improvement (left panel) and symptom worsening (right panel). Horizontal bars 

represent mean values.

D. NPF before and after aspirin treatment for four weeks in patients with symptom 

improvement (left panel) and symptom worsening (right panel). Horizontal bars represent 

median values.
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Figure 2. 
A. Differences in baseline plasma 15-HETE levels between patients with symptom 

improvement (left) and symptom worsening (right) after four weeks of aspirin therapy. 

Horizontal bars represent median values.

B. Correlation between baseline plasma 15-HETE levels and ACT score change after four 

weeks of aspirin treatment. The effect size was determined by using Spearman correlation 

coefficient and denoted as an r-value.

C. Correlation between baseline plasma 15-HETE levels and FEV1 change after four weeks 

of aspirin treatment. The effect size was determined by using Spearman correlation 

coefficient and denoted as an r-value.

D. Correlation between baseline plasma 15-HETE levels and RQLQ score change after four 

weeks of aspirin treatment. The effect size was determined by using Spearman correlation 

coefficient and denoted as an r-value.
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Figure 3. 
Change in plasma 15-HETE levels after four weeks of aspirin therapy in patients with 

symptom improvement and symptom worsening. Horizontal bars represent median values.
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Figure 4. 
Change in absolute eosinophil count after four weeks of aspirin treatment therapy in patients 

with symptom improvement (left panel) and symptom worsening (right panel). Horizontal 

bars represent mean values.
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Figure 5. 
A. Eosinophil count after four weeks of aspirin treatment correlated with ACT score change. 

The effect size was determined by using Pearson correlation coefficient and denoted as an r-
value.

B. Eosinophil count after four weeks of aspirin treatment correlated with FEV1 change. The 

effect size was determined by using Pearson correlation coefficient and denoted as an r-
value.
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Figure 6. 
A. Correlation between eosinophil count after four weeks of aspirin treatment and plasma 

15-HETE levels at baseline (closed circles) and at four weeks (open circles) in patients with 

symptom improvement. The effect size was determined by using Pearson correlation 

coefficient and denoted as an r-value.

B. Correlation between eosinophil count after four weeks of aspirin treatment and plasma 

15-HETE levels at baseline (closed circles) and at four weeks (open circles) in patients with 

symptom worsening.
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