Original Article

Diagnostic Accuracy of Urinary LTE4 Measurement @
to Predict Aspirin-Exacerbated Respiratory Disease
in Patients with Asthma

Grazyna Bochenek, MD, PhD?, Tomasz Stachura, MD?, Krystyna Szafraniec, PhD°, Hanna Plutecka, PhD?,
Marek Sanak, MD, PhD?, Ewa Nizankowska-Mogilnicka, MD, PhD?, and Krzysztof Sladek, MD, PhD® Krakow, Poland

What is already known about this topic? Patients with aspirin-exacerbated respiratory disease (AERD) are distin-
guished from patients with aspirin-tolerant asthma (ATA) by significantly higher baseline concentrations of urinary
leukotriene E4 (ULTE,4). However, an overlap between the individual values of the groups exists.

What does this article add to our knowledge? The uLTE, concentration equaling 800.0 pg/mg creatinine, as estimated
by enzyme-linked immune assay using a spot morning urine sample, best discriminates patients with AERD from patients
with ATA. However, uLTE, measurement by itself is not sufficiently useful for AERD diagnosis.

How does this study impact current management guidelines? A set of clinical parameters has a superior accuracy in
the prediction of AERD diagnosis to the measurement of uLTE, concentration alone. The addition of uLTE, concentration
to clinical parameters slightly enhances the prediction of AERD diagnosis, especially due a high negative predictive value.

BACKGROUND: Patients with aspirin-exacerbated respiratory
disease (AERD) are distinguished from patients with aspirin-
tolerant asthma (ATA) by significantly higher baseline concen-
trations of urinary leukotriene E4; (uLTE,). However, an overlap
between the individual values of the groups exists.
OBJECTIVE: The objective of this study was to estimate the
discriminative value of uLTE, concentration in differentiating
between patients with AERD and patients with ATA and
evaluate the diagnostic accuracy of uLTE; measurement alone
and added to clinical parameters to predict AERD diagnosis in
patients with asthma.

METHODS: Clinical data were collected from questionnaires.
Spirometry, skin prick tests, total IgE, and blood eosinophilia
were evaluated. ULTE, concentrations were measured in
morning urine samples by enzyme-linked immune assay

(ELISA).
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RESULTS: Patients with AERD (n = 247) had significantly
higher uLTE concentrations than those with ATA (n = 239).
The uLTE concentration of 800.0 pg/mg creatinine as measured
by ELISA on a spot sample best discriminated the 2 groups (area
under the curve 0.7; 95% confidence interval 0.66-0.74,
sensitivity 49%, specificity 81%). The positive predictive value
and negative predictive value (NPV), after considering the
prevalence of AERD in the population of asthmatics, were 16%
and 96%, respectively. Nasal polyps, upper airway symptoms,
nasal corticosteroid treatment, asthma exacerbations, forced
expiratory volume in the 1 second predicted, and age of asthma
onset were independent predictors of AERD diagnosis. The
addition of elevated uLTE, concentration to the set of clinical
parameters enhanced slightly the prediction of AERD diagnosis
beyond the level predicted by clinical parameters (P = .0306).
CONCLUSIONS: A set of typical clinical parameters has a
superior accuracy in prediction of AERD diagnosis than the
measurement of uLTE, concentration alone. The addition of
uLTE, concentration to clinical parameters slightly enhances
the prediction of AERD diagnosis, especially due to a high
NPV. © 2017 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2018;6:528-35)
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Aspirin-exacerbated respiratory disease (AERD) is a well-
defined asthma phenotype characterized by the presence of
asthma, chronic rhinosinusitis with nasal polyposis, and acute
respiratory reactions precipitated by aspirin and other cyclo-
oxygenase 1 (COX-1) inhibitors." Patients with AERD are
distinguished from patients with aspirin-tolerant asthma (ATA)
by greater bronchial obstruction, more severe course of asthma,
as shown by increased frequency of health care utilization and
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Abbreviations used
AERD- Aspirin-exacerbated respiratory disease
ATA- Aspirin-tolerant asthma
AUC- Area under the curve
CI- Confidence interval
COX-1- Cyclooxygenase 1
CysLT- Cysteinyl leukotriene
ELISA- Enzyme-linked immune assay
FEV - Forced expiratory volume in the 1 second
FVC- Forced vital capacity
HC- Healthy control
LC-MS- Liquid chromatography-mass spectrometry
LTE ;- Leukotriene E,4
NPV- Negative predictive value
NSAID- Nonsteroidal anti-inflammatory drug
PPV- Positive predictive value
ROC- Receiver operating characteristic
TENOR- The Epidemiology and Natural History of Asthma:
Outcomes and Treatment Regimens
uLTE, Urinary leukotriene E,4

higher doses of corticosteroids to control the disease, as well as by
particularly aggressive polypoid hypertrophy of sinus mucosa.”’
The disease is associated with eosinophilic inflammation of the
upper and lower airways.”” A central feature of AERD is a
constitutive overproduction of bronchoconstrictive cysteinyl
leukotrienes (CysLTs) attributed to the dysregulated function of
the 5-lipoxygenase and leukotriene Cj4 synthase pathways.’
Measurement of leukotriene E4 (LTEy), the stable end metab-
olite of CysLTs in urine, is recognized as a good marker of their
systemic production.’ Baseline urinary LTE4 (uL'TE) concen-
trations in patients with AERD have been shown to exceed those
from patients with ATA, which result in significantly higher
mean or median values of this metabolite in the former group.” "’
However, there was a considerable overlap between the indi-
vidual values of the 2 groups. In addition, the prior studies were
carried out on relatively small groups of patients, not exceeding
several dozen.

Diagnosis of AERD is based on typical clinical presentation
and a history of asthma attacks and/or nasal reactions after
ingestion of COX-1 inhibitors, although reliance exclusively on
history is not advisable due to the risk of misdiagnosis."*
Aspirin challenge is the most reliable method of AERD diag-
nosis.> However, the procedure is time consuming, must be
supervised by an experienced medical staff due to the risk of
adverse reactions, and is unsuitable for patients with severe
asthma whose forced expiratory volume in the 1st second (FEV;)
is lower than 70% of the predicted value. Therefore, noninvasive
methods that could assist in diagnosis are needed. Currently,
none of the proposed in vitro tests can be recommended for this
purpose.'

In this study, we aimed to estimate the discriminative value of
uLTE; concentration measured by validated enzyme-linked
immune assay (ELISA) in differentiating between patients with
AERD and patients with ATA based on a larger sample size than
in previous studies. We also evaluated the diagnostic accuracy of
uLTE4 measurement as both a single parameter and added to
clinical parameters to predict AERD diagnosis in patients with
asthma.
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METHODS
Subjects

Three groups of subjects were studied. The first group comprised
247 patients with AERD recruited from consecutive patients diag-
nosed with AERD at the Department of Internal Medicine, Jagiel-
lonian  University Medical College, Krakow, Poland. The
recruitment phase lasted from June 2008 to September 2013. In the
majority of them, the diagnosis was based on a typical history
confirmed with a positive aspirin challenge. In 42 (17%) severe
steroid-dependent asthmatics, the diagnosis was based exclusively on
an unequivocal clinical presentation and a history of asthma attacks
after ingestion of nonsteroidal anti-inflammatory drugs (NSAIDs).
They never qualified for aspirin challenge due to low FEV; and the
nonfeasibility of reducing oral corticosteroid dose before the chal-
lenge. The second group comprised 239 patients with ATA. Each of
them had occasionally used aspirin without any adverse effects. In 28
of them, selected at random, an aspirin challenge was performed
with negative result in all cases. All patients were clinically stable,
without any asthma exacerbation within the 6 weeks preceding the
study. The healthy control (HC) group consisted of 95 nonatopic
subjects with no history of asthma, allergy, or adverse reactions to
NSAIDs.

The study protocol was approved by the Jagiellonian University
Ethics Review Committee. Written informed consent was obtained
from each participant.

Data collection

A specifically structured questionnaire was used to collect de-
mographic and medical history data of patients with asthma. Asthma
severity was estimated from the level of treatment required to control
symptoms.'” Asthma treatment was divided into the following cat-
egories: (1) no corticosteroids; (2) inhaled corticosteroids at a daily
dosage of <500 pg of fluticasone equivalent; (3) inhaled cortico-
steroids at a daily dosage of >500 pig of fluticasone equivalent; and
(4) oral corticosteroids with inhaled corticosteroids.

Spirometry (MasterScreen, Jaeger, Wurzburg, Germany) was
carried out at baseline and after administration of 4 salbutamol puffs
(400 ).

Skin prick tests were performed with 12 common aeroallergens
(Allergopharma, Reinbek, Germany). Patients were deemed atopic
when at least one positive test response was obtained.

The total IgE concentration was measured with the nephelo-
metric method using NLatex IgE mono assembly kits (Dade Behr-
ing, Newark, NJ). Blood eosinophil counts were calculated in a
Fuchs-Rosenthal chamber.

Urine collection

Morning urine samples were collected after a 2-hour accumula-
tion of urine in the bladder. LTE4 concentrations were measured in
unpurified samples by ELISA (Cayman Chemical, Ann Arbor,
Mich). The results were recalculated over urinary creatinine con-
centration and expressed in picograms per milligram of creatinine.'®

Statistical methods

The primary analysis compared the AERD, ATA, and HC groups
by standard procedures: the 7 test for categorical variables, and the
Student #test, Mann-Whitney U test, and Kruskal-Wallis test for
continuous variables. The ability of LTE4 concentration to
discriminate between patients with AERD and patients with ATA
was assessed in 2 ways. First, based on LTE; distribution in the HC
group, the frequency distribution of patients with AERD and
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patients with ATA in quartile groups was tested by the 7 test. As no
differences were observed in the proportions of patients with AERD
and patients with ATA in the second and third quartile, those in-
tervals were joined. Secondly, the receiver operating characteristic
(ROCQ) analysis was applied; sensitivity, specificity, and positive
(PPV) and negative predictive values (NPV) were determined. The
cutoff point giving the best Youden index and the area under the
ROC curve (AUC) were calculated.

Logistic regression was used to model the relationship between
clinical and laboratory parameters and diagnosis of AERD. A set of
meaningful predictors among those both statistically and clinically
significantly related to outcome in univariate analysis was deter-
mined by the backward elimination procedure. To study the addi-
tional effect of the increased LTE4 concentration over parameters
selected by the regression model, which are usually considered in
clinical practice (model A), a dichotomized LTE4 variable with a
cutoff point determined by ROC analysis was added (model B). To
determine whether model B enhanced the prediction of AERD
diagnosis against model A, scores for models A and B were calculated
on the basis of logistic regression coefficients (multiplied by 10), and
then the scores were compared by the ROC analysis resulting in
calculation of the difference between AUCs. To test the difference
between scores A and B in the AERD and ATA groups, the Wil-
coxon signed rank sum test was applied. All statistical calculations
were performed with SPSS software version 22, except the ROC
analysis, which was performed with MedCalc Statistical Software
version 16.8.4 (MedCalc Software bvba, Ostend, Belgium; https://
www.medcalc.org; 2016). A Pvalue <.05 was considered statistically
significant.

RESULTS
Clinical characteristics of the studied groups

Both groups of patients with asthma were comparable with
respect to female predominance, age, body mass index, propor-
tion of patients with positive skin prick test responses, and total
IgE concentration (Table I). Patients with AERD had a longer
duration and a more severe course of asthma, which was
expressed both by corticosteroid use and the presence of exac-
erbations. A higher proportion of patients with AERD were
treated with oral corticosteroids (26.6% vs 17.6%, P = .02), and
a lower proportion were treated with inhaled corticosteroids at a
daily dosage of <500 pg (32.4% vs 44.4%, P = .007) compared
with the ATA group. Patients with AERD had more asthma
exacerbations requiring medical interventions, and intensive care
unit stays. They had more severe airway obstruction estimated by
FEV,% predicted and FEV,/forced vital capacity (FVC) ratio,
both before and after bronchodilator use. A higher proportion of
patients with AERD reported upper airway symptoms, nasal
polyps, history of polypectomies, and nasal corticosteroid use.
Blood eosinophil counts were higher in patients with AERD
than in patients with ATA. The HC group had similar age, but
the proportion of females was somewhat lower than in asthma
groups. All HC subjects had negative skin prick test responses.
The total IgE concentration and blood eosinophil counts were
lower in HC subjects than in asthma groups.

Urinary LTE4; concentrations in the studied groups
and their applicability in AERD diagnosis

Patients with AERD had significantly higher uLTE4 concen-
trations (median = 783.0 [Ql, Q3: 376.0, 2085.0] pg/mg
creatinine) than patients with ATA (median = 408.0 [Q1, Q3:
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207.0, 697.0] pg/mg creatinine) and HC (median = 493.0 [Q1,
Q3: 341.0, 780.0] pg/mg creatinine) (Figure 1). No differences
were found between patients with ATA and HC.

Based on the quartile distribution of uLTE4 concentrations in
HC subjects, it was demonstrated that half of patients with
AERD were grouped in the fourth quartile, which represented
the highest uLTE4 concentrations (Table II). In contrast, almost
half of patients with ATA were located in the first quartile, which
represented the lowest uLTE4 concentrations. Taking the lowest
interval as a reference category, any rise in uLTE4 concentrations
significantly increased the odds of AERD diagnosis versus ATA
diagnosis. Therefore, uLTE4 concentrations of 342.0-780.0 pg/mg
creatinine increased the odds by 80%, whereas uLTE4 concen-
trations >780.0 pg/mg creatinine increased the likelihood of
AERD diagnosis 5-fold.

The uLTE4 concentration, which best discriminated patients
with AERD from patients with ATA, was calculated using the
ROC curve at the threshold of 800.0 pg/mg creatinine
(Figure 2). The AUC was 0.7; 95% confidence interval (CI):
0.66-0.74. The sensitivity and specificity of the test were 49%
and 819%, respectively. Its PPV and NPV were 72% and 61%,
respectively. After taking into account the prevalence of AERD
in the population of asthmatics (7%),"” the PPV and NPV were
16% and 96%, respectively. The threshold uLTE, value proved
to be very close to the value, which designated the highest
quartile of uLTE4 concentrations in HC (780.0 pg/mg creati-
nine). Therefore, in further analysis, the uLTE concentration at
the level of 800.0 pg/mg creatinine was used as the cutoff value
above which the likelihood of AERD diagnosis was evidently
increased.

The impact of the urinary LTE,; concentration on
AERD diagnosis as an added variable to clinical
parameters

Using logistic regression procedures, clinical parameters were
analyzed to assess their association with AERD diagnosis. Uni-
variate analysis showed that the outcome variable was related to
15 variables (Table III).

Multiple logistic regression analysis (backward elimination)
identified the presence of nasal polyps, upper airway symptoms,
treatment with nasal corticosteroids, number of asthma exacer-
bations requiring medical intervention, FEV,% predicted, and
age of asthma onset as independent predictors of AERD diag-
nosis (Table 1V). None of the other analyzed variables were
statistically important in this model (model A). ULTE, con-
centration was not taken into consideration in this step.

To estimate an independent impact of increased uLTEy4
concentrations on AERD diagnosis, this variable was added to
model A, and model B was created (Table IV). In model B,
uLTE4 concentrations >800.0 pg/mg creatinine significantly
and independently increased the likelihood of AERD diagnosis
after consideration of the remaining parameters. However, in-
clusion of this variable into the model somewhat decreased the
odds ratio for upper airway symptoms and nasal polyps, whereas
asthma exacerbations lost their statistical significance.

To determine whether the increased uLTE, concentration
enhanced the prediction of AERD diagnosis beyond the level
predicted by the clinical parameters alone, scores for models A
and B were calculated based on logistic regression coefficients
and compared by ROC analysis. Model B had a slightly better
discriminative accuracy (AUC 0.867; 95% CI 0.831-0.897) than
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TABLE I. Clinical characteristics of the studied groups
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Variable AERD (n = 247) ATA (n = 239) HC (n = 95) P value
Female, n (%) 169 (68.4) 167 (69.9) 53 (56.3) .039
Age (y), mean (SD) 49.3 (12.9) 49.3 (14.8) 459 (13.4) .058
Age at onset of asthma (y), mean (SD) 30.8 (11.9) 33.8 (17.4) NA .03
Asthma duration (y), mean (SD) 18.8 (11.8) 15.3 (13.8) NA <.001
BMI (kg/mz), mean (SD) 26.8 (5.0) 26.9 (5.1) NM .86
Asthma exacerbations requiring medical intervention* (number/year), median (IQR) 0.26 (0.57) 0.04 (0.29) NA <.001
Hospitalizations in ICU due to asthma, whenever, n (%) 52 (21.3) 19 (8.0) NA <.001
Treatment with oral CS, whenever, n (%) 65 (26.3) 39 (16.3) NA .017
Upper airway symptoms, whenever, n (%) 233 (95.5) 108 (49.3) NA <.001
Upper airway symptoms duration (y), mean (SD) 16.7 (12.6) 7.0 (11.4) NA <.001
Nasal polyps, whenever, n (%) 191 (78.6) 46 (20.9) NA <.001
Polypectomies, whenever, n (%) 165 (67.6) 44 (19.3) NA <.001
Treatment with nasal CS, whenever, n (%) 212 (86.9) 84 (38.5) NA <.001
FEV,% predicted, mean (SD) 80.0 (19.9) 87.0 (19.8) NM <.001
FEV,% FVC, mean (SD) 69.0 (11.0) 74.9 (10.6) NM <.001
FEV % FVC after bronchodilator, mean (SD) 68.1 (10.9) 71.2 (10.4) NM <.001
Positive skin prick test responses, n (%) 152 (62.6) 146 (67.3) 0 (0.0) 289
Total IgE concentration (IU/mL), median (IQR) 88.0 (158.2) 84.6 (175.3) 25.9 (52.7) <.001%
Blood eosinophil count (cells/mL), median (IQR) 294 (440) 207 (345) 131.0 (141) <.001§

AERD, Aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma; BMI, body mass index; CS, corticosteroids; FEV;, forced expiratory volume in the 1 second;
FVC, forced vital capacity; HC, healthy control; ICU, intensive care unit; IQR, interquartile range; NA, not applicable; NM, not measured.

*Adjusted to asthma duration.
TAERD vs ATA.

1Kruskal-Wallis test, statistical difference between AERD vs HC (P < .001), ATA vs HC (P < .001).
§Kruskal-Wallis test, statistical difference between AERD vs HC (P < .001), ATA vs HC (P = .02), AERD vs ATA (P = .002).
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FIGURE 1. Urinary LTE4; concentrations in patients with AERD,
ATA, and HC. LTE,4 concentration expressed by using the log scale.
AERD, Aspirin-exacerbated respiratory disease; ATA, aspirin-
tolerant asthma; HC, healthy control; LTE,, leukotriene E4.

model A (AUC 0.853 95% CI 0.816-0.885) (diff. = 0.014,
P = .036) (Figure 3).

Additional analysis of differences between the scores by
asthma groups revealed the minor shift to the right in the median
difference in patients with AERD. In patients with ATA, the

median score of model A (without uLTE, concentration) was
slightly higher compared with model B (Table V).

DISCUSSION

The results of our study demonstrated that the diagnostic
value of LTE4 measurement in morning urine spot collection
using the ELISA method was too weak to be a single parameter
capacitating AERD diagnosis in patients with asthma. Clinical
parameters such as nasal polyps, upper airway symptoms, nasal
corticosteroid treatment, asthma exacerbations, FEV;% pre-
dicted, and age of asthma onset proved to be independent pre-
dictors of AERD diagnosis. The addition of increased uLTE4
concentration to the set of clinical parameters only slightly,
though significantly, enhanced the prediction of AERD diagnosis
beyond discrimination based on clinical parameters.

Consistent with previous studies, we found that uLTE4 con-
centrations were significantly higher in patients with AERD than
in patients with ATA and HC.”"” Although we included a larger
number of subjects than previous studies, the considerable
overlap between the groups still existed, making it impossible to
use uLTE, measurement as a diagnostic tool in AERD. How-
ever, any rise in the uLTE,4 concentration increased the chance of
AERD diagnosis versus ATA diagnosis. Elevated uLTE4 con-
centration was an independent predictor, which increased almost
2 times the odds of such diagnosis after adjusting for a set of
clinical parameters. In our study, spot uLTE4 concentration
equaling 800.0 pg/mg creatinine measured by ELISA best
discriminated patients with AERD from patients with ATA.
Despite the observation that the diagnostic accuracy of the test
was relatively good (AUC = 0.7), its sensitivity was not satis-
factory. A recent meta-analysis, in which the cutoff uLTE4
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TABLE II. Prevalence of AERD and ATA diagnosis by urinary LTE,
distribution in HC subjects

Urinary LTE, concentrations based on
control subjects’ distribution

Q1 Q2-Q3 Q4
<341.0 pg/mg 342.0-780.0 >780.0 pg/mg
Asthma group creat. pg/mg creat. creat.
AERD, n (%) 52 (21.0) 71 (28.7) 124 (50.2)
ATA, n (%) 108 (45.2) 82 (34.3) 49 (20.5)
OR* (95% CI) 1.0 1.8 (1.14-2.85) 5.3 (3.3-8.4)

AERD, Aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma;
Cl, confidence interval; HC, healthy control; LTE,, leukotriene E4; OR, odds ratio.
*Qdds ratios of AERD vs ATA diagnosis.

concentration measured by the same methodology was 510 pg/mg
creatinine, demonstrated similar diagnostic testing accuracy with
much better sensitivity.”” The difference as compared with our
study could result from different inclusion criteria of other
studies.

By applying the same laboratory method, Celejewska-Wéjcik
et al.”' suggested a slightly higher discriminative threshold value
of uLTE concentration; however, the test proved to have better
diagnostic accuracy and better sensitivity than in our study. Such
discrepancies may arise from differences in size of studied pop-
ulations and their clinical characteristics. All the patients who
participated in the study by Celejewska-Wéjcik et al.”’ had
chronic rhinosinusitis requiring sinus surgery. However, only
half of the ATA group had asthma, whereas all AERD ones were
asthmatics. In our study, all patients had asthma presenting a
broad profile of both asthma phenotypes. They differed in terms
of asthma severity, exacerbations, bronchial obstruction, upper
airways involvement, and blood eosinophilia, which was
consistent with the results of large population-based studies and
meta-analysis.”**”* Otherwise, the AERD group itself is not
homogeneous in respect of clinical presentation and uLTE4
concentrations.”’

Increased uLTE, excretion was termed by Higashi et al.'" as
hyperleukotrienuria and the cutoff uLTE4 concentration was
suggested as the value exceeding the third standard deviation
above the mean concentration of HC subjects. Because a
different laboratory method was used, a comparison with our
study was difficult. Based on their results, overproduction of
CysLTs was not strictly associated with aspirin hypersensitivity
itself, but rather with the presence of chronic rhinosinusitis with
nasal polyps. Thus, the comparison of the AERD and ATA
groups in which upper airways are involved may result in a bias
of the test performance.

To eliminate the potential variability in uLTE, production,
Divekar et al.”® evaluated 24-hour uL'TE excretion estimated by
liquid chromatography-mass spectrometry (LC-MS). The cutoff
uLTE, values that discriminated subjects with a history of aspirin
sensitivity from tolerant ones and challenge-confirmed aspirin
sensitive subjects versus those not confirmed had considerably
better sensitivity and specificity than in our study. Despite lim-
itations stipulated by the authors of this study, one may conclude
that 24-hour uLTE, measurement using LC-MS is the most
sensitive laboratory method in diagnosing aspirin hypersensitivity
in asthma patients. Indeed, our previous study comparing spot
uLTE; concentrations in HCs by LC-MS and ELISA methods
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FIGURE 2. ROC curve for urinary LTE; concentrations discrimi-
nating patients with AERD from patients with ATA. The discrimi-
native value of LTE, equaled 800.0 pg/mg creatinine, AUC = 0.7;
95% Cl: 0.66-0.74, sensitivity = 49 %, specificity = 81%, PPV =
72%, NPV = 61%. AERD, Aspirin-exacerbated respiratory dis-
ease; ATA, aspirin-tolerant asthma; AUC, area under the curve;
LTE,, leukotriene E4; NPV, negative predictive value; PPV, positive
predictive value; ROC, receiver operating characteristic.

demonstrated nearly 10-fold overestimation of the lowest uLTE4
concentrations by the latter method.”” This could result from
interferences in crude urine samples with the immunoassay.
However, in clinical practice, morning spot urine collection is
more convenient than 24-hour collection. Moreover, a readily
available and inexpensive ELISA seems satisfactory enough for
ascertainment of uL'TE, particularly at higher concentrations.”’

Because the measurement of a spot uLTE, concentration did
not offer satisfactory diagnostic value as a single parameter pre-
dicting AERD diagnosis in patients with asthma, we evaluated
the utility of clinical parameters in this respect. Among variables
associated with AERD diagnosis, those related to upper airway
involvement, such as upper airway symptoms, nasal polyps, and
nasal corticosteroid treatment, were the most effective and in-
dependent predictors of AERD. In large cohorts of patients with
AERD, the prevalence of chronic sinusitis ranged from 77.9% to
82.4%, whereas the presence of nasal polyps varied from 60.0%
t0 99.0%, depending on the diagnostic methods used.'****%?
The recent meta-analysis estimated the prevalence of AERD
among patients with chronic rhinosinusitis and nasal polyps to be
8.7% and 9.7%, respectively.'” In our study, upper airway
symptoms, which were surrogates for chronic rhinosinusitis, and
the associated nasal corticosteroid treatment were declared by
95.5% and 86.9% of patients with AERD, respectively, and they
were approximately 2-fold more frequent than in the ATA
group. The presence of upper airway symptoms increased the
odds of AERD diagnosis 4.1 times. Nasal polyps were 4-fold



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 6, NUMBER 2

BOCHENEK ET AL 533

TABLE lll. Odds of AERD diagnosis with respect to potential predictive factors estimated by univariate regression analysis

Variable OR 95% CI P value
Age at onset of asthma (y), mean (SD) 0.986 0.974-0.999 .029
Asthma duration (y), mean (SD) 1.02 1.01-1.04 .005
BMI (kg/m?) 1.00 0.99-1.01 84

Asthma exacerbations requiring medical intervention* (number/year), median (IQR) 1.33 1.08-1.63 .007
Hospitalizations in ICU due to asthma exacerbations, whenever (Yes/No) 2.92 1.67-5.13 <.001
Treatment with oral CS, whenever (Yes/No) 1.71 1.09-2.68 .018
Upper airway symptoms, whenever (Yes/No) 18.14 9.13-36.04 <.001
Upper airway symptoms duration (y), mean (SD) 1.07 1.05-1.09 <.001
Nasal polyps, whenever (Yes/No) 13.89 8.88-21.75 <.001
Polypectomies (Yes/No) 8.73 5.71-13.37 <.001
Treatment with nasal CS, whenever (Yes/No) 10.57 6.66-16.78 <.001
FEV,% predicted (%) 0.98 0.97-0.99 <.001
FEV,% FVC, mean (SD) 0.95 0.93-0.97 <.001
FEV,% FVC after bronchodilator <70% (Yes/No) 1.95 1.28-2.95 .002
Positive skin prick test responses (Yes/No) 0.93 0.64-1.34 .685
Total IgE concentration (log,) (IU/mL) 1.001 0.90-1.11 979
Blood eosinophil count >400 cells/mL (Yes/No) 1.89 1.29-2.78 .001
Urinary LTE, concentration (pg/mg creat.) >800 pg/mg creat. (Yes/No) 4.05 2.70-6.08 <.001

AERD, Aspirin-exacerbated respiratory disease; BMI, body mass index; CI, confidence interval; CS, corticosteroids; FEV,, forced expiratory volume in the 1 second;
FVC, forced vital capacity; ICU, intensive care unit; /QR, interquartile range; LTE,, leukotriene E4; OR, odds ratio.

*Adjusted to asthma duration.

TABLE IV. Odds of AERD diagnosis with respect to potential predictive factors estimated by multivariate regression analysis

Model A Model B
Variable OR 95% CI P value OR 95% ClI P value
Age at onset of asthma (y) 0.98 0.96-0.995 .013 0.98 0.96-0.996 .014
Asthma exacerbations requiring medical intervention* (number/year) 1.2 1.01-1.41 .04 1.18 0.99-1.40 .065
Upper airway symptoms, whenever (Yes/No) 4.1 1.58-10.6 .004 3.77 1.44-9.84 .007
Nasal polyps, whenever (Yes/No) 6.0 3.5-10.3 <.001 5.23 3.02-9.08 <.001
Treatment with nasal CS, whenever (Yes/No) 2.18 1.08-4.4 .03 2.31 1.14-4.67 .02
FEV,% predicted (%) 0.98 0.97-0.995 .007 0.98 0.97-0.995 .007
Urinary LTE, concentration >800.0 pg/mg creat. (Yes/No) 1.84 1.08-3.14 .02

AERD, Aspirin-exacerbated respiratory disease; CI, confidence interval; CS, corticosteroids; FEV,, forced expiratory volume in the 1 second; LTE,, leukotriene E4; OR, odds

ratio.
*Adjusted to asthma duration.

more frequent in the AERD group, and they were diagnosed in
78.6% of this population. Their presence was the most predic-
tive, independent clinical parameter, which increased the odds of
AERD diagnosis 6 times. In the Korean study, nasal polyposis
and chronic rhinosinusitis were the 2 of 4 clinical parameters
showing a significant, independent association with AERD, and
they increased the odds of the diagnosis 2.4 and 4.28 times,
respectively.”” Chronic rhinosinusitis and nasal polyps were in-
dependent predictors for AERD in patients with asthma in
Turkey.”’ Nasal polyps were also independently associated with
AERD diagnosis in an Australian population of asthmatics.”’
Such consistent results originating from different populations
provide convincing proof that upper airway involvement and
particularly nasal polyposis constitute strong predictive factors for
AERD diagnosis.

Asthma exacerbations requiring medical intervention were
another independent predictor, which increased AERD diagnosis
by 20% in our study. Their occurrence was over 6 times more
frequent in patients with AERD than in patients with ATA.

Higher frequency of asthma-related health care use by patients
with AERD than by patients with ATA was also found in large
cohort studies carried out in different populations of asth-
matics.”””’"?* Asthma attacks were predictive of AERD diag-
nosis in Australian patients with asthma.”’ This confirms that
AERD comprises high-risk asthmatics, which require more
intensive care and follow-up. Therefore, it is recommended for
these patients to remain under the care of experienced health care
providers.”

The Epidemiology and Natural History of Asthma: Outcomes
and Treatment Regimens (TENOR) study revealed that patients
with AERD can be distinguished from aspirin tolerant ones by
more severe bronchial obstruction,’ although this was not
confirmed by other population-based studies.””* In our study,
patients with AERD had significantly lower FEV,% predicted
and FEV/FVC ratio than patients with ATA, and lower FEV;
was the next independent predictor for AERD diagnosis. In
addition, the FEV{/FVC ratio under 0.7 persisted after bron-
chodilator administration and was still lower in the AERD
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FIGURE 3. Receiving operating characteristic curve of scores A
and B. AUC for model A = 0.853, 95% CI 0.816-0.885; AUC for
model B = 0.867, 95% CI 0.831-0.897, difference = 0.014,
P =.036. AUC, Area under the curve; C/, confidence interval.

TABLE V. Comparison of scores of models A and B for patients
with AERD and ATA

Score A Score B
Median Q1-Q3 Median Q1-Q3 P value*
AERD 64.0 58.9-68.5 65.2 57.6-69.5 <.001
ATA 39.2 24.4-50.4 39.0 23.7-50.2 .002

AERD, Aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma.
*Wilcoxon signed rank sum test.

group, which might suggest more advanced remodeling of the
bronchi in these patients. On the basis of pulmonary function
test results, the TENOR study investigators hypothesized that
AERD was associated with aggressive remodeling of the airways.”
However, when high-resolution computed tomography was
applied, no significant difference was found between patients
with AERD and patients with ATA.*

Age at onset of asthma was another independent predictor
negatively associated with AERD diagnosis in our study. It is
widely accepted that asthma in patients with AERD usually
begins in the third or fourth decade of life." The mean age of
asthma onset in patients with AERD participating in our study
was lower than that in the ATA group corroborating with the
results obtained in other populations of asthmatics.””" These
data suggest that the later the age of asthma onset, the less chance
of AERD diagnosis. This is also in agreement with the results of a
study by Dursun et al.,”” who demonstrated that the age of
patients under 40 increased the odds of AERD diagnosis.

Odur study is the first to evaluate the diagnostic utility of a spot
uLTE4 measurement in combination with clinical parameters to
predict AERD diagnosis in patients with asthma. Chang et al.”
evaluated only clinical parameters, of which history of aspirin
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hypersensitivity, chronic rhinosinusitis, nasal polyps, and PC,,
methacholine proved to be independently associated with
AERD. Two of them were also predictive in our study. We did
not analyze history of aspirin hypersensitivity and bronchial
hyperreactivity because all patients with AERD had established
asthma with aspirin hypersensitivity, which was confirmed by
positive provocation challenge in the majority of them.

The strength of our study consists in a careful clinical evalu-
ation of asthmatics, the results of which were included in the
prediction model. Its limitation can be the fact that 20% of
patients with AERD did not have aspirin hypersensitivity
confirmed by aspirin challenge and their assignment was based
on their medical history. However, their clinical presentation was
highly typical for AERD and previous reactions caused by
ingestion of aspirin and other NSAIDs were well documented.
Removal of these severe asthmatics could introduce additional
bias in characterization of the AERD phenotype.

In conclusion, our study revealed that, in patients with
asthma, the performance of a set of typical clinical parameters has
much better accuracy in the prediction of AERD diagnosis than
the measurement of a spot uLTE4 concentration alone. The
addition of the uLTE result >800.0 pg/mg creatinine measured
by ELISA to the model comprising clinical parameters only
slightly, though statistically significantly, enhances the accuracy
of AERD diagnosis. Assuming the prevalence of AERD in
asthma population, uL'TE4 concentration demonstrated a high
NPV for AERD diagnosis and could be useful in delaying or
cancelling aspirin challenge if clinical status of asthmatic does not
allow drug provocation. The application of such a model might
prove helpful as a screening procedure in clinical settings not
performing aspirin challenges to distinguish patients with asthma
who are at a higher risk of AERD diagnosis.

Acknowledgments

We thank Dr. Joanna Kuschill-Dziurda for collection of
clinical data on a part of patients with aspirin-exacerbated res-
piratory disease. We would also like to acknowledge Prof. Lucyna
Mastalerz and Dr. Marek Kaszuba for help in recruiting patients.

REFERENCES

1. Szczeklik A, Nizankowska E, Duplaga M, on behalf of the AIANE In-
vestigators. Natural history of aspirin-induced asthma. Eur Respir J 2000;16:
432-6.

2. Mascia K, Haselkorn T, Deniz YM, Miller DP, Bleecker ER, Borish L, TENOR
Study Group. Aspirin sensitivity and severity of asthma: evidence for irre-
versible airway obstruction in patients with severe or difficult-to treat asthma.
J Allergy Clin Immunol 2005;116:970-5.

3. Mascia K, Borish L, Patrie J, Hunt J, Phillips CD, Steinke JW. Chronic
hyperplastic eosinophilic sinusitis as a predictor of aspirin-exacerbated respi-
ratory disease. Ann Allergy Asthma Immunol 2005;94:652-7.

4. Kowalski ML, Grzegorczyk J, Pawliczak R, Kornatowski T, Wagrowska-
Danilewicz M, Danilewicz M. Decreased apoptosis and distinct profile of
infiltrating cells in the nasal polyps of patients with aspirin hypersensitivity.
Allergy 2002;57:493-500.

5. Cowburn A, Stadek K, Soja J, Adamek L, Nizankowska E, Szczeklik A, et al.
Overexpression of leukotriene C4 synthase in bronchial biopsies from patients
with aspirin-intolerant asthma. J Clin Invest 1998;101:834-46.

6. Kumlin M. Measurement of leukotrienes in the urine: strategies and applica-
tions. Allergy 1997;52:124-35.

7. Christie P, Tagari P, Ford-Hutchinson AW, Charlesson S, Chee P, Arm JP, et al.
Urinary leukotriene E4 concentrations increase after aspirin challenge in aspirin-
sensitive asthmatic subjects. Am Rev Respir Dis 1991;143:1025-9.

8. Smith CM, Hawksworth RJ, Thien FC, Christie PE, Lee TH. Urinary leuko-
triene E, in bronchial asthma. Eur Respir J 1992;5:693-9.


http://refhub.elsevier.com/S2213-2198(17)30522-6/sref1
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref1
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref1
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref1
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref2
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref2
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref2
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref2
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref3
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref3
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref3
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref4
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref4
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref4
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref4
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref5
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref5
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref5
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref5
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref5
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref6
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref6
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref7
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref7
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref7
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref7
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref8
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref8
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref8

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 6, NUMBER 2

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Kumlin M, Dahlén B, Bjorck T, Zetterstrom O, Granstrom E, Dahlén B. Urinary

excretion of leukotriene E,; and 11-dehydro-thromboxane B, in response to
bronchial provocations with allergen, aspirin, leukotriene Dy, and histamine in
asthmatics. Am Rev Respir Dis 1992;146:96-103.

Bochenek G, Nagraba K, Nizankowska E, Szczeklik A. A controlled study of
90,11B3-PGF, (a prostaglandin D, metabolite) in plasma and urine of patients
with bronchial asthma and healthy controls after aspirin challenge. J Allergy
Clin Immunol 2003;111:743-9.

Higashi N, Tanigushi M, Mita H, Kawagishi Y, Ischii T, Higashi A, et al.
Clinical features of asthmatic patients with increased urinary leukotriene E,
excretion (hyperleukotrienuria): Involvement of chronic hypeplastic rhinosinu-
sitis with nasal polyposis. J Allergy Clin Immunol 2004;113:277-83.
Micheletto C, Togonella S, Visconti M, Trevisan F, Dal Negro RW. Changes in
urinary LTE, and nasal functions following nasal provocation test with ASA in
ASA-tolerant and -intolerant asthmatics. Respir Med 2006;100:2144-50.

Ban GY, Cho K, Kim SH, Yoon MK, Kim JH, Lee HY, et al. Metabolomic
analysis identifies diagnostic biomarkers for aspirin-exacerbated respiratory
disease. Clin Exp Allergy 2017;47:37-47.

Pleskow WW, Stevenson DD, Mathison DA, Simon RA, Schatz M, Zeiger RS.
Aspirin-sensitive rhinosinusitis/asthma: spectrum of adverse reactions to aspirin.
J Allergy Clin Immunol 1983;71:574-9.

Nizankowska-Mogilnicka E, Bochenek G, Mastalerz L, éwierczyﬁska M,
Picado C, Scadding G, et al. EAACI/GA2LEN guideline: aspirin provocation
tests for diagnosis of aspirin hypersensitivity. Allergy 2007;62:1111-8.
Kowalski ML, Makowska JS, Blanca M, Bavbek S, Bochenek G, Bousquet J,
et al. Hypersensitivity to nonsteroidal anti-inflammatory drugs (NSAIDs)—
classification, diagnosis and management: review of the EAACI/ENDA and
GA2LEN/HANNA. Allergy 2011;66:818-29.

Global Strategy for Asthma Management and Prevention. Global Initiative for
Asthma (GINA); 2015. Available from: http://www.ginasthma.org/. Accessed
May 16, 2015.

Kumlin M, Stensvad F, Larsson L, Dahlen B, Dahlen SE. Validation and
application of a new simple strategy for measurements of urinary leukotriene E,
in humans. Clin Exp Allergy 1995;25:467-79.

Rajan JP, Wineninger NE, Stevenson DD, White AA. Prevalence of aspirin-
exacerbated respiratory disease among asthmatic patients: a meta-analysis of
the literature. J Allergy Clin Immunol 2015;135:676-81.

Hagan JB, Laidlaw TM, Divekar T, O’Brien EK, Kita H, Volcheck GW, et al.
Urinary leukotriene E, to determine aspirin intolerance in asthma: a systematic
review and meta-analysis. J Allergy Clin Immunol Pract 2017;5:990-7.el.
Celejewska-Wojcik N, Mastalerz L, Wdjcik K, Nieckarz R, Januszek R,
Hartwich P, et al. Incidence of aspirin hypersensitivity in patients with chronic
rhinosinusitis and diagnostic value of urinary leukotriene E,4. Pol Arch Int Med
2012;122:422-6.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

3s.

BOCHENEK ET AL 535

The European Network for Understanding Mechanisms of Severe Asthma Study
Group. The ENFUMOSA cross-sectional European multicentre study of the
clinical phenotype of severe asthma. Eur Respir J 2003;22:470-7.

Moon JY, Kim SH, Kim TB, Kim SH, Chang YS, Lee JH, et al. Aspirin-
intolerant asthma in the Korean population: prevalence and characteristics based
on a questionnaire survey. Respir Med 2013;107:202-8.

Morales DR, Guthrie B, Lipworth BJ, Jackson C, Donnan PT, Santiago VH.
NSAID-exacerbated respiratory disease: a meta-analysis evaluating prevalence,
mean provocative dose of aspirin and increased asthma morbidity. Allergy
2015;70:828-35.

Bochenek G, Kuschill-Dziurda J, Szafraniec K, Plutecka H, Szczeklik A,
Nizankowska-Mogilnicka E. Certain subphenotypes of aspirin-exacerbated
respiratory disease distinguished by latent class analysis. J Allergy Clin
Immunol 2014;133:98-103.

Divekar R, Hagan J, Rank M, Park M, Volcheck G, O’Brien E, et al. Diagnostic
utility of urinary LTE, in asthma, allergic rhinitis, chronic rhinosinusitis, nasal
polyps, and aspirin sensitivity. J Allergy Clin Immunol Pract 2016;4:665-70.
Sanak M, Bochenek G, Faber J, Plutecka H, Szczeklik A. Elevated urinary
leukotriene E,4 excretion in asthma: a comparison of HPLC-mass spectrometry
and ELISA. Allergy 2010;60:663-4.

Berges-Gimeno MP, Simon RA, Stevenson DD. The natural history and clinical
characteristics of aspirin-exacerbated respiratory disease. Ann Allergy Clin
Immunol 2002;89:474-8.

Chang HS, Park JS, Jang AS, Park SW, Uh ST, Kim YH, et al. Diagnostic value
of clinical parameters in the prediction of aspirin-exacerbated respiratory disease
in asthma. Allergy Asthma Immunol Res 2011;3:256-64.

Bavbek S, Yilmaz I, Celik G, Aydin 0, Erkekol FO, Orman A, et al. Prevalence
of aspirin-exacerbated respiratory disease in patients with asthma in Turkey: a
cross-sectional survey. Allergol Immunopathol 2012;40:225-30.

Vally H, Taylor ML, Thompson PJ. The prevalence of aspirin intolerant asthma
(ATA) in Australian asthmatic patients. Thorax 2002;57:569-74.

Eriksson J, Ekerljung L, Bossios A, Bjerg A, Wennergren G, Ronmark E, et al.
Aspirin-intolerant asthma in the population: prevalence and important de-
terminants. Clin Exp Allergy 2014;45:211-9.

Bochenek G, Szafraniec K, Kuschill-Dziurda J, Nizankowska-Mogilnicka E.
Factors associated with asthma control in patients with aspirin-exacerbated
respiratory disease. Respir Med 2015;109:588-95.

Miko$ M, Grzanka P, Stadek K, Pulka G, Bochenek G, Soja J, et al. High-
resolution computed tomography evaluation of peripheral airways in asthma
patients: comparison of focal and diffuse trapping. Respiration 2009;77:
381-8.

Dursun AB, Woessner KA, Simon RA, Karasou D, Stevenson DD. Predicting
outcomes of oral aspirin challenges in patients with asthma, nasal polyps, and
chronic rhinosinusitis. Ann Allergy Clin Immunol 2008;100:420-5.


http://refhub.elsevier.com/S2213-2198(17)30522-6/sref9
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref9
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref9
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref9
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref9
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref9
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref9
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref10
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref10
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref10
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref10
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref10
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref10
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref10
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref11
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref11
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref11
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref11
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref12
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref12
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref12
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref12
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref13
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref13
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref13
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref14
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref14
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref14
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref15
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref15
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref15
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref15
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref15
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref15
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref16
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref16
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref16
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref16
http://www.ginasthma.org/
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref18
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref18
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref18
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref19
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref19
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref19
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref20
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref20
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref20
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref20
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref21
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref21
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref21
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref21
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref21
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref22
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref22
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref22
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref23
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref23
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref23
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref24
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref24
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref24
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref24
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref25
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref25
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref25
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref25
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref25
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref26
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref26
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref26
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref26
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref27
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref27
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref27
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref27
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref28
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref28
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref28
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref29
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref29
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref29
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref30
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref30
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref30
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref31
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref31
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref32
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref32
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref32
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref33
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref33
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref33
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref33
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref34
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref34
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref34
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref34
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref34
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref35
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref35
http://refhub.elsevier.com/S2213-2198(17)30522-6/sref35

	Diagnostic Accuracy of Urinary LTE4 Measurement to Predict Aspirin-Exacerbated Respiratory Disease in Patients with Asthma
	Methods
	Subjects
	Data collection
	Urine collection
	Statistical methods

	Results
	Clinical characteristics of the studied groups
	Urinary LTE4 concentrations in the studied groups and their applicability in AERD diagnosis
	The impact of the urinary LTE4 concentration on AERD diagnosis as an added variable to clinical parameters

	Discussion
	Acknowledgments
	References


