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1 | INTRODUCTION

Aspirin-exacerbated respiratory disease (AERD) is characterized by
asthma, chronic rhinosinusitis with/without nasal polyposis, and
aspirin or nonsteroidal anti-inflammatory drug (NSAID) hypersensi-
tivity. Its prevalence in adult patients with asthma is approximately
7%-10%.1% In AERD, chronic eosinophilic airway inflammation
persists despite avoiding NSAIDs, and therefore many patients re-
quire high doses of inhaled or systemic corticosteroids (CS).% Thus,
patients with AERD are more likely to have frequent asthma ex-
acerbations (AEx) and unscheduled hospital visits than those with
aspirin-tolerant asthma (ATA).>

AERD has many heterogeneous clinical features.>™° It is het-
erogeneous in inflammatory profiles and clinical outcomes and is
divided into several distinct clinical subtypes. A recent study ana-
lysing a large AERD cohort identified three potential AERD subtypes
showing different demographic and clinical characteristics as well as
blood/sputum inflammatory signatures.11 However, data describing
the long-term clinical outcomes of AERD remain scarce compared
with those of ATA, although patients with AERD could have diverse
clinical courses.

Given the higher severity of AERD and disease burden, docu-
menting clinical heterogeneity by demonstrating differences in
AERD's long-term outcomes is necessary. Patients with AERD with
frequent AEx (severe AERD group) might have worse long-term clin-
ical outcomes and persistent type 2 inflammation than those with
AERD showing fewer AEx (nonsevere AERD group). To our knowl-
edge, this study is the first evidence to compare clinical outcomes
(lung function, severe AEX, inflammatory markers, and systemic CS)
between patients with AERD and those with ATA, and between se-
vere and nonsevere AERD groups in a large-scale, long-term, and

real-world cohort of adult patients with asthma.

2 | METHODS
2.1 | Study design and data source

This study is an observational cohort study to compare clinical
and laboratory findings of patients with AERD with those of pa-
tients with ATA to demonstrate the long-term clinical outcomes
of AERD endotypes in real-world clinical practice. We used a sin-
gle database from Ajou University Medical Center in Korea. The
Department of Allergy and Clinical Immunology of this institution
has continuously collected clinical and laboratory data (applied to
monitor patients with asthma in daily clinical practice) of patient
with asthma taking antiasthmatic medications such as inhaled
CS (ICS) with/ without long-acting p2-agonist (LABA), leukot-
riene modifiers, and systemic CS. Data on biomarkers including
serum eosinophilic-derived neurotoxin (EDN), surfactant protein
D (SPD), myeloperoxidase (MPO), periostin, and transforming
growth factor-p1 (TGF-B1), urinary LTE4 and extensive electronic

Key messages

e Patients with AERD have poorer long-term clinical out-
comes compared to those with ATA.

e Lower lung function and frequent asthma exacerba-
tions were shown in AERD patients compared to ATA
patients.

e Patients with AERD can be classified into subtypes ac-
cording to those clinical/inflammatory phenotypes.

medical records were also collected and measured at baseline.
Patients in the current study were collected prospectively for ret-
rospective analyses. Moreover, we developed a longitudinal data-
base named Immune/Inflammatory Disease Common Data Model
Augmentation for Research Union System (ICARUS) to analyse in
detail the clinical characteristics and clinical outcomes of various
inflammatory diseases; ICARUS also included electronic medical
records, biomarkers, and lung function measurements. This da-
tabase was structured in a format of the Observational Medical
QOutcome Partnership Common Data Model (OMOP CDM) ver-
sion 5.3.12%° and approved by our institutional review board
(AJOUIRB-MBD-2019-100). The informed consent was waived
due to the use of de-identified data.

2.2 | Participants

We included adult patients with asthma (>18 years old) with an anti-
asthmatic medication prescription and a diagnosis code for asthma
or its subtypes (Korean Classification of Diseases 10th Revision;
J45-J46). In this study, a baseline was the time at which a diagno-
sis code for asthma was first registered for each patient. Patients
were those who had been prescribed antiasthmatic medications for
over 3months in a year after baseline. Patients taking type 2 bio-
logics (omalizumab, mepolizumab, reslizumab, and dupilumab) were
excluded to ensure comparability of patient severity between the
study groups. Furthermore, patients with AERD were classified if
those with the diagnosis code for AERD (J45.81 Aspirin induced
asthma), which was registered in patients having recurrent clini-
cal exacerbation histories after taking aspirin/NSAIDs and/or hav-
ing a positive lysine-aspirin bronchoprovocation test as previously
described.*™'® We further classified patients with AERD into the
severe AERD (22 AEx) and nonsevere AERD group (<2 AEx) within a
year after baseline. Patients were considered to have a severe AEx
if they were taking systemic CS (oral prednisolone 215mg/day or its
equivalent dose) for 3 consecutive days or visited the emergency
department or underwent hospitalization for worsened asthmatic
symptoms; short-acting p,-agonist (SABA) use was not considered

as an AEx event.
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2.3 | Demographic and clinical data

The presence of nasal polyps and chronic rhinosinusitis were de-
termined by paranasal sinus series, computed tomography, en-
doscopic exam, or nasal polyp operation histories. All patients
underwent pulmonary function tests using the same device and
method, as previously described.!”*® Complete blood cell count
with differentials (eosinophil/neutrophil counts), sputum eosino-
phil/neutrophil (%), renal/liver function tests, electrolytes, uric
acid, albumin, erythrocyte sedimentation rate, and urine analysis
were collected at baseline. In addition, the serum levels of total
immunoglobulin E (IgE), specific IgE to house dust mites, and en-
vironmental pollens were measured using ImmunoCAP® (Thermo
Fisher, Waltham, MA, USA).

Antiasthmatic medications were as follows: ICS plus LABA,
SABA, and systemic CS. Medium-to-high-dose ICS was defined
according to the Global Initiative for Asthma guidelines (e.g., >250
mcg for fluticasone); otherwise, it was defined as low-dose ICS.
High-dose CS user was defined as 240 mg/day of prednisolone or its

equivalent dose.”

2.4 | Measurement of metabolic and
serum biomarkers

Serum and urine samples of patients with asthma were collected at
the initial visit, stored at -80°C, and thawed before measurement.
Prior to serum and urine collection, patients were informed to dis-
continue systemic CS for at least 2weeks and leukotriene modi-
fiers for at least 7days. The serum SPD, MPO, and TGF-$1 levels
were measured by enzyme-linked immunosorbent assay (ELISA)
(Quantikine, R&D Systems, Minneapolis, MN, USA) according to
the manufacturer's instructions. Serum periostin level was meas-
ured using a proprietary sandwich ELISA kit (Shino-test, Kanagawa,
Japan), as previously mentioned.?® Furthermore, we measured the
urinary LTE, levels by using an ultra-high-performance liquid chro-

matography system, as previously described.?*

2.5 | Statistical analysis

Baseline demographic and clinical characteristics, inflammatory
profiles, and comorbidities were compared between patients with
AERD and those with ATA by cross-sectional analysis. We also
compared their demographic characteristics such as age, sex, body
mass index (BMI), asthma onset age, and smoking history. Clinical
characteristics included the lung function test, forced expiratory
volume in one second (FEV1) %, FEV1 per forced vital capac-
ity (FEV1/FVC), and provocative concentration of methacholine
inducing a 20% decline in FEV1 (PC,,). Regarding inflammatory
profiles, we assessed eosinophil/neutrophil counts in serum and
sputum samples, total and specific levels of IgE, and serum levels
of novel biomarkers.

Continuous variables were assessed using a Student's t-test or
Wilcoxon-signed rank test after testing for data normality with the
Shapiro-Wilk test. For comparing categorical variables, we used
the ;(2 test. A p value of <.05 was considered statistically signif-
icant. The differences in long-term changes in lung function and
inflammatory markers (e.g., serum eosinophil/neutrophil count)
were identified using the linear mixed model (LMM). LMM is suit-
able for real-world studies because it accounts for irregularly
dispersed longitudinal data with different time points. Random
intercept and slope were calculated for the study participants and
observation time, respectively. All statistical data were analysed
using R (version 3.5.1, R Project for Statistical Computing, Vienna,
Austria).

3 | RESULTS
3.1 | Demographic and clinical characteristics

We enrolled 353 patients with AERD (166 and 187 in the severe
and nonsevere AERD groups, respectively) and 717 patients with
ATA from the ICARUS database. Table 1 presents the comparison
of baseline characteristics between patients with AERD and ATA
and between the severe and nonsevere AERD groups. Age (p=.426),
onset age of asthma (p=.885), female sex (p=.088), and BMI
(p=.064) were not significantly different between the AERD and
ATA groups. However, the AERD group had a longer follow-up dura-
tion of asthma (p=.030), a higher BMI (p=.039), and a significantly
lower proportion of current or ex-smokers (p<.001) than the ATA
group. Baseline FEV1% (p=.038), FEV1/FVC (p=.008), and PC,,
methacholine (p<.001) were also significantly lower in the AERD
group. The severe AERD group was older (p=.009) and had later
asthma onset (p=.036) and lower baseline FEV1% (p=.001) than the
nonsevere AERD group. The nonsevere AERD group differed from
the ATA group only by lower BMI (p=.024) and a lower proportion
of current or ex-smokers (p <.001).

3.2 | Laboratory parameters

Table 2 shows the comparison of the baseline laboratory pa-
rameters between the AERD and ATA groups and between the
severe and nonsevere AERD groups. The AERD group had sig-
nificantly higher blood neutrophil counts (p=.002) and sputum
eosinophils (p=.038) and lower blood basophils (p=.041) than
ATA patients. The total IgE levels (p=.573), specific IgE levels to
Dermatophagoides pteronyssinus (p=.064) and Dermatophagoides
farinae (p=.053), and blood eosinophil counts (p=.942) showed
no difference between these groups. Only specific IgE levels to
D. farinae (p=.025) were significantly lower in the severe AERD
group than in the nonsevere AERD group. All baseline laboratory
findings of the nonsevere AERD group were comparable to those
of ATA patients (p>.05).
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TABLE 1 Baseline demographic and clinical characteristics of patients with AERD (the severe AERD group and the nonsevere AERD

group) and patients with ATA.

AERD
Severe AERD

Variables Total (n=353) (n=166)
Age, years 40.6+13.4 42.6+13.7
Asthma onset age, years 33.3+19.3 34.3+23.7
Follow-up duration, years 79+6.1 8.2+6.1
Female, n (%) 231 (65.4) 106 (63.9)
Body mass index, kg/m2 23.77+3.84 24.01+4.18
Smoking history, n 267 126

Current or ex-smoker, n (%) 100 (37.5) 50 (39.7)
Baseline FEV1, % 87.2+18.5 82.6+19.3
Baseline FEV1/FVC, % 78.5+10.4 76.3+10.6
Baseline PC,,, mg/mL 8.6+24.6 5.2+10.2
Chronic rhinosinusitis/nasal polyp 246 (69.7) 129 (77.7)

Nonsevere AERD

(n=187) ATA (n=717) p value? pvalue®  pvalue®
38.9+13.0 41.5+14.6 426 .009 .032
32.3+14.0 33.8+15.2 .885 .036 341
7.6+6.1 71+£59 .030 .286 .297
125 (66.8) 429 (59.8) .088 .633 .095
23.46+3.42 24.29+3.71 .039 .386 .024
141 328

50 (35.5) 450 (62.8) <.001 .559 <.001
92.1+16.2 90.4+19.1 .038 .001 .648
80.7+9.8 81.7+10.3 .008 .057 372
11.4+31.7 10.8+13.7 <.001 <.001 .095
117 (62.6) 305 (42.5) <.001 .003 <.001

Note: Continuous values are presented as mean=+SD, and categorical variables are presented as number (%).

Abbreviations: AERD, aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma; FEV1, forced expiratory volume in one second; FVC,

forced vital capacity; PC
?AERD versus ATA.
bSevere AERD versus nonsevere AERD.
“‘Nonsevere AERD versus ATA.

20

3.3 | Biomarkers

Table 3 lists the candidate biomarkers for AERD. Compared with the
ATA group, the AERD group and nonsevere AERD group showed
significantly higher urinary LTE, levels (p <.001 and p=.007, respec-
tively). Serum periostin levels were significantly higher in the AERD
group than in the ATA group (p=.002), however, they were com-
parable between the severe and nonsevere AERD groups (p=.386),
and between the nonsevere AERD and ATA groups (p=.060). Serum
EDN levels showed no significant differences between the AERD and
ATA groups (p=.127) and between the severe and nonsevere AERD
groups (p=.163). In addition, the AERD group showed significantly
lower serum levels of SPD than the ATA group (p=.003); the severe
AERD group tended to show lower SPD levels than the nonsevere
AERD group, although the difference was not statistically significant
(p=.066). Conversely, serum TGF-p, levels were significantly higher
in the AERD group than in ATA patients (p=.003) and were com-
parable between the AERD subgroups (p=.839). Moreover, serum
MPO levels were significantly lower in the AERD group than in ATA
patients (p <.001), but not in the severe AERD group compared with
the nonsevere AERD group (p=.918). Serum MPO levels were also
significantly lower in the nonsevere AERD group than in the ATA
group (p<.001).

3.4 | Trajectory analysis

Longitudinal changes in FEV1%, blood eosinophil/neutrophil counts,
and sputum eosinophil count (%) for up to 10years of follow-up are

provocative concentration of methacholine inducing a fall of 20% decline in FEV1.

shown in Figure 1. Although baseline FEV1% was significantly lower
in patients with AERD than in those with ATA, FEV1% declined in
both throughout the follow-up, showing persistently lower FEV1%
levels in the AERD group than in the ATA group (Table S1). Blood eo-
sinophil count was comparable between the AERD and ATA groups
at baseline and declined progressively throughout the follow-up pe-
riod. Blood neutrophil counts were significantly higher in the AERD
group than in ATA group at baseline and declined progressively in
both, showing persistently higher neutrophil counts in patients
with AERD than in those with ATA throughout the follow-up period
(Table S1).

Longitudinal changes in the parameters were compared between
the severe and nonsevere AERD groups (Figure 2). FEV1% decreased
faster in the severe AERD group than in the nonsevere AERD group,
whereas blood eosinophil count decrements were comparable be-
tween these groups. Furthermore, blood neutrophil counts declined
more rapidly in the severe AERD group than in the nonsevere AERD
group. However, according to the LMM model analyses, patients
with AERD had significant associations with FEV1% decrease and
blood neutrophil increase, despite the overall decrease throughout
the follow-up period (p <.05; Table S1). Similarly, the severe AERD
group was an independent factor contributing to the FEV1% de-
crease and blood eosinophil increase (p <.05; Table S1).

3.5 | Severe AEx

Annual numbers of severe AEx were compared between the AERD
and ATA groups and between the severe and nonsevere AERD
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TABLE 2 Baseline laboratory parameters of patients with AERD (the severe AERD group and the nonsevere AERD group) and patients with ATA.

AERD

Nonsevere AERD

(n

p value® p value® p value®

ATA (n=717)

=187)

=166)

Severe AERD (n

=353)

Total (n

.575
.644
978
.307
117
166
.269
.330

.079
103
.025
143
178
.840
.817
.298

.573
.064
.053
.942
.002
.038
.096
.041

372.2+590.2
12.1+22.9
15.5+26.6
381.1+507.3
4362.5+2199.3

387.9+534.4 290.2+358.4

337.5+453.9

Total IgE, kU/L

8.9+17.3

5.8+15.0

6.3+17.4

77+17.3
10.4+21.0

Der p-specific IgE, kU/L
Der f-specific IgE, kU/L

14.7+24.7
328.8+320.8
4600.1+2529.1

433.4+576.5
5090.0+£2637.4

377.2+460.4
4809.6+2579.4

Blood eosinophil counts, /uL

Blood neutrophil counts, /pL

37.2+32.9
63.4+31.0
0.63+0.36

45.9+354
58.5+34.1
0.60+0.34

47.0+36.8
56.7+34.7
0.55+0.30

46.5+36.0

Sputum eosinophils, %

57.5+34.3
0.57+0.32

Sputum neutrophils, %
Blood basophils, %

Note: Continuous values are presented as mean=+SD.

Abbreviations: AERD, aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma; Der p, Dermatophagoides pteronyssinus; Der f, Dermatophagoides farinae.

2AERD versus ATA.

bSevere AERD versus nonsevere AERD.
‘Nonsevere AERD versus ATA.

Wi LEYJﬂ

groups (Figure 3). The numbers were higher in the AERD group than
in the ATA group at baseline, and they decreased in the first year of
follow-up and became comparable to those of the ATA group (ap-
proximately 1 AEx annually) (Figure 3A). The annual numbers in the
severe AERD group decreased throughout the follow-up period but
persisted at over 1 AEx per year, whereas those in the nonsevere
AERD group remained lower than that (Figure 3B).

3.6 | Antiasthmatic medication

Table S2 summarizes the use of antiasthmatic medications for pa-
tients in the AERD and ATA groups within a year after baseline.
Significantly higher proportions of patients with AERD were treated
by systemic CS at least once (p<.001), high-dose systemic CS
(>40mg of prednisolone or its equivalent dose; p<.001), and SABA
(p=.001) during the follow-up period. Compared to the nonsevere
AERD group, the severe AERD group had significantly higher propor-
tions of patients using systemic CS at least once (p <.001), high-dose
systemic CS (p<.001), and SABA (p <.001) during the follow-up pe-
riod. Additionally, the annual dose of systemic CS was higher in the
AERD group than in the ATA (p<.001) and in the severe AERD group
than in the nonsevere AERD group (p <.001).

4 | DISCUSSION

The present study demonstrated real-world evidence of the distinct
clinical outcomes of patients with AERD in comparison with those
with ATA. The AERD group showed worse clinical parameters at
baseline, such as lower FEV1%, increased airway hyperresponsive-
ness, higher sputum eosinophils (%), and blood neutrophil counts
in the cross-sectional model. Furthermore, the longitudinal model
showed persistently lower FEV1% with higher sputum eosinophils/
blood neutrophils, and more frequent AEx in the AERD group than
in the ATA group for up to 10years of follow-up. Thus, the AERD
group (even taking antiasthmatic medications following the clinical
guidelines) was likely to present worse clinical outcomes than the
ATA group. Taken together, AERD exhibited poor clinical outcomes
compared with ATA in both cross-sectional and longitudinal out-
come models in a real-world clinical setting.

AERD is a clinical phenotype of severe asthma and a heteroge-
neous disease that could be classified into several clinical/inflam-
matory phenotypes.'>?? However, previous studies insufficiently
described the long-term clinical course and heterogeneity of AERD.
We hypothesized that the longitudinal clinical course of AERD is
variable and that patients with frequent AEx in the first few years of
treatment would have persisting AEx, rapid lung function declines,
and severe airway inflammation. The present study demonstrated
not only persistently lower and declining FEV1% with more fre-
quent AEx in the AERD group than in the ATA group, but also the
severe/nonsevere AERD groups with longitudinal outcome models.
In the trajectory analyses, the most notable was the FEV1% changes
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TABLE 3 Baseline serum and urinary biomarkers of patients with AERD (the severe AERD group and the nonsevere AERD group) and
patients with ATA.

AERD
Severe AERD Nonsevere AERD
Total (h=353) (n=166) (n=187) ATA (n=717) pvalue® pvalue® pvalue®
Urinary LTE,, pg/mg Cr 553.1+86.2/35 736.3+1029.9/19 335.5+327.6/16 229.1+380.3/32 <.001 .208 .007
Serum EDN, ng/mL 64.4+36.5/107 67.8+34.1/53 61.0+38.6/54 59.5+37.4/243 127 163 .836

Serum SPD, pg/mL

Serum TGF-B; ng/mL 33.0+14.3/187 32.7+14.6/96
Serum periostin, ng/mL 88.9+44.6/197 91.4+45.1/98
Serum MPO, ng/mL 186.7+215.0/180 184.2+180.7/85

2725.9+3134.9/142 2136.2+2131.7/73 3349.8+3846.8/69 3171.0+2785.5/366  .003 .066 .305
33.3+14.1/91
86.3+44.1/99
189.0+£242.6/95

28.4+15.8/292 .003 .839 .012
76.8+38.8/370 .002 .386 .060
290.7+275.0/318  <.001 918 <.001

Note: Continuous values are presented as mean+SD. The number of patients measured for each biomarker is also presented.

Abbreviations: AERD, aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma; EDN, eosinophil-derived neurotoxin; LTE,, leukotriene
E,; MPO, myeloperoxidase; SPD, surfactant protein D; TGF-,, transforming growth factor-g,.

2AERD versus ATA.
bSevere AERD versus nonsevere AERD.
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FIGURE 1 Longitudinal changes in lung function and inflammatory parameters in patients with AERD (solid line with closed circle) and
ATA (dashed line with open circle). (A) FEV1%, (B) blood eosinophil counts, (C) blood neutrophil counts. Error bars indicate 95% confidence
interval. AERD, aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma. Ln, log-transformed values.

between the severe and nonsevere AERD groups. On the other
hand, blood eosinophils and neutrophils converged during the fol-
low-up period, implying that other pathophysiologic changes than
eosinophilic/neutrophilic inflammation, such as airway epithelial
cells and airway remodelling, could be involved. The impact of ep-
ithelial damage on AERD severity needs to be clarified to prevent
lung function declines in AERD.

LTE, overproduction is the inflammatory hallmark of AERD
pathogenesis.“"23 In AERD, excessive amounts of cysteinyl LTs (cys-
LTs) are released from mast cells and eosinophils. LTE, (the terminal
metabolite of cysLT synthesis) is an important biomarker of AERD

for activating eosinophilic inflammation.?* Furthermore, cysLTs
contribute to bronchoconstriction after aspirin/NSAID exposures
in AERD.%>?% |n our study, urinary LTE, levels effectively differen-
tiated the AERD and nonsevere AERD groups from the ATA group.
Although not statistically significant, they tended to be higher in the
severe AERD group than in the nonsevere AERD group; thus, cysLT
overproduction could be a key mediator for AERD phenotype and
severity.

AERD is also characterized by severe and persistent type
2 airway inflammation with extensive eosinophilic infiltra-
tion.?” Compared with ATA, AERD shows extensive eosinophilic
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infiltration in the upper and lower airways.2® In our study, increased
sputum eosinophil count effectively distinguished the AERD group
from the ATA group, but was comparable between the severe and
nonsevere AERD groups. In the trajectory analyses, blood eo-
sinophil counts decreased similarly between the AERD and ATA

groups and between the severe and nonsevere AERD groups, con-
sistent with previous observations that eosinophilic inflammation
is a key pathogenetic factor. However, blood/sputum eosinophils
do not effectively measure eosinophilic airway inflammation be-
cause of eosinophil variability by ICS or systemic CS.2773! Instead,
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the levels of eosinophil granular proteins increased in AERD than
in healthy controls.®? For example, EDN was reported as a serum
biomarker for eosinophilic inflammation in severe eosinophilic
asthma.'®33-3% |n our study, serum EDN levels tended to be higher
in the AERD and severe AERD groups than in the ATA and non-
severe AERD groups, respectively. Periostin is released from air-
way epithelial cells stimulated by type 2 inflammatory cytokines
(e.g., IL-13), as well as TGF-p1 and our study showed higher serum
periostin levels in the AERD group than in the ATA group, as was

shown in previous studies,?*3¢%"

suggesting that TGF-p may con-
tribute to the production of periostin in AERD patients. Increased
serum periostin levels might be a potential biomarker for predict-
ing severe AERD if measured in a sufficient number of patients.
Changes in the level of these biomarkers with pharmacologic or
biologic treatment and their relationships to AEx must be further
investigated in larger AERD cohorts.

AERD pathogenesis is also complicated by other various in-
flammatory cells, including ILC2 cells, epithelial cells, plasma cells,
and platelets, which have rarely been investigated.®®%? The novel
biomarkers for neutrophilic inflammation and airway remodelling
in severe asthma should be investigated in AERD as a distinct
phenotype of severe asthma.*®*! In our study, the AERD group
had significantly lower serum SPD/MPO levels and higher serum
TGF-p, levels than the ATA group. Notably, serum SPD level was
the only biomarker differentiating severe AERD from nonsevere
AERD, and lower serum SPD level and increased serum TGF-p1/
periostin levels were the predictive markers for severe AERD. SPD
is a pattern recognition molecule released by airway epithelial cells
to mediate the innate immune responses in the airways, especially
phagocytosis. SPD reportedly alleviates type 2 airway inflamma-
tion by inhibiting mast cells and eosinophils, and decreased SPD
is associated with epithelial damage in the airways of patients
with severe asthma.*>*> SPD levels decrease in BAL fluid and in-
crease in the sera of patients with asthma, possibly resulting from
increased SPD synthesis and air-blood barrier integrity loss.*6~47
In addition, we previously reported the protective functions of
SPD in AERD pathogenesis; SPD could attenuate type 2 airway
inflammation/remodelling by an interplay with TGF-ﬁl/periostin.50
MPO (secreted by activated neutrophils) is another biomarker that
may contribute to neutrophilic inflammation in asthma. The AERD
group had higher blood neutrophil counts but lower serum MPO
levels than the ATA group. Given that blood/sputum neutrophils
are easily varied by systemic CS, the exact roles of MPO as a re-
liable biomarker reflecting neutrophilic inflammation should be
elucidated. Furthermore, the insight into whether less neutrophilic
inflammation contributes to AERD pathogenesis should also be
investigated.

This study has limitations, considering the retrospective collec-
tion of clinical data. First, the sample size was small, given that only
one database was used. However, only a few institutions routinely
differentiate AERD from ATA in clinical practice. Therefore, a large
database of patients treated by asthma specialists in a single insti-
tution following the same treatment strategy should be analysed.

Additionally, our analyses used a common data model database,
which allows for easy cooperation with other institutions. Secondly,
the data collection period and follow-up were not controlled.
Although considered as an inevitable limitation of observational
studies, the real-world clinical course should be investigated using
real-world data. To mitigate this, we need to analyse repeatedly
measured data by using a statistical model such as the LMM. Thirdly,
the present study defined AERD patients by the diagnosis code of
AERD registered in our EMR, and the prevalence of CRS/NPs, a key
clinical feature of AERD, is slightly low. Although some AERD pa-
tients do not have CRS/NPs as published previously.> Additional
studies are required to clarify these points.

In conclusion, AERD exhibited a more severe disease course than
ATA despite having antiasthmatic medication as maintenance for up
to 10years of follow-up, as evidenced by persistently lower FEV1%
and more frequent AEx, where persistent type 2 inflammation and
LTE, overproduction are involved. Since AERD is an important clin-
ical phenotype of severe asthma, it should be confirmed by provo-
cation test if an asthmatic has a suspicious clinical history or clinical
features of AERD (severe asthma, nasal polyposis). Additional con-
trollers, including biologics, are needed to prevent AEx and achieve
better controls, improving long-term clinical outcomes of AERD, es-
pecially in severe AERD.
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