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GRAPHICAL ABSTRACT

Trial of thromboxane receptor inhibition with ifetroban:
TP receptors regulate eicosanoid homeostasis in aspirin-exacerbated
respiratory disease
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2 LAIDLAW ET AL

Background: Aspirin-exacerbated respiratory disease (AERD)
is the triad of asthma, nasal polyposis, and respiratory reactions
to COX-1 inhibitors. Overproduction of cysteinyl leukotrienes
and underproduction of prostaglandin E, (PGE,) are hallmarks
of AERD. A mouse model predicted a key role for the
thromboxane-prostanoid (TP) receptor in AERD.

Objective: Our aim was to determine whether ifetroban, a TP
receptor antagonist, attenuates aspirin-induced respiratory
symptoms in patients with AERD.

Methods: A total of 35 patients with AERD completed a 4-week
double-blinded, placebo-controlled trial of ifetroban and
underwent an oral aspirin challenge. The primary outcome was
change in the provocative dose of aspirin that caused a 2-point
increase in Total Nasal Symptom Score. Changes in lung
function, eicosanoid levels, and platelet and mast cell activation
were assessed. Cultured human nasal fibroblasts were
stimulated with or without the TP agonist U46619 and assayed

for prostanoid production.
Results: Ifetroban was well tolerated in AERD and did not

change the mean 2-point increase in Total Nasal Symptom Score
(P = .763). Participants taking ifetroban had greater aspirin-
induced nasal symptoms and a greater decline in FEV, value
than did participants receiving placebo (-18.8% = 3.6% with
ifetroban vs -8.4% = 2.1% with placebo [P = .017]). Four
weeks of ifetroban significantly increased urinary leukotriene E,4
levels and decreased nasal PGE,; levels compared with placebo.
Peak aspirin-induced urinary thromboxane levels correlated
with peak urinary leukotriene E4 and prostaglandin D,
metabolite levels in participants taking ifetroban. U46119
significantly potentiated the production of PGE, by cultured
nasal fibroblasts from subjects with AERD but not by cultured
nasal fibroblasts from controls without polypoid sinusitis.
Conclusion: Contrary to our hypothesis, TP receptor blockade
worsened aspirin-induced reactions in AERD, possibly by
exacerbating dysregulation of the eicosanoid system. TP
signaling on stromal cells may be critical to maintaining PGE,
production when COX-2 function is low. (J Allergy Clin
Immunol 2023 ;N NNN-NEN,)

Key words: Aspirin-exacerbated respiratory disease, AERD, mast
cell, ifetroban, platelet, thromboxane receptor, Samter triad

Aspirin-exacerbated respiratory disease (AERD) is a chronic
inflammatory respiratory syndrome defined clinically by asthma,
chronic rhinosinusitis with nasal polyposis, and respiratory
reactions to medications that inhibit COX-1, affecting approxi-
mately 14% of adults with severe asthma.' Cysteinyl leukotriene
(cysLT) overproduction is a hallmark of AERD, both at baseline
and during the COX-1 inhibitor-induced reactions, which results
in a further surge in cysLTs, accompanied by release of other mast
cell activation products, including prostaglandin D, (PGD,).
CysLTs and PGD, are powerful bronchoconstrictors and likely
contribute to vascular leak and tissue eosinophilia. Inhibition of
5-lipoxygenase (5-LO), an enzyme responsible for cysLT
generation, improves basal symptoms and lung function in
AERD while attenuating the severity of reactions to aspirin.z’3
The overproduction of cysLTs and its surge during clinical
reactions are both thought to reflect insufficient production of
COX-derived prostaglandin E, (PGE,)," which suppresses 5-LO

> and

activity in myeloid cells and inhibits mast cell activation’
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Abbreviations used
AERD: Aspirin-exacerbated respiratory disease
CR: Creatinine
CRSsNP: Chronic rhinosinusitis without nasal polyposis
CysLT: Cysteinyl leukotriene
EP,: E prostanoid 2
HMGBI1: High mobility group box 1
6-keto PGF,,: 6-Keto prostaglandin F,,
5-LO: 5-Lipoxygenase
LTE,: Leukotriene E,
PD2: 2-Point increase in Total Nasal Symptom Score
PGD,: Prostaglandin D,
PGE,: Prostaglandin E,
PGI,: Prostaglandin I,
PTGES: Prostaglandin E synthase
PTGIS: Prostaglandin 12 synthase
TBXAZ2R: Thromboxane A2 receptor
TNSS+: Extended version of the Total Nasal Symptom Score
TP: Thromboxane-prostanoid
TXA,: Thromboxane A,
TXB,: Thromboxane B,

to reflect diminished expression of Gs-linked E prostanoid 2
(EP,) receptors, which are responsible for these effects. The
mechanisms responsible for the impaired function of the
COX-2/PGE,/EP, receptor system in AERD are incompletely
understood and fundamental to disease pathogenesis.
Thromboxane-prostanoid (TP) receptors recognize not only
thromboxane A, (TXA,), the major platelet-derived COX prod-
uct, with high affinity, but also bind other COX products,
including stable PGD, metabolites’ and F-series isoprostanes
that are nonenzymatic products of oxidative stress. TP signaling
leads to constriction of human and rodent bronchi by both
neurally mediated pathways®” and direct smooth muscle stimula-
tion.'” Multiple prostaglandins, including PGD,, prostaglandin
F,, and high-dose PGE,, require TP receptors to contract human
bronchi ex vivo; TP receptors are widely expressed on both stro-
mal and immune cell types.'"'> Specifically, platelet-derived
TXA, autoamplifies platelet aggregation, can activate TP
receptors on endothelial cells to drive adhesion receptor
expressions that facilitate leukocyte recruitment,'” and can also
induce endothelial cells to upregulate COX-2 and generate both
prostaglandin I, (PGI,) and PGE,."* We previously found high
levels of activated platelets and platelet-adherent granulocytes
in the blood and sinonasal tissues of patients with AERD."
Moreover, we demonstrated that TP receptor blockade inhibited
all features of aspirin reactions, including mast cell activation
and cysLT production, in a mouse model of AERD.'®
Collectively, these observations suggested a role for TP receptor
signaling at multiple control points in AERD, as well as a
potential utility for therapeutic TP antagonism in this context.'’
This placebo-controlled trial aimed to test the hypothesis that
ifetroban, an oral highly selective TP receptor antagonist, would
attenuate the severity of sinonasal and respiratory symptoms
induced during aspirin challenges in patients with AERD by
blocking platelet activation, reducing cysLT generation, and
reducing aspirin-induced bronchoconstriction. We found
ifetroban to be well tolerated in patients with AERD; surprisingly,
however, we found that TP antagonism significantly increased the
severity of reactions to aspirin, likely by further perturbing the
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FIG 1. Detailed trial schematic. A, Study schematic showing time line and schedule of assessments.
B, Table of time points at which assessments were performed on the day of the aspirin challenge.
ACQ, Asthma Control Questionnaire; CBC-diff, Complete blood count and differential; SNOT-22, 22-ltem

Sino-Nasal Outcome Test.

ability to maintain homeostatic synthesis of anti-inflammatory
prostanoids. Our findings implicate TP-active prostaglandins in a
hierarchy with PGE, and lend new insight into the “unbraking”
phenomenon induced by COX-1 inhibition that is unique to
AERD.

METHODS
Study design

Participants were enrolled in a 6-week, double-blinded, placebo-controlled
trial of ifetroban. At the end of a 4-week treatment phase (ifetroban or placebo)
each participant underwent a graded oral aspirin challenge and desensitization
procedure (Fig 1, A) to initiate high-dose aspirin therapy.

Participants

The patients with AERD had a history of physician-diagnosed asthma,
chronic rhinosinusitis with nasal polyposis, and at least 2 respiratory reactions
to aspirin or another nonselective COX inhibitor, with features of upper and/or
lower airway involvement. The patients had stable asthma, defined as a
postbronchodilator FEV; value of 70% of predicted or better, no oral
glucocorticoids for at least 2 weeks before the first study visit, and no history
of hospitalization or emergency room visits due to asthma for at least 6 months
before enrolling in the study.

Patients were excluded if they had current severe gastroesophageal reflux
disease or a history of peptic ulcer disease or a gastrointestinal bleed. Patients

receiving zileuton, daily oral corticosteroids, or any respiratory biologic
therapy within 4 months of visit 1 were excluded. All participants were
between the ages of 18 and 70 years, and none of them were pregnant,
breast-feeding, or smoking while in the trial.

This was a single-site study conducted at the Asthma Research Center at
Brigham and Women’s Hospital. The institutional review board of Mass
General Brigham approved this study, and all participants gave written
informed consent. Participants were recruited from April 2018 through
December 2021.

Clinical procedures

After a 2-week run-in period of stable asthma treatment and montelukast,
10 mg daily, participants were randomized to a morning premeal dose of either
ifetroban, 200 mg daily by mouth, or matched placebo for 4 weeks, followed
by a 4-dose aspirin challenge (40.5, 81, 162, and 325 mg) with 90-minute
intervals.'® The challenge was terminated when patients either reported at
least a 2-point increase above baseline in the extended version of the Total
Nasal Symptom Score instrument that includes 4 questions about extrasinus
symptoms (TNSS+)'? or experienced a decline in FEV, value of at least
15% from baseline or reached a dose of 325 mg of aspirin without evidence
of reaction symptoms. Participants were observed for a 3-hour period
following the onset of their reaction, with serial measurements of lung
function and TNSS+ and collection of blood, urine, and nasal samples
(Fig 1, B). Participants who wished to take daily aspirin therapy after desen-
sitization continued to escalate aspirin to the target dose after the 3-hour obser-
vation period.
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Specimen procurement and laboratory procedures

For the aspirin challenge visit, blood was drawn the morning before
administration of aspirin and 1 hour after the onset of the aspirin-induced
reaction. Platelet-rich plasma was obtained from the top layer of blood
samples after a 20-minute centrifuge at 200 g. Monitoring of platelet
activation in platelet-rich plasma and quantifying of platelet-leukocyte aggre-
gates in whole blood was performed as previously described,”” by flow cytom-
etry with antibodies specific for CD61, CD62P, CD45, CD14, and CCR3 or
isotype controls. Analyses were completed with FlowJo software, version
10 (TreeStar, Ashland, Ore). CD45™ leukocytes were classified as eosinophils
(CCR3™ granulocytes), neutrophils (CCR3™ granulocytes), monocytes
(CD14™), and lymphocytes. The presence of adherent platelets was deter-
mined by the relative expression of CD61 on each cell type.

For the aspirin challenge visit, urine samples were collected before the
administration of aspirin, again at the onset of the aspirin-induced reaction,
and 90 and 180 minutes later. Nasal fluid was collected before
aspirin administration, at the onset of the reaction, and 60 minutes later.
Urinary and nasal eicosanoids were measured by mass spectrometry at
Vanderbilt University (urine) and the LIPID MAPS Lipidomics Core at
the University of California, San Diego (nasal fluid), as previously
described.”*”!

Serum was assayed by ELISA for P-selectin (R&D Systems, Minneapolis,
Minn), high mobility group box 1 (HMGB1) (MyBioSource, San Diego,
Calif), and CXCL4 and CXCL7 (Abcam, Waltham, Mass), and serum and
nasal fluid were assayed for soluble IL-1 receptor-like 1 (ST2) (R&D
Systems).

In a separate set of experiments, patients with AERD or chronic
rhinosinusitis without nasal polyposis (CRSsNP) who did not participate in
the clinical trial but were undergoing elective sinus surgery had sinus tissue
collected during surgery (samples collected from August 2018 to July 2022),
from which nasal fibroblasts were cultured. The nasal polyp or sinus tissue
excised at surgery was minced and incubated in RPMI medium with 10% FBS
and 1X trypsin at 37°C for 30 minutes. The cell suspension was washed and
centrifuged, and the cell pellet was resuspended at a concentration of
3 X 10° cells/mL and snap-frozen for storage. Cells were thawed for experi-
ments in a 37° water bath and resuspended in 10 mL of RPMI medium with
10% FBS and 1% penicillin-streptomycin and transferred to a 25-mL flask.
Cells were passaged when they reached confluency and were used for assays
between passages 3 and 5. Fibroblasts were starved for 24 hours in RPMI me-
dium without FBS before stimulation and were stimulated 24 hours after seed-
ing at a concentration of 2 X 10° cells/mL with IL-1 B (Abcam) and/or the TP
agonist U46619 (Cayman Chemical, Ann Arbor, Mich). Supernatants were
assayed by ELISA for PGE, and the PGI, metabolite 6-keto prostaglandin
Fi. (6-keto PGF,) (both from Cayman Chemical).

Western blotting was performed on whole cell lysates, with 2 X 10* cells
loaded per lane, by using a polyclonal antibody for detection of COX-2
(Cayman Chemical). RNA was extracted from the fibroblast cultures with
TRI Reagent (Qiagen, Hilden, Germany) and converted to cDNA by using
the RT2 First Strand Kit (Qiagen). Expression of thromboxane A2 receptor
(TBXAZ2R) transcript was examined by using RT2 SYBR Green qPCR Master
Mix (Qiagen) and normalized to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (primers from Qiagen).

Outcomes

The primary outcome compared the effect of 4 weeks of ifetroban versus
placebo on the provocative dose that caused a 2-point increase in TNSS+
(PD2) during an aspirin challenge. PD2 was calculated as follows:

(2—(PrevINSS—BaselineTNSS)) X (log,, ProvocDose—log,, PrevDose)
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FIG 2. Patient flow through the study.

Participants who did not develop any clinically apparent reaction to aspirin
during an aspirin challenge were assigned a PD2 of 650, which is double the
maximum dose of aspirin given during the challenge.

Secondary outcomes included differences in the severity of
bronchoconstriction and change in urinary and nasal eicosanoids during the
aspirin-induced reaction while receiving ifetroban or placebo, as well as the
effect of 4 weeks of ifetroban on lung function, asthma control determined by
the Asthma Control Questionnaire 6, sinonasal symptom control determined
by the Sino-Nasal Outcome Test (SNOT-22), and fractional exhaled nitric
oxide. Additional predefined outcomes included changes in platelet activation
and nasal and serum tryptase levels.

Randomization

Randomization consisted of blocks of 4 patients randomly assigned
(allocation ratio 1:1) to ifetroban or placebo. Matching capsules of ifetroban
and placebo were supplied by Cumberland Pharmaceuticals (Nashville, Tenn)
and provided to the Brigham and Women’s Hospital Investigational Drugs
Service pharmacy for storage and distribution. The Investigational Drugs
Service conducted the randomization and kept records to maintain study
blinding.

Blinding

All participants, clinical care providers, and research staff were kept
blinded as to intervention, and all clinical trial biologic analyses were
performed in a blinded manner.

inverse log (

(MaxTNSS—BaselinTNSS) — (PrevTNSS —BaselinTNSS)

+ (logyo PrevDose))
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Ifetroban Placebo
Characteristic (n = 18) (n = 18) P value
Age (y), mean = SD 41 £ 12 48 = 12 13
Sex (female), no. (%) 11 (61%) 7 (39%) 18
Race, no. (%)

White 16 (89%) 16 (89%) 1*

Black 1 (6%) 1 (6%)

Asian 1 (6%)

Other 1 (6%) 0
Ethnicity, no. (%)

Hispanic 2 (11%) 2 (11%) 1*
FEV, value (L), mean = SD 3.38 = 0.89 347 = 097 a7
FEV, predicted value (%), mean * SD 96.27 + 10.86 95.13 £ 12.58 117
FVC (L), mean = SD 438 £ 1.18 4.61 = 1.17 .56
Feno level (ppb), mean = SD 41.06 = 49.78 36.78 = 27.17 75
Peripheral eosinophil level (cells/pL), mean = SD 306 * 283 415 = 276 25
Peripheral basophil level (cells/uL), mean = SD 60 = 28 90 = 14 37
ACQ-6 score, mean = SD 0.44 = 0.50 0.52 = 0.68 71
SNOT?22 score, mean = SD 18.39 £15.21 20.28 + 19.73 5
TNSS+, mean = SD 4.42 £5.72 5.5 = 4.64 .54
Any ICS, no. (%) 16 (89%) 16 (89%) 1
Low-dose ICS (<200 wg), no. (%) 2 (12.5%) 2 (12.5%) .93 (chi-squared)
Medium-dose ICS (201-500 pg), no. (%) 7 (43.8%) 6 (37.5%)

High-dose ICS (>500 pg), no. (%) 7 (43.8%) 8 (50%)
Long-acting [3-agonist, no. (%) 12 (66.7%) 12 (66.7%) 1
Long-acting muscarinic antagonist 0 1

FEno, Fractional exhaled nitric oxide; FVC, Forced vital capacity; ICS, inhaled corticosteroid.

*Fisher exact test.

Statistical methods

The study was powered to detect an effect of ifetroban on the PD2 during
aspirin challenge with a planned sample size of 40 (which provided 83%
power to detect a 3-fold shift in the PD2 between placebo and ifetroban at a .05
level of significance). Because of difficulty recruiting patients for a clinical
trial that required respiratory procedures during the COVID-19 pandemic, the
trial was terminated early and our final sample size was 35, with which we had
78.6% power to detect the prespecified effect size.

As prespecified, to account for the parallel (noncrossover) design, we used
a 2-sided 2-sample ¢ test for mean difference with unequal variance,
comparing the difference in PD2 between treatment with ifetroban and
placebo. For secondary outcomes, a 2-sided 2-sample ¢ test was also used to
compare change in outcomes during the reaction, as well as change in
outcomes versus at baseline for placebo and ifetroban.

RESULTS
Patients

A total of 38 potential participants were screened, 36 of whom
underwent randomization per protocol and 35 of whom
completed the trial (April 2018 to December 2021) and were
analyzed (Fig 2). The baseline characteristics of the patients who
were randomized are summarized in Table I.

Primary outcome

There was no difference between the mean PD2 for patients in
the ifetroban arm and those in the placebo arm (mean PD2 of
121 = 48 in the ifetroban arm vs mean PD2 of 142 * 46 in the
placebo arm [P =.763]) (Fig 3, A). Of the 35 patients with AERD
who completed the trial, 4 did not develop any clinically apparent
reaction to aspirin; of those 4 patients, 2 were receiving ifetroban

and 2 were receiving placebo, and they were assigned a PD2 of
650.

Secondary clinical outcomes

After 4 weeks of ifetroban or placebo, there were no significant
between-arm differences in change in FEV, value (-0.5% = 1.2
with placebo vs —-0.2% = 1.3 with ifetroban [P = .840]), Asthma
Control Questionnaire 6 score (—0.03 = 0.11 with placebo
vs +0.17 = 0.16 with ifetroban [P = .307]), 22-Item
Sino-Nasal Outcome Test score (2.0 * 2.3 with placebo
vs +1.5 = 3.0 with ifetroban [P = .353]), or fractional exhaled
nitric oxide level (3.4 = 3.0 with placebo vs +7.9 = 9.0 with
ifetroban [P = .246]) from visit 1 (baseline) to visit 2 (after 4
weeks of placebo or ifetroban).

During their aspirin challenge reactions at visit 2, the
participants in the ifetroban arm had a significantly greater
aspirin-induced increase in TNSS+ (+9.5 = 1.4 with placebo
vs +14.3 = 1.9 with ifetroban [P = .048]) and a greater
aspirin-induced decrease in FEV; value (-8.4% * 2.1% with
placebo vs —18.8% = 3.6% with ifetroban [P = .017]) than did
the participants in the placebo arm (Fig 3, B and C). There was
no difference between the doses of aspirin that provoked reactions
for patients in the ifetroban arm and those that provoked reactions
for patients in the placebo arm.

Effect of ifetroban on mechanistic outcomes

After 4 weeks of ifetroban, participants had significantly
increased urinary leukotriene E, (LTE,) levels (+0.06 = 0.04
ng/mg of creatinine [Cr] with placebo vs +0.70 £ 0.27 ng/mg
of Cr with ifetroban [P = .029]) (Fig 4, A) and decreased
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nasal PGE, levels (-0.74 = 0.77 pmol/mL with placebo vs
-3.48 = 0.97 pmol/mL with ifetroban [P = .034]) (Fig 4, G)
from visit 1 to visit 2 compared with the levels in the participants
who received placebo. Nasal LTE, levels (Fig 4, E) and urinary
levels of the PGE, metabolite (Fig 4, C) did not change. Neither
nasal PGD, nor urinary PGD, metabolite (Fig 4, B and F) nor
nasal or urinary levels of thromboxane B, (TXB,), the stable
metabolite of TXA,, (Fig 4, D and H) changed from visit 1 to visit
2 regardless of whether the participants were receiving the study
drug or placebo.

During their aspirin challenge reactions at visit 2, the
participants taking ifetroban had significantly higher aspirin-
induced increases in urinary TXB, level (-0.07 = 0.14 ng/mg
of Cr with placebo vs +0.55 = 0.25 ng/mg of Cr with ifetroban

[P = .035]) and nasal TXB, level (-0.15 = 0.18 pmol/mL with
placebo vs +0.49 = 0.24 pmol/mL with ifetroban [P = .040])
(Fig 5, D and H) and trended toward a higher aspirin-induced in-
crease in urinary LTE, level (+0.15 = 0.10 ng/mg of Cr
with placebo vs +0.72 = 0.30 ng/mg of Cr with ifetroban
[P =.091]) (Fig 5, A), nasal LTE, level (Fig 5, E), and urinary
PGD, metabolite level (Fig 5, B) than did those participants
who received placebo. The changes in urinary PGE, metabolite
and nasal PGE, levels during reactions were no different between
the placebo and ifetroban arms (Fig 5, C and G). During the
aspirin reactions, the peak aspirin-induced level of urinary
TXB, was correlated with the peak level of urinary LTE4
(but only for participants in the ifetroban arm [r = 0.578;
P = .033]); it was not significantly correlated for the placebo
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FIG 5. Effect of ifetroban on urinary and nasal eicosanoid levels during reaction to aspirin. Aspirin-induced
maximum change from pre-aspirin baseline in urinary (top row) and nasal (bottom row) eicosanoid levels
[LTE4 (A, E), PGD2 (B, F), PGE2 (C, G), and TXB2 (D, H)] during aspirin-induced reactions are shown for par-
ticipants in the placebo and ifetroban treatment arms. P values compare delta between the placebo and ife-

troban treatment arms.

arm (Fig 6, A and B). Similarly, the peak aspirin-induced level of
urinary TXB, was strongly correlated with the peak level of uri-
nary PGD-M for participants taking ifetroban (r = 0.833;
P = .0004) but only weakly correlated for participants in the
placebo arm (Fig 6, C and D).

One month of ifetroban treatment did not significantly affect
baseline or aspirin-induced changes in nasal or serum tryptase
levels, circulating platelet-leukocyte aggregates, peripheral blood
platelet expression of CD62P, blood eosinophil or basophil
counts, nasal HMGBI levels, nasal or serum soluble ST2 levels,
or serum CXCL4 or CXCL7 levels (data not shown). During their
aspirin challenge reactions at visit 2, the participants taking
ifetroban displayed an aspirin-induced increase in serum
P-selectin levels from baseline, whereas the participants in
the placebo group did not (-6.1 = 4.2 ng/mL with placebo
vs +4.8 = 3.0 ng/mL with ifetroban [P =.045]) (see Fig E1 in the
Online Repository at www.jacionline.org).

Prostanoid production from cultured nasal
fibroblasts

When stimulated for 24 hours with IL-13 alone, cultured hu-
man nasal fibroblasts from patients with AERD produced less
PGE, than did those from patients with CRSsNP (16 = 68 ng/
mL and 93 * 32 ng/mL, respectively [P = .048]). However, the
AERD-derived fibroblasts showed a dose-dependent increase in
PGE, production following the addition of U46619, a TP receptor
agonist, whereas addition of U46619 to the CRSsNP-derived
fibroblasts did not further increase their IL-1B3—induced PGE,
production (Fig 7, A). AERD-derived fibroblasts also produced
less PGI, (as reflected by the PGI, metabolite 6-keto PGF,,)
than did those from patients with CRSsNP when

stimulated for 24 hours with IL-1§ alone (3.3 = 1.3 ng/mL and
18.1 = 4.9 ng/mL, respectively [P = .019]). Both sets of
fibroblasts showed a dose-dependent increase in 6-keto PGF,
production following the addition of U46619 (Fig 7, B and D).
AERD-derived fibroblasts demonstrated a dose-dependent
U46619-induced increased in COX-2 protein when assessed by
Western blot (see Fig E2 in the Online Repository at
www.jacionline.org). TP  receptor mRNA  expression
levels were similar in the fibroblasts from the 2 groups
(0.00089 = 0.00034 in AERD-derived fibroblasts [n = 6 samples]
and 0.00065 %+ 0.00007 in CRSsNP-derived fibroblasts [n = 4
samples], corrected for GAPDH [mean *= SE]).

Safety

Adverse events were categorized according to the Common
Terminology Criteria for Adverse Events, version 5.0. Systemic
reaction to aspirin challenge with extrapulmonary symptoms was
categorized as such according to the definition outlined in the
study protocol. The number of total and severe adverse events was
similar between the placebo arm and the ifetroban arm, with no
significant differences (see Table E1 in the Online Repository at
www.jacionline.org). No patients withdrew their participation
owing to any ifetroban-related adverse events.

DISCUSSION

The steady-state overproduction of cysLTs and the
“unbraking” phenomenon induced by aspirin are features unique
to AERD. Both are thought to reflect impaired production of
COX-2—-derived PGE, by stromal cells, which renders patients
with AERD susceptible to depletion of PGE, in response to a
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FIG 6. Relationship between urinary eicosanoid levels during aspirin-induced reactions. Correlation
between peak urinary TXB, and peak urinary LTE, and urinary PGD metabolite levels during the
aspirin-induced reaction are shown for participants in the ifetroban (A and C [triangles]) and placebo

(B and D [circles]) arms.

low (COX-1-selective) aspirin dose. Deletion of microsomal
PGE, synthase 1, the dominant enzyme that converts COX-2—
derived PGH, to PGE,, in a murine model decreases PGE, levels
in the lung by approximately 80% and reproduces many features
of AERD, including high levels of activated platelets, aspirin-
induced changes in airway resistance, activation of mast cells,
and increases in both cysLTs and PGD, levels, supporting the
pathogenetic importance of PGE, in controlling multiple effector
pathways. The involvement of TP receptors in PGD,-induced
bronchoconstriction” and activations of both platelets and
endothelial cells,"* combined with the profoundly inhibitory
effect of TP antagonism with ifetroban in our preclinical murine
model,'® prompted this proof-of-concept study in a cohort of
carefully phenotyped patients with AERD.

Reactions to COX-1 inhibition in patients with AERD can
include both sinonasal symptoms (congestion, sneezing, ocular
discharge, and itching) and lower airway obstruction, all of which
involve cysLTs and mast cell activation.” These reactions
typically occur at a provocative dose of 160 mg of aspirin or
less (a dose predicted to deplete COX-1-derived prostaglandins).
We used PD2, a parameter that measures the threshold dose at
which a reaction to aspirin would occur, as our primary outcome

in participants treated for 4 weeks with ifetroban vs placebo
before standardized challenge with oral aspirin. Although we
were not able to reach our planned sample size of 40, our final
sample size of 35 allowed our analyses to be sufficiently robust
to make us confident that the primary outcome would not have
been different had the full sample size of 40 participants
completed the study. Ifetroban was safe and well tolerated, and
it did not change baseline (pre-aspirin) lung function or sinonasal
symptoms. Although treatment with ifetroban did not change
PD2, patients treated with ifetroban unexpectedly displayed
more severe aspirin-induced reactions, as evidenced by both
significantly greater increments in TNSS+ and greater decreases
in FEV| value (Fig 3). These findings prompted us to examine
potential ifetroban-induced changes in lipid mediator
homeostasis.

Previous studies demonstrated that steady-state levels of
urinary LTE,, the stable metabolite of the cysLTs, are correlated
with the severity of clinical reactions to aspirin challenges in
patients with AERD.'’**** Accordingly, we found that urinary
LTE, levels rose significantly from visit 1 to visit 2 in participants
treated with ifetroban but did not change in the placebo group
(Fig 4, A). Steady-state LTE, overproduction in AERD may
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FIG 7. Prostanoid production by cultured nasal fibroblasts. Fibroblasts
cultured from surgically excised nasal tissue from patients with AERD
(n = 5 [white columns]) or CRSsNP (n = 5 [lined columns]) were stimulated
with or without IL-18 and the TP receptor agonist U46619 for 24 hours.
Levels of PGE, (A) and the PGI, metabolite 6-keto PGF1a (B) were measured
by ELISA in the supernatants.

reflect insufficient PGE,-induced signaling by EP, receptors
expressed by several cysLT-producing cell types (eg, mast cells,
eosinophils, platelet-adherent granulocytes).'” Remarkably, nasal
fluid levels of PGE, declined significantly (by ~60%) in response
to a month of ifetroban therapy (Fig 4, G) without a corresponding
change in urinary PGE, metabolite level. Collectively, these
findings suggest that TP signaling may play an unanticipated
regulatory role in maintaining PGE, production in the respiratory
tract in AERD but not in nonrespiratory locations (such as the
kidney or urinary bladder, which have high expression of PGE
synthase) that contribute substantially to the urinary
measurement.

Mast cell activation plays a major role in driving both changes
in airway physiology and lipid mediator levels during reactions to
aspirin in AERD, particularly levels of cysLTs and PGD,, the
major mast cell-derived COX pathway product. Importantly,
COX-2 mRNA expression is downregulated in multiple
PGE,-generating stromal cell types in nasal polyps and likely
accounts for the abnormally low levels of PGE, (which is
predominantly COX-2—dependent and derived from stromal
cells) found in the respiratory tract of patients with AERD." In
contrast, COX-2 expression by mast cells is upregulated in nasal
polyps,”” potentially accounting for the lack of suppression of
PGD, production at the lower COX-1-specific aspirin doses
that induce reactions in AERD. Moreover, mast cells in nasal
polyp tissue, regardless of aspirin tolerance, strongly express
thromboxane synthase transcripts,”> suggesting that through
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metabolism of their COX-2—derived PGH, intermediate, they
are likely to be a source of TXA,, which may resist suppression
during reactions to aspirin. Nasal and urinary levels of TXB,
rose in participants treated with ifetroban (Fig 5, D and H), but
not in those treated with placebo; 1 explanation for this difference
is that in the ifetroban arm the reduction of TP-dependent
production of PGE, and PGI, may have led those respiratory
mast cells toward a more activated state. The fact that the peak
levels of urinary TXB, were correlated with peak urinary LTE,
and PGD-M levels (Fig 6), both of which tended to be higher in
the ifetroban group (Fig 5, A and B), suggests that mast cells
are the major sources of all 3 mediators and are highly susceptible
to removal of the residual PGE, “brake” during aspirin challenge.
The increase in serum soluble P-selectin levels that was observed
during reactions in the ifetroban group in our study (see Fig E1)
could reflect an impact of the mast cell-derived cysLTs at type
2 cysLT receptors, which are not blocked by montelukast and
can drive P-selectin expression by endothelial cells.”®

When stimulated with IL-1(3, sinonasal fibroblasts cultured
from AERD tissues display weak induction of COX-2 expression
and blunted production of PGE, compared with cells from control
tissues.*?’ This induction pathway requires autocrine
amplification of COX-2 expression by PGE, signaling through
EP;, receptors. The diminished expression of EP, receptors by
fibroblasts from patients with AERD impairs the function of
this pathway,27 revealing substantial differences between
sinonasal fibroblasts from subjects with and without AERD.
Transgenic overexpression of EP, receptors corrects COX-2
expression and PGE, production in AERD fibroblasts, implying
a pivotal role of EP, receptors in maintaining PGE, production.”
Previously, platelets were shown to elicit COX-2 expression and
the production of PGE, and PGI, by human endothelial cells
ex vivo by a pathway requiring platelet-derived TXA, and
endothelial TP receptors.'* Notably, a review of our single-cell
RNA sequencing data from nasal tissue revealed that endothelial
cells and fibroblasts were the principal cell types that express
TBXA2R, encoding TP receptors, as well as prostaglandin E
synthase (PTGES) and prostaglandin I2 synthase (PTGIS).>
Additionally, a lipidomic analysis supernatants from
IL-1B3-stimulated fibroblasts from patients with CRSsNP
revealed both PGE, and PGI, metabolites but no thromboxane
metabolites (data not shown). We found that, consistent with
the literature,”® cultured polyp fibroblasts from patients with
AERD generated significantly less PGE, than did control fibro-
blasts from individuals with CRSsNP when activated by IL-13
(Fig 7, A). Remarkably, however, costimulation with U46119, a
selective TP receptor agonist that is blocked by ifetroban,”’
markedly potentiated the IL-1p-induced production of PGE, by
fibroblasts from patients with AERD but not by control cells
from patients with CRSsNP, which may have reached their
maximum plateau with IL-1$3 alone (Fig 7, A). Additionally, TP
receptor stimulation dramatically (~10-fold) potentiated the
production of PGI, by fibroblasts from patients with AERD while
also doubling PGI, generation by control fibroblasts (Fig 7, B).
Whereas PGE, stabilizes mast cells and attenuates 5-LO
activation, PGI, suppresses platelet activation and blocks
cytokine generation and expansion of group 2 innate lymphoid
cells.”® PGI, is highly unstable and challenging to measure, and
although the levels of its metabolites were below the limits of
detection in nasal fluids, it is tempting to speculate that low levels
of COX-2-dependent PGI, production may be another factor
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permitting excessive inflammation in AERD. Moreover, our data
suggest that TP receptor signaling provides an accessory pathway
that can partially compensate for the impairment of the IL-13/
PGE,/EP, amplification loop for COX-2 induction in stromal
cells that may underlie AERD. Moreover, the TP pathway likely
requires paracrine signaling because fibroblasts do not generate
TXA,. Blockade of this accessory pathway likely accounts for
the unexpected effects of TP antagonism in our study and could
be an additional factor (by blocking platelet COX-1 and TXA,
production by other cells) contributing to the unbraking phenom-
enon during aspirin-induced reactions in patients with AERD.

Interestingly, as in our previous study using the antiplatelet
agent prasugrel (which blocks the adenosine diphosphate-specific
P2Y,, receptor), ifetroban had no impact on indices of platelet
activation.”’ Prasugrel, unlike ifetroban, had no impact on lipid
mediators, likely because P2Y, receptors (unlike TP receptors)
cannot affect COX induction pathways in stromal cells. Although
P2Y, and TP receptor signaling pathways both amplify platelet
activation in response to a wide array of stimuli, they do not affect
the aberrantly high levels of platelet activation in AERD, the basis
of which remains to be determined.'”"'

It is important to note that the effects of blocking TP receptors
in AERD are entirely different from the protective effects
predicted from our mouse model.'® Although species differences
are always possible explanations, we suspect that the use of a
mouse with a deletion in the terminal enzyme needed to convert
COX-2—derived PGH, to PGE, eliminates the potential reliance
on TP-driven COX-2 expression and potentiation of protective
PGE, by stromal cells. Therefore, the important contribution of
TP-dependent PGE, production noted in our human nasal
fibroblast experiments (and uncovered by ifetroban treatment in
our participants with AERD) was absent in our preclinical murine
model of AERD, as PGE, production is already nearly fully
suppressed in the mice. Further, as pretreatment with montelukast
(an inhibitor of the type 1 cysLT receptor) is considered a safety
requirement before aspirin challenge in patients with AERD, all
of our participants were taking montelukast daily throughout
the study. The combined inhibition of TP receptors and the type
1 cysLT receptor may have had unanticipated effects’ in our
participants that were not elucidated with the mouse model.
Although animal models are useful tools for discovering potential
immunologic disease mechanisms, it is essential to study the
native disease in humans, in whom the pathogenic perturbations
are both more subtle and more complex than they are in a
gene-deleted animal.

Clinical implications: TP inhibition with ifetroban is well
tolerated in patients with AERD but may worsen their

aspirin-induced reactions, likely owing to ifetroban’s inhibition
of PGE,; and increase in cysteinyl leukotriene level.

REFERENCES

1. Rajan JP, Wineinger 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.el.

2. Israel E, Fischer AR, Rosenberg MA, Lilly CM, Callery JC, Shapiro J, et al. The
pivotal role of 5-lipoxygenase products in the reaction of aspirin-sensitive asth-
matics to aspirin. Am Rev Respir Dis 1993;148:1447-51.

3. Dahlen B, Nizankowska E, Szczeklik A, Zetterstrom O, Bochenek G, Kumlin M,
et al. Benefits from adding the 5-lipoxygenase inhibitor zileuton to conventional ther-
apy in aspirin-intolerant asthmatics. Am J Respir Crit Care Med 1998;157:1187-94.

=)

20.

21.

22.

23.

24.

25.

26.

J ALLERGY CLIN IMMUNOL
mmm 2023

. Roca-Ferrer J, Garcia-Garcia FJ, Pereda J, Perez-Gonzalez M, Pujols L, Alobid I,

et al. Reduced expression of COXs and production of prostaglandin E(2) in pa-
tients with nasal polyps with or without aspirin-intolerant asthma. J Allergy Clin
Immunol 2011;128:66-72.

. Luo M, Jones SM, Flamand N, Aronoff DM, Peters-Golden M, Brock TG. Phos-

phorylation by protein kinase a inhibits nuclear import of 5-lipoxygenase. J Biol
Chem 2005;280:40609-16.

. Feng C, Beller EM, Bagga S, Boyce JA. Human mast cells express multiple EP

receptors for prostaglandin E2 that differentially modulate activation responses.
Blood 2006:107:3243-50.

. Underwood DC, Muccitelli RM, Luttmann MA, Hay DW, Torphy TJ, Wasserman

MA. Differential antagonism of airway contractile responses to prostaglandin (PG)
D2 and 9 alpha, 11 beta-PGF2 by atropine, SK&F 88046 and SQ 29,548 in the
guinea pig. J Pharmacol Exp Ther 1994;268:304-10.

. Allen IC, Hartney JM, Coffman TM, Penn RB, Wess J, Koller BH. Thromboxane

A2 induces airway constriction through an M3 muscarinic acetylcholine receptor-
dependent mechanism. Am J Physiol Lung Cell Mol Physiol 2006;290:1.526-33.

. Saroea HG, Inman MD, O’Byrne PM. U46619-induced bronchoconstriction in

asthmatic subjects is mediated by acetylcholine release. Am J Respir Crit Care
Med 1995;151:321-4.

. Cyphert JM, Allen IC, Church RJ, Latour AM, Snouwaert JN, Coffman TM, et al.

Allergic inflammation induces a persistent mechanistic switch in thromboxane-
mediated airway constriction in the mouse. Am J Physiol Lung Cell Mol Physiol
2012;302:L140-51.

. Safholm J, Manson ML, Bood J, Delin I, Orre AC, Bergman P, et al. Prostaglandin

E2 inhibits mast cell-dependent bronchoconstriction in human small airways
through the E prostanoid subtype 2 receptor. J Allergy Clin Immunol 2015;136:
1232-9.el.

. Biringer RG. A review of prostanoid receptors: expression, characterization, regu-

lation, and mechanism of action. J Cell Commun Signal 2021;15:155-84.

. Liu T, Garofalo D, Feng C, Lai J, Katz H, Laidlaw TM, et al. Platelet-driven leuko-

triene C4-mediated airway inflammation in mice is aspirin-sensitive and depends
on T prostanoid receptors. J Immunol 2015;194:5061-8.

. Caughey GE, Cleland LG, Gamble JR, James MJ. Up-regulation of endothelial

cyclooxygenase-2 and prostanoid synthesis by platelets. Role of thromboxane
A2.J Biol Chem 2001;276:37839-45.

. Laidlaw TM, Kidder MS, Bhattacharyya N, Xing W, Shen S, Milne GL, et al. Cys-

teinyl leukotriene overproduction in aspirin-exacerbated respiratory disease is
driven by platelet-adherent leukocytes. Blood 2012;119:3790-8.

. Liu T, Laidlaw TM, Katz HR, Boyce JA. Prostaglandin E2 deficiency causes a

phenotype of aspirin sensitivity that depends on platelets and cysteinyl leukotri-
enes. Proc Natl Acad Sci U S A 2013;110:16987-92.

. Cahill KN, Bensko JC, Boyce JA, Laidlaw TM. Prostaglandin D: a dominant medi-

ator of aspirin-exacerbated respiratory disease. J Allergy Clin Immunol 2015;135:
245-52.

. DeGregorio GA, Singer J, Cahill KN, Laidlaw T. A 1-day, 90-minute aspirin chal-

lenge and desensitization protocol in aspirin-exacerbated respiratory disease.
J Allergy Clin Immunol Pract 2019;7:1174-80.

. Staso PJ, Wu P, Laidlaw TM, Cahill KN. Scoring tool for systemic symptoms dur-

ing aspirin challenge detects mediator production in aspirin-exacerbated respira-
tory disease. Ann Allergy Asthma Immunol 2021;127:131-3.

Laidlaw TM, Cahill KN, Cardet JC, Murphy K, Cui J, Dioneda B, et al. A trial of
type 12 purinergic (P2Y(12)) receptor inhibition with prasugrel identifies a poten-
tially distinct endotype of patients with aspirin-exacerbated respiratory disease.
J Allergy Clin Immunol 2019;143:316-24.¢7.

Buchheit KM, Sohail A, Hacker J, Maurer R, Gakpo D, Bensko JC, et al. Rapid
and sustained effect of dupilumab on clinical and mechanistic outcomes in
aspirin-exacerbated respiratory disease. J Allergy Clin Immunol 2022;150:415-24.
Beasley RC, Featherstone RL, Church MK, Rafferty P, Varley JG, Harris A, et al.
Effect of a thromboxane receptor antagonist on PGD2- and allergen-induced bron-
choconstriction. J Appl Physiol (1985) 1989;66:1685-93.

Daffern PJ, Muilenburg D, Hugli TE, Stevenson DD. Association of urinary leuko-
triene E4 excretion during aspirin challenges with severity of respiratory responses.
J Allergy Clin Immunol 1999;104:559-64.

Jerschow E, Edin ML, Chi Y, Hurst B, Abuzeid WM, Akbar NA, et al. Sinus sur-
gery is associated with a decrease in aspirin-induced reaction severity in patients
with aspirin exacerbated respiratory disease. J Allergy Clin Immunol Pract 2019;
7:1580-8.

Ordovas-Montanes J, Dwyer DF, Nyquist SK, Buchheit KM, Vukovic M, Deb C,
et al. Allergic inflammatory memory in human respiratory epithelial progenitor
cells. Nature 2018;560:649-54.

Hui Y, Cheng Y, Smalera I, Jian W, Goldhahn L, FitzGerald GA, et al. Directed
vascular expression of human cysteinyl leukotriene 2 receptor modulates endothe-
lial permeability and systemic blood pressure. Circulation 2004;110:3360-6.

Downloaded for Anonymous User (n/a) at Brigham and Women's Hospital from ClinicalKey.com by Elsevier on June 05,
2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0091-6749(23)00457-8/sref1
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref1
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref1
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref2
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref2
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref2
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref3
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref3
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref3
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref4
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref4
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref4
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref4
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref5
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref5
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref5
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref6
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref6
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref6
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref7
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref7
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref7
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref7
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref8
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref8
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref8
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref9
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref9
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref9
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref10
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref10
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref10
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref10
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref11
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref11
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref11
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref11
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref12
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref12
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref13
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref13
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref13
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref14
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref14
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref14
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref15
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref15
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref15
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref16
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref16
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref16
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref17
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref17
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref17
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref18
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref18
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref18
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref19
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref19
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref19
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref20
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref20
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref20
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref20
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref21
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref21
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref21
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref22
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref22
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref22
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref23
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref23
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref23
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref24
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref24
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref24
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref24
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref25
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref25
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref25
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref26
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref26
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref26

J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER =m

27.

28.

29.

Cahill KN, Raby BA, Zhou X, Guo F, Thibault D, Baccarelli A, et al. Impaired E
prostanoid2 expression and resistance to prostaglandin E2 in nasal polyp fibroblasts
from subjects with aspirin-exacerbated respiratory disease. Am J Respir Cell Mol
Biol 2016;54:34-40.

Machado-Carvalho L, Martin M, Torres R, Gabasa M, Alobid I, Mullol J, et al.
Low E-prostanoid 2 receptor levels and deficient induction of the IL-1beta/IL-1
type 1 receptor/COX-2 pathway: patients  with
aspirin-exacerbated respiratory disease. J Allergy Clin Immunol 2016;137:
99-107.

Mitchell R, Frederick NE, Holzman ER, Agobe F, Allaway HCM, Bagher P.
Ifetroban reduces coronary artery dysfunction in a mouse model of

vicious circle in

30.

31.

32.

LAIDLAW ET AL 11

Duchenne muscular dystrophy. Am J Physiol Heart Circ Physiol 2021;321:
H52-h8.

Zhou W, Toki S, Zhang J, Goleniewksa K, Newcomb DC, Cephus JY, et al.
Prostaglandin 12 signaling and inhibition of group 2 innate lymphoid cell
responses. Am J Respir Crit Care Med 2016;193:31-42.

Mitsui C, Kajiwara K, Hayashi H, Ito J, Mita H, Ono E, et al. Platelet activation
markers overexpressed specifically in patients with aspirin-exacerbated respiratory
disease. J Allergy Clin Immunol 2016;137:400-11.

Kahnt AS, Rorsch E, Diehl O, Hofmann B, Lehmann C, Steinbrink SD, et al.
Cysteinyl leukotriene-receptor-1 antagonists interfere with PGE2 synthesis by
inhibiting mPGES-1 activity. Biochem Pharmacol 2013;86:286-96.

Downloaded for Anonymous User (n/a) at Brigham and Women's Hospital from ClinicalKey.com by Elsevier on June 05,
2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0091-6749(23)00457-8/sref27
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref27
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref27
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref27
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref28
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref28
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref28
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref28
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref28
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref29
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref29
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref29
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref29
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref30
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref30
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref30
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref31
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref31
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref31
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref32
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref32
http://refhub.elsevier.com/S0091-6749(23)00457-8/sref32

11.e1 LAIDLAW ET AL J ALLERGY CLIN IMMUNOL
mmm 2023

0.045

|

)
Ez '
S 20 vV
CS .:o v
2% T Lasal v
o C °® v
5 3 .
a $ -20 .
E X
:CU
S = 40-
(}; °

T T

Placebo Ifetroban

FIG E1. Serum P-selectin levels during reaction. Aspirin-induced change in
serum P-selectin levels from pre-aspirin baseline, as measured by ELISA,
are shown for participants receiving placebo and ifetroban. P values
compare A between the placebo and ifetroban treatment arms.
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FIG E2. COX-2 protein in cultured nasal fibroblasts. Fibroblasts cultured from surgically excised nasal tissue
from patients with AERD were stimulated with or without IL-18 and the TP receptor agonist U46619 for
24 hours, after which levels of COX-2 protein were assessed by Western blot. A representative blot from
a patient with AERD is shown (A), with summarized data from 6 patients with AERD shown as quantified
by ImageJ software (B).
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TABLE E1. Adverse events
Adverse event Ifetroban Placebo
Before aspirin challenge (screening through the morning of visit 2), no.

Total adverse events reported 6 5
Bruising, grade 1 1 0
Constipation, grade 1 1 0
Ear pain, grade 1 0 1
Eye disorder: stye, grade 1 1 0
Nasal congestion, grade 1 0 1
Otitis media, grade 2 1 0
Rash maculopapular, grade 1 0 1
Sinus disorder (bloody nose), grade 1 1 0
Upper respiratory infection, grade 2 0 2
Vomiting, grade 1 1 0

During/after aspirin challenge (visit 2 and follow-up), no.
Total adverse events reported 6 6
Lower gastrointestinal hemorrhage, grade 1 0 1
Lung infection (influenza B-related pneumonia), grade 2 1 0
Pregnancy in participant partner, grade 1 0 1
Rash, maculopapular, grade 1 0 1
Stomach pain, grade 1 0 1
Systemic reaction to aspirin challenge with extrapulmonary symptoms 3 2
Wheezing, grade 1 2 0

All events that occurred after randomization through 2 weeks after the aspirin challenge/desensitization (follow-up period) were included. Data listed are numbers of participants
reporting each type of adverse event.

Downloaded for Anonymous User (n/a) at Brigham and Women's Hospital from ClinicalKey.com by Elsevier on June 05,
2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



	Trial of thromboxane receptor inhibition with ifetroban: TP receptors regulate eicosanoid homeostasis in aspirin-exacerbate ...
	Methods
	Study design
	Participants
	Clinical procedures
	Specimen procurement and laboratory procedures
	Outcomes
	Randomization
	Blinding
	Statistical methods

	Results
	Patients
	Primary outcome
	Secondary clinical outcomes
	Effect of ifetroban on mechanistic outcomes
	Prostanoid production from cultured nasal fibroblasts
	Safety

	Discussion
	References


