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20 Abstract The effect of aspirin desensitization (AD) on immunologic profile of patients with AERD
21 has been poorly understood. This study is aimed at investigating the effect of AD on clinical and
22 immunological markers of patients with AERD. This randomized double-blind placebo-controlled
23 trial comprised 34 adult patients (67.6% female) with chronic rhinosinusitis, nasal polyps, and
24 aspirin-intolerant asthma. The active group underwent AD over a 2-day period with increasing
25 doses of aspirin (60, 125, 325, and 625 mg), followed by receiving aspirin 625 mg twice daily for
26 6 months. Symptom scores and medication needs of patients with AERD who have undergone AD
27 were significantly lower compared to the placebo group after 6 months (7.5 ± 3.5 vs. 10.6 ± 3.8
28 and 9.3 ± 2.0 vs. 11.0 ± 3.1, respectively, all p b 0.05). However, no significant difference was
29 observed in serum concentration of IL-10, IFN-γ, and TGF-β between two groups neither at baseline
30 nor at the end of study.
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36 1. Introduction

37 Aspirin-exacerbated respiratory disease (AERD) is character-
38 ized by chronic rhinosinusitis with nasal polyposis (CRSwNP),
39 asthma, and aspirin intolerance [1]. Aspirin-tolerant asthma
40 usually have an allergic basis and present in children [2],
41 while aspirin-intolerant asthma as a distinctive entity usu-
42 ally presents in adults who are non-allergic to the aero-
43 allergens and have genetic predisposition [3,4]. Aspirin
44 desensitization is indicated in patients with AERD who have
45 sub-optimally controlled asthma or sinusitis, those required
46 multiple revision polypectomies, and patients who require
47 cyco-oxygenase-1 (COX-1) inhibitors for anti-platelet thera-
48 py [5]. Aspirin desensitization may improve sinusitis, asthma
49 control, and quality of life the patients with AERD [5].
50 However, most reports in this regard were observational,
51 non-randomized, or non-controlled studies [6,7]. In addi-
52 tion, the exact mechanism of aspirin desensitization is still
53 unknown [3].
54 Inhibition of COX-1 pathway and abnormal shift toward
55 lipoxygenase pathway as well as eosinophil and mast cell
56 activation either by aspirin or non-steroidal anti-inflammatory
57 drugs (NSAIDS) have been supposed as the main pathologic
58 features of AERD [8]. Up-regulation of cysteinyl-leukotriene
59 (cys-LT) receptors has been reported in patients with AERD
60 [9]. In addition, the distinct immunophenotype of patients
61 with AERD may regulate expression of cys-LT receptors.
62 Expression of interleukin (IL)-4, IL-13, IL-5, and interferon
63 gamma (IFN-y) is significantly higher in nasal tissue samples of
64 patients with AERD compared to healthy subjects and those
65 with chronic sinusitis [10]. IL-4 induces up-regulation of cys-LT
66 receptors and IFN-y enhances the production and release of
67 cys-LTs [10]. IFN-y also induces eosinophil maturation [10] and
68 eosinophil cationic release following aspirin exposure [8].
69 IL-10 and transforming growth factor-beta (TGF-β) exert
70 anti-inflammatory roles and might be ameliorative of the
71 effects of IFN-y and IL-4 [11]. Increased levels of IL-10 and
72 TGF-β have been reported in patients with AERD [12,13]. It
73 might be a compensatory increase or it itself might be a risk
74 factor for promoting inflammation in sinuses and airway of
75 susceptible patients as supposed by Kim and his colleagues
76 [14]. Chronic aspirin exposuremay ameliorate IL-4 effects and
77 reduce IL-4 levels and thereby down-regulate cys-LT receptors
78 [15,16]. However, the exact mechanism of tolerance induc-
79 tion by aspirin desensitization is not yet well understood.
80 Here, we aimed at investigating the clinical efficacy and
81 safety of aspirin desensitization in patients with AERD. This
82 study is also aimed at investigating the effect of aspirin
83 desensitization on serum IL-10, TGF-β, and IFN-γ concentra-
84 tions in patients with AERD to shed light on mechanism of
85 aspirin desensitization.

86 2. Methods

87 2.1. Study design

88 This study is a parallel double-blind randomized clinical trial
89 (RDBCT) conducted on 34 subjects with CRSwNP, asthma,
90 and aspirin hypersensitivity. A total of 80 patients with
91 CRSwNP and asthma were screened for aspirin hypersensi-
92 tivity. CRSwNP [17] and asthma [18] were diagnosed and

93categorized in accordance with published guidelines. Aspirin
94challenge test was performed to establish the diagnosis
95of aspirin hypersensitivity [19]. A total of 39 patients
96with CRSwNP, asthma, and aspirin hypersensitivity were
97identified in screening. These 39 patients were monitored
98for 12 weeks prior to randomization to investigate asthma
99control and compliance of the patients to the monthly visits.
100Of them, 34 agreed to participate in the trial and they were
101randomized to active and placebo groups (Fig. 1). All the
102participants were visited at baseline, 1 month, and after
1036 months (at the end of study). Forced expiratory volume in
1041 second (FEV1), Sino-Nasal Outcome Test-22 (SNOT-22),
105symptom and medication scores were recorded at each visit.
106Computed tomographic (CT) scan and blood sampling for
107cytokine measurement were done at baseline and at the end
108of the study. All the patients were informed regarding the
109study protocols and possible adverse events and signed the
110informed consents. This study was done in accordance with
111the principles of the Helsinki Declaration. Appropriate insti-
112tutional review board and local ethics committee approved
113the study protocol. This study was registered in clinical
114trials.gov with identifier of “NCT01867281.”

1152.2. Eligibility criteria

116The inclusion criteria were (1) CRSwNP in accordance with
117endoscopic and CT findings, (2) stable asthma with no
118increase in baseline glucocorticoids for at least 3 months or
119no asthma attack in at least last 6 months, (3) aspirin
120hypersensitivity confirmed by a positive Intranasal Ketorolac
121and modified oral aspirin challenge test, and (4) age of
122greater than 18 years. Both sexes were eligible to partici-
123pate. Exclusion criteria were (1) smoking, (2) pregnancy or
124current breastfeeding, (3) history of bleeding diathesis and
125gastrointestinal bleeding, (4) history of ischemic heart
126disease, stroke, and diabetes, (5) history of abnormal liver
127function, and (6) uncontrolled hypertension.

1282.3. Intranasal Ketorolac and modified oral aspirin
129challenge test

130Intranasal Ketorolac and modified oral aspirin challenge test
131was performed to identify and recruit the patients with
132CRSwNP and asthma who were aspirin intolerant [5].
133Antihistamines, beta agonists, and corticosteroids were dis-
134continued for at least 48 hours prior to aspirin challenge
135test. The challenge was performed in 2 consecutive days. On
136the first day, 4 increasing doses of Ketorolac were admin-
137istered at 30-minute intervals. Subsequently, 2 doses of
13860 mg aspirin were used and spirometry was done before
139each dose of aspirin. Patients with FEV1 b 70% of the best
140prior value at the end of first day were excluded [20]. On the
141second day, two increasing doses of aspirin from 150 to
142325 mg were administered with a 180-minute interval and
143spirometry was repeated before each dose as needed to
144measure FEV1. Aspirin hypersensitivity was diagnosed if
145FEV1 decreased more than 20% of the baseline or 15–19%
146accompanied by naso-occular reactions, urticaria, or angio-
147edema. In each day of challenge test, patients were dis-
148charged from the clinic 3 hours after the last dose of aspirin.
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149 Finally, aspirin-intolerant patients were followed for
150 12 weeks as the washing out period prior to randomization.

151 2.4. Randomization and masking

152 Eligible patients were randomized with equal proportion into
153 active or placebo arms. Block randomization was performed
154 using a computer-generated list of random numbers. The
155 block size was 4. Neither of participants nor investigators was
156 aware of the arm assignments. The randomization list was
157 implemented by the unblinded study director (HE).

158 2.5. Interventions

159 With using 80 and 325 mg tablets of aspirin and a pill cutter,
160 capsules with different doses of aspirins were provided.
161 Similar capsules containing glucose were used as placebo for
162 use in placebo group. Besides study intervention, partici-
163 pants were allowed to take standard medications to control
164 their respiratory and naso-ocular symptoms.
165 Following randomization, active group underwent aspirin
166 desensitization as described previously [5]. The desensitiza-
167 tion was initiated by administrating the intranasal ketorolac
168 spray and aspirin capsules in 2 consecutive days. On the first
169 day, 4 increasing doses of Ketorolac were administered at
170 30-minute intervals. The placebo arm used placebo sprays
171 containing normal saline. Subsequently, 2 doses of 60 mg
172 aspirin at 90 minute intervals were used and spirometry was
173 done before each dose of aspirin. For the placebo arm,
174 similar placebo capsules containing sugar was used. On the
175 second day, two increasing doses of aspirin from 150 to
176 325 mg were administered with a 180-minute interval, and
177 spirometry was repeated before each dose as needed to
178 measure FEV1. Following initial 2 days of desensitization,
179 the active arm received 650 mg aspirin twice daily for
180 1 month and 325 mg twice daily for 6 months. The placebo
181 arm underwent similar procedure except that they received
182 capsules containing glucose instead of aspirin.

1832.6. Safety monitoring

184Patients were hospitalized for 2 days to monitor the un-
185predictable reactions during aspirin challenge and desensi-
186tization. Complete blood counts, alanine aminotransferase
187(ALT), prothrombin time (PT), and partial thromboplastin
188time (PTT) were assessed once prior to aspirin challenge test
189and once during run-in period. They were repeated after
190randomization only if a patient had symptoms relevant to a
191bleeding disorder or liver dysfunction. In addition, patients
192were asked for possible side effects in each visits and weekly
193phone contacts. Asthma exacerbations leading to emergency
194department visits during the study were recorded as asthma
195attacks.

1962.7. Clinical evaluations

197For sino-nasal-related quality of life, the patientswere assessed
198by SNOT-22 [21] at each visit (Supplementary file 1). Lower
199scores of SNOT-22 indicate higher quality of life of the patients
200with naso-ocular symptoms. In addition, an expert physician
201filled two tables scoring the symptoms andmedication needs of
202the patients, separately (supplementary file 2). FEV1 was
203measured using standard spirometry (SensorMedics, CA). Lower
204symptom andmedication scores denote to lower symptoms and
205medication needs.
206CT scan was obtained at baseline and at the end of study to
207calculate the Lund–Mackay score [22]. Briefly, opacification
208of each sinus and the ostiomeatal complex were scored from
209zero to two by an expert radiologist.

2102.8. Immunological evaluations

211Blood samples were taken at baseline and 6 months later at
212the end of study. The sera of all the participants were kept
213at −20 °Centigrade until the running of the assays. IL-10,
214IFN-γ and TGF-β were assessed using enzyme-linked immu-
215nosorbent assay (ELISA kit, Biosciences, United States) in

Figure 1 Study diagram.
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216 accordance to the manufacturer's instructions. Results of
217 cytokine assay were expressed as international unit per
218 milliliter (IU/ml). In addition, white blood cells, platelets,
219 and eosinophil counts were investigated.

220 2.9. Outcome measures

221 Primary outcome measures of this study include (1) effect of
222 aspirin desensitization on quality of life of the patients with
223 AERD, (2) effect of aspirin desensitization on anti-inflammatory
224 cytokines of IL-10, and TGF-β, and IFN-γ.
225 Secondary outcome measures of this study include effect
226 of aspirin desensitization on symptoms, Lund–Mackay score,
227 and lung function and medication needs of the patients with
228 AERD.

229 2.10. Statistical analysis

230 Statistical analysis was performed with Statistical Package for
231 Social Sciences, Version 16 (SPSS Inc, Chicago, Illinois, USA). We
232 set the type 1 error α as 0.05, type 2 errorβ as 0.2, and thus the
233 power of 80%. With 16 participants in each arm, we could
234 demonstrate 0.56 differences in mean of outcome measures
235 between two arms. We also considered 5% dropout rate and
236 started the study with 34 participants. Categorical variables are
237 expressed as frequency and compared between the active and
238 placebo arms using Fisher exact test. Quantitative variables are
239 expressed asmean ± standard error and compared between the
240 two arms using Mann–Whitney U test. Baseline and final values
241 of cytokines were compared using Wilcoxon matched-pair
242 signed-rank test. Error bars were employed to demonstrate
243 change in variables through the study. All of the tests were two
244 tailed, and the probability of less than 0.05 was considered
245 statistically significant.

246 3. Results

247 3.1. Demographics

248 Of 34 participants at baseline, 23 women and 9men completed
249 the 6-month trial. Fig. 2 shows the flowchart of the study and
250 the reasons of lost to follow-up. Baseline characteristics of the
251 participants have been demonstrated in Table 1. Participants
252 in the active and placebo arms were similar with respect to the
253 age and gender distribution. However, participants assigned to
254 the placebo arm had significantly better SNOT-22 and Lund–
255 Mackay scores compared with those assigned to the active arm
256 which was unintended.

257 3.2. Clinical outcomes

258 No significant change in clinical outcomes was observed after
259 1 month of follow-up. After 6 months, participants in the
260 active arm had significantly higher FEV1 compared to the
261 baseline (87.1 ± 1.7 vs. 79.1 ± 1.9, p = 0.001) and participants
262 in the placebo arm (87.1 ± 1.7 vs. 80.1 ± 1.8, p = 0.015).
263 Participants in the active arm had better quality of life (25.8 ±
264 2.9 vs. 35.9 ± 2.7, p = 0.015) and symptoms score compared to
265 the placebo arm (7.5 ± 0.8 vs. 10.6 ± 0.9, p = 0.014). There
266 was a trend toward better medication scores in patients

267assigned to active arm compared to placebo arm (9.3 ± 0.5 vs.
26811.0 ± 0.7, p = 0.138). No significant change was observed
269in quality of life, symptoms, and medication needs of the
270participants in the placebo arm after 6 months. By contrast,
271quality of life, symptoms, and medication scores of partici-
272pants in active arm were significantly improved compared to
273their baseline values (Fig. 3). Following the aspirin desensiti-
274zation and aspirin consumption for 6 months, Lund-Makay
275score reduced significantly in participants of active arm
276(11.1 ± 0.5 vs. 15.1 ± 0.7, p b 0.001). Fig. 4 shows detailed
277data on CT changes and Lund–Mackay scores through the study.

2783.3. Immunological outcomes

279Serum concentration of IL-10 decreased following aspirin
280desensitization (8.3 ± 0.7 vs. 7.7 ± 0.4, p = 0.270). Same
281results were observed regarding IFN-γ (and 13.7 ± 1.5 vs.
28213.4 ± 1.1, p = 0.338) and TGF-β (13.7 ± 1.5 vs. 13.4 ± 1.1,
283p = 0.474). There was no significant difference between two
284arms of the study with respect to the serum concentration of
285IL-10, IFN-γ, and TGF-β (Fig. 5). At baseline, eosinophilia
286(counts N 4.5 × 108/L) were found in 3 persons in the active
287versus 2 in the placebo arm (p = 0.500). Following 6 months,
288eosinophilia was present only in 2 participants in the active
289arm and 2 in the placebo arm (p = 0.700).

2903.4. Asthma attacks and adverse events

291Eight patients with AERD experienced asthma exacerbations in
292the placebo arm, while only 4 patients in the placebo arm
293experienced asthma exacerbations through the study (relative
294risk (RR), 2.0; 95%CI, 0.79–5.06, p = 0.137). On the other
295hand, chronic aspirin consumption led to severe gastrointes-
296tinal bleeding in one participant who discontinued the study
297(Fig. 2).

2984. Discussion

299In this RDBCT, we confirmed that aspirin desensitization leads
300to significant improvement of symptoms, quality of life, and
301lung function of patients with AERD independent of serum IL-10,
302TGF-β, and IFN-γ concentration. To date, several observation-
303al, non-randomized, or non-controlled studies investigated
304the effect of aspirin desensitization on patients with aspirin
305desensitization [6,12,15,23,24]. However, the number of
306RDBCTs is limited. To the best of our knowledge, only 3 RDBCT
307investigated the clinical efficacy of aspirin desensitization on
308patients with AERD thus far [25–27]. Stevenson et al. were the
309first to conduct a randomized double-blind cross-over trial on 25
310patients with AERD and reported improvement in nasal symp-
311toms following aspirin desensitization and maintenance treat-
312ment with 1300 mg aspirin per day [26]. However, they found
313no significant improvement in lower respiratory tract symp-
314toms, lung function, and anti-asthmamedications [26]. Fruth et
315al. designed an RDBCT and investigated the effect of aspirin
316desensitization with maintenance dose of 100 mg daily on 70
317patients with AERD. Of these 70 patients, only 31 completed the
318study with 55.7% dropout rate. They found that those assigned
319to aspirin group had better quality of life, general health
320condition, and nasal symptoms compared with placebo group
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321 [25]. Recently, another RDBCT has been published in which 20
322 patients with AERD were assigned to aspirin desensitization or
323 placebo groups. At the end of the study 8 and 7, patients in
324 active and placebo groups completed the study, respectively.
325 Aspirin desensitization led to significant improvement in quality
326 of life, asthma control, inhaled corticosteroid use, and peak
327 nasal inspiratory flow of active arm compared to placebo group
328 [27]. Reduction in symptoms of the patients concurrent with
329 medication needs results in greater quality of life expressed by
330 the patients [25,27]. In line with the literature, we found that
331 those assigned to aspirin group had significantly improved
332 quality of life, reduced symptoms and higher FEV1 compared to
333 placebo group.
334 In addition to measurement of FEV1 as an objective
335 evaluation of lung function, we performed CT scans
336 at baseline and at the end of the study to provide an
337 objective measurement of nasal inflammation after aspirin

338desensitization. Interestingly, Lund–Mackay scores of pa-
339tients with AERD in the active group decreased significantly
340through the study (15.1 ± 0.7 vs. 11.1 ± 0.5, p b 0.001).
341However, Lund–Mackay scores of the active and the placebo
342groups did not differ significantly at the end of study. One
343reason might be the higher scores of participants in the active
344group at baseline that was unintended (15.1 ± 0.7 vs. 12.4 ±
3450.3, p = 0.015). There exists only one study that investigated
346sinus CT scan changes of patients with AERD who underwent
347aspirin desensitization. In contrast to our results, they found no
348improvement in Lund–Mackay scores [27]. As period of
349follow-up was the same, non-significant results of that study
350might be attributable to the low number of the participants.
351They analyzed data of only 8 patients with AERD who
352underwent aspirin desensitization [27].
353One of the main pathologic features of AERD is the
354overexpression of leukotriene C4 synthase in biopsies taken
355from nasal polyp and lung tissues [28]. It leads to surge
356in release of cys-LTs following exposure to COX-1 inhibitors
357particularly from eosinophils and mast cells [10,28]. Influx
358of calcium facilitated by dihydropyridine receptors are
359implicated in leukotriene release [29–31]. Inflammatory
360and broncho-constrictor prostanoids of prostaglandin (PG)D2
361and PGF-2α are overexpressed in patients with AERD,
362while anti-inflammatory prostanoids such as PGE2 are
363under-expressed [28]. Patients with AERD suffer from chro-
364nic eosinophilic inflammation of upper and lower respiratory
365tract as well [32]. Interestingly, aspirin desensitization leads
366to reduction in cys-LT receptors on inflammatory cells of
367nasal mucosa as well as marked reduction in urinary excre-
368tion of cys-LTs [33]. Distinct immunophenotype of patients
369with AERD might underlie overexpression of cys-LTs [10].
370Patients with AERD [10] have components of increased

Figure 2 Flowchart, A total of 80 patients with CRSwNP and asthma were screened for aspirin hypersensitivity and 39 were
identified. Of them, 34 agreed to participate in this double-blind randomized clinical trial. Eighteen patients with AERD were
assigned to the active arm and sixteen patients were assigned to the placebo arm. Two participants in the active discontinued the
study because of aspirin adverse events. At the end, 32 participants completed the study.

Table 1t1:1 Characteristics of participants at baseline.
t1:2
t1:3 Variable Active

(N = 18)
Placebo
(N = 16)

p-value

t1:4 Age (years) 31 ± 4.3 27 ± 5.5 0.571
t1:5 Female (%) 13 (72%) 10 (62%) 0.433
t1:6 Lund–Mackay score 15.1 ± 0.7 12.4 ± 0.3 0.015
t1:7 Medication score 13.1 ± 0.3 11.5 ± 0.6 0.056
t1:8 Symptom score 14.5 ± 1.1 11.3 ± 0.9 0.056
t1:9 SNOT-22 score 52.8 ± 4.1 37.6 ± 2.7 0.014
t1:10 FEV1 (% of predicted) 79.1 ± 1.9 83.8 ± 2.0 0.138

t1:11 Sino-Nasal Outcome Test-22 (SNOT-22), Forced Expiratory volume
t1:12 in 1 second (FEV1),
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371 T-helper 2 responses as well as increased IFN-γ expres-
372 sion [10], while it was not observed in aspirin-tolerant
373 patients with CRSwNP [34]. IFN-y may promote inflammato-
374 ry responses in AERD as it induces eosinophil maturation and
375 degranulation and enhances expression of genes involved in
376 leukotriene synthesis [8,10] Aktas et al. assessed CD4+ T cell
377 release of IL-2, IL-4, and IFN-γ prior to and 1 month after
378 aspirin desensitization. They found no significant change in
379 CD4+ T cell release of IL-2, IL-4, and IFN-y 1 month after
380 desensitization compared to baseline values [13]. Shome et
381 al. studied one patient with AERD and found that aspirin
382 desensitization led to an increase in IFN-γ expression by
383 CD4+ lymphocytes and a decrease in IFN-γ expression by
384 CD8+ lymphocyte probably due to inhibition of PGE2 [35].
385 We found non-significant reduction in serum IFN-γ following
386 aspirin desensitization. It is possible the receptors of IFN-γ
387 rather than IFN-γ are overexpressed in patients with AERD
388 and aspirin desensitization may regulate the expression of
389 IFN-y receptors. On the other hand, tolerance induction by
390 chronic aspirin digestion may be a consequence of modulation

391of expression of regulatory cytokines of like IL-10 and
392TGF-β. We also found non-significant reduction in serum
393IL-10 and TGF-β following desensitization. IL-10 and TGF-β
394inhibit most functions of T cells, and antigen presenting
395cells and mast cells, while promoting B cell responses [36].
396However, at present, the role of regulatory cytokines in
397pathogenesis of AERD seems to be few. Taken together,
398there should be further investigations on the role of the
399regulatory cytokines in pathogenesis and treatment of
400AERD.
401During aspirin challenge, the effects of aspirin on airway
402exhaled nitric oxide, eosinophilia, and subsequent asthma
403exacerbations are dose dependent [15]. Similarly, control of
404the sinusitis and asthma-related symptoms of patients with
405AERD requires intake of at least 100 mg aspirin per day [25].
406There exists controversy on the efficacious and safe aspirin
407maintenance dose [6,23,25]. Some suggested daily dosage of
408100 mg [25], while the others recommended 300 mg [7,23],
409625 mg [27], and 1300 mg [15,26] aspirin as maintenance
410dose. The higher the dosage of aspirin the more side effects

Figure 3 Clinical outcomes, A) FEV1 improved following aspirin desensitization and aspirin consumption for 6 months in active arm
(87.1 ± 1.7 vs. 79.1 ± 1.9, p = 0.001). In addition, participants in the active arm had significantly higher FEV1 compared with
participants in placebo arm at 6 months follow up (87.1 ± 1.7 vs. 80.1 ± 1.8, p = 0.015). B) SNOT-22 score improved following aspirin
desensitization and aspirin consumption for 6 months in active arm (35.9 ± 2.7 vs. 52.8 ± 4.1, p b 0.001). In addition, participants in
active arm had significantly lower SNOT-22 scores compared to participants in placebo arm at 6 months follow up (25.8 ± 2.9 vs.
35.9 ± 2.7, p = 0.015). C) Symptom score of participants in active arm reduced significantly following 6 months (7.5 ± 0.8 vs. 14.5 ±
1.1, p = 0.001). Active arm had significantly lower symptom score compared to placebo arm after 6 months (7.5 ± 0.8 vs 10.6 ± 0.9,
p = 0.014). D) Medication score of participants in the active arm reduced significantly following 6 months (9.3 ± 0.5 vs. 13.1 ± 0.3,
p = 0.001). There was a trend toward lower medication score in active arm compared to placebo arm after 6 months (9.3 ± 0.5 vs.
11.5 ± 0.6, p = 0.138). Error bars show the mean value of variables with 95% confidence interval.
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411 may happen. On the other hand, low dose of 100 mg could
412 not reduce nasal polyp extend and need for revision
413 surgeries [7]. Lee et al. suggested initial dose of 625 mg
414 aspirin with subsequent tapering to the lowest effective
415 dosage of 325 mg per day [6]. Despite reports on significant in
416 sinusitis and asthma symptoms after 1 month of follow-up, we
417 did not find any significant change after 1 month [19]. Long-
418 term treatment with aspirin may be necessary to observe the
419 effects of aspirin desensitization and maintenance treatment.

420Reduction of polyp revision surgeries is one of the main
421benefits of aspirin desensitization in patients with AERD.
422Rozsasi et al. reported no need to revision surgeries in those
423who continued daily aspirin intake for about 2 years [7].
424Increased risk of gastrointestinal bleedings is themain obstacle
425of long-term high-dose intake of aspirin [27]. In the present
426study, 2 patients in the active group (2/18, 11.1%) experienced
427aspirin adverse effects and discontinued the study inwhich one
428was due to gastrointestinal bleeding and another was due to

Figure 4 Lund–Mackay score; at baseline, participants in the active arm had significantly higher Lund–Mackay scores compared to
the placebo arm (15.1 ± 0.7 vs. 12.4 ± 0.3, p = 0.015). Following the aspirin desensitization and aspirin consumption for 6 months
Lund–Makay score reduced significantly in participants of active arm (11.1 ± 0.5 vs. 15.1 ± 0.7, p b 0.001). At the end, active arm
had lower Lund–Mackay score compared to the placebo arm that did not attain significance (11.1 ± 0.5 vs.12.1 ± 0.4, p = 0.102).
Error bars show the mean value of variables with 95% confidence interval.

Figure 5 Aspirin desensitization did not affect significantly on serum concentration of IFN-γ, IL-10, and TGF-β. However, there was
a trend toward reduction of serum concentration of IFN-γ, IL-10, and TGF-β. Error bars show the mean value of variables with 95%
confidence interval.
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429 skin rashes. Overall, most agree that at least 325 mg aspirin
430 per day is needed to reduce the symptoms of patients with
431 AERD, significantly [6]. Such a high dose of aspirin may cause
432 adverse events when consumed for a long period of time.
433 One of the limitations of present study is the low number
434 of participants with 80% power to detect 0.56 differences in
435 tested variables. It was hard to find patients willing to
436 undergo aspirin challenge and about half of those underwent
437 aspirin challenge were eligible to participate. In addition,
438 high-dose aspirin intake and possible adverse events made
439 patients reluctant to participate. Another weakness of this
440 study was our limitation to obtain sputum samples and
441 absence of exhaled nitric oxide measurement. However, this
442 study, benefited from a randomized double-blind design,
443 enabled us to reduce the bias. We had acceptable follow-up
444 and investigated both subjective and objective variables to
445 assess the clinical efficacy of aspirin desensitization. Finally,
446 we tried to investigate the mechanism of aspirin desensiti-
447 zation through a well-designed prospective trial by measur-
448 ing anti-inflammatory cytokines and IFN-γ for the first time.
449 IFN-γ deemed to play a crucial role in AERD [10].

450 5. Conclusions

451 In conclusion, we confirmed clinical efficacy of aspirin de-
452 sensitization in improving symptoms, medication needs,
453 quality of life, opacification of sinuses, and lung function of
454 patients with AERD. We also showed that serum level of
455 anti-inflammatory cytokines do not change significantly fol-
456 lowing aspirin desensitization. Absence of assessment of the
457 cytokine expression in sinus and airway tissue of patients with
458 AERD justifies further studies to draw certain conclusions.

459 Funding source

460 This study was supported by a grant from Tehran University
461 of Medical Sciences, grant number of 92-01-119-20728. The
462 funders of this study had no role in the study design, data
463 collection, data analysis, data interpretation, or writing of
464 the report.

465 Conflict of interest

466 The authors declare no conflict of interest.

467 Appendix A. Supplementary data

468 Supplementary data to this article can be found online at
469 http://dx.doi.org/10.1016/j.clim.2015.05.012.

470 References

471 [1] J. Bousquet, C. Bachert, G.W. Canonica, T.B. Casale, A.A. Cruz,
472 R.J. Lockey, …, Its impact on asthma study G, unmet needs in
473 severe chronic upper airway disease (SCUAD), J. Allergy Clin.
474 Immunol. 124 (2009) 428–433.
475 [2] Z. Aryan, E. Compalati, G.W. Canonica, N. Rezaei, Allergen-
476 specific immunotherapy in asthmatic children: from the basis
477 to clinical applications, Expert Rev. Vaccines 12 (2013)
478 639–659.

479[3] C. Jenneck, U. Juergens, M. Buecheler, N. Novak, Pathogen-
480esis, diagnosis, and treatment of aspirin intolerance, Ann.
481Allergy Asthma Immunol. 99 (2007) 13–21.
482[4] H. Esmaeilzadeh, M. Nabavi, A.A. Amirzargar, Z. Aryan, S.
483Arshi, M.H. Bemanian, …, N. Rezaei, HLA-DRB and HLA-DQ
484genetic variability in patients with aspirin-exacerbated respi-
485ratory disease, Am. J. Rhinol. Allergy 29 (2015) 63–69.
486[5] R.U. Lee, A.A. White, Ding D, Dursun AB, Woessner KM, Simon RA,
487Stevenson DD, Use of intranasal ketorolac andmodified oral aspirin
488challenge for desensitization of aspirin-exacerbated respiratory
489disease, Ann. Allergy Asthma Immunol. 105 (2010) 130–135.
490[6] J.Y. Lee, R.A. Simon, D.D. Stevenson, Selection of aspirin
491dosages for aspirin desensitization treatment in patients with
492aspirin-exacerbated respiratory disease, J. Allergy Clin.
493Immunol. 119 (2007) 157–164.
494[7] A. Rozsasi, D. Polzehl, T. Deutschle, E. Smith, K. Wiesmiller, H.
495Riechelmann, T. Keck, Long-term treatment with aspirin
496desensitization: a prospective clinical trial comparing 100 and
497300 mg aspirin daily, Allergy 63 (2008) 1228–1234.
498[8] G.S. Choi, J.H. Kim, Y.S. Shin, Y.M. Ye, S.H. Kim, H.S. Park,
499Eosinophil activation and novel mediators in the aspirin-
500induced nasal response in AERD, Clin. Exp. Allergy 43 (2013)
501730–740.
502[9] C. Corrigan, K. Mallett, S. Ying, D. Roberts, A. Parikh, G. Scadding,
503T. Lee, Expression of the cysteinyl leukotriene receptors cysLT(1)
504and cysLT(2) in aspirin-sensitive and aspirin-tolerant chronic
505rhinosinusitis, J. Allergy Clin. Immunol. 115 (2005) 316–322.
506[10] J.W. Steinke, L. Liu, P. Huyett, J. Negri, S.C. Payne, L. Borish,
507Prominent role of IFN-gamma in patients with aspirin-exacerbated
508respiratory disease, J. Allergy Clin. Immunol. 132 (2013) e1–e3
509(856-65).
510[11] O. Akbari, R.H. DeKruyff, D.T. Umetsu, Pulmonary dendritic
511cells producing IL-10 mediate tolerance induced by respiratory
512exposure to antigen, Nat. Immunol. 2 (2001) 725–731.
513[12] K. Aksu, E. Kurt, O. Alatas, Z. Gulbas, Effect of aspirin
514desensitization on T-cell cytokines and plasma lipoxins in
515aspirin-exacerbated respiratory disease, Allergy Asthma Proc.
51635 (2014) 148–155.
517[13] A. Aktas, E. Kurt, Z. Gulbas, Cytokine expression before and
518after aspirin desensitization therapy in aspirin-exacerbated
519respiratory disease, Inflammation 36 (2013) 1553–1559.
520[14] S.H. Kim, E.M. Yang, H.N. Lee, B.Y. Cho, Y.M. Ye, H.S. Park,
521Combined effect of IL-10 and TGF-beta1 promoter polymor-
522phisms as a risk factor for aspirin-intolerant asthma and
523rhinosinusitis, Allergy 64 (2009) 1221–1225.
524[15] R.K. Katial, M. Strand, T. Prasertsuntarasai, R. Leung, W. Zheng,
525R. Alam, The effect of aspirin desensitization on novel biomarkers
526in aspirin-exacerbated respiratory diseases, J. Allergy Clin.
527Immunol. 126 (2010) 738–744.
528[16] A.A. White, D.D. Stevenson, Does suppression of IL-4 synthesis
529by aspirin explain the therapeutic benefit of aspirin desensi-
530tization treatment? J. Allergy Clin. Immunol. 126 (2010)
531745–746.
532[17] W.J. Fokkens, V.J. Lund, J. Mullol, C. Bachert, I. Alobid, F.
533Baroody, …, P.J. Wormald, European Position Paper on
534Rhinosinusitis and Nasal Polyps, Rhinol. Suppl. (2012) 1–298
535(3 p preceding table of contents).
536[18] E.D. Bateman, S.S. Hurd, P.J. Barnes, J. Bousquet, J.M.
537Drazen, M. FitzGerald, …, H.J. Zar, Global strategy for asthma
538management and prevention: GINA executive summary, Eur.
539Respir. J. 31 (2008) 143–178.
540[19] E. Nizankowska-Mogilnicka, G. Bochenek, L. Mastalerz, M.
541Swierczynska, C. Picado, G. Scadding, …, A. Szczeklik, EAACI/
542GA2LEN guideline: aspirin provocation tests for diagnosis of
543aspirin hypersensitivity, Allergy 62 (2007) 1111–1118.
544[20] E. Macy, J.A. Bernstein, M.C. Castells, S.M. Gawchik, T.H. Lee,
545R.A. Settipane, …, Aspirin Desensitization Joint Task F, Aspirin
546challenge and desensitization for aspirin-exacerbated respiratory

8 H. Esmaeilzadeh et al.

Please cite this article as: H. Esmaeilzadeh, et al., Aspirin desensitization for patients with aspirin-exacerbated respiratory disease: A
randomized double-blind placebo-controlled trial, Clin. Immunol. (2015), http://dx.doi.org/10.1016/j.clim.2015.05.012

http://dx.doi.org/10.1016/j.clim.2015.05.012
http://dx.doi.org/10.1016/j.clim.2015.05.012


U
N
C
O

R
R
E
C
T
E
D
 P

R
O

O
F

547 disease: a practice paper, Ann. Allergy Asthma Immunol. 98
548 (2007) 172–174.
549 [21] C. Hopkins, S. Gillett, R. Slack, V.J. Lund, J.P. Browne,
550 Psychometric validity of the 22-item Sinonasal Outcome Test,
551 Clin. Otolaryngol. 34 (2009) 447–454.
552 [22] V.J. Lund, I.S. Mackay, Staging in rhinosinusitus, Rhinology 31
553 (1993) 183–184.
554 [23] S. Comert, E. Celebioglu, T. Yucel, T. Erdogan, G. Karakaya, M.
555 Onerci, A.F. Kalyoncu, Aspirin 300 mg/day is effective for
556 treating aspirin-exacerbated respiratory disease, Allergy 68
557 (2013) 1443–1451.
558 [24] M.P. Berges-Gimeno, R.A. Simon, D.D. Stevenson, Early effects
559 of aspirin desensitization treatment in asthmatic patients with
560 aspirin-exacerbated respiratory disease, Ann. Allergy Asthma
561 Immunol. 90 (2003) 338–341.
562 [25] K. Fruth, B. Pogorzelski, I. Schmidtmann, J. Springer, N. Fennan,
563 N. Fraessdorf, …, W.J. Mann, Low-dose aspirin desensitization in
564 individuals with aspirin-exacerbated respiratory disease, Allergy
565 68 (2013) 659–665.
566 [26] D.D. Stevenson, W.W. Pleskow, R.A. Simon, D.A. Mathison, W.R.
567 Lumry, M. Schatz, R.S. Zeiger, Aspirin-sensitive rhinosinusitis
568 asthma: a double-blind crossover study of treatment with
569 aspirin, J. Allergy Clin. Immunol. 73 (1984) 500–507.
570 [27] M. Swierczynska-Krepa, M. Sanak, G. Bochenek, P. Strek, A.
571 Cmiel, A. Gielicz, …, E. Nizankowska-Mogilnicka, Aspirin desen-
572 sitization in patients with aspirin-induced and aspirin-tolerant
573 asthma: A double-blind study, J. Allergy Clin. Immunol. (2014).Q3

574 [28] A.S. Cowburn, K. Sladek, J. Soja, L. Adamek, E. Nizankowska,
575 A. Szczeklik, …, A.P. Sampson, Overexpression of leukotriene
576 C4 synthase in bronchial biopsies from patients with aspirin-
577 intolerant asthma, J. Clin. Invest. 101 (1998) 834–846.
578 [29] K. Togo, Y. Suzuki, T. Yoshimaru, T. Inoue, T. Terui, T. Ochiai, C.
579 Ra, Aspirin and salicylates modulate IgE-mediated leukotriene

580secretion in mast cells through a dihydropyridine receptor-
581mediated Ca(2+) influx, Clin. Immunol. 131 (2009) 145–156.
582[30] Y. Le, M.A. Wetzel, W. Shen, W. Gong, T.J. Rogers, E.E.
583Henderson, J.M. Wang, Desensitization of chemokine receptor
584CCR5 in dendritic cells at the early stage of differentiation by
585activation of formyl peptide receptors, Clin. Immunol. 99
586(2001) 365–372.
587[31] P. Maguire, C. Nicodemus, D. Robinson, D. Aaronson, D.T.
588Umetsu, The safety and efficacy of ALLERVAX CAT in cat
589allergic patients, Clin. Immunol. 93 (1999) 222–231.
590[32] M.L. Kowalski, R. Asero, S. Bavbek, M. Blanca, N. Blanca-Lopez,
591G. Bochenek, …, J. Makowska, Classification and practical
592approach to the diagnosis and management of hypersensitivity
593to nonsteroidal anti-inflammatory drugs, Allergy 68 (2013)
5941219–1232.
595[33] A.R. Sousa, A. Parikh, G. Scadding, C.J. Corrigan, T.H. Lee,
596Leukotriene-receptor expression on nasal mucosal inflamma-
597tory cells in aspirin-sensitive rhinosinusitis, N. Engl. J. Med.
598347 (2002) 1493–1499.
599[34] M. Nabavi, S. Arshi, A. Bahrami, Z. Aryan, M.H. Bemanian, H.
600Esmaeilzadeh,…, N. Rezaei, Increased level of interleukin-13, but
601not interleukin-4 and interferon-gamma in chronic rhinosinusitis
602with nasal polyps, Allergol. Immunopathol. (Madr.) 42 (2014)
603465–471.
604[35] G.P. Shome, J. Tarbox, M. Shearer, R. Kennedy, Cytokine
605expression in peripheral blood lymphocytes before and after
606aspirin desensitization in aspirin-exacerbated respiratory dis-
607ease, Allergy Asthma Proc. 28 (2007) 706–710.
608[36] M.A. Grimbaldeston, Nakae S , Kalesnikoff J , M Tsai, Galli SJ ,
609Mast cell-derived interleukin-10 limits skin pathology in
610contact dermatitis and chronic irradiation with ultraviolet B,
611Nat. Immunol. 8 (2007) 1095–1104.
612

613

9Aspirin desensitization for patients with AERD

Please cite this article as: H. Esmaeilzadeh, et al., Aspirin desensitization for patients with aspirin-exacerbated respiratory disease: A
randomized double-blind placebo-controlled trial, Clin. Immunol. (2015), http://dx.doi.org/10.1016/j.clim.2015.05.012

http://dx.doi.org/10.1016/j.clim.2015.05.012


Supl 1.

Patients were asked to score the severity of following 22 items from 0 (No problem) to 5 (severe
problem).

1- need to blow nose,
2- sneezing,
3- dripping nose,
4- cough,
5- postnasal drip,
6- dense nasal drip,
7- ear fullness,
8- dizziness,
9- ear pain,
10- facial pain/pressure,
11- difficulty falling asleep,
12- wake up at night,
13- lack of a good night’s sleep,
14- wake up tired,
15- fatigue,
16- reduced productivity,
17- reduced concentration,
18- feeling frustrated or restless or irritable,
19- sadness,
20- embarrassment,
21- decrease in smell and taste,
22- nasal obstruction



Supplementary 2.1

symptoms 1 2 3
Nasal symptoms Itching

Sneezing
Nasal discharge
Nasal obstruction

Eye symptoms Itching
Redness

Bronchial symptoms cough
Difficulty in breath
Wheezing
Total point

Scoring: 0: no symptom; 1: mild; 2:moderate; 3: severe symptoms



Supplementary 2.2

Drugs Score
local
Systemic
Total point
local (both nasal sprays and eye-drops) 1 point for use of each one.
systemic (systemic antihistamines, inhaled b2-agonists, inhaled steroids, and theophylline); 2 points
for use of each one.
Score for the use of each drug will be multiplied by two in case of use of maximum dose.
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