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Abstract

Introduction—Chronic rhinosinusitis(CRS) is a diverse clinical syndrome with a heterogeneous 

pathophysiology. Early attempts to identify CRS endotypes and biomarkers have largely relied on 

analysis of surgically obtained tissue, thus limiting their practical utility. This study examined the 

ability of mucus Th2 biomarkers to predict CRS disease severity and clinical characteristics.

Methods—CRS(n=90) and healthy control subjects(n=17) were prospectively enrolled prior to 

surgical intervention and mucus levels of IL-4,IL-5,and IL-13 were determined using a multiplex 

cytometric bead assay. Data for relevant cytokines was then scaled, normalized, and later 

combined to develop standardized metrics indicative of Th2-associated inflammation. Th2-high 

and Th2-low subgroups were consequently identified and validated against factors associated with 

disease severity and clinical outcomes.

Results—Mucus levels of IL-5, and IL-13 were elevated in CRS subjects compared to controls, 

while no significant difference was noted for IL-4. IL-5 and IL-13 high CRS were associated with 

worse objective measures of disease severity and greater rates of revision surgery. Similar 

relationships were noted for both cytokines when CRSwNP patients were analyzed separately. 

Th2-high CRS and Th2-low CRS were then categorized using a scaled IL-5/IL-13 metric. Th2-

high CRS was characterized by an increased number of subjects with nasal polyps and comorbid 

asthma, and worse symptom and CT scores.

Conclusions—The Th2-associated cytokines, IL-5 and IL-13, are detectable in sinonasal mucus 

and their levels can be used to define Th2-high and Th2-low CRS. Identification of Th2-high and 

Th2-low endotypes using mucus-based biomarkers could facilitate stratification of CRS subgroups 

and guide personalized therapies.
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INTRODUCTION

Chronic rhinosinusitis is a debilitating inflammatory airway disease that affects up to 5% of 

the U.S. population1. Despite its substantial economic and quality of life burden, the 

pathophysiology of CRS is still poorly defined. CRS subgroups have classically been 

phenotypically classified based on the presence (CRSwNP) or absence (CRSsNP) of nasal 

polyps, with each being associated with unique etiologies and inflammatory mediators. 

While CRSwNP and CRSsNP have historically been linked with Th2- and Th1-associated 

inflammation, respectively, these distinctions have more recently come into question, with a 

mixed Th1/Th2 picture being identified in many cases, regardless of polyp status2-4. The 

CRSwNP phenotype is frequently linked with tissue eosinophilia, a characteristic strongly 

associated with greater disease severity, poorer outcomes, and increased rates of polyp 

recurrence5-8. Unfortunately, many of these patients are identified post hoc, with a reliance 

on operative histopathology specimens for diagnosis. The failure of phenotypic 

characteristics to effectively predict response to medical or surgical therapy suggests a need 

for biomarkers that can identify clinically relevant disease endotypes.

Recent introduction of monoclonal antibody-based therapeutics that target IL-4/IL-13 and 

IL-5 have shown great promise for managing recalcitrant asthma9-13. CRS appears to share 

both pathophysiology and overlapping inflammatory signatures with asthma, and 

consequently previous and ongoing clinical trials are now evaluating these therapeutics as 

potential treatments for CRS and nasal polyposis, with promising results14-16. Nonetheless, 

methodology for identifying patients who may benefit from these therapies has not been 

clearly elucidated, with Th2-associated CRS generally being defined loosely by the presence 

of nasal polyps on physical exam or by eosinophilic inflammation identified within surgical 

specimens. Efforts to endotype asthmatic patients have progressed rapidly over previous 

years, with development of tissue-, sputum-, and epithelial-based approaches that can 

categorize asthma endotypes through structured and unstructured approaches17-21. Similar 

efforts are just now being introduced for CRS. Thomassen et al. recently characterized 10 

potential CRS endotypes based on cluster analysis of different inflammatory mediators 

within surgical tissue specimens2, while our group recently identified 6 potential CRS 

endotypes based on analysis of cytokine signatures in CRS mucus22. A subsequent large 

multinational study found that molecular and immunologic signatures can vary widely based 

on geographic location, suggesting that patient response to biologic and other immune-

directed therapeutics may depend in part on endotypic differences that are inherent to the 

local environment3.

Improved understanding of CRS pathophysiology and early attempts to identify CRS 

endotypes and phenotypes have largely depended on analysis of sinonasal tissue, typically in 

the form of surgically excised biopsy specimens. However, this approach is inherently 

invasive and is limited by differences in localized marker expression throughout the nasal 

and sinus cavity23. The ideal CRS biomarker should be easily assayed, allow for accurate 

identification of disease subtypes with clinical relevance, and identify patients who may 

benefit from individualized therapies. Such biomarkers should also be measurable via non- 

or minimally-invasive approaches. Recent studies characterizing CRS endotypes have 

confirmed that severe CRS is associated with a Th2 signature, however reliance on a large 
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number of inflammatory markers and/or variables, and use of complex mathematical 

modeling and cluster analysis makes these approaches unsuitable for clinical practice. We 

hypothesized that simplified identification of a Th2-associated cytokine signature in 

sinonasal mucus using a small number of biological variables could help categorize patients 

based on immunologic factors rather than phenotypic variables such as nasal polyps. The 

ultimate goal of the current study is to identify Th2-high CRS endotypes via minimally-

invasive approaches, with the potential to characterize disease severity and predict outcomes.

METHODS

Study Design and Population

This study was approved by the Vanderbilt University Institutional Review Board. Patients 

presented to the Vanderbilt Asthma, Sinus, and Allergy Program (ASAP) and 

Otolaryngology clinic at the Vanderbilt Bill Wilkerson Center. CRS was diagnosed 

according to the European Position Paper on Rhinosinusitis and Nasal Polyps and the 

International Consensus Statement on Allergy and Rhinology and therefore were initially 

managed medically24,25. CRS patients offered surgery had previously failed adequate 

medical therapy that included two or more weeks of oral prednisone, two or more weeks of 

broad-spectrum or culture-directed antibiotics, and a combination of other additional 

therapies including oral/topical antihistamines, topical nasal steroid sprays, oral 

decongestants, mucolytics, or saline rinses. Patients with continued symptoms who elected 

to undergo endoscopic sinus surgery were prospectively enrolled and signed informed 

consent. Control cases included patients undergoing pituitary or skull base surgery without a 

history or radiographic evidence of CRS. Patients were excluded if they had received 

systemic steroids within 4 weeks of surgery. Patients with cystic fibrosis, autoimmune, or 

granulomatous diseases or who were receiving immune-directed monoclonal antibodies 

were excluded. The presence of concomitant allergic rhinitis and asthma was recorded. 

Allergic rhinitis was diagnosed based on positive skin prick testing and/or prior physician 

diagnosis and clinical history suggestive of seasonal variation of atopic symptoms with 

improvement following use of topical nasal steroid or oral antihistamine. Asthma was 

diagnosed based on a positive methacholine challenge or consistent pulmonary function 

studies, or by prior diagnosis by a pulmonologist. Allergic Fungal Rhinosinusitis (AFRS) 

was diagnosed according to published criteria26, including presence of fungal elements and 

allergic mucin on pathology, and concomitant positive allergy testing to fungal allergen(s). 

Aspirin exacerbated respiratory disease (AERD) was diagnosed based on presence of asthma 

and nasal polyposis, as well as a prior history of positive aspirin challenge or at least two 

episodes of respiratory reaction to aspirin or non-steroidal anti-inflammatory drugs. Patient 

reported symptom severity was measured utilizing the Sinonasal Outcome Test-22 

(SNOT-22)27. All patients underwent a high resolution CT scan of the paranasal sinuses. 

Each scan was evaluated by two physicians who were blinded to subject identifiers and 

diagnosis. A standard Lund Mackay scoring system was used to assess overall extent of 

CRS. Subjects enrolled in the study also completed the 40-item Smell Identification Test 

(SIT) immediately prior to surgery. The SIT has excellent sensitivity, correlates closely with 

scores attained via formal threshold testing, and has the advantage of being easily and 

quickly administered to subjects on the day of surgical intervention28. Raw scores were 
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adjusted for patient age and gender by subtracting the mean normative age- and sex-

appropriate SIT score from the total SIT score for each subject6. Thus a negative adjusted 

SIT score represents reduced sense of smell compared to the mean for that subject’s age and 

gender. Normative SIT scores were extracted from the Smell Identification Test 

Administration Manual (Sensonics International; Haddon Heights, NJ).

Mucus Collection and Histopathologic Evaluation of Sinonasal Tissue

At the beginning of surgery, 9 × 24mm polyurethane sponges (Summit Medical; St. Paul, 

MN) were placed into the middle meatus of each subject under endoscopic guidance. Each 

sponge was removed after 5 minutes, placed in a sterile microcentrifuge tube and 

immediately processed. Sponges were placed into a microporous centrifugal filter device 

(MilliporeSigma; Billerica, MA) and centrifuged at 14,000 × g for 10 minutes to elute 

mucus. Samples were then gently vortexed and again centrifuged for 5 minutes to remove 

any cellular debris. Supernatants were removed, placed into a new microcentrifuge tube, and 

frozen at −80°C for later analysis.

Cytokine assays were performed using a standard sensitivity multiplex cytokine bead assay 

(BD Biosciences; Franklin Lakes, NJ) according to the manufacturer’s protocol. Briefly, 50 

μL of mucus was incubated with 50 μl of mixed capture beads for each measured 

inflammatory mediator and incubated for 1 hour. 50 μL of mixed detection reagent was then 

added to each sample and standard, and incubated for an additional 2 hours. After addition 

of 1 mL wash buffer, samples were centrifuged at 200 × g for 5 minutes and the supernatant 

was discarded. The beads were then resuspended in 300 μL wash buffer and analyzed on an 

LSR Fortessa flow cytometer (BD Biosciences). Data was analyzed using BD FCAP Array 

Software version 3.0.

Sinonasal tissue was collected from the ethmoid bulla or ethmoid sinus in all patients 

undergoing endoscopic sinus surgery for CRS. Tissue from healthy controls was collected 

from either the ethmoid sinus or sphenoid face. Histopathological evaluation of excised 

tissue was performed by a pathologist in a blinded fashion and the mean number of 

eosinophils counted over 5 randomly selected high powered fields (HPF) was recorded.

Identification and Characterization of Th2-high and Th2-low CRS

Raw mucus IL-5 and IL-13 levels were log normalized. An IL-5 high and IL-13 high cut-off 

was then identified by adding 2 standard deviations to the mean value of each cytokine for 

the control population. A standardized metric representing combined IL-5 and IL-13 high 

disease was defined by scaling and centering data so that each cytokine had the same mean 

and standard deviation. The Th2-high cut-off was again defined by adding 2 standard 

deviations to the Th2 mean for the control population, similar to a previous approach17. Low 

and high cytokine groups were then compared against clinical and demographic factors.

Statistics

Normality of data in each group was assessed using the D’Agostino-Pearson omnibus test. 

Variables with a normal distribution were compared using a student’s t-test while 

nonparametric data was analyzed using the Mann-Whitney test. Comparative data was 
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presented as means +/− standard deviation or medians with interquartile range, respectively. 

The Spearman correlation coefficient was used to calculate correlations between individual 

cytokines. A p value of 0.05 was considered statistically significant for all comparisons. 

Statistical analyses were performed with Prism 6 software (Graphpad; La Jolla, CA).

RESULTS

Patient Population and Demographics

The patient population is part of an ongoing prospective translational study evaluating 

biological markers and clinical outcomes in CRS, and has been partially characterized 

elsewhere22. Ninety CRS patients and 17 healthy controls were enrolled in the study (Table 

1). A majority of CRS patients had nasal polyps, while comorbid asthma and allergic rhinitis 

were reported in 49% and 62%, respectively. 12 patients had AERD, while 10 were 

diagnosed with AFRS. Almost half of enrolled subjects had undergone prior endoscopic 

sinus surgery. Disease burden was significant, with a mean SNOT-22 score of 47.1 and 

median CT score of 16.0. Consistent with the overall disease burden, a majority of patients 

had SIT testing consistent with moderate to severe hyposmia, with a mean age- and sex-

adjusted SIT score of −7.0. Among healthy controls, only 1 of 17 patients had a history of 

allergic rhinitis and none were asthmatic.

IL-4, IL-5, and IL-13 are Detectable in Sinonasal Mucus and are Closely Correlated

IL-4, IL-5, and IL-13 are pro-inflammatory cytokines that are hallmarks of the Th2 

signature29,30. We assessed levels of these cytokines in sinonasal mucus as potential 

minimally invasive biomarkers of Th2-high CRS. Mucus derived from CRS patients had 

significantly elevated levels of IL-5 (mean 93.1 +/− 286.5 vs. 0.5 +/− 0.8 pg/mL, p < 0.001) 

and IL-13 (mean 67.5 +/− 145.6 vs. 6.1 +/− 11.6 pg/mL, p < 0.02) compared to healthy 

controls (Figure 1A). IL-4 levels were not significantly different between CRS and healthy 

control patients (mean 1.5 +/− 3.0 vs. 0.9 +/− 1.3 pg/mL, p = 0.53). Levels of IL-4, IL-5, and 

IL-13 were all moderately to strongly correlated (p< 0.001 for all comparisons) (Figure 1B). 

Due to a lack of significant differences between healthy control and CRS patients, and 

weaker correlation with IL-5 and IL-13 levels, IL-4 was excluded from subsequent analysis.

Establishing IL-5-high and IL-13-high Metrics to Differentiate CRS Patients

In order to further evaluate mucus IL-5 and IL-13 levels as clinically relevant biomarkers, 

values were log normalized and compared between healthy controls and both CRSsNP and 

CRSwNP patients. An IL-5/IL-13 high cut-off was then defined by adding two standard 

deviations to the mean value of each cytokine for healthy control patients. As shown in 

Figure 2A, an overwhelming majority of CRSwNP patients fell into the IL-5 high group. 

Conversely, most CRSsNP patients were IL-5 low. Due to wider variability of IL-13 levels in 

healthy control patients, a small number of patients fell into the IL-13 high group (CRSsNP, 

4.3%; CRSwNP, 26.4%) (Figure 2B).

Clinical Characteristics of IL-5 high and IL-13 high CRS

The clinical relevance of each Th2 biomarker was next evaluated (Table 2). Patients with 

IL-5 high CRS were more likely to have nasal polyps (p<0.0001), asthma (p=0.006), AERD 
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(p=0.001), and AFRS (p=0.04) than those with IL-5 low CRS. IL-5 high patients also had 

more severe disease as evidenced by higher preoperative CT scores (p=0.01), worse 

objective olfactory function (p<0.0001), and elevated tissue eosinophilia (p=0.001). As 

further evidence of their recalcitrant disease, IL-5 high patients were more likely to have had 

prior sinus surgery (p=0.01) and had a higher number of average prior procedures (p=0.02), 

compared to IL-5 low patients. Similar observations were noted among patients with IL-13 

high CRS, though these patients additionally had worse preoperative SNOT-22 scores 

(p=0.03).

Since differences in clinical characteristics could potentially be attributable to higher 

numbers of CRSwNP subjects in the IL-5/13 high groups, we removed this possible 

confounder by evaluating CRSwNP separately (Table 3). Among these phenotypically 

similar patients, those with IL-5 high CRS had worse SIT scores (p=0.03) and greater tissue 

eosinophilia (p=0.002). Likewise, CRSwNP patients in the IL-13 high group had worse SIT 

(p<0.0001) and CT scores (p=0.005), compared to those with IL-13 low disease. Though 

statistically limited by the small number of patients in the IL-13 high group, there was a 

clear trend toward worse SNOT-22 scores (p=0.07) and higher tissue eosinophil counts 

(p=0.10) compared to IL-13 low patients.

Clinical characteristics of Th2-high and Th2-low CRS

In order to establish a metric of Th2 inflammation, each cytokine value was scaled and 

combined into a mean representing Th2 inflammation. A Th2 cutoff was defined by adding 

two standard deviations to the mean Th2 value for the healthy control population. 

Distribution of subjects is shown in Figure 2C, with a majority of CRSsNP subjects in the 

Th2 low group and a majority of CRSwNP subjects in the Th2 high group. Consistent with 

results for both IL-5 and IL-13, the combined IL-5/13 high group was associated with higher 

rates of nasal polyposis (p<0.0001), AERD (p=0.002), worse preoperative CT (p<0.0001) 

and SIT (p=0.0002) scores, eosinophilia on histopathology (p<0.0001), and higher rates of 

revision surgery (p=0.02) (Table 4). When CRSwNP patients were evaluated separately, 

those who were Th2-high had elevated tissue eosinophil counts (p=0.002) and a trend toward 

worse CT (p=0.07) and SIT (p=0.21) scores.

DISCUSSION

Classification of CRS has historically depended on the absence or presence of nasal polyps, 

which has often driven treatment algorithms and outcomes. However, this is largely a 

phenotypic classification that is not based on disease pathophysiology or endotype. As 

evidenced by this and other studies, CRSsNP and CRSwNP can both present with Th2-

associated inflammation. The current report details a minimally-invasive approach for 

identifying patients with Th2-high CRS that utilizes biomarkers in sinonasal mucus. While 

prior studies have shown variability of individual cytokines and inflammatory mediators in 

surgically-derived tissue and even used this information to cluster patients into 

endotypes2,3,31, the strength of the current study is its ability to categorize patients without 

invasive acquisition of tissue and with a limited number of biomarkers.
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We evaluated sinonasal mucus for the Th2-associated cytokines, IL-5 and IL-13, and used 

this data to derive a scaled and combined Th2 cutoff value. This approach has been used 

successfully for asthma, which has similar pathophysiology to CRS, resulting in the 

differentiation of clinically relevant patient groups18. We were able to successfully separate 

CRS patients into Th2-low and Th2-high endotypes, with the Th2-high group composed 

primarily of CRSwNP patients and enriched in asthmatics. A subset of CRSsNP patients 

also fell into the Th2-high group, highlighting the heterogeneity of CRS and the failure of 

phenotype-based classification to account for underlying inflammatory etiology. Despite 

apparent pathophysiological relevance32-35, our study found that IL-4 was a poor biomarker 

for Th2-high CRS, largely because mucus levels were indistinguishable from healthy 

controls. This is in line with recent studies that have also shown small or no differences in 

IL-4 levels between individual CRS phenotypes or compared to healthy controls36-39, but is 

in contrast to some prior studies that did confirm elevated levels of IL-4 in CRS compared to 

controls40-42. We suspect that much of these conflicting results may be attributable to 

differences between assays and variability in approaches for mucus collection and 

processing. It is also possible that the inability of IL-4 to function as a reliable biomarker in 

our study could be secondary to the limited sensitivity of antibody-based approaches used 

here and in prior studies, rather than to the biological function and/or quantity of IL-4 itself.

The goal of the current study was not only to classify patients based on Th2 signature, but 

also to determine whether these classifications were clinically relevant. The Th2 endotype 

was defined by more severe clinical disease, with worse preoperative CT scores and worse 

objective olfactory function. These patients also were more likely to have had prior 

endoscopic sinus surgery, and had a greater degree of eosinophilia in surgically-derived 

tissue, a marker of more severe and recalcitrant sinus disease. The mucus-based diagnostics 

used in this study create the potential for point-of-care endotyping that can predict both 

disease severity and outcomes. For example, high surgical failure rates in the Th2-high 

group as evidenced by a greater number of prior surgeries, would suggest that these patients 

may be more effectively treated with more aggressive upfront surgery, or non-surgical 

treatments that target underlying inflammation.

In subgroup analysis, we sought to determine whether CRSwNP patients could be further 

subgrouped based on their Th2 signature. Though a majority of CRSwNP patients fell into 

the Th2-high group, approximately 40% did not reach this threshold, with many showing 

levels comparable to healthy control or CRSsNP patients. The heterogeneity of CRSwNP is 

well documented with recent studies suggesting variable pathophysiology based on 

inflammatory subtype/endotype and geographic location2,3,22. Presumably, many of these 

patients may be expected to respond poorly to anti-IL-5 or anti-IL-4/-13R biologic 

medications. In support of this, a small study evaluating reslizumab for treatment of nasal 

polyposis found that responders had increased nasal IL-5 levels43. However, it is still unclear 

whether treatment response was secondary to increased local IL-5 levels or due to greater 

disease burden that could be associated with higher levels of IL-5 or other cytokines. The 

current study showed that CRSwNP patients with an IL-5 high or IL-13 high signature had 

worse preoperative disease severity than their IL-5 and IL-13 low counterparts. The 

combined Th2 high metric was likewise associated with tissue eosinophilia and trended 

toward worse objective measures of disease severity. Though our original study was 
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designed to distinguish Th2-low and Th2-high CRS patients, irrespective of polyp status, 

larger follow-up studies may help to confirm the ability of a combined Th2 signature to 

differentiate CRSwNP patients into clinically relevant subgroups. Nonetheless, data in the 

current study suggests that Th2 status can be used as a prognostic factor in patients who are 

otherwise phenotypically uniform.

Strengths of the current study include its prospective design and use of minimally-invasive 

measures to characterize CRS inflammation. While we included strict inclusion and 

exclusion criteria in our study, it is possible that other comorbid factors could have an 

impact on the levels of cytokines and other pro-inflammatory mediators in sinonasal mucus. 

It is also possible that mucus levels of certain cytokines may not correlate to those in 

sinonasal tissue. However, close correlation between cytokine levels in sinonasal tissue and 

mucus is supported by a previous study44. Finally, it is likely that temporal variations in 

cytokine levels may occur among individual patients, an issue that may affect diagnostic 

accuracy. For example, we have purposefully excluded patients from our study who had 

received systemic steroids within 4 weeks of mucus collection, as this factor may 

substantially impact cytokine levels. Likewise, variations based on CRS exacerbations, or 

exacerbations within other comborbid diseases such as asthma or allergic rhinitis, could 

potentially alter results. Future prospective studies that assess seasonal and diurnal variations 

in mucus cytokine levels are needed to confirm this approach as an accurate and consistent 

biomarker.

CONCLUSIONS

CRS patients can be differentiated based on the absence or presence of a Th2 signature using 

minimally invasive collection of sinonasal mucus. Patients with Th2-high CRS were more 

likely to have nasal polyps, tissue eosinophilia, and asthma, and had worse preoperative 

disease severity.
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Figure 1. 
(A) Comparison of mucus IL-4, IL-5, and IL-13 levels between healthy control and CRS 
patients. IL-5 and IL-13 levels were significantly elevated in CRS patients compared to 

controls, while no significant difference was found for IL-4. Solid lines indicate the mean +/

− SEM. (B) Correlation between mucus levels of IL-4, IL-5, and IL-13 in CRS. All 

correlations were moderate or strong (p<0.0001 for all comparisons).
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Figure 2. Calculation of a combined Th2 low/high metric
Mucus cytokine levels were log normalized and an IL-5- (A) and IL-13-high (B) cut-off was 

identified by adding 2 SDs to the mean data for healthy controls (dashed line). Patients 

above the line were defined as IL-5/IL-13 high, while those below the line were defined as 

IL-5/IL-13 low. (C) Log normalized mucus cytokine levels for IL-5 and IL-13 were scaled, 

combined, and centered. A Th2-high cut-off was then identified by adding 2 SDs to the 
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mean data for healthy controls (dashed line). Patients above the line were defined as Th2-

high, while those below the line were defined as Th2-low.
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Table 1
Study Population and Demographics for Healthy Control and CRS Patients

Data is presented as frequencies (percentages), means +/− standard deviation or medians with interquartile 

range.

Healthy Control All CRS CRSsNP CRSwNP

No. 17 90 37 53

Age (years) 50.5 +/− 13.1 48.5 +/− 13.1 47.7 +/− 13.3 49.0 +/− 13.1

Sex, no. (% female) 13 (76) 42 (47) 21 (57) 21 (40)

Asthma, no. (%) 0 (0) 44 (49) 12 (32) 32 (60)

Allergic Rhinitis, no. (%) 1 (6) 56 (62) 20 (54) 36 (68)

AERD, no. (%) - 11 (12) 0 (0) 11 (21)

AFS, no. (%) - 10 (11) 0 (0) 11 (21)

SNOT-22 score - 47.1 +/− 18.7 48.5 +/− 16.3 46.1 +/− 20.4

CT score 1.0 (0.0-3.6) 16.0 (11.0-20.0) 12.0 (9.0-15.3) 17.5 (14.8-22.0)

SIT score −4.0(−7.0–1.0) −7.0(−24.5–3.0) −3.0 (−6.8–1.0) −20.0 (−27.0–7.0)

Prior surgery, no. (%) - 43/90 (48) 13 (35) 30 (57)

AERD, aspirin-exacerbated respiratory disease; AFRS, allergic fungal rhinosinusitis; CRS, chronic rhinosinusitis; CRSsNP, chronic rhinosinusitis 
without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; CT, computed tomography; SIT, smell identification test; SNOT-22, 
sinonasal outcome test-22.
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