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Abstract

Introduction—Chronic rhinosinusitis (CRS) is likely a biologically heterogeneous disease
process. Current guidelines propose subclassification using polyp status while others propose
using mucosal eosinophilia. We hypothesized that appropriate CRS subclassification would
increase homogeneity of baseline symptoms, and identify characteristic symptoms of each
subtype.

Methods—57 CRS patients undergoing surgery prospectively completed a preoperative battery
of 73 questions relating to symptoms including the SNOT-22 and PROMIS-29 general quality of
life (QOL) measures. Eosinophilic cationic protein (ECP) levels were determined from ethmoid,
uncinate, and polyp tissue homogenates using ELISA and normalized to total protein. Patients
were classified as eosinophilic (eCRS) or non-eosinophilic (neCRS) using a 95-percentile
threshold established from control tissue from 82 patients without CRS. Separate pairwise
comparisons were performed on patient-reported symptoms using polyp and eosinophilic status.

Results—28 of 57 patients had CRS with polyps (CRSWNP). 27 of 57 had eCRS (n=21
CRSwWNP, n=6 CRSsNP). CRSwNP patients had increased need to blow nose, frequency of nasal
congestion, more severe difficulty breathing through nose, more severe nasal discharge, but less
cough (p<0.05). eCRS had more bothersome loss of taste/smell, ear pain, sneezing, severe
difficulty breathing through nose, and severe nasal congestion compared to neCRS (p<0.05).

Conclusion—Subclassifying CRS with symptoms alone is difficult with neither polyp status nor
eosinophilia giving a distinctive clinical symptom profile. However, certain symptoms may help
otolaryngologists identify CRS subtypes, which may help guide future treatments. Further
validation and evaluation of prognosis following treatment is required to evaluate appropriate
means of subclassifying CRS.
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Introduction

The European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS) defines chronic
rhinosinusitis (CRS) as symptomatic inflammation of the nose and paranasal sinuses found
on nasal endoscopy or computed tomography lasting longer than 12 weeks.! Definitional
symptoms include nasal congestion, facial pain/pressure, nasal drainage, and hyposmia.
Despite this definition, CRS varies in its clinical presentation and response to treatment.
This heterogeneity suggests that biological heterogeneity may underpin the clinically
observed phenotypes.2~* Current guidelines propose subclassification using polyp status,t.
Further evidence with histologic evaluations of patients with CRS with nasal polyps
(CRSwWNP) have found a Type 2 inflammatory response with a predominance of eosinophils
and interleukin 5 in roughly 80% of patients from Western countries compared to only 35—
45% of Asian patients with CRSWNP.1:24-8 CRS without nasal polyps (CRSSNP) is more
biologically heterogeneous with about 20% of patients demonstrating tissue eosinophilia.>®

Despite these biological differences, the clinical diagnosis of both CRSWNP and CRSsNP is
dependent on the same set of symptoms, and patient reported outcome measures are
common to both clinical subtypes. Others have proposed using mucosal eosinophilia to
subclassify CRS and found that increased eosinophilia is associated with increased
inflammation, higher burden of disease, and a recalcitrant disease course.2-9-12
Unfortunately, mucosal eosinophilia is usually assessed on patients at the time of surgery.
Theoretically, earlier identification of eosinophilic CRS (eCRS) may help predict which
patients will respond to medical and surgical treatments, especially as there is a growing
array of treatment options for Type 2 eosinophilic conditions, such as asthma and atopic
dermatitis, in clinical trials.13-19

Considering the heterogeneity of CRS, our aim was to investigate baseline symptoms with
both polyp- and eosinophilic-based classifications. We chose to quantify eosinophilic
infiltration using eosinophilic cation protein (ECP). ECP is an eosinophilic-specific granular
protein contained in circulating eosinophils and released in target tissues of inflammation.2°
The function of ECP in CRS is unclear, but a relationship between ECP levels and tissue
eosinophilia has been reported.2:22 Furthermore, eosinophil counts may not accurately
quantitate degranulated eosinophils as has been suggested in conditions like asthma.23

Methods and Patients

Study population

Institutional Review Board approval was obtained from Northwestern University Feinberg
School of Medicine. All patients (>18 years) with CRS undergoing surgery from October
2013 to January 2015 were invited to participate and informed consent was obtained.
Patients were asked to complete a preoperative battery of 73 questions relating to clinical
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symptoms and general quality of life (QOL). Patients were also asked questions relating to
medical history and demographics that included age, sex, ethnicity, smoking history,
previous sinus surgery, asthma status, aspirin allergy, and aeroallergen sensitivity. Study data
were collected and managed using REDCap electronic data capture tools hosted at
Northwestern University.24 REDCap (Research Electronic Data Capture) is a secure, web-
based application designed to support data capture for research studies, providing 1) an
intuitive interface for validated data entry; 2) audit trails for tracking data manipulation and
export procedures; 3) automated export procedures for seamless data downloads to common
statistical packages; and 4) procedures for importing data from external sources.24 Exclusion
criteria included cystic fibrosis, human immunodeficiency virus, congenital cilia
dyskinesias, and systemic vasculitis or granulomatous processes. Control samples from
patients without CRS who underwent endoscopic sinus surgery for indications such as
sinonasal and skull base tumors, cerebrospinal fluid leaks and dacrocystorhinostomy were
also accessioned from the tissue repository. None of the 82 control patients had asthma, 2
(2%) had atopy; 3 (4%) were using nasal steroids, and 3 (4%) used oral corticosteroids
within 2 weeks of surgery. Symptoms were not assessed in the control patients due to the
disparate reasons for which they received surgery.

Establishing ECP threshold for classifying eCRS

ECP levels were measured by enzyme-linked immunosorbent assay (ELISA) using the
Mesacup ECP Test Kit (MBL; Woburn, MA) from uncinate and ethmoid tissue homogenates
from an archived tissue bank of 82 control patients without CRS. The ECP concentration
was measured as ng/mL and normalized to total protein concentration measured in each
sample using the BCA assay (Thermo Scientific).2> Patients with CRS in our study cohort
were then classified as eCRS or non-eosinophilic (neCRS) using a 95-percentile threshold of
this normal range. In the same manner, mean ECP levels were calculated from uncinate,
ethmoid, and/or polyp tissue obtained at surgery from our study cohort, and a patient’s
eosinophilic status was based on the normative threshold.

QOL evaluation

Evaluation of CRS symptoms included the Sinonasal Outcomes Test (SNOT)-22 and
additional questions that disambiguated compound symptoms (e.g nasal congestion/
obstruction).28:27 We also separately asked how frequent (0, never; 1, rare; 2, sometimes; 3,
usually; 4, always) and severe (0, not at all; 1, a little bit; 2, somewhat; 3, quite a bit; 4, very
much) individual symptoms (facial pressure, facial pain, difficulty breathing through nose,
nasal discharge, nasal congestion, post-nasal drip, smell loss, headaches, coughing, fatigue,
nasal itching, sneezing, and eye itching) were in the past 14 days. Using a Visual Analog
Scale (0-10cm), patients rated how troublesome their overall symptoms were at present and
at one month prior to presentation.l “0” is not troublesome and “10” is worst thinkable
troublesome.! To gauge how CRS had affected the patient’s overall QOL, the Patient
Reported Outcomes Measurement Information System (PROMIS)-29 was used. The
PROMIS-29 is an NIH-funded patient-reported outcome measure used to assess a patient’s
overall QOL and has been used in other chronic diseases.?8 Validated domains assessed by
the PROMIS-29 are physical function, anxiety, depression, fatigue, sleep disturbance,
satisfaction with social roles, pain interference, and pain intensity.
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Statistical analysis

Results

Data analysis was performed using IBM SPSS Statistics for Windows, v22.0 (IBM Corp.,
Armonk, NY) to investigate any differences in patient responses to the battery of 73
questions based on polyp-status and eosinophilic-status. Chi-square and Mann-Whitney U
tests were respectively utilized to compare dichotomous and ordinal demographic and
history items. Comparisons of patient responses to the general QOL and sinusitis specific
QOL measures were also made using the Mann-Whitney U test. Some patients left certain
items unanswered, so a fully conditional specification multiple imputation method was
performed to replace missing data values from incomplete questionnaires. A p-value
(p)<0.05 indicated statistical significance.

Study population demographics

57 patients were included in our study (Table 1). There were 30 females (53%) and 27 males
(47%) with a mean age of 46 years (range 2374 years). In this cross-sectional study, there
were no significant differences in age, race, sex, ethnicity, smoking history, asthma status,
aspirin allergy, previous surgery, atopy by self-reported aeroallergen testing, and use of
intranasal corticosteroids when subclassified by polyp or eosinophilic status. In the two
weeks prior to surgery, use of oral corticosteroids was significantly higher in CRSwNP
(25%) than CRSsNP (3%), and in eCRS (22%) compared to neCRS (3%).

Establishing a threshold for eosinophilia

The range of ECP from tissue of 82 control patients was 0.35 to 980ng/mg total protein
(mean 64.24ng/mg, SD 130.09). There were no significant differences comparing ECP
concentrations between ethmoid and uncinate tissue, so the average ECP in ethmoid and
uncinate was calculated when both were available. Using this normative data, the 95 percent
threshold for ECP was 289.75ng/mg total protein. 27 (47%) were thus classified as eCRS
and 30 were neCRS. 75% (n=21) of CRSWNP patients and 20.7% (n=6) of CRSsNP patients
were eosinophilic. By design, patients with eCRS had a significantly higher mean ECP
(1,748.42ng/mg total protein, SD 1,705.41) than neCRS (mean 110.21ng/mg total protein,
SD 77.77[p<0.01]) and control patients (p<0.01). Patients with CRSWNP had significantly
higher mean ECP (1,771.19ng/mg total protein, SD 726.93) than patients with CRSSNP
(391.74, SD 726.93) and control patients (p<0.01). There was no significant difference in
mean ECP between patients with CRSsNP and control patients.

Analysis of symptoms and QOL using a polyp-based classification

There were no significant differences between patients on the overall VAS or on the 8
validated domains of the PROMIS-29 based on polyp status. There was also no significant
difference in the total SNOT-22 scores between patients with CRSWNP (mean 42.5, SD
15.3) and CRSsNP (mean 40.3, SD 15). On analysis of individual SNOT-22 items, those
with CRSWNP reported significantly more bothersome need to blow nose and less cough
(p<0.05) (Figure 1). When examining the effect of separating compound symptom
descriptors found in the SNOT-22, patients with CRSWNP were more bothered in the
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frequency of nasal congestion, the severity of difficulty breathing through the nose, and the
severity of nasal discharge (p<0.05) (Figure 2).

Analysis of symptoms and QOL using an eosinophil-based classification

Similarly, there were no differences on the overall VAS, the 8 validated domains of the
PROMIS-29, or the total SNOT-22 scores (eCRS [43.1, SD 14.9]; neCRS [mean 39.9, SD
15.3]) when analyzed by eosinophilic status. On analysis of individual SNOT-22 items,
patients with eCRS complained of more bothersome disturbance in taste/smell, ear pain, and
sneezing (p<0.05) (Figure 3). When examining the effect of separating compound symptom
descriptors found in the SNOT-22, patients with eCRS reported more severe difficulty
breathing through the nose and more severe nasal congestion (p<0.05) (Figure 3).

Discussion

Ideally, baseline symptoms could help identify CRS subtypes at presentation to help guide
treatment and better predict patient prognosis. There are already some differences in
treatment recommendations based on polyp status and there may be future treatment
differences based on biological endotypes, such as eCRS.2429 Similar to several prior
studies, we found no significant differences between CRS subtypes when comparing total
scores on QOL instruments.>9:30:31 However, in this pilot study we did find differences in
individual symptoms when CRS was subtyped by polyp or eosinophilic status (Figures 1-3).
Although we acknowledge the potential for Type I error due to cohort size, patients in our
study with CRSwNP had significantly more bothersome need to blow nose, more frequent
nasal congestion, more severe difficulty breathing through nose, more severe nasal
discharge, and decreased cough (Figures 1,2). Patients with eCRS complained of more
bothersome sneezing, ear pain, loss of taste/smell, severe difficulty breathing through nose,
and severe nasal congestion (Figure 3).

Few previous studies have used polyp status to subclassify patients with CRS and compare
their baseline individual symptoms. Banjeri et al.32 utilized a modified version of the SNOT
questionnaire to assess the severity and frequency of the 4 cardinal symptoms (nasal
obstruction, facial pain/pressure, nasal purulence/drainage, and hysosmia/anosmia) in 126
patients with CRS. In their study, CRSWNP was associated with nasal obstruction and
hyposmia/anosmia (p<0.05).32 Dietz de Loos et al.30 utilized items in the RSOM-31,33 a
predecessor of the SNOT-22, to compare how bothersome symptoms are in 234 patients with
CRSwNP and CRSsNP. In their study patients with CRSWNP were more bothered by nasal
blockage/congestion, rhinorrhea, need to blow nose, inconvenience of having to carry tissue,
and loss of smell/taste (p<0.05). Both studies also found facial pain/pressure/headache to be
more bothersome in patients with CRSsSNP (p<0.05).30:32 Similar to these two studies, we
found items relating to nasal obstruction and discharge to be more closely associated with
CRSwNP (Figures 1,2). We also found cough to be significantly associated with CRSsNP,
which needs further validation.

Our study is one of only a few that have compared symptoms of patients with eCRS and
neCRS using validated questionnaires, and the first study with a definition of eosinophilia
based on studies with control ethmoid and uncinate tissue.31:34-37 Soler et al.3! found no
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differences preoperatively (n=102) in overall QOL scores and individual domain scores
using the RSDI, chronic sinusitis survey (CSS), and SF-36 instruments preoperatively but
did not report individual symptoms. Mori et al.34 (n=481) utilized a 6 point Likert scale and
found eCRS to be significantly more associated with olfactory dysfunction, nasal
obstruction, and nasal discharge, which is similar to our findings that patients with eCRS
have more bothersome loss of taste/smell, severe difficulty breathing through nose, and
severe nasal congestion (Figure 3). Ouyang et al.3® (n=86) found smell loss and cough to be
associated with eCRS on a modified SNOT questionnaire. Both Zuo et al.3¢ (n=105) and
Haruna et al.3” (n=84) also found eCRS to be significantly associated with smell loss
utilizing a 7-point VAS scale and 10-point VVAS scale, respectively. Together, these studies
suggest that mucosal eosinophilia is strongly associated with smell loss. It remains unclear if
mucosal eosinophilia in CRS obstructs air flow and prevents odorant molecules from
reaching the olfactory cleft, or causes region specific inflammation causing direct olfactory
neuroepithelial inflammatory damage.38-3° In addition to olfactory loss, our study also found
increased ear pain associated with eCRS (Figure 3). Although no other prior study has
confirmed this association, eosinophils in middle ear fluid have previously been associated
with recalcitrant middle ear disease.#0:4

A prominent eosinophilic infiltrate has been described in both CRSWNP and CRSsNP and
has been associated with increased osteitis and worse scores on endoscopy, computed
tomography, and smell identification tests.3%:42 Matsuwaki et al.12 found mucosal infiltration
to be a significant risk factor for CRS recurrence after surgery. Ishitoya et al.#3 advocates for
early consideration for sinus surgery and aggressive local and systemic postoperative
medical treatments to maintain control in eCRS patients. Ideally, an eCRS subtype could be
diagnosed before surgery. However, our data suggest that identifying patients with eCRS
from those with neCRS may be challenging with symptoms alone.

eCRS is currently identified from histologic studies of tissue obtained at the time of surgery.
However, the definition of eosinophilia is variable across previous studies. Soler et al.3!
recommended =10 eosinophils/high power field (HPF) on the basis of QOL improvements
after sinus surgery. Alternatively, lkeda et al.** recommends =100 eosinophils/HPF and
Matsuwaki et al.12 advocates for =120 eosinophils/HPF as a predictor of polyp recurrence.
Other groups like Cao et al.6 and Kim et. al.” have classified eCRS using eosinophil
densities of 10 and 20% of inflammatory cells, respectively. Cao et al. 8 has been the only
other study to use control tissue, but their threshold was established using inferior turbinate
tissue of patients undergoing septoplasty. Clearly, there is a need to establish a standardized
definition for eCRS, and we are the first to use normative tissue from uncinate and ethmoid
tissue of control patients without CRS to establish a threshold for eCRS. Since histologic
methods are tissue and labor intensive and subject to inter-rater and intra-specimen
variations in eosinophilia and diligence of interpretation, we chose to quantify eosinophilic
infiltration using ECP. ECP is an eosinophilic granule protein, that has been suggested to be
a more accurate reflection of eosinophilia in other eosinophilic conditions such as asthma.23
We classified eCRS using a 95™-percentile threshold for ECP established from uncinate and
ethmoid tissue of 82 control patients without CRS (289.75ng/mg total protein). Additional
studies with outcome data are needed to validate this threshold. Further studies are also
needed to directly compare ECP concentration to number of eosinophils/HPF. Currently, our
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methods still required an operation to classify CRS as eosinophilic, but ECP is a soluble
protein and has been measured in nasal lavage.2145 One prior study did find a correlation
between an eosinophil-specific marker, eosinophil peroxidase, from nasal lavage of patients
with CRS and serum eosinophilia.#é Similar studies will also be needed to validate a
correlation of ECP from nasal lavage with mucosal and serum eosinophilia to evaluate its
potential as a non-tissue based biomarker.

Our study also highlights the importance of symptom wording when evaluating patient
reported outcomes. Many descriptors are used interchangeably to describe the cardinal
symptoms of nasal obstruction and nasal drainage, yet our study suggests that the different
descriptors may hold different meanings to patients. Furthermore, our study suggests that
certain SNOT-22 items may be improved upon to effectively evaluate patient responses. In
our expanded battery of questions, we attempted to disambiguate compound descriptors and
better define whether the severity or frequency of a particular symptom was most
bothersome. For example, “blockage/congestion of the nose” on the SNOT-22 was not
significantly different when classifying by polyp or eosinophil status, yet patients with
CRSwNP and eCRS reported significantly more “nasal congestion” and “difficulty breathing
through nose” (Figures 1,2). Likewise, the SNOT items of thick nasal discharge or post-
nasal discharge were not significantly different, but patients with CRSwWNP reported more
severe nasal discharge (Figure 2). Our study also suggests that including taste with smell, as
asked on the SNOT-22, may be more effective than asking only about the sense of smell.
Many patients may not separate smell and taste even though flavor is typically a reflection of
olfactory rather than gustatory function. Patients with eCRS reported significantly more
bothersome loss of smell/taste, as asked on the SNOT-22, compared to patients with neCRS,
but the severity and the frequency of smell loss lacked significance when asked without the
descriptor of taste.

A potential limitation of our study is the size of our sample. Higher power may have resulted
in more significant differences between subtypes, such as associating loss of smell/taste with
CRSwWNP or facial pain with CRSsNP. However, for symptoms to meaningfully dictate care,
we would need symptoms that distinguish subtypes extremely well in clinical practice. Our
study also correlates well with the few previously published papers that demonstrate both
clinical phenotypes and endotypes are difficult for clinicians to identify without biological
testing.22-24.26-29 Ap additional limitation is that tissue-based means of classifying eCRS
still requires surgery, thus potentially selecting for a more severe group of patients. Until a
more minimally invasive test to assess mucosal eosinophilia becomes available, patients
complaining of a disturbance in smell/taste (p<0.005) and severe difficulty breathing through
nose (p<0.01) are the best indicators at identifying patients with eCRS prior to confirming
with tissue. Likewise, increased need to blow nose, frequency of nasal congestion, more
severe difficulty breathing through nose, more severe nasal discharge, but less cough identify
patients with CRSWNP. Unfortunately, neither definition produces clear symptomatic
separation of patients with CRS.
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Conclusion

CRS is a biologically heterogeneous inflammatory disorder culminating in >12 weeks of
sinonasal symptoms. Using symptoms to subclassify CRS by both polyp- and eosinophilic-
status may aid the practitioner in recommending treatments and predicting prognosis,
especially as future treatments may directly target Type 2 inflammatory responses.2? Our
study examines a wide range of symptoms and suggests that patients with CRSwWNP are
most bothered by the need to blow nose, the severity of difficulty breathing through nose,
and decreased cough compared to those with CRSsNP. A consensus definition of eCRS has
not been established, and in this study we used a non-histologic measure using an ECP
threshold established on control sinus tissue from patients without CRS. Based on this
quantitative measure, patients with eCRS are most likely to be bothered by the loss of taste/
smell and the increased severity of difficulty breathing through the nose compared to
patients with neCRS. Further validation and evaluation of prognosis following treatment is
required to evaluate appropriate means of subclassifying CRS and ultimately guiding
treatments.
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On the SNOT-22, A) patients with CRSWNP had significantly more bothersome need to
blow nose (p<0.05), but B) runny nose was not significantly different (0.05>p<0.1). C)
Cough (p=0.005) was more bothersome for patients with CRSSNP. There were no significant
differences in D) facial pain/pressure, E) difficulty with taste/smell, and F) nasal blockage/

congestion (p>0.05).
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Patients with CRSWNP were significantly (p<0.05) more bothered with the A) frequency of
nasal congestion, B) severity of difficulty breathing through nose, and C) severity of nasal
discharge. D) Severity of nasal congestion (p=0.053), E) frequency of decreased smell
(p=0.051), and F) severity of decreased smell were not significant (0.05>p<0.0.1).
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D. Severity of Difficulty Breathing Through Nose
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Patients with eCRS reported more bothersome A) sneezing (p<0.05), B) ear pain (p<0.05),
and C) loss of taste/smell (p<0.01). They also reported increased D) severity of difficulty
breathing through nose (p<0.01) and E) severity of nasal congestion (p<0.05). F) Frequency
of nasal congestion was not significant (0.05>p<0.0.1).
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