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Abstract

Background: Chronic rhinosinusitis with nasal polyps (CRSWNP) may have
a heterogeneous response to medical/surgical treatments based on endotypes.
Data correlating biomarkers and severity of the disease are lacking. We aimed to
determine if IL-5 and calprotectin may be useful in defining severity of disease
and identifying uncontrolled patients.

Methods: This was a case-control study including 81 patients with diffuse
CRSwWNP who underwent at least one previous surgery and treated with
intranasal steroids. We enrolled 39 uncontrolled patients (SNOT-22 > 40 and two
or more cycles of systemic corticosteroids in last year) (Group A) and 42 con-
trolled one (SNOT-22 < 40 and less than two cycles of systemic corticosteroids in
last year) (Group B). We analyzed IL-5 and calprotectin in both nasal secretions
and nasal polyp tissue.

Results: Calprotectin and IL-5 were significantly higher in Group A in both
secretions and tissue, and the higher the number of previous surgeries, the
higher the levels detected in nasal secretions. At univariate analyses, smoking,
asthma, non-steroidal anti-inflammatory drugs-exacerbated respiratory disease
(NSAID-ERD), blood eosinophilia, neutrophils, and eosinophils at nasal cytology
were significantly associated with uncontrolled disease. Multivariate analyses
showed that asthma, NSAID-ERD, and IL-5 in nasal secretion/polyp tissue were
significantly related to the risk of uncontrolled disease.

Conclusions: Our data suggest that asthma, NSAID-ERD, and IL-5 in nasal
secretions/tissue may be helpful to identify more severe patients, as they
are related to the risk of uncontrolled disease. Nonetheless, high levels of
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BIOMARKERS AND DISEASE CONTROL IN CRSWNP
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1 | INTRODUCTION

Chronic rhinosinusitis with nasal polyposis (CRSWNP) has
complex pathophysiologic mechanisms that lead to het-
erogeneity in terms of severity of disease and response to
treatments. For this reason, the spectrum of severity of the
disease can range from easy-to-control forms to difficult-
to-manage CRSwNP, in which despite appropriate medical
and surgical treatment, patients cannot achieve adequate
control of symptoms. Although the majority of CRSWNP
patients can achieve control, those affected by severe dis-
ease will not, even with maximal systemic steroids and
surgery. This group of patients has the poorest outcomes
and quality of life, requiring high costs for management."?
Functional endoscopic sinus surgery (FESS) is generally
reported to be a safe and effective treatment for CRSWNP,?
improving symptoms and quality of life. However, in
severe cases patients may experience recurrence of symp-
toms and return to a state of uncontrolled disease, despite
complete and appropriate surgical treatment and adequate
postoperative medical therapy with steroids. In the past,
patients affected by the most severe forms needed multiple
revision surgeries in the attempt to offer relief of symp-
toms for at least a few years, which was related to the
lack of an alternative medical treatment, such as biolog-
ics, which have been entering routine clinical practice in
the last couple of years.*>

Research efforts have expanded our understanding of
the pathophysiological mechanisms of chronic rhinosi-
nusitis. Different endotypes have been described according
to the specific imbalance in immune cell response. In type
2 CRSwNP, there is very high expression of inflamma-
tory mediators involved in the Th2 response, such as IL-5,
IL-4, and IL-13, which have been associated with pathog-
nomonic eosinophilia. On the other hand, in types 1 and
3 CRSwNP, an increased level of THI1 cytokines (INF-G,
TNF-alpha, IL-17, etc.)® has been documented together
with peculiar neutrophilia. In previous studies, we exam-
ined potential biomarkers for specific endotypes and
obtained interesting results with IL-5 for type 2 disease’®
and with calprotectin for nontype 2 disease’ in nasal secre-
tions. More specifically, we demonstrated a potential role
of type 2 biomarkers, and in particular IL-5, to identify
patients with a more severe phenotype based on inflamma-

calprotectin and neutrophilia were also observed in uncontrolled patients,
especially after multiple surgeries.

biomarker, chronic rhinosinusitis, endoscopic sinus surgery, eosinophilic rhinitis and nasal

tory load. Similar results have been described by authors
investigating the role of IL-5 as a clinical biomarker of type
2 inflammation in CRSWNP.!*!! Furthermore, we recently
demonstrated that calprotectin in nasal secretions may be
considered a biomarker of nontype 2 inflammation with a
good correlation with neutrophilia; we also observed that
calprotectin levels significantly correlate with the number
of previous surgeries.” Although as per the observations of
our previous study, the role of calprotectin in uncontrolled
type-2 CRSwWNP patients remains poorly investigated in the
literature.

Current scientific interest is focused on the identi-
fication of biomarkers that can better characterize the
spectrum of severity of CRSWNP. In fact, biomarkers may
be helpful to define the severity of disease and the risk
of poor control with treatments. The primary aim of the
present study was to determine if IL-5 and calprotectin in
nasal secretion and nasal polyps may be useful as clinical
biomarkers to define the severity of disease and to identify
difficult-to-treat patients with CRSWNP.

2 | MATERIALS AND METHODS

2.1 | Study population

This is a monocentric observational case-control study
including 81 patients affected by CRSwNP and followed at
“A. Gemelli” Hospital Foundation-IRCCS, Catholic Uni-
versity of Sacred Heart, Rhinology Unit, in Rome, Italy. We
enrolled patients diagnosed with diffuse bilateral CRSwNP
according to EPOS2020 criteria'”? on regular treatment
with intranasal corticosteroids (INCS) and had been sub-
mitted to at least one previous surgery. Patients referring
to our rhinology unit were screened and enrolled in the
period between October 2021 and December 2022. The
study was approved by the local ethics committee (protocol
number: 36127/19; ID:2758).

Inclusion criteria were: male or female, 18-65 years old,
willing and able to provide written informed consent; pri-
mary diffuse bilateral CRSWNP diagnosed according to
EPOS 2020 criteria'?; regular treatment with intranasal
corticosteroids; underwent at least one previous endo-
scopic sinus surgery (any kind); underwent an additional
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workup in the last 3 months including evaluation by
a pulmonologist or allergologist, maxillofacial computed
tomography (CT) scan, and eosinophil blood count; and/or
approval by the investigators as suitable for participation in
the study without risk to the patient.

Exclusion criteria were: primary localized CRS (uni-
lateral involvement of paranasal sinuses or involvement
of only one sinus for each side); CRSWNP previously
treated or undergoing treatment with biologics; ongoing
respiratory tract infection including nasal cavity at inclu-
sion and acute exacerbation of chronic rhinosinusitis as
defined in the EPOS 2020 guidelines'?; secondary diffuse
or localized CRS (cystic fibrosis, sino-nasal tumor, pri-
mary ciliary dyskinesia, autoimmune disease); sino-nasal
granulomatous disease and sino-nasal tumor; continuous
systemic steroid treatment; pregnancy; and/or previous
radiotherapy for head or neck cancer.

We enrolled 39 severe uncontrolled patients who were
defined according to most recent literature’® as those
who underwent at least one previous surgery who have
a SNOT-22 > 40 and two or more brief cycles of systemic
corticosteroids (>5 and <21 days) in the last year (Group
A). Patients with a SNOT-22 < 40 who underwent at least
one previous surgery and less than two brief cycles of
systemic corticosteroids in the last year were considered
as “controlled” (n = 42) and were used as a control group
(Group B).

2.2 | Study design and procedures

Patients were evaluated at the screening visit (VO0)
and 1 month later (V1). At VO, all patients under-
went a baseline interview to obtain all clinical his-
tory and information from additional workup, such as
blood eosinophilia, asthma, smoke, allergy, non-steroidal
anti-inflammatory drugs-exacerbated respiratory disease
(NSAID-ERD), Lund-Mackay score (LMS), previous surg-
eries, and therapies. Blood eosinophilia was defined
as a peripheral absolute eosinophil count greater than
250/uL.'* We collected information about disease control
taking into account previous surgeries and previous med-
ical treatment, including brief cycles of steroids (cycles
with >5 and <21 days of systemic corticosteroids in the
last year). Patients willing to participate in the study were
required to stop intranasal steroids (INCS) for 4 weeks
before V1.

At V1, all patients underwent:

* Evaluation of quality of life by SNOT-22: We used the
validated Italian version of SNOT-22."> The SNOT-22
questionnaire assesses the quality of life using 22 items
validated for CRS, using a scale of values in which 0

corresponds to “I never have this symptom,” 1 “rarely
and mildly present symptom,” 2 “mild-moderate symp-
tom,” 3 “moderate,” 4 “frequent and severe symptom,”
and 5 “severe and ever-present symptom, which affects
the quality of life.” The range of SNOT-22 varies from
0 to 110. According to literature data, we defined severe
disease for a SNOT-22 > 40.3

* Nasal endoscopic evaluation and polyp biopsy: Rigid
nasal endoscopy was performed in all subjects under
local anesthesia with topical application of 2% xylo-
caine and using 0° and 30°, 4 mm diameter rigid nasal
endoscopes (Karl Storz). Nasal endoscopy was done by
using the standard three pass technique as described by
Kennedy. Nasal endoscopy findings are noted such as
nasal mucosa edema, presence of secretion, and pres-
ence of polyps.'® In patients who gave consent, a biopsy
of polypoid tissue at the level of the ostium-meatal com-
plex was performed for tissue assays. The materials were
collected and then stored at —80°C.

* Nasal cytology to determine the presence and type of
sino-nasal inflammation. The examination was carried
out on the material taken from the lower and mid-
dle turbinate bilaterally by “scraping” the mucosa with
a rhinoprobe (Farmark).'*!7!8 The sample was gen-
tly spread on glass slides and immediately fixed in
95% ethanol and stained with May-Grunwald-Giemsa.
Eosinophil and neutrophil counts were expressed as
mean count per high power field (hpf) on at least three of
the richest observed fields at high magnification (x400).
Slides were examined under oil immersion by light
microscopy at a magnification of 1000x.%!7:1

* Nasal secretions were collected bilaterally from each
patient. A sinus sponge pack Merocel (Medtronic
Xomed) was introduced parallel to the sagittal plane into
the middle meatus of each nostril. Thereafter, 1 mL of
0.9% normal saline was added to the sponge to extract
the secretion. Each sponge was maintained for 5 min,
transferred to a 5-mL syringe (BD), and centrifuged at
1500 x g for 15 min at 24°C. The supernatants were
divided in aliquots and stored at —80°C until further
analysis.”%19-2!

2.3 | Biochemical assays

We measured biomarkers of inflammation in nasal secre-
tions: IL-5 as a marker of eosinophilic inflammation®;
calprotectin as marker of neutrophilic inflammation.” IL-5
concentration in the cell-free unconcentrated NAL fluids
was assayed in duplicate by ELISA “Quantikine” Human
IL Immunoassay (R&D Systems) during a single session
and the mean values were calculated. The coefficient of
variation (CV) of duplicates was always less than 10%;
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the limit of detection of IL-5 (LOD) was 0.13 ng/L. The
determination of calprotectin was performed using the
DiaSorin “LIAISON” calprotectin kit (DiaSorin Inc.), an in
vitro diagnostic chemiluminescent immunoassay (CLIA)
for the quantitative measurement of fecal calprotectin. We
report the calprotectin value in mg/L.%??

For a subgroup of patients (n = 49; 21 in Group A and 28
in Group B), we also performed biochemical assays in tis-
sue homogenates obtained with biopsy of nasal polys and
healthy mucosa (floor of the nasal cavity). Pretreatment
was performed for the polyp and healthy nasal mucosa. For
extraction of proteins from tissue, we cut a portion with a
diameter of 3 mm, which was washed in 200 uL of pure
H,0 to eliminate any external contaminants. Cell Lysis
Buffer 2 (R&D Systems Bio-Techne) and protease inhibitor
cocktail were added to each sample. The mixture was then
homogenized and centrifuged. For each sample, the total
protein content was determined by the Bradford method.
All samples (NAL fluids and tissue homogenates) were
stored at —80°C and brought to room temperature before
starting pretreatment and assays.*

2.4 | Statistical analysis

Statistical analysis was performed using SPSS package
version 25.0 (IBM SPSS Statistics for Windows, Version
25.0, IBM Corp.). Continuous values such as levels of IL-
5 and calprotectin, symptom scores, endoscopic scores,
cell count were expressed as mean + standard deviation
(SD). Continuous variables were tested for normality using
Kolmogorov-Smirnoff test. For univariate analysis, we
used the following tests: chi-square test for dichotomous
variables; Student’s t-test for independent samples for vari-
ables normally distributed; log-rank test and Turkey post
hoc test for non-normally distributed variables. When
comparing more than two groups, we used one-way
ANOVA and Bonferroni post hoc analysis. The strength of
the correlation between the two parameters was obtained
by Spearman’s rank correlation test. Multivariate analysis
was performed with binary logistic regression. All sig-
nificance levels were Bonferroni corrected. A corrected
threshold of 0.05 was considered significant. In logis-
tic regression, we considered significance and expected
variation, considering variation of risk for dependent vari-
able at one single unit or one category variation of the
independent variables in equation.

3 | RESULTS

Based on inclusion and exclusion criteria, we included
81 patients affected by CRSWNP with at least one previ-
ous surgery (50 men and 31 women [M:F = 1.6:1] and a

TABLE 1 Clinical characteristics of the entire population.
Epidemiology
Age (mean + SD; range) 46.2 +11.34;
23-64

Male (n/total; %)
Phenotyping

50/81; 61.7%

Concomitant allergy (n/total; %) 48/81; 59.2%

Number of previous sino-nasal surgeries

1 surgery 46/81 (56.7%)
2 surgeries 8/81(9.8%)
3 surgeries 8/81(9,8%)
4 surgeries 9/81 (11.1%)
5 or more surgeries 8/81(9.8%)

45/81; 55.5%
49/81; 60.5%

Concomitant asthma (n/total; %)

Peripheral blood hyper-eosinophilia
(n/total; %)

NSAID-ERD (n/total; %)

Smoking (n/total; %)

SNOT-22 (mean + SD)

CT Lund Mackay score (mean + SD)

11/81; 13.6%
24/81; 29.6%
38.5+10.64
19.0 + 3.69

mean age of 46.2 years [range: 23—64 years]). Baseline
characteristics are reported in Table 1. Cases were fur-
ther divided into Group A including 39 patients affected
by uncontrolled CRSWNP (27/39 males; M:F = 2.2:1;
mean age 45.8 years), and Group B including the remain-
ing 42 patients who were well controlled (23/42 males;
M:F = 1.2:1; mean age 47.1 years). The differences in age
and gender between groups were not statistically signifi-
cant (p > 0.05). We collected nasal secretions in all patients.
Finally, 21 patients in Group A and 28 patients in Group B
agreed to nasal biopsy.

Patients with uncontrolled CRSWNP complained of
worse nasal symptoms with a higher average value of
SNOT-22 compared to the control group (respectively, 49.4
vs. 30.5; p = 0.02). A significantly higher prevalence of
NSAID-ERD (p = 0.001) and blood eosinophilia (p = 0.003)
was observed in Group A. Furthermore, cigarette smok-
ing habit was significantly higher in Group A compared
to Group B (p = 0.01). Differences between the two groups
are summarized in Table 2.

The mean IL-5 levels in nasal secretion of all 81 CRSWNP
patients was 3.1 + 2.2 ng/L, and was significantly higher in
Group A compared to Group B (3.9 + 2.3 vs. 2.2 + 1.4 ng/L;
p =0.04) (Figure 1A). The mean calprotectin levels in nasal
lavage of all CRSWNP patients was 15.6 + 5.9 mg/L, and
was significantly higher in Group A compared to Group B
(19.1 +£13.8vs. 10.7 + 6.4 mg/L; p = 0.001) (Figure 2A). The
statistical analysis of cytologic cell count at hpf revealed
that neutrophil and eosinophil counts were significantly
higher in Group A. The median eosinophil count at nasal
cytology was 23 (confidence interval [CI]: 14-50) in Group
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multivariate analysis.

Biomarkers

Clinical factors

Age (mean)

Sex (males; %)

Smoking habit

Asthma

Allergy

Blood eosinophilia (>250 cells/uL)
NSAID-ERD

Mean SNOT-22

Mean number of systemic corticosteroids
in the last 2 years

Biomarkers analyzed
Calprotectin: nasal lavage (mg/L)*
Calprotectin: polyp tissue (mg/L)*
Interleukin-5: nasal lavage (ng/L)*
Interleukin-5: polyp tissue (ng/L)*
Eosinophil count at nasal cytology”

Neutrophil count at nasal cytology”

Group A
Uncontrolled

458
27/39 (69.2%)
18/39 (46.1%)
25/39 (64.1%)
22/39 (56.4%)
27/39 (69.2%)
9/39 (23.1%)
49.4
2.9+1.56

19.1+13.8
174.5 +141.8
3.9+23
21.6 +13.1
23 [14-50]
37 [10-50]

Group B
Controlled

471
23/42 (54.8%)
6/42 (14.3%)
20/42 (47.0%)
26/42 (61.9%)
22/42 (52.4%)
2/42 (4.8%)
30.5

1+11

10.7 + 6.4
63.4 +50.1
22414
16.4 +10.1
11 [7-30]
18 [12-40]

Univariate
p-Values

N.S.
N.S.
<0.05
<0.01
N.S.
<0.05
<0.01
N.S.
N.S.

0.001
0.007
0.04
0.04
0.04
0.008

IFAR: QY10 (I

TABLE 2 Characteristics of the population and distribution of biomarkers in the two groups along with the results of the univariate and

Multivariate

Risk variation of

uncontrolled

CRSwWNP

(expected) p-Value
N.S.
N.S.
N.S

1.881 <0.05
N.S.
N.S.

2.25 <0.05
N.S.
N.S.
N.S.
N.S.

2.64 <0.01

1.16 <0.05
N.S.
N.S.

Abbreviations: CRSWNP, chronic rhinosinusitis with nasal polyps; NSAID-ERD, non-steroidal anti-inflammatory drugs-exacerbated respiratory disease.
“Mean values + DS. Student’s t-test for continuous parameters.
YMedian values. Cytology cell count at high power field: Kruskal-Wallis test for nonparametric variables.
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FIGURE 1 IL-5levels in nasal secretions (A) and nasal polyp tissue (B).
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FIGURE 2 Calprotectin levels in nasal secretions (A) and nasal polyp tissue (B).

A versus 11 (CI: 7-30) in Group B (p = 0.04). Finally, the
median neutrophilic count at nasal cytology was 37 (CI: 10-
50) in Group A and 18 (CI: 12-40) in Group B (p = 0.008).

We measured the levels of IL-5 and calprotectin in tis-
sue homogenates obtained from nasal polyps and healthy
mucosa of all patients. Considering the entire population,
we detected significantly higher levels of biomarkers in
nasal polyp tissue compared to healthy mucosa for both IL-
5(19.2 £ 11.8 vs. 5.7 + 3.1 ng/L; p = 0.002) and calprotectin
(123.5 £ 98.8 vs. 2.3 + 1.1 mg/L; p = 0.006).

Regarding IL-5, we observed that its levels in nasal polyp
tissue were significantly higher compared to nasal secre-
tions (19.2 + 11.8 vs. 3.1 + 2.2 ng/L; p = 0.003). We detected
a trend of correlation between levels of IL-5 in polyp tissue
and that in nasal secretions by Spearman’s linear regres-
sion that did not reach significance (p = 0.06). Finally,
we observed a significant difference between Group A and
Group B for IL-5 in nasal polyp tissue (21.6 + 13.1 vs.
16.4 +10.1 ng/L; p = 0.04) (Figure 1B).

Considering calprotectin, its levels in tissue were sig-
nificantly higher compared to that in nasal secretions
(123.5 + 98.8 vs. 15.6 + 5.9 mg/L; p = 0.005). We found a
significant correlation between calprotectin in polyp tis-
sue and in nasal secretions at Spearman’s linear regression
with a regression coefficient  of 0.35 (p = 0.03). Finally, the
levels of calprotectin were significantly higher in Group
A compared to Group B in nasal tissue (174.5 + 141.8 vs.
63.4 £ 50.1 mg/L; p = 0.007) (Figure 2B).

Interesting results were obtained by correlating the
values of biomarkers in secretions based on number of
surgeries. Calprotectin levels, in fact, increased exponen-
tially with an increase in the number of surgeries. The
mean value reached was less than 200 mg/L until the

second intervention and between 200 and 300 mg/L in
patients who underwent more than three FESS. Figure 3
shows the stratification of calprotectin levels by number
of interventions. The same trend was observed for IL-5
values in nasal secretions and number of surgical inter-
ventions. Figure 4 shows the progressive increase in IL-5
levels based on the number of surgeries. IL-5 levels are less
than 3 ng/L until three FESS, and increased to more than
3 ng/L in patients who had underwent more than three
surgeries. These data confirm that calprotectin and IL-5
can be considered as markers that correlate with disease
severity.

We performed both univariate and multivariate analy-
sis to assess the risk of uncontrolled CRSWNP (Table 2). In
univariate analysis, the following factors were significantly
correlated with the risk of uncontrolled CRSwNP: cigarette
smoking, the presence of asthma, NSAID-ERD, blood
eosinophilia (>250), high levels of calprotectin and IL-5 in
tissue and polyps, and high eosinophil and neutrophil cell
counts at nasal cytology. However, on multivariate analy-
sis, only the presence of asthma, NSAID-ERD, and levels
of IL-5 in tissue and blood were confirmed as independent
risk factors for uncontrolled CRSwWNP. The risk variation
(expected) of uncontrolled CRSWNP was 1.88 (p < 0.05) for
asthma, 2.25 for NSAID-ERD (p < 0.05), 2.64 (p < 0.01) for
IL-5 in nasal lavage, and 1.16 (p < 0.05) for IL-5 in nasal
polypoid tissue.

4 | DISCUSSION

A comprehensive approach has been adopted over the
years to manage CRSwNP patients, including long-term
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treatment with INCS, brief cycles of antibiotics/systemic
steroids and FESS in the case of failure of adequate med-
ical treatment. Nevertheless, poor control of disease was
common in the past until biologics were introduced. These
drugs interfere with the underlying type-2 inflammation
and improve disease control, both in terms of symptoms
and endoscopic findings.**?’ The EPOS steering group'
defined “difficult-to-treat patients” as those who do not
reach an acceptable level of control despite continuous

treatment with INCS, up to two short courses of antibi-
otics or systemic corticosteroids in the last year, and
FESS. 2%

In the era of biologic drugs, it is very important to
identify the most severe cases with a high risk of non-
control to first-line treatments and therefore eligible for
targeted therapy with biologics. Given this premise, iden-
tification of predictors of noncontrol may be helpful to
identify severe cases. Several clinical factors have been
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considered as potentially influencing the rate of good
control, such as asthma, NSAID-ERD, occupational dust
exposure, allergy, extension of disease at the time of first
surgery, type and extension of surgery, and history of mul-
tiple surgeries.'®3%->? Finally, the need for revision surgery
is a risk factor for subsequent surgery, because such an
“aggressive” phenotype may be related to the underlying
endotype of the disease.’” In agreement with literature
data, patients affected by difficult-to-treat CRSWNP in
our series more frequently had comorbid asthma, blood
eosinophilia, NSAID intolerance, and cigarette smoke
exposure.’’ In our series, multivariate logistic regression
analyses showed that asthma and NSAID intolerance
were the only factors that were independently and sig-
nificantly related to uncontrolled CRSwNP after surgery
despite continuous INCS and brief cycles of systemic
corticosteroids.

Biomarkers have been suggested by some authors’ to
be factors that are predictive of severity. Indeed, biomark-
ers are measurable in nasal secretions and nasal tissue,
reflecting the underlying pathophysiology of CRSwNP
and may be helpful to identify and characterize endo-
types that are more frequently associated with more severe
disease.”** In this regard, it has been demonstrated that
type 2 inflammation is more frequently associated to severe
phenotypes of CRSWNP, and IL-5 has been suggested to
be implicated in its pathogenesis®** due to its role in the
activation and survival of eosinophils once they have been
recruited in the inflammatory process. It has been demon-
strated that high eosinophilic infiltration and high IL-5
expression in CRSWNP correlates with a higher rate of
polyp recurrence and that IL-5 in nasal secretions is a reli-
able biomarker that can differentiate clusters with high
and low inflammatory load.” In this series, we confirmed
our previous observations and found a high level of IL-
5 in nasal secretions and in nasal polyp tissue of patients
with uncontrolled disease compared to controlled disease.
Furthermore, we observed that the higher the number of
previous surgeries, the higher the level of IL-5 in nasal
secretions. The multivariate logistic regression analyses
confirmed that IL-5 in nasal polyp tissue and in nasal
secretions was an independent factor that was significantly
related to the risk of uncontrolled disease.

Although considerable importance has been given to
type 2 inflammation and to tissue eosinophilia over the
years, the relevance of an associated high neutrophilic
infiltrate should not be overlooked. According to previous
literature data,* neutrophils seem to be involved in the
activation, regulation, and effector functions of innate and
adaptive immune cells with a crucial role in the pathogene-
sis of chronic inflammation. The presence of neutrophilsin
the subepithelial layer of nasal polyps has been associated

with refractory CRSWNP and poor surgical outcomes.**~3

Finally, neutrophilia is associated with a lower response to
corticosteroids, and some authors have demonstrated that
patients with a neutrophilic phenotype had less response
to oral corticosteroid therapy.*’

In addition, enhanced neutrophil activation may be
observed contextually in type 2 CRSWNP (mixed phe-
notypes) with release of the neutrophilic proteases elas-
tase and cathepsin G. These molecules may increase the
secretion of IL-1 and IL-33*° and may serve as chemo-
attractants for Th2 cells and promote the production of
type 2 cytokines in nasal polyps.* Additionally, because
it promotes goblet cell hyperplasia and mucus produc-
tion, neutrophil elastase has a significant impact on airway
inflammation.*” This may show that neutrophils may play
arole in a type 2 environment and have a greater capacity
to influence local inflammation through increased prote-
olytic activity. Furthermore, neutrophil migration may be
enhanced by Staphylococcus aureus colonization, which is
frequently associated with severe CRSWNP.*? Variations in
sinus bacterial microbiota after surgery may also play a role
in neutrophilic activation.**

Several reports in the literature have analyzed the
role of calprotectin in the pathogenesis of CRS. In fact,
it has been shown that the expression of calprotectin
correlated well with levels of neutrophils and was sig-
nificantly increased in polyp tissue compared to healthy
mucosa.*>*® In this series, we confirmed our prelimi-
nary results, showing that the levels of calprotectin were
significantly higher compared to controls in nasal secre-
tions of all CRSWNP endotypes associated with significant
neutrophilia.” Herein, we further demonstrated that its
levels were significantly higher not only in nasal secre-
tions, but also in nasal polyp tissue of uncontrolled cases
compared to controlled patients. Our results suggest that
neutrophilic inflammation should not be disregarded,
because it may contribute to the state of uncontrolled dis-
ease. Bearing this in mind, neutrophilia should be always
suspected in the case of poor response to biologics targeting
Th2 inflammation, although future studies are required to
confirm this hypothesis.

The identification of biomarkers that can outperform or
add clinical insight in CRSwNP is an area of active inves-
tigation, although additional work is needed to introduce
them in routine clinical practice. In this series, we observed
that the levels of IL-5 and calprotectin were significantly
higher in both nasal secretions and nasal polyps from
patients with severe uncontrolled disease (failing after at
least one previous surgery and two brief cycles of sys-
temic steroids in the last year) compared to well-controlled
patients. The results of multivariate logistic regression
analyses confirmed that among the biomarkers that we
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investigated, IL-5 was the only significant independent
factor related to the risk of uncontrolled disease. Interest-
ingly, both biomarkers (IL-5 and calprotectin) showed an
increase that goes hand-in-hand with the number of previ-
ous surgeries. Based on these results, we can hypothesize
that multiple surgical damage may lead to a greater per-
meability of the mucosa toward external pathogens (aller-
gens, microorganisms, etc.) that amplifies the processes
of chronic inflammation and interferes with scarring and
re-epithelialization, along with worsening of symptoms
that require an increase in topical and systemic steroids
and a consequent vicious circle of hyperneutrophilia. This
would explain why patients with mixed eosinophilic and
neutrophilic infiltrates have a more aggressive disease phe-
notype and a higher risk of poor outcomes after surgery.*’

In conclusion, our data confirm that some clinical fac-
tors (smoking, asthma, NSAID intolerance, and blood
eosinophils > 250 cells/uL) and high levels of some
biomarkers (IL-5 and calprotectin in nasal secretion/tissue;
eosinophil and neutrophil count at nasal cytology) were
more frequently observed in uncontrolled CRSWNP com-
pared to controlled disease. Nevertheless, multivariate
logistic regression analysis showed that asthma, NSAID
intolerance, and IL-5 in nasal secretion/polyps tissue were
independently and significantly related to an increased
risk of uncontrolled disease. Our data seem to confirm
that on the one hand, IL-5 (both in nasal secretion and tis-
sue) represents a reliable and effective biomarker of type 2
inflammation and of the severity of disease, on the other
hand, calprotectin and neutrophilia are frequently asso-
ciated with uncontrolled disease, especially after multiple
surgeries. Despite the encouraging results of our study, we
are aware that while significant progress has been made
in characterizing endotypes, phenotypes, and biomarkers
in CRS, additional studies are needed to determine if and
how biomarkers can assist physicians in providing more
individualized clinical care. Indeed, the applicability in
clinical practice is very complex; first of all, it is necessary
to standardize the methodology and then identify a cut-
off indicative of severity and noncontrol. We have already
addressed this issue in the past by identifying a cut-off
for IL-5 that corresponds to a group of patients with high
inflammatory load that we have termed type 2 high-risk
patients.” However, additional studies with appropriate
design, possibly prospective, and on a larger number of
patients are needed to establish clinical cut-offs that are
predictive of noncontrol.

CONFLICT OF INTEREST STATEMENT
The authors have no funding, financial relationships, or
conflicts of interest to disclose.

ORCID

Eugenio De Corso MD, PhD  https://orcid.org/0000-
0001-5761-7018

Stefano Settimi MD © https://orcid.org/0000-0003-0104-
1501

Giuseppe D’Agostino MD (¥ https://orcid.org/0000-0002-
2518-3435

Leandro Maria D’Auria MD © https://orcid.org/0009-
0007-7101-1080

REFERENCES

1. De Corso E, Bellocchi G, De Benedetto M, et al. Biologics for
severe uncontrolled chronic rhinosinusitis with nasal polyps: a
change management approach. Consensus of the Joint Com-
mittee of Italian Society of Otorhinolaryngology on biologics
in rhinology. Acta Otorhinolaryngol Ital. 2022;42(1):1-16. doi:10.
14639/0392-100X-N1614

2. De Corso E, Furneri G, Salsi D, et al. Cost-utility analysis of
dupilumab for the treatment of chronic rhinosinusitis with nasal
polyps (CRSWNP) in Italy. J Pers Med. 2022;12(6):951. doi:10.
3390/jpm12060951

3. Rahman T, Alam MM, Ahmed S, Karim MA, Rahman M,
Wahiduzzaman M. Outcome of endoscopic sinus surgery in
the treatment of chronic rhinosinusitis. Mymensingh Med J.
2016;25(2):261-270.

4. De Corso E, Pipolo C, Cantone E, et al. Practical recom-
mendations for managing severe chronic rhinosinusitis with
nasal polyps in the era of biologics. Acta Otorhinolaryngol Ital.
2023;43(5):324-340. d0i:10.14639/0392-100X-N2422

5. Hellings PW, Fokkens WIJ, Orlandi R, et al. The EUFOREA
pocket guide for chronic rhinosinusitis. Rhinology. 2023;61(1):85-
89. doi:10.4193/Rhin22.344

6. Kim DK, Eun KM, Kim MK, et al. Comparison between
signature cytokines of nasal tissues in subtypes of chronic
rhinosinusitis. Allergy Asthma Immunol Res. 2019;11(2):201-211.
doi:10.4168/aair.2019.11.2.201

7. De Corso E, Baroni S, Settimi S, et al. Sinonasal biomarkers
defining type 2-high and type 2-low inflammation in chronic rhi-
nosinusitis with nasal polyps. J Pers Med. 2022;12(8):1251. doi:10.
3390/jpm12081251

8. De Corso E, Seccia V, Ottaviano G, et al. Clinical evidence of
type 2 inflammation in non-allergic rhinitis with eosinophilia
syndrome: a systematic review. Curr Allergy Asthma Rep.
2022;22(4):29-42. doi:10.1007/s11882-022-01027-0

9. De Corso E, Baroni S, Onori ME, et al. Calprotectin in nasal
secretion: a new biomarker of non-type 2 inflammation in
CRSWNP. Acta Otorhinolaryngol Ital. 2022;42(4):355-363. doi:10.
14639/0392-100X-N1800

10. Wang Z, Wang Q, Duan S, et al. A diagnostic model for
predicting type 2 nasal polyps using biomarkers in nasal secre-
tion. Front Immunol. 2022;13:1054201. doi:10.3389/fimmu.2022.
1054201

1. Forster-Ruhrmann U, Szczepek AJ, Pierchalla G, et al.
Chemokine expression-based endotype clustering of
chronic rhinosinusitis. J Pers Med. 2022;12(4):646.
doi:10.3390/jpm12040646

85U80]7 SUOWIWIOD BAEa.D 8|qeot(dde au Aq peusenob afe sajoiie VO ‘8sn Jo sejn. Joj Ariq1auluO A3 UO (SUONIPUOD-PLR-SLLBY/LI0O" A | IMAe.q 1 |Bul [U0//:SANY) SUONIPUOD Pue sWwe 1 8y} &8s *[6Z0Z/T0/0T] Uo ARiqiauljuo fe|im ezusdeld ‘edljoned AisieAlun Aq 6TEEZ 1 B/Z00T OT/I0P/W00 A8 | 1M AteIq Ul |UO//Sdny Wouy pepeojumod ‘L ‘4202 ‘¥869Z702


https://orcid.org/0000-0001-5761-7018
https://orcid.org/0000-0001-5761-7018
https://orcid.org/0000-0001-5761-7018
https://orcid.org/0000-0003-0104-1501
https://orcid.org/0000-0003-0104-1501
https://orcid.org/0000-0003-0104-1501
https://orcid.org/0000-0002-2518-3435
https://orcid.org/0000-0002-2518-3435
https://orcid.org/0000-0002-2518-3435
https://orcid.org/0009-0007-7101-1080
https://orcid.org/0009-0007-7101-1080
https://orcid.org/0009-0007-7101-1080
https://doi.org/10.14639/0392-100X-N1614
https://doi.org/10.14639/0392-100X-N1614
https://doi.org/10.3390/jpm12060951
https://doi.org/10.3390/jpm12060951
https://doi.org/10.14639/0392-100X-N2422
https://doi.org/10.4193/Rhin22.344
https://doi.org/10.4168/aair.2019.11.2.201
https://doi.org/10.3390/jpm12081251
https://doi.org/10.3390/jpm12081251
https://doi.org/10.1007/s11882-022-01027-0
https://doi.org/10.14639/0392-100X-N1800
https://doi.org/10.14639/0392-100X-N1800
https://doi.org/10.3389/fimmu.2022.1054201
https://doi.org/10.3389/fimmu.2022.1054201
https://doi.org/10.3390/jpm12040646

1204

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

BIOMARKERS AND DISEASE CONTROL IN CRSWNP

Fokkens WJ, Lund VI, Hopkins C, et al. European position
paper on rhinosinusitis and nasal polyps 2020. Rhinology.
2020;58(529):1-464. doi:10.4193/Rhin20.600

Fokkens W1J, Viskens AS, Backer V, et al. EPOS/EUFOREA
update on indication and evaluation of biologics in chronic
rhinosinusitis with nasal polyps 2023. Rhinology. 2023;61(3):194-
202. doi:10.4193/Rhin22.489

De Corso E, Baroni S, Lucidi D, et al. Nasal lavage levels of
granulocyte-macrophage colony-stimulating factor and chronic
nasal hypereosinophilia. Int Forum Allergy Rhinol. 2015;5(6):557-
562. doi:10.1002/alr.21519

Mozzanica F, Preti A, Gera R, et al. Cross-cultural adaptation
and validation of the SNOT-22 into Italian [published correc-
tion appears in Eur Arch Otorhinolaryngol. 2022;279(7):3753-
3754]. Eur Arch Otorhinolaryngol. 2017;274(2):887-895. doi:10.
1007/s00405-016-4313-x

De Corso E, Lucidi D, Battista M, et al. Prognostic value of nasal
cytology and clinical factors in nasal polyps development in
patients at risk: can the beginning predict the end? Int Forum
Allergy Rhinol. 2017;7(9):861-867. d0i:10.1002/alr.21979

Gelardi M, Iannuzzi L, De Giosa M, et al. Non-surgical man-
agement of chronic rhinosinusitis with nasal polyps based
on clinical-cytological grading: a precision medicine-based
approach. Trattamento medico della rinosinusite cronica con
poliposi naso-sinusale sulla base del sistema di grading clinico-
citologico per un approccio medico personalizzato. Acta Otorhi-
nolaryngol Ital. 2017;37(1):38-45. d0i:10.14639/0392-100X-1417
De Corso E, Baroni S, Battista M, et al. Nasal fluid release
of eotaxin-3 and eotaxin-2 in persistent sinonasal eosinophilic
inflammation. Int Forum Allergy Rhinol. 2014;4(8):617-624.
doi:10.1002/alr.21348

De Corso E, Baroni S, Romitelli F, et al. Nasal lavage CCL24
levels correlate with eosinophils trafficking and symptoms
in chronic sino-nasal eosinophilic inflammation. Rhinology.
2011;49(2):174-179. doi:10.4193/Rhino10.133

Watelet JB, Gevaert P, Holtappels G, Van Cauwenberge P,
Bachert C. Collection of nasal secretions for immunological
analysis. Eur Arch Otorhinolaryngol. 2004;261(5):242-246. doi:10.
1007/s00405-003-0691-y

De Corso E, Anzivino R, Galli J, et al. Antileukotrienes improve
naso-ocular symptoms and biomarkers in patients with NARES
and asthma. Laryngoscope. 2019;129(3):551-557. doi:10.1002/lary.
27576

Wouthuyzen-Bakker M, Ploegmakers JJW, Kampinga GA,
Wagenmakers-Huizenga L, Jutte PC, Muller Kobold AC. Syn-
ovial calprotectin: a potential biomarker to exclude a prosthetic
joint infection. Bone Joint J. 2017;99-B(5):660-665. doi:10.1302/
0301-620X.99B5.BJJ-2016-0913.R2

Oh SH, Choi YB, Kim JH, Weihl CC, Ju JS. Quantification of
autophagy flux using LC3 ELISA. Anal Biochem. 2017;530:57-67.
doi:10.1016/j.ab.2017.05.003

De Corso E, Pasquini E, Trimarchi M, et al. Dupilumab in the
treatment of severe uncontrolled chronic rhinosinusitis with
nasal polyps (CRSWNP): a multicentric observational phase
IV real-life study (DUPIREAL). Allergy. 2023;78(10):2669-2683.
doi:10.1111/all.15772

Ottaviano G, De Corso E, Cantone E, et al. Measuring nasal
patency and the sense of smell in CRSWNP patients treated with
dupilumab. J Pers Med. 2023;13(2):234. doi:10.3390/jpm13020234

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cantone E, De Corso E, Ricciardiello F, et al. Olfaction recovery
following dupilumab is independent of nasal polyp reduction in
CRSWNP. J Pers Med. 2022;12(8):1215. doi:10.3390/jpm12081215
De Corso E, Settimi S, Montuori C, et al. Effectiveness of
dupilumab in the treatment of patients with severe uncontrolled
CRSWNP: a “real-life” observational study in the first year of
treatment. J Clin Med. 2022;11(10):2684. doi:10.3390/jcm11102684
Fokkens WIJ, Lund VJ, Mullol J, et al. EPOS 2012: european
position paper on rhinosinusitis and nasal polyps 2012. A
summary for otorhinolaryngologists. Rhinology. 2012;50(1):1-12.
doi:10.4193/Rhino12.000

Simon RA, Dazy KM, Waldram JD. Update on aspirin desen-
sitization for chronic rhinosinusitis with polyps in aspirin-
exacerbated respiratory disease (AERD). Curr Allergy Asthma
Rep. 2015;15(3):508. d0i:10.1007/s11882-014-0508-7
Lopez-Chacén M, Mullol J, Pujols L. Clinical and biological
markers of difficult-to-treat severe chronic rhinosinusitis. Curr
Allergy Asthma Rep. 2015;15(5):19. doi:10.1007/s11882-015-0520-6
Wu AW, Ting JY, Platt MP, Tierney HT, Metson R. Factors
affecting time to revision sinus surgery for nasal polyps: a 25-
year experience. Laryngoscope. 2014;124(1):29-33. doi:10.1002/
lary.24213

De Corso E, Settimi S, Montuori C, et al. How to manage recur-
rences after surgery in CRSWNP patients in the biologic era: a
narrative review. Acta Otorhinolaryngol Ital. 2023;43(1):S3-S13.
doi:10.14639/0392-100X-suppl.1-43-2023-01

Medrek SK, Parulekar AD, Hanania NA. Predictive biomark-
ers for asthma therapy. Curr Allergy Asthma Rep. 2017;17(10):69.
doi:10.1007/s11882-017-0739-5

Bachert C, Han JK, Desrosiers M, et al. Efficacy and safety of
dupilumab in patients with severe chronic rhinosinusitis with
nasal polyps (LIBERTY NP SINUS-24 and LIBERTY NP SINUS-
52): results from two multicentre, randomised, double-blind,
placebo-controlled, parallel-group phase 3 trials [published
correction appears in Lancet. 2019;394(10209):1618]. Lancet.
2019;394(10209):1638-1650. d0i:10.1016/S0140-6736(19)31881-1
Mantovani A, Cassatella MA, Costantini C, Jaillon S. Neu-
trophils in the activation and regulation of innate and adaptive
immunity. Nat Rev Immunol. 2011;11(8):519-531. doi:10.1038/
nri3024

Kong IG, Kim DW. Pathogenesis of recalcitrant chronic rhinosi-
nusitis: the emerging role of innate immune cells. Immune Netw.
2018;18(2):e6. doi:10.4110/in.2018.18.e6

Cao PP, Li HB, Wang BF, et al. Distinct immunopathologic
characteristics of various types of chronic rhinosinusitis in
adult Chinese. J Allergy Clin Immunol. 2009;124(3):478-484.e1-2.
doi:10.1016/j.jaci.2009.05.017

Kim DK, Lim HS, Eun KM, et al. Subepithelial neutrophil
infiltration as a predictor of the surgical outcome of chronic
rhinosinusitis with nasal polyps. Rhinology. 2021;59(2):173-180.
do0i:10.4193/Rhin20.373

Wen W, Liu W, Zhang L, et al. Increased neutrophilia in nasal
polyps reduces the response to oral corticosteroid therapy. J
Allergy Clin Immunol. 2012;129(6):1522-1528.e5. doi:10.1016/j.jaci.
2012.01.079

Clancy DM, Henry CM, Sullivan GP, Martin SJ. Neutrophil
extracellular traps can serve as platforms for processing and acti-
vation of IL-1 family cytokines. FEBS J. 2017;284(11):1712-1725.
doi:10.1111/febs.14075

85U80]7 SUOWIWIOD BAEa.D 8|qeot(dde au Aq peusenob afe sajoiie VO ‘8sn Jo sejn. Joj Ariq1auluO A3 UO (SUONIPUOD-PLR-SLLBY/LI0O" A | IMAe.q 1 |Bul [U0//:SANY) SUONIPUOD Pue sWwe 1 8y} &8s *[6Z0Z/T0/0T] Uo ARiqiauljuo fe|im ezusdeld ‘edljoned AisieAlun Aq 6TEEZ 1 B/Z00T OT/I0P/W00 A8 | 1M AteIq Ul |UO//Sdny Wouy pepeojumod ‘L ‘4202 ‘¥869Z702


https://doi.org/10.4193/Rhin20.600
https://doi.org/10.4193/Rhin22.489
https://doi.org/10.1002/alr.21519
https://doi.org/10.1007/s00405-016-4313-x
https://doi.org/10.1007/s00405-016-4313-x
https://doi.org/10.1002/alr.21979
https://doi.org/10.14639/0392-100X-1417
https://doi.org/10.1002/alr.21348
https://doi.org/10.4193/Rhino10.133
https://doi.org/10.1007/s00405-003-0691-y
https://doi.org/10.1007/s00405-003-0691-y
https://doi.org/10.1002/lary.27576
https://doi.org/10.1002/lary.27576
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0913.R2
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0913.R2
https://doi.org/10.1016/j.ab.2017.05.003
https://doi.org/10.1111/all.15772
https://doi.org/10.3390/jpm13020234
https://doi.org/10.3390/jpm12081215
https://doi.org/10.3390/jcm11102684
https://doi.org/10.4193/Rhino12.000
https://doi.org/10.1007/s11882-014-0508-7
https://doi.org/10.1007/s11882-015-0520-6
https://doi.org/10.1002/lary.24213
https://doi.org/10.1002/lary.24213
https://doi.org/10.14639/0392-100X-suppl.1-43-2023-01
https://doi.org/10.1007/s11882-017-0739-5
https://doi.org/10.1016/S0140-6736(19)31881-1
https://doi.org/10.1038/nri3024
https://doi.org/10.1038/nri3024
https://doi.org/10.4110/in.2018.18.e6
https://doi.org/10.1016/j.jaci.2009.05.017
https://doi.org/10.4193/Rhin20.373
https://doi.org/10.1016/j.jaci.2012.01.079
https://doi.org/10.1016/j.jaci.2012.01.079
https://doi.org/10.1111/febs.14075

DE CORSO ET AL.

1205

AR: lerey
IFAR: c.‘/[%hmolng)

41.

42.

43.

44.

45.

Teufelberger AR, Nordengriin M, Braun H, et al. The IL-33/ST2
axis is crucial in type 2 airway responses induced by Staphylococ-
cus aureus-derived serine protease-like protein D. J Allergy Clin
Immunol. 2018;141(2):549-559.€7. doi:10.1016/j.jaci.2017.05.004
Silvestre-Roig C, Hidalgo A, Soehnlein O. Neutrophil hetero-
geneity: implications for homeostasis and pathogenesis. Blood.
2016;127(18):2173-2181. d0i:10.1182/blood-2016-01-688887

Wang X, Du J, Zhao C. Bacterial biofilms are associated with
inflammatory cells infiltration and the innate immunity in
chronic rhinosinusitis with or without nasal polyps. Inflamma-
tion. 2014;37(3):871-879. doi:10.1007/s10753-013-9807-8
Chalermwatanachai T, Zhang N, Holtappels G, Bachert C. Asso-
ciation of mucosal organisms with patterns of inflammation in
chronic rhinosinusitis. PLoS One. 2015;10(8):e0136068. doi:10.
1371/journal.pone.0136068

Tieu DD, Peters AT, Carter RG, et al. Evidence for diminished
levels of epithelial psoriasin and calprotectin in chronic rhinosi-
nusitis [published correction appears in J Allergy Clin Immunol.
2010;126(6):1169]. J Allergy Clin Immunol. 2010;125(3):667-675.
doi:10.1016/j.jaci.2009.11.045

46.

47.

Van Crombruggen K, Vogl T, Pérez-Novo C, Holtappels
G, Bachert C. Differential release and deposition of
S100A8/A9 proteins in inflamed upper airway tissue. Eur
Respir J.  2016;47(1):264-274.  d0i:10.1183/13993003.00159-
2015

De Corso E, Settimi S, Tricarico L, et al. Predictors of disease
control after endoscopic sinus surgery plus long-term local cor-
ticosteroids in CRSWNP. Am J Rhinol Allergy. 2021;35(1):77-85.
doi:10.1177/1945892420936196

How to cite this article: De Corso E, Baroni S,
Settimi S, et al. Correlation between inflammatory
biomarkers and disease control in chronic
rhinosinusitis with nasal polyps. Int Forum Allergy
Rhinol. 2024;14:1195-1205.
https://doi.org/10.1002/alr.23319

85U80]7 SUOWIWIOD BAEa.D 8|qeot(dde au Aq peusenob afe sajoiie VO ‘8sn Jo sejn. Joj Ariq1auluO A3 UO (SUONIPUOD-PLR-SLLBY/LI0O" A | IMAe.q 1 |Bul [U0//:SANY) SUONIPUOD Pue sWwe 1 8y} &8s *[6Z0Z/T0/0T] Uo ARiqiauljuo fe|im ezusdeld ‘edljoned AisieAlun Aq 6TEEZ 1 B/Z00T OT/I0P/W00 A8 | 1M AteIq Ul |UO//Sdny Wouy pepeojumod ‘L ‘4202 ‘¥869Z702


https://doi.org/10.1016/j.jaci.2017.05.004
https://doi.org/10.1182/blood-2016-01-688887
https://doi.org/10.1007/s10753-013-9807-8
https://doi.org/10.1371/journal.pone.0136068
https://doi.org/10.1371/journal.pone.0136068
https://doi.org/10.1016/j.jaci.2009.11.045
https://doi.org/10.1183/13993003.00159-2015
https://doi.org/10.1183/13993003.00159-2015
https://doi.org/10.1177/1945892420936196
https://doi.org/10.1002/alr.23319

	Correlation between inflammatory biomarkers and disease control in chronic rhinosinusitis with nasal polyps
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Study population
	2.2 | Study design and procedures
	2.3 | Biochemical assays
	2.4 | Statistical analysis

	3 | RESULTS
	4 | DISCUSSION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


