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Background: Eosinophilic inflammation is a major phenotype associated with poorly controlled disease in nasal
polyp patients. The difference between systemic and local eosinophilia in relation to disease control is poorly
understood.

Objective: To explore whether blood and polyp tissue eosinophil numbers are independent risk factors for poor
disease control in patients with nasal polyp.

Methods: By using the electronic medical records database and manual evaluation, 183 nasal polyp patients who
had undergone endoscopic sinus surgery at least one year prior to the study with complete data of tissue speci-
mens, baseline blood routine test, nasal endoscopy and sinus computed tomography, were identified and recruited
to assess disease control based on the criteria of a European position paper on rhinosinusitis and nasal polyps
2012 (EPOS 2012). Multiple logistic regression model was used to determine the association between blood and
tissue eosinophil numbers and risk of poor disease control by adjusting for demographics and comorbidities.
Results: We broke down the cohort into 4 groups according to blood (0.3 x 109/L) and tissue (10%) eosinophils.
The patients without eosinophilic inflammation represented the largest group (41.5%). The group with concor-
dant blood and tissue eosinophilia represented the second largest (31.2%), and the patients with isolated tissue
(15.3%) or blood (12.0%) eosinophilia were relatively rare. Multiple logistic regression models found blood
eosinophil count and tissue eosinophil percentage were independently associated with increased risk for poor
disease control after adjustments for covariates related to poor treatment outcome. Furthermore, subjects with
concordant blood and tissue eosinophilia had a higher risk for poor disease control than those with isolated blood
or tissue eosinophilia.

Conclusion: Concordant blood and tissue eosinophilia relates to a higher likelihood of poor disease control than
isolated blood or tissue eosinophilia after adjustment of potential confounders in nasal polyp patients.

Introduction severity of clinical disease and impairment of quality of life as well as cost
burden compared to those without nasal polyps,>® making it more
clinically challenging to rhinology clinicians. Current treatment modal-

ities for nasal polyps include comprehensive medical therapy and

Chronic rhinosinusitis (CRS) is characterized by chronic mucosal
inflammation and estimated to affect 14% of adults in the United States

and 8% in China.”? Although only ~25-30% of patients with CRS
develop nasal polyps, non-cancerous outgrowths of the epithelial lining
of the sinonasal mucosa, patients with nasal polyps usually have greater

endoscopic sinus surgery, and the primary goal of treatment is to achieve
and maintain clinical control.” However, studies reported that over 30%
of patients with nasal polyps remain uncontrolled despite current
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standard-of-care treatment.®° Emerging evidence has suggested that this
might be caused by an underlying variation of endotypes resulting in a
discrepancy of clinical phenotype and disease prognosis.'®'? Thus, the
need for finding relevant biomarkers in patients with poor disease control
is generally acknowledged.

It has been recognized that eosinophilic inflammation is a major
phenotype associated with poorly controlled disease and polyp recur-
rence in patients with nasal polyps.®'>* Studies using cluster analysis
also have shown that cluster with eosinophilic nasal polyps is charac-
terized by worse disease severity and poorer disease control and could be
separated from other clusters.'®!>!® However, most studies were
focused on the correlation of local eosinophils with disease phenotype,
and little is known about the relationship between systemic and local
eosinophilia in patients with nasal polyps. Although evidence has shown
that with blood eosinophilia correlated with tissue eosinophilia in pa-
tients with nasal polyp,'” '° the correlation was only moderate, sug-
gesting there are patients who have discordance between systemic and
local eosinophilic inflammation.

In this study, we sought to investigate whether blood and polyp tissue
eosinophil numbers have an additive value in relation to disease control
after at least one year of endoscopic sinus surgery in a cohort of patients
with nasal polyps. To the best of our knowledge, this is the first detailed
investigation of the difference between blood and tissue eosinophilia in
relation to treatment outcome in patients with nasal polyps.

Materials and methods
Study cohort
This study was approved by the Ethics Committee of the First Affili-

ated Hospital of Sun Yat-sen University. Written informed consent was
obtained from all participants.
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The study flow chart is shown in Fig. 1. Patients with a diagnosis of
bilateral CRS with nasal polyps (CRSWNP) evaluated by a rhinologist were
identified from the electronic medical records database of the First Affil-
iated Hospital of Sun Yat-sen University between January 2015 and
December 2017. Patient data were cross-referenced to avoid duplication of
individuals studied. Then the selected patients were further evaluated
manually and enrolled according to the following entry criteria: (1)
CRSwNP was diagnosed based on the European position paper on rhino-
sinusitis and nasal polyps (EPOS 2012).” (2) Patients were performed
bilateral endoscopic sinus surgery. In addition, patients with following
criteria were excluded: (1) Patients without complete data of tissue spec-
imens, baseline blood routine test, nasal endoscopy and sinus computed
tomography. (2) Patients prescribed with systemic or intranasal cortico-
steroids within three months and one month before blood routine test,
respectively, by cross-referencing patient's medication history with the
electronic prescription record system of the First Affiliated Hospital of Sun
Yat-sen University. (3) Patients were younger than 16 years of age. (4)
Patients with a history of allergic dermatitis, food allergies or helminth
infection. (5) Patients with fungal rhinosinusitis, cystic fibrosis, gastro-
esophageal reflux disease or sinonasal malignancies. Data were retrieved
and exported in a standardized Microsoft Excel file, including identifica-
tion number, age, gender, smoking habits, comorbidities (allergic rhinitis
and asthma), endoscopic sinus surgery date, prior sinus surgery history,
baseline blood eosinophil numbers, preoperative Lund-Kennedy endo-
scopic score (LKS), preoperative Lund-Mackay score (LMS), revisit times to
clinic as well as medication treatment length after endoscopic sinus sur-
gery. Allergic rhinitis was diagnosed based on the Allergic Rhinitis and its
Impact on Asthma guideline.?® The diagnosis of asthma was performed by
a specialist physician and was established according to the Global Initia-
tive for Asthma 2006 guideline.?! The diagnosis of aspirin sensitivity was
also performed by a specialist physician based on the documented history
of intake of aspirin or non-steroid inciting worsening respiratory

Total patients with bilateral CRSWNP
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Patients without complete data of tissue
specimens, blood routine test, nasal
endoscopy and sinus computed

»| tomography (N=371)

A 4

Total patients included into the
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Patients Failed to follow up
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A
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Fig. 1. Flow diagram showing patient identification and classification of the retrospective cohort. CRSWNP, Chronic rhinosinusitis with nasal polyps.
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symptoms. LKS was evaluated and scored by two independent otolaryn-
gologists who were blinded to each other. LMS was performed based on
review and scoring of computed tomography (CT) scan images by a trained
researcher.??

Patients' follow-up and clinical assessment of disease control

Patients enrolled in the retrospective cohort study were followed up
for the evaluation of treatment outcome, including total nasal symptom
score (TNSS),7’23 nasal endoscopy and clinical disease control level.” The
TNSS was calculated (range: 0-12) by adding up the individual nasal
scores including nasal congestion, anterior rhinorrhea, postnasal drip,
and loss of smell, each evaluated using a scale of 0 = None, 1 = Mild, 2 =
Moderate, or 3 = Severe. The disease control of CRS was evaluated by
two senior authors (Y. S. and J. S.) based on the classification criteria of
EPOS 2012 (Table E1)”, which has recently been validated by our group
and other groups.®° Briefly, the disease control of CRS was divided into 3
levels: controlled, partly controlled, and uncontrolled. Controlled CRS
was defined as no bothersome symptoms, with healthy or almost healthy
mucosa and no need for systemic medicine to control disease. Partly
controlled patients experienced less than 2 of the following items:
persistent nasal blockage, mucopurulent rhinorrhea/postnasal drip,
facial pain, impaired smell, sleep disturbance/fatigue, disease mucosa
under nasal endoscopy, and the need for a course of antibiotics/systemic
corticosteroids in the last months. Uncontrolled CRS was defined as 3 or
more features of partly controlled CRS.

Histopathologic evaluation

Nasal polyp tissues of all participants were obtained during sinus
surgery, fixed in 10% formalin and embedded in paraffin. Samples were
cut in 4-uym sections and stained with hematoxylin-eosin. The stained
sections were observed under a microscope (Leica DM4 B; Leica, Wetzlar,
Germany) in a blinded fashion with regard to all clinical data by 2 in-
dependent observers (K.W. and M.Y.). To ensure that patients were
consistently classified on the basis of the area of greatest inflammation,
the top 5 densest cellular infiltrate areas of the subepithelial layer were
chosen under low power field (100 %) in each specimen. Then eosinophils
and total inflammatory cells were quantified in the focus of each area
under high power field (400x, 0.072mm?/frame, HPF). Eosinophil and
total inflammatory cell count were recorded in each focus field at 400
power and reported as absolute number per HPF. The ratio of eosinophils
to total inflammatory cells was calculated.

Statistical analysis

Statistical analyses were performed with SPSS version 20.0 statistical
software (IBM SPSS, Armonk, NY). Group-wise differences between
subjects with isolated blood or tissue eosinophilia or concordant blood
and polyp tissue eosinophilia and subjects without eosinophilia were
primarily studied. t Tests were used for continuous variables with normal
distribution. Mann-Whitney U tests were used for continuous non-nor-
mally distributed variables. y? Tests were used to assess differences in
categorical variables, such as gender or smoking prevalence. Pearson's
correlation coefficient was used to calculate and to test the linear cor-
relation between blood and tissue eosinophil numbers. Multiple logistic
regression models with the variable allergic rhinitis, asthma, gender,
number of weeks after surgery, smoking status, prior sinus surgery, LMS,
LKS, and treatment outcome of the disease were used to estimate the
likelihood of these events in relation to blood and tissue eosinophil cat-
egories. Moreover, a logistic regression model with increased blood
eosinophil count and increased tissue eosinophil percentage as inde-
pendent predictors was also performed to evaluate the independent ef-
fects of having increased blood and tissue eosinophil level on the studied
treatment outcome. These models were adjusted for age, gender, smok-
ing, prior sinus surgery, allergic rhinitis, and asthma. A P value of less
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than 0.05 was considered statistically significant. A significance level of P
less than 0.008 was employed as the criterion for statistical significance
to adjust for multiple comparisons when we compared the ratio of un-
controlled and partly controlled to controlled cases in subjects with
isolated blood or tissue eosinophilia or concordant blood and tissue
eosinophilia versus subjects without eosinophilia.

Results
General characteristics of the cohort

The general characteristics of the cohort are presented in Table E2. A
total of 183 patients followed for a median time of 79.3 weeks were
finally included in this retrospective analysis. 67.2% were men and the
mean age was 39.5 years old. About 10.9% of patients had known allergic
rhinitis, 12.6% had asthma, and 9.8% were current smokers. About
31.1% of patients had 2 or more sinus surgeries and 54.1% had post-
surgery medication longer than 6 months.

Characterization of patients by disease control status

To characterize the patients with uncontrolled disease, 183 patients
were subdivided into 3 groups based on the current EPOS 2012 control
criteria for defining the level of control (Table 1). There were 40.4% of
patients who had controlled disease, 30.6% with partly controlled dis-
ease, and 29.0% with uncontrolled disease. Comparing to the controlled
group, the uncontrolled group had a higher percentage of allergic rhinitis
and asthma, higher LMS, blood and tissue eosinophil numbers, post-
operative TNSS and percentage of medication length >6 months after
surgery. In addition, the partly controlled group had a higher percentage
of prior sinus surgery, higher blood eosinophil numbers, post-operative
TNSS, and percentage of medication length >6 months after surgery.

Table 1
Comparison of demographics, comorbidities, clinical features at baseline and
follow-up after at least one year of endoscopic sinus surgery among patients with
different level of disease control according to the EPOS 2012 classification
system.

Controlled” Partly Uncontrolled
controlled

Subject, n (%) 74 (40.4) 56 (30.6) 53 (29.0)

Male n, (%) 48 (64.9) 40 (71.4) 35 (66.0)

Age, mean (SD) 39.7 (14.6) 37.7 (13.7) 40.3 (11.7)

Weeks after surgery, median 91.4 (80.5) 72.6 (44.3) 70.6 (79.1)
(IQR)

Current smoker, n (%) 9(12.2) 6 (10.7) 3(.7)

Allergic rhinitis, n (%) 7 (9.5) 2(3.6) 11(20.8)°

Asthma, n (%) 6 (8.1) 7 (12.5) 10(18.9)$

Prior sinus surgery, n (%) 17 (23.0) 23(41.1)% 17 (32.1)

Preoperative L-K endoscopic 8.0 (4.0) 9.0 (3.0) 9.0 (3.0)
score, median (IQR)

Preoperative L-M CT score, 14.0 (7.0) 15.0 (9.0) 17.0(8.0)$
median (IQR)

Blood eosinophil count, median 0.17 (0.21) 0.29(0.32)% 0.33(0.37)*
(IQR) ( x 10°/L)

Blood eosinophil percentage, 2.1 (3.0) 3.65(5.35)% 4.8(6.3)*
median (IQR) (%)

Tissue eosinophil count, median 22.0 27.5 (69.25) 63.0(139.5)¢
(IQR) (/HPF) (40.25)

Tissue eosinophil percentage, 5.2 (19.8) 9.3 (32.6) 19.4(37.9)*
median (IQR) (%)

Post-operative TNSS, median 0.0 (1.0) 2.0(1.0)¢ 4.0(2.0)
(IQR)

Medication length >6 months 28 (37.8) 38(67.9)¢ 33(62.3)*

after surgery, n (%)

#Comparator group; Results in boldface indicate a P value of less than 0.05. $p <
0.05; *P < 0.01; ‘P < 0.001.

SD, standard deviation; IQR, interquartile range; L-K, Lund-Kennedy; L-M, Lund-
Mackay; CT, computed tomography; HPF, high power field; TNSS, total nasal
symptom score.
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Characteristics of the cohort by blood and tissue eosinophil count

To confirm the relationship between blood and tissue eosinophils,
correlation analysis was performed between blood and tissue eosinophil
numbers. In line with previous studies,'”'®?* we found that blood and
tissue eosinophil counts and percentages were significantly correlated
with each other (Figure E1). However, the correlation coefficients be-
tween blood and tissue eosinophil numbers were moderate (r = 0.407
and 0.311 for blood eosinophil count vs. tissue eosinophil percentage and
count, respectively, r = 0.32 and 0.408 for blood eosinophil percentage
vs. tissue eosinophil count and percentage, respectively). These results
indicate there is discordance between systemic and local eosinophilia in
patients with nasal polyps.

To further address this, we broke down the population into 4 groups
according to blood and polyp tissue eosinophils (Fig. 1). Group 1 is pa-
tients without blood and polyp tissue eosinophilia (BT-low: Blood
eosinophil count <0.3 x 10°/L and tissue eosinophil percentage <10%),
group 2 with isolated polyp tissue eosinophilia (T-high: Blood eosinophil
count <0.3 x 10°/L and tissue eosinophil percentage >10%), group 3
with isolated blood eosinophilia (B-high: blood eosinophil count >0.3 x
10°/L and tissue eosinophil percentage <10%) and group 4 with
concordant blood and polyp tissue eosinophilia (BT-high: blood eosino-
phil count >0.3 x 10%/L and tissue eosinophil percentage >10%). As a
result, we found that the BT-low patients represented the largest group,
accounting for 41.5% of the cohort. The BT-high group was the second
largest, accounting for 31.2% of the patients. Patients with T-high
accounted for 15.3% of the cohort, whereas with B-high accounted for
12.0% (Table 2).

Compared with the BT-low group, the BT-high patients were older
and had a higher percentage of allergic rhinitis and asthma, as well as
preoperative LMS. Interestingly, the percentage of current smokers was
higher in B-high group versus the BT-low group. In addition, we did not
find significant difference in the percentages of allergic rhinitis and
asthma in T-high and B-high group versus BT-low group. There were no
significant differences in weeks after surgery, percentage of prior sinus
surgery and preoperative LKS in T-high, B-high and BT-high group versus
BT-low group (Table 2).

As expected, the blood eosinophil numbers in B-high and BT-high
groups and the tissue eosinophil numbers in T-high and BT-high
groups were significantly higher than those in BT-low group. More-
over, we found that the tissue eosinophil percentage (P = 0.036), but not
count (P = 0.25), was significantly higher in BT-high group than that in
T-high group, and there were no significant differences in blood eosin-
ophil count (P = 0.789) and percentage (P = 0.201) between BT-high and
B-high patients (Table 2).

Blood and tissue eosinophil level in relation to disease control

Compared with the BT-low group, the B-high and BT-high groups had
higher post-operative TNSS. There was no significant difference in the
percentage of medication length>6 months after surgery in T-high, B-
high and BT-high groups versus the BT-low group. The partly controlled
patients accounted for 27.6%, 32.1%, 40.9% and 29.8%, and the un-
controlled patients 15.8%, 32.1%, 31.8% and 43.9% of patients in BT-
low, T-high, B-high and BT-high group, respectively (Table 2). The per-
centages of patients in the 3 categories of control were significantly
different among these 4 groups. Moreover, the ratio of uncontrolled to
controlled subjects was significantly higher in BT-high group compared
with BT-low group, and there was a trend toward a higher ratio of un-
controlled to controlled subjects in T-high and B-high group than BT-low
group (P = 0.038 and 0.027, Fig. 2). We also observed a similar trend
toward a higher ratio of partly controlled to controlled subjects in B-high
and BT-high group compared with BT-low group (both P = 0.057, Fig. 2).

We next performed a multiple logistic regression analysis to further
determine the association of systemic and local eosinophilia with treat-
ment outcome. The T-high, B-high and BT-high patients had an
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Table 2
Baseline demographics and outcome characteristics of the retrospective cohort
by blood and tissue eosinophil number.

BT- T-high B-high BT-high
low”
Subject, n (%) 76 28 (15.3) 22 (12.0) 57 (31.2)
(41.5)
Male, n (%) 50 17 (60.7) 19 (86.4) 37 (64.9)
(65.8)
Age, mean (SD) 35.1 43.9(12.0)*  45.5(13.2)°  40.2(11.1)°
(14.5)
Weeks after surgery, 84.9 78.1 (50.6) 94.3 (77.5) 69.6 (78.9)
median (IQR) (77.2)
Prior sinus surgery,n 27 10 (35.7) 7 (31.8) 13 (22.8)
(%) (35.5)
Current smoker, n 7 (9.2) 0 (0) 5(22.7)$ 6 (10.5)
(%)
Allergic rhinitis, n 2 (2.6) 3(10.7) 209.1) 13(22.8)*
(%)
Asthma, n (%) 339 4(14.3) 209.1) 14(24.6)*
Preoperative L-K 9.0 9.0 (3.25) 8.0 (3.25) 8.0 (4.0)
endoscopic score, (3.0)
median (IQR)
Preoperative L-M CT 14.0 16.0 (20.75) 15.0 (9.0) 17.0(9.0)*
score, median (6.0)
(IQR)
Blood eosinophil 0.1 0.18 (0.13) 0.43(0.19)°  0.47(0.21)¢
count, median (0.11)
(IQR) ( x 10°/L)
Blood eosinophil 1.3 1.6 (2.3) 5.9(2.7)¢ 6.7(4.5)¢
percentage, (1.6)
median (IQR) (%)
Tissue eosinophil 7.5 77.5(164.5)° 8.5 (16.0) 110.0(137.5)°
count, median (20.75)
(IQR) (/HPF)
Tissue eosinophil 2.15 24.425.3)° 29 4.7) 37.2(32.8)°
percentage, (3.9
median (IQR) (%)
Post-operative TNSS, 1.0 1.0 (2.8) 2.5(4.3)% 2.0(2.0)*
median (IQR) (3.0)
Medication 43 12 (42.9) 13 (59.1) 31 (54.4)
length>6 months (56.6)
after surgery, n
(%)
Treatment outcome*
Controlled, n (%) 43 10 (35.7) 6 (27.3) 15 (26.3)
(56.6)
Partly Controlled, n 21 9 (32.1) 9 (40.9) 17 (29.8)
(%) (27.6)
Uncontrolled, n (%) 12 9(32.1) 7 (31.8) 25 (43.9)
(15.8)

#Comparator group; Results in boldface indicate a P value of less than 0.05. $p <
0.05; *P < 0.01; P < 0.001.

SD, standard deviation; IQR, interquartile range; L-K, Lund-Kennedy; L-M, Lund-
Mackay; CT, computed tomography; HPF, high power field; TNSS, total nasal
symptom score.

increasingly higher likelihood of uncontrolled disease versus the BT-low
subjects (Table 3, P for trend < 0.001). This was also true after adjust-
ment for age, gender, smoking, prior sinus surgery, allergic rhinitis, and
asthma (Table 3, P for trend < 0.001). In addition, the B-high and BT-
high subjects showed a higher likelihood of partly controlled disease
after the adjustment (Table 3).

Effect of various blood and tissue eosinophil cutpoints on disease control

We next determined the relationship of the blood and tissue eosino-
phil numbers at various selected cutpoints to the rate of uncontrolled and
partly controlled disease. In unadjusted analyses, high blood tissue
eosinophil numbers were associated with an increased rate of uncon-
trolled disease, starting at 0.2 x 10°/L and 5% respectively, and the as-
sociation was strongest at the 0.3 x 10°/L blood eosinophil cutpoint and
the 10% tissue eosinophil cutpoint (Table 4). We also observed the 0.2 x
10°/L and 0.3 x 10°/L blood eosinophil cutpoints were associated with
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P=0.057
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Fig. 2. Combination of normal or increased blood eosinophil counts and tissue eosinophil percentages in relation to the ratio of uncontrolled (A) and partial controlled

(B) to controlled subjects.

Table 3
Association between poor disease control and blood and tissue eosinophilia.

Unadjusted odds ratio (95% CI)

Adjusted” odds ratio (95% CI)

Uncontrolled Partly controlled Uncontrolled Partly controlled
BT-low 1 1 1 1
T-high 3.23(1.07-9.73)% 1.83 (0.65-5.22) 3.45(1.07-11.09)* 2.73 (0.88-8.49)
B-high 4.18(1.181-14.8)° 3.07 (0.97-9.71) 4.82(1.24-18.69)° 4.96(1.36-18.07)°
BT-high 5.97(2.42-14.76)¢ 2.32(0.97-5.53) 6.17(2.25-16.93)° 3.95(1.45-10.79)*
Pirend value 0.000 0.029 0.000 0.011

Multiple logistic regression analyses were performed. Unadjusted and adjusted odds ratios and 95% confidence interval (CI) are presented. All strata are compared with

the BT-low group.

Results in boldface indicate a P value of less than 0.05. *P < 0.05; *P < 0.01; ‘P < 0.001.
@ Results were adjusted for age, gender, smoking, prior sinus surgery, allergic rhinitis and asthma.

Table 4

Unadjusted and adjusted effects of various blood and tissue eosinophil cutpoints on disease control.

Eosinophil cutpoints n = 183 (% of patients)

Blood (x10°/L)

Unadjusted odds ratio (95% CI)

Uncontrolled

Partly controlled

Adjusted” odds ratio (95% CI)

Uncontrolled

Partly controlled

>0.1 (79.8%) VS.
>0.2 (55.2%) VS.
>0.3 (42.6%) VS
>0.4 (27.3%) VS
>0.5 (18.6%) VS.
Tissue (%)

. < 0.1 (20.2%)
. < 0.2 (44.8%)
. < 0.3 (57.4%)
. < 0.4 (72.7%)
. < 0.5 (81.4%)

>5 (59.0%) VS. <5 (41.0%)

>10 (46.4%) VS.
>15 (41.0%) VS.
>20 (35.5%) VS.

< 10 (53.6%)
< 15 (59.0%)
< 20 (64.5%)

1.14 (0.48-2.68)
3.48(1.65-7.32)¢
3.56(1.69-7.49)¢
3.39(1.48-7.76)*
2.96(1.14-7.69)*

2.12(1.02-4.41)%
3.51(1.67-7.35)¢
3.33(1.59-6.98)¢
2.79(1.32-5.90)*

1.56 (0.64-3.82)
3.20(1.55-6.61)*
2.19(1.06-4.55)%
2.25 (0.97-5.23)
2.25 (0.85-5.95)

1.67 (0.82-3.38)
1.70 (0.83-3.46)
1.53 (0.74-3.18)
1.61 (0.84-3.42)

1.08 (0.44-2.66)
3.22(1.46-7.12)*
3.30(1.45-7.49)*
3.09(1.30-7.34)%
2.65 (0.97-7.26)

1.81 (0.83-3.92)
3.08(1.39-6.82)*
2.94(1.36-6.38)*
2.43(1.11-5.30)%

1.78 (0.69-4.58)
3.60(1.67-7.75)¢
2.64(1.20-5.84)%
2.55(1.06-6.12)*
2.69 (0.97-7.42)

1.79 (0.85-3.78)
1.93 (0.90-4.16)
1.65 (0.77-3.56)
1.62 (0.74-3.55)

Results in boldface indicate a P value of less than 0.05. *P < 0.05; *P < 0.01; P < 0.001.

CI, confidence interval; VS, versus.

@ Results were adjusted for age, gender, smoking, prior sinus surgery, allergic rhinitis and asthma.

an increased rate of partly controlled disease.

In multivariate analyses, after adjusting for age, gender, smoking, prior
sinus surgery, allergic rhinitis and asthma, three blood eosinophil cutpoints
(0.2 x 109/L, 0.3 x 10°/L and 0.4 x 10°/1) and three tissue eosinophil
cutpoints (10%, 15% and 20%) were associated with an increased rate of
uncontrolled disease, and the strongest association was also at the 0.3 x
10°/L blood eosinophil cutpoint and the 10% tissue eosinophil cutpoint
(Table 4). In addition, those three blood eosinophil cutpoints were also
associated with an increased rate of partly controlled disease.

Independent effect of blood and tissue eosinophil count on disease control

We further analyzed the independent effects of blood and tissue
eosinophilia by a multiple logistic regression model in which both these
predictors were introduced simultaneously and adjusted for age, gender,
smoking, prior sinus surgery, allergic rhinitis and asthma (Table 5). Both

increased blood (>0.3 x 109/L) and tissue (>10%) eosinophil levels
related independently to having uncontrolled disease, whereas increased
blood, but not tissue, eosinophil level related to having partly controlled
disease (Table 5).

Table 5

Adjusted” odds ratios (95% CIs) for having uncontrolled and partly controlled
CRSwNP if having increased blood or tissue eosinophil levels as independent
predictors in the same model.

Uncontrolled Partly controlled

Blood eosinophils>0.3 x 10%/L
Tissue eosinophils>10%

2.57(1.06-6.21)%
2.38(1.01-5.61)*

2.71(1.12-6.58)*
1.61 (1.47-3.79)

Results in boldface indicate a P value of less than 0.05. *P < 0.05.
CI, confidence interval.

# Results were adjusted for age, gender, smoking, prior sinus surgery, allergic
rhinitis and asthma.
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Discussion

Polyp tissue eosinophilia is an important biologic inflammatory
marker that links nasal polyps to a specific endotype and responsiveness
to corticosteroid therapy.?>?® The novel finding in the present cohort
study is that, although blood and tissue eosinophil numbers were posi-
tively correlated with each other, the blood eosinophil count and the
tissue eosinophil percentage were independently associated with
increased risk for poor disease control in nasal polyp patients receiving
current standard-of-care therapy after adjustments for covariates previ-
ously shown to relate to poor treatment outcome. Importantly, subjects
with concordant blood and tissue eosinophilia had a higher risk for poor
disease control than those with isolated blood or tissue eosinophilia.
These results corroborate the findings of previous studies,'>'*?” and
they suggest that measurement of eosinophilic inflammation both in
blood and polyp tissues could add predictive value to a disease control
assessment using the EPOS 2012 criteria.”

The present study also provides figures on the proportion of patients
with nasal polyps classified based on the site of eosinophilic inflamma-
tion defined by a blood eosinophil count cutpoint of 0.3 x 10°/L and a
tissue eosinophil percentage cutpoint of 10%. Overall, subjects without
any sign of eosinophilia (BT-low) account for about 40% of the patients
while 30% were subjects with concordant blood and tissue eosinophilia.
Subjects with selective tissue and blood eosinophilia accounted for 15%
and 12% of the patients, respectively. Although these proportions need to
be confirmed prospectively in an independent, larger patient cohort, and
can be varied depending on which cutpoint was used to define eosino-
philia, we believe this classification based on the site of eosinophilic
inflammation is diagnostically and therapeutically useful and goes in line
with the need to endotype nasal polyps as advocated by the recent high-
profile papers.’®?® The reason for why there were approximately
one-third of subjects displaying discordant eosinophilic inflammation
between blood and polyp tissue remains unknown. However, we could
speculate it might be due to the differential expression of chemokines in
polyp tissues because of different types of epithelial injury, resulting in
different degree of systemic and local attraction of eosinophils.?? !

Previous studies have revealed the association between tissue eosin-
ophilic inflammation and different clinical outcomes, such as burden of
CRS symptomatology, quality of life, and polyp recurrence. Soler et al.
have shown that tissue eosinophilia correlated with worse disease
severity on CT, endoscopic findings, and smell identification test,” and it
was associated with less improvement in both disease-specific and gen-
eral quality of life.>® Nakayama et al.>* and Lou et al.'® have presented a
strong association between tissue eosinophil numbers and polyp recur-
rence. However, few studies have looked at the relationship between
blood eosinophilic inflammation and treatment outcomes. Interestingly,
we found that the combination of increased blood tissue eosinophil levels
strongly increased the odds ratio for uncontrolled and partly controlled
disease in our study, which, to our knowledge, has not been shown
before. This finding indicates that local and systemic eosinophilic
inflammation may interact during the pathogenesis of CRSWNP. Indeed,
a recent study has shown that increased circulating eosinophils in
CRSwNP patients were in an activation state reflected by increased
oxidative metabolism, more sensitive to IL-5 and upregulation of CD49d,
CCR3, and CD25, suggesting the systemic, and not just local, nature of the
eosinophilic inflammation seen in CRSWNP.>®

The reason for the additive effect of blood and tissue eosinophilic
inflammation remains unclear. However, it is important to note that
patients in the BT-high group had much higher tissue eosinophil per-
centages than those in the T-high group (P = 0.036). By contrast, the
blood eosinophil count and percentage of patients in the BT-high group
were comparable to those in the B-high group (P = 0.789 and 0.201,
respectively). Beyond the categorical analysis, the extent of local eosin-
ophilic inflammation needs be taken into consideration. This finding
reinforces the role of tissue eosinophilia in the loss of disease control after
endoscopic sinus surgery as previously reported by our study and other
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studies,®!® and it suggests that blood eosinophils might be important in
providing a pool of cells that can be recruited to the nasal mucosa, thus
serving an additive role in the pathogenesis of nasal polyps.

A notable point in the present study was the cutpoints for eosino-
philia. We purposely used 0.3 x 10°/L as a cutpoint for blood eosinophil
counts and 10% for polyp tissue eosinophil percentages to classify the
cohort subjects. The cutpoint of 10% for tissue eosinophils has been
extensively used for discriminating eosinophilic CRSWNP.>¢~*° Although
there is no consensus on the definition of blood eosinophilia in CRSWNP,
recent reports have revealed that blood eosinophil cutpoints of 0.21 x
10°/L,'% 0.24 x 10%/L'° and 0.3 x 109/L,4] which were closed to the
cutpoint of 0.3 x 10°/L used in the present study, yielded maximal
sensitivity and specificity for the diagnosis of tissue eosinophilia in
CRSwNP. In addition, our analysis with various cutpoints for blood
eosinophil counts showed that using the higher cutpoints did not increase
the maximal odds ratios for uncontrolled disease in our cohort, but the
contrary was true. This suggests that 0.3 x 10°/L might be a more
appropriate cutoff value in studies on treatment outcome in patients with
CRSwNP. Indeed, this assumption was further supported by studies with
anti-IL-5 showing that a better response to anti-IL-5 or anti-IL-5 receptor
o monoclonal therapies when the blood eosinophil cutoff value was 0.3
x 10%/L in patients with eosinophilic severe asthma.**>**

A strength of our study was that we strictly excluded those prescribed
systemic corticosteroids within 3 months before the baseline blood
routine test, which could have substantially reduced the blood eosinophil
counts. There were 159 patients excluded during the study entry evalu-
ation because of oral steroid before baseline blood routine test, including
14 patients with asthma and 3 patients with aspirin-exacerbated respi-
ratory disease. Although there might be inhaled corticosteroid (ICS)-
related reduction in blood eosinophils**, we did not exclude subjects
with asthma who had ICS before blood test because their average daily
ICS dose prescribed was low.

There are several limitations in this study. The major one is that the
preoperative data were not collected prospectively. Moreover, the ana-
lyses were based on a single time-point measurement of blood eosinophil
count per patient, which does not take into account the possible fluctu-
ation of blood eosinophil counts over time. In addition, we had to rely on
preoperative sinus CT images to assess the degree of sinonasal inflam-
mation because we were not able to assess disease severity using a
validated 22-item Sinonasal Outcome Test score from database records.
We were also restricted to the available data; for example, concentration
of specific IgE in serum and pack-years of smoking are not available in the
databases. Finally, the patients in this study were all recruited from a
tertiary academic hospital and may not be representative of other med-
ical care settings.

In summary, we have shown that systemic and local eosinophilia are
differential risk factors for poor disease control after adjusting for many
demographic, comorbidities, and characteristics previously shown to
relate to poor treatment outcome in a large cohort of patients with nasal
polyps receiving standard-of-care therapy. Importantly, we identified
that concordant blood and tissue eosinophilia has a strong and inde-
pendent additive effect in predicting the risk of poor disease control after
at least 1 year of endoscopic sinus surgery. These findings suggest there
could be benefit in doing blood eosinophil count together with polyp
tissue eosinophil number for a more comprehensive assessment of EPOS-
based disease control in patients with nasal polyps.
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