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Endotyping of nasal polyps in a multiracial Asian 
population*

Abstract
Background: Chronic rhinosinusitis is a heterogenous disease with variation in the endotypes of nasal polyps, with type 2 inflam-

mation being more prevalent in Caucasian populations whereas Chinese populations are more heterogenous. We aim to describe 

the variation in endotypes for patients with chronic rhinosinusitis with nasal polyposis in our unique multiracial population.

Methodology: Demographic, clinical and structured histopathological data of 66 patients who underwent sinus surgery for nasal 

polyposis were evaluated retrospectively.

Results: 54.6% had eosinophilic disease, and 45.4% had non-eosinophilic disease with no significant demographic differences 

between the 2 populations. There were significantly higher peripheral eosinophil levels in patients with eosinophil-predominant 

inflammation on tissue histology (mean absolute eosinophil count 0.59 ± 0.18 x 109) compared with non-eosinophilic disease 

(mean absolute eosinophil count 0.24 ± 0.11 x 109). Structured histopathological reporting revealed that patients with eosinophi-

lic disease had higher degree of inflammation and eosinophil aggregates. 

Conclusions: Our population is shown to have a slight preponderance toward eosinophilic disease, however the Chinese majority 

tended to have non-eosinophilic disease. Serum eosinophilia and the presence of asthma seems to correlate well with tissue 

eosinophilia, which can potentially be utilised as markers of type 2 inflammatory disease 
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Introduction
Chronic rhinosinusitis (CRS) is defined as inflammation of the 

sinonasal mucosa lasting for more than 12 weeks. Beyond the 

cardinal symptoms of purulent nasal discharge, nasal congesti-

on, facial pain and smell disturbance, a large proportion of pa-

tients also report fatigue (11-79%) (1) and poor sleep (50-90%) (2), 

leading to an overall decreased quality of life (3). The societal and 

financial burden of disease from both loss of productivity and 

healthcare costs are significant (4, 5). Therefore, there is a need 

to better understand the disease so that patients can be better 

informed of their disease prognosis, and eventually receive ef-

fective personalised therapy. 

The traditional phenotypical dichotomy of CRS into CRS with 

polyps (CRSwNP) and without nasal polyps (CRSsNP) has been 

reclassified as primary and secondary CRS in the European Posi-

tion Paper on Rhinosinusitis (EPOS) 2020 guidelines (6). Primary 

CRS is further classified into inflammatory endotypes, classically 

described as Type 2 and non-Type 2. Type 2 disease (eosinophi-

lic) is driven by activation of TH2 inflammatory pathways produ-

cing cytokines IL 4, -5 and -13 and non-Type 2 (non-eosinophilic) 

involves activation of TH1 or TH17 pathways. CRSsNP is typically 

characterized by a predominant TH1 milieu with high IFN-g and 

TGF-β1 concentrations, whereas CRSwNP shows a TH2 skewed 

eosinophilic inflammation with high levels of IL-5 and IgE and 

low TGF- β1 (7).

With increasing international efforts toward better understan-
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ding of CRS, there is emerging data showing that the relation-

ship between phenotypes and endotypes is more complex. 

They suggest an interplay between genetics and environmental 

exposure, as there is variation in inflammatory predominance 

amongst different geographical locations, ethnicity, and even 

evolution with time. Wang et al. compared TH2/TH1/TH17 

cytokine patterns and markers of eosinophilic and neutrophilic 

inflammation in patients with CRS from 6 regions covering Eu-

rope, Asia, and Australia (8). They found that greater than 50% of 

patients with CRSwNP in Benelux, Berlin, Adelaide, and Tochigi 

demonstrated a predominantly eosinophilic endotype, whereas 

less than 30% patients in Beijing and Chengdu had eosinophilic 

disease. A Korean centre compared polyp samples from 1993 

and 2010, and using 5 eosinophils/hpf as a threshold, found that 

there was a significant increase in proportion of eosinophilic 

disease from 24.0% to 50.9% over 17 years (9). Mahdavinia com-

pared second generation Asian Americans with Caucasians with 

CRSwNP as a depiction of patients with the same environmental 

exposure but different ancestry and found that there was signi-

ficantly lower prevalence of eosinophilic disease amongst the 

Asian Americans (10). 

Singapore has a multi-ethnic, culturally diverse population 

comprising 74.3 % Chinese, 13.5% Malays and 9% Indians, with 

a 30% migrant population (11). We aim to describe the variation 

in endotypes for patients with chronic rhinosinusitis with nasal 

polyposis in our unique heterogenous population and associa-

ted demographic and clinical biomarkers.

Materials and methods
This study was approved by the SingHealth Centralised Instituti-

onal Review Board. A retrospective review of consecutive adult 

patients (>21 years old) who underwent endoscopic sinus sur-

gery between Jan 2016 to May 2021 by the senior author in Sin-

gapore General Hospital was performed. Patients who fulfilled 

diagnostic criteria for chronic rhinosinusitis with nasal polyposis 

as stipulated in the EPOS 2020 guidelines (6), had failed medical 

therapy and underwent ESS were included. Those with neoplas-

tic or non-inflammatory sinonasal disease were excluded, e.g. 

sinonasal tumours and antrochoanal polyps. History of asthma, 

NSAID allergy, smoking status and previous sinus surgeries were 

retrieved from existing electronic medical records. Preoperative 

serum markers including eosinophil count (x109) and total IgE 

were documented. Preoperative CT paranasal sinuses findings 

were recorded. Intraoperative findings of nasal polyp grade and 

presence of mucopus were recorded. 

Histopathological profiling

Biopsies of nasal polyps were obtained during surgery, fixed in 

10% formaldehyde, and sent for histological evaluation by a sin-

gle pathologist for consistency. H&E staining was performed and 

tissue were assessed by bright field light microscopy (Olympus 

BX43) and reported in accordance to St Vincent Hospital’s struc-

tured histopathological report (12). The numbers of neutrophils, 

eosinophils, plasma cells, lymphocytes, and total inflammatory 

cells in the lamina propria were counted in 10 non-overlapping 

random fields at ×400 magnification and recorded as the mean 

of 10 fields. Eosinophil count in tissue were reviewed and cate-

gorized based on numbers per high power field (HPF) and desig-

nated as <5, 5-10 or >10 per high power field (HPF). Eosinophilic 

aggregates were defined as a minimum of two distinct aggre-

gates of at least 10 cells each/HPF within the mucin removed at 

time of surgery. Eosinophilic disease was defined based on the 

cut off of >10 eosinophils per high power field in accordance to 

EPOS 2020 guidelines (6).

Statistical analysis

Statistical analyses were performed using STATA v 16.0 (Stata-

Corp LLC, College Station, TX, USA). Descriptive data were 

presented as percentages and means ± standard deviation (SD). 

For categorical data, Pearson’s chi-square analysis was used for 

larger populations and Fisher’s exact test was used for smaller 

populations (when a cell contained less than 5 patients). Student 

t test (2-tailed) was used for comparisons of parametric data. 

Mann-Whitney U Test (2-tailed) was used to compare nonpara-

metric data. Pearson’s correlation was used to describe relation-

ship between two continuous variables. The significance level 

was set at a α= 0.05.

Results
There were 66 patients who had undergone sinus surgery for 

chronic rhinosinusitis with nasal polyposis. One third of patients 

were undergoing revision surgery (n=21, 31.8%), with the 

highest number of previous surgeries recorded at 5. 54.6% had 

eosinophilic CRS and 45.4% had non-eosinophilic CRS. Demo-

graphic data for the 2 groups are compared in Table 1. There was 

no significant difference in terms of age, gender nor smoking 

status. However, there was a significantly higher prevalence of 

asthma in patients with eosinophilic disease compared to non-

eosinophilic disease (p = 0.003). Diagnosis of asthma was based 

on clinician diagnosis listed in the electronic medical records.

The proportion of patients with different ethnicities was com-

mensurate with the distribution in our population, and there 

were no statistically significant differences when each ethnic 

group was considered separately. However, when the Chinese 

majority was compared against non-Chinese, there was a statis-

tically significant higher proportion of non-eosinophilic disease 

within Chinese (56.8%) vs non-Chinese (22.7%) (p=0.09). 

Blood parameters

There were no statistically significant differences in serum IgE 

levels between the group with eosinophilic CRS (295.5 ± 108.1 

IU/mL) and non-eosinophilic CRS (295.9± 195.0 IU/mL) (p = 0.99). 
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of at least 10 cells each/HPF within the mucin) amongst those 

with eosinophilic disease (p=0.04). Patients with eosinophil ag-

gregates also had higher prevalence of asthma (p=0.03), but not 

NSAID allergy (p=0.46). 

Nasal polyp tissue from patients with eosinophilic CRS had 

more basement membrane thickening, mucosal ulceration, and 

Charcot-Leyden crystals, whereas the non-eosinophilic group 

tended to have more neutrophilia, squamous metaplasia as well 

as hyperplastic/papillary change, though these did not reach 

statistical significance.

Discussion
The prevalence of chronic rhinosinusitis in Asian populations 

has been reported to be from 2.5-8.4% (13). There is increasing 

awareness in the region of the mindshift from phenotypes to 

inflammatory endotypes in the classification of chronic rhinosi-

nusitis. In a recent survey of Asia-Pacific otorhinolaryngologists, 

71.4% reported consideration of type 2 versus non-type 2 en-

dotypes in their management of patients with CRSwNP (14). The 

importance of endotyping CRSwNP lies not just in increasing 

our understanding of the underlying disease process, but also 

helps to direct medical care and prognosticate disease. This is re-

flected in the latest EPOS guidelines, which emphasized the new 

classification of CRS into inflammatory endotypes and provided 

guidance on the use of biologicals in treating nasal polyposis. 

Significantly, the guidelines also commented that one of the 

major challenges was finding reliable biomarkers to define type 

2 inflammation and predict response to medication (6).

However, only about half (n=35) of the study population had 

preoperative IgE levels measured as it is not uniformly perfor-

med in our practice. 

There were significantly higher peripheral eosinophil levels in 

patients with eosinophilic CRS on tissue histology (mean abso-

lute eosinophil count 0.59 ± 0.18 x 109) compared with non-

eosinophilic CRS (mean absolute eosinophil count 0.24 ± 0.11 x 

109)(p = 0.00). Positive predictive value of an elevated absolute 

eosinophil count above the upper limit of our laboratory’s 

threshold (0.44 x 109) for elevated tissue eosinophilia was 61.1%, 

whereas a negative predictive value was 86.7%.

Imaging

We used the radiologic Lund-Mackay score as a surrogate for 

disease severity. Scores were similar for both groups, with 

the mean score for the eosinophilic group being 15.5, 95% CI 

(13.6,17.4), and that of non-eosinophilic disease being 14.1, 

95% CI (11.9, 16.3), p= 0.32. The Lund- Mackay score did not 

show significant correlation with asthma (p=0.29), NSAID allergy 

(p=0.70) nor serum eosinophils (r= - 0.038, p=0.77) and serum 

IgE levels (r=-0.182, p=0.30). 

Histopathological data

Comparison of histopathological characteristics between eo-

sinophilic and non-eosinophilic groups was performed (Figure 

1). There was over all more severe inflammation amongst the 

eosinophilic group (p=0.02). There were also more eosinophil 

aggregates (defined as a minimum of two distinct aggregates 

Table 1. Demographic data.

Eosinophilic Non-eosinophilic P value

Gender, n (%) Female 17 (47.2) 12 (40.0) 0.56

Male 19 (52.8) 18 (60.0) 

Age (years), mean (range) 50.9 (23-73) ( 53.0 (22-81) 0.55 

Ethnicity, n (%) Chinese 19 (52.8) 25 (83.3) 0.07

Indian 11 (30.6) 3 (10.0)

Malay 2 (5.6) 1 (3.3)

Caucasian 1 (2.78) 0 (0)

Sikh 1 (2.78) 1 (3.33)

Others 2 (5.56) 0 (0)

Asthma, n (%) Yes 17 (47.2) 4 (13.3) 0.003 

No 19 (52.8) 26 (86.7)

Smoking, n (%) Yes 7 (19.4) 5 (16.7) 0.77

No 29 (80.6) 25 (83.3) 

NSAID Allergy, n (%) Yes 8 (22.2) 4 (13.3) 0.35

No 28 (77.8) 26 (86.7) 

Surgery, n (%) Primary Surgery 23 (63.9) 22(73.3) 0.41

Revision Surgery 13(36.1) 8 (26.7)
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Figure 1. Comparison of histopathological characteristics between eosinophilic and non-eosinophilic groups. 
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We sought to study the variation in inflammatory endotypes in 

our multi-ethnic population and found that overall, there was 

a slight preponderance toward eosinophilic disease (54.6%). 

When analysed by ethnicity, Chinese were found to have a 

statistically significant higher proportion of non-eosinophilic 

disease (56.8%). This is congruent with studies conducted in 

other parts of Asia. Zhang et al showed that cytokines from TH1/

TH17 pathways, namely IFN-g, IL-1b, IL-6, and IL-17 protein levels 

were significantly upregulated in southern Chinese compared to 

their Belgian counterparts (15). 

However, this non-eosinophilic predominance represents 

just a snapshot in time, as the distribution of eosinophilic and 

non-eosinophilic disease has been shown to evolve with time. 

Katotomichelakis et al. compared 47 nasal polyp tissue samples 

from 1999 with 42 equivalent samples from 2011 and found an 

increase in the absolute number of eosinophils samples, from 

5 to 35 (16). Shin et al. proposed that this increase in eosinophilic 

polyps in Asian populations is due to concomitant factors such 

as bronchial asthma, aspirin intolerance, chronic local infections, 

atopy, allergies, and environmental pollutants (17). With increa-

sing globalisation, there may also be increased blending of both 

genetic and environmental exposures, hence it may be increa-

singly perplexing to define disease by geographical location. 

Another challenge in classifying CRSwNP is the lack of consen-

sus as to what constitutes eosinophilic chronic rhinosinusitis. 

Toro et al. performed a systematic review of cut off points for 

eosinophilic CRS, and identified the following parameters that 

have been used as reference: standard deviation of controls, 

immunohistochemistry, asthma and allergy, quality of life (QoL) 

scores, polyp recurrence and combined parameters in cluster 

analysis (18). Other studies have used eosinophil counts in serum 
(19), mucin (20) and tissue (21) to define eosinophilic disease. Cut off 

values for tissue eosinophilia have ranged from 5-350 eosinop-

hils per high power field (21-24). Wang et al. utilised the ratio of 

tissue Eosinophilic Cationic Protein (ECP) versus Myeloperoxi-

dase (MPO), with a ratio of greater than 1 being eosinophilic 

and a ratio of less than 1 being non-eosinophilic/neutrophilic 

disease (8). Chitsuthipakorn et al. highlighted the importance of 

definition in affecting perceptions of inflammatory endotypes 

in different populations. They performed a systematic review 

and re-analysis of the raw data of existing papers studying CRS 

endotypes across different ancestry populations. Pooled data 

in the original papers reported 59% of Asian patients as non-

eosinophilic CRS. However after applying a consistent criteria of 

>10 cells per high power field, the reverse was true, with 62.31% 

of Asians reclassified as eosinophilic disease (26). 

Further stratification into type 2 versus non type 2 disease is 

even more contentious. Bo et al. used clustered cytokines to 

define inflammatory phenotypes: 1) IL-5, ECP, IgE, and SE-IgE 

(type-2 inflammation); 2) MPO, IL-8, and IL-6; 3) TNF-α and IFN-g; 

and 4) IL-17. Recently, Nakayama even performed RNA sequen-

cing for endotype stratification, and identified prominent type 2 

inflammatory transcript expression: C-C motif chemokine ligand 

13 (CCL13) and CCL18 in M2 macrophages, as well as cystatin SN 

(CST1) and CCL26 in basal, suprabasal, and secretory epithelial 

cells (25). This myriad of investigations underscores the difficulty 

in establishing an international guideline to define inflamma-

tory endotypes in CRS. This partially accounts for the wide varia-

tion and sometimes even conflicting data on the distribution of 

endotypes in different centres. In fact, Stevens et al. have shown 

that patients can have mixed endotypes exhibiting certain 

phenotypes, for instance the T1 and T2 mixed endotype shows 

the highest asthma comorbidity in CRSwNP but not in CRSsNP 
(27). Therefore, the community needs to work towards using para-

meters that are accessible, reproducible, and consistent for more 

accurate classification and understanding of disease.

In further analysis of the structured histopathological reporting, 

we found a significant correlation between serum and tissue 

eosinophilia with an 86.7% negative predictive value. This is 

consistent with results reported by Asghari et al., which showed 

that the mean percentage of eosinophils in blood and tissue 

increased significantly with increasing CT scan score of patients 
(28). We found significant correlations between tissue eosinophi-

lia and degree of inflammation as well as presence of eosinop-

hil aggregates in mucin. This was consistent with findings in 

literature (12, 29), in which eosinophil activation is associated with 

histopathological presence of mucin with eosinophilic aggre-

gates and Charcot–Leyden crystals. Clinically the implications 

are that of more severe upper airway remodeling, manifesting 

as more severe clinical disease. Brescia et al. found significant 

correlations of tissue eosinophil count and subepithelial edema, 

goblet cell hyperplasia and basement membrane thickness. 

They postulated that this is due to the release of eosinophilic 

pro-inflammatory factors that prompt subepithelial edema 

as a first response then goblet cell hyperplasia and increasing 

fibrosis in the basement membrane as a sign of late response to 

inflammation (30). 

Our study involves patients managed by only one surgeon 

operating in a tertiary hospital, who routinely sends nasal polyp 

biopsies for structured reporting. Due to the single-surgeon 

study design, pre-operative treatment is standardized across 

patients, and no oral corticosteroids are given immediately pre-

operatively, which may suppress inflammation and affect tissue 

histology reporting. Our tissue samples were read by a single 

pathologist and were rigorously evaluated using a structured 

format, which ensured consistency across reporting.

Limitations to our study include small sample size, as well as 

incomplete IgE results for all patients. One of the challenges 

faced in the study design and data analysis was deciding how to 

classify nasal polyps as eosinophilic or non-eosinophilic, due to 

the variety of classification methods used in literature. Compa-

ring final patient outcomes after ESS with pre-operative and 
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intra-operative biomarkers may provide the most meaningful re-

sults, as the intent of classifying inflammatory polyp endotypes 

is to help prognosticate disease course and assist in therapeutic 

decision making. These are definitely areas for further research.

Conclusions
Our multiracial population provides a unique opportunity to 

study the inflammatory patterns for Asian patients with CRS. We 

found that Chinese tended toward non-eosinophilic disease, 

whereas the population as a whole had a slight predominance 

of eosinophilic disease. Future studies with a larger sample size 

of each ethnicity, as well as prospective data with outcome mea-

sures would allow even more understanding of this relationship. 

We also found that an elevated serum eosinophilia and presence 

of asthma can be potentially used as predictors of type 2 inflam-

mation in our population. Further international collaborative 

efforts will be required to define biomarkers that define each en-

dotype to provide more clarity on suitability of targeted therapy. 

Acknowledgments
Not applicable

Funding
Not applicable

Authorship contribution
XSH analysed and interpreted the data and wrote the manus-

cript. MV collected data. JH performed the histopathological 

analyses. NT and CTC provided feedback and amendments on 

the manuscript. All authors read and approved the final manus-

cript.

Ethics approval and consent to participate 
Ethics approval was obtained from the SingHealth Centralised 

Institutional Review Board. 

Availability of data and materials
All data generated or analysed during this study are included in 

this published article [and its supplementary information files].

Conflict of interest
The authors declare that they have no competing interests.

References 
1. Chester  AC,  S indwani  R ,  Smith TL , 

Bhattacharyya N. Fatigue improvement 
following endoscopic sinus surgery : a 
systematic review and meta-analysis. 
Laryngoscope. 2008;118(4):730-9. 

2. Bengtsson C, Lindberg E, Jonsson L, 
Holmstrom M, Sundbom F, Hedner J, et 
al. Chronic Rhinosinusitis Impairs Sleep 
Quality: Results of the GA2LEN Study. Sleep. 
2017;40(1). 

3. Soler ZM, Wittenberg E, Schlosser RJ, Mace 
JC, Smith TL. Health state utility values in 
patients undergoing endoscopic sinus sur-
gery. Laryngoscope. 2011;121(12):2672-8. 

4. Bhattacharyya N, Villeneuve S, Joish VN, 
Amand C, Mannent L, Amin N, et al. Cost 
burden and resource utilization in patients 
with chronic rhinosinusitis and nasal polyps. 
Laryngoscope. 2019;129(9):1969-75. 

5. DeConde AS, Soler ZM. Chronic rhinosinu-
sitis: Epidemiology and burden of disease. 
Am J Rhinol Allergy. 2016;30(2):134-9. 

6. Fokkens WJ, Lund VJ, Hopkins C, Hellings 
PW, Kern R, Reitsma S, et al. European 
Position Paper on Rhinosinusitis and Nasal 
Polyps 2020. Rhinology. 2020;58(Suppl 
S29):1-464. 

7. Van Bruaene N, Perez-Novo CA, Basinski 
TM, Van Zele T, Holtappels G, De Ruyck N, 
et al. T-cell regulation in chronic parana-
sal sinus disease. J Allergy Clin Immunol. 
2008;121(6):1435-41, 41 e1-3.

8. Wang X, Zhang N, Bo M, Holtappels G, 
Zheng M, Lou H, et al. Diversity of TH cyto-
kine profiles in patients with chronic rhi-
nosinusitis: A multicenter study in Europe, 

Asia, and Oceania. J Allergy Clin Immunol. 
2016;138(5):1344-53.

9. Kim SJ, Lee KH, Kim SW, Cho JS, Park YK, 
Shin SY. Changes in histological features of 
nasal polyps in a Korean population over 
a 17-year period. Otolaryngol Head Neck 
Surg. 2013;149(3):431-7. 

10. Mahdavinia M, Suh LA, Carter RG, Stevens 
WW, Norton JE, Kato A, et al. Increased 
noneosinophilic nasal polyps in chronic rhi-
nosinusitis in US second-generation Asians 
suggest genetic regulation of eosinophilia. 
J Allergy Clin Immunol. 2015;135(2):576-9. 

11. Census of Population 2020 Statistical 
Release. Singapore Department of Statistics.

12. Snidvongs K, Lam M, Sacks R, Earls P, Kalish 
L, Phillips PS, et al. Structured histopatho-
logy profiling of chronic rhinosinusitis in 
routine practice. Int Forum Allergy Rhinol. 
2012;2(5):376-85. 

13. Zhang Y, Gevaert E, Lou H, Wang X, 
Zhang L, Bachert C, et al. Chronic rhino-
sinusitis in Asia. J Allergy Clin Immunol. 
2017;140(5):1230-9. 

14. Shao S, Zheng M, Wang X, Latiff AH, Kim 
DY, Wang JY, et al. Asia-Pacific survey of 
physicians' perceptions and managements 
of chronic rhinosinusitis. Asian Pac J Allergy 
Immunol. 2022.

15. Zhang N, Van Zele T, Perez-Novo C, Van 
Bruaene N, Holtappels G, DeRuyck N, et 
al.  Different types of T-effector cells 
orchestrate mucosal inflammation in chro-
nic sinus disease. J Allergy Clin Immunol. 
2008;122(5):961-8. 

16. K atotomichelak is  M,  Tanti l ipikorn P, 
Holtappels G, De Ruyck N, Feng L, Van Zele 

T, et al. Inflammatory patterns in upper air-
way disease in the same geographical area 
may change over time. Am J Rhinol Allergy. 
2013;27(5):354-60. 

17. Shin SH, Ye MK, Kim JK, Cho CH. Histological 
characteristics of chronic rhinosinusitis with 
nasal polyps: Recent 10-year experience of 
a single center in Daegu, Korea. Am J Rhinol 
Allergy. 2014;28(2):95-8.

18. Toro MDC, Antonio MA, Alves Dos Reis MG, 
de Assumpcao MS, Sakano E. Achieving 
the best method to classify Eosinophilic 
Chronic Rhinosinusitis: a systematic review. 
Rhinology. 2021;59(4):330-9.

19. Sakuma Y, Ishitoya J, Komatsu M, Shiono 
O, Hirama M, Yamashita Y, et al. New cli-
nical diagnostic criteria for eosinophilic 
chronic rhinosinusitis. Auris Nasus Larynx. 
2011;38(5):583-8. 

20. Schmid C,  Habermann W, Braun H, 
Gugatschka M, Oriel BS, Smietana JA, et al. 
Released intranasal eosinophilic major basic 
protein as a diagnostic marker for polypoid 
chronic rhinosinusitis. Otolaryngol Head 
Neck Surg. 2010;143(3):386-91. 

21. Lou H, Meng Y, Piao Y, Wang C, Zhang L, 
Bachert C. Predictive significance of tissue 
eosinophilia for nasal polyp recurrence 
in the Chinese population. Am J Rhinol 
Allergy. 2015;29(5):350-6. 

22. Soler ZM, Sauer DA, Mace J, Smith TL. 
Relationship between clinical measures 
and histopathologic findings in chronic rhi-
nosinusitis. Otolaryngol Head Neck Surg. 
2009;141(4):454-61. 

23. Nakayama T, Yoshikawa M, Asaka D, Okushi 
T, Matsuwaki Y, Otori N, et al. Mucosal eosi-



148

Xu et al.

Xu Shuhui

Otorhinolaryngology- Head and 

Neck Surgery

Singapore General Hospital

Academia

Level 5

20 College Rd

Singapore 169856

Tel: +65 6576 7455

E-mail: xu.shuhui@singhealth.com.sg, 

shuhui.88@gmail.com

nophilia and recurrence of nasal polyps 
- new classification of chronic rhinosinusitis. 
Rhinology. 2011;49(4):392-6. 

24. Yao T, Kojima Y, Koyanagi A, Yokoi H, Saito 
T, Kawano K, et al. Eotaxin-1, -2, and -3 
immunoreactivity and protein concentrati-
on in the nasal polyps of eosinophilic chro-
nic rhinosinusitis patients. Laryngoscope. 
2009;119(6):1053-9. 

25. Nak ayama T,  Lee IT,  Le W, Tsunemi 
Y,  Borchard NA, Zarabanda D, et al. 
Inflammatory molecular endotypes of nasal 
polyps derived from White and Japanese 
populations. J Allergy Clin Immunol. 
2022;149(4):1296-308 e6. 

26. Chitsuthipakorn W, Seresirikachorn K, 
Sommer DD, McHugh T, Snidvongs K. 
Endotypes of Chronic Rhinosinusitis Across 
Ancestry and Geographic Regions. Curr 
Allergy Asthma Rep. 2018;18(9):46. Epub 
20180711. 

27. Stevens WW, Peters AT, Tan BK, Klingler AI, 
Poposki JA, Hulse KE, et al. Associations 
B e t we e n  I n f l a m m a t o r y  E n d o t y p e s 
and Clinical Presentations in Chronic 
Rhinosinusitis. J Allergy Clin Immunol Pract. 
2019;7(8):2812-20 e3. 

28. Asghari M, Izadpanahi S, Esfahani MH. 
Comparison of Blood and Tissue Eosinophil 
Count and Blood IgE in Patients with 
Chronic Sinusitis and Nasal Polyps. J 
Immunol Res. 2021;2021:6680676. 

29. Contro G, Brescia G, Alessandrini L, Barion 
U, Padoan R, Frigo AC, et al. Neutrophil infil-
trates and eosinophil aggregates in chronic 
rhinosinusitis with nasal polyps and EGPA. 
Clin Rheumatol. 2021;40(5):1949-57. 

30. Brescia G, Alessandrini L,  Zanotti  C, 
Parrino D, Tealdo G, Torsello M, et al. 
Histopathological and hematological chan-
ges in recurrent nasal polyposis. Int Forum 
Allergy Rhinol. 2019;9(7):813-20. 

ISSN: 2589-5613 / ©2022 The Author(s). This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other 
third party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the mate-
rial is not included under the Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. 
To view a copy of this license, visit http://creativecommons.org/ licenses/by/4.0/


