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Abstract
Chronic rhinosinusitis (CRS) is an inflammatory disorder of the paranasal sinuses and the nasal cavity 
lasting longer than 12 weeks. This disease is a common clinical syndrome with significant monetary burden 
due to the high costs of medical visits, diagnostic tests, medications, and surgical therapies. CRS without 
nasal polyposis (CRSsNP) is the most common subtype of CRS, accounting for about 70% of all patients. 
Other subtypes include CRS with nasal polyposis (CRSwNP) and allergic fungal rhinosinusitis (AFRS). 
CRSwNP has the worldwide prevalence of 2% to 4% and is often accompanied by type 2 inflammation and 
asthma as a comorbid condition. Pediatric chronic sinusitis is distinct from adult chronic sinusitis and is 
currently considered an infectious process, characterized by persistent inflammation representing an 
exaggerated immune response to an external stimulus. The medical and surgical management of CRS has 
been remarkably modified in the past two decades. The aim of this study was to present an update on CRS 
based on the recent years’ literature.
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Introduction
Chronic rhinosinusitis (CRS) is generally defined as inflammation of paranasal sinuses and nasal cavity, 
lasting for more than 12 weeks, with certain clinical manifestations along with objective evidence of 
sinonasal involvement, such as direct visualization or an imaging study [1, 2]. This disease is a common 
clinical syndrome with significant financial burden due to the high costs of medical visits, diagnostic tests, 
medications, and surgical therapies [3]. Frequent absences from school, decreased work productivity, and 
detrimental influences on physical and emotional health are other adverse impacts of this disease [3]. This 
heterogeneous disorder, the diagnosis of which requires objective evidence of mucosal inflammation, may 
result in significant morbidity.
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CRS without nasal polyposis (CRSsNP) is the most common subtype of CRS, accounting for about 70% 
of all patients. Other subtypes include CRS with nasal polyposis (CRSwNP) [4] and allergic fungal 
rhinosinusitis (AFRS). CRSwNP has the worldwide prevalence of 2% to 4% and is often accompanied by 
type 2 (T2) inflammation and asthma as a comorbid condition [4] in approximately 50% of the total 
patients [5]. The cardinal features of CRSwNP, particularly during exacerbations, include nasal congestion 
or blockage, complete or partial loss of smell, anterior or posterior drainage, and facial pressure and pain 
[4].

Pediatric chronic sinusitis is different from adult chronic sinusitis and is recognized as an infectious 
process [6], characterized by persistent inflammation representing an excessive immune response to an 
external stimulus [7]. According to the clinical consensus statement, published in 2015 by the American 
Academy of Otolaryngology-Head and Neck Surgery Foundation, CRS in children is defined as at least 90 
consecutive days with two or more symptoms of cough, nasal blockage, purulent nasal discharge, or facial 
pressure/pain along with either endoscopic signs of mucosal edema, nasal polyps, or purulent drainage, 
and/or CT scan imaging indicating mucosal alterations within the ostiomeatal complex, and/or sinuses [7].

The medical and surgical management of CRS has undergone significant changes during the past two 
decades. The recent application of biological, monoclonal therapies which target specific mediators has the 
potential to change the course of the disease, yet the patients’ exact CRS endotype must be first determined 
appropriately so that the biological, monoclonal treatments could be applied accordingly. The aim of this 
study was to present an update on CRS based on the recent years’ literature.

Epidemiology
CRS can affect both children and adults, yet quite differently [8]. Due to the lack of a gold standard, CRS 
diagnosis is challenging [9]. Since there are different diagnostic criteria, including symptom-based 
diagnoses, rhinoscopy-based objectives, or imaging findings, the estimation of CRS prevalence may vary 
significantly in different parts of the world, ranging from 5% to 12% of the general population in total [9], 
with higher rates in the Middle East [10]. The exact prevalence of rhinosinusitis in children is unknown 
because of the low percentage of referrals to physicians. It has been estimated that 0.5% to 13% of upper 
respiratory infections may lead to bacterial rhinosinusitis, and 6% to 13% of children may experience at 
least one episode of rhinosinusitis before 3 years of age [6]. Factors leading to predisposition towards CRS 
include anatomic and inflammatory elements, resulting in CRS. Septal deviation, NP, lateral wall anomalies, 
and nasal foreign bodies are examples of the anatomic causes, while allergic rhinitis, allergic fungal 
sinusitis, gastroesophageal reflux, tobacco smoke, and occupational exposure to gases, fumes, and dust are 
examples of the inflammatory causes [6, 11]. Studies have shown that the development of CRS could be 
attributed to high levels of NO2 [11]. Smokers and those working as house cleaners have also shown a 
higher prevalence of CRS [11]. In addition, a slightly higher rate of association with male gender has been 
noted in the prevalence of CRSwNP [12].

In one study, CRS was described as an interaction at the site of the interface between the host immune 
system and the environmental factors such as microbial agents, toxins, and allergens [13]. In another study, 
CRS pathophysiology was mainly defined based on T cells [14], where three types of immune responses 
were proposed in accordance with the immune polarization induced by T cell cytokine production [15].

Many studies have suggested “endotypic” correlations with histopathologic and clinical findings in CRS 
patients [16, 17]. The most common histopathologic findings in this regard have been neutrophilia, 
eosinophilia, fibrosis, glandular hypertrophy, and epithelial dysmorphosis [18]. However, more recent 
studies are seeking to define CRS endotypes based on specific molecular mechanisms, with biomarkers as a 
defining characteristic of each pathway, which appear to have strong associations with phenotypes and 
therapy responses [19].

CRS patients are categorized according to distinct endotype subsets, presenting with T1 endotype 
[interferon-γ (IFN-γ) expression], T2 endotype (eosinophil cationic protein and charcot-leyden crystal 
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galectin), and T3 endotype (IL-17A expression), or a mix of two. The importance of these 3 types of immune 
responses lies in the definition of certain endotypes, which may greatly affect the clinical manifestations 
[14].

T1 immune responses include T1 innate lymphoid cells (ILC1s) as well as Tc1 and Th1 cells, with a 
pivotal role in dealing with intracellular microbes, protozoa, and viruses [20]. Stimulation of these cells 
results in IFN-γ and TNF-α production, leading to the activation of mononuclear phagocytes [15]. ICL2, Tc2, 
and Th2 cells are known to be implicated in T2 immune responses, which play an important role in the 
pathogenesis of allergic diseases through the involvement of eosinophils, IgE production, and goblet cell 
hyperplasia [15, 21]. T3 immune responses are induced by IL-3, Tc17 cells, and Th17 cells, with a role in 
fighting extracellular bacteria and fungi [15]. CRSwNP and CRSsNP are both linked to inflammatory 
patterns produced by the above-mentioned immune responses, which may vary across patients from 
various geographical places and racial backgrounds [4, 14].

CRSwNP is considered a diffuse inflammatory process with downregulation of Tregs, while CRSsNP 
occurs due to up-regulation of Tregs and the resultant sinus outflow tract obstruction, leading to secondary 
inflammation and infection [18]. Tumor growth factor (TGF)-beta is the major product of Tregs, which has a 
potential role in tissue remodeling in CRSsNP. Tissue remodeling results from the function of TGF-beta in 
induction and proliferation of fibroblasts and extra-cellular matrix synthesis [14]. Some reports suggest 
that CRSsNP is more common (two-thirds of cases) and mostly exhibits T1 immune response [3]. This type 
of CRS is often characterized by frequent infections and therefore colonization of the sinonasal cavity with 
organisms such as Pseudomonas aeruginosa, Haemophilus influenzae, and Streptococcus pneumoniae, which 
produce ciliotoxic or ciliostatic toxins [22]. This may result in mucociliary function impairment, leading to 
biofilm formation, which subsequently creates a vicious cycle [21].

When it comes to CRSwNP, insufficient or exaggerated immune response to external stimuli may 
progress to persistent mucosal inflammation with morphological alterations in respiratory epithelium of 
nasal polyps [23]. An example of such an event is localized allergic hyper-responsiveness to Staphylococcus 
aureus enterotoxin, which may act as a superantigen, broadly activating T lymphocytes [24]. Therefore, 
dysfunction of the airway epithelium may lead to an altered mucociliary clearance as well as altered 
maintenance barrier function in the epithelial cells of NP [23].

Other studies demonstrate that about 80% of patients with CRSwNP in the western developed 
countries predominantly show a T2 response, including expression of IL-4, IL-5, and IL-13 with elevated 
levels of IgE. Clinically, T2 response may also lead to asthma, which can even result in more severe courses 
of various comorbidities. On the other hand, there are fewer reports of patients with T2 cytokine 
expression, eosinophilic inflammation, and asthma comorbidity in East Asia [12, 23, 25]. These Asian 
patients predominantly show neutrophil-biased responses [14]. Considering the contribution of 
neutrophils to the pathogenesis of NP in the western world, it is confirmed that neutrophils are not good 
biomarkers for endotype differentiation in these patients [18].

High-levels of IFN-γ and IL-17A expressions have been reported in NP of patients with cystic fibrosis, 
indicating T3 immune response. In T1 and T3 immune responses, epithelial cells are stimulated by 
environmental triggers in order to secrete osteopontin, thus triggering dendritic cells to activate Th1 and 
Th17 cells [14]. Tc1, Tc17, Th1, and Th17 cells collectively stimulate non-eosinophilic inflammation and 
produce IFN-γ, IL-17A, and IL-22 [14]. This subset of inflammation is clinically associated with purulent 
nasal discharge [26].

Using different markers for each endotype, Kato et al. [18] conducted a study to find associations 
between endotypes and phenotypes. In their study, CRS patients with T2 endotype suffered from NP, 
asthma comorbidity, anosmia, and allergic mucin, while those with T3 endotype had pus [19]. Another 
study emphasized the role of neutrophils and their proinflammatory cytokines in older adults with CRS. 
These patients showed a higher likelihood of neutrophilic inflammation, a better treatment response to 
macrolides, and no response to corticosteroids and biologics [19]. In his study, Bachert et al. [19] observed 
elevated local IgE in nasal polyp tissue in patients with CRSwNP, which was indicative of IgE against 
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Staphylococcus aureus enterotoxin in nasal polyp tissue and also systemic circulation, revealing a more 
severe sinonasal disease.

In a recent study, some patients with CRSsNP showed increased levels of IL-4, IL-5, eosinophilic 
cationic protein, total serum IgE, and anti-Staphylococcus aureus enterotoxin specific-IgE, indicating a T2 
immune response [27]. Despite the significantly increased recurrence of CRSsNP and asthma occurrence in 
patients with T2 CRSsNP, only 3% developed NP within the next 12 years [26]. This shows the same T2 
immune response in CRSsNP as those in CRSwNP, yet less prominent. Klingler et al. [28] compared gene 
expression levels in samples taken from three groups of patients; without sinonasal disease, with CRSsNP, 
and with CRSwNP. The gene expression patterns in this study showed a close similarity between the 
ethmoid tissue and nasal polyp samples of the CRSwNP patients and the T2 patterns in the ethmoid tissue 
of T2 subset of the CRSsNP patients [28].

Considering CRS to be an inflammatory sinonasal disease, it is generally classified into eosinophilic 
inflammation versus non-eosinophilic inflammation with three distinct patterns, namely allergic, 
eosinophilic, and non-eosinophilic CRS [14]. Most of the patients with eosinophilic inflammation are 
immunocompetent adults from 30 years to 50 years of age [29] with CRSwNP and increased concentrations 
of T2 cytokines. The eosinophilic inflammation leads to extensive sinus disease with higher rates of polyp 
recurrence after surgery and without sufficient post-operative quality of life improvement. These patients 
may also show late-onset asthma comorbidities [14]. Their hallmark symptoms include rhinorrhea, nasal 
congestion and blockage, hyposmia or anosmia, postnasal drip, and headache [30], yet fever and excessive 
facial pain are not common.

Their clinical examination is based on evaluating nasal airway patency and presence of polyps. Small to 
large polyps protruding from the middle meatus to the nasal passage with tenacious mucin, shown at 
endoscopy, may further reveal the T2 inflammation nature of the disease [14]. A pan-sinus opacification 
with evidence of secondary obstruction on CT imaging and neo-osteogenesis changes are other radiological 
findings which can establish the existence of NP and/or any concomitant anatomical cause of nasal 
obstruction [14]. Plain X-rays are not recommended anymore due to their insufficient sensitivity or 
specificity to assess CRS.

CRSsNP is a heterogeneous condition, which may occur with allergic and non-allergic rhinitis, 
structural abnormalities, and/or immunodeficiencies. These patients typically have persistent symptoms 
with periodic exacerbations, yet usually without fever. In a subset of these patients, recurrent acute 
rhinosinusitis occurs with good response to antibiotic therapy [31].

A unique subset of CRSwNP is AFRS, which typically affects adults below 30 years of age. These 
immunocompetent individuals with atopy and T1 hypersensitivity to fungi may have asthma with a lower 
incidence (24%) compared to other types of CRSwNP (where asthma may coexist in 50% of cases). The 
involved sinuses often sustain expansile changes, sometimes leading to the erosion of medial orbital wall or 
anterior skull base with resultant facial or orbital deformities, although with disproportionate occurrences 
of nasal obstruction, hyposmia, or drainage due to the slow progression of disease over years [32]. Fever is 
not a common symptom in these patients. The presence of allergic mucin containing viable fungal hyphae 
with evidence of IgE-mediated allergy differentiates AFRS from CRSwNP. NP and allergic mucin without 
fungal hyphae and allergy are mainly attributed to eosinophilic mucin rhinosinusitis, with significant 
refractory or recurrent NP. Cocaine abuse and esthesioneuroblastoma are two rare conditions mimicking 
CRS signs and symptoms at the onset [33, 34].

Treatment
The cornerstone of the treatment of CRS patients, whether with or without NP, is medical management [5]. 
CRSsNP represents the most common subtype of CRS patients, most of whom cannot be cured, yet can 
achieve some degrees of symptoms control with long-term management. The first step in the treatment of 
the patients with CRSsNP is to make sure that the danger signs do not exist. These signs, including high 
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fever, severe headache, meningeal signs, significant epistaxis, and orbital signs and symptoms, may suggest 
the presence of complications, necessitating more caution.

The primary goal of the therapy should be the improvement of the quality of life by individualizing the 
treatments for each patient. Intranasal saline irrigation has long been recommended as the initial 
intervention [35]. The proposed mechanism of this treatment focuses on water transport through the 
mucosal epithelial membrane so that the nasal mucosa becomes hydrated and moisturized, which in turn 
leads to increased mucociliary clearance [28]. It seems that saline irrigation may improve symptoms and 
quality of life provided that water or hypotonic saline is avoided as they may cause nasal irritation. These 
patients should also avoid any nose blows within 15 min after irrigation to prevent further auto-insufflation 
of the solution into eustachian tubes.

According to various guidelines and consensus statements, topical intranasal corticosteroids (INCS) 
have long been recommended as the first-line pharmacotherapy in the management of CRSsNP [1, 36, 37]. 
The major underlying mechanism is to reduce mucus production and mucosal edema in order to improve 
drainage. The patients who still show inadequate response to saline irrigation and INCS after several 
months of treatment and suffer from both infection and inflammation simultaneously are advised to receive 
a combination of oral antibiotics and glucocorticoids for 10 days to 14 days [38, 39]. However, in the case of 
infection alone, particularly with mucopurulent discharge, antibiotics are normally the treatment modality, 
and in the presence of only thickened secretions, which are not clearly purulent, glucocorticoid alone is the 
choice. One challenging issue is the differentiation between infection and inflammation as in most cases the 
two conditions cannot be distinguished from each other [1, 38].

Acute exacerbations of CRS may be caused by several factors, including infections, allergen or irritant 
exposures, and nonadherence to medications [40]. When these exacerbations are accompanied by purulent 
secretions, they can be simply treated with oral antibiotics as acute uncomplicated bacterial sinusitis.

The most important difference between the management of CRS in children and adults is the role of 
adenoidal hypertrophy in children with CRS unresponsive to medical therapy. In these children, 
adenoidectomy may be beneficial [41].

In patients with severe nasal blockage or severe symptoms of nasal congestion or anosmia, a short 
course of oral glucocorticoids may effectively shrink nasal polyps [40, 41]. A substantial benefit of oral 
glucocorticoids is reported in the first 2 weeks or 3 weeks after therapy, consisting of reduced size of 
polyps as well as improved sense of smell and sinonasal symptoms, although these improvements are not 
sustained until 10–12 weeks after treatment [42–44].

The next step in therapy is deciding between consultation with an otolaryngologist for functional 
endoscopic sinus surgery (FESS) and available biologic therapies. Persistent improvements in signs and 
symptoms are reported in many studies over the next 5 years to 10 years after surgery [45, 46]. In patients 
suffering from both asthma and CRS, evidence suggests better long-term control of asthma along with FESS 
and medical therapy compared to medical therapy alone [47]. FESS involves removing the tissue around the 
ostia so that the outflow tracts could be widened in order to facilitate sinus drainage and ventilation. In 
patients with NP, the polypoid material and inflammatory debris are also removed. Mucosal preservation is 
the accepted technique to avoid excessive scarring and maintain normal mucociliary clearance. FESS is safe 
in children but is usually performed only on the maxillary sinuses. After surgery, some surgeons apply 
adjunct therapy with steroid eluting stents and dressings. These are bioabsorbable sinus implants eluting 
370 mcg of mometasone furoate over 30 days. The aim of this adjunctive therapy is to maintain the patency 
of the sinus opening after surgery [40].

Balloon ostial dilation is another procedure using a balloon catheter in order to dilate the frontal, 
sphenoid, or maxillary sinus ostium. However, one limitation of this method is lack of surgical tissue 
removal, making it less effective compared to FESS. It is also noteworthy that this method cannot be used 
for ethmoid sinus as an area of considerable inflammation [48–50]. In 2018, this technique was suggested 
as an adjunct procedure to FESS for patients with CRSsNP as well as a way to widen stenosed sinus 
openings in previously operated patients [51].
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Generally, in most long-term follow-up studies after FESS, between 15% and 20% of patients, mostly 
those with NP, required repeat surgery [46]. This may happen due to numerous reasons, including 
inconsistent adherence to maintenance therapies, improper sinus surgery, and unrecognized comorbid 
conditions such as allergic rhinitis and primary immunodeficiencies.

Miglani et al. [52] have recently conducted a study to compare the therapeutic effects of endoscopic 
sinus surgery versus biologics for the treatment of CRSwNP. In this cohort study, the efficacy of FESS was 
compared with three biological therapies (including dupilumab, omalizumab, and mepolizumab), the 
results of which showed superiority of FESS over these three agents [52]. However, in another study, the 
polyp recurrence rate of up to 60% was reported as the main drawback of FESS [53]. The continuous need 
to administer biological therapies in timely intervals in order to control the symptoms is the reason why 
they are not the first priority [52, 54–57]. On the other hand, biologics are preferred in CRS patients due to 
their application in the treatment of sinonasal disease, the presence of contraindications to surgery, and 
CRS coexisting with poorly controlled asthma.

Some of the major criteria for surgery are failure of medical therapies, ineffective use of topical 
medications due to the presence of polyps, and extension of the disease beyond sinuses, yet determining 
surgical indications in most patients with CRSwNP is still challenging [58, 59]. Although FESS has shown 
more significant polyp burden improvement in comparison to biological therapies, these agents have a 
greater impact on controlling T2 inflammation, subjective symptoms, and therefore the patient’s overall 
quality of life [60].

Dupilumab, omalizumab, and mepolizumab are three respiratory biologics, which are approved for the 
treatment of moderate to severe asthma as well as CRSwNP. Among these three biologics, the first one has 
been identified to be the most effective in several studies [61–64]. When a patient has dual indications for 
biological therapy, the second indication may aid in selecting one of the three biologics [18, 64]. Dupilumab 
is a monoclonal antibody which targets IL-4 receptor alpha, and therefore inhibits the signaling of the two 
most important drivers of T2 inflammation, namely IL-4 and IL-3, along with key roles both in asthma and 
CRSwNP [65, 66]. Omalizumab is effective in reducing the local IgE present in nasal polyp tissue and can 
also improve the sinonasal symptoms in CRSwNP. Mepolizumab targets IL-5, which is known to have a key 
role in survival and activation of eosinophils. Previous studies have shown that eosinophils increase in 
nasal polyp tissue and may cause an underlying inflammation in CRSwNP [67]. Table 1 summarizes the 
modes of action, efficacy, and adverse effects of these biologics.

Benralizumab is a recently approved biological therapy for severe asthma by the US FDA, yet it is still 
under investigation for CRSwNP [66, 68]. Benralizumab is a monoclonal antibody which binds with 
eosinophils via IL-5 receptor-alpha and attracts natural killer cells to induce eosinophil apoptosis, resulting 
in a rapid and significant depletion of blood and tissue eosinophils. Therefore, a favorable response to 
benralizumab is anticipated in patients with NP [69].

Depemokimab is another, yet in clinical development, biological therapy for the treatment of asthma 
and rhinosinusitis with NP in adults. This is a monoclonal antibody which reduces the number of 
eosinophils by blocking IL-5 through binding with its cognate receptor and then inhibiting its action. IL-5 
not only mediates the growth and differentiation of eosinophils in the bone marrow but also has a crucial 
role in their recruitment and activation within other tissues [70]. Therefore, the inactivation of IL-5 through 
depemokimab may cause a rapid reduction in the circulating population of eosinophils as well as their 
counts in nasal polyp tissues [71]. Depemokimab is reported to have an acceptable safety and efficacy 
profile with the potential, long-acting suppression of IL-5 with one subcutaneous injection every 6 months 
[72, 73].

Figure 1 illustrates the therapeutic approach in patients with CRS.
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Table 1. A comparison between efficacy and adverse effects of three approved respiratory biologics

Biologics Efficacy Adverse effects

Dupilumab Reduces:

Postnasal drip•
Rhinorrhea•
Nasal congestion•
Endoscopic and radiologic sinus 
inflammation

•

Need for oral glucocorticoids•
Need for FESS•

Improves:

Sense of smell [57, 58]•

Injection site reactions•
Peripheral eosinophilia•
Insomnia•
Toothache•
Gastritis•
Arthralgia•
Noninfectious conjunctivitis [60]•
T helper driven diseases (seronegative arthritis, psoriasis enthesitis, 
and iridocyclitis) [61, 62]

•

Omalizumab Improves:

Smell tests•
Quality of life measures•
NP burden•
Post nasal drip•
Rhinorrhea [63]•

Skin inflammation•
Anaphylaxis [64]•

Mepolizumab Improves:

NP size•
Nasal obstruction [65]•

No significant adverse effect [65]•

FESS: functional endoscopic sinus surgery; NP: nasal polyposis

Figure 1. The therapeutic approach in patients with CRS. AERD: aspirin-exacerbated respiratory disease; AFRS: allergic fungal 
rhinosinusitis; CRS: chronic rhinosinusitis; CRSwNP: CRS with nasal polyposis; EGPA: eosinophilic granulomatosis with 
polyangiitis; FESS: functional endoscopic sinus surgery; INCS: intranasal corticosteroids

Conclusions
Disease-endotyping may help the better understanding of the natural history, pathophysiology, and 
therefore treatment of CRS. Individualization of treatments based on predicted endotypes may lead to more 
favorable outcomes. Treatment success, thus, depends on the underlying pathogenesis and disease-
provoking factors. As a result, identifying the patients who may benefit from new classes of biotherapeutics 
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based on their endotypes is currently deemed to be essential. Any improvement in the clinical endotyping 
methods of CRS may significantly increase the use of biological therapies, which can target patients’ specific 
endotypes. However, the clinical practice of such endotyping should be defined more comprehensively to 
guide personalized therapeutic guidelines.
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T2: type 2

Declarations
Acknowledgments

The authors would like to thank Mr. Ramin Kordi for English editing of the text.

Author contributions

SD: Conceptualization, Investigation, Writing—original draft, Supervision. MH: Investigation, 
Writing—review & editing. PBS: Investigation, Writing—review & editing, Validation. All authors read and 
approved the submitted version.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

Not applicable.

Copyright

© The Author(s) 2024.



Explor Asthma Allergy. 2024;2:473–84 | https://doi.org/10.37349/eaa.2024.00059 Page 481

References
Orlandi RR, Kingdom TT, Smith TL, Bleier B, DeConde A, Luong AU, et al. International consensus 
statement on allergy and rhinology: rhinosinusitis 2021. Int Forum Allergy Rhinol. 2021;11:213–739. 
[DOI]

1.     

Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, et al. EPOS 2012: European position 
paper on rhinosinusitis and nasal polyps 2012. A summary for otorhinolaryngologists. Rhinology. 
2012;50:1–12. [DOI] [PubMed]

2.     

Wahid NW, Smith R, Clark A, Salam M, Philpott CM. The socioeconomic cost of chronic rhinosinusitis 
study. Rhinology. 2020;58:112–25. [DOI] [PubMed]

3.     

Kim SL, Rank MA, Peters AT. The chronic rhinosinusitis practice parameter. Ann Allergy Asthma 
Immunol. 2023;131:307–10. [DOI] [PubMed]

4.     

Almosnino G, Little RE. Surgical management of rhinosinusitis for the allergist-immunologist. Ann 
Allergy Asthma Immunol. 2023;131:311–6. [DOI] [PubMed]

5.     

Hopp RJ. Do Adult Forms of Chronic Rhinosinusitis Exist in Children and Adolescents? Sinusitis. 2017;
2:7. [DOI]

6.     

Quintanilla-Dieck L, Lam DJ. Chronic Rhinosinusitis in Children. Curr Treat Options Pediatr. 2018;4:
413–24. [DOI] [PubMed] [PMC]

7.     

Snidvongs K, Sangubol M, Poachanukoon O. Pediatric Versus Adult Chronic Rhinosinusitis. Curr 
Allergy Asthma Rep. 2020;20:29. [DOI] [PubMed]

8.     

Loos DDd, Lourijsen ES, Wildeman MAM, Freling NJM, Wolvers MDJ, Reitsma S, et al. Prevalence of 
chronic rhinosinusitis in the general population based on sinus radiology and symptomatology. J 
Allergy Clin Immunol. 2019;143:1207–14. [DOI] [PubMed]

9.     

Ostovar A, Fokkens WJ, Vahdat K, Raeisi A, Mallahzadeh A, Farrokhi S. Epidemiology of chronic 
rhinosinusitis in Bushehr, southwestern region of Iran: a GA2LEN study. Rhinology. 2019;57:43–8. 
[DOI] [PubMed]

10.     

Zhang L, Zhang R, Pang K, Liao J, Liao C, Tian L. Prevalence and risk factors of chronic rhinosinusitis 
among Chinese: A systematic review and meta-analysis. Front Public Health. 2023;10:986026. [DOI] 
[PubMed] [PMC]

11.     

Wautlet A, Bachert C, Desrosiers M, Hellings PW, Peters AT. The Management of Chronic 
Rhinosinusitis With Nasal Polyps (CRSwNP) With Biologics. J Allergy Clin Immunol Pract. 2023;11:
2642–51. [DOI] [PubMed]

12.     

Lam K, Schleimer R, Kern RC. The Etiology and Pathogenesis of Chronic Rhinosinusitis: a Review of 
Current Hypotheses. Curr Allergy Asthma Rep. 2015;15:41. [DOI] [PubMed] [PMC]

13.     

Vlaminck S, Acke F, Scadding GK, Lambrecht BN, Gevaert P. Pathophysiological and Clinical Aspects of 
Chronic Rhinosinusitis: Current Concepts. Front Allergy. 2021;2:741788. [DOI] [PubMed] [PMC]

14.     

Annunziato F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated 
effector immunity. J Allergy Clin Immunol. 2015;135:626–35. [DOI] [PubMed]

15.     

Tomassen P, Vandeplas G, Zele TV, Cardell L, Arebro J, Olze H, et al. Inflammatory endotypes of 
chronic rhinosinusitis based on cluster analysis of biomarkers. J Allergy Clin Immunol. 2016;137:
1449–56.e4. [DOI] [PubMed]

16.     

Stevens WW, Peters AT, Tan BK, Klingler AI, Poposki JA, Hulse KE, et al. Associations Between 
Inflammatory Endotypes and Clinical Presentations in Chronic Rhinosinusitis. J Allergy Clin Immunol 
Pract. 2019;7:2812–20.e3. [DOI] [PubMed] [PMC]

17.     

Kato A, Peters AT, Stevens WW, Schleimer RP, Tan BK, Kern RC. Endotypes of chronic rhinosinusitis: 
Relationships to disease phenotypes, pathogenesis, clinical findings, and treatment approaches. 
Allergy. 2022;77:812–26. [DOI] [PubMed] [PMC]

18.     

Bachert C, Maurer M, Palomares O, Busse WW. What is the contribution of IgE to nasal polyposis? J 
Allergy Clin Immunol. 2021;147:1997–2008. [DOI] [PubMed]

19.     

https://dx.doi.org/10.1002/alr.22741
https://dx.doi.org/10.4193/Rhino12.000
http://www.ncbi.nlm.nih.gov/pubmed/22469599
https://dx.doi.org/10.4193/Rhin19.424
http://www.ncbi.nlm.nih.gov/pubmed/32172284
https://dx.doi.org/10.1016/j.anai.2022.12.022
http://www.ncbi.nlm.nih.gov/pubmed/37667905
https://dx.doi.org/10.1016/j.anai.2023.05.015
http://www.ncbi.nlm.nih.gov/pubmed/37220810
https://dx.doi.org/10.3390/sinusitis2040007
https://dx.doi.org/10.1007/s40746-018-0142-z
http://www.ncbi.nlm.nih.gov/pubmed/33312844
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7728295
https://dx.doi.org/10.1007/s11882-020-00924-6
http://www.ncbi.nlm.nih.gov/pubmed/32506185
https://dx.doi.org/10.1016/j.jaci.2018.12.986
http://www.ncbi.nlm.nih.gov/pubmed/30578880
https://dx.doi.org/10.4193/Rhin18.061
http://www.ncbi.nlm.nih.gov/pubmed/30033451
https://dx.doi.org/10.3389/fpubh.2022.986026
http://www.ncbi.nlm.nih.gov/pubmed/36699933
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9869174
https://dx.doi.org/10.1016/j.jaip.2023.04.054
http://www.ncbi.nlm.nih.gov/pubmed/37182568
https://dx.doi.org/10.1007/s11882-015-0540-2
http://www.ncbi.nlm.nih.gov/pubmed/26143392
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4874491
https://dx.doi.org/10.3389/falgy.2021.741788
http://www.ncbi.nlm.nih.gov/pubmed/35387015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8974859
https://dx.doi.org/10.1016/j.jaci.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/25528359
https://dx.doi.org/10.1016/j.jaci.2015.12.1324
http://www.ncbi.nlm.nih.gov/pubmed/26949058
https://dx.doi.org/10.1016/j.jaip.2019.05.009
http://www.ncbi.nlm.nih.gov/pubmed/31128376
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6842686
https://dx.doi.org/10.1111/all.15074
http://www.ncbi.nlm.nih.gov/pubmed/34473358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9148187
https://dx.doi.org/10.1016/j.jaci.2021.03.016
http://www.ncbi.nlm.nih.gov/pubmed/33757720


Explor Asthma Allergy. 2024;2:473–84 | https://doi.org/10.37349/eaa.2024.00059 Page 482

Kaech SM, Cui W. Transcriptional control of effector and memory CD8+ T cell differentiation. Nat Rev 
Immunol. 2012;12:749–61. [DOI] [PubMed] [PMC]

20.     

Mittrücker H, Visekruna A, Huber M. Heterogeneity in the differentiation and function of CD8⁺ T cells. 
Arch Immunol Ther Exp (Warsz). 2014;62:449–58. [DOI] [PubMed]

21.     

Schleimer RP. Immunopathogenesis of Chronic Rhinosinusitis and Nasal Polyposis. Annu Rev Pathol. 
2017;12:331–57. [DOI] [PubMed] [PMC]

22.     

Bequignon E, Mangin D, Bécaud J, Pasquier J, Angely C, Bottier M, et al. Pathogenesis of chronic 
rhinosinusitis with nasal polyps: role of IL-6 in airway epithelial cell dysfunction. J Transl Med. 2020;
18:136. [DOI] [PubMed] [PMC]

23.     

Zele TV, Gevaert P, Watelet J, Claeys G, Holtappels G, Claeys C, et al. Staphylococcus aureus colonization 
and IgE antibody formation to enterotoxins is increased in nasal polyposis. J Allergy Clin Immunol. 
2004;114:981–3. [DOI] [PubMed]

24.     

Zhang Y, Gevaert E, Lou H, Wang X, Zhang L, Bachert C, et al. Chronic rhinosinusitis in Asia. J Allergy 
Clin Immunol. 2017;140:1230–9. [DOI] [PubMed]

25.     

Xu X, Reitsma S, Wang DY, Fokkens WJ. Highlights in the advances of chronic rhinosinusitis. Allergy. 
2021;76:3349–58. [DOI] [PubMed]

26.     

Delemarre T, Holtappels G, Ruyck ND, Zhang N, Nauwynck H, Bachert C, et al. Type 2 inflammation in 
chronic rhinosinusitis without nasal polyps: Another relevant endotype. J Allergy Clin Immunol. 2020;
146:337–43.e6. [DOI] [PubMed]

27.     

Klingler AI, Stevens WW, Tan BK, Peters AT, Poposki JA, Grammer LC, et al. Mechanisms and 
biomarkers of inflammatory endotypes in chronic rhinosinusitis without nasal polyps. J Allergy Clin 
Immunol. 2021;147:1306–17. [DOI] [PubMed] [PMC]

28.     

Grayson JW, Cavada M, Harvey RJ. Clinically relevant phenotypes in chronic rhinosinusitis. J 
Otolaryngol Head Neck Surg. 2019;48:23. [DOI] [PubMed] [PMC]

29.     

Hopkins C, Lee SE, Klimek L, Soler ZM. Clinical Assessment of Chronic Rhinosinusitis. J Allergy Clin 
Immunol Pract. 2022;10:1406–16. [DOI] [PubMed]

30.     

Bhattacharyya N, Lee KH. Chronic recurrent rhinosinusitis: disease severity and clinical 
characterization. Laryngoscope. 2005;115:306–10. [DOI] [PubMed]

31.     

Chua AJ, Jafar A, Luong AU. Update on allergic fungal rhinosinusitis. Ann Allergy Asthma Immunol. 
2023;131:300–6. [DOI] [PubMed]

32.     

Ciporen JN, Lucke-Wold B, Gillham HE, Cua D, Kim J, Akins P. Paramedian Forehead Flap for Repair of 
Refractory High-Flow Anterior Skull Base CSF Leak. Turk Neurosurg. 2024;34:351–7. [DOI] [PubMed]

33.     

Henson JC, Cutler CC, Cole KL, Lucke-Wold B, Khan M, Alt JA, et al. Immunohistochemical Profiling and 
Staging in Esthesioneuroblastoma: A Single-Center Cohort Study and Systematic Review. World 
Neurosurg. 2023;170:e652–65. [DOI] [PubMed]

34.     

Chitsuthipakorn W, Kanjanawasee D, Hoang MP, Seresirikachorn K, Snidvongs K. Optimal Device and 
Regimen of Nasal Saline Treatment for Sinonasal Diseases: Systematic Review. OTO Open. 2022;6:
2473974X221105277. [DOI] [PubMed] [PMC]

35.     

Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, et al. Executive summary of EPOS 
2020 including integrated care pathways. Rhinology. 2020;58:82–111. [DOI] [PubMed]

36.     

Peters AT, Spector S, Hsu J, Hamilos DL, Baroody FM, Chandra RK, et al. Diagnosis and management of 
rhinosinusitis: a practice parameter update. Ann Allergy Asthma Immunol. 2014;113:347–85. [DOI] 
[PubMed]

37.     

Liu YF, Richardson CM, Bernard SH, Church CA, Seiberling KA. Antibiotics, steroids, and combination 
therapy in chronic rhinosinusitis without nasal polyps in adults. Ear Nose Throat J. 2018;97:167–72. 
[DOI] [PubMed]

38.     

Mansi A, Bui R, Chaaban MR. Oral Corticosteroid Regimens in the Management of Chronic 
Rhinosinusitis. Ear Nose Throat J. 2022;101:123–30. [DOI] [PubMed]

39.     

https://dx.doi.org/10.1038/nri3307
http://www.ncbi.nlm.nih.gov/pubmed/23080391
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4137483
https://dx.doi.org/10.1007/s00005-014-0293-y
http://www.ncbi.nlm.nih.gov/pubmed/24879097
https://dx.doi.org/10.1146/annurev-pathol-052016-100401
http://www.ncbi.nlm.nih.gov/pubmed/27959637
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5514544
https://dx.doi.org/10.1186/s12967-020-02309-9
http://www.ncbi.nlm.nih.gov/pubmed/32209102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092549
https://dx.doi.org/10.1016/j.jaci.2004.07.013
http://www.ncbi.nlm.nih.gov/pubmed/15480349
https://dx.doi.org/10.1016/j.jaci.2017.09.009
http://www.ncbi.nlm.nih.gov/pubmed/28987810
https://dx.doi.org/10.1111/all.14892
http://www.ncbi.nlm.nih.gov/pubmed/33948955
https://dx.doi.org/10.1016/j.jaci.2020.04.040
http://www.ncbi.nlm.nih.gov/pubmed/32417132
https://dx.doi.org/10.1016/j.jaci.2020.11.037
http://www.ncbi.nlm.nih.gov/pubmed/33326802
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8216505
https://dx.doi.org/10.1186/s40463-019-0350-y
http://www.ncbi.nlm.nih.gov/pubmed/31142355
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6542143
https://dx.doi.org/10.1016/j.jaip.2022.02.008
http://www.ncbi.nlm.nih.gov/pubmed/35183784
https://dx.doi.org/10.1097/01.mlg.0000154738.40690.dd
http://www.ncbi.nlm.nih.gov/pubmed/15689756
https://dx.doi.org/10.1016/j.anai.2023.02.018
http://www.ncbi.nlm.nih.gov/pubmed/36854353
https://dx.doi.org/10.5137/1019-5149.JTN.20662-17.1
http://www.ncbi.nlm.nih.gov/pubmed/28944942
https://dx.doi.org/10.1016/j.wneu.2022.11.094
http://www.ncbi.nlm.nih.gov/pubmed/36435382
https://dx.doi.org/10.1177/2473974X221105277
http://www.ncbi.nlm.nih.gov/pubmed/35720767
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9201324
https://dx.doi.org/10.4193/Rhin20.601
http://www.ncbi.nlm.nih.gov/pubmed/32226949
https://dx.doi.org/10.1016/j.anai.2014.07.025
http://www.ncbi.nlm.nih.gov/pubmed/25256029
https://dx.doi.org/10.1177/014556131809700614
http://www.ncbi.nlm.nih.gov/pubmed/30036413
https://dx.doi.org/10.1177/0145561319876906
http://www.ncbi.nlm.nih.gov/pubmed/32720811


Explor Asthma Allergy. 2024;2:473–84 | https://doi.org/10.37349/eaa.2024.00059 Page 483

Propel sinus implant premarket approval application letter [Internet]. [cited 2023 Jan 16]. Available 
from: https://www.accessdata.fda.gov/cdrh_docs/pdf10/P100044A.pdf

40.     

Brietzke SE, Shin JJ, Choi S, Lee JT, Parikh SR, Pena M, et al. Clinical consensus statement: pediatric 
chronic rhinosinusitis. Otolaryngol Head Neck Surg. 2014;151:542–53. [DOI] [PubMed]

41.     

Vaidyanathan S, Barnes M, Williamson P, Hopkinson P, Donnan PT, Lipworth B. Treatment of chronic 
rhinosinusitis with nasal polyposis with oral steroids followed by topical steroids: a randomized trial. 
Ann Intern Med. 2011;154:293–302. [DOI] [PubMed]

42.     

Kirtsreesakul V, Wongsritrang K, Ruttanaphol S. Does oral prednisolone increase the efficacy of 
subsequent nasal steroids in treating nasal polyposis? Am J Rhinol Allergy. 2012;26:455–62. [DOI] 
[PubMed] [PMC]

43.     

Ecevit MC, Erdag TK, Dogan E, Sutay S. Effect of steroids for nasal polyposis surgery: A placebo-
controlled, randomized, double-blind study. Laryngoscope. 2015;125:2041–5. [DOI] [PubMed]

44.     

Simmonds JC, Paz-Lansberg M, Scangas G, Metson R. Endoscopic sinus surgery for chronic 
rhinosinusitis: 22-item Sino-Nasal Outcome Test 5-year results. Int Forum Allergy Rhinol. 2022;12:
257–65. [DOI] [PubMed]

45.     

Smith TL, Schlosser RJ, Mace JC, Alt JA, Beswick DM, DeConde AS, et al. Long-term outcomes of 
endoscopic sinus surgery in the management of adult chronic rhinosinusitis. Int Forum Allergy Rhinol. 
2019;9:831–41. [DOI] [PubMed] [PMC]

46.     

Chen F, Zuo K, Guo Y, Li Z, Xu G, Xu R, et al. Long-term results of endoscopic sinus surgery-oriented 
treatment for chronic rhinosinusitis with asthma. Laryngoscope. 2014;124:24–8. [DOI] [PubMed]

47.     

Sinha P, Tharakan T, Payne S, Piccirillo JF. Balloon Sinus Dilation Versus Functional Endoscopic Sinus 
Surgery for Chronic Rhinosinusitis: Systematic Review and Meta-Analysis. Ann Otol Rhinol Laryngol. 
2023;132:578–88. [DOI] [PubMed] [PMC]

48.     

Cutler J, Bikhazi N, Light J, Truitt T, Schwartz M; REMODEL Study Investigators. Standalone balloon 
dilation versus sinus surgery for chronic rhinosinusitis: a prospective, multicenter, randomized, 
controlled trial. Am J Rhinol Allergy. 2013;27:416–22. [DOI] [PubMed]

49.     

Bikhazi N, Light J, Truitt T, Schwartz M, Cutler J; REMODEL Study Investigators. Standalone balloon 
dilation versus sinus surgery for chronic rhinosinusitis: a prospective, multicenter, randomized, 
controlled trial with 1-year follow-up. Am J Rhinol Allergy. 2014;28:323–9. [DOI] [PubMed]

50.     

Piccirillo JF, Payne SC, Rosenfeld RM, Baroody FM, Batra PS, DelGaudio JM, et al. Clinical Consensus 
Statement: Balloon Dilation of the Sinuses. Otolaryngol Head Neck Surg. 2018;158:203–14. [DOI] 
[PubMed]

51.     

Miglani A, Soler ZM, Smith TL, Mace JC, Schlosser RJ. A comparative analysis of endoscopic sinus 
surgery versus biologics for treatment of chronic rhinosinusitis with nasal polyposis. Int Forum 
Allergy Rhinol. 2023;13:116–28. [DOI] [PubMed] [PMC]

52.     

Schalek P, Otruba L, Guha A. Extent of surgery in chronic rhinosinusitis: primarily focused on nasal 
polyposis. Arch Otolaryngol Rhinol. 2017;3:109–14. [DOI]

53.     

Scangas GA, Wu AW, Ting JY, Metson R, Walgama E, Shrime MG, et al. Cost Utility Analysis of 
Dupilumab Versus Endoscopic Sinus Surgery for Chronic Rhinosinusitis With Nasal Polyps. 
Laryngoscope. 2021;131:E26–33. [DOI] [PubMed]

54.     

Lans RJLvd, Hopkins C, Senior BA, Lund VJ, Reitsma S. Biologicals and Endoscopic Sinus Surgery for 
Severe Uncontrolled Chronic Rhinosinusitis With Nasal Polyps: An Economic Perspective. J Allergy 
Clin Immunol Pract. 2022;10:1454–61. [DOI] [PubMed]

55.     

Rathi VK, Scangas GA, Metson RB, Xiao R, Nshuti L, Dusetzina SB. Out-of-pocket costs of biologic 
treatments for chronic rhinosinusitis with nasal polyposis in the Medicare population. Int Forum 
Allergy Rhinol. 2022;12:1295–8. [DOI] [PubMed]

56.     

Roland LT, Regenberg A, Luong AU, Wise SK, Toskala E, Lam KK, et al. Biologics for chronic 
rhinosinusitis with nasal polyps: Economics and ethics. Int Forum Allergy Rhinol. 2021;11:1524–28. 
[DOI] [PubMed]

57.     

https://www.accessdata.fda.gov/cdrh_docs/pdf10/P100044A.pdf
https://dx.doi.org/10.1177/0194599814549302
http://www.ncbi.nlm.nih.gov/pubmed/25274375
https://dx.doi.org/10.7326/0003-4819-154-5-201103010-00003
http://www.ncbi.nlm.nih.gov/pubmed/21357906
https://dx.doi.org/10.2500/ajra.2012.26.3820
http://www.ncbi.nlm.nih.gov/pubmed/23232195
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3903103
https://dx.doi.org/10.1002/lary.25352
http://www.ncbi.nlm.nih.gov/pubmed/25945691
https://dx.doi.org/10.1002/alr.22886
http://www.ncbi.nlm.nih.gov/pubmed/34510786
https://dx.doi.org/10.1002/alr.22369
http://www.ncbi.nlm.nih.gov/pubmed/31207172
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6685750
https://dx.doi.org/10.1002/lary.24196
http://www.ncbi.nlm.nih.gov/pubmed/23686815
https://dx.doi.org/10.1177/00034894221104939
http://www.ncbi.nlm.nih.gov/pubmed/35703383
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10559877
https://dx.doi.org/10.2500/ajra.2013.27.3970
http://www.ncbi.nlm.nih.gov/pubmed/23920419
https://dx.doi.org/10.2500/ajra.2014.28.4064
http://www.ncbi.nlm.nih.gov/pubmed/24823902
https://dx.doi.org/10.1177/0194599817750086
http://www.ncbi.nlm.nih.gov/pubmed/29389303
https://dx.doi.org/10.1002/alr.23059
http://www.ncbi.nlm.nih.gov/pubmed/35980852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9877092
https://dx.doi.org/10.17352/2455-1759.000060
https://dx.doi.org/10.1002/lary.28648
http://www.ncbi.nlm.nih.gov/pubmed/32243622
https://dx.doi.org/10.1016/j.jaip.2022.02.017
http://www.ncbi.nlm.nih.gov/pubmed/35231626
https://dx.doi.org/10.1002/alr.22976
http://www.ncbi.nlm.nih.gov/pubmed/35029845
https://dx.doi.org/10.1002/alr.22864
http://www.ncbi.nlm.nih.gov/pubmed/34250730


Explor Asthma Allergy. 2024;2:473–84 | https://doi.org/10.37349/eaa.2024.00059 Page 484

Fieux M, Rumeau C, Bonnecaze GD, Papon JF, Mortuaire G. Surgery for chronic rhinosinusitis with 
nasal polyps: An update. Eur Ann Otorhinolaryngol Head Neck Dis. 2023;140:297–304. [DOI] 
[PubMed]

58.     

Blauwblomme M, Gevaert P, Van Zele T. Chronic rhinosinusitis: matching the extent of surgery with 
pathology or does the extent of surgery matter? Curr Otorhinolaryngol Rep. 2023;11:273–85. [DOI]

59.     

Garvey E, Naimi B, Duffy A, Hannikainen P, Kahn C, Farquhar D, et al. Optimizing the timing of biologic 
and surgical therapy for patients with refractory chronic rhinosinusitis with nasal polyposis 
(CRSwNP). Int Forum Allergy Rhinol. 2024;14:651–9. [DOI] [PubMed]

60.     

Peters AT, Han JK, Hellings P, Heffler E, Gevaert P, Bachert C, et al. Indirect Treatment Comparison of 
Biologics in Chronic Rhinosinusitis with Nasal Polyps. J Allergy Clin Immunol Pract. 2021;9:
2461–71.e5. [DOI] [PubMed]

61.     

Oykhman P, Paramo FA, Bousquet J, Kennedy DW, Brignardello-Petersen R, Chu DK. Comparative 
efficacy and safety of monoclonal antibodies and aspirin desensitization for chronic rhinosinusitis 
with nasal polyposis: A systematic review and network meta-analysis. J Allergy Clin Immunol. 2022;
149:1286–95. [DOI] [PubMed]

62.     

Chong L, Piromchai P, Sharp S, Snidvongs K, Webster KE, Philpott C, et al. Biologics for chronic 
rhinosinusitis. Cochrane Database Syst Rev. 2021;3:CD013513. [DOI] [PubMed] [PMC]

63.     

Staudacher AG, Peters AT, Kato A, Stevens WW. Use of endotypes, phenotypes, and inflammatory 
markers to guide treatment decisions in chronic rhinosinusitis. Ann Allergy Asthma Immunol. 2020;
124:318–25. [DOI] [PMC]

64.     

Bachert C, Mannent L, Naclerio RM, Mullol J, Ferguson BJ, Gevaert P, et al. Effect of Subcutaneous 
Dupilumab on Nasal Polyp Burden in Patients With Chronic Sinusitis and Nasal Polyposis: A 
Randomized Clinical Trial. JAMA. 2016;315:469–79. [DOI] [PubMed]

65.     

Bachert C, Han JK, Desrosiers M, Hellings PW, Amin N, Lee SE, 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. Lancet. 2019;394:1638–50. [DOI] [PubMed]

66.     

Gevaert P, Han JK, Smith SG, Sousa AR, Howarth PH, Yancey SW, et al. The roles of eosinophils and 
interleukin-5 in the pathophysiology of chronic rhinosinusitis with nasal polyps. Int Forum Allergy 
Rhinol. 2022;12:1413–23. [DOI] [PubMed] [PMC]

67.     

Bachert C, Han JK, Desrosiers MY, Gevaert P, Heffler E, Hopkins C, et al. Efficacy and safety of 
benralizumab in chronic rhinosinusitis with nasal polyps: A randomized, placebo-controlled trial. J 
Allergy Clin Immunol. 2022;149:1309–17.e12. [DOI] [PubMed]

68.     

Le TT, Emmanuel B, Katial R, Tran TN, Kwiatek JJ, Cohen DS, et al.; RANS Study Investigators. 
Benralizumab in Severe Eosinophilic Asthma and Chronic Rhinosinusitis with Nasal Polyps: The Real-
World, Multi-Country RANS Observational Study. J Asthma Allergy. 2024;17:313–24. [DOI] [PubMed] 
[PMC]

69.     

Kovalszki A, Weller PF. Eosinophilia. Prim Care. 2016;43:607–17. [DOI] [PubMed] [PMC]70.     
Aslan F, Altun E, Paksoy S, Turan G. Could Eosinophilia predict clinical severity in nasal polyps? 
Multidiscip Respir Med. 2017;12:21. [DOI] [PubMed] [PMC]

71.     

OCEAN (depemOkimab effiCacy Eosinophilic grAnulomatosis with polyaNgiitis). c1998–2024 [cited 
2024 Jul 3]. Available from: https://www.mayo.edu/research/clinical-trials/cls-20535901

72.     

GSK starts the first phase 3 study with a long-acting anti-IL-5 treatment for patients with severe 
asthma [Internet]. GSK plc. ; c2001–2024 [cited 2024 Apr 10]. Available from: https://www.gsk.com/
en-gb/media/press-releases/gsk-starts-the-first-phase-3-study-with-a-long-acting-anti-il-5-treatmen
t-for-patients-with-severe-asthma/

73.     

https://dx.doi.org/10.1016/j.anorl.2023.10.008
http://www.ncbi.nlm.nih.gov/pubmed/37838602
https://dx.doi.org/10.1007/s40136-023-00475-0
https://dx.doi.org/10.1002/alr.23246
http://www.ncbi.nlm.nih.gov/pubmed/37506043
https://dx.doi.org/10.1016/j.jaip.2021.01.031
http://www.ncbi.nlm.nih.gov/pubmed/33548517
https://dx.doi.org/10.1016/j.jaci.2021.09.009
http://www.ncbi.nlm.nih.gov/pubmed/34543652
https://dx.doi.org/10.1002/14651858.CD013513.pub3
http://www.ncbi.nlm.nih.gov/pubmed/33710614
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8094915
https://dx.doi.org/10.1016/j.anai.2020.01.013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192133
https://dx.doi.org/10.1001/jama.2015.19330
http://www.ncbi.nlm.nih.gov/pubmed/26836729
https://dx.doi.org/10.1016/S0140-6736(19)31881-1
http://www.ncbi.nlm.nih.gov/pubmed/31543428
https://dx.doi.org/10.1002/alr.22994
http://www.ncbi.nlm.nih.gov/pubmed/35243803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9790271
https://dx.doi.org/10.1016/j.jaci.2021.08.030
http://www.ncbi.nlm.nih.gov/pubmed/34599979
https://dx.doi.org/10.2147/JAA.S437190
http://www.ncbi.nlm.nih.gov/pubmed/38595692
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11003468
https://dx.doi.org/10.1016/j.pop.2016.07.010
http://www.ncbi.nlm.nih.gov/pubmed/27866580
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5293177
https://dx.doi.org/10.1186/s40248-017-0102-7
http://www.ncbi.nlm.nih.gov/pubmed/28835819
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5563888
https://www.mayo.edu/research/clinical-trials/cls-20535901
https://www.gsk.com/en-gb/media/press-releases/gsk-starts-the-first-phase-3-study-with-a-long-acting-anti-il-5-treatment-for-patients-with-severe-asthma/
https://www.gsk.com/en-gb/media/press-releases/gsk-starts-the-first-phase-3-study-with-a-long-acting-anti-il-5-treatment-for-patients-with-severe-asthma/
https://www.gsk.com/en-gb/media/press-releases/gsk-starts-the-first-phase-3-study-with-a-long-acting-anti-il-5-treatment-for-patients-with-severe-asthma/

	Abstract
	Keywords
	Introduction
	Epidemiology
	Treatment
	Conclusions
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References

