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Abstract

Purpose of Review Chronic rhinosinusitis (CRS) is a broad term used to describe a wide-ranging clinical entity driven by
underlying inflammatory processes within the paranasal sinuses. Until recently, the condition was loosely classified into
two phenotypical groups; CRS with and CRS without nasal polyps based on the clinical findings on nasal examination.
Recent Findings Whilst this simplistic classification continues to hold some relevance in practice, recent evidence has raised
the possibility of better defined subgroups, each promising potentially new therapeutic targets. This is beginning to direct
both medical and surgical treatment of patients with CRS towards a more personalised approach with better overall outcomes.
Summary This article will explore the latest evidence relevant to this topic and discuss factors reshaping the landscape of
CRS and its management.
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Introduction

Since the publication of the European Position Paper on
Chronic Rhinosinusitis in 2020 [1ee], it is now widely
acknowledged that CRS may be classified as a primary
pathological process of inflammatory disease within the
sinuses or secondary to underlying systemic disease or a
condition outwith the sinuses and which requires treatment
in itself as part of the management of the sinuses (Fig. 1a, b).
As illustrated, CRS can also be subdivided into being either
localised to one sinonasal compartment or diffusely affect-
ing the whole sinonasal epithelium; localised disease often
requires surgical intervention de novo, and recognition of
this may help avoid unsuccessful attempts at medical treat-
ment. Thus, it can be seen that the changes to classification
of CRS may guide management decisions with the aim of
improving outcomes.
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Traditional definitions of primary CRS based on the pres-
ence of absence of polyps allows simple dichotomisation of
CRS in a wide range of clinical settings, without the need
for imaging or investigations beyond visualising the nasal
cavity. Inherent in classification systems is the assumption
that they will identify groups that share common features;
in the case of CRS, it should therefore follow that patients
with and without polyps differ in their underlying inflam-
matory disease processes and therefore their natural history
and response to different interventions. However, it is now
recognised that these broad phenotypes do not fully account
for differences in the underlying pathophysiology and there-
fore using this dichotomy to guide clinical algorithms [2]
may lead to treatment failure.

It is now recognized that identification of the underlying
cellular physiological mechanisms, or endotype, will allow
better personalisation of treatment, increased response rates,
and better outcomes [3]. Through the association between
polyp disease and lower airway hypersensitivity and eosino-
philia [4] and research in asthma and other atopic diseases
[3], findings have been extrapolated to the management of
CRS and have led to major breakthroughs in targeted immu-
notherapies, namely biologics for the treatment of CRS with
a type 2 endotype (although currently restricted to patients
with CRS with nasal polyps) [5-7]. Whilst knowledge on
type 2-mediated CRS has gained significant strides, a similar
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Fig.1 a, b EPOS classification of CRS [1®#]. Figures reproduced with permission from W. J. Fokkens 2023, copyright 2020 Rhinology

level of understanding of non-type 2-mediated CRS and tar-
geted interventions lags well behind. The dichotomy used
in the main treatment algorithms in EPOS 2020 is therefore
no longer based on the polyp/non-polyp phenotype of CRS
but by the underlying endotype dominance of CRS as being
either a result of type 2 inflammation or not [8ee].

EPOS Classification

Primary CRS defines an intrinsic inflammatory condition
of the respiratory epithelium that is limited to the upper and
lower airways. This contrasts with secondary CRS whereby
sinonasal inflammation is driven by an underlying systemic
disease process such as immunodeficiency (e.g. selective
immunoglobulin deficiencies), genetic conditions (e.g.
cystic fibrosis) autoimmune conditions (e.g. granulomatosis
with polyangitis) or as a concomitant effect of an underlying

localised non-inflammatory disease process such as a sinon-
asal neoplasm or odontogenic sinusitis.

Both primary and secondary CRS can be further defined
with regard to the anatomical distribution of affected sinuses
into localised and diffuse disease. Localised disease occurs
when sinonasal mucosal inflammation is limited to a discrete
anatomical unit and typically follow patterns of functional
sinus drainage. This includes an isolated sinusitis, which for
example commonly occurs in fungal mycetomas (Fig. 2a).
More than one sinus may be involved when the ostiomeatal
unit is obstructed causing opacification of the maxillary,
anterior ethmoid and frontal sinuses on the ipsilateral side,
and is commonly seen in odontogenic sinusitis (Fig. 2b).
Localised disease often requires surgical intervention; high-
lighting this within the classification may help avoid delays
appropriate management.

Diffuse disease refers to more generalised inflammation
of the respiratory epithelium which can affect both the upper
and lower airways and typically affects the sinuses on both

Fig.2 a Coronal CT scan demonstrating an isolated right maxillary sinus
opacification containing hyperdense material, typical of a fungal myce-
toma. b Odontogenic disease with bilateral maxillary and ethmoidal

opacification secondary to an oroantral fistula on the right and a dental
implant screw exposed within the sinus on the left (author’s image)
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sides to a varying degree. Where both upper and lower air-
ways are involved, treatment of both in the context of the
unified airway concept, which describes how the entire
respiratory epithelium is affected by a common underlying
pathophysiology, has been shown to achieve better outcomes.

Inflammatory Endotypes

Localised and diffuse disease can be subclassified further
based on the underlying pathophysiological patterns of
inflammation, again with the aim of understanding the nat-
ural disease process and directing treatment decisions. The
respiratory epithelium lining the sinonasal mucosa, as well
as the pulmonary system, is highly immunogenic, acting as
the gatekeeper and protector against both commensal and
pathological organisms and pollutants that enter the upper
and lower airways. Typical patterns in T-cell mediated
immune response have been described as the causal factor
in inflammatory disease and are classified into type 1, type
2 and type 3 inflammation (Fig. 3) [9]. Within the context
of CRS, type 2 inflammation is most widely understood
in the development of nasal polyps as well as associated
asthma [8ee]. Epithelial dysbiosis triggers the release of

“D-‘;} Epithelium

) a7 TSLp

i'\\" { IL-25
)

Mo e IL-18 IL-33

@

ILc1 ILc2

© ez @

Thi cell Th2 cell
IFN-y IL-4
TNF-a IL-5
IL-13

thymic stromal lymphopoietin (TSLP), interleukin (IL)-25,
IL-1 and IL-33 leading to a differentiation of naive T cells
into Th2 effector cells. Activation of these Th2 cells leads
to upregulation of type 2 cytokines, notably IL-4, IL-5
and IL-13 and local B-cell immunoglobulin E (IgE). In
addition, IL-4, dendritic cells and IL-C2 trigger changes in
the IgE isotope and together with IL-13 stimulates fibrin
cross linking that leads to the formation of polyps. Finally,
IL-5 plays a key role in the recruitment and activation
of eosinophils through mast cell degranulation, leading
to profound eosinophilia (Fig. 4). Inhibition of these key
immune mediators underlies the efficacy of biologic thera-
pies such as dupilumab (anti-IL4 and IL13), benralizumab
(anti-IL5R) omalizumab (anti-IgE) which has been proven
in phase 3 trials for the treatment of chronic rhinosinusitis
with nasal polyps [10-12].

Type 1 inflammation results from osteopontin stimu-
lation in dendritic cells in response to an environmental
stimulus or pollutant, which in turn induces TH1-cell dif-
ferentiation and TH17-cell differentiation. This leads to an
inflammatory cascade through interferon gamma (IFN-y),
tumour necrosis factor (TNF) and lymphotoxin a release,
which ultimately results in neutrophil activation [13].
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Fig. 3 Simplified schematic diagram of the inflammatory cellular mechanisms occurring at the respiratory mucosal level in CRS
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Fig.4 Likelihood of type 2
inflammation in CRSwNP based
on comorbid type 2 disease and
eosinophil count. Data from
study in Ghent, Belgium, by
Bachert et al. (reproduced with
senior author consent)

Asthma/AERD/Allergy

EOS > 300 cells/
microl

CRSWNP n=140
positive 84.3%

p<0.001

Type 3 inflammation also results in neutrophil prolifera-
tion, which is proposed to occur through selective activation
of Th-17 cells inducing high volumes of IL-17A, IL-17F and
IL-22 [14]. Studies from CRS patients suggest a combina-
tion of type 1 and type 3 inflammatory mechanisms [15].
The role of cytokines IL-6 and IL-8 is key, along with TNF,
as they further perpetuate production of IFN-y leading to
cyclical IL-6 and IL-8 release as well as myeloperoxidase
and further T-cell differentiation to TH1 cells [16]. The anti-
IL-8 properties exhibited by macrolides are responsible for
its immune modulating effect in the treatment of CRS [17].

Endotyping in Clinical Practice

There is an incomplete overlap between phenotype (polyp
versus non-polyp) and endotype. (type 2 versus non-type 2).
Cluster analysis based on a wide range of immune markers
demonstrated 10 different clusters, with several demonstrat-
ing mixed endotypes. Four clusters were considered non-
type 2 and included predominantly patients without nasal
polyps or co-morbid asthma with low or undetectable IL-5.
Cluster with moderate levels of IL-5 had a mixed with and
without nasal polyp phenotype, while those with the highest
levels of IL-5 also had greatly increased prevalence of nasal

polyps and comorbid asthma [18]. In western populations,
more than 85% CRSwNP demonstrate a type 2 predominant
endotype [19]. It is estimated that 20-50% of CRSsNP also
display a predominantly type 2 endotype [20].

Currently, there is no single biomarker that can be used to
characterise individual endotypes with a high degree of sen-
sitivity and specificity. A number of algorithms for the iden-
tification of T2 inflammation in CRSwNP without the need
for biopsy and tissue analysis have been proposed, based on
circulating biomarkers, cellular dominance (notably eosino-
phil levels), histopathology, cytokine profile and response
to therapy [1ee, 21-23]. These lack consensus with regards
to the thresholds applied, particularly with regards to serum
eosinophil levels (Table 1). Further complicating application
of such criteria is the influence of lower airway disease on
circulating levels of inflammatory cells and cytokines and
their transient suppression by oral corticosteroids.

It is clear that further work is required to better charac-
terise type 2 inflammation. Potential markers include the
following: periostin, a matricellular protein encoded by the
POSTN gene, which through systematic review demon-
strated significantly higher serum levels and gene expression
in those with CRSwNP regardless of underlying endotype,
compared to CRSsNP and controls [24]; eosinophil cationic
protein, a ribonuclease contained within eosinophils, but

Table 1 EPOS 2020 thresholds
defining severe uncontrolled

Criteria

Thresholds

type 2 inflammatory disease
used in guidance for suitability
for biologic therapy

Evidence of type 2 inflammation

Significantly impaired quality of life

Significant loss of smell

Co-morbid asthma

Need for/or contraindication to systemic steroids

Tissue eosinophils > 10 hpf OR serum
eosinophil >250 OR total IgE > 100

>2 courses per year OR long term low dose
steroids (>3 months)

SNOT-22>40
Anosmic on smell test (score depends on test)

Regular inhaled corticosteroid requirements
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also some neutrophils, with potent cytotoxic and profibrotic
qualities, which has been shown to be significantly elevated
in patient with CRSwNP and was found to be the sole sig-
nificant factor associated with early post operative polyp
recurrence, regardless of atopic history or histological tissue
eosinophil counts [25, 26]. It is possible that future practice
may rely on several biomarkers to subcategorise patients and
predict response to different treatment algorithms.

A number of clinical presentations have been shown
to associate with different endotypes and can be applied
in daily practice to help identify the underlying endotype.
Patients with a type 2 endotype are more likely to have nasal
polyps, asthma, loss of sense of smell and have ‘allergic’
mucin [9]. Indeed, if a patient has nasal polyps and comorbid
asthma or allergy then nearly 95% display a type 2 predomi-
nant endotype, negating the need for any further investi-
gations. In asthma studies, patients with increased mark-
ers of type 2 inflammation have been showed to be more
responsive to treatment with corticosteroids [27]; similarly,
markers of type 2 inflammation in nasal polyps have also
been shown to associate with steroid responsiveness [28]. In
contrast non-type 2 patients are often older and they do not
have the same benefit from the use of corticosteroids [23].
The finding of pus on nasal examination also associates with
a non-type 2 endotype [9].

Within daily practice, determining presence of loss of
smell, comorbid type 2 diseases (including asthma, allergy,
atopic dermatitis, eosinophil oesophagitis) and steroid
responsiveness, coupled with a serum eosinophil count, at
least 4 weeks after the last dose of systemic corticosteroids,
will likely help to classify the majority of patients as type 2/
non-type 2 (Fig. 4) [21].

Clinical Relevance and Potential
Therapeutic Targets

With the availability of targeted therapies for CRS as
described, there is a movement towards advocating early
patient endotyping to guide directed treatment based on
predicted response and likelihood of success. It is becom-
ing more evident that there are a range of endotype sub-
groups who display different patterns of disease phenotypes.
Between 20 — 50% of patients with CRS without nasal
polyps (CRSsNP) display similar type 2 mediated inflam-
matory responses to CRSwNP, with characteristic tissue
eosinophilia with formation of eosinophil extracellular traps
(EET) and Charcot-Leyden crystals [20]. They have also
been reported to demonstrate reduced quality of life scores
and significantly higher rates of asthma and recurrence
post-surgery, compared to non-eosinophilic CRSsNP [29];
however, this subgroup still display a more benign natural
disease course compared to CRSwNP [30].

@ Springer

It is well recognised that those with a greater eosinophilic
burden, that is type 2 disease, respond better to glucocorti-
coids. In one study, treatment with oral corticosteroids pro-
duced significantly greater reductions in polyp size, nasal
congestion, total nasal symptom scores and nasal resistance
in the eosinophilic predominant group than the neutro-
philic group [31]. Adding to this complexity are the nasal
polyp patients who conversely do not demonstrate elevated
eosinophil counts which raises the possibility of another
subgroup expressing non-type 2 inflammation who may
demonstrate poor response to corticosteroids and certain
biologics. Based on phenotypical features, the assumption
is that many patients within these cohorts would have been
classed as failing standard treatment or displaying ‘recalci-
trant’ disease. Conversely, the indications for biologics in
CRS are currently limited to patients with nasal polyps, and
may deny the possibility of benefit to those CRSsNP patients
with a type 2 endotype, which forms the basis of an active
double-blind placebo-controlled RCT evaluating the efficacy
of dupilumab in CRS patients without polyps [32].

Some studies have also observed a mixed eosinophilic-
neutrophilic inflammatory picture in some CRSwNP
patients [33]. This subgroup of patients have been found to
display more severe tissue inflammation, with higher Lund-
Mackay scores and more pronounced olfactory dysfunction
than classic type 2 or type 1 mediated CRS [34]. It has been
suggested that this dual-mediated inflammatory picture has
potentially occurred in response to the presence of biofilms
that may trigger changes in local immune responses in oth-
erwise eosinophilic patients. Sixty-four percent of CRSwNP
sufferers reportedly exhibit nasal colonisation with S. aureus
(vs 33% and 20% of CRSsNP and healthy control subjects,
respectively) [35]. The underlying pathophysiology may lie
in S. aureus enterotoxin simulating IL.-33 release and induc-
ing eosinophilic migration [36, 37].

The increasing understanding of endotype patterns in pre-
dicting polyp recurrence after endoscopic sinus surgery is
likely to have significant influence in clinical decision mak-
ing with regard to appropriateness for surgery, consent and
treatment planning and the likelihood of utilising treatment
adjuncts to achieve disease control. Evidence that patients
with type 2 nasal polyposis are more likely to relapse after
surgery than non-type 2 patients is now well documented.
Raised total and specific IgE (including S. aureus entero-
toxin-specific IgE) and IL-5 in tissue have been shown to
predict more severe disease and correlates with the need for
revision surgery [18, 38]. Similarly, IL-5 and IL-13 levels in
sinonasal mucus were found to correlate with worse objec-
tive measures of disease severity and higher rates of revision
surgery, obviating the need for tissue sampling to achieve
the same purpose, and hence could be used to better assess
a patient’s surgical candidacy and suitability from the outset
[39]. Whilst such translational research has yet to be borne
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in practice, in time it is assumed that cytokine profiling will
help equip clinicians in selecting the most appropriate bio-
logic for a patient and enabling a tailored protocol based
on monitoring cytokine levels during treatment. For now,
the current evidence points to tissue eosinophil level as a
more sensitive marker of severity and polyp recurrence than
the more widespread practice of serum eosinophil count,
advocating structured histological assessment [40, 41], as
serum eosinophil levels lack both sensitivity and specificity
to identify tissue eosinophilia. Whilst the practicalities of
tissue sampling and histological analysis of tissue eosinophil
levels does not make it an ideal prognostic marker for routine
use in patients with mild disease managed medically, a his-
tological specimen is advocated for all patients undergoing
surgical intervention to aid prognostication and plan post
operative follow up and treatment regimens. A metanalysis
looked at correlations between tissue eosinophil counts and
polyp recurrence post-surgery, with a cutoff value of > 55
eos/HPF as yielding the highest sensitivity and specific-
ity for predicting recurrence [41]. Furthermore, patients
with high tissue eosinophils (> 10/HPF) compared to those
with low tissue eosinophil counts (< 10/HPF) were found
to display better SNOT-22 and endoscopy outcomes with
administration of high-volume corticosteroid irrigation in
the post-operative setting [42].

With biologics acting on type 2 cytokine inhibition
dominating the field, other cellular pathways implicated
in CRS are also under review; elevated levels of certain
mediators of the arachidonic acid pathway have been stud-
ied in nasal polyp tissue, especially in patients with aspirin-
exacerbated respiratory disease [43], offering potential for
more target therapies such as fibrinolytics and TH-1- and
Th-17-mediated cytokines [44].

In contrast, there are currently no endotype-driven thera-
peutic agents for non-type 2-mediated CRS. Attempts to
define the efficacy of macrolide therapy in patients with
non-type 2 inflammation based on correlations with tis-
sue neutrophilia have not revealed any significant findings
other than a tendency towards a better response in those
with low serum and tissue eosinophil counts [17, 45], further
reinforcing the dichotomy between eosinophilic and non-
eosinophilic CRS.

The Eosinophilic Paradox

Despite an abundance of research, no single biomarker has
been identified to define CRS subpopulations and reliably
predict disease control. To date, and as above, much focus
has been placed on serum and tissue eosinophil counts as
surrogate markers in type 2-mediated CRS, and a central role
for eosinophils in type 2 inflammation has been assumed.

Similarly, studies investigating the drug demipramipexole
(an anti-eosinophilic synthetic aminobenzothiazole) showed
that despite depleting eosinophils in both blood and nasal
polyps, the effect did not translate into clinical benefit in
terms of reduction in nasal polyp size or symptom scores
[46]. Pre-treatment serum eosinophilia does not predict the
responsiveness with either mepolizumab, dupilumab or
omalizumab and highlights that the local effects of systemic
therapies such as biologics on nasal mucosa remains to be
fully understood. This paradox is further reflected by the rel-
atively poor treatment response to benralizumab in CRSwNP
[47], and in a subset of patients treated with mepolizumab,
despite the depletive effect on their serum eosinophil levels
[48]. A proposed explanation may lie within a possible local
negative feedback loop within nasal mucosa, which results in
rebound increased IL-5 concentrations. This further begs the
question of whether treatment efficacy lies in understanding
the pharmacokinetic interplay at the mucosal level. While
eosinophil levels remain central to current diagnostic algo-
rithms, it is clear that the search for the perfect biomarker
should continue.

Conclusion

Endotyping has driven a rapid evolution in understanding the
pathophysiology of CRS and its subtypes. Evidence borne
from this is challenging the traditional view of classifying
patients based on the presence or absence of nasal polyps
and has been instrumental in both delivering new therapeutic
targets and opening exciting avenues for further research. As
knowledge on type 2-mediated eosinophilic CRS continues
to strengthen, other inflammatory pathways implicated in
CRS and its subgroups remain poorly understood but are
likely to hold the key to novel therapeutic agents, as well as
the answers behind non responders. A consequential shift
towards personalised management with improved patient
outcomes continues to drive research in the field.
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