
Laryngoscope Investigative Otolaryngology
VC 2016 The Authors Laryngoscope Investigative Otolaryngology
published by Wiley Periodicals, Inc. on behalf of The Triological Society

A Review of Classification Schemes for Chronic Rhinosinusitis with

Nasal Polyposis Endotypes

Steven K. Dennis, MS; Kent Lam, MD; Amber Luong, MD, PhD

Objective: The recent development of endotypes to categorize disease variants of chronic rhinosinusitis (CRS) reflects
an evolving understanding of the various pathophysiologic and pathogenetic mechanisms that contribute to the clinical het-
erogeneity of CRS manifestations. This review highlights popular endotype-based criteria used to define different CRS with
nasal polyposis (CRSwNP) subtypes and further discusses the emerging therapeutic advances for each classificatory approach.

Data Sources: PubMed literature review.
Methods: A review of the current literature was conducted to determine present-day uses of immunologic and molecu-

lar profiles in the CRSwNP disease spectrum to identify specific endotypes.
Results: Four distinct but overlapping classification schemes have emerged to define endotypes within the CRSwNP phe-

notype: 1) type 2 cytokine-based approach, 2) eosinophil-based approach, 3) immunoglobulin (Ig)E-based approach, and 4)
cysteinyl based approach. The identification of key inflammatory biomarkers related to these CRSwNP endotypes has broad-
ened the classification of CRS beyond common phenotypic expressions. Furthermore, CRSwNP endotypes may improve the
selection of CRSwNP patients who are suitable candidates for biomarker-specific treatment options, such as anti-interleukin-
5; anti-IgE; and platelet-directed therapies.

Conclusion: Chronic rhinosinusitis endotyping with key biomarker patterns of inflammation allows for improved diag-
nostic and potentially therapeutic classifications of CRSwNP variants.

INTRODUCTION
Chronic rhinosinusitis (CRS) is a broad clinical syn-

drome that is defined by mucosal inflammation of the
nose and paranasal sinuses. The inflammatory condition
is commonly divided into two phenotypes based the pres-
ence or absence of nasal polyps: CRS with nasal polyps
(CRSwNP) and CRS without nasal polyps (CRSsNP).
Current treatment regimens are based on this phenotyp-
ic classification. High-level evidence supports the treat-
ment of CRSwNP with intranasal steroids, oral steroids,
and saline irrigations, while the common medical regi-
men recommended for CRSsNP includes intranasal ste-
roids, saline irrigations, and macrolide antibiotics.1

However, about 38% to 51% of CRS patients still fail to
respond to these recommended medical therapies.2,3

The limitations of currently recommended pharmaco-
therapy highlight the clinical variability that character-
izes CRS as a whole, even within the CRSwNP and
CRSsNP phenotypes. Increasing evidence suggests the
heterogeneity in CRS manifestations may be explained by
a variety of disparate molecular and cellular pathways
that result in the mucosal inflammation of CRS. The
improved understandings of different pathophysiologic
mechanisms in CRS have allowed for the identification of
disease variants as endotypes.4 While by convention, CRS
phenotyping differentiates disease variants with observ-
able clinical features, endotyping relies on immunohisto-
logic biomarkers involved in disease pathophysiology to
create defined subtypes.5,6 Compared to phenotyping,
endotyping provides a more comprehensive approach to
classify CRS variants because it emphasizes the upstream
pathophysiologic factors that determine and influence the
clinical manifestations of disease.

The current interest in CRS endotypes draws from
prior research efforts in asthma, a similarly heteroge-
neous inflammatory disorder involving epithelium of the
lower airway.7,8 Over the last few years, the development
of asthma endotypes based on the biologic mechanisms of
inflammation have not only enhanced descriptive diag-
nostic schemes, but have also streamlined the application
of targeted biologic treatments for patients with disease
refractory to conventional therapy.7,8 Biologic therapy,
primarily through monoclonal antibodies, provides highly
effective treatment alternatives for severe and resistant
asthma due to the targeting of specific biomarkers and

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is
properly cited, the use is non-commercial and no modifications or
adaptations are made.

From the Department of Otorhinolaryngology–Head and Neck
Surgery, University of Texas McGovern Medical School (S.K.D., K.L., A.L.),
Houston, Texas, U.S.A

Editor’s Note: This Manuscript was accepted for publication 5
August 2016.

Financial Disclosure: A.L. is supported by the Center for Clinical
and Translational Sciences, which is funded by National Institutes of
Health Clinical and Translational Award UL1 TR000371 and KL2
TR000370 from the National Center for Advancing Translational Sci-
ence. The Department receives research funding from Intersect ENT,
Allakos, Amgen, ENTvantageDx, and Otonomy. A.L. serves as a consul-
tant/scientific advisor for 480 Biomedical, Aerin Medical, ENTvanta-
geDx, Laurimed, and Medtronic.

Correspondence to: Amber Luong, MD, PhD, Department of Oto-
rhinolaryngology–Head and Neck Surgery, University of Texas McGov-
ern Medical School, 6431 Fannin Street, MSB 5.036, Houston, TX 77030,
amber.u.luong@uth.tmc.edu

DOI: 10.1002/lio2.32

Laryngoscope Investigative Otolaryngology 1: October 2016 Dennis et al.: Endotypes for CRSwNP

130



thus the underlying causes of inflammation in certain
endotypes.9 The similarities in inflammatory mechanisms
between asthma and CRS have thus raised the possibility
of using biologic therapy for certain CRS endotypes.10,11

The goal of this review is to highlight specific molecu-
lar and cellular biomarkers related to potential CRSwNP
endotypes, as well as therapeutic opportnities for targeted
treatment. Overall, we propose four distinct, but overlap-
ping, classification schemes for identifying endotypes
within the CRSwNP phenotype: 1) Type 2 cytokine based
approach, 2) eosinophil-mediated approach, 3) immuno-
globulin (Ig)E-based approach, and 4) cysteinyl leukotri-
ene (CysLT)-based approach.

Type 2 Cytokine-based approach for endotype
classification

CRSsNP and CRSwNP in the United States and
Europe have historically been differentiated by distinct
inflammatory cytokine profiles. A skewed type 1 inflamma-
tion, characterized by the presence of neutrophils, elevated
interferon-c (IFN-c), and T-helper 1 cells, is generally asso-
ciated with CRSsNP, while approximately 80% to 85% of
CRSwNP patients in the United States and Europe
have shown a strong predilection for a skewed type 2
immune response. This type 2 inflammatory pattern is
characterized by a high presence of eosinophils, mast cells,

basophils, and T-helper 2 (Th2) cells, and comorbid associa-
tions with asthma and atopy.12 Within the type 2 inflam-
matory milieu, multiple cytokines, including interleukin
(IL)25, IL-4, and IL-13, have also been found to drive the
immunologic pathways central to CRSwNP pathophysiolo-
gy. Figure 1 illustrates several identified pathways impor-
tant in these type 2 immune responses.

Released by type 2 innate lymphoid cells, Th2 cells,
and mast cells, IL-5 is a common cytokine that coordi-
nates the local influx, maturation, and survival of eosino-
phils. The important role of IL-5 in CRSwNP
pathophysiology was demonstrated by Tomassen et al.,5

who correlated different phenotypic manifestations of
CRS to various patterns of immune cytokines. In this
cluster analysis, patients with high levels of IL-5 had the
highest prevalence of nasal polyposis and asthma. In con-
trast, patients with low IL-5 consisted of primarily
CRSsNP patients.5 Patients with moderate levels of IL-5
exhibited variable expressions of nasal polyposis and
asthma comorbidity. This study suggests that for diagnost-
ic purposes, elevated IL-5 in CRS universally indicates the
presence of nasal polyposis, although nasal polyposis does
not necessarily indicate an elevation of IL-5.

The strong association between IL-5 and CRSwNP
has drawn attention to IL-5 as a possible therapeutic tar-
get for biologic therapies used primarily in asthma.5

Studies in CRS have focused on two humanized anti-IL-5
antibodies: reslizumab and mepolizumab. A pilot study

Fig. 1. Highlighted cellular and molecular pathways in the type 1 and type 2 inflammatory cascades for patients with chronic rhinosinusitis.
The typical chronic rhinosinusitis patients in North America and Europe follow a type 2 inflammatory response with prevalent eosinophilic
mucin. Type 1 inflammation, classically see in Asian patients, manifests a predominately neutrophilic response. CCL 5 chemokine ligand;
CXCL 5 chemokine ligand; ILC2 5 type 2 innate lymphoid cell; S 5 Siglec-8 receptor; TSLP 5 thymic stromal lymphopoietin; TH0 5 Undiffer-
entiated T helper cell; TH1 5 T helper 1 cell; TH2 5 T helper 2 cell; TH17 5 T helper 17 cell; IFNc 5 interferon gamma.
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with reslizumab showed efficacy for CRSwNP patients
with significant reductions in polyp size; a strong correla-
tion between high IL-5 levels in nasal secretions and a
positive treatment response was also noted.13 Likewise, a
second study on mepolizumab found that a majority of
CRSwNP patients demonstrated significant decreases in
both polyp size and Lund-McKay scores.14 Notably, the
effects of mepolizumab on polyp size reduction were sus-
tained after a 1-year interval. Additionally, benralizumab
is an anti-IL-5 receptor monoclonal antibody that has not
yet been studied in CRSwNP, although there have been
promising results for eosinophilic asthma. In study
patients, benralizumab was found to improve a disease-
specific quality-of-life score and decrease the number of
asthmatic exacerbations.15

Like IL-5, IL-4 and IL-13 are defining cytokines of
the type 2 inflammatory milieu and share many overlap-
ping functionalities, such as driving the differentiation
of Th2 cells. As such, IL-4 and IL-13 both actively pro-
mote adaptive Th2 responses through the activation of B
cells and the local production of immunoglobulins, espe-
cially IgE. In these patients, local IgE levels may be ele-
vated without evidence of elevated systemic IgE levels.16

Given the importance of IL-4 and IL-13 in promoting
local IgE synthesis and recruiting type 2 effector cells,
dupilumab—a monoclonal antibody targeting a shared
alpha subunit on the IL-4 and IL-13 receptors—has
received attention for its theoretical ability to suppress
both IL-4 and IL-13 downstream pathways.12 In
CRSwNP patients, dupilumab has shown significant
reductions in nasal polyp burden and Lund-Mackay
scores when compared to a placebo group. These effects
have additionally been sustained for at least 2 months
after treatment completion.

Over the last decade, epithelial cells have been rec-
ognized as an active component of the immune response.
In addition to serving as a physical barrier between the
environment and the underlying mucosa, epithelial cells
are capable of responding to environmental triggers by
releasing cytokines capable of coordinating type 2 inflam-
matory responses. These epithelial cell-derived cytokines,
which include IL-25, IL-33, and thymic stromal lympho-
poietin, assist in activating the adaptive Th2 cascade, as
well as stimulating basophils, mast cells, eosinophils, and
type 2 innate lymphoid cells (ILC2s).17 Increased popula-
tions of ILC2s have been observed in CRSwNP versus
CRSsNP. Due to the cytokine-producing propensity of
these cells, ILC2s are thought to be integral in the type 2
immune response.18 The importance of epithelial cell-
derived cytokines in type 2 inflammation suggests the
potential targeting of these cytokines for biologic pharma-
cotherapy, but most ongoing clinical trials on biologic
therapy targeting the epithelial cell-derived cytokine
pathways are directed toward asthma populations.

Eosinophil-based approach for endotype
classification

Another means of endotyping CRS patients is
through the identification of predominant immune cells
in the inflamed sinonasal mucosa. One such proposed

categorization of CRSwNP inflammation has involved
eosinophilic versus neutrophilic predominance. In Cau-
casian CRSwNP patients, the inflamed sinonasal mucosa
is characterized by a prominence of eosinophils, whereas
CRSwNP from East Asia it is associated with a neutro-
philic predominance.19 Numerous potential molecular
pathways may modulate eosinophil-mediated CRSwNP
(Fig. 1). The increasing use of eosinophilic enzymes as a
surrogate marker for eosinophil count has increased the
facility of using eosinophilic content to classify CRSwNP
endotypes. In all, eosinophils express more than 30 cyto-
kines and chemokines, which are rapidly released follow-
ing cellular activation and lead to a unique inflammatory
signature.20 Any of these eosinophil-associated chemo-
kines may thus serve as a sufficiently specific serum bio-
marker for endotyping CRSwNP, eliminating the current
necessity of obtaining tissue for its diagnosis.

Eosinophilic mucin is strongly associated with the
nasal polyposis in allergic fungal rhinosinusitis (AFRS),
aspirin-exacerbated respiratory disease (AERD), and not-
otherwise-categorized eosinophilic rhinosinusitis (EMCRS).
These phenotypes, however, vary in their patient demo-
graphics, comorbidity with asthma, and clinical responses
to therapy. In a study that compared differential expres-
sions of IL-4, IL-5, and IL-13 between EMCRS and AERD,
Steinke et al.20 found that EMCRS was defined by signifi-
cantly elevated levels of IL-5 and IL-13, whereas AERD
demonstrated a greater elevation of IL-4. As a result,
while an eosinophilic predilection is noted in several phe-
notypically distinct CRSwNP variants, additional molecu-
lar endotyping is necessary to further identify
inflammatory patterns that more precisely differentiate
these CRSwNP variants.

The role of fungi in the pathophysiology of
eosinophil-mediated CRSwNP remains controversial.
The presence of fungi within sinonasal mucus is largely
dependent on the techniques used for the isolation,
treatment, and culture of the collected specimens. Alter-
natively, sensitization of the immune response to fungi
has been illustrated in CRSwNP patients through a
peripheral blood-based assay that demonstrated fungi
induce IL-4 production.21,22 In addition, other markers
such as periostin, a proinflammatory mediator, have
been found to be significantly elevated in AFRS
patients.23 Therefore, various other biomarkers related
to AFRS can be needed to further characterize
eosinophil-based CRSwNP should targeting eosinophils
alone prove an insufficient treatment goal.

Application of biologic therapy targeting IL-5 is rel-
evant to eosinophil-based CRSwNP due to the overlap-
ping upstream inflammatory mechanisms. It is
suspected that anti-IL-5 therapy will most significantly
affect local eosinophil levels given its role in the infiltra-
tion, maturation, and stabilization of eosinophils. Anoth-
er means of addressing the elevated eosinophils within
the inflamed mucosa is by targeting eosinophils directly.
Siglec-8 is a receptor found predominately on the surface
of type 2 immune cells, including eosinophils, mast cells,
and basophils. Engaging the Siglec-8 receptor has been
shown to induce apoptosis of eosinophils and inhibition
of mast cell degranulation. As such, ligands for Siglec-
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8 have been suggested as a therapeutic strategy for sup-
pressing sinonasal inflammation in eosinophil-mediated
CRSwNP.24

IgE-based approach for endotype classification
Elevated levels of IgE are seen in all forms of

CRSwNP, except AERD, and may thus serve as a broad
approach to endotype CRSwNP.25 In particular, local IgE
may be a stronger driver of disease pathophysiology
than systemic IgE; a study by Kim et al. found no corre-
lation between systemic IgE levels and the presence of
eosinophils in polyp tissue.26 Other studies attribute
local sinonasal production of IgE as one of many contrib-
uting drivers of nasal polyp development and may signi-
fy a greater prevalence of comorbid asthma.27

Interestingly, the production of Staphylococcus aureus
enterotoxin-specific IgE has been found to be correlated
with some of the highest local concentrations of IgE and
asthma prevalence.5,19,28

Due to the high mucosal IgE concentrations present
in nasal polyposis, a targeted approach to IgE may be
appropriate. Omalizumab, a monoclonal antibody to free
IgE, has been approved for the treatment of severe aller-
gic asthma. It has also been investigated in multiple
randomized control trials for CRSwNP with comorbid
asthma in allergic and nonallergic patients.12 The most
recent study showed that omalizumab significantly
decreased total nasal polyp score and sinus opacification
on computed tomography scan, and improved nasal
symptoms in both allergic and nonallergic subjects,28

thus supporting the role of local IgE in CRSwNP. An
earlier study that included CRSwNP and CRSsNP found
no significant improvement in outcomes with omalizu-
mab versus placebo.29 The conflicting results may sug-
gest variability in local IgE levels within CRS
subtypes.12

Due to the relatively localized nature of most CRS
disease and topical accessibility, locally administered
therapies would be preferable to decrease systemic risks.
One possible target is GATA-3, which is the transcrip-
tion factor controlling the production of IL-4, IL-5, and
IL-13 in Th2 cells.12 Because GATA-3 is overexpressed
in patients with asthma, nasal polyps, and atopic ecze-
ma, inhibition of GATA-3 has the potential to greatly
reduce the Th2 burden. A GATA-3 DNAzyme applied
through inhalation or spray is currently being investi-
gated. Initial studies have shown mucosal lymphocyte
uptake and decreased GATA-3 RNA, which have led to
decreased IL-5 production.12

CysLT-based approach for endotype
classification

AERD presents a unique category within the
CRSwNP phenotype due to its inherent association with
two other comorbid features: 1) asthma, and 2) intoler-
ance to aspirin and other medications that inhibit the
cyclooxygenase (COX)21 enzyme. From a clinical stand-
point, AERD accounts for 9.7% of all CRSwNP patients1

and also represents a more severe and recalcitrant form

of disease involving both the upper and lower airways.
The clinical manifestations of CRSwNP and asthma in
AERD typically present during the third or fourth
decade of life, which contrasts with the early childhood
onset of CRSwNP and asthma in aspirin-tolerant
patients.20,25 Additionally, AERD tends to occur more
commonly in patients who do not demonstrate an atopic
history and are female.30

From a pathophysiologic standpoint, AERD has
been linked to enzymatic defects in eicosanoid metabo-
lism, including a functional reduction of COX enzymes
and an upregulation of the 5-lipoxygenase and leuko-
triene C4 (LTC4) synthase pathways. This metabolic
imbalance results in a decreased production of anti-
inflammatory prostaglandin E2, whereas the proinflam-
matory CysLT produced from the 5-lipoxygenase and
LTC4 synthase pathways is markedly elevated.25 Elevat-
ed levels of CysLT are attributed to the downstream acti-
vation of important effector cells, including eosinophils
and mast cells, which stimulate the inflammatory
response within the sinonasal and respiratory mucosa.
Other cytokines composing the inflammatory milieu of
AERD include IL-4, IL-33, and IFN-c, thus demonstrat-
ing mechanistic overlap of AERD with CRSwNP in
aspirin-tolerant patients.20,30

The significance of CysLT in the pathophysiology of
AERD and possibly other CRSwNP patients, highlights
its use as a biomarker for a distict CRS endotype.25,31

Because CysLT is metabolized and excreted through the
urine, the 24-hour urinary measurement of LTC4 has
been suggested as a means to identify CRSwNP patients
who have the AERD variant.32 The classification of
CysLT-mediated CRS may then provide a guide toward
therapy utilizing leukotriene modifiers and aspirin
desensitization.20 Two common groups of leukotriene
modifiers have included leukotriene receptor antagonists
(i.e., montelukast and zafirlukast) and a 5-lipoxygenase
inhibitor (i.e., zileuton), both of which have shown effica-
cy in improving pulmonary function, stabilizing nasal
polyposis, and alleviating quality-of-life in AERD
patients.33 Aspirin desensitization has proven an effec-
tive treatment option in that patients undergoing long-
term treatment have shown a downregulation of CysLT
and IL-4 levels, with concurrent improvements in nasal
and pulmonary symptoms.34 Aspirin desensitization,
however, is associated with a 15% to 50% dropout rate
due to adverse gastrointestinal effects and the need for
specialist availability.25

CysLT-mediated CRS may further benefit from
another targeted treatment modality: platelet-targeted
therapy. Recent research has found that activated plate-
lets stimulate the inflammatory state in AERD patients
by forming aggregates with circulating leukocytes and
recruiting the platelet-adherent leukocytes to extravas-
cular tissue.35 High levels of platelet-adherent leuko-
cytes, furthermore, are increasingly recognized as
inducers of LTC4 synthase expression in CysLT-mediated
CRS.35,36 The recent observations that activated plate-
lets may strongly enhance the generation of CysLT in
AERD have resulted in several clinical trials that are
evaluating the efficacy of platelet-targeted therapies in
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appropriate patients. Current therapies under investiga-
tion include prasugrel and ifetroban, which selectively
inhibit the purinergic receptors P2Y12 and T prostanoid
receptors, respectively.

CONCLUSION
An improved understanding of the different patho-

physiologic pathways of CRS has increasingly clarified the
disease’s varied phenotypic expressions. Current attempts
to endotype CRSwNP variants are based on these distinc-
tive pathophysiologic pathways and have enhanced the pre-
cision of diagnostic descriptors for CRSwNP. Type 2
cytokine, eosinophils, IgE, and CysLT provide the basis of
four popular but overlapping methods to classify endotypes
within the CRSwNP phenotypes. The use of specific inflam-
matory biomarkers to endotype different CRSwNP variants
furthermore highlights the potential opportunities for the
development and application of biomarker-directed biologic
therapies in these well-defined CRSwNP populations.
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