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Purpose of review

Although chronic rhinosinusitis with nasal polyps, asthma, and allergy share common inflammatory
mechanisms, there is no evidence of cause-and-effect relationship. In this review, we present new studies
investigating the complex immunology that links these diseases. Advances in new therapies as well as
evidence regarding indication and timing of surgery, especially of more complex cases, are highlighted.

Recent findings

New studies have endotyped patients in an effort to describe the exact inflammatory profile of each
phenotype, whereas described cytokines seem to play a significant role in amplification of T2
inflammation, directly or via innate lymphoid cells. New mAbs that block specific cytokines of these
pathways have been developed and seem to show reduced asthma severity as well as improved sinonasal
outcomes. Moreover, it has been shown that operating early in the course of disease leads not only to
bigger improvements in SNOT-22 outcomes but also to reduced asthma incidence postoperatively in
refractory cases.

Summary

Applying data from current studies in clinical practice, we could better manage refractory cases with
asthma and polyps, both medically and surgically. Treatment has to be patient-centered, and this demands
a multidisciplinary-team approach of the airway diseases.
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INTRODUCTION: PHENOTYPING AND
ENDOTYPING CRSwNP

Chronic rhinosinusitis (CRS) is a very common dis-
ease, affecting more than 10% of adult population
with a significant socioeconomic burden and
impairment in general quality of life [1,2].

CRS is traditionally divided into two cardinal
forms, chronic rhinosinusitis without nasal polyps
(CRSsNP) and chronic rhinosinusitis with nasal
polyps (CRSwNP), with the latter encompassing
more than one subtype including allergic fungal
rhinosinusitis (AFRS) and aspirin-exacerbated respir-
atory disease (AERD). AERD is considered as a refrac-
tory subtype of CRSwNP and is covered in another
review of this issue.

Although CRSwNP is considered a single entity,
significant effort has been invested in research
attempting to understand the complex immu-
nology of CRS and identify the inflammatory pro-
files (endotypes), which produce the diverse clinical
features (phenotypes). In a recent study, Tomassen
et al. [3

&&

] identified 10 different endotypes by using
cluster analysis of biomarkers and subsequently
tried to correlate them with phenotypes. He con-
firmed what was already known, that CRSsNP is
© 2017 Wolters Kluwer 
predominantly Th1 and CRSwNP Th2-cell medi-
ated, but also concluded that inflammation in
patients with CRS is more diverse than previously
thought. Polyps’ phenotype was associated with
more than seven different endotypes, but each
one of them was associated with a different inci-
dence of polyps and comorbid asthma implying that
a more complex inflammatory pattern was at play,
accounting for similar clinical symptoms.

Endotyping patients could be the key to better
understand the underlying pathophysiology of
nasal polyps and their association with allergy
and asthma and to develop biologics targeting
specific inflammatory pathways, leading to an indi-
vidualized, patient-tailored therapy.
Health, Inc. All rights reserved.
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KEY POINTS

� Endotyping patients will allow us to understand the
complex immunology that allergy, asthma, and polyps
share and help us develop therapeutic strategies based
on pathomechanism.

� Newly described cytokines (IL-25/IL-33) and receptors
on Th2 cells provide possible mechanisms of
amplification of inflammation and a new field of
developing drugs for specific immune targets.

� Screening tests and management of allergy and asthma
should be considered in CRSwNP patients as it seems
to optimize the medical therapy.

� New mAbs already used in eosinophilic asthma reduce
polyp size and improve sinonasal outcomes in new
studies by targeting common pathways of
Th2 inflammation.

� ESS reduces the incidence of asthma postoperatively,
and patients who were operated early demonstrated
greater reduction.

Polyps, asthma, and allergy Terzakis and Georgalas
ALLERGY AND ASTHMA: CAUSATION OR
CONTRIBUTING FACTORS

Allergy

The role of atopy in polyp formation is controver-
sial. Although a cause-and-effect relationship
between allergic rhinitis and CRS has been long
proposed, this was based on evidence derived
mainly from epidemiological studies characterized
from heterogeneity of design, inclusion criteria,
population, and allergens studied. Most of these
studies lumped together patients with CRSsNP with
nasal polyp patients, whereas the criteria used for
CRS diagnosis were often inappropriate.

Applying the revised Bradford Hill criteria for
causation [4], it was impossible to prove any link
between CRS and allergy (Table 1). If we exclude
studies dealing with CRSsNP patients, the available
evidence for and against a link between allergy and
nasal polyp is summarized in Table 2.

However, that is not to say that allergy is not a
disease-modifying factor in CRS: in the same study
[4], the authors report that the presence of elevated
IgE in nonatopic patients and activation of mast cells
and eosinophils directly by local microorganisms
without IgE mediation could explain the variable
clinical effects of allergen avoidance, allergen
immunotherapy, systemic and topical antibiotic
and antifungal treatment without allergy being the
intermediary mechanism. The compelling notion of
the ‘unified airway’ does not necessarily imply a route
leading from allergy to the development of sinusitis
 Copyright © 2017 Wolters Kluwe
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but rather a common pathway. Similar conclusions
regarding the quality and paucity of evidence for
such a link are reached in another evidence-based
review assessing the relationship between allergy
and CRSwNP [22]. Exception to that is AFRS, a more
severe form of CRSwNP, in which type I hypersensi-
tivity and IgE specific to fungi is one of the diagnostic
criteria as described from Bent and Kuhn [23].

The most recent International Consensus State-
ment on Allergy and Rhinology: Rhinosinusitis [24

&

]
also embraces the above by stating that inhalant
allergy may be a disease-modifying factor in
CRSwNP, but evidence for a direct cause–effect
relationship is lacking.
Asthma

Asthma appears to be more prevalent in CRSwNP
patients and vice versa, and the majority of publi-
cations show an association between them express-
ing the unified airway concept [25]. However, they
are not always clinically present together, and a
recent study shows that lower airway dysfunction
is common in CRSwNP but does not correlate to the
severity of nasal disease [26]. Moreover, patients
with nasal polyps appear to have late-onset, non-
atopic asthma [27], and patients with both diseases
seem to have a worse disease course with higher
Lund–Mackay score and more severe nasal obstruc-
tion and hyposmia [28]. Interestingly, patients with
persistent asthma and CRSwNP have an accumulat-
ive impact on the loss of smell [29].

A study published this year showed that allergic
rhinitis is a significant risk factor for asthma.
Patients with CRS examined retrospectively, and
the yearly incidence of patients with new asthma
diagnoses was significantly greater in the group of
patients with allergic rhinitis [30

&&

].
Pathophysiology

Speaking from a pathophysiology point of view,
what seems to link atopy, asthma, and polyps are
common inflammatory pathways such as mainly
Th2 cell-mediated response, elevated IgE, eosino-
philic inflammation, and also mast cells and baso-
phils. Cytokines produced by Th2 cells are mainly
IL-4 (responsible for B-cell activation and IgE syn-
thesis), IL-5 (development and survival of eosino-
phils), and IL-13.

The role of IgE is not clear. Patients with nega-
tive allergy tests and not obvious aeroallergen sen-
sitization benefit from omalizumab, an IgE binding
antibody. This anti-IgE strategy has shown promis-
ing therapeutic potential in nonatopic patients with
polyps and asthma and indicates that IgE may have
r Health, Inc. All rights reserved.
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Table 1. Applying the revised Bradford Hill guidelines on the evidence in favor and against of allergy being a predisposing

factor for chronic rhinosinusitis

Evidence regarding causal association between allergy and CRS based on revised Bradford Hill criteria (guidelines)

Size of effect not attributable to plausible
confounding (experiment)

There is possible selection or referral bias, as physicians
involved also have an interest in allergy

More data are required from large epidemiological studies
that utilize explicit criteria

Direct Appropriate temporal and/or spatial proximity
(cause precedes effect and effect occurs after a
plausible interval; cause occurs at the same site
as the intervention) (strength)

No increase of CRS during pollen season

Animal studies are mainly for ARS

Dose-responsiveness and reversibility (temporality) Difficult to estimate the impact of AR severity on CRS, as more
serious cases can be considered SCUAD

Conflicting evidence on the role of allergy treatment on CRS
and FESS

Mechanistic Evidence for a mechanism of action (biological,
chemical, and mechanical) (biological gradient
and biological plausibility)

The hypothesis that allergic inflammation can cause chronic
obstruction of osteomeatal complex is rational. However,
the pathophysiology of CRS is unknown

Coherence (coherence) AFRS by definition is related to allergy

Parallel Replicability (consistency) Inconsistent nomenclature and diagnostic criteria. Only very
recently have been used more explicit criteria in
epidemiological studies

There is no consistency regarding prevalence of allergy in
CRS patients

Similarity (analogy) Both AR and CRS share the same trend of increasing
prevalence

Increased incidence of CRS in asthmatic patients

AFRS, allergic fungal rhinosinusitis; AR, allergic rhinitis; ARS, acute rhinosinusitis; CRS, chronic rhinosinusitis; FESS, functional endoscopic sinus surgery; SCUAD,
severe chronic upper airways disease.

Nose and paranasal sinuses
a modifying role apart from its key role on type I
hypersensitivity [31]. A possible explanation could
be the IgE formation induced by superantigens.
Superantigens seem to further modify the immune
response and are responsible for activation of T and
 Copyright © 2017 Wolters Kluwer 

Table 2. Conclusions of studies in favor and against of

allergy being a predisposing factor for chronic

rhinosinusitis in adults

Studies in favor Studies against

Adult literature

Increased incidence of allergy
in nasal polyp patients [5,6]

Possible selection or referral
bias [10–13]

Increased percentage of nasal
polyp in allergic patients [7]

No increased percentage of
allergy in nasal polyp
patients [6,14–18]

Immunotherapy increases
success of surgery [8],
especially in AFRS [9]

Presence of allergy does not
affect symptom severity,
surgery likelihood, and
extent of disease on CT
[19–21]

14 www.co-otolaryngology.com
B cells, formation of local IgE in polyps, and could be
causal agents in the intrinsic form of severe asthma
[32].

Such superantigens include staphylococcal
enterotoxins A and B.

In a Europe-wide epidemiological study, staph-
ylococcal enterotoxin-IgE, even if undetectable in
serum of CRSwNP patients [33], when present in
polyps, was associated with asthma and especially
severe, nonatopic late-onset asthma [34]. These
mucosally formed IgE are polyclonic and functional,
even in the absence of systemic IgE or positive skin-
prick tests [35].

In a recent study, staphylococcal enterotoxin-
IgE in combination with IL-5, ECP, and total IgE was
significantly increased in recurrent polyps, illustrat-
ing a role of staphylococcal enterotoxins in recur-
rent disease [36].

Furthermore, serum staphylococcal entero-
toxin-IgE antibodies, but not IgE against inhalant
allergens, were identified as a risk factor for asthma
severity, involving staphylococcal enterotoxins in
the pathophysiology of severe asthma [37].
Health, Inc. All rights reserved.
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New studies

New studies have shown that amplification of T2
inflammation occurs via innate lymphoid cells
(ILCs) [38

&

]. These cells express surface receptors
for epithelial-derived cytokines IL-25 and IL-33
[39]. These cytokines have been described lately
and are released from damaged epithelial cells in
response to allergens, viruses, and fungi [40

&

]. After
binding, significant secretion of IL-5 and IL-13
leads to inflammatory activation [41]. This can also
happen with staphylococcal enterotoxins.

A recent study showed that IL-25/IL-33 receptors
are also expressed in a group of Th2 cells, and after
binding, marked release of IL-5/IL-13 induces more
T2 inflammation [42

&&

].
Therefore, it seems that the classic way of acti-

vation of naı̈ve T cells from antigen-presenting cell
into a Th2 subtype and the proposed way of ampli-
fication by ILCs described before are both bypassed,
thus suggesting that environmental triggers (viruses
and allergens) may explain the intense inflam-
mation in CRSwNP. This newly described mechan-
ism could constitute a new field for developing
biologics, targeting specific immune pathways
especially for refractory cases.

A study published from Tomassen et al. [3
&&

],
trying to identify inflammatory endotypes based on
cluster analysis of biomarkers, confirmed that the
presence of IL-5 remains the paramount factor dic-
tating the phenotype with nasal polyps and asthma,
and that the presence of staphylococcal entero-
toxin-IgE remains associated with nasal polyps with
intense eosinophilic inflammation with very high
IgE concentrations and asthma comorbidity. How-
ever, there was evidence that IL-5 is not the only key
to polyp formation for some groups. Interestingly,
in a staphylococcal enterotoxin-IgE positive cluster,
there was documented increased IL-22 production
indicating Th22 involvement that was also observed
to be induced by staphylococcal enterotoxins in
patients with atopic dermatitis [43].

Finally, an IL-5 positive but eosinophil negative
cluster with a polyp prevalence of around 50% had a
Th17 neutrophil-type inflammation. Similar endo-
type has been documented in Chinese patients with
nasal polyps. Of note, second-generation Asian
patients with CRSwNP in the United States had a
higher rate of noneosinophilic polyps than white
patients as was recently shown [44

&

].
Improving our treatment

Inasmuch as allergy and asthma are common in
CRSwNP, we propose that screening tests should
be considered as an option. Furthermore, we
believe that targeted, symptom-specific therapy,
 Copyright © 2017 Wolters Kluwe
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and avoidance can potentially improve conditions
mimicking CRS or ameliorate potential drivers of
inflammation [4]. Wilson et al. [22] in his review for
the role of allergy enhances our concept.
New therapies

Conventional treatment like corticosteroids when
administered postoperatively can improve recur-
rence rates in cases of CRSwNP [45] but we are going
through a new era of personalized medicine [46].
Even when treating with antibiotics, optimally we
need inflammatory markers, inasmuch as patients
with pronounced nasal polyp eosinophilia and elev-
ated serum IgE are less likely to respond in compari-
son with neutrophilic nasal polyps. Endotyping
patients and identifying specific cytokines and
inflammatory cells allow us to use mAbs and other
biologics to specifically block inflammatory path-
ways. IgE and ILs play a key role in allergy, asthma,
and polyps’ pathology and are potential targets. Of
note, the price of this strategy in terms of both
detecting these cytokines and the drug itself is a
cardinal issue but identifying the exact group of
patients and potential savings from fewer surgeries
may establish their role mainly in refractory cases.

Omalizumab, already licensed for allergic
asthma, is a humanized mAb (hmAb) that binds
free IgE with high affinity and prevents its binding
to IgE receptor on basophils, mast cells, and
dendritic cells. Therefore, the allergic inflammation
is reduced and improvement of symptoms is docu-
mented in asthma but also in AERD disease [47

&

],
although non-IgE-mediated. This may happen
because many patients with AERD demonstrate
elevated baseline IgE levels [48]. In a recent proof
of concept study of allergic and nonallergic patients
with CRSwNP and asthma, omalizumab signifi-
cantly decreased the total nasal endoscopic score
and improved nasal symptoms and sense of smell
[49].

Patients with high serum IgE concentrations or
unable to receive omalizumab could benefit from
ligelizumab, a novel antibody with greater affinity
for IgE than omalizumab. Studies are currently being
performed in atopic patients [50], and its efficacy in
nasal polyp and asthma remains to be evaluated.

Another fully hmAb, dupilumab, inhibits signal-
ing of both IL-4 and IL-13, which have central role
to Th2-mediated inflammation, by binding their
common receptor. Dupilumab has demonstrated
efficacy in patients with asthma and atopic derma-
titis and also improved sinonasal symptoms in
patients with asthma [51]. In a new randomized,
double-blind, placebo-controlled study, dupilumab,
when delivered subcutaneously, demonstrated
r Health, Inc. All rights reserved.
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Nose and paranasal sinuses
significant improvements in polyp size, SNOT-22
score, and smell among adults with nasal polyps
refractory to intranasal corticosteroids. Moreover,
the reduction of Th2 biomarkers, including IgE,
which were elevated relatively to controls before
the drug administration, further supports a com-
mon set of underlying Th2-inflammatory mechan-
isms in these diseases [52

&&

].
Mepolizumab, an anti-IL-5 hmAb, already used

in eosinophilic conditions like asthma [53,54
&

] pre-
vents binding of IL-5 on the eosinophil receptor. A
proof of concept study [55] confirmed significant
reduction in polyp score and improvement in other
clinical outcomes in patients with refractory poly-
posis after two single injections.

A new biologic factor has been developed
(GATA-3 DNAzyme) that could possibly deactivate
all Th2 cytokines through blockage of the transcrip-
tion factor GATA-3 in Th2 and ILCs. Experimental
studies demonstrated a significant reduction of the
immediate and late allergic phases, as well as
markers associated with Th2 reactions, including
IL-5, showing high potential in the treatment of
Th2-associated diseases, including nasal polyps
but with the risk of side effects due to systemic
applications and probably high costs [56

&

].
Resorting to surgery

Regarding CRSwNPs with comorbid asthma, older
studies have shown that there is improvement on
asthma outcomes after treating CRSwNP, and new
studies show that CRS patients with both asthma
and polyps or asthma alone experience a larger
quality of life improvement in SNOT-22 after func-
tional endoscopic sinus surgery than CRS patients
without asthma or nasal polyps [57].

Hopkins et al. [58
&

] in a prospective study dem-
onstrated that patients who had delayed surgery
experienced less improvement in SNOT-22 scores
than patients who operated earlier, and asthma
and allergies were significantly more prevalent in
the late versus the early and mid-cohorts indicat-
ing that we should not delay surgery too long. An
explanation could be the early radical removal of
the inflammatory load [59]. An interesting study
that evaluates the impact of medically rCRS on the
incidence of asthma provides evidence that ESS
reduces the incidence of asthma postoperatively.
This reduction was bigger in the groups operated
earlier [30

&&

]. So it seems that early surgery
averts the development of refractory disease.
Additional validity on this clinical observation
comes from a study [3

&&

] that shows that inflam-
matory profiles of asthmatic patients evolve
over time within patients. Indeed, some patients
 Copyright © 2017 Wolters Kluwer 
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coexpressed IL-17 apart from IL-5 over an average
period of 5 years.
CONCLUSION

So far, a lot of studies have been published regarding
the pathophysiology of CRSwNP but we have not
fully elucidated the exact mechanism of polyp for-
mation and how allergy and asthma affect the
severity of disease. Although common inflamma-
tory mechanisms seem to link these diseases, an
explicit causal relationship cannot be established.
The concept of endotyping polyps has paved the
way on the direction of future research.

Our goal in CRS management is treating each
patient individually, according to his inflammatory
profile using data from basic research to the plan-
ning of a patient-centered, personalized therapy.
Randomized multicenter trials are crucial in this
effort; however, their limitations in guiding us to
draw conclusions for individual patients must
always be acknowledged if we want to aim for really
personalized medicine.

To best help our patients, we need to be familiar
with immunology and lower airway diseases and
work closely with chest physicians and allergists –
in airway diseases as in medicine in general, a multi-
disciplinary team approach is mandatory.
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