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The unified airway hypothesis proposes that upper and lower
airway diseases reflect a single pathological process manifesting
in different locations within the airway. Functional,
epidemiological, and pathological evidence has supported this
well-established hypothesis for some time. However, literature
on the pathobiologic roles/therapeutic targeting of eosinophils
and IL-5 in upper and lower airway diseases (including asthma,
chronic rhinosinusitis with nasal polyps [CRSwNP], and
nonsteroidal anti-inflammatory drug-exacerbated respiratory
disease) has recently emerged. This narrative review revisits the
unified airway hypothesis by searching the scientific literature
for recent learnings and clinical trial/real-world data that provide
a novel perspective on its relevance for clinicians. According to
the available literature, eosinophils and IL-5 have important
pathophysiological roles in both the upper and lower airways,
although the impact of eosinophils and IL-5 may vary in asthma
and CRSwNP. Some differential effects of antieIL-5 and
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antieIL-5-receptor therapies in CRSwNP have been observed,
requiring further investigation. However, pharmaceutical
targeting of eosinophils and IL-5 in patients with upper, lower,
and comorbid upper and lower airway inflammation has led to
clinical benefit, supporting the hypothesis that these are linked
conditions manifesting in different locations. Consideration of
this approach may improve patient care and aid clinical decision
making. � 2023 The Authors. Published by Elsevier Inc. on
behalf of the American Academy of Allergy, Asthma &
Immunology. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/). (J Allergy
Clin Immunol Pract 2023;11:2630-41)
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Abbreviations used

CRSwNP- c
hronic rhinosinusitis with nasal polyps
IL-5R- I
L-5 receptor

NSAID-ERD- n
onsteroidal anti-inflammatory drug-exacerbated

respiratory disease

OCS- o
ral corticosteroid

QOL- q
uality of life

SCS- s
ystemic corticosteroid
INTRODUCTION
The unified airway hypothesis is an established concept that

the upper and lower airways form a single unified organ that is
interconnected and interrelated by several physiologically
important shared traits.1-3 These shared traits include immu-
nology and pathophysiology, epidemiology, and clinical charac-
teristics.4,5 The main basis of the unified airway hypothesis is
that diseases of the upper and lower airways frequently occur
together, and may reflect a single pathologic process manifesting
in different locations within the airway.

There are several lines of evidence that substantiate the unified
airway hypothesis (Figure 1).4,5,6 First, the upper and lower
airways share functional and histological similarities; the sinuses
and upper airways are structurally connected to the lower airways
via the larynx and share several common cell and tissue types,
including ciliated epithelium, glands and goblet cells, basement
membrane, and lamina propria.7 Second, epidemiological evi-
dence demonstrates that countries with a high prevalence of
upper airway disease also have a high prevalence of lower airway
disease.8 Accordingly, asthma and chronic rhinosinusitis with
nasal polyps (CRSwNP) are commonly comorbid conditions,
occurring together in 20% to 70% of patients (Figure 1).9,10-12

Moreover, nonsteroidal anti-inflammatory drug-exacerbated
respiratory disease (NSAID-ERD) is characterized by chronic
persistent asthma and CRSwNP (which are exacerbated by
nonsteroidal anti-inflammatory drugs)13 and occurs in up to
10% of patients with CRSwNP and 15% of patients with severe
asthma.14 Patients with comorbid upper and lower airway disease
also tend to have the poorest disease outcomes; for example,
patients with comorbid asthma and CRSwNP have more
difficult-to-treat asthma/CRSwNP symptoms, are more prone to
asthma exacerbations, and have higher rates of nasal polyp
recurrence and corticosteroid dependence than those without.9

Furthermore, patients with NSAID-ERD have a more signifi-
cantly impaired sense of smell and require more sinus surgeries,
compared with those who have CRSwNP alone.15,16

Finally, chronic inflammatory diseases of the upper and lower
airways present in several phenotypes (observable clinical char-
acteristics or traits of a disease) and shared endotypes (subtypes of
a disease that are defined by distinct pathophysiologic mecha-
nisms). Endotypes of upper and lower airway disease include
type 1 (driven by IFN-g, IL-2, and lymphotoxin-a responses24),
type 2 (mediated by the cytokines IL-4, IL-13, and IL-5 and
immune cells such as eosinophils and mast cells17,24), and type 3
(associated with neutrophilia and driven by TH17 cells, IL-6, and
IL-1725,26) inflammatory endotypes. CRSwNP and severe
eosinophilic asthma (severe phenotypes of chronic rhinusinusitis
and asthma) and NSAID-ERD can present with any 1 or a
combination of these inflammatory endotypes,27-30 but are
frequently associated with type 2 inflammation including
elevated tissue and serum eosinophil counts alongside elevated
levels of IL-5, IL-4, and IL-13.27,28,30 Although the patho-
physiologic roles of type 2 inflammatory factors in asthma are
well known, their exact roles in CRS with and without NP are
comparatively poorly understood.31,32

Despite their similarities, the upper and lower airways contain
unique organs with variations in tissue and cell types. For
example, the organs of the upper versus lower respiratory tract
have unique physiological functions, with the upper respiratory
tract serving to humidify, warm, and filter air while the lower
respiratory tract is involved in gas exchange.33 In terms of dif-
ferences in cell type, although the upper and lower respiratory
tract is mostly lined by respiratory epithelium (pseudostratified
columnar ciliated epithelium), the bronchioles are lined by
simple columnar and cuboidal epithelium and the alveoli are
lined by thin squamous epithelium to permit gas exchange.33

Physiologically, reversible airflow obstruction has distinct
mechanisms at the 2 sites and is related to vascular engorgement
in the upper airways and smooth muscle constriction within the
lower airways, with differing influences of type 2 inflammatory
mediators on these processes.34,35 Diseases of the upper versus
lower respiratory tract thus have differences in their presentation,
diagnosis, and management, as reflected by current clinical rec-
ommendations.18,36,37 Accordingly, the upper and lower airways
are sometimes considered clinically separate (though comorbid)
entities, with different health care specialists treating upper versus
lower respiratory organs.

Although the unified airway hypothesis was established some
time ago, an emerging body of literature on the pathophysiology
and treatment of upper and lower airway diseases has since
become available.19 Randomized controlled trials assessing the
efficacy of biologic therapies for the treatment of upper and lower
airway diseases provide a rich source of data, which may support
and further substantiate the merits of the unified airway hy-
pothesis. For example, biologic trials in patients with CRSwNP
often assess some asthma-related efficacy outcomes and vice
versa. The current literature lacks scrutiny of how these biologic
efficacy data might support the clinical and scientific relevance of
the unified airway hypothesis, in addition to improving clinical
understanding of this concept. This narrative review will revisit
the unified airway hypothesis focusing on the shared endotype of
elevated eosinophils and IL-5 in clinically severe asthma,
CRSwNP, and NSAID-ERD. An in-depth examination of data
from clinical trials and real-world studies rooted in IL-5 inhibi-
tion will further illustrate and help validate this hypothesis. Ul-
timately, this review will aim to provide a novel perspective and
update the relevance of the unified airway hypothesis for clinical
practice and health care practitioners.
EOSINOPHILS, IL-5, AND THE UNIFIED AIRWAY

HYPOTHESIS
Eosinophils are immune effector cells that have important

roles in mucosal defense and mediating type 2 inflammation
under normal physiological conditions; they are also thought to
be involved in maintaining homeostasis in several organs.31,32 IL-
5 is the major cytokine responsible for the proliferation, activa-
tion, and survival of eosinophils,38 although its effects are
increasingly understood to extend beyond eosinophil
biology.32,39-41 Elevated levels of eosinophils and IL-5 in the
peripheral blood and/or tissues are observed in several type 2
inflammatory conditions such as severe eosinophilic asthma,



FIGURE 2. The roles of eosinophils in tissue remodeling in diseases of the unified airway, including severe eosinophilic asthma, CRSwNP,
and NSAID-ERD.17,31,32,47-51 Clinical implications of tissue remodeling common to severe eosinophilic asthma and CRSwNP are
underlined. SoC, Standard of care.

FIGURE 1. Functional,7,17 epidemiologic,2,9,14,18-21 and pathophysiologic21-23 evidence for the unified airway hypothesis. ILC, Innate
lymphoid cell; NK, natural killer.
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CRSwNP, eosinophilic granulomatosis with polyangiitis,
hypereosinophilic syndromes, and chronic obstructive pulmo-
nary disease.42 Eosinophils have been implicated in several
processes including epithelial damage, smooth muscle hypertro-
phy, angiogenesis, neural plasticity, and aberrant tissue repair, all
of which promote pathological tissue remodeling (Figure 2).31,32
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In patients with asthma, airway mucus plugging (an important
consequence of eosinophilic airway inflammation) can lead to
airflow obstruction.43 The association between eosinophilic
inflammation and mucus plugging is supported by a correlation
between elevated sputum eosinophils and greater airway mucus
plugging on computed tomography scan in patients with
asthma44; the presence of eosinophil peroxidase altering the
property of mucus to make it more viscous/difficult to expec-
torate43; and local eosinophilic inflammation leading to impaired
mucociliary clearance.45 Furthermore, eosinophils are a major
source of IL-13, a stimulator of mucus generation in asthmatic
airways.46 The pathological processes linked to eosinophilic
inflammation and airway remodeling also underlie increased
exacerbation risk and symptom severity in patients with
asthma.17,47,48 Although tissue remodeling in CRSwNP is less
well understood, elevated eosinophil levels are believed to in-
crease symptom severity and mucus production, and result in NP
recurrence while negatively impacting disease prognosis and
response to treatment.49,50

Eosinophils and the inflammatory mediators they secrete have
the potential to cause several key clinical features of asthma and
CRSwNP. When activated, eosinophils release a plethora of in-
flammatory mediators, including granule proteins, enzymes, cy-
tokines, chemokines, growth factors, lipids, and oxidative
products.32 Some of these inflammatory mediators are upregu-
lated in patients with severe eosinophilic asthma and with
CRSwNP52-57 and have potential pathologic roles in these dis-
eases beyond maintaining chronic inflammation. For example,
major basic protein is toxic to respiratory epithelium, eosinophil
cationic protein alters the permeability of cell membranes, and
eosinophil-derived neurotoxin is damaging to neurons.58 These
proteins are therefore likely to contribute to damage of the
epithelial barrier and subsequent tissue remodeling observed in
patients with asthma and CRSwNP59-61; based on their func-
tional properties, eosinophil cationic protein and eosinophil-
derived neurotoxin may also be responsible for disrupted olfac-
tion in CRSwNP.32 Moreover, eosinophils secrete cysteinyl
leukotrienes that cause bronchoconstriction and altered vascular
permeability in asthma,62 in addition to potentially promoting
edema and nasal congestion in CRSwNP and increasing disease
severity in NSAID-ERD.63,64 Eosinophils also release extracel-
lular DNA traps (eosinophilic extracellular traps) and Charcot-
Leyden crystals/galectin-10 on activation, often in response to
microbial infection or allergic inflammation.32,65 Among patients
with asthma, extracellular eosinophilic traps contribute to airway
epithelial damage and negatively correlate with lung func-
tion.66,67 In addition, Charcot-Leyden crystals/galectin-10 may
contribute to mucus production and the tenacity of mucus plug
formation, as well as being a biomarker for eosinophilic airway
inflammation.68-70 In CRSwNP, both extracellular eosinophilic
traps and Charcot-Leyden crystals are strongly associated with
disease severity and may negatively impact olfaction.32 Finally,
IL-5 may downregulate epithelial tight junction protein expres-
sion,39 and therefore may increase epithelial susceptibility to
eosinophil-directed damage and subsequent fibrosis and thick-
ening of the basement membrane (as a result of the epithelial-
mesenchymal signaling) during the repair response process.60

This indirect stimulation of myofibroblast transformation and
enhanced collagen synthesis will be complemented by the direct
activation of fibroblasts by IL-5.71 Locally produced IL-5 may
also prolong eosinophil survival,72 thus facilitating eosinophil
accumulation in the airways and nasal mucosa of patients with
asthma and CRSwNP, respectively.

Beyond eosinophils, several other immune cells that secrete IL-
5 and/or express the IL-5 receptor (IL-5R) are elevated in the
respiratory tissues of patients with asthma and/or CRSwNP,40,73

indicating a potential eosinophil-independent role of IL-5 in the
pathobiology of both diseases (Figure 3).32,39,40,71,72,74-89 These
include mast cells, basophils, type 2 innate lymphoid cells, and
plasma cells; interactions between IL-5 and these cells have been
described throughout the literature.32,39,40,72,74-82 In addition,
human airway neutrophils recovered by human bronchoalveolar
lavage fluid have been reported to express IL-5 receptors capable of
signal transduction75 and human airway epithelial cells and lung
fibroblasts are also recognized to express functional IL-5R.39,71

Clinically, although severe asthma and CRSwNP are both
predominantly eosinophilic conditions,22,90 the role of eosino-
phils in driving the severity of each disease can vary.91 Although
definitions of eosinophilia are highly variable across the available
literature, the proportions of patients with asthma (of any
phenotype/endotype) and with CRSwNP who have elevated
blood or tissue eosinophils range from approximately 40% to
42%92-94 and 46% to 66%, respectively, at any 1 cross-sectional
time point.95-100 However, over a 10-year observation period,
more than 80% of patients with severe asthma have blood
eosinophil counts of at least 300 cells/mL at some time point.101

Peripheral blood eosinophils are consistently considered a robust
and reliable biomarker for the diagnosis and monitoring of severe
eosinophilic asthma.37,102,103 In this asthma population, elevated
blood eosinophil counts are associated with worse asthma control
and an increased risk of severe exacerbations.104,105 Furthermore,
higher blood eosinophil counts predict increased disease burden,
health care resource utilization, and costs for these pa-
tients.106,107 In patients with CRSwNP, the utility of blood and
tissue eosinophil counts for the diagnosis and monitoring of
CRSwNP is less clear. However, some recent studies have asso-
ciated elevated blood and/or tissue eosinophil counts with
increased disease severity and NP recurrence, impaired olfaction,
and a higher need for repeat sinonasal surgery in patients with
CRSwNP36,108-111 (however, it should be noted that not all
studies have found such associations).99,112,113 Elevated tissue
IL-5 has also been demonstrated to predict NP recurrence in
patients with CRSwNP.114 Interestingly, studies have shown that
the highest blood eosinophil counts and/or NP tissue eosinophils
are observed in patients with comorbid upper and lower airway
disease (vs those with severe eosinophilic asthma or CRSwNP
alone),113,115-117 consistent with increased systemic IL-5
signaling to the bone marrow in patients with type 2 upper
and lower airway disease.118 Furthermore, in a study of patients
with CRSwNP, the postsurgical recurrence of NP was higher
among patients with comorbid asthma than among those
without.117 Indeed, the presence of comorbid eosinophilic
asthma substantially increases the probability that a patient’s
nasal polyps will be eosinophilic.119 One interesting potential
exception can be found in patients with allergic fungal rhinosi-
nusitis, who have high levels of eosinophils within the inflamed
sinus mucosa despite having generally normal blood eosinophil
counts.120 Moreover, although the prevalence of comorbid
asthma is higher among patients with allergic fungal rhinosinu-
sitis than among those with CRS and no NP, it is much lower
than the prevalence of asthma among patients with a diagnosis of
CRSwNP.121 This suggests a potential link specifically between



FIGURE 3. Evidence for the effects of IL-5 signaling in different cell types.32,39,40,71,72,74-88 Evidence in humans includes a combination
of in vitro, ex vivo, and in vivo/in situ data. CTL, Cytotoxic T lymphocyte; ILC2, innate lymphoid cell type 2.
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elevated blood eosinophils and comorbid upper and lower airway
disease, although further research is needed to substantiate this.
Taken together, these findings indicate that eosinophils and IL-5
play a crucial role in the pathophysiology of asthma and
CRSwNP, and although deeper insight into the noneosinophilic
effects of IL-5 are needed, their presence and known functions in
both diseases support a therapeutic approach that treats the
upper and lower airways as a single unit.

CLINICAL BENEFITS OF STANDARD-OF-CARE

THERAPY DEMONSTRATE UPPER AND LOWER

AIRWAY INTEGRATION
Inhaled and systemic corticosteroids are known to reduce

eosinophilic inflammation and are standard-of-care treatment
for severe eosinophilic asthma.122 In addition to improving
asthma outcomes in patients with severe eosinophilic asthma,
short-term systemic corticosteroids (SCSs) can reduce nasal
polyp size in CRSwNP.123 As previously mentioned, patients
with comorbid upper and lower airway disease have higher
corticosteroid dependence than those without.9 In a study in
patients with a primary diagnosis of CRSwNP, those with
comorbid late-onset asthma had significantly higher use of
nasal steroid sprays and oral corticosteroids (OCSs) for the
treatment of NP.124 Studies assessing the potential differential
efficacy of SCSs in patients with versus without comorbid
upper and lower airway disease are limited.125 However, in 2
studies of patients with CRSwNP, the level of sinonasal clinical
benefit experienced with OCS treatment was not influenced by
the presence/absence of comorbid asthma.126,127 Conversely, in
another study, patients with CRSwNP and comorbid asthma
were less likely to experience post-OCS improvements in QOL
(measured by the 22-item SinoNasal Outcomes Test total
score) than those without.128 Overall, these studies indicate
that although the presence of comorbid upper and lower airway
disease can lead to higher primary disease severity and a higher
need for OCSs (thus supporting the unified airway hypothesis),
the impact of treating concomitant upper and lower airway
manifestations with OCSs can be variable, and may depend on
whether the disease is inflammatory or remodeled.11,129,130

For patients with CRSwNP who do not respond to pharma-
ceutical standard- of-care interventions, endoscopic sinus surgery
to remove the NP tissue is an option. Patients with CRSwNP
and comorbid asthma or NSAID-ERD undergo more sinonasal
surgeries than do those with CRSwNP alone.9 In 11 studies
following patients with comorbid asthma for 6 to 120 months
after endoscopic sinus surgery (with most [9 of 11] followed for
12 months), the need for OCSs for asthma control decreased in
73% of patients.129 Several other studies have noted reductions
in asthma exacerbations and improvements in asthma symptoms
and control following endoscopic sinus surgery.129-131 Although
these were unblinded and uncontrolled studies, overall they
suggest that clinical benefits to the lower airways (including
improved asthma control) can occur following the surgical
removal of upper airway nasal polyp tissue, thus indicating that
upper and lower airway diseases can be treated as manifestations
of a common pathology.



FIGURE 4. Clinical evidence for the unified airway hypothesis: benefits of antieIL-5e targeted biologics demonstrate upper and lower
airway integration.115,116,132,142-156 Some (but not all) of the analyses summarized here compared asthma/CRSwNP/NSAID-ERD co-
morbidity subgroups against controls without the comorbidity of interest and either found clinical improvement irrespective of the
presence/absence of comorbidity or larger clinical improvements in patients with vs without comorbid asthma/CRSwNP/NSAID-ERD.
Please refer to the main text for further details. ACQ, Asthma control questionnaire; ACT, asthma control test; AQLQ, asthma quality
of life questionnaire; LM-CT, Lund-McKay computer tomography; NP, nasal polyp; NPS, nasal polyp score; SGRQ, St George’s Respiratory
Questionnaire; SNOT-22, 22-item sinonasal outcomes test; VAS, visual analogue scale. *Composite symptom VAS score combined
patients’ individual scores for nasal obstruction, nasal discharge, mucus in throat, and loss of smell. †SNOT-22 individual symptom scores
included nasal obstruction, nasal discharge, loss of smell, facial pain, and ear fullness.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 11, NUMBER 9

BACHERT ETAL 2635
CLINICAL BENEFITS OF BIOLOGIC THERAPY

DEMONSTRATE UPPER AND LOWER AIRWAY

INTEGRATION

Owing to similarities in the inflammation that underlies the
upper and lower airways, several anti-inflammatory biologic
therapies have been associated with clinical benefits in both
upper and lower airway disease. Among the mAb therapies that
do not target IL-5 or the IL-5R,19 omalizumab (anti-IgE) and
dupilumab (antieIL-4/13) improve asthma outcomes in patients
with a primary diagnosis of asthma and improve sinonasal out-
comes in patients with a primary diagnosis of CRSwNP,
compared with placebo.132-136 Of note, the dupilumab-
associated clinical improvements in patients with asthma or
CRSwNP were more pronounced in patients with comorbid
upper and lower airway disease than in those without.137-139

Biologics that target IL-5 or the IL-5R include mepolizumab
(antieIL-5, approved for the treatment of both severe eosino-
philic asthma and severe CRSwNP, among other eosinophilic
diseases), reslizumab (antieIL-5, approved for the treatment of
severe eosinophilic asthma), and benralizumab (antieIL-5R,
approved for the treatment of severe eosinophilic
asthma).31,140,141 Evidence from numerous phase IIb and III
trials for these biologics has shown that antieIL-5/IL-5R
therapy is efficacious across various clinically relevant end
points in patients with severe eosinophilic asthma and
CRSwNP.140 Many of the patients enrolled in these trials and
in subsequent real-world studies had comorbid CRSwNP or
NSAID-ERD, allowing for some insightful post hoc and real-
world analyses on the clinical impact of these treatments
among patients with both upper and lower airway manifesta-
tions. These are summarized in Figure 4115,116,132,142-156 and
described in more detail below.

A combination of clinical trial and real-world data on mepo-
lizumab shows that in patients with severe eosinophilic asthma,
those with comorbid CRSwNP also experience improvements in
their sinonasal outcomes in response to IL-5 inhibition versus
placebo (Figure 4).115,116,132,142-156 These outcomes include
improvements in sinonasal disease-specific quality of life
(QOL),137,138 sinonasal symptoms,150,151 and nasal polyp size
(Figure 4).149,151 As expected, improvements in sinonasal
disease-specific QOL were larger in patients with comorbid
CRSwNP than in those without CRSwNP.148 Treatment with
benralizumab (antieIL-5R) results in similar clinical benefits in
the upper airways of patients with a primary diagnosis of severe
eosinophilic asthma, as evidenced by posttreatment improve-
ments in sinonasal disease-specific QOL,115,143,152-155,157 nasal
polyp size,152,155 sinonasal symptoms,152 and olfaction.115

Interestingly, clinical trials and real-world studies of antieIL-
5/5R biologics in patients with severe eosinophilic asthma have
shown improvements versus placebo or no biologic treatment in
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asthma outcomes (including exacerbation rates, lung function,
asthma control, asthma disease-specific QOL, and corticosteroid
dependence) among patients with comorbid upper and lower
airway disease, which were sometimes larger than the overall
study populations (Figure 4).116,142,144,145,153,158,159 Further-
more, in some of these studies, the improvements in asthma
outcomes were significantly greater in patients with versus
without comorbid CRSwNP.144,145,153 In an unpublished post
hoc meta-analysis of 2 phase III mepolizumab trials (GSK-fun-
ded; Efficacy and Safety Study of Mepolizumab Adjunctive
Therapy in Subjects With Severe Uncontrolled Refractory
Asthma [MENSA; NCT01691521] and Efficacy and Safety
Study of Mepolizumab Adjunctive Therapy in Participants With
Severe Eosinophilic Asthma on Markers of Asthma Control
[MUSCA; NCT02281318]) including only the approved dose of
mepolizumab 100 mg subcutaneously, improvements in the 5-
item asthma control questionnaire were larger among patients
with versus without comorbid CRSwNP (inverse variance-
weighted fixed-effects meta-analysis: treatment difference,
mepolizumab-placebo [95% CI], �0.69 [�1.02 to �0.37] in
patients with CRSwNP [n ¼ 161] vs �0.37 [�0.52 to �0.23]
in patients without CRSwNP [n ¼ 709]). These findings may be
due to the association between comorbid CRSwNP, more
extensive eosinophilic inflammation and/or IL-5 activity, and
more severe disease in patients with severe eosinophilic asthma,9

thus allowing greater room for improvement with targeted
antieIL-5 therapy among patients with versus without comorbid
CRSwNP.

With regard to comorbid aspirin sensitivity, post hoc analyses
have found that asthma exacerbation rates were reduced with
antieIL-5 therapy versus placebo in patients with severe eosin-
ophilic asthma, irrespective of the presence/absence of NSAID-
ERD or CRSwNP with aspirin sensitivity.142,156 These find-
ings further demonstrate improvements in asthma outcomes with
antieIL-5 therapy among patients with and without comorbid
upper and lower airway disease.

Owing to the later clinical development of antieIL-5/5R bi-
ologics for CRSwNP versus severe eosinophilic asthma, current
evidence for the unified airway hypothesis based on these studies
is less abundant than the evidence from asthma studies. None-
theless, several important findings have been reported to date,
which indicate both similarities and potential differences in the
exact pathophysiology of asthma and CRSwNP. Interestingly,
therapeutic targeting of the IL-5R has been shown to be less
effective than targeting IL-5 in patients with a primary diagnosis
of CRSwNP. Published studies of reslizumab in patients with a
primary diagnosis of CRSwNP are limited. One small (N ¼ 24)
phase I study of reslizumab versus placebo has been re-
ported,56,160,161 but this was not designed or powered to detect
treatment differences in efficacy outcomes. However, subgroup
analyses of mepolizumab and benralizumab studies have found
that patients with severe CRSwNP and comorbid asthma of any
severity experience improvements in their asthma outcomes,
including reductions in asthma exacerbations and clinically sig-
nificant improvements in their asthma control with IL-5/5R
inhibition versus placebo.132,146,152,162

With regard to sinonasal outcomes in patients with CRSwNP
and comorbid lower airway disease, the significant improvements
in total endoscopic NP score and sinonasal disease-specific QOL
that were observed with mepolizumab versus placebo in the
Effect of Mepolizumab in Severe Bilateral Nasal Polyps
(SYNAPSE) study were larger among patients with versus
without comorbid asthma or NSAID-ERD.146 Conversely,
significant improvements in sinonasal symptoms and SCS use
were observed with mepolizumab versus placebo irrespective of
the presence or absence of comorbid asthma or NSAID-ERD,
and significant reductions in risk of surgery with mepolizumab
versus placebo were larger among patients without comorbid
asthma than among those with comorbid asthma.146 In the
Efficacy and Safety Study of Benralizumab for Patients With
Severe Nasal Polyposis (OSTRO) study, benralizumab versus
placebo significantly improved total endoscopic NP score and
sinonasal symptoms versus placebo, but at the prespecified time
point of 40 weeks did not significantly improve sinonasal disease-
specific QOL; patients with comorbid asthma experienced larger
improvements in total endoscopic NP score than those
without.132

Interestingly, although no formal head-to-head comparison
has been performed, targeting IL-5 with mepolizumab versus
placebo appears to result in more substantial improvements
across several clinically important CRSwNP outcomes than tar-
geting the IL-5R with benralizumab (despite benralizumab
reducing peripheral blood eosinophils to a larger degree than
mepolizumab).132,161 These outcomes include total endoscopic
NP score, sinonasal symptoms, QOL, sinonasal surgery rates,
and SCS use. One potential explanation is that airway tissue-
resident eosinophils have a lower expression of transmembrane
IL-5R and higher expression of soluble IL-5R than those found
in the peripheral circulation74,163; this may cause eosinophils
residing in the NP tissue to be less sensitive to antieIL-5R
therapy than those in the circulation, if receptor density is an
important determinant of antieIL-5R efficacy. However, further
research is required to substantiate this speculation. Moreover,
many inflammatory cells other than eosinophils express the IL-
5R (Figure 3),32,39,40,71,72,74-89 and further research is needed
to fully understand the contribution of these cell types to
CRSwNP pathophysiology and whether there is a differential
regulation with antieIL-5 or antieIL-5R therapy. It should be
noted that beyond differences in the treatments’ mechanism of
action, this discrepancy in efficacy results may also be due to
variations in study design and the severity of disease among
patients enrolled in the mepolizumab versus benralizumab tri-
als.132,161,164 Because treatment doses in these CRSwNP trials
were based on those approved for patients with asthma (mepo-
lizumab 100 mg subcutaneously; benralizumab 30 mg subcuta-
neously),146,165 further research may be needed to establish
optimal benralizumab dosing in patients with CRSwNP.

Because exposure to SCSs is associated with a risk of adverse
health effects,11,125,166,167 SCS reduction was an important
clinical outcome in several clinical and real-world studies of
antieIL-5/5R biologics in patients with severe eosinophilic
asthma or with CRSwNP. Studies of mepolizumab and benra-
lizumab have shown reduced SCS use in patients with severe
eosinophilic asthma and with CRSwNP.115,144,146,153,168 In
some of the studies, patients with comorbid upper and lower
airway disease had significantly or numerically larger reductions
in SCS dependence than those without115,144,153,168; however, in
others, reductions in SCS dependence were observed irrespective
of the presence/absence of comorbid upper and lower airway
disease.146 Taken together with the known mechanism of action
for these treatments, the SCS-sparing data overall indicate that
antieIL-5/5R biologics can effectively alleviate some of the
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clinical burden of type 2 inflammation in patients with airway
disease, irrespective of whether the patient carries a primary
diagnosis of asthma or CRSwNP, thus supporting the unified
airway hypothesis.

Interestingly, dexpramipexole, a nonbiologic eosinophil-
depleting drug that improved lung function in patients with
severe eosinophilic asthma,169 did not change NP size in a small
open-label study in patients with CRSwNP.170 This indicates
that despite common elements, the pathophysiology of
CRSwNP may be more complex than that of asthma.

Together, findings in the upper and lower airways demon-
strate that although there may be differential efficacy between
antieIL-5 and antieIL-5R biologics in patients with CRSwNP,
therapeutic targeting of IL-5/5R for the treatment of severe
eosinophilic asthma leads to improvements in both asthma and
CRSwNP clinical outcomes (Figure 4). Similarly, therapeutic
targeting of IL-5/5R in patients with CRSwNP can lead to im-
provements in CRSwNP and asthma outcomes, although the
available evidence suggests potential differences in the roles and
impact of IL-5 and the IL-5R in CRSwNP versus asthma
pathogenesis. One limitation of these findings is that in several
clinical trials in patients with asthma and comorbid CRSwNP,
the presence of CRSwNP was identified using patients’ medical
records rather than performing sinonasal endoscopy and
computed tomography scans prospectively. Nonetheless, avail-
able literature focused on the therapeutic targeting of the IL-5
pathway in a pathological setting supports upper and lower
airway unification. This unified airway features a shared elevation
of eosinophils and IL-5, perpetuating the chronic inflammation
that underpins both severe eosinophilic asthma and CRSwNP.

CONCLUSIONS
Recent learnings on eosinophils and IL-5 further substantiate

the unified airway hypothesis by demonstrating that they have
important pathophysiological involvement in both upper and
lower airway diseases. Moreover, pharmaceutical targeting of
eosinophils and IL-5/5R and surgical intervention to remove NP
tissue can lead to clinical benefits in both the upper and lower
airways, thus supporting the hypothesis that airway diseases are
best treated as a single condition manifesting in different loca-
tions. The exact roles of eosinophils and IL-5 in the patho-
physiology of asthma and CRSwNP differ, and this is reflected
by a disconnect between the observed efficacy of eosinophil and
IL-5/5R-targeting biologics in asthma versus CRSwNP for some
patients. Further research is therefore needed to better under-
stand the pathophysiological link between eosinophils, IL-5, and
the noneosinophilic effects of IL-5 in the manifestation of
symptoms in upper and lower airway disease. Nonetheless,
consideration of the unified airway hypothesis may aid disease
management for patients diagnosed with comorbid upper and
lower airway diseases, with complex care needs. Improved un-
derstanding of the pathophysiologic mechanisms of eosinophils
and IL-5 in the unified airway, paired with data supporting the
clinical benefits of their inhibition, could aid clinical decision
making in practice.
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