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Abstract: Chronic rhinosinusitis with nasal polyps (CRSwNP) is a complex, clinically 
heterogeneous and persistent inflammatory disorder of the upper airway. Detailed mechan-
istic insights into disease pathogenesis are lacking, but it is now accepted that local tissue IgE 
driven T2-high inflammatory pathways are critical to disease. The recent CRSwNP Phase 3 
POLYP1 and POLYP2 replicate studies of blocking IgE with omalizumab confirmed rapid 
improvements in all clinical parameters of sinonasal disease, confirming a pivotal role for 
IgE driven inflammatory pathways in CRSwNP. This review summarises the biology of IgE 
in relation to CRSwNP. Insight into how IgE may drive CRSwNP is evaluated in the context 
of clinical improvements seen with omalizumab. The need for further studies using a broader 
patient and biomarker specific groups to aid more precise drug-patient selection alongside 
more detailed mechanistic studies of omalizumab in CRSwNP is highlighted. 
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Introduction
Chronic rhinosinusitis (CRS) is the broad term used to define a set of symptoms 
that are driven by an inflammatory sinonasal system. CRS is clinically characterised 
by the existence of two or more symptoms, one of which should be either nasal 
obstruction or anterior/posterior nasal mucus and ± facial pain/pressure ± reduction 
or loss of smell. Chronicity is arbitrarily defined by the presence of symptoms for at 
least 12 weeks.1 Different immune pathways drive specific CRS subtypes termed 
endotypes, explaining heterogeneity of clinical traits, disease severity and treatment 
response. Current “one size fits all treatment” approaches have, unsurprisingly, 
often been ineffective. As such, CRS is universally accepted as a difficult to treat 
disease syndrome. There is, therefore, an urgent need to identify disease endotypes 
and match this to disease mechanism-specific targeted therapy. This approach is 
now termed precision medicine.

Chronic Rhinosinusitis with Nasal Polyps
CRS is conventionally and conveniently divided into CRS with and without nasal 
polyps (CRSwNP and CRSsNP, respectively). Nasal polyps appear as visible 
sinonasal mass-like tissue structures that can progressively obstruct sinus drainage 
and nasal airflow. In one centre prevalence study of CRS using data on n=5525 
patients, 80% had CRSsNP and approximately 20% had CRSwNP.2 The tissue 
inflammatory profile in CRSwNP may vary with ethnicity, with neutrophilic domi-
nant forms in China to a mixed population of both neutrophilic and eosinophilic 
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inflammation to highly eosinophilic states in the West.3 

Particularly in more Caucasian populations, CRSwNP is 
a more distinct immunological disease entity similar to 
that found in allergic or eosinophilic asthma.4 CRSwNP 
and asthma are commonly co-associated.4

Inflammation and CRSwNP
Airway inflammation is complex and only aspects directly 
relevant to understanding IgE driven inflammation are 
considered here. In the simplest form, airway inflamma-
tion can be viewed as the mucosal response to injury. 
A rapid innate and adaptive immune response in health 
leads to elimination of the inciting agent and tissue repair 
back to health.5 In disease, inflammation and tissue injury 
continues unchecked in a dysregulated and amplified man-
ner (Figure 1). In the context of CRSwNP, the inciting 
agent is still speculative but probably a combination of 
infection, allergen and environmental stress in the context 
of genetic predisposition. In CRSwNP, the epithelial 

barrier lacks structural integrity and is disrupted.5 This 
increases sinonasal mucosal surface vulnerability and pro-
motes an active epithelial inflammatory state. Allergen- 
specific IgE on mast cell and basophil surfaces on binding 
antigen undergo cross-linking and leads to rapid cell 
degranulation. The release of preformed immune media-
tors and key cytokines IL-4 (Th2 drive and immunoglo-
bulin class switching to IgE production), IL-5 (eosinophil 
recruitment and survival factor) and IL-13 (Th2 drive and 
mucus production) further amplify and sustain existing 
inflammation. DCs will present allergen to naïve T cells 
which in the IL-4 cytokine rich environment promotes Th2 
cell development. Th2 cells further secrete IL-4, IL-5 and 
IL-13 thus setting up auto-inflammatory loops that further 
amplify and sustain existing inflammation. Superantigens 
from nasal Staphylococcus (Staph.) aureus colonies lead to 
polyclonal T and B cell activation. ILC2 induction by 
epithelial cytokines such as TSLP, IL-25 and IL-33 leads 
to further immune amplification with release of IL-5 and 

Figure 1 Summary of T2-high inflammatory pathways presumed to drive CRSwNP. Acute immune signalling leading to inflammation is activated following antigen-specific IgE 
on MCs and basophils binding antigen, cross-linking and activating calcium-dependent signalling with rapid degranulation and subsequent release of key immune mediators 
and cytokines such as IL-4, IL-5 and IL-13. Inflammatory cytokines are in fact secreted by an array of inflammatory and structural cells. In airway disease, SAEs further act as 
super-antigens leading to polyclonal T and B cell activation. Epithelial derived cytokines TSLP, IL-25 and IL-33 stimulate ILC2s to release large amounts of IL-5 and IL-13 but 
also IL-4. Th2 cells are now driven in the inflammatory cytokine milieu to further amplify inflammation with induction of auto-inflammatory loops. The lack of T and B cell 
regulation promotes such excessive inflammation. As such further T2 inflammatory mediators including IL-4, IL-5 and IL-13 are formed and released, with further production 
of specific IgE. Chronic inflammation becomes of established. Created with BioRender.com.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2020:14 5484

Kariyawasam and James                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


IL-13/IL-4. Th2 cells can directly respond to IL-25 and IL- 
33,6 adding a further layer of inflammatory amplification. 
Consistently high numbers of B cells and plasma cells 
along with high concentrations of IgA, IgG and IgE are 
found in nasal polyp tissue.7 Local production at 
germinal centre-like pseudofollicles occurs. With antigen 
stimulus, IgE production occurs via immunoglobulin 
class-switching, where B cell production of one immuno-
globulin can be changed for another. As a result, B-cell 
activation, division, somatic hypermutation and selection 
occur with class switching to local IgE production.

CRSwNP with Non-Steroidal 
Anti-Inflammatory Drug Sensitivity
CRSwNP associated with aspirin or non-steroidal anti- 
inflammatory drug (NSAID) exacerbated respiratory 
disease (NERD) is a distinct clinical and inflammatory 
subset. In the USA, it is estimated that 7.2% out of 
19 million Americans have NERD.8 Compared to 
CRSwNP non-NERD group, it represents a more severe 
CRSwNP form, difficult to treat disease with conventional 
medical treatment, with often rapid recurrence of disease 
despite comprehensive surgery and thus NERD patients 
often have a history of having recurrent surgery. 
Inflammation in CRSwNP-NERD is amplified. The patho-
genesis of NERD is related to dysregulation of eicosanoid 
synthesis. Excess LTE4 is characteristic but precise immune 
mechanisms are still unclear. Up to 90% have colonisation 
with Staph. aureus with markedly higher amounts of polyp 
tissue total IgE, specific IgE to inhalants but also IgE to 
SAEs with excess eosinophilic inflammation.9 Such exces-
sive tissue inflammation is often associated with high blood 
eosinophils, a reflection of a tendency to more enhanced 
systemic inflammation. Such patients also have more severe 
and difficult to treat asthma.

CRSwNP and IgE-Mediated 
Aeroallergen Sensitisation
The average age of onset for CRSwNP is around 42 years 
with range from 40 to 60 years.1 Such midlife presentation 
is usually as a part of late onset eosinophilic asthma. IgE- 
mediated sensitisation to aeroallergens is probably not 
directly relevant to this combined upper and lower airway 
syndrome, as it is rare for allergen sensitisation to develop 
in adulthood, and the actual prevalence of IgE-mediated 
allergic rhinitis decreases after 60 years.10 In one case 
series, only 50% of patients with CRS demonstrated 

specific aeroallergen sensitisation.11 Such allergen sensiti-
sation (IgE-based immune memory) does not necessarily 
imply direct allergen driven immunological activation 
(allergy). As such, allergic sensitisation from childhood 
does not increase the risk of CRS in adults.12,13 Thus, 
patients with allergic rhinitis have similar prevalence of 
CRSwNP to the normal population.14–16 Skin prick test 
positivity had no predictive value of increased nasal IgE. 
Total IgE (ie, IgE to non-defined antigen as well as aller-
gen-specific IgE) levels in nasal polyp tissue were present 
to a similar amount in both atopic and non-atopic 
patients.17 Patients can therefore have both allergic rhinitis 
and CRS, but this association is more coincidental rather 
than causal. Also the presence of allergen sensitisation 
does not correlate with objective measures of CRSwNP 
disease severity such as nasal polyp score (NPS) (a mea-
sure of polyp volume), SNOT-22 scores (a measure of 
sinonasal disease severity and associated general well- 
being), radiological severity scores or the rate of polyp 
recurrence.18 Over simplistic interpretation of IgE biology 
in CRSwNP lead to the past incorrect assumption that 
local tissue IgE itself has no functional role in CRSwNP. 
Only now has it become accepted that local mucosal IgE, 
often unrelated to inhaled aeroallergens, has a pivotal role 
in CRSwNP.

IgE Structure
IgE conforms to the basic immunoglobulin Y-shaped 
structure with two ε heavy chains and two light chains 
(Figure 2) as seen, for example, with IgG. Like IgM, the 
IgE molecule ε heavy chain contains four constant 
domains (Cε1-Cε4) and lacks a hinge region between 
Cε1-Cε2.19 Antibody specificity is determined by the vari-
able regions. The variable region can be further subdivided 
into hypervariable (HV) and framework (FR) regions. It is 
the hypervariable (HV) region within the variable regions 
that has direct contact with the specific antigen. The HV 
regions are also termed the complementarity determining 
regions (CDRs). The FR regions act like a scaffold struc-
ture to enable the HV regions to be held in place to allow 
contact with the antigen. It is the IgE distal Fc region, 
comprised of only the two heavy chains, that binds cellular 
receptors. There are two principal receptors, the high- 
affinity receptor FcεRI and the low-affinity FcεRII/CD23.

Blood and Tissue IgE
The high affinity of IgE for FcεRI (Ka ≈ 1010 M−1) ensures 
that most tissue IgE is cell bound.20 Serum IgE is present 
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at very low levels in the serum of healthy individuals and 
despite being elevated in people with allergic disease, still 
remains 1000-fold lower than serum IgG. Blood IgE is 
often raised in CRSwNP, particularly with more severe 
disease.21 This IgE is usually not against known aeroaller-
gens and thus classed as non-specific, and considered 
tissue overspill, where unbound possibly excess IgE is 
washed out into blood. Smaller amounts may still be 
from secreted IgE from circulating IgE+ plasma cells.22 It 
thus becomes apparent that local tissue IgE may be more 
relevant or functional in the local tissue environment. The 
exact allergen drive for the production of IgE in CRSwNP 
is currently uncertain but microbes, classic aeroallergens 
and even nasal autoantigens are likely triggers. The factors 
that promote the survival and rapid expansion of IgE+ 

B cells are unknown. It is now certain, however, regardless 

of obvious allergen sensitisation, IgE synthesis is local in 
nasal polyp tissue.23

IgE Synthesis
Isotype class-switching, a process of somatic recombina-
tion that joins the antigen-specific variable region (VH) 
gene locus of an antibody to a separate immunoglobulin 
heavy chain (CH) locus, is a pre-requisite for the produc-
tion of IgE, IgG and IgA. IgE class-switching is a tightly 
regulated process dependent upon IL-4 and IL-13 produc-
tion and CD40 ligand (CD40L) expression. IL-4 is pro-
duced by both tissue MCs and Th2 cells, whereas IL-13 
production is restricted to mainly Th2 cells.19 CD40L is 
constitutively expressed by mast cells and upregulated on 
T cells following antigen-induced activation. The first step 
of IgE class-switching is the activation of the intervening 

Figure 2 Summary of IgG and IgE structure and function. (A) IgG antibody structure is of four polypeptide chains, with two identical light (L) chains and two identical heavy 
(H) chains, that conform to a flexible Y-shaped structure. The two heavy chains are linked to each other by disulphide bonds. Each heavy chain is also linked to a light chain by 
a disulphide bond. There are five types of mammalian immunoglobulin heavy chain: γ, δ, α, μ and ε for IgG, IgD, IgA, IgM and IgE, respectively. Each chain has a variable (VH) 
region at the amino terminus, that forms the specific antigen-binding site, and a constant (CH) region, which determines the antibody isotype. The IgG heavy chain is 
comprised of CH1, hinge region, CH2, CH3 domains and the VH region. The light chains κ or λ chains also have variable (VL) and constant (CL) regions. (B) IgE is also 
monomeric but with two ε-heavy chains and two light chains. IgE thus also has capacity to also simultaneously bind two antigens. The heavy chain C-terminal regions are 
composed of four Cε dimers, Cε 1–4. The specific molecular structure of these dimers determines specific IgE binding capacity for cellular receptors FcεRI and CD23. IgE 
does not have a hinge region but instead a C-ε2 domain. This allows IgE more flexibility during receptor interaction. Created with BioRender.com.
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epsilon (Iε) promoter which is upstream of the IgE locus 
(Cε). IL-4 and IL-13 signalling induce phosphorylation of 
STAT6, a transcription factor that can bind to and activate 
the Iε promoter. CD40L signalling results in the activation 
of the transcription factor (NF-κB), which co-operates 
with STAT-6 to activate Cε transcription. Transcription of 
the Iε promoter is essential for class switch recombination 
to IgE and results in a sterile germline Cε transcript lack-
ing the variable (VDJ) region. Transcription of sterile 
germline transcript enables targeting by a complex array 
of transcription factors of the switch region of the IgE 
locus (Sε). DNA cleavage at Sε allows physical recombi-
nation of the Cε heavy chain region to the variable region 
genes. Looped out regions of DNA that result from the 
splicing out of the intervening immunoglobulin constant 
region genes, termed switch circles, are a by-product of 
this process and can be utilised as markers of productive 
IgE class-switching.

CD40L/IL-4 mediated activation of STAT-6 and NF- 
κB also results in the expression of activation-induced 
cytidine deaminase (AID), a critical enzyme required for 
class switch recombination. Following class-switch recom-
bination, re-arranged IgE is expressed as a membrane 
immunoglobulin. Further selection and affinity maturation 
result in either positive (clonal expansion) or negative 
selection (cell death). Positively selected cells undergo 
differentiation into either memory cells or plasma cells 
allowing production and secretion of specific IgE. Such 
IgE-switched B cells preferentially favour the plasma cell 
fate, whereas the existence of IgE+ memory B cells has 
been a source of debate.24 IgE+ B cells are overall low in 
numbers.

Class switch recombination, affinity maturation and 
B cell differentiation are all elements of the germinal 
centre reaction that occurs within secondary lymphoid 
organs. Here specialised T follicular helper cells (TFH) 
regulate the development of germinal centre B cells 
through expression of CD40 and the secretion of cytokines 
(eg, IL-21 and IL-4) and chemokines.25

Differentiated, class-switched plasma cells migrate out 
of germinal centres into bone marrow where immunoglo-
bulin secretion occurs. It is increasingly evident, particu-
larly in autoimmune disease and allergy, that germinal 
centre-like reactions may also occur within mucosal tissue 
at sites of immune assault. Compelling evidence demon-
strates that the respiratory mucosa is not only the primary 
site for IgE synthesis17,26 but also that the local environ-
ment of the respiratory mucosa in allergic rhinitis, asthma 

and nasal polyps supports class-switch recombination and 
clonal expansion of IgE-producing B cells,23,27,28 the num-
bers of which positively correlate with TFH cell numbers in 
nasal polyp tissue.29 This supports the hypothesis that 
local mucosal plasma cells represent the primary source 
of IgE and that circulating IgE may be the result of excess 
“spill-over” into the circulation.

IgE Driven Inflammation
It is now clear that IgE is a key driver of T2 inflammation, 
yet the exact immune signalling cascades that promote IgE 
responses but also regulate such pathways are still 
unknown in CRSwNP. The memory B cell pool in nasal 
tissue has a diverse transcriptional heterogeneity and 
understanding the different antibody functional repertoires 
is still very limited.

IgE-mediated inflammation is characterised by i) 
immediate release from tissue mast cells of inflammatory 
mediators following exposure to relevant allergens/antigen 
and ii) subsequent infiltration of Th2 cells and eosinophils 
to mucosal surfaces at the site of allergen exposure 
(Figures 1 and 3). The immediate hypersensitivity 
response is a powerful immune event, as evident from 
the ability to lead to the induction of rapid anaphylaxis 
and death. The effects of IgE-mediated inflammation are 
dependent upon the expression of low and high-affinity 
IgE receptors. FcεRI is expressed constitutively on mast 
cells and basophils and can be induced on dendritic cells 
by exposure to Th2 cytokines. Mucosal exposure to aller-
gen results in cross-linking of specific IgE bound to FcεRI 
on tissue mast cells and basophils, triggers rapid degranu-
lation and release of inflammatory mediators into the 
immediate local environment. IgE can be against SAE, 
and such IgE may act as super antibodies.30 Here, SAEs 
may bind such IgE bound cells both in the classic allergen 
manner via CDRs but also act as ‘superantigens’ by bind-
ing to the anti-SAE IgE framework regions that are 
already present as anti-SAE IgE-FcεRI complexes bound 
on the cell surface. The mediators released during this 
early phase response induce the recruitment of T cells, 
eosinophils and APCs. The low-affinity IgE receptor, 
CD23 (FcεRII), is expressed on APCs and B cells. CD23 
binding of allergen-IgE complexes enables more efficient 
capture of allergen by APCs. This lowers the concentration 
threshold of allergen required for activation of an immune 
response by a factor of 100-fold. Subsequent cytokine 
production by activated T cells provides positive feedback 
for further IgE production. It thus becomes evident that 
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blocking the function of IgE in CRSwNP has the potential 
to attenuate inflammation and regulate several key inflam-
matory pathways.

Omalizumab
Omalizumab (Xolair®, Novartis) is a murine humanised 
anti-human-IgE monoclonal IgG1 antibody. The comple-
mentarity determining regions (CDRs) of the protein is 
still comprised of approximately 5% murine amino acid 

residues.31 Omalizumab binds unbound IgE at the Cɛ3 
domain.32 Then, by steric hindrance, omalizumab prevents 
IgE from interacting with the high-affinity IgE receptor 
FcɛRI on the cell surface preventing subsequent mast cell 
and basophil activation and degranulation.33 Free IgE is 
effectively neutralised and thus inhibition of IgE-mediated 
signalling rapidly occurs. Omalizumab first received FDA 
approval for severe allergic asthma in 2003. All patients 
had to demonstrate IgE sensitisation to a perennial 

Figure 3 Summary of local IgE driven inflammation in nasal polyp tissue. 1. The epithelium in CRSwNP is disrupted and there is increased and sustained epithelial activation. 
Allergen impaction of the nasal mucosa epithelial surface leads to its solubilisation and diffusion to sites of mast cell (MC)-basophil residence where cross-linking of two or 
more high affinity (FcεRI) IgE receptors lead to MC and basophil activation, subsequent degranulation and release of mediators such as histamine, leukotrienes, key T2 
cytokine such as IL-4, IL-13 and IL-5 that activates key inflammatory signalling pathways with induction of autoinflammatory loops. 2. Antigen-presenting cells and particularly 
dendritic cells (DCs) also take up allergen and present processed allergen peptide in the context of MHC Class II to naïve Th0 cells in a T2 cytokine micromilieu of IL-4. Th0 
cells undergo activation and differentiation to Th2 cells leading to the further release of Th2 cytokines. Th2 and TfH derived IL-4 in particular is essential for B cell class 
switching to IgE production in secondary lymphoid tissue. Local synthesis of IgE occurs in nasal polyp tissue. Such increased local IgE induce FcεRI expression on DCs and 
further stabilise FcεRII on B cells. This now enhances the ability of both cells to take up antigen-IgE complexes and undertake allergen presentation to T cells. FcεRII+ (CD23) 
B cells present allergen in a non-cognate manner termed facilitated antigen presentation. CD23+ epithelial cells allow epithelial transcytosis of IgE-allergen complexes. As 
such, IgE-allergen complexes on the airway surface migrate into the mucosa, and now engage with tissue resident FcεRI-mast cells/basophils. 3. Local IgE throughout the nasal 
tissue binds to cells expressing both the high affinity (mast cells, basophils) and low-affinity IgE receptor (B cells, eosinophils, monocytes and T cells). With such IgE-receptor 
association these cells are now sensitised for activation on encountering specific allergen. Further allergen trapping and focussing by antigen-presenting cells leading to CD4+ 

T cell activation generating a Th2 pattern of cytokines (IL-4, IL-5, IL-9 and IL-13), sustains and amplifies inflammation. A complex inflammatory cascade leading to 
eosinophilic and other inflammatory cell infiltration, elevated serum IgE levels and mucus hypersecretion becomes established. Tissue remodeling programmes become 
activated. Created with BioRender.com.
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aeroallergen such as house dust mite or cat to receive 
omalizumab for severe asthma. Almost 17 years later, 
after later realisation that IgE may have a functional role 
in CRSwNP regardless of classic aeroallergen atopic status 
and that active T2 inflammatory pathways in CRSwNP 
must involve IgE related inflammation, rigorous Phase 3 
clinical studies with omalizumab have finally been com-
pleted in CRSwNP.

Clinical Studies
Phase 3 Studies: POLYP1 and POLYP2
POLYP1 and POLYP2 studies are replicate Phase 3 studies 
undertaken to confirm the clinical efficacy of 
omalizumab.34 All patients were placed on the intranasal 
steroid mometasone furoate in the 5-week run-in period 
and throughout the study. Volunteers continued on stan-
dard treatment of nasal lavage but long-term antibiotics 
beyond 14 days were not permitted. Total blood IgE was 
measured. Allergen skin prick testing nor blood IgE to 
specific aeroallergens was not undertaken. Volunteers 
with severe CRSwNP (mean SNOT-22=59.8 and 59.2 in 
active arms of Polyp1 and Polyp2, respectively) were 
randomised 1:1 to either 2 or 4 weekly subcutaneous 
omalizumab or placebo, the dose calculated from 
a standard chart based on serum IgE (minimum- 
maximum 30–1500 IU/mL) vs weight in kilograms (mini-
mum 30.1–150 kg). Treatment duration was short at only 
24 weeks. The dose range for omalizumab was 
75–600 mg. The main primary study endpoint of nasal 
polyp score (NPS) was evaluated before commencement 
and then at 4 weeks, 8 weeks, 16 weeks and 24 weeks of 
treatment. The other primary endpoint was the nasal con-
gestion score (NCS), which was recorded as part of the 
daily eDiary along with subjective sense of smell, post-
nasal drip, runny nose. These were scored individually and 
also as a combined value termed the Total Nasal Symptom 
Score (TNSS). The secondary endpoints of SNOT-22 and 
UPSIT (objective smell function score) were evaluated at 
baseline and above time points. Asthma related quality of 
life (AQLQ) at baseline and then at 16 and 24 weeks was 
recorded.

Impressively, rapid improvement in NPS and NCS was 
seen as early as after 4–8 weeks of treatment, along with 
the SNOT-22, UPSIT scores and TNSS. After 8 weeks 
there was no further marked improvements in the mea-
sured clinical parameters. NPS and NCS for omalizumab 
versus placebo at week 4 showed a mean change from 

baseline NPS for omalizumab versus placebo of –0.92 
(95% CI, –1.37, –0.48) and –0.52 (95% CI, –0.94, –0.11) 
in POLYP1 and 2, respectively. NCS for omalizumab 
versus placebo was –0.25 (95% CI, –0.46, –0.04) and – 
0.26 (95% CI, –0.45, –0.07) in POLYP1 and 2, 
respectively.

At study completion at week 24, for omalizumab ver-
sus placebo, compared to baseline values the mean change 
in NPS was –1.08 versus +0.06 (treatment arm differences 
(95% CI), –1.14 (–1.59, –0.69); p < 0.0001) and –0.90 
versus –0.31 (treatment arm differences (95% CI), –0.59 
(–1.05, –0.12); p=0.0140) in POLYP1 and 2, respectively. 
The mean change in NCS was –0.89 versus –0.35 (treat-
ment arm differences (95% CI), –0.55 (–0.84, –0.25); 
p=0.0004) and –0.70 versus –0.20 (treatment arm differ-
ences (95% CI), –0.50 (–0.80, –0.19); p=0.0017) in 
POLYP1 and 2, respectively. No real further improve-
ments were seen after 16 weeks of treatment. 
Surprisingly, the NERD subgroup did not do any better 
to the non-NERD cohort with improvements in NPS 
and NCS.

In terms of secondary study endpoints, the mean week 
4 improvement in SNOT-22 score with omalizumab versus 
placebo was –10.43 (95% CI –15.08, –5.79) and –8.84 (– 
13.84, –3.84) in POLYP1 and 2, respectively. 
Improvements in olfaction were not impressive. The 
mean difference in change from baseline at week 8 in 
UPSIT for omalizumab versus placebo was 3.78 (95% CI 
1.56–6.00) and 3.44 (1.03–5.85) in POLYP1 and POLYP2, 
respectively. Noting the short duration of the study, there 
was a relative reduction of 62.5% in oral rescue systemic 
steroid use in the omalizumab group and none of the 
treatment arms proceeded to surgical polypectomy at 
study completion.

As expected, co-associated asthma improved, consis-
tent with overlapping shared upper and lower airway 
mucosal-IgE driven inflammatory pathways driving both 
CRSwNP and asthma. The omalizumab group was at least 
4 times more likely to improve by at least ≥0.5-point on 
the AQLQ compared to placebo [OR], 3.7; 95% 297 CI, 
1.0–13.7; p=0.0492 in POLYP1 and OR 4.0; 95% CI, 
1.1–15.3; p=0.0396 in POLYP2.

Previous Proof of Concept Studies 
and Real-Life Data Studies
The overwhelmingly positive sinonasal outcomes in 
POLYP1 and POLYP2 are somewhat expected, given 
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that several smaller, mainly observational studies demon-
strated a beneficial effect for omalizumab in CRS. The 
Vennera et al study confirmed a decrease in polyp size, and 
the important cost saving of decreased frequency of sur-
gery and less need for INS in such patients.35 Here, the 
group were not just CRSwNP but also with severe co- 
associated asthma. A small but still relevant study by Pinto 
et al using a DBPC trial design of CRSwNP patients 
confirmed decreasing SNOT-20 scores over 6 months of 
omalizumab treatment.36 The SNOT-20 fails to consider 
nasal obstruction and sense of smell. The patients here, 
however, failed to improve on objective tests of airflow, 
endoscopic NPS, sino-nasal imaging and olfaction. The 
patients here were only selected for their CRS status and 
thus a heterogenous population. In a small but well- 
designed POC study of 15 volunteers with CRSwNP and 
coexistent allergic or non-allergic asthma, 2 weekly or 
monthly injections of omalizumab, compared to 4 placebo 
volunteers, led to a reduction in NPS at 4 months.37 

Improvement was seen regardless of atopic status. In an 
observational study, our own group selected only patients 
with both severe CRSwNP and asthma.38 Using the 
SNOT-22 and ACQ-7 score, we reported marked clinical 
improvements in both CRSwNP and severe allergic 
asthma together. Improvement was seen as early as after 
the first dose of omalizumab at the 4-week assessment and 
continued to show sustained improvement with therapy 
until the last time point assessment at 16 weeks of therapy. 
Here, all the patients had severe CRSwNP with a median 
SNOT-22 at baseline of 52/110. The total serum IgE 
(median) was 396.5 IU/L, eosinophil count (median) 0.52 
x 109/L, 77% had aspirin sensitivity and all had asthma 
with aeroallergen sensitisation. Thus, this group was 
a group of both severe CRSwNP and co-associated severe 
asthma. What was interesting was that the improvement 
with omalizumab was similar to the group that instead 
underwent sinonasal surgery. This was despite the surgery 
group having more severe disease with a median SNOT-22 
of 70 and as expected high T2 biomarkers of total blood 
IgE of 268.0 IU/L, eosinophil count of 0.55 x109/L. 
Indeed, the SNOT-22 improvements after FESS have 
been shown through meta-analysis of 15 studies to 
approach the improvements seen with omalizumab in our 
study, POLYP1 and POLYP2.39 The overwhelming con-
clusion from clinical studies is that omalizumab is effec-
tive in treating CRSwNP. The effects are seen early on and 
benefits are sustained with continued treatment. The 

implications of such findings for modelling health-related 
cost-savings and resource utilisation are discussed later.

Safety and Adverse Events
Omalizumab was shown as remarkably safe in the current 
Phase 3 CRSwNP studies, with more adverse events 
reported in the placebo group. Such safety is similar to 
that published for omalizumab in severe asthma studies 
over more than a decade.40 There were no safety concerns 
of any form attributed to omalizumab.

Mechanism of Omalizumab
The efficacy of omalizumab in allergic asthma and now 
CRSwNP highlights the central role of IgE in regulating 
the recruitment and function of effector cells that mediate 
T2 inflammation. The omalizumab studies confirm that 
aeroallergen IgE-mediated sensitisation is irrelevant to 
CRSwNP and associated asthma clinical outcomes and 
supports a role for local mucosal IgE in eosinophilic air-
way disease. Omalizumab binds to the Cε3 domain of IgE, 
a site which overlaps with the binding sites for both FcεRI 
and FcεRII. Importantly, whilst omalizumab can prevent 
binding of free IgE to the high and low-affinity IgE recep-
tors, it cannot cross-link receptor-bound IgE which is 
essential to avoid receptor-mediated activation of effector 
cells. Despite this omalizumab can still accelerate the 
dissociation of IgE from FcεRI on mast cells and 
basophils.41 FcεRI expression correlates closely with 
serum IgE levels due to the accelerated loss of unoccupied 
FcεRI at the cell surface. For this reason, omalizumab 
treatment results in a rapid reduction in the level of 
FcεRI expression by FcεRI-expressing mast cells, baso-
phils and antigen-presenting cells.42,43 Depletion of IgE 
and parallel reductions in FcεRI expression limit effector 
cell activation and thus reduce IgE-mediated symptoms. 
For example, in patients with allergic asthma, omalizumab 
results in depletion of tissue eosinophils in the lung44 

which may be attributed to reductions in the recruitment 
of inflammatory cells following allergen exposure. 
Reduction in blood eosinophils has also been demon-
strated following omalizumab therapy in CRSwNP.45

Other off-label use of omalizumab in various “non- 
allergic” conditions has found similar findings with 
respect to clinical improvements. Similar to observations 
in allergic asthma, reductions in the numbers of blood 
and tissue eosinophils were reported in patients with 
eosinophilic gastroenteritis following omalizumab 
treatment.46 Likewise, a clinical trial of omalizumab in 
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patients with severe non-atopic asthma demonstrated 
reductions in FcεRI expression on basophils and dendri-
tic cells along with clinical improvement in lung 
function.47 A loss of IgE-mediated mast and basophil 
cell signalling will decrease IL-4, IL-13 and IL-5 produc-
tion and cellular release.48 Th2 lineage differentiation 
and maintenance will lessen as IL-4 concentrations 
decrease. IL-4/IL-13 driven autoinflammatory loops are 
no longer sustained. With the decrease in levels of IL-5 
blood and tissue eosinophil depletion occurs.49–51 

A general knockdown of the T2 inflammatory axis is 
seen.44 Viral rhinitis is a potent drive for CRSwNP52 

and omalizumab may prevent viral immune amplification 
of inflammatory pathways in CRSwNP. An important and 
novel finding with omalizumab treatment is improvement 
in innate viral defence. Omalizumab has been shown to 
increase interferon-α release from PBMCs and plasma-
cytoid DCs.53

Outstanding Questions
As with all clinical studies relating to a clinical interven-
tion, the most pressing question is have the studies been 
undertaken in the correct patient population. In Polyp1 and 
Polyp2 there were only n=16 (22.2%) and n=24 (38.7%) 
patients, respectively, with NERD, the more clinically 
challenging, difficult to treat subset of patients that dom-
inate tertiary rhinology clinics. NERD patients often have 
high blood eosinophilia. Such eosinophilia often indicates 
more severe disease.54 In Polyp1 and Polyp2 the mean 
blood eosinophil counts were 0.3344 x 109 L and 0.310.8 
x 109/L respectively. These are within normal blood eosi-
nophil ranges of 0.4–0.5 x109/L. Furthermore, in 
CRSwNP high eosinophils indicate high mucosal IgE con-
centrations, as IL-5 is active alongside IL4/IL-13 active 
signalling that drive local tissue IgE synthesis.17,55

Given the diversity of CRS subtypes with regards to 
patterns of cellular infiltrate, inflammatory mediators and 
remodeling programmes,56 it is obvious that not all 
patients will respond to omalizumab,36 and there will 
always be heterogeneity in clinical outcomes in those 
that do respond. Given limited healthcare resources, oma-
lizumab cannot be just given to anyone or everyone with 
CRSwNP. Thus, it is most disappointing that no attempt 
was made by the Polyp1 and Polyp2 study team to eval-
uate what clinical traits or biomarkers of disease predicted 
disease response. As more biologics that target CRSwNP 
become available,57,58 such data to guide clinicians will 
become essential.

Our own group analysed what factors predicted CRS 
clinical response in a real-life study.45 Here, all patients 
had severe asthma, were sensitised to at least one perennial 
aeroallergen and had a median eosinophil count of 0.45 
x 109/L. Importantly, 75% patients had NERD and there-
fore represented the more severe, difficult to treat 
CRSwNP subtype. Omalizumab treatment response data 
for allergic CRSsNP patients were also included. Using 
a linear modeling approach, we showed that it was the 
serum eosinophil count and more frequent two weekly 
omalizumab dosing frequency, not the serum IgE level 
that predicted treatment response with omalizumab.45 

Interestingly, blood eosinophil counts not IgE also predict 
better clinical response in asthma with omalizumab.59,60 

Twice weekly omalizumab is more effective in urticaria.61 

This latter observation can be explained to some extent on 
the basis of drug pharmacodynamics/kinetics as discussed 
in the next paragraph.

Omalizumab related improvements in asthmatics are 
only evident when unbound serum-free IgE falls below 
20 IU/mL.62 Falls in serum-free IgE is in turn dependent 
on the omalizumab dose.63 The serum elimination half-life 
of omalizumab is on average 26 days,64 whilst the half-life 
of IgE binding to FcɛRI is 14–21 days. Following such 
time, half the IgE is again free and has the potential to 
bind new receptors, and upon new allergen binding theo-
retically at least lead to re-activated IgE-mediated cell 
signalling.20,65 Thus, more frequent omalizumab will cap-
ture any released IgE and limit IgE-FcɛRI binding. In 
addition, the allosteric properties of omalizumab in rela-
tion to IgE binding may also be relevant. High concentra-
tions of omalizumab leads to a phenomenon termed 
accelerated dissociation.66 Here, IgE-FcɛRI complexes 
become destabilized; as a result, rapid dissociation of IgE 
from FcɛRI occurs. IgE- FcɛRI mediated cellular activa-
tion is lost and downstream inflammatory cascades are not 
activated. Future omalizumab studies in more severe 
patient subgroups, with investment to evaluate which bio-
markers, clinical traits and dosing schedules that predict 
optimal clinical response are urgently needed. Only then 
can true precision medicine be delivered.

As more biologics become available for CRSwNP, in 
the current era of limited healthcare resources, treatment 
cost will undoubtedly factor into which drug is chosen. 
There is a real concern that health economists will fail to 
factor in the several complex variables that will determine 
overall cost-benefit. Firstly, the association of CRSwNP 
with severe asthma must be recognised. The reduction in 

Drug Design, Development and Therapy 2020:14                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
5491

Dovepress                                                                                                                                            Kariyawasam and James

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


the need for frequent ENT and pulmonology visits along 
with reduction in surgery and polypharmacy with asso-
ciated cost-reductions must also be considered. The long- 
term health benefits from less systemic steroid exposure 
must be incorporated into any health modeling undertaken. 
It is only after such detailed healthcare utilisation analysis 
can the true cost of any biologic regime be evaluated.

Unfortunately, the inability to so far clearly define the 
more detailed immune endotypes in CRSsNP means that 
up to 80% of patients with CRS have been neglected in 
terms of trials of biologics. Given that CRSsNP and 
CRSwNP are equally severe, studies evaluating T2-high 
CRSsNP immune endotype matched against appropriate 
biologics including omalizumab are now urgently needed.

Conclusion
Omalizumab can effectively treat CRSwNP. Rapid and 
sustained clinical improvement is seen. In addition, oma-
lizumab treats associated severe asthma. At last, clinicians 
can treat two difficult co-associated airway diseases with 
one drug. Obtaining complete airway control must become 
the goal. It is now important that the incorrect assumption 
that a single identical biological pathway leads to the 
diverse inflammatory disease of CRSwNP is immediately 
abandoned. Eosinophilic CRSwNP with or without aero-
allergen sensitisation should also be considered for omali-
zumab treatment. Larger, broad biomarker-based studies 
evaluating clinical response in more severe CRSwNP 
groups are needed, as clinicians need to urgently under-
stand how to match the right patients to omalizumab. 
Clinical trials in patients with high-T2 inflammation dri-
ven CRS without nasal polyps are also needed. Studies 
must continue to assess the upper and lower outcomes 
together. Going forward, ENT surgeons and pulmonolo-
gists will need to work together. Only then can true inte-
grated airway management and patient care be provided.
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