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Background: Chronic rhinosinusitis with and without nasal polyps (CRSWNP and CRSsNP respectively) can be difficult to treat
and biologics offer potential as a future therapeutic intervention. CRS and severe asthma often co-exist. Omalizumab is currently
licenced for the treatment of severe allergic asthma.

Objective: The aim was to determine which blood biomarkers and treatment variables were associated with clinical response for
sinonasal symptoms in patients with allergic CRSsNP and CRSWNP who were treated with omalizumab for severe allergic asthma.
Methods: Sinonasal outcome test (SNOT)-22 scores were recorded in a cohort of patients with allergic CRSsNP (n=10) or CRSwWNP
(n=15) treated with omalizumab for severe asthma according to UK guidelines. Using a linear modelling approach, the improve-
ment in the SNOT-22 score as the treatment variable against several disease and treatment predictor variables was modelled.

Results: SNOT-22 significantly decreased with omalizumab treatment. Increased blood eosinophil count and omalizumab dosing
every two weeks (as opposed to every 4 weeks) were associated with greater reductions in SNOT-22 after 16 weeks of omalizu-
mab treatment.

Conclusion: Our study confirms that omalizumab is an effective treatment for CRS, and suggests that improvements are greater
in those with eosinophilic disease. Further studies are required to determine long term efficacy and whether this treatment could

reduce the need for surgery.
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Introduction

Chronic rhinosinusitis (CRS) is an umbrella term for a group of
heterogeneous diseases featuring inflammation of the nose and
sinuses. It can be further sub-classified into those with or wit-
hout nasal polyps (CRSWNP and CRSsNP respectively) . Sinus
disease is found in nearly 90% of mild to moderate asthmatics
and in up to 100% of severe steroid-dependent asthmatics as
evidenced on sinonasal imaging ?, emphasising the conside-
rable burden this syndrome can place on healthcare resources
and reduction in quality of life. CRS associated with asthma
pheno-endotypes often demonstrate, in the broadest sense, a
common immune signature defined by Th2 T cell predominance

). The hallmarks of such T2 inflammation includes interleukin
(IL)-5 driven eosinophil recruitment and survival, IL-4 induction
of immunoglobulin E (IgE) synthesis and IL-13 augmenting this
Th2 driven inflammation. Serum IgE is a reflection of excess
unbound tissue IgE in washout blood and secreted IgE from
circulating IgE+ plasma cells (albeit a smaller proportion)(4).
Studies have shown that blood eosinophilia correlates with high
tissue eosinophilia in CRS ® and patients with both high blood
IgE and eosinophils have a more aggressive disease phenotype
resistant to treatment 7. Furthermore, individuals who have
CRSWNP have been shown to have elevated tissue IgE and
eosinophils ®. This is consistent with the one airway hypothesis
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as asthma often coexists; severe asthmatics tend to have high
serum eosinophil counts and IgE together ), reflecting the same
immunopathological process occurring throughout the airway.
High levels of these blood biomarkers indicate high T2 inflam-
matory tissue states, and are used in severe asthma treatment
protocols to select patients for more precise target specific tre-
atment using IgE inhibition and eosinophil depletion strategies
respectively.

Omalizumab (Xolair® Novartis) is an anti-lgE monoclonal IgG1
antibody licenced for therapeutic use in severe allergic asthma.
It binds to free serum IgE. The site of binding at the Ce3 domain
prevents the interaction of IgE with FceRl via steric hindrance,
preventing mast cell and basophil activation and degranula-
tion 19, There is subsequent downregulation of FceRI due to
the decrease in free IgE levels . Omalizumab also prevents
IgE binding to the low affinity IgE receptor CD23 on B cells and
antigen-presenting cells "%, A consequence of blocking this IgE
mediated cell signalling is a decrease in IL-5 production ? and
cellular release. Hence recruitment of bone marrow derived eo-
sinophils into blood and tissue sites is decreased as is eosinophil
survival resulting in eosinophil depletion 35, Thus with time
the T2 inflammatory axis is downregulated 1.

In the UK, currently only those with a raised blood IgE within a
set range matched for body weight and a clearly identifiable pe-
rennial aeroallergen with severe allergic asthma can be treated
with omalizumab. We previously reported our real-life experi-
ence with a group of n=13 severe allergic asthmatic patients
with co-existent CRSWNP successfully treated with omalizumab
47, Briefly our findings were that both CRSWNP and asthma
improved in parallel, with the improvement in CRSWNP compa-
rable to functional endoscopic sinus surgery with polypectomy
at their 16-week follow-up. All the CRSWNP patients demon-
strated raised total blood IgE and a significant proportion also
had a raised eosinophil count (despite at least 4 courses of oral
steroids to stabilise their asthma within the 12 months prior to
omalizumab). To evaluate what predictor variables can potenti-
ally identify upper airway treatment response with omalizumab,
we have incorporated the data of another further 2 CRSWNP pa-
tients giving data on a total 15 patients with CRSWNP and data
on 10 patients with just allergic CRSsNP. Increased combined
patient numbers allowed us to set a more robust linear model
system. Linear models describe a continuous response variable
as a function of one or more predictor variables. We evaluated
whether the dose of omalizumab, frequency of omalizumab ad-
ministration, starting severity of CRS (as defined by the baseline
sinonasal outcome test (SNOT)-22 score), actual diagnosis of
CRSWNP or the biomarkers blood IgE total or blood eosinophil
count was likely to be associated with the omalizumab treat-
ment response. Here we report our findings.
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Materials and Methods

Ethics approval and consent to participate

This study did not require ethics approval or consent as the data
was collected prospectively as part of the clinical assessment of
asthma and is presented in an anonymised manner.

Availability of data and material
The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

A cohort of patients with severe allergic asthma as defined in
the ERS/ATS published criteria underwent detailed upper airway
assessment as part of an asthma investigation protocol '®. All
were sensitised to common perennial aeroallergens. Based on
direct nasal endoscopic examination and clinical history, pa-
tients were defined as either having allergic CRSsNP or CRSWNP.
The UK prescribing criteria for omalizumab in severe refractory
allergic asthma (selecting those individuals most likely to res-
pond to an anti-IgE blocking approach) is as follows: a) confirm
sensitisation to a perennial aeroallergen such as house dust mite
(HDM) or cat; b) total blood IgE equal to or within 30 to 1500 IU/
ml within a specific weight group to match. The dosing chart
dictates the dose of omalizumab and whether it is to be admi-
nistered subcutaneously every 2 or 4 weeks. A mandatory oma-
lizumab efficacy-of-treatment assessment in asthma is required
at 16 weeks, and this visit was used to evaluate any sinonasal
treatment response using the SNOT-22 score in a prospective
manner. The SNOT-22 is the recommended outcome tool in
adult CRS in the European Position Paper on Rhinosinusitis and
Nasal Polyps 2012 ™. It provides information on both symptoms
and the burden of disease on general health as used in several
other publications assessing outcomes in CRS. The SNOT-22

was therefore used as the measure of disease severity and the
improvement in SNOT-22 as the continuous response variable as
a function of one or more predictor variables stated here.

All patients were treated with nasal isotonic saline volume
douching, intranasal steroids and if indicated a prolonged im-
munomodulatory antibiotic before commencing omalizumab.
In addition, oral steroids were administered to stabilise disease
in individuals with exacerbation prone or severe asthma. Thus,
the baseline SNOT-22 scores documented just prior to the first
dose of omalizumab reflect fully treated, optimised asthma and
sinonasal disease. Subsequent changes in the SNOT-22 score
correspond with improvements following omalizumab admi-
nistration in CRS. This is, therefore, reflective of real-life clinical
data, and describes the additional effects omalizumab has on
medically maximised CRS treatment.

Statistical analysis
Data is expressed as the median (range) or standard error (SE)
as stated. All paired within-subject data was analysed using the



Table 1. Summary of patient characteristics and baseline biomarkers.

Demography + CRSsNP CRSwWNP
Biomarkers

Age (years) 45.5 (20-63) 51(25-66)
Sex F n=6 M n=4 F n=8 M n=7
Aspirin sensitisation 0% 75%
Severe asthma 100% 100%
Eosinophils cells/ uL 210 (40-840) 450 (60-3060)
Blood IgE total [lU/mL 195.5 (90-1463) 392 (70-943)

SNOT-22 18.50 (4-44) 52.50 (10-84)

Values are stated as the median (range) where appropriate. F=female

M=male.

Wilcoxon signed rank test. Significance was accepted as p<0.05.
A generalised linear model was created with the SNOT-22 score
at 16 weeks as the response variable. Since SNOT-22 scores at

16 weeks were not normally distributed, the natural logarithm
of these scores was taken; this was then found to be normally
distributed.

The decision to include predictor variables in the model was
determined via expert judgement of clinical significance and
calculation of the Akaike information criterion (AIC) values for
each model, with the most parsimonious model (as determined
by the AIC value) being used for the final analysis. The predictor
variables included in the final model were: SNOT-22 score at
baseline, blood IgE total value, blood eosinophil value, patient
diagnosis of CRSWNP (on the assumption more severe patients
will respond better to omalizumab), and dosage regimen in
terms of both injection frequency and drug amount.

As the IgE and eosinophil values were found to be non-normally
distributed, these parameters were split into two groups. For IgE
values, <200 (baseline) and =200 IU/mL were used, whilst for
eosinophil values <150 (baseline) and =150 cells/ uL were used.
These cut-off points were taken from previously published re-
ports %20 Patients were grouped as allergic CRSsNP when there
was no definite visible polyps on endoscopic examination with
CRS who gave a clear history of allergen induced exacerbation
of sinonasal symptoms.

Participants were diagnosed with either allergic CRSsNP (base-
line) or CRSWNP polyps. Participants could either be treated
once every two or every four weeks (baseline). Dosage groups
were defined as either receiving 150mg (baseline) or >150mg
per dose. The final model had an R-squared score of 0.586,
adjusted R-squared score of 0.4553 and an F-statistic of 4.482 on
6 and 19 DF; this corresponds to a p-value of 0.005, suggesting
that the model fits the data significantly better than a random
model. All statistical analysis was done using either GraphPad
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Table 2. Summary of predictor variables included in the linear model.

Linear Variable Data Value

SNOT-22 score at baseline 40.0 +4.59
Eosinophil value <150 cells/ pL 6 (24%)
>150 cells/ pL 19(76%)
Blood IgE total value <200 IU/mL 9 (36%)
>200 IU/ml 16(64%)
Four weekly treatment regimens 17 (68%)
Two weekly treatment regimens 8(32%)
Omalizumab = 150mg dosage 6 (24%)
> 150mg dosage 19 (76%)

given as either median + SE or absolute patient numbers with percent-

ages of the overall group size

Prism version 4 (GraphPad Software Inc., San Diego, CA, USA) or
the R software package [R Core team, ‘R: A Language and Envi-
ronment for Statistical Computing, (2018), URL = https://www.R-
project.org]. All tests for normality used Shapiro-Wilk Normality
tests with a significance level of p<0.05. Data collected from 25
patients was used for all statistical analyses.

Results

The patient demography is summarised in Table 1. In total,
complete data sets were available for 25 patients with CRS and
severe allergic asthma (n=10 with allergic CRSsNP and n=15
with CRSWNP). Of this group n=9 patients were on prednisolone
at treatment entry till the 16-week assessment visit. Table 2
summaries the predictor variables included in the linear model
analysis.

For the allergic CRSsNP group the 16-week SNOT-22 decreased
from 18.50 (range 4-44) to 12.00 + (3-32) (p=0.058) whilst in

the CRSWNP cohort the SNOT-22 decreased from 52.50 (range
10-84) to 31.50 = (1-95) (p=0.007). The SNOT-22 remained signifi-
cantly decreased in the total combined group from baseline
after 4 months of omalizumab therapy (p<0.001) at 23.0 + 4.37
(Figure 1A), with a median decrease of 16 points + 3.89. Only

2 patients recorded an increased SNOT-22 score. The median
serum eosinophil count significantly decreased from pre-omali-
zumab levels at 16 weeks (p=0.007). Post-treatment eosinophils
counts were only available in n=12 patients of whom n=4 were
on a fixed dose of prednisolone pre-omalizumab until the 16
week assessment visit.

Table 3 summarises the output of linear model data with
standard variables being calculated as shown. Of the blood
biomarkers, only the predictor variable of blood eosinophil
count of 2150 cells/ pL, was found to have a significant effect on
the SNOT-22 response variable (p=0.03) and corresponded to an
estimated decrease of 63.9% in the SNOT-22 score as compared
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Table 3. Summary of output of linear model, with starred variables being calculated as significant.

Predictor variable Estimate

% change in de-

Std. Error t value

p (>[t)

pendent variable

SNOT-22 score at baseline 0.008869 0.8908% 0.011568 0.767 0.45
IgE group >200 IU/mL 1.398656 304.9753% 0.766524 1.825 0.08
*Eosinophil group =150 cells/ puL -1.017978 -63.8675% 0.428687 -2.375 0.03
Diagnosis of CRSWNP 0.659054 93.2962% 0.500108 1.318 0.20
*Two weekly dosage regimens -1.478457 -77.2011% 0.463712 -3.188 0.005
>150mg per dose -0.914187 -59.9158% 0.760283 -1.202 0.24

to having a count of <150 cells/ pL (Figure 1B). Baseline total
blood IgE did not predict any future improvement in SNOT-22
score after omalizumab treatment. Furthermore, a two weekly
omalizumab dosing regimen clearly demonstrated clinical ef-
ficacy (p=0.005). Increasing the frequency of dosing from once
every four weeks to once every two weeks led to an estimated
77.2% decrease in SNOT-22 score from baseline (Figure 1B).

Discussion

Our real-life observations confirm that omalizumab improves
sinonasal outcomes in patients with high-T2 inflammatory CRS
pheno-endotypes. Despite patient selection in severe allergic
asthma and CRS for omalizumab being purely based on the
blood total IgE level, with sensitisation to at least one peren-
nial aeroallergen being present, our analysis suggests that the
biomarker of blood eosinophil count, rather than blood IgE total
level, is a better predictor of treatment response to omalizumab
in CRS.

Given the rapidly emerging market of biologics for T2 high
asthma syndromes and CRS, being able to predict response

to biologic therapy is essential. The aim of such ‘precision
medicine’is to target patients with a drug that will work to
improve treatment outcomes quickly but also constrain costs by
preventing wastage of agents and delivery resources. Biomarker
guided therapy may help identify such CRS specific, treatment
responsive subgroups. Our finding of blood eosinophil counts
as opposed to total blood IgE predicting treatment response to
omalizumab in CRS is consistent with other asthma omalizumab
treatment studies. These also show an improved treatment res-
ponse in relation to eosinophil counts, rather than just IgE levels
@122 Such disease biomarker association of treatment response
between asthma and co-existing CRS provides further support
for the ‘united airway’ concept and highlight the presence of
overlapping inflammatory mechanisms between the upper and
lower airway.

We are aware of the limitations of our observational data and
further work with greater numbers of CRS patients is needed
before any definite assumptions can be made. It is clear that
future modelling efforts will need to incorporate more data and
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clearer groupings with composite biomarkers such as serum IL-5
and eosinophil count. In the interests of consistency between
studies and to further explore the characteristics of these CRS-
asthma pheno-endotypes, it would be useful for future double-
blind studies to incorporate more detailed sinonasal endoscopic
grading, pre- and post-treatment; radiological documentation
using the Lund-Mackay score will aid this. Our findings again
open the important debate for the urgent need of further robust
clinical studies which utilise broader biomarker patient groups,
when undertaking studies of current and emerging immunomo-
dulatory biologics in airway disease. The concept that omali-
zumab neutralises unbound perennial aeroallergen specific

IgE and inhibits any allergen-IgE activated immune cascade is
probably far too simplistic an explanation for its mechanism of
action. Omalizumab works equally well in asthmatics sensitised
to either pollens or perennial allergens @*. Omalizumab efficacy
in non-allergic asthma, urticaria and eosinophilic oesophagitis
further emphasises its ability to modulate complex immune
cascades in so called ‘non-allergic states’ 27,

Omalizumab treatment leads to both blood and tissue eosinop-
hil levels to rapidly reduce as previously stated. Our findings
that patients with high blood eosinophils have a better clinical
response to omalizumab are therefore not totally unexpected.
Eosinophils or at least IL-5 clearly have a role in the pathogene-
sis of CRS as shown by IL-5 blockade studies with mepolizumab
@829 Another point worth considering is the effect of low dose
prednisolone in patients with CRS and asthma and their clinical
response to omalizumab. Prednisolone can modulate immune
responsive factors, such as preventing eosinophilic exacerba-
tions and this may have worked to modulate the benefits of
omalizumab. Unfortunately, given our low patient numbers,
with recurrent prednisolone use before omalizumab, it is dif-
ficult to delineate the exact nature of such prednisolone and
omalizumab interactions on the clinical response. We stress this
is real-life data, and some patients will always need treatment
combinations.

As far as we are aware, specific IgE levels to an aeroallergen does
not predict the efficacy of omalizumab treatment. Given that
blood IgE does not reflect tissue IgE concentrations “®, and
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Figure 1. A) Summary of the time course of the treatment response

in CRS to omalizumab in terms of SNOT-22 before the first dose of
Omalizumab and at the 16th week of treatment. B) Visualisation of the
relationship between the reduction of the response variable SNOT-22
and the significant predictor variables baseline blood eosinophils and
omalizumab frequency. The bars represent median values for each
group whilst the grey shaded areas represent confidence intervals.
Individual data points represent SNOT-22 scores of individual patients
in each predictor variable group at the 16th week of omalizumab treat-

ment.

nasal polyp disease is not necessarily driven by specific aeroal-
lergens such as HDM, it follows that blood IgE as a biomarker
for T2-CRS may not be clinically relevant. CRSWNP with aspirin
sensitivity is highly eosinophilic, and such high serum eosinop-
hilia will indicate higher T2 disease where both high tissue IgE
and eosinophils are present. Our allergic CRSsNP group had
lower levels of serum eosinophils and responded less well to
omalizumab.

What is more difficult to explain is the finding that more
frequent omalizumab dosing led to a better CRS treatment
outcome. Twice monthly dosing has been shown to be efficaci-
ous in difficult urticaria ©°. At present we can only speculate and
may have something to do with the pharmacokinetics of IgE
interaction with its receptor. The current literature confirms that
it is when omalizumab lowers unbound blood free IgE to less
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than 20 IU/ml that clinical benefit is seen in allergic asthmatic
patients ®”. Omalizumab reduces serum-free IgE in a dose-rela-
ted manner ©2. With this in mind, dosing protocols have been
developed using information gleaned from complex pharma-
codynamic modelling approaches, in order for the optimal level
of IgE inhibition to be achieved and ensure all free blood IgE is
bound and‘inactivated’ by omalizumab. However, as the serum
elimination half-life of omalizumab averaged 26 days ©¥ and the
half-life of IgE binding to FceRl is 14-21 days, half the IgE is free
after this time to bind new receptors and potentially re-initiate
immune inflammatory cascades ©439, Thus, injecting omali-
zumab at 2 weekly intervals may capture this newly released

IgE and prevent re-FceRI binding. Another explanation could

be through the allosteric actions of omalizumab on IgE where
higher levels of omalizumab can lead to a phenomenon termed
accelerated dissociation ©®. Here, at least in-vitro omalizumab
can bind to receptor-bound IgE and cause dissociation of the IgE
from FceRl (although at concentrations much higher than those
used therapeutically). It has similarly been shown to occur on
cells, but at present, it is not known to what extent, if any, this
effect contributes to the therapeutic efficacy of omalizumab. If
this process also occurs in-vivo in theory, IgE binding to FceRl is
destabilized which would result in rapid dissociation of IgE from
FceRI. This may lead to the loss of IgE- FceRl induced cellular ac-
tivation and hence less inflammation downstream. Further work
and discussion is clearly needed.

Conclusion

In conclusion we report that omalizumab can improve CRS
outcomes where there is a high T2 inflammatory disease signal
of raised blood eosinophils present. It is not necessarily disease
severity that predicts treatment response as having CRSWNP (i.e.
more severe symptoms) alone did not seem to be associated
with clinical improvement. Our understanding of disease-rele-
vant biomarkers and dosing regimens that best predict treat-
ment response to biologics in CRS is clearly at an early stage.
Further studies are needed, and it is essential that researchers
study pheno-endotypes with broader multiple overlapping
biomarker groups when testing the efficacy of biologics. This
will ensure that large cohorts of potentially treatment respon-
sive patients are not excluded from such therapeutic approa-
ches, as currently is the case. Studies must also look at long term
treatment efficacy and any reduced need for surgery. Important
questions to answer will be whether biologics will be an alterna-
tive treatment to surgery or used in conjunction with surgery to
prevent disease recurrence. In addition, the health economics of
treating associated multisystem disease such as CRS and asthma
with one treatment must be carefully considered. Only then can
precision medicine be delivered in an effective and cost-con-
strained manner 7,
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