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Objectives

To evaluate the efficacy of omalizumab (OMA) therapy for patients with chronic
rhinosinusitis with nasal polyposis as a sole therapeutic line versus traditional
therapy.

Patients and methods

Eighty-six patients were randomly divided into two equal groups: study patients
received OMA [0.016 mg/kg/immunoglobulin E (IgE) (IU/ml)] therapy only and
control patients received conventional therapy. All patients completed a
questionnaire to determine the total subjective score (TSS), who underwent
rigid nasal endoscopy for endoscopic scoring according to the Lund-Kennedy
scoring system, had paranasal sinuses computed tomographic (CT) imaging for
scoring according to the Lund-Mackay scale, and estimation of pretreatment serum
IgE levels. Study outcomes included the therapeutic effect determined as more than
50% decrease of TSS with improvement on endoscopic findings, recurrence rate,
and frequency of decision; shift to surgery or repeat the trial of OMA therapy.
Results

Serum IgE level positively correlated with TSS and endoscopic and CT scores.
Seventeen patients had successful response without recurrence with significantly
lower TSS in the study versus control patients. Twenty-seven patients had
recurrence after primary successful outcome with significantly lower TSS in
study than control patients and significantly longer duration till recurrence with
OMA than conventional therapy. Forty-two patients showed no response to the first
session of therapy. Nineteen study patients with recurrent manifestations received
a second session of OMA therapy; 11 had successful response, five patients had
rerecurrence, and three patients failed to respond. Surgery-sparing effect is
significantly higher with OMA than conventional therapy (46.5 vs. 18.6%).
Endoscopic and CT scores of total patients, at the end of follow-up, were
nonsignificantly lower in control while they were significantly lower in the study
group.

Conclusion

OMA significantly superiorly improved the outcome of conservative treatment of
chronic rhinosinusitis with nasal polyposis than conventional with higher surgery-
sparing rate. The second session of OMA minimized the recurrence rate of
manifestations.
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Introduction

Chronic rhinosinusitis (CRS) is one of the most
with an overall
prevalence ranging between more than 10% [2] and
28.4% based on the European Position Paper on
Rhinosinusitis and Nasal Polyps [3]. CRS was

associated with multiple environmental factors

frequent chronic diseases [1]

especially pollutants, tobacco smoke, occupational

and endotypes of CRS affects prognosis and is the
basis for making therapeutic decisions [5]. chronic
rhinosinusitis with nasal polyposis (CRSwNP) is
characterized by eosinophilic inflaimmation and
polyposis at the nose and paranasal sinus with high
concentrations of immunoglobulin E (IgE) in NP, but
the causative antigen for CRSwNP and its
pathogenesis is still unknown [6].

toxins, and adulthood age [4] but its major causes

are allergic rhinitis [1] and asthma [3].

CRS comprises a spectrum of different diseases with
and  pathogenic

distinct  clinical ~ presentations
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Prevention of chronicity of rhinosinusitis and/or
minimizing its impact on the quality of life
constitutes the cornerstone for CRS management [7]
and involves avoidance of exposure to environmental
factors, detecting the disease in its earliest stages,
minimizing the impact of an ongoing illness or
injury and lastly amelioration of disease-induced
anxiety and depression [5].

Basophils, which are the rarest granulocytes, play
crucial roles in protective immunity against the
development of allergic disorders [8]. Basophils and
mast cells, to initiate its secretion, depend on
aggregation of the high-affinity IgE receptor, FceRlI,
which is characterized by variable densities by up to
100-fold among participants’ basophils and these high
densities are responsible for sensitivity to certain
monomeric IgE antibodies or spontaneous release [9].

The availability of targeted biotherapeutic agents such
as anti-IgE and anti-cytokine antibodies could benefit
patients in whom the targeted mediator is expressed
and is a central mechanism in CRS patients [5].
Omalizumab (OMA) is a humanized clinically
approved therapeutic anti-IgE antibody [10] that
inhibits the interaction between IgE and FceRlI,
thus preventing mast cell and basophil activation
[11] and blocks IgE binding to CD23 on B cells
and antigen-presenting cells, thus blocking the
release of inflammatory cytokines from these cells
[10]. Moreover, OMA may accelerate dissociation of
receptor-bound IgE from FceRI [12], thus blocking
the IgE-mediated release of inflammatory mediators

[10].

Objectives

The study tried to evaluate the efficacy of OMA
(Xolair) therapy for patients with CRSwNP as a sole
therapeutic line versus traditional CRS treatment (ttt)
as evaluated by subjective and objective CRS severity
parameters.

Design
Prospective comparative, double-blinded, two-arm

study.

Setting
Yanbu National Hospital, KSA.

Patients and methods

The study was conducted since January 2015 till May
2018 including a 12-month follow-up period for the
last case enrolled in the study. The study protocol was

approved by the local ethics committee and the
enrolled patients signed a fully informed consent to
participate in the study and to receive the study drug.

Patients presenting to the outpatient clinic of
otorhinolaryngology with symptoms suggestive of
CRS were eligible for evaluation for inclusion and
exclusion criteria. CRS was diagnosed according to
the criteria defined by the rhinosinusitis task force [13]
and patients fulfilling the inclusion criteria were
enrolled in the study. The inclusion criteria included
CRSwNP having more than or equal to two major or
one major and more than or equal to two minor factors
(Table 1) for more than or equal to 12 weeks despite the
antibiotic therapy for 4 weeks, assigned for functional
endoscopic sinus surgery (FESS), age range of 18-65
years and having pre-ttt serum IgE level less than 700
IU/ml.  Exclusion criteria included pregnancy,
lactation, body weight more than 150 kg, presence of
associated allergic disorders, autoimmune disease,
hepatic and renal diseases, diabetes mellitus,
maintenance on immunosuppressive therapy, or
other forms of anti-allergic therapies.

All patients were asked to complete a questionnaire to
determine the total subjective score (T'SS) [14]. The
questionnaire included eight symptoms namely:
postnasal  drip,
sneezing, headache, cough, decreased sense of smell,
and facial swelling. Each symptom was scored
concerning intensity and frequency on a scale
ranging between 0 and 3 for a TSS ranging between
0 and 48 [15]. Then, patients and controls underwent
tull otorhinolaryngological examination to assure the

blocked nose, nasal discharge,

inclusion and exclusion criteria.

Only patients fulfilling the inclusion and exclusion
criteria were included in the study and underwent
rigid nasal endoscopy; and endoscopic findings were

graded bilaterally according to the Lund-Kennedy

Table 1 Factors associated with the diagnosis of
rhinosinusitis

Major factors Minor factors

Headache

Fever (all nonacute
rhinosinusitis)

Facial pain/pressure
Nasal obstruction/blockage

Nasal discharge/purulence/discolored Halitosis
postnatal drainage

Fatigue
Hyposmia/anosmia Dental pain
Purulence in nasal cavity on Cough

examination
Fever (acute rhinosinusitis only) Ear pain/pressure/

fullness
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scoring system with a score range of 0-12 and
diagnostic cutoff point score of more than 2 [16].
Thereafter,
computed tomography (CT) imaging that was
evaluated according to the Lund-Mackay scale [17]
with a score range of 0-24 points, and the higher the
score, the greater the severity of the disease.

the patients had paranasal sinuses

Randomization and grouping

Patients fulfilling the inclusion criteria were randomly
allocated into two equal groups according to the
applied therapeutic line: the study group (group S)
included patients assigned to receive OMA therapy
without any supplemental conventional therapy and
the control group (groupC) included patients
assigned to receive conventional therapy consisting
of antibiotic and corticosteroid therapy according to
severity [18].

Omalizumab dosing, preparation, and administration
According to the instructions of the manufacturer
(Genentech Inc., South San Francisco, California,
USA) the dose of OMA (XOLAIR; Novartis
Pharmaceuticals Corporation, East Hanover, New
Jersey, USA) was dependent on body weight and
serum IgE levels and was given as 0.016 mg/kg/IgE
(IU/ml). If the calculated dose was more than 150 mg,
it was divided among more than one injection site to
limit injections to not more than 150 mg per site. If the
calculated dose was more than 300 mg, half the total
dose was administered every 2 weeks. The calculated
dose was prepared according to the manufacturer’s
instructions and was injected subcutaneously.

Study outcome

The therapeutic effect of the applied therapy as judged
by amelioration of clinical symptoms manifested by
more than 50% decrease of T'SS with concomitant
improvement on nasoendoscopic findings.

The frequency of responders for whom surgical
decision was postponed secondary to relieve disease
manifestations.

The recurrence rate of disease severity manifestations
during follow-up and the frequency of decision shift to
surgery or to repeat the trial of medical therapy.

Statistical analysis

The obtained data were presented as mean+SD, ranges,
numbers, and ratios. The results were analyzed using
paired # test and one-way analysis of variance test.
Possible using
Pearson’s Statistical

relationships  were investigated

linear regression analysis.

analysis was conducted using the SPSS (version 15,
2006, SPSS Inc., Chicago, IL, USA) for Windows
Statistical Package. P value less than 0.05 was
considered statistically significant.

Results

The study included 98 patients eligible for evaluation;
12 patients were excluded and 86 patients were
randomly divided into two equal groups (Fig. 1).

Demographic and clinical data of patients of both
groups showed nonsignificant (P>0.05) difference.
Also, the mean pre-ttt serum IgE levels showed
nonsignificant (P>0.05) difference between patients
of both groups (Table 2).

Collectively, mean serum IgE level was 187+121 IU/
ml; range: 75-610 IU/ml and showed positive
nonsignificant (P>0.05) correlation with endoscopic
(=0.135, P=0.216) and CT scores (r=0.112,
P=0.306), while it showed positive significant
(r=0.282, P=0.009) correlation with TSS (Fig. 2).

Nine patients received OMA single dose of less than
150 mg, 24 patients received 150-299 mg that was
divided into two injection sites on the same session
and only 10 patients received more than 300 mg
divided into two doses given on two sessions 2-week
apart.

Concerning the therapeutic effect as the primary
outcome, for the first session, 17 (19.8%) patients
had successful response with significantly (P=0.007
and P<0.00001) lower TSS in the control and study
groups, respectively, compared with their pre-ttt score,
and significantly (P=0.0037) lower TSS was reported
in patients of study versus control groups. At the end of
12-month follow-up, TSS was nonsignificantly
(P>0.05) higher in both groups compared with their
post-ttt score, but with significantly (P=0.0148) lower
TSS in the study versus control patients (Table 3, Figs
1 and 3).

Another 27 (31.4%) patients showed a primary
successful outcome with significantly (P=0.047 and
P<0.0001) lower post-ttt T'SS compared with pre-
ttt score in the control and study groups, respectively,
and significantly (P<0.0001) lower TSS in patients of
the study versus control groups. Unfortunately, these
27 patients had recurrent manifestations with
reincreasing TSS after a mean duration till
recurrence of 2.8+0.7 m; range: 2-4m in control and
5.6+1.1 m; range: 4-7m in study patients. Anti-IgE
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Figure 1
igibility igible CRS patients (n=98
Sl I NI CRS Dt (99) | Excluded (a=12)
- Body weight >150 kg (n=5)
- Maintained on anti-allergic therapy (n=3)
Enrollment - Pregnancy (n=2)
| Enrolled CRS patients (n=86) I - Associated allergic disease (n=2)
Categorization
| Study Group (n=43; 50%) | | Control Group (n=43; 50%) |
1* therapeutic session / \ /\
Responders Non-Responders Responders Non-Responders
(n=28; 65.1%) (n=15; 34.9%) (n=16; 37.2%) (n=27; 62.8%)
Outcome
Recurrent Non-recurrent Non-recurrent Recurrent
(n=19; 44.2%) (n=9; 20.9%) (n=8; 18.6%) (n=8; 18.6%)
2% therapeutic session
Responders Non-Responders
(n=16; 37.2%) (n=3; 7%)
FESS
Outcome = (n=27+8+15+3+5=58;
Non-Recurrent Recurrent / 67.4%)
(n=11; 25.6%) (n=5; 11.6%)
Study Flow Chart.
Table 2 Pretreatment data of the studied patients
Data Group C Group S P value
Age (years) 37.5+£10.2 37+11.7 0.815
Sex (male : female) 26 :17 28:15 0.655
Body weight (kg) 86.5+8.3 87.2+7.8 0.682
Body height (cm) 169.53.9 169.3+4.2 0.811
BMI (kg/m?) 30.1+2.6 30.4+2.7 0.547
Disease-related data
Duration of symptoms (month) 9.8+2.8 9.2+3.6 0.401
Total TSS 14.4+3.6 16.2+4 0.378
Endoscopic score 8.2+2.7 8+2.2 0.827
CT score 14.4+5.3 14+5.7 0.725
Serum IgE (IU/ml) 185.9+102.2 188.8+121.2 0.905

Data are presented as mean+SD and ratio. CT, computed tomography; IgE, immunoglobulin E; TSS, total subjective score. P value more

than 0.05 indicates nonsignificant difference.

therapy allowed significantly (P<0.0001) longer
duration till recurrence than conventional therapy.
Moreover, at the time of recurrence, TSS was
nonsignificantly (P=0.318) lower in control but was
still significantly (P<0.0001) lower in study patients in
comparison to their respective pre-ttt scores with
significantly (P=0.013) lower scores in study versus
control patients (Table 3, Figs 1 and 3).

Unfortunately, 42 showed no with
nonsignificantly lower post-ttt T'SS compared with
pre-ttt T'SS and nonsignificant difference between
both groups, despite being in favor of the study

response

group. Collectively, for total patients both therapies
did favorably with significantly lower post-ttt TSS
score in control (P=0.004) and study (P<0.0001)
groups compared to their pre-ttt scores and
significantly lower post-ttt score in the study
(P=0.0005) versus the control group (Table 3, Figs
1 and 3).

All of the 19
manifestations accepted to receive another session of
OMA therapy, but three patients failed to respond and
were shifted to FESS, while 16 patients gave successful
response with significantly (P=0.010) lower post-ttt-2

study patients with recurrent
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Figure 2
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Correlation between serum IgE and TSS of the studied population of CRSWNP patients. CRSwWNP, chronic rhinosinusitis with nasal polyposis;

IgE, immunoglobulin E; TSS, total subjective score.

Table 3 Outcome of the first session of therapy

Data Control Study Pl
Responders
No recurrence [n (%)] 8 (18.6) 9 (18.6)
Pre-TSS 15.9+4.9 16+2.8 0.949
Post-TSS 10+1.9 7.2+1.4 0.0037
P2-TSS 0.007 <0.00001
12-month TSS 11.5+2.9 8.4+1.5 0.0148
P3-TSS 0.246 0.084
Recurrence [n (%)] 8 (18.6) 19 (44.2)
Pre-TSS 15+3 14.6+3 0.742
Post-TSS 12+2.4 6.3+1.3 <0.0001
P2-TSS 0.047 <0.0001
On recurrence TSS 13.5+2.8 10.7+2.3 0.013
P4-TSS 0.318 <0.0001
Nonresponders 27 (62.8) 15 (34.9)
Pre-TSS 16.7+4 16.3+4.5 0.804
Post-TSS 15+3.7 14.4+4 0.643
P2-TSS 0.118 0.246
Total 16.2+4 15.5+3.6 0.378
Pre-TSS
Post-TSS 13.8+3.7 10.7+4.1 0.0005
P2-TSS 0.004 <0.0001

Data are shown as mean+SD. |, significance of difference
between TSS of both groups; TSS, total subjective score; ttt,
treatment. P2: indicates significance of difference between pre-ttt
and post-ttt TSS. P3: indicates significance of difference between
pre-ttt TSS and at 12-month TSS. P4: indicates significance of
difference between pre-ttt TSS and TSS determined on recurrence
of manifestations.

TSS (9.3£2.1) compared with pre-ttt-2 (11.5£2.5).
Five patients had rerecurrence after a mean duration
of 4.8+1.3 m; range: 3—6 m with a mean post-ttt-2 T'SS
of 7.2#0.4, which is significantly lower (P=0.005)
compared with pre-ttt-2 (9.2+1.1) (Figs 1 and 4).

Regarding the frequency of FESS, 35 control
patients were shifted to FESS, 27 nonresponders
and eight had recurrent manifestations for a
surgery-sparing rate of 18.6%. On the other hand,
23 study patients underwent surgery; 15 had failed
the first session, three had failed the second session,
and five had recurrence after the second session for a
surgery-sparing rate of 46.5% with significantly
(P=0.0058) higher surgery-sparing rate with OMA
therapy.

Endoscopic and CT scores of total patients, irrespective
of the outcome, both scores determined at the end of
follow-up were nonsignificantly (P=0.313 and 0.463,
respectively) lower in control patients while were
significantly (P=0.013 and 0.027, respectively) lower
in patients of the study group in comparison to their
respective pre-ttt scores. Moreover, at the end of follow-
up, both endoscopic and CT scores were significantly
(P=0.046 and 0.022, respectively) lower in patients of
the study versus control groups. For study group
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Figure 3
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responders, at the end of follow-up, mean endoscopic  responders were significantly lower than pre-ttt scores
scores were significantly lower compared with pre-ttt  (P=0.045), while in comparison to CT scores of
scores (P=0.015) and scores of nonrespondersatthetime ~ nonresponders the difference was nonsignificantly

of shift to FESS (P=0.035). CT scores of study group  (P=0.098) lower (Table 4).
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Table 4 Endoscopic and computed tomography scorings of patients of both groups

Score Patients Time Control Study P1
Endoscopic score Nonresponders Pre-ttt 8.1+3 8.1+2 0.906
Time of shift to surgery 7.8+2 7.5+1.8 0.539
P2=0.511 P2=0.291
Responders Pre-ttt 8.1+3 8+2.4 0.874
End of follow-up 7+1.5 6.3+1.7 0.325
P2=0.365 P2=0.015
P3=0.534 P3=0.035
Total Pre-ttt 8.2+2.7 8+2.2 0.827
Post-ttt 7.7+2 6.9+1.3 0.046
P2=0.313 P2=0.013
CT score Nonresponders Pre-ttt 14.5+5.3 13.2+6.1 0.653
Time of shift to surgery 13.9+4.2 12.2+3.1 0.729
P2=0.600 P2=0.485
Responders Pre-ttt 14+6 14154 0.871
End of follow-up 12.5+4.7 11.4+2.3 0.658
P2=0.286 P2=0.045
P3=0.498 P3=0.098
Total Pre-ttt 14.4+5.3 14+5.7 0.725
Post-ttt 13.7+4.3 11.8+2.7 0.022
P2=0.463 P2=0.027

Data are shown as mean+SD. ttt, treatment. P1: indicates significance of difference between scores of both groups. P2: indicates
significance of difference between pre-ttt and post-itt scores. P3: indicates significance of difference between pre-ttt and post-tit at 12-

month scores.

Discussion

Patients’ selection for inclusion relied on the estimation
of serum IgE, in support of such reliance, the estimated
serum IgE showed a positive significant correlation
with TSS, a score for patients’ complaints and
presenting symptoms. Similarly, Zhang es al [15]
detected a certain correlation between allergic
rhinitis and allergic factors with chronic sinusitis
with or without NP and recommended avoiding
allergen exposure and ttt of allergic rhinitis to
effectively control recurrence of CRS and NP. Also,
Bakhshaee ez al. [19] reported that allergic reactions
were found to be much higher in CRS patients with or
without polyposis than the general population and at
least one allergen was noted in 64% of the CRS
patients. Moreover, Xiu ez al. [20] detected higher
scores of facial pressure, nasal discharge, and loss of
smell in CRS patients with positive skin prick and
specific IgE.

Anti-IgE therapy, OMA did better than conventional
therapy for CRSwNP as manifested by multiple
outcomes; first, the significant improvement of
patients’ symptoms as evidenced by the significant
decrease of TSS in all patients who received OMA,
even the nonresponders, in comparison to their pre-ttt
score. Similarly, Bachert ez a/. [21] reported significant
improvement in all individual symptom scores and
sino-nasal outcome test patient-reported outcome
score with anti-IgE, mepolizumab, compared with

placebo. Recently, in 2018, Bidder es al. [22] using
the sino-nasal outcome test-22 score detected rapid
improvement on using OMA at 4 and 16 weeks of ttt in
both CRSWNP and asthma and this improvement was
similar to that reported in patients who received

surgery for CRSwNP.

Moreover, the responders who developed recurrence
after the first session of OMA therapy accepted to
receive another session and 68.8% of patients who had
a second session responded without recurrence, which
is an indirect proof for effectiveness of OMA therapy
despite the recurrence and indicated a need for a second
or prolonged course of OMA therapy to get the desired
effect. In support of this assumption, Ledford ez a/. [23]
found a continuation of OMA therapy after long-term
ttt results in continued benefit, as evidenced by
improved symptom control and reduced exacerbation
risk.

Second, endoscopic scoring also showed improvement
especially in responders, a finding indicating a role of
allergy in aggravation of the endoscopic findings and
use of anti-IgE allowed amelioration of these
aggravations of endoscopic findings. These findings
go hand in hand with Bachert ez a/ [21] who reported
significant improvements in NP severity score and
endoscopic NP score with mepolizumab compared
with placebo. Also, Rivero and Liang [24] through

meta-analysis of the literature documented that anti-
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IgE therapy, OMA, reduces NP score in patients with
recalcitrant NP especially those who had severe
comorbid asthma.

Third, the surgery-sparing effect is significantly higher
with OMA therapy than conventional therapy (46.5 vs.
18.6%) as surgery was postponed for 20 patients, who
responded to anti-IgE without recurrence, thus
allowing avoidance of surgery and saving of
resources. In line with these findings, Bachert ez al.
[21] reported that significantly greater proportion of
patients who received mepolizumab no longer required
surgery at week 25 (30 vs. 10%) compared with
placebo.In support of the efficacy of OMA as a sole
line of ttt for CRS, Chandra e# a/. [25] found that the
OMA therapy is associated with a decrease in overall
antibiotic use for CRS with significant reduction in
steroid dependence. Also, Clavenna ez al. [26] observed
better improvement of pulmonary function tests with
OMA in asthma patients with CRS than in asthma
patients without CRS. Recently, Cavaliere ez al. [27]
compared asthma patients who underwent nasal
surgical polypectomy and received postoperative
OMA or not and reported polyp recurrence more
patients who did not
postoperative OMA, while none of the patients

frequently in receive

received OMA developed this complication.

Furthermore, Tsetsos ez al. [28] through aliterature search
found that biologic therapy was proved to be effective in
reducing total nasal endoscopic polyp score versus placebo
with improvementin other outcomes such as opacification
in CT, quality of life measures, nasal airflow and olfaction,
and concluded that the use of biologic agents was safe,
effective, and well tolerated as a line of management for

CRS patients with or without NP.

In trial to explore the effectiveness and mechanism of
action De Schryver ef al. [29] evaluated the effect of
doxycycline, methylprednisolone, and OMA separately
on nasal and systemic expression of periostin, a
biomarker for eosinophilic inflammation, in patients
with CRSwNP and found methylprednisolone and
OMA significantly reduced serum periostin levels at
4 and 8 weeks of ttt, but the effect of
methylprednisolone was transient and concluded that
the reported influence on periostin expression reflects
the interference with the local or systemic eosinophilic
inflammatory cascade.

Conclusion
CRSwNP is a deleterious disease state that badly
impacted patients’ well-being and quality of life.

Allergy aggravates the manifestations of CRSwNP
and worsens its diagnostic scorings. Anti-IgE
therapy significantly improves the outcome of
conservative ttt of CRSwNP with superior outcome
than conventional therapy and higher surgery-sparing
rate. The use of a second session of anti-IgE therapy
minimized the recurrence rate of manifestations.
studies are required to
compare the effect of interrupted courses versus
prolonged course of anti-IgE therapy on the
outcome of CRSwNP.

However, wider scale

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1 Geibler K, Guntinas-Lichius O. Allergic rhinitis in the context of chronic
rhinosinusitis. Laryngorhinootologie 2015; 94:250-269.

2 Bachert C, Zhang L, Gevaert P. Current and future treatment options for
adult chronic rhinosinusitis: focus on nasal polyposis. J Allergy Clin
Immunol 2015; 136:1431-1440.

3 Ostovar A, Fokkens WJ, Vahdat K, Raeisi A, Mallahzadeh A, Farrokhi S.
Epidemiology of chronic rhinosinusitis in Bushehr, southwestern region of
Iran: a GA2LEN study. Rhinology 2019; 57:43-48.

4 Hopkins C, Surda P, Bast F, Hettige R, Walker A, Hellings PW. Prevention
of chronic rhinosinusitis. Rhinology 2018; 56:307—-315.

5 Gurrola J 2nd, Borish L. Chronic rhinosinusitis: endotypes, biomarkers, and
treatment response. J Allergy Clin Immunol 2017; 140:1499-1508.

6 Takeda K, Sakakibara S, Yamashita K, Motooka D, Nakamura S, El
Hussien MA, et al. Allergic conversion of protective mucosal immunity
against nasal bacteria in chronic rhinosinusitis with nasal polyposis. J
Allergy Clin Immunol 2019; 143:1163-1175.

7 Bachert C, Gevae E. Advances in rhinitis and rhinosinusitis in 2015. J
Allergy Clin Immunol 2016; 138:1277-1283.

8 Nakamura T, Fukaya T, Uto T, Takagi H, Arimura K, Tono T, Sato K.
Selective depletion of basophils ameliorates immunoglobulin E-mediated
anaphylaxis. Biochem Biophys Rep 2016; 9:29-35.

9 MacGlashan D Jr. FceRlI density and spontaneous secretion from human
basophils. PLoS One 2017; 12:e0179734.

10 Jensen RK, Plum M, Tjerrild L, Jakob T, Spillner E, Andersen GR. Structure
of the omalizumab fab. Acta Crystallogr F Struct Biol Commun 2015; 71
(Part 4):419-426.

11 Davies AM, Allan EG, Keeble AH, Delgado J, Cossins BP, Mitropoulou AN,
et al. Allosteric mechanism of action of the therapeutic anti-IgE antibody
omalizumab. J Biol Chem 2017; 292:9975-9987.

12 Incorvaia C, Mauro M, Russello M, Formigoni C, Riario-Sforza GG, Ridolo
E. Omalizumab, an anti-immunoglobulin E antibody: state of the art. Drug
Des Devel Ther 2014; 8:197-207.

13 [No authors]. Report of the Rhinosinusitis Task Force Committee Meeting.
Alexandria, Virginia, August 17, 1996. Otolaryngol Head Neck Surg 1997;
117 (3 Part 2):51-S68.

14 Baudoin T, Kalogjera L, Geber G, Grgi¢ M, Cupi¢ H, Tiljak MK. Correlation
of histopathology and symptoms in allergic and non-allergic patients with
chronic rhinosinusitis. Eur Arch Otorhinolaryngol 2008; 265:657-661.

15 ZhangT, ChenJ, Zhu C, Li G, Xie C, Wang Y, He Z. The clinical relationship
between allergic rhinitis and allergic factors and chronic rhinosinusitis with
or without nasal polyps. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi
2014; 28:1278-1281.

16 Lund VJ, Kennedy DW. Quantification for staging sinusitis.International
conference on sinus disease: terminology, staging, therapy. Ann Otol
Rhinol Laryngol Suppl 1995; 104 (suppl):17-21.

17 Lund VJ, Mackay IS. Staging in rhinosinusitis. Rhinology 1993;
31:183-184.



18

19

20

21

22

23

Anti-IgE Therapy for Management of CRS w NP Wahba and Abdelfattah 277

Rix I, Hakansson K, Larsen CG, Frendg M, von Buchwald C. Management
of chronic rhinosinusitis with nasal polyps and coexisting asthma: a
systematic review. Am J Rhinol Allergy 2015; 29:193-201.

Bakhshaee M, Jabari F, Ghassemi MM, Hourzad S, Deutscher R, Nahid K.
The prevalence of allergic rhinitis in patients with chronic rhinosinusitis. Iran
J Otorhinolaryngol 2014; 26:245-249.

Xiu Q, Meng C, Li L, Zhu D, Dong Z. Allergic factors affect on severity of
chronic rhinosinusitis and postoperative outcomes. Lin Chung Er Bi Yan
Hou Tou Jing Wai Ke Za Zhi 2015; 29:34-38.

Bachert C, Sousa AR, Lund VJ, Scadding GK, Gevaert P, Nasser S, et
al. Reduced need for surgery in severe nasal polyposis with
mepolizumab: randomized ftrial. J Allergy Clin Immunol 2017;
140:1024-1031.

Bidder T, Sahota J, Rennie C, Lund VJ, Robinson DS, Kariyawasam HH.
Omalizumab treats chronic rhinosinusitis with nasal polyps and asthma
together-a real life study. Rhinology 2018; 56:42—45.

Ledford D, Busse W, Trzaskoma B, Omachi TA, Rosén K, Chipps BE, et al.
A randomized multicenter study evaluating Xolair persistence of response
after long-term therapy. J Allergy Clin Immunol 2017; 140:162—169.

24

25

26

27

28

29

Rivero A, Liang J. Anti-IgE and anti-IL5 biologic therapy in the treatment of
nasal polyposis: a systematic review and meta-analysis. Ann Otol Rhinol
Laryngol 2017; 126:739-747.

Chandra RK, Clavenna M, Samuelson M, Tanner SB, Turner JH. Impact of
omalizumab therapy on medication requirements for chronic rhinosinusitis.
Int Forum Allergy Rhinol 2016; 6:472-477.

Clavenna MJ, Turner JH, Samuelson M, Tanner SB, Duncavage J,
Chandra RK. Differential effect of omalizumab on pulmonary function in
patients with allergic asthma with and without chronic rhinosinusitis. Allergy
Asthma Proc 2016; 37:23-26.

Cavaliere C, Begvarfaj E, Frati F, Masieri S. Omalizumab a new prospective: a
nasal polyposis. J Biol Regul Homeost Agents 2018; 32:167-169.

Tsetsos N, Goudakos JK, Daskalakis D, Konstantinidis |, Markou K.
Monoclonal antibodies for the treatment of chronic rhinosinusitis with
nasal polyposis: a systematic review. Rhinology 2018; 56:11-21.

De Schryver E, Derycke L, Calus L, Holtappels G, Hellings PW, Van Zele T,
et al. The effect of systemic treatments on periostin expression reflects their
interference with the eosinophilic inflammation in chronic rhinosinusitis with
nasal polyps. Rhinology 2017; 55:152—-160.



