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ABSTRACT
Objectives To assess the efficacy and safety of 
omalizumab for chronic rhinosinusitis with nasal polyps 
(CRSwNP) and to identify evidence gaps that will guide 
future research on omalizumab for CRSwNP.
Design Systematic review and meta- analysis.
Data sources A comprehensive search was performed 
in PubMed, Embase, Web of Science and the Cochrane 
Library on 13 October 2020.
Eligibility criteria Randomised controlled trials (RCTs) 
comparing omalizumab with placebo, given for at least 16 
weeks in adult patients with CRSwNP.
Data extraction and synthesis Two independent 
authors screened search results, extracted data and 
assessed studies using the Cochrane risk of bias tool. 
Data were pooled using the inverse- variance method 
and expressed as mean differences (MDs) with 95% 
CIs. Heterogeneity was assessed by the χ2 test and 
the I2 statistic.
Results A total of four RCTs involving 303 
participants were identified. When comparing 
omalizumab to placebo, there was a significant 
difference in Nasal Polyps Score (MD=−1.20; 95% CI 
−1.48 to −0.92), Nasal Congestion Score (MD=−0.67; 
95% CI −0.86 to −0.48), Sino- Nasal Outcome Test- 22 
(MD=−15.62; 95% CI −19.79 to −11.45), Total Nasal 
Symptom Score (MD=−1.84; 95% CI −2.43 to −1.25) 
and reduced need for surgery (risk ratio (RR)=5.61; 
95% CI 1.99 to 15.81). Furthermore, there was no 
difference in the risk of serious adverse events 
((RR=1.40; 95% CI 0.29 to 6.80), adverse events 
(RR=0.83; 95% CI 0.60 to 1.15) and rescue systemic 
corticosteroid (RR=0.52; 95% CI 0.17 to 1.61).
Conclusions This was the first meta- analysis that 
identified omalizumab significantly improved endoscopic, 
clinical and patient- reported outcomes in adults with 
moderate to severe CRSwNP and it was safe and well 
tolerated.
PROSPERO registration number CRD42020207639.

INTRODUCTION
Chronic rhinosinusitis (CRS) is common 
and affects up to 5%–12% of the general 
population.1 It is defined as inflamma-
tion of the nose and the paranasal sinuses 

characterised by nasal congestion, nasal 
discharge, facial pressure and loss of 
smell. CRS with nasal polyps (CRSwNP) is 
a severe form of CRS and accounts for 18% 
of patients with CRS.2 CRSwNP is associ-
ated with adult- onset asthma, decreased 
health- related quality of life (HRQoL)3 4 
and substantial economic burden.5 Many 
patients with CRSwNP often fail to achieve 
sufficient benefit from intranasal cortico-
steroids (INCS) or systemic corticosteroids 
(SCS) and/or functional endoscopic sinus 
surgery (FESS).6 Although FESS may be 
successful initially, relapse occurs in 20% of 
patients after 12 months,7 in 40% after 18 
months8 and in 80% after 12 years despite 
ongoing INCS therapy.9 Therefore, novel 
treatments such as biologics are needed 
for CRSwNP.

Omalizumab (anti- IgE antibody) is one 
of the biologics and may help patients 
with severe CRSwNP. It was reported that 
omalizumab made their symptom better 
and shrank their polyps in small- size 
randomised controlled trials (RCTs).10 11 
But some of its effectiveness and safety are 
not well known. Thus, some systematic 
reviews were conducted to assess the effec-
tiveness and safety of it. But they found 
very little information or insufficient 
evidence about the use of omalizumab 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This systematic review and meta- analysis was 
based on a comprehensive search and included 
randomised controlled trials (RCTs).

 ⇒ Studies were low risk of bias, which was assessed 
by the Cochrane risk of bias tool.

 ⇒ Because the longest follow- up of four RCTs was only 
up to 26 weeks, there were too short to comprehen-
sively and adequately assess the risks of side effect.
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and cannot determine whether it was effective or 
not.12 13 Currently, some well- designed RCTs about 
omalizumab for CRSwNP were published,14 which may 
provide us with some evidence. Therefore, this system-
atic review was conducted to evaluate the efficacy and 
safety of omalizumab vs placebo in adult patients with 
CRSwNP, and identify evidence gaps that will guide 
future research on omalizumab for CRSwNP.

METHODS
We performed a systematic review based on a priori 
protocol that was registered with PROSPERO (No. 
CRD42020207639).15 This review was reported 
according to the Preferred Reporting Items for System-
atic Reviews and Meta- Analyses (PRISMA) statement16 
(online supplemental additional file 1).

Eligibility criteria
(1) Population: adult patients (>18) with CRSwNP; 
(2) Intervention and comparison: studies comparing 
omalizumab with placebo, given for at least 16 weeks; 
(3) Primary outcomes: Nasal Polyps Score (NPS), Nasal 
Congestion Score (NCS) and Sino- Nasal Outcome 
Test- 22 score (SNOT- 22); Secondary outcomes: Total 
Nasal Symptom Score (TNSS), serious adverse events 
(SAEs), AEs, rescue SCS (RSCS) and reduced need 
for surgery (RNS); (4) Study design: RCTs and (5) 
Studies written and published in the English language 
were included.

Search strategy and selection process
A comprehensive search was performed in PubMed, 
Embase, Web of Science and the Cochrane Library 

on 13 October 2020. We used the following combined 
text and MeSH terms: ‘nasal polyps’, ‘sinusitis’ and 
‘omalizumab’. Search strategies for major databases 
are provided in online supplemental appendix 1.

Titles and abstracts of the retrieved articles were 
then screened for their potential relevance by two 
reviewers (QW and LY). The full- text articles were 
obtained and assessed by the same reviewers to deter-
mine whether they met the inclusion criteria for this 
review. We resolved any differences by a discussion 
with a third author (QY).

Data extraction
Two reviewers (HQ and XW) read full- text articles and 
extracted data using a predefined extraction form. 
Data were extracted on the following: first author, year 
of publication, patient characteristics, study methods 
and outcome data.

Assessment of risk of bias
In this review, the original version of the Cochrane 
‘Risk of bias’ tool was used to assess the risk of bias 
in included studies. The risk of bias was assessed as 
‘low’, ‘high’ or ‘unclear’ for each of the following 
six domains: sequence generation; allocation 
concealment; blinding of participants, personnel 
and outcome assessment; incomplete outcome 
data; selective reporting; other sources of bias (if 
required).

Statistical analysis
Study characteristics were shown in tables and 
described narratively. For dichotomous data, we 
planned to analyse treatment differences as a risk ratio 
(RR) calculated using the Mantel- Haenszel methods. 
For continuous outcomes, a generic inverse- variance 
method with fixed- effects models was used to calculate 
pooled mean differences (MD) and 95% CI. Statistical 
heterogeneity was assessed by the χ2 test (with a signif-
icance level set at p<0.10) and the I2 statistic (I2 ≥50% 
indicates substantial heterogeneity). There are two 
large pharma- sponsored RCTs with most of the infor-
mation and two smaller RCTs with effect sizes much 
larger and much smaller than the two main studies. 
A random- effects meta- analysis may exacerbate the 
effects of the bias and a fixed- effect analysis will be 
affected less, although strictly fixed- effect analysis 
will also be inappropriate.17 Therefore, we choose a 
fixed- effect analysis in this study. Sensitivity analysis 
were performed, which included the removal of each 
single study from the meta- analysis one at a time and 
recalculation of the summary effect. The possibility of 
publication bias was assessed by constructing a funnel 
plot if sufficient studies (>10) were available for an 
outcome. All meta- analyses were conducted by the 
Review Manager (V.5.3).

Figure 1 PRISMA flow diagram of the literature search. 
PRISMA, Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses; RCTs, randomised controlled trials.
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RESULTS
Study selection
We identified 1966 studies, of which three (with data 
for 302 participants) were included in our analysis 
(figure 1). The three studies (Pinto 2010,10 Gevaert 
201311 and Gevaert 202014 were published between 
2010 and 2020, of which Gevaert 2020 reported two 
RCTs (POLYP1 2020 and POLYP2 2020).

Study characteristics
A summary of key participant characteristics, interven-
tions and comparison pairs was shown in table 1. Except 
for two participants in Pinto 2010, all the participants 
were adults with CRSwNP. All the studies were double- 
blind RCTs and used a placebo. Study duration ranged 
from 20 weeks to 26 weeks.

Risk of bias and quality of the clinical trials
There were four RCTs included in this review. Overall the 
risk of bias was low, except the random sequence gener-
ation of Pinto 2010 was unclear. Our judgements about 
each risk of bias item presented as percentages across all 
included studies were shown in figure 2. Our judgements 
about each risk of bias item for each included study were 
shown in figure 3.

Primary outcomes
Total NPS ranges from 0 to 8 (sum of 0–4 for left and 
right nasal passage scores per participant), with a lower 
score indicating smaller- sized nasal polyps and the highest 
score indicating large polyps causing complete obstruc-
tion of the inferior nasal cavity.

The MD in the change of NPS was −1.20 (95% CI −1.48 
to −0.92; 4 RCTs; 302 participants; I2=90%; figure 4A. We 
noted the high I2 value and Pinto 2020 had no signifi-
cant reduction in NPS. However, the removal of Pinto 
2020 did not change the overall effect size in sensitivity 
analyses. Therefore, we considered the certainty of the 
evidence to be high despite the large I2 value.

NCS was assessed daily by the participant via an elec-
tronic diary as the response to the following question: 
Is your nose blocked? The four available response 
options were scored from 0 (no symptoms) to 3 (severe 
symptoms).

The pooled MD of NCS is −0.67 favouring the groups 
receiving omalizumab (95% CI −0.86 to −0.48; 3 RCTs; 288 
participants; I2=82%; figure 4B). Although the heteroge-
neity was high in this analysis, all three RCTs showed a 
significant reduction in NCS with omalizumab.

The MD in the change of SNOT- 22 score was 15.62 
points lower in participants who received omalizumab 
(MD=−15.62; 95% CI −19.79 to −11.45; 265 participants; 
I2=0%; figure 4C). There was an improvement of at least 
the minimal clinically important difference (MCID; 
≥8.9 points).18 Because the different measuring tools 
(Pinto 2010, SNOT- 20; Gevaert 2013, Short- Form Health 

Figure 2 ‘Risk of bias’ graph: review authors’ judgements 
about each risk of bias item presented as percentages across 
all included studies.

Figure 3 ‘Risk of bias’ summary: review authors’ 
judgements about each risk of bias item for each included 
study.
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Questionnaire- 36) and unavailable data, these two RCTs 
were excluded in this pooled analysis.

Secondary outcomes
TNSS was defined as the sum of the scores for NCS, ante-
rior rhinorrhoea score, posterior rhinorrhoea score and 
sense of smell score, ranging from 0 (no symptoms) to 12 
(most severe symptoms).

The MD in the change of TNSS was 1.84 points lower in 
omalizumab group (MD=−1.84; 95% CI −2.43 to −1.25; 3 
RCTs; 279 participants; I2=0%; figure 4D).

No SAEs were reported in Gevaert 2013 and Pinto 2010. 
However, POLYP1 2020 reported one case in the placebo 
group with myocardial infarction and POLYP2 2020 
reported one case of pneumonia in the placebo group and 
three cases in the omalizumab group (one snake bite, one 
hand fracture and one asthma exacerbation). The pooled 
result indicated that there was no difference in the risk of 
SAEs (RR=1.40; 95% CI 0.29 to 6.80; 4 RCTs; 302 partici-
pants; I2=28%; figure 5A).

There was no difference in the risk of AEs (RR=0.83; 95% 
CI 0.60 to 1.15; 4 RCTs; 302 participants; I2=0%; figure 5B). 
It was uncertain where or not there was a difference in the 
risk of RSCS (RR=0.52; 95% CI 0.17 to 1.61; 3 RCTs; 279 
participants; I2=0%; figure 5C).

RNS through week 24 was defined as achievement of 
NPS of 4 or lower (≤2 for each nostril). POLYP1 2020 
and POLYP2 2020 reported the number of RNS. The 

proportion was higher in the group that received omali-
zumab (RR=5.61; 95% CI 1.99 to 15.81; 2 RCTs; 265 partic-
ipants; I2=0%; figure 5D).

DISCUSSION
Principal findings
This systematic review and meta- analysis identified 4 RCTs 
with 302 participants evaluating the efficacy and safety of 
omalizumab in CRSwNP. It showed that omalizumab signifi-
cantly improved the size of nasal polyps (measured by NPS), 
symptoms (measured by NCS and TNSS) and (HRQoL; 
measured by SNOT- 22) and reduce the need for surgery 
(measured by RNS). What is more, there was no difference 
in the risk of SAEs, AEs and RSCS.

Comparison with other studies
Hong included two studies (Gavaert 2013 and Pinto 2010) 
and made a narrative systematic review.12 They concluded 
that there was insufficient evidence to determine the 
effectiveness of omalizumab for CRS. In Chong’s system-
atic review and meta- analysis, there were three small 
studies with 65 participants (Gavaert 2013, Pinto 2010 and 
NCT01066104) evaluated omalizumab.13 Their results also 
showed that there were very uncertain about the effect of 
omalizumab on disease- specific HRQoL, SAEs, the extent 
of disease (CT scan scores), generic HRQoL and adverse 
effects. NCT0106610419 included in Chong’s review was 

Figure 4 Meta- analyses of omalizumab versus placebo, comparing efficacy and safety. Outcomes assessed are: (A) Nasal 
Polyps Score (NPS), (B) Nasal Congestion Score (NCS), (C) Sino- Nasal Outcome Test- 22 (SNOT- 22), and (D) Total Nasal 
Symptom Score (TNSS).
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unpublished data, so it was excluded in our study according 
to our inclusion criteria.

Implication for future research and clinical practice
Patients with CRSwNP and comorbid asthma often have 
a high symptom burden, substantial impact on HRQoL, 
a higher risk of RSCS and revision surgery.1 Moreover, 
patients with asthma are more likely to develop CRSwNP 
than are those without asthma, and they are more likely to 
receive more oral corticosteroid courses.20 Therefore, the 
risk of RSCS may be due to asthma comorbidity.

There were four RCTs included in this systematic review, 
which recruited patients with moderate to severe CRSwNP. 
The patients in omalizumab group reduced disease severity 
and need for surgery, and experienced significant improve-
ments in HRQoL (measured by SNOT- 22). Placebo- 
corrected improvements of SNOT- 22 was 15.6 points, which 
exceeded the commonly accepted MCID of 8.9 points.18 21 
Furthermore, there was no increased risk of SAEs and AEs 
in patients treated with omalizumab. Thus, it was certain 
that omalizumab significantly improved endoscopic, clin-
ical, and patient- reported outcomes in moderate to severe 
CRSwNP and it was well tolerated.

However, it is still unknown that omalizumab is effective 
in patients with less severe CRSwNP (such as NPS=1 for each 
nostril or unilateral nostril) and more affordable compared 
with conventional treatment with topical and SCS and 
surgery. Therefore, studies are required to evaluate their 
effectiveness in patients with less severe diseases and their 
cost in the treatment. In addition, long- term observational 
studies are also required to determine if omalizumab lose 
its effectiveness over time, or whether there are any late AEs.

Limitations of the study
Despite the strict methodology of this systematic review 
and meta- analysis using PRISMA guidelines, certain limita-
tions should be considered. First, four RCTs were recruited 
from the same group with moderate to severe CRSwNP. 
Therefore, there is no evidence on whether or not patients 
with less severe CRSwNP (NPS=1 for each nostril or unilat-
eral nostril) would benefit. Second, four RCTs were all in 
adults and no available data for children. Third, because 
the longest follow- up of four RCTs was only up to 26 weeks, 
there were too short to comprehensively and adequately 
assess the risks of side effect, RSCS and RNS. Finally, there 
were only four RCTs (<10), so a possibility of publication 

Figure 5 Meta- analyses of omalizumab versus placebo, comparing efficacy and safety. Outcomes assessed are: (A) serious 
adverse events (SAEs), (B) adverse events (AEs), (C) rescue systemic corticosteroid (RSCS) and (D) reduced need for surgery 
(RNS). M- H, Mantel- Haenszel.
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bias was not assessed by constructing a funnel plot in this 
systematic review.17

CONCLUSIONS
To the best of our knowledge, this was the first meta- analysis 
that identified omalizumab significantly improved endo-
scopic, clinical and patient- reported outcomes in moderate 
to severe CRSwNP and it was safe and well tolerated. Studies 
are required to evaluate their effectiveness in patients with 
less severe diseases and their cost in the treatment.
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