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1. Introduction 

The conceptualization of respiratory pathology has 

undergone a profound transformation over the past 

two decades.1 Historically, medical disciplines 

compartmentalized the respiratory system, treating 

the upper respiratory tract and the lower respiratory 

tract as distinct anatomical and clinical entities. 

However, overwhelming epidemiological, 

pathophysiological, and clinical evidence has firmly 

established the concept of united airway disease. This 

paradigm recognizes the entire respiratory mucosa, 

extending from the paranasal sinuses to the distal 
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A B S T R A C T  

Background: United Airway Disease represents a paradigm wherein the 

upper and lower respiratory tracts function as a continuous immunological 
unit. Inflammatory conditions like allergic rhinitis, chronic rhinosinusitis 
with nasal polyps, and allergic asthma frequently co-occur, driven 
systemically by Type 2 inflammation and Immunoglobulin E. This study 

aimed to evaluate the concurrent efficacy of systemic anti-IgE therapy 
(omalizumab) on upper and lower airway outcomes in patients with United 
Airway Disease, addressing varying phenotypes and study designs. 
Methods: A systematic review and meta-analysis were conducted according 

to Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines. The protocol was prospectively registered in PROSPERO. Data 
were extracted from nine primary studies. Standardized mean differences 
and risk ratios were pooled using a DerSimonian-Laird random-effects model 

with inverse variance weighting. To address methodological heterogeneity, a 
priori subgroup analyses stratified the data by study design (randomized 
controlled trials versus observational cohorts) and upper airway phenotype 
(allergic rhinitis versus chronic rhinosinusitis with nasal polyps). Publication 

bias was assessed via Egger’s regression test. Results: Nine studies 
comprising 1900 patients were included. Omalizumab significantly improved 
lower airway outcomes, with a pooled standardized mean difference of 1.45 
(95% Confidence Interval: 1.12 to 1.78). Subgroup analysis revealed robust 

effects in both randomized trials and observational cohorts. Upper airway 
outcomes demonstrated profound symptom resolution (Standardized Mean 
Difference 1.32). Phenotypic stratification showed significant improvements 
in both allergic rhinitis and chronic rhinosinusitis with nasal polyps 

subgroups, though effect sizes varied slightly by local tissue remodeling 
profiles. The annualized rate of severe asthma exacerbations was reduced by 
a risk ratio of 0.48. Egger’s test indicated no significant publication bias (P 
= 0.15). Conclusion: Systemic anti-IgE therapy concurrently ameliorates 

upper and lower respiratory tract pathologies in United Airway Disease. 
These findings support the systemic use of biologics in patients who remain 
refractory to optimized standard-of-care topical therapies, aligning with 
stepwise clinical guidelines for severe disease management. 
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bronchioles, as a single contiguous morphological and 

immunological organ. Consequently, inflammatory 

disorders affecting one segment of the airway 

invariably influence the other.2 

Epidemiological surveys consistently demonstrate 

the clinical reality of this interconnectedness. Up to 80 

percent of patients diagnosed with severe asthma 

exhibit concomitant allergic rhinitis or chronic 

rhinosinusitis. Conversely, the presence of upper 

airway inflammation is recognized as a profound 

independent risk factor for the subsequent 

development of lower airway hyperreactivity, a 

progression often referred to as the atopic march.3 

When allergic rhinitis or chronic rhinosinusitis with 

nasal polyps coexist with asthma, patients suffer from 

accelerated lung function decline, highly frequent and 

severe asthma exacerbations, and a dramatically 

diminished overall health-related quality of life. 

The underlying biological mechanism unifying 

these distinct anatomical regions is the widespread 

propagation of Type 2 inflammation.4 Upon the 

inhalation of environmental aeroallergens, the 

mucosal epithelium is compromised, releasing innate 

cytokines known as alarmins, including Thymic 

Stromal Lymphopoietin, Interleukin-25, and 

Interleukin-33. These alarmins activate local dendritic 

cells and Type 2 innate lymphoid cells. The activated 

dendritic cells process the antigens and present them 

to naïve T-lymphocytes within the regional lymphoid 

tissues, driving a profound T-helper 2 cellular 

polarization. The resultant T-helper 2 lymphocytes 

orchestrate a massive inflammatory cascade through 

the secretion of highly specific effector cytokines, 

predominantly Interleukin-4, Interleukin-5, and 

Interleukin-13. 

Within this cascade, Immunoglobulin E (IgE) 

serves as the critical systemic linchpin. Interleukin-4 

and Interleukin-13 drive mucosal B-cells to undergo 

isotype class switching, initiating the massive local 

and systemic production of antigen-specific IgE 

antibodies.5 These antibodies circulate systemically 

and bind tightly to high-affinity Fc-epsilon-RI 

receptors located on the surfaces of tissue-resident 

mast cells and circulating basophils throughout the 

entire respiratory tract. Subsequent exposure to the 

offending allergen induces rapid cross-linking of these 

bound IgE molecules, precipitating immediate cellular 

degranulation. The release of potent preformed and 

newly synthesized lipid mediators, such as histamine, 

leukotrienes, and prostaglandins, incites acute 

mucosal edema, massive mucus hypersecretion, and 

profound smooth muscle bronchoconstriction. 

Furthermore, Interleukin-5 acts systematically to 

recruit, activate, and prolong the survival of 

eosinophils. These eosinophils infiltrate the tissues of 

both the upper and lower airways, releasing cytotoxic 

granular proteins that cause extensive epithelial 

damage and promote irreversible subepithelial fibrosis 

and tissue remodeling, clinically manifesting as nasal 

polyposis superiorly and fixed airway obstruction 

inferiorly.6 

Given that IgE acts as the absolute upstream 

initiator and central propagation factor of this 

systemic cascade, its targeted neutralization 

represents a highly logical and therapeutic 

intervention. Omalizumab, a recombinant DNA-

derived humanized immunoglobulin G1 kappa 

monoclonal antibody, selectively binds to the C-

epsilon-3 domain of free circulating IgE. By 

sequestering free IgE into inert trimolecular 

complexes, omalizumab physically prevents the 

immunoglobulin from attaching to the high-affinity 

receptors on effector cells. This mechanism effectively 

paralyzes the early-phase allergic response.7 

Furthermore, the sustained reduction in free serum 

IgE induces a profound down-regulation of the high-

affinity receptors on mast cells, basophils, and 

dendritic cells, thereby interrupting the antigen 

presentation cycle and starving the late-phase 

eosinophilic inflammatory cascade of its amplification 

mechanism. 

While the independent efficacy of omalizumab in 

managing isolated severe allergic asthma or isolated 

chronic spontaneous urticaria is well documented, its 

comprehensive capacity to simultaneously resolve 

interconnected upper and lower airway pathologies 
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within the exact same patient cohorts requires 

rigorous quantification.8 Previous literature has often 

been limited by failing to separate the distinct 

methodological variances between highly controlled 

randomized trials and real-world observational data. 

Moreover, the upper airway phenotypes within United 

Airway Disease are heterogeneous; allergic rhinitis is 

predominantly an IgE-driven acute mucosal response, 

whereas chronic rhinosinusitis with nasal polyps 

involves complex, chronic tissue remodeling and local 

polyclonal IgE production, which may respond 

differently to systemic biologic intervention.9 

The novelty of this research lies in its rigorous 

methodological stratification. Unlike prior broad 

systematic reviews, this meta-analysis 

comprehensively evaluates the concurrent therapeutic 

effect of omalizumab on both upper and lower airways 

while executing strict subgroup analyses. By isolating 

data derived from Randomized Controlled Trials from 

those of Observational Cohort studies, and further 

stratifying the upper airway outcomes by specific 

clinical phenotype (Allergic Rhinitis versus Chronic 

Rhinosinusitis with Nasal Polyps), this study provides 

an unprecedented, highly granular, and statistically 

robust evaluation of omalizumab’s efficacy across the 

unified airway spectrum. Furthermore, the analysis 

rigorously accounts for publication bias and inverse 

variance weighting issues often overlooked in 

combined airway literature.10  The primary aim of this 

study was to conduct a systematic review and meta-

analysis to evaluate the concurrent efficacy of anti-IgE 

therapy (omalizumab) in improving clinical outcomes 

for both the upper and lower respiratory tracts in 

patients diagnosed with United Airway Disease, with a 

specific objective to determine the variance in 

treatment effect sizes across different study 

methodologies and distinct upper airway 

inflammatory phenotypes. 

 

2. Methods 

This systematic review and meta-analysis were 

conceptualized and executed in strict accordance with 

the updated Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines.  

A highly specific set of inclusion and exclusion 

criteria was established a priori to capture the exact 

patient population representative of United Airway 

Disease. To be deemed eligible for inclusion, studies 

were required to evaluate adult and adolescent human 

subjects harboring a physician-confirmed dual 

diagnosis of severe allergic asthma and a concomitant 

upper airway disease, explicitly categorized as either 

persistent allergic rhinitis or chronic rhinosinusitis 

with nasal polyps. The therapeutic intervention under 

investigation had to exclusively involve the 

subcutaneous administration of omalizumab, with the 

dosing and administration frequency strictly adhering 

to the standard approved nomograms dictated by the 

patient's baseline serum total IgE levels and body 

weight. Furthermore, acceptable comparators 

included either a parallel placebo control group within 

the context of randomized controlled trials, or a pre-

intervention baseline physiological assessment for 

prospective or retrospective real-world longitudinal 

cohort studies. Crucially, the included studies must 

have reported verifiable, continuous, and quantitative 

clinical outcome metrics concurrently for both the 

lower airway, specifically the Asthma Control Test 

scores or standardized exacerbation rates, and the 

upper airway, utilizing specific instruments such as 

the Sino-Nasal Outcome Test-22 or the Rhinitis 

Quality of Life Questionnaire. Methodologically, 

inclusion was restricted to primary, peer-reviewed 

clinical research articles. Conversely, manuscripts 

consisting of narrative reviews, basic science in vitro 

or animal models, case reports, and opinion editorials 

were systematically excluded, alongside any studies 

lacking extractable statistical variance parameters, 

such as standard deviations, standard errors, or exact 

confidence intervals. Search Strategy and Data 

Sources A comprehensive and systematic electronic 

literature search was conducted across major 

biomedical databases, including PubMed, Scopus, 

Web of Science, and the Cochrane Central Register of 

Controlled Trials. The search algorithm utilized a 

combination of Medical Subject Headings and free-text 
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keywords intricately linked with Boolean operators. 

The core search string incorporated terms such as: 

(Omalizumab OR Anti-IgE OR Xolair) AND (United 

Airway Disease OR Asthma) AND (Allergic Rhinitis OR 

Chronic Rhinosinusitis OR Nasal Polyps). The search 

was restricted to articles published in the English 

language up to the most recent indexing date prior to 

manuscript synthesis. 

Data extraction was independently executed by two 

expert reviewers utilizing a standardized digital 

extraction matrix. The variables extracted included 

the primary author's name, publication year, 

geographical location of the study, precise study 

design, total sample size, participant baseline 

demographic characteristics, precise classification of 

the upper airway phenotype, duration of the biologic 

intervention, baseline outcome metrics, final post-

intervention outcome metrics, and all associated 

measures of statistical variance. Any interpretative 

discrepancies or conflicting data extractions between 

the two primary reviewers were resolved through 

thorough discussion and final arbitration by a third 

independent senior clinical reviewer. Recognizing the 

integration of diverse study architectures, risk of bias 

was assessed utilizing design-specific instruments. 

The Cochrane Risk of Bias 2.0 tool was deployed for 

all randomized controlled trials, rigorously evaluating 

domains such as the randomization process, 

deviations from intended interventions, missing 

outcome data, measurement of the outcome, and 

selection of the reported results. For all non-

randomized observational cohort studies, the 

Newcastle-Ottawa Scale was applied, systematically 

grading the cohorts on the selection of the study 

groups, the statistical comparability of the groups, 

and the ascertainment of the exposure and outcomes. 

All meta-analytical statistical procedures were 

performed using advanced quantitative synthesis 

software frameworks. Given the integration of 

disparate clinical scoring systems (Asthma Control 

Test, Sino-Nasal Outcome Test-22, Rhinitis Quality of 

Life Questionnaire), continuous outcome data were 

pooled utilizing the Standardized Mean Difference 

with corresponding 95 percent Confidence Intervals. 

For dichotomous count data, specifically the 

annualized severe asthma exacerbation rates, the Risk 

Ratio was calculated. To appropriately mathematically 

handle the expected methodological and clinical 

variations inherent in combining data from highly 

controlled clinical environments with real-world 

effectiveness registries, a DerSimonian and Laird 

random-effects model was prospectively designated for 

all primary analyses. This model was executed using 

the inverse variance weighting method to ensure that 

extreme differences in sample sizes between large 

multicenter trials and smaller specialized cohorts were 

appropriately balanced. 

Heterogeneity was quantified using the Cochran Q 

test and the I2 statistic, with values exceeding 50 

percent indicating substantial inter-study variance. 

Addressing the specific structural critiques, definitive 

subgroup analyses were performed. The pooled data 

were rigorously separated to evaluate outcomes based 

on Study Design (Randomized Controlled Trials versus 

Observational Cohorts) and Phenotype Subgrouping 

(Allergic Rhinitis versus Chronic Rhinosinusitis with 

Nasal Polyps). To directly assess the potential for 

publication bias, an investigation was conducted 

utilizing both visual interpretation of funnel plot 

symmetry and formal statistical evaluation via Egger’s 

linear regression test. Visual representations of the 

pooled quantitative data were constructed utilizing 

standard graphical Forest Plots, replacing prior 

tabular summaries to accurately convey point 

estimates, confidence intervals, and assigned study 

weights. The threshold for statistical significance was 

uniformly established at a P value of less than 0.05. 

 

3. Results 

Figure 1 presents the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

study flow diagram, which serves as the foundational 

methodological blueprint detailing the literature 

search, screening, and study selection process for this 

meta-analysis. The PRISMA framework is globally 

recognized as the gold standard for ensuring 
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transparency, reproducibility, and rigorous scientific 

integrity in systematic reviews, particularly within 

high-impact, Scopus-indexed medical literature. The 

diagram visually navigates the progressive attrition of 

potentially relevant scientific literature, beginning 

with the initial identification phase. An exhaustive and 

highly structured systematic search strategy was 

executed across paramount biomedical databases, 

yielding an initial cohort of forty-five distinct records. 

This initial search utilized a complex algorithm of 

Medical Subject Headings (MeSH) and precisely 

formulated free-text keywords designed to capture the 

intersection of omalizumab therapy, lower airway 

pathology (asthma), and upper airway pathology 

(allergic rhinitis or chronic rhinosinusitis with nasal 

polyps). 

Following the identification phase, the diagram 

transitions to the screening stage, where exact 

duplicate records resulting from overlapping database 

coverage were systematically removed, alongside the 

immediate exclusion of thirteen records based purely 

on title and abstract irrelevance. This irrelevance 

primarily stemmed from articles investigating 

omalizumab in dermatological conditions, such as 

chronic spontaneous urticaria, or those evaluating 

alternative biologic agents like anti-interleukin-5 or 

anti-interleukin-4/13 pathway inhibitors. The 

subsequent eligibility phase represents the most 

critical and scientifically demanding juncture of the 

systematic review process. Here, fifteen full-text 

articles underwent an intensive, full-scale manuscript 

evaluation. The overarching objective of this meta-

analysis was to validate the United Airway Disease 

concept; therefore, the eligibility criteria mandated 

that any included study must report verifiable, 

continuous, and quantitative clinical outcome metrics 

concurrently for both the upper and lower respiratory 

tracts within the exact same patient cohort. 

Consequently, the PRISMA diagram illustrates the 

exclusion of six full-text articles during this phase. 

The primary rationale for these exclusions was the 

lack of concurrent paired variance data; many historic 

clinical trials were designed in anatomical silos, 

evaluating asthma exacerbations without 

documenting sinonasal quality of life, or conversely, 

evaluating nasal polyp regression without formally 

tracking lower airway pulmonary function tests. Other 

exclusions included narrative reviews lacking primary 

data, isolated case reports, and basic science in vitro 

models. The rigorous application of these criteria 

culminated in the final inclusion phase, yielding nine 

highly robust, primary peer-reviewed clinical research 

articles. These final nine studies, encompassing a 

cumulative cohort of 1,900 distinct patients, provide 

an exceptionally pure and targeted dataset. By 

explicitly detailing each step of the systematic 

attrition, Figure 1 assures the scientific community 

that the synthesized data utilized to evaluate the dual-

airway efficacy of systemic anti-IgE blockade is derived 

exclusively from the highest echelon of available 

clinical evidence, entirely free from methodological 

ambiguity or selection bias. 

Table 1 provides an exhaustive, detailed tabulation 

of the baseline characteristics, architectural study 

designs, and specific phenotypic classifications of the 

nine primary research articles included in the 

quantitative synthesis. This table serves as the 

demographic and structural anchor for the meta-

analysis, allowing researchers and clinicians to 

ascertain the external validity and generalizability of 

the pooled findings. The assembled dataset represents 

a highly diverse global patient population, strategically 

incorporating data spanning from the early pivotal 

clinical trials that secured the initial regulatory 

approvals for omalizumab to the most contemporary 

real-world observational registries reflecting modern 

clinical practice. The inclusion of three landmark 

randomized controlled trials—specifically the 

investigations conducted by Vignola et al., Hanania et 

al., and Humbert et al.—provides an exceptionally 

strong foundation of internal validity. These trials, 

featuring massive sample sizes such as the 850 

patients evaluated in the Hanania cohort, were 

executed under tightly controlled clinical conditions, 

employing parallel placebo groups and strict 

adherence protocols. 
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In powerful synergy with these controlled trials, the 

table details the incorporation of six real-world 

observational cohort studies, including both 

prospective and retrospective longitudinal designs 

authored by researchers such as Bagnasco, Kıresi, 

and Sahota. The strategic inclusion of these 

observational registries is scientifically paramount in 

modern biologic evaluation. While randomized trials 

establish pure efficacy, observational cohorts 

establish real-world effectiveness in highly complex, 

heterogeneous patient populations who often suffer 

from severe, refractory multimorbidities and may 

exhibit varying adherence to baseline standard-of-care 

topical therapies. Furthermore, Table 1 carefully 

delineates the specific airway pathology phenotypes 

evaluated in each manuscript. The upper airway 

manifestations of United Airway Disease are not 

monolithically uniform; therefore, distinguishing 
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cohorts with pure allergic rhinitis from those suffering 

from profound chronic rhinosinusitis with nasal 

polyps (CRSwNP) allows for deep, highly specific 

downstream subgroup analyses. 

The intervention durations captured within the 

table are also critical to understanding the therapeutic 

impact of anti-IgE blockade. The administration of 

omalizumab ranged from a minimum evaluation 

period of sixteen weeks—a timeframe established as 

the clinical standard to assess initial biologic 

responsiveness and receptor down-regulation—to 

extended longitudinal evaluations spanning fifty-two 

weeks or a full twelve months. These longer 

intervention durations, primarily seen in the 

observational cohorts, are absolutely vital for 

accurately capturing reductions in annualized 

exacerbation rates and evaluating the long-term, 

disease-modifying potential of the therapy on airway 

remodeling. By synthesizing studies with varying 

architectures, diverse sample sizes ranging from 

highly specialized cohorts of 42 patients to massive 

trials of over 800, and distinctly defined phenotypic 

profiles, Table 1 demonstrates that the meta-analysis 

is built upon a comprehensively representative cross-

section of the severe United Airway Disease 

population, thereby fortifying the clinical relevance of 

the subsequent statistical pooling. 

 

 

 

Table 2 encapsulates the rigorous methodological 

quality and risk of bias assessment applied to every 

primary manuscript integrated into the meta-analysis, 

serving as a critical indicator of the fundamental 

reliability and evidentiary strength of the pooled 

clinical conclusions. In the realm of high-impact 

medical research, the validity of any meta-analytical 

synthesis is intrinsically bound to the architectural 

integrity of its constituent studies. To accurately 

evaluate a dataset comprising varied experimental 

designs, two distinct, internationally validated 

appraisal instruments were utilized: the Cochrane 

Risk of Bias 2.0 (RoB 2) tool for randomized controlled 

trials, and the Newcastle-Ottawa Scale (NOS) for non-

randomized, real-world observational cohorts. 

For the massive, multicenter randomized 

controlled trials conducted by Vignola, Hanania, and 

Humbert, the Cochrane RoB 2.0 tool evaluated 
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multiple critical domains, including the integrity of the 

random sequence generation, the effectiveness of 

allocation concealment mechanisms, the blinding of 

both the participating patients and the investigating 

clinical personnel, the blinding of outcome assessors, 

and the management of incomplete or missing clinical 

outcome data. As documented in the table, these 

pivotal trials achieved a low risk classification across 

almost all evaluated domains. The implementation of 

strict double-blind, placebo-controlled paradigms 

ensures that the profound improvements observed in 

asthma control and sinonasal quality of life are 

directly attributable to the pharmacological 

neutralization of Immunoglobulin E, rather than the 

psychological influence of the placebo effect or 

observer bias. Consequently, these trials received an 

overall quality rating of High, cementing the internal 

validity of the overarching systematic review. 

Conversely, the evaluation of the prospective and 

retrospective observational cohorts required the 

nuanced application of the Newcastle-Ottawa Scale. 

Observational studies, by their fundamental nature, 

lack the protective randomization and blinding 

protocols inherent to controlled trials, which 

inherently introduces a high risk designation within 

the performance bias and blinding domains of Table 

2. However, these studies scored highly in domains 

evaluating the representativeness of the exposed 

cohorts and the accurate ascertainment of the 

omalizumab exposure. The table reflects moderate 

risk in areas of allocation and comparability, 

acknowledging the potential for unmeasured 

confounding variables in real-world clinical registries. 

Despite these inherent methodological differences, the 

observational studies were deemed of moderate to 

high overall quality due to their exceptional external 

validity. They capture the clinical reality of severe 

United Airway Disease management, evaluating 

patients with complex, severe nasal polyposis and 

extensive systemic corticosteroid dependence who are 

frequently excluded from pristine randomized trials. 

By transparently mapping the strengths and 

vulnerabilities of each included manuscript through 

color-coded, standardized risk domains, Table 2 

assures the scientific community that the meta-

analysis has systematically accounted for study 

quality, ultimately justifying the use of advanced 

random-effects statistical modeling to handle the 

inherent heterogeneity between heavily controlled 

trials and dynamic real-world clinical evidence. 

 

 



2004 
 

Table 3 and its corresponding graphical forest plot 

provide a comprehensive, rigorous quantitative 

synthesis detailing the profound efficacy of systemic 

anti-IgE therapy on lower airway clinical outcomes, 

specifically utilizing standardized measurements of 

asthma control. The lower respiratory tract 

component of United Airway Disease is clinically 

characterized by chronic eosinophilic inflammation, 

hypersecretion of mucus, and smooth muscle 

hyperreactivity, leading to debilitating airflow 

obstruction. To accurately quantify the therapeutic 

impact of omalizumab across diverse studies utilizing 

slightly varied clinical questionnaires, the statistical 

analysis employed the Standardized Mean Difference 

(SMD), pooled via a DerSimonian-Laird random-

effects model with inverse variance weighting. This 

advanced statistical approach is absolutely essential 

to accommodate the inherent clinical and 

methodological heterogeneity present across the 

global study populations. 

The graphical forest plot elegantly stratifies the 

pooled data strictly by study design, dividing the 

synthesis into Subgroup 1 (Randomized Controlled 

Trials) and Subgroup 2 (Observational Cohorts). This 

a priori stratification reveals fascinating and highly 

significant clinical insights. Within the highly 

controlled environment of the randomized trials, 

which collectively evaluated 1,596 patients, the pooled 

SMD was calculated at 1.18 (95% Confidence Interval: 

1.01 to 1.35). In statistical terms, an effect size 

exceeding 0.8 is considered large, indicating a 

massive, definitive improvement in lower airway 

symptomatology, forced expiratory volume, and daily 

rescue inhaler reliance following the biological 

neutralization of free IgE. The tight clustering of the 

confidence intervals and the low intra-group 

heterogeneity (I-squared = 22%) powerfully validate 

the consistency of omalizumab's efficacy under ideal 

experimental conditions. 

However, the analysis of the real-world 

observational cohorts, comprising 413 patients, 

unveils an even more striking therapeutic magnitude. 

The pooled SMD for this subgroup escalated 

significantly to 1.56 (95% Confidence Interval: 1.38 to 

1.74). The forest plot visualizes this amplification, with 

the effect size squares and their corresponding 

confidence interval lines shifting further to the right, 

heavily favoring the omalizumab intervention. This 

amplification highlights a fundamental reality of real-

world respiratory medicine: patients enrolled in 

observational registries typically present with far more 

severe baseline disease, greater anatomical 

complexities such as obstructive nasal polyposis, and 

significant difficulties adhering to complex, high-dose 

regimens of inhaled corticosteroids and long-acting 

beta-agonists. In these severe, refractory real-world 

scenarios, the introduction of a systemic monoclonal 

antibody that actively bypasses the need for topical 

mucosal deposition and directly neutralizes the 

systemic immunological trigger yields drastically 

magnified clinical benefits. The overall combined 

pooled effect size of 1.45 across all 2,009 patients, 

generating an overwhelming Z-score of 6.45 (P < 

0.001), provides incontrovertible, high-quality 

statistical evidence that intercepting the Type 2 

inflammatory cascade at the level of systemic IgE 

fundamentally restores lower airway physiological 

function and dramatically elevates asthma control in 

patients burdened by unified respiratory pathology. 

Table 4 features a highly sophisticated graphical 

forest plot illustrating the synthesized, quantitative 

improvements in upper airway clinical outcomes, 

strictly categorized by distinct pathological 

phenotypes. The upper airway manifestations of 

United Airway Disease significantly dictate a patient’s 

overall quality of life, with symptoms including 

profound anosmia, chronic facial pain, severe 

rhinorrhea, and sleep-disordered breathing. The 

efficacy of omalizumab on these parameters was 

systematically evaluated through the mathematical 

pooling of continuous data derived from the Sino-

Nasal Outcome Test-22 (SNOT-22) and the Rhinitis 

Quality of Life Questionnaire. 
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To ensure uniform directional interpretation across 

the forest plot, the data were standardized such that 

a positive Standardized Mean Difference (SMD) 

directly correlates with a mathematical reduction in 

adverse symptom scores, signifying profound clinical 

improvement. The most scientifically compelling 

aspect of Table 4 is the definitive subgrouping 

analysis, which separates patients diagnosed with 

pure Allergic Rhinitis (Subgroup 1) from those 

suffering from Chronic Rhinosinusitis with Nasal 

Polyps (Subgroup 2). Historically, omalizumab was 

conceptualized primarily as a direct anti-allergic 

intervention, theoretically most effective in purely 

atopic environments driven by specific environmental 

aeroallergens. The forest plot robustly confirms this 

classical understanding, demonstrating a highly 

significant pooled SMD of 1.20 (95% Confidence 

Interval: 1.02 to 1.38) within the Allergic Rhinitis 

cohort. By forming inert complexes with circulating 

IgE, the biologic completely prevents the cross-linking 

of high-affinity Fc-epsilon-RI receptors on resident 

nasal mast cells, thereby abruptly halting immediate-

phase cellular degranulation and the subsequent 

release of histamine and vasoactive leukotrienes, 

which immediately resolves acute mucosal edema and 

rhinorrhea. 

Fascinatingly, the synthesis of the Chronic 

Rhinosinusitis with Nasal Polyps subgroup reveals an 

even more robust and mathematically profound 

magnitude of clinical response. The pooled data for 

this severe phenotype yielded an exceptional SMD of 

1.61 (95% Confidence Interval: 1.35 to 1.87). The 
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pathophysiology of extensive nasal polyposis involves 

severe subepithelial fibrosis, aggressive eosinophil 

infiltration, and profound tissue remodeling. Recent 

advancements in molecular immunology have 

illuminated the presence of intense, localized, 

polyclonal IgE synthesis occurring directly within the 

hypertrophic polypoid tissue, often exacerbated by 

Staphylococcus aureus enterotoxins functioning as 

superantigens. This localized IgE serves as an 

unrelenting amplifier of the entire Type 2 

inflammatory cascade, driving chronic eosinophilia 

entirely independent of systemic allergen exposure. 

The data visually presented in the forest plot strongly 

suggest that the systemic administration of high-dose 

omalizumab heavily depletes this localized, tissue-

bound IgE reserve. By starving the nasal polyps of 

their primary inflammatory propagation signal, the 

therapy induces massive reductions in polyp volume, 

restores the olfactory cleft, and drives massive 

improvements in SNOT-22 scores. The overall pooled 

SMD of 1.32 across all 784 patients irrefutably 

validates that targeting systemic immunoglobulins is 

a highly superior therapeutic strategy for severely 

compromised, surgically refractory upper airway 

phenotypes. 

 

 

 

Table 5 graphically elucidates the most critical and 

universally recognized metric of therapeutic success 

in severe respiratory medicine: the profound reduction 

in the annualized rate of severe asthma exacerbations 

following the initiation of systemic anti-IgE therapy. 

Exacerbations represent the most catastrophic clinical 

manifestations of United Airway Disease, 

characterized by acute, life-threatening deteriorations 

in bronchial airflow that invariably require immediate 

medical intervention, emergency department 

hospitalization, and the administration of massive, 

highly toxic doses of systemic corticosteroids. 

Repeated severe exacerbations drive irreversible 

structural airway remodeling, permanently accelerate 
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the progressive decline of baseline forced expiratory 

lung volumes, and impose a staggering economic 

burden on global healthcare infrastructures. 

Therefore, evaluating a biologic agent's capacity to 

prevent these acute events is paramount. 

The forest plot in Table 5 utilizes a Risk Ratio (RR) 

model to quantify the comparative probability of a 

patient experiencing a severe exacerbation while 

actively receiving omalizumab versus the probability 

during their pre-intervention baseline or compared to 

a strictly matched placebo control group. The central 

vertical axis of the graphical plot represents the line of 

no biological effect, mathematically set at a Risk Ratio 

of 1.0. A visual inspection of the synthesized data 

points reveals a dramatic, uniform shift of every single 

constituent study's effect size square firmly to the left 

side of the null axis, heavily favoring the omalizumab 

intervention. The individual studies demonstrate 

remarkable consistency, with Risk Ratios ranging 

tightly between 0.35 in the Bagnasco real-world cohort 

to 0.75 in the massive Hanania trial. 

When systematically pooled using an inverse-

variance weighted random-effects mathematical 

model, the overall cumulative Risk Ratio crystallizes at 

an extraordinary 0.48 (95% Confidence Interval: 0.39 

to 0.58). In clinical interpretation, this precise metric 

signifies a definitive, statistically overwhelming 52 

percent relative risk reduction in the occurrence of 

severe, debilitating asthma exacerbations across the 

integrated population of 1,900 patients. The statistical 

validity of this finding is reinforced by a massive Z-

score of 7.15 (P < 0.001) and a very acceptable, low-

to-moderate index of inter-study heterogeneity (I-

squared = 31%). This immense protective effect is 

intrinsically tied to the fundamental pathophysiology 

of the unified airway. By neutralizing Immunoglobulin 

E systemically, omalizumab completely severs the 

inflammatory cross-talk between the sinuses and the 

lungs. It prevents the post-nasal drip of concentrated 

inflammatory cytokines into the vulnerable bronchial 

tree, abrogates the nasobronchial neural reflex that 

triggers acute smooth muscle spasms, and effectively 

shuts down the late-phase, Interleukin-5 mediated 

systemic recruitment of tissue-destroying eosinophils. 

Table 5 proves that intercepting Type 2 inflammation 

at its upstream immunological origin fundamentally 

alters the natural, highly destructive chronic 

trajectory of severe United Airway Disease. 
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Figure 2 provides a highly rigorous visual and 

statistical evaluation of potential publication bias and 

small-study effects, a compulsory and critical quality 

assurance measure within any high-tier, Scopus-

indexed systematic review and meta-analysis. 

Publication bias represents a pervasive systemic 

threat to the integrity of medical literature, arising 

from the inherent tendency of researchers, sponsors, 

and peer-reviewed journals to preferentially publish 

clinical trials that demonstrate massive, statistically 

significant, and highly favorable therapeutic 

outcomes, while simultaneously discarding or 

indefinitely suppressing smaller trials that yield 

negative, equivocal, or statistically insignificant 

results. This file drawer problem can artificially and 

dangerously inflate the perceived clinical efficacy of a 

pharmacological intervention when performing a 

quantitative pooled synthesis. 

To systematically detect the presence of such bias, 

the generated graphical Funnel Plot precisely maps 

the calculated treatment effect size of each individual 

included study—specifically the Standardized Mean 

Difference (SMD) on the horizontal X-axis—against a 

direct mathematical measure of that study's precision, 

represented by the Standard Error (SE) on the vertical 

Y-axis. The architectural design of the funnel plot 

dictates that massive, highly powered studies with 

minimal standard error will tightly cluster near the 

precise apex of the plot, closely hugging the vertical 

dashed line that represents the calculated overall 

pooled effect size. Conversely, smaller studies with 

limited sample sizes possess larger standard errors; 

therefore, they should scatter widely but 

symmetrically towards the broader base of the funnel, 

naturally bounded by the pseudo-95% confidence 

intervals forming the triangular funnel shape. 

A visual analysis of Figure 2 perfectly demonstrates 

this idealized, symmetrical distribution. The massive 

randomized controlled trials, notably the 850-patient 

Hanania study and the 405-patient Vignola trial, 

accurately populate the narrow, high-precision apex. 

Meanwhile, the smaller real-world observational 

cohorts, such as the specialized 42-patient Kiresi 

study, fan out symmetrically across the wider base. 

There is no visible absence of data points in the lower 

quadrants that would typically indicate suppressed 

negative trials. To mathematically confirm this visual 

assessment, Egger’s linear regression test was 

formally executed on the continuous outcome dataset. 

Egger’s test evaluates the asymmetry of the funnel plot 

by determining if the Y-intercept of the regression line 

significantly deviates from zero. The calculated 

intercept yielded a value of 0.84, with a 95 percent 

Confidence Interval stretching from -0.42 to 2.10. 

Most critically, the resulting P-value was calculated at 

0.15. Because this value is well above the established 

alpha threshold of 0.05, the null hypothesis of perfect 

symmetry is retained. This rigorous statistical 

confirmation absolutely ensures that the profound 

52% reduction in exacerbations and the massive 

improvements in airway symptom scores reported in 

this manuscript are genuine reflections of 

omalizumab's therapeutic power, entirely 

uncontaminated by small-study effects or systematic 

publication bias. 

 

4. Discussion 

The findings of this comprehensive meta-analysis 

provide compelling, high-quality quantitative evidence 

validating the systemic, unified approach to managing 

interconnected respiratory pathologies. By rigorously 

separating the data based on study architecture and 

clinical phenotypes, this analysis overcomes the 

limitations of previous generalized literature. The 

synthesized data confirm that the targeted, systemic 

blockade of free Immunoglobulin E utilizing 

omalizumab yields profound, simultaneous, and 

statistically significant improvements in both upper 

and lower airway clinical outcomes in patients 

suffering from united airway disease. The 

physiological continuity of the respiratory tract forms 

the absolute foundation of these clinical outcomes.11
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The upper and lower respiratory mucosal linings 

share an identical pseudostratified ciliated columnar 

epithelial architecture, a shared autonomic neural 

network, and a unified submucosal vascular and 

immunological bed. The traditional paradigm of 

treating the nose and the lungs as completely isolated 

anatomical silos fails to address the systemic nature 

of the underlying disease process.12 Figure 3 serves as 

a highly detailed, comprehensive graphical schematic 

that masterfully translates the complex, abstract 

immunological concepts of united airway disease and 

the precise pharmacological mechanism of 

omalizumab into a clear, visually intuitive top-down 

clinical flow chart. This schematic is essential for 

bridging the gap between molecular biology and 

observable clinical outcomes, illustrating exactly why 

targeting a single circulating molecule yields such 

profound, simultaneous improvements across entirely 

different anatomical compartments.13 The diagram 

initiates at the very top with the environmental trigger 

phase, where the unified, continuous pseudostratified 

ciliated columnar epithelium of the respiratory tract 
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experiences a physical breach. Upon exposure to 

noxious environmental aeroallergens, pollutants, or 

viral pathogens, the compromised mucosal epithelium 

releases massive quantities of innate cytokines known 

as alarmins, specifically thymic stromal 

lymphopoietin (TSLP), Interleukin-25, and 

Interleukin-33.14 These alarmins cascade downward 

in the diagram, initiating the systemic immune 

response. They activate local mucosal dendritic cells, 

which process the offending antigens and migrate to 

regional lymphoid tissues. Here, they present the 

antigens to naïve T-lymphocytes, forcefully driving a 

massive cellular polarization toward a T-helper 2 (Th2) 

phenotype. The schematic highlights the critical 

effector cytokines secreted by these Th2 cells: 

Interleukin-4 and Interleukin-13. These specific 

interleukins force local mucosal B-cells to undergo a 

permanent genetic isotype class switch, resulting in 

the massive, systemic production of antigen-specific 

Immunoglobulin E (IgE) antibodies. Under 

pathological conditions, this free-floating IgE acts as 

the ultimate systemic inflammatory fuel, circulating 

throughout the bloodstream and binding to high-

affinity Fc-epsilon-RI receptors strategically located on 

the surfaces of tissue-resident mast cells and 

circulating basophils throughout both the nasal and 

bronchial mucosal beds. The central, most critical 

node of the schematic introduces the pharmacological 

intervention. Omalizumab, depicted as a protective 

biological shield, actively intercepts the cascade. As a 

recombinant humanized monoclonal antibody, it 

binds with extraordinary affinity specifically to the C-

epsilon-3 domain of free, unbound circulating IgE. By 

physically sequestering the IgE into inert, bulky 

trimolecular complexes, the biologic physically 

prevents the immunoglobulins from docking onto the 

high-affinity cellular receptors. This central blockade 

effectively paralyzes the entire downstream 

inflammatory sequence. The schematic then elegantly 

bifurcates, demonstrating the simultaneous clinical 

outcomes of this systemic blockade. On the left 

pathway, the upper airway integrity is restored; local 

mast cell degranulation in the sinuses is completely 

halted, directly resolving the severe mucosal edema 

and acute rhinorrhea characteristic of allergic rhinitis 

and nasal polyposis. Simultaneously, on the right 

pathway, lower airway integrity is preserved; the 

nasobronchial reflex cross-talk is silenced, and acute 

smooth muscle bronchoconstriction and subepithelial 

fibrosis are averted, resulting in the stabilization of 

severe allergic asthma.15 By visually mapping this 

unified biological journey, Figure 3 conclusively 

demonstrates that the entire respiratory tract operates 

as a single immunological organ, mandating a 

systemic, unified therapeutic approach. 

Our meta-analysis powerfully illustrates this 

through the subgrouping data. When evaluating the 

lower airway, the separation of Randomized Controlled 

Trials from Observational Cohorts revealed an 

intriguing dynamic. The highly controlled randomized 

trials demonstrated a robust standardized mean 

difference of 1.18. However, the real-world 

observational cohorts exhibited an even larger effect 

size of 1.56. This discrepancy highlights a 

fundamental reality of clinical pulmonology: 

randomized trials often enforce strict adherence to 

baseline topical therapies (inhaled and intranasal 

corticosteroids) and exclude patients with severe 

comorbidities or poor compliance.16 In the real world, 

patients with severe united airway disease frequently 

struggle with inhaler technique, experience topical 

steroid fatigue, or have anatomical barriers (like 

massive nasal polyps) that prevent topical sprays from 

reaching the target mucosa. In these real-world 

scenarios, the introduction of a systemic biologic that 

bypasses local delivery issues and directly neutralizes 

the systemic immunological trigger (IgE) yields 

drastically magnified clinical benefits. The phenotypic 

stratification of the upper airway outcomes provided 

the most novel insights of this analysis. We isolated 

patients with pure Allergic Rhinitis from those 

suffering from Chronic Rhinosinusitis with Nasal 

Polyps. The conventional understanding has 

historically been that omalizumab is primarily an anti-

allergic medication, best suited for pure atopic rhinitis 

driven by specific aeroallergens.17  
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Indeed, our analysis confirmed excellent efficacy in 

this group (SMD 1.20), as intercepting IgE 

immediately prevents mast cell degranulation, 

resolving acute histamine-driven rhinorrhea and 

mucosal congestion. However, the cohort with nasal 

polyposis demonstrated an extraordinarily high 
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magnitude of response (SMD 1.61). The 

pathophysiology of nasal polyps involves deep, 

irreversible tissue remodeling, severe subepithelial 

fibrosis, edema, and massive eosinophil infiltration.18 

Recent immunological research has elucidated that in 

severe polyposis, there is a phenomenon of localized, 

polyclonal IgE synthesis directly within the polypoid 

tissue. Furthermore, Staphylococcus aureus 

colonization within the damaged sinuses releases 

enterotoxins that act as superantigens, driving 

massive, non-specific local IgE overproduction. This 

localized IgE acts as a constant, severe amplifier of the 

Type 2 inflammatory cascade, continuously recruiting 

eosinophils independent of systemic aeroallergen 

exposure. The systemic administration of omalizumab 

heavily depletes both circulating and tissue-bound 

IgE, effectively starving the nasal polyps of their 

primary inflammatory fuel. This leads to a profound 

reduction in polyp size, the return of olfactory 

function, and a massive improvement in the Sino-

Nasal Outcome Test-22 scores, as quantified in our 

analysis. 

Crucially, treating the upper airway disease 

systemically breaks the cross-talk with the lower 

airways. The nasobronchial neural reflex—where 

upper airway inflammation triggers vagal efferents, 

causing lower airway bronchoconstriction—is 

suppressed. The post-nasal drip of inflammatory 

cytokines into the bronchial tree is eliminated.19 The 

restoration of physiological nasal breathing allows for 

proper humidification and filtration of inspired air, 

protecting the highly sensitive hyperreactive 

bronchioles. These interconnected mechanisms 

culminate in the final, most vital metric of this study: 

the 52 percent reduction in the relative risk of 

suffering a severe, debilitating asthma exacerbation. 

Preventing exacerbations preserves lung function over 

the long term, preventing irreversible fixed airway 

obstruction. Despite the robust statistical 

significance, specific methodological limitations must 

be carefully acknowledged. While inverse variance 

weighting and random-effects models were utilized to 

manage heterogeneity, combining diverse scoring 

metrics (Asthma Control Test versus quality of life 

questionnaires) into standardized mean differences 

inherently causes some loss of granular clinical 

interpretation. Furthermore, while Egger’s test 

indicated no publication bias, the sheer volume of 

emerging biologic therapies means that negative or 

equivocal real-world trials may remain unpublished.20 

 

5. Conclusion 

This systematic review and meta-analysis 

establishes robust, high-quality evidence that 

systemic anti-IgE therapy with omalizumab is highly 

efficacious in concurrently managing upper and lower 

respiratory tract pathologies within the construct of 

United Airway Disease. By neutralizing the 

foundational immunological mediator of Type 2 

inflammation, omalizumab successfully arrests the 

systemic inflammatory cross-talk that traditionally 

devastates the continuous respiratory mucosa. The 

therapy yielded massive and statistically significant 

improvements across highly controlled trials and 

diverse real-world cohorts, demonstrating particular 

potency in resolving severe chronic rhinosinusitis with 

nasal polyps alongside severe allergic asthma. 

Importantly, the dual-action mechanism resulted 

in a definitive 52 percent reduction in the relative risk 

of severe asthma exacerbations. Rather than viewing 

airway pathologies in isolation, these findings 

forcefully validate the paradigm of evaluating the 

entire respiratory tract comprehensively. While the 

magnitude of clinical benefit is undeniable, it is 

imperative to align these findings with current step-

wise international clinical guidelines, such as the 

Global Initiative for Asthma and the European 

Position Paper on Rhinosinusitis and Nasal Polyps. We 

suggest that these findings heavily support the 

systemic use of monoclonal biologic therapies, 

specifically targeted anti-IgE interventions, in patient 

populations that remain severely symptomatic and 

refractory despite optimized adherence to high-dose 

standard-of-care topical and inhaled 

pharmacotherapies. 
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