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Background: Severe asthma poses significant morbidity and healthcare burden, with the eosinophilic phenotype being particularly
prevalent. This study aims to characterize the demographic and clinical profiles of severe eosinophilic asthma patients in a Saudi
Arabian cohort involving multiple centers in the country.

Methods: A cross-sectional analysis of a prospective cohort of 268 patients with severe eosinophilic asthma, eligible for benralizu-
mab treatment, was analyzed from the Saudi Arabian Ministry of Health database. Demographic data, biomarker profiles, and historic
disease and medication burden were examined and stratified by various parameters including city/region, eosinophil count, and type 2
inflammatory comorbidities.

Results: Patients were predominantly female (66.4%), with an average age of 45.3 years, and had a median BMI of 27.7 kg/m2. The
majority were never smokers, and about one-third had type 2 inflammatory comorbidities. High exacerbation rates (median of 5
exacerbations per year) and frequent healthcare utilization were noted despite high-dose inhaled corticosteroid/long-acting beta-agonist
(ICS/LABA) treatment. Nearly 20% of patients were on maintenance oral corticosteroids. The median blood eosinophil count was 656
cells/uL, indicating a high prevalence of severe eosinophilic asthma (defined as a blood eosinophil count > 150 cells/pL.
Conclusion: This study confirms the substantial burden of severe eosinophilic asthma in the Saudi population, with significant
exacerbation rates and healthcare resource use despite conventional therapy. The data suggest a potential role for benralizumab in
improving disease outcomes for severe eosinophilic asthma. Further research is needed to evaluate the efficacy and cost-effectiveness
of benralizumab in these patients.

Keywords: severe asthma, eosinophilic asthma, benralizumab, Saudi Arabia, asthma exacerbations, biological therapy, healthcare
utilization

Introduction

Asthma is a common respiratory disease characterized by airway inflammation and expiratory airflow limitation that
leads to debilitating symptoms of wheeze, cough, shortness of breath, and chest pain." An estimated 262 million people
suffer from asthma worldwide.” A recent multi-regional survey of Saudi adults in 2019 reported a prevalence of self-
reported current wheeze of 14.2%.> Several Saudi Arabian studies suggested a rise in asthma prevalence that has
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plateaued since 2010-2016.*> Although asthma-related mortality has decreased over time, disability due to asthma has
seen little change in the last 25 years.°®

Severe asthma is defined per ATS/ERS guidelines’ as “asthma which requires treatment with high-dose inhaled
corticosteroids (ICS) and with a second controller (and/or systemic corticosteroids) to prevent it from becoming
uncontrolled or which remains uncontrolled despite this therapy”. International figures report the prevalence of severe
asthma as 3-10% of individuals with asthma.”* On the other hand, a study in Saudi Arabia reported that 38.1% of
patients experienced severe asthma symptoms.® This subtype of asthma is associated with increased mortality, worse
quality of life and increased health care costs.” The eosinophilic asthma phenotype is one of the most common subtypes
of severe asthma accounting for more than half of all asthmatics even in the primary health care setting.'® This number is
similar in Saudi Arabia as shown in one cross-sectional study.''

The Saudi Arabian Ministry of Health (MOH) provides free healthcare coverage to all Saudi Arabia citizens that
extends to biological therapies for severe asthma according to predefined criteria. Current 2025 Global Initiative for
Asthma (GINA) guidelines emphasize the importance of phenotyping severe asthma to guide add-on biologic therapies.'
Benralizumab, an anti-IL-5R antibody, was added to the MOH’s formulary in 2019. Incorporating a value-based
approach, the MOH has established a prospective database to monitor the efficacy and cost-effectiveness of benralizumab
within the Saudi governmental health system. Currently, 22 tertiary centers across 18 regions participate in this database,
reporting the baseline and follow-up data of patients eligible for benralizumab as a prerequisite for state provision of
treatment. Without a confirmation of eosinophil counts, a standard definition of eosinophilic asthma remains elusive;
however, clinical trials and practice guidelines frequently utilize peripheral blood eosinophil counts of > 150 cells/uL, >
300 cells/uL, or > 400 cells/uL to define the eosinophilic phenotype.

We herein describe a nationally representative cohort of patients with severe eosinophilic asthma eligible for
treatment with benralizumab with aim to describe this group’s demographic characteristics, biomarker profiles, and
historic disease and medication burden.

Materials and Methods

We describe a cross-sectional analysis of a prospective cohort of adult patients referred from 22 designated severe asthma
centers in MOH hospitals eligible for benralizumab between 2019-2024. Inclusion criteria comprised adult patients
diagnosed with severe uncontrolled asthma per ATS/ERS guidelines, demonstrating an eosinophilic phenotype, and
meeting local MOH eligibility criteria for benralizumab, which includes a history of 2 or more exacerbations despite
high-dose ICS/LABA therapy and elevated peripheral blood eosinophils. Pulmonologists initiated the referrals. We
examined all patients referred for treatment with benralizumab for the first time, including those who had been receiving
other biological therapies at the time of referral. The study received ethical approval from Ministry of Health Institutional
Research Board.

The study variables were extracted from the MOH monitoring registry. All physician referrals for benralizumab
mandate completion of a standardized form that captures demographic variables, biomarker measurements, current
medication, and asthma outcomes such as asthma exacerbations, hospitalizations, emergency visits and asthma control
history in the year prior to referral (reported by recall).

The baseline characteristics of the registry patients were summarized using descriptive statistics. Categorical variables
were presented as counts and percentages. Continuous variables were assessed for normality using Shapiro—Wilk test.
Normally distributed variables were presented as means and standard deviations, while non-normally distributed
variables were presented as medians and interquartile ranges. The distribution of severe asthma cases across different
regions in Saudi Arabia was visualized using a heatmap. Additionally, the distribution of blood eosinophil counts across
different regions was displayed in a strip chart.

Negative binomial regression was used to assess the association between blood eosinophil levels and exacerbation
frequency in patients with severe asthma. Two models were employed: Model 1: examined the unadjusted association
between different eosinophil cutoffs and exacerbation count. The cutoffs used were 150, 200, 300, 400, 500 and 1000
cells/uL to reflect standard clinical trial thresholds and examine extreme eosinophilia phenotypes. Model 2: examined the
unadjusted association between categorical eosinophil levels (using less than 150 cells/uL as the reference group) and
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exacerbation count. Confounding variables for the sensitivity analysis were carefully selected based on clinical relevance,
previous literature, and their known impact on asthma outcomes (eg., age, BMI, smoking status, and comorbidities). In
both models, the dependent variable was the number of exacerbations each patient experienced. The independent variable
was either the eosinophil cutoff category (Model 1) or the categorical eosinophil levels (Model 2). Two sensitivity
analysis were done to examine the adjusted association between different eosinophil cutoffs and exacerbation count using
different confounders. All statistical analyses were performed using R version 4.1.2 (R Foundation for Statistical
Computing, Vienna, Austria). Statistical significance was set at a p-value of < 0.05.

Results

The severe asthma cohort included 268 enrolled patients at the time of reporting. The majority of cases originated from
Makkah (35.45%), Asir (23.88%), and the Eastern Region (18.66%). Figure 1 shows a heat map of the cases by regions
in Saudi Arabia. Table 1 shows the baseline characteristics of the patients in the cohort. Most patients were females
(66.4%) with a mean age of 45.3 = 12.4 years and a median BMI of 27.7 kg/m2. The vast majority of patients were never
smokers (91%), and only three patients (1.1%) were current smokers The median age of asthma diagnosis was 30 years,
with an interquartile range (IQR) between 20 and 36 years, indicating adult-onset asthma for all patients. Nearly half of
the patients (46.6%) reported a family history of asthma, and approximately 33% of them presented with type 2
inflammatory comorbidities, specifically allergic rhinitis (16.4%), nasal polyps (14.9%) and chronic rhinosinusitis
(8.2%), noting that while nasal polyps and chronic rhinosinusitis frequently indicate type 2 inflammation in this specific
phenotype, they may not exclusively reflect a type 2 endotype in all populations. Regarding asthma outcomes, almost all

Heat Map of Severe Asthma Cases in Saudi Arabia
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Figure | Heat map showing the geographic distribution of severe eosinophilic asthma cases across regions in Saudi Arabia.
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Table | Baseline Characteristics of Patients
Registry

in the Severe Asthma

Characteristics

Total (N=268)

Age, mean + SD
BMI¥, median (IQR)
Gender, n (%)
Male
Female
Age at diagnosis *, median (IQR)
Smoking status*, n (%)
Never
Current
Former
Family history of Asthma*, n (%)
Yes
No
Type 2 comorbidities
Presence of type 2 comorbidities*, n (%)
Yes
No
Type 2 comorbidities count¥, median (IQR)
Allergic Rhinitis*, n (%)
Nasal Polyps*, n (%)
Chronic Rhinosinusitis*, n (%)
Eczema*, n (%)
Atopic Disease*, n (%)
Asthma Medications
High dose ICS/LABA, n (%)
LAMA, n (%)
Daily OCS, n (%)
Dose of daily OCS (mg), mean (SD)
Median (IQR)
Days on steroids, mean (SD)
Median (IQR)
Switched from other biologics, n (%)
Mepolizumab, n (%)
Dupilumab, n (%)
Omalizumab, n (%)
Asthma Outcomes
Exacerbations, n (%)
Yes
No
Exacerbations count ?, median (IQR)
> | exacerbations % n (%)
> 2 exacerbations % n (%)
> 3 exacerbations % n (%)
> 4 exacerbations % n (%)

2 5 exacerbations % n (%)

4529 + 12.36
27.7 (25.1-31.2)

90 (33.58%)
178 (66.42%)
30.0 (20.0-36.0)

244 (91.04%)
3 (1.12%)
11 (4.10%)

125 (46.64%)
91 (33.96%)

89 (33.21%)
160 (59.70%)
0.00 (0.00-1.00)
44 (16.42%)
40 (14.93%)
22 (8.21%)
| (0.37%)

4 (1.49%)

268 (100%)
173 (64.6%)
51 (19%)
19.7 + 132
20 (5-40)
3426 + 4454
155 (1-1806)
80 (29.9%)
9 (11.25%)
21 (25.25%)
50 (62.5%)

241 (89.93%)
27 (10.07%)
5.0 (3.0-6.0)

241 (100.00%)
203 (84.23%)
203 (84.23%)
175 (72.61%)
137 (56.85%)

Hospitalization count ?, median (IQR) 1.0 (0.0-2.0)

ER visit count ?, median (IQR) 3.0 (1.0-5.0)

Short courses of steroids ?, median (IQR) 4.0 (2.0-5.0
(Continued)
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Table 1 (Continued).

Characteristics Total (N=268)
Asthma biomarkers
Actual FEVI [L]*, median (IQR) 1.75 (1.25-2.31)
% on Predicted FEVI [%]*, median (IQR) 66.67 (50.00-81.84)
Patients with FEVI = 70%, n (%) 98 (44.3%)
Patients with FEVI 50-70%, n (%) 78 (35%)
Patients with FEVI <50%, n (%) 45 (20.3%)
Actual FVC [L]*, median (IQR) 2.58 (1.90-3.27)
% on Predicted FVC [%]*, median (IQR) 80.17 (67.46-95.80)
FEVI/FVC ratio*, median (IQR) 0.86 (0.72-0.96)
Peak flow [L/min]*, median (IQR) 4.73 (2.12—11.48)
Blood eosinophil count [cells/uL]*, median (IQR) | 656.00 (402.75—1000.00)
Eosinophil < 150, n (%) 25 (9.33%)
Eosinophil 150-299, n (%) 16 (5.97%)
Eosinophils 300—449, n (%) 27 (10.07%)
Eosinophils = 450, n (%) 174 (64.93%)
Serum IgE level [UI/mL]*, median (IQR) 238.50 (87.50-529.50)
FeNO [ppb]*, median (IQR) 15.50 (0.00-31.75)

Notes: *Missing data, * Among individuals with comorbidities.

patients experienced at least one exacerbation in the 12 months preceding registry enrollment, with over half of the
patients (56%) reporting at least five exacerbations annually. Patients made a median of 3 (range 1-5) visits to the
emergency department, had a median of 1 hospitalization, and received a median of 4 short courses of steroids in the year
prior to registry enrollment.

A total of 51 patients (19%) were on daily maintenance oral steroids, with a mean dose of 19.7 mg. They had been on
daily steroids for an average of 342 days (median 155 days) before enrollment. Nearly all patients were on high-dose
inhaled corticosteroids with long-acting beta agonist (LABA). Approximately 64.4% of patients were on daily long-
acting muscarinic antagonists (LAMA). Almost 30% of patients had been receiving other biological therapies, including
omalizumab (50 patients), dupilumab (21 patients), and mepolizumab (9 patients).

The average FEV1 was 2.8 liters (66.7% predicted). The median blood eosinophil count was 656 cells/uL, with most
patients (64.9%) exhibiting a blood eosinophil count of 450 cells/uL or higher. A significant majority of the patient
cohort (90%) exhibited eosinophilic asthma, defined by a blood eosinophil count greater than or equal to 150 cells/pL.
Figure 2 displays the distribution of blood eosinophil counts across different regions in the country. The median IgE
count was 238 Ul/mL.

Using a negative regression binomial model, when compared to patients with an eosinophil count of less than 300
cells/uL, those with higher blood eosinophil counts exhibited a higher rate ratio of asthma exacerbation at 1.3 (95% CI
1.06, 1.61) as shown in Figure 3. Moreover, a separate negative binomial regression model compared the association
between categorical eosinophil levels and exacerbation rate. While higher eosinophil groups (eg., above 300 cells/uL)
demonstrated a positive association with a higher exacerbation rate compared to the reference group (less than 150 cells/
pl), the 150-299 group displayed a different pattern, likely reflecting a distinct intermediate inflammatory phenotype or
the effects of prior steroid therapies suppressing eosinophil counts. However, none of them reached statistical signifi-
cance, as demonstrated in Table 2. These associations remained consistent in sensitivity analyses using an adjusted
Negative Binomial Regression Model, as demonstrated in Table 3 and Figure 4.

Discussion
This cross-sectional study comprehensively examines the characteristics and asthma-related outcomes of 268 individuals
with severe asthma. It provides valuable insights into the demographic features, comorbidities, exacerbation frequency,
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Distribution of Blood Eosinophil Counts by Region
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Figure 2 Distribution of blood eosinophil counts across different regions in Saudi Arabia.

Unadjusted rate ratio for asthma exacerbations (N=242)
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Figure 3 Unadjusted negative binomial regression model illustrating the association between different eosinophil cutoffs and exacerbation counts.

and biomarkers associated with eosinophilic asthma in patients recruited from a wide geographic range across Saudi
Arabia.

All patients met the ATS/ERS criteria for severe uncontrolled asthma,” distinguished by high exacerbation rates and
poor symptom control despite being on high doses of ICS/LABA. Patients’ characteristics aligned with the anticipated
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Table 2 Unadjusted Negative Binomial

Regression

Model: Associations Between Eosinophil Levels and

Exacerbation Count

(N=242) Rate Ratio (95% CI) | P-value
Eosinophil<150 Reference

Eosinophil 150-<300 0.80 (0.53-1.21) 0.29
Eosinophils 300-<500 1.30 (0.93-1.81) 0.11
Eosinophils 500-<1000 I.11 (0.85-1.46) 0.42
Eosinophils=1000 1.27 (0.96-1.68) 0.08

Table 3 Adjusted Negative Binomial Regression Model:
Associations Between Eosinophil Levels and Exacerbation

Count

(N=239) Rate Ratio (95% Cl) | P-value
Eosinophil<|50 Reference -
Eosinophil 150-299 0.80 (0.53-1.21) 0.292
Eosinophil 300449 1.28 (0.92-1.79) 0.147
Eosinophil 450-999 1.10 (0.84-1.45) 0.496
Eosinophil21000 1.24 (0.94-1.65) 0.134
Age 1.00 (0.99-1.01) 0.891
Male (vs. Female) 1.01 (0.86—1.20) 0.894
Former smoker (vs. Never) | 0.80 (0.52-1.22) 0.296
Current smoker (vs. Never) | 0.76 (0.35-1.66) 0.492
BMI 1.00 (0.99-1.00) 0.756
Type 2 comorbidity (vs. No) | 0.91 (0.77-1.07) 0.244

profile for eosinophilic asthma, typically characterized by adult-onset disease, frequent exacerbations, prominent fixed

airflow obstruction, and common associations with nasal polyposis and chronic rhinosinusitis. Patients were mostly

females, with adult-onset disease, not responding to high doses of ICS plus controller therapy, had a higher exacerbation

rate. More than half of the patients had moderate to severe obstruction on spirometry.

One-third of our cohort had type 2 inflammatory comorbidities, particularly nasal polyps, and chronic rhinosinusitis,

which are typically associated with worse asthma outcomes, as shown by Scelo and others.'? Furthermore, it is important

to acknowledge that the reporting of these historical comorbidities and exacerbations was obtained by patient recall,

Adjusted rate ratio for asthma exacerbations (N=242)

Eosinophil level =150 vs. <150

Eosinophil level =200 vs. <200

Eosinophil level =300 vs. <300

Eosinophil level =400 vs. <400

0.2

Adjusted for age, gender, smoking status, BMI, and type 2 comorbidity status
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Figure 4 Adjusted negative binomial regression model illustrating the association between eosinophil levels and exacerbation counts after adjusting for confounders.
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introducing a potential source of recall bias. On the other hand, since this cohort enrolled patients who are candidates for
biological therapies, these comorbidities are associated with better biological response and even clinical remission."?

Despite being treated with high-dose ICS/LABA, the disease burden remains substantial within this cohort, with
a notable median exacerbation rate of five per year. In a separate cohort from Saudi Arabia examining both mild and
severe asthmatics, Aljahdali et al documented an average exacerbation rate of 2.3 (3.7) annually despite 95% of their
cohort being on medium-high fixed doses of ICS/LABA."* Additionally, their findings revealed that 62.3% of the cohort
experienced at least one severe exacerbation. This is in contrast with data from other Gulf Cooperation Council (GCC)
countries, which reported that 49% of patients had experienced an exacerbation, with an overall annual exacerbation rate
of only 0.9."> This could be related to the fact that our cohort are patients who are referred to start Benralizumab and by
default these patients are severe uncontrolled asthmatics.

Our study revealed that a significant proportion of patients (19%) were taking daily oral corticosteroids, with an
average dose of 19.7 mg for approximately 342 days. Daily oral corticosteroid usage is prevalent in approximately 20%
to 60% of severe asthmatics worldwide.'® The cumulative burden of oral corticosteroids is associated with adverse
effects, including hypertension, diabetes, cataract, osteoporosis, and depression.17 In patients on daily oral steroids, we
anticipate that starting benralizumab will result in significant improvement in their asthma outcomes, including
a reduction in annual exacerbation rate and daily oral corticosteroids, and improvement in asthma symptoms as shown
in both randomized controlled trials'® and real-world studies.'® At the time of this cross-sectional analysis, patients were
eligible for, but not yet evaluated for the outcomes of, benralizumab treatment.

Serum eosinophil counts exceeded 150 cells/uL in over 90% of the cohort, confirming the predominance of
eosinophilic asthma, which is congruent with the baseline characteristics described earlier. When applying the
International Severe Asthma Registry Eosinophil Phenotype Algorithm,'® our cohorts showed that 77.9%, 10.4%, and
8.7% of patients were most likely (grade 3), likely (grade 2), and less likely (grade 1) to have eosinophilic asthma,
respectively, and only 3% had noneosinophilic asthma. As shown by Kerkhof and others,'® patients with higher grade
eosinophilic asthma are more likely to have difficult-to-control asthma require more healthcare resources use, and
experience more asthma exacerbations. In our study, patients with higher eosinophil counts had a higher chance of
exacerbation rates, especially when the blood eosinophil count was 300 cells/uL or higher. However, it is vital to note
that prior treatments, including maintenance oral corticosteroids and other biologic therapies utilized by nearly 30% of
our cohort, may confound the observed baseline association between eosinophil counts and exacerbation frequency by
artificially suppressing peripheral eosinophilia.

The limitations of this study include potential selection bias, as the cohort consists of patients evaluated for
benralizumab therapy who are presumably more likely to be eosinophilic. Medication history and asthma-related
outcomes were reported by recall, which is a further source of bias. Nonetheless, the data still provide valuable insights
into the burden of severe asthma, particularly regarding the most frequent phenotype, eosinophilic asthma.

Conclusion

In summary, this cohort study confirmed the heavy burden of severe, predominantly eosinophilic asthma among patients
with uncontrolled asthma in Saudi Arabia. Despite high-dose treatment, exacerbations are frequent, and a significant
proportion of patients depend on long-term oral corticosteroids, indicating the need for more effective management
strategies. In daily clinical practice, these findings support a shift toward earlier phenotyping; specifically, clinicians
should prioritize blood eosinophil screening in uncontrolled asthmatics to identify those with counts >300 cells/uL.
Swiftly transitioning these high-risk patients to steroid-sparing biological therapies, such as benralizumab, is critical to
mitigating the demonstrated high burden of systemic steroid toxicity and recurrent exacerbations in this population.

Data Sharing Statement

De-identified participant data (with data dictionary) underlying this article are available from the corresponding author
upon reasonable request, subject to a data-sharing agreement and approval by the relevant ethics committee/IRB.
Analysis code and materials will be shared on request.
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