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Background: Severe asthma (SA) is a common health problem associated with increased morbidity and mortality and
high medical costs. Biological therapies have emerged in recent decades as promising treatment options for patients
with high type 2 (T2) SA. This retrospective observational study from Saudi Arabia aimed to investigate the effects of
additional biologics therapy on reducing oral corticosteroid (OCS) consumption, frequency of asthma exacerbations,
improvement in lung function, and asthma control. 
Methods: This multicenter observational study enrolled a cohort of 97 patients from March 2019 to February 2021.
Outcomes of anti-IgE, anti-IL5/IL5R, and anti-IL4R therapies in severe type 2 asthma were recorded and analyzed in
terms of number of exacerbations (emergency visits or hospitalizations required), asthma symptoms, and use of oral
corticosteroids, blood eosinophil count, asthma control according to GINA classification, and FEV1 before and during
biologic therapy. 
Results: Ninety-seven patients were included in the analysis The mean age was 46.7±14.1 years, and 69.1% of them
were female. The average duration of biological treatment was 16.4±6.8 months. At the time of data collection, the
four biologic therapies reduced the exacerbation rate per year from 82/97 (84.5%) to 14/97 (14.4%) with a percent
improvement of 83% from 2.9 per year in the year before biologic treatment to 1.6 per year (p<0.001). OCS was
reduced from 75/97 (77.3%) to 10/97 (10.3%) for a percent improvement of 86.7%, and the average OCS dose
decreased from 7.12 mg to 6.8 mg. Mean blood eosinophil count also decreased after biologic therapy from
750.5±498.5 to 188.0±122.4 cells/μl, most significant result achieved with benralizumab, and mean FEV1 improved
from 59.0±12.9% to 76.0±10.2%, most significant result achieved with omalizumab.  ll patients had uncontrolled asth-
ma before biologics therapy, but asthma control improved by 91.8% after treatment.
Conclusions: Biologic as add-on therapy for high T2 SA was found to reduce asthma exacerbations, systemic gluco-
corticoid doses, and SA symptoms.
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Introduction
Asthma can be a heterogeneous disease characterized by chro-

nic airway limitation and airway hyperresponsiveness (AHR) with
a history of recurrent classic respiratory symptoms with variable
airway limitation [1,2]. Asthma is considered the most common
chronic respiratory disease in Saudi Arabia, with an increase in
prevalence in recent decades [3].

Severe asthma (SA) affects 3-10% of asthma patients and is
associated with increased mortality, hospitalization, decreased
quality of life, and higher health care costs [2]. SA is defined as
“asthma that requires treatment with high-dose inhaled corticoste-
roids (ICS) plus a second controller (e.g., long-acting beta-2 ago-
nist (LABA), long-acting muscarinic antagonist (LAMA), leuko-
triene modifier) (and/or OCS) to prevent it from becoming “uncon-
trolled” or that remains uncontrolled despite such therapy” [4,5].  

There are different types of asthma, which we call “phenotypes”.
These include high and low type 2 phenotypes, which have parti-
cular implications for biological therapy [2]. Most asthma patients
suffer from T2 high (eosinophilic asthma), which affects 40-70%
of asthma patients. A sputum sample of ≥2% leukocytes and a
blood sample of ≥150 μl and a fractional exhaled nitric oxide
(FeNO) level of ≥20 ppb are the features that respond well to ICS.
It is further divided into two types: early-onset allergic eosinophi-
lic (usually begins in childhood and is triggered by an allergen)
[2,6,7] and late-onset non-allergic eosinophilic (usually begins in
adulthood) airway inflammation and usually has more severe
airway limitation and AHR without proven allergies [8]. T2-low
(non-eosinophilic) type asthma includes neutrophilic inflammation
and paucigranulocytic inflammation, and the patient is usually
older, less responsive to corticosteroids, and has fewer allergic
symptoms at the time of diagnosis [9,10]. Mixed T2-high and T2-
low type asthma (granulocytic asthma) has features of both eosi-
nophilic and neutrophilic inflammation [11]. 

Biologic therapies have been shown to be effective treatment
options for patients with T2 SA because they target specific
inflammatory pathways involved in the development of the disease
[1,2,12]. Early consideration of biologic therapy may prevent
patients from the side effects of OCS such as infections, weight
gain, diabetes, osteoporosis, and asthma attacks [2]. One anti-IgE
therapy (omalizumab) for allergic asthma, three biologics targeting
IL-5/IL5R (mepolizumab, benralizumab, and reslizumab), and one
biologic targeting IL-4R (dupilumab), for eosinophilic asthma,
have been shown to reduce asthma exacerbations, OCS consump-
tion, improve asthma symptoms, lung function, and quality of life
in appropriately selected patients [12,13]. Cost-effectiveness is
determined by what can be saved through lower exacerbations,
hospitalizations, OCS usage, and work absences. 

This retrospective, multicenter Saudi Arabian observational
study aimed to evaluate the impact of additional biologics therapy
for high T2 SA on reducing asthma exacerbations and OCS use,
and to assess improvement in lung function and asthma symptoms.

Methods 

Study population
This observational study enrolled a cohort of patients with SA

from Almoosa Specialist Hospital in Al Ahsa, King Khaled
Hospital in Hail, Al Hayat National Hospital in Jizan, and Almana
General Hospital in Hofuf, Saudi Arabia, from March 2019 to
February 2021. Ethical approval was obtained from the
Institutional Review Board of our hospitals (IRB protocol number:
ARC -21.03.3).

The primary objectives were to evaluate the rate of exacerba-
tions and OCS reduction after the 4 biologics. The secondary
objectives were to describe the improvement in forced expiratory
volume in the first second (FEV1), blood eosinophils, and asthma
symptom control.

Inclusion criteria
Adult patients with high T2 SA (older than 14 years) with stage

5 according to the Saudi Initiative for Asthma (SINA) [2] and
Global Initiative for Asthma (GINA) [15] guidelines when asthma
is not controlled with the maximum dosage of dual therapy ICS
and LABA, possibly supplemented with other controllers, after
confirmation of asthma diagnosis, treatment of comorbidities
(allergic rhinitis, gastroesophageal reflux, obstructive sleep apnea,
anxiety and others ), and adequate adherence.

Exclusion criteria
Adult patients whose asthma has been well controlled with

conventional medications, patients with SA who do not use or refu-
se biological asthma therapy, and patients with low T2 SA. 

The following data were collected for each patient: demo-
graphic data (age, sex, smoking and body mass index (BMI)); con-
comitant diseases (T2 diabetes, hypertension, allergic rhinitis,
gastroesophageal reflux, anxiety, obstructive sleep apnea and obe-
sity); clinical data (asthma symptoms/ week, control medications
such as high-dose ICS/ LABA, LAMA, leukotriene receptor anta-
gonists (LTRA), OCS, exacerbations, emergency department
visits, and hospitalizations); and lung function tests, asthma con-
trol according to the GINA assessment of asthma control; bio-
markers (blood eosinophil count before and after the biological
therapy); serum total IgE at the beginning. Blood eosinophil count
- a simple and inexpensive biomarker - was preferred to sputum
eosinophil count (difficult to routinely collect and analyze) in
assessing suitability for therapy against IL-5/ IL-5R/ IL-4 [16]. 

Spirometer function tests were performed at baseline and after
starting the biological therapy. Parameters measured included
FEV1%, FEV1/forced vital capacity (FVC) ratio, and FEV1% after
bronchodilator, mean expiratory flow of 25-75%, and degree of
reversibility of FEV1% after bronchodilator. The percentages of
FEV1 and FEF25-75% were considered. The degree of positive rever-
sibility was determined by a 12% or 200 ml improvement in FEV1
over the pre-bronchodilator value after use of a 200-400 g salbuta-
mol metered dose inhaler [17].

Chest radiographs were obtained in all patients to detect dia-
gnose or rule out asthma mimic. High-resolution computed tomo-
graphy (HRCT) was performed in cases with abnormal chest
radiographs.

Biologic therapy was started after at least three months of stan-
dard drug therapy with at least ICS/LABA to review patient
history, confirm compliance and adherence, and control comorbi-
dities such as gastroesophageal reflux, rhinitis, anxiety, and sleep
apnea [1]. 

Medications used
The available biologics were omalizumab and mepolizumab in

all hospitals, while benralizumab and dupilumab were available in
2 hospitals.
i. In 2017, omalizumab (anti-IgE) became available. The dosage

of this drug is based on the level of IgE in the blood (from 30
to 700 IU) and the weight of the patient in kilograms (less than
150 kg) [1,2]. Omalizumab was administered subcutaneously /
2-4 weeks. Ten patients received 600 mg omalizumab monthly,
7 patients received 450 mg, and 5 patients received 300 mg.

ii. Mepolizumab: in 2018, mepolizumab (anti-IL5) became avai-
lable. The recommended dose of mepolizumab is 100 mg sub-
cutaneously every 4 weeks.
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iii. Dupilumab: Dupilumab (anti-IL4) became available in 2019.
Dupilumab is administered as a subcutaneous loading dose of
600 mg followed by 300 mg every two weeks [1,2]. 

iv. Benralizumab, a drug targeting IL-5 receptors, became availa-
ble in 2019. Subcutaneous administration of 30 mg every four
weeks is recommended for the first three months and every
eight weeks thereafter [1,2]. 
Several factors should be considered when selecting a biolo-

gic, including frequency of administration, cost, side effect profile,
age at onset of asthma, and presence of comorbidities such as nasal
polyps, previous response, and physician experience with treat-
ment based on appropriate indications and availability [2]. 

Saudi guidelines for the use of biologics according to SINA
2021: SA uncontrolled at maximum treatment level 4:
i. For allergic phenotype: anti-IgE therapy (omalizumab) is

recommended if IgE level is in the appropriate therapeutic
range when allergy test is positive. 

ii. For eosinophilic asthma: anti- IL-5 therapy may be considered
for uncontrolled eosinophilic asthma or ≥2 attacks in the last
12 months requiring systemic corticosteroids. Dupilumab
(anti-IL4) is indicated for severe eosinophilic asthma with
blood eosinophils ≥150 μl or FeNO >25 ppb or oral steroid-
dependent SA, regardless of blood eosinophil count.

iii. Mixed phenotype: to date, there is no evidence that anti-IgE
therapy is better than anti-IgE IL-5 or anti-IL4R in patients
with proven atopy and high blood eosinophil counts. People
with eosinophilic/mixed allergy and eosinophilic SA may have
difficulty choosing the best biologics. Due to the lack of direct
comparison of biologics, advocating for one biologic's superio-
rity over another via indirect comparisons like meta-analyses
and matching-adjusted techniques can be ineffective and
misleading [18].
The selection of biologics (omalizumab, mepolizumab, dupilu-

mab, and benralizumab) was based on the availability of biologics,
insurance approval, patient preference (frequent or infrequent
injection), and physician experience.

Twenty patients with mixed-allergic eosinophilic phenotype
were not eligible for omalizumab due to a high IgE level of more
than 700 IU/ml (13 patients) and exceeding the recommended dose
according to serum IgE level and patient body weight (7 patients). 

Asthma control was assessed using the GINA asthma control
assessment classification, which classifies asthma as well control-
led, partially controlled, or uncontrolled [1]. 

A monthly follow up was conducted to assess asthma control,
adherence, and treatment compliance. For patient safety and to
detect early allergic reactions, each asthma biologic was admini-
stered in the outpatient clinic, followed by at least 30 min of obser-
vation.

Statistical analysis of data
It was conducted using the SPSS version 25.0 computer packa-

ge (IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY,
USA). For descriptive statistics, mean ± SD was used for quantita-
tive variables and frequency and percentage for qualitative varia-
bles. The chi-square test or Fisher’s exact test were used to evalua-
te the differences in the frequency of the qualitative variables,
while the Wilcoxon or the Kruskal-Wallis -tests were used to eva-
luate the differences in the means of the quantitative nonparametric
variables. The statistical methods were checked assuming a signi-
ficance level of p<0.05 and a highly significant level of p<0.001.

Results

Demographics and concomitant diseases
Ninety-seven patients with SA high T2 phenotype were uncon-

trolled on standard medications (level 5 GINA/SINA). The mean
age of patients was 46.7±14.1 years, 69.1% were female, mean
BMI was 32.8±6.9 kg/m2, with obesity found in 66 patients (68%),
only 4 patients were active smokers, and about two-thirds were
exposed to Bakhoor (indoor air pollution). The most common
comorbidities were chronic allergic rhinitis (38 patients; 39.2%),
gastroesophageal reflux disease (22 patients; 22.7%), anxiety (16
patients; 16.5%), and obstructive sleep apnea (6 patients; 6.2%).
Type 2 diabetes with or without hypertension was found in 52
patients (53.6%). Ten patients (10.3%) had abnormal chest radio-
graphs; 6 patients with cystic changes, 3 patients with alveolar sha-
dows, and one patient with mucinous impaction. Four patients
were diagnosed with allergic bronchopulmonary aspergillosis and
2 with chronic eosinophilic pneumonia. The mean baseline lung
function test values were FEV1 59.0±12.9%, FVC 75.5±13.2%,
FEV1/FVC 65.0±9.4%, reversibility 15.5±6.5 and FEF 25-75%
46.1±14.8%. The inflammatory phenotype was: SA allergic in 10
patients (10.3%), SA eosinophilic in 11 patients (11.3%), and a
mixed allergic and eosinophilic phenotype in 76 patients (79.4%).
The mean baseline serum total IgE was 318.3±347.8 IU/ml, while
the mean blood eosinophil count was 750.5±498.5 cells/μl (Table
1).

Prior to biologics therapy: 58 patients (59.8%) received a high
dose of ICS/LABA and montelukast, 22 patients (22.7%) received
a high dose of ICS/LABA/ LAMA and montelukast, 12 patients
(12.4%) received a high dose of ICS/LABA/ LAMA, and 5
patients (5.2%) received a high dose of ICS/LABA. Before starting
treatment with biologics, the average daily OCS dose was 7.1 mg
in the anti-IL5/ILR5 group and 4.8 mg in the anti-IgE group, and
the frequency of OCS courses was 4.2/year in the anti-IL5/IL5R
group and 2.5/year in the anti-IgE group.

OCS were taken by 75 patients (77.3%) either daily (15
patients) or for short oral courses (60 patients), and the exacerba-
tion rate was 84.5%. The mean duration of biologics therapy was
16.4±6.8 months, lasting up to 24 months in some patients.
Regarding the biologic therapy used, 53 cases (54.6%) were trea-
ted with mepolizumab, 22 cases (22.7%) with omalizumab, 12
cases (12.4%) with dupilumab, and 10 cases (10.3%) with benrali-
zumab (Table 2).

Treatment response and general characteristics of bio-
logical therapy 

No significant differences in age, sex, BMI, comorbidities
including allergic rhinitis, exacerbations per year, and asthma con-
trol were found between patients receiving the four biologics, whe-
reas the duration of biologic treatment was significantly lower for
benralizumab (new drug). However, the need for OCS was signifi-
cantly higher with benralizumab and mepolizumab (Table 3).

Before biological therapy: cases treated with omalizumab
showed significantly lower blood eosinophil count and FEV1/FVC
ratio, non-significantly low FVC%, FEV25-75% and reversibility,
and non-significantly higher serum IgE. Benralizumab-treated
cases had significantly higher blood eosinophil counts and low
FEV1%, non-significantly lower IgE levels and reversibility, and
non-significantly high FVC% and FEV25-75% (Table 4).

Outcomes of the biological therapy
The four biological therapies used reduced the exacerbation
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rate per year from 82/97 (84.5%) to 14/97 (14.4%) with a percen-
tage improvement of 83%, and the average exacerbations per year
decreased from 2.9 to 1.6. OCS were reduced from 75/97 (77.3%)
to 10/97 (10.3%) with a percentage improvement of 86.7%, and
the average OCS doses decreased from 7.12 mg to 6.8 mg. Mean
blood eosinophil count also decreased from 750.5±498.5 to
188.0±122.4 cells/μl after biological therapy and mean FEV1
improved from 59.0±12.9% to 76.0±10.2% (Table 5, Figure 1).

Patient safety profile
Few patients had concerns about the biologic therapy, but it

was safe and no other adverse events were reported during treat-
ment. One patient had transient eosinophilia in the blood (1460
cells/μl) after treatment with dupilumab, but this later returned to
normal, while comparing the efficacy of the four biologics, there
was a significant decrease in mean exacerbations per year and
mean OCS doses after treatment with all four biologics.
Benralizumab showed the most significant results in terms of
reduction in mean blood eosinophil count (from 966.0±478.3 to
101.5±127.7 cells/μL; p<0.001), exacerbation rate per year and
OCS (from 100% to 0%; p<0.001). While omalizumab was asso-
ciated with a significant improvement in mean FEV1% (from
55.7±11.2 to 77.1±8.0%; p<0.001) (Table 6). All patients were
uncontrolled before biologics therapy, but after treatment and at
the time of data collection, asthma control improved in 90 cases
(92.8%), where 48 cases (49.5%) were well controlled, 42 cases
(43.3%) were partially controlled, while 7 cases (7.2%) remained
uncontrolled (Figure 2).

Discussion

The current multicenter observational study in Saudi Arabian
patients with high T2 SA shows that the four biologics have a very
favorable therapeutic effect. Due to the lack of comparative stu-
dies, it is difficult to determine which biologic is most effective in
T2 SA. There is good evidence of efficacy and safety for all cur-
rently available biologics, although they differ in their ability to
improve respiratory function and particularly in their ability to
spare OCS [17]. The GINA 2021/ SINA 2021 guidelines define SA
as asthma that is uncontrolled despite maximal ICS/LABA or
requires high-dose combinations to remain controlled [2,5].

In this study, the most common comorbidities associated with
SA were chronic allergic rhinitis (38 patients; 39.2%), gastroe-
sophageal reflux disease (22 patients; 22.7%), anxiety (16 patients;
16.5%), obstructive sleep apnea (6 patients; 6.2%), and eosinophi-
lic pneumonia (ABPA/CEP) were 6 patients (6.2%). Type 2 diabe-
tes with or without hypertension was detected in 52 patients
(53.6%). This is in agreement with Porsbjerg et al. who reported

Table 1. Demographics, concomitant diseases, and asthma phe-
notypes.

Variables                                                                          n=97 (%)

Age (years)                                                                                                         
        Mean ± SD                                                                                         46.7±14.1
        Min – Max                                                                                             15 – 84
Sex 
        Female                                                                                                 67 (69.1)
        Male                                                                                                      30 (30.9)
BMI (kg/m2)                                                                                                        
        Mean ± SD                                                                                          32.8±6.9
        Min – Max                                                                                             15 – 53
Obese                                                                                                                   
        BMI (kg/m2) >30                                                                                66 (68.0)
Smoking history (active)                                                                           4 (4.1)
Indoor air pollution (bakhour)                                                              66 (68.0)
Total serum IgE (IU/ml)                                                                                  
        Mean ± SD                                                                                       318.3±347.8
Eosinophil count baseline (cells/μl)                                                           
        Mean ± SD                                                                                       750.5±498.5
Comorbidities*                                                                                                  
        Total                                                                                                      81 (83.5)
        GERD                                                                                                    22 (22.7)
        Anxiety                                                                                                 16 (16.5)
        Allergic rhinitis                                                                                  38 (39.2)
        OSA                                                                                                         6 (6.2)
Type 2 diabetes ± hypertension                                                            52 (53.6)
Chest radiograph°  ( CXR, HRCT chest)                                              10 (10.3)
Type 2 phenotypes                                                                                             
        Eosinophilic (eosinophil (>150 cells/μl)                                   11 (11.3)
        Allergic (IgE > 30 (IU/ml)                                                               10 (10.3)
        Mixed                                                                                                   76 (79.4)
FEV1%                                                                                                                   
        Mean ± SD                                                                                        59.0 ± 12.9
FVC%                                                                                                                     
        Mean ± SD                                                                                        75.5 ± 13.2
FEV1/FVC ratio                                                                                                    
        Mean ± SD                                                                                         65.0 ± 9.4
FEF 25-75%                                                                                                                
        Mean ± SD                                                                                        46.1 ± 14.8
Reversibility                                                                                                        
        Mean ± SD                                                                                         15.5 ± 6.5
ABPA                                                                                                               4 (4.1)
CEP2 (2.1)

*One condition in 56 patients, two conditions in 17 patients, and three or more conditions in 8
patients;°cystic changes in 6 patients, alveolar shadows in 3 patients, and mucous impaction in 1
patient; BMI, Body mass index; GERD, gastroesophageal reflux disease; OSA, obstructive sleep
apnea; ABPA, sllergic bronchopulmonary aspergillosis; CEP, chronic eosinophilic pneumonia.

Table 2. Asthma controlling medications and biologics used.

Variables                                                                n=97 (%)

Asthma medications before the biologics                                      
        ICS /LABA                                                                                 5 (5.2)
        ICS/LABA/LAMA                                                                    12 (12.4)
        ICS/LABA/ Montelukast                                                       58 (59.8)
        ICS/LABA/LAMA/ Montelukast                                           22 (22.7)
        OCS                                                                                         75 (77.3)
        Exacerbations/year*                                                           82 (84.5)
Duration of biologic therapy                                                              
        Mean ± SD (months)                                                          16.4±6.8
        Min – Max                                                                                 1 – 24
Biologic therapy used                                                                          
        Dupilumab                                                                             12 (12.4)
        Mepolizumab                                                                         53 (54.6)
        Omalizumab                                                                          22 (22.7)
        Benralizumab                                                                        10 (10.3)

*One/year in 20 patients, two/year in 23 patients, three/year in 19 patients and four or more/year
in 20 patients.                                                                                                                  
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that allergic rhinosinusitis/nasal polyps (in 50%), vocal cord
dysfunction (32%-50%), COPD, bronchiectasis (in 25%-40%),
GERD (in 17%-74%), anxiety/depression (in 4%-17%), obstructi-
ve sleep apnea (in 31%), and allergic bronchopulmonary aspergil-
losis (in 1%-2%) were the most common comorbidities associated
with SA [19]. Proper diagnosis and treatment of comorbidities can
significantly reduce the morbidity of asthma and improve quality
of life [19]. 

Most of the patients in our study were female (69.1%). This is
in line with SINA and GINA reports [1,2]. According to Fuseini et

al., women are twice as likely to be affected by asthma as men, due
to hormones that affect lung cells. Lung inflammation and mucus
production can be affected by testosterone [20]. About 68% of
patients in our study were obese and 53.6% had chronic diseases
such as diabetes and hypertension. Severe asthmatics are very
likely to be obese (31%-57%).  Asthma becomes uncontrolled in
obese individuals due to poor lung capacity, lack of fitness, and
sleep apnea, GERD, and small airway dysfunction [21]. In this
study, most of patients did not smoke, but one of the cultural habits
was to consume bakhoor daily. A variety of respiratory diseases,

Table 4. Laboratory and respiratory characteristics according to the used biologic drugs.

Variables                                     Dupilumab                        Mepolizumab               Omalizumab               Benralizumab               p

Eosinophil (cells/μl)                                817.1±456.3                                    768.3±433.6                          330.2±248.3                            966.0±478.3                    0.001*
IgE (IU/ml)                                                 317.0±477.6                                    306.7±370.7                          374.5±281.5                            258.0±142.1                     0.125
FEV1%                                                             68.7±17.2                                         59.6±12.3                              55.7±11.2                                  52.0±5.6                       0.013*
FVC%                                                              80.4±15.3                                         76.1±13.6                              69.9±11.7                                  78.8±7.1                        0.064
FEV1/FVC ratio                                               73.6±9.2                                           63.7±9.1                                63.0±8.3                                   65.8±9.1                       0.007*
FEF 25-75%                                                         50.6±11.9                                         44.0±16.1                              45.4±15.2                                  53.2±4.3                        0.203
Reversibility                                                  18.6±16.4                                          15.3±3.5                                14.8±3.7                                   14.3±2.7                        0.864

Values presented as mean ± SD were analyzed by Kruskal Wallis test; *significant.

Table 5. Treatment response before and after biologic therapy.

Variables                                                            Before the biologic n=97 (%)                                   After the biologic n=97 (%)

Exacerbations/year                                                                                                
       Total                                                                                                          82 (84.5)                                                                                            14 (14.4)
       Average*                                                                                                        2.9                                                                                                       1.6 
Oral corticosteroid                                                                                               
       Total                                                                                                          75 (77.3)                                                                                            10 (10.3)
       Average°                                                                                                       7.12                                                                                                      6.8
Blood eosinophil count (cells/μL)                                                         750.5±498.5                                                                                       188.0±122.4
FEV %                                                                                                               59.0±12.9                                                                                           76.0±10.2

*Before therapy, the overall exacerbations per year were 238 occurred in 82 patients with average 2.9 while after therapy, the overall exacerbations per year were 22 occurred in 14 patients with average
1.6; °before therapy, the overall doses of OCS were 534 mg given to 75 patients with average 7.12 mg while after therapy, the overall doses of OCS were 68 mg given to 10 patients with average 6.8 mg.

Table 3. General characteristics and treatment according to the used biologic drugs.

Variables                                           Dupilumab                  Mepolizumab               Omalizumab                Benralizumab               p
     n=12 (%)                                      n=53 (%)                      n=22 (%)                    n=10 (%)                               

Age (years)                                                          49.8±12.2                                 47.1±14.4                              43.5±13.9                                 48.2±15.3                       0.490
BMI                                                                          33.6±6.6                                   32.2±5.8                               34.3±10.3                                  31.4±2.9                        0.655
Sex
       Male                                                                 3 (25.0)                                   19 (35.8)                                6 (27.3)                                    2 (20.0)                         0.683
       Female                                                            9 (75.0)                                   34 (64.2)                               16 (72.7)                                   8 (80.0)                             
Comorbidities                                                      11 (91.7)                                  46 (86.8)                               16 (72.7)                                   8 (80.0)                         0.401
Allergic rhinitis                                                     4 (33.3)                                   26 (49.1)                                5 (22.7)                                    3 (30.0)                         0.158
Exacerbations/year                                             11 (91.7)                                  46 (86.8)                               15 (68.2)                                10 (100.0)                      0.072
Oral steroid need                                                 6 (50.0)                                   45 (84.9)                               14 (63.6)                                10 (100.0)                     0.007*
Duration of biologic therapy (months)          18.0±3.6                                   17.4±6.9                                17.9±4.5                                    5.8±4.4                      <0.001*
Asthma control                                                             
       Well-controlled                                             5 (41.7)                                   26 (49.1)                               11 (50.0)                                   6 (60.0)                         0.522
       Partly controlled                                           5 (41.7)                                   25 (47.2)                                8 (36.4)                                    4 (40.0)                             
       Uncontrolled                                                  2 (16.7)                                     2 (3.8)                                  3 (13.6)                                     0 (0.0)                              

Values presented as mean ± SD were analyzed by Kruskal Wallis test; values presented as number and percent were analyzed by Chi-square test; *significant.
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Table 6. Treatment response before and after biologic therapy.

Variables              Dupilumab        Mepolizumab          Omalizumab   Benralizumab
     n=12 (%)           n=53 (%)              n=22 (%)  n=10 (%)
                                            Before              After                Before             After                   Before            After             Before          After

Eosinophil (cells/μl)                817.1±456.3          222.1±124.6            768.3±433.6         187.1±114.0                330.2±248.3       177.3±130.7        966.0±478.3    101.5±127.7
p                <0.001*                      <0.001*                          0.047*                 <0.001*
FEV1%                                              68.7±17.2              82.5±11.0                59.6±12.3             75.4±10.7                    55.7±11.2            77.1±8.0              52.0±5.6          68.0±7.4
p                                          0.024* <0.001*                           <0.001*                 <0.001*
Exacerbations / year                            
        Total                                               11                             2                              46                            7                                   15                          5                          10                      0
                                                            (91.7)                    (16.7)                      (86.8)                   (13.2)                          (68.2)                  (22.7)                 (100.0)              (0.0)
        p                                  0.001*                       <0.001*                          0.006*      <0.001*
        Average                                    2.6±1.6                0.25±0.62                 2.1±1.72               0.12±0.3                       3.1±2.2              0.5±0.91               2.5±1.4                  0
        p                                                <0.001*                 <0.001*                   <0.001*                <0.001*
Oral corticosteroid                              
        Total                                                6                              0                              45                            5                                   14                          5                          10                      0
                                                            (50.0)                      (0.0)                       (84.9)                    (9.4)                           (63.6)                  (22.7)                 (100.0)              (0.0)
        p                                 0.014*                       <0.001*                             0.014*                   <0.001*
        Average                                    3.8±2.1                        0                          5.8±6.2                0.75±1.3                       4.9±3.1               1.1±1.8                7.1±6.4                  0
        p                                 <0.001*                       <0.001*                             <0.001*                   <0.001*

Values presented as mean ± SD were analyzed by Wilcoxon test; values presented as number and percent were analyzed by Fischer Exact test; *significant.                                                                
                                                                                                                                                                                                                                                     

Figure 1. Mean total eosinophils and FEV1% before and after biologic therapy.

Figure 2. Asthma control before and after biologic therapy.
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including asthma, are associated with frankincense exposure,
according to Al-Rawas et al. [22].

Asthma phenotypes were classified according to T2 cytokine
levels. There were 10 allergic patients (10.3%), 11 eosinophilic
patients (11.3%), and 76 patients (79.4%) with a mixed allergic
and eosinophilic phenotype. According to many studies, asthma
characteristics may overlap, e.g., severe allergic asthma and severe
eosinophilic asthma, so there may be overlap in eligibility for bio-
logics therapy [23-27]. In asthma patients, overlapping phenotypes
(severe allergic asthma may overlap with a severe eosinophilic
asthma) are common and are often associated with clinical and
inflammatory profiles. About 73.4% of participants had overlap-
ping phenotypes [28]. The GINA guidelines suggest various com-
binations of factors to identify T2 inflammation, including blood
eosinophil count, FeNO, sputum eosinophil count, need for OCS
maintenance therapy, and comorbidities [1]. Most of our partici-
pants were obese and had multiple comorbidities that can flare up
with long-term OCS, so biologic therapy was preferred over OCS
for severe uncontrolled asthma. Early consideration of biologic
therapy may spare patients from frequent or chronic use of OCS
and reduce its side effects such as infections, weight gain, diabetes
and osteoporosis, and asthma attacks [2].   

In this study, the four biologics used reduced asthma exacerba-
tion rates by 83%, while OCS was reduced by 86.7%, with benra-
lizumab achieving the most significant results (from 100% to 0%;
p<0.001). Overall, all five biologics currently approved for SA
appear to reduce exacerbation rates by approximately 50%, with
greater effects at higher absolute sputum and blood eosinophil
counts [12]. A systematic review of the efficacy and safety of bio-
logic therapy was conducted by Agache et al. who found that each
biologic added to asthma treatment reduced exacerbation rates by
more than 50% compared with standard treatment (benralizumab
>50%, dupilumab 29.4%, mepolizumab >50%, and omalizumab
>60%) [29]. GINA analyzed randomized controlled trials (RCTs)
of treatment of SA with adjunctive biologic therapy in adults who
had at least one exacerbation in the past year, and omalizumab
reduced exacerbations by 50-65% and OCS by 40-50%.
Mepolizumab, reslizumab, and benralizumab all reduced severe
exacerbations by 55% and OCS by 50%. Dupilumab significantly
reduced severe exacerbations and OCS by 50% [30].  ERS /ATS
Task Force for management of SA (5) reviewed RCTs in which
biologics were used to treat SA (3 for mepolizumab, 5 for benrali-
zumab, 3 for dupilumab) and concluded, that exacerbations were
reduced by 50% for mepolizumab and benralizumab and 70.5% for
dupilumab, and OCS-dependent doses were reduced by 50% for
mepolizumab and dupilumab and 75% for benralizumab [5]. 

The results reported by ERS /ATS were higher than in GINA,
due to differences in inclusion criteria and the definition of SA
used before the analysis of RCTS. Kotisalmi et al. found that anti-
IL5/IL5R significantly reduced OCS doses, as did omalizumab in
their real-life study (although not statistically significantly). Anti-
IL5/IL5R and omalizumab reduced the need for surgery for chro-
nic rhinosinusitis. In anti-IL5/IL5R and anti-IgE, the frequency of
OCS treatments decreased significantly. In the anti-IL5/IL5R
group, exacerbations decreased from 7.6 to 3.2 per year [24].
Using a meta-analysis of real-world data, Bousquet et al. found
that omalizumab reduced the proportion of patients receiving OCS
by 41% at 1 year. Omalizumab reduced hospitalizations and severe
exacerbations by 85% and 59%, respectively, over a 12-month
period [31]. Other real-world studies also reported a reduction in
exacerbations and hospitalizations with omalizumab [32,33].
Many studies reported inconclusive data demonstrating a reduction
in OCS in patients treated with omalizumab [34]. A meta-analysis
by Li et al. found that mepolizumab was associated with fewer
exacerbations and hospitalizations, with a significant reduction in
OCS [35].  An analysis of 130 patients with severe eosinophilic

asthma treated with benralizumab showed that the rate of acute
exacerbations decreased by 72.8% at 48 weeks and 51.4% were
able to complete maintenance therapy [36]. In real-world studies,
dupilumab reduced asthma exacerbations by 60%, OCS use by
70%, and OCS discontinuation by 50% in patients with T2 SA
[37,38]. On the other hand, some studies reported that most RCTs
of biologics in patients with uncontrolled SA showed a significant
response to placebo with a reduction in exacerbations, improve-
ment in lung function, and improvement in patient-reported outco-
mes. These results suggest that SA is not inherently severe but is
often poorly controlled. Therefore, these studies suggest that
although targeting T2 cytokines with biologics may improve asth-
ma control, it may not be necessary for many patients [39,40]. 

Real-life studies showed better response to biologic therapy
than RCTs, which may be due to differences in inclusion criteria
and patient selection. The results of this study were consistent with
real-life studies and better than RCTs. 

The GINA classification to assess asthma control was used.
Before biologics therapy, all patients were uncontrolled, but after
treatment and at the time of data collection, 92.8% showed impro-
ved asthma control. This is consistent with Agache et al. who
reported that dupilumab, omalizumab, benralizumab, and mepoli-
zumab can improve asthma control [29]. According to Kotisalmi et
al. [24], both anti-IL5/IL5R and anti-IgE drugs significantly
improved asthma control test results (ACT). Using real-world data
on the efficacy of biologics as add-on therapy for the treatment of
SA, omalizumab [31-33], mepolizumab [35,41], benralizumab
[36], and dupilumab [37,38] were found to contribute to better
asthma control (different questionnaires were used to assess asth-
ma control). However, ERS /ATS reports that the effects of the dif-
ferent biologics on asthma control and quality of life are modest
for all drugs and do not reach the MCID threshold [5]. 

The four biologic therapies used were able to reduce blood
eosinophil counts, but benralizumab showed the most marked
improved results, with a decrease in mean blood eosinophil count
(from 966.0±478.3 to 101.5±127.7 cells/μl; p<0.001). This conclu-
sion is consistent with other studies [5,30]. Ortega et al. reported
that eosinophil levels decreased by 83-86 percent in patients recei-
ving mepolizumab [41]. Anti- IL -5 therapy (mepolizumab and
reslizumab) effectively reduced the number of circulating eosi-
nophils and the number of eosinophils in sputum, but did not
improve airway mucosal eosinophilia, rates of acute exacerbations,
lung function, and symptom scores in several studies. These disap-
pointing results may also be due to inappropriate patient selection
[41]. Benralizumab results in almost complete clearance of eosi-
nophils in the blood and complete clearance of eosinophils in the
airways within 24 hours of administration compared with mepoli-
zumab [42]. The transient increase in blood eosinophil granulocy-
tes associated with dupilumab steadily decreases over time to
levels below baseline in some asthma patients taking the drug. This
may suggest that eosinophil granulocytes in the blood are not tran-
siently mobilized to the lungs to reduce the production of eosi-
nophil chemokines in the local area of inflammation [43].
Omalizumab reduced the amount of circulating T cells and eosi-
nophils, according to Djukanović et al. [44].

In this study, FEV1% after bronchodilation improved signifi-
cantly after treatment with the biologics, but omalizumab was
associated with the most significant improvement in FEV1, more
than the other biologic (from 55.7±11.2 to 77.1±8.0%; p<0.001).
This is consistent with the results of Agache et al. who found an
increase in FEV1 compared with standard of care (benralizumab
MD + 140 ml, mepolizumab MD + 110.9 ml, reslizumab MD +
141.82 ml, and omalizumab mean percent change + 3. %) and that
dupilumab can increase FEV1 compared with standard of care (110
to 250 ml) [29]. Clinical trials of novel agents targeting these
pathways have demonstrated efficacy and ability to improve FEV1
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in patients with SA [45]. Some studies reported significant impro-
vement in FEV1 with omalizumab [23,31,32], mepolizumab
[35,41,46,47], benralizumab [36,48,49], and dupilumab
[37,38,43], whereas other studies found no significant change in
FEV1 with omalizumab [33], mepolizumab [25,50,51], benralizu-
mab [52], and dupilumab [53]. ERS /ATS reported that the effects
of the various biologics on FEV1 were modest for all drugs and did
not reach the MCID threshold [5]. Dupilumab was most effective
in preventing asthma exacerbations and improving FEV1 only
when patients had eosinophils ≥150 cells/μL and FeNO ≥25 ppb
[54]. 

No significant side effects were reported, except that one case
experienced mild blood eosinophilia (1480 μl) with dupilumab, but
this later resolved. Biological medicines are generally safe, but
side effects are possible. The side effects of biologic drugs depend
on the particular drug and the route of administration [12]. The
available five biologics were considered safe with no significant
side effects more than placebo [5].

Conclusion
Our real-life experience supports the efficacy of omalizumab,

mepolizumab, dupilumab, and benralizumab as an adjunctive bio-
logic treatment for T2 SA in reducing asthma exacerbations and
the use of OCS, and in improving asthma symptom control. It also
resulted in improved lung function (FEV1%) and a reduction in
blood eosinophil count without significant side effects, in appro-
priately selected patients. These results appear to be consistent
with those obtained in previous RCTs and real-life studies. The
biologic would be an optimal choice to improve the clinical treat-
ment and management of patients with allergic, eosinophilic, and
mixed allergic eosinophilic T2 SA, particularly those who have
been uncontrolled with at least the maximum dose of ICS/LABA
and other controllers and who can be spared the side effects of
long-term OCS.

Study limitations
The retrospective design of this study and the nonblinded

selection of the biologic used could be a disadvantage. Not all
comorbidities such as food and drug allergies have been investiga-
ted and no specific allergy tests (in vivo or in vitro) have been
performed. Exhaled fractionated nitric oxide and sputum eosi-
nophil were not measures. 

There is a need for more information on the appropriate dura-
tion of biologics therapy in patients with SA. It should also be
investigated whether temporary interruption of therapy affects out-
comes. Further studies with larger populations are needed.
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