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Abstract: Background: Severe eosinophilic asthma (SEA) represents a substantial global health 
burden. Benralizumab has been shown to restore good control of asthma. Robust data on 
benralizumab effectiveness over periods longer than 2 years are still scarce. Methods: This 
retrospective multicentric study was conducted on 108 Italian SEA patients treated with 
benralizumab for up to 36 months. Clinical outcomes were evaluated at 6, 12, 24 and 36 months. 
Partial and complete clinical remission (CR) were also assessed. Data were analysed either with 
descriptive statistics or using linear, logistic, and negative binomial mixed-effect regression models. 
Results: Benralizumab induced a persistent reduction in exacerbation rates (p<0.0001), with an 89% 
reduction at 36 months, and improved forced expiratory volume in 1 second (FEV1) (+440 mL at 36 
months, p<0.0001). Benralizumab improved asthma control and QoL, as determined by ACT, ACQ, 
and AQLQ, as well as sinonasal symptoms, as measured by VAS and SNOT 22 in patients with 
chronic rhinosinusitis with nasal polyposis (CRSwNP). Up to 93.33% of patients either reduced or 
discontinued OCS at 36 months; benralizumab also decreased the use of ICS and other asthma 
medications. Overall, 84.31% of patients achieved CR (either partial or complete) at 36 months. 
Conclusions: Benralizumab persistently improved all asthma outcomes and sinonasal symptoms up 
to 36 months. These findings support the potential of benralizumab to induce clinical remission, 
emphasizing its role as a disease-modifying anti-asthmatic drug for the management of SEA.  
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1. Introduction 

Severe asthma (SA) is a debilitating chronic disorder that affects approximately 10% of asthma 
patients worldwide [1–3]. Due to its heterogeneous nature, distinct phenotypes and endotypes have 
been identified and prompted the sub-classification of the disease according to clinical characteristics, 
and functional and inflammatory parameters [4]. Severe eosinophilic asthma (SEA) is one of the 
predominant subtypes of SA [5,6]; its pathophysiology is defined by an extensive type 2 (T2) 
inflammatory process mainly driven by the proliferation and activation of eosinophils. Accordingly, 
eosinophil number is increased in blood and sputum of SEA patients; other key characteristics are a 
scarce respiratory function that further deteriorates over time, and recurrent and/or life-threatening 
exacerbations [7–9]. Given the high burden of its manifestations and the poor prognosis, SEA has a 
devastating impact on patients’ quality of life (QoL), which can be even worsened by the presence of 
comorbidities, among which chronic rhinosinusitis with nasal polyposis (CRSwNP) is one of the most 
frequently observed [10,11].  

The recommended background therapies, which include inhaled corticosteroids (ICS) and a 
second controller (usually a long-acting b2-agonist [LABA]) [12] are not always effective in managing 
SEA symptoms. Based on their potent anti-inflammatory action, oral corticosteroids (OCS) have been 
traditionally added to background medications in cases of inadequate asthma control, to prevent 
exacerbations. However, given the cumulative risk of significant adverse effects and mortality 
associated with their usage, even moderate dosages of OCS should be avoided [12–16].  

The development of several biological therapies has represented a giant step forward in the 
treatment of T2-high SA. Six biologics have thus far received approval (omalizumab, mepolizumab, 
reslizumab, benralizumab, dupilumab, tezepelumab); by targeting distinct pathways involved in the 
pathophysiology of the disease, they ensure superior efficacy and safety than OCS [17]. Based on 
their different mechanism of action (MoA), each one of these pharmacological agents is expected to 
be more successful in patients whose asthma is predominantly sustained by the corresponding 
inflammatory endotype. However, SA patients frequently show overlapping T2-high features [18]; 
as a result, a precise pheno-endotypization is required to identify the driving pathway of the disease 
and anticipate the most effective biologic treatment.  

Overall, the great clinical outcomes displayed by SA patients treated with biologic therapies 
have highlighted the potential of reaching a status of remission from the disease. To clarify this 
concept, a consensus on the criteria that define clinical remission (CR), both complete (cCR) and 
partial (pCR), was recently reached by a panel of experts from the Severe Asthma Network Italy 
(SANI) study group, allowing for standardized assessment of patients regardless of the biologic 
treatment received [19,20]. 

Benralizumab is a monoclonal antibody (mAb) approved for the treatment of SEA [21]. It is a 
humanized afucosilated immunoglobulin (Ig) Gk1 mAb that binds both interleukin 5 receptor alpha 
(IL-5Rα) and Fc gamma receptor IIIa (FcγRIIIa), expressed abundantly by eosinophils and natural 
killer (NK) cells, respectively. The simultaneous recognition of the two receptors allows 
benralizumab to activate antibody-dependent cell-mediated cytotoxicity (ADCC), a process through 
which NK cells induce the apoptosis of eosinophils [22,23]. The consequent nearly complete depletion 
of eosinophils differentiates benralizumab from the anti IL-5 mepolizumab and reslizumab [24], and 
determines the well-established efficacy of benralizumab in SEA patients [25]. In a recent study, 
benralizumab has been shown to have profound immunological effects that are not limited to 
eosinophil apoptosis but include an increase in NK cell proliferation, maturation and cytotoxic 
activity, and modulation of T cell subsets. Intriguingly, the number of circulating CD3+T cells and 
activated NK cells significantly correlated with improvement in lung function parameters in 
benralizumab-treated SEA patients [26]. These results deepen our understanding of benralizumab 
MoA, which appears to be more complex than what was traditionally thought. These data suggest 
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that the improvement in respiratory outcomes mediated by benralizumab may be due to a profound 
immunological modulation that takes place even in the absence of eosinophils.   

To date, the 5-year-long MELTEMI trial represents the longest study evaluating the effects of 
benralizumab on SEA patients [27]; in addition, few real-life studies have investigated benralizumab 
effectiveness over 20-month to 4-year-long periods [25,28–33]. A marked and long-lasting reduction 
in exacerbations has been consistently shown across all studies, with impressive results obtained 
from the Italian ANANKE study, showing a reduction of 94.9% and 96.9% in all and severe annual 
exacerbation rate (AER) respectively, after 96 weeks of treatment [25]. Positive outcomes have also 
been demonstrated in lung function and OCS reduction; however, the extent and the durability of 
benralizumab effectiveness on respiratory outcomes for periods longer than 2 years is still uncertain 
[31,33]. 

This Italian multicentric retrospective study includes a cohort of 108 SEA patients treated with 
benralizumab for up to 3 years. The data show changes in multiple clinical outcomes and provide a 
comprehensive analysis, as well as novel evidence, of benralizumab long-term effectiveness.  

2. Materials and Methods 

This is an observational retrospective study; data were collected from 9 Italian SANI centres 
specialized in the treatment of SA (Brescia, Catania, Modena, Montebelluna, Padova, Varese, Verona, 
Siena, Roma). 

SA was diagnosed according to the European Respiratory Society (ERS) and the American 
Thoracic Society (ATS) guidelines [1]. Benralizumab was prescribed to adult patients as per Italian 
clinical practice, according to the eligibility criteria established by the Italian regulatory drug agency 
(Agenzia Italiana del Farmaco, AIFA). To be eligible to benralizumab treatment, patients must have 
had blood eosinophil count (BEC) ≥300 cells/µL in absence of OCS treatment, and must meet one of 
the two following conditions: (1) at least two exacerbations in the previous 12 months despite 
maximum inhalation therapy (step 4-5 of the GINA document) treated with systemic steroid or 
requiring hospitalization; (2) continuous OCS treatment received during the previous year in 
addition to maximal inhaled therapy [34]. Benralizumab was given subcutaneously at a dose of 30 
mg; after the first three doses, which were administered every four weeks, benralizumab was 
administered every eight weeks.  

A total of 108 patients were enrolled between January 2018 and February 2021; follow-up visits 
took place at 6, 12, 24,36 months after benralizumab initiation. Personal information including 
sociodemographic, clinical, functional and laboratory data were recorded as per clinical practice at 
baseline and during follow-up visits. Data were retrospectively collected from medical charts 
between April and June More in detail, the baseline characteristics included: age, gender, body mass 
index (BMI), smoking habit, age at asthma diagnosis, age at benralizumab initiation, comorbidities), 
use and dose of asthma therapies (background inhaled medications, OCS, biologics received prior to 
benralizumab use), laboratory tests (BEC, IgE, fractioned exhaled nitric oxide (FeNO)), exacerbations, 
as determined by treating physicians (expressed as AER), and pre- and post-bronchodilator (BD) lung 
function parameters including forced expiratory volume in 1 second (FEV1), and forced vital capacity 
(FVC). All respiratory measurements are pre-BD, unless otherwise specified. 

Various patient reported outcomes (PROs) were also used to assess patients’ asthma control 
(asthma control test, ACT, asthma control questionnaire-6, ACQ), and QoL (asthma quality of life 
questionnaire, AQLQ). Sinonasal symptoms severity was investigated specifically in comorbid 
patients with CRSwNP using visual analogue scale (VAS) and sinonasal outcome test 22 (SNOT 22). 
The absolute differences in AER between 0 and 12 months and between 0 and 36 months were 
computed. Changes in laboratory parameters, AER, lung function parameters, PROs, background 
therapies and OCS were evaluated over time. The number and percentages of patients reaching either 
pCR or cCR (defined according to the criteria detailed by Canonica et al. [19]) were determined at 12, 
24 and 36 months; CR was calculated for each time point either from the corresponding previous time 
point (i.e., baseline to 12 months; 12 months to 24 months; 24 months to 36 months) or from baseline. 
pCR was defined by three criteria: 1) no use of OCS, accompanied by two of the following: either 1) 
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good asthma control defined by ACT score≥20, and/or 2) elimination of exacerbations and/or 3) 
pulmonary stability. cCR was achieved by patients who met all the four criteria of: 1) no use of OCS, 
2) good asthma control defined by ACT score≥20, 3) elimination of exacerbations, and 4) pulmonary 
stability [19].  

Informed consent was obtained from all patients involved in the study. This was a SANI study; 
the study was conducted in conformity with the Declaration of Helsinki and was approved by the 
Central Ethics Committee for the SANI Network. 

Statistical analyses 

For descriptive analyses, continuous variables were given as mean with standard deviations 
(SD) or median with range or interquartile range (IQR) and categorical variables were expressed as 
number of subjects (n) and percentage values.  

Linear, logistic and negative binomial mixed-effect regression models were performed on the 
continuous, dichotomy and count values, respectively, to evaluate changes in AER, lung function, 
PROs scores, OCS and use of asthma medication over time. Regression coefficients, odds ratios (ORs) 
and exponential regression coefficients associated with each outcome were calculated with 95% 
confidence intervals (CI) for each factor.  

The centre and subject variability were considered as random effects in all mixed-effect 
regression models. The likelihood ratio test was used as a test of statistical significance and p-values 
were adjusted for multiple comparisons by using the Holm correction method.  

Differences, with a p-value less than 0.05, were selected as significant. Data were acquired and 
analysed in in R v4.3.1 software environment [35]. 

3. Results 

3.1. Patients’ characteristics at baseline 

The demographics, biochemical and clinical characteristics of the study participants at baseline 
are summarised in table Briefly, a total of 108 patients (59.26% females, mean age 55.96 years) took 
part in this study; the population was highly comorbid, with 94 patients (87.04%) with at least one 
comorbidity. Chronic rhinosinusitis (CRS), and specifically CRSwNP, was the most common 
comorbidity, being present in 65 patients (60.19%). A total of 28 out of 104 patients (26.96%) had 
bronchiectasis and 4 out of 96 patients (4.71%) had eosinophilic granulomatosis with polyangiitis 
(EGPA). The mean age at asthma diagnosis was 35.68 years (15.95). All patients used ICS and LABA 
as background therapies, the mean ICS dose used by patients was high (1006.93 mcg/day (402.56)) 
and the majority of patients required additional asthma medications, including long-acting 
muscarinic antagonists (LAMA) (79 out of 107 patients, 73.15%), anti leukotrienes (anti LT) (52 out of 
107 patients, 48.15%), theophylline (6 out of 106 patients, 5.66%). OCS were taken by 67 patients 
(62.04%) at a mean dose of 7.95 mg/day (7.42); a total of 41 patients used OCS dose higher than 5 
mg/day (61.19%). Of note, benralizumab was the first biologic therapy used in 89 patients (82.41%), 
while 19 patients were switched to benralizumab after being treated with other biologics (either 
omalizumab or mepolizumab).  

Biochemical analyses revealed that patients had a median BEC of 600 cells/mm3 (28-3350), a 
median total IgE level of 209 IU/ml (4.9-1940) (n=91) and a mean FeNO of 61.95 ppb (55.66) (n=55). 
The frequency of asthma exacerbations approached 4 events/year, with a mean AER of 3.84 (3.18) 
(n=107); the phenotype of exacerbations was assessed in 45 patients, among which 14 (31.11%) had 
exacerbations of non-infectious nature, whereas the rest of patients experienced either viral (15.56%) 
or bacterial induced (53.33%) exacerbations. Patients were also characterized by suboptimal lung 
function, showing a mean FEV1/FVC ratio of 54.11 (24.87) (n=91), mean FEV1 of 1.94 L (0.83) (n=101) 
and mean FEV1 predicted of 74.5% (20.68) (n=86).  

Overall, asthma was uncontrolled despite the use of multiple medications and patients’ QoL was 
poor, as demonstrated by the low scores achieved in various PROs, including ACT (n=104), ACQ 
(n=39) and AQLQ (n=31) (mean values of 14.41, 2.33 and 3.76, respectively). VAS (n=60) and SNOT 
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22 (n=57) were administered to comorbid patients with CRSwNP and showed a mean score of 5.14 
(3.13) and 47.21 (20.67) respectively, indicative of moderate sinonasal symptom severity [36]. 

Table 1. Demographic, social and clinical characteristics of patient population at baseline. Data 
refer to n=108 patients, unless otherwise specified, and are expressed as number of subjects 
(percentage), mean (SD), or median (range) as appropriate. 

Characteristics at baseline Patient population  

Age (years) 55.96 (11.38) 

Gender (females) 64 (59.26%) 

BMI (kg/m2) 

      Underweight/normal weight 

      Overweight 

      Obese 

Smoking status  

      Non-smokers 

      Previous smokers  

      Current smokers 

Comorbidities  

       CRS 

       CRSwNP 

       Allergic rhinitis 

       Gastroesophageal reflux disease (GERD) 

       Bronchiectasis (n=104) 

       EGPA (n=96) 

       Eosinophilic esophagitis (n=93) 

 

46 (42.59%) 

46 (42.59%) 

16 (14.81%) 

 

78 (72.22%) 

29 (26.85%) 

1 (0.93%) 

94 (87.04%) 

67 (62.62%) 

65 (60.19%) 

57 (52.78%) 

39 (36.11%) 

28 (26.96%) 

4 (4.71%) 

1 (1.08%) 

Age at asthma diagnosis (years) (n=106) 35.68 (15.95) 

ICS dose (mcg/day) (n=87) 

      <500  

≥500 and <1000  

≥1000  

LAMA (n=107) 

Anti LT (n=107) 

Theophylline (n=106) 

SABA and/or ICS/LABA as needed (times per day) (n=88)  

1006.93 (402.56) 

8 (9.20%) 

44 (50.57%) 

35 (40.23%) 

79 (73.83%) 

52 (48.60%) 

6 (5.66%) 

3.10 (4.19) 

OCS  

OCS dose (prednisone equivalent) (mg/day) (n=67) 

        ≤5 mg/day 

        >5 mg/day 

Biologic switch (n=98) 

Naïve 

Switched 

67 (62.04%) 

7.95 (7.42) 

26 (38.81%) 

41 (61.19%) 

 

89 (82.41%) 

19 (17.59%) 

BEC (cells /mm3) (n=104) 

FeNO (ppb) (N=55) 

Total serum IgE (IU/mL) (n=91) 

600 (28-3350) 

61.95 (55.66) 

209 (4.9-1940)  
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AER (n=107) 

Exacerbation phenotype (n=45) 

        Bacterial 

        Viral 

        Non-infectious 

3.84 (3.18) 

 

24 (53.33%) 

7 (15.56%) 

14 (31.11%) 

Lung function 

        FEV1 (L/min) (n=101) 

        FVC (L) (n=90) 

        FEV1 (% pred.) (n=86) 

        FVC (% pred.) (n=91) 

        FEV1/FVC (n=91) 

 

1.94 (0.83) 

3.30 (1.00) 

74.50 (20.68) 

93.97 (20.73) 

54.11 (24.87) 

Asthma PROs 

      ACT score (n=104) 

      ACQ score (n=39) 

      AQLQ score (n=31) 

CRSwNP PROs  

      VAS (n=60) 

      SNOT-22 score (n=57) 

 

14.41 (5.08) 

2.33 (1.25) 

3.76 (1.45) 

 

5.14 (3.13) 

47.21 (20.67) 

3.2. Benralizumab reduced exacerbations and inflammatory markers 

Patients experienced a significant and remarkable reduction of AER throughout the three years 
of treatment with benralizumab (p<0.0001, Figure 1A); baseline AER declined from a mean of 3.84 
(3.18) to 0.26 (0.83) (0.07, CI 0.05:0.01) already after 6 months of treatment and remained low at all 
time points, reaching 0.43 (0.93) (0.11, CI 0.08:0.16) at 36 months. Compared with baseline, the decline 
of AER amounted to 93%, 95%, 91% and 89% at 6, 12, 24 and 36 months, respectively. 

Consistent with its anti-eosinophilic effect, benralizumab treatment induced an almost complete 
depletion of BEC that was sustained over time, with a median BEC of 0 (0 : 50) displayed at all time 
points (Figure 1B). The drop in BEC was accompanied by a persistent reduction in FeNO, which 
decreased from a mean of 61.95 ppb (55.66) at baseline to 42.27 ppb (32.31) at 36 months (p=0.001, 
Table S1).  

 

Figure 1. Change in AER (A) and BEC (B) during the treatment with benralizumab. Data were 
recorded at baseline and at 6, 12, 24 and 36 months. Mean (SD), n values and exponential beta 
regression coefficients (i.e.: ratio) with 95% CI, or median (IQR) and n values are reported for each 
time point. . 
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3.3. Benralizumab improved lung function  

Patients treated with benralizumab ameliorated their lung function throughout the 36-month 
period, with a significant increment observed in FEV1 (p<0.0001) (Figure 2). The mean volume of FEV1 
increased from 1.94 L (0.83) at baseline to 2.38 L (0.79) at 36 months (+440 mL), with the maximal 
value of 2.41 L (0.88) recorded at 12 months (Figure 2A), while percentage of predicted FEV1 peaked 
at 36 months (87.62%, with a mean increase of 13.12% from baseline) (12.38, CI 8.14:16.62) (Figure 2B). 
Variations in other respiratory measurements are reported in Table S1. 

 

Figure 2. Change in FEV1 volume (A) and percentage of predicted (B) during the treatment with 
benralizumab. Data were recorded at baseline and at 6, 12, 24 and 36 months. Mean (SD), n values 
and regression coefficients (i.e., estimate) with 95% CI are reported for each time point.  . 

3.4. Benralizumab increased asthma control and QoL 

Asthma control and QoL significantly ameliorated during benralizumab treatment, with net 
improvements observed already at 6 months after the start of the treatment (Figure 3A). In detail, the 
mean ACT score was 14.41 (5.08) at baseline and increased to 22 points (4.5) at 6 months (7.80, CI 
6.89:8.71); ACT score remained either stable or further increased throughout the treatment period, 
indicating a durable good control of asthma. In addition, benralizumab enhanced patients’ QoL as 
determined by the significant changes of both ACQ and AQLQ scores over time (mean ACQ: from 
2.33 to 0.73, p<0.001; mean AQLQ: from 3.76 to 5.33, p=0.001) (Figure 3B and 3C).  

 

Figure 3. Change in ACT (A), ACQ (B) and AQLQ (C) scores during the treatment with 
benralizumab. Data were recorded at baseline and at 6, 12, 24 and 36 months. Mean (SD), n values 
and regression coefficients (i.e.: estimate) with 95% CI are reported for each time point. . 
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3.5. Benralizumab alleviated sinonasal symptoms in comorbid patients  

Beyond the asthma control improvement, benralizumab also decreased the severity of sinonasal 
symptoms in the subset of comorbid patients with CRSwNP. The mean VAS score significantly 
declined over the treatment period (p=0.0010), decreasing from 5.14 (3.13) at baseline to 3.29 (3.20) at 
36 months (-1.45, CI -2.18:-0.71) (Figure 4A). In parallel, the mean SNOT 22 score also significantly 
dropped (p<0.0001) from 47.21 (20.67) at baseline to 24.27 (16.69) at 36 months (-22.02, CI -27.55:-16.49) 
(Figure 4B). 

 

Figure 4. Change in VAS (A) and SNOT 22 (B) score during the treatment with benralizumab. Data 
were recorded at baseline and at 6, 12, 24 and 36 months. Mean values (SD), n and regression 
coefficients (i.e.: Estimate) with 95% CI are reported for each time point.  . 

3.6. Benralizumab decreased the use of OCS  

As shown in Figure 5, a significant reduction in OCS use was observed over time (p<0.0001). The 
mean dose of OCS decreased to 2.1 mg/day (5.50) at 6 months (-5.52, CI -6.91:-4.41) and continued to 
decline, reaching a mean dose of 1.20 mg/day (4.80) at 36 months (-6.37, CI -7.88:-4.85). A total of 39 
out of 64 (60.94%) eliminated the use of OCS already after 6 months from the start of benralizumab, 
and 38 out of 45 patients (84.44%) remained free from OCS at 36 months. Only 3 patients (6.67%) 
maintained (or increased) the baseline OCS dose, showing no reduction at 36 months (Table 2).  

The change in OCS use was also investigated in patients grouped according to their baseline 
OCS dose (≤5 mg/day or >5 mg/day) (Figure 5 and Table S2). The overall population and the subgroup 
of patients with baseline OCS dose >5 mg/day showed a similar OCS reduction pattern, with mean 
OCS doses of 1.20 (4.80) and 1.90 (5.60) at 36 month, respectively (Figure 5). An almost identical 
percentage of patients discontinued OCS at 36 months regardless of baseline OCS dose (85.71% 
patients with OCS ≤5 mg/day and 83.33% patients with OCS >5 mg/day) (Table S2). 
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Figure 5. Change in OCS dose in the overall patient population and in patients with baseline OCS 
dose >5 mg/day during the treatment with benralizumab. Data were recorded at baseline and at 6, 12, 
24 and 36 months. Mean (SD), n values and regression coefficients (i.e.: Estimate) with 95% CI are 
reported for each time point.  . 

Table 2. Extent of OCS dose reduction achieved by patients during the treatment with benralizumab. 
Data are expressed as n (%). 

Extent of OCS 
reduction 

Month 6 
(n=64) 

Month 12 
(n=47) 

Month 24 
(n=43) 

Month 36 
(n=45) 

Any reduction 52 (81.25%) 41 (87.23%) 39 (90.7%) 42 (93.33%) 
≥90 % 39 (60.94%) 34 (72.34%) 34 (79.07%) 38 (84.44%) 
≥75 % 42 (65.62%) 38 (80.85%) 37 (86.05%) 39 (86.67%) 
≥50 % 50 (78.12%) 41 (87.23%) 38 (88.37%) 42 (93.33%) 
≥25 % 51 (79.69%) 41 (87.23%) 39 (90.7%) 42 (93.33%) 
No reduction 12 (18.75%) 6 (12.77%) 4 (9.3%) 3 (6.67%) 
Elimination 39 (60.94%) 34 (72.34%) 33 (76.74%) 38 (84.44%) 

Extent of OCS 
reduction 

Month 6 
(n=64) 

Month 12 (n=47) Month 24 (n=43) Month 36 (n=45) 

Any reduction 52 (81.25%) 41 (87.23%) 39 (90.7%) 42 (93.33%) 
≥90 % 39 (60.94%) 34 (72.34%) 34 (79.07%) 38 (84.44%) 
≥75 % 42 (65.62%) 38 (80.85%) 37 (86.05%) 39 (86.67%) 
≥50 % 50 (78.12%) 41 (87.23%) 38 (88.37%) 42 (93.33%) 
≥25 % 51 (79.69%) 41 (87.23%) 39 (90.7%) 42 (93.33%) 
No reduction 12 (18.75%) 6 (12.77%) 4 (9.3%) 3 (6.67%) 
Elimination 39 (60.94%) 34 (72.34%) 33 (76.74%) 38 (84.44%) 

3.7. Benralizumab reduced the need for asthma background medication 

The daily ICS dose used by patients decreased progressively over time, from a mean of 1006.93 
(402.56) at baseline (n=87) to a mean of 800.04 (394.89) at 36 months (n=70), with an overall reduction 
of 20.55%. Accordingly, the percentage of patients taking a low dose of ICS (<500 mcg/day) increased 
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from 9.20% at baseline to 32.86% at 36 months, and a significant reduction in the required dose of ICS 
was observed over time (p=0.0010, Table 3). In particular, the chances of patients requiring a medium 
ICS dose (≥500 and <1000 mcg/day) at 12, 24 and 36 months were reduced by 78%, 83% and 89% 
compared with baseline (OR (95%CI): 0.22 (0.07:0.71), 0.17 (0.06: 0.55) and 0.11 (0.02:0.68), 
respectively), and the chances of requiring a high ICS dose (≥1000 mcg/day) at 6, 12, 24 and 36 months 
were reduced by 87%, 90%, 91% and 85% compared with baseline (OR (95%CI) =0.13 (0.02:0.77), 0.10 
(0.02:0.57), 0.09 (0.01:0.54) and 0.15 (0.05:0.47), respectively) (Table 3). Benralizumab treatment not 
only lowered the ICS dose but also decreased the need for other asthma medications, such as the use 
of as-needed relievers SABA or ICS/LABA (p<0.0001), LAMA (p=0.0008), anti LT (p<0.0001) and 
theophylline (p=0.0102) (Table 3).  

Table 3. Change in asthma medication use during the treatment with benralizumab. Descriptive 
statistics with a summary output of mixed-model on asthma medications other than OCS (ICS, SABA 
or ICS-LABA as needed, LAMA, anti LT and theophylline) recorded at baseline and during the 
treatment with benralizumab. Mean (SD) and n values or n (percentage) and the beta regression 
coefficient (or OR where appropriate) with 95% CI are reported for each time point. 

Parameter 
Baseline Month 6 Month 12 Month 24 Month 36 

p-

value 

ICS dose 

(mcg/day) 

1006.93 

(402.56) n=87 

895.09 (420.65) 

n=85 

853.93 (408.02) 

n=68 

841.47 (411.64) 

n=70 

800.04 (394.89)  

n=70 

 

 

ICS dose 

(mcg/day) 

<500  

≥500 and 

<1000  

≥1000  

* 

# 

 

1006.93 

(402.56) 

8 (9.20%) 

44 (50.57%) 

35 (40.23%) 

1 

1 

 

895.09 (420.65) 

17 (20.00%) 

43 (50.59%) 

25 (29.41%) 

0.37 (0.12 : 

1.13) 

0.13 (0.02 : 

0.77) 

 

 

853.93 (408.02) 

19 (27.94%) 

32 (47.06%) 

17 (25.00%) 

0.22 (0.07 : 

0.71) 

0.1 (0.02 : 0.57) 

 

841.47 (411.64) 

21 (30.00%) 

32 (45.71%) 

17 (24.29%) 

0.17 (0.06 : 

0.55) 

0.09 (0.01 : 

0.54) 

 

 

800.04 (394.89) 

23 (32.86%) 

31 (44.29%) 

16 (22.86%) 

0.11 (0.02 : 

0.68) 

0.15 (0.05 : 

0.47) 

 

0.0010 ⴕ 

 

 

 

 

SABA or 

ICS-LABA as 

needed 

(times per 

day) 

3.10 (4.19) 

0 

n=88 

 

0.35 (0.96) 

-2.72 (-3.37 : -

2.07) 

n=85 

 

0.2 (0.6) 

-2.78 (-3.51 : -

2.06) 

n=61 

 

0.43 (1.42) 

-2.59 (-3.3 : -

1.89) 

n=67 

 

0.38 (1.85) 

-2.73 (-3.43 : -

2.04) 

n=71 

 

<0.0001 

LAMA 

No 

Yes 

 

28 (26.17%) 

79 (73.83%) 

1 

n=107 

 

 

29 (28.16%) 

74 (71.84%) 

0.5 (0.13 : 1.85) 

n=103 

 

 

28 (29.17%) 

68 (70.83%) 

 0.29 (0.07 : 

1.12) 

n=96 

 

 

34 (40%) 

51 (60%) 

0.13 (0.03 : 

0.53) 

n=85 

 

 

38 (44.19%) 

48 (55.81%) 

 0.04 (0.01 : 

0.2) 

n=86 

 

0.0008 
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ⴕ p value estimated by fitting a multinomial log-linear model corrected for centre and patients variability * ICS 
dose contrast, ≥500 and <1000 mcg/day versus <500 mcg/day; # ICS dose contrast, ≥500 1000 and <1000 mcg/day 
versus <500 mcg/day. . 

3.8. Benralizumab promoted the achievement of CR  

Figure 6 shows the number and percentage of patients who achieved any CR, including pCR 
and cCR, at 12, 24 and 36 months (from the corresponding previous time point). A total of 36 out of 
46 patients (78.26%) reached CR (either pCR, 8.70% or cCR, 69.57%) after 12 months; the rate of CR 
further increased at the following time points, with 90.00% and 84.31% of patients in CR at 24 and 36 
months, respectively. When pCR and cCR were considered separately, the percentage of patients in 
pCR steadily increased from 8.70% at 12 months to 15.69% at 36 months, while most patients were in 
cCR from 12 months onwards (69.57% at 12 months, 77.50% at 24 months and 68.63% at 36 months). 
The percentage of patients who did not achieve any kind of CR dropped from 21.74% at 12 months 
to 10.00% and 15.69% at 24 and 36 months respectively (Figure 6). We also considered the percentage 
of patients who reached CR from baseline to each time point; as shown in Figure S1, similar results 
were obtained (at 36 months, 85.71% of patients achieved any CR, with 12.50% patients in pCR and 
73.21% patients in cCR). 

Anti LT 

No 

Yes 

 

55 (51.40%) 

52 (48.60%) 

1 

n=107 

 

 

56 (54.9%) 

46 (45.10%) 

0.48 (0.16 : 1.4) 

n=102 

 

 

55 (57.89%) 

40 (42.11%) 

0.22 (0.07 : 0.7) 

n=95 

 

 

57 (67.06%) 

28 (32.94%) 

0.06 (0.02 : 

0.23) 

n=85 

 

 

59 (68.6%) 

27 (31.4%) 

0.06 (0.02 : 0.23) 

n=86 

 

<0.0001 

Theophylline 

No 

Yes 

 

100 (94.34%) 

6 (5.66%) 

1 

n=106 

 

 

100 (99.01%) 

1 (0.99%) 

0.01 (0 : 0.68) 

0.02 n=101 

 

 

95 (98.96%) 

1 (1.04%) 

0.01 (0 : 0.38) 

0.02 n=96 

 

 

82 (96.47%) 

3 (3.53%) 

0.08 (0.01 : 

1.14) 

n=85 

 

 

84 (100%) 

0 (0%) 

0 (0 : Inf) 

n=84 

 

0.0070 
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Figure 6. Number and percentage of patients who achieved and did not achieve CR (either pCR or 
cCR) at 12, 24 and 36 months during the treatment with benralizumab (from previous time point). . 

4. Discussion 

This study provides a comprehensive analysis of benralizumab effectiveness by retrospectively 
evaluating a total of 108 Italian patients with SEA treated for up to 36 months. Even though a high 
number of real-life studies have thus far evaluated the effectiveness of benralizumab on SEA patients, 
to our knowledge this is the first study conducted on more than 100 SEA patients treated over a 
period longer than 2 years. The longest real-life study (up to 48 months) was published by Numata 
and colleagues however, only 23 SEA patients were initially included and fewer were followed for 
the entire period [33]. Similarly, Caminati and colleagues evaluated asthma outcomes in 68 
mepolizumab-switched patients treated with benralizumab for a median period of 31 months [30].  
In a more recent work, Fyles et al. considered a population of 81 SEA patients treated with either 
mepolizumab or benralizumab for up to 36 months; however, the majority of data were presented 
for the overall population, thus it is not possible to extrapolate the clinical improvements experienced 
by benralizumab-treated patients for each single outcome [31].  

The baseline clinical characteristics reveal a severely compromised SEA patient population. The 
presence of circulating eosinophils (600 cells/mm3), the high AER (3.84), the suboptimal FEV1/FVC 
and FEV1 (predicted: 74.5%) and the low scores of various PROs (with a mean ACT score: 14.41) 
confirm the poor control of the disease. In addition, the high percentages of patients taking OCS and 
experiencing comorbidities, among which CRSwNP in 60.19% patients, bronchiectasis in almost 27% 
patients and EGPA in 4.71% patients, further corroborate the high disease burden in our 
benralizumab-treated population. 

The results from this long-term study reinforce the remarkable effectiveness of benralizumab in 
minimizing the number of exacerbations while maintaining minimal BEC throughout the study 
period. Benralizumab rapidly decreased the frequency of exacerbations, with a reduction of AER that 
persisted throughout the 36-month period (AER reduction ranging from 89% at 36 months to 95% at 
12 months). Although the phenotype of exacerbations was determined in a small subgroup of patients 
at baseline only, we may speculate that benralizumab reduced all types of exacerbations, both 
infectious and non-infectious. This hypothesis is supported by: 1) the extensive effect seen 
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throughout the treatment period; 2) the high prevalence of bacterial-mediated exacerbations (more 
than 50%) observed at baseline; and 3) benralizumab novel MoA, which implies a broad modulation 
of the immune system, including increased activation of NK cells [26]. Considering the antiviral and 
antibacterial role exerted by NK cells, it is plausible that their increased function contributed to 
prevent infections and infectious-related exacerbations in patients during benralizumab treatment.  

These data demonstrate that the effectiveness of benralizumab in preventing exacerbations is 
truly long-lasting, and the prominent extent of AER reduction is consistent with previous real-life 
studies [25,28–30]. 

Although benralizumab was anticipated to have a positive impact on AER over time, variable 
results have been published regarding its ability to enhance lung function over the long term. In our 
study, benralizumab significantly increased FEV1 over time, with a remarkable +440 mL volume gain 
and predicted levels reaching normal values up to 36 months. This is the first time that benralizumab 
has been shown to induce a durable increase in respiratory function in real-life up to 3 years; these 
results are in line with the recently published 96-week data from the ANANKE study, in which both 
pre-BD FEV1 and FVC peaked after 96 weeks of treatment [25], and complement the data obtained 
from randomized clinical trials (RCT), where the initial improvement in lung function was stabilized 
over a two-year period [37]. As already mentioned, the novel MoA of benralizumab postulated by 
Bergantini et al., which involves the modulation of circulating CD3+T subsets and increased 
activation of NK cells even in absence of eosinophils, may play a key role in benralizumab-mediated 
long-term improvement in lung function [26]. On the other hand, Numata and colleagues reported a 
decline in FEV1 levels registered after 24 months [33]. In light of the data obtained from our and other 
studies, it is possible that this result is biased, due to the low number of patients considered in the 
study. The authors also speculated that the observed FEV1 reduction may be caused by an airway 
obstruction mechanism induced by the long-term administration of a single biologic, or a decrease 
adherence to inhaled therapies, or a physiological decline in pulmonary function [33]. Regardless of 
the reason justifying the different results, more studies with a greater number of patients are needed 
to ascertain benralizumab long-term effectiveness on lung function. 

As measured by ACT questionnaire, asthma control was significantly improved, with a mean 
ACT score greater than 21 at all timepoints. The significant results obtained in ACQ and AQLQ 
reinforced the achievement of good asthma control and demonstrated an overall improvement of 
QoL.  

Benralizumab not only induced profound beneficial effects in term of asthma symptoms but also 
improved sinonasal symptoms in comorbid patients with CRSwNP, as demonstrated by the 
significant and progressive changes recorded in VAS and SNOT Although benralizumab currently 
lacks the indication for the treatment of CRSwNP, growing evidence indicates that the anti IL-5R has 
a positive impact on nasal symptoms in comorbid patients [38–41]. Notably, a recent work by 
Santomasi and colleagues showed that benralizumab was not only effective in decreasing SNOT 22 
score, but it also significantly reduced nasal polyps score (NPS), determined by nasal endoscopy, and 
the number of nasal eosinophils and neutrophils, assessed via nasal cytology, in SEA patients with 
CRSwNP [41]. Collectively, these data corroborate the theory of “united airway disease” [42], 
implying that SEA and CRSwNP share the same eosinophilic-driven pathophysiology in comorbid 
patients, and benralizumab could indeed represent the optimal therapeutic strategy to tackle both 
pathologies simultaneously. 

The marked OCS-sparing effect of benralizumab is well-recognized. In the pivotal PONENTE 
study, almost 63% of patients completely eliminated the use of OCS and more than 80% of patients 
either eliminated OCS or maintained a minimum dose due to adrenal insufficiency [43]. Similarly, 
OCS dose has been either reduced or zeroed in real-life studies where patients were treated for 
periods longer than one year [25,29,30,33]. Our data indicate that benralizumab induced a durable 
OCS reduction and this effect further increased over time. Indeed, the minimal mean dose of OCS 
was registered at 36 months; at this time point, almost the totality of patients (93.33%) successfully 
decreased their OCS dose by any extent, and 84.44% patients permanently discontinued OCS therapy. 
To our knowledge, these percentages are the highest ever recorded in the literature. The sub-analysis 
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conducted on patients requiring a daily OCS dose of either ≤ or >5 mg substantiated the findings from 
the PONENTE trial, which showed that benralizumab OCS-sparing effect was independent of the 
baseline dose [43]. 

Beyond the high rate of OCS reduction and elimination, benralizumab treatment was associated 
with a net and significant decrease in the dose of maintenance ICS dose, with an overall reduction of 
20.5% and a decreased probability of requiring medium and high ICS doses over time. Consistently, 
there were more than 20% patients transitioning from medium or high ICS doses to low ICS doses 
(<500 mcg/day) at 36 months. We also observed a progressive decline in the use of all other asthma 
therapies, including LAMA, anti LT, theophylline, and as needed SABA and/or ICS/LABA. Notably, 
patients could reduce all these medications while maintaining good asthma control, as demonstrated 
by ACT and ACQ scores. To date, the effect of benralizumab on asthma medication other than OCS 
has not been extensively investigated. In the RCT SHAMAL, up to 92% of patients successfully 
reduced their ICS dose and 96% maintained such reduction up to 48 weeks [44]. In real-life, 
maintenance medications (ICS dose reduction and/or LABA, LAMA montelukast interruption) were 
decreased in 66.3% patients over a mean treatment period of 19.7 months. Similarly to our data, they 
also observe a 25% reduction in mean ICS dose [29].  

Since the advent of biologic therapies for asthma and the compelling amelioration of patients’ 
symptoms, the achievement of CR in SA patients has become possible. However, the criteria defining 
CR used in the various studies published so far have been somehow arbitrary. Recently, a Delphi 
consensus reached by members of the SANI study group agreed on the criteria to identify patients in 
pCR and cCR [19]. Based on these criteria, our results show that CR, and specifically cCR, was 
achieved by more than the half of the patients at all time points considered (up to 90.00% patients in 
CR at 24 months, of which 77.50% patients were in cCR). These data mean that benralizumab could 
permanently eradicate the disease in the vast majority of patients during the three-year study 
duration. CR was evaluated in previous studies, both RCT and in real life; the results show that 
benralizumab induced CR in percentages of SEA patients ranging from 14.5% (in the SIROCCO and 
CALIMA RCTs) [45] to 43% (in the real-world XALOC-1 study [46]). The percentage of patients 
achieving CR in our study seems to exceed the results previously reported, however attention should 
be paid to the criteria employed to define CR, as they vary across the studies, and they differ from 
the criteria used here. For instance, in the XALOC-1 study the percentage of patients reaching CR 
(43%) was calculated without including any respiratory parameters and considering an ACT score 
≥16 points [46] . Importantly, Campisi et al. found that SEA patients achieved CR more frequently in 
absence of bronchiectasis [47], suggesting a negative impact of this comorbidity on benralizumab 
effectiveness [47]. The inclusion of a variable proportion of patients with this comorbidity, 
accompanied by the methodological differences used across the studies, may justify the variable 
results obtained so far. Nevertheless, the rate of CR that emerges from real-world investigations 
seems to be consistently higher than that of RCTs [33,45–47]. In our study, CR was evaluated in all 
patients, including those with bronchiectasis (which affected approximately a quarter of our patient 
population). The strict criteria employed in our study to define cCR and the inclusion of patients with 
bronchiectasis add further value to the rates of cCR reported here, which are unprecedented, but 
justified by the striking effect of benralizumab observed in all the single outcomes (exacerbations, 
lung function, asthma control and OCS use).   

The retrospective design of this study represents its main limitation, as it is associated with 
considerable loss of data during the 36-month treatment period. As already mentioned above, 
additional studies will be needed to validate our results over even longer treatment periods and by 
considering greater numbers of patients. Ideally, future studies will be conducted with a prospective 
design. A thorough evaluation of safety would also be valuable to confirm the long-term safety of 
benralizumab already observed in the MELTEMI study [27]. 

In conclusion, this study offers a comprehensive assessment of benralizumab long-term 
effectiveness on SEA by examining a meaningful sample population at various time points, up to 36 
months of treatment. These impressive data not only comprehensively illustrate the long-lasting 
response to benralizumab in all the considered asthma clinical outcomes, but also reveal the 
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simultaneous positive effects on CRSwNP symptoms. The large percentage of patients who reached 
either pCR or cCR is indicative of the long-term well-being induced by benralizumab and support its 
role as a disease-modifying anti-asthmatic therapy for the management of SEA.  

Supplementary Materials: Table S1: Descriptive statistics with a summary output of mixed-model on FeNO 
and lung function parameters recorded at baseline and during the treatment with benralizumab (n=108 unless 
otherwise specified). Mean (SD) and n values or n (percentage) and beta regression coefficients with 95% CI are 
reported for each time point. Table S2: Extent of OCS dose reduction during treatment with benralizumab in 
patients grouped according to OCS dose at baseline (≤5 mg/day or >5 mg/day) Figure S1: Number and 
percentage of patients who achieved and did not achieve CR (either pCR or cCR) at 12, 24 and 36 months during 
the treatment with benralizumab (values calculated from baseline). . 
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