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Background: Severe asthma is a heterogeneous inflammatory disease driven by eosinophilic inflammation in the majority of cases. Despite biologic therapy patients may still be sub-optimally controlled, and the choice of the best biologic is a matter of debate. Indeed, switching between biologics is common, but no official guidelines are available and real-world data are limited.

Materials and methods: In this post hoc analysis of the Italian, multi-center, observational, retrospective study, ANANKE. Patients with severe eosinophilic asthma treated with benralizumab were divided in two groups based on history of previous biologic therapy (biologic-experienced [suboptimal response] vs naïve). Baseline clinical and laboratory characteristics were collected in the 12 months prior to benralizumab treatment. Change over time in blood eosinophils, annualized exacerbation rate (AER), asthma control (ACT), lung function and oral corticosteroid (OCS) use following benralizumab initiation were collected in the two groups.

Results: A total of 147 biologic-naïve and 58 biologic-experienced (34 omalizumab, 19 mepolizumab, and 5 omalizumab-mepolizumab) patients were enrolled. Biologic-experienced patients were more likely to be atopic and have a higher AER despite more frequent OCS use. Similar reductions in AER (>90% in both groups), OCS use (≥49% reduction in dosage and ≥41% able to eliminate OCS), ACT improvement (≥7 points gained in 48 weeks) and lung function (≥300 mL of FEV1 improvement in 48 weeks) were observed after benralizumab introduction within the two groups. There were no registered discontinuations of benralizumab for safety reasons.

Conclusion: In this post hoc analysis, patients who were switched to benralizumab because of suboptimal control with a previous biologic therapy were more likely to be atopic and more often treated with omalizumab. Benralizumab is effective in both naïve patients and those previously treated with a biologic.
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Introduction

Severe asthma is a complex and heterogeneous disease that affects 5–10% of patients with asthma (1), and is characterized by the presence of severe exacerbations, systemic corticosteroid use and costs related to healthcare resource utilization (2).

To date, five monoclonal antibodies have been approved for the treatment of asthma, namely omalizumab, mepolizumab, reslizumab, benralizumab, and dupilumab. Omalizumab was the first biologic drug approved for severe allergic asthma, defined by elevation of total serum IgE and perennial allergen sensitization (3). Mepolizumab, reslizumab, benralizumab, and dupilumab have since been approved for severe eosinophilic asthma (SEA), one of the most frequent, severe and difficult-to-treat asthma subtypes (4, 5).

Patients are often eligible for multiple biological treatments because of overlapping characteristics (e.g., eosinophilia and sensitization to a perennial allergen). There is a lack of clear guidelines on how to prioritize the best biologics in patients meeting multiple prescribing criteria (6), direct head-to-head comparison trials of all biologics are not available, and indirect meta-analysis has shown discordant non-conclusive results (7). Presence of specific clinical characteristics such as CRSwNP or allergic rhinitis may help clarify patient phenotype and predict clinical response to biologics (8–10). In line with these evidences, a recent ANANKE post hoc analysis confirmed clinical trial data which indicated CRSwNP as the cardinal predictor of benralizumab response (11).

For all of these reasons, the choice of which biologic to prescribe should be individualized for each patient on the basis of many factors, including asthma severity, phenotype, endotype, safety, costs, and expected treatment goals (12).

Once initiated, the effectiveness of a biologic should be evaluated after 4–6 months of treatment in terms of asthma control, exacerbation history, lung function, and other metrics (13). Suboptimal response should ideally be defined as a composite outcome as the reduction of exacerbation rates may not be apparent for more than 1 year after the introduction of a biologic (14). A recent US study using claims data from patients with severe asthma treated with biologics (N = 3,262) showed that roughly 60% of patients were uncontrolled or suboptimally controlled despite biologic treatment (15). In this subgroup of patients, switching from one biologic to another should be carefully evaluated according to characteristics related to disease- (e.g., presence of autoimmunity, elevated eosinophils, and fractional exhaled nitric oxide [FeNO]) and patient-related factors (13, 16).

This post hoc analysis from the ANANKE (chAracterization of ItaliaN severe uncontrolled Asthmatic patieNts Key features when receiving benralizumab in a real-life setting: the observational rEtrospective) study aimed to describe the clinical characteristics and efficacy of benralizumab in terms of asthma exacerbation, asthma control, lung function and oral corticosteroid (OCS) use in patients with severe eosinophilic asthma who were biologic treatment-naïve compared to patients switched from other biologics (omalizumab and mepolizumab) because of suboptimal response (biologic experienced).



Materials and methods


Study design

The design of the ANANKE study has previously been described (17). In brief, ANANKE (ClinicalTrials.gov Identifier: NCT04272463) is an Italian multi-center, observational, retrospective, cohort study including patients with SEA who started benralizumab therapy as per clinical practice or within the Italian Sampling Program that was activated following benralizumab approval in January 2018 and before reimbursement. Patients were consecutively enrolled between December 2019 and July 2020 at 21 Italian sites. As per the protocol, data collection covered a period of >15 months, i.e., 12 months prior to the index date (initiation of the treatment with benralizumab within the sampling program or per clinical practice) to retrieve a restricted set of clinical data plus at least 3 months between the index date and the enrollment visit. ANANKE was performed in accordance with the principles of the Declaration of Helsinki and the regulations and guidelines governing medical practice and ethics in Italy. Ethical approval was provided by the ethics committees/institutional review boards at each participating site. Each patient signed the informed consent and privacy form. Data were collected from each hospital medical charts according to clinical practice and were entered into the electronic case report form.



Study population

The study included patients aged ≥ 18 years at the index date with SEA requiring stable treatment with high doses of inhaled corticosteroids and a long-acting β2-agonist ± additional asthma controller (e.g., LAMA, LTRA, OCS, according to clinicians’ judgment); and who had started benralizumab, receiving at least one injection ≥3 months before enrollment, with hospital medical charts available from the index date. Patients were excluded if during the observation period they received benralizumab in a clinical trial, or participated in studies imposing a specific patient management strategy which did not correspond to the site’s normal clinical practice.

Patients were stratified into two groups: the first group, defined as “naïve,” included patients who previously had not received an asthma biologic treatment; the second group, “biologic-experienced,” comprised patients who had switched from one or more previous biologics because of uncontrolled disease.



Outcomes and variables

The primary objective was to describe the clinical features of naïve and biologic-experienced patients as recorded at the index date and during the 12 months prior to benralizumab treatment. Demographics (age, sex, body mass index [BMI], comorbidities, and smoking status), asthma features (age at diagnosis and duration), laboratory features (blood eosinophil count [BEC] and total serum immunoglobulin E [IgE]), and atopic status (defined as the presence of a perennial allergen sensitization demonstrated by skin prick test) were recorded. Lung function parameters, asthma control [defined by Asthma Control Test [ACT] (18)], and OCS use and dosage were also measured. Exacerbations were analyzed according to annualized exacerbation rates for any exacerbation (defined as a physician diagnosed clinically relevant asthma exacerbation) and severe exacerbations [defined as worsening of asthma that lead to one of the following: (a) use of systemic corticosteroids for 3 days or more or a temporary increase in a stable, background dosage of oral corticosteroids; (b) an emergency department or urgent care visit (<24 h) due to asthma that required systemic corticosteroids; or (c) an inpatient admission to hospital (≥24 h) due to asthma].

The secondary objective was to describe clinical outcomes assessed during benralizumab treatment between the index date and end of observation; when available, data at 16, 24, and 48 weeks after the index date were described. Outcomes included: (1) change over time of BEC; (2) annualized rate of any exacerbation and severe exacerbations during benralizumab treatment; (3) change over time of asthma control; (4) change over time of FEV1; (5) change over time of OCS use and dosage; (6) benralizumab discontinuation and reasons for discontinuation during the observation period. These outcomes were collected and compared in naïve and biologic-experienced patients.



Statistical analysis

The statistical analysis has previously been described (17). In brief, the analyses were descriptive and carried out using mean, standard deviation (SD), median, interquartile range (IQR), range, and absolute and relative frequencies. No formal hypotheses were pre-specified. The analyses were performed using SAS software v9.4 (SAS Institute, Cary, NC, United States).




Results


Study population

Between December 2019 and July 2020, a total of 205 patients were recruited and met the eligibility criteria for the ANANKE study. A total of 147 (71.7%) naïve and 58 (28.3%) biologic-experienced patients were considered evaluable for this post hoc analysis (Table 1). Thirty-four of these patients had been previously treated with omalizumab (58.6%), 19 patients (32.8%) with mepolizumab and 5 patients (8.6%) with omalizumab followed by mepolizumab.


TABLE 1    Demographics, clinical, and laboratory features of the patient population.
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Clinical characteristics

The proportion of male and female patients was well balanced in the biologic-experienced group but females were more common in the naïve group (50 vs. 66%, respectively). Duration of asthma from time of diagnosis was longer in biologic-experienced patients. As expected from a higher number of patients treated with omalizumab before benralizumab, biologic-experienced patients were more likely to be atopic (58.6 vs. 34.7% in the naïve group) with numerically higher serum IgE levels at baseline. As expected, BEC at baseline was lower in the biologic-experienced group (median 500 cells/mm3, IQR = 300–719) when compared to naïve patients (618 cells/mm3, IQR = 440–915). The two groups were otherwise comparable in terms of age, age at diagnosis of asthma, BMI and smoking status.

Lung function based on FEV1, FVC, and FEV1/FVC as well as asthma control (ACT) were impaired (under the normal range) in both groups. A numerically higher rate of any exacerbation (4.34 vs. 3.91 in the naïve patients) and severe exacerbations (1.79 vs. 0.83 in the naïve patients) were present in the biologic-experienced group. A slightly higher percentage of patients in the biologic-experienced group were treated with OCS before benralizumab start (34.5 vs. 22.4% in the naïve group), with a higher prednisone-equivalent daily dosage (mean of 18 vs. 11.3 mg/day in the naïve group). Ten patients in the naïve group (7.1%) and four patients in the biologic-experienced group (7.2%) did not show any exacerbation during the 12 months before benralizumab prescription.

Comorbidities considered to be possibly related to OCS use, such as hypertension, osteoporosis, cataract, anxiety/depression, type 2 diabetes mellitus and cardiovascular disease were numerically more prevalent in the biologic-experienced group when compared to the naïve group (Table 2).


TABLE 2    List and percentage of comorbidities within the study population.
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Both groups had a mean ± SD exposure to benralizumab therapy of 10.3 ± 5.0 months and a median [IQR] exposure of 9.8 [6.1–13.9] months after index date.



Effect of benralizumab on blood eosinophil count

A near complete depletion of peripheral eosinophils was seen in both groups at the first timepoint (16 weeks), and BEC remained low thereafter, in accordance with the known mechanism of action of benralizumab (Supplementary Figure 1).



Effect of benralizumab on exacerbations rates

The annualized exacerbation rate was consistently reduced after the introduction of benralizumab in both groups (−93.6% reduction in naïve patients and −91.9% reduction in biologic-experienced patients) (Figure 1A). In particular, during the observation period, the percentage of patients without any exacerbations increased from 7.1 to 82.4% in the naïve group and from 7.2 to 80% in the biologic-experienced group of patients. Benralizumab reduced the severe annualized exacerbation rate in naïve and biologic-experienced patients by −94 and −95%, respectively (Figure 1B), and there were no differences between the two groups. At index date biologics-experienced patients seemed more severe than naïve patients as they showed trend toward higher AER, OCS use and lower FEV1.
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FIGURE 1
Annualized exacerbation rates (AER) of any severity (A) and for severe exacerbations (B) during benralizumab treatment in the entire population and in naïve severe eosinophilic asthma patients versus biologic-experienced patients.




Effect of benralizumab on asthma control

Improvements in ACT were seen as early as at the first timepoint (16 weeks), reaching a median of 21 points in both groups. The improvement was sustained throughout the other timepoints (24 and 48 weeks) both in naïve (22 points, IQR = 20–24.5) and biologic-experienced patients (21 points, IQR = 20–24 points) (Figure 2). A total of 82% of the naïve patients scored at least 20 points and 77.8% achieved the minimal important difference (MID) of ACT at 48 weeks. Similarly, 79.2% of the biologic-experienced patients presented an ACT of at least 20 points and 73.7% achieved an MID of ACT at Week 48.
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FIGURE 2
Asthma control test (ACT) improvement in different timepoints in severe eosinophilic asthma (SEA) patients without (naïve) and with (biologic-experienced) previous use of a biologic drug during benralizumab treatment.




Effect of benralizumab on lung function

Sufficient data for the evaluation of lung function were only available for pre-bronchodilator FEV1 at 16, 24, and 48 weeks during benralizumab treatment in the two groups. Improvement of FEV1 was evident in both groups, with +200 mL gain after 16 weeks of treatment and +400 and +300 mL gain at 48 weeks in the naïve and biologic-experienced group, respectively (Figure 3). Data are not shown for the other lung function parameters described at baseline.
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FIGURE 3
Pre-BD FEV1 change over time in severe eosinophilic asthma (SEA) patients with (biologic-experienced) and without (naïve) previous exposure to a biologic drug during benralizumab treatment.




Steroid-sparing effect of benralizumab

Data on OCS reduction and elimination during benralizumab treatment was available for 27 out of 33 naïve patients and 17 out of 20 biologic-experienced patients with OCS use at index date (Figure 4 and Table 3).
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FIGURE 4
Oral corticosteroids (OCS) sparing effect of benralizumab in severe eosinophilic asthma (SEA) patients with (biologic-experienced) and without (naïve) previous use of a biologic drug. Dose is reported in milligrams of prednisone equivalent.



TABLE 3    Oral corticosteroid (OCS) reduction at end of observation in the patient population.
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Naïve patients reduced OCS dosage by 61.9%, decreasing from 11.8 ± 8.5 to 4.5 ± 5.6 mg/day of prednisone-equivalent at the end of the observation period. Forty-one percent of the patients were able to eliminate OCS and 48.1% obtained any reduction of the OCS dosage. Similarly, biologic-experienced patients reduced OCS dose from 16.9 ± 9.1 to 8.6 ± 10.3 mg/day of prednisone-equivalent (−49.1%); 47.1% of the patients being able to completely eliminate OCS at EOB.



Discontinuation and safety

Three patients in the naïve group and one patient in the biologic-experienced group discontinued benralizumab during the observation period. Lack of efficacy, physician, or patient decision were the reasons recorded for discontinuation. No discontinuation for safety reasons were registered after index date.




Discussion

In this post hoc analysis of the real-world ANANKE study (17) we evaluated the clinical characteristics of 205 SEA patients who were either biologic-naïve or switched from another biologic therapy because of suboptimal response. We confirmed the efficacy of benralizumab in all the outcomes evaluated, even in patients who failed a previous biologic therapy (omalizumab or mepolizumab). Benralizumab showed a reduction of over 90% in asthma exacerbations (even severe exacerbations), a reduction in concomitant OCS use (with almost 50% of patients having elimination of OCS), as well as improvements in asthma control amelioration and lung function independent of previous biologic therapy failure.

In this study, nearly 30% of the patients were biologic-experienced at the time of benralizumab prescription, a percentage similar to that recently described in the literature (19–21). More than half of the patients in this study switched from omalizumab to benralizumab, and 8.6% were eligible for omalizumab before switching to mepolizumab and then to benralizumab because of lack of efficacy. Despite previous treatment with omalizumab or mepolizumab, the subgroup of biologic-experienced patients seemed more severe than biologics naïve as they presented higher AER, more OCS dependence and lower FEV1. As expected, the presence of atopy, defined as the presence of sensitization to a perennial allergen along with serum IgE levels (17), was numerically more frequent in the biologic-experienced population. To date, no specific biomarker has been proven to be useful for predicting response to omalizumab in severe allergic asthmatic patients (22). In contrast, eosinophil counts of ≥300 cells/mm3, the presence of nasal polyps, basal corticosteroid use and a late onset of asthma have been found to predict an enhanced response to benralizumab (23).

Switching from omalizumab to an anti-interleukin (IL)-5 biologic therapy has been proven efficacious in ameliorating exacerbation rates and OCS use, as well as improving asthma control and lung function in severe allergic asthma patients with an eosinophilic phenotype (6, 24–28). To date, only one real-world study has been published on the efficacy of benralizumab in severe allergic asthma patients with a BEC of ≥300 cells/mm3 and who had previously received omalizumab (29). In particular, benralizumab was shown to significantly reduce asthma exacerbation rates and OCS use, with parallel improvement in asthma symptom control and lung function, not only versus baseline, but also with respect to omalizumab treatment. These results are most likely related to the specific mechanism of action of benralizumab – antibody-dependent cellular cytotoxicity (ADCC) – which allows almost complete elimination of peripheral blood and tissue eosinophils (30). A direct correlation between eosinophil levels and risk of exacerbations has been observed in allergic patients who had eosinophils levels of 300 cells/mm3 or higher (31). In contrast, no association between serum IgE levels and risk of exacerbation or other asthma outcomes has been evidenced so far (31).

Nineteen patients in this study switched to benralizumab from mepolizumab due to suboptimal control. To date, limited information is available regarding the effectiveness of switching between agents targeting the anti-IL-5/anti-IL-5R pathway (32). A retrospective study by Jackson et al. (33) demonstrated that benralizumab was able to reduce exacerbation rates and OCS use while improving asthma control and lung function in patients sub-optimally controlled with mepolizumab therapy. One-third of the patients did not experience any exacerbations after 1 year of benralizumab treatment, and more than half of the patients completely eliminated OCS use. The limited number of patients in our study precludes us from making specific conclusions about these 19 patients. However, the reduction of exacerbation rate by over 90% is commensurate with the efficacy of benralizumab even in this subgroup of patients.

To date, no clinical differences between responders and non-responders to mepolizumab have been identified that predict subsequent response to benralizumab (33). Three main reasons can potentially explain the efficacy of benralizumab in patients who have failed an anti-IL-5 drug such as mepolizumab. Firstly, benralizumab is the only drug that is able to achieve a near complete depletion of eosinophils both in peripheral blood and tissues, including the airways (30, 34, 35). The phenotyping Mepolizumab EXacerbations in severe eosinophilic asthma (MEX) study revealed that approximately 50% of the exacerbations in patients treated with mepolizumab were eosinophilic in nature, showing persistence of sputum eosinophil levels ≥2% after treatment (36). In these sub-optimally controlled patients, identified by increasing FeNO levels during exacerbations (36), benralizumab should be considered, even during the phenotyping process in biologic-naïve patients (37). Alternatively, switching to anti-IL-4/IL-13 could be considered in this subgroup of patients, but careful monitoring of BEC and clinical parameters are recommended to assess the risk of symptomatic hypereosinophilia and/or evolution toward eosinophilic granulomatosis with polyangiitis (EGPA, former known as Churg-Strauss Syndrome) (38, 39). Secondly, autoimmune features may be present in severe asthma patients (40). In particular, IL-5-anti-IL-5 complement activating immune-complexes and anti-eosinophils peroxidase have been reported to reduce the effectiveness of mepolizumab fixed dose (100 mg every 4 months), but not intravenous mepolizumab 750 mg, reslizumab 3 mg/kg or benralizumab 30 mg every 8 weeks (12, 13, 16, 40, 41). Finally, switching to benralizumab from another biologic of the anti-IL-5 pathway can be adequate when the presence of anti-drug autoantibodies (ADA) has been suspected as the cause of failure (13). No clear factors have been associated with higher ADA risk and, to date, intermittent biologic therapy and re-exposure after a long treatment-free interval may be associated with higher ADA risk (42). The presence of ADA has not been assessed in our study, as a limited number of Centers offer this possibility in real-life.

Few reports of double switching from omalizumab to mepolizumab and then benralizumab are reported in the literature (43). In our study, five patients switched from omalizumab to mepolizumab and then to benralizumab for suboptimal response to the first two biologics. Further analyses are planned for this special subgroup of patients and specific data are not shown in this study because of limited long-term information (e.g., ACT score and FEV1 at 48 weeks).

The use of OCS in SEA patients deserves specific commentary (44). In this study, half of the patients who switched from another biologic eliminated OCS use and an overall reduction of 50% in OCS from the baseline dose was achieved in less than 1 year of follow-up. The particular pharmacodynamic characteristics of benralizumab, such as the unique mechanism of action (near complete eosinophil depletion through ADCC), the action on precursors of eosinophils (45) and the more prominent suppression of the IL-5 axis (46) may account for these effects on patients who failed treatment with omalizumab and mepolizumab.

This study does have several limitations, some of which have already been discussed above. We acknowledge the retrospective nature of the study and the absence of a comparator arm may be limiting, as well as the absence of baseline clinical and laboratory data for switched patients before the introduction of the first biologic.

Moreover, the observational nature of the study did not allow to make any formal statistical hypotheses and the results are descriptive only. However, we think that this study represents the real-world experience on the use of benralizumab in both naïve and biologic-experienced patients, and we believe it could be informative for clinicians in daily clinical practice (47).



Conclusion

This study described the clinical features of patients switching from other biologics to benralizumab, with a numerically higher prevalence of atopy related to the frequency of omalizumab use in our population. Benralizumab has been shown to be effective in naïve patients and biologic-experienced patients in reducing asthma exacerbation and OCS use and improving lung function and asthma control. Previous use of mepolizumab should not be a deterrent for the use of benralizumab in suboptimal responders, likely due to differences in the mechanism of action between the two drugs. Further studies characterizing the clinical profile of patients benefiting the most from biologics in severe asthma are warranted in order to avoid multiple switches between biologics.
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