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Background

Current standard-of-care treatments for hypereosinophilic syndrome (HES) include oral corticosteroids (OCS) and immunosuppressive/cytotoxic (IS/CT) therapies. The anti-IL-5 monoclonal antibody mepolizumab has also recently been approved for patients with this disease. The objective of this analysis was to assess the relationship between baseline therapy and flare reduction in patients with HES treated with mepolizumab, using data from the Phase III 200622 study (NCT02836496).



Methods

In the double-blind, parallel-group 200622 study, eligible patients were ≥12 years old and had HES for ≥6 months, ≥2 flares in the previous 12 months, blood eosinophils ≥1000 cells/μL at screening and ≥4 weeks’ stable HES therapy. Patients were randomised (1:1) to receive mepolizumab 300 mg subcutaneously or placebo every 4 weeks for 32 weeks plus their existing HES therapy. This post hoc, descriptive analysis assessed the effect of baseline HES therapy [IS/CT (± OCS), OCS No IS/CT, and No IS/CT/OCS] on the proportion of patients with ≥1 flare during the study period, the annualised rate of flares, time to first flare, and the proportion of patients with ≥1 flare during Weeks 20─32, with mepolizumab versus placebo.



Results

Mepolizumab treatment was associated with a decrease in the proportion of patients who experienced ≥1 flare during the study period in all baseline therapy groups versus placebo (32–96% reduction). Similarly, the probability of a flare was lower with mepolizumab (14.3–31.4%) than placebo (35.7–74.1%) in all baseline therapy groups, as was the annualised flare rate (0.22–0.68 vs 1.14–1.62). The proportion of patients who experienced ≥1 flare during Weeks 20–32 was reduced with mepolizumab versus placebo for all baseline therapy groups (55–85% reduction). For all endpoints, the greatest effect of mepolizumab treatment was seen in the IS/CT (± OCS) group.



Conclusions

Patients with poorly controlled HES are likely to achieve clinical benefit with mepolizumab in terms of flare reduction, regardless of their baseline therapy.



Clinical Trial Registration

(https://clinicaltrials.gov/ct2/show/NCT02836496).
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Introduction

Hypereosinophilic syndrome (HES) is a rare and debilitating multisystem disorder characterised by elevated eosinophil counts in the peripheral blood and/or tissues and eosinophil-mediated organ damage, without a secondary cause for the eosinophilia (1). Disease presentation is heterogeneous; any tissue or organ system can be affected, although skin, lung, and gastrointestinal involvement are the most common manifestations (2). The disease course is also heterogeneous, with different patterns of relapse and disease activity, and patients may experience flares, a worsening of HES-related disease activity requiring an increase in treatment (3). As disease outcomes in HES are linked to the nature and extent of end-organ damage (4, 5), treatment goals focus on the prevention and reversal of organ damage to improve symptoms by reducing eosinophilic inflammation (6).

Treatment options for HES vary depending on the heterogeneous underlying drivers of disease. For example, patients who are positive for the fusion gene FIP1L1-PDGFRA respond effectively to imatinib (tyrosine kinase inhibitor) treatment (2, 6). However, current standard of care treatment for patients with HES without the FIP1L1-PDGFRA fusion gene or other tyrosine kinase rearrangements is less effective and includes oral corticosteroids (OCS) as a first-line treatment often used with immunosuppressive and/or cytotoxic (IS/CT) therapies, commonly hydroxycarbamide or interferon-α (2, 6). Depending on the pattern of the disease course, treatments may be used chronically or for the treatment of flares as required (3). In many cases in which chronic treatment is indicated, OCS therapy is discontinued or used in combination therapy owing to adverse side effects or lack of efficacy. Many CT therapies and IS therapies are also associated with significant toxicity and side effects, and have variable clinical efficacy (2). Therefore additional therapeutic options for HES, including OCS sparing treatments, are needed.

Mepolizumab is a humanised monoclonal antibody that binds to and inactivates interleukin (IL)-5, thereby reducing eosinophil haematopoiesis and survival (7, 8). By doing so, mepolizumab is able to reduce blood eosinophil counts to within normal physiological limits (9). Mepolizumab is an approved add-on therapy for a number of eosinophilic diseases, including severe eosinophilic asthma, chronic rhinosinusitis with nasal polyps, eosinophilic granulomatosis with polyangiitis (EGPA) and HES in multiple regions worldwide (10, 11). The double-blind, Phase III 200622 study (NCT02836496), demonstrated that mepolizumab significantly reduced the incidence of disease flares, fatigue severity and blood eosinophil counts versus placebo in patients with HES, with a favourable safety profile (9).

It is currently not known whether the efficacy of mepolizumab treatment in HES is affected by prior use of other therapies such as OCS or IS/CT therapies. We therefore conducted a post hoc analysis of data from the 200622 study to assess the relationship between baseline HES therapy and mepolizumab-associated flare reduction.



Materials and Methods


Study Design and Patients

This was a post hoc analysis of data from the 200622 study (NCT02836496), a randomised, placebo-controlled, double-blind, parallel-group, multicentre, Phase III trial, full details of which have been reported previously (9). Briefly, patients were randomised (1:1) to receive mepolizumab 300 mg subcutaneously or placebo every 4 weeks for 32 weeks in addition to their existing HES therapy. Patients were ≥12 years of age at screening; had a diagnosis of HES ≥6 months before screening based on organ system involvement and/or dysfunction that could be directly related to a blood eosinophil count >1500 cells/μL on ≥2 occasions, and/or tissue eosinophilia, without a discernible secondary cause; were receiving stable HES therapy for ≥4 weeks before the baseline visit; had ≥2 flares within the past 12 months and a baseline blood eosinophil count ≥1000 cells/μL at screening. Patients maintained the same regimen of baseline treatment throughout the 32-week study unless they had a worsening of symptoms that required an increase in therapy. Patients positive for the FIP1L1-PDGFRA fusion gene were excluded. The trial was conducted in accordance with the ethical principles of the Declaration of Helsinki, the International Conference on Harmonization Good Clinical Practice guidelines, and applicable country-specific regulatory requirements. The local institutional review board or ethics committee at each study centre oversaw trial conduct and documentation (see ethics statement for further details). All patients provided written informed consent.



Post Hoc Analysis Outcomes

The endpoints assessed in this post hoc analysis were the proportion of patients who experienced ≥1 flare during the 32-week study period (primary endpoint of the 200622 study) (9), the annualised rate of flares, time to first flare, and the proportion of patients with ≥1 flare during Weeks 20─32 (secondary endpoints of the 200622 study) (9). Flares were defined as: a) a HES-related clinical manifestation (based on a physician-documented change in clinical signs or symptoms) that required either an increased dose of maintenance OCS ≥10 mg prednisone equivalent/day for 5 days or an increase in/addition of any CT and/or IS HES therapy or b) receipt of ≥2 courses of blinded OCS during the treatment period. To be considered as a new flare, the onset date of a flare must have been ≥14 days after the resolution of the previous flare.

Each endpoint was analysed for patient subgroups defined by baseline HES treatment type, focusing on OCS and IS/CT use; other medications were not considered in subgroup classifications. Three treatment type subgroups were defined: IS/CT therapy both with and without OCS [IS/CT (± OCS)]; OCS without IS/CT (OCS No IS/CT); and neither OCS nor IS/CT (No IS/CT/OCS). IS/CT therapies included but were not limited to hydroxycarbamide, ciclosporin, imatinib, methotrexate, and azathioprine.



Statistical Analysis

Patient demographic and clinical characteristics at baseline stratified by baseline HES therapy type [IS/CT (± OCS); OCS No IS/CT; No IS/CT/OCS] were analysed descriptively. The significance of differences in demographic or clinical characteristics was not tested. The proportion of patients with a flare during the 32-week study period and during Weeks 20–32 was analysed using a logistic regression analysis adjusted for baseline OCS dose. Region was not included as a covariate owing to low sample sizes in some subgroups, and patients who withdrew prematurely from the study were included in the analysis as having a flare. The rate of flares was analysed using a negative binomial generalised linear model adjusted for baseline OCS dose, treatment and observed time (as an offset variable). The probability of a flare was analysed using a Cox proportional hazards regression analysis adjusted for baseline OCS dose. The study was powered for analysis of the intent-to-treat population of the 200622 study and was not powered for post hoc subgroup analyses, as such significance testing was not performed. All analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC, USA).




Results


Patient Population, Demographic and Clinical Characteristics

In total, 141 patients were screened for participation. Of these, 108 patients were deemed eligible and included in this analysis. HES treatment at baseline is shown in Table 1. In total, 21% of patients were receiving IS/CT therapies ( ± OCS), 56% were receiving OCS without IS/CT, and 23% were receiving neither. Of patients who were receiving IS/CT, the majority (17% of all patients) were also receiving OCS and 5% of patients were receiving IS/CT without OCS. The most commonly received IS/CT therapies were hydroxycarbamide (8%), methotrexate (5%), interferon alpha (5%), imatinib (5%), and ciclosporin (4%) (Table 1).


Table 1 | Baseline HES treatment in the ITT population.



Details of patient demographics and clinical characteristics are shown in Table 2. With a mean age of 44.4 years and 44.7 years respectively, patients receiving IS/CT (± OCS) or OCS No IS/CT were younger than patients receiving No IS/CT/OCS treatment at baseline (50.7 years). The mean [standard deviation (SD)] duration of HES was shortest in the IS/CT (± OCS) group and longest for the OCS No IS/CT group [4.62 (3.253) – 5.96 (7.838) years]. The mean (SD) number of flares in the 12 months before screening was 2.3 (0.57), 3.0 (1.25), 2.4 (1.19) in the IS/CT (± OCS), OCS No IS/CT and No IS/CT/OCS groups respectively. Additionally, the No IS/CT/OCS group had the smallest proportion of patients with >2 flares. The median (range) daily OCS dose was numerically lower in the IS/CT (± OCS) group than in the OCS No IS/CT group [7.5 (0─50) and 10.0 (3─38), respectively].


Table 2 | Baseline demographics and clinical characteristics in the ITT population by baseline treatment type.



There was variation between the treatment subgroups in the frequency of HES symptoms reported by patients at baseline as the three most bothersome symptoms. Among patients in the IS/CT (± OCS) and OCS No IS/CT subgroups, breathing (61% and 57%, respectively) and skin symptoms (65% and 43%, respectively) were the most commonly reported. Among patients receiving No IS/CT/OCS, muscle or joint pain (52%) was the most commonly reported symptom.



Impact of Mepolizumab on Flare Outcomes by Baseline Treatment

The proportion of patients who experienced ≥1 flare during the 32-week study period was lower among patients who received mepolizumab (range: 14–34% across the three baseline treatment groups) compared with placebo (Figure 1). The greatest reduction in the odds of a patient experiencing ≥1 flare with mepolizumab versus placebo was experienced in the IS/CT (± OCS) group with a 96% reduction {odds ratio [95% confidence interval (CI)]: 0.04 [0.00, 0.39]}, compared with 63% in the OCS No IS/CT group [odds ratio (95% CI): 0.37 (0.13, 1.06)], and 32% in the No IS/CT/OCS group [odds ratio (95% CI): 0.68 (0.12, 3.77)] (Figure 1).




Figure 1 | Odds of a patient experiencing ≥1 flare with mepolizumab versus placebo during the 32-week treatment period by baseline treatment type. *These values were originally reported in Roufosse et al., 2020. CI, confidence interval; CT, cytotoxic therapy; HES, hypereosinophilic syndrome; IS, immunosuppressive therapy; OCS, oral corticosteroid; SC, subcutaneous.



The annualised rate of flares, calculated from the rate of flares during the 32-week study period was also lower with mepolizumab (0.22–0.68 flares/year across the three baseline treatment groups) versus placebo (1.14–1.62 flares/year) regardless of baseline therapy (Figure 2). The largest reduction was in the IS/CT (± OCS) treatment group, with an 83% reduction compared with 58% in the OCS No IS/CT group and 62% in the No IS/CT/OCS group (Figure 2).




Figure 2 | Annualised rate of flares with mepolizumab versus placebo by baseline treatment type. *These values were originally reported in Roufosse et al., 2020. CI, confidence interval; CT, cytotoxic therapy; HES, hypereosinophilic syndrome; IS, immunosuppressive therapy; OCS, oral corticosteroid; SC, subcutaneous.



Analysis of time to first flare found that the risk of a flare by Week 32 was lower with mepolizumab versus placebo in all baseline treatment groups [91%, 60%, and 32% reduction in risk of a flare with IS/CT (± OCS), OCS No IS/CT, and No IS/CT/OCS groups, respectively] (Figure 3). The largest effect of mepolizumab versus placebo was seen in the IS/CT (± OCS) group where the difference between the mepolizumab and placebo groups was seen as early as Week 8 and increased with time to a 74.1% risk of a flare with placebo versus 14.3% with mepolizumab at Week 32; Figure 3A). In the OCS No IS/CT group the risk of a flare at Week 32 was 54.8% with placebo compared with 31.4% with mepolizumab (Figure 3B). The smallest difference between mepolizumab and placebo was seen in the No IS/CT/OCS subgroup (Figure 3C), in which the probability of flare with placebo was lower than in the other subgroups (35.7% with placebo at Week 32, vs 27.3% with mepolizumab). Finally, the proportion of patients who experienced ≥1 flare during Week 20 through Week 32 was lower with mepolizumab (14–18%) versus placebo (32–44%) in all baseline treatment groups, as evident from the lower odds of flare with mepolizumab versus placebo in the IS/CT (± OCS) group compared with the OCS No IS/CT and No IS/CT/OCS treatment groups [odds ratio: IS/CT (± OCS) = 0.15; OCS No IS/CT = 0.45; No IS/CT/OCS = 0.40; Figure 4].




Figure 3 | Kaplan-Meier analysis of time to first flare with mepolizumab versus placebo in (A) IS/CT ( ± OCS), (B) OCS No IS/CT and (C) No IS/CT/OCS subgroups. *Hazard ratio (mepolizumab 300mg SC/placebo) calculated by Cox proportional hazards regression analysis adjusted for baseline OCS dose. CI, confidence interval; CT, cytotoxic therapy; IS, immunosuppressive therapy; mepo, mepolizumab; OCS, oral corticosteroid; SC, subcutaneous.






Figure 4 | Odds of a patient experiencing ≥1 flare with mepolizumab versus placebo during Week 20 though Week 32 by baseline treatment type. *These values were originally reported in Roufosse et al., 2020. CI, confidence interval; CT, cytotoxic therapy; HES, hypereosinophilic syndrome; IS, immunosuppressive therapy; OCS, oral corticosteroid; SC, subcutaneous.






Discussion

Many patients with HES continue to experience disease flares despite receiving standard of care therapies such as OCS, IS, CT, or other therapies (2, 6). This post hoc analysis demonstrates the add-on benefit of mepolizumab on top of existing treatments as mepolizumab was associated with a lower occurrence of flares versus placebo across all baseline therapy groups. The small sample size in the No OCS/IS/CT therapy group in particular led to large confidence intervals in all analyses, although numerically greater reductions in flare occurrence were consistently seen. This provides further evidence of the benefit of mepolizumab in patients with HES and suggests that mepolizumab therapy should be considered in patients with HES irrespective of prior therapy.

The previously-reported results from the 200622 study demonstrated that the proportion of patients experiencing ≥1 flare (or withdrawing from the study) was 50% lower in patients receiving mepolizumab compared with placebo [15/54 (28%) vs 30/54 (56%)] (9). In the current analysis, results on the proportion of patients who experienced ≥1 flare over the course of the study, the rate of flare, the time to first flare, and the proportion of patients who experienced ≥1 flare during Weeks 20–32, in the IS/CT (± OCS), OCS No IS/CT, and No IS/CT/OCS baseline treatment groups all indicated a benefit of mepolizumab treatment versus placebo for flare reduction. The greatest impact of mepolizumab on flare reduction was consistently seen in patients receiving IS/CT therapy, of whom the majority were also receiving baseline OCS, and only five patients in this group did not receive OCS. Given that IS/CT therapy is usually prescribed for patients who are still symptomatic despite treatment with OCS, this group of patients may have more severe disease or be less responsive to OCS. Notably, patients receiving IS/CT (± OCS) had a shorter disease duration than patients in the other baseline therapy groups, and as such it is possible that these patients had more aggressive disease presentations than patients with a longer duration of disease in the other baseline therapy subgroups. The fact that patients remained poorly controlled by their current IS/CT and OCS therapies does not rule out the possibility of a cumulative effect of prior treatments and mepolizumab in reducing disease flares. Therefore, mepolizumab may offer particular benefit to patients with HES that is poorly controlled despite receiving a high level of medical therapy. Consistent with this hypothesis, a previous analysis of the proportion of patients experiencing a flare over the course of the study and the rate of flares by baseline OCS dosage (0, 0 to ≤5, 5> to ≤10, >10 mg/day), identified a possible trend for increased efficacy of mepolizumab in groups with higher baseline OCS dosage (9).

It is important to note that the differences in baseline HES therapy of patients in the different subgroups may be due to differences in physician treatment patterns, differences in disease severity between patients, or other considerations such as lack of efficacy or intolerance to previous treatments. In addition, as HES is a heterogeneous disease, differences in baseline therapy may reflect differences in patterns of disease course, with some patients experiencing chronic levels of inflammation requiring constant treatment, whilst others experience periodic relapses with variable time of remission between flares, and therefore may not be receiving chronic treatment (3). In the No IS/CT/OCS group, a higher portion of patients presented with abdominal pain/bloating or muscle/joint pain, while patients in the IS/CT (± OCS) and OCS No IS/CT subgroups, reported breathing and skin symptoms as their most bothersome symptoms. It should be noted that whilst 23% of patients were not receiving chronic OCS or IS/CT at baseline, all had experienced at least two flares in the 12 months prior to screening requiring episodic treatment with OCS or IS/CT. Nonetheless, overall, our results suggest that patients who did not receive any treatment may have had milder disease, and that the benefit of mepolizumab treatment may be less obvious than in patients with more severe disease.

Given the adverse effects of chronic OCS use, there is a clinical need for treatments that allow for reductions in OCS dose and improvements in disease control (12). However, the heterogeneous nature of HES complicates treatment and the individual effectiveness of OCS-sparing drugs greatly depends on the specific diagnosis (13–15). In routine clinical practice, IS/CT therapies such as azathioprine or methotrexate are sometimes used as steroid-sparing agents, particularly in idiopathic HES, with little or no evidence of effectiveness (13–15). Conversely, hydroxycarbamide, interferon-α, or PEG-interferon can be effective in patients who experience significant corticosteroid-related adverse effects or who fail to respond adequately to OCS, particularly in those with myeloid subtypes (13–15). Imatinib, an effective treatment for patients with aberrant PDGF-R signalling activation (most commonly driven by a FIP1L1-PDGFRA fusion gene), is sometimes given as a steroid sparing agent to patients without identified PDGF-R activation mutations, with highly variable treatment responses being observed (14, 16). However, the OCS-sparing effect of these therapies has not been demonstrated in randomised controlled clinical trials and their use can be limited by adverse effects (13–15). The OCS-sparing effect of mepolizumab in severe eosinophilic asthma and EGPA is well-established (17–19) and there is emerging evidence of an OCS sparing effect of mepolizumab in patients with HES (20, 21). In the 20-week open label extension of the 200622 study (205203/NCT03306043) a ≥50% reduction in OCS daily dose was achieved by 28% of patients using OCS during the first 4 weeks of the study (21). Mepolizumab may therefore offer the additional benefit of OCS reduction for patients requiring chronic or repeated courses of OCS.

The limitations of the parent 200622 study have been previously reported (9). The post hoc nature of the current study led to additional limitations. Owing to the rarity of HES, the numbers of patients in some of the baseline treatment subgroups were small, with 23 patients receiving IS/CT (± OCS), 60 receiving OCS No IS/CT and 25 receiving No OCS/IS/CT. Whilst the 200622 study was powered to detect an absolute reduction of 38% in the proportion of patients experiencing a flare with a sample size of 50 in each arm, this post hoc analysis was not powered for such testing. Statistical testing or more detailed analysis of between group differences was therefore not attempted. As such, the results of the subgroup analyses presented here should be viewed as indicative rather than definitive and further studies will be needed to fully explore the factors contributing to the patterns seen. In addition, as historical treatment data were not collected, it was not possible to investigate prior treatment use and the rationale for the treatments patients were receiving at baseline. This circumstance, together with the heterogeneous nature of HES also limits the ability to draw conclusions on any differences in disease severity between baseline therapy groups, and limits the interpretation of the results. Despite these caveats our results provide additional insights, beyond the primary results of the 200622 study (9), into the treatment benefits of mepolizumab for patients with HES receiving varying baseline therapies.

In conclusion, the results of this analysis provide further evidence of the beneficial effects of mepolizumab treatment in terms of flare reduction in patients with HES. Our findings suggest the impact of mepolizumab may be especially pronounced in patients with poor disease control despite receiving treatment with IS/CT therapies with or without OCS. Nonetheless, it is likely that patients with poorly controlled HES will benefit from treatment with mepolizumab irrespective of existing HES treatment.
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