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Efficacy and safety of mepolizumab in hypereosinophilic syndrome: 
a Phase III, randomized, placebo-controlled trial

Patients with HES

*Secondary endpoints included time to first flare, annualized flare rate, proportion of patients experiencing a flare during Weeks 20-32 and change from baseline at 
Week 32 in fatigue severity; safety outcomes were also assessed. HES, hypereosinophilic syndrome; SC, subcutaneous.
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Abstract (243/250 words) 58 

Background: Anti-interleukin-5 therapy is a potential treatment for patients with hypereosinophilic 59 

syndrome (HES), although its clinical efficacy is unclear. 60 

Objective: To investigate the clinical efficacy and safety of mepolizumab versus placebo in patients 61 

with HES. 62 

Methods: This randomized, multicenter, double-blind, placebo-controlled, Phase III trial was 63 

conducted across 39 centers in 13 countries. Eligible patients had FIP1L1-PDGFRA-negative HES, 64 

experienced ≥2 flares (worsening of HES-related symptoms or blood eosinophil count requiring 65 

therapeutic escalation) in the previous 12 months and had a screening blood eosinophil count ≥1000 66 

cells/μL. Patients were randomized (1:1) to subcutaneous mepolizumab (300 mg) or placebo every 4 67 

weeks for 32 weeks, plus existing HES therapy. The primary outcome was the proportion of patients 68 

with ≥1 flare (worsening of HES-related symptoms necessitating therapy escalation or ≥2 courses of 69 

blinded rescue oral corticosteroids) during the study; in addition, patients who withdrew early from 70 

the study were counted as having a flare. Safety endpoints were also assessed. 71 

Results: The proportion of patients experiencing ≥1 flare/withdrawing from the study was 50% lower 72 

with mepolizumab versus placebo (15/54 [28%] vs 30/54 [56%]; p=0.002). Logistic regression 73 

analysis was consistent with the primary analysis (odds ratio: 0.28; 95% confidence interval: 0.12, 74 

0.64; p=0.003). Similar proportions of patients in the mepolizumab and placebo groups experienced 75 

on-treatment adverse events (48/54 [89%] vs 47/54 [87%]). 76 

Conclusion: Compared with placebo, mepolizumab significantly reduced the occurrence of flares in 77 

patients with HES, with no new safety signals identified.  78 

Funded by GlaxoSmithKline; ClinicalTrials.gov number: NCT02836496. 79 
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Clinical implications (29/30 words) 81 

Mepolizumab is the first treatment shown to reduce disease flares in patients with FIP1L1-PDGFRA-82 

negative HES. These findings represent an important advance for the management of this rare, 83 

debilitating disease.  84 

Capsule summary (34/35 words) 85 

This is the largest interventional clinical study performed in patients with HES to date and 86 

demonstrates for the first time that mepolizumab is associated with a reduction in disease flares 87 

without significant adverse events. 88 

Key words 89 

Hypereosinophilic syndrome, mepolizumab, flare, efficacy, safety 90 

Abbreviations  91 

AE, adverse event; BFI, brief fatigue inventory; BMI, body mass index; CI, confidence interval; 92 

CMH, Cochran–Mantel–Haenszel test; eCRF, electronic case report form; EGPA, eosinophilic 93 

granulomatosis with polyangiitis; HES, hypereosinophilic syndrome; IL, interleukin; IV, intravenous; 94 

MAR, missing at random; MedDRA, Medical Dictionary for Regulatory Activities; OCS, oral 95 

corticosteroid; SAE, serious AE; SC, subcutaneous; SD, standard deviation. 96 
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Introduction 98 

Hypereosinophilic syndrome (HES) is a rare group of disorders characterized by elevated eosinophil levels in 99 

blood and/or tissues.1 The clinical presentation of the disease is highly variable, but dermatological, pulmonary, 100 

gastrointestinal and cardiovascular symptoms are frequently reported.1, 2 The goal of treatment for patients with 101 

HES is the long-term reduction of blood and tissue eosinophil levels to reverse and prevent end-organ damage.3 102 

With the exception of patients with imatinib-sensitive HES variants (including those associated with the FIP1-103 

like-1-platelet-derived growth factor receptor α fusion gene [FIP1L1-PDGFRA]), the standard of care consists 104 

of glucocorticoids and cytotoxic/immunosuppressive therapy.3 However, these have variable efficacy and are 105 

often associated with significant morbidity and adverse side effects.2, 4 The heterogeneous nature of the disease 106 

also makes clinical management challenging, with patients typically displaying different patterns of disease 107 

activity (e.g. symptom worsening/relapse).5 108 

Interleukin (IL)-5 is a key regulator of eosinophil biology,6 therefore therapy directed against the IL-5 pathway 109 

has been explored as a potential treatment for patients with HES. Mepolizumab, a targeted, humanized, 110 

monoclonal antibody that selectively binds to IL-5, is approved for use in patients with eosinophilic diseases 111 

such as severe eosinophilic asthma and eosinophilic granulomatosis with polyangiitis (EGPA).7, 8 Previous 112 

clinical studies in patients with HES have shown reduced blood eosinophil counts and oral corticosteroid (OCS) 113 

sparing with mepolizumab treatment (750 mg administered intravenously [IV]).9-14 Although small open-label 114 

studies suggest that mepolizumab may reduce disease activity in HES, this has not been explored in the setting 115 

of a randomized, double-blind, placebo-controlled trial. The aim of this study was to investigate the clinical 116 

efficacy and safety of a mepolizumab dose (300 mg administered subcutaneously [SC] every 4 weeks), 117 

identified through blood eosinophil modeling, versus placebo in patients with FIP1L1-PDGFRA-negative HES. 118 

Methods 119 

Trial design and procedures 120 

This was a randomized, placebo-controlled, double-blind, parallel-group, multicenter, Phase III trial (GSK 121 

ID:200622; ClinicalTrials.gov No. NCT02836496), conducted at 39 sites across 13 countries (Supplementary 122 

Material). The trial protocol is available via the GSK Clinical Studies Register.15 After screening (1–4 weeks), 123 
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patients were randomized (1:1) to receive mepolizumab (300 mg SC) or placebo every 4 weeks, plus their 124 

existing HES therapy, for 32 weeks (Figure 1A). Baseline HES therapy dosing was maintained throughout the 125 

treatment period unless there was symptom worsening that required a dose increase. Where possible, patients 126 

who discontinued study treatment prematurely continued in the study until Week 32.  127 

The trial was conducted in accordance with the ethical principles of the Declaration of Helsinki, the 128 

International Conference on Harmonization Good Clinical Practice guidelines, and applicable country-specific 129 

regulatory requirements. All patients provided written informed consent. 130 

Patients  131 

Enrolled patients were ≥12 years of age at screening, had received a diagnosis of FIP1L1-PDGFRA-negative 132 

HES ≥6 months previously, had uncontrolled HES (defined as a history of ≥2 flares within the past 12 months 133 

and a blood eosinophil count ≥1000 cells/μL at screening) and had been receiving stable background HES 134 

therapy (which could include, but was not limited to OCS, immunosuppressive, and/or cytotoxic therapy) for ≥4 135 

weeks before and including randomization. HES diagnosis was based on organ system involvement and/or 136 

dysfunction that could be directly related to a blood eosinophil count >1500 cells/μL on ≥2 occasions, and/or 137 

tissue eosinophilia, without a discernible secondary cause.16 Historical flares were defined as a worsening of 138 

HES-related clinical symptoms or a blood eosinophil count requiring an escalation in therapy; ≥1 flare within 139 

the past 12 months had to be unrelated to a decrease in HES therapy in the preceding 4 weeks. All patients 140 

required OCS/cytotoxic/immunosuppressive therapy for HES flares in the 12 months before screening. Patients 141 

with life-threatening HES or life-threatening HES co-morbidities were excluded. Additional information 142 

regarding inclusion/exclusion criteria and withdrawal/stopping criteria is provided in Supplementary Material. 143 

Randomization and masking 144 

Randomization was performed using an interactive response system. The randomization sequence was 145 

computer-generated centrally using a permuted block design of block size 4 and stratified by region (USA; 146 

Argentina, Mexico, and Brazil; rest of world). Mepolizumab and placebo were prepared by staff aware of the 147 

trial group assignments but not involved in trial assessments; preparations were identical in appearance and 148 

administered in a blinded fashion. Investigators, GSK staff involved in the study, and patients were blinded to 149 

study treatment, results of absolute blood eosinophil counts, total white blood cell counts, and white blood cell 150 
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differentials; blinding was maintained for the full trial duration. Separate GSK staff who were unblinded to 151 

blood eosinophil counts (but not involved in other aspects of the trial) monitored blood eosinophil counts 152 

throughout the study and initiated rescue blinded OCS treatment if necessary (see below and Supplementary 153 

Material). 154 

Outcomes 155 

The primary endpoint was the proportion of patients who experienced a flare during the 32-week study period. 156 

A HES flare was defined as either: a) a HES-related clinical manifestation, based on a physician-documented 157 

change in clinical signs or symptoms, necessitating an increase in the maintenance OCS dose by ≥10 mg 158 

prednisone equivalent/day for 5 days or an increase in/addition of any cytotoxic and/or immunosuppressive HES 159 

therapy; or b) receipt of ≥2 courses of blinded OCS during the treatment period. An increase in blood eosinophil 160 

count above the pre-defined threshold level (in the absence of a clinical manifestation requiring an escalation of 161 

HES therapy by the investigator) led to the administration of blinded OCS treatment for approximately 2 weeks 162 

after which blood eosinophil count was reassessed. Blinded OCS was discontinued if this blood eosinophil 163 

count was no longer above the pre-defined threshold, or a new blinded OCS course was started if it remained 164 

above the pre-defined threshold (in the absence of a clinical manifestation requiring an escalation of HES 165 

therapy by the investigator since the first blinded OCS course). When a patient received a second course of 166 

blinded OCS during the 32-week treatment period, the patient was considered to be experiencing a flare 167 

according to definition (b). To be considered a discrete flare, the onset date of a new flare must have been at 168 

least 14 days after the resolution of the most recent flare.  169 

Secondary endpoints were time to first flare (allowing assessment of the probability of first flare over time); the 170 

proportion of patients with a flare during Weeks 20−32; the annualized rate of flares and change from baseline 171 

at Week 32 in fatigue severity (assessed by daily completion of the Brief Fatigue Inventory [BFI] item 3 using 172 

an eDiary: BFI range 0−10; higher score indicates worse fatigue severity).
17 Blood samples were taken at each 173 

visit to determine blood eosinophil counts. Safety assessments included monitoring for adverse events (AEs) 174 

and serious AEs (SAEs), including systemic and local injection-site reactions. Immunogenicity was also 175 

assessed (Supplementary Material).  176 

Jo
urn

al 
Pre-

pro
of



9 

 

Statistical analysis 177 

An initial sample size of 80 patients (40 per treatment arm) was estimated to provide at least 90% power to 178 

detect an absolute reduction of 38% (at a two-sided significance level of 0.05) in the proportion of patients 179 

experiencing a flare during the study period, assuming the true proportion of patients experiencing a flare on 180 

placebo is 60%. As there were little previous data to support this estimate of 60%, a pre-planned blinded sample 181 

size re-estimation was conducted using a non-comparative analysis; this permitted an increase in sample size if 182 

the blinded overall flare rate was <30%. Sample size re-estimation based on non-comparative interim results has 183 

been shown to have a negligible effect on the Type I error probability.18 Since the re-estimation was blinded, 184 

only the overall event rate (proportion of patients with a physician-documented flare) was used for the re-185 

assessment. The sample size re-estimation retained power to detect an absolute risk reduction of 38% and a 186 

relative risk of 0.28, subject to a maximum sample size of 60 per group (120 patients overall). The proportion of 187 

patients who had a flare was monitored. When 60 patients had been randomized, the estimated blinded overall 188 

proportion of patients who would have a flare by the end of the 32-week treatment period was between 25 and 189 

27.5%, and the sample size (rounded to the nearest 10 patients) required to maintain 90% power was calculated 190 

to be 50 patients per arm; a decision was therefore made to increase the sample size to 50 patients per arm (100 191 

patients overall). 192 

 193 

Efficacy endpoints were assessed in the intent-to-treat population (all patients who were randomized; analyzed 194 

by randomized trial groups); safety endpoints were assessed in the safety population (all patients who were 195 

randomized and received ≥1 dose of mepolizumab or placebo; analyzed by treatment received for >50% of 196 

injections administered). Baseline OCS dose and region were included as stratification factors or covariates in 197 

all statistical analyses, unless otherwise stated. Data for patients continuing in the study after treatment 198 

discontinuation were included in efficacy analyses. 199 

Proportions of patients experiencing a flare were analyzed using a Cochran–Mantel–Haenszel test, 200 

supplemented by a logistic regression model. Patients who withdrew prematurely from the study were included 201 

in the analysis as having a flare; sensitivity analyses to assess the impact of missing data were performed. Time 202 

to first flare was analyzed using a Cox proportional hazards regression model; cumulative event rates were 203 

calculated using the Kaplan–Meier method. The annualized rate of flares was analyzed using a negative 204 
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binomial generalized linear model with a log link-function including the log of the observed time (as an offset 205 

variable). A post-hoc subgroup analysis by baseline OCS dose (0 mg, >0–≤5 mg, >5–≤10 mg, >10 mg 206 

prednisone equivalent daily dose) was conducted for both the proportion of patients experiencing ≥1 flare and 207 

the rate of flares, using logistic regression and negative binomial generalized linear regression, respectively; 208 

owing to the small sample size in each subgroup, region was not included as a covariate in these analyses. 209 

Change from baseline in fatigue severity at Week 32 was analyzed using a Wilcoxon Rank Sum test with an 210 

additional stratification factor of baseline fatigue severity; patients with missing data were included in this 211 

analysis with the largest value observed for any patient. A supportive repeated measures analysis in which 212 

missing data was assumed to be Missing at Random (MAR) was also performed. For strong control of type I 213 

error, a hierarchical, closed testing procedure was used for primary and secondary endpoints. Reported p-values 214 

are two-sided and not adjusted for multiplicity. Further information on statistical methods is provided in the 215 

Supplementary Material. 216 

Results 217 

Patient population  218 

Patients were recruited from 7 March 2017 to 18 October 2018; follow-up continued until 8 August 2019. 219 

Overall, 141 patients were screened for eligibility and 108 were randomized, of whom 54 received mepolizumab 220 

and 54 received placebo (Figure 1B). A total of four patients (two per treatment group) withdrew from the study 221 

before Week 32; two additional patients (one per treatment group) discontinued treatment but continued in the 222 

study until Week 32. Patient demographics and clinical characteristics are shown in Tables I and E1. 223 

Primary endpoint 224 

Overall, 65 flares were reported in 42 patients during the study; most (50/65; 77%) met flare definition a) 225 

(physician-documented change in clinical signs or symptoms requiring OCS therapy escalation or an increase 226 

in/addition of cytotoxic and/or immunosuppressive therapy) (Table E2; Figure 2A). Three patients withdrew 227 

prematurely from the study prior to experiencing a flare. The proportion of patients who experienced ≥1 flare 228 

during the study or who withdrew from the study was 50% lower for patients receiving mepolizumab versus 229 

placebo (15/54 [28%] vs 30/54 [56%]; p=0.002; Table II). Logistic regression analysis was consistent with the 230 
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primary analysis (odds ratio: 0.28; 95% confidence interval [CI]: 0.12, 0.64; p=0.003); similar results were 231 

obtained in sensitivity analyses to assess the impact of missing data (Figure E1).  232 

A similar benefit was seen in a post hoc analysis of the proportion of patients who experienced ≥1 flare meeting 233 

flare definition a); the proportion of patients who experienced ≥1 definition a) flare was significantly lower in 234 

the mepolizumab group than in the placebo group (12/54 [22%] vs 23/54 [43%];p=0.024; odds ratio: 0.35, 95% 235 

CI: 0.15, 0.85; p=0.020). Owing to the small number of patients experiencing ≥1 flare meeting definition b) 236 

(receipt of ≥2 courses of blinded OCS) statistical analysis of flares meeting definition b) was not performed. 237 

The post hoc subgroup analysis of the primary endpoint by baseline OCS dose showed a slight trend towards 238 

increasing mepolizumab benefit in flare occurrence compared with placebo with increasing baseline OCS dose 239 

category (Figure E2A). 240 

Secondary endpoints  241 

The Kaplan-Meier estimate of the probability of first flare over time is presented in Figure 2B; the risk of 242 

experiencing a first flare during the treatment period was 66% lower for patients treated with mepolizumab 243 

versus placebo (hazard ratio: 0.34; 95% CI: 0.18, 0.67; p=0.002) (Table II). Fewer patients experienced a flare 244 

or withdrew from the study during Weeks 20–32 when receiving mepolizumab compared with placebo (9/54 245 

[17%] vs 19/54 [35%]; p=0.02; odds ratio: 0.33; 95% CI: 0.13, 0.85; Table II). The adjusted annualized rate of 246 

flares was also 66% lower with mepolizumab compared with placebo (0.50 vs 1.46 flares per year, respectively; 247 

p<0.001) (Table II); results of the post hoc analysis by baseline OCS dose showed that this between-treatment 248 

difference was similar regardless of baseline OCS dose category (Figure E2B). In addition, fatigue severity at 249 

Week 32 improved with mepolizumab compared with placebo (median change, -0.66 vs 0.32, respectively; 250 

p=0.04) (Table II; Figure 2C).  251 

Blood eosinophil count 252 

At Week 2, the geometric mean blood eosinophil count in patients receiving mepolizumab was markedly 253 

reduced compared with baseline (1460 cells/µL to 170 cells/µL). This reduction reached a nadir by Week 8 and 254 

was sustained to Week 32 (Figure 2D; Figure E3). At Week 32, patients receiving mepolizumab had a 92% 255 

Jo
urn

al 
Pre-

pro
of



12 

 

reduction from baseline in blood eosinophil count compared with those receiving placebo (least squares mean 256 

blood eosinophil counts at Week 32: 70 and 900 cells/µL, respectively; Table E3). 257 

Safety 258 

The proportion of patients who experienced on-treatment AEs was similar between groups (48/54 [89%] with 259 

mepolizumab and 47/54 [87%] with placebo; Table III). The most frequently reported AEs were bronchitis, 260 

diarrhea, headache, nasopharyngitis, pain in extremity, pruritis, rhinitis and upper respiratory tract infection 261 

(Table III). AEs considered by the investigator to be drug-related were reported in 12/54 (22%) patients 262 

receiving mepolizumab and 7/54 (13%) of those receiving placebo (Table III). Local injection-site reactions 263 

occurred in 4/54 (7%) patients receiving mepolizumab and 2/54 (4%) of those receiving placebo (Table III). 264 

On-treatment SAEs occurred in 10/54 (19%) patients receiving mepolizumab and 8/54 (15%) of those receiving 265 

placebo; none were considered drug-related (Table III; Table E4). One death was reported in the mepolizumab 266 

group (owing to HES flare, pneumonia, respiratory failure and septic shock), which was not considered by the 267 

investigator to be treatment-related (Supplementary Material). One patient receiving mepolizumab had 268 

positive anti-mepolizumab antibodies at Week 32 however, these were not neutralizing. 269 

Discussion 270 

This randomized, placebo-controlled, Phase III study demonstrated that treatment with mepolizumab (300 mg 271 

SC) was associated with a 50% reduction in the proportion of patients with HES who experienced ≥1 flare 272 

during the 32-week treatment period, compared with placebo. Patients included in the study had experienced ≥2 273 

flares requiring an escalation in treatment in the 12 months prior to the study and had blood eosinophil counts of 274 

≥1000 cells/µL at baseline, indicating uncontrolled disease. Consistent with the previous clinical trial of IV 275 

mepolizumab in patients with HES, the frequencies of AEs were generally similar between patients receiving 276 

mepolizumab and placebo,11 and the types of AEs reported in patients receiving mepolizumab treatment were 277 

also similar to those previously reported.11, 14  278 

IV administration of mepolizumab (750 mg) has been shown to be associated with reduced OCS use in patients 279 

with HES,11, 13, 14 and improvements in symptoms such as pruritis, skin lesions, nasal congestion and polyposis 280 

and dysphagia.9, 10 However, given the heterogenous nature of the disease, identification of a suitable endpoint 281 

for assessing the impact of treatment on disease activity is challenging. For this reason we focused on flares, 282 
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using a definition that captured changes in signs or symptoms necessitating an increase in standard therapy 283 

and/or a sustained increase in blood eosinophil counts (both of which indicate a lack of disease control). 284 

Although it could be argued that inclusion of an increase in blood eosinophil count as part of the flare definition 285 

could potentially favor mepolizumab given it’s mode of action, approximately three quarters of reported flares 286 

in our study were identified by physicians based on a change in clinical signs or symptoms resulting in an 287 

increase in therapy. For each definition a) flare, the physician documented the symptoms that were present and 288 

provided a narrative; all such data were consistent with a HES flare. The clinical signs and symptoms reported 289 

during these flares varied between patients, but included dermatologic, gastrointestinal, respiratory and 290 

neurologic symptoms, as well as pain and fatigue. It is also worth noting that although flares have not been used 291 

previously as a formal outcome measure in HES, the flare definition we used allowed investigators to capture 292 

the worsening in clinical signs and symptoms across a broad range of organ systems typically seen by 293 

physicians treating patients with HES in the clinic. Moreover, these flares could occur at any time during the 294 

study, whereas definition b) flares, which were based on an increase in blood eosinophil count, were detected at 295 

treatment visits. The assessment of worsening based on a clinical need for an increase in treatment is similar to 296 

the efficacy endpoint employed in mepolizumab trials for other eosinophil-mediated conditions. For example, in 297 

severe eosinophilic asthma, clinically significant exacerbations were defined as a worsening of asthma requiring 298 

use of OCS, hospital admission or emergency department visit,19 and in EGPA, relapse was defined as active 299 

vasculitis, asthma symptoms or nasal and/or sinus disease leading to an increase in OCS or immunosuppressive 300 

therapy or hospitalization.20  301 

Despite heterogenous organ involvement in patients with HES, fatigue has been reported as a sign or symptom 302 

in several studies and improves with mepolizumab treatment.2, 9 Consistent with this, we observed an 303 

improvement in fatigue severity (based on results from BFI item 3) compared with baseline in patients receiving 304 

mepolizumab versus placebo. Use of the BFI in patients with HES has not been reported previously, therefore 305 

the minimal clinically important difference in this patient population has not been defined. Nonetheless, the 306 

mitigation of fatigue symptoms may be an important patient-reported benefit in patients receiving novel 307 

treatment options for HES. 308 

Mepolizumab treatment was also associated with a 92% reduction from baseline in blood eosinophil count 309 

compared with placebo, which is similar to earlier clinical studies of mepolizumab in patients with HES.10, 11, 13, 
310 
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14 As increased blood eosinophil count is a surrogate marker for tissue eosinophilia and organ damage in 311 

patients with HES, the substantial reduction in blood eosinophil count that we observed with mepolizumab is a 312 

relevant finding. Taken together with the observation that patients receiving mepolizumab experienced fewer 313 

flares than those receiving placebo, our results suggest that mepolizumab would likely be beneficial to patients 314 

with uncontrolled HES, particularly as this would likely lead to a reduced need for 315 

OCS/cytotoxic/immunosuppressive therapy. Although a post hoc subgroup analysis of the proportion of patients 316 

who experienced ≥1 flare by baseline OCS dose suggested a slight trend towards a greater mepolizumab 317 

treatment effect with increasing OCS dose category, there was no evidence of a difference in treatment effect by 318 

baseline OCS dose category when analyzing the rate of flares. As such, our data suggest that mepolizumab is an 319 

important treatment option for patients with uncontrolled HES, regardless of their prior maintenance dose of 320 

OCS.  321 

There are several study limitations to consider. First, the eligibility criteria were broad and while most patients 322 

were receiving chronic OCS or immunosuppressant therapy at baseline, some patients were only treated as 323 

needed in the event of a flare to avoid the long-term toxicity associated with standard of care maintenance 324 

therapy. Second, all patients had a blood eosinophil count ≥1000 cells/μL at screening, although this 325 

requirement may not be appropriate in clinical practice as patients’ existing therapy may have already reduced 326 

blood eosinophil counts to below this threshold. Third, one of the definitions used to identify flares was based 327 

on an increase in the maintenance OCS dose by ≥10 mg/day for 5 days. It is possible that there may have been 328 

instances where the OCS dose increased, but not enough to have been counted as a flare; as a result, the number 329 

of flares may have been underestimated in both treatment arms. Finally, the treatment period was limited to 32 330 

weeks, as physicians were not comfortable with blood eosinophil count blinding for a longer time period. 331 

However, the ongoing open-label extension (ClinicalTrials.gov No. NCT03306043) will provide longer-term 332 

information (up to 52 weeks) on the efficacy and safety of mepolizumab in patients with HES. In addition, 333 

results from a compassionate use program in patients with HES indicate that long-term treatment (up to 11 334 

years) is well-tolerated in those who are non-responsive or intolerant to other therapies.21 335 

In conclusion, mepolizumab is the first treatment shown to reduce disease flares in patients with FIP1L1-336 

PDGFRA-negative HES, with no new safety signals identified. As such, the findings from this study represent 337 

an important advance for the management of this rare, debilitating disease. 338 
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Table I. Baseline demographic and clinical characteristics in the intent-to-treat population* 405 

 

Placebo  

 

(N=54) 

Mepolizumab  

300 mg SC  

(N=54) 

Characteristic   

Age, mean (range), years 45.4 (15–80) 46.6 (12–82) 

Female sex, n (%) 27 (50) 30 (56) 

BMI, kg/m2, mean (SD) 26.20 (5.934) 26.38 (5.885) 

Duration of HES, years, mean (SD) 5.66 (8.035) 5.45 (5.079) 

Baseline HES therapy, n (%)   

Any 49 (91) 50 (93) 

OCS 38 (70) 40 (74) 

Prednisone ≤20 mg/day or equivalent 37 (69) 35 (65) 

Prednisone >20 mg/day or equivalent 1 (2) 5 (9) 

Cytotoxic/immunosuppressive therapy† 9 (17) 14 (26) 

Other‡ 19 (35) 22 (41) 

Not taking OCS or cytotoxic/immunosuppressive therapy 14 (26) 11 (20) 

Prednisone equivalent daily dose (mg)˄, median (range)   

Patients with a baseline prednisone equivalent daily 

dose >0 mg only 
10.0 (3–25) 10.0 (3–50) 

All patients 5.6 (0–25) 5.6 (0–50) 

Number of flares in 12 months prior to screening, mean (SD) 2.7 (1.02) 2.7 (1.28) 

Geometric mean (SD of log) blood eosinophil count˄, cells/µL 1350 (0.708) 1460 (0.946) 

Most bothersome HES-related symptoms§, n (%)   

Breathing symptoms  30 (56) 30 (56) 

Skin symptoms 28 (52) 25 (46) 

Muscle or joint pain 20 (37) 24 (44) 

Nasal or sinus symptoms 19 (35) 22 (41) 

Abdominal pain or bloating 24 (44) 16 (30) 

Chills or sweats 5 (9) 10 (19) 
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*Statistical significance testing between groups was not performed.  406 

†Examples of cytotoxic/immunosuppressive therapy include but are not limited to hydroxyurea, 407 

cyclosporine, imatinib, methotrexate, tacrolimus, and azathioprine. 408 

‡Examples of ‘other’ HES therapy include but are not limited to beclometasone dipropionate, 409 

formoterol fumarate, omeprazole, salbutamol, tiotropium bromide, triamcinolone acetonide, and 410 

cetirizine. 411 

˄Values of zero were replaced with 0.005 prior to log transformation. 412 

§As reported by patients; at baseline/randomization patients reported up to three HES related symptoms 413 

that they considered most bothersome. 414 

 415 

BMI, body mass index; HES, hypereosinophilic syndrome; OCS, oral corticosteroid; SC, 416 

subcutaneous; SD, standard deviation.  417 
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Table II. Summary of efficacy outcomes 418 

 Placebo 

 

(N=54) 

Mepolizumab  

300 mg SC 

(N=54) 

Odds ratio 

(95% CI) 

p-value 

(CMH/logistic 

regression) 

Primary endpoint: Proportion of patients who experienced ≥1 HES flare during the 32-week study period  

Patients who experienced ≥1 HES flare during 

the 32-week study period or who withdrew 

from the study, n (%) 

30 (56) 15 (28) 0.28 (0.12, 

0.64) 

0.002 / 0.003 

Patients who experienced ≥1 HES flare 

during the 32-week study period, n (%) 

28 (52) 14 (26) .. .. 

Patients who withdrew from the study, n 

(%) 

2 (4) 1 (2) .. .. 

Secondary endpoints 

Time to first flare 

 Placebo 

 

(N=54) 

Mepolizumab  

300 mg SC 

(N=54) 

Hazard ratio 

(95% CI) 

p-value 

Probability of flare by Week 32, % (95% CI) 52.7 (40.1, 

66.5) 

26.3 (16.5, 

40.3) 

0.34 (0.18, 

0.67) 

0.002 

Proportion of patients who experienced ≥1 HES flare during Weeks 20−32 

 Placebo 

 

(N=54) 

Mepolizumab  

300 mg SC 

(N=54) 

Odds ratio 

(95% CI) 

p-value 

(CMH/logistic 

regression) 

Patients who experienced ≥1 HES flare during 

Weeks 20−32 or who withdrew from the study, 

n (%) 

19 (35) 9 (17) 0.33 (0.13, 

0.85) 

0.02 / 0.02 

Patients who experienced ≥1 HES flare 

during Weeks 20−32, n (%) 

17 (31) 7 (13) .. .. 

Patients who withdrew from the study, n 

(%) 

2 (4) 2 (4) .. .. 

Annualized rate of HES flares 
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 Placebo 

 

(N=54) 

Mepolizumab  

300 mg SC 

(N=54) 

Rate ratio 

(95% CI) 

p-value 

Adjusted mean rate of HES flares per year 1.46 0.50 0.34 (0.19, 

0.63) 

<0.001 

Change from baseline at Week 32 in fatigue severity*  

 Placebo 

 

(N=54) 

Mepolizumab  

300 mg SC 

(N=54) 

.. p-value 

Median change from baseline 0.32 −0.66 .. 0.04 

 419 

*Based on Brief Fatigue Inventory item 3 recorded daily; for each patient the mean score over the 7 420 

days prior to baseline and Week 32 was analyzed (range 0−10; higher score indicates worse fatigue 421 

severity; minimal clinically important difference for patients in HES not determined); patients (7 422 

placebo, 4 mepolizumab) with missing data were included in this analysis with the largest (i.e., worst) 423 

value observed for any patient. 424 

CI, confidence interval; CMH, Cochran–Mantel–Haenszel test; HES, hypereosinophilic syndrome; SC, 425 

subcutaneous.  426 
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Table III. Summary of AEs 427 

 
Placebo  

(N=54) 

Mepolizumab 300 mg SC  

(N=54) 

 No. of patients (%) 

Event   

All AEs 47 (87) 48 (89) 

Any on-treatment event 47 (87) 48 (89) 

Drug-related event* 7 (13) 12 (22) 

Leading to treatment discontinuation 2 (4) 0  

Leading to study withdrawal 2 (4) 1 (2) 

All SAEs 9 (17) 10 (19) 

Any on-treatment event 8 (15) 10 (19) 

Drug-related event* 0 0 

Fatal 0 1 (2)† 

Anaphylaxis 1 (2)‡ 0 

On-treatment systemic or local injection-

site reactions 
  

Systemic reactions¶ 0 1 (2) 

Local injection-site reactions§ 2 (4) 4 (7) 

Malignanciesǁ 1 (2) 0 

Most common on-treatment AEs**   

Bronchitis 10 (19) 8 (15) 

Diarrhea 7 (13) 5 (9) 

Headache 7 (13) 7 (13) 

Nasopharyngitis 7 (13) 7 (13) 

Pain in extremity 2 (4) 6 (11) 

Pruritis 7 (13) 4 (7) 

Rhinitis 6 (11) 5 (9) 

Upper respiratory tract infection 2 (4) 8 (15) 

On-treatment cardiovascular AEs††   

Arrhythmia 0 1 (2) 
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Atrial fibrillation 1 (2) 0 

Bundle branch block left 0 1 (2) 

Palpitations 0  2 (4) 

Restrictive cardiomyopathy 1 (2) 0 

Tachycardia 1 (2) 0 

Statistical significance testing between groups was not performed. 428 

*Status assigned by the investigators while masked to the treatment group. †One fatality was reported 429 

(owing to HES, pneumonia, respiratory failure, and septic shock) but this was not considered related to 430 

treatment. ‡The investigator did not consider this event to represent a systemic reaction meeting 431 

Sampson’s criteria for anaphylaxis. ¶Identified by the investigator in the eCRF designed to collect data 432 

on systemic reactions. §Identified by the investigator in the eCRF designed to collect data on local 433 

injection site reactions. ǁIdentified from prespecified standardized MedDRA queries. **Reported in 434 

≥10% of the patients in any treatment group. ††AEs in the Cardiac Disorders system organ class. AE, 435 

adverse event; eCRF, electronic case report form; HES, hypereosinophilic syndrome; MedDRA, 436 

Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SC, subcutaneous. 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

  446 
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Figure Legends 447 

Figure 1. Study design and enrolment and follow-up of patients. Panel A shows the design of the 448 

study. Panel B shows the screening, enrolment, randomization, treatment, and follow-up of patients. 449 

*Following study completion, patients could be entered in an open-label extension (mepolizumab 300 450 

mg SC, every 4 weeks; GSK Study ID: 205203; ClinicalTrials.gov No. NCT03306043). Patients who 451 

continued with open-label mepolizumab had their last assessment at Week 32. 452 
†Patients who did not continue with open-label mepolizumab had an additional 8-week follow-up 453 

period, concluding with a final visit 12 weeks after their last dose. 454 
‡Two patients (one in the placebo group, one in the mepolizumab group) discontinued treatment and 455 

remained in the study off-treatment until Week 32. The patient in the placebo group discontinued 456 

owing to a lack of willingness to regularly fill out the eDiary; the patient in the mepolizumab group 457 

discontinued owing to patient/proxy decision.  458 
¶The patient in the mepolizumab group who discontinued owing to adverse event experienced four 459 

serious adverse events (HES flare, pneumonia, respiratory failure and septic shock). These were fatal, 460 

and were not considered by the investigator to be treatment-related.  461 

 462 

HES, hypereosinophilic syndrome; SC, subcutaneous. 463 

 464 

 465 

Figure 2. Flares, fatigue severity and blood eosinophil counts in the intent-to-treat population. 466 

Panel A shows the cumulative number of flares over the study period. Panel B shows a Kaplan–Meier 467 

cumulative incidence curve for probability of first flare over time. Panel C shows adjusted mean 468 

change from baseline in fatigue severity*. Panel D shows the adjusted geometric mean blood 469 

eosinophil count over time. Vertical bars in Panels B, C, and D represent 95% CI. 470 

 471 

*Fatigue severity assessed based on Brief Fatigue Inventory item 3 recorded daily; for each patient the 472 

mean score over the 7 days prior to each time point was analyzed (range 0−10; higher score indicates 473 

worse fatigue severity; minimal clinically important difference for patients in HES not determined).  474 

 475 

CI, confidence interval; HES, hypereosinophilic syndrome; SC, subcutaneous; SCR, screening. 476 

 477 

 478 
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