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Abstract

Background: Anti–IL-5 therapy is a potential treatment for patients with hypereosinophilic 

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

Objective: We sought to investigate the clinical efficacy and safety of mepolizumab versus 

placebo in patients with HES.

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

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

HES, experienced 2 or more flares (worsening of HES-related symptoms or blood eosinophil 

count requiring therapeutic escalation) in the previous 12 months, and had a screening blood 
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eosinophil count greater than or equal to 1000 cells/μL. Patients were randomized (1:1) to 

subcutaneous mepolizumab (300 mg) or placebo every 4 weeks for 32weeks, plus existing HES 

therapy. The primary outcome was the proportion of patients with 1 or more flares (worsening 

of HES-related symptoms necessitating therapy escalation or ≥2 courses of blinded rescue oral 

corticosteroids) during the study; in addition, patients who withdrew early from the study were 

counted as having a flare. Safety end points were also assessed.

Results: The proportion of patients experiencing 1 or more flares/withdrawing from the study 

was 50% lower with mepolizumab versus placebo (15 of 54 [28%] vs 30 of 54 [56%]; P = .002). 

Logistic regression analysis was consistent with the primary analysis (odds ratio, 0.28; 95% CI, 

0.12–0.64; P = .003). Similar proportions of patients in the mepolizumab and placebo groups 

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

Conclusions: Compared with placebo, mepolizumab significantly reduced the occurrence of 

flares in patients with HES, with no new safety signals identified.

GRAPHICAL ABSTRACT
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Hypereosinophilic syndrome (HES) is a rare group of disorders characterized by elevated 

eosinophil levels in blood and/or tissues.1 The clinical presentation of the disease is highly 

variable, but dermatological, pulmonary, gastrointestinal, and cardiovascular symptoms 

are frequently reported.1,2 The goal of treatment for patients with HES is the long-

term reduction of blood and tissue eosinophil levels to reverse and prevent end-organ 

damage.3 With the exception of patients with imatinib-sensitive HES variants (including 

those associated with the FIP1-like-1-platelet-derived growth factor receptor a fusion 

gene [FIP1L1-PDGFRA]), the standard of care consists of glucocorticoids and cytotoxic/

immunosuppressive therapy.3 However, these have variable efficacy and are often associated 

with significant morbidity and adverse side effects.2,4 The heterogeneous nature of the 
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disease also makes clinical management challenging, with patients typically displaying 

different patterns of disease activity (eg, symptom worsening/relapse).5

IL-5 is a key regulator of eosinophil biology6; therefore, therapy directed against the IL-5 

pathway has been explored as a potential treatment for patients with HES. Mepolizumab, a 

targeted, humanized mAb that selectively binds to IL-5, is approved for use in patients with 

eosinophilic diseases such as severe eosinophilic asthma and eosinophilic granulomatosis 

with polyangiitis.7,8 Previous clinical studies in patients with HES have shown reduced 

blood eosinophil counts and oral corticosteroid (OCS) sparing with mepolizumab treatment 

(750 mg administered intravenously).9–14 Although small open-label studies suggest that 

mepolizumab may reduce disease activity in HES, this has not been explored in the setting 

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

investigate the clinical efficacy and safety of a mepolizumab dose (300 mg administered 

subcutaneously every 4 weeks), identified through blood eosinophil modeling, versus 

placebo in patients with FIP1L1-PDGFRA–negative HES.

METHODS

Trial design and procedures

This was a randomized, placebo-controlled, double-blind, parallel-group, multicenter, phase 

III trial (GlaxoSmithKline [GSK] ID: 200622; ClinicalTrials.gov No. NCT02836496) 

conducted at 39 sites across 13 countries (see this article’s Online Repository at 

www.jacionline.org). The trial protocol is available via the GSK Clinical Studies Register.15 

After screening (1–4 weeks), patients were randomized (1:1) to receive mepolizumab (300 

mg subcutaneous) or placebo every 4 weeks, plus their existing HES therapy, for 32 weeks 

(Fig 1, A). Baseline HES therapy dosing was maintained throughout the treatment period 

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

who discontinued study treatment prematurely continued in the study until week 32.

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. All patients provided written 

informed consent.

Patients

Enrolled patients were 12 years or older at screening, had received a diagnosis of FIP1L1-

PDGFRA–negative HES 6 or more months previously, had uncontrolled HES (defined as 

a history of ≥2 flares within the past 12 months and a blood eosinophil count ≥1000 

cells/μL at screening), and had been receiving stable background HES therapy (which 

could include, but was not limited to, OCS, immunosuppressive, and/or cytotoxic therapy) 

for 4 or more weeks before and including randomization. HES diagnosis was based on 

organ system involvement and/or dysfunction that could be directly related to a blood 

eosinophil count more than 1500 cells/μL on 2 or more occasions, and/or tissue eosinophilia, 

without a discernible secondary cause.16 Historical flares were defined as a worsening 

of HES-related clinical symptoms or a blood eosinophil count requiring an escalation in 
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therapy; 1 or more flares within the past 12 months had to be unrelated to a decrease in HES 

therapy in the preceding 4 weeks. All patients required OCS/cytotoxic/immunosuppressive 

therapy for HES flares in the 12 months before screening. Patients with life-threatening 

HES or life-threatening HES comorbidities were excluded. Additional information regarding 

inclusion/exclusion criteria and withdrawal/stopping criteria is provided in this article’s 

Online Repository at www.jacionline.org.

Randomization and masking

Randomization was performed using an interactive response system. The randomization 

sequence was computer-generated centrally using a permuted block design of block size 

4 and stratified by region (United States; Argentina, Mexico, and Brazil; rest of world). 

Mepolizumab and placebo were prepared by staff aware of the trial group assignments but 

not involved in trial assessments; preparations were identical in appearance and administered 

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

blinded to study treatment and results of absolute blood eosinophil counts, total white 

blood cell counts, and white blood cell differentials; blinding was maintained for the full 

trial duration. Separate GSK staff who were unblinded to blood eosinophil counts (but not 

involved in other aspects of the trial) monitored blood eosinophil counts throughout the 

study and initiated rescue blinded OCS treatment if necessary (see below and this article’s 

Online Repository at www.jacionline.org).

Outcomes

The primary end point was the proportion of patients who experienced a flare during the 

32-week study period. An HES flare was defined as either (a) an HES-related clinical 

manifestation, based on a physician-documented change in clinical signs or symptoms, 

necessitating an increase in the maintenance OCS dose by greater than or equal to 10 mg 

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

immunosuppressive HES therapy; or (b) receipt of 2 or more courses of blinded OCS during 

the treatment period. An increase in blood eosinophil count above the predefined threshold 

level (in the absence of a clinical manifestation requiring an escalation of HES therapy by 

the investigator) led to the administration of blinded OCS treatment for approximately 2 

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

this blood eosinophil count was no longer above the predefined threshold, or a new blinded 

OCS course was started if it remained above the predefined threshold (in the absence of 

a clinical manifestation requiring an escalation of HES therapy by the investigator since 

the first blinded OCS course). When a patient received a second course of blinded OCS 

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

according to definition (b). To be considered a discrete flare, the onset date of a new flare 

must have been at least 14 days after the resolution of the most recent flare.

Secondary end points were time to first flare (allowing assessment of the probability of 

first flare over time); the proportion of patients with a flare during weeks 20 to 32; the 

annualized rate of flares and change from baseline at week 32 in fatigue severity (assessed 

by daily completion of the Brief Fatigue Inventory [BFI] item 3 using an eDiary: BFI 

range 0–10; higher score indicates worse fatigue severity).17 Blood samples were taken at 
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each visit to determine blood eosinophil counts. Safety assessments included monitoring 

for adverse events (AEs) and serious AEs, including systemic and local injection-site 

reactions. Immunogenicity was also assessed (see this article’s Online Repository at 

www.jacionline.org).

Statistical analysis

An initial sample size of 80 patients (40 per treatment arm) was estimated to provide at 

least 90% power to detect an absolute reduction of 38% (at a 2-sided significance level of 

.05) in the proportion of patients experiencing a flare during the study period, assuming the 

true proportion of patients experiencing a flare on placebo is 60%. Because there were little 

previous data to support this estimate of 60%, a preplanned blinded sample size reestimation 

was conducted using a noncomparative analysis; this permitted an increase in sample size 

if the blinded overall flare rate was less than 30%. Sample size reestimation based on 

noncomparative interim results has been shown to have a negligible effect on the type I error 

probability.18 Because the reestimation was blinded, only the overall event rate (proportion 

of patients with a physician-documented flare) was used for the reassessment. The sample 

size reestimation retained power to detect an absolute risk reduction of 38% and a relative 

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

The proportion of patients who had a flare was monitored. When 60 patients had been 

randomized, the estimated blinded overall proportion of patients who would have a flare by 

the end of the 32-week treatment period was between 25% and 27.5%, and the sample size 

(rounded to the nearest 10 patients) required to maintain 90% power was calculated to be 50 

patients per arm; a decision was therefore made to increase the sample size to 50 patients per 

arm (100 patients overall).

Efficacy end points were assessed in the intent-to-treat population (all patients who were 

randomized; analyzed by randomized trial groups); safety end points were assessed in the 

safety population (all patients who were randomized and received ≥1 dose of mepolizumab 

or placebo; analyzed by treatment received for >50% of injections administered). Baseline 

OCS dose and region were included as stratification factors or covariates in all statistical 

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

discontinuation were included in efficacy analyses.

Proportions of patients experiencing a flare were analyzed using a Cochran-Mantel-Haenszel 

test, supplemented by a logistic regression model. Patients who withdrew prematurely from 

the study were included in the analysis as having a flare; sensitivity analyses to assess 

the impact of missing data were performed. Time to first flare was analyzed using a Cox 

proportional hazards regression model; cumulative event rates were calculated using the 

Kaplan-Meier method. The annualized rate of flares was analyzed using a negative binomial 

generalized linear model with a log link-function including the log of the observed time 

(as an offset variable). A post hoc subgroup analysis by baseline OCS dose (0 mg, >0-≤5 

mg, >5-≤10 mg, >10 mg prednisone equivalent daily dose) was conducted for both the 

proportion of patients experiencing 1 or more flares and the rate of flares, using logistic 

regression and negative binomial generalized linear regression, respectively; owing to the 

small sample size in each subgroup, region was not included as a covariate in these analyses. 
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Change from baseline in fatigue severity at week 32 was analyzed using a Wilcoxon rank-

sum test with an additional stratification factor of baseline fatigue severity; patients with 

missing data were included in this analysis with the largest value observed for any patient. A 

supportive repeated-measures analysis in which missing data were assumed to be missing at 

random was also performed. For strong control of type I error, a hierarchical, closed testing 

procedure was used for primary and secondary end points. Reported P values are 2-sided 

and not adjusted for multiplicity. Further information on statistical methods is provided in 

this article’s Online Repository at www.jacionline.org.

RESULTS

Patient population

Patients were recruited from March 7, 2017, to October 18, 2018; follow-up continued 

until August 8, 2019. Overall, 141 patients were screened for eligibility and 108 were 

randomized, of whom 54 received mepolizumab and 54 received placebo (Fig 1, B). A total 

of 4 patients (2 per treatment group) withdrew from the study before week 32; 2 additional 

patients (1 per treatment group) discontinued treatment but continued in the study until week 

32. Patients’ demographic and clinical characteristics are presented in Table I and Table E1 

in this article’s Online Repository at www.jacionline.org.

Primary end point

Overall, 65 flares were reported in 42 patients during the study; most (50 of 65 [77%]) met 

flare definition (a) (physician-documented change in clinical signs or symptoms requiring 

OCS therapy escalation or an increase in/addition of cytotoxic and/or immunosuppressive 

therapy) (see Table E2 in this article’s Online Repository at www.jacionline.org; Fig 2, 

A). Three patients withdrew prematurely from the study before experiencing a flare. The 

proportion of patients who experienced 1 or more flares during the study or who withdrew 

from the study was 50% lower for patients receiving mepolizumab versus placebo (15 of 54 

[28%] vs 30 of 54 [56%]; P = .002; Table II). Logistic regression analysis was consistent 

with the primary analysis (odds ratio, 0.28; 95% CI, 0.12–0.64; P = .003); similar results 

were obtained in sensitivity analyses to assess the impact of missing data (see Fig E1 in this 

article’s Online Repository at www.jacionline.org).

A similar benefit was seen in a post hoc analysis of the proportion of patients who 

experienced 1 or more flares meeting flare definition (a); the proportion of patients 

who experienced 1 or more flares meeting definition (a) was significantly lower in the 

mepolizumab group than in the placebo group (12 of 54 [22%] vs 23 of 54 [43%]; P = 

.024; odds ratio, 0.35; 95% CI, 0.15–0.85; P = .020). Owing to the small number of patients 

experiencing 1 or more flare meeting definition (b) (receipt of ≥2 courses of blinded OCS), 

statistical analysis of flares meeting definition (b) was not performed.

The post hoc subgroup analysis of the primary end point by baseline OCS dose showed 

a slight trend toward increasing mepolizumab benefit in flare occurrence compared with 

placebo with increasing baseline OCS dose category (see Fig E2, A, in this article’s Online 

Repository at www.jacionline.org).
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Secondary end points

The Kaplan-Meier estimate of the probability of first flare over time is presented in Fig 2, B; 

the risk of experiencing a first flare during the treatment period was 66% lower for patients 

treated with mepolizumab versus placebo (hazard ratio: 0.34; 95% CI, 0.18–0.67; P = .002) 

(Table II). Fewer patients experienced a flare or withdrew from the study during weeks 20 

to 32 when receiving mepolizumab compared with placebo (9 of 54 [17%] vs 19 of 54 

[35%]; P = .02; odds ratio, 0.33; 95% CI, 0.13–0.85; Table II). The adjusted annualized 

rate of flares was also 66% lower with mepolizumab compared with placebo (0.50 vs 1.46 

flares per year, respectively; P <.001) (Table II); results of the post hoc analysis by baseline 

OCS dose showed that this between-treatment difference was similar regardless of baseline 

OCS dose category (Fig E2, B). In addition, fatigue severity at week 32 improved with 

mepolizumab compared with placebo (median change, −0.66 vs 0.32, respectively; P = .04) 

(Table II; Fig 2, C).

Blood eosinophil count

At week 2, the geometric mean blood eosinophil count in patients receiving mepolizumab 

was markedly reduced compared with baseline (1460 cells/μL to 170 cells/μL). This 

reduction reached a nadir by week 8 and was sustained to week 32 (Fig 2, D; see Fig 

E3 in this article’s Online Repository at www.jacionline.org). At week 32, patients receiving 

mepolizumab had a 92% reduction from baseline in blood eosinophil count compared 

with those receiving placebo (least squares mean blood eosinophil counts at week 32: 

70 and 900 cells/μL, respectively; see Table E3 in this article’s Online Repository at 

www.jacionline.org).

Safety

The proportion of patients who experienced on-treatment AEs was similar between groups 

(48 of 54 [89%] with mepolizumab and 47 of 54 [87%] with placebo; Table III). 

The most frequently reported AEs were bronchitis, diarrhea, headache, nasopharyngitis, 

pain in extremity, pruritis, rhinitis, and upper respiratory tract infection (Table III). AEs 

considered by the investigator to be drug-related were reported in 12 of 54 (22%) patients 

receiving mepolizumab and 7 of 54 (13%) of those receiving placebo (Table III). Local 

injection-site reactions occurred in 4 of 54 (7%) patients receiving mepolizumab and 2 

of 54 (4%) of those receiving placebo (Table III). On-treatment serious AEs occurred in 

10 of 54 (19%) patients receiving mepolizumab and 8 of 54 (15%) of those receiving 

placebo; none were considered drug-related (Table III; see Table E4 in this article’s Online 

Repository at www.jacionline.org). One death was reported in the mepolizumab group 

(owing to HES flare, pneumonia, respiratory failure, and septic shock), which was not 

considered by the investigator to be treatment-related (see this article’s Online Repository 

at www.jacionline.org). One patient receiving mepolizumab had positive antimepolizumab 

antibodies at week 32; however, these were not neutralizing.

DISCUSSION

This randomized, placebo-controlled, phase III study demonstrated that treatment with 

mepolizumab (300 mg subcutaneous) was associated with a 50% reduction in the proportion 
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of patients with HES who experienced 1 or more flares during the 32-week treatment 

period, compared with placebo. Patients included in the study had experienced 2 or more 

flares requiring an escalation in treatment in the 12 months before the study and had 

blood eosinophil counts of greater than or equal to 1000 cells/μL at baseline, indicating 

uncontrolled disease. Consistent with the previous clinical trial of intravenous mepolizumab 

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

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

mepolizumab treatment were also similar to those previously reported.11,14

Intravenous administration of mepolizumab (750 mg) has been shown to be associated with 

reduced OCS use in patients with HES,11,13,14 and improvements in symptoms such as 

pruritis, skin lesions, nasal congestion, and polyposis and dysphagia.9,10 However, given the 

heterogeneous nature of the disease, identification of a suitable end point for assessing the 

impact of treatment on disease activity is challenging. For this reason, we focused on flares, 

using a definition that captured changes in signs or symptoms necessitating an increase 

in standard therapy and/or a sustained increase in blood eosinophil counts (both of which 

indicate a lack of disease control). Although it could be argued that inclusion of an increase 

in blood eosinophil count as part of the flare definition could potentially favor mepolizumab 

given its mode of action, approximately three-quarters of reported flares in our study were 

identified by physicians on the basis of a change in clinical signs or symptoms resulting in 

an increase in therapy. For each definition (a) flare, the physician documented the symptoms 

that were present and provided a narrative; all such data were consistent with an HES flare. 

The clinical signs and symptoms reported during these flares varied between patients, but 

included dermatologic, gastrointestinal, respiratory, and neurologic symptoms, as well as 

pain and fatigue. It is also worth noting that although flares have not been used previously 

as a formal outcome measure in HES, the flare definition we used allowed investigators 

to capture the worsening in clinical signs and symptoms across a broad range of organ 

systems typically seen by physicians treating patients with HES in the clinic. Moreover, 

these flares could occur at any time during the study, whereas definition (b) flares, which 

were based on an increase in blood eosinophil count, were detected at treatment visits. The 

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

the efficacy end point used in mepolizumab trials for other eosinophil-mediated conditions. 

For example, in severe eosinophilic asthma, clinically significant exacerbations were defined 

as a worsening of asthma requiring the use of OCS, hospital admission, or emergency 

department visit,19 and in eosinophilic granulomatosis with polyangiitis, relapse was defined 

as active vasculitis, asthma symptoms, or nasal and/or sinus disease leading to an increase in 

OCS or immunosuppressive therapy or hospitalization.20

Despite heterogeneous organ involvement in patients with HES, fatigue has been reported 

as a sign or symptom in several studies and improves with mepolizumab treatment.2,9 

Consistent with this, we observed an improvement in fatigue severity (based on results from 

BFI item 3) compared with baseline in patients receiving mepolizumab versus placebo. Use 

of the BFI in patients with HES has not been reported previously; therefore, the minimal 

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

the mitigation of fatigue symptoms may be an important patient-reported benefit in patients 

receiving novel treatment options for HES.
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Mepolizumab treatment was also associated with a 92% reduction from baseline in blood 

eosinophil count compared with placebo, which is similar to earlier clinical studies of 

mepolizumab in patients with HES.10,11,13,14 Because increased blood eosinophil count is 

a surrogate marker for tissue eosinophilia and organ damage in patients with HES, the 

substantial reduction in blood eosinophil count that we observed with mepolizumab is a 

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

experienced fewer flares than those receiving placebo, our results suggest that mepolizumab 

would likely be beneficial to patients with uncontrolled HES, particularly because this would 

likely lead to a reduced need for OCS/cytotoxic/immunosuppressive therapy. Although a 

post hoc subgroup analysis of the proportion of patients who experienced 1 or more flares 

by baseline OCS dose suggested a slight trend toward a greater mepolizumab treatment 

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

effect by baseline OCS dose category when analyzing the rate of flares. As such, our data 

suggest that mepolizumab is an important treatment option for patients with uncontrolled 

HES, regardless of their prior maintenance dose of OCS.

There are several study limitations to consider. First, the eligibility criteria were broad 

and although most patients were receiving chronic OCS or immunosuppressant therapy at 

baseline, some patients were only treated as needed in the event of a flare to avoid the long-

term toxicity associated with standard of care maintenance therapy. Second, all patients had 

a blood eosinophil count greater than or equal to 1000 cells/μL at screening, although this 

requirement may not be appropriate in clinical practice because patients’ existing therapy 

may have already reduced blood eosinophil counts to below this threshold. Third, one of the 

definitions used to identify flares was based on an increase in the maintenance OCS dose 

by greater than or equal to 10 mg/day for 5 days. It is possible that there may have been 

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

a result, the number of flares may have been underestimated in both treatment arms. Finally, 

the treatment period was limited to 32 weeks, because physicians were not comfortable with 

blood eosinophil count blinding for a longer time period. However, the ongoing open-label 

extension (ClinicalTrials.gov No. NCT03306043) will provide longer-term information (up 

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

results from a compassionate use program in patients with HES indicate that long-term 

treatment (up to 11 years) is well tolerated in those who are nonresponsive or intolerant to 

other therapies.21

Conclusions

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

PDGFRA–negative HES, with no new safety signals identified. As such, the findings from 

this study represent an important advance for the management of this rare, debilitating 

disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical implications:

Mepolizumab is the first treatment shown to reduce disease flares in patients with 

FIP1L1-PDGFRA–negative HES. These findings represent an important advance for the 

management of this rare, debilitating disease.
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FIG 1. 
Study design and enrolment and follow-up of patients. A, The design of the study. B, The 

screening, enrolment, randomization, treatment, and follow-up of patients. *Following study 

completion, patients could be entered in an open-label extension (mepolizumab 300 mg 

SC, every 4 weeks; GSK study ID: 205203; ClinicalTrials.gov No. NCT03306043). Patients 

who continued with open-label mepolizumab had their last assessment at week 32. †Patients 

who did not continue with open-label mepolizumab had an additional 8-week follow-up 

period, concluding with a final visit 12 weeks after their last dose. ‡Two patients (1 in the 

placebo group, 1 in the mepolizumab group) discontinued treatment and remained in the 

study off-treatment until week 32. The patient in the placebo group discontinued owing to 

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

discontinued owing to patient/proxy decision. §The patient in the mepolizumab group who 

discontinued owing to AE experienced 4 serious AEs (HES flare, pneumonia, respiratory 

failure, and septic shock). These were fatal, and were not considered by the investigator to 

be treatment-related. SC, Subcutaneous.
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FIG 2. 
Flares, fatigue severity, and blood eosinophil counts in the intent-to-treat population. A, The 

cumulative number of flares over the study period. B, A Kaplan-Meier cumulative incidence 

curve for probability of first flare over time. C, Adjusted mean change from baseline in 

fatigue severity.* D, The adjusted geometric mean blood eosinophil count over time. Vertical 

bars in Fig 2, B, C, and D, represent 95% CI. *Fatigue severity assessed on the basis of 

BFI item 3 recorded daily; for each patient the mean score over the 7 days before each 

time point was analyzed (range 0–10; higher score indicates worse fatigue severity; minimal 

clinically important difference for patients in HES not determined). SC, Subcutaneous; SCR, 

screening.
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