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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/mL 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
org April 2022 | Volume 13 | Article 8409741
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Abbreviations: CT, cytotoxic; FIP1L1-PD
growth factor receptor alpha; HES,
immunosuppressive; OCS oral corticostero
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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).
Keywords: hypereosinophilic syndrome, eosinophils, clinical immunology, mepolizumab, oral corticosteroids,
immunosuppressive therapy, biologics
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-a (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
GFRA, FIP1-like-1- platelet-derived
hypereosinophilic syndrome; IS,
ids.

org 2
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/mL 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/mL 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
April 2022 | Volume 13 | Article 840974
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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
Frontiers in Immunology | www.frontiersin.org 3
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).

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].

There was variation between the treatment subgroups in the
frequency of HES symptoms reported by patients at baseline as
TABLE 1 | Baseline HES treatment in the ITT population.

Baseline HES therapy,
n (%)

Placebo
(N = 54)

Mepolizumab
300 mg SC (N = 54)

Total
(N = 108)

Any HES therapy 49 (91) 50 (93) 99 (92)
IS/CT* (± OCS) 9 (17) 14 (26) 23 (21)

Azathioprine 0 2 (4) 2(2)
Ciclosporin 3 (6) 1 (2) 4 (4)
Hydroxycarbamide 4 (7) 5 (9) 9 (8)
Hydroxychloroquine 0 1 (2) 1 (1)
Immunoglobulin
human normal

1 (2) 0 1 (1)

Imatinib† 3 (6) 2 (4) 5 (5)
Interferon alpha‡ 4 (8) 1 (2) 5 (5)
Methotrexate§ 0 5 (9) 5 (5)
Mycophenolate
mofetil

0 1 (2) 1 (1)

Tamoxifen 1 (2) 0 1 (1)
OCS No IS/CT 31 (57) 29 (54) 60 (56)
No IS/CT/OCS 14 (26) 11 (20) 25 (23)

OCS dose, mg/day║

0 16 (30) 14 (26) 30 (28)
0 – ≤5 11 (20) 13 (24) 24 (22)
>5 – ≤10 18 (33) 16 (30) 34 (31)
>10 9 (17) 11 (20) 20 (19)

Other HES therapy** 19 (35) 22 (41) 41 (38)
Apri
l 2022 | Volume 13 | Artic
*The classification was based on the study definition; †includes one patient who received
imatinib mesylate; ‡includes one patient who received interferon-alpha-2B and two
patients who received Peg-interferon alpha-2A; §includes one patient who received
methotrexate sodium; ║prednisone or equivalent dose; **other HES therapies included
but were not limited to beclometasone dipropionate, formoterol fumarate, omeprazole,
salbutamol, tiotropium bromide, triamcinolone acetonide and cetirizine.
CT, cytotoxic therapy; HES, hypereosinophilic syndrome; IS, immunosuppressive therapy;
ITT, intent-to-treat; OCS, oral corticosteroid; SC, subcutaneous.
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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
Frontiers in Immunology | www.frontiersin.org 4
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).

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

IS/CT (± OCS)
(N = 23)

OCS No IS/CT
(N = 60)

No IS/CT/OCS
(N = 25)

Age (years), mean (SD) 44.4 (13.78) 44.7 (15.75) 50.7 (17.21)
Female, n (%) 12 (52) 33 (55) 12 (48)
Duration of HES (years), mean (SD) 4.62 (3.253) 5.96 (7.838) 5.44 (6.132)
Number of flares in 12 months prior to screening, n (%)
1 1 (4) 0 0
2 13 (57) 28 (47) 21 (84)
3 9 (39) 16 (27) 1 (4)
4 0 12 (20) 1 (4)
≥5 0 4 (7) 2 (8)
Mean (SD) 2.3 (0.57) 3.0 (1.25) 2.4 (1.19)

Most bothersome HES symptom*
Abdominal pain or bloating 6 (26) 22 (37) 12 (48)
Breathing symptoms 14 (61) 34 (57) 12 (48)
Chills or sweats 4 (17) 8 (13) 3 (12)
Muscle or joint pain 8 (35) 23 (38) 13 (52)
Nasal or sinus symptoms 10 (43) 21 (35) 10 (40)
Skin symptoms 15 (65) 26 (43) 12 (48)

Prednisone equivalent daily dose (mg)
Mean (SD) 11.8 (13.86) 9.9 (6.68) 0
Median (range) 7.5 (0─50) 10.0 (3─38) 0
April 2022 | Volume 13
*Patients could report up to 3 most bothersome symptoms.
CT, cytotoxic therapy; HES, hypereosinophilic syndrome; IS, immunosuppressive; ITT, intent-to-treat; OCS, oral corticosteroid; SD, standard deviation.
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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].
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
Frontiers in Immunology | www.frontiersin.org 5
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 offlares 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).
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.
April 2022 | Volume 13 | Article 840974
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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
Frontiers in Immunology | www.frontiersin.org 6
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
A

B

C

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.
April 2022 | Volume 13 | Article 840974
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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-a, 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
Frontiers in Immunology | www.frontiersin.org 7
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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Francisco Pez, Pesquisare Saúde Sociedade Simples Ltda, Santo
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de Hematologıá, Salamanca; Guillermo Sanz Santillana, Hospital
Universitari i Politecnic La Fe, Valencia; Ana Isabel González,
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da Veiga, 140, Blumenau, Santa Catarina, 89.012-900, CEP Centro
universitario Saude ABC, Avenida Principe de Gales 821, Santo
Andre, São Paulo, 9060650, France: Comité de Protection des
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Investigación Clıńica, Sociedad Anónima de Capital Variable,
Penitenciaria 20, Guadalajara, Jalisco, 44100, Biomedical Research
G And L, Sociedad De Responsabilidad Limitada De Capital
Variable, Avenida La Calma 3475 Colonia La Calma, Zapopan,
Jalisco, 45070, CEIIC Comite de Etica en Independiente en
Investigacion Cientifica, Aguilar Sur 669 Colonia Obispado CP,
Monterrey, Nuevo León, 64060, Poland: Komisja Bioetyczna
Uniwersytetu Jagiellonskiego, Grzegorzecka 20, Krakow, 31-531,
Romania: Comisia Nationala de Bioetica a medicamentelor si a
Dispozitivelor Medicale, Pavilion K, Spitalul Clinic Colentina, Sos.
Stefan cel Mare nr. 19-21, Bucuresti, 20125, Russian Federation:
Russian Hematology and Transfusiology Research Center, 16, 2nd
Sovetskaya strasse, Saint Petersburg, 191024, Almazov National
Medical Research Center, 2, Akkuratova street, Saint Petersburg,
197341, Hematology Research Center, 4A, Novyi Zykovskyi proezd,
Moscow, 125167, Spain:Hospital la Paz, Paseo de la Castellana, 261,
Madrid, 28046, UK: East Midlands Nottingham 2, The Old Chapel,
Royal Standard Place, Nottingham, NG1 6FS, USA: Human
Research Protection Program, University of California San Diego,
9500 Gilman Drive, LaJolla, California, 92037, Mayo Institutional
Frontiers in Immunology | www.frontiersin.org 9
Review Board, Mayo Clinic, 200 First Street, SouthWest, Rochester,
Minnesota, 55905, Yale University human Investigation committee,
25 Science park – 3rd Floor, 150 Munson Street, New Haven,
Connecticut, 06520, Western Institutional Review Board, 1019 39th
Avenue South East, Suite 120, Puyallup, Washington, 98374,
University of Utah, Institutional Review Board, Research
Administration Building, 75 South 2000 East, Salt Lake City,
Utah, 84112, Copernicus Group, Suite 200, 5000 Centre Green
Way, Cary, North Carolina, 27513, Cincinnati Children’s Hospital
Medical Center Institutional Review Board, 3333 Burnet Avenue,
Location R 5392, Cincinnati, Ohio, 45229. The patients/participants
provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

EM, SY, and JS were involved in the conception or design of the
analysis. AR, GL, and MC contributed to the acquisition of data.
All authors were involved in the analysis or interpretation of
data. All authors reviewed and revised the manuscript critically
for important intellectual content, agreed to submit to the
current journal, gave final approval of the version to be
published, and agree to be accountable for all aspects of the work.
ACKNOWLEDGMENTS

Post hoc editorial support (in the form of writing assistance,
including preparation of the draft manuscript under the
direction and guidance of the authors, collating and
incorporating authors’ comments for each draft, assembling
tables and figures, grammatical editing and referencing) was
provided by Alice Rees, PhD, at Fishawack Indicia Ltd, UK, part
of Fishawack Health.
REFERENCES
1. Curtis C, Ogbogu P. Hypereosinophilic Syndrome. Clin Rev Allergy Immunol

(2016) 50:240–51. doi: 10.1007/s12016-015-8506-7
2. Ogbogu PU, Bochner BS, Butterfield JH, Gleich GJ, Huss-Marp J, Kahn JE,

et al. Hypereosinophilic Syndrome: A Multicenter, Retrospective Analysis of
Clinical Characteristics and Response to Therapy. J Allergy Clin Immunol
(2009) 124:1319–1325.e1313. doi: 10.1016/j.jaci.2009.09.022

3. Kahn JE, Groh M, Lefèvre G. (A Critical Appraisal of) Classification of
Hypereosinophilic Disorders. Front Med (Lausanne) (2017) 4:216.
doi: 10.3389/fmed.2017.00216

4. Ogbogu PU, Rosing DR, Horne MK 3rd. Cardiovascular Manifestations of
Hypereosinophilic Syndromes. Immunol Allergy Clin North Am (2007)
27:457–75. doi: 10.1016/j.iac.2007.07.001

5. Leru PM. Eosinophilic Disorders: Evaluation of Current Classification and
Diagnostic Criteria, Proposal of a Practical Diagnostic Algorithm. Clin Trans
Allergy (2019) 9:36. doi: 10.1186/s13601-019-0277-4

6. Shomali W, Gotlib J. World Health Organization-Defined Eosinophilic
Disorders: 2021 Update on Diagnosis, Risk Stratification, and Management.
Am J Hematol (2021) 97(1):129–48. doi: 10.1002/ajh.26352

7. Roufosse F. Targeting the Interleukin-5 Pathway for Treatment of
Eosinophilic Conditions Other Than Asthma. Front Med (2018) 5:49.
doi: 10.3389/fmed.2018.00049
8. Klion AD, Ackerman SJ, Bochner BS. Contributions of Eosinophils to Human
Health and Disease. Annu Rev Pathol (2020) 15:179–209. doi: 10.1146/
annurev-pathmechdis-012419-032756

9. Roufosse F, Kahn JE, Rothenberg ME, Wardlaw AJ, Klion AD, Kirby SY, et al.
Efficacy and Safety of Mepolizumab in Hypereosinophilic Syndrome: A Phase
III, Randomized, Placebo-Controlled Trial. J Allergy Clin Immunol (2020)
146:1397–405. doi: 10.1016/j.jaci.2020.08.037

10. EMA. Mepolizumab (NUCALA) Summary of Product Characteristics
(2021). EMA. Available at: https://www.ema.europa.eu/en/documents/
product-information/nucala-epar-product-information_en.pdf (Accessed
December 2021).

11. GlaxoSmithKline. Mepolizumab (NUCALA) Highlights of Prescribing
Information (2021). GSK. Available at: https://www.gsksource.com/pharma/
content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Nucala/pdf/
NUCALA-PI-PIL.PDF (Accessed October 2021).

12. Whitehouse MW. Anti-Inflammatory Glucocorticoid Drugs: Reflections
After 60 Years. Inflammopharmacology (2011) 19:1–19. doi: 10.1007/
s10787-010-0056-2

13. Klion AD. How I Treat Hypereosinophilic Syndromes. Blood (2015)
126:1069–77. doi: 10.1182/blood-2014-11-551614

14. Butt NM, Lambert J, Ali S, Beer PA, Cross NCP, Duncombe A, et al. Guideline
for the Investigation and Management of Eosinophilia. Br J Haematol (2017)
176:553–72. doi: 10.1111/bjh.14488
April 2022 | Volume 13 | Article 840974

https://doi.org/10.1007/s12016-015-8506-7
https://doi.org/10.1016/j.jaci.2009.09.022
https://doi.org/10.3389/fmed.2017.00216
https://doi.org/10.1016/j.iac.2007.07.001
https://doi.org/10.1186/s13601-019-0277-4
https://doi.org/10.1002/ajh.26352
https://doi.org/10.3389/fmed.2018.00049
https://doi.org/10.1146/annurev-pathmechdis-012419-032756
https://doi.org/10.1146/annurev-pathmechdis-012419-032756
https://doi.org/10.1016/j.jaci.2020.08.037
https://www.ema.europa.eu/en/documents/product-information/nucala-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/nucala-epar-product-information_en.pdf
https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Nucala/pdf/NUCALA-PI-PIL.PDF
https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Nucala/pdf/NUCALA-PI-PIL.PDF
https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Nucala/pdf/NUCALA-PI-PIL.PDF
https://doi.org/10.1007/s10787-010-0056-2
https://doi.org/10.1007/s10787-010-0056-2
https://doi.org/10.1182/blood-2014-11-551614
https://doi.org/10.1111/bjh.14488
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Reiter et al. Mepolizumab and Baseline HES Therapy
15. Klion A. Hypereosinophilic Syndrome: Approach to Treatment in the Era of
Precision Medicine. Hematol Am Soc Hematol Educ Program (2018)
2018:326–31. doi: 10.1182/asheducation-2018.1.326

16. Khoury P, Desmond R, Pabon A, Holland-Thomas N, Ware JM, Arthur DC,
et al. Clinical Features Predict Responsiveness to Imatinib in Platelet-Derived
Growth Factor Receptor-Alpha-Negative Hypereosinophilic Syndrome.
Allergy (2016) 71:803–10. doi: 10.1111/all.12843

17. Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON, Yancey SW, et al.
Oral Glucocorticoid-Sparing Effect of Mepolizumab in Eosinophilic Asthma.
N Engl J Med (2014) 371:1189–97. doi: 10.1056/NEJMoa1403291

18. Wechsler ME, Akuthota P, Jayne D, Khoury P, Klion A, Langford CA, et al.
Mepolizumab or Placebo for Eosinophilic Granulomatosis With Polyangiitis.
N Engl J Med (2017) 376:1921–32. doi: 10.1056/NEJMoa1702079

19. Silver J, Bogart M, Packnett E, Wu J, McMorrow D, Hahn B. Real-World
Reductions in Oral Corticosteroid Use in the USA Following Mepolizumab
Therapy for Severe Asthma. J Asthma Allergy (2020) 13:689–99. doi: 10.2147/
jaa.s275944

20. Rothenberg ME, Klion AD, Roufosse FE, Kahn JE, Weller PF, Simon H-U, et al.
Treatment of Patients With the Hypereosinophilic Syndrome With
Mepolizumab.New Engl J Med (2008) 358:1215–28. doi: 10.1056/NEJMoa070812

21. Gleich GJ, Roufosse F, Chupp G, Faguer S, Walz B, Reiter A, et al. Safety and
Efficacy of Mepolizumab in Hypereosinophilic Syndrome: An Open-Label
Extension Study. J Allergy Clin Immunol Pract (2021) 9(12):4431–40.e1.
doi: 10.1016/j.jaip.2021.07.050

Conflict of Interest: AR declares consultancy and advisory board attendance for
Blueprint, Novartis, Incyte, Celgene, Abbvie and AOP, and participation as a trial
Frontiers in Immunology | www.frontiersin.org 10
investigator for Blueprint, Novartis, Incyte, Celgene, Abbvie, AOP and GSK. GL
reports consulting or advisory fees from Takeda, AstraZeneca, Shire, and Sanofi
Genzyme and research grant and travel and accommodation expenses from
Octapharma, Takeda, and GSK, Shire. MCC has received consultancy fees from,
Janssen and GSK, research grant from Kiniksa Pharmaceuticals, lecturing fees
from Vifor and GSK and Roche, and Scientific meeting expenses from Roche and
Kiniksa Pharmaceuticals and GSK. NK, EM, SWY and JS are all employees of GSK
and own stock/shares in GSK.

This study received funding from GlaxoSmithKline. The funder had the following
involvement with the study: this post hoc analysis, the parent study (GSK ID:
200622, Clinical Trial.gov number NCT02836496) and the editorial support
provided were funded by GlaxoSmithKline.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Reiter, Lefevre, Cid, Kwon, Mavropolou, Yancey and Steinfeld. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
April 2022 | Volume 13 | Article 840974

https://doi.org/10.1182/asheducation-2018.1.326
https://doi.org/10.1111/all.12843
https://doi.org/10.1056/NEJMoa1403291
https://doi.org/10.1056/NEJMoa1702079
https://doi.org/10.2147/jaa.s275944
https://doi.org/10.2147/jaa.s275944
https://doi.org/10.1056/NEJMoa070812
https://doi.org/10.1016/j.jaip.2021.07.050
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Association Between Baseline Therapy and Flare Reduction in Mepolizumab-Treated Patients With Hypereosinophilic Syndrome
	Introduction
	Materials and Methods
	Study Design and Patients
	Post Hoc Analysis Outcomes
	Statistical Analysis

	Results
	Patient Population, Demographic and Clinical Characteristics
	Impact of Mepolizumab on Flare Outcomes by Baseline Treatment

	Discussion
	Participating investigators of the HES mepolizumab study group
	Affiliation details of participating investigators in the HES mepolizumab study group
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


