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Abstract
Eosinophilic inflammation is a component of many atopic diseases such as asthma, and biologics targeting eosinophils have been
shown to be effective in subsets of these patients. However, there also are conditions in which eosinophils are the key inflam-
matory cells responsible for driving tissue damage. In these eosinophilic diseases such as hyper-eosinophilic syndrome, eosin-
ophilic esophagitis, and eosinophilic granulomatosis with polyangiitis (EGPA), the development of biologics inhibiting eosin-
ophilic inflammation have offered targeted therapeutic strategies for patients that have not responded well to typical first line
drugs, which often have significant adverse side effects with poor disease modification or recurrent relapse with significant
morbidity. IL-5 has long been recognized as the key inflammatory cytokine involved in the priming and survival of eosinophils
and their proliferation and maturation in eosinophilic disease. There are a number of trials and case series demonstrating the
immunomodulatory benefits of anti-IL-5 therapies in these diseases with good clinical responses. Yet, due to the heterogeneity
and rarity of these conditions, anti-IL-5 therapies have not resulted in disease remission for all patients. Clearly, further research
into the use of anti-IL-5 therapies in various eosinophilic diseases is needed and ongoing investigation into other immune
mechanisms underlying chronic eosinophilic diseases may provide alternative therapies for these challenging conditions.
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Introduction

There has been recent interest in the role of biologic agents
used in the treatment and management of disease phenotypes
that are driven by TH2 inflammation and eosinophils. TH2-
high asthmatic patients are characterized by expression of air-
way hyperresponsiveness, expressions of IL-5 and IL-13, and
responses to inhaled corticosteroids [1, 2]. Anti-IL-5 therapies
are currently approved for use in severe eosinophilic asthma
but not for other diseases with eosinophilia. IL-5 is essential
for the differentiation, activation, and survival of eosinophils.
In an asthma model using IL-5-deficient mice, there is failure
to develop characteristic eosinophilia and airway hyperreac-
tivity [3]. Another study demonstrated that there was an in-
crease in airway eosinophils and positive methacholine

challenge when subjects inhaled recombinant IL-5 [4]. This
paper will highlight a number of human studies using anti-IL-
5 therapy for the treatment for hypereosinophilic syndromes
and other disease with eosinophilia. Biologics provide the
option of a targeted approach to therapy directed against spe-
cific cell types or inflammatory pathways, with the ability to
address clinical symptoms and pathology that is resistant to
conventional treatments. They also offer an alternative to non-
specific anti-inflammatory medications that may have sub-
stantially negative treatment side effects or limited efficacy.

This review will address studies pertaining to the use of anti-
IL-5 therapies in the treatment of hypereosinophilic syndrome
(HES), eosinophilic esophagitis, eosinophilic granulomatosis
with polyangiitis, and eosinophilic dermatitis due to HES.

Anti-IL-5 Drugs

Mepolizumab is a humanized IgG1κ monoclonal antibody
that binds to the α chain of IL-5 and prevents binding to the
α subunit of the IL-5 receptor [5]. It is currently approved for
use as an add-on maintenance treatment in severe asthma with
eosinophilic phenotype for ages 12 and older and has been
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released under the trade name Nucala. The recommended
dose is 100 mg subcutaneous injection once every 4 weeks.
Adverse effects include headache (19%), fatigue (5%), ecze-
ma (3%), pruritus (3%), upper abdominal pain (3%), neutral-
izing antibody immunogenicity (6%), influenza (3%), injec-
tion site reaction (8%), back pain (5%), and muscle spasm
(3%). Although there is no defined frequency, delayed type
hypersensitivity reactions and herpes zoster have been report-
ed.Mepolizumab has not been approved for treatment of other
eosinophilic diseases like hypereosinophilic syndromes, eo-
sinophilic granulomatosis with polyangiitis (EGPA; formerly
named Churg Strauss syndrome), or eosinophilic esophagitis.

Reslizumab is an IgG4κ humanized monoclonal antibody
that binds to circulating IL-5 and prevents it from binding to
its receptors on eosinophils [6]. It has been approved in the
USA as an add-on maintenance treatment of severe eosino-
philic asthma in adults 18 and older. The recommended dose
is 3 mg kg−1 intravenously every 4 weeks and has been re-
leased under the trade name Cinqair. There is a black box
warning indicating that 0.3% of patients were observed to
have had anaphylaxis in placebo-controlled clinical studies
within 20 min of completing infusions. Other adverse reac-
tions included antibody development (5%), increased creatine
phosphokinase (20% transient), myalgias (1%), and oropha-
ryngeal pain (3%). There were reported malignancies seen
within 6 months of receiving drug, but there was no specific
predominance of malignancy type. It is not approved for acute
asthma exacerbations or for the treatment of other eosinophilic
diseases like hypereosinophilic syndromes, EGPA, or eosino-
philic esophagitis.

Benralizumab is a humanized IgG1κmonoclonal antibody
against the IL-5R α subunit [7]. The drug induces NK cell-
mediated killing of target cells through antibody-dependent
cell-mediated cytotoxicity (ADCC), due to its high affinity
for FcγRIIIa [8, 9]. The enhanced ADCC activity results in
reduced circulating eosinophils and basophils. Preliminary
data suggest that benralizumab depletes both mature eosino-
phils and their precursors in the bone marrow [10].
Benralizumab has now been FDA approved, under the trade
name Fasenra, for the add-on maintenance treatment of severe
eosinophilic asthma in patients 12 years and older.

Hypereosinophilic Syndromes and Other Eosinophilic
Disease

Hypereosinophilic Syndrome

HES is defined by the association of hypereosinophilia (abso-
lute peripheral blood eosinophil count (AEC) > 1.5 × 109 L−1

on two examinations at least 1 month apart and/or pathologic
confirmation of tissue HE) with eosinophil-mediated organ
damage and/or dysfunction with no other cause [11]. HES
can be further categorized into disease due to primary,

secondary, or idiopathic cause. Primary HES is eosinophilic
expansion that occurs in the setting of an underlying stem cell,
myeloid, or eosinophilic neoplasm and is considered clonal.
Secondary HES is eosinophilic expansion driven by overpro-
duction of eosinophilopoietic cytokines by other cell types
and is polyclonal. This can be seen in parasitic infections,
certain solid tumors, T cell lymphomas, and lymphocytic var-
iant HES. Idiopathic HES is diagnosed when no underlying
cause is determined.

Eosinophilic Granulomatosis with Polyangiitis

EGPA is a multisystem small- and medium-vessel vasculitis
characterized by chronic rhinosinusitis, asthma, and eosino-
philia [12]. The American College of Rheumatology has
established six criteria for the diagnosis of EGPA [13]. The
presence of four or more criteria has a sensitivity of 85% and
specificity of 99% for EGPA: asthma, > 10% eosinophils,
mononeuropathy (including multiplex) or polyneuropathy,
migratory or transient pulmonary opacities, paranasal sinus
abnormality, and biopsy containing a blood vessel with accu-
mulation of eosinophils (Tables 1, 2, and 3).

Eosinophilic Esophagitis

Eosinophilic esophagitis is a chronic disorder often character-
ized by symptoms of dysphagia, food impaction, vomiting,
abdominal pain, and chest discomfort. After secondary causes
of esophageal eosinophilia have been excluded, diagnostic
criteria for eosinophilic esophagitis (EE) outlined by the most
recent guidelines include: symptoms related to esophageal
dysfunction, eosinophil predominant inflammation isolated
on esophageal biopsy with a peak value > 15 eosinophils per
high-powered field, mucosal eosinophilia isolated to the
esophagus persisting 2 months after a trial of PPI, or a re-
sponse to treatment (dietary elimination, topical steroids) sup-
ports diagnosis [35].

Eosinophilic Dermatitis

Skin diseases characterized by tissue eosinophilia are a het-
erogeneous group of disorders sometimes grouped under the
term “eosinophilic dermatoses.” Eosinophil infiltration can
occur in either allergic, autoimmune, infectious, or neoplastic
skin diseases. While allergic skin diseases such as atopic der-
matitis or allergic contact dermatitis are some of the most
common causes of eosinophilic skin disease, rare entities in-
clude eosinophilic cellulitis, eosinophilic pustular folliculitis,
and hypereosinophilic syndrome with eosinophilic dermatitis
as a feature.
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Anti-IL-5 Treatments for Hypereosinophilic
Syndromes

Studies Using Mepolizumab

A study by Rothenburg et al. demonstrates a steroid sparing
effect and decreased eosinophil count in HES patients treated
with mepolizumab [14]. This randomized, double-blind, pla-
cebo-controlled, parallel, multicenter study trial evaluating the
safety and efficacy of an anti-interleukin-5 (anti-IL-5) mono-
clonal ant ibody, mepol izumab, in pat ients wi th
hypereosinophilic syndromes was conducted between 2004
and 2006. The study population was 18 to 85 years old with
hypereosinophilia defined as a peripheral blood eosinophil
count > 1500 μL−1 for ≥ 6 months and eosinophilia-related
organ involvement or dysfunction with no identifiable second-
ary cause of eosinophilia at baseline. All patients enrolled
were FIP1-like1-platelet-derived growth factor receptor-α
(FIP1L1-PDGFRA) negative. FIP1L1-PDGFRA is an activat-
ed fusion tyrosine kinase associated with chronic myelopro-
liferative disorders including HES and chronic eosinophilic
leukemia. Patients entered into a 6-week run-in period after
enrollment where non-corticosteroid medications for HES
were discontinued and were managed on prednisone mono-
therapy (20 to 60 mg day−1 or equivalent steroid dose for at
least 1 week) to achieve stable clinical status (no new or wors-
ening clinical signs or symptoms and blood eosinophil count
< 1000 μL−1). Eighty-five patients underwent 1:1 randomiza-
tion to receive intravenous infusion of mepolizumab 750 mg
or placebo (saline) and were stratified by prednisone dose (≤
30mg or > 30mg). Treatment was given at baseline and every
4 weeks during a 36-week period. Prednisone dose was ta-
pered from week 1 until week 36 depending on clinical symp-
toms. There were 34 withdrawals (7 in active treatment and 27
in placebo). The authors indicate that there was lack of treat-
ment efficacy in 21 of the placebo group compared with 5 in
active treatment, leading to withdrawals. There were no dif-
ferences in baseline characteristics between treatment and pla-
cebo group. Mean duration of disease in this study group was
greater than 5 years with a mean eosinophil count of 0.447 ×
10−9 L−1. Thirty-six out of forty-three patients enrolled in the
mepolizumab group (84%) met the primary endpoint of pred-
nisone dose ≤ 10 mg day−1 for ≥ 8 weeks compared with 43%
of placebo group. Twenty-six out of thirty patients (87%) re-
ceiving less than 30 mg day−1 of prednisone at baseline, and
ten of thirteen (77%) patients receiving more than
30 mg day−1 at baseline in mepolizumab group met primary
endpoint. Forty-one of forty-three patients (95%) in the
mepolizumab group had an eosinophil count < 600 μL−1 for
8 or more weeks compared with 45% of placebo-treated pa-
tients. The steroid sparing effect of treatment was seen in 77%
of mepolizumab group, being on a prednisone dose of ≤
10 mg day−1 by week 20 for ≥ 8 weeks, and had a meanT
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prednisone use of 6.2 ± 1.9 mg by week 36 compared with
placebo at 21.8 ± 1.9 mg. Adverse events were similar be-
tween both treatment arms. There were 14 serious adverse
events in the mepolizumab group compared with 7 events in
the placebo group, none of which were felt to be related to
treatment.

Roufosse et al. described a subanalysis of the above study
by Rothenburg et al. [14], examining the effect of
mepolizumab in those patients with lymphocytic-variant
HES [15]. Thirteen enrolled patients between the ages of
18–75 with FIP1L1-PDGRA-negative HES met criteria for
L-HES, of which seven received mepolizumab and six re-
ceived placebo. Patients with L-HES receiving mepolizumab
maintained an average daily prednisone dose of 4.64 mg for at
least 24 weeks compared with L-HES patients receiving pla-
cebo required a mean daily prednisone dose of 28.23 mg. Four
of the seven patients in the mepolizumab arm were corticoste-
roid free at the end of the trial vs. none in the placebo group
(p = 0.07). Patients also receiving mepolizumab in the L-HES
group were more likely to achieve a blood eosinophil count
below 600 μL−1 for 8 weeks but were less likely to achieve a
sustained eosinophil count below 600 μL−1 compared with
the L-HES-negative group treated with mepolizumab. There
were two patients in the mepolizumab group (one with L-HES
and one without) that were not able to achieve the primary
endpoint and failed to reduce their prednisone dose.

A study by Roufosse et al. evaluated the efficacy and safety
of mepolizumab for HES as a corticosteroid sparing agent
[16]. This was a multicenter open-label extension to the study
published by Rothenberg et al. [14]. Out of 78 eligible pa-
tients, 37 patients with > 10 mg day−1 baseline prednisone
use were enrolled in stage 1 with monthly infusions of
750 mg mepolizumab IV. The other 41 patients were those
with a stable dose of HES medication, AEC < 600 mm−3 and
no worsening HES symptoms; these patients were placed into
stage 2 of the study, where mepolizumab dosing was guided
by HES symptoms and AEC > 600 mm3, with a minimum
dosing interval of at least 4 weeks apart. Baseline characteris-
tics between both groups were similar except for 7 out of 37
patients (19%) in the stage 1 group had received mepolizumab
previously compared with 33 out of 41 (80%) in stage 2. Also,
prednisone use was different, with 2 out of 37 (5%) in stage 1
being prednisone free at entry with a median prednisone use of
20 mg, compared with 22 out of 41 (54%) in stage 2 being
prednisone free at entry with a median prednisone use of 0 mg.
Ninety-seven percent of subjects reported at least 1 adverse
event during the trial, most common being cough (33%), fa-
tigue (31%), headache (29%), upper respiratory tract infection
(29%), and sinusitis (28%). Those patients that had a median
prednisone use of 20 mg at baseline saw a decrease to 0 mg by
24weeks of treatment withmepolizumab and remained stable.
Forty-eight of seventy-eight subjects (62%) received
mepolizumab monotherapy for HES for ≥ 12 weeks. For those

patients participating in the study for more than 1 year, 41 out
of 67 subjects (61%) received mepolizumab as monotherapy.
For those who participated for 3 or more years, 24 out of 60
patients (40%) received mepolizumab as monotherapy. Only
three patients required other immunosuppressive treatment for
HES during the study (azathioprine, methotrexate, and cyclo-
sporine). Mean AEC remained below 500 mm−3 during stage
2 except for one patient. The median dosing interval in stage 2
was 12.8 weeks for all subjects. Six patients withdrew from
the study due to lack of efficacy, five of whom had persistent
HES-related symptoms involving the skin, respiratory system,
and digestive tract. Forty-one subjects reported at least one
severe adverse event including severe arthralgia, pneumonia,
severe nausea, abdominal pain, dyspnea, pruritus, and pyrex-
ia. Out of the reported adverse events, 20 subjects (26%) were
thought to be related to mepolizumab including fatigue and
nausea. There were a total of four fatal serious adverse events.

Stein et al. enrolled 25 subjects in an open-label phase I/II
trial to assess the safety of mepolizumab in patients with eo-
sinophilic disorders such as HES, eosinophilic esophagitis, or
eosinophilic-associated gastrointestinal disorder and to char-
acterize the hematologic and immunologic effects of anti-IL-5
[17]. None of the subjects had ever received mepolizumab
previously except for 7 of the 25 enrolled subjects (4 with
EE and 3 with HES) were concurrently enrolled in other
mepolizumab clinical trials. These concurrent studies did not
assess tissue and eosinophil response to mepolizumab. All 25
subjects received IV mepolizumab at 10 mg kg−1 dose (max
dose 750 mg) at weeks 8, 12, and 16 and then were monitored
for another 12 weeks. From weeks 0 to 8, subjects with an
eosinophil count less than 750 cells mm−3 had their steroid
dose decreased until their AECwas increased to 2-fold greater
than their baseline count or greater than 750 cells mm−3.
Subjects were split into three cohorts with Cohort A (n = 14)
having no modification of immunosuppressant medication,
Cohort B (n = 6) having a 50% reduction, and Cohort C
(n = 5) having a 25% reduction in concurrent prescribed im-
munosuppressant medication. Two out of the twenty-five en-
rolled subjects withdrew due to concern about potential risk of
treatment or lack of therapy efficacy. Baseline eosinophils
ranged from 1183 ± 2073 to 1400 ± 2179 cells mm−3. After
mepolizumab therapy, there was a sustained decrease in blood
eosinophils in 23 out of 25 patients (92%) with a significant
decrease to 64 ± 54 cells mm−3, a 21.8-fold decrease. Sixteen
of the twenty-one subjects (76.2%) had significantly de-
creased peripheral blood eosinophils for 3 months after the
final mepolizumab infusion. There was a 13-fold decrease in
peripheral blood CCR3+ cells after mepolizumab therapy in
all patients. IL-5 levels did not correlate with responsiveness
to mepolizumab therapy. Mepolizumab did allow for patients
to tolerate a reduction in immunosuppressive therapy by either
25 or 50%. Only 1 of the 25 enrolled patients had no response
in eosinophil count to mepolizumab; this patient had HES
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with a negative FIP1L1-PDGFRA fusion gene. This study,
despite demonstrating an immunologic response to anti-IL-5
therapy, enrolled subjects with varying eosinophilic disorders
making the results hard to extrapolate, especially given the
smaller size of the study.

Mehr et al. describe the case of a 9-year-old boy with
FIP1L1-PDGFRA-negative HES treated with mepolizumab
[18]. This patient had asthma, erythematous rash, and pericar-
dial effusion with eosinophilia that initially responded to ste-
roids but flared up after dose reduction. The patient developed
adrenal suppression, cataract, and poor growth for which
IFNα was initiated for steroid sparing. However, after
3 months, the patient developed paresthesia above the right
knee and the patient was switched to imatinib with daily pred-
nisolone. Despite this treatment, the patient continued to have
frequent flares and increased blood eosinophils. At the age of
12, the patient stopped imatinib for 1 week and started
mepolizumab for three monthly infusions at 10 mg kg−1. His
mean daily prednisolone requirement decreased from 0.25 to
0.07 mg kg−1 day−1. The patient remained symptom free for
3 months after the third infusion when he again experienced a
flare with an increase in eosinophil count to 1.2 × 109 L−1. The
decision was made to place the child on every 3-month
mepolizumab treatment. Overall, the patient experienced few-
er flares with mepolizumab (only one) due to tapering of ste-
roids compared with three flares on steroid alone, two flares
with IFNα/steroid, and five flares with imatinib/steroid. The
patient’s height velocity improved with mepolizumab, and
there was a lower blood eosinophil level (0.2 × 109 L−1).

Garrett et al. present a study on the steroid sparing effect of
mepolizumab for HES with lowered eosinophil levels [36].
This was an open-label trial of mepolizumab given IV at
10 mg kg−1 (max 750 mg) every 4 weeks for three treatments
(weeks 8, 12, and 14) over a 28-week period in four patients
between the ages of 18 and 65 years. This study included
patients diagnosed with HES, idiopathic HES, and eosinophil-
ic esophagitis. There was an 8-week run-in period where pa-
tients with idiopathic HES had their steroid therapy decreased
so that the eosinophil level was 2-fold greater than baseline
eosinophil level or > 750 cells μL−1. All four patients experi-
enced a decrease in peripheral blood eosinophils by week 28,
with a pronounced drop after treatment with mepolizumab.
All patients reported improvement in specific symptoms dur-
ing the study duration along with improvement in QOL and
FEV1. One of the patients with eosinophilic esophagitis had a
statistically significant 10-fold decrease in mean number of
tissue eosinophils per high-powered field. The only reported
adverse events were fatigue after the first two infusions and
infusion-related headaches in another patient.

There is a phase III clinical trial currently open and
recruiting patients with severe hypereosinophilic syndrome
to receive mepolizumab every 4 weeks for 32 weeks in a
randomized double-blind, placebo-controlled study [19].

This study is eligible for adolescents and adults and is spon-
sored by GlaxoSmithKline. The primary endpoint of the study
is the proportion of patients who experience a HES flare
(worsening of symptoms requiring escalation in therapy) dur-
ing the 32-week treatment period. Secondary endpoints aim to
demonstrate supportive evidence for the benefit of
mepolizumab compared with placebo and include times to
first HES flare, proportion of patients who experience a HES
flare during weeks 20 through 32 and fatigue severity.

Studies Using Reslizumab

Klion et al. describe the use of reslizumab, a humanized
monoclonal antihuman IL-5 antibody, as useful in treating
a subset of HES patients [20]. Four subjects with refrac-
tory HES or intolerant to treatment with corticosteroids,
hydroxyurea, and interferon α were enrolled in a pilot
phase I/II study of a single dose of SCH55700, a human-
ized anti-human IL-5 antibody, at 1 mg kg−1 IV. Patients
with a clonal hematopoietic process were excluded; how-
ever, patients with the FIP1L1-PDGFRA fusion gene
were included. Patients were admitted to the hospital
and monitored for 72 h after the first dose of SCH55700
and had labs drawn daily for 3 days, then weekly for
4 weeks, then monthly for 2 months. Patients showing a
decrease in eosinophilia were eligible for five additional
doses of the study drug. The ages of the patients ranged
from 32 to 52 years with various organ involvements. The
study drug was well tolerated; however, one patient
complained of long bone pain occurring 6–12 h after the
first and second infusions. In another patient, low-grade
fever and upper respiratory symptoms occurred within
3 days of infusion on two separate occasions, but family
members of the patient had similar symptoms. Two out of
the four patients had a rapid decline in eosinophils after
infusion accompanied by improvement in symptoms such
as resolution of skin rash, mucosal ulceration, angioede-
ma, fatigue, myalgia, and arthralgia. A decrease in eosin-
ophil count lasted about 30 days before rebounding along
with eosinophil counts higher than the baseline count,
severe exacerbation of symptoms, and a rise in serum
IL-5. One out of the four patients did not respond to
treatment with neither a decrease in eosinophil count or
improvement in symptoms. Another patient had an initial
rapid decrease in eosinophil count after baseline; howev-
er, the patient never had appreciable symptom control and
eosinophil levels rebounded despite further treatment. The
baseline IL-5 level of this patient was highest among all
participants and was still detectable after treatment. Drug
levels remained consistently elevated in blood after infu-
sions, indicating there was no neutralizing antibody pro-
duction. Bone marrow biopsy was completed 1 month

Clinic Rev Allerg Immunol



following treatment with no indication of change in bone
marrow cellularity or eosinophilia.

Studies Using Benralizumab

The results of a phase 2a randomized double-blind, placebo-
controlled study of benralizumab in hypereosinophilic syn-
drome was recently reported by Kuang et al. [21]. This study
randomized 20 patients to receive either 30 mg benralizumab
every 4 weeks or placebo. The primary endpoint of 50% re-
duction in peripheral blood eosinophilia was achieved by 90%
of the benralizumab group and 30% of the placebo group (p =
0.02). Six patients in the benralizumab group had transient,
mild lymphopenia after the first dose vs. one patient with
persistent lymphopenia in the placebo group (p = 0.06).
Eight patients had systemic symptoms including fever, chills,
headache, nausea, and fatigue after the first dose of
benralizumab, but these symptoms self-resolved and did not
recur with subsequent doses. Serum lactate dehydrogenase
levels increased in 16 of 19 patients after the first dose of
benralizumab but normalized.

Anti-IL-5 Treatments for Eosinophilic Granulomatous
Polyangiitis

Studies Using Mepolizumab

Kahn et al. present a case of refractory EGPA treated with
mepolizumab [28]. A 28-year-old Caucasian female with a
history of asthma presented with hypereosinophilia (26.7 ×
109 L−1), interstitial pneumonia (60% eosinophils in BAL),
and myocarditis. Serum IgE was 1000 kIU L−1, ANCA neg-
ative, and was treated with a course of steroids despite many
relapses. She was subsequently treated with methotrexate,
IFNα, cyclophosphamide, intravenous immunoglobulin, and
azathioprine but continued to relapse, with eosinophilia as
high as 18 × 109 L−1, worsening asthma, interstitial pneumo-
nia, and mononeuritis multiplex. Mepolizumab 750 mg every
4 weeks IV was started with rapid improvement and resolu-
tion of asthma. Attempts at spacing infusions to every 8 weeks
resulted in relapse. Reintroduction of monthly infusion result-
ed in disease control, lowered eosinophil count, normalization
of chest CT findings, lower steroid dose, and a subsequent rise
in IL-5 after 8 months of treatment.

Kim et al. describe the steroid sparing effect of
mepolizumab in the treatment of EGPA [29]. This is an
open-label pilot study of seven adult patients with EGPA as
classified by the American College of Rheumatology by at
least four of the following: eosinophil count > 10% of periph-
eral blood leukocytes on more than one occasion off predni-
sone, asthma, neuropathy (poly or mono), pulmonary infil-
trates, paranasal sinus abnormality, and extravascular eosino-
phils. The patient had to be maintained on a stable dose of at

least 10 mg of prednisone daily or a stable dose of another
immunosuppressant like cyclophosphamide, azathioprine, or
methotrexate. The patient received a total of four monthly
infusions of 750 mg IV mepolizumab. Two weeks after the
first infusion, the corticosteroid dose was tapered throughout
the 12-week treatment phase. There was a subsequent 7-week
washout phase where the steroid and mepolizumab dose was
decreased. The final steroid dose was determined 4 weeks
after the last infusion. During the last 19 weeks, there was a
safety monitoring phase to assess patient stability on a stable
tapered dose. Baseline mean FEV1 was 76% of predicted,
mean eosinophil count of 3.4%, mean prednisone dose of
12.9 mg at baseline. There were no reported severe adverse
events, but three patients noted mild transient headaches with-
in 48 h of infusion that resolved on their own or with over-the-
counter analgesic. All other symptoms experienced during the
study were thought not due to infusions administration but
what were thought to be due to corticosteroid tapering or clin-
ical disease activity. The mean dose of corticosteroid after
12 weeks of therapy was 4.6 mg, a 64% reduction (p =
0.0001) after four doses of mepolizumab. After 24 weeks in
the study, mean corticosteroid was 5 mg or a 61% decrease in
dose (p = 0.02). After 40 weeks at the completion of the study,
the mean prednisone dose was 15.7 mg. On cessation of
mepolizumab treatment, EGPA manifestations recurred, ne-
cessitating steroid bursts with a more gradual resurgence of
percentage eosinophils. The rate of exacerbations during the
treatment period was 0.14 vs. 0.69 during the non-treatment
phase.

Moosig et al. present results of study where anti-IL-5 ther-
apy for severe EGPAwas beneficial in inducing remission and
steroid reduction [30]. This was a phase 2, single-center, un-
controlled investigator initiated trial. Ten patients with active
refractory and relapsing EGPA (as defined by Birmingham
vasculitis activity score (BVAS) > 3) were given nine infu-
sions of IV 750 mg mepolizumab every 4 weeks after stop-
ping immunosuppressant therapy. After the nine infusions
were completed, patients were then placed on methotrexate
0.3 mg kg−1 weekly and a tapered dose of glucocorticoid as
tolerated. Eight out of the ten patients reached the primary
endpoint of remission by week 32, a BVAS of 0, and a gluco-
corticoid dose of 7.5 mg day−1 or less. Remission occurred
after two or three treatments. One patient did not see a reduc-
tion of glucocorticoid below 7.5 mg daily but had a BVAS
score of 0. There was no relapse of active disease while on
treatment with mepolizumab. There was a decrease in the
median dose of glucocorticoid from 19 mg day−1 at baseline
to 4 mg day−1 at week 32 (p = 0.006). Eosinophil counts rap-
idly decreased after the first mepolizumab infusion and
remained near 0 until end of active treatment. A total of seven
relapses occurred after switching to methotrexate and gluco-
corticoid for maintenance. There were two severe adverse
events that were thought to not be due to mepolizumab.
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There were 11 adverse events that were thought to be related
to mepolizumab.

Hermann et al. present a follow-up of patients enrolled in
the study described byMoosig et al., highlighting not only the
potential of mepolizumab to induce and maintain remission
but also as an agent that should be used regularly to prevent
further disease relapse and dependence on steroid [31]. In the
original study, ten patients with refractory or relapsing EGPA
were given nine treatments with IV 750 mg mepolizumab and
then switched to methotrexate 0.3 mg kg−1 for maintenance in
an uncontrolled, single-center, phase 2 trial [30]. Patients were
followed up for a median of 22months, and the study aimed to
find correlations between eosinophil cationic protein (ECP)
and BVAS. There were an additional two major relapses and
two minor relapses that occurred during this follow-up period.
The mean eosinophil count rose after stopping anti-IL-5 med-
ication and six of the nine patients had an increase in gluco-
corticoid steroid use above 7.5 mg day−1. There was correla-
tion between BVAS and ECP that was significant along with
correlations between ECP and eosinophil count and between
BVAS and eosinophil count.

Another study discussing the potential of mepolizumab to
decrease steroid dependence, prevent relapse, and induce
sustained remission during treatment is by Weschler et al.
[32]. This is a multicenter randomized, placebo-controlled,
double-blind, parallel group, phase 3 trial of 136 patients with
relapsing or refractory EGPA randomized to receive 300 mg
subcutaneous mepolizumab or placebo every 4 weeks for
52 weeks. A total of 136 patients were enrolled with 68 pa-
tients in each group. The corticosteroid dose had to be stable
between baseline and week 4 and could then be reduced there-
after as per investigators discretion. Participants on immuno-
suppressive therapy had to be on a stable dose prior to base-
line. EGPAwas defined as a history of asthma, blood eosino-
phil level of 10% or an AEC of more than 1000 cells mm−3,
and the presence of two or more criteria that are typical of
EGPA. The baseline characteristics of the study population
were similar. The trial met both of its primary endpoints.
Time in remission was greater in the mepolizumab group
(28%) compared with placebo (3%). A total of 46% of partic-
ipants in the mepolizumab group compared with 81% of the
placebo group did not reach remission. There was a signifi-
cantly higher percentage of those in the mepolizumab group
(32%) compared with placebo (3%) that attained remission
between week 36 and week 48. There was clinical efficacy
among the mepolizumab group (33%) compared with placebo
(0%) for those patients with an AEC of 150 cells or
greater mm−3 at baseline. Of those in the mepolizumab group
56% had relapse during the 52 weeks of the study compared
with 82% in the placebo group. The annual relapse rate was
50% lower in the mepolizumab group compared with the pla-
cebo. Patients in the mepolizumab group had a significantly
lower prednisone dose than placebo. A total of 12 participants

(18%) in the mepolizumab group were able to discontinue
prednisone use compared with 2 (3%) in the placebo group,
and 30 participants (44%) in the mepolizumab group were
able to taper glucocorticoid dose to 4.0 mg or less day−1 com-
pared with 5 (7%) in the placebo group. Although the percent-
age of adverse events was similar between the two groups,
there were 12 serious adverse events in the mepolizumab
group compared with 18 in the placebo group, which was
thought to be due to disease activity. The most commonly
reported adverse events were headache, nasopharyngitis, ar-
thralgia, and upper respiratory infection. Systemic reactions
were infrequent but were seen in the mepolizumab group.

Future Studies of Anti-IL-5 Treatment and EGPA

At this time, there is an open-label study of reslizumab
looking at efficacy and safety as well as steroid sparing effect
in adults [33]. In this study, participants will be given a
reslizumab dose of 3 mg kg−1 IVevery 4 weeks for 28 weeks
(seven treatments). The primary outcome of this study is doc-
umentation of safety and adverse events. The secondary out-
come is to demonstrate steroid sparing effect by titrating cor-
ticosteroid dose. An open label study of benralizumab in
EGPA looking at safety, steroid sparing effect in adults, as
well as EGPA exacerbations has also been listed on
clinicaltrials.gov [34]. Benralizumab has recently been
granted orphan drug status by the FDA for use in EGPA.

Anti-IL-5 Treatments for Eosinophilic Esophagitis

Studies Using Mepolizumab

Stein et al. present a study of mepolizumab in the treatment of
eosinophilic esophagitis demonstrating improvement in clini-
cal symptoms, quality of life and endoscopic findings [22].
This was an open-label phase I/II trial of four patients with
eosinophilic esophagitis receiving IV 10 mg kg−1 (maximum
dose 750 mg) mepolizumab every 4 weeks for three consec-
utive treatments over a 28-week period. All patients enrolled
in the study responded to anti-IL-5 therapy with a decrease in
absolute eosinophil count (p < 0.05), decrease in CCR3+ cells
(p < 0.05), and clinical improvement in symptoms such as
dysphagia, food impaction, vomiting, abdominal pain, consti-
pation, and inability to swallow. After treatment with anti-IL-
5, patients reported improvement of overall quality of life,
which was significant. There were also improved endoscopic
findings for three out of the four patients with improvement in
narrowing, strictures, rings, and furrows. There was a 14.6-
fold decrease in the mean esophageal eosinophils on biopsy
with resolution of micro-abscess seen in two out of four pa-
tients. There was no correlation between eotaxin-3 and IL-5
levels with response to treatment. The most common side
effects were headache and upper respiratory tract infection.
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One patient did have hypotension within 30 min of her third
infusion.

Straumann et al. describe a randomized, double-blind,
placebo-controlled study of 11 adult patients with eosinophilic
esophagitis receiving 750 mg IVmepolizumab vs. placebo for
two doses 1 week apart, followed by 1500 mg IV
mepolizumab if not in remission [23]. Baseline characteristics
for the groups were similar except that there were 80% males
in the mepolizumab group compared with 50% in the placebo
group. The primary endpoint of the study of < 5
eosinophils hpf−1 was not achieved. There was improvement
in clinical symptoms for > 20% of the mepolizumab group.
There were improvements in both peripheral blood eosinophil
count and number of eosinophils per hpf in the mepolizumab
group. Eosinophil derived neurotoxin was significantly less in
the mepolizumab group as was TNFα and eotaxin-3 expres-
sion. There were only two adverse events in both groups, none
were serious.Most common complaints were mild fatigue and
upper respiratory tract infection. None the adverse events were
attributed to the study drug.

In the study by Conus et al., 11 adults with active eosino-
philic esophagitis (> 20 peak eosinophils hpf−1 and dyspha-
gia) were randomized to receive IV 750 mg mepolizumab or
placebo in this randomized, double-blind, placebo-controlled
study [24]. Infusions were given at days 0 and 7, and if the
patient did not achieve remission by 4 weeks, they received
two more doses of mepolizumab IV 1500 mg. There was a
higher proportion of men in the mepolizumab group (80%)
compared with placebo (50%) at baseline. There was no dif-
ference in the mean IL-5Rα and mean number of eosinophils
of duodenal tissue between mepolizumab and placebo. The
number of IL-5Rα-positive cells was smaller compared with
the number of eosinophilic cationic protein positive cells in
both groups. The mean number of infiltrating mast cells and T
cells did not change as a result of treatment group.

Assa’ad et al. present a study of 59 children with EE be-
tween the ages of 2 and 17 years were randomized in this
multicenter, placebo-controlled double-blind study to receive
either 0.55, 2.5, or 10mg kg−1 IVmepolizumab every 4 weeks
for three infusions and then followed up [25]. EE was defined
as a baseline peak count of esophageal intraepithelial eosino-
phils of ≥ 20 in at least 1 hpf. The baseline peak and mean
esophageal intraepithelial eosinophil counts were 122.5 ±
8.78 and 39.1 ± 3.63 hpf−1. Four weeks after completing all
three infusions, the peak eosinophil counts were < 5 hpf−1 in 5
of 57 children (8.8%). There was reduced peak and mean
eosinophils counts < 20 hpf−1 in 18 of 57 (31.6%) and 51 of
57 (89.5%) of children. Peak and mean esophageal
intraepithelial eosinophil counts were decreased significantly
to 40.2 ± 5.17 and 9.3 ± 1.25 hpf−1. At least 86.4% of patients
reported ≥ 1 adverse event, the most frequent being gastroin-
testinal (vomiting, diarrhea, and abdominal pain). There were
no dose-related adverse events. Three serious adverse events

occurred, one which may have been due to the study drug.
This was the first published anti-IL-5 trial in pediatric partic-
ipants for eosinophilic esophagitis.

In the study by Otani et al., 43 biopsy specimens from EE
subjects obtained from a previous double-blind placebo-con-
trolled multicenter trial treating children between the ages of 2
and 17 with 0.55, 2.5, or 10 mg kg−1 mepolizumab monthly
for 12 weeks was used to determine the number of mast cells,
eosinophils and IL-9+ cells post-treatment [26]. Forty percent
of subjects responded to anti-IL-5 (< 15 eosinophils hpf−1),
and 77% of all subjects had decreased numbers of mast cells
after anti-IL-5 treatment. In biopsies of responders, mast cells
decreased from 62 to 19 hpf−1 (p < 0.001). There was a de-
crease in the number of mast cell and eosinophil couplets after
treatment with anti-IL-5 (p < 0.001). IL-9+ cell numbers de-
creased from 102 to 71 hpf−1 after anti-IL-5 treatment
(p < 0.001).

Studies Using Reslizumab

In the study by Spergel et al., 227 pediatric patients between
the ages of 5 and 17 years were randomized in a multicenter,
placebo-controlled, double-blind study to receive reslizumab
1, 2, or 3 mg kg−1 compared with placebo for the treatment of
EE [27]. The majority of enrolled patients was male and had a
history of atopic disease. All patients had 24 or more esopha-
geal eosinophils per hpf at baseline. The median number of
eosinophils at baseline was 80 eosinophils hpf−1. Dysphagia
was the predominant symptom (43.4%) of patients, followed
by abdominal/chest pain and vomiting/regurgitation at base-
line. Over 83% of patient had some previous dietary restric-
tion or food elimination diet. Peak esophageal eosinophil
counts were reduced in the reslizumab group compared with
baseline. The percent improvement in peak esophageal eosin-
ophil count was greater in all three reslizumab groups com-
pared with placebo. There was no significant difference in
physician’s eosinophilic esophagitis global assessment score
when comparing treatment groups. More than 80% in
1 mg kg−1 group, 80.7% in 2 mg kg−1 group, 84.2% in
3 mg kg−1 group, and 75.4% in the placebo group maintained
the same diet they had at the start of the study. Reslizumabwas
generally well tolerated with the most common adverse events
being cough and headache. There were no differences be-
tween treatment and placebo for adverse events. There were
some mild infusion site reactions. Five patients had one or
more serious adverse events, but none were considered to be
related to the study drug.

Anti-IL-5 Therapies in Eosinophilic Dermatitis

In a case series by Plotz et al., anti-IL-5 (mepolizumab) was
used for the treatment of hypereosinophilic syndrome with
eosinophilic dermatitis [37]. In case 1, a 60-year-old woman
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with eosinophilic dermatitis for 5 years that initially manifest-
ed as erythematous centrally ulcerated nodules, angioedema,
eczematous lesions, evolved into a diffuse erythroderma with
severe pruritus, swelling, and tenseness. She also had
mononeuropathy and thickening of the mitral valve leaflets.
Her peripheral blood eosinophil count ranged from 15 to 41%,
and bone marrow manifested numerous eosinophils. She had
a serum IgE of 655 UI mL−1 and skin biopsy revealed dense
eosinophilic infiltration of the dermis and subdermis. There
was no evidence of clonal T or B cells or gene fusion of
FIP1L1-PDGFRA. She did not respond to immunosuppres-
sive treatment and was initiated on 750 mg of mepolizumab
IVwith a significant drop in percent of eosinophils after 1 day.
After receiving a second infusion, her skin cleared and she no
longer required treatment as she was symptom free for
17 months.

Case 2 is that of a 62-year-old woman with eosinophilic
dermatitis associated with night sweats, dyspnea, low-grade
fever, fatigue, and weight loss. Her IgE was 244 UI mL−1, and
skin and bone marrow biopsy contained many eosinophils.
This patient also did not have any Tor B cell clonality or gene
fusion of FIP1L1-PDGFRA. Within 24 h of receiving
mepolizumab, she had a dramatic decrease in the number of
eosinophils, and after a second infusion of mepolizumab, her
skin cleared. The patient remained symptom free on monthly
infusions of mepolizumab.

Case 3 is an 82-year-old female with severe pruritus and
eczematous skin lesions for 1 year with no other organ in-
volvement. Her serum IgE was 710 UI mL−1 with skin and
bone marrow biopsy demonstrating dense eosinophilic infil-
tration. This patient had an abnormal T cell population indi-
cating possible clonal T cell disease. The patient was treated
with 750 mg mepolizumab IV with dramatic improvement in
eosinophil count and improved pruritus and eventual clearing
of skin with further treatment.

Conclusion

This presentation of heterogeneous trials and clinical cases
highlights some of the potential benefits of using anti-IL-5
therapies in eosinophilic diseases. Many of these studies dem-
onstrated improving clinical symptoms, varying degrees of
eosinophilia reduction in blood or tissue samples, remission
of disease, and some degree of steroid dose reduction or elim-
ination for a variety of eosinophilic diseases. The low risk and
moderate benefit of anti-IL-5 therapies for eosinophilic dis-
eases suggest that they will be an important therapeutic option
for these disorders which cause significant end-organ damage,
and for which non-biologic immunomodulatory therapies are
associated with significant toxicities and side effects.

Eosinophilic diseases impact many organ systems and
drastically affect morbidity, mortality, and quality of life of

patients. Currently approved treatments used for eosinophilic
diseases are not always effective in attaining or maintaining
clinical remission or have wide ranging side effects which can
be debilitating for patients and cause poor compliance. The
first-line treatment of EGPA, HES, and eosinophilic esopha-
gitis is corticosteroids. Chronic corticosteroid use is associated
with osteoporosis, fractures, Cushing’s syndrome, diabetes,
hyperglycemia, psychosis, cataracts, glaucoma, infections,
gastrointestinal bleeds, and poor wound healing [38].
Second-line agents for HES management include tyrosine ki-
nase inhibitors, hydroxyurea, interferon α, and methotrexate.
Other first-line agents in the treatment of EGPA include use of
cyclophosphamide to induce remission and azathioprine and
other agents like methotrexate, rituximab, mycophenolate mo-
fetil, immunoglobulin G replacement, hydroxyurea, interferon
α, and anti-IgE to maintain remission. Cyclophosphamide has
been associated with hemorrhagic cystitis, alopecia, immuno-
suppression, and cardiotoxicity [39]. Addition of azathioprine
to corticosteroids for the treatment of EGPA, microscopic po-
lyangiitis, or polyarteritis nodosa did not improve remission
rates or decrease treatment adverse effects compared with
therapy with corticosteroids alone [40]. Currently, azathio-
prine has been associated with significant gastrointestinal
symptoms including nausea and vomiting and hematologic
toxicity such as leukopenia, thrombocytopenia, and anemia,
along with an increased risk of malignancies. Hydroxyurea,
which is a common second line agent in the treatment of HES,
is associated with anemia, thrombocytopenia, neutropenia, GI
disturbances, and fevers [41]. Remission is rarely achieved
with hydroxyurea alone despite favorable cost and oral admin-
istration of drug. Interferon is costly, and due to its side-effect
profile, is often discontinued by patients as a result of flulike
symptoms, gastrointestinal complaints, myalgias, cytopenias,
depression, and rare complications of autoimmune thyroiditis
and retinopathy [41].

Drugs targeting other biologic pathways including those
directed at IL-4, IL-13, Siglec-8, and dexpramipexole are be-
ing investigated for future therapeutic options in
hypereosinophilic conditions. An anti-IL-13 drug, dupilumab
or rpc4046, was studied in 99 adults with steroid refractory EE
in a post hoc analysis of a previous trial [42]. Subjects were
enrolled in a phase 2 randomized double-blind, placebo-
controlled trial with subjects allocated to receive IV subcuta-
neous 180 mg dupilumab (n = 14), 360 mg dupilumab (n =
17), and placebo (n = 16) over a 16-week period with mea-
surement of esophageal eosinophil count as primary endpoint.
The secondary endpoint included a mean change from base-
line to week 16 in EoE Endoscopic Reference Score (EREFS),
improvements in dysphagia determined by the Daily
Symptom Diary (DSD), Eosinophilic Esophagitis Activity
Index (EEsAI) score, and EoE histology scoring system
(EoEHSS) based on grade and stage. There was clinical sig-
nificance in the treatment group with reduction in esophageal
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eosinophil counts with 180 and 360 mg dupilumab compared
with placebo. There was also clinical significance with histol-
ogy scoring in treatment group when compared with placebo.

Another anti-IL-13 drug, dectrekumab or QAX576, was
studied in EE. This was a 12-week randomized placebo-
controlled trial of monthly infusions with a primary endpoint
of percent of subjects with a greater than 75% decrease in
endoscopic biopsy eosinophil count, which was not met.
There was, however, a 60% decrease in eosinophil count
when compared with placebo which produced a 23% de-
crease. There also were improvements in tissue eosinophil
counts, mast cell counts, and markers of barrier function up
to 6 months from administration of drug [43].

Dexpramipexole, a dopamine agonist used in the treatment of
Parkinson’s disease and restless leg syndrome, had been noted to
cause sustained eosinopenia [44]. As an oral agent, there is inter-
est in how this may contribute to treatment of hypereosinophilic
diseases; therefore, there are ongoing clinical trials with this drug.
The exact mechanism of how eosinophils are impacted is un-
known, but it is believed to affect the bone marrow. In a
nonrandomized study of ten patients with HES, patients were
treated with 150 mg twice daily of dexpramipexole [45]. The
primary endpoints were the proportion of patients whose mini-
mum effective glucocorticoid dose needed to maintain an abso-
lute eosinophil count of less than 1000 mL−1 and control symp-
toms was reduced by greater than 50% after 12 weeks of treat-
ment. Four out of the ten subjects achieved the primary endpoint,
with a 66% median minimum effective glucocorticoid dose us-
age from baseline. There were no adverse events and biopsy of
tissue in two subjects showed normalization of pathology and
depletion of eosinophils. Bone marrow biopsy in responders
showed absence of mature eosinophils.

Sialic acid-binding immunoglobulin-like lectin 8 (Siglec-
8) is an inhibitory receptor that is expressed on mature eosin-
ophils, mast cells, and basophils. In murine models, antibody
to Siglec-F reduces blood and tissue eosinophils. Anti-Siglec-
8 antibody induces apoptosis of human eosinophils.
Costimulation of eosinophils with IL-5 and IL-33 demonstrat-
ed enhanced Siglec-8-induced apoptosis of eosinophils [46].
There is currently an ongoing placebo-controlled, phase 2 trial
to investigate the efficacy of anti-Siglec-8 in eosinophilic gas-
tritis and eosinophilic gastroenteritis, with change in number
of eosinophils per hpf in gastric and/or duodenal biopsies as
the primary endpoint, and change in patient-reported symp-
tom score as the secondary endpoint [47].

Understanding the underlying immune mechanism(s) for
eosinophilic inflammation in different eosinophilic diseases
will drive innovation for novel therapies and insight into dis-
ease etiology. Eosinophilic diseases are heterogeneous and a
focus on single therapeutic agents may not be the answer we
need to provide effective treatments. Future trials of multiple
biologic therapies given independently and concomitantly to
treat eosinophilic disorders with or without comorbid atopic

conditions may determine if multiple biologic therapy can
achieve efficacy in those patients where monotherapy fails.
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