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Abstract

Purpose of Review Eosinophilic granulomatosis with polyangiitis (EGPA) represents a rare clinical entity, which is getting
increasing attention and relevance in view of our better understanding and newer insights into its pathogenesis. Concomitantly
better recognition and understanding of the immune pathophysiologic role of eosinophils provide a solid ground of their role on
systemic inflammatory disorders and defense against infectious triggers, especially parasites. This review will focus on describ-
ing the physiopathology of eosinophils, as well as providing an in depth description of the natural history, clinical spectrum, and
therapy of EGPA.

Recent Findings Several studies have aimed at finding useful biomarkers to monitor disease activity, and reported data have
shown that eotaxin 3, IL25, IL33, and some eicosanoids to be promising options. Regarding therapeutic advances, recently
published studies have revealed the efficacy of mepolizumab during induction and maintenance of EGPA. Recently published
data confirmed earlier studies that the use of azathioprine during the induction phase is of no benefit during long-term follow-up.
In addition, data from the REOVAS study, which uses rituximab, is still ongoing and apparently with promising results.
Summary Eosinophils are involved in several systemic inflammatory disorders, and recent gathered data provide support for
their role in triggering EGPA. Better understanding of its pathophysiology should generate newer insights into the pathogenesis,

biomarkers of disease activity, and therapeutic targets.
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Introduction

Eosinophils are polymorphonuclear cells that contain a multi-
tude of granules that house proteins, cytokines, chemokines,
and growth factors, which following release into the circula-
tion and tissues mediate a variety of immune responses, espe-
cially against parasitic infections and allergic reactions, and
are also responsible for tumor surveillance [1ee, 2¢¢]. Their
function, however, appear to be much broader than those rec-
ognized thus far, and they have been shown to play important
role in tissue repair and remodeling, maintenance of plasma
cells in the bone marrow and activated macrophages in adi-
pose tissue [3-5].
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Eosinophils have also been shown to play a leading role in
the causation of several inflammatory systemic disorders, in-
cluding vasculitis. Within the clinical spectrum of vasculiti-
des, eosinophils play a distinct role in the pathogenesis of
eosinophilic granulomatosis with polyangiitis (EGPA), classi-
fied within the ANCA-associated group of vasculitis (AAV)
[6].

This review will focus on a brief description of the biology
and pathophysiology of the eosinophils, their role in the path-
ogenesis of EGPA, as well as a review of the clinical spectrum
of EGPA, and newer insights into its pathogenesis, bio-
markers, and therapeutic developments. In addition, brief re-
view of other entities in which eosinophils also play a role will
be discussed as part of the differential diagnosis.

Eosinophils: Nature, Biology, and Functions
Eosinophils were first described by Paul Ehrlich in 1879, and
are characterized by their bilobed nucleus and the presence of

granules, primary and secondary, in their cytoplasm that stain
with eosin red. The primary granules contain crystalline
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Charcot-Leyden proteins. Lipid bodies are responsible for the
synthesis of paracrine eicosanoid inflammatory mediators
such as leukotrienes, thromboxane B2, prostaglandins, and
platelet-activating factor. Secondary granules contained cat-
ionic proteins such as major basic protein (MBP), cationic
eosinophilic protein (ECP), eosinophilic peroxidase (EPO),
and eosinophilic-derived neurotoxin (EDN), as well as a vari-
ety of cytokines, all of which play key roles during cell acti-
vation. They have a half-life in tissues of 2 to 3 days, but
in vitro may last up to 14 days under stimulation by IL-5,
IL-3, and granulocytic-macrophage colony-stimulating factor
(GM-CSF) [7-9] (Fig. 1).

Greater than 90% of eosinophils are present in tissues
throughout the body, particularly in the gastrointestinal tract,
lymph nodes, spleen, thymus, mammary glands, and uterus
[2]. Eosinophils represent only 1-3% of leukocytes in periph-
eral blood, with up to 500 cells per mm’ of blood, but their
number increases in the bloodstream during inflammatory
conditions induced by distinct chemokines to reach the affect-
ed area. More than 500 cells per mm?® in peripheral blood
represents mild eosinophilia, and when present over 1500
cells per mm’® or greater than 10% is denominated hyper

Fig. 1 The eosinophil.
Abbreviations: 15-HETE, 15-
hydroxyeicosatetraenoic acid;
APRIL, a proliferation-inducing
ligand; CCL, CC-chemokine
ligand; CCR, CC-chemokine
receptor; CXCL, CXC-
chemokine ligand; CXCR, CXC-
chemokine receptor; ECP,
eosinophil cationic protein; EDN,
eosinophil-derived neurotoxin;
EPO, eosinophil peroxidase; GM-
CSF, granulocyte-macrophage
colony-stimulating factor; GRO-
«, growth regulated-o protein;
LIF, leukemia inhibitory factor;
LT, leukotriene; MBP, major basic
protein; NGF, nerve growth
factor; PAF, platelet-activating
factor; PDGF, platelet-derived
growth factor; SCF, stem cell
factor; TF, tissue factor; TGF,
transforming growth factor;
VEGF, vascular endothelial
growth factor. (Adapted from
Khoury P, Grayson PC, Klion
AD. Eosinophils in vasculitis:
characteristics and roles in

pathogenesis. Nat Rev. °
Rheumatol. 2014 August; 10(8): J
474-483.)
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eosinophilia, and a number above 5000 cells per mm° is

known as massive eosinophilia.

Eosinophils develop within the bone marrow from progen-
itor myeloid cells following stimulation by several transcrip-
tion factors such as erythroid transcription factor type 1
(GATA-1), GATA-2, and CCAAT/enhancer-binding protein
(c/EBP) [1, 2]. Regulation of their clonal expansion is medi-
ated by IL-3, IL-5, and GM-CSF. IL-5, also known as eosin-
ophilic differentiation factor, is the most specific, and is also
responsible for facilitating their release into the blood stream.
They subsequently will pass through the blood vessels into the
tissues by stimulating chemokines and mediators produced by
endothelial and epithelial cells, and this process involves the
interaction of several mediators, including adhesion molecules
(integrins and selectins) and the eosinophil chemokine recep-
tor (CCR3) through its chemokine gradient or eotaxins (CC-
chemokine ligand 11 or CCL11 eotaxin, CCL24 or eotaxin 2,
CCL26 or eotaxin 3, CCL5, CCL28, among others) and cy-
tokines such as IL-4, IL-5, and IL-13. Both IL-4 and IL-13 are
synergic promoters of eotaxin synthesis. In addition, other
non-chemokine factors such as complement factor C5a and
platelet-activating factor also participate. CCL17 eotaxin

IL5 and Eotaxins

Lipid body, synthesize
leukotrienes, thromboxane B2,
prostaglandins, 15- HETE, PAF.

<r‘:|| Complement receptor

a4 T7:

a»

ﬂQ:‘J Secondary granule

Fc receptor:
FcaR, FcyRI-Ill, FceRI-1l

Sombrero vesicle accompanying
the granule towards the
cytoplasmic membrane for
degranulation.




Curr Rheumatol Rep (2020) 22: 5

Page30of 10 5

facilitates amplification of inflammatory lesions by induction
of Th2 lymphocytes [10-12] (Fig. 1).

Eosinophils exert their cytotoxic functions by degranula-
tion either by cytolysis or by exocytosis. Granules released by
cytolysis may remain viable outside the cell, functioning as
secretory organelles, while stimulated by cysteinyl leukotriene
receptors or cytokines. By exocytosis, the cellular contents are
released by fusion of intracellular granules or hat vesicles with
the plasma membrane. The cationic proteins are released from
secondary granules, including MBP, ECP, EPO, EDN, and
derivatives of arachidonic acid: leukotriene C4 are toxic to
helminths, protozoa, bacteria, fungi, viruses, and neurons,
stimulate the release of histamine from mast cells and baso-
phils, and activate neutrophils and platelets, and also have
bronchoconstrictor and vasodilator activities [13] (Fig. 1).

In addition, to their cytotoxic effect, eosinophils also recruit
and activate other inflammatory cells, and these two mecha-
nisms are responsible for tissue damage. Their accumulation
and activation results in tissue fibrosis, thrombosis, allergic
inflammation, and also neural damage [1, 2].

Tissue fibrosis is mediated by ECP stimulation of collagen
contraction, IL-1B, and TGF-B. In vitro studies showed that
eosinophils promote collagen synthesis and fibroblast prolif-
eration [14].

Thrombosis is a manifestation of a variety of eosinophilic
disorders, and its pathophysiology appears secondary to initi-
ation of the coagulation cascade due to tissue factors released
during degranulation, endothelial dysfunction, inhibition of
the endothelial vascular thrombomodulin by MBP, and plate-
let activation by MBP and EPO [15, 16].

Allergic inflammation as seen in several allergic disorders,
such as atopic dermatitis, rhinitis, eosinophilic esophagitis,
and more importantly asthma, is associated with peripheral
eosinophilia. The finding of ECP in bronchoalveolar lavage
of patients with severe asthma and MBP in pulmonary epithe-
lium of patients with fatal asthma supports the notion that
these inflammatory mediators could be used as biomarkers
[2].

Neural damage, especially axonal neuropathy, has been
seen in hyper eosinophilic syndromes, and also in patients
with eosinophilic vasculitis. In vitro studies have shown that
eosinophils induce neuronal retraction through a dependent
contact mechanism [17, 18]. But further studies are needed
to confirm this observation.

Eosinophilia-Associated Vasculitis

The presence of eosinophilia and/or eosinophils in either pe-
ripheral blood and/or tissue of patients with a variety of vas-
culitic disorders, including vasculitis of small vessels such as
granulomatosis with polyangiitis (GPA), EGPA, microscopic
polyangiitis (MPA), Kawasaki disease, provides support for a
role of these cells in their pathogenesis. But EGPA is the

prototype of eosinophilia-associated vasculitis, since unlike
the other disorders, hyper eosinophilia is part of its diagnostic
criteria [19-21].

Eosinophilic Granulomatosis with Polyangiitis (EGPA)

In 1951, Jacob Churg and Lotte Strauss (Churg-Strauss
syndrome) described the presence of tissue eosinophilia, nec-
rotizing granulomatous vascular lesions, and extravascular
granulomas in the majority of organs of 13 patients exhibiting
asthma, fever, and eosinophilia [22]. In 2012, following a
change in the nomenclature, and to promote the nomenclature
that evidences the real pathology of the disease, the name was
changed to EGPA [6].

EGPA is a vasculitis of the small and medium vessels char-
acterized by eosinophilia and eosinophilic infiltrates, and can
affect any major organ system in the body [19]. The presence
of ANCA antibodies facilitates its diagnosis, although their
presence are present in 30-40% of patients. In patients with
negative-ANCA antibodies, the clinicopathological picture in
the presence of vasculitis provides support for its definite
diagnosis.

Epidemiology

EGPA usually peaks between the ages of 40 and 60 years, but
without predominance for sex, ethnicity, or family history
[23]. Its prevalence has been estimated at 2-22 cases per mil-
lion people, with an annual incidence of 0.5-3.7 cases per
million. It is 10 times less common than GPA or MPA [24].
Genetic predisposition appears to be linked to the presence of
HLA-DRB1" 07 [25, 26]. Certain anti-leukotriene drugs, vac-
cines, and other environmental factors might trigger EGPA
[27-29].

Immunopathogenesis

The exact immunopathogenesis of EGPA remains to be de-
fined. In contrast to GPA and MPA, a direct role of ANCA
antibodies has not been demonstrated, and animal models of
EGPA are lacking. A prominent role appears to be played by
TH2 type lymphocytes, with their respective clonal expan-
sion, and activation of the humoral system, and release of
large amounts of IL-4, IL-5, and IL-13, which eventually
stimulate the humoral response of B cells resulting in the
secretion of IgE and IgG4 [30-32]. Periods of active disease
are characterized by large release of IL-5 and IL-17A (secreted
by TH1 and Th17 cells), and IFNYy (responsible for the for-
mation of granulomas), and lower concentrations of CD4*
CD25 high FOXP3* regulatory T cells [33]. In addition, pre-
dominance of Th29 marker CD294 lymphocytes in affected
tissue has been demonstrated [11].
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Eotaxin3 release generates the stimulus needed for eosino-
phils to extravasate and infiltrate the different tissues in the
inflamed areas [34, 35]. Once in the tissues, eosinophils initi-
ate the degranulation process, through which secreted proteins
and inflammation mediators lead to cell damage, among
which IL-25 is responsible for enhancing the stimulation and
perpetuation of the Th2 response. Data presented by Terrier
et al. provides support since they have shown that levels of
eosinophilia are associated with disease activity [36].

As previously discussed, a clear role for ANCA in EGPA
has not been shown, but its presence or absence has allowed
the recognition of two clinical phenotypes. Those who are
positive ANCA (ANCA™) have a higher frequency of consti-
tutional symptoms, peripheral neuropathy, and glomerulone-
phritis, as well a predisposition to relapse, while negative
ANCA (ANCA") have a higher frequency of pulmonary,
myocardial, and gastrointestinal involvement, and higher mor-
tality [37, 38]. Of great interest is the presence of high con-
centrations of IgG4 and IgG4:1gG ratio in some patients with
active EGPA [39-41].

Histopathology

The pathological triad composed of eosinophilic infiltration,
necrotizing vasculitis, and extravascular granuloma formation
is rarely present in the same patient, but eosinophils are found
in all stages. Pathological findings depend on the stage of the
disease, but the most important changes will occur during the
third stage, the vasculitic stage in which it is possible to ob-
serve the infiltration of the eosinophil in the tissue, arteries,
and small veins, and formation of extravascular granulomas,
although in some cases they could also affect arteries.
Vasculitis is characterized by fibrinoid necrosis, and eosino-
philic infiltration of vessel walls, while granulomas have a
central area of eosinophilic necrosis surrounded by palisade
histiocytes and multinucleated giant cells. Involved organs
exhibit different changes that occur secondary to direct eosin-
ophilic infiltration and ischemic damage caused by occlusion
of small arteries. In general, upper airway biopsies are not of
diagnostic help, while best chances of observing vasculitic
changes and granuloma formation will be in the lung, periph-
eral nerves, skin, gastrointestinal tract, and heart. The presence
of segmental glomerulonephritis, pauci-immune with or with-
out crescents, and rarely eosinophilic infiltration will be found
in kidney tissue.

Clinical Spectrum: Stages of Disease

EGPA is a systemic disorder that impacts on several organs.
The typical clinical picture is the presence of asthma in an
adult with chronic rhinosinusitis in the presence of more than
10% eosinophilia and pulmonary infiltrates. Three distinct

@ Springer

phases are well recognized: allergic or prodromal, eosinophil-
ic, and vasculitic (Fig. 2).

Organ Involvement
Upper Airway

This is present in 47 to 93% of patients, occurs during the
prodromal phase, and usually in the presence of nasal polyps,
allergic rhinitis, and/or chronic sinusitis. Secretory otitis me-
dia, chronic ear drainage, sensorineural hearing loss, and fa-
cial nerve paralysis may also occur, especially in children.

Lower Airway

Involvement of lung parenchyma may occur in two thirds of
patients. Common reported findings include peripheral migra-
tory infiltrates (x-ray or CT scan), ground glass opacities
(86%), bronchial thickening, and bronchiectasis (66%).
Alveolar hemorrhage may also occur in 3 to 8% of patients.
It should be kept in mind, however, that none of these findings
are specific for EGPA, and they may occur in other eosino-
philic lung disorders.

Cardiac

Endomyocarditis with an increased risk of thrombus forma-
tion, pericarditis, valvular defects, and arrhythmias has also
been described.

Gastrointestinal

Abdominal pain, gastrointestinal bleeding with a high possi-
bility of perforation, and small bowel involvement may occur.
Rare cases of cholecystitis have been reported.

Peripheral nerves

Peripheral neuropathy, either mononeuritis multiplex or
mixed peripheral motor sensory neuropathy, may occur in
up to 70% of patients. Droopy wrist or foot is the most com-
mon manifestation, which may progress to asymmetric
polyneuropathy. Central nervous system (CNS) involvement
may rarely occur with the presence of infarctions or cerebral
hemorrhage. Neuropathic pain and sensory deficit are also
frequent clinical manifestations.

Renal

Kidneys are affected in up to 25% of cases, but it is clinically
less severe than in other types of AAV. It may occur as isolated
abnormalities in the urinary sediment to rapid progressive
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Fig. 2 EGPA phases. The phases
mostly begin with an allergic
phase, although in some cases it
begins with the eosinophilic
phase. Both cases end with the
vasculitic phase

e Fever

e Weight loss
o Malaise

o Myalgia

o Arthralgias

Prodromal or Allergic Phase

o Asthma (96-100%)
® Chronic rhinosinusitis

Eosinophilic Phase

o Peripheral eosinophilia
e Organ involvement: lungs,
gastrointestinal, heart.

glomerulonephritis, and more rarely some patients may exhib-
it chronic kidney disease at presentation.

Skin

Palpable purpura and nodules are seen in up to 25% of cases,
predominantly in the scalp and lower limbs. Other findings
include livido reticularis, vesicles, aseptic pustules, petechiae,
ecchymosis, and urticarial lesions. Papular nodular lesions
may become necrotic ulcers.

Diagnosis

A gold standard test to establish a diagnosis of EGPA is not
available. Diagnosis is based on the clinical characteristics
found, and the application of the 2012 Chapel Hill diagnostic
classification criteria has proven to be a useful tool during
daily clinical practice (Table 1). Certain laboratory findings
may assist in those cases where the clinical picture is not clear,
and some findings may allow early identification of organ
involvement in asymptomatic patients. The presence of pe-
ripheral eosinophilia, at least 10% or more than 1500 cells/
uL, elevated ESR and CRP, are of relevance to establish a
diagnosis of EGPA. Degree of eosinophilia, as well as CRP,
correlates well with disease activity. On the other hand,
ANCA positivity or negativity does not influence a final di-
agnosis. It is essential, however, to confirm diagnosis by bi-
opsy findings.

Imaging studies, from conventional radiographs to CT scan
and cardiac MRI of different involved organs are very helpful

C——
Vasculitic Phase

o Vasculitis of small vessels

e Paradoxical improvement
of asthma

e Constitutional symptoms

e Organ involvement:
peripheral nerves, kidneys,
skin.

to establish degree and severity of involvement in affected
organs. Pulmonary function tests, bronchoscopy, and echocar-
diographic studies will also provide useful information.

Biomarkers

To date, the pathophysiological mechanisms involved in
EGPA have not been fully elucidated, but interleukins and
eotaxins are thought to play key roles during eosinophil acti-
vation, as well as triggering inflammatory responses in vessels
and tissues. During the past few years, several group of inves-
tigators have attempted to evaluate a series of potential serum
biomarkers of disease activity in EGPA and other related vas-
culitis disorders with varying degrees of success [42—44].
Polzer at al. found that levels of eotaxin 3 (CCL26) correlated
well with eosinophil counts, serum IgE levels, and acute phase
reactants only in patients with EGPA but not in patients with
other eosinophilic disorders [45]. A recent study performed in
patients with newly diagnosed EGPA, in relapse and in remis-
sion, revealed that the concentration of ILC2 (innate lymphoid
cells type 2) and IL-33 correlated with disease activity [46].
Other studies have shown that leukotrienes E4 present in the
urine correlates with EGPA and asthma, and elevated levels of
12-hydroxyleicosatetraenoic acid (12-HETE) are present in
exhaled breath of patients with EGPA but not in asthmatic or
patients with hyper eosinophilic syndrome, and their levels
were not affected by steroid therapy [47, 48]. Indirect evi-
dence about the role of leukotrienes in EGPA is provided by
the association between anti-leukotriene receptor antagonists
(LTRAs) and ANCA positivity [49].
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Table 1 The 1990 ACR
Classification criteria and 2012
Revised International Chapel Hill
Consensus for EGPA

EGPA 1990 ACR Classification criteria

EGPA definition according 2012 Revised International
Chapel Hill Consensus Conference Nomenclature of
vasculitides

1. Asthma
2. Eosinophilia > 10%

3. Mononeuropathy or polyneuropathy
4. Nonfixed pulmonary infiltrates on radiographs

S. Paranasal sinus abnormality

1. EGPA is eosinophil-rich and necrotizing
granulomatous inflammation often involving the
respiratory tract, and necrotizing vasculitis
predominantly affecting small to medium vessels and
associated with asthma and eosinophilia.

2. Nasal polyps are common.

6. Extravascular eosinophils evidenced in biopsy 3. ANCA is more frequent when glomerulonephritis is

*Vasculitis can be classified EGPA if >4 findings

present.

are present (sensitivity 85%, specificity 99.7%) 4. Limited expressions of EGPA confined to the upper or

lower respiratory tract may occur. Many patients with
otherwise typical EGPA do not have
glomerulonephritis.

5. Granulomatous and non-granulomatous extravascular
inflammation, such as non-granulomatous
eosinophil-rich inflammation of lungs, myocardium,
and gastrointestinal tract, is common.

Rodriguez-Pla et al. recently reported their experience fol-
lowing evaluation of potential biomarkers of disease activity
in giant cell arteritis (GCA), Takayasu’s arteritis (TA),
polyarteritis nodosa (PAN), and EGPA (Churg-Strauss). A
panel of 22 serum proteins was tested, and in EGPA, G-CSF,
GM-CSF, IL-6, IL-15, and sIL-2R« exhibited significant in-
creases during active disease, as did BCA-1/CXCL13 but only
after adjustment for treatment [50¢]. Authors concluded that
further studies are needed to define their potential for clinical
use in distinguishing active disease from remission or in
predicting long-term outcomes.

In contrast, Pagnoux et al. tested the levels of 54 cytokines
and chemokines in the sera of 40 patients with active EGPA,
10 during inactive disease, 6 with hyper eosinophilic syn-
drome (HES), 8 with asthma, and 10 healthy controls.
Significant lower levels were observed only in serum levels
of MDC, IL-8, MIP-1a and 1b, TNF-«, in patients with active
EGPA than in healthy controls. No clear difference in serum
levels of measured cytokines and chemokines was allowed to
differentiate between active or inactive EGPA, or other disease
or control groups [51¢].

Differential Diagnosis with Other Vasculitides

EGPA remains a challenging disorder with great difficulties
for its correct classification and diagnosis. There are several
disorders characterized by hyper cosinophilia, and the
Working Conference on Eosinophilic Disorders and
Syndromes held in Vienna in 2011 proposed a classification
that included hyper eosinophilic syndrome with its three var-
iants and other conditions associated with eosinophilia [21,
52-54] (Table 2).

@ Springer

Therapeutic Management

There is no established treatment for EGPA, and most recom-
mended therapeutic approaches are based on extrapolation of
the management of other types of vasculitis. A practical way
of making a decision regarding the therapy to follow is to
stratify the patient according to their prognostic factors at the
time of their initial diagnosis.

Patients with FFS >—1 have a mortality of 25.9%, and
with FFS >—2 factors a mortality of 46% at 5 years [55].

Glucocorticoids remain the cornerstone of EGPA treat-
ment, and can be used as monotherapy or in combination with
other immunosuppressive agents depending on the severity of
organ involvement [56, 57]. Cyclophosphamide is commonly
used during the induction phase, and is considered by many
the first-line medication for severe cases [58]. Methotrexate,
azathioprine, cyclosporine, mofetil mycophenolate, intrave-
nous immunoglobulin (IVIG), and others can be used to in-
duce or maintain remission, depending on the severity of the
clinical presentation [59]. However, it has been shown that 1-
year combination of azathioprine to glucocorticoids (GC) for
patients with non-severe, newly diagnosed EGPA failed to
lower remission failure, vasculitis relapse, and isolated
asthma/rhinosinusitis exacerbation rates, or cumulative GC
use at month 24 or longer [60e, 61¢]. There is great need for
prospective, controlled studies comparing the use of immuno-
suppressive agents during induction of maintenance therapy
in patients with EGPA.

Biological agents can be used in patients’ refractory to
conventional therapy, or with severe organ, i.e., kidney, in-
volvement. In such a situation, the use of rituximab has result-
ed in successful remission of both disease activity and renal
involvement, and also resulted in normalization of the
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Table 2 Hypereosinophilia-
related disorders and definition of

Hypereosinophilia-related disorders

Hypereosinophilic syndrome

hypereosinophilic syndrome
1. Hypereosinophilic syndrome

*Primary or neoplastic: acute eosinophilic leukemia, chronic
eosinophilic leukemia, JAK2V617F" myeloproliferative
neoplasms, KITD816V" systemic mastocytosis,
myelodysplastic syndromes with hypereosinophilia, etc.

*Secondary or reactive: helminth infections, allergic reactions,

1. Criteria for peripheral blood
hypereosinophilia fulfilled

2. Organ damage and/or dysfunction
attributable to tissue hypereosinophilia.

3. Exclusion of other disorders or conditions
as major reason for organ damage.

atopic diseases, drug reactions (allergic or toxic), chronic
graft-versus-host disease, Hodgkin disease, inflammatory

bowel disease.

eIdiopathic

2. Other conditions and syndromes: Gleich syndrome, EGPA,
eosinophilia myalgia syndrome, Omenn syndrome,

Hyper-IgE syndrome.

eosinophil cell count and IL-5 serum level [62—65]. In this
regard, the REOVAS study in progress is a phase 3 (https://
clinicaltrials.gov/ct2/show/NCT02807103), and it represents
the first large randomized study that evaluates the use of
rituximab in patients with EGPA. Rituximab also leads to a
reduction in prednisolone requirement, but asthma and upper
airway involvement relapse rates are high despite continued
treatment. In addition, the ANCA-positive subgroup exhibits
a more sustained response [66, 67¢].

Mepolizumab, which is a humanized monoclonal antibody
against IL-5, has been shown effective during maintenance
therapy in EGPA [68]. The MIRRA phase 3 study showed
that patients who received 300 mg monthly for 1 year with
stable doses of prednisone had more weeks of remission and a
greater proportion of participants in remission than placebo,
which allowed significant decrease in the use of glucocorti-
coids [69¢]. A recently published post hoc analysis of the
MIRRA trial in which a comprehensive definition of clinical
benefit was applied revealed that 78% to 87% of patients with
EGPA exhibited benefit with mepolizumab [70+]. Moosig
et al. attempted to use mepolizumab during induction therapy,
achieving favorable results, but serious relapses were seen
when trying to discontinue it [71, 72].

Omalizumab, alone or in combination with rituximab, has
also shown promising results in patients with EGPA. But pro-
spective, control randomized clinical trials are needed to con-
firm results from small uncontrolled, pilot studies [73, 74].

Other agents used in EGPA, especially in refractory situa-
tions, include IFN-«, IVGG, and plasma exchange in combi-
nation with GC and cyclophosphamide with the latter ap-
proach exhibiting efficacy and achieving remission in all pa-
tients, with relapses of 11% during the 36-month follow-up
[75]. Newer therapeutic approaches including the use of tyro-
sine kinase inhibitors that have a key role among targeted
therapies of hypereosinophilic syndromes appear to be prom-
ising [76, 77].

Conclusions

Evidence is presented for a clear role of eosinophils in the
pathogenesis of a wide clinical spectrum of systemic clinical
disorders that might be associated with severe organ damage,
including vasculitis. Diagnosis remains difficult to establish
due to lack of diagnostic and/or classification criteria and se-
rum biomarkers, and a definite consensus on therapy does not
exist at the present time. Progress, however, has been made
with the use of biological therapy, especially rituximab. Better
understanding of the role played by eosinophils might even-
tually lead to development of newer biologic agents and ther-
apeutic strategies.
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