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Abstract Eosinophilic granulomatosis with polyangiitis
(formerly Churg—Strauss syndrome) is a rare type of anti-
neutrophil cytoplasm antibody-associated vasculitis. Nev-
ertheless, eosinophilic granulomatosis with polyangiitis
stands apart because it has features of vasculitis and eosi-
nophilic disorders that require targeted therapies somewhat
different from those used for other anti-neutrophil cyto-
plasm antibody-associated vasculitides. Considerable
advances have been made in understanding the underlying
pathophysiology of eosinophilic granulomatosis with
polyangiitis that have highlighted the key role of eosino-
phils and opened new therapeutic opportunities. Its con-
ventional treatment relies mainly on agents that decrease
inflammation: corticosteroids and immunosuppressant
adjunction for severe manifestations. New therapeutic
approaches are needed for refractory disease, relapses and
issues associated with corticosteroid dependence, espe-
cially for asthma manifestations. Drugs under evaluation
mostly target eosinophils and B cells. Results of low-evi-
dence-based trials suggested possible efficacies of biolog-
icals: B-cell-blocking rituximab and anti-immunoglobulin
E omalizumab. Recently, the first large-scale randomised
controlled trial on eosinophilic granulomatosis with
polyangiitis proved the efficacy of anti-interleukin-5
mepolizumab. That finding opens a new era in eosinophilic
granulomatosis with polyangiitis management, with
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mepolizumab approval but also in future drug evaluations
and trial designs for eosinophilic granulomatosis with
polyangiitis. Additional studies are needed to determine
which patients would benefit most from targeted therapies
and achieve personalised treatment for patients with eosi-
nophilic granulomatosis with polyangiitis. Herein, we
review eosinophilic granulomatosis with polyangiitis
characteristics and provide an overview of established and
novel pharmacological agents.

Key Points

Eosinophilic granulomatosis with polyangiitis
(EGPA) is a systemic inflammatory necrotising
vasculitis with multiple aetiological factors and a
suspected key role of eosinophils in its
pathophysiology.

EGPA management relies on pharmacological
agents chosen according to disease severity.

Corticosteroids are the mainstay of EGPA treatment
but relapses are frequent. Immunosuppressants are
required for patients with poorer prognoses but are of
limited efficacy for relapse prevention and chronic
asthma/rhinosinusitis manifestations.

Mepolizumab (anti-interleukin-5) is the first
biological approved to treat EGPA. Several agents
targeting eosinophils and B cells are being evaluated.
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1 Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA,
formerly Churg—Strauss syndrome), a systemic necrotising
vasculitis occurring in asthmatic individuals, is classified as
an anti-neutrophil cytoplasm antibody (ANCA)-associated
vasculitis (AAV) [1], even though < 30% of patients are
ANCA positive. This classification reflects the disease’s
pathogenic heterogeneity, characterised by at least two
phenotypes: one closely linked to ANCA positivity with
prominent vasculitis (alveolar haemorrhage, glomeru-
lonephritis, peripheral neuropathy) and the other with more
predominant cardiac involvement [2, 3].

Conventional EGPA treatment combines corticosteroids
(CS) and immunosuppressant(s) for the most severely ill
[4]. Corticosteroids are always useful to control asthma and
vasculitis, while immunosuppressants help obtain vasculi-
tis remission and prevent relapses. Considering EGPA
heterogeneity and its various pathogenic mechanisms,
EGPA therapies could differ according to phenotype,
severity and predictable outcomes. Independently of vas-
culitis treatment, a major issue in EGPA is controlling
asthma, which usually persists after vasculitis enters
remission. New therapeutic approaches for EGPA should
treat the vasculitis and asthma together but also prevent
asthma flares and limit the CS dependence developing
in > 80% of the patients [5]. New drugs targeting EGPA
pathogenic mechanisms look promising but their efficacies
must be demonstrated at the different disease stages (re-
mission induction and maintenance) and for the different
phenotypes. This review summarises the pathophysiology
of EGPA and details the available data on the use of both
conventional treatments and novel targeted biological
therapies.

2 Background
2.1 Classification

Several classification systems have been devised to dif-
ferentiate vasculitis entities. Early during the last century,
several vasculitides were individualised: microscopic
polyangiitis (MPA) [initially named microscopic pol-
yarteritis nodosa] [6] and granulomatosis with polyangiitis
(GPA) [formerly Wegener’s granulomatosis] [7]. The
American College of Rheumatology classification, based
mainly on disease clinical symptoms, is valid for the
identification of some vasculitides, like EGPA [8]. The
2012-revised Chapel Hill Conference Consensus Nomen-
clature integrates clinical symptoms and includes labora-
tory findings, histology and pathogenesis [1]. It classifies
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vasculitides into three groups according to the affected
vessel size. Anti-neutrophil cytoplasm antibody-associated
vasculitides belong to the necrotising small-vessel vas-
culitis group. Although considered an AAV, EGPA is
distinct from MPA and GPA. Eosinophils are clearly the
main cell implicated in EGPA, as opposed to neutrophils in
GPA and MPA. Eosinophilic granulomatosis with
polyangiitis shares features with other eosinophil-associ-
ated disorders and asthma in addition to vasculitis symp-
toms, thereby highlighting the limitation of classification
and confirming Chapel Hill Conference Consensus
Nomenclature validity to categorise but not diagnose
vasculitides.

Genetics might have a major impact on vasculitis clas-
sification and help characterise disease phenotypes and
predict outcomes. Genome-wide association studies on
MPA and GPA revealed that patients’ genotypes could be
clustered according to their ANCA specificity [9], and
another on EGPA confirmed its heterogeneity with at least
an anti-myeloperoxidase (MPO)-ANCA phenotype and the
other without [10].

2.2 Epidemiology

Eosinophilic granulomatosis with polyangiitis is the least
common AAV [11]. Its annual incidence, estimated in
different world regions, never exceeds 2.3 cases/million
inhabitants, and its prevalence is 23 cases/million inhabi-
tants. [12]. Noteworthy, the disease may be under-recog-
nised owing to the lack of consensual diagnostic criteria.
Unlike most autoimmune diseases, EGPA has no clear sex,
familial or ethnic predisposition [13].

Eosinophilic granulomatosis with polyangiitis is con-
sidered an idiopathic disease with many factors contribut-
ing to its complex pathophysiology: allergens, medications,
infections and genetic predisposition. Gene studies
demonstrated increased susceptibility conferred by some
HLA-DR alleles [14-16] and interleukin (IL)-10 polymor-
phisms [17], highlighting the immune system’s role in its
aetiopathogenesis. Environmental factor involvement as a
causative or triggering agent remains unclear. Allergens are
thought to be pivotal players in the disease manifestations.
However, systematic testing for allergies in patients with
EGPA established that less than one third had positive
results for common allergens [18], suggesting that a
canonical allergic process is not the only mechanism
underlying EGPA’s ‘allergic phenotype’ or that the
responsible allergens remain unknown. Asthma in EGPA
could be more indicative of a non-allergic eosinophilic
phenotype, according to current asthma-phenotype defini-
tions. The possibility of drug-induced disease persists for
leukotriene receptor anatagonists frequently used to treat
asthma [19]. However, EGPA onset under those agents is
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likely to result from their effective CS sparing unmasking
the autoimmune disorder [20].

2.3 Pathophysiology

Eosinophilic granulomatosis with polyangiitis
immunopathogenesis is complex and its elucidation ham-
pered by the lack of a suitable animal model. The currently
accepted disease mechanism is largely inferred from clin-
ical studies that revealed the pivotal role of eosinophils
found in blood and/or tissues at all EGPA stages. However,
it remains unclear whether eosinophils are responsible for
disease initiation or play a secondary role as effectors of
organ damage. Several eosinophil-regulating cytokines are
overexpressed during EGPA: IL-4, IL-13 and especially
IL-5 [21-23]. Those cytokines are thought to be synthe-
sised by mostly activated CD4 + T-helper (Th) cells and
define the Th2 phenotype [24, 25]. Another major source of
Th2 cytokines, notably IL-5, are the type-2 innate lym-
phoid cells located in epithelia, e.g. the respiratory
epithelium [26]. The role of type-2 innate lymphoid cells in
tissue eosinophil recruitment has been established in
allergic diseases but not specifically in EGPA. By secreting
IL-25, activated eosinophils further amplify the Th2
response [27]. The Th2 phenotype is usually associated
with B-cell activation and antibody secretion, especially
immunoglobulin G (IgG) and immunoglobulin E (IgE).
B-cell mobilisation [28] and ANCA secretion (in ~ 30%)
[2, 3, 5] have been demonstrated in patients with EGPA.
Eotaxin-3, a chemokine regulating eosinophil recruitment,
and CCL-17, a Th2 chemokine, are elevated during EGPA
and sometimes associated with disease activity [29, 30].
Those soluble mediators might activate and attract eosi-
nophils to tissues, where they would induce organ-specific
pathological processes via different pathways: adherence to
the endothelium, tissue infiltration and granuloma forma-
tion, ultimately leading to small-vessel occlusion and
ischaemia. Eosinophils can also directly affect organs with
their granule contents, able to induce oxidative burst,
fibrosis, thrombosis and enhanced inflammatory signalling
[31].

This EGPA paradigm of an eosinophil-centred Th2 role
should be nuanced because other studies obtained con-
flicting results for CCL-17 and eotaxin-3 [32, 33]. Simi-
larly, the importance of other cytokines and Thl and/or
Th17 profile(s) has been emphasised [25, 34]. Other actors
also warrant being mentioned, e.g. ANCA-targeted neu-
trophils. Anti-neutrophil cytoplasm antibodies recognise
mainly MPO or proteinase-3 in neutrophil granules, and by
activating neutrophils can trigger vasculitis [35]. Perti-
nently, ANCA do not recognise eosinophil antigens [36].
Eosinophilic granulomatosis with polyangiitis

immunopathogenesis is schematised in Fig. 1, showing the
targets of emerging therapeutics.

2.4 Clinical, Biological and Pathological
Manifestations

Eosinophilic granulomatosis with polyangiitis may occur at
any age but usually begins in the fifth or sixth decade
[5, 37]. Traditionally, prodromal, eosinophilic and small-
vessel vasculitis, chronological clinical phases are recog-
nised [38]. Prodromal phase manifestations, mainly late-
onset asthma, rhinosinusitis and polyposis, may last several
years or decades, and individuals who will develop EGPA
cannot be foreseen. The eosinophilic phase, characterised
by increased blood and tissue eosinophilia, is responsible
for organ injury. The vasculitic process and granuloma
formation further affect organ impairment. Although
EGPA can affect any organ, certain organ systems are
preferentially affected. The predominant post-prodromal-
phase manifestations and organ involvements are: asthma
(> 90%), rhino-sinusitis (50-90%), general symptoms
(80%), lung infiltrate(s) (40-60%), mononeuritis multiplex
(50%), skin (40-50%), arthralgias and myalgias (30-50%),
heart (20-50%), gastrointestinal tract (20-30%) and kid-
neys (20%) [4, 5, 37].

The clinical distinction between eosinophilic and vas-
culitis phenotypes is supported by observed patient segre-
gation according to ANCA status. Anti-neutrophil
cytoplasm antibody-positive patients (~ 30%) are more
prone to peripheral neuropathy, purpura, renal involvement
and biopsy-proven vasculitis, whereas ANCA-negative
patients (70%) have more frequent cardiac manifestations
[2, 3, 5, 39]. First an immunofluorescence assay screens for
ANCA, then an enzyme-linked immunosorbent assay
determines their specificity. A recently reached consensus
proposes that an enzyme-linked immunosorbent assay
surpasses immunofluorescence for detection [40]. Eosino-
philic granulomatosis with polyangiitis is usually associ-
ated with a perinuclear immunofluorescence labelling
pattern and MPO specificity.

Laboratory investigations, including non-specific
inflammation biomarkers, supporting EGPA diagnosis are
blood eosinophilia (usually a count > 1500/mm® and/
or > 10%), high IgE titres and ANCA positivity [38, 41],
but they are not reliable relapse predictors or disease-ac-
tivity biomarkers [42]. Eosinophil infiltrates, small-sized-
vessel vasculitis and/or eosinophil-rich granulomas seen in
involved-organ biopsies also contribute to the diagnosis
[43]. Other biological and radiological investigations
should be performed to seek frequent organ involve-
ment(s) that condition treatment strategy [44].
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Fig. 1 Immunopathogenesis of eosinophilic granulomatosis with
polyangiitis and the main targets of emerging biological agents.
Initial ill-defined causative and triggering agents induce a predom-
inant T-helper type 2 (Th2) inflammation process. Classical Th2 cells
and tissue-resident innate lymphoid cells type 2 (ILC2s) are the main
producers of Th2 cytokines [interleukin (IL)-5, IL-4 and IL-13]
responsible for eosinophil (Eo) activation and tissue recruitment.

2.5 Prognosis and Outcomes

Adequately treated EGPA has a fair prognosis. A retro-
spective study on 348 patients showed that, with a median
follow-up at 50 months, only 11.7% died [5]. The out-
comes of patients with EGPA differ according to clinical
manifestations (like cardiac involvement), relapse rate,
asthma persistence and its relationship with vasculitis flare,
and adverse events (AEs), mainly attributable to CS. In a
retrospective series [4], 91% of patients entered remission,
with cardiac and/or gastrointestinal involvement responsi-
ble for poor outcomes. Identifying patients with poor-
prognosis factors also has the advantage of defining those
without such factors whose regimens can be less intensive
[45, 46]. Clinicians’ therapeutic objectives are to obtain
disease remission, prevent relapses and minimise long-term
drug numbers and doses to improve long-term prognosis
and limit AE frequency and severity. No correlation/asso-
ciation could be established between initial intensive
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kidney, neuropathy, alveolar haemorrhage

ANCA+

Activated Eos induce tissue lesions in many ways, further enhanced
by other cell types [mast cells and/or basophils, T-helper type 1 (Thl)
and T-helper type 17 (Th17) T cells, B cells] and humoral mediators
(antibodies, cytokines). ANCA anti-neutrophil cytoplasm antibody,
IFNu interferon-o, /FNy interferon-y, IgE immunoglobulin E, IgG
immunoglobulin G, IL-5Ro IL-5 receptor-o,, MPO myeloperoxidase

induction and fewer long-term relapses or AEs. However, a
meta-analysis of our prospective EGPA trials [47] showed
that overall survival was good, reaching 90% at 7 years,
regardless of baseline severity; only age > 65 years was
associated with a higher risk of death during follow-up.
The relapse risk was higher for patients with anti-MPO
ANCA and lower for those with > 3000 eosinophils/mm?.
Sequelae, predominantly chronic asthma and peripheral
neuropathy, remained frequent.

3 Treatment

A treatment approach is proposed in Fig. 2, according to
data from studies reviewed hereafter.
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Fig. 2 Main therapeutics and treatment algorithm in eosinophilic granulomatosis with polyangiitis. ENT ear, nose and throat, IgE

immunoglobulin E, IL interleukin
3.1 Corticosteroids

At present, EGPA therapy is based on CS, with the most
severely ill patients also given immunosuppressants. Cor-
ticosteroids have the major advantages of rapid efficacy
against vasculitis and asthma flares, inducing clinical
remission, and eosinophilia normalisation within several
days. However, long-term CS use can cause major AEs,
especially when they cannot be tapered because of
uncontrolled asthma and persistent or new-onset EGPA
extrapulmonary manifestations.

Immunosuppressants, usually cyclophosphamide in
conjunction with CS, are commonly prescribed to treat
severe EGPA, as defined by the Five-Factor Score (FFS)
[48]. The FFS comprises five items scoring 1 point each if
present: age > 65 years, cardiac involvement, gastroin-
testinal tract involvement, creatininemia > 150 pmol/L
and/or absence of ear, nose and throat (ENT) manifesta-
tions [46]. In the final FES version (2009), the positive

impact of ENT manifestations on prognosis was demon-
strated for patients with GPA and patients with EGPA
mainly. However, clinicians using the FFS should be aware
that the presence of ENT manifestations does not account
for a negative point, and that only the absence of ENT
signs should be taken into consideration to calculate the
score. This is important to stress to avoid inappropriate use
of the FFS because ENT manifestations are frequent in
EGPA. In severe EGPA cases (FFS > 1), a combination of
CS and cyclophosphamide is used to induce remission,
usually reached in 3-6 months. A cyclophosphamide
regime is followed by azathioprine or methotrexate main-
tenance therapy given for 12—-18 months or longer if clin-
ical (asthma or extrapulmonary symptoms) or biological
manifestations (eosinophilia) persist.

However, no consensus has been reached on the optimal
regime for patients without poor prognosis factors (FFS =
0). We showed that CS alone could suffice, reserving the
addition of immunosuppressants for CS failure [49]. The
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EGPA Consensus Task Force recommendations [44] stated
that immunosuppressants are not compulsory for patients
with FFS = 0 but a more recent recommendation, largely
based on an expert consensus with many coauthors of the
former [50], preferred treating all patients with CS and
immunosuppressants. A randomised controlled trial (RCT)
on systemic necrotising vasculitides without poor progno-
sis factors, which included a majority of patients with
EGPA, compared CS and azathioprine or placebo, and
found that azathioprine was unable to induce remissions or
prevent relapses more frequently than CS alone [51]. That
study showed that “light” immunosuppressants, like aza-
thioprine, failed to achieve CS sparing, which is a major
objective for patients requiring long-term CS, at least to
control asthma.

3.2 Place of Immunosuppressants

Cyclophosphamide is the most frequently prescribed
immunosuppressant to control the most severe vasculitides.
No other drug has yet been demonstrated to have greater
efficacy than cyclophosphamide in this setting. The
prospective RCT on mepolizumab [52] and case series on
other biotherapies did not address severe vasculitides. The
promising results of only one prospective open study suc-
cessfully evaluating mepolizumab for acute EGPA warrant
confirmation [53]. Therefore, cyclophosphamide should
remain the remission-induction agent of choice for the
most severe EGPA forms. Our group initiated several
prospective RCTs to evaluate rituximab for induction-and-
maintenance therapy [54, 55], and mepolizumab for EGPA
remission-induction.

Although a consensus exists for cyclophosphamide’s
indication, that is not the case for other immunosuppres-
sants. After induction, patients with AAV usually received
azathioprine or methotrexate. Azathioprine for GPA was
shown to be as effective as cyclophosphamide to maintain
remission but rituximab remission-induction has since
challenged the efficacy of azathioprine [56, 57]. In a
prospective study [58], azathioprine did not maintain
EGPA remission. Similar conclusions can be drawn for
methotrexate [59] and mycophenolate mofetil [60]. How-
ever, no prospective study has specifically addressed
EGPA and our therapeutic options mainly reflect the results
of other prospective studies.

3.3 Plasma Exchanges

No trial has specifically examined plasma exchange (PE)
indications for EGPA. However, based on experience with
other AAVs, PEs could be helpful for patients with
pneumo-renal syndrome, i.e. extracapillary glomeru-
lonephritis causing severe renal insufficiency and/or severe
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alveolar haemorrhage. Short-term PE efficacy was
demonstrated in patients with creatininemia > 500 pmol/L
[61] and evaluation is ongoing for patients with an esti-
mated glomerular filtration rate < 50 mL/min [62]. Plasma
exchanges are also prescribed for severe alveolar haemor-
rhage, based on their efficacy against anti-glomerular
basement membrane vasculitis, but remain unconfirmed by
a prospective study. The prognosis is good for isolated mild
alveolar haemorrhage and PEs are not indicated [63].

3.4 Intravenous Immunoglobulins

Intravenous immunoglobulins has rarely been used to treat
vasculitis but they warrant a place in its treatment. Intra-
venous immunoglobulins effectively induce vasculitis
remission or reverse its relapses [64, 65]. Intravenous
immunoglobulins prescribed alone have a short-term effi-
cacy [66]. Without prospective or retrospective studies
exclusively on EGPA, we speculate that intravenous
immunoglobulins could be effective only against ANCA-
positive disease, but it has never been clinically proven. At
present, intravenous immunoglobulins have a niche indi-
cation, requiring case-by-case evaluation.

3.5 Targeted Therapies

The need for new therapeutic approaches to control the
inflammatory disease burden of relapsing disease and
assure CS sparing was previously highlighted. The emer-
gence of biotherapies targeting molecules and receptors
involved in EGPA aetiopathogenesis has revolutionised
disease management. Currently, eosinophil-targeted thera-
pies are the strongest scientifically based biologicals to
treat EGPA. Below, we mainly focus on the molecules with
the most promising results that mediate eosinophil (anti-IL-
5, anti-IgE) and B-cell (rituximab) interventions (Table 1).

3.5.1 Rituximab

Rituximab (MabThera® or Rituxan®), an anti-CD20 IgG1
mouse-human chimeric antibody, selectively depletes
mature and memory B lymphocytes. Originally developed
to treat B-cell lymphomas, rituximab generated good
responses in various autoimmune disorders [67], for which
it was given because its induction of B-cell apoptosis
hypothetically led to autoreactive antibody-production
abrogation. Because plasma cells, the final stage of B-cell
differentiation, lack CD20 and thus, are not affected by
rituximab and can persist for years or decades in bone
marrow, this hypothesis is only partially supported.
Moreover, the demonstrated clinical efficacy of rituximab
contrasts with persistent autoantibodies in some autoim-
mune disorders [67]. Obviously, the mechanisms
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Table 1 Targeted biological

Evaluation Remarks

) . Target Name
therapies being evaluated for
eosinophilic granulomatosis CD20 (B cells) Rituximab
with polyangiitis (EGPA)
IgE Omalizumab
IL-5
Free IL-5 Mepolizumab
Free IL-5 Reslizumab
IL-5-Ra Benralizumab

Phase III initiated EGPA-remission induction
Phase III scheduled

Case series

EGPA-remission maintenance

Phase III completed Outcome: 50% higher remission rates

Phase III ongoing EGPA-remission maintenance
Phase III planned

Phase II ongoing

EGPA-remission induction

Phase II ongoing

IgE immunoglobulin E, IL-5 interleukin-5, IL-5Ro IL-5 receptor-o

underlying the efficacy of rituximab in autoimmune dis-
orders remain poorly elucidated. Because B cells have
pleiotropic functions, B-cell-targeting therapies might
function by affecting antigen presentation, T-cell activation
or cytokine production.

In AAV, rituximab non-inferiority to cyclophosphamide
as an induction agent was proven [56, 57, 68] and its
remission maintenance is superior to azathioprine [58].
Consequently, rituximab has revolutionised the standard of
care for AAV and is now recommended as first-line ther-
apy for severe GPA and MPA management only because
RCTs did not include EGPA. According to the European
Medicines Agency and US Food and Drug Administration
licencing, the recommended remission-induction dose is
375 mg/m* body-surface area infused once a week for
4 weeks. Empirically, a double dose every fortnight (two
infusions) has also been proposed and seems to be as
effective [69].

Information on the potential clinical benefits of ritux-
imab for patients with EGPA is currently restricted to low-
evidence-based, open-label, uncontrolled studies and case
reports [70-78]. Globally, those studies’ results support
rituximab use for severe refractory/relapsing EGPA. In the
largest retrospective series [77], 36/41 (88%) showed
clinical improvement at 12 months: 49% remission and
39% partial responses. This efficacy encompassed asthma/
ENT symptoms and vasculitis-induced organ impairment.
Interestingly, rituximab appeared more effective for
ANCA-positive patients, but ANCA negativity did not
exclude potential benefit. Notably, the CS dose was halved
but only two patients achieved complete weaning. Its main
AEs were allergic reactions during infusion, infections and
a trend towards lower IgG levels. Thus, the safety profile
was the same as that for other AAVs [56, 57, 68], except
for more frequent infusion reactions. The latter may be an
obstacle for patients with disease-facilitated allergic reac-
tions, potentially causing severe bronchospasms [72]. A
retrospective 3-year follow-up study [78], comparing
rituximab with a conventional cyclophosphamide induction

regime between two groups of 14 age- and sex-matched
patients, showed rituximab to be as effective as
cyclophosphamide, even for patients with prior
cyclophosphamide failure. No severe AE was reported.
Four rituximab-treated patients developed asymptomatic
hypogammaglobulinemia.

Taken together, all those observations indicate a
potential benefit of rituximab in EGPA, but controlled
study confirmation is needed. Indeed, an ongoing phase III
RCT is assessing rituximab induction [54] and another
RCT is planned for maintenance therapy [55]. Despite the
limited evidence, rituximab was recently recommended by
an expert consensus to treat patients with EGPA with renal
involvement or refractory disease [44]. Future elucidation
of B-cell roles in EGPA may provide new targeted thera-
peutic opportunities, e.g. to block B cells responsible for
long-lasting antibody secretion.

3.5.2 Mepolizumab (Anti-Interleukin-5)

Mepolizumab (Nucala®) is a humanised monoclonal IgG1
antibody that binds free IL-5, which is the major specific
factor for eosinophil growth, differentiation and survival.
Interleukin-5 exerts its effects via a heterodimeric receptor,
whose o-subunit (IL-5-Ra) is specific to IL-5. The B-sub-
unit, shared with other cytokine receptors (IL-3, granulo-
cyte-macrophage colony-stimulating factor), is responsible
for signal transduction. IL-5 receptor-o is predominantly
expressed on human eosinophils [79]. Mepolizumab inhi-
bits IL-5 signalling in eosinophils, thereby preventing their
activation, recruitment and tissue accumulation, as
demonstrated in asthma with fewer blood and sputum
eosinophilia [80].

Mepolizumab has been investigated in several eosino-
philic disorders such as asthma, rhinosinusitis, hypere-
osinophilic syndrome and atopic dermatitis. In 2015, the
Food and Drug Administration and European Medicines
Agency approved mepolizumab as add-on therapy to
manage severe eosinophilic asthma [81]. In RCTs, it better
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controlled disease (exacerbations), slightly improved lung
function test results and had a glucocorticoid-sparing effect
[82-84]. No safety concerns were raised. The recom-
mended mepolizumab dose for this indication is 100 mg
injected subcutaneously once every 4 weeks.

The supposed key role played by eosinophils, and the
elevated IL-5 levels in EGPA [22] make mepolizumab a
logical candidate. A potential mepolizumab benefit in
EGPA was derived from small open-label pilot studies and
a case report [53, 85-87]. Those findings supported con-
ducting a large multinational RCT on relapsing/refractory
EGPA [52], in which patients received subcutaneous
mepolizumab (300 mg) injection every 4 weeks or placebo
(68/group) for 1 year. Patients with EGPA were represen-
tative of those requiring new therapeutic options, with
previous relapses/difficult-to-treat disease, all taking CS
and ~ 50% taking immunosuppressants. The protocol-
defined primary efficacy endpoints reached significance:
comparing mepolizumab with placebo, respectively, 28 vs.
3% had > 24 weeks of accrued remission; 32 vs. 3% were
in remission at weeks 36 and 48, with 44 vs. 7% of the
patients benefiting from CS dose tapering
ing <5 mg of prednisone or equivalent. Although the
mepolizumab-group’s 1-year relapse rate was 50% lower,
56% of them still relapsed, with asthma, ENT symptoms
exacerbation and/or vasculitis manifestations. Remission
was less likely for patients with baseline eosinophil
counts < 150/mm>. Mepolizumab also met multiple sec-
ondary outcomes (time to remission, lower circulating
eosinophil counts, Asthma Control Questionnaire 6-Item
version score, rhinosinusitis 22-item Sinonasal Outcome
Test score), but lung function test results did not improve,
unlike previous studies on eosinophilic asthma [81]. Only
more frequent systemic reactions to infusion marred its
safety profile. The most common AEs were headache,
nasopharyngitis, arthralgias, sinusitis and upper respiratory
tract infection. These AEs and their frequency were similar
in the placebo group.

The first completed RCT conducted on EGPA probably
constitutes a milestone in its treatment evaluation and
management [52]. Mepolizumab was effective in ~ 50%
of the participants, leading to Food and Drug Administra-
tion approval in December 2017. Although those findings
underscore the major mediating role of eosinophils in
EGPA pathophysiology, some questions persist. Why was
mepolizumab ineffective in ~ 50% of the patients? How
do we identify future non-responders at baseline? Is
mepolizumab more effective against specific EGPA phe-
notypes, e.g. ANCA negative vs. ANCA positive. Choos-
ing 300 mg, which is three times the recommended asthma
dose, was based on observations made in severe asthma but
no specific dose evaluation was undertaken for EGPA, with
severe eosinophilia. Because patients with life-threatening

receiv-
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manifestations were excluded, their risk/benefit balance
remains unknown, as does the efficacy of mepolizumab
against specific vasculitis-related symptoms because
remission criteria combined vasculitis control and asthma/
sinusitis manifestations that are not always easily distin-
guished from vasculitis relapse. Prolongation of the first
RCT should help resolve the question of optimal mepoli-
zumab duration [88]. After successfully treating asthma,
other anti-IL-5 agents are being tested in phase II trials on
EGPA: reslizumab [89] and IL-5-Ra-targeting benral-
izumab [90].

3.5.3 Omalizumab (Anti-Immunoglobulin E)

Omalizumab (Xolair®), a humanised monoclonal IeG
antibody, targets the Fc fragment of free circulating, but
not membrane-bound, IgE [91]. Its binding prevents
interaction with specific receptor FceRI on basophils and
mast cells, thereby inhibiting their degranulation in
response to allergen exposure and blocking the allergic
cascade. Long-term omalizumab use also induces FceRI
downregulation, eventually diminishing eosinophil tissue
infiltration through still unelucidated mechanisms. In
RCTs, omalizumab was proven effective and safe as add-
on therapy for severe persistent allergic asthma and chronic
spontaneous urticaria [92, 93]. Omalizumab is injected
subcutaneously, its dosage and frequency (once or twice
per month) varying according to the patient’s weight and
IgE levels.

The impact of omalizumab on allergic asthma and
eosinophilia has suggested its potential in patients with
EGPA, particularly those with uncontrolled asthma. As of
early 2018, information on omalizumab treatment of EGPA
remains limited to case reports with < 30 patients
[94-101]. It was almost always started to counter severe
CS-dependent asthma with hypereosinophilia, rarely for
resistant rhinosinusitis. Very few patients had active non-
severe extrapulmonary vasculitis features, e.g. skin or
musculoskeletal disorders [94, 99]. Although anti-IgE
omalizumab effectively controlled ‘allergic’ symptoms
(asthma-exacerbation rate and airway obstruction) for most
patients, two patients from the largest series had severe
asthma exacerbations mandating discontinuation [94].
Although patients generally tolerated omalizumab well,
three developed EGPA flares [94, 98]. Similarly, at least
ten patients given omalizumab for isolated asthma were
subsequently diagnosed with EGPA [102-105]. Like the
leukotriene receptor anatagonist controversy, whether this
sequence represents a causal relationship or coincidental
revelation of smouldering EGPA during CS weaning is
unclear. Pertinently, those reports indicate a potential
omalizumab benefit for patients with EGPA with severe
asthma or rhinosinusitis, whereas the impact on vasculitis
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was not remarkable. No RCT testing omalizumab in
patients with EGPA is currently ongoing and its place in
treating EGPA is undetermined.

3.5.4 Other Targeted Drugs

3.5.4.1 Interferon-o. Interferon-o. is a cytokine with
pleiotropic effects on immune cells, notably interferon-o
can decrease blood eosinophilia, block IL-5 secretion
in vitro and attenuate a skewed Th2 profile [22, 106, 107].
On this basis, interferon-o0 has been tested in a small
number of patients as reported in case series and small
prospective open-label studies [108-111], and also in an
uncontrolled retrospective study of 30 patients followed
for > 24 months [112]. Even if some remission-induction
success was reported, long-term follow-up indicated high
relapse rates and numerous AEs, e.g. depression and neu-
ropathy. Therefore, in 2015, the EGPA Consensus Task
Force advocated its use only as second- or third-line ther-
apy in relapsing/resistant cases [44].

3.5.4.2 Anti-Tumour Necrosis Factor-o. In-vitro studies
and animal models implicated tumour necrosis factor-o in
AAV pathophysiology [113], thereby suggesting clinical
benefits with tumour necrosis factor-o blockers. However,
no benefit for GPA patients was found in a small-scale
open-label study with infliximab [114] and a large RCT
with etanercept [115]. Potential benefit was reported for
four EGPA patient cases [116, 117]. Based on those find-
ings, further studies do not seem warranted. Tumour
necrosis factor-a-blocking agents should be avoided in
EGPA, and AAV in general.

3.6 Associated Measures

Beyond medications for the systemic manifestations
detailed herein, other disease management measures should
be considered. Conventional asthma and rhinosinusitis
treatments should also be prescribed [118, 119]. If needed
for asthma, oral leukotriene receptor anatagonists can be
prescribed with close monitoring given the reported
hypothetical risk of EGPA relapse [119]. Patients should be
encouraged to stop smoking [44, 118]. Despite some flares
after desensitisation or vaccinations [120] and because of
lung involvement and frequent treatment-induced
immunosuppression, vaccination against influenza and
pneumococci is strongly recommended. The risk/benefit
ratio favours immunisation, except during an EGPA flare.
Co-trimoxazole prophylaxis against Pneumocystis jirovecii
pneumonia is recommended in the case of severe
immunosuppression, e.g. the use of cyclophosphamide,
rituximab or high-dose CS [121]. Although Preumocystis
Jjirovecii pneumonia is not the most common cause of

infection during EGPA, and other AAVs, it is the only
infection for which the use of chemoprophylaxis has pro-
ven efficacy in primary vasculitis and can thus be
encouraged [122]. These measures are important because
infections are responsible for high morbidity/mortality
[123].

4 Perspectives

In our opinion, the following future EGPA therapeutic
strategies warrant consideration. Current assessments of
treatment response are global with activity scores such as
the Birmingham Vasculitis Activity Score, which combines
vasculitis, respiratory and ENT symptoms. It creates
ambiguities in analysing treatment efficacy for each type of
manifestation and would thus require clarification. Nota-
bly, differentiating between clinical vasculitis and asthma
flares can be difficult, generating uncertainty in determin-
ing treatment efficacy and diagnosing flares. Hence, new
practical tools must be devised to improve disease-activity
evaluations and achieve patient-centred therapy.

Several drugs evaluated for other eosinophilic disorders
(asthma, chronic rhinosinusitis, hypereosinophilic syn-
drome) were deemed beneficial and are potential candi-
dates to treat EGPA. Other than reslizumab or
benralizumab (both in ongoing phase II trials), drugs tar-
geting CCR3 or other Th2 cytokines (e.g. IL-4 and/or IL-
13 with dupilumab, pitrakinra, lebrikizumab) can modulate
eosinophil biology [124].

Future approaches can consider the usefulness of com-
bining drugs. Recent RCT results show that some vas-
culitides cannot be treated without CS. We think
combined-drug regimens will achieve better disease con-
trol and minimisation of AEs beyond targeted biologicals
replacing ‘old drugs’. A major question persists: what is the
indication for combining biotherapies for selected patients?
Because pathogenic mechanisms differ from one EGPA
subgroup to another and within a given subgroup, mepo-
lizumab plus rituximab sequentially or simultaneously
could be prescribed for some patients. Such aersonalised
management can only be established through new
prospective trials.
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