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Abstract
Eosinophilic granulomatosis with polyangiitis (EGPA) is a rare disorder characterized by eosinophil- 
rich inflammation and systemic necrotizing vasculitis affecting small to medium-sized vessels. 
The pathogenesis of EGPA is complex, involving both eosinophilic and vasculitic mechanisms, which 
contribute to a wide array of clinical manifestations. Treatment strategies primarily focus on immu-
nosuppression, including glucocorticosteroids and biologic agents targeting eosinophils, to manage 
the diverse manifestations and improve patient outcomes.
The authors reviewed the MEDLINE and PubMed databases to provide an updated overview of the pa
thogenetic mechanisms and current therapeutic strategies for the management of EGPA.
We emphasize the diverse pathogenetic mechanisms underlying EGPA, focusing on both eosinophilic 
and vasculitic phenotypes. Additionally, we highlight contemporary therapeutic strategies, particu-
larly the use of biologic agents targeting eosinophils, which represent a significant advancement in 
the management of the disease.
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Introduction
Eosinophilic granulomatosis with polyangiitis (EGPA) 

is considered an orphan disease, characterized by gra
nulomatous inflammation, eosinophil-rich infiltration, 
and systemic necrotizing vasculitis affecting small to 
medium-sized vessels  [1]. The most characteristic clini
cal feature of EGPA is the occurrence of late-onset bron-
chial asthma, accompanied by blood and tissue eosino-
philia  [2]. In approximately 50% of  patients, additional 
anti-neutrophil cytoplasmic antibodies (ANCA) are de-
tected, directed mainly against myeloperoxidase (MPO). 
However, in a significant subgroup of patients, ANCA is 
absent, and eosinophils play a key role in driving the dis-
ease process, rather than ANCA-associated vasculitis. 
This highlights the key role of eosinophils in the ANCA- 
free form of EGPA [3].

These different mechanisms contribute to the broad 
spectrum of  clinical manifestations, resulting in a  va
riety of  clinical phenotypes  [4]. Eosinophilic infiltrates 

are most frequently located in the lung tissue, the heart, 
causing cardiomyopathy, and the gastrointestinal tract [1]. 
In contrast, in patients with MPO-ANCA, a  vasculitic 
phenotype predominates, characterized by palpable 
purpura, peripheral neuropathy, rapidly progressive glo-
merulonephritis, and, less frequently, alveolar hemor
rhage [1].

Due to its rarity, research into EGPA pathogenesis 
remains limited, which in turn hinders the optimization 
of patient outcomes  [3, 4]. In this narrative review, we 
explore the current understanding of EGPA pathogene-
sis and discuss emerging therapeutic strategies relevant 
to its management.

Material and methods
The authors analyzed MEDLINE and PubMed medi

cal databases until April 2025 using the  following key 
words: “eosinophilic granulomatosis with polyangiitis”, 
“EGPA”, “treatment anti-IL-5” (Fig. 1).
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Results

Pathogenesis of eosinophilic 
granulomatosis with polyangiitis

Because both innate and adaptive immunity are im-
paired in EGPA, the disease is considered an  immune- 
inflammatory disease. This includes abnormalities in  
T and B lymphocytes, as well as eosinophils and neutro-
phils. In addition, genetic predisposition has been iden-
tified as a contributing factor [1, 5–7].

The role of T cells

In EGPA, the  disease is characterized by elevated  
T helper (Th) 2-related cytokines (interleukin-3 [IL-3], IL-4, 
IL-5, IL-9, IL-10, IL-13, and IL-25), as well as a  restricted 
T-cell receptor repertoire, indicating an  antigen-driven 
activation process [1, 5].

T helper 17 cells are specific lymphocytes producing 
proinflammatory cytokines (IL-17A, IL-17F, and IL-22), 
and their function is regulated by T regulatory cells 
(Treg), which suppress the  immune response and play 
a  protective role in autoimmune disease develop-
ment  [5]. Moreover, Th17 lymphocytes promote neu-
trophil recruitment and activation, which contributes 
to eosinophilic inflammation and tissue damage  [1]. 
Interestingly, the  Th17/Treg ratio correlates well with 
disease activity markers, suggesting its potential utility 
as a biomarker of disease progression and response to 
therapy [5]. The involvement of the Th1 pathway in EGPA 
is reflected by increased serum concentrations of inter-

feron γ (IFN-γ), a cytokine that not only promotes granu-
loma formation but also activates CD8+ T cells [1]. These 
cytotoxic CD8+ T cells contribute to vascular damage, 
highlighting the complex interplay between Th1-driven 
immune responses and the  pathogenic role of  CD8+  
T cells in EGPA [5].

The significance of eosinophilia in eosinophilic 
granulomatosis with polyangiitis

Eosinophils were first described by Paul Ehrlich in 
1879. They are cells released into the peripheral blood 
in a phenotypically mature state and are capable of ac-
tivation and recruitment to tissues in response to ap-
propriate stimuli. These activations mainly include IL-5 
and chemokines. The half-life of eosinophils is relative-
ly short, so they spend only a  few hours in the  peri- 
pheral blood (approximately 18 h) and then migrate 
to the  thymus or gastrointestinal tract, where they re-
main in homeostatic conditions. Relatively few mature 
forms of eosinophils (less than 400 per mm³) are found 
in the  peripheral blood. In response to inflammatory 
stimuli, a reaction occurs in which eosinophils develop 
from advanced bone marrow progenitors. These cells 
then leave the bone marrow, migrate to the blood, and 
accumulate in peripheral tissues, where their survival is 
prolonged [8]. This unique eosinophil biology is defined 
by key receptors, including the  IL-5 receptor subunit  
(IL-5Rα), CC chemokine receptor 3 (CCR3), sialic acid- 
binding immunoglobulin-like lectin 8 (SIGLEC-8) in hu-
mans, and SIGLEC-F (also known as SIGLEC-5), as well as 
pattern recognition receptors (PRRs) [8].

Thymic stromal lymphopoietin (TSLP; a cytokine be-
longing to the IL-2 family), IL-25 (also known as IL-17E; 
produced mainly by activated TH2 cells and mast cells), 
and IL-33 (from the  IL-1 family of  cytokines), and sub-
sequent initiation of  IL-5 production promote eosino-
phils. Activated eosinophils may contribute to the de-
velopment of EGPA through three unique mechanisms: 
cytotoxicity, inflammation, and non-immunological ef-
fects [9–14].

The increased production of cytokines, such as IL-4, 
IL-5, and IL-13, by T lymphocytes leads to an  increase 
in eosinophil numbers during active EGPA. C-C chemo-
kine ligand 17 (CCL17; also known as thymus and acti-
vation-regulated chemokine – TARC), a chemokine that 
recruits Th2 cells to tissues, is elevated in serum and bi-
opsies of patients with EGPA and is positively correlated 
with peripheral blood eosinophil and immunoglobulin E 
(IgE) levels [15]. This increased Th2 cell activity likely 
contributes to the development of eosinophilia. Further-
more, blood eosinophils exhibit an activated phenotype, 
characterized by high levels of CD69 and CD11b, in EGPA. 
Increased levels of  IL-25, a  cytokine that influences 
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the production of IL-4, IL-5, and IL-13, are also observed, 
leading to enhanced production. Interleukin-25 is also 
detectable in eosinophils in biopsies of  skin lesions in 
EGPA. T cells in these biopsies and blood express the  
IL-25 receptor, IL-17RB. This suggests a positive feedback 
loop between Th2 cells and eosinophils in EGPA [6, 16].

Interestingly, several clinical studies and pharmacovi
gilance reports suggest that anti-leukotriene receptor anta
gonists (such as montelukast), used in asthma therapy, 
may unmask or trigger new-onset EGPA [17–19]. Accord-
ing to case-crossover and observational studies, the risk 
of clinically overt EGPA has been reported to increase  
by approximately 4.5 times within the first three months 
of anti-leukotriene treatment initiation, particularly in 
patients without concurrent glucocorticosteroid (GC) 
use  [17]. This supports the  hypothesis that in predis-
posed individuals, eosinophilic inflammation induced 
or sustained by leukotriene pathway blockade may con-
tribute to disease development [17, 18].

The significance of interleukin-5 in eosinophilic 
granulomatosis with polyangiitis

Interleukin-5 is a four-helix protein produced mainly 
by Th2 lymphocytes, as well as by ILC2 (innate lymphoid 
cells type 2) [20]. 

The initiation of  the signaling cascade begins with 
the  binding of  IL-5 to IL-5Rα. In EGPA, this interaction 
triggers various intracellular signaling pathways that 
promote eosinophil activation, survival, and prolifera-
tion, which play a key role in the development and main-
tenance of eosinophilia [21].

In humans, IL-5Rα is expressed mainly on the surface 
of eosinophils and basophils  [21]. Although agents tar-
geting the IL-5 ligand are in development, they can only 
partially reduce the number of eosinophils in the blood 
and mucosa [22–24].

The role of B cells, anti-neutrophil 
cytoplasmic antibodies, and neutrophils

In anti-neutrophil cytoplasmic antibody (ANCA)-posi
tive EGPA, neutrophils and B cells are crucial contribu-
tors to disease development [1, 5, 7]. Inflammatory cyto-
kines such as tumor necrosis factor (TNF), IL-1β, and C5a 
prime circulating neutrophils, which then expose ANCA 
antigens on their surface  [7]. This enables the binding 
of  circulating ANCA, activating neutrophils through  
FcγRIIa and FcγRIIIb receptors [7]. Activated neutrophils 
release reactive oxygen species (ROS) and cytotoxic en-
zymes, and form neutrophil extracellular traps (NETs), 
causing vascular damage  [1, 7]. Prolonged exposure to 
MPO from NETs further stimulates B cells to produce 
ANCA, creating a self-perpetuating cycle [5, 7].

Genetic factors influencing eosinophilic 
granulomatosis with polyangiitis

Immunogenetic factors play a significant role in the 
predisposition to EGPA pathogenesis  [4]. A  genome- 
wide association study (GWAS) revealed that EGPA is 
driven by multiple genetic factors, with differing pro-
files depending on ANCA status [25]. These associations 
indicate disruptions in pathways related to eosinophil 
activity, asthma, and vasculitis, enhancing our under-
standing of  EGPA’s development and clinical variabi
lity [4, 25].

Lyons et al. [26] identified 3 significant genetic loci in 
EGPA: HLA-DQ, a region near the BCL2L11 gene on chro-
mosome 2, and another near the TSLP gene on chromo
some 5  [7, 25]. Furthermore, a  pleiotropy-informed 
analysis highlighted additional genetic associations 
involving IRF1, IL5, BACH2, LPP, and CDK6, all linked to 
immune regulation and eosinophil function  [25, 27]. In 
the  MPO-ANCA-positive subgroup, an  association was 
found at rs78478398 on chromosome 12, while variants 
near GPA33 and IRF1/IL5 were specific to the  ANCA- 
negative subset. Notably, genetic links at BCL2L11, TSLP, 
CDK6, and LPP were independent of ANCA status [25].

The EGPA-linked variant located within an  intron  
of the ACOXL gene, close to BCL2L11 – which encodes 
the pro-apoptotic protein BIM – is critical for apoptosis 
and immune system regulation [25]. This variant over-
laps with MIR4435-2HG, commonly called MORRBID, 
a  long regulatory RNA molecule regulating eosinophil 
apoptosis, potentially dysregulated in hypereosinophilic 
syndrome  [25]. Key variants include rs9290877 in the 
LPP gene, linked to asthma and allergy, suggesting its 
role in eosinophil recruitment [25]. Additionally, variants 
such as rs11745587 contribute to increased EGPA risk 
and elevated eosinophil numbers, whereas those near 
GATA3 influence Th2 lineage commitment, facilitating 
eosinophilic inflammation via secretion of  cytokines 
including IL-5, IL-4, as well as IL-13  [25]. In addition, 
variations in the IL-10 gene promoter have been linked 
to an overall susceptibility to EGPA, while IRF1/IL5 and 
GPA33 variants specifically correlate with the  MPO- 
ANCA-negative form of  the  disease  [1]. Notably, both  
IL-10 and IRF1/IL5 play roles in eosinophilic inflamma-
tion, with IL-10 being key for activating the Th2 pathway 
and IRF1/IL5 influencing the  regulatory regions of  IL-4 
and IL-5, which are crucial for eosinophil recruitment and 
function [1, 28]. Research on candidate genes in EGPA 
cohorts has identified associations with HLA-DRB4 
and DRB107, while DRB3 and DRB113 may have a pro-
tective effect [1, 5, 6]. Certain HLA alleles, such as DRB1, 
DRB4, DQA1, and DQB1, are linked to an increased like-
lihood of developing vasculitis associated with the dis-
ease [25, 29].
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Treatment, prognosis, and long-term 
outcomes

Due to the  complex pathophysiology of  EGPA de-
scribed above, the  treatment of  this disease entity re-
mains a  significant challenge for clinicians. In clinical 
practice, we rely on the  latest 2023 recommendations 
for the treatment of EGPA. These guidelines are based 
on evidence regarding the  diagnosis and treatment of 
EGPA  [30]. These recommendations consist of 7 state-
ments (Table I) describing the therapeutic procedure in 
individual forms of EGPA.

The goal of treatment is to achieve remission, which 
in EGPA is defined as the absence of clinical symptoms 
attributed to active disease, including asthma and ear, 
nose and throat (ENT) symptoms. The daily dose of GCs 
is also taken into account. The maximum daily dose in 
this case is 7.5 mg of prednisone per day. A relapse in 
EGPA is when clinical symptoms attributed to active dis-
ease return after a period of remission, when the dose 
of  GCs needs to be increased, or when the  dose of  
disease-modifying drugs is started or increased. It is  
essential to distinguish between a relapse or new onset 
of systemic vasculitis (systemic relapse) and an isolated 
exacerbation of asthma and ENT symptoms (respiratory 
relapse).

The IL-5-targeted agent mepolizumab may be con-
sidered for severe disease or for induction in refractory 
non-severe EGPA to maintain remission [30]. Other IL-5- 
targeted agents have also shown promising results in 
maintaining remission in EGPA. These include benrali-
zumab, a  fully humanized monoclonal antibody that 
binds with high affinity to the  IL-5 receptor α chain, 
and reslizumab, an  IL-5 monoclonal antibody  [31–34]. 
A  recent study also showed that benralizumab was 
noninferior to mepolizumab in inducing remission in 
patients with EGPA. Both treatments reduced eosinophil 
counts throughout the entire follow-up period, although 
a greater reduction was seen in the benralizumab group 
at all time points [25, 35]. Complete discontinuation of 
oral GCs was achieved in 41% of patients receiving ben-
ralizumab and 26% of patients receiving mepolizumab 
at weeks 48 to 52. We also know that, in addition to 
IL-5, various other factors modulate eosinophil survival 
at the  site of  inflammation. This means that selective 
inhibition of only IL-5 activity may result in delayed and 
incomplete blockade of eosinophils  [12, 36]. Benralizu
mab exerts a pronounced, direct effect on eosinophils by 
directly binding to the IL-5 receptor on the cell surface. 
Furthermore, the removal of a fucose residue from the 
Fc region of  benralizumab increases its binding affini-

Table I. Eosinophilic granulomatosis with polyangiitis treatment recommendations, based on [27]

Statement

1.	 Remission-induction treatment should be tailored based on clinical manifestations with prognostic relevance. 
Organ-threatening manifestations included in the Five-Factor Score (renal insufficiency, proteinuria, cardiomyopathy, 
gastrointestinal tract, and central nervous system involvement) as well as peripheral neuropathy and other rare 
manifestations (for example, alveolar hemorrhage) should be considered when choosing remission-induction strategies

2.	For remission induction in patients with new-onset, active EGPA, GCs should be administered as initial therapy. In patients 
with severe disease (unfavorable prognostic factors in Five-Factor Score) cyclophosphamide or, as an alternative, RTX, 
should be added. In patients with non-severe disease, GCs alone should be used

3.	For remission maintenance, in patients with severe EGPA, we recommend using RTX, mepolizumab, or traditional DMARDs 
in combination with GCs. In patients with non-severe EGPA, we suggest GCs, alone or in combination with mepolizumab. 
Glucocorticosteroids should be tapered to the minimum effective dosage to reduce toxicity

4.	Relapses should be treated according to type (systemic vs. respiratory) and severity. For severe systemic relapses, we 
recommend using RTX or cyclophosphamide with GCs. For non-severe systemic and respiratory relapses, we recommend 
increasing the dose of GCs and/or adding mepolizumab

5.	The IL-5 inhibitor mepolizumab in combination with GCs is recommended to induce remission in patients with relapsing- 
refractory EGPA without organ- or life-threatening manifestations. Mepolizumab can also be used for remission 
maintenance, particularly in patients requiring a daily prednisone dose ≥ 7.5 mg for control of their respiratory 
manifestations

6.	In patients with EGPA who have active asthma or ENT involvement, topical and/or inhaled therapy must be optimized. 
The approach to the management of these disease manifestations must involve specialists such as pulmonologists  
and otolaryngologists

7.	Treatment decisions should be modified as necessary in special populations of patients such as children, elderly patients, 
women of child-bearing age and those with comorbidities. There is still no evidence that different phenotypes (such as 
ANCA-positive vs. ANCA-negative) necessitate different approaches

ANCA – anti-neutrophil cytoplasmic antibodies, DMARDs – disease-modifying antirheumatic drugs, EGPA – eosinophilic granulomatosis 
with polyangiitis, ENT – ear, nose and throat, GCs – glucocorticosteroids, IL-5 – interleukin-5, RTX – rituximab.
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ty for the Fc γ III-A (FcγIIIA) receptor present on cytoto
xic and phagocytic cells, which mediate the  antibody- 
dependent cellular cytotoxicity response [37].

Pulse intravenous GC therapy (usually daily puls-
es of methylprednisolone 500–1,000 mg for 3 days, to 
a  maximum total dose of  3 g) followed by high-dose 
oral GCs (e.g., 0.75–1 mg/kg/day) is recommended for 
patients with severe disease [30]. Adding cyclophos
phamide to GCs to induce remission should be con-
sidered in patients with severe disease. The  optimal 
duration of  cyclophosphamide induction therapy in 
severe EGPA has not yet been established. The recom-
mendation is that cyclophosphamide induction therapy 
should be continued until remission is achieved, as in 
other small vessel vasculitides, typically for 6 months. 
More extended induction periods (up to 9–12 months) 
are recommended for patients who show slow improve-
ment and do not achieve complete remission by the end 
of month 6. Rituximab may be particularly effective in 
treating recurrent EGPA vasculitis [38], which represents 
an additional therapeutic option.

The definition of  refractory EGPA is unchanged or 
increased disease activity after 4 weeks of appropriate 
remission-induction therapy. Persistence or worsening 
of systemic symptoms should be distinguished from re-
spiratory symptoms.

There are no reliable biomarkers for measuring dis-
ease activity in EGPA, although some laboratory para
meters (e.g., eosinophil count or ANCA) are commonly 
monitored. Therefore, disease activity should only be 
assessed during follow-up, using validated clinical tools 
[30]. As with other vasculitides, routine monitoring of 
EGPA-related symptoms is recommended, with particu-
lar attention paid to pulmonary involvement, cardiovas-
cular risk, and neurological complications. Long-term 
monitoring of comorbidities (such as cancer, infections, 
and osteoporosis) is also recommended [30].

Conclusions

This study provides significant and comprehensive 
insights into the  complex pathogenesis of  EGPA. As 
treatment options continue to evolve, particularly bio-
logic therapies, drugs targeting the  IL-5 receptor offer 
a  more tolerable and effective GC-sparing approach, 
representing a  significant advance in treatment stra
tegies.
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