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Abstract. Pallotti F, Mettler C, Papo M, Iudici M,
Padoan R, Sorin B, et al. Overlapping forms of gran-
ulomatosis with polyangiitis and eosinophilic gran-
ulomatosis with polyangiitis: Insights from a Euro-
pean multicenter study. J Intern Med. 2025;00–00.

Background. Granulomatosis with polyangiitis (GPA)
and eosinophilic granulomatosis with polyangi-
itis (EGPA) are distinct forms of antineutrophil
cytoplasm antibody (ANCA)-associated vasculi-
tis (AAV). Increasing evidence suggests overlap-
ping features, particularly in proteinase 3 (PR3)-
ANCA-positive EGPA and GPA with eosinophilia.
This study aimed to characterize overlapping
EGPA/GPA forms and assess their clinical and
therapeutic implications.

Methods. We conducted a European, multicenter,
observational study, including 135 patients with
overlapping EGPA/GPA features. Definitions were
based on ACR/EULAR classification criteria and
other clinical and biological findings. Clinical, bio-
logical, and histological characteristics were ana-
lyzed using unsupervised hierarchical clustering
approach. Comparisons were made with estab-
lished EGPA and GPA control cohorts.

Results. Three clusters emerged: Cluster 1, a hybrid
phenotype (pulmonary nodules, PR3-ANCA positiv-
ity, high relapse rate); Cluster 2, a systemic inflam-
matory phenotype (constitutional symptoms, PR3-
ANCA positivity, moderate renal involvement); and
Cluster 3, a severe vasculitis form (severe renal dis-
ease, alveolar hemorrhage). Including typical EGPA
and GPA control cohorts revealed two main clus-
ters a posteriori: an EGPA cluster and a GPA clus-
ter. Cluster 1 overlapped with both EGPA and GPA

clusters, whereas Clusters 2 and 3 predominantly
aligned with GPA. Kaplan–Meier analysis revealed
that Cluster 1 and the typical EGPA cohort had
the best overall survival, whereas Cluster 3 had the
poorest survival. Relapse-free survival was highest
in typical EGPA and poorest in Cluster 3 and typi-
cal GPA.

Conclusion. This study delineates the heterogeneity
of EGPA/GPA overlap and underscores the need
for personalized treatment approaches. Future
prospective studies should explore targeted ther-
apies, including rituximab and IL-5 blockade, in
these overlapping AAV subtypes.

Keywords: ANCA-associated vasculitides, eosinophilic
granulomatosis with polyangiitis, granulomatosis
with polyangiitis, overlapping forms

Abbreviations: AAV, ANCA-associated vasculitis;
ACR, American College of Rheumatology; ANCA,
anti-neutrophil cytoplasm antibody(ies); AZA, aza-
thioprine; BVAS, Birmingham Vasculitis Activ-
ity Score; CHCC, Chapel Hill Consensus Confer-
ence; CYC, cyclophosphamide; DAH, diffuse alveo-
lar hemorrhage; EGPA, eosinophilic granulomato-
sis with polyangiitis; EMEA, European Medicines
Agency; ENT, ear nose throat; EULAR, European
Alliance of Associations for Rheumatology; FFS,
five factor score; FVSG, French Vasculitis Study
Group; GCs, glucocorticoids; GWAS, Genome Wide
Association Study; HLA, human leukocyte anti-
gens; IL, interleukin; IQR, interquartile range;
MPA, microscopic polyangiitis; MPO, myeloperox-
idase; MTX, methotrexate; OS, overall survival;
PLEX, plasma exchange; PR3, proteinase 3; RTX,
rituximab; RFS, relapse-free survival

Introduction

Antineutrophil cytoplasm antibody (ANCA)-
associated vasculitis (AAV) are necrotizing small-
vessel vasculitides characterized by ANCA target-
ing proteinase 3 (PR3) or myeloperoxidase (MPO)
[1]. The 2012 revised Chapel Hill Consensus Con-
ference classified AAV into granulomatosis with
polyangiitis (GPA), microscopic polyangiitis (MPA),
and eosinophilic granulomatosis with polyangiitis
(EGPA) [1]. ANCAs are detected in approximately
90% of GPA cases, predominantly PR3-ANCA, and
in 60%–80% of MPA cases, mostly MPO-ANCA [2,

3]. In contrast, only 30%–40% of EGPA patients
are ANCA-positive, primarily MPO-ANCA, with
PR3-ANCA being rare (1%–3%) [3–5]. Clinically,
PR3-ANCA-positive AAVs are typically associated
with acute renal and granulomatous lesions of the
respiratory tract, as well as a higher relapse rate,
whereas MPO-ANCA-positive AAVs more often
present with indolent fibrotic renal and interstitial
lung involvement [6, 7]. EGPAs, however, exhibit
distinct features, including eosinophilia, late-onset
asthma, and nasal polyposis, with two main phe-
notypes: MPO-ANCA-positive EGPA, dominated
by vasculitic lesions, and ANCA-negative EGPA,

2 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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characterized by eosinophilic manifestations
[8–11]. Renal involvement, which is common in
GPA andMPA, is observed in only 5%–25% of EGPA
cases, predominantly in those with MPO-ANCA
positivity [12–14].

Although these classifications provide useful diag-
nostic frameworks, overlap between GPA and
EGPA has become increasingly recognized. PR3-
ANCA-positive EGPAs have been reported to share
features with GPA, including higher relapse rates,
whereas GPAs with eosinophilia tend to exhibit
increased disease activity and more frequent
eosinophil-mediated damages [4, 15, 16]. These
overlapping forms raise critical questions regard-
ing classification and management, as therapeu-
tic approaches differ significantly. Rituximab is
considered the gold standard for GPA [15, 17–23]
but supporting evidence in EGPA remains limited
[23, 24]. Conversely, anti-IL-5/IL-5R therapies are
approved for EGPA but remain largely unexplored
in GPAwith eosinophilia [25–27]. Similarly, the effi-
cacy of avacopan, demonstrated in GPA and MPA
[23, 28], has yet to be evaluated in EGPA.

This study aims to clarify the heterogeneity of
EGPA/GPA overlap by describing their clinical
and biological characteristics, disease severity, and
therapeutic management, and by comparing these
features with typical EGPA and GPA cases.

Materials and methods

Study design

We conducted a European, observational, retro-
spective, multicenter study to investigate overlap-
ping forms of EGPA and GPA. Data were obtained
from 46 tertiary care centers across eight coun-
tries (France, Italy, the United Kingdom, Russia,
Germany, Belgium, the Netherlands, and Portu-
gal). This study was conducted in accordance with
the Good Clinical Practice protocol and the prin-
ciples of the Declaration of Helsinki and received
approval from the local Institutional Review Board.

Patients

We included patients with overlapping features of
EGPA and GPA at diagnosis, based on multiple def-
initions and clinical situations, as there are cur-
rently no standardized criteria for this subgroup.
Inclusion criteria required comprehensive clini-
cal data, eosinophil count, and ANCA status. The
following definitions were applied (Table S1): (1)

patients fulfilling both 2022 ACR/EULAR classifi-
cation criteria for GPA [23, 29] and EGPA [23, 30];
(2) patients meeting the 2022 ACR/EULAR classi-
fication criteria for EGPA but also presenting PR3-
ANCA and/or surrogate GPA markers (pulmonary
nodules or cavitations >1 month, bronchial steno-
sis, bloody nasal discharge and crusting>1month,
or nasal ulceration, otitis media or mastoiditis >3
months, retro-orbital mass or inflammation, sub-
glottic stenosis, saddle nose deformity or destruc-
tive sinonasal disease) as proposed in the Euro-
pean Medicines Agency (EMA) algorithm [31]; (3)
patients meeting the 2022 ACR/EULAR criteria
for GPA or the EMA diagnostic algorithm, with
eosinophils >1000/mm3 at diagnosis; (4) patients
with a clinician-diagnosed AAV who did not meet
the 2022 ACR/EULAR criteria for EGPA or GPA but
who presented with eosinophils >1000/mm3 and
PR3-ANCA and/or surrogate GPA markers.

Standardized case report forms captured demo-
graphic, clinical, laboratory, radiologic, and his-
tologic data. Laboratory variables included serum
creatinine, eosinophil count, and ANCA status.
Disease activity was assessed using the Birming-
ham Vasculitis Activity Score (BVAS) 2003 [32].
The 1996 Five Factor Score (FFS) was also recorded
at baseline [33].

Outcomes

As recommended in the 2022 updated EULAR
guidelines [23], relapses were defined as the recur-
rence of disease following remission, regardless of
ongoing immunosuppressive therapy, with clini-
cal manifestations attributable to active vasculi-
tis (BVAS >0) and the need of treatment esca-
lation [34]. Specifically, a major relapse was
defined as the recurrence of disease activity
requiring an increase in prednisone-equivalent
dose ≥20 mg/day and/or initiation or modifi-
cation of immunosuppressive therapy, whereas
minor relapse was defined as the recurrence of
disease activity requiring an increase in pred-
nisone dose <20 mg/day without any change in
immunosuppressants [20, 23, 35]. Clinical and
biological findings were recorded for each relapse.
Isolated glucocorticoid-dependent asthma and/or
ENT manifestations were defined as symptoms
requiring a prednisone dose >7.5 mg/day with-
out any other concomitant vasculitis symptoms.
Remission was defined as the absence of disease
activity with a BVAS of 0.

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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EGPA and GPA control cohorts

To compare overlapping forms with typical EGPA
and GPA cases, control patients were selected from
previously published FVSG studies: Typical EGPA
patients were identified from the study by Papo
et al. [4], and typical GPA patients from the FVSG
registry analyzed by Iudici et al. [36]. Only cases
with available ANCA status and blood eosinophil
count were included. The EGPA control cohort
included patients fulfilling the 2022 ACR/EULAR
classification criteria for EGPA (score ≥6) [30]
and excluded patients with anti-PR3 antibodies
and pulmonary nodules. The GPA control cohort
included patients fulfilling the 2022 ACR/EULAR
classification criteria for GPA (score ≥5) [29] and
excluded patients with eosinophilia >1000/mm3

(Fig. S1).

Statistical analysis

Descriptive analyses were performed, with cate-
gorical variables reported as counts and percent-
ages, and continuous variables summarized as
medians with interquartile ranges (IQR). To iden-
tify clusters of patients with overlapping forms of
EGPA and GPA, we used unsupervised multiple
correspondence analysis. We selected the follow-
ing variables to capture vasculitis manifestations
at diagnosis: age, sex, systemic signs, pulmonary
signs as asthma, pulmonary nodules or cavitary
lesions, pulmonary consolidation, alveolar hem-
orrhage, ENT manifestations as subglottic steno-
sis, nasal polyps, nasal crusting, sinusitis, otologic
signs, chondritis, scleritis/episcleritis, cutaneous
manifestations as purpura, urticaria, livedo, sub-
cutaneous nodules, renal involvement, myoperi-
carditis, mononeuritis multiplex, central nervous
system involvement, gastrointestinal involvement,
arthralgia, PR3-ANCA, MPO-ANCA, C-reactive pro-
tein (CRP), serum creatinine, and eosinophil count.

Hierarchical clustering on principal components
was conducted using the FactoMineR package in
R and RStudio to generate homogeneous patient
clusters [37]. The optimal number of clusters
was determined visually from the dendrogram and
based on inertia gain. Subgroup comparisons were
carried out using the Kruskal–Wallis rank sum
test for continuous variables and Pearson’s χ2 test
for categorical variables if expected cell counts
exceeded 5; otherwise, Fisher’s exact test was
applied. To describe the outcomes within the iden-
tified clusters, we calculated overall survival (OS)
and relapse-free survival (RFS) proportion at 1, 3,

and 5 years of follow-up. Kaplan–Meier survival
curves were plotted for each cluster. A Fine-Gray
model (cmprsk package) was used in sensitivity
analysis to assess the cumulative risk of relapse in
the presence of competing events such as death.

Finally, a second clustering analysis was per-
formed, incorporating the EGPA and GPA con-
trol cohorts. This analysis included only variables
available in both datasets, excluding ENT stenosis,
ENT polyps, chondritis, and scleritis/episcleritis,
which were not documented in the control cohorts.
The distributions of patients according to the inclu-
sion criteria definition and the resulting clusters,
along with their respective survival curves, were
analyzed.

Results

Patient characteristics

We analyzed 174 patients from the FVSG cohort
and 77 from the European call for observations
to assess inclusion and exclusion criteria. Out
of 251 patients screened, 135 fulfilled at least
one inclusion criterion for overlapping EGPA and
GPA features and were included in the analysis
(Fig. 1). Patients were diagnosed between 1985
and 2024. Baseline characteristics are summa-
rized in Table 1 and detailed by inclusion def-
inition in Table S2. The mean age at diagnosis
was 52.5 years (IQR 41.2–64), with 51 female
patients (37.8%). Pulmonary manifestations were
the most frequent (90.4%), including asthma and
nodules (both 56.3%), followed by ENT involvement
(84.4%), predominantly chronic sinusitis (61.5%).
Renal and cardiac involvement were observed in
47.4% and 23% of cases, respectively. ANCA posi-
tivity was detected in 104 patients (77%), includ-
ing PR3-ANCA in 82 (60.7%) and MPO-ANCA in
22 (16.3%). The median eosinophil count was
2400/mm3 (IQR 1400–6000/mm3). According to
our inclusion definitions, the 2022 ACR/EULAR
classification criteria were met by all the patients
for the first (n = 26) and the second (n = 47) def-
initions, by 88.9% of those in the third definition
(40/45 patients, five patients of whom fulfilled the
EMA algorithm), and by none of the 17 patients in
the fourth definition (Table S2).

Therapeutic management and outcome

Treatment regimens and outcomes are summa-
rized in Table S3. Remission was achieved in
126 patients (93.3%) following induction therapy,

4 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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Fig. 1 Flow chart of the study. ACR, American College of Rheumatology; EGPA, eosinophilic granulomatosis with polyangi-
itis; EULAR, European Alliance of Associations for Rheumatology; FVSG, French Vasculitis Study Group; GPA, granulomato-
sis with polyangiitis.

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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Table 1. Main clinical and biological characteristics of the
patients with EGPA-GPA overlapping forms included in the
study.

Overall (n = 135)

Female 51 (37.8%)
Age at diagnosis (years) 52.5 [41.2–64]
ANCA status 104 (77%)
PR3-ANCA 82 (60.7%)
MPO-ANCA 22 (16.3%)
Clinical manifestations
Constitutional symptoms 95 (70.4%)
Arthralgia 85 (63%)
Myalgia 55 (40.7%)
Lung involvement 122 (90.4%)
Asthma 76 (56.3%)
Nodule 76 (56.3%)
Consolidation 57 (42.2%)
Cavitation 10 (7.4%)
Alveolar hemorrhage 27 (20%)
Subglottic-bronchial stenosis 9 (6.7%)
ENT involvement 114 (84.4%)
Chronic sinusitis 83 (61.5%)
Nasal crusts 71 (52.5%)
Nasal polyps 33 (24.4%)
Otologic 22 (16.3%)
Chondritis 8 (5.9%)
Cutaneous involvement 70 (51.9%)
Purpura 38 (28.1%)
Urticaria 15 (11.1%)
Nodules 9 (6.7%)
Livedo 7 (5.2%)
Renal involvement 64 (47.4%)
Peripheral neuropathy 54 (40%)
CNS involvement 11 (8.1%)
Cardiovascular involvement 31 (23%)
Myocarditis 13 (9.6%)
Pericarditis 12 (8.9%)
Ocular involvement 24 (17.8%)
Gastrointestinal involvement 23 (17%)
FFS score ≥1 30 (22.2%)
BVAS 23 [17–28.5]

Biological features
CRP (mg/L) 61 [29–112.5]
Serum creatinine (µmol/L) 88 [72–115]
Eosinophil count (cells/mm3) 2400 [1400–6000]

(Continued)

Table 1. (Continued)

Overall (n = 135)

2022 ACR/EULAR classification
criteria
EGPA criteria ≥6, n 72 (53.3%)
GPA criteria ≥5, n 66 (48.9%)

Note: Data are presented as median [IQR] or number (pro-
portion).
Abbreviations: ANCA, antineutrophil cytoplasm antibod-
ies; CNS, central nervous system; CRP, C-reactive pro-
tein; ENT, ear–nose–throat; EGPA, eosinophilic gran-
ulomatosis with polyangiitis; FFS, Five Factor Score;
GPA, granulomatosis with polyangiitis; MPO-ANCA, anti-
myeloperoxidase antibodies; PR3-ANCA, anti-proteinase-
3 antibodies.

which included glucocorticoids (99.3%), cyclophos-
phamide (42.2%), and rituximab (17%). Three
patients (2.2%) received anti-IL-5 as induction
therapy. Maintenance therapy included gluco-
corticoids (57%), azathioprine (29.6%), rituximab
(14.8%), methotrexate (14.1%), and anti-IL-5/IL-
5R therapies (4.4%).

During follow-up (median duration 77.9 months,
IQR 40.5–121.2), 73 patients (54.1%) experi-
enced relapses: 48 (35.6%) major and 12 (8.9%)
minor relapses. Isolated glucocorticoid-dependent
asthma and/or ENT exacerbations occurred in 13
patients (9.6%). RFS was 82% at 1 year, 60.2%
at 3 years, and 47.7% at 5 years (Fig. S2). OS
was 89.8% at 5 years, with 18 deaths (13.3%),
mainly due to severe infections (27.8%) and AAV-
related complications (16.7%). Additional treat-
ments for disease activity were required in 91
patients (67.4%) during follow-up, including rit-
uximab in 27 patients (20%) and anti-IL-5/IL-5R
therapy in 14 patients (10.4%; mepolizumab in 11
and benralizumab in 3) (Table S3).

Clustering analysis of EGPA/GPA overlapping forms

Unsupervised hierarchical clustering identified
three distinct patient clusters (Table 2, Fig. 2). One
patient was excluded as an outlier. The distribu-
tion of patients from the initial inclusion definitions
into cluster is shown in Table S4, and histological
findings are available in Table S5.

Cluster 1 (n = 99 patients, 73.9%) comprised
patients with mild-to-moderate disease predomi-
nantly characterized by pulmonary manifestations
(94.9%), including asthma (65.7%) and pulmonary

6 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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Table 2. Clinical and biological characteristics of the three clusters of patients.

Cluster 1 (n = 99) Cluster 2 (n = 28) Cluster 3 (n = 7) p value

Gender (female) 42 (42.4%) 8 (28.6%) 1 (14.3%) 0.219
Age (years) 50 [39.5–64] 55 [48–64.5] 44 [35–55.5] 0.296
Vasculitis manifestations
Constitutional symptoms 59 (59.6%) 28 (100%) 7 (100%) <0.001
Pulmonary manifestations 94 (94.9%) 21 (75%) 6 (85.7%) 0.008
Nodule/cavitation 61 (61.6%) 12 (42.9%) 3 (42.9%) 0.126
Asthma 65 (65.7%) 8 (28.6%) 3 (42.9%) <0.001
Diffuse alveolar hemorrhage 17 (17.2%) 5 (17.9%) 4 (57.1%) 0.046
Condensation 44 (44.4%) 8 (28.6%) 4 (57.1%) 0.192
ENT manifestations 83 (83.8%) 24 (85.7%) 6 (85.7%) 1
Sinusitis 64 (64.6%) 15 (53.6%) 4 (57.1%) 0.554
Polyps 27 (27.3%) 5 (17.9%) 1 (14.3%) 0.575
Nasal crusts 43 (43.4%) 17 (60.7%) 2 (28.6%) 0.165
Otological 15 (15.2%) 6 (21.4%) 1 (14.3%) 0.826
Stenosis 3 (3%) 1 (3.6%) 0 (0%) 1
Chondritis 6 (6.1%) 2 (7.1%) 0 (0%) 1
Scleritis/Episcleritis 8 (8.1%) 4 (14.3%) 1 (14.3%) 0.361
Arthralgia 54 (54.5%) 26 (92.9%) 4 (57.1%) <0.001
Cutaneous manifestations 51 (51.5%) 13 (46.4%) 5 (71.4%) 0.6
Purpura 24 (24.2%) 11 (39.3%) 2 (28.6%) 0.314
Urticaria 15 (15.2%) 0 (0%) 0 (0%) 0.064
Subcutaneous nodule 7 (7.1%) 0 (0%) 2 (28.6%) 0.036
Livedo 5 (5.1%) 2 (7.1%) 0 (0%) 0.763
Renal involvement 35 (35.4%) 21 (75%) 7 (100%) <0.001
Myopericarditis 18 (18.2%) 2 (7.1%) 2 (28.6%) 0.221
Multiple mononeuropathy 26 (26.3%) 12 (42.9%) 1 (14.3%) 0.146
CNS involvement 9 (9.1%) 1 (3.6%) 1 (14.3%) 0.407
Gastrointestinal 16 (16.2%) 4 (14.3%) 2 (28.6%) 0.583
Laboratory features
PR3-ANCA 54 (54.5%) 22 (78.6%) 5 (71.4%) 0.053
MPO-ANCA 16 (16.2%) 5 (17.9%) 1 (14.3%) 0.913
CRP (mg/L) 34 [8.5–63] 188.5

[149.2–217.8]
56 [11–82.5] <0.001

Creatinine (µmol/L) 79 [55.5–97.5] 102 [80.8–113.5] 477 [346.5–562] <0.001
Eosinophil (cells/mm3) 2400 [1400–7000] 1900 [1400–4000] 2100 [1700–5700] 0.574
Induction treatment
Glucocorticoids 94 (94.9%) 24 (85.7%) 7 (100%)
Methylprednisolone pulse 45 (45.5%) 16 (57.1%) 4 (57.1%)
Cyclophosphamide 32 (32.3%) 17 (60.7%) 7 (100%)
Rituximab 18 (18.2%) 5 (17.9%) 0 (0%)
Plasma exchange 5 (5.1%) 4 (14.3%) 2 (28.6%)
Azathioprine 7 (7.1%) 0 (0%) 0 (0%)
Methotrexate 7 (7.1%) 1 (3.6%) 0 (0%)
Mepolizumab 2 (2%) 1 (3.6%) 0 (0%)
Maintenance treatment
Rituximab 13 (13.1%) 6 (21.4%) 1 (14.3%)
Azathioprine 31 (31.3%) 6 (21.4%) 2 (28.6%)
Methotrexate 13 (13.1%) 6 (21.4%) 0 (0%)
Mepolizumab 5 (5.1%) 1 (3.6%) 0 (0%)
Glucocorticoids oral dose, median (mg/day) 5 [0–5] 0 [0–5] 5 [1.5–5]

Note: Data are presented as median [IQR] or number (proportion). Statistically significant p values are presented in bold.
Abbreviations: ANCA, antineutrophil cytoplasm antibodies; CNS, central nervous system; CRP, C-reactive protein; ENT,
ear–nose–throat; EGPA, eosinophilic granulomatosis with polyangiitis; FFS, Five Factor Score; GPA, granulomatosis with
polyangiitis; MPO-ANCA, anti-myeloperoxidase antibodies; PR3-ANCA; anti-proteinase-3 antibodies.

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Overlapping forms of EGPA and GPA / F. Pallotti et al.

Fig. 2 Hierarchical cluster analysis with dendrogram (a) and principal component analysis (b) of patients with
eosinophilic granulomatosis with polyangiitis (EGPA)/granulomatosis with polyangiitis (GPA) overlapping forms. Panel a.
Dendrogram showing sample clustering based on hierarchical clustering with logarithmic transformation of the distance
metric. Three major clusters were identified and are highlighted in distinct colors. Panel b. Principal component projection
of the clustered samples, illustrating the spatial separation of the three groups along the first two dimensions (Dim1: 62.6%
variance explained, Dim2: 35%).

8 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Overlapping forms of EGPA and GPA / F. Pallotti et al.

Table 3. Outcomes in terms of relapses, deaths, and overall survival according to cluster groups.

Cluster 1 (n = 99)
Cluster 2
(n = 28) Cluster 3 (n = 7) p value

French vasculitis study group
relapse score (FRS)

3 [2–3] 3 [2–3] 2 [1.5–2]

Relapses 57 (57.6%) 13 (46.4%) 3 (42.9%) 0.46
Time from induction therapy
(months)

25.4 [11.1–51.7] 26.4 [18.3–37.5] 24.4 [15.2–27.9]

Major vasculitis relapse 35 (35.4%) 10 (35.7%) 3 (42.9%)
Minor vasculitis relapse 11 (11.1%) 1 (3.6%) 0 (0%)
Isolated asthma/ENT signs 11 (11.1%) 2 (7.1%) 0 (0%)
Relapse-free survival
1 year (n) 78 (83%) 22 (88%) 4 (57.1%) 0.162
3 years (n) 59 (62.8%) 16 (64%) 2 (28.6%) 0.221
5 years (n) 47 (50%) 12 (48%) 2 (28.6%) 0.587
Death 9 (9.2%) 5 (17.9%) 3 (42.9%) 0.036
Overall survival
1 year (n) 93 (98.9%) 25 (100%) 5 (71.4%) 0.008
3 years (n) 88 (93.6%) 24 (96%) 4 (57.1%) 0.016
5 years (n) 87 (92.6%) 22 (88%) 4 (57.1%) 0.017

Note: Data are presented as median [IQR] or number (proportion). Statistically significant p values are presented in bold.
Abbreviation: ENT, ear–nose–throat.

nodules/cavitations (61.6%). ENT involvement
was common (83.8%), with nasal crusts (43.4%)
and sinusitis (64.6%). Renal involvement was
infrequent (35.4%): primarily associated with
PR3-ANCA (71.4%), with 81.3% showing pauci-
immune necrotizing glomerulonephritis. The
median eosinophilic count was 2400/mm3 (IQR
1400–7000).

Cluster 2 (n = 28 patients, 20.9%) presented sys-
temic disease, marked by constitutional symp-
toms (100%), elevated CRP (median 188.5 mg/L,
IQR 149.2–217.8), frequent arthralgia (92.9%),
nasal crusts (60.7%), and multiple mononeuropa-
thy (42.9%). Pauci-immune necrotizing glomeru-
lonephritis was more common (75%) but less
severe than in Cluster 3, and PR3-ANCA was pre-
dominant (78.6%).

Cluster 3 (n = 7, 5.2%) had the most severe dis-
ease with constitutional symptoms (100%), severe
renal involvement (100% of pauci-immune necro-
tizing glomerulonephritis, median serum crea-
tinine 477 µmol/L, IQR 346.5–562), and fre-
quent pulmonary manifestations (85%), includ-
ing diffuse alveolar hemorrhage in 57.1% of
patients.

Induction therapy was based on intravenous
cyclophosphamide in all patients in Cluster 3, in
60.7% of Cluster 2, and in 32.3% of Cluster 1
(Table 2). Rituximab was used in about one-fifth of
patients in Clusters 1 and 2, whereas mepolizumab
was rarely administered in Cluster 1. As rituximab
became available for induction therapy of AAV only
after 2010, we performed an additional analysis
restricted to patients diagnosed after 2010, which
did not reveal significant differences in treatment
patterns (Table S6).

Relapse rates were comparable across clusters
(Table 3, Fig. S3). Clinical and biological find-
ings during relapses are reported in Table S7. At
relapse, the median eosinophil count was 0/mm3

[IQR (0–1000) for Cluster 1, (0–0) for Cluster 2, and
(0–600) for Cluster 3]. Although no significant dif-
ferences were observed, RFS at 1 year was higher
in Cluster 2 (88%) and Cluster 1 (83.2%) compared
to Cluster 3 (57.1%) (Table 3). This trend persisted
at 3 and 5 years. Mortality was significantly higher
in Cluster 3 (42.9%) than Cluster 2 (17.9%) and
Cluster 1 (9.2%) (p = 0.036). The Fine-Gray model
assessing cumulative risk of relapse with death
as a competitive event yielded similar results (Fig.
S3B).

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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Overlapping forms of EGPA and GPA / F. Pallotti et al.

Table 4. Overall cluster analysis between typical EGPA and
GPA cohorts, the three clusters, and the four initial defini-
tions.

A posteriori cluster EGPA cluster GPA cluster

Typical cohorts n = 720 n = 299
EGPA (n = 656) 650 (99.1%) 6 (0.9%)
GPA (n = 229) 9 (3.9%) 220 (96.1%)
Cluster proportion
Cluster 1 (n = 99) 51 (51.1%) 48 (48.9%)
Cluster 2 (n = 28) 3 (10.7%) 25 (89.3%)
Cluster 3 (n = 7) 0 (0%) 7 (100%)
Initial definition of
inclusion criteria

Definition 1 (n = 26) 13 (50%) 13 (50%)
Definition 2 (n = 47) 41 (87.2%) 6 (12.8%)
Definition 3 (n = 45) 5 (11.1%) 40 (88.9%)
Definition 4 (n = 16) 2 (12.5%) 14 (87.5%)

Note: Definition 1 = both GPA and EGPA criteria;
Definition 2 = EGPA criteria and PR3-ANCA ± lung
nodules; Definition 3 = GPA criteria and eosinophilia
>1000/mm3; Definition 4 = AAV diagnosis with PR3-
ANCA and eosinophilia >1000/mm3.
Abbreviations: EGPA, eosinophilic granulomatosis with
polyangiitis; GPA, granulomatosis with polyangiitis.

Data on end-stage renal disease (ESRD) were
incomplete in this cohort: serum creatinine at
last follow-up was unavailable for 69 patients,
one patient had an eGFR <15 mL/min/1.73 m2,
and information on dialysis or transplantation was
lacking, precluding a reliable evaluation of ESRD
as an outcome.

Comparison with EGPA and GPA control cohorts

Clusters were compared with typical EGPA
(n = 656) and GPA (n = 229) cohorts (Fig. S1
and Table S8). The mean vectors of variables influ-
encing cluster assignment are shown in Fig. S4.
The overall cluster analysis identified two principal
groups retrospectively: an “EGPA cluster” com-
prising almost all typical EGPA patients (99.1%)
and a “GPA cluster” comprising almost all typical
GPA patients (96.1%) (Fig. 3, Table 4). Cluster 1
overlapped equally with both EGPA (51.1%) and
GPA (48.9%) clusters, whereas Clusters 2 (89.3%)
and 3 (100%) corresponded predominantly to GPA
profiles. Based on the inclusion criteria, patients
fulfilling the first definition overlapped equally
with both EGPA and GPA clusters (50% vs. 50%)
(Table 4). Patients meeting the third and fourth
definitions predominantly corresponded to the

GPA cluster (88.9% and 87.5%, respectively),
whereas most patients included under the sec-
ond definition corresponded to the EGPA cluster
(87.2%).

The Kaplan–Meier analysis showed the best OS for
Cluster 1 and typical EGPA cohort, whereas Clus-
ter 3 had the poorest survival. RFS was highest in
the typical EGPA group and lowest in Cluster 3 and
typical GPA cohort (Table S8, Fig. 4).

Discussion

This study represents the first attempt to com-
prehensively explore overlapping forms of EGPA
and GPA through an unsupervised hierarchical
cluster analysis, complemented by comparisons
with EGPA and GPA control cohorts. By identifying
three distinct clusters within overlapping forms,
we provide novel insights into the heterogeneity of
these conditions and their clinical implications.

Cluster 1, characterized by a hybrid phenotype of
EGPA and GPA, had high rates of asthma (65.7%),
PR3-ANCA positivity (54.5%), and renal involve-
ment (35.4%). This cluster exhibited a higher
relapse rate than typical EGPA (RFS at 5 years
49.5% vs. 23.9%), although OS rates were sim-
ilar (92.6% vs. 96.4% at 5 years). These find-
ings are consistent with previous reports of PR3-
ANCA-positive EGPA, which highlight a higher risk
of renal involvement and relapse [4, 6, 38, 39].
The therapeutic underutilization of rituximab in
Cluster 1 (18.2%) may reflect diagnostic uncer-
tainty in overlapping forms, where EGPA and GPA
features coexist. PR3-ANCA positivity, pulmonary
nodules or cavitations, and renal involvement sup-
port treating these forms as PR3-AAV, with ritux-
imab as a potentially optimal induction and main-
tenance therapy [23]. Conversely, anti-IL-5/IL-5R
therapies might be considered in patients with
predominant asthma or ENT manifestations and
eosinophilia, particularly to reduce glucocorticoid
dependence [23, 25–27].

Clusters 2 and 3 were more closely related to
GPA phenotypes. Cluster 2, characterized by PR3-
ANCA positivity (78.6%) and frequent renal involve-
ment (75%), represented a less severe yet highly
inflammatory form of GPA. The higher prevalence
of multiple mononeuropathy compared with typi-
cal GPA (42.9% vs. 16%) and underrepresentation
of EGPA features such as asthma and urticaria
suggest similarities to GPA with eosinophilia, as

10 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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Overlapping forms of EGPA and GPA / F. Pallotti et al.

Fig. 3 Hierarchical cluster analysis in principal component between overlapping forms of eosinophilic granu-
lomatosis with polyangiitis (EGPA)/granulomatosis with polyangiitis (GPA), GPA and EGPA control cohorts. Panel a
displays the distribution of patients according to cluster analysis. Patients with overlap forms of EGPA and GPA are repre-
sented by three distinct clusters (Clusters 1–3, shown in different colors). Typical EGPA and GPA control cohorts are also
represented by specific colors. In addition, the a posteriori clustering distinguishes two main groups: the EGPA cluster and
the GPA cluster, depicted by circles and triangles, respectively. Panel b shows Cluster 1 overlapping equally with both of
the two main patients’ populations, that is, the a posteriori EGPA (51.1%) and GPA (48.9%) clusters. Panel c shows Clusters
2 (89.3%) and 3 (100%) corresponding predominantly to the a posteriori GPA cluster. Panel d shows that almost all typical
EGPA patients (99.1%) overlapped with the a posteriori EGPA cluster, whereas almost all typical GPA patients (96.1%) over-
lapped with the a posteriori GPA cluster. Panel e illustrates the two a posteriori clusters, that is, the “EGPA cluster” and
the “GPA cluster.”

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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Overlapping forms of EGPA and GPA / F. Pallotti et al.

Fig. 4 Overall survival (a) and relapse-free survival (b) curves in the clusters of eosinophilic granulomatosis with
polyangiitis (EGPA)/granulomatosis with polyangiitis (GPA) overlapping forms patients, and EGPA and GPA control
cohorts patients. Kaplan–Meier survival curves comparing overlap clusters (Clusters 1–3) with typical EGPA and GPA
cohorts. (Top) Overall survival probability over a 10-year follow-up. (Bottom) Relapse-free survival probability over a 10-year
follow-up. Both analyses demonstrate significant differences across groups (log-rank test, p < 0.0001).

12 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–16
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Overlapping forms of EGPA and GPA / F. Pallotti et al.

previously described [15]. The lower proportion
of asthma and higher prevalence of nasal crusts
and PR3-ANCA suggest that Cluster 2 patients are
more likely to have GPA with asthma rather than
EGPA. In our cohort, cyclophosphamide was the
primary induction therapy in this cluster, poten-
tially influenced by diagnostic challenges posed by
eosinophilia, which may have biased the diagno-
sis towards EGPA, where the role of rituximab in
induction therapy remains less clearly defined [40,
41].

Cluster 3, the smallest and most severe group, was
defined by constant renal involvement and diffuse
alveolar hemorrhage in more than half of patients
(57.1%), and by the poorest outcomes. PR3-ANCA
was present in 71.4% of patients, and this clus-
ter fully overlapped with typical GPA cohort. These
patients require management similar to severe GPA
cases, underscoring the importance of early and
aggressive immunosuppressive therapy, including
rituximab and cyclophosphamide.

The a posteriori cluster analysis further validated
the consistency of our inclusion criteria, par-
ticularly for Cluster 1 and the first definition.
These findings underscore potential gaps in the
ACR/EULAR 2022 criteria when applied to atypi-
cal AAV presentations.

Our findings align with and extend the FAIR-
VASC consortium’s data-driven subclassification
of AAV [42]. FAIRVAS identified five clusters in
GPA/MPA patients, improving prognostic predic-
tion compared with diagnosis or ANCA specificity,
but excluded EGPA. In our study, Clusters 2
and 3 resemble the PR3-ANCA kidney involve-
ment cluster, with widespread extrarenal disease
and severe kidney cluster, whereas Cluster 1
shows hybrid EGPA/GPA features with no direct
counterpart in FAIRVASC. These results empha-
size that AAV heterogeneity extends beyond tra-
ditional GPA/MPA or PR3/MPO categories and
support subclassification approaches that incorpo-
rate EGPA and overlap phenotypes. Based on the
underlying pathophysiology mechanisms, three
main hypotheses can be formulated to explain
overlapping forms. First, some patients may repre-
sent true EGPA cases with unusually pronounced
vasculitic and granulomatous features, thereby
mimicking GPA, as previously suggested for PR3-
positive EGPA by Papo et al. [4]. Second, the coex-
istence of two distinct AAV entities—EGPA and
GPA—theoretically occurs, although this appears

improbable given their distinct immunopathogenic
pathways and genetic backgrounds. Third, over-
lapping clinical phenotypes may reflect a shared
genetic predisposition, possibly involving rare com-
binations of multiple susceptibility variants. To
improve the identification of such cases in clinical
practice, additional Th2-related biomarkers, such
as serum IgG4 and IgE levels, may complement
eosinophil counts and help discriminate between
EGPA and GPA.

This study has several strengths, including its
innovative use of hierarchical clustering to explore
overlapping AAV phenotypes and the inclusion of
validated EGPA and GPA cohorts for robust com-
parisons. The addition of validated control cohorts
of typical EGPA and GPA [4, 43] allowed for a direct
comparison of our population and improved identi-
fication of patient profiles, supporting our hypoth-
esis of EGPA/GPA overlap, particularly for Cluster
1. The close concordance between the a posteriori
clustering and the clinical diagnoses of EGPA and
GPA supports the robustness of this approach and
highlights the potential value of cluster analysis for
future studies in AAV.

However, the retrospective design introduces
inherent limitations, such as selection bias and
incomplete data. To reduce the risk of selection
bias, we applied strict and pragmatic inclusion def-
initions based on the latest ACR/EULAR 2022 clas-
sification for EGPA and GPA [23, 29, 30] and the
EMA algorithm [31]. In addition, the impact of the
initial diagnosis on global and therapeutic manage-
ment could not be evaluated due to missing data,
limiting the interpretation of the clustering results.
Similarly, ANCA titers were not systematically col-
lected in our cohort, and we were therefore unable
to assess whether titer changes were associated
with disease relapses.

Although some variables included in the multi-
ple correspondence analysis (e.g., purpura and
urticaria) are subcategories of broader clinical
domains (e.g., cutaneous involvement), we retained
them to preserve clinical specificity. We acknowl-
edge that this may introduce conditional depen-
dencies, a known limitation of multiple corre-
spondence analysis analyses, although the Fac-
toMineR package is relatively robust to such
correlations.

The small number of patients in Cluster 3 (n = 7)
further limits the statistical robustness of inter-

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Overlapping forms of EGPA and GPA / F. Pallotti et al.

group comparisons. Consequently, the higher mor-
tality and RFS trends observed in this cluster
should be interpreted with caution. This limitation
also affects the reliability of conclusions regarding
therapeutic response in this subgroup.

In conclusion, our findings support the existence
of overlapping forms between EGPA and GPA, as
well as an eosinophilic phenotype of GPA. These
distinctions have important clinical implications,
particularly for optimizing treatment strategies tai-
lored to individual patient profiles. Future stud-
ies with larger cohorts and prospective designs are
essential to further define these overlapping forms,
assess their long-term outcomes, and refine diag-
nostic and therapeutic approaches in AAV.
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