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Latent Class Analysis to Explore Subtypes of
EGPA: Focusing on Respiratory Involvement
and Inflammation Markers

ABSTRACT

Background/Aims: Eosinophilic granulomatosis with polyangiitis (EGPA)
was regarded as a heterogeneous disease with respiratory involvement
manifested in various patterns. This study aimed to explore whether sub-
types with different clinical features and outcomes could be identified by
latent class analysis (LCA) from the perspective of the respiratory system in
patients with EGPA.

Materials and Methods: Patients diagnosed with EGPA between January
2000 and December 2022 were included. The clinical data and survival of
the individuals were collected. Subtypes were identified using LCA accord-
ing to organ involvement and anti-neutrophil cytoplasmic antibody (ANCA)
status in model 1, according to patterns of respiratory involvement, other
organ involvement, ANCA status, and inflammatory markers in model 2.
The characteristics and prognosis of the classes were compared.

Results: Out of the 330 patients initially diagnosed with EGPA, 245 patients
were included eventually. In model 1, 138 (56.3%) and 107 (43.7%) patients
were identified in classes 1 and 2, respectively. Class 2 was older (P=.017),
had less musculoskeletal, mucocutaneous, cardiovascular, gastrointesti-
nal, and peripheral nervous involvement (all P <.001) compared to class 1.
No significant difference in overall survival was found between the classes.
In model 2, LCA assigned 165 (67.3%) participants to class 1 (systemic EGPA)
and 80 (32.7%) to class 2 (respiratory-limited EGPA). Compared with class 1,
class 2 was younger (P < .001) and had lower levels of inflammation mark-
ers (white blood cell, eosinophil, erythrocyte sedimentation rate, and
C-reactive protein: P < .001). Besides, patients in class 2 were more likely
to have airway involvement, including the onset of asthma (P=.041), FEV1/
FVC <70% (P < .001), and bronchiectasis (P < .001). Moreover, class 2 exhib-
ited better survival compared to class 1 (P=.001).

Conclusion: The respiratory-limited EGPA may be the relatively milder
type of disease. Other organ functions, serum inflammatory markers, and
ANCA should be monitored during follow-up in these patients.

Keywords: Anti-neutrophil cytoplasmic antibody, eosinophilic granuloma-
tosis with polyangiitis, latent class analysis

Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA) is one of the anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV), char-
acterized by refractory asthma, eosinophil infiltration, and granuloma
formation.! Eosinophilic granulomatosis with polyangiitis has heterogeneity
and variability in clinical manifestations. A previous study found that EGPA

Copyright@Author(s) - Available online at archivesofrheumatology.com.
Content of this journal is licensed under a Creative Commons
Attribution (CC BY) 4.0 International License.

Yu Gu'?
Yitong Liu?
Ting Zhang?
Yang Han?®
Min Peng?
Juhong Shi?

'Department of Pulmonary and
Critical Care Medicine, Capital
Medical University, Beijing Anzhen
Hospital, Beijing, China
2Department of Pulmonary and
Critical Care Medicine, Chinese
Academy of Medical Science &
Peking Union Medical College,
Peking Union Medical College
Hospital, Beijing, China
3Department of Infectious Diseases,
Chinese Academy of Medical
Science & Peking Union Medical
College, Peking Union Medical
College Hospital, Beijing, China

Corresponding author:
Juhong Shi
> shijhn@pumch.cn

Received: July 13, 2025
Revision Requested:
September 21, 2025

Last Revision Received:
December 2, 2025

Accepted: December 8, 2025
Publication Date: April 3, 2026

Cite this article as: Gu VY, Liu Y,
Zhang T, Han Y, Peng M, Shi J.
Latent class analysis to explore
subtypes of EGPA: focusing on
respiratory involvement and
inflammmation markers. Arch
Rheumatol. 2026;41(2):81-89.


http://orcid.org/0000-0003-3055-6248
http://orcid.org/0009-0004-4201-6497
http://orcid.org/0000-0003-0035-0011
http://orcid.org/0000-0003-0529-6085
http://orcid.org/0000-0001-5189-0013
http://orcid.org/0000-0003-4918-2186
mailto:shijh@pumch.cn

Archives of Rheumatology 2026;41(2):81-89

patients with positive ANCA had higher risks of periph-
eral nervous, cutaneous, and renal involvement, but
lower risks of pulmonary infiltrates and cardiac involve-
ment.?2 On pathology, 2 distinct subtypes were classically
described based on ANCA status: the ANCA-negative sub-
set with eosinophil infiltration and the ANCA-positive one
with small-to-medium vasculitis.®> However, in a recent
study, Rubenstein et al* performed a cluster analysis of
489 patients with EGPA according to organ involvement
and ANCA status but did not reveal clinically meaningful
subgroups. There was a lack of other analyses on classifi-
cation due to the rarity of EGPA.

Eosinophilic granulomatosis with polyangiitis involv-
ing the respiratory system could present with a variety
of manifestations, such as asthma, bronchiectasis, pul-
monary infiltrates, or hemorrhage.® Eosinophilic granu-
lomatosis with polyangiitis classically develops into 3
consecutive phases.® Patients usually initiate with asthma
and allergic rhinosinusitis (prodromal phase). After 9.3 +
10.8 years, they may gradually develop pulmonary infil-
trates, eosinophilic cardiomyopathy, and/or gastroenteri-
tis (eosinophilic phase).” Subsequently, some patients
present with necrotizing vasculitis, such as glomerulone-
phritis, mononeuropathy, and pulmonary hemorrhage
(vasculitic phase). This evolution suggests that the respi-
ratory system is involved throughout the course of the
disease. Therefore, it is of great importance to consider
the diversity of respiratory involvement when classifying
EGPA patients.

Erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) played an important role in evaluating the
prognosis of AAV patients. The cluster analysis of the
Japanese AAV population found that CRP was associ-
ated with important organ involvement, except for renal .®
Moreover, clusters separated by CRP and creatinine lev-
els predicted the prognosis of overall, ESRD end-stage
renal disease-free, and relapse-free survival rates.® A pre-
vious study by the authors also found that ANCA-positive
idiopathic interstitial pneumonia patients with increased

MAIN POINTS

- The patients with eosinophilic granulomatosis
with polyangiitis (EGPA) could be grouped into the
systemic and respiratory-limited ones by organ
involvement, patterns of respiratory involvement,
anti-neutrophil cytoplasmic antibody (ANCA) sta-
tus, and inflammation markers using latent class
analysis.

- The patients with respiratory-limited EGPA, which
was probably the relatively milder subtype of
EGPA, had a lower level of inflammation and better
prognosis.

- It was necessary to monitor the other organ func-
tions, serum inflammatory markers, and ANCA dur-
ing follow-up of EGPA.
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ESR or CRP had a worse prognosis than those with nor-
mal inflammatory markers.®

A previous study focused on the impact of organ involve-
ment and ANCA status on the clinical subtypes of EGPA.*
While another study also analyzed the various patterns
of respiratory involvement in EGPA specifically.> However,
there was no study that combined the specific manifes-
tations of respiratory involvement with the overall mani-
festations for analysis. The patients with EGPA usually
visit the respiratory department first, as respiratory symp-
toms are the dominant manifestations during the early
phase. Thus, pulmonologists should identify those with
a high risk of poor prognosis among the EGPA patients
with respiratory involvement. The study aims to identify
subtypes of EGPA according to common organ involve-
ment, patterns of respiratory involvement, ANCA status,
and inflammatory markers using latent class analysis
(LCA) to explore whether the clinical characteristics and
outcomes of the subtypes are different.

Materials and Methods

Selection of Patients

Eligible patients had a physician-confirmed diagnosis
of EGPA between January 2000 and December 2022.
All consecutive cases diagnosed as EGPA were reas-
sessed by the investigators. Patients who were diag-
nosed with vasculitis and fulfilled the American College
of Rheumatology (ACR) classification criteria for EGPA™
and/or the criteria used by Cottin et al" were included.
The following patients were excluded: 1) under 18 years
old; 2) complicated with malignancies, infectious dis-
eases, or other autoimmune diseases; and 3) complicated
with other hypereosinophilic syndromes. The diagnosis
of patients was independently assessed by 2 physicians
(Y.G. and Y.L.), and checked by an experienced pulmon-
ologist (J.H.) to resolve any disagreements. The baseline
data of the patients before receiving treatment were col-
lected. Treatment was left to the discretion of the phy-
sician and followed the standard of care guidelines. All
patients were followed until February 2024 or death.
The study complied with the Declaration of Helsinki and
was approved by Peking Union Medical College Hospital
(Approval No. [-22PJ1119, Approval Date: December 29,
2022). Written informed consent was obtained from the
patients who agreed to take part in the study.

Data Collection and Definitions

Demographic data, organ involvement, laboratory find-
ings, pathological findings, treatments, and outcomes
were collected. The five-factor score (FFS) was calcu-
lated to assess the risk of prognosis.”? Ten domains of
organ involvement, including musculoskeletal, muco-
cutaneous, ophthalmologic, ear-nose-throat (ENT),
respiratory, cardiovascular, gastrointestinal, renal, periph-
eral, and central nervous system involvement, were
defined according to the study of Rubenstein et al.* The
sequences of organ involvement in the patients and the
initial diagnosis of the first visit were recorded. Asthma



Gu et al. LCA of EGPA with Respiratory Involvement

was diagnosed according to the 2022 Global Strategy
for Asthma Management and Prevention (GINA). The
thresholds used to define elevated ESR were 15 mm/h
for males and 20 mm/h for females, while for CRP, it
was 10 mg/L. The ratio of forced expiratory volume in 1
second to forced vital capacity (FEV1I/FVC) < 70% was
considered to have obstructive ventilatory dysfunction.
Bronchiectasis, ground glass opacity, bronchovascular
bundle thickening, and consolidation were evaluated
following the Fleischner Society criteria.® The ground
glass opacity, bronchovascular bundle thickening, and
consolidation were regarded as pulmonary infiltration.
Chest computed tomography images of the included
patients were independently reviewed by 2 experienced
pulmonologists (T.Z. and M.P.), who were blinded to the
clinical data. Any discrepancies were resolved through
discussion with a more experienced pulmonologist (3.S.).
Pulmonary hemorrhage was defined by the clinical trial
of the PEXIVAS study.® The pathology was evaluated
by 2 pathologists separately. Any disagreements were
resolved through discussion within the department.

Latent Class Analysis

Latent class analysis is an algorithm used to split indi-
viduals into smaller subgroups with shared character-
istics.® Supplementary Table 1 provided prevalence
distributions for all variables. The variables with a prev-
alence of less than 5% were excluded, such as central
nervous system involvement (n=2, 0.65%). According to
the cluster analysis model of Rubenstein et al,* model
1 considered 10 categorical input variables, including
musculoskeletal, mucocutaneous, ophthalmologic,
ENT, respiratory, cardiovascular, gastrointestinal, renal,
peripheral nervous system involvement, and ANCA sta-
tus. Model 2 included inflammation markers (increased
ESR or CRP) as additional input variables and substi-
tuted specific manifestations (onset of asthma, FEV1/
FVC < 70%, bronchiectasis, pulmonary infiltration, and
pulmonary hemorrhage) for respiratory involvement, to
explore whether the inflammation status and patterns
of respiratory involvement could affect the formation of
subgroups (Figure 1).

In LCA, a series of models was estimated, starting with a
T-class model and incrementally increasing the number
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of classes until a model with 4 classes was reached. Due to
the small size, models consisting of 5 or more classes were
not considered. Specifically, 100 random sets of starting
values were used for the initial stage of estimation and
20 optimizations for the final stage to verify that the log-
likelihood was replicated and that the global maximum
was found, rather than a local solution. The best-fitting
model using entropy determined the Bayesian informa-
tion criteria, Vuong-Lo-Mendell-Rubin likelihood-ratio
test, and proportions of each class. While statistical indi-
ces guided the selection, the final choice of the optimal
class solution was primarily based on interpretability
and clinical relevance, ensuring that the derived classes
were meaningful and distinct within the study context.
Finally, each patient was grouped into a class according
to the model-generated probabilities. The item-response
probabilities profile was examined for each latent class to
ensure that each class represented a distinct and clini-
cally coherent pattern. The accuracy of the class assign-
ment was assessed by reviewing the average posterior
class assignment probabilities. High diagonal values and
low off-diagonal values in the matrix of average poste-
rior probabilities indicate that individuals were classified
with a high degree of certainty into their most likely class.
Mplus version 8.3 (Muthén & Muthén) was used to per-
form LCA.

Other Statistical Analysis

SPSS version 26.0 (IBM SPSS Corp.; Armonk, NY, USA) was
used to perform analyses. Continuous data were exhib-
ited as mean with SD or median with interquartile range.
Categorical data were presented as numbers with per-
centages. Tests such as t-tests, Mann-Whitney U-tests, or
chi-square tests were used as appropriate to assess the
differences in mean, median, and proportion between
classes. Inter-rater reliability was calculated using the
kappa statistic. The Kaplan—-Meier method, Cox regres-
sion, and log-rank tests were used to analyze survival
data. Two-tailed P < .05 was considered significant.

Results

Patients’ Characteristics
A total of 330 patients were diagnosed with EGPA upon
discharge. According to their clinical data, 289 patients

| Organ involvements

| Serological markers

| Musc. | Muco.

| Opht. | | Card. | | Resp. | | GI I | Renal | | Nerve

| ENT | IANCAI | Inflammation markers |

I Onset of asthma | | FEV1/FVC <70%

| bronchiectasis | | Pulmonary infiltration | | DAH |

|ESR| |CRP|

Figure 1. The variables included in the latent class analysis of model 1 and model 2.
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330 patients diagnosed with EGPA |

|_

306 patients identified

245 patients included

INNNNNNN

289 satisfied ACR/EULAR and Cottin |

12 saisfied only ACR/EULAR |

5 satisfied only Cottin |

5 with under 18 years of age

3 with malignancy previously

4 with parasitic infections

3 with immunodeficiency

14 with an alternative diagnosis

32 with incomplete data

Figure 2. Flowchart of the included eosinophilic granulomatosis with polyangiitis and ACR/EULAR, American College

of Rheumatology/European League Against Rheumatism (EGPA) patients.

satisfied both the ACR/EULAR 2022 criteria and Cottin
criteria simultaneously, while 12 patients met the ACR/
EULAR 2022 criteria and 5 patients met the Cottin cri-
teria. Of the 306 consecutive patients, 61 were excluded
for the following reasons: 5 were under 18 years of age;
3 had malignancies, 4 had parasitic infections, 3 had
immunodeficiency; 14 were ultimately diagnosed with
other diseases; and 32 had incomplete data. The patient
selection process is outlined in Figure 2. The mean age
of the patients was 58 years, and 59.2% of them were
male. The most frequently observed organ involvements
were respiratory (95.1%), ENT (73.9%), peripheral nervous
system (61.2%), cardiovascular (60.8%), and gastrointesti-
nal (53.1%). Among the 51 ANCA-positive patients, 2 were
positive for PR3-ANCA, 42 were positive for MPO-ANCA,
and 7 were concurrently positive for both PR3-ANCA
and MPO-ANCA. The mean titer of PR3-ANCA was 108 *
52 IU/L, while that of MPO-ANCA was 115 + 38 IU/L. The
Supplementary Table 2 showed that the agreement
between independent radiology/pathology findings by 2
readers was greater for all items (x > 0.75). The follow-up
time was 4723 (3292-6375) days, and 13.1% of patients died
during this period.

Latent Class Analysis in Model 1

Latent class analysis was performed based on the 10
variables in 245 patients with EGPA. According to the
Supplementary Table 3, the best-fit model was the
2-class Model 1. The patients in class 1 had high probabili-
ties of organ involvement, including respiratory, periph-
eral nervous, cardiovascular, ENT, mucocutaneous, and
musculoskeletal systems. However, the patients in class 2
were only likely to have respiratory and ENT involvement
(Table 7).

84
[ ]

The characteristics of 138 (class 1, 56.3%) and 107 (class 2,
437%) patients from the 2 classes, respectively, are dis-
played in Supplementary Table 4. Compared with class
1, patients in class 2 were older (P=.017), had a lower FFS
(P=.007), less musculoskeletal (P < .001), mucocutane-
ous (P < .001), cardiovascular (P < .001), gastrointestinal
(P <.001), and peripheral nervous (P < .001) involvement.
In laboratory findings, class 1 had significantly increased
inflammation markers, such as white blood cell (WBC)
counts (P <.001), ESR (P=.026), CRP (P <.001), and eosino-
phil counts (P < .001). Moreover, class 1 was more likely
to find vasculitis in pathology (P=.015), while class 2
was characterized by eosinophilic infiltration (P=.002).
Comparisons of the treatments showed statistically sig-
nificant differences in the frequency of using cyclophos-
phamide (P=.010) and azathioprine (P=.003) as well.
During the follow-up time of 4723 (interquartile range
[IQR]: 3292-6375) days, the significant difference in overall
survival was not found between class 1 (83.3%) and class 2
(91.6%, Figure 3A).

Latent Class Analysis in Model 2

Next, to elucidate the common patterns of respiratory
involvement and the inflammatory markers that could
affect the classification of EGPA, respiratory involve-
ment was replaced in Model 2 of the LCA by the onset
of asthma, FEV1/FVC < 70%, bronchiectasis, pulmonary
infiltration, and pulmonary hemorrhage. Additionally,
increased ESR and CRP were added to model 2 of LCA.
Similar to model 1, the 2-class model was considered the
best fit for model 2 (Supplementary Table 5). In class T,
the probabilities of cardiovascular, peripheral nervous,
ENT, gastrointestinal, mucocutaneous, and musculo-
skeletal involvements were more than 50%. While class
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Table 1. Probabilities of Variables in 2 Classes of Model 1
and Model 2

Model 1 Model 2
Class Class
Class 1 2 Class 1 2
Number 138 107 165 80
ANCA positivity 0194 0226 0271 0.085
System involvement
Musculoskeletal 0.622 0127 0.55 0.13
Mucocutaneous 0.715  0.241 0.6 0.335
Ophthalmologic 0138 0139 0165 0.087
ENT 0.722 0.761 0.684 0.845
Cardiovascular 0.808 0346 0.765 0.302
Gastrointestinal 0659 0362 0621 0354
Renal 0346 0244 0355 0.198
Peripheral nervous 0.83 0326 0.765 0.315
Respiratory 0934 0973 - -
Patterns of respiratory involvement
FEV1/FVC < 70% - - 0185 0.458
Pulmonary infiltration - - 0.748 0.686
Bronchiectasis - - 0.201 0.536
Pulmonary hemorrhage - - 0.103 0.052
Onset of asthma - - 0.454 0.596
Inflammation markers
Elevated ESR - - 0.702 0.22
Elevated CRP - - 0.785 0.287

ANCA, anti-neutrophil cytoplasmic antibody; CRP, C-reactive protein;
ENT, ear-nose-throat; ESR, erythrocyte sedimentation rate; FEV1/
FVC, the ratio of forced expiratory volume in 1second and forced vital
capacity.
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2 only had a high probability of ENT involvement. In the
respiratory system, both class 1 and class 2 had a higher
probability of pulmonary infiltration. However, the
patients in class 2 were prone to present with asthma
initially, had bronchiectasis, and obstructive ventilation
dysfunction. In addition, the patients in class 1 had more
than 70% probabilities of having elevated ESR and CRP
(Table1).

The model 2 assigned 165 (67.3%) patients to class 1 and
80 (32.7%) patients to class 2. The comparisons of the 2
classes are shown in Table 2. The patients in class 1 were
older (P < .001) with a higher FFS (P < .001) compared
with class 2. While class 2 was more likely to have airway
involvement, including the onset of asthma (45.5% vs.
60.0%, P=.041), FEV1/FVC < 70% (18.2% Vs. 47.5%, P < .001),
and bronchiectasis (20.0% vs. 55.0%, P < .001). However,
except for ENT and respiratory involvement, other organ
involvement in class 1 was significantly higher than that
in class 2 (P <.05). Like model 1, class 1 had higher levels of
inflammmation markers (WBC, eosinophil, ESR, and CRP:
P < .001), more vasculitis, but less eosinophil infiltration
in pathology. More importantly, more than one-fourth of
patients in class 1 had ANCA positivity, which was signifi-
cantly higher than that in class 2 (27.3% vs. 7.5%, P < .001).
The differences in organ involvement, patterns of res-
piratory involvement, pathological findings, and ANCA
positivity between class 1 and class 2 are illustrated in
Figure 4A. The comparisons of laboratory findings are
shown in Figure 4B. Besides, the differences in the fre-
quency of treatment with cyclophosphamide (P < .001)
and azathioprine (P < .001) could also be seen in model
2. In the survival analysis, class 2 showed a better sur-
vival rate compared to class 1 (P=.001, Figure 3B). In Cox
regression, the patients of class 2 also had a decreased
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Figure 3. Kaplan-Meier survival curves comparing overall survival between class 1 and class 2 in model 1 (A) and model

2 (B).
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Table 2. The Characteristics of Patients in Class 1and Class of Model 2

All Class 1 Class 2 P
Number 245 165 (67.3%) 80 (32.7%)
Male, n (%) 145 (59.2) 101 (61.2) 44 (55.0) 406
Age (years) 58 (43-70) 60 (45-72) 53 (39-63) <.001
FFS 0.77 £ 0.82 0.94 +0.87 0.41 £ 0.59 <.001
Respiratory involvements, n (%)
Onset of asthma 123 (50.2) 75 (45.5) 48 (60.0) 041
FEV1/FVC < 70% 68 (27.8) 30 (18.2) 38 (47.5) <.001
Bronchiectasis 77 (31.4) 33 (20.0) 44 (55.0) <.001
Pulmonary infiltration 178 (72.7) 124 (75.2) 54 (67.5) 224
Pulmonary hemorrhage 21(8.5) 17 (10.3) 4 (5.0) 225
Other organ involvements, n (%)
Musculoskeletal 100 (40.8) 92 (55.8) 8 (10.0) <.001
Mucocutaneous 125 (51.0) 99 (60.0) 26 (32.5) <.001
Ophthalmologic 34 (13.9) 28 (17.0) 6 (7.5) .049
ENT 181 (73.9) 1M (67.3) 70 (87.5) .001
Cardiovascular 149 (60.8) 128 (77.6) 21 (26.3) <.001
Gastrointestinal 130 (53.7) 103 (62.4) 27 (33.8) <.001
Renal 74 (30.2) 58 (35.2) 16 (20.0) .018
Peripheral nervous 150 (61.2) 128 (77.6) 22 (27.5) <.001
Laboratory findings
WBC (x10%/L) 10.8 (8.2-15.3) 12.6 (8.9-19.0) 91 (7.4-10.9) <.001
Eosinophil (x10%/L) 3.0 (1.3-6.4) 3.9 (1.7-7.9) 1.8 (0.9-2.9) <.001
Lymphocyte (x10%/L) 1.8 (1.4-2.5) 1.8 (1.3-2.6) 2.0 (1.6-2.5) 263
Hemoglobin (g/L) 131 + 23 124+ 22 147 £ 14 <.001
Platelet (x10%/L) 256 (199-333) 257 (182-353) 254 (224-321) 600
ALT (U/L) 21 (13-38) 23 (15-45) 17 (13-27) .004
Urea (mmol/L) 5.0 (3.9-6.9) 53 (3.9-7.6) 4.6 (3.7-5.6) .007
Creatinine (pmol/L) 73 (62-86) 73 (61-89) 72 (63-83) 482
ESR (mm/h) 20 (7-51) 35 (12-67) 8 (4-14) <.001
CRP (mg/L) 71(1.8-37.3) 16.7 (41-59.8) 17 (0.5-4.4) <.001
ANCA positivity, n (%) 51(20.8) 45 (27.3) 6 (7.5) <.001
Pathological findings, n(%)
Vasculitis 44 (29.5) 40 (37.0) 4 (9.8) .001
Granuloma 10 (6.7) 7 (6.5) 3(7.3) 1.000
Eosinophil infiltration 78 (52.3) 45 (41.7) 33 (80.5) <.001
Treatments and outcomes
Cyclophosphamide, n (%) 162 (66.1) 124 (75.2) 38 (47.5) <.001
Azathioprine, n (%) 25 (10.2) 7 (4.2) 18 (22.5) <.001
Methotrexate, n (%) 19 (7.8) 14 (8.5) 5(6.3) .619
Mycophenolate mofetil, n (%) 12 (4.9) 6 (3.6) 6 (7.5) 214
Follow-up time (d) 4723 (3292-6375) 5010 (3441-6505) 4495 (2546-6153) 265
Death, n (%) 32 (13]) 31(18.8) 1(1.3) <.001

ALT, alanine transaminase; ANCA, anti-neutrophil cytoplasmic antibody; CRP, C-reactive protein; ENT, ear-nose-throat; ESR, erythrocyte sedi-
mentation rate; FEV1/FVC, the ratio of forced expiratory volume in 1second and forced vital capacity; FFS, five-factor score; WBC, white blood

cell.
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risk of death (P=.02, hazard ratio [HR]=0.094 with C.I. of
0.013-0.693 adjusted for gender and age).

Discussion

Latent class analysis was conducted using common
organ involvements, patterns of respiratory involvements,
ANCA status, and inflammmation markers in patients with
EGPA. In model 2, 2 distinct subtypes with different clini-
cal features and survivals were identified. The class 1,
referred to as “EGPA with systemic involvements,” was
characterized by high frequencies of organ involvement,
increased inflammation markers, and ANCA positivity.
The class 2, named “respiratory-limited EGPA,” was likely
to have ENT and airway involvement with negative ANCA
and normal-range inflammation markers.

Previous studies have proposed various classifica-
tion methods for EGPA patients by different scholars.
Given the strong association between ANCA positivity
and vasculitis, ANCA status was usually used to classify
EGPA2" However, Rubenstein et al* recently obtained
5 subtypes with overlapping clinical features using
cluster analysis according to organ involvement and
ANCA status. Thus, they suggested that EGPA should
be regarded as a phenotypic spectrum rather than a
dichotomous disease.* Eosinophil infiltration is also a
dominating feature of EGPA, except for vasculitis.®””
Cottin et al"demonstrated that not all the patients with
a clinical diagnosis of EGPA had vasculitis and proposed
a new entity referred to as hypereosinophilic asthma
with systemic to define the population only with eosin-
ophilic proliferation Recently, another study illustrated
that blood eosinophil < 1500 cells/mL was predictive
of asthma, ENT involvement, and pulmonary infiltra-
tion, while blood eosinophil > 3500/mL was predictive
of extrapulmonary organ involvement.”® Subsequently,
they proposed 2 EGPA phenotypes, named systemic
and respiratory-limited EGPA, which were consistent
with the present results.”® In model 2, the 3-class solu-
tion split patients with systemic disease into 2 types.
However, the average posterior probabilities decreased

-0.10

§ $ »
Figure 4. The comparisons of clinical parameters between class 1 and class 2 in model 2.

t0 0.65, 0.61, and 0.87, illustrating that the characteristics
of patients were blurred.

This study showed that the prognosis of EGPA patients
should be evaluated by combining the involved organs,
ANCA status, and inflammatory markers simultaneously.
While extrapulmonary involvement alone was insuffi-
cient to predict the outcome. In this study, class 2 with
prominent airway involvement probably represented a
milder type of EGPA. While the patients in class 1 with
extra-airway involvement, ANCA positivity, and increased
inflammatory markers concurrently were at high risk of
poor prognosis. Adult-onset refractory asthma was one
of the typical manifestations of EGPA.® Early identifica-
tion of high-risk EGPA from severe asthma contributes
to improving the prognosis. Although vasculitis is com-
monly recognized as a systemic disease, single-organ
vasculitis should not be overlooked." According to the
progression of “3 consecutive phases” of EGPA, severe
eosinophilic asthma can progress to eosinophilic pulmo-
nary disease or even to EGPA with vasculitis manifesta-
tions.® In the study of Cottin et al,” EGPA patients with a
single systemic manifestation attributable to the disease,
regarded as “formes frustes,” were included to account
for early diagnosis. To date, there are no universally
accepted criteria for EGPAS It is still difficult to identify
patients at high risk of EGPA from severe eosinophilic
asthma.?°?" In addition to pulmonary function tests and
imaging, studies on samples from the respiratory tract
should be given more importance. Pagnoux et al?? did
not find a significant difference in over 50 serum cyto-
kines and chemokines between patients with EGPA and
asthma. However, a recent study found that sputum
granulocyte-macrophage colony-stimulating factor and
eosinophils might be useful biomarkers to support early
diagnosis and treatment choices in severe eosinophilic
asthmatics suspected of having EGPA.%

The levels of ESR and CRP were of great importance to
assess the prognosis of EGPA patients. Previous studies
showed that an increase in CRP levels before treatment
of AAV was significantly associated with relapse and
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mortality.?#% A cluster analysis of Japanese AAV patients
suggested that the CRP level represented general, pul-
monary, and neural symptoms but not renal symptoms.®
Another Asian study found that the ratio of ESR to CRP
could not only estimate the disease activity but also pre-
dict all-cause mortality in AAV patients.?® Besides, this
study also found that increased ESR and CRP were more
common in class 2 of model 2 with systemic disease. Thus,
it was reasonable to speculate that an increase in inflam-
matory markers during follow-up possibly indicated the
evolution of the disease from the eosinophilic phase to
the vasculitic phase. The ESR and CRP levels of patients
with severe eosinophilic asthma should be closely moni-
tored during follow-up to evaluate the disease progres-
sion early.?”

The study has several limitations. Firstly, given the rarity
of EGPA, the sample size of more than 20 years was still
insufficient for a cluster analysis. It is more suitable for the
rare disease to carry out cluster analysis in a multicenter
study with a large sample size. Secondly, the patterns of
pulmonary involvement of EGPA were not limited to the
ones listed in this study. The other manifestations, such
as small airway lesions (e.g., bronchiolitis or tree-in-bud
sign), could also be seen in EGPA patients.>?® In addi-
tion, the majority of patients initially presented with ENT
symptoms, which may account for the small proportion
of individuals who present with asthma. Thirdly, in this
retrospective study, the majority of patients could only
be followed up regarding survival status. However, the
specific causes of death could not be traced, making it
impossible to conduct cause-specific analysis. Fourthly,
this study defined airflow obstruction using the fixed
FEV1/FVC ratio of < 0.70, which is known to potentially
overdiagnose obstruction in older adults and underdiag-
nose it in younger individuals. Besides, the exclusion of 32
patients due to incomplete data introduces the possibil-
ity of selection bias. To assess this potential bias, the avail-
able baseline characteristics (age and gender) between
the included (n=245) and excluded (n=32) patients were
compared. As presented in Supplementary Table 6, no
significant differences were observed in these param-
eters, which somewhat reassures that the 2 groups were
comparable. Lastly, dichotomizing continuous variables
(ESR, CRP) could lead to a loss of statistical power and
prognostic information. Latent class analysis model,
including CRP, ESR, and eosinophil count as continu-
ous variables, was analyzed. The results revealed that the
EGPA patients could not be classified into latent classes
(Supplementary Table 7). This finding suggested LCA
models with continuous variables probably required
larger sample sizes to achieve meaningful categories.

This is the first study that classified EGPA patients by
LCA and evaluated the overall survival between the
determined classes. After being clustered by organ
involvement, patterns of respiratory involvement, ANCA
status, and inflammation markers, 2 distinct subtypes
of EGPA patients were obtained, termed systemic and
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respiratory-limited EGPA. The latter may be the relatively
milder subtype of EGPA. It is necessary to closely monitor
the other organ functions, serum inflammatory markers,
and ANCA during follow-up. More intensive treatment
strategies may delay the progression of the disease.

Data Availability Statement: The data that support the find-
ings of this study are available on request from the correspond-
ing author.

Artificial Intelligence Usage Statement: The author(s) did not
use generative Al or Al-assisted technologies in the preparation
of this manuscript.

Ethics Committee Approval: Ethical committee approval was
received from the Ethics Committee of Peking Union Medical
College Hospital (Approval No.: [-22PJ1119; Date: December 29,
2022).

Informed Consent: Written informed consent was obtained
from the patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — Y.G, Y.L, T.Z, Y.H., M.P, J.S,;
Design - Y.G, Y.L, TZ, Y.H, M.P, ]S, Supervision — J.S.; Data
Collection andfor Processing — Y.G., Y.L, Analysis and/or
Interpretation — Y.G., Y.L, T.Z,; Literature Search - Y.G.,, Y.H.,
Writing - Y.G.; Critical Review — M.P,, J.S.

Declaration of Interests: The authors have no conflicts of inter-
est to declare.

Funding: The study was funded by National High Level Hospital
Clinical Research Funding (2022-PUMCH-B-107).

References

1. Jennette JC, Falk RJ, Bacon PA, et al. 2012 revised Interna-
tional Chapel Hill Consensus Conference Nomenclature of
Vasculitides. Arthritis Rheum. 2013;65(1):1-11. [CrossRef]

2. Chang HC, Chou PC, Lai CY, et al. Antineutrophil cytoplas-
mic antibodies and organ-specific manifestations in eosino-
philic granulomatosis with polyangiitis: a systematic review
and meta-analysis. J Allergy Clin Immunol Pract.
2021,9(1):445-452.e6. [CrossRef]

3. Fagni F, Bello F, Emmi G. Eosinophilic granulomatosis with
polyangiitis: dissecting the pathophysiology. Front Med
(Lausanne). 2021;8:627776. [CrossRef]

4.  Rubenstein E, Maldini C, Vaglio A, et al. Cluster analysis to
explore clinical subphenotypes of eosinophilic granuloma-
tosis with polyangiitis. 7 Rheumatol. 2023;50(11):1446-1453.
[CrossRef]

5. Cottin V, Bel E, Bottero P, et al. Respiratory manifestations
of eosinophilic granulomatosis with polyangiitis (Churg-
Strauss). Eur Respir J. 2016;48(5):1429-1441. [CrossRef]

6. Fijolek J, Radzikowska E. Eosinophilic granulomatosis with
polyangiitis — advances in pathogenesis, diagnosis, and
treatment. Front Med (Lausanne).2023;10:1145257. [CrossRef]

7. Nguyen Y, Guillevin L. Eosinophilic granulomatosis with
polyangiitis (Churg-Strauss). Semin Respir Crit Care Med.
2018;39(4):471-481. [CrossRef]

8. Watanabe H, Sada KE, Harigai M, et al. Exploratory classifica-
tion of clinical phenotypes in Japanese patients with


https://dx.doi.org/10.1002/art.37715
https://dx.doi.org/10.1016/j.jaip.2020.07.038
https://dx.doi.org/10.3389/fmed.2021.627776
https://dx.doi.org/10.3899/jrheum.2023-0325
https://dx.doi.org/10.1183/13993003.00097-2016
https://dx.doi.org/10.3389/fmed.2023.1145257
https://dx.doi.org/10.1055/s-0038-1669454

Gu et al. LCA of EGPA with Respiratory Involvement

antineutrophil cytoplasmic antibody-associated vasculitis
using cluster analysis. Sci Rep. 2021;11(1):5223. [CrossRef]
Sun X, Peng M, Zhang T, et al. Clinical features and long-
term outcomes of interstitial lung disease with anti-
neutrophil cytoplasmic antibody. BMC Pulm Med. 2021;
21(1):88. [CrossRef]

Grayson PC, Ponte C, Suppiah R, et al. 2022 American Col-
lege of Rheumatology/European alliance of associations for
rheumatology classification criteria for eosinophilic granu-
lomatosis with polyangiitis. Ann Rheum Dis. 2022;81(3):309-
314. [CrossRef]

Cottin V, Bel E, Bottero P, et al. Revisiting the systemic vas-
culitis in eosinophilic granulomatosis with polyangiitis
(Churg-Strauss): a study of 157 patients by the Groupe
d’'Etudes et de Recherche sur les Maladies Orphelines Pul-
monaires and the European Respiratory Society Taskforce
on eosinophilic granulomatosis with polyangiitis (Churg-
Strauss). Autoimmun Rev. 2017;16(1):1-9. [CrossRef]

Guillevin L, Lhote F, Gayraud M, et al. Prognostic factors in
polyarteritis nodosa and Churg-Strauss syndrome. A pro-
spective study in 342 patients. Med (Baltim). 1996;75(1):17-28.
[CrossRef]

Hansell DM, Bankier AA, MacMahon H, et al. Fleischner Soci-
ety: glossary of terms for thoracic imaging. Radiology.
2008;246(3):697-722. [CrossRef]

Gu Y, Zhang T, Peng M, et al. Latent class analysis of chest
CT abnormalities to define subphenotypes in patients with
MPO-ANCA-positive microscopic polyangiitis. Respir Med.
2024;226:107613. [CrossRef]

Walsh M, Merkel PA, Peh CA, et al. Plasma exchange and
glucocorticoid dosing in the treatment of anti-neutrophil
cytoplasm antibody associated vasculitis (PEXIVAS): protocol
for a randomized controlled trial. Trials. 2013;14:73. [CrossRef]
Sinha P, Calfee CS, Delucchi KL. Practitioner's guide to latent
class analysis: methodological considerations and common
pitfalls. Crit Care Med. 2021;49(1):e63-e79. [CrossRef]

Trivioli G, Terrier B, Vaglio A. Eosinophilic granulomatosis
with polyangiitis: understanding the disease and its man-
agement. Rheumatol (Oxf Engl). 2020;59(suppl 3):iii84-iii94.
[CrossRef]

Matucci A, Vivarelli E, Perlato M, et al. EGPA phenotyping:
not only ANCA, but also eosinophils. Biomedicines.
2023;11(3):776. [CrossRef]

20.

21.

22.

23.

24,

25.

26.

27.

28.

Archives of Rheumatology 2026;41(2):81-89

White J, Dubey S. Eosinophilic granulomatosis with poly-
angiitiss a review. Autoimmun Rev. 2023:22(1):103219.
[CrossRef]

Khoury P, Akuthota P, Kwon N, et al. HES and EGPA: two
sides of the same coin. Mayo Clin Proc. 2023;98(7):1054-1070.
[CrossRef]

Caminati M, Fassio A, Alberici F, et al. Eosinophilic granulo-
matosis with polyangiitis onset in severe asthma patients
on monoclonal antibodies targeting type 2 inflammmation:
report from the European EGPA study group. Allergy.
2024;79(2):516-519. [CrossRef]

Pagnoux C, Nair P, Xi VY, et al. Serum cytokine and chemokine
levels in patients with eosinophilic granulomatosis with
polyangiitis, hypereosinophilic syndrome, or eosinophilic
asthma. Clin Exp Rheumatol. 2019;37(2)(suppl 117):40-44.
Latorre M, Seccia V, Puxeddu |, et al. Severe eosinophilic
asthma or eosinophilic granulomatosis with polyangiitis:

potential biomarkers for novel diagnostic strategies.
J Allergy Clin Immunol Pract. 2024;12(11):3057-3067.
[CrossRef]

Kalsch Al, Csernok E, Munch D, et al. Use of highly sensitive
C-reactive protein for followup of Wegener's granulomato-
sis. J Rheumatol. 2010;37(11):2319-2325. [CrossRef]

Slot MC, Tervaert JW, Franssen CF, et al. Renal survival and
prognostic factors in patients with PR3-ANCA associated
vasculitis with renal involvement. Kidney Int. 2003;63(2):670-
677. [CrossRef]

Park PG, Song 13, Park YB, et al. Clinical application of low
erythrocyte sedimentation rate/high C-reactive protein to
antineutrophil cytoplasmic antibody-associated vasculitis. J
Clin Lab Anal. 2022;36(2):e24237. [CrossRef]

Takahashi H, Komai T, Setoguchi K, et al. A diagnostic score
for eosinophilic granulomatosis with polyangiitis among
eosinophilic disorders. Allergol Int. 2023;72(2):316-323.
[CrossRef]

Zhu W, Chen K, Xiang Y, et al. Real-world respiratory effec-
tiveness of mepolizumab in severe eosinophilic asthma and
eosinophilic granulomatosis with polyangiitis. Respir Med.
2025;246:108223. [CrossRef]


https://dx.doi.org/10.1038/s41598-021-84627-6
https://dx.doi.org/10.1186/s12890-021-01451-4
https://dx.doi.org/10.1136/annrheumdis-2021-221794
https://dx.doi.org/10.1016/j.autrev.2016.09.018
https://dx.doi.org/10.1097/00005792-199601000-00003
https://dx.doi.org/10.1148/radiol.2462070712
https://dx.doi.org/10.1016/j.rmed.2024.107613
https://dx.doi.org/10.1186/1745-6215-14-73
https://dx.doi.org/10.1097/CCM.0000000000004710
https://dx.doi.org/10.1093/rheumatology/kez570
https://dx.doi.org/10.3390/biomedicines11030776
https://dx.doi.org/10.1016/j.autrev.2022.103219
https://dx.doi.org/10.1016/j.mayocp.2023.02.013
https://dx.doi.org/10.1111/all.15934
https://dx.doi.org/10.1016/j.jaip.2024.08.011
https://dx.doi.org/10.3899/jrheum.100302
https://dx.doi.org/10.1046/j.1523-1755.2003.00769.x
https://dx.doi.org/10.1002/jcla.24237
https://dx.doi.org/10.1016/j.alit.2022.08.008
https://dx.doi.org/10.1016/j.rmed.2025.108223

Supplementary Table 1. The Prevalence Distributions for All Variables

Variable Prevalence (%) Variable Prevalence (%)
ANCA positivity 20.8 Central nervous involvement 0.7
Musculoskeletal involvement 40.8 Respiratory involvement 951
Mucocutaneous involvement 51.0 FEV1/FVC < 70% 27.8
Ophthalmologic involvement 13.9 Pulmonary infiltration 72.7
ENT involvement 739 Bronchiectasis 3.4
Cardiovascular involvement 60.8 Pulmonary hemorrhage 8.5
Gastrointestinal involvement 531 Onset of asthma 50.2
Renal involvement 30.2 Elevated ESR 54.7
Peripheral nervous involvement 61.2 Elevated CRP 62.0

ANCA, anti-neutrophil cytoplasmic antibody; CRP, C-reactive protein; ENT, ear-nose-throat; ESR, erythrocyte sedimentation rate; FEV1, forced
expiratory volume in the first second; FVC, forced vital capacity.

Supplementary Table 2. The Prevalence of Radiology/Pathology Findings and Inter-Rater Reliability

Radiology/pathology findings Prevalence (%) Kappa value for agreement between 2 readers
Bronchiectasis 3.4 0.91
Pulmonary infiltration 727 0.93
Vasculitis 295 0.86
Granuloma 6.7 0.76
Eosinophil infiltration 523 0.91

Supplementary Table 3. Fit Statistics for Model 1from 1to 4 Classes

Classes BIC P of VLMR-LRT* Entropy Proportions of classes
1 2845 — — —

2 2822 0110 0.567 56.3%, 43.7%

3 2847 1006 0.645 21.9%, 36.2%, 41.9%

4 2889 4267 0.696 2.3%, 30.1%, 30.2%, 37.4%

The high diagonal values of the average posterior probabilities (0.85 and 0.89) suggested that the latent classes were well-separated and the
model provided a high degree of certainty in classifying individuals.

Information Criteria: Lower value of the BIC indicated a better balance between model fit and parsimony.

Likelihood Ratio Test: The VLMR-LRT was used to compare the model with k classes against a model with k-1 classes. A significant P-value
(P <.05) suggested that the k-class model provided a superior fit to the k-1-class model.

Entropy: Entropy values close to 1indicated clearer class separation.

BIC, Bayesian information criteria; VLMR-LRT, Vuong-Lo-Mendell-Rubin likelihood-ratio test.




Supplementary Table 4. The Characteristics of Patients in 2 Classes of Model 1

Class 1 Class 2 P
Number 138 107
Male 79 (57.2%) 66 (61.7%) 514
Age (years) 53 (39-63) 54 (42-66) .017
FFS 0.88 + 0.84 0.62 + 0.79 .007
Organ involvements
Musculoskeletal 88 (63.8%) 12 (11.2%) <.001
Mucocutaneous 104 (75.4%) 21 (19.6%) <.001
Ophthalmologic 18 (13.0%) 16 (15.0%) 712
ENT 100 (72.5%) 81 (75.7%) .600
Respiratory 129 (93.5%) 104 (97.2%) 239
Cardiovascular 15 (83.3%) 34 (31.8%) <.001
Gastrointestinal 98 (71.0%) 32 (29.9%) <.001
Renal 47 (34.1%) 27 (25.2%) 161
Peripheral nervous 118 (85.5%) 32 (29.9%) <.001
Laboratory findings
WBC (x10%/L) 9.6 (7.6-12.7) 8.5 (11.9-17.8) <.001
Eosinophil (x10%/L) 3.79 (1.70-7.81) 1.90 (0.97-4.35) <.001
Lymphocyte (x10%/L) 1.85 (1.32-2.61) 1.83 (1.50-2.41) 703
Hemoglobin (g/L) 128 (114-143) 140 (124-153) <.001
Platelet (x10%/L) 245 (173-339) 260 (224-326) 103
ALT (U/L) 22 (14-42) 18 (13-34) 168
Urea (mmol/L) 5.2 (3.9-7.2) 4.8 (37-6.3) 266
Creatinine (umol/L) 72.0 (60.5-85.0) 75.0 (64.0-87.0) .309
ESR (mm/h) 27 (7-59) 14 (6-42) .026
CRP (mg/L) 10.1 (2.9-47.9) 3.4 (1.2-19.06) <.001
ANCA positivity 25 (18.1%) 26 (24.3%) .268
Pathological findings
Vasculitis 35 (36.5%) 9 (17.0%) .015
Granuloma 6 (6.3%) 4 (7.5%) 744
Eosinophil infiltration 41 (42.7%) 37 (69.8%) .002
Treatments and Outcomes
Cyclophosphamide 101 (73.2%) 61 (57.0%) .010
Azathioprine 7 (5.1%) 18 (16.8%) .003
Methotrexate 12 (8.7%) 7 (6.5%) 634
Mycophenolate mofetil 7 (51%) 5 (4.7%) 1.000
Follow-up time (d) 5054 (3529-6479) 4495 (2609-6244) 247
Survival 15 (83.3%) 98 (91.6%) .084

ALT, alanine transaminase; ANCA, anti-neutrophil cytoplasmic antibody; CRP, C-reactive protein; ENT, ear-nose-throat; ESR, erythrocyte sedi-

mentation rate; FFS, five-factor score; WBC, white blood cell.




Supplementary Table 5. Fit Statistics for Model 2 from 1to 4 Classes

Classes BIC P of VLMR-LRT* Entropy Proportions of classes
1 4812 — — —

2 4751 .0003 0.709 67.3%, 32.7%

3 4782 4166 0.682 27.1%, 38.9%, 34.0%

4 4845 5561 0.722 8.0%, 26.3%, 28.1%, 37.5%

BIC, Bayesian information criteria; VLMR-LRT, Vuong-Lo-Mendell-Rubin likelihood ratio test.
The high diagonal values of the average posterior probabilities (0.93 and 0.89) suggested that the latent classes were well-separated and the

model provided a high degree of certainty in classifying individuals.

Supplementary Table 6. The Age and Gender of the Included and Excluded Patients

Variables Included patients Excluded patients P
Number 245 32

Age (years) 59 (41-62) 58 (43-70) 340
Male (n, %) 145 (59.2) 22 (68.8) 341

Supplementary Table 7. Fit Statistics for Model with Continuous ESR/CRP/Eosinophil Count

Classes BIC P of VLMR-LRT* Entropy Proportions of classes
1 10749 — — —

2 10645 7642 0.887 79.2%, 20.8%

3 10629 6478 0.766 49.4%, 37.4%,13.2%

4 10574 1045 0.837 45.7%, 38.0%, 15.9%, 0.4%

BIC, Bayesian information criteria; VLMR-LRT, Vuong-Lo—Mendell-Rubin likelihood ratio test.




