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Background: In real clinical practice, patients classified as microscopic
polyangiitis (MPA) according to the new 2022 criteria, despite proteinase 3
(PR3)-antineutrophil cytoplasmic antibody (ANCA) positivity, are occasionally
encountered. Hence, this study investigated the clinical utility of PR3-ANCA
detected at diagnosis in MPA patients.

Methods: We included 191 patients with MPA in this study and retrospectively
reviewed their medical records, in which clinical data at diagnosis and during
follow-up were recorded. Additionally, we investigated three major poor
complications of MPA, such as subsequent all-cause mortality (ACM), relapse,
and end-stage kidney disease (ESKD). Cumulative survival rates were compared
among the groups using Kaplan—Meier survival analysis with the log-rank test.

Results: At diagnosis, the median age of 191 MPA patients was 64 years (68
males and 123 females). PR3-ANCA was detected in only 10 patients (5.2%).
During follow-up, among the 191 MPA patients, 32 patients died, 43 patients
experienced subsequent relapse, and 39 progressed to ESKD. In the comparative
analyses, at diagnosis, PR3-ANCA-positive MPA patients were younger and
had lower white blood cell count and blood urea nitrogen levels than PR3-
ANCA-negative patients. During follow-up, PR3-ANCA-positive MPA patients
showed a higher frequency of subsequent relapse than PR3-ANCA-negative
patients. Additionally, in Kaplan-Meier survival analysis, PR3-ANCA-positive MPA
patients exhibited a significantly lower relapse-free survival rate than PR3-
ANCA-negative patients over the follow-up period.

Conclusion: In this study, we found that PR3-ANCA positivity at diagnosis
is significantly associated with subsequent relapse in patients with MPA
during follow-up.
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1 Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) is one of the two groups of small vessel vasculitides
and is characterized by fibrinoid necrotizing vasculitis with few or
no immune deposits on histology. AAV is currently composed of
three subtypes: microscopic polyangiitis (MPA), granulomatosis
with polyangiitis (GPA), and eosinophilic granulomatosis with
polyangiitis (EGPA) (1). Each subtype has distinctive clinical,
laboratory, radiological, and histopathologic features, but
occasionally may also share not a few clinical symptoms with other
subtypes (2, 3). For these reasons, in a small group of patients, it
might not be possible to clearly define the boundaries between
AAV subtypes. Conversely, although it cannot be absolute, ANCA
type, such as myeloperoxidase (MPO)-ANCA and proteinase 3
(PR3)-ANCA, could have been helpful for the identification and
classification of AAV subtype in such situations (4).

In the algorithm for AAV proposed by the European Medicines
Agency in 2007 (the 2007 EMA algorithm), an attempt had been
made to classify AAV using the item of any ANCA positivity,
instead of distinguishing between MPO-ANCA and PR3-ANCA
(5). However, given the differences in the genetic background and
immunopathogenic mechanisms of the autoantigens for the two
ANCA types, MPO and PR3, there have been several attempts
to classify AAV subtypes based on ANCA type as the primary
criterion, rather than merely an aid to classification. This approach
leads to three subtypes such as MPO-ANCA vasculitis, PR3-
ANCA vasculitis, and ANCA-negative vasculitis (4). In 2017, the
provisional criteria for GPA were proposed for distinguishing GPA
from EGPA, and these criteria acknowledged the strong association
between GPA and PR3-ANCA by assigning a highly positive score
to an item of PR3-ANCA for the classification of GPA (6). Finally,
the new classification criteria for AAV suggested by a joint group of
the American College of Rheumatology and the European Alliance
of the Associations for Rheumatology (the 2022 ACR/EULAR
criteria) focused on the association between ANCA type and AAV
subtype by assigning the highest positive scores for MPO-ANCA
and PR3-ANCA when classifying for MPA and GPA, respectively,
and assigning negative scores in the opposite cases (3, 7, 8).

Nevertheless, in real clinical practice, we uncommonly
encounter patients classified as MPA or GPA in whom the opposite
ANCA type is detected. This has raised the question of what effect
the opposite ANCA type, in contrast to the associated ANCA type,
could have on the initiation, exacerbation, and progression of the
corresponding AAV subtype (9, 10). In this regard, PR3-ANCA
positivity at diagnosis has been reported as a factor predictive of
subsequent relapse of AAV to date, and of particular interest, it has
also been suggested as a risk factor for the likelihood of relapse after
rituximab administration (11-13). However, most studies have
been conducted on the cohorts including both the whole patients
with MPA and GPA patients, and there is a scarcity of representative
studies that specifically define the clinical significance in only a
population of patients with MPA directly unrelated to PR3-ANCA
positivity at diagnosis. We wondered how PR3-ANCA positivity
at diagnosis, which is not a major player in the process of the
classification of MPA, might contribute to the clinical course of
MPA. Hence, this study investigated the clinical utility of PR3-
ANCA detected at diagnosis in MPA patients.
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2 Materials and methods

2.1 Patients

We retrospectively analyzed the medical records of 337 Korean
patients already classified as having AAV who had been enrolled
in the Severance Hospital ANCA-associated VasculitidEs (SHAVE)
cohort, and 191 patients with MPA who met the following
inclusion criteria were included in this study and analyzed. The
inclusion criteria for AAV of the SHAVE cohort were as follows:
(i) the first diagnosis of AAV at this hospital by the specialized
Rheumatologists; (ii) the fulfilment of the 2012 revised Chapel
Hill Consensus Conference nomenclature of systemic vasculitides
and the 2007 EMA algorithm (1, 2); (iii) the classification of
MPA based on the 2022 ACR/EULAR criteria for MPA (7); (iv)
no fulfilment of the 2022 ACR/EULAR criteria for GPA (8); (v)
the presence of medical records sufficient for collecting clinical,
laboratory, radiological, and histological data at diagnosis and
during follow-up (7, 8). In principle, patients with missing data
regarding baseline variables at diagnosis or outcomes/medications
during follow-up were excluded from the SHAVE cohort; (vi) the
presence of ANCA test results at diagnosis (within four weeks
before and after diagnosis) (14); (vii) the follow-up for at least
more than 6 months after diagnosis; (viii) no concurrent medical
conditions affecting ANCA positivity (type) and AAV classification
at diagnosis, such as malignancies, infectious diseases, and other
inflammatory/autoimmune diseases (15, 16); (ix) no exposure to
immunosuppressive drugs for AAV treatment or other medications
affecting ANCA positivity within 4 weeks before diagnosis. This
study was approved by the Institutional Review Board (IRB) of
Severance Hospital, Seoul, Republic of Korea (IRB No. 4-2020-
1071: approval date: 11 November, 2016) and was conducted in
accordance with the principles of the Declaration of Helsinki.
Owing to the retrospective design of the study and the use of
anonymized patient data, the requirement for written informed
consent was waived.

2.2 Clinical data at the time of diagnosis

At the time of diagnosis, demographic data (age, sex, body mass
index, and smoking history) and comorbidities [type 2 diabetes
mellitus (T2DM), hypertension, and dyslipidaemia] were collected.
ANCA type and positivity were recorded, and AAV-specific indices,
including the Birmingham Vasculitis Activity Score (BVAS) and
the Five-Factor Score (FFS), were collected (17, 18). Laboratory
results performed at the time of diagnosis, including erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP), which
reflect the burden of acute inflammation, were also recorded (19).

2.3 Clinical data during the follow-up
period

During the follow-up period, this study investigated three
major poor complications of MPA: subsequent all-cause mortality
(ACM), relapse, and end-stage kidney disease (ESKD). ACM was
defined as a death that occurred for any reason after the diagnosis
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(20). Subsequent relapse was defined as the re-emergence of MPA-
related clinical symptoms and increased activity after achieving
remission (21, 22). ESKD was defined as a medical state requiring
kidney replacement therapy due to the deterioration of renal
function. Patients who progressed to ESKD before diagnosis were
not included as having a major complication of ESKD (23). For
patients with each major complication of MPA, the follow-up
period was defined as the duration from the diagnosis of MPA until
the onset of the corresponding major complication. Conversely,
for patients without each major complication, it was determined
as the duration from MPA diagnosis to the last visit to the
vasculitis clinic. Glucocorticoids and immunosuppressive drugs,
which had been administered for MPA treatment after diagnosis,
were also investigated.

2.4 ANCA measurement

Antineutrophil cytoplasmic antibody positivity was determined
using two methods: the titers of MPO-ANCA and PR3-ANCA were
quantified using an enzyme immunoassay, whereas perinuclear
(P)-ANCA and cytoplasmic (C)-ANCA patterns were identified
using an indirect immunofluorescent assay (14, 24). The results
of ANCA measurements were assessed qualitatively (positive or
negative) for analysis.

2.5 Interstitial lung disease

Interstitial lung disease (ILD) was defined and characterized
according to radiological features, such as traction bronchiectasis,
ground-glass opacities accompanied by traction bronchiectasis,
reticulations alongside traction bronchiectasis, and honeycombing.
ILD was diagnosed by both pulmonologists and independent
radiologists based on chest imaging (HRCT) results. Traction
bronchiectasis is an enlarged airway located at the periphery of
the lungs. Ground-glass opacity denotes a cloudy appearance of
the lungs while preserving the visibility of the vessels and airways.
Reticulations are described in terms of their numerous linear
densities. Honeycombing is characterized by a grouping of sub-
pleural cysts, each measuring 3-10 mm in diameter and possessing
clearly defined walls (25).

2.6 Statistical analysis

All statistical analyses were conducted using IBM SPSS
Statistics for Windows, version 26 (IBM Corporation, Armonk, NY,
United States). Continuous variables were expressed as the median
with interquartile range. Categorical variables were presented as
numbers and percentages. Differences between categorical variables
were analyzed using the chi-square test or Fisher’s exact test, as
appropriate. Meanwhile, differences between continuous variables
were evaluated using the Mann-Whitney U test. Cumulative
survival rates between groups were compared using the Kaplan-
Meier survival test with the log-rank test. A P-value of less than
0.05 was considered statistically significant.
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FIGURE 1

Disposition of the study patients according to the ANCA status.
ANCA, antineutrophil cytoplasmic antibody; MPO,
myeloperoxidase; PR3, proteinase 3.

3 Results

3.1 Clinical data at the time of diagnosis

Regarding variables at diagnosis, the median age of the 191
MPA patients was 64 years, with 68 males and 123 females. At
the time of diagnosis, the most common major comorbidity was
hypertension at 83%, followed by T2DM at 38%. Among 191
patients with MPA, 69 (88.5%) were positive for MPO-ANCA (P-
ANCA), and PR3-ANCA was detected in only 10 (5.2%). All 10
patients who were positive for C-ANCA also had PR3-ANCA, and
thus, PR3-ANCA (or C-ANCA) can be replaced with PR3-ANCA
in this study. The ANCA status of the study patients are visualized
in Figure 1. The medial BVAS, FES, ESR, and CRP levels were 14.0,
2.0, 65.0 mm/hr, and 15.0 mg/L, respectively. The remaining data
at diagnosis are presented in Table 1.

3.2 Clinical data during the follow-up
period

Among the 191 patients with MPA, 32 patients died over
the course of the follow-up period. Meanwhile, 43 and 39
patients experienced subsequent relapse and progressed to ESKD,
respectively. According to the records of drug administration
associated with MPA treatment, 90.6% of patients received
glucocorticoids, and the immunosuppressant with the highest
frequency of administration was cyclophosphamide (51.3%),
followed by azathioprine (48.2%) (Table 1).

3.3 Comparison of clinical data at the
time of diagnosis

PR3-ANCA-positive MPA patients were significantly younger
than PR3-ANCA-negative patients (45.5 vs. 64.0 years, P = 0.007).
There was no significant difference in the positive detection rate of
MPO-ANCA between patients with PR3-ANCA and those without.
No significant differences in BVAS and FFS were found between the

frontiersin.org


https://doi.org/10.3389/fmed.2025.1745280
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Ha et al.

TABLE 1 Characteristics of patients with MPA (N = 191).

Variables Values

10.3389/fmed.2025.1745280

TABLE1 (Continued)

Variables Values

At the time of diagnosis Mycophenolate mofetil 59 (30.9)
Demographic data Azathioprine 92 (48.2)
Age (years) 64.0 (53.0—71.0) Tacrolimus 21(11.0)
Male sex [N, (%)] 68 (35.6) Methotrexate 20 (10.5)
Female sex [N, (%)] 123 (64.4) Values are expressed as a median (25—75 percentile) or N (%). MPA, microscopic

BMI (kg/m?)

224 (20.4—24.6)

Ex-smoker 5(2.6)
Comorbidities [N, (%)]

T2DM 38(19.9)

Hypertension 83 (43.5)

Dyslipidaemia 30 (15.7)
ANCA type and positivity [N, (%)]

MPO-ANCA (or P-ANCA) positivity 169 (88.5)

PR3-ANCA (or C-ANCA) positivity 10 (5.2)

Both ANCAs 7(3.7)

ANCA negativity 19 (9.9)

AAV-specific indices

BVAS 14.0 (7.0—19.0)

FFS 2.0 (1.0—2.0)
Laboratory results

White blood cell count (/mm?) 8,540.0

(6,230.0—12,170.0)

Hemoglobin (g/dL)

10.7 (9.2—12.7)

Platelet count (x 1,000/mm?)

285.0 (222.0—387.0)

Fasting glucose (mg/dL)

101.0 (91.0—128.0)

Blood urea nitrogen (mg/dL)

20.1 (14.9—-39.1)

Serum creatinine (mg/dL) 1.0 (0.7—-2.2)
Serum total protein (g/dL) 6.8 (6.0—7.3)
Serum albumin (g/dL) 3.7(3.1-4.2)
ESR (mm/hr) 65.0 (27.5—106.5)
CRP (mg/L) 15.0 (2.0—65.7)

During the follow-up period

Major complications

ACM [N, (%)]

32(16.8)

Follow-up duration based on ACM (months)

52.0 (19.1-99.6)

Relapse [N, (%)]

43 (22.5)

Follow-up duration based on relapse (months)

30.6 (9.5—72.5)

ESKD [N, (%)]

39 (20.4)

Follow-up duration based on ESKD (months)

35.6 (8.8—86.6)

Medications administered [N, (%)]

Glucocorticoid 173 (90.6)
Rituximab 40 (20.9)
Cyclophosphamide 98 (51.3)
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polyangiitis; BMI, body mass index; T2DM, type 2 diabetes mellitus; MPO,
myeloperoxidase; ANCA, antineutrophil cytoplasmic antibody; P, perinuclear; PR3:
proteinase 3; C, cytoplasmic; BVAS, the Birmingham vasculitis activity score; FFS, the
five-factor score; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ACM,
all-cause mortality; ESKD, end-stage kidney disease.

two groups, either. Among the laboratory results at diagnosis, white
blood cell count, and blood urea nitrogen levels in PR3-ANCA-
positive MPA patients were significantly lower than PR3-ANCA-
negative patients (6,700 vs. 8,700/mm?>, P = 0.035, and 13.8 and
20.4 mg/dL, P = 0.043, respectively). However, ESR and CRP levels
did not differ between the two groups (Table 2).

3.4 Comparison of clinical data during
the follow-up period

Among the three major complications of MPA, the frequency
of subsequent relapse in the PR3-ANCA-positive group was
significantly higher than its frequency in the opposite group
(50.0% vs. 21.0%, P = 0.033). Meanwhile, no differences in the
frequencies of ACM and progression to ESKD were observed
between the two groups. As a unique finding, on comparison of the
administered medications, the frequency of MTX (methotrexate)
use was determined to be remarkably elevated in patients belonging
to the PR3-ANCA positive group compared to those in the PR3-
ANCA negative group (40.0% vs. 8.8%, P = 0.012). However, it
seemed difficult to draw a clinical significance because the total
number of patients receiving MTX was too small to interpret
(Table 2).

3.5 Cumulative relapse-free survival rates

Among the three major complications of MPA, PR3-ANCA-
positive MPA patients exhibited a significantly lower relapse-free
survival rate than PR3-ANCA-negative MPA patients (P = 0.021).
Conversely, the incidence of the other two major complications
did not differ between the two groups over the follow-up period
(Figure 2).

4 Discussion

The 2022 ACR/EULAR criteria for MPA, which are currently
used for the classification of MPA, assign +6 points to the item
of MPO-ANCA positivity and —1 point to the item of PR3-
ANCA positivity (7). This indicates that PR3-ANCA positivity
at diagnosis makes a negative contribution to the classification
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TABLE 2 Comparative analysis between PR3-ANCA-positive MPA patients and PR3-ANCA-negative MPA patients.

10.3389/fmed.2025.1745280

Variables PR3-ANCA-negative MPA PR3-ANCA-positive MPA
patients (N = 181) patients (N
At diagnosis
Demographic data
Age (years) 64.0 (54.0—72.0) 45.5(21.5—64.3) 0.007
Male sex [N, (%)] 65 (35.9) 3(30.0) 1.000
Female sex [N, (%)] 116 (64.1) 7 (70.0) 1.000
BMI (kg/mz) 22.4(20.4—24.6) 22.1(20.8—25.3) 0.732
Ex-smoker 5(2.8) 0(0) 1.000
Comorbidities [N, (%)]
T2DM 35(19.3) 3(30.0) 0.420
Hypertension 80 (44.2) 3(30.0) 0.518
Dyslipidaemia 29 (16.0) 1(10.0) 1.000
ANCA type and positivity [N, (%)]
MPO-ANCA (or P-ANCA) positivity 162 (89.5) 7 (70.0) 0.093
AAV-specific indices
BVAS 14.0 (7.0—19.0) 12.0 (5.8—26.0) 0.958
FFS 2.0 (1.0—2.0) 1.0 (0-3.0) 0.471
Laboratory results
White blood cell count (/mm?) 8,700.0 (6,235.0—12,390.0) 6,700.0 (5,602.5—7,415.0) 0.035
Hemoglobin (g/dL) 10.6 (9.1—12.7) 12.1 (9.9—14.4) 0.108
Platelet count (x1,000/mm3) 289.0 (218.5—391.0) 241.0 (223.3—287.8) 0.246
Fasting glucose (mg/dL) 102.0 (91.5—128.5) 91.0 (86.5—100.8) 0.078
Blood urea nitrogen (mg/dL) 20.4 (15.1—40.0) 13.8 (9.3—27.9) 0.043
Serum creatinine (mg/dL) 1.1(0.7—2.4) 0.9 (0.6—1.4) 0.411
Serum total protein (g/dL) 6.8 (6.0—7.2) 7.7 (6.3—8.1) 0.085
Serum albumin (g/dL) 3.7 (3.1—4.1) 3.8 (3.6—4.4) 0.171
ESR (mm/hr) 69.0 (27.0—109.0) 40.5 (24.3—54.5) 0.108
CRP (mg/L) 16.0 (2.0—75.8) 10.5 (2.4—20.4) 0.267
During the follow-up period
Major complications
ACM [N, (%)] 31(17.1) 1(10.0) 1.000
Follow-up period based on ACM (months) 52.0 (18.1—95.4) 49.3 (22.5—154.1) 0.509
Relapse [N, (%)] 38 (21.0) 5(50.0) 0.033
Follow-up period based on relapse (months) 31.1(9.2—74.6) 24.9 (15.1—41.3) 0.397
ESKD [N, (%)] 38 (21.0) 1(10.0) 0.690
Follow-up period based on ESKD (months) 35.3(7.8—84.4) 49.3 (22.5—132.9) 0.273
Medications administered [N, (%)]
Glucocorticoid 163 (90.1) 10 (100) 0.602
Rituximab 36 (19.9) 4(40.0) 0.222
Cyclophosphamide 90 (49.7) 8(80.0) 0.101
Mycophenolate mofetil 54 (29.8) 5(50.0) 0.179
(Continued)
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TABLE 2 (Continued)

10.3389/fmed.2025.1745280

Variables
Azathioprine 85 (47.0) 7 (70.0) 0.201
Tacrolimus 19 (10.5) 2(20.0) 0.302
Methotrexate 16 (8.8) 4 (40.0) 0.012

Values are expressed as a median (25-75 percentile) or N (%). Categorical variables were compared using chi-square test or Fisher’s exact test. Continuous variables were compared using
the Mann-Whitney U test. PR3, proteinase 3; ANCA, antineutrophil cytoplasmic antibody; MPA: microscopic polyangiitis; BMI: body mass index; T2DM: type 2 diabetes mellitus; MPO,
myeloperoxidase; P, perinuclear; C, cytoplasmic; BVAS, the Birmingham vasculitis activity score; FES, the five-factor score; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;

ACM, all-cause mortality; ESKD, end-stage kidney disease.
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PR3-ANCA-negative MPA patients but not the other two major complications. PR3, proteinase 3; ANCA, antineutrophil cytoplasmic antibody; MPA,
microscopic polyangiitis; ACM, all-cause mortality; ESKD, end-stage kidney disease.

of MPA, unlike MPO-ANCA positivity at diagnosis. Despite the
negative influence of PR3-ANCA positivity upon MPA diagnosis
(7), we occasionally encounter PR3-ANCA-positive MPA patients
in real clinical settings. Here, we wondered whether PR3-ANCA
positivity at diagnosis might be associated with the clinical
characteristics of MPA alone, unlike its role in all subtypes of AAV
(11-13), even though it is not directly involved in the process
of MPA classification. However, a clear concept regarding this
question has not yet been established. Therefore, in this study,
we investigated the association between PR3-ANCA positivity at
diagnosis and the course of the disease, particularly the occurrence
of major complications, in MPA patients and obtained several
interesting findings. First, at the time of diagnosis, PR3-ANCA-
positive MPA patients were younger and had lower white blood
cell count and blood urea nitrogen levels than PR3-ANCA-negative
patients. Next, during the follow-up period, a higher frequency
of subsequent relapse was observed in PR3-ANCA-positive MPA
patients compared to PR3- ANCA-negative patients. Finally, during
the follow-up period, PR3-ANCA-positive MPA patients exhibited
a significantly lower relapse-free survival rate than PR3-ANCA-
negative patients. Based on these results, we conclude that PR3-
ANCA positivity at diagnosis is closely associated with subsequent
relapse in MPA patients.

Meanwhile, a previous study demonstrated a significant
association between PR3-ANCA positivity at diagnosis and
subsequent relapse in EGPA patients (12), which could be inferred
through the following hypothetic steps: first, the 2022 ACR/EULAR
criteria for EGPA assign —3 points to the item of PR3-ANCA
positivity and require a total score of 6 or more for EGPA
classification (26); second, thus, patients who tested positive for
PR3-ANCA at diagnosis should have met other criteria items by
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a three-point margin more than PR3-ANCA-negative patients for
the classification of EGPA (26); and third, theoretically, the disease
activity at diagnosis might have been higher, and the potential
for relapse would have consequently been greater. By contrast,
the 2022 ACR/EULAR criteria for MPA assign a high score of +6
points for the item of MPO-ANCA positivity and a relatively lower
score of —1 point for the item of PR3-ANCA positivity, with a
total score cut-off of five points (7). That is, the necessity to fulfill
other criteria is relatively lower than the classification of EGPA,
and consequently, the potential for relapse is inferred to be lower.
Therefore, there might be a contradiction in directly applying the
hypothesis from EGPA patients to MPA patients.

How could PR3-ANCA positivity at the time of diagnosis
have contributed to subsequent relapse in MPA patients during
the follow-up period? Based on these results, three theoretical
inferences were attempted. The first inference was that subsequent
relapse might have been affected by MPO-ANCA and PR3-ANCA
double positivity rather than PR3-ANCA positivity alone. This
line of inquiry was inspired by previous research demonstrating
that double positivity of PR3-ANCA and anti-GBM contributes to
subsequent relapse in patients with AAV, notwithstanding different
antibody classes (27). To validate this inference, we reperformed a
survival analysis for relapse by dividing the 191 patients into two
groups based on MPO-ANCA and PR3-ANCA double positivity.
Similar to the results in Figure 2, MPA patients with MPO-ANCA
and PR3-ANCA double positivity showed a significantly lower
cumulative relapse-free survival rate compared to those without
(Supplementary Figure 1). Therefore, we carefully presume that the
first inference regarding the effect of ANCA double positivity on
subsequent relapse could be a possible explanation.
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The second inference, conversely, was that PR3-ANCA
positivity alone could be involved in the relapse process when the
influence of MPO-ANCA was completely excluded. To validate
this inference, the patients were divided into three groups:
(i) PR3-ANCA negativity, (ii) PR3-ANCA positivity and MPO-
ANCA positivity, and (iii) PR3-ANCA positivity and MPO-ANCA
negativity. The cumulative incidence of relapse was relatively
higher in both patients with MPO-ANCA and PR3-ANCA double
positivity and those with PR3-ANCA positivity alone compared to
patients with PR3-ANCA negativity, but there was no significant
difference between the two groups (Supplementary Figure 2).
Therefore, we speculate that the second inference regarding the
effect of PR3-ANCA positivity alone on subsequent relapse might
not be compelling.

The third inference was that the clinical symptoms related
to relapse would have been the clinical symptoms associated
with PR3-ANCA rather than MPO-ANCA. When analyzing 10
PR3-ANCA-positive MPA patients, none of the patients exhibited
GPA surrogate markers at the time of diagnosis, which meant
that none of the 10 patients could be classified as having GPA
simultaneously. Five out of the 10 patients experienced relapse: four
patients tested positive for both MPO-ANCA and PR3-ANCA at
diagnosis, and the remaining one patient was only positive for PR3-
ANCA at diagnosis. Among the four double-positive patients with
relapse, who were positive for both MPO-ANCA and PR3-ANCA
at diagnosis, two experienced both glomerulonephritis (GN) and
interstitial lung disease (ILD) recurrence, and the remaining two
had only ILD recurrence. Whereas one patient, who was positive
for only PR3-ANCA at diagnosis, experienced recurrences of
both GN and ILD at the same time (Supplementary Table 1).
Therefore, given that ILD is suggestive of MPA and GN is not a
specific manifestation for AAV subtype (7, 8), we conclude that
the third inference regarding the possibility of relapse of clinical
manifestations associated with PR3-ANCA is not valid.

A major strength of this study was that it focused on a pure
MPA cohort, which minimized confounding from granulomatous
disease and other AAV variants. Another major strength of this
study was that the high quality and consistency of the data
could be ensured by using the well-established SHAVE cohort,
which enhanced the relevance of the findings, such as important
outcomes. Additionally, it was believed that the novel observation
linking PR3-ANCA positivity with ILD recurrence represented a
potentially impactful contribution to the field.

4.1 Limitations

This study has several limitations. Firstly, due to the inherent
limitations of a single-center study, this study did not include
sufficient patients for the application of these results to real
clinical practice immediately. This issue may provoke concerns
about the enhanced susceptibility to type I error and the
reduced generalizability. Another concern is that statistical analyses
involving very low occurrence frequencies may limit the reliability
and reproducibility of the statistics. Another limitation is the lack
of multivariable analysis, which prevents meaningful adjustment
for confounders such as age, ILD status, MPO-ANCA and PR3-
ANCA double positivity, and treatment differences. Additionally,
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due to the unavoidable limitation of a retrospective study, it was
not possible to adequately control the inner and outer various
confounding variables. We realize that conclusions should be
framed in terms of association rather than prediction or causality,
and we believe the reason that the theoretical rationale outweighed
the conclusions in this retrospective study may be ultimately
attributable to the small number of patients and the low incidence
rate. Nevertheless, the fact that a considerable number of patients
selected from the largest and most systematically organized cohort
in Korea were managed according to the same protocol could be
expected to substantially overcome these limitations. We believe
that a future prospective study with more patients will improve
these limitations by multivariable analyses and provide more
reliable and dynamic information on the clinical utility of PR3-
ANCA positivity in patients who are newly diagnosed with MPA.

5 Conclusion

In conclusion, based on the results of the present study,
we found that PR3-ANCA positivity at diagnosis is significantly
associated with subsequent relapse in patients with MPA during
follow-up. We believe that this study might provide several
important clues to further studies investigating the clinical
implications of the initial detection of PR3-ANCA in the
disease course of MPA.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the
Institutional Review Board (IRB) of Severance Hospital, Seoul,
Republic of Korea. The studies were conducted in accordance with
the local legislation and institutional requirements. The ethics
committee/institutional review board waived the requirement of
written informed consent for participation from the participants or
the participants’ legal guardians/next of kin because owing to the
retrospective design of the study and the use of anonymized patient
data, the requirement for written informed consent was waived.

Author contributions

JH: Conceptualization, Data curation, Formal analysis,
Methodology,
administration, Resources, Software, Visualization, Writing -

Funding acquisition, Investigation, Project

original draft, Writing - review & editing. OK: Conceptualization,
Data curation, Formal analysis, Investigation, Methodology,
Resources, Software, Visualization,

Project administration,

frontiersin.org


https://doi.org/10.3389/fmed.2025.1745280
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Ha et al.

Writing - original draft, Writing - review & editing.
Y-BP: Conceptualization, Data curation, Formal analysis,
Methodology, Validation, Visualization, Writing - review
& editing. S-WL: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology,
Project administration, Resources, Software, Supervision,
Visualization, Writing - original draft, Writing - review
& editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This study was supported by a
faculty research grant of Yonsei University College of Medicine,
Seoul, Republic of Korea (6-2023-0155), Eisai Korea Inc., Seoul,
Republic of Korea (4-2024-0700), and Samsung Bioepis Co., Ltd.
Incheon, Republic of Korea (4-2025-1066). The funder was not
involved in the study design, collection, analysis, interpretation
of data, the writing of this article, or the decision to submit it
for publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Jennette J, Falk R, Bacon P, Basu N, Cid M, Ferrario F et al. 2012 revised
international chapel hill consensus conference nomenclature of vasculitides. Arthritis
Rheum. (2013) 65:1-11. doi: 10.1002/art.37715

2. Millet A, Pederzoli-Ribeil M, Guillevin L, Witko-Sarsat V, Mouthon L.
Antineutrophil cytoplasmic antibody-associated vasculitides: is it time to split up the
group? Ann Rheum Dis. (2013) 72:1273-9. doi: 10.1136/annrheumdis- 2013-203255

3. Pyo ], Lee L, Park Y, Lee S. Comparison of the 2022 ACR/EULAR classification
criteria for antineutrophil cytoplasmic antibody-associated vasculitis with previous
criteria. Yonsei Med J. (2023) 64:11-7. doi: 10.3349/ym;.2022.0435

4. Cornec D, Cornec-Le Gall E, Fervenza F, Specks U. ANCA-associated vasculitis -
clinical utility of using ANCA specificity to classify patients. Nat Rev Rheumatol. (2016)
12:570-9. doi: 10.1038/nrrheum.2016.123

5. Watts R, Lane S, Hanslik T, Hauser T, Hellmich B, Koldingsnes W, et al.
Development and validation of a consensus methodology for the classification of the
ANCA-associated vasculitides and polyarteritis nodosa for epidemiological studies.
Ann Rheum Dis. (2007) 66:222-7. doi: 10.1136/ard.2006.054593

6. Yoo J, Kim H, Ahn S, Jung S, Song J, Park Y, et al. The utility of the ACR/EULAR
2017 provisional classification criteria for granulomatosis with polyangiitis in Korean
patients with antineutrophil cytoplasmic antibody-associated vasculitis. Clin Exp
Rheumatol. (2018) 36:85-7.

7. Suppiah R, Robson J, Grayson P, Ponte C, Craven A, Khalid S, et al. 2022
American college of rheumatology/European alliance of associations for rheumatology
classification criteria for microscopic polyangiitis. Ann Rheum Dis. (2022) 81:321-6.
doi: 10.1136/annrheumdis-2021-221796

8. Robson ], Grayson P, Ponte C, Suppiah R, Craven A, Judge A, et al. 2022
American college of rheumatology/European alliance of associations for rheumatology
classification criteria for granulomatosis with polyangiitis. Ann Rheum Dis. (2022)
81:315-20. doi: 10.1136/annrheumdis-2021-221795

9. Falde S, Fussner L, Tazelaar H, O’Brien E, Lamprecht P, Konig M, et al.
Proteinase 3-specific antineutrophil cytoplasmic antibody-associated vasculitis. Lancet
Rheumatol. (2024) 6:e314-27. doi: 10.1016/S2665-9913(24)00035-3

Frontiers in Medicine

10.3389/fmed.2025.1745280

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.
1745280/full#supplementary- material

10. Arnold S, Kitching A, Witko-Sarsat V, Wiech T, Specks U, Klapa S, et al.
Myeloperoxidase-specific antineutrophil cytoplasmic antibody-associated vasculitis.
Lancet Rheumatol. (2024) 6:€300-13. doi: 10.1016/52665-9913(24)00025-0

11. Wawrzycka-Adamczyk K, Korkosz M, Musial ], Wojcik K. Relapse predictors in
antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis. Diagnostics. (2024)
14:1849. doi: 10.3390/diagnostics14171849

12. Ahn S, Song J, Park Y, Lee S. Clinical impact of proteinase 3-antineutrophil
cytoplasmic antibody positivity in eosinophilic granulomatosis with polyangiitis.
Korean ] Intern Med. (2022) 37:1241-9. doi: 10.3904/kjim.2021.043

13. van Dam L, Dirikgil E, Bredewold E, Ray A, Bakker J, van Kooten C, et al.
PR3-ANCAs predict relapses in ANCA-associated vasculitis patients after rituximab.
Nephrol Dial Transplant. (2021) 36:1408-17. doi: 10.1093/ndt/gfaa066

14. Bossuyt X, Cohen Tervaert J, Arimura Y, Blockmans D, Flores-Sudrez L,
Guillevin L, et al. Position paper: revised 2017 international consensus on testing of
ANCAEs in granulomatosis with polyangiitis and microscopic polyangiitis. Nat Rev
Rheumatol. (2017) 13:683-92. doi: 10.1038/nrrheum.2017.140

15. Phatak S, Aggarwal A, Agarwal V, Lawrence A, Misra R. Antineutrophil
cytoplasmic antibody (ANCA) testing: audit from a clinical immunology laboratory.
Int ] Rheum Dis. (2017) 20:774-8. doi: 10.1111/1756-185X.12926

16. Moiseev S, Cohen Tervaert ], Arimura Y, Bogdanos D, Csernok E, Damoiseaux
J, et al. 2020 international consensus on ANCA testing beyond systemic vasculitis.
Autoimmun Rev. (2020) 19:102618. doi: 10.1016/j.autrev.2020.102618

17. Mukhtyar C, Lee R, Brown D, Carruthers D, Dasgupta B, Dubey S, et al.
Modification and validation of the birmingham vasculitis activity score (version 3).
Ann Rheum Dis. (2009) 68:1827-32. doi: 10.1136/ard.2008.101279

18. Guillevin L, Pagnoux C, Seror R, Mahr A, Mouthon L, Toumelin P, et al.
The Five-Factor Score revisited: assessment of prognoses of systemic necrotizing
vasculitides based on the French vasculitis study group (FVSG) cohort. Medicine.
(2011) 90:19-27. doi: 10.1097/MD.0b013e318205a4c6

19. Mantovani A, Garlanda C. Humoral innate immunity and acute-phase proteins.
N Engl ] Med. (2023) 388:439-52. doi: 10.1056/NEJMra2206346

frontiersin.org


https://doi.org/10.3389/fmed.2025.1745280
https://www.frontiersin.org/articles/10.3389/fmed.2025.1745280/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1745280/full#supplementary-material
https://doi.org/10.1002/art.37715
https://doi.org/10.1136/annrheumdis-2013-203255
https://doi.org/10.3349/ymj.2022.0435
https://doi.org/10.1038/nrrheum.2016.123
https://doi.org/10.1136/ard.2006.054593
https://doi.org/10.1136/annrheumdis-2021-221796
https://doi.org/10.1136/annrheumdis-2021-221795
https://doi.org/10.1016/S2665-9913(24)00035-3
https://doi.org/10.1016/S2665-9913(24)00025-0
https://doi.org/10.3390/diagnostics14171849
https://doi.org/10.3904/kjim.2021.043
https://doi.org/10.1093/ndt/gfaa066
https://doi.org/10.1038/nrrheum.2017.140
https://doi.org/10.1111/1756-185X.12926
https://doi.org/10.1016/j.autrev.2020.102618
https://doi.org/10.1136/ard.2008.101279
https://doi.org/10.1097/MD.0b013e318205a4c6
https://doi.org/10.1056/NEJMra2206346
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Ha et al.

20. Wallace Z, Fu X, Harkness T, Stone J, Zhang Y, Choi H. All-cause and cause-
specific mortality in ANCA-associated vasculitis: overall and according to ANCA type.
Rheumatology. (2020) 59:2308-15. doi: 10.1093/rheumatology/kez589

21. Hellmich B, Sanchez-Alamo B, Schirmer J, Berti A, Blockmans D, Cid
M, et al. EULAR recommendations for the management of ANCA-associated
vasculitis: 2022 update. Ann Rheum Dis. (2024) 83:30-47. doi: 10.1136/ard-2022-22
3764

22. Chung S, Langford C, Maz M, Abril A, Gorelik M, Guyatt G, et al. 2021 American
college of rheumatology/Vasculitis foundation guideline for the management of
antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis Rheumatol. (2021)
73:1366-83. doi: 10.1002/art.41773

23. Webster A, Nagler E, Morton R, Masson P. Chronic kidney disease. Lancet.
(2017) 389:1238-52. doi: 10.1016/S0140-6736(16)32064-5

24. McAdoo S, Medjeral-Thomas N, Gopaluni S, Tanna A, Mansfield
N, Galliford J, et al. Long-term follow-up of a combined rituximab and

Frontiers in Medicine

09

10.3389/fmed.2025.1745280

cyclophosphamide regimen in renal anti-neutrophil cytoplasm antibody-associated
vasculitis. Nephrol Dial Transplant. (2019) 34:63-73. doi: 10.1093/ndt/gfx
378

25. Do H, Park Y, Woo A, Lee S. Is chest imaging alone adequate for diagnosing
interstitial lung disease in microscopic polyangiitis based on the 2022 criteria? Yonsei
Med J. (2025) 66:826-32. doi: 10.3349/ym].2024.0512

26. Grayson P, Ponte C, Suppiah R, Robson ], Craven A, Judge A, et al.
2022 American college of rheumatology/European alliance of associations
for rheumatology classification criteria for eosinophilic granulomatosis with
polyangiitis. Ann Rheum Dis. (2022) 81:309-14. doi: 10.1136/annrheumdis-2021-
221794

27. McAdoo S, Tanna A, Hrudkové Z, Holm L, Weiner M, Arulkumaran N, et al.
Patients double-seropositive for ANCA and anti-GBM antibodies have varied renal
survival, frequency of relapse, and outcomes compared to single-seropositive patients.
Kidney Int. (2017) 92:693-702. doi: 10.1016/j.kint.2017.03.014

frontiersin.org


https://doi.org/10.3389/fmed.2025.1745280
https://doi.org/10.1093/rheumatology/kez589
https://doi.org/10.1136/ard-2022-223764
https://doi.org/10.1136/ard-2022-223764
https://doi.org/10.1002/art.41773
https://doi.org/10.1016/S0140-6736(16)32064-5
https://doi.org/10.1093/ndt/gfx378
https://doi.org/10.1093/ndt/gfx378
https://doi.org/10.3349/ymj.2024.0512
https://doi.org/10.1136/annrheumdis-2021-221794
https://doi.org/10.1136/annrheumdis-2021-221794
https://doi.org/10.1016/j.kint.2017.03.014
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Clinical utility of proteinase 3-antineutrophil cytoplasmic antibody at diagnosis in predicting subsequent relapse in patients with microscopic polyangiitis
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Clinical data at the time of diagnosis
	2.3 Clinical data during the follow-up period
	2.4 ANCA measurement
	2.5 Interstitial lung disease
	2.6 Statistical analysis

	3 Results
	3.1 Clinical data at the time of diagnosis
	3.2 Clinical data during the follow-up period
	3.3 Comparison of clinical data at the time of diagnosis
	3.4 Comparison of clinical data during the follow-up period
	3.5 Cumulative relapse-free survival rates

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


