
CLINICAL RESEARCH
Corre

Labor

Caroli

#7525

marco

Recei

Septe

2676
Relevance of Combined Clinicopathologic

Phenotype and Antineutrophil Cytoplasmic

Autoantibody Serotype in the Diagnosis

of Antineutrophil Cytoplasmic

Autoantibody Vasculitis
Marco A. Alba1, J. Charles Jennette1, Yichun Hu2, Caroline J. Poulton2, Lauren Blazek2,

Vimal K. Derebail2, Ronald J. Falk2 and Susan L. Hogan2

1Department of Pathology and Laboratory Medicine, School of Medicine, University of North Carolina at Chapel Hill, Chapel

Hill, North Carolina, USA; and 2University of North Carolina Kidney Center, Division of Nephrology and Hypertension, Uni-

versity of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA
Introduction: Granulomatosis with polyangiitis (GPA) and microscopic polyangiitis (MPA), 2 major clini-

copathologic variants of antineutrophil cytoplasmic autoantibody (ANCA) vasculitides, are mostly asso-

ciated with proteinase 3 (PR3)-ANCA and myeloperoxidase (MPO)-ANCA, respectively. Less is known

regarding the uncommon forms of ANCA vasculitis, PR3-ANCA MPA and MPO-ANCA GPA.

Methods: In this cohort study we detailed the clinical presentation and outcome of patients with PR3-

ANCA MPA and MPO-ANCA GPA from the Glomerular Disease Collaborative Network (GDCN) inception

cohort. Baseline clinical manifestations, relapses, end-stage kidney disease (ESKD), and survival were

compared within MPA cases by PR3-ANCA (n ¼ 116) versus MPO-ANCA (n¼ 173) and within GPA cases by

PR3-ANCA (n ¼ 108) versus MPO-ANCA (n ¼ 43). Fisher’s exact test and Wilcoxon two sample test were

used for comparisons. Proportional hazards models were used to evaluate the development of relapses,

ESKD, and death.

Results: Patients with PR3-ANCA MPA were younger (53 years vs. 62 years, P ¼ 0.0007) and had increased

prevalence of joint involvement (56% vs. 40%, P ¼ 0.0115) and ear, nose, and throat (ENT) involvement

(44% vs. 26%, P ¼ 0.002) than MPO-ANCA MPA. Relapses, ESKD, and survival were similar between both

MPA subsets. Within the GPA group, patients with MPO-ANCA GPA were older (61 years vs. 46 years, P ¼
0.0007) and more likely female (56% vs. 35%, P ¼ 0.027) than PR3-ANCA GPA patients. MPO-ANCA GPA

was also characterized by less prevalent ENT manifestations (58% vs. 77%, P ¼ 0.028) and neurologic

manifestations (5% vs. 25%, P ¼ 0.0029), and increased ESKD and mortality.

Conclusions: PR3-ANCA MPA and MPO-ANCA GPA are clinicopathologically distinct subsets of ANCA

vasculitis that differ from MPO-ANCA MPA and PR3-ANCA GPA. Although the impact of these differences

on the clinical management and outcome warrants further evaluation, these results support the recom-

mendation of including both the phenotypic diagnosis and ANCA serotype in the diagnosis of ANCA

vasculitis.
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ANCA are myeloperoxidase and proteinase 3.1 ANCA
vasculitis, the most frequent primary small-vessel
vasculitis in adults, comprises a distinctive group of
multiorgan system diseases characterized by necro-
tizing vasculitis, with few or no immune deposits,
that predominantly affects capillaries, venules, arteri-
oles, and small arteries.1

ANCA vasculitis has 3 major clinicopathologic var-
iants, namely GPA, MPA, and eosinophilic gran-
ulomatosis with polyangiitis (EGPA).1 GPA is
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characterized by vasculitis in addition to extravascular
necrotizing granulomatous inflammation, usually
involving the respiratory tract. Eosinophilic gran-
ulomatosis with polyangiitis has asthma, eosinophilia,
and granulomatous inflammation in addition to vascu-
litis. MPA shares vasculitic clinical and pathological
features with the other ANCA vasculitides but lacks
granulomatous inflammation, asthma, or eosinophilia.1

Although either ANCA specificity can occur in any
clinicopathologic phenotype, GPA is primarily associ-
ated with PR3-ANCA (69%�88% of cases) in White
populations, whereas antibodies against MPO are pre-
dominantly detected in MPA (47%�96%).2–9 In
contrast, MPO-ANCA are the most common type of
ANCA identified in China and Japan, irrespective of
clinical diagnosis.10

Clinical, epidemiologic, genetic, and experimental
evidence suggest that ANCA serotype may determine
distinct but overlapping clinical and pathologic fea-
tures of ANCA vasculitis.11 Previous studies have
shown that the ANCA antigen specificity is predic-
tive of significant differences in both clinical mani-
festations and outcome of affected patients as follows:
PR3-ANCA is associated with a higher prevalence of
ophthalmologic and ENT symptoms, increased risk of
relapse, and better response to rituximab-based
induction therapy.3,11–23 In contrast, MPO-ANCA
is associated with an elevated frequency of kidney
involvement and development of chronic kidney
disease and pulmonary fibrosis.3,11–23 Further,
candidate gene approaches and large genome-wide
association studies have revealed that ANCA vascu-
litis has a heterogenic genetic background, with PR3-
ANCA vasculitis associated with polymorphisms in
the human leukocyte antigen-DP region, SERPINA1,
and PRTN3 genes; and MPO-ANCA disease associ-
ated with distinct human leukocyte antigen-DQ
variants.24,25

Though a large number of studies have demon-
strated that MPO-ANCA and PR3-ANCA vasculitis
have substantial clinical differences,3,11–23 scarce evi-
dence exists on the categorization of differences based
on serotype within a specific clinicopathologic cate-
gory. Thus, data on the less common subgroups PR3-
ANCA MPA and MPO-ANCA GPA is limited. In
North American and European cohorts, PR3-ANCA is
found in 0% to 28% of MPA patients7–10,26 whereas
MPO-ANCA rarely occurs in GPA (2%�9%).2–4,7,27–30

The characterization of particular ANCA vasculitis
subsets based on phenotypic characteristics and ANCA
serotype could be of relevance to improve patient care
and prognosis. Anticipating different propensities for
specific organ manifestations and complications, or
predicting treatment response and long-term course,
Kidney International Reports (2022) 7, 2676–2690
could result in more individualized targeted therapy.
In addition, this information could facilitate the design
of clinical trials, epidemiological studies, or trans-
lational research aimed to obtain a better understand-
ing of ANCA vasculitis pathophysiology.

In the present study we tested the hypothesis that
ANCA specificity determines distinctive subsets in
MPA and GPA showing that PR3-ANCA MPA and
MPO-ANCA GPA were associated with distinct clinical
characteristics and outcome; thus, allowing their dif-
ferentiation from the more traditional MPO-ANCA
MPA and PR3-ANCA GPA. To this purpose, we
analyzed the initial organ involvement and long-term
outcome, including relapse rate, ESKD, and death in
these specific subgroups in a large inception cohort of
ANCA vasculitis patients. Our results potentially
challenge the concept of categorization of ANCA
vasculitis patients exclusively based on ANCA speci-
ficity or clinicopathologic phenotype and support the
relevance of including both in the diagnosis of ANCA
vasculitis.
METHODS

Study Population

Clinical data from subjects enrolled in the GDCN ANCA
inception cohort were analyzed in this study. The
GDCN is a longitudinal, glomerular disease patient
registry and biobank repository that has been ongoing
for more than 35 years with patients primarily from
southeastern United States. The GDCN primarily
identifies patients diagnosed by a renal biopsy evalu-
ated by the University of North Carolina neph-
ropathology service. This includes patients evaluated
and followed at University of North Carolina hospitals,
which constitute approximately 60% of the GDCN
cohort, and from private practice nephrologists.
Methods for identification and enrollment of patients
have been previously reported.20 Subjects were eligible
for this retrospective cohort study based on the
following criteria: (i) had biopsy-proven small vessel
vasculitis or pauci-immune glomerulonephritis diag-
nosed between June 1970 and December 2015 and (ii)
had a positive ANCA test with specificity to PR3 or
MPO detected by enzyme-linked immunosorbent
assay. Participants with eosinophilic granulomatosis
with polyangiitis, those with ANCA determined only
by immunofluorescence microscopy (c-ANCA or p-
ANCA), and patients with kidney-limited vasculitis
(pauci-immune necrotizing crescentic glomerulone-
phritis without overt signs of systemic vasculitis)1 were
excluded, as were cases with double positive ANCA
(Figure 1). The study was approved by the University
of North Carolina Institutional Review Board.
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Figure 1. Flow diagram of the study cohort. ANCA, Antineutrophil cytoplasmic autoantibodies; eosinophilic granulomatosis with polyangiitis,
eosinophilic granulomatosis with polyangiitis; ESKD, end-stage kidney disease; GDCN, glomerular disease collaborative network; GMN,
glomerulonephritis; IIF, indirect immunofluorescence; MPO, myeloperoxidase; PR3, proteinase 3.
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Definitions and Outcome Measures

Clinicopathologic phenotype (GPA and MPA) was
established on an ongoing basis according to the Chapel
Hill Consensus Conference nomenclature.1,31 Disease
classification is rendered at a specific moment and may
change over time as disease develops, for example,
from MPA to GPA phenotype. Therefore, patients
included in the GDCN cohort are prospectively fol-
lowed from the time of diagnosis and records are
reviewed approximately annually to maintain updated
information on phenotypes and outcomes. GPA was
defined by the presence of necrotizing granulomatous
inflammation in any tissue by histology, and/or imag-
ing showing pulmonary noninfectious nodules or
cavities and/or invasive bony disease, mass lesions in
the paranasal sinuses, pansinusitis and/or subglottic
stenosis in the upper respiratory tract whereas MPA
was considered to be present in patients with biopsy-
proven small-vessel vasculitis without evidence of
granulomatous inflammation or asthma.5,20,32 Disease
subsets were categorized within each major clinical
phenotype based on ANCA reactivity, (e.g., PR3-ANCA
MPA or MPO-ANCA MPA). Baseline clinical manifes-
tations, initial response to treatment, and long-term
outcome were compared between those with MPO-
ANCA and PR3-ANCA within the same clinical
phenotype (Figure 1). Clinical manifestations and
2678
outcome were recorded by review of medical records.
Initial organ involvement included the presence of
upper and lower respiratory tract disease; muscle and
joint manifestations; cutaneous vasculitis; and eye,
peripheral nervous system, gastrointestinal, and kid-
ney involvement, as previously described.5,20,32 Radi-
ology reports from pulmonary and paranasal sinuses
evaluations made by conventional radiography or
computed tomography scan were included. Peak serum
creatinine level was defined as the highest measure-
ment at the time of diagnosis before the start of treat-
ment. Kidney histopathology parameters such as
glomerular necrosis, glomerular sclerosis, or interstitial
fibrosis, scored semiquantitatively from 0 (none) to 4
(severe), were recorded when biopsy reports were
available.

Primary clinical outcomes included relapse rate,
ESKD, treatment resistance, and patient survival.
Definitions of remission, relapse, and treatment
resistance have been previously described.33

Briefly, remission was considered as the absence
of dysmorphic red blood cells and red blood cell
casts on microscopic urinalysis and no evidence of
vasculitic lesions or manifestations in any organ.
The term remission on therapy was used when
remission was maintained with immunosuppressive
drugs or prednisone at a dose of >7.5 mg per day.
Kidney International Reports (2022) 7, 2676–2690



Table 1. Detailed baseline clinical manifestations among microscopic with polyangiitis patients according to ANCA specificity (n ¼ 289)
Variable PR3-ANCA MPA (n [ 116) MPO-ANCA MPA (n [ 173) P valuea

Age at diagnosis, median (IQR), yr 53 (39–65) 62 (50–71) 0.0007

Female, no. (%) 48 (41) 90 (52) 0.0925

Initial manifestations

Lung involvement, no. (%) 67 (58) 99 (57) 1.0000

Pulmonary infiltrates, no. (%) 47 (41) 62 (36) 0.4584

Pulmonary nodules, no. (%) 0 (0) 0 (0) NA

Pulmonary cavitations, no. (%) 0 (0) 0 (0) NA

ENT involvement, no. (%) 51 (44) 45 (26) 0.0021

Clinical sinusitis, no. (%) 32 (28) 28 (16) 0.026

Radiology sinusitis, no. (%) 9 (8) 5 (3) 0.0905

Nose/oral ulcers, no. (%) 11 (9) 10 (6) 0.2543

Otitis media, no. (%) 14 (12) 9 (5) 0.0452

Articular involvement, no. (%) 65 (56) 70 (40) 0.0115

Gastrointestinal involvement, no. (%) 14 (12) 21 (12) 1.0000

Nervous system involvement, no. (%) 20 (17) 23 (13) 0.4005

Skin involvement, no. (%) 32 (28) 45 (26) 0.7872

Eye involvement, no. (%) 9 (8) 8 (5) 0.3118

Kidney involvement, no. (%) 111 (96) 172 (99) 0.04

Peak entry creatinine, median (IQR), mg/dl 3 (2–6) 4 (2–6) 0.1283

Acute dialysis at disease onset, no. (%) 15 (13) 17 (10) 0.4473

Histological parameters on kidney biopsy
bCrescents percentage, median (IQR) 40 (20–80) 31 (15–60) 0.2169
cGlomerular necrosis, median (IQR) 2 (1–2) 1 (1–2) 0.0027
dGlomerular crescents, median (IQR) 2 (1–4) 2 (1–3) 0.0559
eGlomerular sclerosis, median (IQR) 1 (1–2) 1 (1–2) 0.0471
fInterstitial sclerosis, median (IQR) 1 (1–2) 2 (1–2) 0.0314
gCrescent sclerosis, median (IQR) 1 (0–1) 1 (0–2) 0.0206

Number of affected organs, median (IQR) 3 (2–4) 3 (2–4) 0.003

Induction therapy

Methylprednisolone bolus, no. (%) 78 (67) 121 (70) 0.6977

Prednisone, no. (%) 105 (91) 161 (93) 0.5077

Cyclophosphamide, no. (%) 98 (84) 144 (83) 0.8713

Prednisone and cyclophosphamide, no. (%) 112 (97) 168 (97) 1.0000

Plasma exchange, no. (%) 31 (27) 39 (23) 0.484

Rituximab, no. (%) 4 (3) 12 (7) 0.2948

Response to initial induction therapy

Complete remission off therapy, no. (%) 41 (38) 82 (50) 0.1287

Remission sustained with therapy, no. (%) 46 (43) 54 (33)
Therapy resistant, no. (%) 17 (16) 27 (16)

ANCA, antineutrophil cytoplasmic autoantibody; ENT, ear, nose and throat; IQR, interquartile range; MPA, microscopic polyangiitis; MPO, myeloperoxidase; NA, not applicable; PR3,
proteinase 3.
aP-values were calculated using Fisher exact test for categorical variables and Wilcoxon two sample test for continuous variables.Number of available kidney biopsy reports for MPO-
MPA and PR3-MPA:
b135 and 91.
c104 and 70.
d96 and 65.
e109 and 73.
f93 and 65.
g107 and 71, respectively.
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Treatment resistance was recorded when persistence
or new appearance of any extrarenal manifestation of
vasculitis despite immunosuppressive therapy and/or
progressive decline in kidney function in the setting
of active urinary sediment were present; this was
determined at least 1 month after the start of treat-
ment. Relapse was defined as the reactivation of
vasculitis in any organ system occurring after a period
of remission that was severe enough to warrant an
adjustment in therapy. Persistent proteinuria alone
was not considered indicative of active disease. ESKD
Kidney International Reports (2022) 7, 2676–2690
was defined as the need for permanent kidney
replacement therapy or transplantation. Death from
any cause was noted.

Standard remission induction therapy typically
included 3 daily pulses of methylprednisolone (7 mg/
kg of body weight per day) followed by daily oral
prednisone (1 mg/kg/day for the first month), which
was tapered over 3 to 4 months. Cyclophosphamide
was administered by intravenous pulse (0.5 to 1 g/m2

per month) or orally (1 to 2 mg/kg per day). Rituximab
was used at a dose of 375 mg/m2 per week for 4
2679



Table 2. Long-term outcome of microscopic with polyangiitis and granulomatosis with polyangiitis patients according to ANCA specificity

Outcome

Microscopic with polyangiitis Granulomatosis with polyangiitis

PR3-ANCA (n [ 116) MPO-ANCA (n [ 173) P valuea MPO-ANCA (n [ 43) PR3-ANCA (n [ 108) P valuea

Follow-up, months, median (IQR) 35 (10–84) 37 (13–75) 0.8575 38 (14–102) 61 (24–131) 0.0298

Relapse, no. (%) 51 (44) 63 (36) 0.2203 20 (47) 72 (67) 0.0270

Number of relapses

0 61 (53) 107 (62) 0.1366 21 (49) 31 (29) 0.0721

1 29 (25) 42 (24) 8 (19) 30 (28)

>1 26 (22) 24 (14) 14 (33) 47 (44)

End-stage kidney disease, no. (%) 33 (28) 47(27) 0.8934 17 (40) 20 (19) 0.0111

Dead, no. (%) 35 (30) 63 (36) 0.3111 13 (30) 17 (16) 0.0687

ANCA, antineutrophil cytoplasmic autoantibody; IQR, interquartile range; MPO, myeloperoxidase; PR3, proteinase 3.
aP-values were calculated using Fisher exact test for categorical variables and Wilcoxon two sample test for continuous variables.

CLINICAL RESEARCH MA Alba et al.: PR3-ANCA MPA and MPO-ANCA GPA
weeksor 1 gm q14d x2. Plasmapheresis was added for
patients with severe kidney failure or diffuse alveolar
hemorrhage.

Statistical Analysis

Descriptive statistics are presented as median with
interquartile range for continuous variables and as
percentage for qualitative data. Comparisons between
ANCA subgroups were performed by using Fisher’s
exact tests for qualitative variables and Wilcoxon two-
sample test for continuous measures. Kaplan Meier es-
timates with Log-Rank test were used for comparing
ESKD, patient survival, and relapses curves between
ANCA subgroups; P values were calculated and
adjusted by the �Sidák correction for multiple compar-
isons of Kaplan Meier curves. Proportional hazards
models were used to evaluate hazard ratios (HRs) for
the development of relapses, ESKD, and death after
controlling for age, sex, lung and ENT involvement,
maximum creatinine at diagnosis, and induction ther-
apy with cyclophosphamide. Analyses were performed
using SAS statistical software, version 9.4 (SAS Insti-
tute, Inc., Cary, North Carolina, USA).

RESULTS

A total of 707 patients with ANCA vasculitis were
identified as eligible for this study. Of those, 440 cases
fulfilled the inclusion criteria and were included in the
final analysis (Figure 1).

MPA

The analyzed sample consisted of 289 MPA patients,
47% female, with a median age at diagnosis of 59
(interquartile range 39–71) years. MPO-ANCA and
PR3-ANCA were positive in 59% and 41% of the study
population, respectively. Demographic characteristics
and a detailed description of major organ involvement
are shown in Table 1.

Baseline Organ Involvement and Response to

Treatment According to ANCA Specificity
2680
Comparison of PR3-ANCA-positive MPA (n ¼ 116)
with the most common MPO-ANCA MPA subset (n ¼
173) disclosed several differences. PR3-ANCA patients
were significantly younger and had a higher frequency
of articular and ENT manifestations such as sinusitis
and otitis media) (Table 1). MPA individuals with anti-
PR3 ANCA had less conspicuous glomerular and
interstitial sclerosis but increased glomerular necrosis.
No significant differences were found regarding in-
duction immunosuppressive therapy or initial response
to treatment (Table 1).

Clinical Outcomes of Interest

Anti-MPO and anti-PR3 ANCA MPA patients had
similar frequencies of relapses, ESKD, and survival rate
(Table 2, Figure 2). Multivariable analysis (Table 3)
showed that ANCA serotype was not associated with
any of the selected outcomes of interest. In contrast,
lung involvement (HR 2.21, 95% confidence interval
[CI] 1.35�3.59), peak creatinine at diagnosis (HR 1.23,
95% CI 1.18�1.29), and use of cyclophosphamide (HR
0.45, 95% CI 0.25�0.82) predicted ESKD; whereas age
at disease diagnosis (HR 1.03, 95% CI 1.01�1.05),
pulmonary disease (HR 1.96, 95% CI 1.26�3.06),
maximum level of creatinine (HR 1.07, 95% CI
1.02�1.13), and use of cyclophosphamide (HR 0.49,
95% CI 0.30�0.80) influenced patient survival. None of
the analyzed variables was associated with disease
flares.

Although a comparison between PR3-ANCA MPA
and PR3-ANCA GPA was not the main objective of this
study (for detailed characteristics see Supplementary
Tables S1 and S2), PR3-ANCA MPA patients were
older and had a significantly lower prevalence of pul-
monary and ENT involvement, but higher frequency
and severity of kidney disease than PR3-ANCA GPA
patients. In addition, PR3-ANCA MPA was associated
with lower prevalence of relapses and higher mortality
rate than PR3-ANCA GPA. Moreover, as previously
reported,34,35 MPA patients showed higher degrees of
Kidney International Reports (2022) 7, 2676–2690



Figure 2. (a) Probability of survival without death, (b) end-stage kidney disease, and (c) relapse among MPA and GPA patients according to
ANCA specificity. Log-rank test for comparison between MPO and PR3 positive patients within each major clinicopathologic phenotype is
shown. The numbers represent the number of patients being followed in each subgroup during 120 months. P-values were adjusted for multiple
comparisons with the �Sidák correction. *Significant statistical comparisons between MPA versus GPA include: (a) Death, (continued)
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kidney involvement than those with GPA, with a
stepwise increase in rates of frequency in our GDCN
cohort with classic PR3-ANCA GPA having the lowest
frequency (83%), followed by MPO-ANCA GPA
(93%), PR3-ANCA MPA (96%), and MPO-ANCA MPA,
which exhibited the highest prevalence (99%).

GPA

A total of 151 GPA patients, 41% female, with a median
age at diagnosis of 48 (interquartile range 34.5�63)
years were analyzed. MPO-ANCA and PR3-ANCA
tested positive in 29% and 71% of the cases,
respectively.

Baseline Organ Involvement and Response to

Treatment According to ANCA Specificity

Among patients with GPA, classification on the basis of
major ANCA antigen specificity showed that compared
with the more common PR3-ANCA-GPA subset (n ¼
108), the less common MPO-ANCA patients (n ¼ 43)
were significantly older at the time of diagnosis and
were more likely to be female (Table 4). Clinical man-
ifestations that characterized MPO-ANCA GPA
included a lower prevalence of ENT and nervous sys-
tem symptoms (Table 4). Regarding kidney disease, we
found a similar prevalence in both ANCA serotypes;
however, score for glomerular sclerosis was signifi-
cantly higher in biopsy specimens of MPO-ANCA GPA
individuals (Table 4). Globally, the number of affected
organs at the time of diagnosis was lower in MPO-
ANCA patients (median 3 vs. 4 in PR3-ANCA GPA,
P ¼ 0.01). As for induction therapy, cyclophosphamide
was used more frequently in the PR3-ANCA subgroup,
probably as a consequence of the more widespread
extrarenal involvement usually associated with this
ANCA serotype. More patients in the MPO-ANCA GPA
group were considered resistant to initial treatment
(Table 4).

Clinical Outcomes of Interest

The anti-MPO ANCA subgroup progressed more
frequently to ESKD and showed an increased mortality
than those with PR3-ANCA-positive antibodies
(Table 2 and Figure 2). Proportional hazards models
(Table 3) showed that maximum creatinine level at
diagnosis (HR 1.31, 95% CI 1.12�1.52) predicted re-
lapses; whereas ENT involvement (HR 0.43, 95% CI
0.19�0.97), peak creatinine at diagnosis (HR 1.44, 95%
CI 1.30�1.59), and cyclophosphamide administration
(HR 0.22, 95%CI 0.05-0.96) significantly influenced
ESKD development. Age at diagnosis (HR 1.07, 95% CI
Figure 2. (continued) PR3-ANCA MPA vs. PR3-ANCA GPA, P ¼ 0.0121; MPO
ANCA MPA vs. PR3-ANCA GPA, P ¼ 0.0139. ANCA, antineutrophil cytopla
giitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase; ns, nonsign
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1.04�1.10) was the only predictor variable of patient
survival.

Supplementary Tables S2 and S3 show the compar-
ison between MPO-ANCA GPA and the MPO-ANCA
MPA. MPO-ANCA GPA patients exhibited a higher
prevalence of ENT and pulmonary involvement, had a
lower frequency of kidney involvement and relapsed
multiple times more frequently than MPO-ANCA MPA
subjects. Overall, patients with GPA had higher de-
grees of lung involvement compared to MPA34,35 with
frequencies of approximately 80% versus 60%,
respectively. Similarly, ENT disease was predomi-
nantly found in GPA irrespective of the ANCA sero-
type, that is, 58% for MPO-ANCA and 77% for PR3-
ANCA versus 26% and 44% for MPO-ANCA and
PR3-ANCA patients with MPA, respectively.
DISCUSSION

The present study is a detailed analysis of one of the
largest cohorts of PR3-ANCA MPA ever described and
one of the very few that investigated not only the
spectrum of organ involvement but also the prognosis
of the 2 less common subsets of ANCA vasculitis PR3-
ANCA MPA and MPO-ANCA GPA. Our results
demonstrated that in comparison with MPO-ANCA
MPA cases, PR3-ANCA individuals were significantly
younger, had a higher frequency of articular involve-
ment and ENT symptoms and exhibited a lower
prevalence of chronic histopathologic kidney lesions.
Second, we contribute to the characterization of MPO-
ANCA GPA (Table 5) by showing that, in comparison
with PR3-ANCA GPA vasculitis, these patients were
usually older and female, with lower frequencies of
ENT and nervous system involvement but higher
prevalence of glomerular sclerosis on kidney biopsies.
More importantly, MPO-ANCA GPA progressed more
frequently to ESKD and had a higher mortality than
those with PR3-ANCA GPA. These data contribute to
the limited information regarding the most uncommon
subsets of ANCA disease and suggest that categoriza-
tion of ANCA vasculitis by combining both phenotype
and ANCA serotype, rather than the classical di-
chotomy of GPA/MPA or PR3-ANCA/MPO-ANCA,
might better identify distinct subgroups with clinical
and prognostic relevance.

How to best subclassify patients with ANCA
vasculitis has been a long-standing debate. Traditional
classification of clinicopathologic diagnoses of GPA,
-ANCA MPA vs. PR3-ANCA GPA, P ¼ 0.001 and (b) Relapses: MPO-
smic autoantibody; Dx, diagnosis; GPA, granulomatosis with polyan-
ificant; PR3, proteinase 3.

Kidney International Reports (2022) 7, 2676–2690



Table 3. Proportional hazards models for relapse, ESKD
development, and mortality among MPA and GPA patients
according to ANCA specificity

Microscopic polyangiitis (PR3-ANCA MPA vs. MPO-ANCA MPA)

Variables

HRs of relapse HR (95% CI) P value

ANCA specificity (PR3 vs. MPO) 1.32 (0.88–1.97) 0.1748

Age 0.99 (0.98–1.00) 0.234

Sex (Female vs. Male) 1.42 (0.96–2.09) 0.0819

Lung involvement (Yes vs. No) 1.09 (0.74–1.61) 0.6695

Upper respiratory tract involvement (Yes vs. No) 1.08 (0.71–1.62) 0.7269

Maximum creatinine at diagnosis 0.97 (0.90–1.04) 0.4022

Cyclophosphamide (Yes vs. No) 0.71 (0.42–1.22) 0.2197

HRs of ESKD

ANCA specificity (PR3 vs. MPO) 1.01 (0.63–1.62) 0.9637

Age 1.00 (0.99–1.02) 0.7902

Sex (Female vs. Male) 1.11 (0.71–1.75) 0.6392

Lung involvement (Yes vs. No) 2.21 (1.35–3.59) 0.0015

Upper respiratory tract involvement (Yes vs. No) 1.00 (0.60–1.67) 0.9937

Maximum creatinine at diagnosis 1.23 (1.18–1.29) <0.0001

Cyclophosphamide (Yes vs. No) 0.45 (0.25–0.82) 0.0095

HRs of death

ANCA specificity (PR3 vs. MPO) 1.13 (0.74–1.74) 0.5714

Age 1.03 (1.01–1.05) 0.0001

Sex (Female vs. Male) 0.93 (0.62–1.40) 0.729

Lung involvement (Yes vs. No) 1.96 (1.26–3.06) 0.0028

Upper respiratory tract involvement (Yes vs. No) 1.29 (0.82–2.03) 0.2712

Maximum creatinine at diagnosis 1.07 (1.02–1.13) 0.0102

Cyclophosphamide (Yes vs. No) 0.49 (0.30–0.80) 0.0039

Granulomatosis with polyangiitis (MPO-ANCA GPA vs. PR3-ANCA GPA)

HRs of Relapse HR (95% CI) P value

ANCA specificity (PR3 vs. MPO) 0.65 (0.24–1.75) 0.3887

Age 1.01 (0.99–1.04) 0.3326

Sex (Female vs. Male) 0.54 (0.17–1.65) 0.2775

Lung involvement (Yes vs. No) 2.41 (0.60–9.71) 0.2174

Upper respiratory tract involvement (Yes vs. No) 0.53 (0.20–1.41) 0.2018

Maximum creatinine at diagnosis 1.31 (1.12–1.52) 0.0005

Cyclophosphamide (Yes vs. No) 0.38 (0.07–2.15) 0.2768

HRs of ESKD

ANCA specificity (PR3 vs. MPO) 0.50 (0.24–1.03) 0.0593

Age 1.02 (1.00–1.04) 0.0675

Sex (Female vs. Male) 0.51 (0.23–1.12) 0.0911

Lung involvement (Yes vs. No) 2.74 (0.83–9.03) 0.0976

Upper respiratory tract involvement (Yes vs. No) 0.43 (0.19–0.97) 0.0417

Maximum creatinine at diagnosis 1.44 (1.30–1.59) <0.0001

Cyclophosphamide (Yes vs. No) 0.22 (0.05–0.96) 0.0443

HRs of death

ANCA specificity (PR3 vs. MPO) 0.83 (0.37–1.85) 0.6454

Age 1.07 (1.04–1.10) <0.0001

Sex (Female vs. Male) 1.23 (0.55–2.74) 0.6181

Lung involvement (Yes vs. No) 0.79 (0.24–2.63) 0.6993

Upper respiratory tract involvement
(Yes vs. No)

1.45 (0.62–3.35) 0.3906

(Continued)

Table 3. (Continued) Proportional hazards models for relapse, ESKD
development, and mortality among MPA and GPA patients
according to ANCA specificity

Granulomatosis with polyangiitis (MPO-ANCA GPA vs. PR3-ANCA GPA)

HRs of Relapse HR (95% CI) P value

Maximum creatinine at diagnosis 1.12 (1.00–1.26) 0.0573

Cyclophosphamide (Yes vs. No) 1.12 (0.20–6.43) 0.8995

ANCA, antineutrophil cytoplasmic autoantibody; CI, confidence interval; ESKD, end-
stage kidney disease; GPA, granulomatosis with polyangiitis; HR, hazard ratio; MPA,
microscopic polyangiitis; MPO, myeloperoxidase; PR3, proteinase 3.
HRs and 95% CIs are shown.
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MPA, or eosinophilic granulomatosis with polyangiitis
or more recently according to ANCA specificity have
demonstrated that ANCA subclasses may be associated
with different geographic distribution, unique genetic
background, a particular cytokine profile, and distinct
organ predilection and outcome.15,22,42,43 A novel
alternative approach that has been proposed for
improving classification and diagnosis of ANCA
vasculitis is the use of cluster analysis, a powerful
exploratory technique, or using an artificial neural
network,44–46 although confirmation of biological and
clinical relevance of the resulted subclasses of ANCA
vasculitis are still needed.

MPO-ANCA antibodies have been associated with
female predominance, older age at diagnosis, pulmo-
nary fibrosis, more frequent and more severe kidney
disease, and worse outcome, (i.e., common progression
to ESKD), frequent failure to obtain complete remission,
and in some studies, higher mortality.3,11–23 In agree-
ment, we found than MPO-ANCA patients were pre-
dominantly female and older (61 years for MPO-ANCA
GPA and 62 years for MPO-ANCA MPA) than PR3-
ANCA cases (46 years and 53 years for GPA and
MPA, respectively). Similarly, our results are in line
with previous studies showing that patients with PR3-
ANCA vasculitis usually have a higher prevalence of
lung cavities, destructive ENT lesions, ocular disease,
and nervous system involvement (17% and 25% in
PR3-ANCA GPA and MPA, respectively vs. 5% and
13% in MPO-ANCA GPA and MPA, in our series).
PR3-ANCA patients also show more widespread
extrarenal organ disease, more frequent relapses, and
better response to induction with rituximab.3,11–23

Of relevance, these differences have led some au-
thors to suggest that classification of patients exclu-
sively according to ANCA specificity could be
sufficient for the diagnosis and treatment of ANCA
vasculitides.47 Nevertheless, evidence from the present
study and other recent publications suggest that
stratification according to clinicopathologic phenotype
in combination with ANCA serotype may provide
additional and complementary information useful in
2683



Table 4. Detailed baseline clinical manifestations among granulomatosis with polyangiitis patients according to ANCA specificity (n ¼ 151)
Baseline clinical manifestation MPO-ANCA GPA (n [ 43) PR3-ANCA GPA (n [ 108) P valuea

Age at diagnosis, median (IQR), yr 61 (44–72) 46 (30–61) 0.0007

Female, no. (%) 24 (56) 38 (35) 0.0275

Granulomatosis, no. (%) 13 (30) 44 (41) 0.2672

Initial manifestations

Lung involvement, no. (%) 34 (79) 86 (80) 1.0000

Pulmonary infiltrates, no. (%) 20 (47) 40 (37) 0.3571

Pulmonary nodules, no. (%) 22 (51) 46 (43) 0.3688

Pulmonary cavitations, no. (%) 6 (14) 28 (26) 0.1338

ENT involvement, no. (%) 25 (58) 83 (77) 0.0281

Clinical sinusitis, no. (%) 14 (33) 55 (51) 0.0475

Radiology sinusitis, no. (%) 9 (21) 34 (31) 0.2336

Nose/oral ulcers, no. (%) 8 (19) 23 (21) 0.8251

Otitis media, no. (%) 6 (14) 28 (26) 0.1338

Bone erosion/destruction, no. (%) 4 (9) 11(10) 1.0000

Subglottic stenosis, no. (%) 3 (7) 9 (8) 1.0000

Articular involvement, no. (%) 18 (42) 61 (56) 0.1483

Gastrointestinal involvement, no. (%) 7 (16) 8 (7) 0.1309

Nervous system involvement, no. (%) 2 (5) 27 (25) 0.0029

Skin involvement, no. (%) 8 (19) 36 (33) 0.0780

Eye involvement, no. (%) 5 (12) 17 (16) 0.6160

Kidney involvement, no. (%) 40 (93) 90 (83) 0.1909

Peak entry creatinine, median (IQR), mg/dl 3 (1–6) 2 (1–4) 0.0839

Acute dialysis at disease onset, no. (%) 5 (12) 13 (12) 1.0000

Histological parameters on kidney biopsy
bCrescents percentage, median (IQR) 25 (20–58) 30 (8–55) 0.1788
cGlomerular necrosis, median (IQR) 2 (1–3) 2 (1–2) 0.267
dGlomerular crescents, median (IQR) 2 (1–4) 1 (1–2) 0.0569
eGlomerular sclerosis, median (IQR) 2 (1–2) 1 (0–2) 0.0126
fInterstitial sclerosis, median (IQR) 2 (1–2) 1 (1–2) 0.0846
gCrescent sclerosis, median (IQR) 1 (0–2) 0 (0–2) 0.0595

Number of affected organs, median (IRQ) 3 (2–4) 4 (3–5) 0.0109

Induction therapy

Methylprednisolone bolus, no. (%) 33 (77) 69 (64) 0.1772

Prednisone, no. (%) 41 (95) 105 (97) 0.6234

Cyclophosphamide, no. (%) 34 (79) 98 (91) 0.0001

Prednisone and cyclophosphamide, no. (%) 42 (98) 108 (100) 0.2848

Plasma exchange, no. (%) 11 (26) 20 (19) 0.3742

Rituximab, no. (%) 3 (7) 17 (16) 0.1899

Response to initial induction therapy

Complete remission off therapy, no. (%) 16 (38) 38 (37) 0.0160

Remission sustained with therapy, no. (%) 16 (38) 57 (56)

Therapy resistant, no. (%) 9 (21) 7 (7)

ANCA, antineutrophil cytoplasmic autoantibody; ENT, ear, nose and throat; IQR, interquartile range; MPO, myeloperoxidase; PR3, proteinase 3.
aP-values were calculated using Fisher exact test for categorical variables and Wilcoxon two sample test for continuous variables. Number of available kidney biopsy reports for MPO-
GPA and PR3-GPA:
b32 and 56,
c19 and 45,
d17 and 46,
e20 and 48,
f18 and 46,
g20 and 48, respectively.
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the management of these systemic autoimmune
diseases.37,38

MPA has been traditionally associated with MPO-
ANCA, because only 0% to 28% of patients tested
positive for PR3-ANCA in former series.7–10,26 Among
MPA patients, PR3-ANCA patients are rare in clinical
practice; thus, only 1 previous study has described the
characteristics of this ANCA subset.39 In this
2684
publication,39 the only difference in clinical presenta-
tion between MPA patients with PR3-ANCA (n ¼ 13)
and MPO-ANCA (n ¼ 43) antibodies was a lower
prevalence of lung involvement in the PR3-ANCA
subset. In contrast, our analysis of 116 patients shows
that in comparison with the traditional MPO-ANCA
MPA, PR3-ANCA subjects were younger, suffered
from ENT symptoms and joint involvement more
Kidney International Reports (2022) 7, 2676–2690



Table 5. Characteristics of MPO-ANCA GPA patients in diverse international patient series
Feature MPO-ANCA GPA vs. PR3-ANCA GPA MPO-ANCA GPA vs. MPO-ANCA MPA

USA36 Germany37 Germany7 China38 France39 Japan28 Japan29 Japan30 Italy40 France41,a USA36 Germany37 Germany7 China38 France39 Italy40

MPO-ANCA GPA (n) 33 59 7 124 20 17 6 8 23 119

Center Clinical trials Rheumatology Rheumatology Nephrology Internal medicine/
Nephrology

Rheumatology Respiratory Rheumatology Rheumatology Multicentre

Classification criteria ACR EMA algorithm ACR
CHCC

CHCC
EMA algorithm

CHCC
EMA algorithm

EMA algorithm EMA algorithm EMA algorithm EMA algorithm ACR

Age ¼ Matched NS ¼ ¼ [ ¼ [ ¼ [ Y Y NS ¼ ¼ Y

Female [ Matched [ [ [ [ [ ¼ ¼ [ ¼ [ NS ¼ [ ¼
Manifestations

Lung ¼ Y ¼ ¼ ¼ NS ¼ ¼ ¼ ¼ ¼ ¼ NS ¼ ¼ ¼
Kidney ¼ Y Y ¼ ¼ ¼ ¼ ¼ ¼ [ Y Y Y ¼ ¼ Y

ENT ¼ ¼ ¼ ¼ ¼ [ ¼ Y ¼ ¼ [ [ [ [ [ [

Skin ¼ NS NS Y ¼ NS ¼ ¼ ¼ Y ¼ NS NS ¼ ¼ ¼
Joints NS NS NS Y ¼ NS ¼ NS ¼ Y NS NS NS ¼ ¼ ¼
Eye ¼ ¼ Y Y NS ¼ ¼ [ ¼ Y ¼ ¼ NS [ ¼ ¼
Gastrointestinal ¼ ¼ NS ¼ NS NS NS NS ¼ ¼ ¼ ¼ NS ¼ NS ¼
Heart ¼ ¼ NS NS NS ¼ NS NS NS ¼ ¼ ¼ NS NS NS NS

Nervous system ¼ ¼ Y ¼ ¼ [ ¼ ¼ ¼ ¼ ¼ Y NS ¼ ¼ ¼
Outcome

Relapses ¼ ¼ NS ¼ ¼ ¼ Y NS [ ¼ [ NS NS ¼ [ NS

ESKD NS Y NS Y ¼ Y NS NS ¼ NS NS Y NS [ ¼ ¼
Mortality NS NS NS NS Y ¼ NS NS [ Y NS NS NS NS Y NS

ACR, 1990 American College of Rheumatology classification criteria; ANCA, antineutrophil cytoplasmic autoantibody; CHCC, Chapel Hill Consensus Conference; Downward arrows, decreased frequency; ENT, ear, nose and throat; EMA, European
Medicines Agency; ESKD, end-stage kidney disease; MPA, microscopic polyangiitis; MPO, myeloperoxidase; NS, not specified; PR3, proteinase 3; Upward arrows, increased frequency.
aIn this particular study, 41 comparison included MPO-ANCA GPA vs. PR3-ANCA þ ANCA-negative GPA patients.
Differences based on significant statistical differences reported in each study.
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frequently, and had a higher prevalence of glomerular
necrosis (but lower glomerular sclerosis). Though these
patients behave similarly to the prototypical MPA
cases described in other cohorts where major clinical
features include kidney (79%�98% of cases) and
pulmonary disease (25%�53%)7–10,26; the younger age
at diagnosis and the increased prevalence of ENT
symptoms more closely resembled that reported in GPA
and PR3-ANCA vasculitis.14–16,18 In previous studies,
upper respiratory tract involvement was described
only in 0% to 20% of MPA patients,7–10,26,39,48 which
markedly contrast with the 44% observed in our
population. Although ENT manifestations such as
sinusitis, otitis media, epistaxis, or rhinitis have never
been emphasized as part of MPA phenotype, available
information shows that these symptoms may be
observed both at initial presentation and during re-
lapses48; and in contrast to GPA, lesions tend to be mild
and not destructive in nature.9,48 Our findings are
consistent with previous publications showing that
PR3-ANCA usually has more active histopathologic
kidney lesions such as glomerular necrosis, whereas
MPO-ANCA has more chronic glomerular injury.16,49,50

Despite differences in initial presentation, our group
and others39 were unable to show significant differ-
ences in the outcome of MPA patients based on their
ANCA reactivity. This could be probably related to the
fact that 2 of our clinical outcomes of interest, ESKD
and mortality, are heavily influenced by kidney
involvement,32 which was highly prevalent in our
population. Interestingly, as in other series,20,32 our
multivariable analysis showed that use of cyclophos-
phamide was associated with a better renal survival
and patient survival in MPA, although this finding
should be taken cautiously, because our study did not
specifically compare the effect of cyclophosphamide
with other treatment modalities (e.g., rituximab) and
the total number of patients receiving other adjunctive
therapies was small. Still, PR3-ANCA-positive MPA
seems to represent a particular ANCA subset as sug-
gested not only by its differences with MPO-ANCA
MPA cases but also by its differentiation with PR3-
ANCA GPA patients (i.e., older age at diagnosis,
lower prevalence of lung and ENT involvement, higher
proportion of patients with kidney disease, and lower
relapse rate), which is in line with differences reported
in previous publications.39

In addition to the PR3-ANCA-postive MPA subset,
we also analyzed the characteristics of patients diag-
nosed as GPA who were positive for MPO-ANCA, a
particular group that has been recently systematically
studied in several cohorts36–41 and formerly in small
case-series7,28–30 (Table 5). Our results show that MPO-
ANCA GPA patients were older than PR3-ANCA GPA
2686
individuals and that women predominate in this group.
In agreement with these findings, MPO-ANCA cases
have been reported to be older in earlier series of GPA
patients28,30,41 and in studies comparing ANCA speci-
ficity (irrespective of the clinical phenotype).14,15 Also
consistent with our observations, sex differences with
a clear predominance of female patients have been re-
ported consistently in studies detailing the character-
istics of MPO-ANCA GPA vasculitis.7,28–30,36,38,39,41

Regarding clinical manifestations, we found that
ENT and nervous system involvement were less com-
mon in MPO-ANCA GPA than in PR3-ANCA GPA. In
agreement, ENT manifestations as well as peripheral
neuropathy were reported less frequently in MPO-
ANCA GPA cases in some studies7,30 but not in
others,36–38,40,41 some of which have reported an
interesting association of anti-MPO GPA patients and
increased prevalence of subglottic stenosis.37,40 In
addition to different organ involvement, other
distinctive characteristics of MPO-ANCA GPA include
more sclerotic lesions in initial kidney biopsies, higher
prevalence of ESKD, and increased mortality. Although
limited information is available on the prognosis of
patients with GPA and MPO-ANCA, previous publi-
cations have found a similar or even lower prevalence
of ESKD in the this subset,28,37,38 which is surprising
considering that kidney involvement is usually more
frequent and more severe in vasculitis patients with
positive MPO-ANCA antibodies.11–21 In fact, MPO-
ANCA serotype has been consistently associated with
more chronic renal damage and higher progression to
ESKD.16,49,50 With regard of the survival of this
particular subgroup, a previous study reported a
higher mortality rate when compared with PR3-ANCA
GPA, which is in line with our observation.40 Lastly,
although PR3-ANCA have been associated with
increased relapse rate, we and other authors36–39,41

observed a comparable frequency in MPO-ANCA and
PR3-ANCA GPA groups.

It is important to note that although ANCA sero-
type seems to influence GPA phenotype in most re-
ports (Table 5),7,28–30,36–39,41 for example with
differences in demographics and organ involvement,
results from these former studies remain inconsis-
tent.47,51 Though clinical manifestations of MPO-
ANCA and PR3-ANCA GPA patients remained
similar in a monocentric retrospective study (n ¼ 20)39

and in a pooled analysis of 33 patients enrolled in 2
large randomized clinical trials,36 a case-control study
of 59 patients from a single center in Germany37 re-
ported a lower prevalence of lung and kidney disease
with higher frequency of limited vasculitis; whereas
in a Chinese report that included 124 cases, MPO-
ANCA GPA was associated with less articular,
Kidney International Reports (2022) 7, 2676–2690
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cutaneous, and ocular involvement as well as less se-
vere kidney disease.38 In addition, a large multicenter
study from France showed an increased frequency of
kidney disease and lower prevalence of ocular disease,
arthralgia, and palpable purpura in 119 GPA patients
with positive MPO-ANCA.41 Importantly, in these
previous studies the outcome of both serotypes within
GPA patients were similar, which is in contrast to our
observation that MPO-ANCA GPA progressed more
frequently to ESKD and had a higher mortality than
PR3-ANCA GPA.

Discrepancies in these findings are probably
explained by differences47 in geographic and ethnic
factors, because some studies reported on the charac-
teristics of Caucasian and others reported on Asian
populations; the effect of selection criteria, because
some publications derived from randomized clinical
trials whereas others included patients from observa-
tional cohorts; and some series derived from
nephrology units in contrast to rheumatology or in-
ternal medicine departments; and/or differences in
treatment protocols, because glucocorticoid and
immunosuppressive therapies were not uniformly
used. In addition, differences in length of follow-up,
classification schemes, and disease definitions across
the reported studies also contributed to these discrep-
ancies. For example, clinicopathologic phenotype was
either assigned on the basis of the 1990 American
College of Rheumatology criteria, the Chapel Hill
Consensus Conference nomenclature, or the European
Medicines Agency algorithm; all of which have
inherent limitations. The newly released 2022 Amer-
ican College of Rheumatology/European Alliance of
Associations for Rheumatology classification criteria for
ANCA vasculitis should reduce uncertainties concern-
ing the classification of patients in future studies.52,53

Our data and that reported from other cohorts il-
lustrates how ANCA specificity may confer differences
in GPA and MPA phenotype and outcome.36–39,41 How
ANCA serotype influence or dictate clinical phenotype
is currently unknown, although there may be multiple
interrelated pathogenic mechanisms. The nature and
entrance portal of triggering antigens may vary across
serotype and phenotype, for example by bacteria (PR3-
ANCA), silica (MPO-ANCA), or drugs. Differences may
also be driven by genetic abnormalities, overexpression
of MPO and PR3 in specific tissues, and/or MPO-
induced or PR3-induced inflammatory effect and
damage on the endothelium. The ability of the anti-
genic stimuli to be distributed through the body may
differ, as could alterations of natural inhibitors such as
alpha-1 antitrypsin and ceruloplasmin. The presence or
absence of concomitant synergistic inflammation such
as upper respiratory tract infections could also be
Kidney International Reports (2022) 7, 2676–2690
influential. Another consideration is that the charac-
teristics of the pathogenic ANCA autoantibodies, such
as differences in the cytokine pattern induced by each
antibody type or differences in ANCA activating ca-
pacity effector response, may differ; with PR3-ANCA
vasculitis eliciting a more extended immune dysregu-
lation involving antigen-presenting cells and MPO-
ANCA antibodies inducing a more profound proin-
flammatory response.11,25,51,54–58

Strengths of the present study include the evalua-
tion of the largest cohort of PR3-ANCA MPA patients
as well as one of the largest cohorts of MPO-ANCA
GPA. In addition, this is one of the few analyses that
have examined 3 different clinical outcomes relevant
for daily clinical practice, namely relapses, ESKD, and
death in 2 rare ANCA subsets. Finally, because patients
included in the GDCN cohort are followed closely over
time, phenotypes and outcomes were kept updated.

Our study also has certain limitations. The GDCN is
primarily composed of nephrologists and the cohort
was, for the most part, identified by renal biopsies;
therefore, patients without renal involvement may be
underrepresented. Although prevalence of renal
involvement in ANCA has been reported in 75% to
90% of patients,59 and thus our population seems to
represent the overall majority of patients with ANCA
vasculitis, we cannot exclude that subtle differences of
uncommon disease manifestations that might be over-
looked. For example, MPO-ANCA-associated pulmo-
nary fibrosis, a recently and well documented
manifestation of ANCA vasculitis was rarely reported
and not consistently evaluated. In addition, the high
rate of kidney involvement, a well-known prognostic
factor, could have influenced our capacity to identify
very small differences in ESKD development, particu-
larly among those with MPA, of which more than 95%
of patients in each subgroup had renal manifestations.
Other limitations inherent to community-based cohort
studies conducted over a long period of time should be
considered. Over the more than 3 decades in this study
there were changes in treatment protocols and general
variations in patient care patterns, and early tests for
ANCA were not standardized across the entire cohort
(although there is good concordance between earlier
ANCA test methods and the currently available kits60);
also, adoption of novel diagnostic imaging techniques
(e.g., high resolution CT-scans), which could increase
the prevalence of certain pulmonary manifestations.
Further, comparison of our results with selected se-
ries28,37–41 was hindering by the fact that major clinical
phenotypes were established according to the Chapel
Hill Consensus Conference nomenclature in the present
study, whereas the 1990 American College of Rheu-
matology criteria or the European Medicines Agency
2687



CLINICAL RESEARCH MA Alba et al.: PR3-ANCA MPA and MPO-ANCA GPA
system was used by other investigators. Finally, we did
not systematically assess general symptoms such as
fever or weight loss, manifestations commonly
described at early phases of GPA and MPA. Although
kidney biopsies were performed in almost all patients,
histopathological score of selected lesions were per-
formed only in a limited number of cases with available
information.

In spite of these limitations, the importance of
stratifying ANCA vasculitis patients on the basis of
clinical diagnosis and ANCA type could conceivably
lead to the individualization of induction and long-
term treatment plans, thus potentially avoiding both
cumulative organ damage due to recurrent flares and
unnecessary chronic exposure to systemic corticoste-
roids and immunosuppressive drugs in patients whose
predicted prognosis is better. However, the current
evidence is limited, and specific recommendations
cannot be done for the management of specific ANCA
subsets. Further studies among larger populations are
needed to confirm and refine clinical care.
CONCLUSION

In conclusion, our results suggest that PR3-ANCA
MPA and MPO-ANCA GPA have distinct clinical
manifestations and prognosis and support the Chapel
Hill Consensus Conference nomenclature recommen-
dation of including both the phenotypic diagnosis and
ANCA serotype in the diagnosis of ANCA vasculitis
patients. Further studies are needed to investigate the
pathogenic mechanisms responsible for the effect of
serotype on disease phenotype and response to
therapy.
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