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Objective. To assess the 2022 American College of Rheumatology (ACR)/EULAR classification criteria for
antineutrophil cytoplasmic antibody-associated vasculitis (AAV) in children with chronic small-to-medium vessel
vasculitis.

Methods. A cohort of 574 patients, identified by physician’s diagnosis (MD-diagnosis) in A Registry of Childhood
Vasculitis, was classified by computation of registry data as having granulomatosis with polyangiitis (GPA), micro-
scopic polyangiitis (MPA), or eosinophilic GPA after applying (1) ACR/EULAR AAV criteria and (2) pediatric-adapted
European Medicines Agency (Ped-EMA) classification algorithm (incorporating Ankara GPA criteria). Venn diagrams
compared the resulting GPA and MPA cohorts with MD-diagnosis. Sensitivity and specificity of criteria for GPA were
evaluated against MD-diagnosis. Fisher exact test evaluated differences in the frequencies of individual clinical fea-
tures in GPA versus MPA.

Results. Comparing ACR/EULAR criteria against the Ped-EMA algorithm for classifying AAV, more patients
were classified as GPA or MPA (n = 396 vs 360, respectively), fewer had GPA (n = 261 vs 288, respectively), more
had MPA (n = 135 vs 72, respectively), and fewer GPA cases coclassified as MPA (12% vs 28%, respectively);
there were more differences between GPA and MPA in Pediatric Vasculitis Activity Score—-defined clinical features
(n =14 vs 10, respectively). When classifying GPA by ACR/EULAR or Ankara criteria, sensitivity (74.5% vs 72.1%,
respectively) was comparable, and specificity for ACR/EULAR criteria (93.9% vs 79.9%, respectively) was
improved.

Conclusion. The 2022 ACR/EULAR classification criteria for AAV perform at least as well as previous
pediatric criteria and provide categorical MPA criteria where none existed previously; the criteria for GPA
and MPA now specifically differentiate each other, with more differences between them in the frequencies of
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clinical features. Our findings support the preferential use of ACR/EULAR over Ankara criteria for GPA in

pediatrics.
INTRODUCTION

Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) includes granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA), and eosinophilic GPA
(EGPA), as described by the 2012 Chapel Hill Consensus
Conference (CHCC2012)." Before 2022, pediatric GPA and
EGPA were classified using the American College of
Rheumatology 1990 (ACR1990) criteria, which were based
on adult patient data?® that often failed to classify children with
GPA accurately.®* To address this, a 2006 consensus
meeting in Ankara adapted these criteria for children,
validated them in a pediatric cohort, and received formal
endorsement by EULAR, the Pediatric Rheumatology
International Trials Organization (PRINTO), and the Pediatric
Rheumatology European Society (PRES). These “Ankara
criteria” for pediatric GPA® incorporated features such as
subglottic inflammation and the presence of ANCAs,
reflecting both more common pediatric-specific manifesta-
tions and relatively new knowledge. Previously, there were no
categorical classification criteria for MPA in either adults or
children.

For research across AAV subtypes, MPA was systemati-
cally classified using a European Medicines Agency (EMA)-
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endorsed algorithm®” with a modified pediatric version,
Ped-EMA.® but this did not establish mutually exclusive
cohorts of GPA and MPA. The ACR/EULAR 2022 classification
criteria for AAV in adults addressed the need for a categorical
classification of MPA, clearer differentiation across GPA,
MPA, and EGPA to ensure mutual exclusivity,® and the incor-
poration of new knowledge. °

A unified classification system for both adults and children
to categorize patients with AAV into distinct homogeneous
clusters (GPA, MPA, and EGPA) would facilitate comparative
research on AAV subtypes both among and between children
and adults. In 2012, we prospectively created an opportunity
to evaluate the evolving ACR/EULAR criteria’ ''2"3 for AAV in
children; the data set for A Registry of Childhood Vasculitis
(ARChiVe), part of the established international Pediatric Vas-
culitis Initiative (PedVas), was harmonized with that of the adult
patient registry being established for the Diagnosis and Classi-
fication of Vasculitis (DCVAS) study® to develop new classifica-
tion criteria for vasculitis.

Akca and colleagues’ ' study of 185 children with vasculitis
to evaluate the ACR/EULAR GPA'® criteria determined that it
was equivalent to the Ankara GPA criteria and concluded there
was no compelling advantage for using it in pediatrics; however,
the study did not consider the broader discriminatory require-
ments for classifying patients with AAV into mutually exclusive
subsets of GPA, MPA, and EGPA.
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ACR/EULAR CLASSIFICATION CRITERIA FOR PEDIATRIC VASCULITIS

This study evaluates the performance of the ACR/EULAR
classification criteria for AAV'"'2:1% in 3 pediatric cohort with
small-to-medium vessel vasculitis using ARChiVe clinical data.
Results are compared to the pediatric criteria, Ankara for clas-
sifying GPA and Ped-EMA for classifying MPA. The study also
analyzes variations in clinical manifestations between GPA
and MPA when the ARChiVe cohort is classified by either
ACR/EULAR or Ankara and Ped-EMA criteria and compares
these differences.

PATIENTS AND METHODS

Data collection. Patient data were obtained from
ARChiVe, a global web-based ambispective registry established
in 2007 that uses the REDCap application. ARChiVe collects clin-
ical information on children and adolescents diagnosed before
18 years of age with chronic primary systemic vasculitis and cate-
gorizes patients according to physician’s  diagnoses
(MD-diagnoses) at registry enrollment. Recruitment has involved
patients from 67 independent sites across 12 countries. Data for
cases diagnosed between December 2004 and March 2007
were collected retrospectively, with prospective collection there-
after. Patient eligibility and registry details have been previously
published.® Baseline data captured all criteria necessary for for-
mal classification using the ACR1990, Ankara classification, and
the Ped-EMA algorithm. In 2012, PedVas collaborated with
DCVAS® to harmonize the existing ARChiVe data set with the
emerging DCVAS data set. Consequently, the ARChiVe data set
contains all the ACR/EULAR individual criteria for classifying AAV
subcategories; however, quantitative eosinophil counts and nasal
polyps were only recorded from 2012 onward. Clinical features at
diagnosis and follow-up were scored using the Pediatric Vasculi-
tis Activity Score (PVAS),'® which identifies 64 distinct active clin-
ical features across nine organ systems, whereas disease or
treatment-related damage was tracked using the Pediatric Vas-
culitis Damage Index.'®

Participants. A study cohort of 574 eligible patients
selected from ARChiVe included only those with chronic, primary,
small-to-medium  vessel vasculitis  with  complete time-
of-diagnosis data between December 2004 and June 2024. Our
prior survey of 129 pediatric rheumatology experts revealed con-
siderable variation in classifying patients with AAV as GPA and
MPA."" Therefore, in this study, the patient cohort selected based
on multi-expert physician assessments, or MD-diagnosis as cata-
loged in ARChiVe, did not serve as a definitive gold standard for
diagnosis or classification. The cohort, representing a narrow
spectrum of vasculitis diagnoses, was used as a reference stan-
dard to evaluate the relative performance of the different classifi-
cation criteria to discriminate among AAV subtypes and clinically
overlapping non-AAV phenotypes, such as polyarteritis nodosum
(PAN).

Accordingly, the following MD-diagnoses were included:
GPA (including limited GPA), MPA, EGPA, unclassified AAV
(which covers AAV not subclassified and ANCA-positive pauci-
immune glomerulonephritis), PAN (including both systemic and
cutaneous PAN), and unclassified small-to-medium vessel vascu-
litis. Vasculitides easily distinguished clinically, such as Takayasu
arteritis or Bechet disease, were excluded. Patients with acute
self-limited Kawasaki disease and IgA vasculitis were not included
in ARChiVe.

Classification. The 574 patients in the study cohort were
independently classified computationally as EGPA, GPA, MPA,
and unclassifiable AAV: first using pediatric criteria (Ankara/Ped-
EMA; Supplementary Figure 1) and second using adult criteria
(ACR/EULAR criteria; Supplementary Table 1).

Ped-EMA classification (Supplementary Figure 1) follows a
stepwise process of excluding patients classified by ACR1990
with EGPA, then GPA by the Ankara criteria. Those who do not
fully meet the criteria for GPA but exhibit any CHCC2012
descriptors (surrogate markers) of GPA are excluded from being
classified as MPA and in our study are described as unclassifiable
AAV. The remaining patients in this exclusionary process have
either MPA if they fulfill CHCC12 descriptors or are considered
“not AAV.”

In our ACR/EULAR computation (Supplementary Table 1),
“nasal septal defect/perforation” received three points without
also receiving two points for “cartilaginous involvement”; the
GPA criteria do not clarify the potential for double-scoring these
items. After applying the ACR/EULAR criteria, unclassifiable AAV
refers to patients with small-medium vessel vasculitis and ANCA
seropositivity who did not fulfill any specific AAV subtype criteria
or patients who fulfilled classification criteria for more than one
AAV subtype; the remaining patients were described as
“not AAV.”

Analysis. Analyses were conducted with R software.
Descriptive statistics for the cohorts are reported as frequencies,
medians, and interquartile ranges. Statistical comparisons
between pediatric and ACR/EULAR classifications primarily
examined discriminant validity (sensitivity and specificity) for GPA
only, given the absence of prior categorical classification criteria
for MPA.

To determine the discriminant validity of GPA classification of
ACR/EULAR relative to Ankara criteria, we used MD-diagnosis as
the reference standard as described above. Notably, such MD
expert assessments were also used (albeit described as a “gold
standard”) in developing and evaluating the ACR/EULAR classifi-
cation criteria for AAV'"1218 and in a pediatric study evaluating
the performance of the ACR/EULAR criteria for GPA.™

Venn diagrams illustrate relative sizes, concordance, and
discrimination among subcohorts defined by MD-diagnosis,
Ankara/Ped-EMA criteria, or ACR/EULAR criteria, first for
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GPA and then for MPA. A third diagram compares the MPA
subcohort classified by ACR/EULAR (the only available cate-
gorical criteria) with GPA subcohorts defined by Ankara or
ACR/EULAR criteria. Bar graphs present differences in the fre-
quency of involvement of nine PVAS-defined organ system
manifestations and specific ANCA types among patients with
GPA classified by ACR/EULAR versus Ankara criteria and
among patients with MPA classified by ACR/EULAR versus
Ped-EMA criteria.

Fisher exact test was used to compare categorical vari-
ables, specifically, the frequencies of involvement of the nine
PVAS-defined organ systems and the 64 individual PVAS-
defined clinical features at diagnosis in GPA versus MPA. Odds
ratios with 95% confidence intervals were calculated to esti-
mate the strength of association of each feature. Analyses were
conducted first among patients classified by ACR/EULAR cri-
teria and then among those classified by Ankara/Ped-EMA cri-
teria. To illustrate the role of ANCA specificity within the
ACR/EULAR criteria, differences in the frequency of these clin-
ical features were also examined between cohorts defined
solely by proteinase 3 (PR3)-ANCAs or myeloperoxidase
(MPO)-ANCAs.

Ethics approval. The Ethics Committee of the University of
British Columbia provided ethics approval (# H12-00894) as the
primary coordinating site for PedVas, and each participating reg-
istry site similarly obtained institutional review board or ethics
committee approval from its institution.

Data availability. The data that support the findings of
this study are available on request from the corresponding
author. The data are not publicly available due to privacy or eth-
ical restrictions.

RESULTS

Characteristics of the study cohort and newly
classified AAV subcohorts. The 574-patient cohort included
the folowing MD-diagnoses: GPA 297 (52%); limited GPA
33 (6%); MPA 87 (15%); EGPA 19 (3%); AAV-unclassified
45 (8%); ANCA-positive pauci-immune glomerulonephritis
31 (5%); systemic polyarteritis nodosa 34 (6%); cutaneous
polyarteritis nodosa 24 (4%); unclassified small-to-medium
vessel vasculitis 4 (0.7%). Among them, 388 (68%) were
female and the median age was 14.3 years (interquartile
range 11.2-16.2). After applying Ankara/Ped-EMA criteria
(Supplementary  Figure 1) and ACR/EULAR criteria
(Supplementary Table 1) to the study cohort, the distribution
of patients in each diagnostic category, according to the clas-
sification system, is summarized in Table 1.

There were too few patients with EGPA for further analysis.
Overall, more patients were uniquely classified as either GPA or

Table 1. Study cohort (N = 574) defined by AAV subsets according
to MD-diagnosis or Ankara/Ped-EMA versus ACR/EULAR classifica-
tion criteria*

MD-diagnosis  Ankara/Ped-EMA  ACR/EULAR

EGPA 19 5 6

GPA 330 288 261

MPA 87 72 135

Unclassifiable 76 131 38°
AAV

Not AAVP 62 78 134

Total 574 574 574

* AAV, ANCA-associated vasculitis; ACR, American College of Rheu-
matology; ANCA, antineutrophil cytoplasmic antibody; EGPA, eosin-
ophilic granulomatosis with polyangiitis; GPA, granulomatosis with
polyangiitis; MD-diagnosis, physician’s diagnosis; MPA, microscopic
polyangiitis; Ped-EMA, pediatric-adapted European Medicines
Agency.
@36 patients were double classified as GPA and MPA, and 2 ANCA-
Eositive patients did not meet a classification score threshold.
Describes remaining patients in cohort after assigning other 4 AAV
subclassifications.

MPA by ACR/EULAR (n = 396) versus the Ankara/Ped-EMA
criteria (n = 360). Table 2 lists ACR/EULAR individual criteria
frequencies, along with age, sex, and PVAS at diagnosis,
among patients classified as GPA or MPA.

The study cohort was divided into GPA subgroups using
three methods: MD-diagnosis for GPA, Ankara criteria, and
ACR/EULAR criteria, resulting in 330, 288, and 261 patients in
each subgroup (Table 1). Similarly, for MPA, the MD-diagnosis,
Ped-EMA criteria, and ACR/EULAR criteria identified 87, 72, and
135 patients. Thirty-six patients were concurrently classified by
ACR/EULAR as GPA and MPA (Tables 1 and 2).

Discriminant validity of ACR/EULAR and Ankara
criteria for classifying GPA. In our cohort, the ACR/EULAR
criteria had 74.5% sensitivity and 93.9% specificity, whereas the
Ankara criteria showed 72.1% sensitivity and 79.5% specificity.
There are no previous categorical criteria for MPA for comparison.
Table 3 compares these results with an independent study ' eval-
uating both criteria for GPA.

Concordance of differently defined GPA/MPA
subcohorts. The relative size and concordance of the three
subcohorts  defined by MD-diagnosis, Ankara/Ped-EMA, or
ACR/EULAR criteria are shown for GPA in Figure 1A and for MPA
in Figure 1B. Among 391 patients diagnosed as GPA by any
method, 195 (49.9%) were concordant for all three methods; for
the 200 with MPA, only 23 (11.5%) had concordant classification.
The low concordance for patients with MPA signals the need for
clearer categorical criteria. Therefore, ACR/EULAR MPA criteria were
used as the benchmark to compare how Ankara versus
ACR/EULAR GPA criteria differentiate GPA from MPA, as shown in
Figure 1C. Of the 360 patients meeting GPA criteria by either
Ankara (N = 288) or ACR/EULAR (n = 297) criteria, only
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Table 2. Demographics and frequency of ACR/EULAR classification criteria among study cohort according to GPA/MPA diagnosis*
MPA GPA + MPA All GPA/MPA Not GPA/MPA Study cohort
GPA (n =261) (n=135) (n=36) (n=432) (n=142) (n=574)
Demographics and disease
activity
Sex, female, % 62 82 64 69 65 68
Age, median (IQR), years 15.0(13.3-16.3) 12.2(82-154) 13.7(103-16.5) 145(11.4-16.2) 13.2(10.7-16.0) 143(11.3-16.2)
PVAS, median (IQR) 19 (13-25) 18 (13-20) 19 (15-24) 18 (13-23) 8 (3-14) 16 (10-21)
ACR/EULAR clinical criteria, %
Nasal bloody discharge, 64.8 10.3 444 46.1 1.2 375
crusting, ulcers,
blockage, congestion,
septal defect
Cartilaginous involvement 19.9 3.7 83 13.9 42 11.5
Conductive or 123 1.5 5.6 83 3.5 7.1
sensorineural hearing
loss
ACR/EULAR laboratory,
imaging & biopsy
criteria, %
MPO-ANCA 3.1 97.8 100 40.7 4.9 31.9
PR3-ANCA 92.7 5.9 72.2 63.9 3.5 49.0
Pulmonary nodules, mass, 49.0 18.5 583 40.2 10.6 329
or cavitation
Fibrosis or interstitial lung 2.7 3.7 8.3 35 14 3.0
disease
Pauci-immune 46.4 72.6 80.6 57.4 14.1 46.7
glomerulonephritis
Inflammation, 51.7 11.9 47.2 389 85 314
consolidation or effusion
of nasal/paranasal
sinuses or mastoiditis
Granuloma, giant cells, or 153 4.4 13.9 11.8 42 10.0

extravascular
granulomatous
inflammation

* ACR, American College of Rheumatology; ANCA, antineutrophil cytoplasmic antibody; GPA, granulomatosis with polyangiitis; IQR, inter-
quartile range; MPA, microscopic polyangiitis; MPO, myeloperoxidase; PR3, proteinase 3; PVAS, Pediatric Vasculitis Activity Score.
@ Patients concurrently fulfilling classification criteria for both GPA and MPA.

Table 3. Discriminant validity of Ankara and ACR/EULAR GPA classi-
fication criteria for the current ARChiVe study and study of Akca et al'®*

ARChiVe (n = 574) Akca et al (n = 185)

Discriminant

validity ACR/EULAR  Ankara  ACR/EULAR  Ankara
Sensitivity, % 74.5 72.1 89.6 94.8
Specificity, % 93.9 79.5 96.3 95.3
PPV, % 943 82.6 94.5 935
NPV,% 73.2 67.8 92.8 96.2
Accuracy, % 82.8 753 NR NR

* ACR, American College of Rheumatology; ARChiVe, A Registry of
Childhood Vasculitis; NPV, negative predictive value; NR, not
reported; PPV, positive predictive value.

225 (62.5%) were classified commonly by both methods. Of the
297 patients with ACR/EULAR-classified GPA, 36 (12%) also met
criteria for MPA, whereas among the 288 patients Ankara-classified
GPA, 81 (28%) also met MPA criteria. Collectively, ACR/EULAR cri-
teria for GPA and MPA diagnosed 432 patients (75% of the total
cohort), including 36 who were classified as both—these groups
are also characterized in Table 2.

Comparing the frequency of organ involvement and
ANCAs in patients with GPA and MPA according to the
classification method. Figure 2A shows that GPA organ
involvement is similar between ACR/EULAR and Ankara cri-
teria, with fewer MPO-ANCA seropositive patients. Figure 2B
demonstrates that patients with MPA classified by
ACR/EULAR versus Ped-EMA criteria have a nearly two-fold
difference or more in the frequency of manifestations across
four organ systems designated as cutaneous (23% vs 50%),
mucous membrane (13% vs 25%), ear nose and throat (17%
vs 1%), and chest (32% vs 13%), as well as a two-fold variation
in the frequency of both PR3-ANCAs (decrease) and MPO-
ANCAs (increase) when classified by ACR/EULAR criteria com-
pared to Ped-EMA criteria.

Clinical differences between GPA and MPA
according to classification. We compared organ-specific
phenotypic differences between patients with GPA and MPA,
classified according to either ACR/EULAR or Ankara/Ped-EMA
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Figure 1. Venn diagrams depict overlap of subcohorts (GPA and/or MPA) of the study population (N = 574) when classified by different
methods. Comparison of cohorts according to MD diagnosis (yellow), Ankara or Ped-EMA (blue), and ACR/EULAR (green), except in the last Venn
figure, ACR/EULAR MPA is a red ellipse. (A) Among 391 patients with GPA collectively classified, the three criteria overlap in 49.9%. (B) Among
200 patients with MPA collectively classified, the three criteria overlap in 11.5%, with limited concordance of Ped-EMA with other criteria.
(C) Among 360 patients with GPA collectively classified by ACR/EULAR or Ankara, 62.5% overlapped. Among 288 patients with Ankara GPA,
there was 28% overlap with the MPA cohort, compared to a 12% overlap for the 297 ACR/EULAR GPA patient cohort. Collectively, ACR/EULAR
criteria for GPA and MPA diagnosed 432 patients (75% of total cohort). ACR, American College of Rheumatology; GPA, granulomatosis with poly-
angiitis; MD diagnosis, physician’s diagnosis; MPA, microscopic polyangiitis; Ped-EMA, pediatric-adapted European Medicines Agency.
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Figure 2. Graphs compare differences in frequency of clinical features and ANCAs for GPA (or MPA) depending on classification method. Com-
parison of frequency of clinical organ involvement and ANCAs against PR3 and MPO among patients with AAV depending on how they are sub-
classified. Frequencies shown are for patients classified as (A) GPA by either ACR/EULAR (black bars) or Ankara (white bars) criteria and (B) MPA
by either ACR/EULAR (black bars) or Ped-EMA (white bars) criteria. AAV, ANCA-associated vasculitis; ACR, American College of Rheumatology;
ANCA, antineutrophil cytoplasmic antibody; CNS, central nervous system; ENT, ear, nose, and throat; GPA, granulomatosis with polyangiitis;
MPA, microscopic polyangiitis; MPO, myeloperoxidase; Ped-EMA, pediatric-adapted European Medicines Agency; PR3, proteinase 3.

criteria by calculating odds ratios. Among the nine organ categories,
significant differences (P < 0.01) in the odds of having a particular dis-
ease manifestation were found in ear-nose-throat, chest, and renal
systems across both classifications; additionally, using ACR/EULAR
classification, there were differences in general, cutaneous, and
mucous membranes/eyes (Table 4). For both classification systems,
no significant differences were found in cardiovascular, abdominal,
and nervous systems. Among the 64 PVAS disease activity features,
14 were significantly different using the ACR/EULAR criteria versus
10 using the Ankara/Ped-EMA criteria; these differences were

common for 5 features, with ACR/EULAR showing more differences
among the general, cutaneous, and mucous membrane/eye fea-
tures, whereas Ankara/Ped-EMA identified more chest differences.
Table 4 selectively displays 22 of the 64 individual PVAS items in
which the odds of a particular manifestation were significantly different
between the groups; full results are in Supplementary Table 2. In
patient cohorts classified exclusively according to ANCA specificity
to either PR3 or MPO, the differences in frequencies of clinical fea-
tures were calculated for comparison against the GPA and MPA
cohorts defined by ACR/EULAR criteria (Supplementary Table 3).
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DISCUSSION

Among this cohort of 574 children with small-to-medium
vessel vasculitis, the ACR/EULAR criteria for AAV uniquely classi-
fied more patients (n = 396) as having either GPA or MPA than the
Ankara and Ped-EMA criteria (n = 360). There were fewer patients
with unclassified AAV using ACR/EULAR criteria (38 vs 131), but
more remained as “not AAV” (134 vs 78). This may have resulted
from the more rigorous categorical criteria, which also led to fewer
patients with concurrently classified GPA and MPA (12% vs 28%),
that is, more patients were uniquely classified as GPA or MPA,
with an increased number of phenotypic differences between
GPA and MPA (Table 4). These favorable comparisons suggest
ACR/EULAR criteria perform at least as well as the pediatric cri-
teria, albeit acknowledging the lack of any previous categorical
criteria for MPA in either children or adults.

Although the ACR/EULAR GPA and Ankara GPA criteria
identified similar numbers of patients with GPA, only about two-
thirds of them overlapped, that is, the two sets of criteria identified
substantially different populations of GPA. For MPA, the
ACR/EULAR criteria identified nearly twice as many patients as
MD-diagnosis or Ped-EMA criteria. This shifted the GPA:MPA
ratio from 4:1 to 2:1. Despite known phenotypic similarities
between GPA and MPA, differences between individual PVAS-
defined clinical features were observed more often with
ACR/EULAR (n = 14) than Ankara/Ped-EMA (n = 10) criteria.

Akca et al'* studied 185 children with a wide range of vascu-
litis diagnoses to compare the performance of ACR/EULAR and
Ankara criteria for GPA using MD-diagnosis as the reference.
Sensitivity and specificity for ACR/EULAR showed 89.6% sensi-
tivity and 96.3% specificity; Ankara had 94.8% sensitivity and
95.3% specificity (Table 3), suggesting that the two criteria are
essentially equivalent. These results contrast with those of the
current study in which both criteria showed notably lower sensitiv-
ity and specificity (Table 3), and this likely stems from differences
in diagnoses of patients in the study cohorts. The ARChiVe cohort
comprised patients with a narrow spectrum of closely related
chronic primary small-medium-vessel vasculitides, which may be
clinically similar and difficult to differentiate; such patients com-
posed only 58% of the Akca et al cohort,'* whereas the remaining
patients had a wider spectrum of acute and chronic primary vascu-
litis diagnoses that are overall more readily differentiated. Nonethe-
less, when comparing classification criteria within each study
cohort (Table 3), results suggest that the ACR/EULAR GPA criteria
performed equally well, if not better than the Ankara GPA criteria; in
the ARChiVe cohort, ACR/EULAR GPA criteria show overall
improved discrimination, having comparable sensitivity to Ankara
GPA criteria but higher specificity and better predictive values.

The ACR/EULAR AAV subclassification criteria have been
evaluated in adult patients from several countries including the
Netherlands (N = 264),"® Turkey (N = 164),"® Japan (N = 477),%°
South Korea (N = 233),%" and Sweden (N = 374)?2; conclusions

from some of these have been summarized and compared.?®

Most of these studies validated these criteria using only patients
with confirmed diagnoses of GPA, MPA, or EGPA as determined
by either the EMA classification algorithm or clinical diagnosis.
No patients had unclassifiable AAV or other small-to-medium ves-
sel chronic vasculitis, regardless of ANCA positivity. The
ACR/EULAR criteria for GPA were typically only tested on patients
previously diagnosed or classified as having GPA and not on
patients with MPA. In contrast, the ARChiVe study cohort com-
prised all patients with chronic small-to-medium vessel vasculitis
with or without ANCAs. When developing the new ACR/EULAR
criteria in DCVAS, patients without clear-cut diagnoses were also
excluded, and this could be seen as a limitation to their approach.
Second, most of these above adult studies used EMA criteria to
select their cohorts and, except for the Dutch study, used EMA
as a gold standard comparator. This practice overlooks a primary
criticism of the EMA algorithm in that it does not distinguish
between patients with GPA and MPA at the outset; instead,
MPA is diagnosed by a process of exclusion.

Most of these adult studies found that the inclusion of inter-
stitial lung disease and ANCA antigen specificity improved classi-
fication criteria. However, they highlighted challenges stemming
from the disease-specific point allocation for the two ANCA types
used in classification scoring. Although they also had concerns
about identifying cases of ANCA-negative AAV, in the ARChiVe
cohort, about 5% of patients with ACR/EULAR-classified GPA
were ANCA-negative, similar to the reported frequency of
ANCA-negative GPA using previous Ankara/Ped-EMA criteria.®
Classifying patients with granuloma and positive MPO-ANCA
results as MPA by ACR/EULAR criteria was a concern that we
shared, as granulomatous inflammation has been a key defining
feature of GPA. In such cases, a high point score for MPO-ANCA
positivity weighs more toward MPA classification than the rela-
tively lower point score for granulomatous inflammation contrib-
utes toward GPA classification (Table 1). In ARChiVe, this
resulted in ACR/EULAR criteria classifying six patients with granu-
loma as MPA. If “granuloma” was assigned a higher point score
toward classifying GPA and/or a negative score toward classify-
ing MPA, these six ARChiVe patients might have been considered
to have unclassifiable AAV, that is, not meeting criteria for either
GPA or MPA or meeting criteria for both. Five additional patients
with granulomatous histopathology were simultaneously classifi-
able as both GPA and MPA, three of whom had antibodies to
both PR3- and MPO-ANCA. Although unclassifiable AAV was
not an explicit classification category provided by ACR/EULAR,
we propose that such a classification might provide more face
validity in cases like these until further research clarifies the bio-
logic importance of MPO-ANCA relative to granulomatous
inflammation.

The harmonized development of the ACR/EULAR classifica-
tion criteria for all three AAV subcategories was designed to
uniquely categorize patients. This goal was accomplished by
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combining a machine learning model with Lasso regression—
based statistical analysis of the DCVAS data set, assigning
variable weights and diagnosis-specific point values to individual
criteria. Evidence supporting associations of PR3-ANCA and
MPO-ANCA with distinct clinical manifestations —aligning some-
what with the GPA and MPA phenotypes—likely shaped the gold
standard diagnoses provided by the multiple physician experts
and influenced point allocations for PR3-ANCA and MPO-ANCA
toward GPA and MPA, respectively. As anticipated, applying the
ACR/EULAR AAV criteria to our cohort demonstrates pro-
nounced differences in the frequencies and distribution of both
PR3-ANCA and MPO-ANCA among patients with GPA and
MPA, contrasting with findings obtained using the Ankara/Ped-
EMA criteria (Figure 2).

Applying the ACR/EULAR classification for AAV to the
ARChiVe cohort resulted in more phenotypic differences between
GPA and MPA subcohorts than the Ankara/Ped-EMA criteria
(Table 4). This enhanced phenotypic differentiation is mirrored
(although not identically) when patient subcohorts are classified
based solely on PR3-ANCA or MPO-ANCA status
(Supplementary Table 3). The data-driven heavy weighting of
ANCA antigen specificity in the ACR/EULAR subclassification
of AAV recognizes its contribution to biologic underpinnings; how-
ever, other considerations remain. Previous RNA sequencing anal-
ysis of 41 chidren and 11 adults with small-to-medium vessel
vasculitis suggests a more complex process.>* Differential gene
expression separated patients into endotypes that only partially
aligned with either the disease classification at that time or the
ANCA (PR3 vs MPO) specificity.

The 2022 ACR/EULAR GPA classification paper cautioned
against applying its criteria to children because they were not part
of their validation cohort."® This study tested (and arguably vali-
dated) the ACR/EULAR AAV criteria in pediatric cohorts —GPA
(n = 261) and MPA (n = 135)—similar in size to those of the
DCVAS cohorts used for adult validation. There are notable clini-
cal differences between adults and children with vasculitides;
adults tend to have lower rates of constitutional, respiratory, and
renal involvement, whereas children experience more conductive
hearing loss and fewer ear, nose, and throat findings.®#> Children
show a higher prevalence of GPA (62%) and MPA (82%) in
females, whereas adults have either more males affected or an
even gender distribution. It remains unclear whether the pheno-
typic differences and the reversed sex bias between pediatric
and adult-onset vasculitides reflect fundamental disease differ-
ences. Genome-wide association data currently suggest that
genetic risk factors are shared between children and adults,?®
although unique pediatric risks may yet be identified. In adults,
AAV typically presents after age 60 years, suggesting that envi-
ronmental factors and existing comorbidities may be more signif-
icant triggers than genetics. There is no evidence that children’s
disease manifestations differ because of their immaturely primed
immune system.?’

A key limitation of this study is the absence of a gold stan-
dard for evaluating new classification criteria for diagnostic subco-
horts of AAV in children, and this was considered in our analysis
approach. Nonetheless, using MD-diagnosis as a comparative
reference standard, our assessment indicates that ACR/EULAR
criteria outperform Ankara/Ped-EMA criteria when applied to our
large pediatric cohort. Because the ACR/EULAR classification cri-
teria for GPA incorporates new knowledge, it represents an evolu-
tion of both the adult ACR1990 criteria and Ankara criteria for
GPA,; the classification initiative has also established categorical
criteria for MPA where none previously existed.

In conclusion, based on the above considerations and
despite its limitations (notably, MPO-ANCA positivity outscoring
granuloma), we propose that the ACR/EULAR classification cri-
teria for both GPA and MPA should be universally adopted for
children. We do not support the suggestion to use Ankara and
ACR/EULAR criteria interchangeably for pediatric GPA.™ Using
the same classification system for both GPA and MPA and group-
ing patients into discriminated homogeneous clusters will better
enable comparative research of AAV subtypes both in children
and between children and adults. It will provide a foundation for
future data-driven revisions to classification criteria across the
lifespan.
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