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Abstract

Background and Objectives

Spinal hypertrophic pachymeningitis (HP) is an extremely rare disorder characterized by the
thickening of the spinal dura mater, which harbors distinct repertoires of immune cells due to
the unique partitioning of the arachnoid blood-CSF barrier. The objectives were to identify the
pathogenesis and therapeutic strategies for spinal HP.

Methods
This retrospective cohort study analyzed the clinical and pathologic profiles of patients with
idiopathic/immune-mediated HP including spinal HP.

Results

Among 61 patients with idiopathic/immune-mediated HP, all 6 Japanese patients with spinal
HP, with a median observation period of 88.8 months, were myeloperoxidase (MPO)-anti-
neutrophil cytoplasmic antibody (ANCA)-seropositive. The MPO-ANCA" spinal HP cohort
had the following characteristics: (1) a predominance of older women; (2) all patients were
classified as having microscopic polyangiitis based on the 2022 American College of
Rheumatology/European League Against Rheumatism criteria; (3) 83% of patients developed
subacute/chronic myelopathy due to extramedullary spinal cord compression; (4) 50% of
patients had lesion extension to the epidural compartment and vertebral column; (5) 50% of
patients presented with chronic sinusitis, otitis media, or mastoiditis; (6) 33% of patients had
involvement of the lower airways or kidneys; (7) a higher disease activity of the nervous system
was noted based on the Birmingham Vasculitis Activity Score (BVAS), in contrast to MPO-
ANCA" cranial HP; (8) granulomatous inflammation with myofibroblasts, immune cells in-
cluding granulocytes, and B-cell follicle-like structures were observed in the thickened dura
mater; (9) immunotherapies (with or without surgical decompression) were effective in re-
ducing the modified Rankin Scale score and reduced BVAS during the first active insults; (10)
combined immunotherapies with glucocorticoids and cyclophosphamide/rituximab helped in
reducing relapses in the long term; and (11) surgical decompression, including laminectomy and
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Glossary

AAV = ANCA-associated vasculitis; ABC = arachnoid barrier cell; ACE = arachnoid cuff exit; ACR = American College of
Rheumatology; ANCA = anti-neutrophil cytoplasmic antibody; BM = bone marrow; BVAS = Birmingham Vasculitis Activity
Score; CHCC = Chapel Hill Consensus Conference; CY = cyclophosphamide; DBC = dural border cell; EMA = European
Medicines Agency; ENT = ear, nose, and throat; EULAR = European League Against Rheumatism; GC = glucocorticoid; Gd =
gadolinium-enhanced; GPA = granulomatosis with polyangiiti; HP = hypertrophic pachymeningitis; IgG4-RDs =
immunoglobulin G4-related disorders; IQR = interquartile range; MPO = myeloperoxidase; mRS = modified Rankin Scale;
PR3 = proteinase 3; PSL = prednisolone; RTX = rituximab; SMA = smooth muscle actin; WI = weighted imaging.

duraplasty, was necessary for compressive myelopathy. These data suggest that MPO-ANCA" spinal HP shares common features
with MPO-ANCA” cranial HP (1, 2, 6, 8, 9, and 10), but also has unique clinical features (3, 4, S, 7, and 11).

Discussion
Our findings highlight the significant pathogenic role of ANCA in spinal HP. MPO-ANCA" spinal HP, as an organ-threatening
disease, should be positioned as having unique characteristics, whether limited to the CNS or as part of a generalized form in

ANCA-associated vasculitis.

Introduction

Hypertrophic pachymeningitis (HP) is a rare disorder that
can cause progressive neurologic disabilities' and is char-
acterized by a diffuse or localized thickening of the dura
mater, which harbors a distinct repertoire of immune cells
due to the unique partitioning of the arachnoid blood-CSF
barrier separating it from the CSF and the parenchyma.*”
Based on its pathogenesis, HP is categorized as either (1)
idiopathic HP or (2) secondary HP, which can be attributed
to (i) autoimmune diseases (e.g., anti-neutrophil cytoplas-
mic antibody [ANCA]-associated vasculitis [AAV] and
immunoglobulin G4-related disorders [IgG4-RDs]) or (ii)
infections (e.g., syphilis).l'3 Based on anatomical localiza-
tion of lesions, HP is also classified as either (1) cranial HP
or (2) spinal Hp."?

Recent epidemiologic advances in the studies on HP have
revealed that infections are an extremely rare cause of the
disease. However, AAV, including myeloperoxidase (MPO)-
specific ANCA (MPO-ANCA)" AAV and proteinase 3
(PR3)-specific ANCA (PR3-ANCA)" AAYV, is the most fre-
quent cause of HP in Japan.>'® In addition, a study on HP,
including 33 cases with cranial HP, 2 cases with spinal HP, and
1 case with combined spinal/cranial HP, has shown that
MPO-ANCA™ HP often involves lesions limited to the dura
mater and upper airways with less severe neurologic deficits as
defined by the modified Rankin Scale (mRS) score and lower
disease activity as measured by the Birmingham Vasculitis
Activity Score (BVAS).® This contrasts with PR3-ANCA"
HP, which frequently shows more extensive involvement of
the dura mater with leptomeningeal and parenchymal areas
and progresses to systemic/generalized disease involving the
upper/lower airways and the kidneys, with more severe
neurologic deficits and higher disease activity.”
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Based on a previous epidemiologic study in Japan, the prevalence
of HP was 0.949/100,000 population, with the frequencies of
spinal HP, cranial HP, and combined spinal/cranial HP reported as
9%, 85%, and 4%, respectively,lo suggesting that spinal HP is an
extremely rare disease. Indeed, there have been few case reports of
spinal HP with immune-mediated etiologies including AAV or
granulomatosis with polyangiitis (GPA),"! IgG4—RDs,12 and idio-
pathic varieties."> Consequently, a comprehensive understanding
of the clinical, radiologic, immunologic, and pathologic landscape
of spinal HP with immune-mediated etiologies has remained
limited. To address these knowledge gaps, we conducted clinical
evaluations along with long-term outcome measures in 61 patients
with idiopathic or immune-mediated HP including 6 patients with
MPO-ANCA" spinal HP, based on a retrospective cohort strategy
(a median observation period of 88.8 months for MPO-ANCA"
spinal HP). Our findings provide evidence that ANCA pathoge-
nicity plays a significant role in spinal HP, and that MPO-ANCA"
spinal HP, as an organ-threatening disease, should be recognized as
having unique characteristics, either as a CNS-limited or general-
ized form of AAV.

Methods

Study Design, Patients, and Diagnostic/
Classification Criteria

The research objectives were to define the details of clinical
and pathologic characteristics of spinal HP. We retrospec-
tively examined the medical records of 61 Japanese patients
with idiopathic or immune-mediated HP between 1993 and
2024 (32 women, 29 men) (Figures 1-S, Tables 1 and 2,
eFigures 1-3). The study adhered to the following entry
criteriadescribed previously®: (1) diagnosis of thickened,
abnormally enhanced dura mater on gadolinium MRI before
lumbar puncture and (2) exclusion of alternative explanations
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such as infection, malignant tumors, meningioma, intracranial
hypotension, or the use of drugs known to induce AAV (e.g,
propylthiouracil).'* Immune-mediated HP was categorized as
follows: (1) AAV according to (i) the 2012 revised In-
ternational Chapel Hill Consensus Conference (CHCC)
definitions,"> combined with the 2007 European Medicines
Agency (EMA) algorithm (Watts algorithm) (2007/
2012 EMA/CHCC Classification Criteria),'® and (i) the
2022 American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) Classification
Criteria'”"%; (2) IgG4-RDs, according to the 2019 ACR/
EULAR Classification Criteria®”*'; (3) rheumatoid arthritis,
according to the 2010 ACR/EULAR Classification Criteriazz;
and (4) sarcoidosis, according to the 2018 Consensus Di-
agnostic Criteria.”* Idiopathic HP was diagnosed as described
previously.” We excluded cases with localized dura mater
thickening limited to the cavernous sinus and cases of orbital
pseudotumor. The cohort in this study (n = 61) included
patients with idiopathic or immune-mediated HP investigated
from our previous study (n = 35).’

Clinical, Immunologic, Radiologic, and
Neuropathologic Examination

Clinical status was evaluated by neurologic examination,
blood/CSF tests, MRI, and neuropathologic examination.
Further details are available in the eMethods.

Statistical Analyses

Data were analyzed using the Prism 9 software package
(GraphPad Software, San Diego, CA). Statistical comparisons
between the 2 groups, MPO-ANCA" spinal HP and MPO-
ANCA" cranial HP, were performed using the Fisher exact
test or the Mann-Whitney U test, as appropriate. Cumulative
probabilities of relapse-free survival were estimated using the
Kaplan-Meier method, followed by the log-rank test. Changes
in mRS scores and BVASs before and after treatments were
analyzed by the Wilcoxon signed-rank test. A p value of <0.05
was considered statistically significant.

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the Institutional Review Board of
the Niigata University School of Medicine (2015-1622/2015-
2280). Informed consent was waived because of the retro-
spective study design, with an informed opt-out procedure,
but it was obtained from patients who could be reached.

Data Availability
Data that support results of this study are available from the
corresponding author on reasonable request.

Results

Demographics

This study included 61 Japanese patients with immune-mediated
or idiopathic HP, comprising the following categories: (1)
MPO-ANCA™ HP (22 patients [36%]), (2) PR3-ANCA" HP (7
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patients [11%]), (3) HP associated with IgG4-RDs (4 patients
[7%]), (4) HP associated with other immune-mediated dis-
orders (8 patients [13%]), and (S) idiopathic HP (20 patients
[33%]) (Table 1 and Figure 1). Among these, 4 patients (7%),
2 patients (3%), and SS patients (90%) had spinal HP without
cranial HP, spinal HP with cranial HP, and cranial HP without
spinal HP, respectively. Henceforth, we defined “spinal HP
(n = 6)” as including both “spinal HP with cranial HP (n =2)”
and “spinal HP without cranial HP (n = 4).” Similarly, “cranial
HP (n = 16)” referred to “cranial HP without spinal HP
(n =16)” in MPO-ANCA" patients, to delineate the rare dis-
ease “spinal HP” in this study, unless otherwise specified.

All 6 patients with spinal HP (100%) were seropositive for
MPO-ANCA (Figure 1), indicating that MPO-ANCA path-
ogenicity plays a significant role in spinal HP. Female pre-
dominance was present in both MPO-ANCA" spinal HP and
MPO-ANCA" cranial HP (Table 2). The median ages at
onset were 66.0 years and 66.5 years for MPO-ANCA" spinal
HP and MPO-ANCA" cranial HP, respectively (Table 2).
The median (interquartile range [IQR]) observation periods
were 88.8 months (39.7-136.7) for MPO-ANCA" spinal HP
and 106.6 months (26.7-177.1) for MPO-ANCA" cranial
HP, indicating comparatively long-term follow-up in this

study (Table 2).

Clinical Profiles of MPO-ANCA" Spinal HP
Progressive myelopathy with subacute/chronic onset (83%,
5/6), back pain (67%, 4/6), radicular pain (67%, 4/6), and
fever (50%, 3/6) were common in patients with MPO-ANCA”™
spinal HP (Figure 1). These findings were consistent with
previously published case reports (eFigure 4 and eTable 1).

33% (2/6) and 19% (3/16) of patients with MPO-ANCA”™
spinal HP and MPO-ANCA" cranial HP had renal or pul-
monary involvements, respectively (Table 2). Among “sur-
rogate markers for GPA” in the 2007 EMA algorithm,16 the
frequency of “chronic sinusitis, otitis media, or mastoiditis for
3 months” was lower in patients with MPO-ANCA" spinal
HP compared with patients with MPO-ANCA" cranial HP
(Table 2).

Nonspecific serum markers of inflammation, such as C-reactive
protein, were elevated in most patients with MPO-ANCA"
spinal and cranial HP (Table 2). Drastic increase in protein
with xanthochromia and marked coagulation in the CSF, cor-
responding to Froin syndrome,***® were observed in patients
with MPO-ANCA" spinal HP (80%, 4/5), suggesting spinal
CSF flow obstruction caused by HP lesions.

Radiologic Profiles of MPO-ANCA™ Spinal HP

MRI findings of MPO-ANCA" spinal HP revealed hypo-
intense thickened dura mater on T2-weighted imaging (WI)
with abnormal enhancement on gadolinium-enhanced (Gd)
T1WI (Figure 2).2% In all patients with MPO-ANCA" spinal
HP, the thickened dura mater extended into the epidural
space with abnormal enhancement on GdT1WI (83%, 5/6).
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Table 1 Demographic Characteristics of Patients With
Immune-Mediated or Idiopathic Hypertrophic
Pachymeningitis in the Study

Clinical characteristics Summary
Patients, n 61
Male/female, n (%) 29 (48)/32 (52)

Age at onset, y? 66.0 (58.0-72.0)

Age at final evaluation, y* 73.2 (66.0-78.5)

Disease duration, mo? 47.0 (24.9-123.0)

2 Median (interquartile range).

In 50% (3/6) of patients, the lesions extended into the epi-
dural space and spinal column without destructive bone in-
volvement. These findings are consistent with previous case
reports of AAV involving vertebral lesions,””*° but in contrast
to neoplasms that metastasize to the dura and cause bone
destruction.®® In addition, 83% (5/6) of patients with
MPO-ANCA" spinal HP had extramedullary spinal cord
compression, with hyperintense signals in the spinal cord
parenchyma on the T2WT at the same levels as in the spinal
HP lesions.

We identified 3 radiologic patterns of thickened dura in
MPO-ANCA" spinal HP (Figure 2): (1) a circumferential/
longitudinal pattern (67%, 4/6), (2) a circumscribed mass
pattern (17%, 1/6), and (3) a consecutive cranial and spinal
pattern (17%, 1/6).

Regarding the longitudinal distribution of lesions in patients
with MPO-ANCA" spinal HP, abnormally enhanced HP
lesions were predominantly located on the thoracic spine, with
T9 being the most affected spinal level in patients with MPO-
ANCA" spinal HP (Figure 1). All patients with MPO-ANCA”"
spinal HP (100%, 6/6) had longitudinally extensive lesions that
spanned 2 or more vertebral segments (Figure 2). This finding
is consistent with previous case reports indicating that T3 or T4
is the most affected spinal level in patients with spinal HP
associated with AAV (eFigure 4).

Macroscopic and Microscopic/Pathologic
Profiles of MPO-ANCA" Spinal HP

Pathologic studies were conducted on 5 biopsied samples from
patients with MPO-ANCA™ spinal HP. All samples showed
severe dural thickening, characterized by severe fibrosis and
mild-to-severe infiltration of inflammatory cells (Figure 3).

All patients with MPO-ANCA” spinal HP (100%, 5/5) exhibited
moderate-to-severe fibrosis in the dura mater. A middle fibrous
meningeal layer, composed of SMA™® fibroblasts, was sand-
wiched by thick layers of SMA™ myofibroblasts and inflammatory
foci: one at the outer dural border layer and the other at the inner
dural border cell (DBC) layer of the dura mater (Figure 3). These
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3 layers, that is, the middle fibrous meningeal layer and the 2
outer and inner inflammatory layers (the outer dural border layer
and the inner DBC layer), formed the thickened dura mater
characteristic of pachymeningitis. Pathologically, MPO-ANCA"
spinal HP lesions extended outward into the epidural space (60%,
3/5) and inward toward the arachnoid membrane (60%, 3/5).
However, no direct infiltration of inflammatory foci into the pia
mater or spinal cord parenchyma was observed.

Granulomatous inflammation (60%, 3/5), necrosis (40%,2/5),
and vasculitis (40%, 2/5), all of which are characteristic path-
ologic features of GPA,'>17183233 (rere present in biopsied
materials collected from patients with MPO-ANCA" spinal HP

(Figure 3).

Sixty percent (3/5) of MPO-ANCA" spinal HP samples had
B-cell follicle-like structures within the thickened dura, which
contained CD21"CD35" follicular dendritic cells corre-
sponding to B-cell areas.

Classification of MPO-ANCA™ Spinal HP

The 2007/2012 EMA/CHCC Classification Criteria classi-
fied as MPA, GPA, or eosinophilic granulomatosis with pol-
yangiitis based on a stepwise algorithm with the inclusion of
ANCA positivity but not ANCA specificity in the criteria
(eFigure 2).!¥1° The classification of GPA was prioritized
over that of MPA in the 2007/2012 EMA/CHCC Classifi-
cation Criteria.'® The 2022 ACR/EULAR Classification
Criteria'”™"® were recently proposed, incorporating ANCA
specificity (MPO-ANCA or PR3-ANCA) and using a novel
weighted scoring system based on organ system manifes-
tations, serology, and histopathologic characteristics. In par-
ticular, ANCA specificity is assigned the highest weight, in
addition to clinical, histologic, and imaging characteristics, for
the classification of MPA or GPA.'”"*

In this study, we classified 83% (5/6) of patients and 17%
(1/6) of patients with MPO-ANCA" spinal HP as having
GPA or as being unclassifiable, respectively, based on the
2007/2012 EMA/CHCC Classification Criteria (eFigure 2).
However, when using the 2022 ACR/EULAR Classification
Criteria, all patients with MPO-ANCA™ spinal HP (100%, 6/
6) were reclassified as having MPA, although 50% (3/6) had
granulomatous inflammation, a key feature of GPA under
the 2012 CHCC definition (eFigure 3). This reclassification
of MPO-ANCA”" spinal HP was consistent with the classifica-
tion of MPO-ANCA" cranial HP using both the 2007/2012
EMA/CHCC Classification Criteria and the 2022 ACR/
EULAR Classification Criteria (eFigures 2 and 3).

Disease Activity of MPO-ANCA" Spinal HP

The annual relapse rates for MPO-ANCA" spinal HP and
MPO-ANCA" cranial HP were 0.12 = 0.18 and 0.26 *
0.40 relapses/year (mean + SD), respectively. Kaplan-Meier
estimates for the percentages of relapse-free patients at 1,-
000 days were 62% and 45% for MPO-ANCA" spinal HP and
MPO-ANCA" cranial HP, respectively.
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Figure 1 Demographics and Clinical Profiles of 61 Patients With Immune-Mediated or Idiopathic HP Including 6 Patients

With MPO-ANCA" Spinal HP

33%

Immune-
mediated
HP

Idiopathic HP (n = 20)

D

Falx cerebri

Convexity

Cavernous sinus

Cranial fossa

Tentorium cerebelli

Spine

Patients (%)

s MPO-ANCA* spinal HP (n = 6)

0%

0%
0%

10%

0%
0%
0%

Immune-mediated or idiopathic HP (n = 61)

s MPO-ANCA-positive HP (n = 22)
PR3-ANCA-positive HP (n = 7)

mn HP with 1gG4-related disorder (n = 4)

s HP with other immune-mediated disorders (n = 8)

(A) Demographic characteristics of 61
patients with immune-mediated or id-
jopathic HP. Thirty-six percent (22
patients) of patients had MPO-ANCA*
HP, 11% (7 patients) had PR3-ANCA*
HP, 7% (4 patients) had HP associated
with 1gG4-RD, 13% (8 patients) had HP
associated with other immune-
mediated disorders, and 33% (20
patients) had idiopathic HP. (B) Lesion
distribution among the 61 patients
with immune-mediated or idiopathic
HP. All patients with spinal HP (6
patients) were MPO-ANCA seroposi-
tive. (C) Cumulative symptoms (%) at
the first active insult in each of the 6
patients with spinal HP, all of whom
were seropositive for MPO-ANCA,
based on clinical profiles. Symptoms
related to myelopathy, along with fe-
ver and back/radicular pain, were
prominent in MPO-ANCA" spinal HP.
(D) Cumulative distribution (%) of the
first active insult in each of the 6
patients with spinal HP, all of whom
were seropositive for MPO-ANCA,
based on radiologic profiles. HP was
defined as thickening of the dura ma-
ter with abnormal enhancement on
MRI findings. ANCA = anti-neutrophil
cytoplasmic antibody; HP = hypertro-
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Disease activity in patients with MPO-ANCA" spinal HP was
assessed using the BVAS, which is a clinical checklist organized
into the 9 organ-based systems.** These scores were compared
with those obtained for patients with MPO-ANCA" cranial HP
(Figure 4, A and B). The median BVAS for the nervous systems
(9) in patients with MPO-ANCA" spinal HP was significantly
higher than that in patients with MPO-ANCA" cranial HP. By
contrast, the median BVAS for the ear, nose, and throat (ENT)
system (4) was significantly lower in patients with MPO-
ANCA" spinal HP than that in patients with MPO-ANCA"
cranial HP. These data indicate that patients with MPO-
ANCA" spinal HP had higher disease activity in the nervous
system, but lower disease activity in the ENT system.

Neurology.org/N

Neurologic damage in patients with MPO-ANCA" spinal HP
was assessed using the mRS. The median mRS score at nadir
was similar between patients with MPO-ANCA" spinal HP
and patients with MPO-ANCA" cranial HP (Figure 4A).

Treatments and Long-Term Outcomes of
MPO-ANCA® Spinal HP

Patients with MPO-ANCA" spinal HP received the following
treatments: (1) long-term immunotherapies and (2) surgical
decompression as appropriate.

1. Long-term immunotherapies consisted of (a) high-dose
glucocorticoids (GCs) in combination with either
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Table 2 Clinical and Demographic Characteristics of Patients With MPO-ANCA-Positive HP

Spinal HP? (n = 6)

Cranial HP? (n = 16)

Demographics

Age at onset, y>©

66.0 (61.0-67.5)

66.5 (60.5-71.8)

Male/female, n (%)

2 (33)/4 (67)

4(25)/12 (75)

Observation periods, mo®*

88.8 (39.7-136.7)

106.6 (26.7-177.1)

Serum findings

Seropositivity for rheumatoid factor, n (%)

5/6 (83)

12/16 (75)

CRP (20.3 mg/dL), n (%)

6/6 (100)

10/14(71)

CRP, mg/dL"¢

7.52 (5.00-12.55)%*

1.42 (0.10-3.96)%*

ESR (220 mm/h), n (%) 6/6 (100) 10/13(77)
CSF findings

CSF nucleated cells (/mm?®)"* 57 (17-205)* 8 (2-26)*

Marked pleocytosis (250/mm?), n (%) 3/5 (60) 2/16 (13)

Protein, mg/dL"® 1,223 (473-2,844)** 57 (37-87)%*

Protein (250 mg/dL), n (%) 5/5 (100) 9/16 (56)

1gG index®f 1.949 (1.780-3.122) 1.505 (0.735-1.872)

1gG index (20.658), n (%) 3/3(100) 12/14 (86)
Otologic findings

Otologic symptoms, n (%) 3/6 (50) 14/16 (88)

Sinusitis, otitis media, or mastoiditis by MRI or CT findings, n (%) 3/6 (50)* 14/14 (100)*
Surrogate markers for GPA®

X-ray evidence of fixed pul y infiltrates, nodules, or cavitations present for >1 mo, n (%) 1/6 (17) 3/16 (19)

Bronchial stenosis, n (%) 0/6 (0) 0/16 (0)

Bloody nasal discharge and crusting for >1 mo, or nasal ulceration, n (%) 0/6 (0) 0/16 (0)

Chronic sinusitis, otitis media, or mastoiditis for 3 mo, n (%) 3/6 (50)* 16/16 (100)*

Retro-orbital mass or inflammation (pseudotumor), n (%) 0/6 (0) 2/16 (13)

Subglottic stenosis, n (%) 0/6 (0) 0/16 (0)

Saddle nose deformity/destructive sinonasal disease, n (%) 0/6 (0) 0/16 (0)
Surrogate markers for renal vasculitis®

Hematuria associated with red cell casts or >10% dysmorphic erythrocytes, n (%) 1/6 (17) 0/16 (0)

2+ hematuria and 2+ proteinuria on urinalysis, n (%) 1/6 (17) 0/16 (0)
Treatments

Surgical decompression/laminectomy, n (%) 5/6 (83) 0/16 (0)

Glucocorticoids, n (%) 6/6 (100) 16/16 (100)

Immunosuppressants (AZA, MTX, CY, TAC), n (%) 5/6 (83) 9/16 (56)

Rituximab, n (%) 1/6 (17) 0/16 (0)

Abbreviations: ANCA = anti-neutrophil cytoplasmic antibody; AZA = azathioprine; CRP = C-reactive protein; CY = cyclophosphamide; ESR = erythrocyte
sedimentation rate; GPA = granulomatosis with polyangiitis; HP = hypertrophic pachymeningitis; MPO = myeloperoxidase; MTX = methotrexate; PR3 =

proteinase 3; TAC = tacrolimus.

Statistically significant in comparison between MPO-ANCA-positive spinal HP and MPO-ANCA-positive cranial HP (*p < 0.05; **p < 0.01).

a“Spinal HP" was defined as including both “spinal HP with cranial HP (n = 2)" and “spinal HP without cranial HP (n = 4).” “Cranial HP (n = 16)" referred to “cranial

HP without spinal HP (n = 16).”
® Median (interquartile range).

¢ MPO-ANCA-positive spinal HP (n = 6) and MPO-ANCA-positive cranial HP (n = 16) were analyzed.
4 MPO-ANCA-positive spinal HP (n = 6) and MPO-ANCA-positive cranial HP (n = 14) were analyzed.
¢ MPO-ANCA-positive spinal HP (n = 5) and MPO-ANCA-positive cranial HP (n = 16) were analyzed.
fMPO-ANCA-positive spinal HP (n = 3) and MPO-ANCA-positive cranial HP (n = 14) were analyzed.

& Surrogate markers for GPA or for renal vasculitis were based on Watts algorithm.'®
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cyclophosphamide (CY) or rituximab (RTX) and (b)
high-dose GCs alone. High-dose GCs were initiated as
methylprednisolone pulse therapy (500 mg/d or
1,000 mg/d for 3 days), followed by oral GCs at a starting
dose of 1 mg/kg/d prednisolone (PSL), with a gradual
stepwise reduction, aiming to achieve a dose of 5 mg/d or
less over months or years.

2. Surgical decompression included (i) laminectomy and
(i) duraplasty, which was performed if patients had
progressive myelopathy.

All 11 first-onset or relapsing active diseases (6 cumulative
first-onset active insults of spinal HP and S cumulative
relapses, in 6 patients) of MPO-ANCA" spinal HP were in-
cluded in this study. During the induction phase for the first
active insults of spinal HP, treatments (6 active insults of
spinal HP, excluding relapses, in 6 patients) included the
following: (1) 3 active insults (3 patients) were treated with
surgical decompression followed by combined immunother-
apy with high-dose GCs and either CY or RTX; (2) 2 active
insults (2 patients) were treated with surgical decompression
followed by high-dose GCs alone; and (3) 1 active insult (1
patient) was treated with high-dose GCs and CY without
surgical decompression.

Eighty-three percent (5/6) of patients with MPO-ANCA"
spinal HP, who had rapidly progressive, mild-to-severe mye-
lopathy with subacute/chronic onset, underwent urgent
surgical decompression. Only 17% (1/6) of patients with
MPO-ANCA" “spinal HP with cranial HP,” who exhibited no
signs of myelopathy (i.e., latent spinal HP with manifest cranial
HP), received long-term immunotherapy without surgical in-
tervention. For surgical decompression, laminectomy was
performed in 100% (5/5) of cases and duraplasty in 80% (4/5)
of cases. The median time from disease onset to surgical de-
compression was 95 days (IQR 68-265). None of the patients
with MPO-ANCA" spinal HP required surgical stabilization of
the spine because all patients with MPO-ANCA™ spinal HP
maintained spinal stability with no destructive changes in the
vertebral column, although 50% (3/6) of patients had spinal
involvement based on MRI findings. No patients underwent
surgical procedures more than twice.

During the initial induction of the remission phase for the first
insult, immunotherapies, with or without surgical de-
compression as appropriate, significantly reduced mRS scores
and BVASs compared with pretreatment levels for all 6 active
insults of HP (Figure 4C). Among patients receiving com-
bined immunotherapy with high-dose GCs and CY/RTX as
induction treatment for first active insults of spinal HP, re-
mission (BVAS = 0) was achieved in 100% (4/4) of patients
and sustained remission for 3 years was achieved in 100%
(4/4) of patients. By contrast, among those receiving high-
dose GCs alone, remission (BVAS = 0) was achieved in 100%
(2/2) of patients but sustained remission for 3 years was
achieved in 0% (0/2) of patients. After induction therapy for
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first active insults of spinal HP, 33% (2/6) of patients had S
relapses (1 relapse of spinal HP, 2 relapses of cranial HP, 1
relapse of rapidly progressive glomerulonephritis, and 1 re-
lapse of fever with increased MPO-ANCA titer). Kaplan-
Meier estimates and log-rank statistical analyses revealed that
the percentage of relapse-free patients receiving combined
immunotherapy with GCs and CY/RTX was significantly
higher than of those receiving high-dose GCs alone for MPO-
ANCA" spinal HP (Figure 4D). We were unable to identify
whether RTX was superior to CY for induction or mainte-
nance of remission in patients with MPO-ANCA" HP be-
cause of the limited number of patients.

We identified several adverse events in patients with MPO-
ANCA" spinal HP: 1 patient developed diabetes mellitus, 1 de-
veloped liver dysfunction, 2 developed severe infections, and 3
developed hypercholesterolemia among patients receiving com-
bined immunotherapy with high-dose GCs and CY/RTX and 1
patient developed deep vein thrombosis and 1 developed severe
infection among patients receiving high-dose GCs alone. Three
deaths due to infections were reported: 2 patients (a woman older
than 80 years with a 14.2-year clinical course and a man older than
75 years with a 10.5-year clinical course, at the time of death)
receiving combined immunotherapy with high-dose GCs and
CY/RTX and 1 patient (a woman older than 65 years with a 5.8-
year clinical course, at the time of death) receiving high-dose GCs
alone. They took no trimethoprim-sulfamethoxazole prophylaxis
in the year before their deaths, because of reduced dosages of PSL
(S mg/d). These data are consistent with those of a previous
article indicating that patients with AAV aged 75 years or older
have a higher incidence of death.*

Discussion

We analyzed 61 patients with idiopathic or immune-mediated
HP including 6 patients with spinal HP, all of whom had MPO-
ANCA seropositivity (median observation period: 88.8 months).
MPO-ANCA" spinal HP shared common clinical features with
MPO-ANCA" cranial HP: (1) an older female predominance;
(2) 100% (6/6) of patients classified as having MPA based on
the 2022 ACR/EULAR Classification Criteria, although 83% s/
6) and 17% (1/6) of patients were classified as having GPA and
unclassifiable AAV based on 2007/2012 EMA criteria, re-
spectively; (3) a low frequency (33%, 2/6) of patients with
involvement of the lower airways or kidneys; (4) a moderate
frequency of patients (60%, 3/S) exhibiting granulomatous in-
flammation with T cells, B cells, granulocytes, and macrophages
in biopsied materials; (5) efficacy of immunotherapy (with or
without surgical decompression as appropriate) in reducing the
mRS and BVAS during the first active insults; and (6) efficacy of
combined immunotherapy with GCs and CY/RTX in reducing
relapses over the long term.

MPO-ANCA" spinal HP presented unique clinical features:
(1) 83% (5/6) of patients developed subacute/chronic
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Figure 2 Radiologic Profiles of MPO-ANCA" Spinal HP

A. Pattern I: Circumferential/longitudinal pattern

‘

Representative MRI patterns of MPO-ANCA™ spinal HP. Abnormal hypointense thickening of the dura mater was observed on T2WI with abnormal en-
hancement on GdT1WI (arrowheads, A-C). Three distinct radiologic patterns of thickened dura were identified in patients with MPO-ANCA" spinal HP: (1)
a circumferential/longitudinal pattern (A), (2) a circumscribed mass pattern (B), and (3) a consecutive cranial and spinal pattern (C). Fifty percent (3/6) of
patients exhibited epidural extension with spinal bone involvement (A and D). Spinal bone involvement appeared as hyperintense lesions on T2WI with
abnormal enhancement on GdT1W1 (A and D, arrowheads) and typically presented with persistent spinal stability without destructive features on MRI.
ANCA = anti-neutrophil cytoplasmic antibody; GAdT1WI = T1-weighted postgadolinium imaging; HP = hypertrophic pachymeningitis; MPO = myeloperoxidase;

T2WI = T2-weighted imaging.

myelopathy due to extramedullary compression of the spinal
cord; (2) 50% (3/6) of patients had lesion extension to the
epidural compartment and vertebral column, but 100% (6/6)
of patients had no direct involvement of the pia mater and the
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spinal cord parenchyma; (3) a lower frequency (50%, 3/6) of
patients had chronic sinusitis, otitis media, or mastoiditis,
compared with those with MPO-ANCA" cranial HP (100%,
16/16); (4) higher disease activity was observed in the
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Figure 3 Pathologic Profiles of MPO-ANCA" Spinal HP

Granulomatous inflammation

Vasculitis

Plasma cells/
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Representative pathologic patterns of MPO-ANCA™ spinal HP from microscopic findings in 5 biopsied materials. All samples showed severe thickening of the
dura mater with severe fibrosis and mild-to-severe infiltration of inflammatory cells (A-S). The thickened dura mater (A and B) consisted of 3 layers: a middle
fibrous meningeal layer with SMA"®8 fibroblasts (B, b) and 2 thick inflammatory layers with abundant SMA™ myofibroblasts and inflammatory foci located at
both the outer dural border layer (B, a) and the inner DBC layer (B, c). Sixty percent (3/5) of MPO-ANCA" spinal HP samples showed granulomatous
inflammation (A-F). Forty percent (2/5) of MPO-ANCA" spinal HP samples showed necrotizing granulomatous inflammation surrounded by palisading
epithelioid histiocytes (C) but without multinucleated giant cells or geographic necrosis. Forty percent (2/5) also showed vasculitis (G-K). Vascular changes
included mild-to-severe inflammation (G-K), breakdown of the internal elastic layer (G, arrowheads), occlusive arteries (G, *), and vessels with intimal
hyperplasia (G, arrow), but no vessels with fibrinoid necrosis. The thickened dura mater exhibited severe infiltration of CD68" macrophages (H); moderate
infiltration of granulocytes (D and E); and moderate infiltration of CD3" T cells (1), CD8" T cells (J), CD4" T cells (K), CD20" B cells (P and Q), and CD138" or IgG*
plasma cells (L-N). Sixty percent (3/5) of MPO-ANCA" spinal HP samples showed mild-to-moderate infiltration of IgG4* plasma cells (O). According to the
2019 ACR/EULAR 1gG4-RD Classification Criteria,?>?' all samples (100%, 5/5) met the serologic domain/item in step 2 (exclusion criteria) indicating sero-
positivity of ANCA and none were classified as having IgG4-RDs. However, 20% (1/5) of samples met the immunostaining domain/item in step 3 (inclusion
criteria), with an assigned weight score >7 (IgG4":1gG" ratio >41%, and >10 IgG4" cells per high-power field). Sixty percent (3/5) of the MPO-ANCA" spinal HP
materials contained B-cell follicle-like structures (P-S) in the thickened dura, which included CD21" and CD35" follicular dendritic cells (R and S) corresponding
to B-cell areas. Only 20% (1/5) of samples had PNAd" HEV-like structures, corresponding to T-cell areas (data not shown). All scale bars represent 50 um. ACR =
American College of Rheumatology; ANCA = anti-neutrophil cytoplasmic antibody; DBC = dural border cell; EULAR = European League Against Rheumatism;
HE = hematoxylin and eosin; HEV = high endothelial venule; HP = hypertrophic pachymeningitis; MPO = myeloperoxidase; PNAd = peripheral lymph node
addressin; SMA = smooth muscle actin.
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Figure 4 Disease Activity, Course, and Treatment Outcomes in MPO-ANCA" Spinal HP
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Neurologic damage in MPO-ANCA" spinal HP was assessed using the mRS (A). The median mRS score at nadir was similar between MPO-ANCA" spinal HP (6
firstactive insults)and MPO-ANCA" cranial HP (15 first active insults) (A). Disease activity in MPO-ANCA" spinal HP (6 first active insults) was evaluated using the
BVAS, which assesses 9 organ-based systems: (1) general, (2) cutaneous, (3) mucous membranes/eyes, (4) ENT, (5) chest, (6) cardiovascular, (7) abdominal, (8)
renal, and (9) nervous systems,34 compared with that of MPO-ANCA" cranial HP (14 first active insults) (A and B). The median BVAS for the nervous systems (9)
was significantly higher in MPO-ANCA" spinal HP compared with MPO-ANCA" cranial HP (B). By contrast, the median BVAS for the ENT system (4) was
significantly lower in MPO-ANCA" spinal HP compared with MPO-ANCA" cranial HP (B). Statistical significance (B) was analyzed using the Mann-Whitney U test
between spinal HP and cranial HP (*p < 0.05). Immunotherapies, with or without surgical decompression as appropriate, significantly reduced mRS scores and
BVASs compared with pretreatment levels for all 6 first active insults (6 patients) (C). Statistical significance (C) was analyzed using the Wilcoxon signed-rank
test before and after treatments (*p < 0.05). Kaplan-Meier estimates and log-rank analysis showed that relapse-free survival rates were significantly higher in
patients with active insults of MPO-ANCA" spinal HP receiving combined treatments of GCs and CY/RTX (5 active insults) compared with those receiving high-
dose GCs alone (6 active insults) for all 11 active insults of MPO-ANCA* spinal HP (*p < 0.05) (D). Each symbol represents individual data from each image in the
region of interest, and bars show the median and interquartile range. ANCA = anti-neutrophil cytoplasmic antibody; BVAS = Birmingham Vasculitis Activity
Score; CY = cyclophosphamide; ENT = ear, nose and throat; GCs = glucocorticoids; HP = hypertrophic pachymeningitis; MPO = myeloperoxidase; mRS =
modified Rankin Scale; RTX = rituximab.

nervous system, as assessed using BVAS, compared with  Spinal HP forms thickened lesions on the dura mater, which is
MPO-ANCA" cranial HP; and (5) there was the necessity of ~ composed of 3 layers: the outermost thin dural border layer,
emergency of surgical decompression, including laminectomy  the middle thickest meningeal layer, and the innermost DBC
and duraplasty, for compressive myelopathy. layer with few cell junctions (Figure 5).>° The arachnoid,
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Figure 5 Graphic Summary of Immunopathology in MPO-ANCA" Spinal HP
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The human“dura” (meaning “tough” or “hard”in Latin) in the spine is composed of 3 distinctive dural layers, from outside to inside: (1) the outermost thin dural
border layer consists of loosely arranged collagen fibers and is less than 2-um thick; (2) the middle thickest meningeal layer consists of approximately 80
layers of collagen fibers arranged in different directions with numerous elastic fibers and infrequent fibroblasts; and (3) the innermost DBC layer consists of
one to several layers of DBCs together with amorphous nonfibrillar materials, but no collagen or elastic fibers, and is less than 8-um thick.*® The spinal dura
mater contains dural fibroblasts, immune cells, blood vasculature, and lymphatic vessels.”® The dura mater has a different immune milieu compared with
the arachnoid, for example, (1) the dura mater includes DALT, which consists of lymphatic vasculature, blood vasculature, and resident immune cells,*
whereas the arachnoid contains very few short-lived myeloid cells (e.g., Ly-6C"8" monocytes, neutrophils, and dendritic cells) and lower numbers of adaptive
immune cells (CD4* and CD8" T celis and B cells)* and (2) BAMs in the dura mater are substantially replaced by peripheral monocytes and may be locally
produced in hematopoietic niches within the dura and adjacent bone, whereas BAMs in the leptomeninges are not.” The arachnoid, located inside the
innermost DBC layer with few cell junctions, is composed of the outermost ABC layer, which contains numerous tight junctions. This ABC layer functions as
a morphological and physiologic “blood-CSF barrier” between the CSF in the subarachnoid space and the blood circulation in the dura mater. However, the
ABC layer is sometimes interrupted by ACE points, which allow for exchange between the dura mater and the subarachnoid space.* These findings suggest
that the dura mater and systemic blood circulation are strictly separated from the CNS and the CSF by the arachnoid blood-CSF barrier (i.e., ABC layer), except
for communication through ACE points. The spinal epidural space, located between the dura mater and the osteofibrous wall (periosteum) of the vertebral
column, contains the epidural fat pad and the IVVP and is considered to facilitate the spread of infection, tumor metastasis, and emboli through systemic
circulation.3® In vivo cell labeling in rodent studies revealed the migration of myeloid cells and B cells between the skull/vertebral BM and the dura through
microvascular channels (BM-dura channels).?”*® MPO-ANCA" spinal HP is characterized by granulomatous inflammation with fibrosis in/around the dura
mater. A middle fibrous meningeal layer containing SMA"®8 fibroblasts is sandwiched between thick layers of SMA™ myofibroblasts and inflammatory foci
located at both the outer dural border layer and the inner DBC layer of the dura mater. This inflammation extends into the epidural space and vertebrae while
maintaining spinal stability; however, it does not expand into the spinal cord parenchyma beyond the arachnoid blood-CSF barrier. These data of human
MPO-ANCA" spinal HP support the concept that the dura mater and systemic blood circulation are strictly separated from the CNS and the CSF by the
arachnoid blood-CSF barrier, except for communication through ACE points, and thatimmune foci migrate between the vertebral BM and dura through BM-
dura channels, based on recent meningeal biology by rodent models.>”*® On the contrary, PR3-ANCA* cranial HP sometimes shows more extensive
involvement of the dura matter with leptomeningeal and parenchymal areas.? This may be caused by ACE points that sometimes interrupt the ABC layer and
allow for exchange between the dura mater and the subarachnoid space.* ABC = arachnoid barrier cell; ACE = arachnoid cuff exit; ANCA = anti-neutrophil
cytoplasmic antibody; BAM = border-associated macrophage; BM = bone marrow; DALT = dura-associated lymphoid tissue; DBC = dural border cell; HP =
hypertrophic pachymeningitis; IVWP = internal vertebral venous plexus; MPO = myeloperoxidase; SMA = smooth muscle actin.
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located inside the innermost DBC layer, consists of an out-
ermost arachnoid barrier cell (ABC) layer that contains nu-
merous tight junctions,*® suggesting that the ABC layer serves
as an important morphological and physiologic blood-CSF
barrier between the CSF in the subarachnoid space and the
blood circulation in the dura mater.*>® However, the ABC
layer is sometimes interrupted by arachnoid cuff exit (ACE)
points, which allow for exchange between the dura mater and
the subarachnoid space.* Moreover, recent rodent studies
have revealed that the dura mater has a different immune
milieu compared with the arachnoid (e.g, dura-associated
lymphoid tissue in the dura mater).* These findings suggest
that the dura mater and systemic blood circulation are strictly
separated from the CNS and the CSF by the arachnoid blood-
CSF barrier (i.e, ABC layer), except for communication
through ACE points. This may explain that most lesions in
MPO-ANCA”" spinal HP are confined to the dura mater and
areas outside the dura mater, without spreading into the pia
mater or the spinal cord parenchyma beyond the arachnoid
blood-CSF barrier.

In vivo cell labeling in rodent studies revealed the migration of
myeloid cells and B cells between the skull /vertebral bone marrow
(BM) and the dura through microvascular channels.>”** In the
radiologic findings of our study, we observed that 50% (3/6) of
lesions in MPO-ANCA" spinal HP extended into the epidural
space and the vertebral column, with no evidence of spinal in-
stability (Figure 2). These data suggested the migration of im-
mune foci between the vertebral BM and the dura mater through
BM-dura channels.>”*® These vertebral lesions are consistent
with findings of previous case reports on MPO-ANCA" or
PR3-ANCA* AAV.””* Overall, we demonstrated that the
lesions of MPO-ANCA" spinal HP were primarily centered on
the dura mater. The inner portion of the lesions was blocked
by the arachnoid blood-CSF barrier, with no direct involvement
of the spinal cord parenchyma, while the outer portion ex-
tended into the epidural space or vertebral column.

We found that 100% (16/16) of patients with MPO-ANCA"
cranial HP had coexisting upper airway involvement, includ-
ing chronic sinusitis, otitis media, or mastoiditis lasting
for >3 months, while upper airway involvement in patients with
MPO-ANCA" spinal HP was less frequent, occurring in only
50% (3/6) of patients (Table 2). In MPO-ANCA" cranial HP,
inflammatory mediators from otitis media in the middle ear
may spread to the cranial dura mater through emissary veins,
such as the pterygoid plexus or petrosquamosal sinus, which
connect the intracranial to extracranial drainage system. This
could potentially form or exacerbate cranial HP.>***' The
spine is located farther away from the upper airway (e.g., otitis
media), while the cranium is situated close to it. These findings
may explain why patients with MPO-ANCA" spinal HP are
extremely rare compared with patients with MPO-ANCA”
cranial HP. In this study and previous case reports, lesions in
MPO-ANCA" spinal HP were predominantly located in the
dura mater of the thoracic spine (Figure 1, eFigure 4), although
the reason for this distribution remains unclear.
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We observed a discrepancy in the classification of MPO-
ANCA" spinal or cranial HP between the 2007/2012 EMA/
CHCC Classification Criteria and the 2022 ACR/EULAR
Classification Criteria (eFigures 2 and 3). Recent validation
studies of the 2022 ACR/EULAR Classification Criteria
revealed that 16 of 374 patients in population-based cohorts
from Sweden®* and 35 of 477 patients in population-based
cohorts from Japan,* who were previously classified as having
GPA based on the 2007/2012 EMA/CHCC Classification
Criteria, were reclassified as having MPA under the
2022 ACR/EULAR Classification Criteria. It is important to
note that all these patients were MPO-ANCA". Moreover, in
both the Swedish and Japanese cohorts, 4 patients in each
group, classified as having MPA according to the
2022 ACR/EULAR Classification Criteria, exhibited granu-
lomatous inflammation on histologic examination, and all
those patients were MPO-ANCA*.** QOverall, a case with clear
evidence of granulomatous inflammation and MPO-ANCA
seropositivity could be classified as MPA based on the
2022 ACR/EULAR Classification Criteria, despite granuloma-
tous inflammation being a defining feature of GPA based on the
2012 CHCC definition.*** This may explain why MPO-
ANCA" spinal HP was reclassified as having MPA under the
2022 ACR/EULAR Classification Criteria, even if MPO-
ANCA" spinal HP had granulomatous inflammation in the
thickened dura mater. Moreover, recent clinical studies have
indicated that ANCA specificities (MPO-ANCA vs PR3-
ANCA) are more relevant to pathogenicity, clinical course, and
disease severity, than traditional disease types (MPA vs GPA).
For example, genome-wide association studies have shown that
the strongest genetic associations are linked to ANCA specific-
ities rather than traditional disease types.** Furthermore, ANCA
specificities independently predict relapse, contrasting with tra-
ditional disease types in clinical data from S02 patients with
biopsy-proven AAV.* Given these findings and those of our
study, a new classification system for AAV that would not only
label the disease but also serve as a tool for predicting disease
recognition, treatment responses, and prognosis should be un-
dertaken in the future. Such a classification system could po-
tentially be based on ANCA specificities.”” To accurately
describe the disease, we used terms based on ANCA specificities
(e.g, MPO-ANCA" spinal HP) rather than traditional disease
types (e.g, GPA or MPA) in this study.

We observed that immunotherapies, with or without surgical
decompression as appropriate, significantly reduced mRS
scores and BVASs compared with pretreatment levels for all
first active insults (Figure 4C). Kaplan-Meier estimates and
log-rank statistical analyses revealed that the percentage of
relapse-free patients receiving combined immunotherapy
with GCs and CY/RTX was significantly higher than of those
receiving high-dose GCs alone for MPO-ANCA" spinal HP
during long-term follow-up (Figure 4D). These findings re-
inforce the use of the EULAR recommendations for the
management of AAV,* suggesting that a combination of
high-dose GCs with either RTX or CY is recommended for
inducing remission in life-threatening or organ-threatening
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AAV, and that a continued combination of tapered GCs and
RTX is recommended for maintaining remission in AAV.
Future studies on other immunotherapies, including the oral
CS5aR inhibitor avacopan, are warranted for inducing or
maintaining remission, particularly to reduce GC exposure in
patients with MPO-ANCA" spinal HP. This recommendation
is supported by recent clinical trials, including the ADVO-
CATE study for AAV.*

This study has several limitations. First, the cohort was ex-
tremely small (immune-mediated HP, n = 61; spinal HP, n =
6), because of the rarity of the disease. Second, the median
observation period for patients with MPO-ANCA" spinal HP
was 88.8 months, and longer-term follow-up data are needed.
Third, all materials from patients with MPO-ANCA" spinal
HP were obtained from biopsies, which are typically small.
Based on pathologic studies of the head and neck, only 16% of
biopsied samples from patients with GPA provided evidence
of necrotizing granulomatous inflammation.®* Fourth, all
patients with spinal HP in this cohort were diagnosed with
MPO-ANCA" spinal HP, with no cases of PR3-ANCA" spinal
HP. This skewed distribution likely reflects geographic dif-
ferences because MPO-ANCA® AAV is the predominant
form of AAV in Asia, including Japan, while PR3-ANCA"
AAV is more common in Europe and the United States
according to global epidemiologic data.*** Compared with
reports of MPO-ANCA" or p-ANCA" AAV, previous case
reports of PR3-ANCA" or c-ANCA" spinal HP are scarce and
most have been from Europe and the United States
(eTable 1).

Our findings provide evidence that ANCA pathogenicity
plays a significant role in spinal HP, based on the distinct
clinical characteristics of MPO-ANCA" spinal HP observed in
this retrospective cohort study. MPO-ANCA" spinal HP,
which presents with fibrosis and granulomatosis with forma-
tion of tertiary lymphoid structures in the thickened dura
mater, should be recognized as either a CNS-limited or gen-
eralized form of AAV, representing an organ-threatening
disease. Future studies involving larger cohorts and longer
follow-up periods are necessary to further elucidate the
pathogenicity of ANCA and other immune elements, refine
the classification of AAV, and explore effective treatments
aimed at mitigating tissue fibrosis and damage and potentially
achieving a cure.
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