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ABSTRACT

Systemic vasculitides encompass a
spectrum of inflammatory disorders
affecting several organs and districts,
with significant implications for mor-
bidity and mortality. This annual review
provides an updated overview of key
advancements in vasculitis research,
including emerging biomarkers, novel
insights into pathogenesis, and thera-
peutic innovations in both large and
small-vessel vasculitis. Particular at-
tention is given to emerging concepts,
including the role of cellular senes-
cence and stromal cells in vascular in-
flammation, the expanding spectrum of
single-organ vasculitis, and the grow-
ing recognition of VEXAS syndrome as
a vasculitis-related entity.

Introduction

Systemic vasculitides represent a
heterogeneous group of chronic, in-
flammatory  diseases characterised
by blood vessel inflammation, which
can lead to severe organ damage and
long-term morbidity. This spectrum
includes large-vessel vasculitis (LVV),
such as giant cell arteritis (GCA) and
Takayasu’s arteritis (TAK), and small-
vessel vasculitis, notably anti-neutro-
phil cytoplasmic antibodies (ANCA)-
associated vasculitis (AAV) and cryo-
globulinaemic vasculitis (CV). Recent
advancements have expanded our
understanding of pathogenetic mech-
anisms underlying vasculitis, with
novel insights into the role of cellular
senescence and stromal cell in the de-
velopment of vascular inflammation.
Additionally, the recognition of emerg-
ing entities like vacuoles, E1 enzyme,
X-linked, autoinflammatory, somatic
(VEXAS) syndrome and a renewed
focus on single-organ vasculitis, such
as primary central nervous system vas-
culitis (PCNSV), aortitis, and chronic

periaortitis (PC) underscore the evolv-
ing landscape of vasculitis research
and management. Similarly to the pre-
vious annual reviews of this series (1,
2), we identified in this paper the most
relevant and recent evidence about
pathogenesis, clinical manifestations,
and therapeutic options of these enti-
ties. We conducted a Medline search of
English-language articles published in
the PubMed database from January 1,
2024, to December 31, 2024. The fol-
lowing keywords were used to identify
relevant data sources: “vasculitis”, “gi-
ant cell arteritis”, “Takayasu’s arteritis”,
“ANCA-associated vasculitis”, “micro-
scopic polyangiitis” (MPA), “granu-
lomatosis with polyangiitis” (GPA),
“eosinophilic  granulomatosis ~ with
polyangiitis” (EGPA), “cryoglobuline-
mic vasculitis”, “VEXAS syndrome”,
“primary central nervous system vascu-
litis™, “aortitis”, “periaortitis”, “cellular
senescence and arteritis”, and “stromal
cells and vasculitis or arteritis”.

New insight into

large-vessel vasculitis

Biomarkers and implications

in the pathogenesis of LVV

The genetic bases and the potential role
of immunological biomarkers in LVV
are still unclear. A recent genome-wide
association study identified three novel
loci associated with risk of GCA, two
of them (MFGES and VTN) involved
in neoangiogenesis and one of them
(CCDC25) related to neutrophil extra-
cellular traps (3). In addition, a tran-
scriptomic study conducted in patients
with GCA found that 31 genes were
downregulated and 256 genes were
upregulated in temporal artery biopsies
(TABs) with transmural inflammation
(TMI) compared with normal TABs
and TABs with inflammation limited to
adventitia (4). Beyond genetic predis-
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position, emerging evidence highlights
the involvement of humoral immune
response in the pathogenesis of GCA.
In a recent study including 55 patients
with GCA and 7 patients with TAK,
Pesce et al identified two novel autoan-
tigens, VSIGIOL and DCBLDI1, with
a prevalence of 43% and 57%, respec-
tively, and high specificity (>96%).
These autoantibodies were absent
in TAK patients and in age-matched
healthy controls, indicating distinct
pathogenic mechanisms between the
two LVV subtypes, and ruling out any
association with age (5). While the con-
tribution of cell-mediated immunity is
central to GCA, these findings identify
a previously unrecognised role for hu-
moral autoimmunity, suggesting that
B-cell-driven responses may contribute
to disease pathogenesis. Preventing the
onset and progression of arterial fibro-
sis remains a significant challenge in
patients with TAK. A recent study indi-
cated proprotein convertase subtilisin/
kexin type 5 (PCSKS5) in TAK patients
as a novel pro-fibrotic factor in TAK
vascular fibrosis by means of activat-
ing precursor TGF-f3 (pro-TGF-f) to
the mature form. In this regard, lefluno-
mide (LEF) might have an anti-fibrotic
value by inhibiting PCSKS5 and pro-
TGF-p binding, and decreasing TGF-f3
activation (6).

Emerging role of cellular

senescence in LVV

GCA affects adults over 50 years old,
and aging is the strongest risk factor
for GCA development. Upregulation
of markers of cellular senescence, such
as pl6INK4A and p21WAF/Cipl, has
been reported in inflamed TABs from
GCA patients (7). Recently, Gorgou-
lis et al. investigated GL13, a novel
marker of cellular senescence inter-
acting with lipofuscin, in the context
of GCA. Inflamed TABs from GCA
patients contained significantly more
GL13-positive senescent cells than
normal TABs from polymyalgia rheu-
matica (PMR) patients, non-PMR/
GCA patients, and non-inflammatory
aortic aneurysmal tissue. Multi-mark-
er immunohistochemistry identified
senescence primarily in fibroblasts,
macrophages, and endothelial cells,
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while vascular smooth muscle cells
(VSMCs) were rarely affected. Se-
nescent cells produced interleukin-6
(IL-6) and matrix metalloproteinase-9.
Supernatants obtained from inflamed
GCA TABs induced senescence in fi-
broblasts, endothelial cells, and mono-
cytes, an effect significantly reduced
by IL-6 blockade with tocilizumab
(TCZ). Premature senescence has also
been reported in TAK. A recent study
published by Fang et al. identified
significantly higher representation of
GL13- and p16INK4A-positive cells in
affected arteries compared to controls.
Unlike GCA, these cells were primar-
ily located in the medial layer and
expressed o-SMA, confirming their
identity as VSMCs. IL-6 signalling
was found to play a crucial role in TAK
by promoting the senescent phenotype
and acting as a downstream effector of
VSMCs senescence (8). These findings
highlight cellular senescence as a key
factor in LVV pathogenesis, providing
insights into disease mechanisms and
potential therapies.

Imaging and clinical advances

Stratifying GCA subsets is crucial for
a tailored therapeutic approach and
improved patient outcomes. Recent
research confirmed the presence of a
cranial/ophthalmic subset character-
ised by cranial manifestations, PMR
features (9), and higher incidence of
ischaemic/occlusive vascular disease
(10), and an extracranial subset, af-
fecting younger patients with frequent
relapses and aneurysm risk. Vascular
ultrasonography (V-US) can be use-
ful to assess ischemic complications,
revealing that cranial artery involve-
ment is linked to anterior ischaemic
optic neuropathy, while LV involve-
ment is more often associated with
stroke, acute coronary syndrome, and
peripheral artery disease (11). How-
ever, V-US lacks validated quantitative
scores in clinical practice. To improve
disease assessment, several V-US scor-
ing systems have been proposed. The
Southend halo score, halo count, and
OMERACT GCA Ultrasonography
Score (OGUS) have showed good
sensitivity and excellent specificity in
a real-life GCA cohort (12). Notably,

OGUS also predicted disease relapse at
6 months in a recent multicentric study
(13). Recent evidence suggests that ex-
tra-media thickness (EMT) of the com-
mon carotid artery (CCA) adventitia
may serve as a novel vascular marker
for disease severity. A morphological
study using V-US compared EMT and
intima-media thickness (IMT) in LVV
patients, distinguishing TAK from
GCA. IMT, EMT and total CCA wall
thickness were significantly higher in
TAK, with a modest correlation be-
tween EMT and disease duration in this
subgroup (14). A separate study evalu-
ated vascular abnormalities in 24 TAK
and 27 GCA patients undergoing com-
puted tomography angiography (CTA)
before and after immunosuppressive
treatment. Wall thickening and vessel
wall contrast enhancement (CE) im-
proved in all patients, while structural
abnormalities, such as stenoses, occlu-
sions, dilations, aneurysms, and calci-
fications, remained unchanged. Pre-
treatment wall thickening and CE were
similar, while post-treatment stenoses
and occlusions were significantly more
represented in TAK patients, suggest-
ing a greater persistence of vascular
damage (15).

Positron emission/computed tomogra-
phy (PET/CT) is widely used to detect
vascular inflammation in LV-GCA but
its interpretation is still debated. Two
recent studies evaluated the ability of
PET/CT to predict relapse of LV-GCA
during clinical remission (16, 17). Vas-
cular activity scores at PET/CT per-
formed during follow-up significantly
decreased in all patients, regardless of
time to treatment discontinuation and
subsequent relapse (17), suggesting
that PET/CT may not be suited to as-
sess disease evolution over time and
guide treatment decision in LV-GCA
in remission. Additionally, it is still
unclear whether PET/CT in LV-GCA
is reliable in patients undergoing glu-
cocorticoid (GC) therapy. Aldasoro et
al. applied a delayed imaging protocol
(180 minutes) in patients with negative
PET results at 60 minutes. Positive re-
sults at 180 minutes were observed in
all cases despite ongoing GCs, proving
potential improved diagnostic accuracy
(18).
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Advances in the treatment

of GCA and TAK

TCZ is the first choice GC-sparing
agent in severe/refractory GCA and in
patients at risk for GCs-induced adverse
events (AEs). However, the efficacy of
TCZ and the optimal tapering strategy
in clinical practice are still a research
topic. The results from of an extension
of the TOPAZIO trial showed that one
year of TCZ monotherapy was effec-
tive in maintaining clinical remission
even after drug discontinuation, al-
though PET vascular score (PETVAS)
significantly increased 6 months after
discontinuation, suggesting emerg-
ing subclinical vascular inflammation
(19). In this context, progressive TCZ
tapering may be preferable over abrupt
discontinuation, as the latter was asso-
ciated with a significantly shorter time
to relapse (20). In a recent real-life
study comparing TCZ and methotrex-
ate (MTX), TCZ allowed a faster GCs
discontinuation, without increasing the
risk of relapse at 6 and 12 months (21).
Beyond TCZ, there is a need for further
GCs-sparing agents in GCA. Broaden-
ing therapeutic options, JAK inhibi-
tors (JAK-I) have gained attention as a
promising strategy in GCA. In a recent
retrospective analysis of 35 patients
with relapsing GCA, JAK-I showed
promising results in terms of efficacy,
and a phase III randomised controlled
trial (RCT) of upadacitinib in GCA
is currently ongoing to confirm these
data (22). Current treatment of TAK
is based on conventional and biologi-
cal disease-modifying anti-rheumatic
drugs (csDMARDs/bDMARDs), with
LEF emerging as a potential option
based on efficacy data. A recent retro-
spective cohort study compared the ef-
ficacy of LEF and adalimumab (ADA),
showing similar outcomes in terms of
complete response, time to relapse, and
angiographic progression after a me-
dian of 15-month follow-up. However,
mild to moderate AEs were reported
only in the LEF group, highlighting the
need for further evaluation of its safety
profile (23). Expanding the comparison
of bDMARDs, a recent RCT compared
the efficacy of ADA and TCZ in active,
severe TAK. At 6 months, ADA dem-
onstrated higher efficacy rate (85.71%
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vs. 52.63%, p=0.02), with comparable
secondary endpoints, including re-
sponse rate at 9 and 12 months, risk of
relapse, and safety profile (24).

Take home messages

* Novel genetic loci and cellular se-
nescence markers provide insights
into GCA and TAK pathogenesis
and potential therapeutic targets (3,
4, 6-8). The recognition of novel
GCA-related autoantigens could of-
fer a new non-invasive tool to en-
hance the diagnostic process (5).

e Vascular ultrasound, CTA, and PET/
CT improve disease assessment,
with preliminary evidence of a pos-
sible prognostic role, but their role
in guiding treatment decisions re-
mains debated (12-18).

e TCZ tapering, JAK-I, and DMARD
comparisons offer new perspectives
for GCA and TAK management and
GC-sparing strategies (19, 21-24).

Vascular inflammation and

beyond: the expanding role

of stromal cells in vasculitis

Various research groups are investigat-
ing fibroblast activation protein (FAP), a
serine-protease highly expressed by ac-
tive fibroblasts in inflammation and ath-
erosclerosis. Xu et al. evaluated soluble
and transmembrane FAP in treatment-
naive GCA, finding lower plasmatic
levels in active disease compared to
PMR and controls, with normalisation
upon remission. In inflamed GCA-re-
lated TABs, FAP was highly expressed
across all vessel layers, correlating with
intimal occlusion. FAP-positive fibro-
blasts co-expressed IL-6 and metallo-
proteinase-9, supporting their role in
vascular inflammation and remodelling
(25). A novel PET tracer targeting FAP,
68Ga-FAP-inhibitor (FAPI)-46, has
been proposed for vasculitis imaging.
Recently, Rohrich et al. found higher
aortic FAPI uptake in GCA- and TAK-
related aortitis compared to controls,
regardless of clinical activity. Notably,
FAPI-PET/CT allowed the detection
of persistent fibroblast activity during
long-term remission, even when mag-
netic resonance imaging (MRI) inflam-
matory scores were low, suggesting
ongoing fibroblast-driven pathology

(26). Zhong et al. compared 18F-FAPI
and 18F-FDG in PET/CT imaging in 17
LVV and 10 AAV treatment-naive pa-
tients. 18F-FAPI demonstrated superior
lesion detection (161/168 vs. 145/168)
and a moderate correlation with inflam-
matory markers. Notably, FAPI-PET/
CT identified persistent lesions despite
clinical remission, reinforcing its poten-
tial role in vasculitis monitoring (27).

Single-organ vasculitis

Single-organ vasculitis refers to vas-
culitic disorders confined to a single
organ, occurring without systemic in-
volvement or features of systemic vas-
culitis (28).

Primary central nervous system
vasculitis

PCNSV is a rare vasculitis confined to
the brain and spinal cord, leading to di-
verse neurological syndromes. A recent
review examined its clinical, radio-
logical, and histopathological features
(29). Diagnostic criteria for PCNSV
remain undefined, with brain biopsy
representing the gold standard for di-
agnostic confirmation and differential
diagnosis. However, sensitivity is rela-
tively low (30-50% nondiagnostic/nor-
mal findings), likely due to irregular le-
sion distribution and LV involvement,
which precludes safe biopsy. Despite
this, the risk of biopsy-related severe
complications is relatively low. Imag-
ing modalities, such as MRI, CTA, MR
angiography, and conventional angiog-
raphy, play a crucial role for diagnosis
of PCNSV. High-probability findings
include the smooth-wall segmental ste-
nosis of multiple cerebral arteries, oc-
casionally combined with post-stenotic
dilatation or beading. Aneurysms are
uncommon in PCNSV. A retrospec-
tive study of 216 patients with PCNSV
found aneurysms in 5.5% of cases,
half in the internal carotid artery, with
no size changes during follow-up. No
clinical differences were observed be-
tween PCNSV patients with and with-
out aneurysms (30). Clinical manage-
ment of PCNSV remains challenging,
underscoring the need for future re-
search into its underlying pathophysi-
ology, biomarkers, and improved diag-
nostic/therapeutic approaches.
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Aortitis and chronic periaortitis
Aortitis and CP are inflammatory con-
ditions affecting the aorta and its sur-
rounding structures. Aortitis involves
inflammation of one or more aortic
layers, while CP affects the periaortic
region, including the thoracic aorta,
abdominal aorta, and iliac arteries (31,
32). Both conditions may occur without
features of systemic vasculitis. In non-
infectious aortitis, the thoracic aorta is
most frequently affected (33). The de-
velopment of vascular inflammation at
this level may ultimately lead to cardio-
vascular complications, such as aneu-
rysm, aortic dissection, and thrombotic
luminal occlusion. In a recent multi-
centre study, Espitia er al. evaluated
the impact of histopathological pat-
terns (granulomatous/giant cell pattern,
lymphoplasmacytic pattern, suppura-
tive pattern, and mixed inflammatory
pattern) on cardiovascular mortality in
197 patients with biopsy-proven non-
infectious aortitis. Among these, 48%
were diagnosed with clinically isolated
aortitis, 37% with GCA, and 8% with
TAK, with diagnoses evenly distributed
across histological patterns. The granu-
lomatous/giant cell pattern increased
mortality by 4.7 times, primarily due
to aortic dissection/rupture, regardless
of aetiology. Cardiovascular compli-
cations accounted for more than 60%
of deaths, underscoring the need for
prompt intervention (34).

VEXAS syndrome-related

vasculitis

VEXAS syndrome is a recently defined
clinical entity causing hematologic and
autoinflammatory symptoms (35). Pre-
vious evidence suggested the potential
occurrence of vasculitic manifestations
in the context of VEXAS syndrome
(36, 37). Sullivan et al. recently ex-
amined the prevalence and clinical
characteristics of vasculitis in the co-
hort of VEXAS patients followed up at
Mayo Clinic (38). Among 89 enrolled
patients, 23.6% had a confirmed diag-
nosis of vasculitis, primarily affecting
small vessels (19.1%), while the in-
volvement of medium-sized or LV was
rare (both 2.2%). Importantly, the study
identified ANCA-positivity in a subset
of patients, which could potentially de-
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lay the diagnosis of VEXAS syndrome.
Although LV involvement is uncom-
mon, the authors propose classifying
VEXAS syndrome as a form of vari-
able vessel vasculitis. This has critical
clinical implications, as VEXAS is a
life-threatening condition, requiring
prompt recognition and timely inter-
vention to improve outcomes.

Take home messages

e Although brain biopsy remains the
diagnostic gold standard for PC-
NSV, imaging modalities play a key
role in detecting vascular abnormal-
ities (29).

* In aortitis and CP, histopathological
patterns may influence disease prog-
nosis, with granulomatous inflamma-
tion significantly increasing the risk
of aortic rupture and mortality (34).

e Vasculitis occurs in about a quarter
of patients with VEXAS syndrome,
often affecting small vessels, with
ANCA-positivity potentially delay-
ing diagnosis (38).

New insights into ANCA-associated
vasculitis

GPA and MPA: novel biomarkers

and clinical features update

Among AAV, clinical phenotype, labo-
ratory findings, and outcome of GPA
and MPA vary widely. A cluster analy-
sis from the FAIRVASC project identi-
fied five clusters (39): three with kidney
involvement: [1) severe renal disease;
2) myeloperoxidase (MPO)-ANCA-
positivity with limited extra-renal dis-
ease; 3) proteinase-3 (PR3)-ANCA-
positivity with widespread extrarenal
disease]; a PR3-ANCA-positive mul-
tisystemic inflammatory cluster; and a
fifth cluster with predominant ear, nose,
and throat (ENT) involvement and low
inflammatory markers. While ANCA
play a crucial role in the pathogenesis
of AAV, their usefulness as disease ac-
tivity biomarkers is still uncertain. Rah
et al. recently found that single ANCA
titres at diagnosis did not correlate with
Birmingham Vasculitis Activity Score
(BVAS), Five Factor Score (FFS), acute
phase reactants, or relapse rate (40).
However, first-year cumulative MPO-
ANCA titres =720,8 IU/mL was linked
to all-cause mortality and a lower cu-

mulative survival in MPA, suggesting
that serial MPO-ANCA measurements
in the first year may help predict long-
term survival. Recent evidence also
highlights the prognostic role of early
vasculitis-related organ damage in
AAV. A study conducted by Koo et al.
found that a total Vasculitis Damage
Index =3, assessed three months after
diagnosis, was significantly associated
with higher all-cause mortality, par-
ticularly in patients with pulmonary,
renal, cardiovascular, and musculo-
skeletal damage (41). Additionally, a
newly developed predictive model for
diffuse alveolar haemorrhage (DAH) in
AAV identified age, low haemoglobin
levels, low platelet count, erythrocyte
sedimentation rate, and haematuria as
independent risk factors, demonstrat-
ing strong discriminatory power (AUC-
ROC 0.852) (42). This model under-
scores the relevance of haematological
and inflammatory markers in identify-
ing AAV patients at risk of DAH. Al-
pha-1 antitrypsin is the main natural
inhibitor of PR3 and its deficiency
has been associated with PR3-positive
AAV (43). Ceruloplasmin, an acute
phase reactant, physiologically binds
and inhibits MPO. Camboulive et al.
analysed ceruloplasmin levels in AAV
patients before immunosuppressive
treatment, finding that MPO-positive
patients with low ceruloplasmin levels
had significantly worse survival. Con-
versely, PR3-positive patients showed
no difference in ceruloplasmin levels
(44). These findings suggest that low
ceruloplasmin levels may contribute
to a more severe AAV phenotype by
enhancing oxidative stress and tissue
damage through increased MPO activ-
ity and interaction with MPO-ANCA.
Activated neutrophils expressing MPO
and PR3 on their surface drive ANCA
production. Additionally, monocytes
also express PR3 and MPO in their lys-
osomes and on their surface. Smargi-
anaki et al. recently found that active
AAV patients had lower frequency of
total and intermediate (CD14+/CD16+)
monocytes compared to those in remis-
sion, likely due to cell recruitment in
inflamed tissues. Notably, rituximab
(RTX) appeared to influence monocyte
subpopulations, as higher frequencies
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of classical (CD14-/CD16+) and inter-
mediate monocytes were observed in
RTX-treated patients (45).

GPA/MPA: evolving treatment
strategies and emerging therapeutic
insights

Recent American College of Rheu-
matology (ACR) and European Alli-
ance of Associations for Rheumatol-
ogy (EULAR) recommendations have
established RTX as the therapeutic
cornerstone of MPA and GPA, both in
severe and non-severe phenotypes (46,
47). The 2024 Kidney Disease Improv-
ing Global Outcomes (KDIGO) guide-
lines align closely, recommending RTX
or cyclophosphamide (CyC) plus GCs
or avacopan as the preferred induction
therapy, with RTX-CyC combination
therapy reserved in selected cases (48).
RTX can be preferred for remission
maintenance and relapsing diseases.
Plasma exchange (PLEX) should be
considered for patients with serum cre-
atinine >3.4 mg/dl, dialysis-depend-
ence, or with rapidly increasing serum
creatinine and, unlike EULAR recom-
mendations, for patients with respira-
tory failure secondary to severe DAH.
Over the last decade, the MAINRIT-
SAN trials have demonstrated the piv-
otal role of RTX in maintenance treat-
ment for AAV (49-51). Long-term fol-
low-up and pooled analysis of patients
enrolled in these trials showed that an
18-month fixed RTX regimen achieved
higher remission rates at 84 months
than azathioprine (AZA) or 18-month
tailored RTX, while extending RTX
to 36 months did not further reduce
relapses compared with the 18-month
fixed RTX regimen (52). However, the
optimal strategy for RTX maintenance
treatment in AAV is still unclear. The
recent MAINTANCAVAS trial aimed
to compare RTX maintenance treatment
tailored to B-cell repopulation versus
ANCA rise in patients completing at
least 2 years of fixed-schedule RTX.
Compared to therapeutic approach
based on ANCA rise/return, B-cell re-
population tailored approach resulted in
fewer relapses, with comparable safety
profile (53). Regarding B-cell kinet-
ics during RTX therapy, a recent study
found that preserved renal function and
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female sex were associated with faster
B-cell repopulation, which may influ-
ence treatment strategies (54). A retro-
spective study including patients with
life-threatening GPA/MPA, the efficacy
of RTX was comparable to intravenous
CyC, with similar in-hospital mortal-
ity but a lower risk of fungal infections
and Pneumocystis Jirovecii pneumonia.
However, RTX was associated with
a slightly higher risk of severe renal
dysfunction requiring dialysis (55). A
post-hoc analysis of the PEXIVAS trial,
enrolling patients with severe GPA/
MPA, showed that neither the use of
PLEX nor a reduced GCs tapering regi-
men influenced relapse risk (56). As
previously noted, GCs still play a key
role during induction therapy, A recent
Japanese emulated target trial includ-
ing patients with AAV-related severe
glomerulonephritis or DAH suggested
that intravenous methylprednisolone
1.0 g/day pulses improved 48-week
mortality compared to 0.5 g/day and
non-intravenous pulse regimens (57).
However, long-term data from LoVAS
trial including newly diagnosed AAV
patients without severe glomerulone-
phritis or DAH showed no difference
in mortality or relapse rates between
initial high- and reduced-dose GCs in-
duction regimens over 24 months, with
fewer AEs reported in the reduced-dose
arm (58). In recent years, avacopan has
emerged as an effective GC-sparing
agent in AAV. In a recent post-hoc anal-
ysis of the ADVOCATE trial, Geetha et
al. focused on the efficacy and safety
of avacopan in patients receiving RTX-
based induction regimen, finding that
avacopan achieved similar 26-week
remission rates, but higher 52-week re-
mission rates compared to prednisone
taper, with better renal outcomes and
lower GCs toxicity (59). However, the
ADVOCATE trial excluded patients
with severe renal impairment or DAH.
In this regard, Chalkia et al. recently
described 8 patients with severe DAH-
related respiratory failure successfully
treated with avacopan combined with
RTX and/or CyC (60). Similarly, Zim-
mermann et al. reported high remission
rates and kidney function improvement
in real-world patients, including those
with eGFR <15 ml/min or previous

DAH, with a safety profile comparable
to that of the ADVOCATE trial (61).
Lastly, spatial, and single-cell tran-
scriptomics on AAV kidney biopsies
identified ustekinumab has as a prom-
ising treatment candidate. In four re-
lapsing patients with ANCA-associated
glomerulonephritis, ustekinumab com-
bined low-dose CYC and GCs, allowed
a clinical response (62).

EGPA: update on clinical features,
biomarkers, and treatment

EGPA is a subtype of AAV charac-
terised by eosinophilic and vasculitic
manifestations. MPO-ANCA, follow-
ing neutrophil activation, can induce
necrotizing small-vessel vasculitis and
glomerulonephritis in animal models
(63). However, their pathogenic role
in EGPA remains unproven, and the
triggers for ANCA production are still
unknown. A mouse model recently
demonstrated that allergic airway dis-
ease caused by house dust mites or
ovalbumin, combined with a single
intravenous dose of MPO-ANCA IgG,
led to lung histologic abnormalities
resembling EGPA (64). These findings
suggest that environmental and en-
dogenous interactions may contribute
to disease onset. Additionally, a recent
systematic review found that smoking
may act as a protective factor in EGPA,
particularly in MPO-ANCA-negative
patients (65). Clinical data revealed
higher arterial and venous thrombo-
embolism rates compared to the gen-
eral population in patients with EGPA
(66). Natorska et al. investigated the
intrinsic coagulation pathway, finding
that increased factor XI level (>130%)
were associated with higher eosinophil
count, lower neutrophil percentage, and
reduced clot permeability, reinforcing
the role of factor XI in EGPA-related
prothrombotic state and its potential
therapeutic relevance.

Asthma and nasal polyposis are com-
mon prodromal manifestations of
EGPA. Given their high prevalence in
the general population, a recent study
aimed to identify blood and sputum bio-
markers distinguishing between severe
hypereosinophilic asthma (SEA) and
EGPA-related asthma. However, gran-
ulocyte-monocyte colony-stimulating
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factor in sputum was the only biomark-
er significantly elevated in EGPA pa-
tients compared to those with SEA (67).
The classical dichotomy between vas-
culitic and eosinophilic manifestations
reflects two complementary treatment
approaches: traditional immunosup-
pressive and eosinophil-targeted thera-
pies. Current recommendations suggest
GCs combined with CyC or RTX for
remission induction of severe EGPA
(46, 47). A recent target trial emula-
tion study confirmed that adding CyC
to GCs reduces vasculitic relapses at 12
months and asthma/ENT symptoms at
24 months (68). However, comparative
data concerning the efficacy of csD-
MARDs in EGPA are lacking. A recent
retrospective study investigated the
effectiveness and safety of MTX and
AZA as induction therapy for non-se-
vere EGPA and maintenance treatment
for severe disease. Compared to AZA,
MTX led to earlier remission during the
induction phase and provided a greater
GC-sparing effect during maintenance
phase (69). Although intravenous im-
munoglobulins (IVIg) are widely used
for autoimmune-related peripheral neu-
ropathy, specific indications for EGPA
remain undefined. A retrospective study
recently showed that IVIg add-on thera-
py was associated with better long-term
neurological symptoms control, re-
duced overall and neurological relaps-
es, and improved disability outcomes
compared to standard of care (70). Fol-
lowing the publication of the MIRRA
trial, mepolizumab (MEPO), an anti-
IL5 monoclonal antibody, has become
a therapeutic cornerstone in EGPA,
particularly for eosinophilic manifesta-
tions. Recent studies have examined the
long-term outcomes of EGPA patients
receiving MEPO. A retrospective multi-
centre study conducted in Japan report-
ed a 5-year retention rate of 78.7%, sig-
nificantly higher in patients previously
on immunosuppressants (71). Another
retrospective study from the Japanese
REVEAL registry, demonstrated in-
creased 5-year survival rates in patients
treated with MEPO (100% vs. 81.3%,
p=0.012) (72). Preliminary evidence
suggested the efficacy of benralizumab
(BEN), an anti-IL5-receptor monoclo-
nal antibody, as an alternative treatment
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option in EGPA (73, 74). The MAN-
DARA trial, a noninferiority, phase III
RCT, compared BEN 30 mg to MEPO
300 mg administered every 4 weeks
for 52 weeks in relapsing or refractory
non-life/organ-threatening EGPA. Re-
mission rate, time to first relapse, and
GC-free periods were comparable, con-
firming BEN’s noninferiority to MEPO.
Serious AEs were reported in 6% and
13% of patients treated with BEN and
MEPO, respectively (75). Beyond IL-5
blockade, tezepelumab (TEZ), a thymic
stromal lymphopoietin (TSLP)-inhib-
itor, is being investigated in EGPA.
TSLP is an epithelial-derived cytokine,
driving type-2 inflammation by acti-
vating dendritic cells, eosinophils, and
mast cells. A recent study described
two patients with severe, refractory
EGPA-related asthma treated with TEZ
210 mg subcutaneously every 4 weeks.
One patient experienced significant im-
provement of both respiratory and ENT
symptoms, while the other showed
worsening respiratory function, requir-
ing treatment discontinuation. Notably,
slight increases of blood absolute eosin-
ophil count and persistent sputum eo-
sinophilia raises concerns about TSLP
inhibition-induced eosinophil rebound
(76). Further research is needed to as-
sess the long-term efficacy and safety
of TEZ in EGPA.

Take home messages

* Cluster analysis refined GPA and
MPA phenotypes, while MPO-AN-
CA cumulative titres and low cerulo-
plasmin levels emerged as potential
prognostic markers (39, 40, 44).

* RTX is established as the preferred
remission maintenance therapy,
with B-cell repopulation-based RTX
regimens reducing relapses (52, 53).
Avacopan is an effective GC-sparing
option, showing benefits also in se-
vere renal and pulmonary involve-
ment (60, 61).

* MEPO remains a first-line biologic
(71, 72) in EGPA, while BEN dem-
onstrated its non-inferiority in non-
severe disease (75). TEZ, targeting
TSLP, is a promising therapeutic
alternative, although concerns about
eosinophil rebound warrant further
investigation (76).

Cryoglobulinaemic vasculitis
Epidemiology and pathophysiology
novelties

CV is arare disease for which the only
available classification criteria were
published in 2014 by Prof De Vita’s re-
search group (77). Laboratory findings
are essential for both diagnosis and
disease monitoring, playing a key role
in guiding clinical management. A re-
cent monocentric cross-sectional study
corroborated findings from earlier re-
search, indicating that high serum cryo-
globulin (CG) concentrations can often
characterise an oligo- or asymptomatic
disease course, whereas low CG val-
ues and/or reduced complement levels
typically correlate with severe and ac-
tive CV. Specifically, Codes-Mendez et
al. found that haematological diseases
exhibited the highest mean serum pro-
tein cryoprecipitate levels, despite pre-
senting with milder clinical manifesta-
tions (78). However, the prevalence of
type I IgM cryoglobulinaemia appears
to be higher than previously described
in IgM monoclonal gammopathy. In a
large screening study conducted over
a 9-year period, 33% of the 534 pa-
tients with monoclonal IgM disorders
tested positive for CGs, and 25% were
found to have type I IgM CGs. Among
patients with type I CGs, about 50%
were symptomatic. Notably, most
symptomatic patients had an underly-
ing IgM monoclonal gammopathy of
undetermined significance rather than
Waldenstrom macroglobulinemia or
non-Hodgkin lymphoma (NHL) (79).
Serum CGs can be detected in up to
40% of patients with chronic hepati-
tis C virus (HCV) infection, though
only 5% of these individuals develop
HCV-associated CV. Similarly, a re-
cent study conducted in Taiwan, a
region considered hyperendemic for
hepatitis B virus (HBV) infection, re-
ported that one-third of HBV carriers
tested positive for CGs, but only 4%
developed HBV-associated CV (80).
Furthermore, RF-positivity has been
identified as an independent predictor
of HBV-associated CV development
(80). A recent study analysed B cell
receptor (BCR) repertoires in chronic
HCYV patients before and after antiviral
therapy, identifying a persistent B cell
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signature with high mutation rates, re-
sembling lymphoma-associated BCRs.
Notably, some BCR mutations, linked
to highly neutralising HCV antibod-
ies, were also present in aggressive
lymphomas, exhibiting lower activa-
tion thresholds. Single-cell RNA se-
quencing further revealed persistent
oncogenic signalling in these B cells,
even after viral clearance, suggesting
that HCV-related B cell dyscrasias and
lymphoma risk persist beyond HCV
elimination (81).

Clinical features and treatment update
CV may present with a wide range of
hepatic and extra-hepatic manifesta-
tions. A recent Italian case-control
study identified an association between
cryoglobulinemia, cholestasis, and an
increased number of intrahepatic plas-
ma cells in HCV patients before virus
eradication, independent of viral load,
cirrhosis, and other comorbidities. No-
tably, after HCV eradication, cryoglo-
bulinemia and cholestasis persisted in
54% and 25% of patients, respectively
(82). Similarly to renal involvement,
it can be hypothesised that immune
complexes may contribute to both vas-
culitic injury and direct hepatic dam-
age. Among HCV-related extra-hepatic
manifestations, peripheral nerve sys-
tem (PNS) involvement is common, af-
fecting 22.5% of patients. Skin biopsy
obtained from HCV-infected patients
suggest an improvement of nerve den-
sity after antiviral treatment, approach-
ing that of healthy individuals (83). Oc-
ular involvement is not uncommon in
CV, with a prevalence of 28% in a ret-
rospective study, primarily represented
by dry eye unrelated to Sjogren’s syn-
drome (SjS) and Purtscher-like retin-
opathy. Treatment allowed resolution
of major vasculitic signs, in combina-
tion with improved ocular symptoms
in 87.5% of patients (84). Though rare
(prevalence <5%), pulmonary involve-
ment has a major impact on disease
prognosis. A recent monocentric study
found higher RF titres and increased
frequencies of cutaneous, renal, and
peripheral neuropathy in patients with
lung involvement (85). The most com-
mon radiological finding was diffuse
bilateral patchy ground-glass opacities.
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Compared to those without pulmonary
involvement, affected patients had sig-
nificantly worse two-year overall sur-
vival and progression-free survival.

Direct acting antivirals drugs (DAAs)
are the standard of care for chronic
HCV infection, including HCV-asso-
ciated CV. However, CGs may persist
or reappear despite DAA-induced vi-
ral clearance (86). Additionally, serum
CGs can emerge in DAA-treated pa-
tients, even in those previously nega-
tive for CGs (87). In such cases, liver
cirrhosis and neoplasms were indepen-
dently associated with positive CGs
three months post-treatment (87). A
recent study comparing three antiviral
protocols found a lower rate of consti-
tutional relapses with interferon (INF)-
based regimens compared to INF-free
treatment, suggesting superior clinical
and immunological effects of INF over
DAAs. This finding supports its anti-
proliferative activity, which not only
halts B-cell clonal expansion but also
eradicates HCV and prevents B-cell
antigen stimulation. However, no sig-
nificant differences were observed in
DNA damage, DNA repair markers, or
B cells activators (BAFF and APRIL),
between INF-based and INF-free pro-
tocols (88). RTX is the cornerstone of
CV treatment, especially for severe or
life-threatening manifestations (85).
An TItalian monocentric study com-
pared three different therapeutic ap-
proaches for SjS-related CV, including
two RTX-based and one non-RTX-
based regimens. An early RTX ap-
proach started within 6 months from
CV diagnosis, followed by a 6-month,
fixed, maintenance regimen, while a
late RTX approach was employed after
6 months, with on-demand retreatment
based on disease activity. RTX-treated
patients showed significant improve-
ment in the cutaneous, PNS, and articu-
lar EULAR SjS disease activity index
(ESSDAI) domains compared to non-
RTX-based regimens (89). However,
no significant differences were ob-
served in glandular and nodal ESSDAI
domains. Notably, early RTX induction
improved glandular and nodal ESSDAI
domains, although no effect was seen
on biological domains. The incidence
of new-onset mucosa-associated lym-

phoid tissue-NHL was similar across
the three groups. These findings high-
light RTX primary benefits in control-
ling vasculitic and inflammatory mani-
festations, rather than lymphoprolifera-
tive complications.

Take home messages

e HCV-related CV may persist after
viral clearance due to lingering B
cell abnormalities. RF and ESSDAI
=5 are key risk factors for lymphoma
in SjS-related CV (81).

e DAAs effectively treat HCV but
may not fully eradicate CGs or pre-
vent relapses. Liver cirrhosis and
cancers are risk factors for positive
CG post-treatment (86, 87).

e [FN has shown superior immuno-
logical benefits compared to DAAs,
possibly due to its antiproliferative
effects on B cells (88).

e RTX remains the cornerstone for se-
vere CV cases. Early RTX induction
offers better outcomes for glandular
and nodal domains in SjS-CV but
primarily addresses vasculitic and
inflammatory symptoms rather than
lymphoproliferative complications
(89).

Conclusions

Recent advances have enhanced our
understanding of systemic vasculitis,
particularly in pathogenesis, biomark-
ers, and treatment approach. The role
of cellular senescence, stromal cells,
and genetics is increasingly recog-
nised, while novel imaging and clas-
sification improve diagnostics and
research standardisation. Treatment
paradigms continue to evolve, with
biologics, GCs-sparing strategies, and
targeted therapies offering promising
alternatives. Despite these advances,
challenges remain in optimising long-
term disease control and minimising
adverse events. Future research should
focus on personalised medicine ap-
proaches to enhance patient outcomes.
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