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BRIEF REPORT

VEXAS Syndrome: A Case Series From a Single-Center Cohort
of Italian Patients With Vasculitis

Francesco Muratore,’ Chiara Marvisi,” Paola Castrignano,? Davide Nicoli," Enrico Farnetti," Orsola Bonanno,’
Rosina Longo," Piera Zaldini," Elena Galli,? Nicholas Balanda,? David B. Beck, Peter C. Grayson,*
Nicold Pipitone," Luigi Boiardi," and Carlo Salvarani?

Objective. To identify patients with VEXAS syndrome (vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic
syndrome) from a single-center cohort of Italian patients with vasculitis, using a clinically oriented phenotype-first
approach.

Methods. We retrospectively reviewed the clinical records of 147 consecutive male patients followed up in our vas-
culitis clinic from 2013 to date. All patients with a diagnosis of vasculitis and treatment-resistant manifestations of
inflammation, persistently elevated inflammation markers, and hematologic abnormalities were identified. Bone mar-
row aspirates were examined for the presence of vacuoles. Sequencing of ubiquitin-activating enzyme E1 (UBA-1)
was performed using genomic DNA from peripheral blood leukocytes or bone marrow tissue.

Results. Seven patients with vasculitis and concomitant features of VEXAS syndrome were identified. A final diag-
nosis of VEXAS syndrome was made in 3 of the 5 patients who underwent sequencing of UBA-1 (diagnosis was made
postmortem for 1 patient). In all 3 patients, examination of the bone marrow aspirate revealed vacuoles characteristic of
VEXAS syndrome, and all 3 patients met the definitive World Health Organization criteria for myelodysplastic syn-
drome. Cytogenetic analysis showed normal karyotypes in all 3 patients.

Conclusion. To our knowledge, this is the first report of VEXAS syndrome associated with antineutrophil
cytoplasmic antibody (ANCA)-associated vasculitis. Our data emphasize the need to consider VEXAS syndrome when
evaluating patients with various forms of systemic vasculitis. The novel association between VEXAS syndrome and

ANCA-associated vasculitis reported herein warrants further investigation.

INTRODUCTION

Using a genotype-first approach, researchers recently identi-
fied somatic mutations affecting methionine 41 in the X-linked
gene UBAT, which encodes ubiquitylation initiating E1 enzyme,
in men with late-onset, treatment-refractory inflammatory syn-
drome and hematologic abnormalities. Clinical findings included
recurrent fever, skin involvement, pulmonary infiltrate, ear and
nose chondritis, venous thromboembolism, hematologic abnor-
malities, and bone marrow vacuoles. Most of the patients in this
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population met the diagnostic criteria for various inflammatory
syndromes and/or hematologic conditions, including relapsing
polychondritis, myelodysplastic syndrome (MDS), polyarteritis
nodosa, and giant cell arteritis. This disorder was named VEXAS
syndrome (vacuoles, E1 enzyme, X-linked, autoinflammatory,
somatic syndrome) (1). Since the initial description of the syn-
drome, pathogenic UBA-1 variants have been identified in
2 cohorts of patients with relapsing polychondritis (7.6% and
69% of cases, respectively) (2,3). The aim of the present study
was to use a clinically oriented, phenotype-first approach to
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identify patients with VEXAS syndrome in a single-center cohort of
[talian patients with vasculitis.

PATIENTS AND METHODS

Study subjects. To identify patients with suspected/
confirmed vasculitis and clinical features of VEXAS syndrome,
the clinical records of all consecutive male patients followed up
in our vasculitis clinic from 2013 to date were retrospectively
reviewed. The vasculitis clinic is part of the division of rheumatol-
ogy at the Hospital of Reggio Emilia, which is a large tertiary care
referral center for Italian patients with vasculitides.

Patients satisfying all the following criteria were included in
the study: 1) recurrent fever and at least 1 of the following: skin
involvement, pulmonary infiltrate, ear or nose chondritis, or
venous thromboembolism; 2) a C-reactive protein (CRP) level
of >20 mg/liter and at least 1 of the following: macrocytic ane-
mia (hemoglobin value <12 gm/dl and mean corpuscular vol-
ume [MCV] >100 fl), thrombocytopenia (platelet count
<130.000/mm®), neutropenia (neutrophil count <1.500/mm?),
or a hematologic diagnosis of myelodysplastic syndrome
(MDS); and 3) failure to respond to at least 1 synthetic or bio-
logic disease-modifying antirheumatic drug (DMARD) and
ongoing need for glucocorticoid therapy. Bone marrow aspi-
rates from all patients included in the study were reviewed for
the presence of the characteristic vacuoles restricted to mye-
loid and erythroid precursor cells (1). Sequencing of UBAT
was performed using genomic DNA from peripheral blood leu-
kocytes or bone marrow tissue.

Ethics considerations. The study was approved by the
Reggio Emilia Provincial Ethics Committee. Written informed con-
sent was obtained from all patients or their legal guardians.

Genetic screening. Genomic DNA was obtained from
peripheral whole blood and formalin-fixed paraffin-embedded
slides from bone marrow biopsies according to the standard pro-
cedures of the Maxwell 16 DNA extraction kit (Promega). We
designed a new primer pair using Primer3Plus software to amplify
a 251-bp region of UBAT exon 3 containing a mutation at
p.Met41* (5'-TGGGTGGGAAAGTCTTTTGT-3' [forward] and 5'-
CTGCCAGGTTAGGGGGTACT-3' [reverse]). Sequencing was
performed on an Applied Biosystems 3500 Dx Series DNA ana-
lyzer using an ABI Prism BigDye Terminator v3.1 kit.

To verify our findings, additional whole blood and bone
marrow samples from the patients were sent to the National
Human Genome Research Institute laboratory at the National
Institutes of Health. All UBA7 mutations we found were
confirmed.

In 1 individual (patient 2) who was not shown to have a UBAT
mutation by Sanger sequencing, exome sequencing was per-
formed to an average coverage of 100x (1). DNA raw reads were

aligned to the human genome reference GRCh38 using BWA-
MEM2 (4). Somatic variant calling was performed on aligned
reads using the Genome Analysis Toolkit Mutect2 (5). Germline
variant assessment in UBAT was performed using the Integrative
Genomics Viewer.

RESULTS

During the study period, 147 male patients were followed up
in our vasculitis clinic. Of the 147 patients, 142 received the
following diagnoses: large vessel vasculitis (55 patients),
antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
(86 patients), Behget's syndrome (30 patients), primary central
nervous system vasculitis (7 patients), cryoglobulinemic vasculitis
(5 patients), polyarteritis nodosa (4 patients), IgA vasculitis
(8 patients), and relapsing polychondritis (2 patients). Five addi-
tional patients referred for suspected vasculitis (3 for suspected
Behcget’'s syndrome and 2 for suspected polyarteritis nodosa)
received a final diagnosis of undifferentiated inflammatory syn-
drome with vasculitis features (6) when a vasculitis diagnosis
could not be confirmed.

Seven of the 147 patients satisfied the inclusion criteria and
were included in the study. Demographic and clinical character-
istics of these patients are reported in Table 1. Patient 1 died
before VEXAS syndrome had been described, and no bone
marrow tissue or peripheral blood samples were available for
genetic screening. Bone marrow aspirates from patient 2 did
not show evidence of vacuolization, and genetic screening,
both by Sanger and exome sequencing, did not reveal the pre-
viously reported pathogenic UBAT variant (2) or any candidate
disease-causing variants. Examination of bone marrow aspi-
rates from both patient 3 and patient 4 revealed evidence of
vacuolization restricted to myeloid and erythroid precursor
cells. Genetic screening by Sanger sequencing did not reveal
the previously reported pathogenic UBAT variants in patient
3, and exome sequencing was not performed in this patient
because there was not enough DNA available. Genetic screen-
ing was not performed in patient 4 because samples of bone
marrow tissue or peripheral blood were not available. Mosai-
cism in other tissues was not investigated for patients 3 and
4. Finally, examination of bone marrow aspirates and genetic
screening revealed vacuolization and UBAT somatic mutations
in patients 5, 6, and 7. These patients received a final diagnosis
of VEXAS syndrome (the diagnosis of patient 5 was made
postmortem).

Case series. Patient 5. Patient 5, a 71-year-old man, was
admitted to our vasculitis clinic with relapsing superficial and deep
venous thrombosis, arthritis of the wrists, recurrent fever, weight
loss, dyspnea, skin lesions, and testicular pain. These symptoms
had begun 2 years prior and responded to high doses of gluco-
corticoids, but recurred each time the prednisone dosage was
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Table 1. Demographic and clinical characteristics of the identified patients*
Patient
Characteristic 1 2 3 4 5 6 7
Age at onset, years 76 46 53 72 67 72 64
Death (age at death, years) +(79) - +(59) +(74) +(75) - -
UBAT mutation NT - - NT 122 T>C, 121 A>G, 122 T>C,
p.Met41Thr p.Met41Val p.Met41Thr
Key features
Fever + + + + + + +
Skin involvement + - + + + - +
Pulmonary infiltrates - + + + + +
Ear/nose chondritis - - - - - - A
DVT A — aF aF — aF
Bone marrow vacuoles NT + + + + +
Macrocytic anemia A = F F F A A
Other Lobular Genital Testicular Arthritis, Arthritis
panniculitis, aphthosis pain testicular
testicular pain pain
Laboratory findings
CRP, mg/liter 180 41 153 120 180 250 140
ESR, mm/hour 83 63 50 133 112 137 78
Treatment
SDMARDs AZA AZA, CYC MTX, AZA AZA AZA CYC, MMF MTX, AZA
b/tsDMARDs ADA, IFX, ANK IFX RTX - ANK, RTX RTX upadacitinib
GCs + + + + + + +
Clinical diagnosis
Behcet's syndrome - + - - - - -
RP - - - - - - +
LCV - - - - - -
AAV - - - - - + -
ulis + - + - + -
MDS - - + + + +

* NT = not tested; DVT = deep venous thrombosis; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; SDMARDs = synthetic

disease-modifying antirheumatic drugs; AZA = azathioprine;

CYC = cyclophosphamide;

MTX = methotrexate; MMF = mycophenolate

mofetil; b/tsDMARDs = biologic/targeted synthetic disease-modifying antirheumatic drugs; ADA = adalimumab; IFX = infliximab; ANK =
anakinra; RTX = rituximab; GCs = glucocorticoids; RP = relapsing polychondritis; LCV = leukocytoclastic vasculitis; AAV = antineutrophil cyto-
plasmic antibody-associated vasculitis; UIS = undifferentiated inflammatory syndrome with vasculitis features; MDS = myelodysplastic

syndrome.

reduced to <15 mg/day. Laboratory tests revealed increased
levels of acute-phase reactants and macrocytic anemia
(Table 1). Skin lesions on the lower leg and upper thigh of both
legs were found to be erythematous purpuric, slightly infiltrated
macules. Skin biopsy showed mild lymphocytic and granulocytic
infiltration of the upper dermis without vasculitis. Computed
tomography (CT) scan of the chest revealed diffuse bilateral opac-
ities in the lungs. Bronchoalveolar lavage fluid cultures were nega-
tive. Examination of bone marrow aspirate revealed findings
consistent with MDS with multiineage dysplasia. An initial diagno-
sis of undifferentiated inflammatory syndrome with vasculitis fea-
tures was made, and treatment with prednisone (50 mg/day)
and azathioprine (2 mg/kg/day) was started.

After 1 year, anakinra at 100 mg/day was added to the
patient’s treatment regimen due to the recurrence of inflammatory
symptoms with prednisone dosages of <25 mg/day. Treatment
with anakinra was stopped after a few injections because the
patient experienced a severe cutaneous reaction. A course of
2 gm of rituximab (2 doses of 1 gm given 2 weeks apart) was sub-
sequently started with no clinical response; thus, high doses of

glucocorticoids were maintained. The patient died in 2019 at
the age of 74 years as a result of pulmonary complications. After
the description of VEXAS syndrome in 2020 (1), reexamination
of the bone marrow aspirate revealed numerous vacuoles in the
myeloid and erythroid precursor cells, and DNA sequencing using
bone marrow tissue revealed a pathogenic UBAT somatic
mutation.

Patient 6. Patient 6, a 75-year-old man with a diagnosis of
microscopic polyangiitis (MPA), was referred to our vasculitis
clinic with persistent fever, weight loss, and dyspnea. MPA had
been diagnosed 3 years prior based on renal biopsy showing
necrotizing and crescentic glomerulonephritis, the presence
of myeloperoxidase-ANCAs (MPO-ANCAS) (28 units/ml [normal
range <3.5]), chest CT scan showing diffuse ground-glass opaci-
ties, and systemic symptoms. At the onset of symptoms, labora-
tory evaluations revealed rapidly progressive renal failure,
increased levels of acute-phase reactants, and macrocytic ane-
mia (Table 1). Examination of bone marrow aspirate revealed
MDS with single-lineage dysplasia. The patient was started
on prednisone (1 mg/kg/day) and oral cyclophosphamide
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Figure 1. A, Bone marrow aspirate from patient 7, showing evidence of dysplasia and cytoplasmic vacuolization of the erythroid and myeloid
precursor cells. B, Higher-magnification view of the bone marrow aspirate from patient 7, showing dysplasia (neutrophils with pseudo Pelger-Huét
anomaly) and cytoplasmic vacuolization of the erythroid precursor cells (blue arrows) and myeloid precursor cells (red arrow). Stained with May-

Grinwald-Giemsa stain; original magnification x 400 in A; x 1,000 in B.

(1.5 mg/kg/day). After 3 months, MPO-ANCAs disappeared,
treatment with cyclophosphamide was stopped, and the predni-
sone dosage was tapered to a maintenance regimen of 5 mg/day.

Two years later, when the patient first presented to us, he
was still taking prednisone 5 mg daily and he reported recur-
rence of fever, weight loss and dyspnea in the last 3 months.
Laboratory tests showed increased levels of acute-phase
reactants and pancytopenia and results of ANCA testing
remained negative. An extensive evaluation excluded
infections. Examination of a second bone marrow aspirate
revealed findings consistent with MDS with multilineage dys-
plasia with ring sideroblasts. The prednisone dosage was
increased to 1 mg/kg/day and a course of rituximab (2 doses
of 1 gm given 2 weeks apart) was given because an MPA flare
was suspected. Systemic symptoms recurred at each reduc-
tion of the prednisone dosage to <25 mg/day. The patient
remained ANCA negative.

After 9 months, the patient was started on mycophenolate
mofetil (2 gm/day) and intravenous immunoglobulin (0.4 gm/kg/
day for 5 consecutive days every 4 weeks). Six months later, he
developed fever and dyspnea became more severe. Chest CT
scan showed worsened ground-glass opacities and pleural effu-
sion. Intravenous cyclophosphamide was started (7.5 mg/kg)
according to the European Vasculitis Study Group protocol, with-
out clinical response. The patient remained dependent on high-
dose glucocorticoids (25 mg/day of prednisone). After the
description of VEXAS syndrome in 2020 (1), the 2 bone marrow
aspirates from the patient were reviewed and both revealed
numerous vacuoles in the myeloid and erythroid precursor cells.
DNA sequencing using the last bone marrow aspirate showed a
pathogenic mutation in the UBAT region and confirmed the diag-
nosis of VEXAS syndrome.

Patient 7. Patient 7, a 66-year-old man, was referred to our
vasculitis clinic in 2019 with fever, deep venous thrombosis,
arthritis of the wrists, dyspnea, painful migratory subcutaneous
nodules, skin lesions, and recurrent episodes of ear and nose

chondritis. These symptoms had begun 2 years prior and
responded to high doses of glucocorticoids, but recurred each
time the prednisone dosage was reduced to <15 mg/day. Labo-
ratory tests revealed increased levels of acute-phase reactants
and macrocytic anemia (Table 1). Examination of bone marrow
aspirate revealed features suggestive of MDS with multilineage
dysplasia. Skin lesions on the upper thighs were found to be ery-
thematous purpuric, slightly infiltrated macules. A diagnosis of
relapsing polychondritis was made, and the patient was started
on prednisone (0.5 mg/kg/day) and methotrexate (15 mg/week).
The patient’s systemic and cutaneous manifestations recurred
each time the prednisone dosage was reduced to <15 mg/day.
A skin biopsy showed lymphocytic and granulocytic infiltration of
small vessels with fibrinoid necrosis. CT scan of the chest
revealed diffuse pulmonary infiltrates. Treatment with methotrex-
ate was stopped and the patient was started on azathioprine
(2 mg/kg/day).

In December 2020, a few months after azathioprine treat-
ment was begun, he was admitted to our rheumatology depart-
ment with swelling of the neck, periorbital edema, diffuse
cutaneous nodules, and fever. Examination of bone marrow
aspirate revealed vacuoles in the erythroid and myeloid precur-
sors and findings consistent with MDS with multilineage dyspla-
sia (Figures 1A and B). DNA sequencing of the peripheral blood
showed a pathogenic mutation in the UBAT region and con-
firmed the diagnosis of VEXAS syndrome. The patient was
started on upadacitinb (15 mg/day) and prednisone
(60 mg/day). The prednisone dosage was progressively
reduced, and in June 2021 the patient had a flare of nasal chon-
dritis while being treated with upadacitinb 15 mg/day and pred-
nisone 10 mg/day. Prednisone was increased to 25 mg/day
and symptoms resolved rapidly. At the patient’s last follow-up
(July 2021), his disease was in remission with upadacitinib
15 mg/day and prednisone 12.5 mg/day. The CRP level was
18 mg/liter, the hemoglobin level was 12.2 gm/dl (MCV 113 fl),
and the ferritin level was 361 ng/ml.
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DISCUSSION

Using a clinically oriented phenotype-first approach, we
identified 7 patients with vasculitis and concomitant treatment-
resistant systemic manifestations and hematologic abnormalities
consistent with MDS. A final diagnosis of VEXAS syndrome was
made in 60% of patients (3 of 5) who underwent sequencing of
UBAT. In all 3 patients, examination of bone marrow aspirate
revealed evidence of the characteristic vacuoles. The 2 patients
who were not shown by genetic sequencing to have previously
reported pathogenic UBA7T variants were younger than the
patients with a UBAT mutation, and only 1 patient (patient 3) had
evidence of vacuoles indicative of VEXAS syndrome upon exami-
nation of bone marrow aspirate.

Somatic mutations in UBAT outside of codon 41 have
recently been reported as a cause of VEXAS syndrome, but we
could not test for these mutations in patient 3 because there
was not enough DNA available to perform exome sequencing
(7-9); therefore, the diagnosis of VEXAS syndrome cannot be
completely ruled out. Examination of bone marrow tissue from
another patient (patient 4) also showed the presence of vacuoles
characteristic of VEXAS syndrome, but a DNA sample was
unavailable, so the presence of pathogenic UBAT variants could
not be determined. Our data confirmed that, in the right clinical
setting, the presence of vacuoles in bone marrow aspirate is quite
specific for VEXAS syndrome. Genetic sequencing for somatic
UBAT mutations should be performed in all patients with
treatment-resistant inflammatory syndrome, hematologic abnor-
malities, and evidence of vacuoles.

In the present study, definitive World Health Organization
criteria for MDS were met by all 5 patients with evidence of vacu-
oles and by all 3 patients with a final diagnosis of VEXAS syn-
drome, and MDS diagnosis was confirmed by an expert
hemopathologist (10). Investigations for mosaicism in other tissues
were not performed in the 2 patients with MDS without VEXAS
syndrome. Cytogenetic analysis showed normal karyotypes in all
5 patients. The higher proportion of MDS among patients in the
present study compared with the original series described by Beck
et al (6 of 25 patients [24%]) (1) may denote the progressive nature
of hematologic abnormalities that can evolve into overt hemato-
logic malignancy. Early detection of UBAT mutations may there-
fore identify patients with rheumatic diseases who may benefit
from increased hematologic surveillance (2).

Our study confirms that patients with VEXAS syndrome were
resistant to multiple DMARDs, and high-dose glucocorticoids
were the only treatment that ameliorated severe inflammatory
symptoms in the patients studied. Nevertheless, most of the
patients died of disease-related causes or complications related
to treatment. Transcriptome analysis of the peripheral blood and
analysis of cytokines in the serum of patients with VEXAS syn-
drome showed highly activated inflammatory signatures in muilti-
ple pathways, including tumor necrosis factor, interleukin-6, and

interferon-y (1). Components of the JAK/STAT pathway have
been shown to be mutated or up-regulated in several hemato-
logic malignancies, and JAK inhibitors have been approved for
use in the treatment of some blood disorders (8). JAK inhibitors
target multiple inflammatory cytokines simultaneously, and thus
in complex inflammatory states such as VEXAS, JAK inhibitors
may be more effective than inhibitors of a single cytokine. We
therefore decided to treat patient 7 with the selective JAK1 inhib-
itor upadacitinib. The drug showed a steroid-sparing effect and a
good safety profile. Further studies evaluating the efficacy and
safety of JAK inhibitors in the treatment of patients with VEXAS
syndrome are needed.

Because VEXAS syndrome is a newly identified genetic dis-
ease, knowledge of the complete clinical spectrum of the disease
is continuously expanding. To our knowledge, patient 6 in our
study represents the first reported case of VEXAS syndrome
associated with  ANCA-associated vasculitis. Patient 6 had
concomitant manifestations of rapidly progressive renal failure,
pulmonary involvement, inflammatory manifestations, anti-MPO-
ANCA positivity, and myelodysplastic features. A diagnosis of
MPA and MDS was made. Despite an initial period of remission,
the patient developed inflammatory manifestations resistant to
multiple immunosuppressants and requiring high doses of gluco-
corticoids. Reexamination of the 2 bone marrow aspirates (the
first aspiration performed when the MPA diagnosis was made
and the second 3years later when systemic manifestations
recurred) revealed numerous vacuoles in the myeloid and ery-
throid precursor cells. The pathogenic UBAT somatic mutation
was found using a DNA sample from the second bone marrow
aspirate. Unfortunately, the first bone marrow aspirate was
unavailable for testing UBAT mutations.

Taken together, these findings support the hypothesis of a
connection between ANCA-associated vasculitis and VEXAS
syndrome, and in our patient a unique evolving condition cannot
be excluded, particularly since necrotizing and crescentic glomer-
ulonephritis has not been described in VEXAS syndrome. The link
between these 2 conditions may be related to proinflammatory
neutrophil activation with dysregulated neutrophil extracellular
trap (NET) formation. Increasing research evidence suggests that
dysregulated NET formation is central to ANCA-associated vas-
culitis pathogenesis (11), and functional studies of neutrophils
obtained from patients with VEXAS syndrome have recently
shown enhanced spontaneous NET formation, findings that con-
firm that proinflammatory neutrophil activation is also dysregu-
lated in VEXAS syndrome (1).

The main limitation of this study is its retrospective nature.
There may have been some selection bias related to the inclusion
criteria we used. First, because more than half of the reported
patients with VEXAS syndrome do not meet criteria for MDS
(12), we could have excluded some patients who did not have
significant hematologic abnormalities. Furthermore, since all
patients were identified within a vasculitis clinic, there was likely
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selection bias toward identification of VEXAS syndrome patients
with severe inflammatory disease.

In conclusion, our findings emphasize the need to consider
VEXAS syndrome when evaluating patients with many different
forms of systemic vasculitis. The novel association between
VEXAS syndrome and ANCA-associated vasculitis warrants fur-
ther investigation.
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