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Introduction

VEXAS (vacuoles, E1 enzyme, X-linked, autoinflammatory,
somatic) syndrome was originally proposed in 2020 by Beck
et al. They identified somatic mutations in myeloid-restricted
ubiquitin-like modifier-activating enzyme 1 (UBA1) gene
methionine-41 (p. Met41) in hematopoietic progenitor cells
using Sanger sequencing in 25 male patients with systemic
inflammatory manifestations and/or hematologic disorders.1

The UBA1 gene encodes ubiquitin-activating enzyme 1, which
is critical in initiating ubiquitylation, a process in which
misfolded proteins in cells are labeled for degradation, and
UBA1 mutations lead to reduced protein degradation and
activation of autoimmune pathways, resulting in an uncon-
trollable inflammatory response.1–3 The age range for the
diagnosis of VEXAS syndrome is 43 to 87 years, indicating a
late onset of the disease or a lack of early diagnosis.4

Key Features

VEXAS is an acronym for vacuoles, E1 enzyme, X-linked,
autoinflammatory, and somatic: Vacuoles are mainly found

inmyeloid and erythroid precursor cells; UBA1 is an X-linked
gene encoding an ubiquitin-activating enzyme (E1 enzyme)
whose myeloid lineage-restricted somatic mutations cause
autoinflammatory manifestations.5

Vacuoles
The characteristic vacuolation of myeloid and erythroid
precursors on bone marrow specimens can be found in
almost all patients with VEXAS syndrome.1,6 Vacuoles are
also occasionally found in eosinophils, monocytes, megakar-
yocytes, and plasma cells, but are usually absent in mature
lymphocytes and fibroblasts, which may be related to the
localization of the UBA1 somatic mutation.1,6,7 However,
the lack of vacuoles in the bone marrow smears of two
patients with atypical UBA1 splice site mutations suggests
that it is not a criterion for excluding the diagnosis of VEXAS
syndrome.8,9 Cytoplasmic vacuoles can also be found in other
disorders such as acute alcoholism, copper deficiency, zinc
toxicity, and myelodysplastic syndrome (MDS), suggesting
that vacuoles are also not a specific criterion for the diagnosis
of VEXAS syndrome.10–13 Lacombe et al identified that the
threshold of� 10% of neutrophil precursors with>1 vacuole
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was associated with VEXAS syndrome with excellent sensi-
tivity and specificity.3 Therefore, the UBA1 mutation should
be further evaluated to assist in the diagnosis of VEXAS
syndrome when vacuolation of hematopoietic precursor
cells is found in patients, especially in older men with
systemic inflammatory manifestations, at the same time,
other possible causes of vacuolation have been excluded.
Currently, vacuolar contents and the mechanism of cell
vacuolation in patients with VEXAS syndrome are unclear.

E1 Enzyme
The UBA1 gene encodes the ubiquitin-activating enzyme (E1
enzyme) which is the crucial enzyme of cellular ubiquityla-
tion.14 Ubiquitination is a protein posttranslational modifi-
cation process for the degradation of misfolded proteins, in
which ubiquitin-activating (E1), conjugating (E2), and ligat-
ing (E3) enzymes act sequentially. Ubiquitylation is essential
for a variety of cellular processes, such as cell-cycle progres-
sion, deoxyribonucleic acid damage response, and immune
signaling pathways.10 Mutations in UBA1 lead to reduced
ubiquitination and activation of autoimmune pathways,
resulting in inflammatory manifestations.1,2,13,15

X-Linked
UBA1 is located on the X chromosome (Xp11.3) and can
escape X chromosome inactivation. VEXAS syndrome is
more common in older men, suggesting that women may
be protected by the unmutated allele.1,5,16–18However, a few
female patients with acquired X chromosome monosomy or
structural deletion of the X chromosome have been
reported.19–21

Autoinflammatory
The mechanism by which UBA1 defects lead to multiple
autoinflammatory manifestations has not been clarified.
Multiorgan autoinflammatory manifestations include
fever, ear and nose chondritis, dermatological manifesta-
tions, pulmonary infiltrates, and vasculitis. Transcriptomic
analysis of the patient’s peripheral blood also confirmed
the activation of multiple innate immune pathways.1,22 It
can be speculated that the reduction in cytoplasmic ubiq-
uitylation caused by UBA1 mutation leads to the accumu-
lation of unfolded proteins, which further activates the
unfolded protein response and multiple inflammatory
pathways, and an increased proportion of spliced XBP1 in
monocytes was also reported, in addition, neutrophils may
also be involved in exacerbating the inflammatory
response by promoting the formation of neutrophil extra-
cellular traps (NETs).2,3,10,22 Beck et al found upregulated
gene expression of proinflammatory cytokines in a zebra-
fish model with deletion of the UBA1 isoform homolog,
suggesting that systemic inflammatory manifestations in
patients with VEXAS syndrome may be associated with
UBA1 mutations.1

Somatic
The UBA1 mutation in VEXAS syndrome is a somatic muta-
tion, meaning that it is not present in all tissue cells. The

minimum detection limit for somatic mutation by Sanger
sequencing is 15 to 20%.23 That is, variant allele frequencies
(VAFs) below a threshold may be overlooked, so for a subset
of patients, a more sensitive second-generation sequencing
option is needed to improve detection rates.24 However, it
has been reported that high VAF of UBA1 detected by exon
sequencing may be mistaken for germline mutations, which
are associated with X-linked spinal muscular atrophy 2
(SMAX2), and thismay cause bias in diagnosis or even affects
subsequent treatment.25 Sequencing of different tissues can
be considered when the patient’s clinical presentation is not
consistent with SMAX2.

Pathogenesis

Missense mutations in codon 41 of UBA1 were found in
almost all patients with VEXAS syndrome, with the order of
frequency being p.Met41Thr(c.122T>C), p.Met41Val(c.121A
>G), and p.Met41Leu(c.121A>C).1,26–28 These mutations
result in reduced expression of the cytoplasmic UBA1b
isoform (initiating translation at Met41) along with the
formation of the catalytically impaired UBA1c isoform (initi-
ating translation at the downstream start codonMet67), and
this isoform switch correlates with loss of ubiquitination
activity and activation of the innate immune pathway.1

Several novel mutations have also been identified in a few
patients with VEXAS syndrome: splice site variants at the
junctions of intron 2 and exon 3 (c.118-2A>C, c.118-1G>C,
c.119-1G>C), and c.167C> T, p. Ser56Phe which causes a
temperature-dependent impairment of UBA1 catalytic activ-
ity rather than an alteration of the UBA1 isoform.4,5,8,9,14

These mutations were lineage-restricted to myeloid cells in
circulation.With the discovery of these atypicalmutations, it
is now hypothesized that the underlying mechanism of the
disease may be contributed to rather a depletion of cyto-
plasmic UBA1b isoform than the production of UBA1c.27

Different mutants have different effects on UBA1b expres-
sion levels, and a certain threshold of residual UBA1b
expression is required for disease development, if too low,
cannot cause clonal amplification. Some reporters concluded
that the severity of VEXASwas negatively correlatedwith the
translation of residual UBA1b.27,29 Further research should
aim to determine the minimum threshold of residual UBA1b
expression as a causative factor, to elucidate the direct effect
of reduced UBA1b on the functional state of cells, and even to
consider restoring UBA1b expression as a therapeutic
approach.

A growing number of studies have identified the cooc-
currence of UBA1 mutations with other mutations in
patients with VEXAS syndrome. Hage-Sleiman et al ob-
served the clonal dynamics of the progressive replacement
of the CALR (calreticulin) mutation associated with essen-
tial thrombocythemia by the UBA1 mutation in multiple
bone marrow of patients, suggesting that the UBA1 muta-
tion may compete with other mutations and progressively
become dominant to show signs of VEXAS and that exten-
sive screening for UBA1 is needed to confirm the diagnosis
of VEXAS.30 In a French cohort study, cooccurrence of
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mutant UBA1 with mutations in DNMT3A was found in
11/116 patients, both were high in VAFs.26 At the same time,
hematopoietic stem cells containing DNMT3A mutations
were previously reported to be resistant to apoptosis and
differentiation caused by inflammatory stress.31 Thus, it is
conceivable that acquired DNMT3A mutations may give
UBA1 mutant cells a competitive survival advantage in
the inflammatory environment of VEXAS syndrome.32,33

Clinical Description

VEXAS syndrome is a severe, progressive diseasewithmulti-
organ system involvement, manifested mainly by systemic
inflammatory manifestations as well as hematological man-
ifestations. Since it was first reported in 2020, the spectrum
of clinical manifestations has gradually expanded with the
rapidly increasing number of reported cases of VEXAS
(►Table 1).

Systemic Symptoms

Constitutional Symptoms
Recurrent fever is the most common presentation and was
present in 74% of patients in some reported large cohorts. It
may be accompanied by other discomforts such as weight
loss, poor appetite and fatigue, and elevated acute-phase
reactants could be found.22 It may be a primary manifesta-
tion of VEXAS or a secondary manifestation of an acquired
immunodeficiency following treatment with multiple
immunosuppressive.34

Dermatologic Manifestations
Skin manifestations were also one of the most common
presentations, reported in up to 88% of the initial cohort.1

The most common observed cutaneous presentations can
be nonvasculitic (including neutrophilic dermatosis, ery-
thema nodosum, Sweet’s syndrome, pressure plaques,
urticaria, injection site reactions, etc.) or vasculitic (such
as leukocytoclastic vasculitis). Zakine et al identified the
UBA1 mutation by sequencing and analyzing skin samples
from VEXAS patients, the same as that found in myeloid
cells. Therefore, the authors concluded that the dermal
infiltration appears to be based on the clonal expansion of
UBA1 mutant cells rather than on an inflammatory back-
ground.35,36 Meanwhile, Lacombe et al found UBA1 muta-
tions only in skin tissues from patients with neutrophilic
dermatosis and not in other dermatoses (cutaneous leuko-
cyte fragmentation vasculitis and spacer lipofuscinosis),
possibly suggesting that UBA1 mutant clones are not
present in nonneutrophilic dermatitis or that their clonal
amount is too small to be detected. This leads to different
therapeutic options: clearing the UBA1 mutation or block-
ing the inflammatory response.37 Patients may first be
seen in dermatology for skin lesions, so dermatologists
must include VEXAS in the differential diagnosis when
confirming skin disease and, if necessary, initiate genetic
testing as early as possible to assist in the diagnosis of
VEXAS.

Relapsing Polychondritis
More than 50% of patients alreadymet the diagnostic criteria
for relapsing polychondritis before the diagnosis of VEXAS
was confirmed. Khitri et al found a higher incidence of fever
(60%), skin lesions (82%), and pulmonary infiltrates (46%), a
worse prognosis, a lower response rate to drugs, and a higher
mortality rate in the VEXAS-RP group compared to the I-RP
group.38 A decision tree algorithmwith near-perfect accura-
cy based onmale sex,mean corpuscular volume>100 fL, and
platelet count<200 k/μLmay suggest that genetic testing for
UBA1 mutation should be strongly considered to clarify
VEXAS.39

Systemic Vasculitis
VEXAS syndrome can cause inflammation of blood vessels of
any size, including small, medium, and large vessel vasculitis.
In the initial report, giant cell arteritis was confirmed in 1 of
25 patients (4%), which is a large vessel vasculitis.1 Medium
vessel vasculitis with polyarteritis nodosa and small vessel
vasculitis with immunoglobulin A vasculitis and antineutro-
phil cytoplasmic antibody-associated vasculitis have been
reported in rare cases.10 As more and more cases are
reported, it proves that we need to consider VEXAS as a
differential diagnosis for refractory vasculitis with abnormal
hematological manifestations.40

Lung Involvement
Lung involvement, such as neutrophilic alveolitis, pleural
inflammation, nonspecific interstitial pneumonia, crypto-
genic organizing pneumonia, and bronchiolitis obliterans, is
reported in up to 49% of patients with VEXAS syndrome.
Chest computed tomography demonstrated diffuse bilateral
ground-glass opacities and pleural effusions.1,10,22

Hematologic Aspects

Myelodysplastic Syndromes
Patients with VEXAS syndrome with concurrent MDS are
described in different study cohorts. In a study cohort of 116
French VEXAS patients, MDS patients accounted for 50%
(58/116).26 One study reported that pancytopenia and
myelodysplasia were observed in patients when severe
systemic inflammation worsened but no longer after symp-
toms resolved, suggesting that bone marrow dysplasia and
cytopenia by VEXAS syndrome are associated with severe
systemic inflammation.32 Mutations in the DNMT3A
gene have been detected in some VEXAS patients and
may be responsible for the coexistence of hematologic
malignancies such as MDS in patients with VEXAS syn-
drome.14,32,41,42 The current studies have hypothesized
that the inflammatory environment caused by VEXAS favors
the emergence of mutant clones and secondary MDS, or that
VEXAS itself promotes MDS.33,43 It has also been suggested
that the DNMT3A mutation, which is closely related to MDS,
may facilitate the amplification of VEXAS clones and, as
mentioned above, even trigger more severe inflammatory
manifestations. The causal relationship cannot be estab-
lished yet.5,44 The UBA1 mutation makes these patients
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more susceptible to MDS and other associated hematologic
tumors than their counterparts, and therefore more likely to
require close clinical follow-up.13

Thrombotic Events
Thrombotic eventsmayoccur early in the course of VEXAS. The
first description of VEXAS syndrome reported venous throm-
boembolism in 11 out of 25 patients (44%).1 Obiorah et al
reported a higher incidence of thrombotic complications in 10
out of 16patients (63%) andevena small percentage of patients
relapsed during anticoagulation therapy.6 The incidence of
venous thrombosis was much higher than that of arterial
thrombosis, 34.4 and 1.6%, respectively.45 Dysregulation of
ubiquitination due to UBA1 somatic mutations has been pro-
posed as a key driver of VEXAS thrombosis: chronic inflamma-
tion and abnormal release of multiple cytokines, enhanced
spontaneous NET formation, and the presence of pathological
antiphospholipid antibodies are among the factors that can
causeplatelet activation, abnormalhemostasis, andendothelial
cell dysfunction, and even may promote the coagulation cas-
cade.6,45,46 This suggests that immunomodulation and immu-
nosuppression may be considered as a strategy to prevent
thrombotic events. However, a large study did not detect
UBA1 mutations in 97 men over 50 years old with a first
unprovoked thrombotic event, so the authors do not recom-
mend systematic screening for UBA1mutations in older adults
with a first unprovoked thrombotic event, which may be
overscreened.46

Hematologic disorders in patients with VEXAS syndrome
also include thrombocytopenia, macrophage activation syn-
drome, hemophagocytic lymphohistiocytosis, plasma cell
disease, chronic lymphocytic leukemia, and progressive
bone marrow failure. But no etiologic link between VEXAS
and these disorders has been confirmed.47

Other Clinical Manifestations
Other rare clinical manifestations have been gradually
reported, including ocular inflammation (periorbital edema,
uveitis, scleritis), gastrointestinal infiltration (abdominal
pain, chronic diarrhea, gastrointestinal bleeding), lymph
node enlargement, arthritis (mostly affecting small joints
of the ankle, knee, and hand), cardiac involvement (myocar-
ditis, pericarditis), and neurological involvement (hearing
loss, sensory neuropathy, acute attacks of chronic inflamma-
tory demyelinating polyneuropathy, and even central ner-
vous system involvement).22,26,48

As a growing number of cases are reported, it has been
suggested that the clinicalmanifestations of VEXAS syndrome
are always associated with specific mutant genotypes: an
unexplained inflammatory syndrome in P. Met41Val, inflam-
matory eye disease in P. Met41Thr, and Sweet syndrome in P.
Met41Leu. A cohort observed a higher mortality rate and a
significantly shortermedian survival time for P.Met41Val than
for other mutations.26,27

Early recognition and diagnosis of the syndrome are
challenging, and the diagnosis of VEXAS should be consid-
ered in all patients with refractory inflammatory disease
with progressive hematologic abnormalities.Ta
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Laboratory Parameters

Macrocytic anemia is found in almost all patients, along
with normal folic acid and vitamin B12.49 It is accompanied
by thrombocytopenia, and reduced lymphocyte and
monocyte counts.13,43,50 Blood smears show increased
erythrocyte volume, granulocytic anaplasmosis, and
Pseudo-Pelger-Huët anomaly. Bone marrow smears show
hypercellular marrow, a progressive increase in the mye-
loid: erythroid ratio (which may reflect disease progres-
sion), and characteristic cytoplasmic vacuolation of
myeloid and erythroid precursor cells.6 The anemia of
inflammation usually presents as microcytic hypochromic
anemia, so physicians should consider the possibility of
VEXAS syndrome when macrocytic anemia is found in
inflammatory diseases.51

The analysis of the peripheral blood from patients with
VEXAS syndrome showed highly activated inflammatory
signatures in multiple pathways, including tumor necrosis
factor (TNF), interleukin-6 (IL-6), and interferon-γ. Inflam-
matory markers, such as erythrocyte sedimentation rate and
C-reactive protein, were significantly elevated in all
patients.1,13 An elevated antinuclear antigen, rheumatoid
factor, and antiphospholipid antibodies were also observed
in patients with VEXAS.52

Neither the complex, progressive clinical presentation
nor the characteristic cytoplasmic vacuoles and abnormal
laboratory tests can replace the detection of UBA1mutations
as criteria for confirming the diagnosis of VEXAS syndrome,
and these nonspecific abnormalities can only be brought to
the attention of physicians (►Fig. 1).

Therapeutic Management

To date, there are no consistently effective therapies for VEXAS
syndrome. Based on the current understanding of the patho-
physiologicalmechanismsofVEXAS syndrome, two therapeu-
tic strategieshavebeenproposed:eradicatingUBA1mutations
and blocking the inflammatory cascade response.

Targeting and Eradicating UBA1 Mutated Cells

Hypomethylating Agents (Azacitidine)
Azacitidine (AZA) is the standard treatment for higher-risk
MDS. Current studies have reported immunomodulatory and
anti-inflammatory effects.53 A cohort of VEXAS patients with
concomitant MDS showed improvement in inflammatory
symptoms after 4 cycles of AZA treatment in 5/11 (46%)
patients.54 A phase II prospective trial study found that 9/12
(75%) patients with UBA1 mutations achieved complete
responses or partial responses after 6 cycles of AZA treatment,
with improvement in inflammation-related manifestations,
and sustainable steroid-sparing effects of AZA was observed,
with the dosage below 10mg/d.55 In the small cohort (n¼3)
reported by Raaijmakers et al, three patients with VEXAS
syndrome were treated with AZA and two of them were
confirmed to have coexisting UBA1 and DNMT3A mutations;
after receiving AZA, these two patients showed remission of
inflammatory manifestations, a lower dosage of steroids, and
analmost complete clearanceofUBA1andDNMT3Amutations
in both bone marrow and peripheral blood was observed. The
other patient who did not carry the DNMT3A mutation was
unresponsive to AZA, which may indicate that VEXAS patients

Fig. 1 The clinical manifestations of VEXAS (vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic) syndrome involve multiple organs and
systems, such as systemic inflammatory manifestations and hematologic disorders, and characteristic cytoplasmic vacuoles are seen in almost
all patients. Genetic sequencing is ultimately required to confirm the diagnosis of VEXAS syndrome.
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with DNMT3A mutation have increased sensitivity to AZA.32

The poor efficacyof AZA found in the current study cohortmay
be due to the short duration of therapy, as hypomethylating
agents usually works after 4 to 6 cycles in typical MDS.56 The
side effects are mild, and serious infections are common in
patients with complex karyotypes and severely immunocom-
promised.55 In the relatively limited sample size, the efficacyof
AZA in VEXAS has not been proven and many questions
remain: How does AZA improve inflammatory symptoms?
Does AZA affect clonal amplification of UBA1 mutations, and
is there a difference in sensitivity to AZA betweenVEXAS-MDS
and VEXAS?41

Hematopoietic Stem Cell Transplantation
Hematopoietic stem cell transplantation (HSCT) can remove
abnormal bone marrow hematopoietic tissue through pre-
treatment and then implant healthy hematopoietic stem cells
to rebuild the hematopoietic and immune systems. Six
patients with VEXAS syndrome underwent allo-HSCT due to
poorefficacyofglucocorticoids andmultiple immunosuppres-
sive drugs, severe inflammatory symptoms, or uncontrollable
hematologic disease; three patients achieved complete remis-
sion, two patients survived during short-term follow-up, and
one patient died of infectious complications followingHSCT.57

Another study reported a patient who was cured of MDS by
autologous stem cell transplantation while clearing cells car-
rying the UBA1mutation, suggesting that HSCT could be used
as a curative option for VEXAS syndrome.58 One study center
reported that one patient received an early transplant after
confirming VEXAS syndrome, which combined in vivo ATG-
depleted T cells, in vitro depleted TCRαβþ and CD19þ cells,
and a myeloablative conditioning regimen (fludarabine, Mar-
farin, thiotepa), mescaline and prednisone to prevent graft-
versus-host disease (GVHD).15 This strategy in the absence of
complications such as GVHD leads to successful transplanta-
tion. However, its indications and the prevention of compli-
cations still need attention. Specialists need to strike a balance
between the potential for cure, the risk of complications, and
recurrence. Several available assessment tools such as the
Karnofsky Performance Scale score and Hematopoietic Cell
Transplantation-Comorbidity Index can be used to screen
suitable patients and assess their condition, then physicians
need to determine the type of transplantation, the best
preparative regimens, the specific timing of transplantation
based on the actual condition, and protocols to deal with
complications such as GVHD. If possible, long-term follow-up
is recommended to evaluate theefficacy.12,15,18,27,58However,
transplantation should be considered at an early stage, as
VEXAS-related complications may limit the progression and
efficacy of transplantation. A formal clinical trial to evaluate
the efficacy of allogeneic stem cell transplantation in patients
with VEXAS is underway.59

Targeting and Blocking the Inflammatory Cascade

Glucocorticoids
The available studies show that high doses of glucocorticoids
are effective in ameliorating systemic inflammatory mani-

festations, while attempts to reduce the dose of glucocorti-
coids have resulted in poor symptom control and even
recurrence.1,47,52,60,61 Sustained application of glucocorti-
coids at high doses can lead to steroid dependence and
serious adverse events (mainly infections and cardiovascular
events).12 Further research is needed on steroid-sparing
drugs that work consistently.

Janus Kinase-Signal Transducer and Activator of
Transcription Inhibitors (Ruxolitinib or Baricitinib)
Janus kinase (JAK) inhibitors prevent and treat a range of
inflammatory and immune diseases by inhibiting JAK kinase
and blocking the JAK-signal transducer and activator of
transcription signaling pathway. The drug is effective against
certain symptoms of systemic inflammatory diseases, espe-
cially skin involvement.5 After applying ruxolitinib in place
of AZA as monotherapy in one patient, significant regression
of skin lesions was observed without an increasing dose of
steroids, demonstrating the potential effectiveness of
JAK inhibitors.4 Heiblig et al found that complete clinical
response and complete biological response were achieved in
7/11 (64%) and 6/11 (54%) patients treated with ruxolitinib
after 1 month.62 Subsequently, in their retrospective cases
analysis, 87% of patients achieved complete clinical remis-
sion after 6 months of treatment with ruxolitinib, coinciding
with significant increases in hemoglobin levels and platelet
counts, reductions in steroids, and even discontinuation of
steroids.63 This multicenter study showed that the superior-
ity of ruxolitinib over other JAK inhibitors may be attributed
to its specific targeting of JAK1/JAK2, strong inhibitory
activity against TYK2, and wide range of dose selection
(with the possibility of gradually increasing dose). In addi-
tion, the clonal amplification of UBA1 was observed in
patients, suggesting that the efficacy of ruxolitinib is related
to its anti-inflammatory properties rather than to the eradi-
cation of UBA1 mutations.30,63 However, side effects associ-
ated with JAK inhibitors are common, including severe
opportunistic bacterial and viral infections including myco-
bacterium tuberculosis and herpes zoster virus, anemia,
leukopenia, and thromboembolism. Infections and throm-
boembolic events can also occur in patients with VEXAS
syndrome, making the safety of JAK inhibitors difficult to
assess.64,65 Given that the current treatment studies are
retrospective analyses and lack control groups, there may
be data selection bias, and prospective studies are still
needed to further confirm their efficacy.

Tocilizumab
Tocilizumab (TCZ), a monoclonal antibody against the IL-6
receptor, may be effective in controlling systemic inflamma-
tion. Upregulation of expression of the gene encoding IL-6 in
patients with VEXAS syndrome and its confirmation in
a zebrafish model suggest that targeted therapy to block
the IL-6 pathway may be an effective treatment. Goyal et al
reported improvement in skin lesions after TCZ treatment in
a patient with VEXAS syndrome, along with no need for
blood transfusions and reduced steroid dose.66 However,
detailed reports following the TCZ administration are scarce
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to date. Within short-term follow-up, TCZ did partially
alleviate inflammatory symptoms and reduce steroid
dosage, but the long-term efficacy and side effects of TCZ
are unclear.4,47,67–70 Intestinal perforation is one of the
severe comorbidities of TCZ; therefore, treatment with TCZ
may increase the risk of intestinal perforation in
patients with VEXAS who have underlying gastrointestinal
involvement.24,66

Anakinra and Canakinumab
Anakinra reduces the inflammatory response and relieves
pain by blocking IL-1 signaling. Canakinumab selectively
binds to IL-1β and blocks the interaction of IL-1β with its
receptor. In one study, 1/6 (17%) patient was found to be
responsive to anakinra, and 1/3 (33%) had severe local
reactions at the subcutaneous injection site that prevented
assessment of efficacy.24 Campochiaro et al found that the
combination of cyclosporine A and anakinra and canakinu-
mab could be effective in improving inflammatory manifes-
tations and also had steroid-sparing effects. However,
neutropenia was found in 2/3 of patients. Perhaps more
clinical trials and long-term follow-ups are needed to con-
firm its efficacy and safety.71

Local injection site reactions to anakinra (usually mild to
moderate,manifesting as redness, swelling, and pain)maybe
more severe in patients with VEXAS. Therefore, desensitiza-
tion with intravenous anakinra may be considered in VEXAS
patients to avoid side effects that limit the efficacy of
anabolic agents.72

Others
Other immunosuppressive drugs used in VEXAS patients
such as conventional synthetic disease-modifying antirheu-
matic drugs (methotrexate, mycophenolate mofetil, azathi-
oprine), anti-TNF (adalimumab), calcineurin inhibitors
(cyclosporine and tacrolimus), and abatacept were mostly
effective temporarily during the limited follow-up period
and may partially alleviate symptoms.4,41 However, their
efficacy needs to be confirmed in larger cohorts.

Supportive Care
Long-term effective treatment options have not been estab-
lished and treatment choices are still limited by retrospective
study analysis. Therefore, patients may be given appropriate
supportive therapy temporarily to improve their quality of
life. For patients with anemia, erythropoiesis-stimulating
agents are really important, and if necessary, individualized
blood transfusion therapy can be considered, along with iron
chelation therapy.12 Patients with significantly reduced gran-
ulocytes are advised to prevent infection, and a granulocyte
colony-stimulating factormaybeadministered.12 It is currently
recommended that patients with VEXAS should avoid corona-
virus disease 2019 vaccination until its safety is assured.73

Patients with thromboembolism may be treated with
anticoagulation, and evaluation for the risk of bleeding and
thrombosis is really necessary during treatment. There have
been case reports of the successful use of apixaban in
patients. Testing for antiphospholipid antibodies is also

recommended to assist in the selection of vitamin K antag-
onists or oral anticoagulants.18,45 Warfarin was previously
reported to be more effective in patients with antiphospho-
lipid syndrome.74 In addition, multiple factors contribute to
thrombosis, and it is conceivable that the use of immuno-
suppressive and immunomodulatory agents to modulate
endothelial cell function and reduce the inflammatory
milieu, combined with anticoagulation, could be a measure
to avoid the recurrence of thrombotic events. Further studies
are needed to clarify the mechanisms of thrombosis and to
evaluate the efficacy of anticoagulation in patients with
VEXAS.45 Consideration of prophylactic anticoagulation in
patients with VEXAS is still up in the air.

Prognosis

From the available clinical data, patients with VEXAS have
high clinical heterogeneity and mortality, with mortality
rates of approximately 20 to 50% in different cohorts, and
may have a poor outcome due to failure of early recognition
and diagnosis, progression of hematologic disease, and lack
of effective and efficient treatment modalities. Patients may
die from disease or treatment-related complications.

Gastrointestinal involvement, pulmonary infiltration,
mediastinal lymph node enlargement, and transfusion
dependence are risk factors associatedwith highmortality.26

The P. Met41Val mutant genotype was also a negative
predictor of prognosis, and the inconsistencywith the results
of the French study cohort finding that patients with P.
Met41Leu may have a better prognosis may be due to the
shorter follow-up of the latter. The difference in survival
between mutants may be due to their different levels of
residual UBA1b translation.27 No association between UBA1
VAF level and disease severity and mortality has been
observed in the current study cohort.26,27

Conclusion

VEXAS syndrome is a recently identified refractory adult-
onset inflammatory syndrome, mostly affecting elderlymen.
The main manifestations are systemic inflammation and
hematologic manifestations, and no consistently effective
treatment has been found except for high-dose glucocorti-
coids. Depending on the understanding of the molecular
basis of the disease, it may be effective to target and eradicate
UBA1 mutations (UBA1 gene editing to alter mutant clones,
or HSCT to replace mutated progenitor cells), to block the
inflammatory cascade response (targeting the ubiquitina-
tion pathway), or even to consider restoring the function of
UBA1b. Bone marrow transplant and gene editing therapies
may be a means of cure. Minimizing the time between the
onset of symptoms of VEXAS syndrome and genetic diagno-
sis allows consideration of an allogeneic bone marrow
transplant early in the disease. Therefore, testing for UBA1
mutations is recommended for adult patients with systemic
inflammation, hematologic disorders, and vacuolation of
myeloid and erythroid precursor cells to assist in the early
diagnosis of the syndrome and to improve prognosis.
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