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VEXAS syndrome, is a hemato-inflammatory chronic disease characterized with predominantly 
rheumatic and hematologic systemic involvement. It was first described in 2020 by a group of 
researchers in the United States. VEXAS syndrome is a rare condition that primarily affects adult 
males and is caused by a mutation in the UBA1 gene located on the X chromosome. Its pathogenesis 
is related to the somatic mutation affecting methionine-41 (p.Met41) in UBA1, the major E1 enzyme 
that initiates ubiquitylation. Mutant gene lead to decreased ubiquitination and activated innate immune 
pathways and systemic inflammation occur. The specific mechanism by which the UBA1 mutation 
leads to the clinical features of VEXAS syndrome is not yet fully understood. VEXAS is a newly 
define adult-onset inflammatory syndrome manifested with treatment-refractory fevers, arthritis, 
chondritis, vasculitis, cytopenias, typical vacuoles in hematopetic precursor cells, neutrophilic 
cutaneous and pulmonary inflammation. Diagnosing VEXAS syndrome can be challenging due to its 
rarity and the overlap of symptoms with other inflammatory conditions. Genetic testing to identify 
the UBA1 gene mutation is essential for definitive diagnosis. Currently, there is no known cure for 
VEXAS syndrome, and treatment mainly focuses on managing the symptoms. This may involve the 
use of anti-inflammatory medications, immunosuppressive drugs, and supportive therapies tailored 
to the individual patient's needs. Due to the recent discovery of VEXAS syndrome, ongoing research 
is being conducted to better understand its pathogenesis, clinical features, and potential treatment 
options. In this review article, the clinical, diagnostic and treatment approaches of VEXAS syndrome 
were evaluated in the light of the latest literature data.

1. Introduction

In December 2020, a revolutionary study was shared 
with scientific community, which sheds light on the 
pathogenesis of some diseases and has strong evidence 
of gene-disease relationship (1). Using a genotype-
driven approach, the authors identified a disorder that 
connects seemingly unrelated adult-onset inflammatory 
syndromes, named the VEXAS (vacuoles, E1 enzyme, 
X-linked, autoinflammatory, somatic) syndrome. The 
recurrent and acquired somatic mutations were found in 
UBA1, a gene encoding the ubiquitin-activating enzyme 
1, which is necessary for the initiation of ubiquitylation 
(2). UBA1 is expressed as two isoforms (nuclear and 
cytoplasmic) differing in translation start site; nuclear 
UBA1a initiated at p.Met1 and cytoplasmic UBA1b 
initiated at p.Met41 (3). Ubiquitylation is a type of post-
translational modification of proteins that is regulate the 
intracellular signaling and protein degradation through 

the proteasome or the autophagy-lysosome system (4). 
Loss of cytoplasmic UBA1 function and disruption of 
ubiquitylation process involving also myeloid lineage 
cells leading to uncontrolled inflammation resulting in a 
late-onset, treatment refractory inflammatory syndrome 
with associated hematologic abnormalities (5).
 The possible role of various genes in the pathogenesis 
of rheumatological diseases has been investigated (6). As 
a result of genetic studies, monogenic (autoinflammatory) 
and/or polygenic (autoimmune) rheumatological 
diseases have been defined (7). Autoimmunity and 
autoinflammation were considered as "double-edged 
knife"; an one end of the "knife" are the various 
autoantibodies produced by B-cells and the other end are 
monogenic autoinflammatory diseases (8). Connective 
tissue diseases (ex. SLE) are the representative 
autoimmune diseases that depends on acquired 
immunity, whereas FMF are the representative of the 
autoinflammatory diseases in which the innate immunity 
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have important role (9). While the "borders" are so 
clearly have been drawn in rheumatology, some diseases 
have features belonging to both disease groups (10). With 
the definition of VEXAS syndrome, some "boundaries" 
in rheumatology knowledge have been crossed and the 
"walls" have been broken. This syndrome involving the 
clinical pictures of autoimmune and autoinflammatory 
diseases both opened new era in our knowledge.
 Herein we review the genetic, immunological, 
clinical and treatment aspects of a newly defined VEXAS 
syndrome.

2. Focus on somatic mutations in rheumatology 
practice

It is well known that different genes play an important 
role in the pathogenesis of rheumatic diseases. 
Increased expression and/or gene polymorphisms of 
some genes have been shown to determine disease 
susceptibility, clinical course, and sometimes prognosis 
of the diseases (11). Rheumatological diseases can 
be polygenic and/or monogenic, and sometimes they 
can carry the characteristics of both groups (12). In 
general, the "borders are well drawn" in rheumatology 
and the diseases are well defined in terms of genetics. 
Autoimmune diseases are characterized by the synthesis 
of different B-lymphocyte-derived autoantibodies as 
a result of autoreactive T-cell activation triggered by 
an unknown antigen. It has been reported that many 
genes may be responsible for the pathogenesis of these 
diseases, not a single gene (13). It is well established that 
autoimmune diseases have common mechanisms and are 

caused by both genetic and non-genetic risk factors. One 
novel risk factor that can contribute to autoimmunity 
is somatic mutations, in a role parallel to their role in 
cancer (14). On the other hand, the development of 
autoinflammatory diseases has been described as a result 
of mutations in a single gene, the most striking example 
of which is FMF (15). Genetic mutations in the germline 
define an increasing list of heritable, monogenic 
autoinflammatory diseases that typically manifest early 
in life. In contrast to germline mutation, changes in 
DNA that occur after the first zygotic division are called 
somatic mutations (16).
 Unlike germinal mutations, somatic mutations are 
genomic alterations that are not transmitted to offspring. 
Its may occur during life, from early embryogenesis 
through adulthood (17). Somatic mutations are usually 
restricted to specific tissue types, and may play a causal 
and important role in non-heritable rheumatological 
diseases, especially conditions that start in advanced 
stage of life (18). Using sequencing technology it is 
possible to detect somatic mutations in various tissue 
types, especially blood (19). While somatic mutations 
are well defined in malignant hematological diseases, its 
role in rheumatological diseases is not clearly yet (20). 
Although rare, some autoimune and autoinflammatory 
rheumatic diseases associated with somatic mutation 
have been described (Table 1).
 Schni tz ler  syndrome is  a  rare  adul t -onset 
autoinflammatory disease characterized with chronic 
urticarial rash, recurrent fever, arthralgia or arthritis, 
monoclonal gammopathy of undetermined significance 
(MGUS), and marked systemic inflammation (21). The 
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Table 1. Somatic mutations in rheumatic diseases

Disease

VEXAS syndrome

MDS/BD

ECD

TRAPS

NLRP3-AID

ALPS

Felty s/m

Schnitzler syndrome

Gene

UBA1

NR

MAPK/BRAF

TNFRSF1A

NLRP3

FAS

STAT 3

MYD88

AID: NLRP3-associated inflammatory disease; ALPS: autoimmune lymphoproliferative syndrome; ANK:anakinra; ASCT: allogeneic hematopoietic 
stem cell transplantation; CKM:canakinumab; CSs:corticosteroids; DMARDs:disease modifying anti-rheumatic drugs; ECD: Erdheim-Chester 
disease; ETN:etanercept; GOF: gain-of-function; IL-1:interleukine-1; JAKi: janus kinase inhibitors; LOF: loss-of-function; MAPK: mitogen 
activated protein kinase; MDS: myelodysplastic syndrome; NLRP3- TRAPS: tumour necrosis factor receptor-associated periodic syndrome; TCZ: 
tocilizumab; TNFA: tumor necrosis factor alpha; VEXAS: vacuoles, E1enzyme, X-linked, autoinflammatory, somatic.

Chromosome

Chr. X

Crh.8

Crh.7

Chr.12

Chr. 1

Chr. 10

Chr .7

Chr.1

Mechanism

LOF

trisomy

GOF

GOF

GOF

LOF

GOF

GOF

Clinical findings

recurrent fever, polychondritis, vasculitis, 
arthritis, macrocytic anemia

oral/genital ulcers, rash, fever and intestinal 
involvement
central diabetes insipidus, restrictive pericarditis, 
perinephric fibrosis, and sclerotic bone lesions
recurrent fever; abdominal, chest, and muscle 
pain; red and swollen eyes; and a typical rash 
lasting for more than one week.
fever, urticaria,arthritis sensorineural hearing 
loss, central nervous system involvement
lymphadenopathy and splenomegaly, 
hypergammaglobulinemia, haemolytic anaemia, 
idiopathic thrombocytopenia and neutropenia
splenomegaly, anemia, neutropenia, 
thrombositopenia
chronic urticarial rash, recurrent fever, 
arthralgia or arthritis, monoclonal gammopathy 
of undetermined significance (MGUS)

Treatment

CSs
Tocilizumab
JAKi
Azacytidine
ASCT
DMARDs
chemoterapeutic drugs
BRAF inhibitors

IL-1 blockers (ANK, CKM)
TNFA inh.(ETN)
IL-6 inh (TCZ)
IL-1 blockers
(ANK, CKM)
CSs
IS drugs
splenectomy
DMARDs, splenectomy
IL-1 blockers
(ANK, CKM)
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shown to be more aggressive and severe than familial 
form.
 Erdheim-Chester disease (ECD) is a rare histiocytosis 
characterized with systemic inflammatory features 
involving skin, lung, aorta, bone, central nervous system 
and the retroperitoneum (30). Typical findings of ECD 
include central diabetes insipidus, restrictive pericarditis, 
perinephric fibrosis, and sclerotic bone lesions. Somatic 
mutations activating the MAPK pathway are found 
in more than 80% of patients with ECD, mainly the 
BRAF activating mutation, followed by MAP2K1 (31). 
Multisystem or refractory ECD patents have benefitted 
from highly effective therapy with BRAF and MEK 
inhibitors.
 Recently the trisomy 8 mosaicism (T8m) was 
reported in patients with Behçet disease (BD). T8m has a 
highly variable phenotype, and it may also be associated 
with haematological disorders, such as MDS. It was 
reported that Behçet-T8m patients have mostly oral/
genital ulcers, rash, fever and intestinal involvement (32). 
In recent years our knowledges about somatic mutations 
associated with various rheumatological diseases are 
increased. Somatic mutations seen in autoimmune and 
autoinflammatory diseases may also act as a "bridge" 
in terms of inflammation and malignancy development. 
The newly described VEXAS syndrome is not only a 
disease that culminates this relationship, but also a new 
beginning in this regard.

3. Genetic and immunological aspect of VEXAS 
syndrome

VEXAS syndrome is adult onset hematoinflammatory 
disease caused by somatic mutations in the gene UBA1, 
the majör E1 enzyme that initiates ubiquitylation. 
Ubiquitylation is a post-translational modification that 
triggers proteasomal degradation (33). It is essential 
for various cellular processes such as cell cycle 
progression, DNA damage response, and inflammatory 
signaling pathways (34). Dysregulation of the ubiquitin-
proteasome system results in susceptibility to infection, 
lymphoproliferative disorders, autoinflammatory 
diseases and malignancy (35). Ubiquitylation is initiated 
by the attachment of a single ubiquitin molecule to a 
target protein through a three-step process performed by 
the concerted actions of ubiquitin activating enzymes 
(E1), ubiquitin-conjugating enzymes (E2), and substrate 
specific ligases (E3). Ubiquitin-like modifier-activating 
enzyme 1 (UBA1), the major E1 enzyme, has two 
isoforms: UBA1a and UBA1b (36). UBA1a is the long 
isoform and is localized in the nucleus, whereas UBA1b 
is the short isoform and is localized in the cytoplasm 
without a nuclear localization signal.
 The major cause of the VEXAS syndrome is 
a depletion of cytoplasmic UBA1 which resultant 
decreased ubiquitylation activates the unfolded protein 
response and type I interferon production (37). Increase 

inflammasome related IL-1 overproduction is a result of 
a somatic mosaic gain of function mutation of NLRP3 
(nucleotide-binding oligomerization domain [NOD]-
like receptor [NLR] family pyrin domain containing 
3) gene. Somatic NLRP3 mosaicism was found also in 
patients with Schnitzler-like syndromes. Patients with 
IgGκ variant Schnitzler syndrome and severe clinical 
phenotype showed myeloid lineage restrict somatic 
NLRP3 mosaicism. Mutated NLRP3 gene (c.1906C 
>G p.Q636E) resulted in cell death in a monocyte cell 
line, and adaptor molecule apoptosis-associated speck-
like protein containing a CARD (ASC)-dependent 
activation of nuclear factor (NF)-κB (22). This resulted 
in inflammasome activation and overproduction of 
predominantly IL-1 cytokine. There are report that some 
patients with Schnitzler syndrome have MYD88 gene 
somatic mutations, which is considered an independent 
risk factor for Waldenström's macroglobulinemia 
(WM) (23). That data may be useful to guide clinical 
monitoring since a significant proportion of patients with 
Schnitzler syndrome might develop lymphoproliferative 
malignancy.
 The autoimmune lymphoproliferative syndrome 
(ALPS), which is the first identified non-malignant 
autoimmune disease caused by a somatic mutation, is 
characterized with persistent lymphadenopathy and 
splenomegaly, hypergammaglobulinemia, haemolytic 
anaemia, idiopathic thrombocytopenia and neutropenia 
(24). The cause of ALPS was found to be somatic 
FAS mutations in hematopoietic precursor stem 
cells, an accumulation of double-negative T cells, 
and hypergammaglobulinemia. Savola et al. reported 
somatic mutations in immune- related genes in mature 
expanded CD8+ T-cell populations in RA patients (25). 
They conclude that this mutations were associated with 
autoimmunity or cell survival. The same authors showed 
the somatic STAT3 mutations in Felty's syndrome shares 
molecular markers with large granular lymphocyte 
(LGL). The authors conclude that this findings provided 
molecular evidence for the hypothesis that Felty's 
syndrome and LGL leukemia are actually the same 
disease (26). Monogenic autoinflammatory diseases 
are group of familial and sporadic autosomal dominant 
diseases characterized by gain-of-function mutations in 
NLRP3, leading to increased inflammasome activity (27). 
Some NLRP3 mutations are closely related to disease 
severity, while other are associated with heterogeneous 
clinical presentations, due to various genetic or 
environmental factors. Sporadic NLRP3-AID may be 
due to de novo germline or acquired somatic mutations 
(28). While NLRP3 somatic mutations have mostly been 
described in childhood patients these mutations may also 
cause adult-onset disease. Using conventional Sanger 
sequencing, a large international study investigators 
identified that  30% of neonatal-onset multisystem 
inflammatory disorder (NOMID) cases are due to 
mosaicism (29). Sporadic NOMID clinical features is 
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inflammation in the VEXAS syndrome is driven by 
mutant myeloid cells which can survive with this 
somatic mutation. Patients with VEXAS syndrome 
have highly activated inflammatory pathways including 
tumor necrosis factor, interleukin-6, and interferon-γ, 
which a finding that is consistent with severe myeloid 
inflammation (38). Activation of multiple cytokines 
cascades result in the elevated acute phase reactants 
(C-reactive protein and erythrocyte sedimentation rate) 
levels in the sera which is the characteristic laboratory 
findings in VEXAS patients (39). The changes were also 
seen in B-lymphocytes repertoar, atypical differentiation 
of B-cells with loss of immature B cells and increase of 
monocyte populations (40). This increase inflammatory 
responses in VEXAS syndrome may also aggravated 
by activation of neutrophils with preserved phagocytic 
activity and formation of neutrophil extracellular traps 
(NETs) (41).

4. Clinical features of VEXAS

VEXAS syndrome is an adult-onset inflammatory 
syndromes  o f t en  man i fes t  wi th  over l app ing 
rheumatologic and hematologic clinical features. 
Typically, this condition predominantly affects middle-
aged and older men, occurring in the fifth and seventh 
decade of their lives. The exact prevalence of the 
syndrome in the population is still unknown. Initially, 
it was thought to be exclusive to males due to the 
involvement of the X chromosome (UBA1 gene). 
However, female cases with inherited or acquired 
monosomy of the X chromosome have also been 
reported (42,43).
 VEXAS is a heterogeneous syndrome that can 
manifest with various hematological and rheumatic 
manifestations (44). The hematological features often 
include progressive abnormalities like macrocytic 
anemia, thrombocytopenia, myeloid dysplasia, and 
bone marrow vacuolization affecting myeloid and 
erythroid precursor cells (45). The most common clinical 
features comprise recurrent fever, arthralgia/arthritis, 
pulmonary involvement, skin lesions, various types of 
vasculitis, and/or thromboembolic events (46). From 
a rheumatologist's perspective, VEXAS syndrome can 
mimic known rheumatologic diseases or coexist with 
them (47,48) (Table 2). Since the recognition of this 
syndrome, many rheumatologists have reviewed their 
previous diagnoses. VEXAS can present with clinical 
findings seen in various rheumatological diseases, 
leading to misdiagnoses before its definition. Notably, 
patients previously diagnosed with vasculitis, connective 
tissue disease, and/or autoinflammatory disease were 
later identified to have VEXAS syndrome based on 
recent data (49). Interestingly, VEXAS patients may also 
partially meet established diagnostic or classification 
criteria for several known clinical conditions (50).
 Given its heterogeneity,  VEXAS syndrome 

exhibits a wide range of clinical findings. Numerous 
rheumatology centers have reported their cases since 
the disease's recognition (Table 3). In the fırst original 
VEXAS study by Beck et al. among 25 patients 18 
(72%) had pulmonary involvement, 16 (64%) had 
ear and nose chondritis, four patients had vasculitis 
(3PAN, 1GCA) (1). Subgroups of participants met or 
partially met established diagnostic or classification 
criteria for a number of clinical conditions (ex. PAN, 
GCA, relapsing polychondritis). Coster et al. reported 
the clinical features and outcomes of 9 patients with 
VEXAS syndrome followed at Mayo Hospital (51). 
Vasculitis was observed in 4 patients (cutaneous, renal 
peritubular capillaritis, cryoglobulinemia and large 
vessel vasculitis involving abdominal aorta). Reccurent 
ear and nose chondritis was present in 5 of 9 patients; 
ocular inflammation was observed in 4 patients (2 with 
uveitis and 2 with episcleritis). All patients with ear and 
nose chondritis, ocular inflammation, and vasculitis 
had the p.Met41Thrn mutation. Ciferska et al. reported 
3patients newly diagnosed as VEXAS syndrome in their 
rheumatology center (52). All 3 patients are elderly man, 
the median age of the patients are 72.6 years old. The 
patients have been diagnosed with a different rheumatic 
disease (1 seronegative RA, 1 relapsing polychondritis, 
1 paraneoplastic s/m) before VEXAS diagnosis. All 3 
patients expressed multiple inflammatory manifestations 
exceeding the typical clinical phenotypes associated with 
the referred rheumatic diagnoses, and all had additional 
haematological abnormalities. Khitri et al. compared the 
clinical characteristics, the laboratory features and the 
outcomes between idiopathic-relapsing polychondritis 
(I-RP) and VEXAS-relapsing polychondritis (VEXAS-
RP) (53). They found that VEXAS-RP characterized by 
high prevalence of male sex, fever, skin lesion, ocular 
involvement, pulmonary infiltration, heart involvement, 
older age and hematological abnormality. Staels et al. 
reported two VEXAS patients; one characterized by 
recurrent rash and symmetric polyarthritis, and another 
who was initially diagnosed with idiopathic multicentric 
Castleman disease and developed macrophage activation 
syndrome as a complication of the VEXAS syndrome 

Table 2. Rheumatic manifestations of VEXAS syndrome

Clinical Manifestations

Recurrent fever
Relapsing polychondritis
Polyarteritis nodosa
Giant cell arteritis
Arthralgia
Inflammatory asymetric mono/
oligoarthritis
Neutrophilic alveolitis
Venous thrombosis
Lymphadenopathy
Scleritis/episcleritis/uveitis/retinal 
vasculitis
Sweet syndrome
AA amyloidosis

Associated Conditions

Coexistance with:
- Systemic lupus erythematosus
- Still disease
- Vasculitides
- Relapsing polychondritis
-  Macrophage  ac t iva t ion 
syndrome
- Spondylarthritis
- Hematological malignancy
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(54). The latter patients was treated with anti-IL6 
therapy (siltuximab) leading to a regression of systemic 
symptoms. Oganesyan et al. described the 76 years old 
male patients with recurrent fevers, joint inflammation, 
elevated levels of acute-phase reactants, macrocytic 
anaemia and skin lesions, who was diagnosed with 
VEXAS syndrome (55). The patient have been treated 
with anakinra (anti-IL1R antagonist) fırst, but did not 
result in any clinical or biological response. Prednisolone 
(1 mg/kg per day) was started and rapidly both clinical 
and biological complete remission within the week was 
done. Van der Made et al. reported 12 patients with 
VEXAS syndrome who had previously been registered 
as having unclassified autoinflammation (56). All 
patients were male and the median age were 67 years 
old (range 47–79 years). The patients presented with 
systemic symptoms, elevated inflammatory parameters, 
and multiorgan involvement. The newly reported features 
of VEXAS from this study included interstitial nephritis, 
cardiac involvement, stroke, and intestinal perforation 
related to treatment with tocilizumab. Despite different 
types of treatment were initiated, most patients became 
treatment-refractory, with a high mortality rate of 50%. 
Sharma et al. reported the coexistence of VEXAS 
syndrome and SLE in 70 years-old male (47). He was 
initiated on monthly intravenous immunoglobulin 
and clinical and laboratory regression was achieved. 
Recently Muratore et al. retrospectively evaluated 
the clinical records of 147 consecutive male patients 
followed up in their vasculitis clinic from 2013–2022. 
The authors identified seven patients (one with AAV) 
with vasculitis and concomitant features of VEXAS 
syndrome (57). Bourbon et al. identified 19 male patients 
with myeloid dysplasia and autoinflammatory disease 
such as relapsing polychondritis or Sweet syndrome. 
Among these 19 patients, 11 (57.9%) had a mutation 
of UBA1 gene (58). The median age at disease onset 
was 66 years (range, 47–83 years). As expected, most 
patients had fever (91%), skin involvement (100%), 
and arthritis or arthralgia (100%). All patients had an 
elevated serum concentrations of C-reactive protein, and 
most of them (64%) had macrocytic anemia. Tsuchida 
et al. reported the association of VEXAS syndrome and 
relapsing polychondritis (RP) in Japanese patients (59). 
UBA1 was examined in 13 of the 14 patients; 73% (8/11) 
of the male patients had somatic UBA1 variants. The 
authors concluded that genetic screening for pathogenic 
UBA1 variants should be considered in patients with RP, 
especially male patients with skin lesions. Ferrada et al. 
reported the prevalence of somatic mutations in UBA1 
in patients cohort with RP (60). Seven of 92 patients 
with RP (7.6%) had UBA1 mutations (VEXAS-RP). 
Patients with VEXAS-RP were all male, were on average 
≥ 45 years of age at disease onset, and commonly 
had fever, ear chondritis, skin involvement, deep 
vein thrombosis, and pulmonary infiltrates. Mortality 
was greater in VEXAS-RP than in RP (23% vs. 4%). 
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Georgin-Lavialle et al. reported the characteristics of one 
hundred and sixteen patients with VEXAS syndrome 
from a French multicentre registry between November 
2020 and May 2021 (61). The main clinical features of 
VEXAS syndrome were found to be skin lesions (83%), 
noninfectious fever (64%), weight loss (62%), lung 
involvement (50%), ocular symptoms (39%), relapsing 
chondritis (36%), venous thrombosis (35%), lymph 
nodes (34%) and arthralgia (27%). The studies report that 
VEXAS syndrome may mimicking and/or coexist with 
any type of vasculitis (62,63). Watanabe et al. reviewed 
the literature data to delineate the clinical characteristics 
of vasculitis associated with VEXAS syndrome (64). 
The authors reported 23 patients with VEXAS-vasculitis. 
Among 23 patients, 2 (9%) had LVV, 9 (39%) had 
medium vessel vasculitis, and 12 (52%) had small vessel 
vasculitis. The median age of the patients were 66.4 
years old (range 50–87). The AutoInflammatory Disease 
Alliance (AIDA) international Registry for VEXAS 
syndrome included 113 Centers from 23 Countries 
in 4 continents, is designed for the retrospective and 
prospective collection of real-life data (65). The aim 
of this registry is to collect the demographic, genetic, 
clinical, laboratory and treatment data starting since the 
disease. The rheumatology community awaits the results 
of this registry with impatience, curiosity and excitement.
 In conclusion, rheumatologists should consider 
the possibility of VEXAS syndrome in the following 
situations: i) elderly men, particularly those in their 
fifth decade of life or older; ii) patients presenting 
with clinical features of adult-onset autoinflammation 
accompanied by multiorgan involvement including 
recurrent fever, skin inflammation, asymmetrical mono/
oligoarthritis, relapsing polychondritis with pulmonary 

involvement, any type of vasculitis, and MDS-like 
features observed in peripheral blood (Table 4).
 Moreover, it is essential to be aware that VEXAS 
patients often prove to be treatment-refractory, despite 
attempts with multiple drugs. Given the overlapping 
clinical features with other rheumatologic diseases, 
keeping VEXAS syndrome in mind will facilitate 
accurate diagnosis and appropriate management for these 
patients. Early recognition of VEXAS can help improve 
patient outcomes and quality of life by tailoring treatment 
strategies to address the unique challenges posed by this 
heterogeneous syndrome.

5. VEXAS syndrome: more questions than answers

VEXAS syndrome is a recently defined disease with 
several uncertainties and unknown aspects, making each 
new case report invaluable and significant in shaping 
future research. As more cases are reported, we gain 
insights into the heterogeneous and complex nature of 
VEXAS syndrome (66). Despite its seemingly benign 
appearance, VEXAS is a condition associated with 
high morbidity and mortality due to its involvement 
across multiple body systems (67). It serves as a 
"bridge" between autoimmunity, autoinflammation, and 
carcinogenesis, with the prognosis heavily influenced 
by hematological involvement and/or the development 
of malignancy. From a rheumatological standpoint, 
it is essential to re-evaluate older age patients for the 
possibility of VEXAS, even if they were previously 
diagnosed with vasculitis, autoinflammatory diseases, 
or recurrent polychondritis according to the ACR/
EULAR classification criteria (68). Another unresolved 
area pertains to identifying risk factors that influence 

Table 4. Proposed algorithm to identify patients with VEXAS syndrome

Demographic

Age:
older age group

Gender:
predominantly male

Population:
Caucasian

Clinical

Unexplained recurrent fever 

Recurrent polychondritis (ear-nose)

Inflammatory arthritis: usually involving 
large joints of the lower extremities

Vasculitis: in the presence of simultaneous 
involvement of vessels of different 
diameters

Eye involvement: treatment-resistant 
scleritis/episcleritis/retinal vasculitis

Severe, treatment-resistant skin lesions(inc. 
leucocytoclastic vasculitis and Sweet s/m)

Lung involvement, neutrophilic alveolitis

Kidney involvement, interstitial nephritis

CRP:C-reactive protein; ESR:erythrocyte sedimentation rate; IL-1:interleukine-1; IL-6:interleukine-6; IL-17:interleukine-17; MDS: myelodisplastic 
syndrome; SLE:systemic lupus erythematosus;TNF-alpha:tumor necrosis factor-alpha; UBA1: Ubiquitin-like modifier-activating enzyme 1.

Coexistence with

Re laps ing  po lychondr i t i s 
resistant to treatment and/or with 
a different clinical course

Treatment-resistant vasculitis, 
which is beyond the classical 
knowledge

Spondylarthritis or connective 
tissue diseases
(ex. SLE)

Hematological malignancy 
(MDS) with signs of autoimmune 
disease

Laboratory Findings

Increase serum cytokines 
(IL-1, IL-6, IL-17, TNF-
alpha)

Unexplained very high 
CRP/ESR

Macrocytic anemia

Presence  o f  typ ica l 
vacuoles in bone marrow 
biopsy

Genetic Findings

UBA1 mutation
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the disease's course, prognosis, and the development of 
malignancy in VEXAS syndrome. It can manifest with 
mild symptoms or life-threatening clinical presentations. 
To pave the way for future randomized prospective 
studies on VEXAS, it is crucial to establish clear and 
defined diagnosis/classification criteria for the disease. 
This will enable the recognition of distinct disease 
phenotypes and, more importantly, the determination of 
treatment options and protocols. The advancement of new 
genetic methods, including next-generation sequencing, 
will not only aid in diagnosing VEXAS but also uncover 
numerous other rheumatological diseases associated with 
somatic mutations. This promising avenue of research 
holds the potential to revolutionize our understanding 
and management of various rheumatologic conditions.

6. Treatment

Currently, there are no established treatment protocols for 
this newly defined disease in the medical literature. As 
randomized controlled trials have not yet been conducted, 
the treatment of VEXAS syndrome is primarily based 
on the collective clinical experience gained from treating 
autoinflammatory diseases and the information available 
from recently reported VEXAS case series (69,70).
 As mentioned earlier, VEXAS syndrome has shown 
resistance to multiple therapeutic agents, resulting in 
high mortality rates. The disease's complexity, involving 
multiple mechanisms, may contribute to its relative 
resistance to various target-specific anti-rheumatic 
agents, with the exception of systemic glucocorticoids 
(71). The one approach that has been considered based 
on the increased serum IL-6 levels and significantly 
elevated CRP levels observed in VEXAS patients is the 
use of tocilizumab. Tocilizumab may be considered as a 
drug of choice for some manifestations of the syndrome; 
however, it does not appear to alter the disease's 
progression (72). There are various report of tocilizumab 
use in patients with VEXAS syndrome. Goyal et al. 
reported the efficacy of tocilizumab for treatment of 
cutaneous and systemic manifestations of VEXAS 
syndrome (73). Despite treatment with methotrexate 
and mycophenolate mofetil, the patient remained 
dependent on high doses of systemic corticosteroids. 
Weekly injections of tocilizumab were initiated and 
daily oral prednisone was continued. At 6.month of 
tocilizumab treatment the patient complaints disappear 
almost totally. Kunishita et al. reported the efficacy and 
safety of tocilizumab (TCZ) and CSs in 3patients with 
VEXAS syndrome (74). One-years follow-up showed 
that the combination of TCZ and glucocorticoids allowed 
the patients to continue treatment for at least one year 
without significant disease progression. Glucocorticoids 
were able to be reduced from the start of TCZ. Indeed, 
Janus kinase inhibitors (JAKi) have shown promise 
as potential treatment options for VEXAS syndrome. 
JAK inhibitors work by blocking intracellular signaling 

pathways activated by cytokine receptors, leading to 
decreased gene activation and subsequent immune 
responses. Several studies and case reports have 
suggested that JAK inhibitors could be clinically 
effective in managing VEXAS (75-78). Heiblig et al. 
reported the efficacy of JAKi in 30 patients with VEXAS 
syndrome (79). The authors describe more significant 
treatment efficacy with the JAK1/2 inhibitor ruxolitinib 
compare with other JAKi. Rates of clinical remission 
favored ruxolitinib over other JAK inhibitors at 67% vs. 
38% at month 1, 83% vs. 18% at month 3, and 87% vs. 
11% at month 6. There was also a marked steroid dose 
reduction of 83.6% with ruxolitinib and 75% with other 
JAK inhibitors.
 Indeed, in some patients with VEXAS syndrome, 
benefits from intravenous immunoglobulin (IVIG) 
administration have been reported. IVIG is a treatment 
approach that involves infusing a solution containing 
pooled immunoglobulins obtained from the plasma of 
healthy donors. It is known for its immunomodulatory 
and anti-inflammatory effects. Magnol  et al. reported 
a case previously diagnosed with spondyloarthritis 
and VEXAS syndrome (80). Despite treatment with 
cDMARDS and bDMARDs(anti-TNF-inhibitor) and 
tDMARDS (baricitinib), the patients symptoms have 
been continued. Intravenous immunoglobuline and IL-17 
inhibitor have been started and the patients complaints 
disappear. The treatment of VEXAS syndrome can 
be particularly challenging due to the varying clinical 
presentations and the limited response of certain 
manifestations to targeted therapies like biologic disease-
modifying antirheumatic drugs (b/tDMARDs). While b/
tDMARDs may show some efficacy in managing milder 
skin or rheumatic manifestations of the disease, they 
may not be as effective in addressing the hematological 
features associated with VEXAS. One such approach 
that has shown promise in some cases is the use of 
azacytidine, a hypomethylating agent. Azacytidine is 
commonly used in the treatment of myelodysplastic 
syndromes (MDS) and acute myeloid leukemia (AML) 
and has demonstrated potential in managing VEXAS-
related hematological abnormalities (81-83). Based 
on a French nationwide registry of 116 patients with 
VEXAS, Comont et al. report the efficacy and safety 
of azacitidine in 11 patients with VEXAS concomitant 
with MDS (84). Clinical response of VEXAS to 
azacitidine was achieved in five patients (46%), 
suggesting that azacitidine can be effective in selected 
patients with VEXAS and associated MDS. For severe 
cases of VEXAS syndrome with widespread multi-
systemic involvement, including severe hematological 
abnormalities, bone marrow transplantation may be 
considered as a curative therapeutic option (85). Diarra 
et al. reported successful allogeneic hematopoietic 
stem cell transplantation(ASCT) in 4patients with 
VEXAS syndrome (86). Three patients are in durable 
complete remission after ASCT. One unfortunately 
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died post-ASCT. The authors suggest that ASCT 
could be a curative option in patients with VEXAS 
syndrome and severe manifestations. Given the lack of 
established treatment guidelines, managing VEXAS 
syndrome remains a significant challenge for healthcare 
professionals. Continued research, case reports, 
and clinical experience will be critical in shaping 
the development of effective treatment strategies to 
improve the prognosis and quality of life for individuals 
affected by this complex and potentially life-threatening 
condition.

7. Conclusions

It is clear that somatic mutations in rheumatic diseases 
are more likely to have more severe functional effects 
than germinal mutations, since they do not undergo 
purifying selection of the whole organism.
 VEXAS syndrome, which is caused by myeloid-
restricted somatic missense mutations in UBA1, may 
cause severe inflammatory conditions that manifest in 
adulthood. The presence of recurrent fever, relapsing 
polychondritis, arthritis, vasculitis, macrocytic anemia, 
elderly male, and symptoms refractory to traditional 
steroid-sparing agents should prompt rheumatologists to 
consider VEXAS as a possible diagnosis. The treatment 
of VEXAS syndrome is not known yet, the beneficial 
role of corticosteroids, b/tDMARDs (tocilizumab, 
JAKi)), various chemotherapeutics (azacytidine) 
and bone marrow transplantion has been reported. 
More genetic studies and close collaboration between 
hematologists and rheumatologists are needed to identify 
and characterize the clinical phenotypes and treatment 
approaches of VEXAS syndrome.
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