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Abstract

VEXAS syndrome, an autoinflammatory syndrome due to a Ubiquitin Like Modifier Activating Enzyme 1 (UBA1) somatic
mutation, has a high thrombotic burden. We report a case of a 69-year-old male that was diagnosed with VEXAS syndrome
who developed venous thromboembolism (VTE). Review of literature of existing VEXAS syndrome cases showed a high
thrombotic burden, with the reported incidence of VTE (36.4%) being markedly higher than arterial thrombosis (1.6%),
with deep vein thrombosis being more common than pulmonary embolism. Somatic mutation in the UBA1 gene results
in decreased ubiquitylation which is a key driver in the development of thrombosis in VEXAS syndrome, due to chronic
inflammation and cytokine release from abnormal crosstalk between the intrinsic effector mechanism of innate immune
cells, platelets and endothelium resulting in dysregulated haemostasis and endothelial dysfunction. Targeting endothelial
dysfunction and reducing inflammatory milieu causing hypercoagulability with immunosuppressants and immunomodula-

tory agents, together with anticoagulation may be the strategy to prevent recurrent thrombotic events.
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Highlights

e VEXAS syndrome has a high thrombotic burden with a
reported incidence of venous thromboembolism (36.1%)
that is markedly higher than arterial thrombosis (1.6%)

e X-linked somatic mutation in the UBA1 gene results
in decreased ubiquitylation which is a key driver in the
development of thrombosis in VEXAS syndrome.

e Chronic cytokine release and inflammation from abnor-
mal crosstalk between the intrinsic effector mechanism
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of innate immune cells, platelets and endothelium results
in dysregulated haemostasis and endothelial dysfunction.

e Further studies are required to uncover the exact mecha-
nisms of thrombogenesis and to evaluate anticoagulation
strategies in patients with VEXAS syndrome.

Introduction

VEXAS (Vacuoles, E1 enzyme, X-linked, autoinflamma-
tory, somatic) syndrome [1] is described as a late-onset
autoinflammatory syndrome exhibiting a spectrum of sys-
temic inflammatory manifestations as well as significant
haematologic abnormalities such as macrocytic anaemia,
marrow dysplasia, vacuolisation in myeloid cells [2] and
thrombosis. Several published case series [1, 3—10] have
observed a high prevalence of venous thromboembolism
(VTE) in patients with VEXAS syndrome of between 10%
and 56%, with a significant mortality rate (27%-50%). We
report a case of VEXAS syndrome complicated by unpro-
voked venous thromboembolism, followed by a rapid review
of available literature. Our article focuses on the incidence,
possible pathogenesis (Fig. 1) and clinical significance of
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Fig.1 Virchow’s triad showing key molecular and cellular mecha-
nisms of thrombosis in VEXAS syndrome. Somatic mutation of the
UBAI1 gene on the X chromosome causes decreased ubiquitylation
leading to the activation of innate immune pathways. Subsequently,
acquired activation of B and T cells gives rise to excess cytokine pro-
duction, enhanced neutrophil cellular trap formation, uncontrolled
monocyte activation, platelet aggregation, and ultimately thrombus
formation due to hypercoagulability. Antiphospholipid antibodies
contribute towards the activation of platelets and monocytes through
complement activation, followed by activation of the coagulation cas-

VTE associated with VEXAS syndrome, which have been
minimally discussed in prior publications.

Case report

A 69-year-old Chinese man with a past medical history of
hypothyroidism, hyperlipidaemia, fatty liver, and stage 3A
chronic kidney disease presented in July 2019 with pro-
longed fever, urticarial eruption, painful cervical lymphad-
enitis, migratory arthralgia, myalgia, macrocytic anaemia,
and raised C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR). He was treated with methotrexate
12.5 mg/week and a tapering course of prednisolone from
0.5 mg/kg/day. He later developed relapsing polychondritis
and continued to have recurrent flares of painful lymphad-
enopathy and urticarial rash.
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cade. Accompanying haematologic malignancies such as myeloma
and myelodysplastic syndrome will heighten the hypercoagulabil-
ity favouring the thrombosis in VEXAS syndrome. Medium-sized
vasculitis due to multisystem autoinflammation also leads to further
endothelial dysfunction, resulting in a higher risk of thrombosis.
UPR unfolded protein response, TNF tumour necrosis factor alpha,
IL-8 interleukin 8, /L-6 interleukin 6, /FN- y interferon- vy, IP-10
interferon-inducible protein 10, WPB Weibel — Palade bodies, aPL
antiphospholipid antibodies, ®2-GP beta2 glycoprotein, PSGL-I
P-selectin glycoprotein ligand-1

During an admission in Sept 2020, he presented with
acute right lower limb swelling. Ultrasound Doppler scan
showed extensive deep vein thrombosis (DVT) extending
from the right common femoral vein to the popliteal vein.
He was found to have bilateral pulmonary embolism (PE)
on CT thorax (Fig. 2A) and abdomen scans which were per-
formed to exclude cancer-associated thrombosis. His blood
investigations showed worsening macrocytic anaemia, mild
thrombocytopenia, and persistently raised CRP and ESR.
Antiphospholipid antibodies (lupus anticoagulant, anti-car-
diolipin IgG and IgM, anti-B2 glycoprotein I), anti-thrombin
III, homocysteine was normal. Slightly depressed protein C
activity at 65% (reference range 70%—150%) and protein S
activity at 53% (reference range 65%—130%) were likely due
to his acute thrombosis.

The combination of prolonged fevers, rash, polychon-
dritis, polyarthritis and cytopenias were highly suggestive
of VEXAS syndrome. Based on the clinical suspicion of
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Fig.2 A: CT thorax showing filling defects (white arrows) in bilat-
eral main pulmonary arteries. B: Bone marrow aspirate with an
abnormal myelomonocytic cell (black arrow) with cytoplasmic vacu-
olation

VEXAS syndrome, a retrospective review of a previous
bone marrow examination performed 1 year ago revealed
characteristic vacuolation in the myeloid series (Fig. 2B).
Sanger sequencing of the peripheral blood showed a
somatic mutation of Ubiquitin like Modifier Activating
Enzyme 1 (UBAI) variant p.Met41leu (C121A-> C),
confirming the diagnosis of VEXAS syndrome. Hydrox-
ychloroquine 200 mg/day was added to his treatment
regime. For management of his venous thromboembolism,
he was initially started on SC enoxaparin 1 mg/kg BD and
later switched to apixaban 5 mg BD. His right lower limb
swelling resolved clinically without any evidence of post-
thrombotic syndrome. After 6 months of therapeutic anti-
coagulation, the apixaban dose was reduced to 2.5 mg BD
because of the patient’s preference and his concern about
bleeding risks. No recurrent episodes of thromboembolic
disease were observed in subsequent outpatient reviews.

Discussion

The first description of VEXAS syndrome [1] reported a
significantly high risk of venous thromboembolism of 44%
(11 out of 25 patients). The recently published and largest
case series by Georgin-Lavialle et al. [3] described the
rate of unprovoked VTE at 35.3% (41 out of 116 patients).
Obiorah et al. [4] reported an even higher VTE rate at
56.25% (9 out of 16 patients), with 60% of thrombotic
events occurring within the first 2 years of disease onset.
7 patients were observed to have recurrent VTE with a
median of 2 events per patient, with 3 patients were noted
to have recurrent VTEs despite being on therapeutic anti-
coagulation. Apart from VTE, there were also arterial
thrombotic events reported including transient ischaemic
attack (TTA), ischaemic stroke, and myocardial infarction
[4, 5]. A rapid literature review showed that the incidence
of VTE (36.4%) is markedly higher than arterial thrombo-
sis (1.6%). Of the 35 reported VTE cases specifying the
location of thrombosis, 33 cases had DVT, while only 8
cases had PE. There were six cases of concurrent DVT and
PE (Table 1, supplementary material).

Data on the aetiology and management of VTE was het-
erogenous, with most studies lacking discussion on these
aspects. Obiorah et al. [4] found out of 9 patients with VTE,
2 patients had high factor VIII levels and 1 patient had a
high factor IX level, where elevated factor VIII levels are
associated with increased risk of venous thrombosis via
enhanced thrombin formation. 2 studies evaluated the pres-
ence of antiphospholipid antibodies. Beck et al. [1] reported
the presence of lupus anticoagulant (LA) in 12 (48%) of
25 patients with VEXAS syndrome. Obiorah et al. [4] also
reported that 7 (44%) of 16 patients had persistently positive
LA and 5 (55.5%) out of 9 patients with VTE had positive
LA. One patient also had weakly positive IgM anticardi-
olipin antibodies. Other tests for thrombophilia included
paroxysmal nocturnal haemoglobinuria, antithrombin III
activity, and protein C or S activity were unremarkable [2].
Although Beck et al reported that UBA1 gene mutations
were identified only in males, where males have a higher
risk of first and recurrent venous thrombosis than women,
3 studies have reported the development of VEXAS syn-
drome in 8 females [3, 10, 11]. Moreover, advanced age
is an independent risk factor for thrombosis. The median
age at onset for VEXAS syndrome is 69.5 years, suggest-
ing predominantly late-onset disease. However, VEXAS can
present as early as 45 years of age [1, 4, 5, 9]. Lastly, the
association of haematological malignancies with VEXAS
syndrome such as myelodysplastic syndrome and multiple
myeloma compounds the risk of venous thromboembolism.
Table 1 (supplementary material) summarizes 31 reports of
250 patients with VEXAS syndrome.
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We postulate that the pathogenesis of venous thrombo-
embolism originates from the somatic mutations of methio-
nine-41 (p.Met41) in the UBA1 gene, affecting the major E1
enzyme that initiates ubiquitin conjugation of cellular pro-
teins meant for degradation via proteasomes [1]. Decreased
ubiquitination causes accumulation of intra-cellular vacuoles
and results in abnormal haematopoietic myeloid precursors,
aberrant neutrophils and monocytes, which activate innate
immune pathways via cytokine release, causing severe
inflammation. An increased percentage of spliced XBP1 in
monocytes and activated unfolded protein response (UPR)
were also observed, causing monocyte atypical differen-
tiation with loss of non-classical (CD14 dimCD16+) and
intermediate monocyte populations (CD14+CD16+) [1].
A sustained overactivation of UPR will result in cellular
stress, increased inflammatory response, and eventual apop-
tosis [12]. Immunoprofiling of T cells revealed inversion
of CD4:CDS8 ratio, consistent with an acquired T cell acti-
vation consistent with inflammation [1, 4]. Elevated levels
of multiple cytokines such as tumour necrosis factor-alpha
(TNF-a), interleukin-8 (IL-8), interleukin-6 (IL-6), inter-
feron-inducible protein 10 (IP-10) and interferon-y (IFN- y)
have been described [1, 13]. A prothrombotic milieu arises
from this cytokine-mediated interaction between endothelial
cells, leukocytes, and platelets. Higher levels of pro-inflam-
matory cytokines upregulate tissue factor (TF) expression by
monocytes, macrophages, and endothelial cells [14]. Both
IL-6 and IFN-y increase platelet production and activation,
giving rise to endothelial activation with release of P-selec-
tin when TNF-a induces the exocytosis of Weibel Palade
bodies (WPB) from endothelial cells [15]. Subsequently
neutrophils and monocytes bind P-selectin through P-selec-
tin glycoprotein ligand-1 (PSGL-1), triggering recruitment
and activation of neutrophils and monocytes [16]. Activated
cells express tissue factor and release highly procoagulant
microvesicles [17]. Both neutrophils and platelets can acti-
vate each other by the classic cytokine-mediated pathways as
well as binding of platelets to TREM-1 receptor on neutro-
phils [18]. In addition, functional studies of aberrant neutro-
phils [1] showed enhanced spontaneous neutrophil extracel-
lular trap (NET) formation which can lead to endotheliitis,
and platelet activation and aggregation. Evidence of cutane-
ous, pulmonary and systemic vasculitis [1, 4, 5] as well as
ANCA-associated vasculitis [19] reflects multisystem auto-
inflammation. The presence of pathological antiphospho-
lipid antibodies could enhance thrombogenesis by upregula-
tion of tissue factor production and complement activation,
leading to the activation of platelets and monocytes as well
as promotion of the coagulation cascade [20]. In summary,
decreased ubiquitylation is the key driver in thrombogen-
esis in VEXAS syndrome, with chronic inflammation from
abnormal crosstalk between the intrinsic effector mechanism
of innate immune cells, platelets and endothelium resulting

in dysregulated haemostasis and endothelial dysfunction.
Figure 1 features the key molecular and cellular mechanisms
discussed that combine to form Virchow’s triad.
Anticoagulation in VEXAS syndrome has not been well
described. Apixaban has been used successfully in our
patient with no recurrence of VTE. However, current guide-
lines on the treatment of antiphospholipid syndrome recom-
mend lifelong anticoagulation with vitamin K antagonists
instead of DOACs. Therefore, evaluation for antiphospho-
lipid antibodies in all patients with VEXAS syndrome may
be an important consideration before DOAC use. While anti-
coagulation targets the hypercoagulable state in Virchow’s
triad, endothelial damage remains a key contributing factor
to thrombosis. Currently, a variety of treatments with gluco-
corticoids, immunosuppressive drugs and immune-modulat-
ing therapies have been used to treat VEXAS syndrome but
no treatment paradigms have been established. A strategy
targeting endothelial dysfunction and reducing inflammatory
milieu causing hypercoagulability with these agents with
anticoagulation may prevent recurrent thrombotic events.

Conclusion

Given that chronic autoinflammation and increased cytokine
release are the key pathophysiological processes in driving
hypercoagulability and endothelial dysfunction, early recog-
nition of VEXAS syndrome and management with immu-
nosuppressants and immune-modulating therapies may help
mitigate the risk of thromboembolic disease. Further studies
are required to uncover the exact mechanisms of thrombo-
genesis and evaluate anticoagulation strategies in patients
with VEXAS syndrome.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11239-021-02608-y.
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