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The recently described vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic

(VEXAS) syndrome is caused by somatic mutations in UBA1. Patients with VEXAS syn-

drome display late-onset autoinflammatory symptoms, usually refractory to treatment,

and hematologic abnormalities. The identification of an easily-accessible specific marker

(UBA1 mutations) is of particular interest as it allows the convergence of various inflam-

matory and hematological symptoms in a unique clinico-biological entity and gives the

opportunity to design specific treatment strategies. Here we retrospectively identified 6

patients with VEXAS syndrome who underwent allogeneic hematopoietic stem cell trans-

plantation (ASCT). To date, no treatment guidelines have been validated. In 4 patients,

ASCT was guided by life-threatening autoinflammatory symptoms that were refractory to

multiple therapies. Three patients are in durable complete remission 32, 38, and 37

months after ASCT. Two others are in complete remission response after 3 and 5 months.

One unfortunately died post-ASCT. This report suggests that ASCT could be a curative

option in patients with VEXAS syndrome and severe manifestations. Considering the

complications and side effects of the procedure as well as the existence of other potential

treatment, clinical trials are needed to define the subgroup of patients who will benefit

from this strategy and its place in the therapeutic arsenal against VEXAS syndrome.

Introduction

Beck et al recently identified a specific somatic molecular alteration targeting the UBA1 gene, located
on the X chromosome, defining the vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic (VEXAS)
syndrome.1 Patients with VEXAS syndrome are men (rarely women with acquired monosomy X)2 with a
late-onset, treatment-refractory autoinflammatory syndrome and hematologic abnormalities, especially
macrocytic anemia and characteristic vacuoles in myeloid precursors from bone marrow (BM). The
UBA1 gene encodes the E1 ubiquitin-activating protein, which is critical for the first step of ubiquityla-
tion.3 The vast majority of UBA1 mutations involve the methionine 41 in exon 3 (which initiates the trans-
lation of the canonical cytoplasmic isoform UBA1b) and lead to the production of a shorter cytoplasmic
catalytically-deficient isoform (UBA1c, initiated from methionine 67). This results in decreased

Submitted 15 March 2021; accepted 19 October 2021; prepublished online on Blood
Advances First Edition 29 October 2021; final version published online 4 February 2022.
DOI 10.1182/bloodadvances.2021004749.

Requests for data sharing may be submitted to Louis Terriou (louis.terriou@chru-lille.fr).

The full-text version of this article contains a data supplement.

© 2022 by The American Society of Hematology. Licensed under Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-
ND 4.0), permitting only noncommercial, nonderivative use with attribution. All other
rights reserved.

Key Points

� Allogeneic
hematopoietic stem
cell transplantation is
a curative option in
patients with VEXAS
syndrome and severe
manifestations.
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ubiquitylation and activation of innate immune pathways, elevated
serum cytokine levels, and severe inflammatory effects.1 Other muta-
tions affecting the acceptor-splice site of exon 3 or the serine 56
have also been rarely described.4,5 The identification of VEXAS syn-
drome is of particular interest for clinical practice as it provides a
strong diagnostic marker, giving the opportunity to design specific
treatment strategies in patients whose inflammatory symptoms are
usually refractory to most therapies.4 Here, we retrospectively diag-
nosed VEXAS syndrome in 6 patients who underwent allogeneic
hematopoietic stem cell transplantation (ASCT) for the treatment of
severe inflammatory symptoms (n 5 4) or myelodysplastic syn-
dromes (MDS, n 5 2). Patients’ characteristics, BM examination,
and UBA1 screening are summarized in Table 1, Figure 1, and sup-
plemental Appendix.

Case description

The first patient (#UPN1, briefly depicted in ref6) was a 43-year-old
man diagnosed with polyarteritis nodosa and Sweet’s syndrome.
Clinical manifestations included fever, orchitis, myalgia, erythema
nodosum, and chemosis. Blood cell count revealed persistent mac-
rocytic anemia, and BM examination revealed a MDS with multiline-
age dysplasia and multiple vacuoles in myeloid precursor cells. The
patient received multiple therapies without remission of the vasculitis
symptoms. ASCT was considered 2.7 years after initial diagnosis
due to uncontrolled autoinflammatory manifestations. Following
reduced-intensity conditioning, he underwent ASCT from an HLA-
matched unrelated donor. Despite chronic GVHD, the patient
remains in complete remission of both hematological and inflamma-
tory diseases 32 months after ASCT. Retrospective sequencing
(supplemental Methods) demonstrated the p.Met41Val mutation in
UBA1, leading to the diagnosis of VEXAS syndrome.

The second patient (#UPN2) was a 56-year-old man who pre-
sented with inflammatory symptoms including fever, arthritis, and
Sweet’s syndrome with neutrophilic dermatosis. After 1 year, he
experienced diffuse purpura related to immune thrombocytopenia,
bilateral episcleritis, and splenomegaly. Splenectomy was per-
formed for refractory immune thrombocytopenia. Analysis of spleen
histopathology revealed signs of extramedullary hematopoiesis. BM
trephine biopsy showed hyperplasia of all lineages, megakaryocytic
dysplasia, vacuoles in myeloid precursor cells, and grade II fibrosis,
leading to the diagnosis of myelofibrosis. The patient received multi-
ple therapies without remission of the vasculitis symptoms. ASCT
was then performed, more than 3 years after initial diagnosis, from
a related donor after reduced-intensity conditioning. He developed
extensive chronic cutaneous GVHD treated by cyclosporine, corti-
costeroids, and ruxolitinib. He is still in remission from hematologi-
cal and autoinflammatory diseases 67 months after ASCT.
Retrospective sequencing showed the UBA1 p.Met41Val mutation.

The third patient (#UPN3) was a 63-year-old man with a chronic
inflammatory syndrome with fever, arthralgia, and myalgia who was
referred to our department for chondritis, anterior uveitis, Sweet’s syn-
drome, and mild cytopenia. BM examination led to the diagnosis of
MDS with major dysgranulopoiesis and vacuolization of erythroid
and granulocyte precursor cells. Multiple therapies, including
5-azacytidine, did not result in clinical improvement of the Sweet’s syn-
drome. ASCT was then performed with peripheral blood stem cells
from an HLA-matched unrelated donor after reduced-intensity condi-
tioning. He subsequently developed BK virus–related hemorrhagic

cystitis, cytomegalovirus replication, and acute cutaneous GVHD
treated with corticosteroids. The patient is still in complete remission
of the hematologic disease and Sweet’s syndrome 38 months after
ASCT. Retrospective Sanger sequencing revealed the UBA1
p.Met41Leumutation.

The fourth patient (#UPN4) was a 48-year-old man diagnosed with
deep venous thrombosis, asthenia, fever, chondritis, Sweet’s syn-
drome, macrocytic anemia, polyadenopathy, and pulmonary infiltrate.
BM examination showed dysmyelopoiesis and vacuolization of ery-
throid and granulocytic precursor cells. Several therapies were ineffec-
tive. The diagnosis of VEXAS syndrome with the UBA1 p.Met41Thr
mutation was made (prior to ASCT). ASCT was performed 2 years
after the first symptoms with peripheral blood stem cells from an
HLA-matched unrelated donor after myeloablative conditioning.

In addition to the 4 previously described patients who underwent
ASCT because of severe refractory inflammatory symptoms, we iden-
tified 2 other patients with a retrospective diagnosis of VEXAS syn-
drome for whom ASCT was performed because of hematological
diseases. The fifth patient (#UPN5) was a 56-year-old man concomi-
tantly diagnosed with multilineage dysplasia, mouth and genital
ulcers-inflamed cartilage syndrome, and large vessel vasculitis. The
patient received multiple therapies including 5-azacytidine and ruxoliti-
nib with insufficient response. ASCT was finally performed with a
related donor after reduced intensity conditioning allowing complete
response (5 months of follow-up). The sixth patient (#UPN6) was a
50-year-old man who had atypical vasculitis associated with sinusitis,
orchitis, arthritis, and concomitant pancytopenia that led to the diag-
nosis of MDS with excess blasts type 1. Treatment with 5-azacytidine
was initially successful, but relapse of the autoinflammatory symp-
toms occurred after 30 months, and the patient was treated with glu-
cocorticoids. He finally underwent ASCT due to reoccurrence and
worsening of cytopenia with peripheral blood stem cells from an
HLA-matched unrelated donor 5 years after the first symptoms but
died of infectious severe hypoxic pneumonia 4 months after ASCT.

Methods

After the Beck et al.1 paper describing VEXAS, French centres of
the Medecine INterne, HEmato et ONco (MINHEMON) group ana-
lysed UBA1 mutation in samples from their patients with similar
unexplained symptoms, while several Groupe Francophone des
My�elodysplasies (GFM) centres analysed systematically this muta-
tion in MDS with concomitant autoimmune/autoinflammatory dis-
ease, yielding a total of 116 patients (between December 2020 and
May 2021). In all, 6 of them underwent ASCT. One of them has
previously been reported.6 The present study was conducted in
compliance with the Good Clinical Practices protocol and Declara-
tion of Helsinki principles. Data collection Collected data at baseline
and during the follow-up included patient demographics, MDS char-
acteristics (WHO classification, karyotype,), clinical and laboratory
features of VEXAS, and additional somatic mutations by next-gener-
ation sequencing analysis. Statistical analysis Data were expressed
as median (range) for quantitative variables and number (percent-
age) for categorical variables.

Results and discussion

Because of its recent description, there are no guidelines for
the treatment of VEXAS syndrome. We present here 6 patients
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with VEXAS syndrome who underwent ASCT after multiple ther-
apies. Three patients with sufficient follow-up were still in com-
plete remission 32, 38, and 67 months after ASCT, and 1 died
of infectious complications. The 2 remaining patients were still
alive with a shorter follow-up (3 and 5 months, respectively). In
4 patients, ASCT was guided by life-threatening autoinflamma-
tory symptoms that were refractory to multiple biologics/anti-
rheumatic drugs and immunosuppressants. This condition
represents a rare indication for ASCT in our practice (no other
case identified in our institution). However, because the selec-
tion of our patients was retrospectively made according to the
severity of the disease and indication for ASCT, it cannot be
excluded that some patients with VEXAS syndrome with moder-
ate symptoms may have a favorable outcome with other thera-
pies. Notably, Bourbon et al recently reported the retrospective
study of patients with VEXAS syndrome in which they identified

1 patient with an indolent course without specific treatment.
Interestingly, the authors observed a potential effectiveness of
JAK inhibitors and hypomethylating agents in some patients.4

Overall, further studies are needed to identify predictive factors
of response. Some variability may be related to additional
somatic aberrations. For example, the study of variant allele fre-
quencies in #UPN2 and #UPN3 strongly suggests that the
UBA1 mutation was concomitant to mutations in DNMT3A or
TET2. Another patient reported by Hage-Sleiman et al demon-
strated under therapy the selection of an UBA1-mutated clone,
outcompeting a CALR-mutated clone, both developing after a
preexisting DNMT3A founding clone.7

In conclusion, the present report suggests that ASCT could be a
curative option in patients with VEXAS syndrome and severe mani-
festations. Considering the complications and side effects of the
procedure (as demonstrated by our last case) as well as the
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Figure 1. Molecular and cytomorphologic diagnosis in patients with VEXAS syndrome. (A) The Sanger sequencing chromatograms for the UBA1 (NM_0033334)

mutations: c.121 A.G, p.Met41Val (n 5 2); c.121 A.C, p.Met41Leu (n 5 1); c.122 T.C, p.Met41Thr (n 5 1). (B) Characteristic vacuoles in erythroid and granulocytic

precursor cells in BM from all UBA1-mutated patients (May-Gr€umwald-Giemsa stain). (C) Variant allele frequencies (VAFs) for putative somatic variants identified by high-

throughput sequencing. Because of their location on the X chromosome, VAFs for UBA1 (black boxes) and ZRSR2 are divided by 2 to allow their representation on the

same graph. UPN, unit patient number.
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existence of other therapeutic options,4 clinical trials are required to
define the subgroup of patients who will benefit from this strategy
and its place in the therapeutic arsenal against VEXAS syndrome.
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