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Abstract
Vacuolation, E1 enzyme, X-linked, autoinflammatory, somatic (VEXAS) syndrome is a multisystem disease due to a genetic 
mutation in the ubiquitin-activating enzyme (UBA1). Allogeneic haematopoietic stem cell transplantation (allo-HSCT) offers 
both therapeutic and cure but also carries significant risks. A review of VEXAS and HSCT cases was undertaken. Thirty-three 
patients were identified; majority males (n = 32, 97.0%), median time from symptoms to HSCT: 3 years (IQR 2.0–4.8) and 
median age of 59 years (IQR 52.5–65.5). UBA1 mutation Met41Thr was most common (11/32, 34.4%). The median variant 
allele frequency was 56.5% (IQR 43.0–73.5) with no correlation with increasing age. Prior to HSCT, 4.5 (IQR 2.8–6) treat-
ments were trialled. Peripheral blood HSCT (30/31, 96.8%) and HLA-matched, unrelated donor (18/32, 56.3%) were most 
common. Conditioning regimens varied, with reduced intensity treatment with fludarabine as a co-agent most frequently 
administered (12/31, 38.7%). Both acute and/or chronic GVHD (18/32, 56.3%) and infections were common (12/32, 37.5%). 
Overall, 27 individuals (81.8%) were alive, and those undergoing HSCT prospectively had median follow up of 9 months 
(IQR 3.8–14.4). Of the six deceased, infection was implicated in four. In 11 cases with post-HSCT molecular data, a complete 
eradication of UBA1 mutation was reported. In summary, while consensus treatment strategy regarding VEXAS is lacking, 
this review highlights HSCT may remain not only a therapeutic option but also enable cure. However, considerations regard-
ing comorbidities, concurrent haematological disorders as well as overall risks of GVHD and infections need to be made.

Key points
• Very few reported prospective cases of VEXAS and allogeneic haematopoietic stem cell transplantation (allo-HSCT) have been reported.
• While risks of graft versus host disease and infection remain barriers, this treatment modality remains an option for selected patients.
• Allo-HSCT is the only treatment strategy which can remove the UBA1 mutation.
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Introduction

Vacuolation, E1 enzyme, X-linked, autoinflammatory, 
somatic (VEXAS) syndrome is a multisystem disease arising 

due to a genetic mutation in the ubiquitin-activating enzyme 
(UBA1) on the X-chromosome [1]. Several pathways includ-
ing protein homeostasis and cell signalling are affected with 
dysregulation of ubiquitination processes and activation of 
inflammation [2, 3].

http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-024-07160-7&domain=pdf
http://orcid.org/0000-0002-4103-6953
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Somatic mutations in the UBA1 gene have a reported 
prevalence of 0.007% [4]. While canonical phenotypes of 
male gender and age above 60 years are well described, there 
are increasing reports of the disease affecting females or a 
younger age of presentation [5]. As concurrent haemato-
logical disease such as myelodysplastic syndrome (MDS) 
may occur with VEXAS, the presence of a somatic UBA1 
mutation is now being detected in patients with longstanding 
diagnoses of MDS pre-existing the discovery of VEXAS [6].

Treatment paradigms for VEXAS focus on targeting pro-
inflammatory pathways, but given the relatively recent dis-
covery of the disease and its heterogeneous manifestations, 
clear guidelines are lacking. Glucocorticoids form the foun-
dation of treatment and additional treatments such as conven-
tional disease-modifying antirheumatic drugs (csDMARDs) 
are frequently used, although most have demonstrated poor 
efficacy [7]. Biologic therapies targeting the IL1 and IL6 
cytokines have also been used but with variable efficacy [7]. 
Recently, oral Janus kinase inhibitors have gained popularity 
due to simultaneous targeting of multiple cytokine targets; 
however, a systematic review reported complete remission in 
only 33% and partial remission in 27.3% from this treatment 
[7]. Concurrent haematological diseases, such as MDS is 
often addressed with azacitidine, a hypomethylating targeted 
treatment which is has a direct cytotoxic effect [8].

More importantly, given low response rates with treatment 
strategies which do not eliminate the UBA1 mutation, patients 
may have transfusion dependency for symptomatic anaemia. 
Due to the somatic nature of the mutation, variant allele fre-
quency may also increase over time, possibly contributing 
to progressive disease. Furthermore, as the 5-year survival 
rate is as low as 63% [9], treatment strategies need to address 
improving both mortality and morbidity. This is particularly 
the case as patient population is older, with more comorbidi-
ties, making immunosuppressant therapies more problematic 
in terms of adverse effects as well as interactions.

Allogeneic haematopoietic stem cell transplantation (allo-
HSCT) is a possible therapeutic option with the attractive 
notion of replacing progenitor cells affected by the UBA1 
somatic mutation, thereby enabling disease remission [10]. 
However, as allo-HSCT carries both high rates of morbidity 
and mortality, upfront treatment might not always be desirable. 
There is a risk with delaying allo-HSCT; however, in that with 
accumulating inflammatory burden and immunosuppression, 
patients may become too frail to be considered for allo-HSCT.

Given the everchanging landscape of VEXAS and nota-
ble difficulties in achieving controlled remission with treat-
ments thus far, a narrative review of allo-HSCT in this dis-
ease entity was performed. The purpose of this review is to 
provide clinicians with current data, raising awareness about 
the risks and benefits of allo-HSCT. This is of particular 
importance as clear guidelines on transplantation in the set-
ting of VEXAS are lacking.

Methods

A review of the literature was completed with search terms 
“VEXAS” and “transplantation” using PubMed and Embase 
online databases in April 2024. All publications were 
reviewed for the search period January 2020 to April 2024. 
Only those with peer-reviewed publications and full text 
availability were included. Duplicate publications, including 
cases already reported, as well as abstracts from meetings 
were excluded.

Detailed data collection including demographics, UBA1 
somatic mutation, variant allele frequency, clinical presen-
tation, delay of diagnosis from initial symptoms, treatment 
modalities leading up to transplantation, as well as transplan-
tation regimen and outcomes were recorded. Corresponding 
authors were directly contacted to obtain missing data and 
incorporated only if received, otherwise left blank.

Case series and reports were further sub-grouped for 
purposes of analysis as follows: transplantation follow-
ing diagnosis of VEXAS, i.e., prospectively (group 1), or 
patients who had previously undergone transplantation for 
other haematological diseases such as MDS in whom the 
diagnosis of VEXAS was made retrospectively (group 2).

Results

A total of 12 publications were identified globally: France 
(n = 3), USA (n = 2), Canada (n = 1), Czech Republic 
(n = 1), Italy (n = 1), Netherlands (n = 1), Spain (n = 1), 
Sweden (n = 1), and UK (n = 1). These publications com-
prised a total of 33 individuals: 23 patients in group 1, and 
10 patients in group 2.

Clinical details are summarised in Table 1. The median 
age at transplantation was 59.0 years (IQR 52.5–65.5). 
There were no significant differences between the ages of 
patients in the two groups (58.6 vs. 59.5 years, p = 0.79). 
Most individuals were males (n = 32, 97.0%).

The median time between symptoms and transplanta-
tion was 3.0 years (IQR 2.0–4.8) with no significant differ-
ence between the two groups (both at 3.0 years, p = 0.87).

Somatic UBA1 mutation data was available for 32 
patients. Of these, Met41Thr was most common (n = 11, 
34.4%), followed by Met41Val (n = 9, 28.2%) and 
Met41Leu (n = 6, 18.8%) respectively. Eighteen cases had 
variant allele frequency reported; median of 56.5% (IQR 
43.0–73.5), and no significant relationship with increasing 
age was observed (p = 0.88).

For group 1, VEXAS was the sole diagnosis in nine 
(39.1%), while the remainder had additional haematologi-
cal disorders: MDS (n = 13, 56.5%) and multiple myeloma 
(n = 1, 4.3%). Data regarding treatment for transplantation 
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was available for 22/23 individuals, and in these patients, 
several lines of treatment were implemented (median 4.5, 
IQR 2.8–6). Of these corticosteroids and csDMARDs were 
common, both used in 14 cases (63.6%). For this prospec-
tive transplantation, 14/23 had data available. Of these, 
VEXAS progression with inflammatory symptoms with or 
without transfusion dependency (n = 9, 64.3%) were most 
common (Table 1).

Detailed clinical information regarding transplantation of 
all individuals is also summarised in Table 1. For those with 
data available, stem cell source was chiefly peripheral blood 
(30/31, 96.8%), and HLA-matched, unrelated donor (18/32, 
56.3%) were most common donor types. Conditioning regi-
mens varied, with reduced intensity treatment with fludara-
bine as a co-agent most frequently administered (n = 12/31, 
38.7%). Similarly, there was also variation in graft versus 
host disease (GVHD) prophylaxis, of which ciclosporin was 
co-administered with other immunosuppressives in just over 
half of the cohort (n = 19/32, 59.4%).

Of the 32 patients with data available on post-transplant 
complications, more than half had acute and/or chronic 
GVHD (n = 18/32, 56.3%) (Table 1). Complications of 
infection were reported in 12/32 individuals (37.5%).

Overall, 27 individuals (81.8%) were alive at the time 
of publication. In group 1, 20/23 (86.9%) were alive with 
median follow up of 9.0 months (IQR 3.8–14.4). Of the 
three deceased patients (13.0%), information was avail-
able for two with infection reported as the cause. Two of 
the three had the Met41Val mutation, with the other case 
with Met41Thr mutation. In group 2, three of ten (30%) 
were deceased, in which infection were attributed to two, 
while the other was from solid organ neoplasia (Table 1).

Notably, in 11 cases with post-HSCT molecular data, a 
complete eradication of UBA1 mutation was reported fol-
lowing the transplant procedure, thereby establishing its 
potentiality for complete cure. Furthermore, in some cases, 
VEXAS phenotype was reported to be controlled even with 
persistent mixed chimerism [11].

Discussion

This narrative review provides up-to-date clinical informa-
tion about the small number of published cases regarding 
transplantation in VEXAS. The reported cases were either 
from centres in North American or Europe, which may 
reflect firstly the limited experience of transplantation in 
autoinflammatory diseases, and secondly testing availability 
for the UBA1 mutation in some regions.

A clear consensus treatment strategy is still lacking for 
VEXAS, perhaps due to the heterogeneous nature of the dis-
ease, with manifestations which can require the involvement 

of multiple different medical specialties. Glucocorticoids 
are the major treatment modality; however, often, high 
doses over a prolonged period are needed, thereby exposing 
patients to adverse effects, including dependency on unac-
ceptably high doses (i.e., ≥ 30-mg prednisolone 30 mg) in up 
to 11% of cases [7]. In this review, the average time between 
symptoms and transplantation was 3.6 years, indicating that 
patients may often experience waxing and waning symp-
toms that might contribute to the morbidity associated with 
this disease. In addition, several other factors to consider in 
this context include delays in diagnosis, particularly with 
availability of UBA1 genetic testing and recognition of 
vacuoles within bone marrow raising possibility of diag-
nosis, as well as access to transplantation services, lack of 
local experience, and familiarity and persistence with tra-
ditional paradigms of immunosuppression even if ineffec-
tive. Remarkably, most VEXAS diagnoses in the recent era 
result from UBA1 testing of patients already followed up for 
rheumatologic and haematologic disorders even years prior 
to the actual suspicion, given the very recent discovery of 
the disease. Data on lag of VEXAS diagnosis in the cur-
rent era where UBA1 testing is available and clinical aware-
ness is more accurate are needed to establish whether the 
pleomorphic nature of the disease rather than its novelty 
constitute reason for the observed delay in establishing a 
proper diagnosis.

There is a pressing need for novel approaches to VEXAS 
treatment, distinct from traditional paradigms of treating 
inflammatory diseases or managing haematological malig-
nancies. Recognising that VEXAS patients are of an older 
demographic, frequently with multiple comorbidities, the 
timing of definitive treatments such as allo-HSCT is of 
utmost importance. Management strategies need to include 
regular and objective assessments of disease activity and 
treatment success or failure, to ensure that delays to appropri-
ate escalation are minimised. With growing experience with 
allo-HSCT, there may be less of a need to try prolonged glu-
cocorticoids and/or DMARDs prior to considering transplant. 
Furthermore, it appears that the specific UBA1 mutation may 
have prognostic value, with a large cohort of 116 patients 
showing that Met41Val mutations had poor outcomes with 
a 5-year survival of 76.7%, in comparison to Met41Thr and 
Met41Leu at 83% and 100% respectively [12]. Consequently, 
there is the potential for therapeutic paradigms which are 
customised to different levels of genetic risk.

Although allo-HSCT remains the only curative treatment 
option and should be considered early, its non-negligible 
morbidity and mortality risk must be carefully considered. 
In this context, the decision is recommended to be under-
taken by multidisciplinary and experienced team, which 
comprehensively assess patients, especially in this disease 
where age and comorbidities are common [13]. Interestingly, 
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due to the known refractory nature of VEXAS, others have 
suggested evaluating for a suitable haematopoietic stem 
cell donor at the time of VEXAS for patients who might be 
seemed appropriate for transplantation [13]. Collectively, 
given the limited number of cases concentrated in USA and 
European centres, lack of prospective transplantation in 
VEXAS alone, and long-term outcomes, clarity on when, 
who, and how to transplant is urgently needed to inform a 
holistic, multidisciplinary approach [14].

Previously, reports have indicated patient selection 
as follows: age 75 years or less, genetically confirmed to 
have UBA1 mutation consistent with VEXAS and meet-
ing at least one of the following: (a) severe, glucocorticoid 
refractory, recurrent inflammatory symptoms, (b) persistent 
(≥ 3 months) cytopenias, including the need for packed red 
blood cell transfusion and/or platelet transfusions, and (c) 
coexistent myeloid malignancy or clonal abnormalities pre-
dictive of myeloid transformation [15]. A prospective phase 
2 clinical trial (NCT05027945) has begun, which will hope-
fully shed further light on the indications for allo-HSCT in 
VEXAS [16].

Given the disease’s demographics, a comprehensive 
assessment is required including organ function, infection 
risk, personal motivation, and social support [13]. The 
average age of patients included in this review was below 
60 years, with the oldest being 74 years old. Hence, the cur-
rent literature on allo-HSCT may not be directly applicable 
to older patients. It is also worth noting that in the literature 
on haematological malignancy, comorbidities, and perfor-
mance status independently predict patient outcomes [17, 
18].

In addition to patient selection, reduced intensity con-
ditioning regimens and advances in GVHD prophylaxis 
may be helpful in informing the approach to older patients 
[19]. Currently, most centres have based allo-HSCT induc-
tion therapy for VEXAS on protocols for non-malignant 
conditions [20, 21]. Regarding conditioning regimens in 
haematological malignancies, a reduced dosing regimen 
comprising fludarabine and an alkylating agent has shown 
comparable efficacy to traditional myeloablative condition-
ing, with notable advantages including better morbidity and 
toxicity profiles [22, 23]. On the other hand, as VEXAS 
might be classified as a non-malignant disease, with the 
allo-HSCT regimens derived from such disease entities, it 
has been reported that when compared to malignant dis-
ease processes, regimens for non-malignant diseases has a 
threefold higher risk of graft failure compared to malignant 
diseases, and lower risk with higher conditioning intensity 
regimens [24]. In group 1, reduced conditioning regimen 
was performed in just under 40%.

In our meta-analytic data, near 50% of patients received 
allo-HSCT from an HLA-matched unrelated donor and 
GVHD, both acute and chronic were reported in many of 

the cases (n = 20, 57.1%). Treosulfan, an alkylating agent, 
has been shown to improve overall survival rates in older 
patients with MDS and had a mild toxicity profile [25]. In 
this review, only four individuals were treated with treo-
sulfan, of which two had either grade I or II acute GVHD. 
Further considerations to reduce graft failure have been pro-
posed targeting the T cells where prominent activation may 
be observed, although controlling T cell overactivation prior 
to transplant would be desirable, it may not be realistic or 
feasible in clinical practice [26].

Ultimately, larger studies, evaluating both VEXAS with 
and without concurrent haematological malignancy are 
required along with detailed patient selection criteria. In 
the setting of an alternate rheumatological or autoimmune 
disease and transplantation for non-VEXAS cases, overall 
survival at 70%, and transplant-related mortality at 20.5% 
have been reported [27]. For patients with VEXAS alone and 
transplantation, this comprised of less than a third of patients 
in group 1, while remainder had concurrent haematological 
malignancy. Additionally, role of allo-HSCT patients with 
VEXAS and MDS requires further exploration, as this mode 
of treatment in lower-risk MDS are not favourable at 3 years, 
with overall survival at 58% and transplant-related mortality 
at 30%, respectively [28].

In the collected cases, the median time following trans-
plant was relatively short, at only 10.9 months, with the 
longest follow-up in the prospective cases at 29.1 months. 
Therefore, while theoretically, transplantation may eliminate 
the UBA1 mutation, further prospectively collected long-
term data is needed. In terms of mortality, for group 1, there 
were three deaths (13.0%) with data available for one for 
which infection was implicated. It has also been reported 
that poor outcomes might also be observed due to chronicity 
of symptoms, in addition to advancing age and comorbidi-
ties, but also complications from years of immunosuppres-
sive treatments [29].

A final remark pertains to the scarcity of data regard-
ing post-HSCT monitoring in VEXAS. At least 6 patients 
revealed disappearance of UBA1 mutations as early as 
3–6 months after transplant, paralleling the reversion of the 
disease clinical phenotype [14]. Methods to track longitu-
dinal clonal dynamics in VEXAS are not standardised and 
both Sanger (with the sensitivity caveat) or digital droplet 
PCR have been used [30]. As to chimerism, if a full chi-
merism is required even in cases without haematological 
malignancies is another unsolved matter as mixed chimerism 
has been reported to be linked with resolution of the disease, 
albeit with short follow-up thereby precluding the evaluation 
of whether the HSCT conditioning regimen may still be the 
reason of VEXAS phenotype reversion.

In summary, VEXAS syndrome is a complex, multifac-
eted disease entity often occurring with concurrent haema-
tological malignancy. While allo-HSCT offers a promising 



3574 Clinical Rheumatology (2024) 43:3565–3575

treatment option, long-term data on acute and chronic com-
plications, as well as guidelines around patient selection and 
personalised conditioning regimens are needed. A focused 
multidisciplinary approach is warranted to encompass the 
heterogeneity of VEXAS manifestations. Although the last 
4 years have been a time of great proliferation of our under-
standing of VEXAS, there remains much to discover. Large, 
international collaborations with prospective data collec-
tion and rigorous clinical trials are required to delineate 
how best to diagnose and treat VEXAS despite its protean 
presentations.
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