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Long‐term genetic and clinical remissions after cessation
of azacitidine treatment in patients with VEXAS syndrome
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VEXAS (vacuoles, E1 enzyme, X‐linked, autoinflammatory, somatic) is
an inflammatory syndrome caused by acquired mutations in the gene
encoding ubiquitin like modifier activating enzyme 1 (UBA1) that is
often fatal.1,2 Allogeneic hematopoietic stem cell transplantation
is currently considered the only curative treatment modality.3–6 We
were the first to report eradication of virtually all UBA1‐mutated cells
by the hypomethylating agent azacitidine, reflected in clinical and
genetic remissions,7 a finding confirmed in a recent phase II clinical
trial.8

Here, we report persistent, long‐term (11–84 months) genetic and
clinical remissions in VEXAS patients responding to treatment with the
hypomethylating agent azacitidine, after cessation of therapy. The data
indicate that azacitidine treatment may be an attractive alternative to
stem cell transplant for disease eradication inVEXAS syndrome patients
and reveal long‐term clonal stability of UBA1‐mutated cells under
homeostatic and inflammatory conditions.

Since its first description in December 2020,1 a UBA1 variant‐
confirmed diagnosis of VEXAS syndrome was made in 11 patients at
our institution until February 2024 (all male, median age at diagnosis
67 years, range 57–77 years). UBA1 mutation detection and panel‐
based sequencing in these patients was performed as previously
reported7 and as described in the Supporting Information Methods
section. Of these 11 patients, eight have been exposed to azaciti-
dine (administered at a dose of 75 mg/m2 subcutaneously once daily
for 7 days in a 4‐weekly schedule). Of the three patients that were
not exposed to azacitidine, two patients were treated with corti-
costeroids and deceased due to infectious complications, and one
patient was considered not a candidate for azacitidine treatment
due to psychosocial circumstances. In two patients, azacitidine was
used as a last resort on an in‐house basis, after failure of multiple
other lines of treatment, at the time that patients were critically ill
(WHO performance status 4) due to VEXAS‐related (respiratory)
pathology. Both patients died shortly after administration of the first
cycle of azacitidine with clinically active disease, and before genetic

assessment of response after the first cycle. Six patients received
multiple cycles of azacitidine (range, 3–8 cycles) on an out‐patient
basis with genetic monitoring of disease response. The character-
istics of these six patients are listed in Table 1. Patients 1 and 2
carried a concurrent DNMT3A mutation at diagnosis with a variant
allele frequency (VAF) of 59% and 30%, respectively, and patient 3
carried a TET2 mutation with a VAF of 4%. In patients 4, 5, and 6 no
other mutations were detected by panel‐based sequencing. Three of
these six patients have been described by us before, including one
patient in whom the diagnosis of VEXAS syndrome was made in
retrospect, that is, after treatment with azacitidine.7 Long‐term
follow‐up of patients with an initial response to azacitidine is
reported here. The study was performed in compliance with
the Declaration of Helsinki, and reported patients gave informed
consent for study participation.

All six VEXAS patients were treated with azacitidine because
they suffered from frequent (life‐threatening) inflammatory flares
of disease and (in all but patients 4 and 5 transfusion‐dependent)
anemia, insufficiently responding to treatment with corticosteroids
and disease‐modifying antirheumatic drugs (DMARDs) and/or bio-
logicals (specified in Table 1) and/or requiring long‐term corticos-
teroid treatment with concomitant adverse events. Of note, four
of six VEXAS patients formally fulfilled MDS criteria according to
the WHO 2016 classification, based on the presence of cytopenia
(anemia Hb <10 g/dL) and dysplasia (≥10% in any lineage), with
clonality demonstrated by mutational analyses in three of these four
patients.

Five (5/6) patients achieved a clinical and genetic response to
azacitidine. In these patients, the VAF of the causative UBA1 variant
decreased from a median of 67% (range 56%–86%) in bone marrow
or peripheral blood at start of treatment with azacitidine (indicating
that the majority of cells in the bone marrow carried the mutation)
to ≤1% in bone marrow and/or peripheral blood (range 0%–1%),
which was documented after five cycles in four out of five patients
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TABLE 1 Characteristics of VEXAS syndrome patients treated with azacitidine. (continued on next page)

Patient 1 2 3 4 5 6

Mutation UBA1a c.122T>C c.121A>G c.122T>C c.122T>C c.121A>G c.122T>C

(in bone marrow or peripheral blood) (VAF 86%) (VAF 56%) (VAF 86%) (VAF 58%) (VAF 75%) (VAF 56%)

p.Met41Thr p.Met41Val p.Met41Thr p.Met41Thr p.Met41Val p.Met41Thr

Co‐occurring mutations DNMT3Ab DNMT3Ab TET2c ‐ ‐ ‐

c.2062C>T c.2645G>A c.2290dup

(VAF 59%) (VAF 30%) (VAF 4%)

Arg688Cys Arg882His p.(Gln764Profs*5)

Year of first symptoms 2009 2018 2011 2019 2022 2023

Follow‐up Alive Alive Alive Alive Alive Alive

Age at presentation (year) 61 77 67 57 73 62

Clinical symptoms

Fever + + + + + −

Sweet syndrome + − + − − −

Cutaneous small‐vessel vasculitis + + + − + −

Chondritis + − + + − −

Pulmonary infiltrates − + − + + +

Venous thromboembolism − − − − − +

Scleritis/uveitis + − + + − +/−

Periorbital inflammation − + − − − −

Axonal polyneuropathy − + + + − −

Laboratory parameters

Macrocytic anemia + + + + + +

Thrombocytopenia + − + − − +

Leukopenia − − + − − −

Bone marrow evaluation

Vacuoles erythropoiesis + − + +/− + +

Vacuoles granulopoiesis + + + + + +

Dysplasia score (range)

Erythropoiesis <10%−39% 0%–3% 10%–26% <10% <10% 17%

Granulopoiesis 2%–14% 0%–12% 4%–19% <10% <10% 11%

Megakaryopoiesis 0%−47% 0%–13% 22%–23% <10% <10% 3%

Bone marrow blast percentage <2% <2% <5% <2% <3% <2%

Bone marrow cytogenetics 46,XY 46,XY 46,XY 46,XY 46,XY 46,XY

MDS criteria WHO 2016 fulfilled Yes Yes Yes No No Yes

Therapy response

Response to corticosteroids +/− +/− +/− +/− +/− +/−

Response to colchicin − N/A N/A − N/A N/A

Response to DMARDs − − − − N/A N/A

Response to anti‐IL1 (anakinra) N/A − N/A N/A N/A N/A

Response to anti‐IL6 (tocilizumab) N/A N/A N/A +/− +/− N/A

Response to IVIG − N/A N/A N/A N/A N/A

Response to ESA − N/A − N/A N/A N/A
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(in patient 1, retrospective response assessment was performed
firstly after eight cycles). DNMT3A VAF in patient 1 decreased from
59% to 1% and in patient 2 from 30% to 2%, consistent with
the notion that azacitidine treatment resulted in the eradication of
cells carrying both DNMT3A and UBA1 variants in these patients.
Genetic remissions, indicative of a dramatic reduction in the num-
ber of UBA1‐mutated cells, were associated with complete clinical
remissions, defined as complete absence of inflammatory flares
of disease, as reflected by long‐term normalization of C‐reactive
protein (CRP) in the blood plasma in these patients, and an increase
in hemoglobin levels in all patients (Figure 1). All other immuno‐
modulatory drugs (e.g., corticosteroids, DMARDs and/or tocilizu-
mab) could be weaned in all responding patients. In the three
patients in whom a bone marrow evaluation was performed after
achieving a clinical and genetic response, characteristic vacuolisa-
tion of erythroid and myeloid precursor cells, and dysplasia of
erythroid, myeloid and/or megakaryocytic lineages, disappeared.
The patient that was considered a nonresponder to azacitidine
(patient 3) received a total of three cycles of azacitidine, after which
the mutant UBA1 VAF in bone marrow remained high (VAF 84%).
TET2 VAF remained similar before and after treatment (4% and 3%,
respectively). Quality of life and anemia had not improved. Clinical
symptoms of VEXAS were relatively mild at that time and treatment
was stopped, which in retrospect might have been too early to
achieve a genetic remission.

In the five responding patients, azacitidine treatment was stopped
after achieving a genetic response, arbitrarily defined as mutant UBA1
VAF < 5%. In patient 1 this was done after eight cycles because of
treatment for a colon carcinoma, in two other patients the decision to
interrupt/stop treatment upon achieving a response after four cycles
was based on grade 2–3 adverse effects (fatigue and neutropenia) and
the observation in patient 1 that genetic remissions may be maintained
after drug cessation. The remaining two responding patients achieved
a clinical and genetically‐defined response (VAF of mutant UBA1 from
75% to 0% in patient 5, and from 56% to 0% in patient 6) after
five cycles recently (at submission of this manuscript, May 2024)
and treatment with azacitidine was discontinued after this fifth cycle
based on the clinical and genetic response and previous experience
with cessation of azacitidine in the other patients. All other
immunomodulatory treatment (as specified in Table 1) could be com-
pletely stopped in all responding patients, except for patient 1 who
continues on prednisolone 5mg daily for VEXAS‐unrelated reasons.

After cessation of azacitidine treatment, the first three re-
sponding patients (in whom follow‐up after cessation of treatment is
present) remained in a clinical and genetic remission with a current

median follow up of 31 months (range 11–84 months) after the last
cycle of azacitidine (Figure 1). Patients remain free of any VEXAS‐
related inflammatory manifestations and maintain stable normalized
blood levels. The mutant UBA1 VAF in the blood remained relatively
stable (range 0%–7%) in all patients during this median follow up of
multiple years. We did observe a very gradual increase of the mutant
UBA1 VAF (from 1% to 7%) in patient 1 over the course of 7 years.
Of further interest, mutant UBA1 VAF was not notably affected by
inflammatory episodes caused by a Campylobacter jejuni PCR‐
positive gastro‐enteritis requiring hospitalization (patient 1) and an
episode of crystal proven gout requiring hospitalization (patient 2)
(Figure 1).

Collectively, these findings confirm relatively high rates of re-
sponse to azacitidine treatment in VEXAS syndrome, as previously
reported by us and others,7–10 and, more importantly, indicate that
azacitidine may be safely stopped upon achievement of a genetic
response, resulting in long‐term genetic and clinical remissions. This
is of significant clinical relevance because it would position azaciti-
dine treatment as an attractive alternative to stem cell transplant
as the only currently available long‐term disease eradicating
therapeutic approach in VEXAS syndrome patients. Furthermore,
cessation of azacitidine treatment would safeguard patients from
frequently occurring adverse effects of the drug, including fatigue,
myelosuppression and infectious complications, affecting quality of
life. The data warrant incorporation of drug interruption (“holiday”)
designs in future prospective clinical trials investigating the value
of azacitidine treatment for VEXAS syndrome. The mechanism by
which azacitidine eradicates UBA1‐mutated cells is not known
to date, but it may be hypothesized that a defect in the ubiquitin‐
proteasome system sensitizes cells to this agent.

Finally, findings might shed new light on the biology of disease
and long‐term kinetics of mutant UBA1 clones, demonstrating that
they can remain stable for many years, even in elderly patients.
Although the number of documented infectious or inflammatory
episodes is too small to draw conclusions, the data suggest that
mutant UBA1 clones may remain stable not only under “homeo-
static” conditions but also in the event of “inflammatory stress”
caused by infectious or inflammatory conditions. It may be specu-
lated that clonal evolution of UBA1 mutant cells takes many years
and, ultimately, clones may be maintained by mutant UBA1‐driven
bone marrow inflammation, above a critical threshold, in a feed‐
forward manner. Breaking this feed‐forward loop (with azacitidine)
may thus result in long‐term genetic and clinical remission in these
patients, a notion that awaits experimental support and/or further
long‐term observation of VEXAS patients.

TABLE 1 (Continued)

Patient 1 2 3 4 5 6

Response to azacitidine + + − + + +

Total number of cycles azacitidine 8 cycles aza 4 cycles aza 3 cycles aza 6 cycles aza 5 cycles aza 5 cycles aza

Abbreviations: +, symptom present; −, symptom not present; +/−, symptom probably present, not proven (in case of therapy response: response, no response, partial response;
respectively). Aza, azacitidine; DMARDs, disease‐modifying antirheumatic drugs: azathioprine (patient 1, 2), mycophenolic acid (patient 1, 3), methotrexate (patient 4); ESA,
erythroid stimulating agent; IVIG, intravenous immunoglobulins; N/A, not applicable.
aNM_003334.3 (UBA1).
bNM_022552.4 (DNMT3A).
cNM_001127208.2 (TET2).
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F IGURE 1 Clinical course of VEXAS syndrome in patients responding to azacitidine treatment. Patients 1, 2, and 4 showed long‐term (11–84 months) genetic and

clinical remissions after treatment with four to eight cycles of azacitidine. In patients 5 and 6, after five cycles of azacitidine, UBA1 VAF decreased to undetectable

levels, with disappearance of clinical symptoms, and azacitidine treatment was stopped just before submission of this manuscript. Asterisks indicate blood

transfusions. Shaded areas indicate azacitidine treatment. Squares indicate UBA1 variant allele frequency (VAF) in bone marrow (BM), diamonds indicate UBA1 VAF in

peripheral blood (PB).
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