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VEXAS (vacuoles, E1 enzyme, X-linked, autoinflam-
matory, somatic) syndrome is a recently described 
entity that is associated with severe autoinflammatory 
manifestations.1 This syndrome is due to an acquired 

somatic mutation in the gene coding the ubiquitin-activating 
enzyme 1, UBA1, leading to the expression of a catalytically 
impaired cytoplasmic isoform that has been linked to inflam-
mation.1 Most mutations affect methionine 41, but alternative 
mutations have been described affecting the splice acceptor 
site of exon 3 or serine 56.2,3 Although definitive diagnosis 
of VEXAS syndrome requires UBA1 molecular testing, this 
remains expensive and can be difficult to obtain in low-income 
countries. There is therefore a need to identify screening criteria 
to filter out patients with autoinflammatory manifestations who 
should undergo testing for the UBA1 mutation.

One of the defining features of VEXAS syndrome is the 
presence of vacuoles in neutrophilic and erythroid precursors. 
However, vacuolization of hematopoietic cells has also been 
described in various contexts, including inflammatory con-
ditions, alcohol abuse, copper deficiency, and malnutrition.4 
Based on a retrospective study of 6 VEXAS syndrome patients, 
Lacombe et al5 recently reported that a threshold of 10% of 

neutrophilic precursors with at least 1 vacuole provided high 
sensitivity and specificity for identifying VEXAS syndrome. 
However, the control population was mostly composed of 
patients with myelodysplastic syndrome and not patients sus-
pected of having VEXAS syndrome, and in the absence of an 
external validation cohort, the generalizability of the results has 
not been assessed.

Herein, a quantitative assessment of myeloid precursor vacu-
olization was performed in bone marrow smears from patients 
referred for UBA1 mutation testing between December 2020 
and March 2022 to the Lyon university hospital (explor-
atory cohort, n = 32). The demographic characteristics of the 
17 UBA1-mutated and 15 UBA1-WT patients were similar. 
However, UBA1-mutated patients had more frequently fever, 
chondritis, and ocular involvement; there was also a trend 
toward more frequent skin lesions, arthralgia and arthritis, vas-
culitis, and lung involvement. UBA1-mutated patients also had 
higher of C-reactive protein levels, and higher mean erythrocyte 
corpuscular volume values. Patients without VEXAS more often 
had a definite diagnosis of myelodysplastic syndrome (Suppl. 
Table).

We first assessed interobserver variability in the quantitative 
measurement of vacuolization. Four expert cytologists (AR, CD, 
LJ, and FM) from 3 different hospitals reviewed the same 28 
bone marrow smears from a fraction of the exploratory cohort, 
including follow-up bone marrow smears (20 from UBA1-
mutated samples, and 8 from UBA1-WT samples). The experts 
were asked to determine the proportion of cells with vacuoles 
as well as the number of vacuoles per cell in early neutrophilic 
precursors (myeloblasts and promyelocytes), late neutrophilic 
precursors (myelocytes and metamyelocytes), early erythroid 
precursors (proerythroblasts and basophilic erythroblasts), and 
late erythroid precursors (polychromatophilic and acidophilic 
erythroblasts). All smears were analyzed in a blinded fashion, 
cytologists having no information about the clinical characteris-
tics of the patients or the results of the UBA1 test. There was a 
satisfactory interobserver correlation (mean standard deviations 
of 7% for early neutrophilic precursors and 8% for early eryth-
roid precursors), with a higher standard deviation in cases with 
the highest proportion of vacuolized cells (Suppl. Figure S1). We 
thus concluded that the quantitative assessment of vacuoliza-
tion was sufficiently robust to be used as a diagnostic tool, so 
we analyzed a larger series of patients to decipher if a diagnostic 
threshold could reliably identify UBA1-mutated patients.

Analysis of smears from the first bone marrow aspiration of 
17 UBA1-mutated patients and 15 UBA1-WT patients found a 
greater proportion of vacuolized cells in early neutrophil pre-
cursors (mean, 35% versus 14%, P = 0.001) and early erythroid 
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precursors (mean, 25% versus 6%, P < 0.001) for UBA1-
mutated patients (Figure 1A and B). There were very few vac-
uolized cells in the more mature precursors (<3%), and there 
was no significant difference between UBA1-mutated or WT 
patients (data not shown). Of note, there was no correlation 
between the percentage of vacuolized cells and the variant allele 
frequency (VAF) of UBA1 mutation among the 7 patients with 
available data (VAF ranging from 21 to 81%; Suppl. Figure S2). 
In addition, UBA1-mutated patients also had a higher number 
of vacuoles per cell in both early neutrophilic precursors (mean, 
6.7 vacuoles per cell in UBA1-mutated patients versus 2.9 in WT 
patients, P < 0.001) and in early erythroid precursors (mean, 5.8 
vacuoles per cell in UBA1-mutated patients versus 2.7 in WT 
patients, P = 0.001; Figure 1C and D). However, considering the 
high variability of the number of vacuoles per cell and the time 
required for this procedure, this parameter was not retained in 
the diagnostic strategy described below.

Applying the proposed threshold of 10% vacuolized neu-
trophilic precursors5 to the 32 patients included herein had an 
excellent sensitivity (100%) but a low specificity of only 47%, 
highlighting the need to refine the performance of vacuole eval-
uation in VEXAS diagnosis. To optimize the diagnostic perfor-
mance of quantitative vacuolization assessment, the proportion 
of vacuolized cells in early erythroid precursors was plotted 
versus the proportion of vacuolized cells in early neutrophilic 
precursors. On the resulting graph, UBA1 mutant versus WT 
patients could clearly be discriminated (Figure 2A). The follow-
ing formula achieved a sensitivity of 93.7% and a specificity of 
83% to identify UBA1-mutated patients:

	 VacEP > −0.5 x (VacEN) + 20,

where VacEP is the percentage of vacuolized early erythroid 
precursors and VacEN the percentage of vacuolized eary neu-
trophilic precursors.

The performance of this threshold was then tested in an 
external validation cohort of 7 UBA1-mutated and 4 UBA1-WT 
patients referred for UBA1 mutation testing at the Nantes 
University Hospital; all patients were correctly classified after 
quantitative vacuole assessment (Figure 2B).

Data published by Obiorah et al6 reporting the proportion 
of erythroid precursors (not restricted to early precursors) and 
immature myeloid precursors in 15 patients with VEXAS syn-
drome were also analyzed. Patients in this cohort had a similar 
vacuolization profile, leading to a sensitivity of the proposed 
threshold of 93.7% (1 false negative in 15 patients; Figure 2C). 
Finally, given the differential impact of UBA1 mutations on 
residual UBA1b translation,7 we evaluated whether the nature 
of UBA1 mutation might impact the magnitude of vacuoliza-
tion, but we did not observe any clustering according to the 
nature of the UBA1 mutation (Figure 2D).

The present study found that the quantitative assessment 
of the proportion of vacuolized precursors on bone marrow 
smears is reproducible and allows the identification of VEXAS 
syndrome patients with a high level of sensitivity and specificity.

VEXAS is a recently recognized syndrome that is important 
to detect to avoid diagnostic wandering and propose specific 
therapeutic interventions that have proven to be effective, such 
as ruxolitinib.8 The clinical presentation of VEXAS syndrome is 
heterogeneous but generally easy to recognize for experienced 

Figure 1.  Quantitative assessment of vacuolization of myeloid precursors. Relative proportions of vacuolized cells and mean number of vacuoles/cell 
in early neutrophil precursors (A and C), early erythroid precursors (B and D) in the exploratory cohort of 17 UBA1-mutated patients and 15 UBA1-WT. ***P < 
0.001. 
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physicians. However, an increasing number of reports describe 
unusual clinical presentations of VEXAS syndome and expand 
the phenotypic spectrum of the disease.9–11 Molecular con-
firmation is mandatory to definitively confirm or exclude 
the diagnosis; this is based on UBA1 sequencing on DNA 
extracted from blood or bone marrow samples, but access to 
molecular testing can be difficult for patients in low-income 
countries or in countries without public reimbursement for 
molecular testing.12 In this context, the diagnostic threshold 
proposed herein is an easy, free and performing way to specify 
the pretest probability of UBA1 mutation, which can be used 
to select patients for molecular testing. Still, the management 
of VEXAS patients would remain complicated in low-income 
countries, especially to access to effective treatments such as 
ruxolitinib8 or azacytidine.13 The results presented here refine a 
previously proposed threshold.5 One obvious explanation for 
this difference is the size of the cohort used herein, which is 
3 times larger, and probably better captures the diversity of 
VEXAS syndrome phenotypes. However, the cohort size is still 
limited and larger cohorts are needed to confirm our results. 
Another explanation is methodological, as the control popula-
tion comprised patients with clinical manifestations suggestive 
of VEXAS syndrome, whereas Lacombe et al5 included mostly 
patients with myelodysplastic syndromes. The excellent per-
formance of the threshold described herein in a completely 
independent cohort confirms its diagnostic value. As specific-
ity is not absolute, molecular tests should still be performed 
to confirm a suspected diagnosis. On the other hand, patients 

who are predicted to be UBA1 WT after quantitative assess-
ment of vacuolization should still be referred for molecular 
testing in case of strong clinical suspicion of VEXAS. In this 
cohort as well as in previously published cohorts,5,6 there was 
no UBA1-mutated patients with less than 10% vacuolized 
neutrophilic precursors, which could be a good threshold to 
rule out the diagnosis. However, it should be recalled that rare 
cases of VEXAS syndrome without vacuoles have also been 
described,14 therefore UBA1 sequencing should always be per-
formed in cases of strong clinical suspicion.

Another interesting aspect of the present study is to pro-
pose an objective evaluation of the vacuolization phenotype of 
VEXAS syndrome, which could be useful to further characterize 
this syndrome. First, emerging data suggest that the phenotype 
of VEXAS syndrome differs according to the nature of the muta-
tion, possibly due to a different translation rate of the cytoplas-
mic isoform UBA1b.7 This observation prompted us to analyze 
whether the vacuolization phenotype was also influenced by the 
nature of the mutation, but we did not find a clear clustering. 
Second, sequencing of the entire UBA1 gene revealed atypical 
mutations such as p.Ser56Phe3 or others of undetermined signifi-
cance (unpublished data). In these cases, quantitative assessment 
of vacuolization could be a valuable tool to decide whether the 
patient should be considered as having VEXAS or not.

Taken together, the present study provides a framework to 
quantitatively measure myeloid precursor vacuolization in 
VEXAS syndrome, which could be useful both for diagnosis 
and for better characterization of this recently described disease.

Figure 2.  Establishment and validation of a diagnostic threshold. Graphical distribution of UBA1-mutated patients (red dots) and UBA1-WTpatients (blue 
dots) in the exploratory (A) and validation (B) cohorts according to their proportion of vacuolized cells in early erythroid and neutrophilic precursors; (C) distribu-
tion of VEXAS syndrome cases described in Obiorah et al6; (D) distribution of cases according to the nature of the mutation. 
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