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Vacuolization of myeloid and erythroid precursors in the bone
marrow (BM) has been recently identified as a hallmark feature
of a new adult-onset inflammatory syndrome called VEXAS (va-
cuoles, E1 enzyme, X linked, autoinflammatory, somatic). This
syndrome is genetically associated with somatic mutations af-
fecting methionine 41 of the X-linked gene UBA1." The morpho-
logic finding of vacuoles in the context of an underlying
molecular lesion in VEXAS raises the question of the presence
of vacuolization of hematopoietic precursors (HPs) in other clini-
cal conditions. Although this morphologic feature is well estab-
lished in lymphoid malignancies such as Burkitt lymphoma/
leukemia, it is not frequent in myeloid pathologies. Notably, it
has been occasionally encountered in patients with myeloid
neoplasms (MNs) in association with karyotypic abnormalities
and general higher-risk features as well as in patients with other
benign conditions such as alcoholism, protein-losing enteropa-
thy, and typical hypocupremia.>® Therefore, vacuolization of HPs
seems to be typical but not pathognomonic in VEXAS.

Through chart review of patients enrolled at The Cleveland Clin-
ic Foundation between 2005 and 2020, we identified 24 cases
with overt presence of vacuoles in HPs among 11772 BM speci-
mens. All patients underwent BM evaluation as part of the initial
workup and/or follow-up for an MN or to define an unexplained
cytopenia (supplemental Figure 1; supplemental Appendix,
available on the Blood Web site). Ethical approval was obtained
from the institutional review board at The Cleveland Clinic Foun-
dation, along with patients’ written consent to participate to the
study. All procedures were carried out in accordance with guide-
lines set forth by the Declaration of Helsinki.

A majority of patients were male (17 [70%)] of 24), with a median
age of 65 years (range, 9-92 years; Table 1). Overall, more than
half of the patients (14 of 24) showed vacuoles in erythroid (n = 7)
or myeloid (n = 2) precursors or both (n = 5), whereas in 10 pa-
tients, vacuolization was restricted to myeloid blasts (blast-only).
The vacuoles appeared during the course of disease (MDS or
AML) rather than at initial specimen evaluation in 15 patients; va-
cuoles in 9 of these patients showed a blast-only pattern (vs only 1
patient whose BM was collected at the onset of disease; 60% vs
11%,; P = .03; Figure 1A). Of note, these 15 MNs were character-
ized by higher-risk features (80% of cases had at least 1 cytogenet-
ic abnormality vs 33% in the 9 remaining cases collected at onset;
P = .04), history of cancer treatment, or antecedent diagnosis of a
myeloproliferative neoplasm and did not carry a UBAT mutation.

We then focused on the cases presenting with vacuolization of
myeloid and erythroid precursors at onset (n = 9); taking into
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consideration demographics and manifestations of the VEXAS
syndrome, we identified 6 of 9 cases eligible for hotspot UBAT
mutational screening. Of these, 2 patients (aged 65 and 66
years) tested positive for the UBAT ¢.122 T>C p.Met41 muta-
tion (Figure 1B-C; supplemental Figure 2) and showed the typi-
cal clinical phenotype, with skin involvement, history of venous
thrombosis, and joint pain. Of note, both patients fulfilled the
criteria for Sweet syndrome and registered increased levels of
C-reactive protein and/or erythrocyte sedimentation rate at on-
set, with 1 case having a previous diagnosis of rheumatoid ar-
thritis. Moreover, no copper or zinc alterations were identified
by serum levels. BM evaluation revealed small vacuoles with a
distinct rounded shape and preferential cytoplasmic localization
in promyelocytes, myelocytes (some of them with toxic granula-
tion), erythroid precursors, and blasts (Figure 1B-C). Finally, both
these patients had lower-risk MDS, characterized by normal cy-
togenetics and presence of the most common DNMT3A muta-
tion (p.R882H), at a variant allele frequency of 26% in 1 of the 2
cases (supplemental Tables 1 and 2).

Of the remaining 7 cases, 4 had vacuolization of erythroid and/
or myeloid precursors at onset, indicating that this morphologic
feature may also be found in MNs with coexisting conditions. In-
deed, although the diagnosis of a myeloid malignancy, especial-
ly MDS, may be sufficient for justifying the presence of
vacuolization of HPs, all of these cases also had a diagnosis of
an immune rheumatologic disorder (rheumatoid arthritis or ulcer-
ative colitis), for which some patients were receiving active treat-
ment (methotrexate), suggesting that the presence of coexisting
conditions may determine these specific dysplastic features.

Lastly, the remaining 3 patients did not fulfill the diagnostic cri-
teria for an MN, suggesting the vacuolization of HPs resulted
from other biologic routes. In fact, the first patient was a 73-
year-old woman with a history of alcohol abuse, secondary liver
dysfunction, and copper deficiency. The second patient was an
HIV" 42-year-old man with celiac disease and secondary copper
deficiency (Figure 1D), and the third was a 9-year-old boy with a
complex congenital syndrome including neurologic, immunolog-
ic, and gastrointestinal disorders without evidence of copper
and/or zinc alterations. More importantly, none of these 3 cases
showed any cytogenetic abnormalities or any of the hallmark
signs/symptoms associated with VEXAS syndrome.

The very low frequency of cells showing vacuoles in the BM
smears of our cohort should be noted. For instance, vacuoliza-
tion of HPs was reported at a median of 3.1% (range, 0.6% to
6.8% over 500 nucleated cells), regardless of the presence of a
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Figure 1. Vacuolization of HPs in various condi-
tions. Wright-Giemsa stains (magnification x1000)
showing a representative example of a “blast-
only” pattern of vacuolization in a case with high-
risk MDS (vacuoles in 2 blasts) (A) and vacuoliza-
tion of immature erythroid and myeloid cells in 2
patients with a UBAT mutation and VEXAS syn-
drome (B-C) and in a patient with copper deficien-
cy (D).

blast vacuolization, granulation, and blebbing in the case of high-
risk MNs with chromothripsis.® Moreover, blast vacuoles predicted
poor overall survival in AML patients undergoing induction che-
motherapy.® Finally, it is noteworthy that various BM dysplastic
changes have been previously found in patients receiving chemo-
therapy for hematologic malignancies; in the case of vacuolization
of HPs, a putative treatment-related effect may be invoked, espe-
cially in cases where this feature appears in specimens collected
during follow-up.™™

In conclusion, our study demonstrates that vacuolization of HPs
is an epiphenomenon shared by a variety of underlying disor-
ders. This morphologic finding is not pathognomonic for any di-
agnosis, suggesting the need for a comprehensive clinical
evaluation to guide physicians’ decisions and initial workup. Fur-
thermore, the unique finding of vacuolization in a newly diag-
nosed patient with an MN should prompt the clinician to
evaluate for cooccurring rheumatologic disorders and consider
testing for UBAT gene mutation if other causes have been ex-
cluded (zinc, copper, and alcoholism).
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