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Somatic UBA1 mutations in pediatric MDS/AML: first cases suggest
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VEXAS (vacuoles, E1 enzyme, X linked, autoinflammatory, somatic) syndrome1 is a severe auto-
inflammatory disorder driven by somatic UBA1 mutations in hematopoietic progenitor cells, typically
affecting males aged >50 years (median age, 66-72.1 years).>® VEXAS syndrome has not been
reported in children; the youngest documented patient was 23 years old.” The disease presents with
systemic inflammation, dysfunctional immune responses, venous thromboembolism, macrocytic ane-
mia, bone marrow (BM) failure, and, typically, low-blast-count myelodysplastic syndromes (MDS).% "2
High-risk MDS and acute myeloid leukemia (AML) are rare (<10%)."'® Here, we report the first 2
pediatric patients with myeloid neoplasms and VEXAS syndrome—defining UBA1 mutations.

Patient 1 (P1), a 5.5-year-old boy with an unremarkable medical history, presented with pancytopenia
(hemoglobin level, 4.7 g/dL; platelet count, 54 x 10%/uL; white blood cell count, 3.2 x 103/pL;
absolute neutrophil count, 450/pL; Figure 1A). Initial BM biopsy showed mild dysmegakaryopoiesis
without blast excess and a normal male karyotype. Clinical diagnostic sequencing revealed
NRAS_G13D (variant allele frequency [VAF], 12.8%) and UBA1_S56F (VAF, 17.9%) mutations, both
confirmed as somatic (supplemental Figure 1). The patient progressed rapidly with worsening
pancytopenia, fever, and splenomegaly, and developed a vasculitic rash on his face, arms, and back
(Figure 1B). Skin biopsy revealed neutrophilic inflammation and leukocytoclastic vasculitis (Figure 1B).
Repeat BM biopsy showed MDS with increased blasts. Despite absent cytoplasmic vacuoles in
precursor cells, the copresentation of MDS with a somatic UBA 7T mutation and a characteristic rash
suggested a VEXAS syndrome diagnosis (Figure 1C). He received prophylactic triple intrathecal
chemotherapy (central nervous system negative). With no response to intravenous immunoglobulin/
steroids and rapid disease evolution, P1 received 2 cycles of liposomal cytarabine/daunorubicin (CPX-
351) according to the CPX-351 treatment protocol (ClinicalTrials.gov identifier: NCT05656248).
CPX-351, previously shown to be effective and well-tolerated in pediatric secondary MDS/AML,"*
induced disease remission (by morphology and flow cytometry) with undetectable NRAS and UBA1
mutations (VAFs <1%) and led to the resolution of the skin rash. After myeloablative conditioning
(busulfan/fludarabine/thiotepa), he received a BM graft from an HLA-matched unrelated donor (3.54 x
108 total nucleated cells per kg) and achieved full donor myeloid chimerism at day +60. He remains in
remission 1-year after transplantation.

P2, a 5-year-old boy, presented with a 1-week history of bleeding symptoms, anemia (hemoglobin
level, 8.9 g/dL), and severe thrombocytopenia (platelet count, 5 x10%/uL) (Figure 1D). Besides
bilaterally enlarged, ulcerated tonsils, no systemic features (including autoinflammation) were
identified. Family history was unremarkable. BM aspirate showed ~50% abnormal myeloid blasts
with vacuoles. Additional testing identified a complex karyotype with del (5q), trisomy 8 and trisomy
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Figure 1. Clinical characteristics of pediatric patients with UBA7-mutated myeloid neoplasms. (A) Clinical timeline of P1. (B) Cutaneous manifestations in P1. Top:
rash involving the arm (left) and bullous lesion on the upper arm (right). Bottom: skin biopsy of a bullous lesion, hematoxylin-eosin staining (H&E) (original magnification x10),
showing superficial to deep perivascular and periadnexal chronic inflammation with inset (original magnification x50) showing scattered neutrophils (#) and karyorrhectic debris
(*). (C) BM findings in P1. Top: BM touch imprint (H&E, original magnification x50) and biopsy (H&E, original magnification x10) showing normocellular BM with left-shifted
myeloid maturation with increased blasts. Middle: CD34 (left, original magnification x50) and CD117 (right, original magnification x10) immunohistochemistry of the BM,
highlighting increased (5%-10%) blasts. Bottom left: CD42b immunohistochemistry (original magnification x50) demonstrating dysmegakaryopoiesis with hypolobated
megakaryocytes. Bottom right: reticulin staining (original magnification x10) showing moderate fibrosis (grade 2). (D) Clinical timeline of P2. AML-MRC, acute myeloid leukemia
with myelodysplasia-related changes; Bu/Flu, busulfan/fludarabine; CBC, complete blood count; CN-LOH, copy-neutral loss of heterozygosity; FLA-lda, fludarabine/cytarabine/
idarubicin; Hb, hemoglobin; IVIG, IV immunoglobulin; M, male; MDS-IB, myelodysplastic syndrome with increased blasts; MTX, methotrexate; MUD-HSCT, matched unrelated
donor hematopoietic stem cell transplantation; MSD, matched sibling donor; ND, not detected; PIt, platelet; TBF, thiotepa/busulfan/fludarabine.
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BM vacuoles No Yes
Cytoreduction CPX-351 GO, FLA-Ida
HSCT Bu/Flu/Thiotepa/ATG (MUD) Reduced intensity Bu/Flu (MSD)
Age at last follow up, years 6.5 (alive) 9 (dead)

Molecular characterization of patient 1. (A) Variant allele frequencies (VAFs) of NRAS G13D and UBA7 S56F from deep sequencing at diagnosis and post-C1

and post-C2. (B) Clonal architecture by single-cell DNA sequencing (scDNA-seq). Top: linear evolution inferred from scDNA-seq; Bottom: fish plot depicting trajectories of

mutant and WT cells over time. (C) Integrated genotype and cell surface protein analysis from multiomic scDNA-seq data. Top: uniform manifold approximation and projection

(UMAP) analysis based on protein expression clustering showing cell type clustering. Middle: UMAP analysis showing clustering of different clones. Bottom: clone distribution

across cell types. (D) Results from UBAT mutation screening in 834 childhood AML cases. (E) Summary of clinical and molecular findings. AML-MRC, acute myeloid leukemia

with myelodysplasia-related changes; ATG, anti-thymocyte globulin; Bu/Flu, busulfan/fludarabine; CN-LOH, copy-neutral loss of heterozygosity; FLA-Ida, fludarabine/cytarabine/

idarubicin; GO, gemtuzumab ozogamicin; HSCT, hematopoietic stem cell transplantation; MDS-IB, myelodysplastic syndrome with increased blasts; MSD, matched sibling

donor; MUD, matched unrelated donor; WT, wild type.

21, copy-neutral loss of heterozygosity on 11p and 12q, and
pathogenic mutations in RUNX1_R201* (VAF, 47.1%),
SH2B3_R261fs* (VAF, 87.2%), and UBA7_M41L (VAF,
16.8%). These findings were consistent with AML with MDS-
related changes. The patient received gemtuzumab ozogamicin
induction according to the MyeChildO1 trial (ClinicalTrials.gov
identifier: NCT02724163), but administration was halted when
he developed anaphylaxis. Given the high-risk features, he next
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received 2 cycles of fludarabine/cytarabine/idarubicin, achieving
remission by morphology/flow cytometry. SH2B3 and UBAT
mutations became undetectable, whereas the RUNX1 mutation
persisted at the heterozygous state, consistent with a germ line
origin. After reduced-intensity busulfan/fludarabine conditioning
(ClinicalTrials.gov identifier: NCT02724163), he received a BM
graft from an HLA-identical matched sibling and achieved
prompt engraftment and full donor chimerism. Relapse with 6%
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blasts and cytopenia occurred on day +81. Given the adverse
prognosis of early relapse, a second transplant was not pursued,
and the patient died 6 months after relapse.

P1 harbored the noncanonical UBA7_S56F mutation, which
reduces global polyubiquitylation by impairing catalytic activ-
ity.">'® Consistent with his presentation, this mutation is associ-
ated with absent BM vacuolization and predominantly hematologic
manifestations, with reduced inflammatory features.'”'® P2's
UBA7_M41L is a canonical substitution found in ~18% to 20% of
VEXAS syndrome cases,'® resulting in a selective loss of the
cytoplasmic UBA1b isoform.® Among M41 substitutions, M41L is
associated with overall milder phenotypes.®'%?° M41L has also
been identified in reportedly healthy individuals from the National
Institutes of Health (NIH) All of Us cohort, albeit with lower VAFs.*'

Our patients had additional somatic mutations in NRAS(P1) and
SH2B3(P2). Concomitant mutations occur in 27% to 74% of
adult VEXAS syndrome,'®?%?22* with DNMT3A and TET2 being
most common, whereas RAS pathway mutations (NRAS/KRAS/
CBL) were found only in ~6.25% of cases.”” NRAS/UBA1 co-
occurrence was observed in 3 patients in the NIH VEXAS syn-
drome cohort.’® An unbiased screen of 2427 individuals with
myeloid malignancy also identified NRAS/UBA7 in 3 patients
without a previous VEXAS syndrome diagnosis.”®> SH2B3 muta-
tions have not yet been reported in conjunction with UBAT.

Notably, both our patients exhibited lower VAFs for UBA1 than for
their co-occurring mutations. A review of published VEXAS syn-
drome cases showed that 23 patients had lower UBA71 VAFs
relative to co-occurring mutations (across 17 genes). In the NIH
cohort, high-VAF TET2 and DNMT3A mutations were identified as
ancestral events, with UBA1 as the secondary hit in 2 adults.?° To
test whether UBAT similarly arose as a secondary event in P1, we
first performed deep sequencing and droplet digital polymerase
chain reaction on the BM from P1 at diagnosis and after CPX-351
cycles 1 (post-C1) and 2 (post-C2). At diagnosis, UBA7 and
NRAS showed comparable VAFs (4.1% and 4.0%, respectively),
decreasing after therapy (post-C1, 0.97% and 1.6%; post-C2,
0.62% and 1.4%, respectively) (Figure 2A), as confirmed by
droplet digital polymerase chain reaction (supplemental Figure 2).
The greater reduction of UBA1 VAF challenged its role as the
primary driver and prompted us to interrogate the mutation origin.
Single-cell DNA sequencing of diagnostic BM and post-C1
revealed NRAS as a founder mutation and UBA1T as a subclone
(diagnosis: NRAS-only, 4.7%; NRAS + UBA1, 27.1%)
(Figure 2B). Integrated single-cell DNA sequencing cell surface
protein analysis showed preserved differentiation capacity with
lineage skewing. The NRAS-only clone retained multilineage
potential with T-cell representation (4.3%), whereas the NRAS +
UBAT1 clone exhibited marked myeloid/erythroid skewing, with
enrichment in myeloid (68.9%), erythroid (57.3%), and natural
killer cell (50.4%) compartments (Figure 2C). This supports
UBA1-driven myeloid/erythroid skewing as previously sug-
gested."? It is plausible that UBA7 mutation provides a selective
advantage for myeloid/erythroid expansion and clonal progression.

In P2, material was not available to resolve the clonal hierarchy.
However, the substantially larger SH2B3 clone (VAF, 87.2%)
compared with UBA1 (VAF, 16.8%) suggests that SH2B3 was
the primary event. In addition, the high VAF of SH2B3 reflects
mutant allele duplication by uniparental isodisomy 12q, further

implying SH2B3 as a founder mutation. UPD12qg, SH2B3, and
UBAT1 clones were not detected after chemotherapy, suggesting
initial chemosensitivity despite ultimately refractory disease.
Notably, this patient had germ line RUNX1 disease, which has not
been reported with co-occurring UBA1 mutations; among germ
line predispositions, VEXAS syndrome has thus far only been
described in DDX41 disorder.”®

The initial presentation as pediatric-onset high-risk myeloid dis-
ease differs from typical adult VEXAS syndrome pre-
sentations.”>'®?° This may reflect age-related variation or
suggest that UBAT mutations represent subclonal events in
pediatric malignancies. To assess the prevalence of UBA1 muta-
tions in pediatric AML, we queried data from the Pediatric Cancer
Genome Project,27 St. Jude Real-Time Clinical Genomics,?® St.
Jude Lifetime Cohort,?° and the National Cancer Institute’s Ther-
apedutically Applicable Research to Generate Effective Treatment
(TARGET) dataset (database of Genotypes and Phenotypes
[dbGaP] accession: phs000465.v23.p8). Among 834 pediatric
AML samples, no somatic mutations in the UBAT coding region
were identified (Figure 2D). In childhood MDS, a previous study of
32 patients did not report any mutations affecting the UBAT
coding region.>° Despite the rarity of UBA7 mutations, their
association with aggressive disease in our patients supports the
inclusion of UBAT on MDS/AML gene panels for the pediatric
population as well.

Although less intensive regimens may be effective in adult VEXAS
syndrome,” %232 the high-risk neoplasms in our patients neces-
sitated intensive treatment. Both patients were cytoreduced before
hematopoietic stem cell transplantation (HSCT); P1 using CPX-
351 and P2 with conventional chemotherapy (Figure 2E). P2
experienced early relapse after HSCT, and P1 achieved durable
remission. This suggests that CPX-351 may be a sufficient alter-
native to intensive combination chemotherapy in similar cases.
Given the high-risk disease, HSCT was pursued in both patients.
In patients with UBA 1 mutations and malignant disease, transplant
workup and donor search should be initiated promptly. Several
studies have shown the use of HSCT in adult VEXAS syndrome,
performed for both myeloid neoplasm (18 patients) and auto-
inflammatory disorder (16 patients), with a short-term survival rate
in the myeloid neoplasm group of ~70% to 80%.%°°°

In summary, we describe the youngest patients with UBA7-
mutated myeloid neoplasms, with UBAT mutations arising sec-
ondary to other leukemia driver mutations (NRAS and SH2B3).
This subtype of MDS/AML is rare and aggressive, requiring
intensive treatment and transplantation.
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