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Case Report: KMT2A
ampli� cation in two adult
patients with B-cell acute
lymphoblastic leukemia
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Omer Jamy2, Shuko Harada3, Alexander Craig Mackinnon3,
Nirupama Singh3, Aishwarya Ravindran3, Baleed Vishnu Reddy3,
Andrew J. Carroll 1 and Fady M. Mikhail 1*

1Department of Genetics, University of Alabama at Birmingham, Birmingham, AL, United States, 2Department
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The KMT2A gene, located at chromosome band 11q23, encodes a lysine
methyltransferase essential for hematopoietic gene regulation. While KMT2A
rearrangements are common in acute myeloid leukemia (AML) and B-cell acute
lymphoblastic leukemia (B-ALL), KMT2A ampli�cation is rare, occurring in ~1% of
AML cases and even less frequently in B-ALL. Given its rarity, understanding
KMT2A ampli�cation in B-ALL is crucial for improving diagnostics and therapy. We
report two adult B-ALL cases with KMT2A ampli�cation. Patient 1, a 58-year-old
male, had KMT2A ampli�cation (6~18 copies in 68.5% of bone marrow cells), a
complex karyotype, and a pathogenic TP53 variant (c.524G>A, p.Arg175His). He
underwent induction chemotherapy but passed away after two months due to
complications. Patient 2, a 66-year-old female, had KMT2A ampli�cation (8~11
copies in 87.5% of peripheral blood cells) and CRLF2 rearrangement, representing
the �rst reported case of de novo Ph-like B-ALL with KMT2A ampli�cation in an
adult. She deteriorated rapidly and died within four days. In addition to these two
cases from our cohort, we review nine published cases with KMT2A ampli�cation
in B-ALL, which showed frequent TP53 alterations, emphasizing the clinical and
genetic characteristics of this aggressive leukemia subtype. These cases highlight
the high-risk nature of KMT2A-ampli�ed B-ALL, particularly in older adults, where
prognosis is poor and linked to TP53 variants or CRLF2 rearrangement. Our review
underscores the need for genetic pro�ling to improve risk strati�cation and
treatment. Given the limited documented cases, further research is essential to
develop better therapeutic strategies for KMT2A-ampli�ed B-ALL.
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Introduction
KMT2A (lysine methyltransferase 2A), formerly known as MLL (mixed-lineage

leukemia), is a gene on chromosome band 11q23, which encodes a histone
methyltransferase that methylates H3K4, activating key developmental genes and
regulating self-renewal and differentiation in hematopoietic stem cells (1). KMT2A
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rearrangements are frequently observed in both myeloid and
lymphoid leukemias, particularly in acute myeloid leukemia
(AML) and B-cell acute lymphoblastic leukemia (B-ALL) (2, 3).
Unlike KMT2A rearrangements, which involve the fusion of
KMT2A with various partner genes, KMT2A ampli�cation arises
through mechanisms such as extrachromosomal double minutes or
intrachromosomal tandem duplications, often presenting as
homogeneously staining regions (HSRs) (4) . KMT2A
ampli�cation is a rare genetic abnormality, occurring in
approximately 1% of AML cases (5–7) and even less frequently in
B-ALL, with only a few reported cases in the literature (8, 9).

Despite its rarity in B-ALL, KMT2A ampli�cation has been
associated with distinct clinical and genetic features. One notable
aspect is its frequent association with TP53 pathogenic variants,
including single nucleotide variants or structural variants, further
contributing to the aggressive nature of the disease (9). TP53 is a
crucial tumor suppressor that regulates genomic stability and
apoptosis. TP53 pathogenic variants impair its function, leading
to uncontrolled proliferation, therapy resistance, and poor clinical
outcomes (10, 11). KMT2A-ampli�ed B-ALL cases with TP53
pathogenic variants are particularly challenging to treat,
demonstrating limited responses to standard therapies and a high
risk of relapse (9). Given this association, understanding the
interplay between KMT2A ampli�cation and TP53 variants is
crucial for risk strati�cation and development of targeted
therapies to improve patient outcomes.

CRLF2 rearrangements, a hallmark of Ph-like B-ALL,
contribute to cytokine receptor-mediated leukemogenesis by
activating the JAK-STAT pathway, leading to enhanced
proliferation and poor prognosis (12, 13). About 55–68% of
CRLF2-rearranged cases also have JAK-pathway mutations (most
often JAK2) (14). CRLF2 rearrangements have not been
documented in KMT2A-ampli�ed B-ALL. Recent adult cohort
data from a resource-limited setting con�rmed that Ph-like B-
ALL is common and enriched for adverse features such as MRD
positivity and IKZF1 deletions, underscoring its aggressive clinical
behavior (15). Since both CRLF2 rearrangements and KMT2A
ampli�cation de�ne high-risk B-ALL subtypes and are associated
with treatment resistance and poor clinical outcomes, it remains
unclear whether they coexist or represent distinct oncogenic
mechanisms. If both alterations co-occur, epigenetic dysregulation
and JAK-STAT hyperactivation may drive an ultra-high-risk
leukemia, requiring combined JAK inhibitors and epigenetic
modulators. Further research is needed to assess their coexistence,
interactions, and treatment strategies.

Given the rarity of KMT2A ampli�cation in B-ALL, systematic
documentation and analysis of cases are essential to improve our
understanding of its pathogenesis and re�ne the diagnostic and
therapeutic strategies. In this study, we report two adult B-ALL
patients with complex karyotypic abnormalities and KMT2A
ampli�cation, including one patient with a TP53 pathogenic
variant (p.Arg175His) and another with a CRLF2 rearrangement,
marking the �rst documented case of KMT2A ampli�cation
coexisting with Ph-like B-ALL in an adult. Additionally, we
review our cases along with nine recently reported cases,
providing further insight into the clinical, cytogenetic, and
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molecular characteristics of KMT2A-ampli�ed B-ALL, and
addressing associated management challenges.
Materials and methods

Flow cytometry analysis

Bone marrow specimens from our patients underwent �ow
cytometry analysis at the University of Alabama at Birmingham
(UAB) Pathology Lab. The analysis was conducted following
standard �ow cytometry protocols to ensure accuracy and
reproducibility. The cell markers analyzed by �ow cytometry
included T-cell markers (CD2, CD3, CD4, CD5, CD7, CD8), B-
cell markers (CD9, CD10, CD19, CD20, CD22, Kappa, Lambda),
myeloid and progenitor markers (CD13, CD14, CD15, CD16,
CD33, CD34, CD38, CD58, CD64, CD117), and the pan-
leukocyte marker CD45.

G-banded chromosome and FISH analyses

Bone marrow or peripheral blood specimens from our patients
underwent comprehensive cytogenomic analyses, including G-
banded chromosome and �uorescence in situ hybridization
(FISH) analyses, at the UAB Cytogenetics Lab. G-banded
chromosome analysis was performed using standard cytogenetic
protocols. Interphase and/or metaphase FISH analyses were
conducted following the manufacturer’s protocols, as previously
described (16). The B-ALL FISH panel (Abbott) included BCR/
ABL1 dual-fusion probes, KMT2A break-apart probes, ETV6/
RUNX1 dual-fusion probes, and centromeric probes for
chromosome 4, 10, and 17. The Ph-like B-ALL FISH panel (OGT
Cytocell) included break-apart probes for ABL2 (1q25.2), PDGFRB
(5q32), JAK2 (9p24.1), ABL1 (9q34.1), and CRLF2 (Xp22.33/
Yp11.32). The TP53 probe mixture (Abbott) includes a TP53
(17p13.1) probe and a chromosome 17 centromere probe.
Findings were reported in accordance with the International
System for Human Cytogenomic Nomenclature (ISCN) 2020.

Targeted next-generation sequencing
panel analysis

Targeted next-generation sequencing (NGS) panel analysis was
conducted on bone marrow biopsy samples at the UAB Pathology
Lab to detect gene fusions and somatic variants using an RNA-
based myeloid fusion panel and a myeloid mutation panel,
following established protocols (17, 18). The RNA-based myeloid
fusion panel targeted key fusion driver genes, including ABL1,
ABL2, BCL2, BRAF, CCND1, CREBBP, EGFR, ETV6, FGFR1,
FGFR2, FUS, HMGA2, JAK2, KAT6A (MOZ), KAT6B, KMT2A,
KMT2A-PTDs, MECOM, MET, MLLT10, MRTFA (MKL1),
MYBL1, MYH11, NTRK2, NTRK3, NUP214, NUP98, PAX5,
PDGFRA, PDGFRB, RARA, RUNX1, TCF3, TFE3, and ZNF384.
The myeloid mutation panel assessed hotspot variants in genes such
as ABL1, ANKRD26, BRAF, CBL, CSF3R, DDX41, DNMT3A, FLT3,
GATA2, HRAS, IDH1, IDH2, JAK2, KIT, KRAS, WT1, MPL,
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MYD88, NPM1, NRAS, PPM1D, PTPN11, SETBP1, SF3B1, SMC1A,
SMC3, SRSF2, and U2AF1, along with full-gene sequencing of
ASXL1, BCOR, CALR, CEBPA, ETV6, EZH2, IKZF1, NF1, PHF6,
PRPF8, RB1, RUNX1, SH2B3, STAG2, TET2, TP53, and ZRSR2.

Data visualization and statistical analysis

Data visualization and statistical analysis were performed in R
(v.4.3.1). A violin plot was generated using the ggviolin function in
the ggpubr (v.0.6.0) package in R, while pie charts were created
using the pie3D function in the plotrix (v.3.8-6) package. These
visualizations illustrate the age distribution, clinical outcomes, and
sex distribution of 11 B-ALL patients with KMT2A ampli�cation,
with the violin plot representing age distribution and the pie chart
depicting clinical outcomes and sex proportions. Tables
summarizing patient characteristics and analytical results were
generated using the GT (v.0.10.1) package, ensuring clear and
structured data presentation. A Student’s t-test was applied for
comparisons between deceased and remission groups, with a p-
value < 0.05 considered statistically signi�cant.
Case presentations

Patient 1

A 58-year-old male with a history of hypertension (HTN),
hyperlipidemia (HLD), gastroesophageal re�ux disease (GERD),
and anxiety/depression was transferred from an outside hospital for
suspected newly diagnosed acute leukemia. He was admitted to
UAB for comprehensive diagnostic evaluation. The patient’s clinical
Frontiers in Oncology 03
course and diagnostic workup are shown in Figure 1A. Flow
cytometry of the bone marrow aspirate identi�ed 54.11%
leukemic blasts, positive for CD13dim, CD19, CD22dim, CD34,
CD38, CD45, CD58, and nTdT, and negative for NK/T, other
myeloid, and monocytic markers, con�rming a B-ALL diagnosis
(Supplementary Table S1). Bone marrow morphology assessment
revealed a hypercellular marrow (approximately 90% cellularity)
with markedly reduced trilineage hematopoiesis. Most blasts on
touch imprint exhibited cytoplasmic vacuolization. These �ndings
are consistent with B-ALL.

Interphase FISH analysis of uncultured bone marrow cells,
using the B-ALL FISH panel, identi�ed 6~18 copies of KMT2A in
68.5% of cells (Figures 1B, C), along with copy number alterations
affecting several genes, including ABL1 (3~5 copies in 68% of cells),
ETV6 (2~5 copies in 67.5% of cells), RUNX1 (3~4 copies in 9.5% of
cells), and chromosomes 4, 10, and 17 (3~5 copies each)
(Supplementary Table S1). G-banded chromosome analysis of
unstimulated bone marrow cells revealed the presence of a
stemline clone with complex karyotype involving chromosomes 3,
5, 10, 11, 14, 16, 18, and 20, in addition to the presence of 1~3
marker chromosomes, and a subclone that represents the inexact
doubling product of the stemline clone: 41~44,XY,-3,-5,-10,add(11)
(q23),add(14)(p11.2),-16,add(18)(q23),-20,+1~3mar[cp4]/
70~80<3n>,XXY,+2,-3,-5,+6,-10,+11,add(11)(q23)x2,+13,+13,add
(14)(p11.2),+15,-16,add(16)(q24),add(18)(q23),+21,+22,+2~5mar
[cp10] (Figure 1D).

A targeted myeloid NGS panel identi�ed a clinically signi�cant
TP53 missense variant (c.524G>A, p.Arg175His) with a 91% variant
allele frequency (VAF) (Supplementary Table S1), suggesting a
potential role in leukemogenesis and treatment resistance.
Additionally, no fusion transcripts were detected using a targeted
RNA-based myeloid fusion NGS panel.
FIGURE 1

(A) Timeline of diagnostic evaluations and clinical course of Patient 1. FC: Flow Cytometry, BM: Bone Marrow, FISH: Fluorescence in situ
hybridization, B-ALL: B-cell acute lymphoblastic leukemia panel. (B) Interphase and (C) metaphase FISH analyses of Patient 1 unstimulated bone
marrow (BM) cells using the KMT2A BAP, showing KMT2A ampli�cation (6~18 copies). (D) G-banded chromosome analysis of Patient 1 unstimulated
BM cells, demonstrating a stemline clone with complex karyotype involving chromosomes 3, 5, 10, 11, 14, 16, 18, and 20, in addition to the presence
of 1~3 marker chromosomes.
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The patient was started on induction chemotherapy
(Figure 1A), which was complicated by febrile neutropenia,
necessitating the removal of his mediport as a potential infection
source. During hospitalization, he developed progressive hypoxia,
pleural effusions, and encephalopathy, requiring multiple Medical
Emergency Team (MET) activations, including one for
unresponsiveness, which improved with Narcan. Bronchoscopy
showed minimal secretions and arytenoid in�ammation,
suggesting aspiration. His condition worsened, requiring MET
activation for altered mental status and hypotension. He
developed severe lactic acidosis (lactate level of 11 mmol/L),
tested positive for COVID19, and had persistent pseudomonas
and klebsiella bacteremia. Despite maximum vasopressor support,
he remained profoundly hypotensive. He ultimately succumbed to
refractory septic shock and multiorgan failure after a two-
month hospitalization.

Patient 2

A 66-year-old female with a history of type 2 diabetes mellitus,
GERD, HTN, obstructive sleep apnea, and HLD presented to an
outside hospital with dizziness, ear drainage, gait dif�culty,
shortness of breath, and cough. Patient’s workup revealed
leukocytosis, anemia, and thrombocytopenia, raising suspicion for
acute leukemia. She was transferred to UAB for further evaluation.
The patient’s diagnostic timeline and treatment course are
illustrated in Figure 2A. Flow cytometry of the peripheral blood
demonstrated 89.71% leukemic blasts that were positive for CD10,
CD13, CD19, CD22dim, CD34, CD38, CD58, nTdT, and negative
for NK/T, other myeloid, and monocytic cell markers, supporting a
diagnosis of B-ALL (Supplementary Table S1).

Interphase FISH analysis using the B-ALL FISH panel identi�ed
KMT2A ampli�cation, with 8~11 copies detected in 87.5% of
Frontiers in Oncology 04
peripheral blood cells (Figure 2B). Additionally, the Ph-like B-
ALL FISH panel analysis detected a CRLF2 gene rearrangement in
85% of bone marrow cells (Figure 2C), with the classic fusion signal
disruption suggestive of the t(X;14)(p22.3;q32.3) and resulting in
IGH::CRLF2 fusion. This is an alteration commonly associated with
high-risk leukemia and poor treatment response. Further FISH
analysis of the TP53 gene in bone marrow cells showed no deletions
or structural rearrangements (Supplementary Table S1). G-banded
chromosome analysis of peripheral blood cells was unsuccessful,
but limited analysis indicated additional material attached to
chromosome 11 at band 11q23 (Figure 2D), a region frequently
involved in KMT2A-related leukemias.

During hospitalization, the patient developed pulmonary
edema and decompensated cirrhosis, accompanied by altered
mental status and respiratory distress, requiring MET activation,
Bilevel Positive Airway Pressure support, and eventual intubation.
Despite treatment with Lasix, Solumedrol, broad-spectrum
antibiotics, and blood transfusions, her condition worsened due
to septic shock, acute kidney injury requiring continuous renal
replacement therapy, non-ST elevation myocardial infarction, and
cirrhosis with varices. Given her multiorgan failure and poor
prognosis, goals of care discussions led to a comfort care
transition. She was later found unresponsive with no pulse, and
electrocardiogram con�rmed no cardiac rhythm. She passed away
four days after hospitalization (Figure 2A). Due to her rapid clinical
deterioration and subsequent death, targeted NGS could not
be performed.

Cases review

This report reviews two cases from our cohort and nine published
cases of KMT2A-ampli�ed B-ALL (Table 1), summarizing
distributions by age (9/11, 82% >55 years; 2/11, 18% <16 years),
FIGURE 2

(A) Timeline of diagnostic evaluations and clinical course of Patient 2. FC: Flow Cytometry, FISH: Fluorescence in situ hybridization, B-ALL: B-cell
acute lymphoblastic leukemia panel. (B) Interphase FISH analysis of Patient 2 peripheral blood cells using the KMT2A BAP, showing KMT2A
ampli�cation (8~11 copies). (C) Interphase FISH analysis of Patient 2 unstimulated BM cells using the CRLF2 BAP, demonstrating CRLF2
rearrangement. (D) G-banded chromosome analysis of Patient 2 peripheral blood cells were unsuccessful; however, limited analysis revealed
additional material of unknown origin attached to 11q23.
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