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Abstract

Lineage switch in acute leukemia is rare, often seen in infants and pediatric patients during 
or after therapy. This report details a unique case in an elderly individual initially diagnosed with 
Acute B-Lymphoblastic Leukemia (B-ALL) featuring KMT2A/AFF1. Post-induction chemotherapy, 
the patient’s leukemia transformed to Acute Myeloid Leukemia (AML) without KMT2A/AFF1, 
later evolving into B- and myeloid Mixed Phenotype Acute Leukemia (MPAL) with KMT2A/AFF1 
upon relapse. In the AML phase, the patient’s bone marrow showed, ASXL1 mutations and 
RUNX1-RUNX1T1 fusion transcripts. Although the mechanisms behind lineage switch are not fully 
understood, KMT2A rearrangement is a frequent cytogenetic abnormality among reported cases. 
We speculate that two distinct leukemic clones emerged at different leukemia phase. This case 
illustrates the diagnostic and therapeutic challenges, highlighting the need for further research. 
Moreover, the rapid transition between lineages post- therapy suggests potential clonal selection 
induced by specific therapeutic agent, or the evolution of existing subclones pre- or post-therapy.

Keywords: Acute lymphoblastic leukemia KMT2A/AFF1; Lineage switch cytogenetics flow 
cytometry.

Steven H Adams1; Tahmeena Ahmed1; Ann-Leslie Zaslav1; Sonia Yu2; Yupo Ma1; Hong Lin1*
1Department of Pathology, Stony Brook University Medical Center, USA.
2Department of Internal Medicine, Stony Brook University, USA.

Introduction

The conversion of leukemic cell phenotype or genotype during 
treatment is a rare occurrence, typically observed in infants and 
pediatric patients. Most commonly, cases with lineage switch from 
lymphoid to myeloid have been reported, and were frequently as-
sociated with t (4;11) (11q23) involving KMT2A rearrangement [1-
7]. The underlying mechanism of lineage switch remains unclear. 
The phenomenon could result from clonal evolution, a pre-the-
rapy sub-clone, or a new clone induced by therapy [8-12]. Herein, 
we present a unique case of an elderly patient who underwent 
lineage switch from B-Lymphoblastic Leukemia (B-ALL) to Acute 

Myeloid Leukemia (AML) after induction chemotherapy, subse-
quently changed to B- and myeloid Mixed Phenotype Leukemia 
(MPAL) following Azacytidine/Venetoclax. The patient was initial-
ly diagnosed B-ALL with KMT2A/AFF1 fusion gene. However, in 
the AML stage, the KMT2A/AFF1 abnormality disappeared, while 
ASXL1 mutation and RUNX1-RUNX1T1 fusion transcript were de-
tected. Furthermore, when the patient’s leukemia changed to 
MPAL post AML regimen therapy, the KMT2A-AFF1 fusion gene 
re-appeared. To our knowledge this is the first reported case of 
an elderly patient whose leukemia started as B-ALL later switched 
to AML and then changed to MPAL during consecutive induction 
chemotherapy treatment.
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Case presentation

A 65-year-old male presented to his primary care physician 
with bilateral lower extremity swelling and pain. Outpatient la-
boratory studies showed marked hyperleukocytosis with a White 
Blood Count (WBC) of 568 K/uL, anemia with a hemoglobin of 
9.0 g/dL, thrombocytopenia with a platelet count of 45 K/uL, and 
with 87% blasts.

Peripheral blood and bone marrow flow cytometric analy-
sis indicated an immunophenotype consistent with B-lympho-
blasts. Bone marrow biopsy review showed hypercellular marrow 
and 92% blasts. Cytogenetics and FISH analysis revealed t(4;11)
(q21;q23) forming KMT2A/AFF1 fusion gene (also known as MLL/
AF4) (Figure 1).

Based on the findings, the patient was diagnosed with precur-
sor B-cell Acute Lymphoblastic Leukemia (B-ALL) with KMT2A/
AFF1. CNS involvement was seen on Cerebral Spinal Fluid (CSF) 
analysis. Induction chemotherapy with Vincristine/Dexametha-
sone followed by Hyper- CVAD regimen was started. Intrathecal 
alternating dose of cytarabine and methotrexate were administe-
red according to protocol.

Two months later, he was noted to be persistently pancytope-
nic however 20% blasts were noted on the peripheral blood. Flow 
cytometric analysis of both peripheral blood and bone marrow 
showed aberrant myeloid blasts. Bone marrow morphology was 
consistent with lineage switch to Acute myeloid leukemia (Figure 
2). Cytogenetic studies and FISH revealed a normal karyotype and 
no KMT2A/AFF1. ASXL1 mutation was detected by Next genera-
tion sequencing, along with RUNX1-RUNX1T1 fusion transcripts 
detected by RT-qPCR.

The therapy was changed to Azacytidine/Venetoclax, and the 
patient received two cycles. A follow up on day 30 post-therapy 
revealed a hypocellular marrow with no blasts; however, there 
was low level recurrence of KMT2A/AFF1 rearrangement detec-
ted by cytogenetics. Two months later, the patient experienced 
a relapse with 68% blasts characterized by the immunopheno-
type shown in (Figure 3). Briefly, the blasts expressed B-lymphoid 
lineage markers, including CD19, cCD79a, cCD22, TdT. Although 
the myeloid lineage marker MPO was not strongly expressed, the 
blasts also express CD15, CD65a and weak CD33. Given the cyto-
genetic finding of recurrent KMT2A/AFF1 fusion, a diagnosis of B/
Myeloid mixed-phenotype acute leukemia was considered [13].

Blinatumomab salvage therapy was initiated, but complica-
tions arose with Cytokine Release Syndrome (CRS), requiring 
treatment with Tocilizumab and Dexamethasone. After discharge, 
the patient aspirated on food and was readmitted one day later 
for aspiration pneumonia complicated by septic shock, acute hy-
poxemic respiratory failure and hypoxic encephalopathy. Despite 
intubation and pressor support, the patient rapidly deteriorated, 
becoming bradycardic and hypotensive. The patient passed away 
20 days after his most recent relapse and 181 days after initial 
diagnosis.

Discussion

In general, leukemic cells adhere to their lineage characteris-
tics throughout the therapeutic process. Although rare, conver-
sions of leukemic cell lineage (lymphoid or myeloid) have been 

Figure 1: Initial diagnosis of B-ALL.

Figure 2: Lineage switch to AML.

Figure 3: Relapse B/MMPAL.
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reported, commonly in pediatric patients. The precise mechanism 
of lineage switches still remains unclear. One prominent proposed 
mechanism contributing to lineage switch is genetic mutations. 
Within the reported lineage switch cases the most strongly as-
sociated genetic mutations are those involving rearrangement of 
KMT2A(11q23) gene (KMT2Ar), specifically, t(4;11)(q21;q23) rear-
rangement with KMT2A/AFF1 fusion protein [14]. KMT2A/AFF1 is 
almost exclusively associated with B cell ALL, and is relatively rare 
in adult B-ALL compared to pediatric cases [6,15]. The presence 
of KMT2A/AFF1 may confer a higher degree of development plas-
ticity to leukemia cells allowing the cells to transition between 
different lineages [9,16]. ASXL1 mutations have been frequently 
identified in various myeloid malignancies, including Myelodys-
plastic Syndrome (MDS) and Acute Myeloid Leukemia (AML), and 
are associated with poor prognosis [17-19]. There have been rare 
reported cases of MDS with ASXL1 mutations progress to Acute 
Lymphoid Leukemia (ALL) [20]. However, direct evidence of ASXL1 
mutations involvement in AML or ALL lineage switch to mixed 
phenotype acute leukemia has not yet been reported.

In our case, the patient’s initial presentation was B-ALL with 
KMT2A/AFF1. After induction chemotherapy, lineage switched 
to AML with no KMT2A/AFF1, but ASXL1 mutation and RUNX1-
RUNX1T1 fusion transcripts were detected. Although there have 
been incremental cases reported where CD19 targeted therapy 
induced lineage switch in acute B-lymphocytic leukemia, the 
lineage switch in our case occurred prior to Blinatumomab treat-
ment. Induction chemotherapy itself does not directly induce 
specific genetic mutations like ASXL1 and/or RUNX1-RUNX1T1. 
We can speculate that there were two distinct leukemic clones 
in the initial presentation. The standard ALL chemotherapy regi-
mens Vincristine/Dexamethasone may have led to the expansion 
of existing myeloid lineage subclone. After lineage switch from B-
ALL to AML, post Azacytidine/Venetoclax treatment, the lineage 
conversion to B- and myeloid Mixed Phenotype Leukemia (MPAL) 
was also attributable to high leukemic plasticity associated with 
the KMT2A/AFF1 fusion gene. One of the important experiences 
gained from this case is that when a B-ALL case with KMT2A/AFF1 
(or other KMT2A rearrangement) mutation is diagnosed, testing 
myeloid leukemia genetic panel including ASXL1, RUNX1-RUN-
X1T1, etc, might be beneficial.

Conclusion

In summary, the reported case with co-occurrence of KMT2A-
rearrangement, ASXL1 mutation and RUNX1-RUNX1T1 fusion in 
the context of repeated lineage switch represents an extremely 
complex and challenging clinical scenario. This interplay between 
multiple genetic abnormalities underscores the dynamic nature of 
leukemia and the challenges it presents in clinical management. 
This case emphasizes the critical role of precise genetic characte-
rization and individualized treatment planning in optimizing out-
comes for patients with complex and evolving leukemia subtypes.

New findings

This report details a rare case of lineage switch in acute leu-
kemia in an elderly patient. Initially diagnosed with B-ALL with 
KMT2A/AFF1, the patient’s leukemia transitioned to AML post- 
chemotherapy, lacking KMT2A/AFF1, and later evolved into MPAL 
with KMT2A/AFF1 upon relapse. The AML phase showed ASXL1 
mutations and RUNX1-RUNX1T1 fusion. This indicates the pos-

sible emergence of distinct leukemic clones across phases, highli-
ghting diagnostic and therapeutic challenges. The rapid transition 
suggests clonal selection by therapy or subclone evolution, un-
derscoring the need for further investigation.
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