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Abstract 
Mixed phenotype acute leukemia (MPAL) with both B and T cell features is incredibly rare and tough to pin down. In this 
form of acute leukemia, the cancerous cells carry markers from more than one blood cell type. MPAL makes up less than 5% 
of all acute leukemia cases, but it’s more aggressive than the usual types. It often shrugs off standard chemo, which makes 
things even harder for patients. 
Here’s the case: a 77-year-old man came in feeling weak, and his white blood cell count wouldn’t come down. When doctors 
checked his bone marrow, they found two separate groups of abnormal cells—one with B-cell markers, the other with T-cell 
markers. Molecular tests showed he had the BCR-ABL1 p190 fusion transcript. 
This case really shows why it’s so important to use detailed cell marker testing and molecular analysis for MPAL. Without 
that, it’s easy to miss or misdiagnose. Getting the diagnosis right matters—it’s the only way to pick the right, targeted treatment 
for patients facing this rare and stubborn leukemia. 
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Introduction 

Mixed phenotype acute leukemia, or MPAL, is a rare 
type of acute leukemia—only about 2% to 5% of cases 
fall into this category. What makes MPAL different is 
the way the cancerous cells, or blasts, show antigens 
from more than one blood cell lineage: myeloid, B-
lymphoid, or T-lymphoid [1]. The World Health 
Organization calls MPAL “acute leukemia of 
ambiguous lineage.” That’s just a way of saying the 
blasts don’t fit neatly into one group. Sometimes, 
you’ll see two separate groups of blasts, each sticking 
to its own lineage (that’s bilineage leukemia) [2]. 
Other times, one group of blasts shows markers from 
multiple lineages (biphenotypic leukemia). And 
sometimes, you get a mix of both [3]. We almost never 
see both B- and T-lineage antigens together, either in 
the same group of blasts or in separate ones [4]. This 
particular B/T lineage version of MPAL pops up so 
rarely in medical literature that we don’t know much 
about how it looks in patients, how it behaves, or what 
it means for prognosis [5].  
Diagnosing MPAL—especially the B/T cell kind—
relies heavily on detailed immunophenotyping using 
flow cytometry [6]. Molecular testing helps too, 
especially when you’re looking for genetic quirks like 
the BCR-ABL1 fusion gene. The p190 version of this 

gene, which comes from the e1a2 transcript, usually 
shows up in acute lymphoblastic leukemia and is 
rarely found in MPAL [7].  
Here, we describe a rare case of MPAL in an older 
man, where blasts from both B- and T-cell lineages 
appeared. Flow cytometry picked up two separate 
groups of lymphoblasts, and molecular tests 
confirmed the presence of the BCR-ABL1 p190 
transcript. Cases like this really drive home how tricky 
MPAL can be to diagnose and why it’s so important 
to use both immunophenotypic and molecular tools 
to get the full picture [1].  
 

Case Presentation 

Mixed phenotype acute leukemia (MPAL) with both 
B and T cell features isn’t something you see every day. 
Here’s what happened with this patient: a 77-year-old 
man, already dealing with diabetes, high blood 
pressure, osteoarthritis, and an enlarged prostate, 
came in after a month of just feeling weak all over and 
fighting off cellulitis in his left leg. 
When the doctors ran bloodwork, he turned out to 
be anemic and had high white blood cell counts, but 
his platelets were fine. The cellulitis cleared up once 
he started antibiotics, but the high white count stuck 
around. A closer look at his peripheral blood smear 
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showed a leukoerythroblastic pattern with extra 
basophils and eosinophils, and some atypical 
mononuclear cells. On examination, there were no 
swollen lymph nodes, and his liver and spleen felt 
normal. 
Bone marrow aspiration told more of the story: about 
33%of the cells were blasts—small to medium, big 
nuclei, not much cytoplasm, fine chromatin, and the 
nucleoli were hard to spot. The normal blood cell 
production was clearly suppressed. (Figure:1) 
They ran flow cytometry on the bone marrow. It 
picked up two different blast populations based on 
CD45 levels and side scatter. One group (22%) had 

dim CD45 and showed T-cell markers: cytoplasmic 
CD3, CD5, CD7, dim CD4, CD34, and TdT. The 
other group (19%) also had dim CD45, but these cells 
had B-cell markers: CD19, CD22, cytoplasmic 
CD79a, CD10, TdT, CD34, HLA-DR, CD9, CD38, 
and CD58. (Figure:2) 
On top of that, molecular tests found the BCR-ABL1 
p190 fusion transcript (the e1a2 variant), which is the 
minor breakpoint cluster. All of this pointed to an 
MPAL, B/T cell type, with the BCR-ABL1 p190 
fusion. The team moved fast and started him on 
intensive chemotherapy. 

 

 
Figure 1: Bone marrow aspirate cytology showed that primitive immature lymphocytes. 

 

 
Figure 2(a): B/T lymphoid MPAL: The blasts are CD 45 negative and expressed Stem cell marker TdT; B cell markers 

cCD79a and T cell markers cCD3 
 

 
Figure 2(b): B/T lymphoid MPAL: The blasts are CD 45 negative and expressed Stem cell marker TdT, CD34; B cell 

markers CD19 and T cell markers cCD3 
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Figure 2(c): B/T lymphoid MPAL: The blasts are CD 45 negative and expressed; B cell markers cCD79a, CD19, CD22 and 

T cell markers cCD3, CD7, dim CD4. 
 

Discussion 

Mixed-phenotype acute leukemia (MPAL) remains a 
diagnostically challenging and biologically 
heterogeneous entity [8]. The current WHO/ICC 
frameworks explicitly recognize MPAL (acute 
leukemia of ambiguous lineage) as a group in which 
lineage assignment requires integrated interpretation 
of immunophenotype, cytogenetics, and molecular 
findings — and they single out MPAL with defining 
genetic abnormalities (for example, BCR-ABL1) as 
discrete, clinically important subtypes [9]. This 
modern, genetics-forward classification underscores 
why the finding of BCR-ABL1 in a case of ambiguous 
lineage should drive both diagnostic labeling and 
therapeutic planning [10]. 
Our patient’s marrow demonstrated two discrete 
lymphoid blast populations — one T-lineage and one 
B-lineage — meeting bilineage MPAL criteria. B/T-
lineage MPAL (either biphenotypic or bilineage with 
separate populations) is very uncommon; most 
reported MPALs are myeloid plus lymphoid 
(B/myeloid or T/myeloid) [11]. 
The BCR::ABL1 fusion in MPAL represents less than 
0.5% of all acute leukemia cases and occurs in 15% to 
20% of MPAL cases, making it the most prevalent 
cytogenetic alteration found in MPAL.(12) Most of 
these transcripts arise from chromosomal breakpoints 
located in BCR introns 1, 13, or 14 and in ABL1 
intron 1 (identified as e1a2, e13a2, or e14a2, 
respectively). Different BCR::ABL1 fusion proteins, 
including p210, p190, p230, and atypical forms, can 
be produced depending on the precise breakpoints; 
MPAL patients are more likely to have the p190 
variant of BCR::ABL1 than the p210 variant [13]. The 
cytogenetic and molecular abnormalities of MPAL 
with atypical BCR::ABL1 are extremely poorly 
studied [14]. There is no prior documentation of the 
atypical BCR::ABL1 e13a3 fusion found in our case. 
Exon e13 (b2) from the BCR gene and exon a3 from 

the ABL1 gene directly fuse to produce the e13a3 
transcript, which results in the ABL1 gene's exon a2 
being omitted. The SH3 domain, which is encoded by 
this exon and is essential for the negative regulation 
of BCR::ABL1 kinase activity, suggests that the e13a3 
transcript may modify BCR::ABL1 mediated 
signaling pathways [15]. The absence of the SH3 
domain may have an impact on downstream signaling 
pathways, like the STAT5 pathway, which may then 
have an impact on leukemic cells' proliferative 
behavior. According to recent research, this transcript 
may affect molecular remission rates, the response to 
tyrosine kinase inhibitors, and the possibility of 
treatment-free remission following therapy 
discontinuation [16]. 
Currently, there is no established consensus on 
treating Philadelphia chromosome-positive (Ph+ 
MPAL), and reports on cases with the atypical e13a3 
BCR::ABL1 fusion are especially rare. Treatment for 
MPAL with BCR::ABL1 typically includes tyrosine 
kinase inhibitors combined with ALL chemotherapy, 
followed by allogeneic stem cell transplantation when 
feasible.(15) Studies show that MPAL patients with 
the Ph+ chromosome generally have a poor prognosis, 
with a median survival of 8 months compared to 139 
months for those with normal karyotypes. Ph+ MPAL 
displays features of both acute lymphoblastic 
leukemia (ALL) and AML, so leukemia cells may not 
respond fully to regimens targeting only ALL or AML 
[17]. 
There are currently few systematic studies on the 
transcriptome and genomic features of Ph + MPAL 
[18]. The presence of mutations in IKZF1, CUX1, and 
BCORL1, each of which has definite or potential 
clinical significance, suggests a poor prognosis in this 
case [19]. 
 

Conclusion 
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To sum up, accurate diagnosis and categorization of 
MPAL are crucial. To enable accurate clinical therapy 
and prognosis assessment, thorough investigation 
utilizing a variety of techniques, including 
morphology, immunophenotype, genetics, and 
molecular biology, is crucial. These finding provides 
fresh insights into the diagnosis and treatment of Ph 
+ MPAL. 
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