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Mixed-phenotype acute leukemia (MPAL) is a rare form of leukemia with ambiguous lineage, and there are
challenges in accurately diagnosing this entity according to formal criteria. Here we report a case which was
initially diagnosed as “AML” based on atypical peripheral blood flow cytometry that was subsequently deter-
mined to be B-ALL with KMT2A rearrangement based on marrow results. Although KMT2A rearrangements
represent a defining genetic abnormality for acute leukemia of ambiguous lineage, this case did not meet the

criteria for MPAL based on WHO 2022 criteria. This case highlights the diagnostic challenges of MPAL and the
potential limitations of the current classification. We discuss the most appropriate workup and management of
these patients and identify areas for future study.

1. Background

There are two main lineages of acute leukemia—Acute Myeloid
Leukemia (AML) and Acute Lymphoblastic Leukemia (ALL), the latter of
which includes precursor B-Lymphoblastic (B-ALL) and T-Lympho-
blastic (T-ALL) leukemias. Mixed-phenotype acute leukemia (MPAL) is a
rare form of acute leukemia with ambiguous lineage and is estimated to
represent <3 percent of acute leukemias [1-4].

The diagnosis of MPAL requires > 20 % leukemic blasts in the blood
or bone marrow and/or extramedullary leukemia with an ambiguous
lineage and cannot be assigned to just one hematopoietic lineage. The
World Health Organization (WHO) 2022 classification groups acute
leukemia of ambiguous lineage (ALAL) and MPAL under a single cate-
gory and subdivides them into either ALAL with defining genetic ab-
normalities or ALAL defined on the basis of immunophenotyping only
[5]. Flow cytometry can reveal bilineal or biphenotypic patterns of an-
tigen expression. Acute bilineal leukemia is composed of two or more
distinct populations of leukemia cells from two different lineages,
whereas biphenotypic leukemia occurs when a single blast cell popu-
lation co-expresses antigens that are characteristic of both lineages.

Lineage assignment depends on the strength of the association be-
tween the antigen and the lineage being assessed, and/or if a coordi-
nated pattern of expression of multiple antigens from the same lineage is
demonstrated. For example, in ALL, myeloid-associated antigens such as
CD33 and CD13 may be expressed, but their presence does not preclude
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the diagnosis of ALL nor are they associated with a poor prognosis.
Instead, the WHO criteria emphasize certain key lineage markers such as
CD19 for B lineage, CD3 for T lineage, and Myeloperoxidase (MPO) for
the myeloid lineage (Table 1) [6]. The WHO classification has individual
laboratories specify thresholds for positivity. There is currently no
consensus cutoff for positive myeloperoxidase expression in acute leu-
kemia, with various groups proposing ranges from 3 to 28 % blasts [5].

Importantly, cases of ALL or AML in which a diagnosis of MPAL is not
being considered do not need to meet these stricter MPAL criteria to
determine the lineage. Similarly, in cases in which two distinct blast
populations can be resolved, it is not necessary that these specific
markers be present. Of note, the 2022 International Consensus Classi-
fication of myeloid neoplasms did not make any changes to their defi-
nition of ALAL, but a working group will report on them separately in
the future [8].

Leukemias with multi-lineage protein expression often respond
poorly to standard chemotherapy and generally have worse prognoses
and outcomes than AML or ALL. Some proposed reasons are that mixed-
phenotype blasts can adapt to therapies and switch phenotypes based on
selection pressure, and that some MPALs may express high levels of
multidrug resistance proteins [9,10].

Due to limited data, particularly in terms of prospective studies,
there is no standard of care or consensus of the optimal treatment for
MPAL. Philadelphia chromosome-positive (Ph+) MPAL appears to
benefit from the incorporation of TKIs [11,12]. For Ph- MPAL, the
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Table 1
World Health Organization (WHO) 2022 lineage assignment criteria for mixed-
phenotype acute leukemia.

Lineage Criterion

B-Lineage

CD19 strong” 1 or more also strongly expressed CD10, CD 22, or
CD79a“

OR,

CD19 weak” 2 or more also strongly expressed CD10, CD22, or
CD79a“

T-lineage

CD3 (CYTOPLASMIC OR Intensity in part exceeds 50 % of mature T-cells level

SURFACE)‘ by flow cytometry or, Inmunocytochemistry positive

with non-zeta chain reagent
Myeloid lineage
Myeloperoxidase Intensity in part exceeds 50 % of mature neutrophil
level
OR,
Monocytic differentiation 2 or more expressed: Non-specific esterase, CD11c,

CD14, CD64, or lysozyme

Data derived from Khoury et al. [7].

# CD19 intensity in part exceeds 50 % of normal B cell progenitor by flow
cytometry.

b CD19 intensity does not exceed 50 % of normal B cell progenitor by flow
cytometry

¢ Provided T lineage not under consideration, otherwise cannot use CD79a.

d Using anti-CD3 epsilon chain antibody.

preponderance of data suggests that most patients will benefit from
starting with an ALL regimen followed by allogeneic stem cell trans-
plantation in first complete remission (CR), as CR duration may be short
[10,13]. For example, a large meta-analysis revealed that MPAL patients
were significantly more likely to achieve CR and twice less likely to die
with an ALL-like induction therapy compared to an AML-like regimen
[14]. Patients <40 years old can be treated with a pediatric-type ALL
regimen and those >40 years old can be treated with an adult-type ALL

Table 2
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regimen. Patients should also have an initial diagnostic lumbar puncture
with intrathecal chemotherapy administered. Treatment failure is
especially challenging given the even more limited data that exist.
Currently, the most common approach is to switch regimens from an
ALL-like regimen if used to an AML-like regimen or vice versa [15].

2. Case presentation

A 69-year-old female with a past medical history significant for
Diffuse Large B-Cell Lymphoma in complete remission status post 6
cycles of R-CHOP completed two years prior presented to the ED with
generalized weakness and bruising. Lab work on presentation was sig-
nificant for a hemoglobin of 9.2 g/dL and platelets of 14 x 10°/L. The
WBC count was 5.9 but a peripheral smear revealed 50-70 % blasts
consistent with a diagnosis of acute leukemia.

Flow cytometry from the peripheral blood revealed an abnormal
blast population expressing CD7 (dim, variable), CD13, CD33, CD19
(dim to negative), CD34 (heterogeneous), CD38, CD45 (dim to nega-
tive), CD64 (heterogeneous), and HLA-DR representing 60 % of total
cells (Table 2). Cytogenetics revealed t(11;19) (q23;p13.3). Based on
these results, the patient was given a diagnosis of ‘acute myeloid leu-
kemia with KMT2A rearrangement.” A bone marrow biopsy was per-
formed, and she was initiated on treatment with venetoclax and
azacitidine.

Two days later, the bone marrow biopsy confirmed acute leukemia
with KMT2A rearrangement with 91 % blasts in a 95 % hypercellular
marrow. However, the blasts expressed B-cell markers CD19 and CD79a
(by both flow and IHC), PAX-5 by IHC, CD58 and CD9 (by flow), and
were negative for myeloperoxidase. Next-generation sequencing
revealed a DNMT3A mutation (VAF 38.6 %). The diagnosis was amen-
ded to acute leukemia best classified as precursor B-lymphoblastic leu-
kemia (pre-B ALL).

Based on the marrow results, the patient’s treatment was then

Differences in peripheral blood immunophenotype and marrow at diagnosis and following each treatment.

Date of Cytogenetics Peripheral Next Flow cytometry Flow cytometry B-cell expression Myeloid cell
bone blasts generation B-cell antigen myeloid cell expression
marrow sequencing blasts% antigens blasts%

biopsy

Initial Diagnosis 11/29/ 46,XX, t(11,19) 91 % (BM) CD19 = 42 %; CD33 = 90 %; CD9, CD19, CD7,CD13,CD33,
Bone Marrow 2022 in 5 cells CD20 = 0 %; CD123 =100 %; CD34, CD38 CD64, CD117,

CD22 =0 % CD79a, PAX5, CD123
CD58, CD200

Initial Diagnosis 46,XX, t(11,19) 68 % DNMT3S CD19+42 % CD33 =90 % CD19, CD34, CD7, CD13, CD33, C

Peripheral in 5 cells (VAF 38.6 %) CD20 =0 % PAX5,HLDA-DR CD38,CD45, CD64
CD22 =0 % (60 %),

Following ALL 1/5/2023 9 % CD19 = 98 %, CD33 = 88 %; CD9,CD19, CD34, CD7, CD11b, CD13,
Therapy with CD20 =0 % CD117 100 %; CD38, CD58, CD33, CD45, CD64,
minihyperCVD CD22 =0 % CD123 =99 % CD200, HLA-DR CD117, CD123

Following 2/2/2023 46XXt(11;19) 89 % CD33 =100 % CD34,CD38, CD4,CD7,CD13,
Blinatumomab (q23p.13)[5]; CD117 = 98 %; CD33,CD34,CD36,
Therapy 46XX[15] CD123 =99 % CD38,CD45,CD64,

CD117,CD123

AML Therapy with 3/27/2023 46XX[20] 1% CD19 = NE%, CD33 = 100 %, CD34, CD9, CD58  CD7,CD13, CD33,

GO CD20 = NE%, CD117 =100 % CD36,CD38,CD45,
CD22 = NE% CD123 =47 % CD64,CD117,
CD123

Menin Inhibitor 6/28/2023 95 % CD19 =0 % CD33 =98 % CD9,CD34,CD58, CD7,CD11b,CD33,
Therapy s/p Cycle CD20 =0 % CD117 =23 % HLA-DR CD38,CD45,CD64,
1 CD22 =0 % CD123 =81 % CD71,CD117,

CD123

Menin Inhibitor 7/26/2023 No Mitosis 17 % CD33 =100 % ; CD34, CD11b,CD13, CD33,
Therapy s/p Cycle CD117 = 8 %; CD36,CD38,CD45,
2 CD123 =96 % CD117, CD123,

Lysozyme

Menin Inhibitor 9/13/2023 46XXt(11;19) 6 % CD33 = 100 %; CD34 CD4, CD7,CD13,

Therapy s/p Cylce
4

(g23;p.13.3) [2]
46XX[18]

CD117 = 98 %;
CD123 =100 %

CD11b,CD33.CD38,
CD45, CD64,CD117,
Lysozyme
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switched to the mini-hyperCVD regimen (cyclophosphamide 150 mg
every 12 h days 1-3, vincristine 2 mg IV on days 1 and 8, methotrexate
12 mg IT on day 2, cytarabine 100 mg IT on day 8, dexamethasone 20
mg PO days 1-5). Of note her blasts were negative for CD20 and CD22
and molecular testing did not show clonal rearrangement of the IGH or
IGK gene regions.

Because of persistent cytopenias despite the administration of
growth factor, a bone marrow biopsy was repeated and revealed a
markedly hypocellular marrow (<5 %) with residual acute leukemia (9
% blasts) with similar immunophenotype as the diagnostic specimen.

She received blinatumomab for refractory disease for one cycle with
persistence of pancytopenia and new emergence of circulating blasts.
Follow-up bone marrow revealed a hypocellular marrow (20 %) with 89
% blasts expressing CD117 and negative for CD34, Pax5, CD19, Tdt,
myeloperoxidase, E-cadherin, and CD61. The phenotype differed from
the diagnostic specimen with loss of CD19 expression and strong
expression of CD33.

She was then treated with gemtuzumab ozogamicin 4.5 mg IV on
days 1, 4, and 7 to target CD33-positive blasts. Follow-up bone marrow
biopsy revealed a hypocellular marrow (10 %) with no morphological
evidence of involvement by acute leukemia. Flow demonstrated
measurable residual disease with 0.4 % of abnormal cells expressing
CD33 and CD117. She had a prolonged delay in treatment of 4 months
due to cytopenias and debility. She then developed circulating blasts in
conjunction with a hypocellular marrow (overall 15 %) with 59 % blasts
expressing CD33, 117, 123, and negative for CD19 and PAXS5.

She recently enrolled in a clinical trial with a novel menin inhibitor
and achieved stable disease. After 4 cycles of therapy, repeat marrow
shows a hypocellular bone marrow (overall 15 %), with decreased tri-
lineage hematopoiesis, multilineage dyspoiesis, and 6 % blasts. Blasts
appear negative for CD34, CD 117, and CD19, and positive for CD33,
CD117, and CD123.

3. Discussion

Here we report a case in which an atypical flow cytometric profile
was initially labeled as ‘AML,’ treatment was initiated, and subsequently
based on additional testing the patient was given a diagnosis of B-ALL
with KMT2A rearrangement. KMT2A (MLL) rearrangements represent a
defining genetic abnormality for ALAL, as well as for both AML and ALL.
More than 80 fusion partners with KMT2A have been described, and
some rearrangements may be cryptic on conventional karyotyping.
Despite a high suspicion for MPAL, our case never met the formal WHO
2022 criteria for MPAL. Specifically, MPO was negative, and there were
not >2 monocytic differentiation markers present to fulfill the myeloid
lineage requirement. Moreover, over the course of treatment, although
the immunophenotype changed with loss of B-cell markers, a bilineage
MPAL was still never able to be diagnosed.

There is some precedence for this; for example, ZNF384-rearranged
ALL is known to often have lineage ambiguity with aberrant myeloid
antigen expression not rising to the definition of MPAL [13]. Shifts in
lineage during disease evolution suggest that ALL with these alterations
can retain multi-lineage potential. More rarely, in addition to our report,
KMT2A-rearranged B-ALL has also been noted to exhibit this behavior
following treatment with Blinatumomab [16-18].

Given the known challenges of accurately diagnosing MPAL,
including operator-specific flow cytometric analyses, biological hetero-
geneity, and low disease incidence, it is likely that the classification of
this entity will continue to evolve over time due to additional advances
in our understanding both of MPAL and the other acute leukemias. For
now, as shown in our case, some acute leukemias otherwise considered
to be MPAL will continue not to meet the formal criteria and thereby
illustrate the potential limitations of the current WHO system. It is also
important clinically to be aware that shifts in lineage can occur without
reaching MPAL diagnostic thresholds, yet still impact treatment. Ulti-
mately the clinical phenotype supersedes the label applied, particularly
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in KMT2A rearranged ALL with known ambiguous
characteristics.

From a practical standpoint, if the flow cytometry diagnosis is un-
clear, it may be prudent to await the results of comprehensive bone
marrow testing including immunohistochemical and/or cytoplasmic
testing before initiating treatment. Clinicians and pathologists should
provisionally label the disease as a generic ‘acute leukemia’ until the
lineage status can be confirmed to avoid confusion.

Incorporating measurable residual disease (MRD) assessments into
cases such as ours in which lineage shifts occur may be particularly
challenging and requires further study. Because of the evolution of
clonal populations and their immunophenotypes over time and treat-
ment regimens, a wider net of flow cytometry markers may need to be
cast to monitor for disease changes.

Finally, after failing approaches directed at both lymphoid and
myeloid markers, the patient was enrolled in a clinical trial of a menin
inhibitor. Menin inhibitors have demonstrated early evidence of clinical
activity in both AML and ALL [19]. Additional research is needed to
determine whether targeting specific underlying molecular abnormal-
ities of MPAL/shifting lineage acute leukemias rather than focusing on
lineage-specific approaches may be more fruitful than chasing their
more malleable immunophenotypes.

lineage
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