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Mixed phenotypic acute leukemias (MPAL) are rare hematological malignancies in children, accounting for less

than 5% of pediatric acute leukemias. MPAL are heterogeneous and can exhibit cross-lineage myeloid, B-

lymphoid, or T-lymphoid antigen expression on a single blast population (biphenotypic) or have distinct single-

lineage blast populations (bilineal). Due to phenotypic and genetic diversity, lack of well-defined diagnostic criteria,

treatment resistance, and lineage switch, MPAL often present a diagnostic dilemma, and prove difficult to treat.

mixed-phenotype acute leukemia  MPAL  +  lineage switch  minimal residual disease

treatment

1. Introduction

Biphenotypic MPAL are more common than bilineal MPAL. However, the true prevalence and survival can be

difficult to determine given the various diagnostic criteria utilized, lack of a centralized review of cases, and

treatment protocols that are based on results from retrospective studies. The Children’s Oncology Group Acute

Leukemia of Ambiguous Lineage Task Force reported that routine institutional flow cytometry was insufficient for

the diagnosis of MPAL in about 15% of children, which further highlights the diagnostic challenge faced by

oncologists .

Currently, MPAL are classified based on lineage-specific immunophenotypic markers determined by flow cytometry,

immunohistochemistry, or cytochemistry and primary molecular alteration, and are considered by most co-

operative groups to be high-risk leukemias . The majority of MPAL present as B-lymphoid/myeloid (in about 2/3

cases), with a T-lymphoid/myeloid immunophenotype being the second most common presentation. Rarely, it can

present as B-lymphoid/T-lymphoid or B-lymphoid/T-lymphoid/myeloid subtypes . Myeloid-surface antigen co-

expression does not appear to be prognostic . The classification of MPAL also includes two distinct entities:

MPAL with KMT2A (mixed-lineage leukemia or MLL) rearrangement and MPAL with t(9;22)(q34.1;q11.2); BCR-

ABL1(Philadelphia chromosome positive or Ph+).

After MPAL were recognized as a distinct entity, numerous sets of diagnostic criteria were established, including

the European Group for the Immunological Characterization of Leukemias (EGIL), and most recently the World

Health Organization (WHO) 2016 system (updated from previous WHO 2008 classification), which is being

increasingly utilized for MPAL diagnosis . A hallmark of MPAL in the WHO classification scheme rests on the

fact that other leukemia subtypes (i.e., AML-defining balanced translocations such as t(8;21) that frequently
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expresses multiple B-cell markers) must be excluded prior to the MPAL designation . Given its more widespread

adaption in clinical practice, the World Health organization (WHO) 2016 criteria are presented in Table 1 and Table

2. There are distinct differences between the classification schema, with the European Group for the

Immunological Classification of Leukemias (EGIL) scheme generally considered to be more inclusive, which often

leads to more acute leukemias being classified as MPAL, and a higher incidence of MPAL compared to the WHO

classification. Weinberg et al. published a review looking at 7627 patients (both pediatrics and adults) with

leukemia showing a mixed phenotype incidence of 2.8% using EGIL compared with 1.6% when using WHO 2008

criteria .

Table 1. Criteria for lineage assignment in mixed phenotypic acute leukemia.

Lineage Assignment Criteria

Myeloid Lineage

MPO+ (Flow cytometry, immunohistochemistry, or cytochemistry)
or

Monocytic differentiation (at least two of the following: nonspecific esterase cytochemistry, CD11c, CD14,
CD64, lysozyme)

T-Lymphoid Lineage

Strong * cytoplasmic CD3 (with antibodies to CD3 ε chain)
or

Surface CD3

B-Lymphoid Lineage

Strong * CD19 with at least 1 of the following strongly expressed: CD79a, cytoplasmic CD22, or CD10
or

Weak CD19 with at least 2 of the following strongly expressed: CD79a, cytoplasmic CD22, or CD10

* Strong is defined by equal or brighter expression than normal B or T cells in the sample.

Table 2. WHO 2016 criteria for acute leukemia of ambiguous lineage.

Acute Undifferentiated Leukemia

Mixed-phenotype acute leukemia (MPAL) with t(9;22)(q34.1;q11.2); BCR-ABL1

MPAL with t(v;11q23.3); KMT2A rearranged

MPAL, B/myeloid, NOS

MPAL, T/myeloid, NOS
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Further classification of MPAL can be implemented utilizing the mutational status of the leukemia. Most MPAL have

an abnormal and often complex karyotype, with t(9;22) mostly identified in adult or older patients, whereas t(v;

11q23) (AFF1 is the most common fusion partner of MLL) is primarily seen in infant B/myeloid MPAL . Matutes et

al. looked at 100 MPAL patients diagnosed using the WHO 2008 criteria and found that the most common

abnormality was a complex karyotype in 32% of patients, t(9;22) in 20%, and normal karyotype in only 13% .

Less commonly, chromosome 1, 6, and 12 deletions; trisomy 4; and near-tetraploidy have been reported .

These mutations aid in subclassification but the therapeutic and prognostic importance is still under appreciated.

2. Treatment of MPAL

Historically, MPAL have inferior outcomes and a high risk of induction failure, compared with ALL/AML, and are

treated per high-risk leukemias protocols . Poor prognostic factors include: an older age at diagnosis, higher

white blood cell (WBC) count at presentation, T-lymphoid/myeloid phenotype, adverse cytogenetics (such as a

KMT2A/AFF1 rearrangement), extramedullary disease at diagnosis, and MRD positivity . There have been

various chemotherapy approaches for the treatment of MPAL including acute ALL, AML, and hybrid ALL/AML (such

as FLAG (fludrabine, cytarabine, granulocyte-stimulating factor)-IDA (idarubicin) with vincristine and prednisone

(VCR-PRED) or hyper-CVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone) regimens) 

. Optimal therapy remains a subject of controversy and differences between adult and pediatric treatment

approaches are often striking .

St. Jude Children’s Research Hospital reviewed outcomes of 35 pediatric MPAL patients (treated from 1985 to

2006) and reported that the majority (65%) of the patients received AML induction chemotherapy with cytarabine,

daunomycin, and etoposide, while 35% of the patients received ALL four-drug induction . In this review, of the

patients treated with upfront AML therapy, 12/23 (52%) achieved complete remission compared with 10/12 (83%)

with ALL therapy. Interestingly, 8/10 (80%) of patients who did not achieve complete remission (CR) with AML

therapy went into remission after being switched to ALL-like induction therapy . Long-term survival was achieved

in 17 out of 35 patients (5 patients treated with AML therapy and 12 patients treated with ALL therapy either upfront

or after initial AML failure). The same study compared historical survival rates, comparing MPAL with standard ALL

therapy to AML therapy. The 5-year survival estimates for MPAL (combined B/myeloid and T/myeloid) were 47.8%

± 11.5%, similar to that of AML (56.5% ± 3.5%), but were significantly less than patients receiving ALL therapy at

84.6% ± 1.1% .

Previous studies on adults have shown that the historical 4-year survival for adult MPAL is less than 10% . A case

series of 100 MPAL patients by Matutes et al. further showed that older patients had inferior survival compared with

patients less than 15 years of age . In this case, series median survival in adults was 11.8 months compared

with 139 months in children. A similar pattern was seen in patients treated with ALL therapy, with a median survival

of 139 months compared with 11 months with AML therapy and 3 months with a hybrid approach .

However, more recently, due to improved diagnostic criteria and genomic techniques, and the observation that

ALL-like regimens in both pediatric and adult populations are associated with superior treatment response, the
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treatment landscape has clearly changed .

Several other studies have also investigated optimal upfront therapy for patients with MPAL, and support that

notion that ALL treatment regimens tend to lead to better overall survival than AML-based regimens 

. The BFM group international pediatric cooperative study (AMBL2012) demonstrated a superior outcome

when patients were treated with ALL primary therapy with a 5-year event-free survival (EFS) of 80% ± 4%

compared with AML therapy (36% ± 7.2%) or hybrid ALL/AML therapy (50% ± 12%) . In particular, ALL/AML

hybrid approach in KMT2A-rearranged patients resulted in a subpar 5-year EFS of only 28% . A 2018 systematic

review from Maruffi et al. looked at over 1300 adults and children diagnosed with MPAL and showed that ALL

induction regimen was more likely to lead to remission (OR = 0.33) and improved overall survival (OR = 0.45)

compared to AML-like treatment protocols, or an even worse outcome associated with hybrid regimens .

Additionally, a recent multi-center analysis showed that ALL induction therapy was able to achieve MRD negative

remission by the end of induction in a majority of patients (70%) . Even in studies showing similar survival

benefits between ALL and AML/hybrid regimens, ALL regimens tend to lead to overall decreased morbidity, due to

less toxicity, compared with AML or hybrid-based treatments . Lumbar puncture is recommended at diagnosis to

determine central nervous system (CNS) status for all MPAL patients, as frequency of CNS involvement is higher

. CNS-directed intrathecal chemotherapy is administered, similar to treatment protocols for acute leukemia

with CNS involvement.

A recent review from Children’s Healthcare of Atlanta, highlights that patients with B/myeloid MPAL with isolated

MPO expression might in fact be a unique entity, and have a more favorable response to ALL therapy . In this

review, patients with B/myeloid with isolated MPO had an overall survival rate at 3 years of 100% compared with

63.1% with other MPAL, and interestingly, the degree of MPO positivity was not prognostically relevant . This

highlights that the detection of a B/MPAL phenotype with isolated MPO expression is important, and may allow for

better prognostic information and treatment decisions.

MPAL with KMT2A (MLL) rearrangement, are more common in children than adults, are typically bilineal

(lymphoblasts and monoblasts) but rarely biphenotypic, and are prone to lineage switch . The fusion

partner of MLL1 is a determinant of the leukemic phenotype . For example, MLL-AF4 is predominantly

associated with a lymphoid phenotype and MLL-AF9 with a myeloid phenotype ; however, the role of fusion

partners in determining MPAL phenotype or lineage switch remains unclear . Compared with Ph+ MPAL, the

MLL+ MPAL patients have significantly inferior survival odds (HR = 10.2, p < 0.001) , and are transplanted,

upfront, if induction failure occurs, or at relapse . New emerging targets blocking the MLL fusion complex

are under evaluation, include menin , disruptor of telomeric silencing 1-like (DOTL1) inhibitors , and spleen

tyrosine kinase (SYK) inhibitors .

3. Conclusions and Future Directions

MPAL are a heterogeneous group of leukemias that often have a complex phenotype/genetic basis and historically

have been difficult to diagnose and treat. Despite recent advances in the diagnosis criteria and treatment
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landscape of MPAL, there is still much to learn about this unique subset of acute leukemias. As most current

treatment recommendations are based on retrospective studies, prospective clinical trials standardizing the

treatment regimens and utilizing MRD for assessing treatment response, such as the ongoing COG trial AALL1732,

are urgently needed to solidify a uniform approach for the management of MPAL.
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