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Background

Mixed-phenotype acute leukemia (MPAL) is rare

Heterogeneous group of rare leukemias where assigning a
single lineage of origin is not possible

Defined by limited set of lineage-specific markers

Multipotent progenitor cells can differentiate into both myeloid
and lymphoid lineages

Factors possibly related:
« Viral infection
« Hereditary factors
« Radiation exposure
« Chemical exposure

Association with several mutations, most common being
t(9;22) and MLL gene rearrangement at 11g3.
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Diagnosis

Patients diagnosed have >20% blasts in blood or marrow (or less in cases of
chromosomal translocations and extramedullary presentation).
“Sometimes the immature cells display cytochemical and/or
immunophenotypic features of both lineages (biphenotypic) or there are
different populations of leukemia cells (bilineal).”
Symptoms due to bone marrow damage:

* Bruising

* Anemia

* Persistent fever

* Septicemia
Symptoms due to leukemic cells infiltrating into tissues:

* Lymphadenopathy

* Joint pain

e Swelling of the gums

* Heptoslenomegaly

* Headache/vomiting

e Skin nodules or “lumps”
Diagnosis cannot be based on morphology alone




Does leukemia satisfy criteria for
both myeloid and lymphoid
lineages based on WHO 2008°

L ves

Does leukemia meet criteria for
another AML WHO category®?

Yes

Diagnostic criteria for BAL and MPAL

o

Points B lineage T lineage Myeloid lineage
2 CD7% CD3 (cyt/m) Anti-MPO
oyt IgM anti-TCR o/
Cyt CD22 anti-TCR y/&
1 CD19 CD2 CD13
CcD10 DS CD33
CD20 CcD8 COw6S
CD10 CD117
0.5 TdT TdT CD14
cD24 co7 CD15
CD1a CD64

"According to the EGIL criteria, biphenotypic leukemia (BAL) is diagnosed when scores are >2 for the
myeloid and one of the lymphoid lineages. A marker is considered positive if more than 20% of cells
stain positive with a monoclonal antibody; a lower threshold of 10% was set for MPO, CD3, CD79a and

TdT.

Abbreviations: cyt, cytoplasmatic; m, membrane; MPO, myeloperoxidase; TCR, T-cell receptor; TdT,
terminal deoxynucleotidyl transferase.

brhe following lineage defining markers are required for assigning more than one lineage to a single

blast population:
1) Mvelold lineage: my (by flow Y, y) or

ytic diff (diffuse for non-specific esterase or expruslon of atleast 2 of the
folwlu CD11c, CD14, CD36, CD64, lysozyme). .

2) T-lineage: cytoplasmatic CD3 (flow mumetry with antibodies to CD3 epsilon chain; caution when

using anti-CD3 in i y as it may not be specific) or surface CD3.
3) B-lineage: strong CD19 with at least 1 of the f g strongly exp CD79a,
CD22, CD10 or weak CD19 with at least 2 of the strongly exp CD79a,

CD22, CD10.

For bilineal MPAL the myeloid component can be recognized when there are 2 or more distinct
populations of blasts, one of which would meet the criteria for AML (need not comprise >20% of

nucleated cells).

“The following subgroups of leukemnia should be defined primarily by their genetic or clinical features
even if they satisfy the above requirements for mutli-lineage A y notion rega

their mixed phenotype should be added: AML with b lities such as d8,21)

t(15;17) or Inv(16), leukemia with FGFR1 mutations, chronic myelold leukemia In blast crisls,
myelodysplasia-related AML and therapy related AML.

Yinclude rare cases where leukemic blasts show evidence of both T and B lineage, trilineage T, B and

myelold or other rare CD79a and CD10 should not be considered as
evidence for B cell differentiation in this setting as they lack specifity.
*These di entities are with lack of definitive lineage i Acute
include that express no lineage specific markers. ‘Other
ig! lineage the rare cases of that express
of lineage associated markers tlm are suggestive but not suﬂdenl for Ilneage ass!gnmem (so called
‘acute unclassifiable leukemias’); Natural killer cell lymphobl is asa

provisional endz in this w

Mixed Phenotype Acute L
(MPAL)

!

Are t(9;22) translocation or BCR-
ABL1 rearrangement present?

Yes

Define leukemia according to
primary WHO diagnosis®

™

Yes

MPAL with t(9;22)(q34;q11.2);
BCR-ABL1

Is t(v;11q23) translocati
present?

lNo

Does leukemia meet criteria for
assignment of both B and myeloid
lineage?

Yes

MPAL with t(v;11q23); MLL
rearranged

™

Does leukemia meet criteria for
assignment of both T and myeloid
lineage?

Yes

MPAL, B/Myeloid, NOS

™

MPAL, NOS rare types®

MPAL, T/Myeloid, NOS

Other entities within ALAL
classification®:

Acute undifferentiated leukemia
Other ambiguous lineage leukemia

(A) EGIL criteria for the diagnosis of biphenotypic acute leukemia (B) 2008 WHO criteria
Ofir Wolach, and Richard M. Stone Blood
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May-Grunwald-Giemsa-stained BM smear showing a
mixed-cell population of large and small blasts
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Dot plots with the blast population highlighted In
blue (R1) and lymphocyte population in green (R2)
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Dot plots with the blast population highlighted In
red (R1) and lymphocyte population in green (R2)
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Infinicyte band representation
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Characteristic morphology
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MPAL case study (FHCRC): Bone marrow aspirate

RESULTS

Blasts

WBCs Blasts Blasts Blasts
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MPAL case study (FHCRC): Bone marrow aspirate

Myelornonocytic Myelomonocytic Mye lomonocytic Myelomonocytic Myelomonocytic
o
a ) O (=) N
9 & & & o
B o o o %
& z z z 0
: 3 8 8 3
CD1S FITC CD4 PE-TR CDE4 FITC HLA-DR PB CD13 PE-Cy7
iable Cells Lymphg{CD45/S5) Bleells (CD19/58) B cells (CD19/88) B cells (CD19/588)
bk g e R
r~ 2 ) i
o+
A 2 & g &
o Q@ s < <
< w & o [
g i 5 3 9
8 8 - - A =
CD19 PE-Cy7 Kappa FITC CD20 ¥450 CD10 APC
ciLymphs Lymphs Lymphs Lymphs
Rt ok -t
-~ Amz o
T O ~ =, e 3 n
o o =+ Q o
a < = W !
=< - o o &
) o w o
o O a & h 3
o o (=}
= 8

CD4 AS24 CD36 PE-CyS

Viable

Viable Viable;

CDZ4 APC
CD34 APC
CD34 APC
cCD79a PE
¢CD3 PE-TR

(s I it mati T mii mi mai e N el e BeAb B
c¢cMPO FITC c¢CD79a PE cCDZ PE-TR ¢MPO FITC c¢cMPOFITC
ing by flow cytometry after lysis of the erythroid cells reveals that the white blood cells consist
of 51 % blasts (CD34+), 6.8 % maturing neutrophilic forms, 4.2 % monocytes, and 30.5 % lymphocytes. The
lymphocytes consist of 20.0 % B cells (CD19+), 63.5 % T cells (CD3+) having a CD4:CD8 ratio of 3.3, and 16.5
% NK cells (CD3-, CD7+).




Treatment

Optimal treatment is still undefined as MPAL is quite rare
Treatment based on:

- Patient age

* Medical history

« Comorbidities

« Blast morphology

« Cytogenetics

* Immunophenotype

* Molecular studies
Patients with 11923 are considered separate entities
Critical to define the Ph* patients so TKI can be added
Most patients get either AML or ALL treatment
AML induction: cytarabine, anthracycline
ALL induction: prednisolone, dexamethasone, vincristine,
asparaginase, daunorubicin
Using both may be associated with superior outcome



Therapeutic approach in patients with MPAL

Mixed phenotype acute leukemia
(MPAL)

l

MPAL with t(9;22){q34;q11.2); BCR-

ABL1?
Yes No
Acute lymphoblastic leukemia — Acute lymphoblastic leukemia —
like chemotherapy like chemotherapy®
+
Tyrosine kinase inhibitor
CR? CR?
No No 1
v
Reassess phenotype * Reassess phenotype
Assess for TKI e Consider AML-like salvage®
resistance/change TKl as Yes
indicated
Consider AML-like salvage®

Allogeneic stem cell transplant Yes
CR? > < CR?
No l No
v
Clinical trial/targeted CR? CR? e Clinical trial/targeted
therapy therapy

I

Relapse

Reasses phenotype

3Consider pediatric inspired protocol if <40 years old (in which case transplant in first remission not
generally indicated)

bFor example High-dose cytarabine and mitoxantrone (HAM).

Ofir Wolach, and Richard M. Stone Blood "
2015;125:2477-2485
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Overall survival of MPAL patients

A Survival : All patients
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Survival by Age
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