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To the Editor,

Ambiguous lineage acute leukemia (ALAL), comprising mixed phenotype acute leukemia
(B/M and T/M MPAL) and acute undifferentiated leukemia (AUL), is a heterogeneous group
of diseases representing about 2-3% of acute leukemias and associated with a poor
prognosis™Z. Numerous primary genetic rearrangements (-r) have been identified such as
ZNF384-r, BCR::ABL1, KMT2A-r and BCL11B-r>*. The translocation t(10;11)(p12;ql4) is a
rare but recurrent known translocation reported both in adults and children with T cell acute
lymphoblastic leukemia (T-ALL), acute myeloid leukemia (AML), and T/M MPAL?”. It leads
to the fusion of PICALM (CALM) at 11g14 with MLLT10 (AF10) at 10p12°. The prognosis of
PICALM::MLLT10 is globally poor in AML and T-ALL’. Herein, we describe a patient
presenting with an acute leukemia initially classified as an AML with PICALM::MLLT10
rearrangement and secondarily reclassified as T/M MPAL according to the genomic profile
and partial lineage shift. This case challenges the WHO classification of T/M MPAL, which is
mainly based on immunophenotypic characteristics.

A 17-year-old boy consulted for asthenia and dyspnea evolving for three weeks. Blood
test showed pancytopenia with 80% blast cells. Bone marrow (BM) aspirate indicated a major
infiltration with 95% blasts with two distinct populations: 15% of large cells with few Auer
rods and 80% of non-granular smaller cells (Figure 1A). Flow cytometry immunophenotyping
(IP) confirmed the presence of these two distinct blast cells populations. The first population
expressed strong myeloid markers (MPO, CD117, CD13, CD33), immaturity marker (CD34)
and CD7. The second and predominant population also expressed CD34 and CD7, but very
weakly CD33 and CD117 and no MPO. Cells did not express T (intracytoplasmic cCD3) and
B lymphoid markers (cCD79a and CD19) (Figure 1B). This patient was therefore considered
as an AML and treated in accordance. Karyotype showed the t(10;11)(p12;g14) associated to

a deletion 9q (46,XY,t(10;11)(p12;914)[4]/46,idem,del(9)(q21934)[13]/46,XY[3]) (Figure



2A). Fluorescence in situ hybridization (FISH) analyses was negative for KMT2A-r but
confirmed the t(10;11)(p12;914) and identified a MLLT10 rearrangement (Figure 2B,2C,2D).
The reverse transcriptase multiplex ligation-dependent probe amplification analysis
highlighted a PICALM::MLLT10 fusion transcript. However, TCR gamma rearrangements
were identified and NGS sequencing showed PHF6 (VAF 84%), U2AF1 (VAF 46%),
NOTCH1 (VAF 44%) and IL7R (VAF 5%) variants strongly suggesting a T lineage®. At the
end of the induction, a new BM aspiration showed a persistent infiltration with 60% of non-
granular small blasts (Figure 1C). Immunophenotyping revealed the disappearance of the
MPO positive myeloid cell population (data not shown) but the persistence of the CD34, CD7
and low CD33 cell population. Due to the T-lineage blast cells genotype, we performed an
additional T-lineage intracytoplasmic staining showing a weak and partial expression (30%)
of cCD3 with no other T markers consistent with an early T-cell precursor (ETP) phenotype
(Figure 1D). Cytogenetic analyses showed the persistence of the t(10;11)(p12;q14) and the
disappearance of the del(9q) subclone. Altogether, these results refined the diagnosis of this
patient which was finally classified as a T/M MPAL. Thus, an ALL-based induction
chemotherapy was administered to the patient which resulted in partial remission (persistence
in the BM of 15% blast cells expressing CD34, CD7, CD33 but no cCD3).

Leukemia classification is a key step of the diagnosis. Beyond the determination of
prognosis, it allows therapy assignment. The management of ALAL remains challenging with
a high risk of resistance. In children, studies showed variable results for overall and event free
survival probably due to the rarity of the pathology, but also to the difficulties and
heterogeneity of the classifications®. Several studies showed that ALL chemotherapy may be
the preferred initial treatment®*°. The 2022 WHO classification simplified the assessment of
ambiguous lineage and mixed phenotype acute leukemia by grouping these diseases into one

single ALAL category?. According to this classification, the T-lineage assignment of T/M



MPAL requires the positivity of CD3 which may be restrictive. In our patient, the myeloid
cell population with Auer rods on morphological analysis, positive expression of MPO in IP,
and the second cell population expressing CD7 without any other T markers led to define this
leukemia as an AML. Several studies highlighted difficulties in defining ETP and immature
T-ALL with an IP that does not fulfill the CD3 criteria. In rare T-ALL cases, cCD3 appears to

be absent while the CD7 is always present*!!

. The use of different permeabilization
techniques may partly explain these difficulties. Thus, IP can misguide the diagnosis of
certain cases of immature T-ALL. In the case investigated here, even if a TCR rearrangement
has been shown to appear in 3 to 14% of AML", all molecular data suggest a T-ALL. This
case highlights phenotypic lineage shift and the value of molecular biology for the
understanding and management of these leukemias. Cytogenetic data can also be helpful
especially in the presence of non-specific lineage rearrangement. Indeed, PICALM::MLLT10
is known to be implicated in AML and T-ALL and is enriched in T/M MPAL®. BCL11B is
also involved in ALAL and it was suggested that this founding alteration arose in

hematopoietic stem cell (HSC)™. Similarly to BCL11B, PICALM::MLLT10 rearrangement

likely occurs in HSC explaining the plasticity of the blast cells observed in this study.
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Figure Legends

Figure 1: Morphology and immunophenotyping of leukemic blasts.

Analysis at initial diagnosis (A & B). (A) May-Griinwald-Giemsa (MGG) stained smears
from bone marrow aspirate showed two populations of blast cells: one with high
nucleocytoplasmic ratio, immature chromatin and non-granular basophil cytoplasm (black
arrow) and the second, larger, with few Auer rods (blue arrow). (B) To determine lineage
markers in the diagnosis of acute leukemia, we use a screening tube (Perfix®, Beckman
Coulter) including CD3-PB, CD45-KrO, Tdt-FITC, MPO-PE, CD34-ECD, cCD79a-PC5,
CD7-PC7, CD13-APC, CD10-AAF700 and CD19-AA750. Cells were also staining with
CD117-PB, CD13-PE and CD33-PC5.5. The two blasts cells population (myeloid in blue and
the other one in black) were gated according to CD45 expression and SSC. Then, dot plots
show the expression of the indicated markers in the two blasts cells population. Thresholds
are set using the control populations (lymphocytes) present in the sample.

Analysis at the end of the induction (C & D). (C) The non-granular blast is the only
population remaining in the bone marrow smears. (D) We performed an additional T-lineage
intracytoplasmic staining (Intrastain®, Dako) using CD45-KrO, Tdt-FITC, CD99-PE, CD5-
PC5.5, cCD3-PC7, sCD3-APC, CD7-AAF700 and CD34-AAF750. Cells were also stained
with cCD79a-PC5, MPO-PE, CD10-AAF700, CD19-AA750 and CD2-FITC. Thresholds are
set using the control populations (lymphocytes) present in the sample. Immunophenotyping
revealed the persistence of the population expressing CD34, CD7 and low CD33 with a weak
expression (30%) of cCD3 and the negativity of the other T lineage markers (CD5, CD2 and
sCD3).

Figure 2: Cytogenetic analysis.

Cytogenetic analysis on bone marrow cells after 48 hours of culture with G-CSF.
(A) R-banded karyotype realized on bone marrow. Partial karyotype showing the reciprocal
translocation t(10;11)(p12;q14). (B) Metaphase FISH using whole chromosome painting of
chromosomes 10 (red) and 11 (green). (C&D) Metaphase and interphase FISH using dual
fusion probe KMT2A::MLLT10 reveals three MLLT10 signals (red) and two KMT2A signals
(green) without fusions highlighting a rearrangement of MLLT10 with another gene than
KMT2A. Of note, one of the MLLT10 signals and a KMT2A signal are localized together (but
without fusion) on the derivative chromosome 10 consistently with the translocation
t(10;11)(p12;914).
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