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Abstract

A 26-year-old man was diagnosed with B/T-type mixed-phenotype acute leukemia
(MPAL-B/T) based on blasts being positive for CD19, cytoplasmic CD3, and cyCD79a,
but negative for myeloperoxidase. Acute lymphoblastic leukemia-based chemotherapy
was started, but the leukemia was refractory. He underwent cord blood transplanta-
tion with the conditioning regimen of total body irradiation plus cyclophosphamide and
cytarabine with granulocyte-colony stimulating factor priming. Prophylaxis for graft
versus host disease was performed with short-term methotrexate and cyclosporin. The
leukemia relapsed in bone marrow 20 months later. At that time, he was treated with
inotuzumab ozogamicin because the blasts expressed CD22 (75.4%), but this was inef-
fective. He was next administered blinatumomab with dexamethasone pretreatment,
resulting in a complete remission (CR). He subsequently underwent human leukocyte
antigen-haploidentical peripheral blood stem cell transplantation. He has still main-
tained a CR for 12 months. Blinatumomab might be a promising treatment and a bridge

to stem cell transplantation even in relapsed/refractory CD19-expressing MPAL-B/T.
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Survival rates of patients with MPAL are generally higher with
acute lymphoblastic leukemia (ALL)-type therapy than with acute myel-

Mixed-phenotype acute leukemia (MPAL) is classified as an acute
leukemia of ambiguous differentiation [1, 2] and is characterized by
the presence of two or more differentiation lineages. It accounts for
1.6%-2.4% of all acute leukemias [3-5]. The disease concept of MPAL
was established through advances in flow cytometry, which showed
that B/myeloid lineages account for 58% of MPAL cases, followed by
T/myeloid lineages (36%), with other combinations are extremely rare

[3].

ogenous leukemia-type therapy [6]. However, no treatment has been
established for relapsed/refractory (R/R) MPAL, the prognosis of which
is dismal [6].

Blinatumomab is a bispecific T-cell engager antibody construct that
simultaneously binds to CD3-positive cytotoxic T-cells and CD19-
positive ALL blasts. Treatment with blinatumomab has improved the
outcomes in patients with R/R B-ALL [7, 8]. In this report, we describe a
case of R/R MPAL with B/T lineages, in which the patient relapsed after
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FIGURE 1

Imaging of the anterior mediastinal tumor. Computed
tomography shows a large tumor (arrow) in the anterior mediastinum
(A: sagittal image; B: coronal image).

cord blood transplantation (CBT) and was treated with blinatumomab,
resulting in complete remission (CR). Human leukocyte antigen (HLA)-
haploidentical peripheral blood stem cell transplantation (PBSCT) was
subsequently performed, and the patient has maintained CR for 12

months.

2 | CASE PRESENTATION

A 26-year-old man was admitted to our hospital with leukocyto-
sis. At admission, hemogram revealed a white blood cell count of
28.3 x 107/L (blasts 93.0%), accompanied by anemia and throm-
bocytopenia. Computed tomography showed a large tumor in the
anterior mediastinum (Figure 1). Bone marrow examination revealed
marked hypercellularity with 93.0% blasts (Figure 2A). Flow cytom-
etry showed that the leukemic blasts were positive for CD7, CD10,
CD19, CD34, cytoplasmic (cy)CD3, cyCD79a, and terminal deoxynu-
cleotidyl transferase, but negative for CD3 and myeloperoxidase
(Figure 2B). Cytogenetic analysis demonstrated a normal karyotype.
BCR:ABL1 or KMT2A gene rearrangement was not found. In addi-
tion, no T-cell receptor or immunoglobulin chain rearrangement
was observed. Based on these results, the patient was diagnosed
with MPAL, B/T (MPAL-B/T), according to the diagnostic criteria for
MPAL [1].

He was treated with ALL-type therapy, but CR was not achieved.
He received an HLA 2 locus mismatched CBT, following the condition-
ing regimen of total body irradiation (12 Gy) plus cyclophosphamide
(60 mg/kg x 2) and cytarabine (2 g/m? x 4) with granulocyte-colony
stimulating factor priming at 7 months after disease onset, resulting in
CR. Prophylaxis for graft versus host disease (GVHD) was performed
with short-term methotrexate and cyclosporin. The patient developed
Grade Il acute GVHD (skin stage 3, gut stage 1) on Day 28, which
resolved by treatment with prednisolone.

At 20 months after CBT, leukemia relapsed in bone marrow
with 84.8% blasts. The blasts showed a similar MPAL-B/T pheno-
type (Figure 2C). The chimerism test showed mixed chimerism with
80.3% of the recipient type. He was first treated with one cycle of

inotuzumab ozogamicin (Day 1: 0.8 mg/m?; Day 8, 15: 0.5 mg/m?)
because the blasts expressed CD22 (75.4%). Thereafter, bone mar-
row resulted in an almost dry tap due to 82.4% of remaining blasts.
Flow cytometry revealed high expression of CD19 (87.3%) and cyCD3
(84.9%), but decreased CD22 expression (11.9%) compared with
baseline.

We next administered blinatumomab (one cycle: Day 1-7: 9 ug; Day
8-28: 28 pg) in view of the high CD19 expression on blasts, and some
reported cases of CD19 expressed MPAL being successfully treated
with blinatumomab [9]. CD45M&"CD3+ cells (30.2%) were found
in peripheral blood immediately before the start of blinatumomab
treatment. He achieved CR after one cycle of blinatumomab with
dexamethasone pretreatment (10 mg/m? for 5 days). No toxicities
related to the administration of blinatumomab emerged.

It was difficult to find a suitable HLA-matched donor or cord blood
during his CR. We, therefore, opted for HLA-haploidentical PBSCT
from his sibling. After three cycles of blinatumomab treatment (at 27
months after the CBT), HLA-haploidentical PBSCT was performed with
the following conditioning regimen: 30 mg/m? fludarabine for 5 days,
3.2 mg/kg busulfan for 4 days, 4 Gy total body irradiation, and post-
transplantation cyclophosphamide (50 mg/kg for 2 days). A total of
3.24 x 10%/kg CD34+ cells were infused. Prophylaxis for GVHD was
performed with tacrolimus and mycophenolate mofetil. On Day 18
after transplantation, engraftment was confirmed. Acute GVHD did
not occur. As of this writing, he has maintained CR for 12 months with
mild chronic GVHD.

3 | DISCUSSION

MPAL usually harbors chromosomal abnormalities, such as the
Philadelphia chromosome or 11q23 rearrangement (KMT2A mutation)
[1, 2]. Our case showed no chromosomal abnormalities at the time of
initial diagnosis. A normal karyotype is reported in 13% of MPAL cases
[3]. Genetic analyses have revealed various genetic abnormalities in
MPAL, such as TP53, WT1, RUNX1, KMT2D, and FLT3 mutations [10,
11]. Mi et al. reported that genomic analysis of MPAL-B/T showed that
its features are more similar to T-cell ALL than to B-cell ALL, especially
early T-cell precursor ALL [10]. Our patient had a mediastinal tumor,
which is usually found in T-cell ALL and is extremely rare in MPAL.
Although we did not perform a genetic analysis of our patient, genetic
factors may have contributed to the formation of the mediastinal
tumor if his genetic pattern was similar to that of T-cell lineage
leukemia.

The treatment of R/R MPAL remains challenging. It has been
reported that the patients with R/R CD19-positive MPAL-B/myeloid
improved with blinatumomab [9, 12-14]. One patient with relapsed
CD19-positive MPAL-B/T achieved CR with blinatumomab, but
declined the further treatment, relapsed 1 month later, died of sepsis
[12].

Our patient was administrated blinatumomab, resulting in CR.
Although we did not examine the T lineage in the chimerism test
between the recipient and donor, many CD45MghCD3+ cells (30.2%),
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FIGURE 2 Bone marrow examination. (A) At the initial diagnosis, a bone marrow smear showed the presence of blasts with a high
nuclear-cytoplasmic ratio, scant agranular cytoplasm, and prominent nucleoli (May-Griinwald-Giemsa stain: x1000). (B) Flow cytometric analysis
of bone marrow at diagnosis revealed that the blasts were positive for CD7,CD10,CD19, CD34, cytoplasmic (cy)CD3, cyCD79a, and terminal
deoxynucleotidyl transferase (TdT), but negative for CD3 and myeloperoxidase. (C) At the relapse in bone marrow, blasts in the marrow showed a
similar phenotype with positivity for CD7,CD19,CD22,CD34, cyCD3, cyCD79a, and TdT.

which were considered normal T cell, were found in peripheral blood.
These residual T cells, which might be derived from cord blood, were
activated by the administration of blinatumomab. This result suggested
that blinatumomab treatment might be promising even in R/R CD19-
expressing MPAL-B/T. A clinical trial of blinatumomab treatment for
MPAL is ongoing and results regarding the efficacy are awaited (https://
clinicaltrials.gov/study/NCT04827745).

4 | CONCLUSION

Our case suggests that blinatumomab might be a promising treatment
and a bridge to stem cell transplantation even in R/R CD19-expressing
MPAL-B/T.
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