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INTRODUCTION: Mixed phenotype acute leukemia (MPAL) is a rare
type of acute leukemia with immunophenotypic features of both
myeloid-derived and lymphoid-derived lineages.

CASE PRESENTATION: We present an atypical case of a 32-year-old
woman presenting with an anterior mediastinal mass and pericardial/
pleural involvement that was initially diagnosed as primary mediastinal
diffuse large B-cell lymphoma. However, flow cytometry on pleural fluid
confirmed the diagnosis of MPAL of B-cell/myeloid lineage without
peripheral blood/bone marrow involvement. The patient was treated
with an acute lymphoblastic leukemia-type regimen and proceeded
with myeloablative allogeneic hematopoietic cell transplantation in first

complete remission.

CONCLUSION: MPAL can rarely present with isolated extramedullary
disease without leukemic involvement and can often be misdiagnosed
as a non-Hodgkin lymphoma. Careful integration of all the clinical
data, particularly flow cytometry results, can clarify the diagnosis and

change the treatment plan.

Introduction

Accurate diagnosis of leukemia is
imperative given that treatment
and prognosis rely heavily on

the lineage of the proliferative
blast. Evaluation typically
incorporates blast morphology,
flow cytometry, karyotyping, and
other genetic analyses to identify
the leukemic cells as primarily
myeloid or B- or T-lymphoblasts.'
Assignment of lineage typically
relies on flow cytometry and
immunohistochemical stains.
There exists a rare situation in
which the leukemic blasts are

of both myeloid- and lymphoid-
derived lineages, a condition
known as mixed phenotype acute
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leukemia (MPAL). MPAL may

be bilineal, in which there are

2 or more discrete components
with lineage-specific markers, or
biphenotypic, in which there is

1 population having coexpression
of lineage-specific markers.
MPAL comprises roughly 1%-4%
of all leukemias.? Exact data
regarding the true incidence
and survival of MPAL have been
limited owing to the relatively
sparse number of cases, but the
prognosis is typically poorer
compared with other leukemias.®
Like most leukemias, diagnosis
relies on bone marrow biopsy,
which will often demonstrate an
increased blast population of
multiple lineages. However, in
rare circumstances, leukemias
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present as solid extramedullary tumors known as
myeloid sarcomas (MS). One study suggested that
these tumors occur in about 0.8% of patients with
acute myeloid leukemia (AML).* Therefore, MPAL
without peripheral blood/bone marrow involvement
is extremely rare with few documented cases in

the literature.>® We present a rare case of MPAL

of myeloid and B-cell lineage presenting with an
anterior mediastinal mass and pericardial/pleural
involvement without leukemic involvement.

Case Presentation

A 32-year-old woman with no substantial past med-
ical history presented with 1 month of progressive
dyspnea, cough, and intermittent fevers. Computed
tomography (CT) of the chest demonstrated a
9.6-cm anterior mediastinal mass, moderate right
pleural effusion, and large pericardial effusion with
mass effect.

She was admitted for expedited workup and
underwent pericardiocentesis with drainage of

650 mL of bloody fluid. She then underwent a CT-
guided needle biopsy of the mediastinal mass, which
showed extensive crush artifact and focal necrosis.
In intact areas, there was an atypical lymphoid
infiltrate composed of large cells that were positive
for CD19, BCL-2, and ¢c-MYC and negative for CD5,
CD10, CD20, CD30, CD34, BCL-6, and MUM-1. A TdT
stain was equivocal, and the Ki-67 proliferation index

la.

was 60%-70%. Fluorescence in situ hybridization
tests were negative for MYC, BCL-2, and BCL-6 gene
rearrangements. Overall, the findings were felt to be
most consistent with CD20-negative diffuse large
B-cell ymphoma (DLBCL), non-germinal center
B-cell-like subtype.

Positron emission tomography (PET)/CT scan
demonstrated a large intensely hypermetabolic
9.8-cm anterior mediastinal mass with pericardial
involvement; extensive hypermetabolic bilateral
pleural masses; and numerous mediastinal, cervical,
axillary, and upper retroperitoneal lymph nodes
(Figure 1.

She was discharged but was readmitted soon after
with worsening dyspnea. A repeat CT chest showed
an interval increase in size of the mediastinal

mass now measuring 10.3 cm, with pericardial
invasion. There was also an interval increase in

her left pleural effusion. Her labs showed a lactate
dehydrogenase level of 273 U/L, white blood cell
count of 11.7 x 103/uL, hemoglobin level of 12 g/dL,
and platelet count of 370 x 103/uL. She underwent
a left-sided thoracentesis and was immediately
started on DA-R-EPOCH (dose-adjusted

rituximab, etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin) for presumed
primary mediastinal DLBCL.

However, flow cytometry from the pleural fluid
came back showing a population of cells that were
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Figure 1: PET/CT scan showing a large, FDG-avid mediastinal mass (A) before and (B) after induction chemotherapy. FDG = fluorine-18 fluorodeoxyglucose
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positive for CD34, CD19 (dim), CD33, CD15 (partial),
CDT1lb, CD1lc, and TdT (dim partial) (Figure 2). The
population also expressed partial cytoplasmic CD22
and partial cytoplasmic CD79a. CD64 expression was
equivocal but favored to be positive. On the basis of
these flow results, her diagnosis was felt to be more
consistent with MPAL of B-cell and myeloid lineage.

DA-R-EPOCH was discontinued on day 2, and she
underwent bone marrow biopsy and lumbar puncture
for staging. Both bone marrow and cerebrospinal
fluid were negative for leukemic involvement based
on morphology and flow cytometry.

Molecular analysis of her pleural fluid was negative

She was treated with an acute lymphoblastic
leukemia (ALL) pediatric regimen (CALGB 10403
protocol) and achieved complete remission on
post-induction PET scan (Figure 1B). She was
transitioned to consolidation therapy with hyperCVAD
(hyperfractionated cyclophosphamide, vincristine,
doxorubicin, dexamethasone) for cycles 2 and 3. She
then proceeded with a myeloablative matched related
donor allogeneic hematopoietic cell transplantation
and remains in remission at > 6 months from
transplant. The timeline of her diagnostic and
therapeutic events is summarized in Table 1.

Discussion

for BCR-ABL rearrangement, FLT3 gene mutation,
MLL gene rearrangement, and Philadelphia
chromosome-like genetic alterations.
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the 1980s, when leukemias stemming from multiple
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Figure 2: Flow cytometry results on pleural fluid showing a cell population that is positive for CD19, CD34, TdT, HLA-DR, CDT1lb, and CDllc.

Date Log type Notes
3/2020 Symptoms ¢ Patient reported “B symptoms”: fever, chills, shortness of breath, productive cough
5/11/20 Symptoms, signs, workup * Presented with 1 week of acute worsening of above symptoms
* CT chest showed 9.6 x 5.5 x 9.5 cm anterior mediastinal, large pericardial effusion
¢ Underwent pericardiocentesis
5/12/20 Procedure, workup *  Biopsy of mass came back positive for DLBCL
¢ Scheduled for chemotherapy
6/8/20 Symptoms, transfer * Presented to hospital with shortness of breath
* Underwent thoracentesis
« Transferred to our facility for further management
6/11/20 Treatment » Started DA-R-EPOCH for treatment of presumed primary mediastinal DLBCL
6/13/20 Results ¢ Flow cytometry from pleural fluid consistent with MPAL
* Discontinued DA-R-EPOCH
6/19/20 Treatment » Started HyperCVAD
9/15/20 Treatment ¢ Underwent myeloablative matched related donor allogeneic stem cell transplant

Table 1: Timeline of the major clinical events
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lineages were found to proliferate in the bone
marrow.” Although this disease is much rarer

than typical leukemias, the true incidence may

be underestimated because the use of restrictive
immunophenotypic panels or combinations can
lower the sensitivity of detection.? Extramedullary
disease, also known as MS, without concomitant
peripheral blood/bone marrow involvement is a rare
phenomenon in acute leukemia.? Extramedullary
MPAL without leukemic involvement suggests an
ultrarare disease presentation, with a limited number
of cases reported.

Our review of the literature revealed only 18
documented cases of MPAL without bone marrow
infiltration. One report consisted of 11 pediatric
cases: 7 B/myeloid, 2 T/myeloid, and 2 B/T-cell.’©® All
11 cases achieved complete remission after standard
ALL therapy. Only 1 case of adult B/myeloid MPAL
was documented, who remained in remission 19

higher median overall survival (139 vs 11 months)
compared with an AML regimen.® As with Ph-
positive ALL, addition of a tyrosine kinase inhibitor
is recommended for MPAL with the Philadelphia
chromosome. Regarding the role of allogeneic
hematopoietic cell transplant (allo-HCT) in MPAL, it
is generally recommended in first remission for adult
MPAL patients based on cohort studies showing
favorable outcomes with chemotherapy followed by
allo-HCT compared with chemotherapy alone.” |t
is possible that there are select patients (eg, early
minimal residual disease negativity, patients < 40
years of age treated with a pediatric ALL regimen)
who would do well with chemotherapy alone and be
spared the toxicities of allo-HCT.2° In our patient’s
case, she was treated with an ALL regimen followed
by allo-HCT and remains in remission.

Conclusion

months after transplant.® A common theme among
these cases is the difficulty in obtaining an accurate
diagnosis, which played a prominent role in our
case as well. Pure medullary sarcoma (ie, without
leukemic involvement) is often misdiagnosed as
other lymphomas, Ewing’s sarcoma, or carcinoma
up to 47% of the time."? Indeed, after the initial
biopsy, our patient was believed to have primary
mediastinal DLBCL and treated with DA-R-EPOCH.
This was likely confounded by a suboptimal

biopsy sample of the mediastinal mass and lack

of peripheral blood/bone marrow involvement.
Remarkably, flow cytometry of the pleural effusion
was able to elucidate and confirm the diagnosis of
MPAL and, ultimately, changed her treatment plan.

Based on the 2016 World Health Organization
classification, MPAL can be subdivided into the
following categories: 1) acute undifferentiated
leukemia, 2) MPAL with (9;22)(g34.1;911.2);BCR-
ABLIT, 3) MPAL with t(v;11923.3); KMT2A rearranged,
4) B/myeloid not otherwise specified, and 5)
T/myeloid not otherwise specified.” Although
prognosis has been difficult to track owing to the
relative paucity of cases, the presence of BCR-ABL
(Philadelphia chromosome) gene rearrangement,
the presence of MLL gene (KMT2A) rearrangement,
and the T/myeloid phenotype have been associated
with worse outcomes.'*"®

Retrospective studies suggest that patients with
MPAL do better with an ALL regimen rather than
an AML regimen.’®® One study of 100 patients with
MPAL showed that an ALL regimen was associated
with a higher response rate (85% vs 41%) and

Here, we presented a rare case of MPAL presenting
as a pure MS without leukemic involvement that was
initially misdiagnosed as primary mediastinal DLBCL.
What is also unique about this case is how flow
cytometry on pleural fluid was able to confirm the
diagnosis of MPAL. This shows that flow cytometry
data can be crucial in making the diagnosis when the
tissue sample is limited or suboptimal.
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