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Abstract. Bilineage T lymphoid and myeloid (T/My) neoplasms 
are rare entities among the hematopoietic and lymphoid 
malignancies. The majority of patients present with leukemic 
symptoms in which blasts are observed in the peripheral blood 
(PB) or bone marrow (BM) at a percentage of >20% of nucle-
ated cells. Only a minimal number of cases of T/My bilineage 
hematopoietic and lymphoid malignancy have been reported 
with extramedullary infiltration as the initial symptom. The 
origin of the neoplastic cells in T/My bilineage malignancy 
has been documented as the hematopoietic stem cells. The 
present study reports the case of a 31‑year‑old man with a T/My 
bilineage malignancy, which initially showed cervical lymph 
node enlargement beyond the diagnostic criteria of leukemia in 
the PB and in the BM. Two distinct malignant populations were 
detected in the cervical lymph node and pleural effusion, one 
of which was positive for MPO‑staining, while the other was 
positive for cytoplasmic cluster of differentiation 3. Mutations 
in platelet‑derived growth factor receptor α, platelet‑derived 
growth factor receptor β, fibroblast growth factor receptor 1 and 
other chromosome abnormalities were excluded. The patient 
obtained complete remission after conventional chemotherapy, 
but relapsed with bilineage leukemia within a short period of 
time. Lymphoid and myeloid lineages have been reported to 
be differentiated from multipotent progenitors asymmetri-
cally. However, the cellular mutation stage in T/My bilineage 

malignancy remains unclear. The present study also reviews the 
origin, development and therapeutic strategies for extramedul-
lary T/My bilineage malignancy.

Introduction

The diagnosis and classification of acute leukemia rely on an 
array of multidisciplinary approaches, including analyses of 
morphology, immunophenotype, cytogenetics and molecular 
genetics. Using these criteria, the majority of acute leukemia 
cases can be assigned into a specific lineage (1). However, 
there is a rare type of acute leukemia that exhibits concurrent 
characteristics of myeloid (My) and T‑ or B‑lymphoid lineages. 
In the 2008 WHO classification (2), this type of leukemia 
was termed leukemia of ambiguous lineage, which includes 
acute undifferentiated leukemia and mixed‑phenotype acute 
leukemia (MPAL) (3).

MPAL is defined as a type of acute leukemia expressing 
antigens of more than one lineage, which is impossible to 
assign to any one lineage with certainty (4). The diagnosis of 
MPAL should exclude cases either by genetic or by clinical 
features that can be classified into another category. For 
example, acute myeloid leukemia (AML) with t(8;21), t(15;17) 
and inv(16) can also express lymphoid‑associated markers (1). 
In addition, MPALs with rearrangement of t (9;22)(q34;q11.2) 
or t (v;11q23) should be diagnosed as MPALs with BCR, 
RhoGEF and GTPase activating protein‑ABL proto‑oncogene 
1, non‑receptor tyrosine kinase (BCR‑ABL1) or mixed‑lineage 
leukemia (MLL) rearrangement (1). MAPLs can be classified 
as bilineage and biphenotypic acute leukemias (4). Bilineage 
acute leukemias usually contain two distinct blast popula-
tions, each of which expresses lymphoid or myeloid lineage 
markers. In biphenotypic acute leukemia, the blast cells are 
characterized as one population that expresses myeloid and 
T‑ or B‑lymphoid markers (3,5). The association and differen-
tiation between bilineage and biphenotypic leukemia remains 
unclear.

Bilineage T lymphoid and myeloid (T/My) malignancy is 
rare. To the best of our knowledge, between 1988 and 2015, 
only 9 publications with a total 18 cases of T/My bilineage 
MPALs were reported on PubMed (https://www.ncbi.nlm.nih.
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gov/pubmed) (6‑14). In the majority of cases, leukemic blast 
cells were detected initially in the peripheral blood (PB) and 
bone marrow (BM), meeting the diagnostic criteria of leukemia. 
Only 2 cases of T/My bilineage malignancy presenting initially 
with extramedullary infiltration were reported (15,16). The 
present study reports the case of a 31‑year‑old man with bilin-
eage T/My malignancy who initially presented with cervical 
lymph node enlargement beyond the diagnosis of leukemia 
in the PB and in the BM. The present study also reviews the 
cellular origin, development and therapeutic strategies of 
extramedullary T/My bilineage malignancy.

Case report

A 31‑year‑old man with painless enlargement of the cervical 
lymph node was admitted to a local hospital in November 
2014. At 2 months prior to admission, the patient had expe-
rienced a sore throat with dysphagia. The subjective pain 
disappeared and the sense of dysphagia was all alleviated 
following antibiotic treatment. By the end of October 2014, 
a dry cough without sputum plus stretch pain on the upper 
breast was noted. The patient was diagnosed with pharyngitis 
in a local hospital and was treated again with antibiotics. 
However, no improvement was obtained. The patient was 
transferred to another hospital and lymph node enlarge-
ment was detected in the bilateral cervical and bilateral 
supraclavicular regions by ultrasonic examination. Visible 
blood flow in these enlarged lymph nodes was detected by 
color Doppler flow imaging. The patient then underwent an 
ultrasound‑guided fine‑needle aspiration biopsy. A large 
number of lymphocytes with nuclear granular chromatin and 
nuclear division were found. Chest computed tomography 
(CT) revealed multiple enlarged lymph nodes in the regions of 
the mediastinum, retroperitoneum and each side of the neck. 
Positron emission tomography (PET)‑CT scans detected 
multiple lymphadenopathy at the bilateral cervical, supracla-
vicular, thoracic entrance, mediastinum and post‑peritoneal 
areas, with increased fluorodeoxyglucose (FDG) uptake. Few 
effusions were observed in right pleural cavity. The patient 
was suspected as having non‑Hodgkin's lymphoma and 
underwent a right cervical lymph node biopsy.

Immunohistochemical (IHC) analysis was then used to 
examine protein expression. The lymph node sample was fixed 
in 10% formalin for >6 h at 25˚C, then embedded in paraffin 
wax for further hematoxylin and eosin (HE) and IHC staining. 
Thin sections (4‑5‑µm thick) of paraffin‑embedded tissue 
were adhered to slides. To prevent non‑specific binding of the 
antibody to the tissue, each section was blocked with 1% rabbit 
serum (Abcam, Cambridge, UK., Cat. No. ab7487) for 10 min 
at 25˚C. Primary antibodies (all primary antibodies are listed 
below) were added to each section and incubated for 30 min 
at 25˚C, then Bond Polymer Refine Detection reagent (Leica 
Biosystems, Newcastle, UK, cat. no.  DS9800) was added 
for 16 mins at 25˚C. The sections were then incubated with 
3,3'‑Diaminobenzidine (DAB) system (Maxim Biotech, Inc., 
Rockville, MD, USA; cat. no. DAB‑1031) and then stained 
with 0.1% hematoxylin for 5 min at 25˚C. All slides were 
observed under a light microscope.

The primary antibodies applied in diagnosis of 
this patient: Anti‑cluster of differentiation (CD)2 (cat. 

no. MAB‑0207, dilution 1:100), anti‑CD3 (cat. no. Kit‑0003, 
dilution 1:100), anti‑CD4 (cat. no. RMA‑0620, dilution 1:100), 
anti‑CD5 (cat. no. Kit‑0033, dilution 1:50), anti‑CD7 (cat. 
no. RMA‑0739, dilution 1:100), anti‑CD8 (cat. no. RMA‑0514, 
dilution 1:100), anti‑CD10 (cat. no.  MAB‑0668, dilution 
1:200), anti‑CD20 (cat. no.  Kit‑0001, dilution 1:600), 
anti‑CD34 (cat. no. Kit‑0004, dilution 1:400), anti‑CD43 (cat. 
no. MAB‑0032, dilution 1:200), anti‑CD56 (cat. no. Kit‑0028, 
dilution 1:200), anti‑CD68 (cat. no. Kit‑0026, dilution 1:400), 
anti‑CD79a (cat. no. MAB‑0258, dilution 1:200), anti‑CD99 
(cat. no.  MAB‑0059, dilution 1:200), anti‑CD117 (cat. 
no. Kit‑0029, dilution 1:200), anti‑Bcl‑2 (cat. no. MAB‑0014, 
dilution 1:100), anti‑chromogranin A (cat. no. MAB‑0202, 
dilution 1:400), anti‑epithelial membrane antigen (cat. 
no. Kit‑0011, dilution 1:200), anti‑Epstein‑Barr virus latent 
membrane protein 1 (cat. no. MAB‑0063, dilution 1:100), 
anti‑Ki‑67 (cat. no. MAB‑0672, dilution 1:100), anti‑myelo-
peroxidase polyclonal antibody (cat. no. RAB‑0379, dilution 
1:400), anti‑paired box protein (Pax‑5) (cat. no. MAB‑0706, 
dilution 1:50), anti‑thyroid transcription factor‑1 (TTF‑1) 
(cat. no. MAB‑0599, dilution 1:200) (all Maxim Biotech, 
Inc.) and anti‑terminal deoxynucleotidyl transferase poly-
clonal antibody (Ascend Biotechnology, Guangzhou, China, 
cat. no. AP0221, dilution 1:100),

IHC staining results assessment: the cells without brown 
color were determined as negative (‑), the cells with light 
brown color were determined as semi‑positive (+/‑), the cells 
shown brown color were determined as positive (+).

Immunohistochemical analysis of the cervical lymph node 
showed myeloperoxidase (MPO)‑positive neoplastic cells that 
were CD3‑, CD4‑, CD20‑, CD79a‑, Epstein‑Barr virus latent 
membrane protein 1‑, paired box protein Pax‑5‑, epithelial 
membrane antigen‑, Ki‑67+ (90%), terminal deoxynucleotidyl 
transferase (TdT)‑, CD7+/‑, CD10‑, CD34‑, CD117‑, CD5‑, 
chromogranin A‑, thyroid transcription factor‑1‑ and B‑cell 
lymphoma‑2+. BM aspirate showed high lymphocytic prolif-
eration with the existence of prolymphocytes.

For flow cytometric analysis of cell membrane anti-
gens, bone marrow and hydrothorax cells were directly 
incubated with antibodies [anti‑CD2‑Fluorescein isothio-
cyanate (FITC; cat. no.  347593), anti‑CD3‑Phycoerythrin 
(PE; cat. no. 347347), anti‑CD3‑ Allophycocyanin (APC; cat. 
no. 340440), anti‑CD5‑FITC (cat. no. 347303), anti‑CD7‑FITC 
(cat. no.  347483), anti‑CD7‑PE (cat. no.  340581), 
anti‑CD8‑FITC (cat. no.  347313), anti‑CD10‑PE (cat. 
no. 340921), anti‑CD11b‑APC (cat. no. 340937), anti‑CD13‑PE 
(cat. no.  347837), anti‑CD15‑FITC (cat. no.  332778), 
anti‑CD16‑FITC (cat. no.  335035), anti‑CD22‑FITC (cat. 
no. 347573), anti‑CD25‑FITC (cat. no. 347643), anti‑CD33‑PE 
(cat. no.  347787), anti‑CD34‑APC (cat. no.  340441), 
anti‑CD38‑APC (cat. no. 345807), anti‑CD45‑Peridinin chlo-
rophyll protein (PerCP) (cat. no. 347464), anti‑CD56‑PE (cat. 
no. 347747), anti‑CD64‑PE (cat. no. 644385), anti‑CD79a‑PE 
(cat. no.  340579), anti‑MPO‑FITC (cat. no.  340580), 
anti‑MPO‑PE (cat. no.  341642), anti‑HLA‑DR‑PE (cat. 
no.  347367), anti‑TdT‑FITC (cat. no.  347194), anti‑T cell 
receptor (TCR)‑αβ‑FITC (cat. no. 347773), anti‑TCR‑γδ‑PE 
(cat. no. 347907) (all BD Biosciences)] for 15 min at 22˚C in dark, 
then FACS lysing solution (BD Biosciences, Franklin Lakes, 
NJ, USA, cat. no. 349202) was added to lyse red blood cells. 
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Following two washes with PBS, the cells were resuspended and 
detected by FACSCanto II (BD Biosciences). The corresponding 
isotype controls [Mouse IgG1‑κ Isotype control‑FITC (cat. 
no. 555748), Mouse IgG1‑κ Isotype control‑PE (cat. no. 555749), 
Mouse IgG1‑κ Isotype control‑ PerCP (cat. no. 559425), Mouse 
IgG1‑κ Isotype control‑APC (cat. no. 550854), Mouse IgG2a‑κ 
Isotype control‑FITC (cat. no.  553456), Mouse IgG2a‑κ 
Isotype control‑APC (cat. no. 555576), Mouse IgM‑κ Isotype 
control‑FITC (cat. no. 555583) (all BD Biosciences)] were used 
to avoid non‑specific binding of the mouse original antibodies 
to sample cells in the analysis. FACS data were analyzed by BD 
FACSDiva software v.8.0.1 (BD Biosciences).

Flow cytometric analysis of intracytoplasmic (cyCD3 and 
MPO) or intranuclear (terminal deoxynucleotidyl transferase) 
antigens, bone marrow and hydrothorax cells were fixed and 
permeabilized with the FIX & PERM kit (Caltag; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA; cat. no. GAS‑003) 
according to the manufacturer's protocol, and incubated with 
primary antibodies for 15 min at 22˚C in the dark. After washing 
twice with PBS, the cells were resuspended and detected using 
a FACSCanto II flow cytometer (BD Biosciences). FACS 
data were analyzed by BD FACSDiva software v. 8.0.1 (BD 
Biosciences).

Flow cytometric analysis of BM cells revealed that 3% of 
the nuclear cells were blast cells, 0.9% of which were myelo-
blasts with positive staining of CD34 and CD13. The rest of the 
blast cells in the BM were immature T lymphocytes expressing 
CD2, CD7, CD10, CD13, CD38 and cyCD3 (cytoplasmic CD3) 
(Fig. 1A). The patient was diagnosed with myeloid sarcoma 

and transferred to Huashan Hospital (Shanghai, China) for 
further diagnosis and treatment in December 2014.

Upon admission, the physical examination revealed a body 
temperature of 36.5˚C and a body weight of 78.5 kg. The 
patient was found to exhibit superficial lymphadenopathy to a 
size of 24x15 mm in the right neck region. The enlarged lymph 

Figure 2. Cellular morphology of the PB, BM and hydrothorax smear (Wright 
stain). (A) Mature monocytes with abnormal‑shaped nuclei and 1% myelo-
cytes and metamyelocytes were observed in the PB (magnification, x1,000). 
(B) 2% myeloblasts, 17% promyelocytes and (C) 2% prolymphoid cells 
(arrow) were observed in the BM (magnification, x1,000). (D) Lymphocytes 
and monocytes with morphological variation were observed in the smear of 
the hydrothorax (magnification, x1,000). PB, peripheral blood; BM, bone 
marrow.

Figure 1. Immunophenotype expression profile of abnormal cells in the BM. Fluorescence‑activated cell sorting analysis indicated that phenotypically abnormal 
nucleated cells (red dots) in the BM were present at (A) 2.1% in November 2014 and (B) 16% in December 2014, with expression of CD2, CD7, CD10, CD13 
and cyCD3, but without the expression of TCRα, TCRβ, TCRγ and TCRδ. CD, cluster of differentiation; cyCD3, cytoplasmic CD3; MPO, myeloperoxidase; 
TdT, terminal deoxynucleotidyl transferase; TCR, T cell receptor; PerCP, peridinin chlorophyll protein complex; SSC, side scatter channel; FITC, fluorescein 
isothiocyanate; PE, phycoerythrin; APC, allophycocyanin; BM, bone marrow.
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nodes were palpated and appeared tough, with no adhesion 
to the surrounding tissue, and no broken skin or swelling of 
the local skin. The patient exhibited no bleeding tendency and 
no hepatosplenomegaly. Routine blood tests showed 15x109/l 
white blood cells (WBCs) (normal range, 3.5x109‑9.5x109/l), 
consisting of 35% neutrophils (normal range, 51‑75%), 
2.0% eosinophils (normal range, 0.5‑5%), 38% monocytes 
(normal range, 3‑8%) and 18% lymphocytes (normal range, 
20‑40%). The hemoglobin level was 148 g/l (normal range, 
130‑175 g/l) and the platelet count was 145x109/l (normal 
range, 125x109‑350x109/l). The serum lactate dehydrogenase 
(LDH) level was slightly increased at 284 IU/l (normal range, 
125‑225 IU/l). A peripheral blood smear detected 39% mature 
monocytes with abnormally shaped nuclei. No blast cells, but 
metamyelocytes, promonocyte‑like cells and prolymphoid 
cells were observed in the PB smear at 1% of nucleated cells 
(Fig. 2A). A BM smear found markedly increased nucleated 
cells at the percentage of 2% myeloblasts (normal range, 0‑1%) 
and 2% prolymphoids (normal range, 0‑1.5%) cells (Fig. 2B 
and C). Immunological analysis of the BM revealed that the 
percentage of abnormal cells increased to 16% of nucleated 
cells, with expression of CD2, CD7, CD10, CD13, CD38 and 
cyCD3 (Fig. 1B). Moderate right pleural effusion was detected 

in the patient. The cellular hydrothorax smear demonstrated 
a large number of lymphocytes and monocytes with morpho-
logical variation (Fig. 2D). The cellular immunophenotypic 
analysis of the pleural effusion indicated that there were two 
populations of CD45 low‑expression abnormal cells. One 
expressed myeloid‑associated antigens, including MPO, CD15, 
CD33, CD13 and CD11bdim (Fig. 3A). The other expressed T 
lymphoid‑associated markers, including cyCD3, CD2 and 
CD7 (Fig. 3B). The two populations were each found to have 
minimal co‑expression of markers specific to their counter-
part. CyCD3+ cells co‑expressed myeloid marker CD13, while 
MPO+ cells co‑expressed lymphoid marker CD7. The two 
populations were CD34‑ and CD117‑ (Fig. 3).

The pathological cervical lymph node sample was 
reexamined. Coexistence of CD3+/CD7+/CD2+ T lymphoid 
and MPO+ myeloid neoplastic cells was revealed under the 
microscope in the same region (Fig. 4A‑D). Myeloid neoplastic 
cells showed pleomorphic nuclei and distinct nucleoli with 
positive immunostaining for MPO. Lymphoid neoplastic 
cells showed ovoid nuclei, finely dispersed chromatin and 
inconspicuous nucleoli, with positive immunostaining of 
lymphoid‑associated marker, containing CD3, CD4, CD99, 
CD43 and TdT (Fig.  4E‑M). The boundary between two 

Figure 3. Immunophenotype expression profile of the cells in the thoracic fluid. Fluorescence‑activated cell sorting analysis of the cells in the pleural effusion 
indicated that there were two populations of CD45 low‑expression abnormal cells. (A) One expressed myeloid‑associated antigens, including MPO, CD15, 
CD33, CD13 and CD11bdim. (B) The other expressed T lymphoid‑associated markers, including cyCD3, CD2 and CD7. CD, cluster of differentiation; MPO, 
myeloperoxidase; cyCD3, cytoplasmic CD3; HLA‑DR, human leukocyte antigen‑antigen D‑related; SSC, side scatter complex; FLH‑4, fluorescence height‑4, 
(no antibody added).
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populations was distinguishable by staining for MPO (Fig. 4A 
and N) and CD3 (Fig.  4D and G). The two populations 
exhibited high expression of Ki‑67 (Fig. 4O). Cytogenetic 
analysis found that 1/20 of the examined BM cells possessed 
the translocation t (12;13)(q10;p10), while the remainder were 
of a normal karyotype. Investigation into genetic mutations 
associated with acute leukemia, including AML12/ETO, 
PML/RARα, PLZF/RARα, NPM/RARα, CBFβ/MYH11, 
TLS/ERG, DEK/CAN, NPM/MLF1, dupMLL, MLL/AF6, 
MLL/AF9, MLL/AF10, MLL/AF17, MLL/ELL, EVI1, HOX11, 
FIP1L1/PDGFRα, ETV6/PDGFRβ and BCR/ABL (forms 
P190, P210 and P230), was negative in the BM. Detection of 
T‑cell receptor (TCR) rearrangement by polymerase chain 
reaction analysis and FGFR1 mutation by fluorescence in situ 
hybridization, as described previously (17,18), detection in 
lymph node samples were negative.

For PCR, total RNA of the bone marrow sample was 
extracted using RNAprep Pure Blood kit (Tiangen Biotech, 
Beijing, China, cat. no. DP433), and reverse‑transcribed to 
cDNA using the Reverse Transcription System kit (Promega 
Corporation, Madison, WI, USA), according to the manu-
facturer's protocol. For 20  µl PCR system, 10  µl GoTaq 
GreenMaster mix (Promega Corporation), 1.5 µl cDNA, 1.5 µl 
primer (primer sequences are listed in Table I) and 7 µl ddH2O 
was added. Following PCR amplification (thermocycling 
conditions are listed in Table I) of the target gene, gene expres-
sion was analyzed by DNA gel electrophoresis. Total DNA of 
paraffin‑embedded lymph node tissue sample was extracted 
using a QIAamp DNA Mini kit (Qiagen GmbH, Hilden, 
Germany). For 20 µl PCR system, 10 µl GoTaq GreenMaster 
mix (Promega Corporation), 2 µl DNA, 2 µl primer mix and 

6 µl dH2O were added. Following PCR amplification of the 
target gene, the gene expression was analyzed by DNA gel 
electrophoresis.

The patient was diagnosed with a hemato‑lymphoid 
neoplasm showing separate differentiation toward T lympho-
blastic and myeloid lineage, and was administered a combined 
induction chemotherapy regimen (chemotherapy cycle 1: 
4 mg/day vindesine intravenous on day 1, 10 mg/day idarubicin 
intravenous on days 1‑3, 180 mg/day cytarabine intravenous 
on days 1‑7 and 80 mg/day methylprednisolone intravenous 
on days 1‑7) in December 2014. Subsequently, 1 day after the 
final dose of chemotherapy, the chest CT scan indicated that 
the pleural effusion was significantly reduced. The superficial 
lymph nodes shrank and the cough symptom improved. The 
number of WBCs and the proportion of monocytes decreased 
to 6.99x109/l and 4%, respectively. The patient then received 
chemotherapy of hyper‑CVAD A regimen (chemotherapy 
cycle 2: 1 g/day cyclophosphamide intravenous on days 1‑3, 
4 mg/day vindesine intravenous on days 4 and 11, 15 mg/day 
idarubicin intravenous on days 4, 40 mg/day dexamethasone 
intravenous on days 1‑4 and 11‑14), hyper‑CVAD B regimen 
(chemotherapy cycle 3: 1.8 g/day methotrexate intravenous 
on day 1, 6 g/day cytarabine intravenous on days 2‑3) and 
the induction regimen (chemotherapy cycle 4: identical to 
cycle 1) repeatedly as consolidation treatment. Immediately 
prior to the 4th cycle of chemotherapy, PET‑CT was reviewed 
and all the enlarged lymph nodes had normalized. A hyper-
metabolic lesion in the mediastinum remained detectable, but 
at a markedly decreased level compared with that previously. 
The proportion of abnormal T cells in the BM was reduced to 
0.3%. The matched unrelated allogeneic hematopoietic stem 

Figure 4. Immunohistological analysis of the cervical lymph node. Coexistence of T lymphoid and myeloid neoplastic cells was found in the same region by 
staining for (A) MPO, (B) CD7, (C) CD2 and (D) CD3 (magnification, x100). (E) Cellular morphology was distinguishable by hematoxylin and eosin staining 
(magnification, x400). Expression of (F) CD20, (G) CD3, (H) CD4, (I) CD8, (J) CD99, (K) CD43, (L) CD68, (M) TdT, (N) MPO and (O) Ki‑67 at high 
magnification was detected (magnification, x400). CD, cluster of differentiation; MPO, myeloperoxidase; TdT, terminal deoxynucleotidyl transferase.
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cell transplantation (allo‑HSCT) was postponed on account of 
invasive Cryptococcus infection in the right lung. However, in 
late June 2015, the neoplasm relapsed with leukemic symp-
toms; 24% of abnormal T cells and 44% of CD45‑ myeloid 
blasts were detected in the BM, with infiltrations in the 
cervical lymph nodes and the posterior pharyngeal wall. The 
repeat use of the initial induction regimen and more intensive 
regimen (4 mg/day vindesine intravenous on days 1 and 8, 
12 mg/day mitoxantrone intravenous on days 1‑3, 1 g/day cyta-
rabine intravenous on days 1, 3 and 5, and methylprednisolone 
intravenous 60 mg/day on days 1‑9, 40 mg/day on days 10‑15 
and 3,750 U peg‑asparaginase intramuscular on day 15), all 
failed. The patient succumbed in mid‑September 2015.

The requirement for patient consent for publication was 
waived by the Institutional Review Board of Huashan Hospital.

Discussion

The patient in the current study presented with extra‑medul-
lary infiltration as the initial symptom. Notably, two distinct 
neoplastic populations, cyCD3+ T lymphoid cells and MPO+ 
myeloid cells, were detected in the pleural effusion and lymph 
nodes. None of the cells expressed the pluripotent markers 
CD34 or CD117. A certain minimal degree of cross‑expression 
of markers specific to their lineage counterpart was detected. 
CyCD3+ T lymphoid cells coexpressed the myeloid antigen 
CD13, while MPO+ myeloid lineage cells coexpressed 
lymphoid marker CD7. However, the fact that none of the 
populations at the initial stage fitted the diagnostic criteria 
of acute leukemia within either the BM or the PB raised a 
difficulty in providing an accurate diagnosis (1,4). To clarify 
the origin of the neoplastic cells and the differentiation stage 
of mutational occurrence should assist in forming an accurate 
diagnosis and choosing the therapeutic strategy.

The symmetric model of lineage commitment differen-
tiation from HSCs, in which clear division of lymphoid and 
myeloid commitment is the first step of lineage restriction, 
used to be widely accepted. In this model, common myeloid 
progenitors (CMPs) and common lymphoid progenitors 
(CLPs) are symmetrically derived from the same multipotent 
progenitors (MPPs). CMPs then gradually differentiate into 
all types of myeloid offspring, including granulocytes, mono-
cytes, erythrocytes and megakaryocytes. Similarly, CLPs 
differentiate into mature lymphoid cells, including T cells, B 
cells and natural killer cells (19).

However, previous studies indicated that HSCs 
differentiate into lymphoid lineage and myeloid lineages 
asymmetrically. All MPPs subsets contribute to lymphoid 
lineage differentiation. The most primitive fms‑like tyrosine 
kinase 3lo/vascular cell adhesion protein 1+ (Flt3loVCAM‑1+) 
MPPs were indicated to be able to give rise to CLPs and CMPs. 
However, the most advanced Flt3hiVCAM‑1− MPPs only gave 
rise to CLPs (20,21), suggesting that lymphoid differentiation 
occupies the backbone of the differentiation process, whereas 
myeloid differentiation is a lateral branch. Two other stages 
specified as granulocyte/macrophage‑lymphoid bipotent 
progenitors and lymphoid‑specified progenitors sit between 
MPPs and CLPs  (22). This model provides certain clues 
to explain the occurrence of T/My bilineage/biphenotype 
malignancies.
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Thymic T lymphocytes mature from CD4‑CD8‑ double‑ 
negative (DN) cells to CD4+CD8+ double‑positive (DP) cells, 
then to the fully mature CD4 or CD8 single positive (SP) cells. 
The DN stage can be subdivided into 4 substages depending 
on the lack of CD4 and CD8 surface expression and differ-
ential expression of CD25 and CD44: CD44+CD25‑ (DN1), 
CD44+CD25+ (DN2), CD44‑CD25+ (DN3), and CD44‑CD25‑ 
(DN4). In addition, the differential expression of CD117 in 
DN2 cells enabled the establishment of two further subsets, 
DN2a (CD4‑CD8‑CD44+CD25+CD117hi) and DN2b (CD4‑C
D8‑CD44+CD25+CD117int) (23,24). In the thymic T cell matu-
ration process, the myeloid differentiation potential is retained 
until the middle of the DN2 stage, while the rearrangement of 
TCR starts from the DN2b stage (25). Meanwhile, the cellular 
phenotypes were orchestrated with different maturation stages.

In the 1980s and the 1990s, a class of T‑ALL with 
myeloid differentiation features, known as T stem cell 
leukemia/lymphoma (T‑SCL/lymphoma) was reported 
in the literature  (26‑30). T‑SCL/lymphoma cells are 
CD7+/CD4‑/CD8‑, representing a portion of T lymphocytes 
that are going to migrate from the BM to the thymus (29). 
This indicated that the neoplastic cells of T‑SCL/lymphoma 
originated from the HSCs, which maintained the ability to 
differentiate into lymphoid and myeloid lineages  (26,30). 
In almost all the reported T‑SCL/lymphoma cases, the 
patients presented with a giant mass in the mediastinum or 
lymph nodes, with coexpression of T lymphoid and myeloid 
phenotypes on blast cells (27,29). However, with molecular 
and immunological progress in the studies of hematopoietic 
diseases, the diagnostic criteria depending only on the expres-
sion of CD7, CD4 and CD8 were far from accurate.

In the 2008 WHO classification (2), T‑precursor neoplasms 
were classified into pro‑T, pre‑T, cortical T and medullary T 
subtypes according to the neoplastic phenotypes. Expression 
of cyCD3, CD34, TdT, surface CD3 (sCD3), CD4 and CD8 

can assist in distinguishing between T subtype differentiation 
stages  (31). However, the origin of T/My MPALs remains 
unclarified.

Since 2009, a novel subtype of T‑ALL, early T‑cell 
precursor‑acute lymphoblastic leukemia (ETP‑ALL), has been 
reported. ETP‑ALL is a high‑risk subset and comprises ~15% 
of all T‑ALL cases (32). ETPs represent thymocytes recently 
immigrating from the BM to the thymus and thus retaining the 
multilineage differentiation potential (33‑35). ETPs, immu-
nophenotypically characterized as CD5‑/weak, CD1a‑ and CD8‑, 
with positive expression of myeloid markers (human leukocyte 
antigen‑antigen D‑related, CD13, CD33, CD11b or CD65) and 
stem cell markers (CD34 and CD117) (36), were indicated to 
be at the DN1 differentiation stage (25).

With the latest understanding of the T lymphoid differen-
tiation process, we hypothesized that the neoplastic cells in the 
present case were transformed from early DN2a stage, which 
retained further differentiation potential into T lymphoid 
and myeloid lineages, resulting in two distinct populations 
in the same extramedullary site (Fig.  5). The patient was 
thus diagnosed with a hemato‑lymphoid neoplasm showing 
separate differentiation toward T lymphoblastic and myeloid 
lineages. The disease progressed to develop leukemic symp-
toms at relapse, where blasts were detected in the BM and 
extramedullary site. However, there remains a lack of accurate 
nomenclature to name this type of T/My bilineage malig-
nancy with extramedullary infiltration at the initial stage. The 
pathological development mechanism of this hematological 
malignant entity requires further investigation.

In treating bilineal or biphenotypic MPALs, there are 
no generally accepted regimens of induction chemotherapy 
that can cover the lymphoid and/or the myeloid lineage. In a 
previous study, 20 cases of MPAL, including 1 case of T/My 
bilineage leukemia, were reported to be treated with prednisone, 
vincristine, L‑asparaginase and daunorubicin, and successfully 

Figure 5. Hypothetical schema of cell transformation and differentiation arrest in bilineal T/My malignancy. The differentiation arrest and transformation 
can occur at the same level or at different levels. In the current case, we speculated that the neoplastic cells were transformed from early DN2a stage, which 
retained T and myeloid differentiation potential, resulting in two distinct populations in the same extramedullary site. T/My, T lymphoid and myeloid; ETP, 
early T‑cell precursor.



ONCOLOGY LETTERS  14:  7723-7732,  2017 7731

achieved complete remission after initial induction therapy (7). 
The fludarabine, cytarabine and idarubicine protocol (9) and 
ALL‑based induction chemotherapy  (10) were previously 
reported as used in treating MPALs in different medical centers. 
However, it has been indicated that a large proportion of MPALs 
are resistant and refractory to conventional chemotherapy. 
Allo‑HSCT, particularly early in the disease course, is thus far 
the best treatment strategy (37). Allo‑HSCT was delayed in the 
current patient due to invasive lung Cryptococcus infection. The 
disease relapsed and progressed rapidly, and the patient did not 
obtain the opportunity to achieve repeat remission.

In conclusion, the present case initially showed extramedul-
lary infiltration of distinct T lymphoid and myeloid populations 
beyond the diagnosis of leukemia in the PB or in the BM. The 
disease progressed to leukemia at relapse stage, indicating the 
very early stage of T/My bilineage MPALs. Clarification of 
the origin of the neoplastic cells and the differentiation stage 
of mutational occurrence is crucial to choose the appropriate 
treatment strategy.
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