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Abstract: Early T-cell precursor (ETP) leukemia represents a new subtype of T-lympho-

blastic leukemia/lymphoma with unique immunophenotypes expressing T-cell and one or

more of the myeloid/stem cell markers. Here, we report a young patient who had primary

mediastinal mass and pleural effusion without bone marrow involvement. A CT-guided

mediastinal biopsy and flow cytometry analysis of the pleural effusion revealed the blast

cells to have complicated immunophenotypes: strongly expressed T-cell antigen CD7,

myeloid-lineage antigens CD33 and CD13 and stem cell markers cTdT, CD34, and HLA-

DR; dimly expressed myeloid-lineage specific antigen cMPO and B-cell antigen cCD79a;

but did not express T-cell specific antigen cytoplasmic CD3 and B-cell specific antigen

CD19. Clonal T-cell receptor rearrangement eventually determined the cell of origin from

ETPs, not myeloblasts. The patient showed primary resistance to lymphoid and myeloid-

directed induction therapy. Finally, low-dose decitabine combined with modified-CAG regi-

men induced a complete remission and allogeneic stem cell transplantation was performed as

consolidation. The case indicates a primary mediastinal neoplasm from ETP with distinctive

immunophenotype from leukemia type. Low-dose decitabine and modified-CAG regimen in

combination with allogeneic stem cell transplantation may improve the outcome of patient.
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Introduction
T-lymphoblastic leukemia/lymphoma (T-ALL/LBL) is a precursor lymphoid neo-

plasm that occurs in bone marrow and blood (T-ALL) or involves the thymus,

lymph nodes, or extranodal sites (T-LBL). The thymus is the most common site

involved by T-LBL, which is located in the anterior mediastinum and holds the key

to T-cell development. There are four stages of intrathymic differentiation related to

T-ALL/LBL according to the antigens expressed: 1) pro-T/T-I, 2) pre-T/T-II, 3)

cortical T/T-III, and 4) medullary T/T-IV.1 Early T-cell precursors (ETPs) usually

belong to pro-T and pre-T cells and retain multiple potentials for T-cells and natural

killer cells as well as myeloid lineage and dendritic cell differentiation.2,3

ETP-ALL, as a neoplasm from ETP, has been defined to be a new subtype of

T-ALL/LBL in 2016 WHO classification.4 The diagnosis of ETP-ALL is mainly

based on a set of unique immunophenotypes: expresses CD7, cytoplasmic CD3

(cCD3), and one or more of the myeloid/stem cell markers CD34, CD117,
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HLA-DR, CD33, CD13, CD11b, and CD65, but lacks

CD8, CD1a, and MPO.5 The mutation profiling of

ETP-ALL is more similar to that of myeloid leukemia

than to those of other T-cell leukemias.4 Recent studies

have shown that patients with ETP-ALL have a similar

clinical outcome as those with other T-ALL phenotypes,

although initial studies suggested a very poor prognosis.6

Herewe reported a patient having a clear primary lesion in

the mediastinum and pleural effusion without bone marrow

involvement. He possessed detectable multi-lineage antigens

of stem cells, T-cells, B-cells, myeloid cells, and dendritic

cells. Although there was a similar immunophenotypic fea-

ture to myeloid sarcoma with dim expression of cMPO and

without cCD3, he was diagnosed as ETP-LBL depending on

clonal T-cell receptor (TCR) rearrangement. The case

presented with primary resistance to lymphoid and myeloid-

directed induction therapy. Fortunately, novel myeloid-direc-

ted salvage therapy, decitabine-containing G-CSF priming

regimen, induced a complete remission and allogeneic stem

cell transplantation further improved the outcome.

Case presentation
A 22-year-old male was admitted to our hospital for chest

pain and dyspnea in November 2017. He has gotten a

continuous pain in anterior chest since July 2017. After

comprehensive CT scan was done at his local hospital, a

large mediastinal mass was found. A CT-guided mediast-

inal biopsy in combination with immunohistochemistry

showed that T-cell, stem cell, and myeloid-lineage anti-

gens were present in the neoplasm tissues: LCA+, TdT+,

CD7+, CD34+, Ki-67 (80%), MPO+, CD33+, CD8-,

CD1a-, CD117-, CD15-, cCD3-, CD2-, CD10-, CD19-,

PAX5-, CK-, S-100- (Figure 1). Since bone marrow was

not involved by the analysis of aspiration and biopsy with

routine staining and flow cytometry, he was diagnosed as

T-LBL with myeloid differentiation. CHOP (cyclopho-

sphamide, vincristine, epirubicin, and prednisone) and

DICE (dexamethasone, ifosfamide, etoposide, and cispla-

tin) regimens were given at the local hospital, but the

neoplasm continued to deteriorate.

Multiple supraclavicular lymph node swellings were

palpated with a maximal diameter of about 2 cm at our

hospital. The patient had weak respiratory sounds and

large amounts of hydrothorax in left chest cavity were

observed by ultrasound. After the pleural effusion was

drained, PET-CT scan was performed, which revealed a

bulky mass in anterior superior mediastinum (SUVmax

8.1) and many enlarged lymph nodes in bilateral cervical,
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Figure 1 The immunohistochemical staining of the mediastinum mass (magnification, ×200). (A) H&E staining. The neoplasm expressed TdT (B), CD7 (C), MPO (E), Ki67
(80%) (F), CD34 (G), CD33 (H), and LCA (I), while it did not express cCD3 (D), CD8 (J), PAX5 (K), and CD1a (L).
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supraclavicular, subclavian, hilar, axillary, and retroperito-

neal regions (SUVmax from 3.0 to 4.6) (Figure 2). Bone

marrow was also negative by the examination of aspiration

and biopsy. Comprehensive blood tests revealed elevated

lactate dehydrogenase and erythrocyte sedimentation rate.

The immunohistochemistry slides were assessed by our

pathologists. Flow cytometry analysis of blast cells in the

pleural effusion found a single population expressing

multi-lineage markers (Figure 3). Bright expression of

T-cell antigen CD7 and dim expression of B-cell antigen

cCD79a were seen, though T-cell specific antigen cCD3

and B-cell specific antigen CD19 were negative. Myeloid-

lineage specific antigen cMPO was dimly expressed while

myeloid-lineage antigens CD33 and CD13 were brightly

A EC

B FD
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H

Figure 2 The PET-CT imaging of the lesions before and after treatment. In comparison with before treatment (A, B, E, F), the masses disappeared in left cervix,

mediastinum, and peritoneal cavity after the completion of therapy (C, D, G, H).

Red: 40.04%

Green: 56.52%

Figure 3 Flow cytometry analysis of lineage antigens of blast cells in pleural effusion. The blast cells brightly expressed CD7, CD33, CD13, cTdT, CD34, HLA-DR, and

CD38, dimly expressed cCD79a, cMPO, and CD123, but did not express cCD3, CD19, CD20, CD117, CD2, CD5, CD8, CD10, CD15, CD16, and CD56.
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expressed. We also found bright expression of stem cell

markers cTdT, CD34, HLA-DR, and CD38, and dim

expression of blastic plasmacytoid dendritic cell marker

CD123. Other specific markers were negative, including

stem cell marker CD117, monocyte markers CD15 and

CD11c, T-cell markers CD1a, CD2, CD4 and CD8, NK

cell markers CD16 and CD56, and B-cell markers CD10,

CD19, and CD22. At first sight, the neoplasm met the

criteria for myeloid sarcoma due to having cMPO expres-

sion, but not cCD3. However, clonal TCR gene rearrange-

ment was found, which suggested an origin of T-cell

precursor (Figure 4). ETP neoplasm was postulated to

originate from a subset of cells that immigrated from the

bone marrow into the thymus but were not yet irreversibly

committed to the T-cell lineage and retained the potential

for myeloid/dendritic cell differentiation. In contrast to

definitive ETP-ALL, the patient did not have the bone

marrow involvement. Some markers were consistent with

ETP-ALL phenotype, including positive CD7, CD34,

HLA-DR, CD33, and CD13, and negative CD1a and

CD8, whereas others were not consistent, such as positive

cMPO and negative cCD3. Eventually, the case was con-

sidered to be ETP-LBL with some distinctive features

from ETP-ALL.

A 4-week hybrid regimen of myeloid and lymphoid-

directed therapy, DA (daunorubicin and cytarabine) plus

VLP (vindesine, pegaspargase, and prednisone), was given

at our hospital. Nevertheless, the masses did not shrink

significantly after the completion of the 4-week schedule.

So far, the optimal treatment for patients with a neoplasm

from ETP remains elusive, especially for those with pri-

mary resistance to conventional chemotherapy. Since the

case was positive for myeloid-lineage antigens, myeloid-

directed salvage regimens might be a suitable choice.

CAG regimen (cytarabine 10 mg/m2 q12h for 10–14

days and aclarubicin 20 mg/d for 4 days with G-CSF

priming) had been reported to produce responses in refrac-

tory patients with acute myeloid leukemia.7 CAG regimen

in combination with decitabine, a DNA methyltransferase

inhibitor approved to treat patients with myelodysplasia

syndrome, had also been reported to improve CR rate in

patients with newly diagnosed MDS-EB and AML-MRC.8

However, the optimal dosage and schedule of decitabine

were rather challenging when used in combination with

other drugs. Due to the patient’s poor performance status,

low-dose decitabine (10 mg/d subcutaneous injection,

twice a week for three times) combined with modified-

CAG regimen (cytarabine of 10 mg/m2 q12h for 10 days
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Figure 4 Conal T-cell receptor (TCR) rearrangement of blast cells. Clonal gene rearrangement was observed in TCR beta VJII (A) and TCR delta VD/DD/DJ (B) fragments.

In panel (A), the arrow indicates the monoclonal peak of TCR beta VJII. In Panel (B), the arrow indicates the monoclonal peak of TCR delta VD/DD/DJ.
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and aclarubicin of 20 mg/d for 4 days with pegylated 6 mg

G-CSF priming) was given. Encouragingly, superficial

masses disappeared following a treatment cycle. After

two cycles of treatment, the patient achieved a CR as

evaluated by PET/CT scan (Figure 2). Generally, adverse

effects were tolerable and reversible, including grade IV

neutropenia, anemia, thrombocytopenia, and grade I trans-

aminase lift. Four cycles of high-dose methotrexate-based

regimens were then taken as the prophylaxis of the central

nervous system and intensification therapy and then

additional two cycles of low-dose decitabine plus modi-

fied-CAG regimen were administered as re-induction and

consolidation therapy. Since HLA-identical donor was not

found, the patient’s father was selected for mismatched-

allogeneic stem cell transplantation. A successful opera-

tion was performed in June 2018. By the end of June 2019,

the patient had been maintaining a CR status.

Discussion and conclusion
The classical model of hematopoiesis postulates that plur-

ipotent hematopoietic stem cells of bone marrow differ-

entiate into common myeloid-erythroid progenitors and

common lymphoid progenitors. Some lymphoid progeni-

tors migrate to the thymus for T-cell development.

However, further studies have found that the myeloid-line-

age potential persists even as the lineage branches segre-

gate toward T- or B-cells.2,3 ETP-ALL has been

considered as a neoplasm originated from ETP, indicating

a limited early T-cell differentiation with frequent expres-

sion of the markers of stem cells and myeloid cells.4 The

case represents an alternative neoplasm from ETP, referred

to as ETP-LBL, with different immunophenotypic features

from ETP-ALL. Owing to expressing cMPO, but not

cCD3, the neoplasm should be differentiated with myeloid

sarcoma. For myeloid sarcoma, the expression of CD7 is

usually weak, but cMPO is often strong in granulocytic

sarcoma. The dim expression of cMPO weakens the sig-

nificance of diagnosing myeloid sarcoma. Anti-MPO anti-

bodies have been shown to react with B-lymphoblastic

leukemia/lymphoma on flow cytometry or immunohisto-

chemistry as a non-specific staining.9,10 In fact, the dim

expression of B-cell antigen cCD79a was seen in the case.

Mediastinal myeloid sarcoma is a rare disease. According

to the definition of 2015 WHO classification of thymus

tumors, mediastinal myeloid sarcoma should be consid-

ered to exclude if lymphoid-antigens are coexpressed with

myeloid-lineage antigens. Eventually, clonal TCR gene

rearrangement confirmed the diagnosis of ETP neoplasm.

T-LBL originates from a thymic lymphocytes and pre-

sents with a primary mass in the anterior mediastinum,

which often grows rapidly and sometimes leads to respira-

tory failure. T-LBL usually has a better prognosis than T-

ALL, however, its prognostic factors remain ambiguous

compared to T-ALL.11 Previous studies did not show its

association of T-LBL with clinical features, such as age,

LDH level, and extranodal lesion, except the involvement

of the central nervous system.12 One or both of the myeloid-

associated antigens CD13 and CD33 are expressed in

19–32% of the patients with T-LBL.13,14 Till now, studies

on the prognostic significance of myeloid-lineage markers

are limited. Our case indicates a poorer outcome of

ETP-LBL in the setting of conventional therapy. As a

novel therapy for myeloid neoplasms, CAG regimen alone

or with decitabine has achieved an obvious response in

patients with refractory acute lymphoblastic leukemia.15,16

However, the predominant subtype who benefited from it is

unclear. The successful treatment of the present case with

low-dose decitabine in combination with modified-CAG

regimen indicates the significance of this novel regimen

for treating the ETP neoplasms. Finally, allogeneic stem

cell transplantation eventually extended the survival time

of the patient.

In conclusion, comprehensive lineage antigens should

be examined to make the diagnosis of neoplasms from ETP

due to their complicated immunophenotypes. Sometimes,

the examination of antigen receptor genes plays a critical

role in differential diagnosis. We speculate that ETP neo-

plasm should be a heterogeneous disease in clinical char-

acteristics, immunophenotypic features, and prognosis.

Novel myeloid-directed novel therapy with allogeneic

stem cell transplantation may improve the outcome in

patients with primary resistance to conventional therapy.

The patient has provided written informed consent for

publication. This case report does not require institutional

approval to publish the case details.
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