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ABSTRACT

Early T-cell Precursor Acute Lymphoblastic Leukemia (ETP-ALL) is a subtype of T-ALL/LBL which
is derived from thymic cells at the early T-cell precursor (ETP) differentiation stage that have the
potential to differentiate into multiple lineages, including lymphoid and myeloid. ETP-ALL accounts
for 15% of childhood T-ALL and 10-30% of adult T-ALL. It has characteristic immunophenotypic
expression of CD7, a lack of CD1a and CD8, weak expression of CD5 (with <75% positive blasts),
and positive expression of one or more stem cell or myeloid markers including CD117, HLADR,
CD13, CD33, CD11b or CD65. We here in report two cases of ETP-ALL with brief review of
literature.
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1. INTRODUCTION

T-cell acute lymphoblastic leukemia/lymphoma
(T-ALL/LBL) is a malignant neoplasm of
immature T cell with subtypes that correspond to
different T-cell maturation stages [1-4]. These
account for 10-15% of childhood and 10-30% of
adult ALL cases [9].

Early T-cell Precursor Acute Lymphoblastic
Leukemia (ETP-ALL) is a subtype of T-ALL/LBL
derived from thymic cells at the early T-cell
precursor (ETP) differentiation stage that have
the potential to differentiate into multiple
lineages, including lymphoid and myeloid [6,7].
World Health Organization (WHO) classification
of acute leukemia, 2016 update has included
ETP-ALL as a new provisional entity which was
kept under early-T-ALL/LBL category in 2008
WHO classification [8].

ETP-ALL accounts for 15% of childhood T-ALL
and 10-30% of adult T-ALL [6-11].

It was defined by a distinct immunophenotypic
expression of CD7, a lack of CD1a and CD8,
weak expression of CD5 (with <75% positive
blasts), and positive expression of one or more
stem cell or myeloid markers including CD117,
HLADR, CD13, CD33, CD11b, or CD65 [6].

ETP-ALL/LBL is also characterized by a distinct
molecular profile with a lower frequency of
NOTCH1 mutations and frequent occurence of
FLT3 and DNMT3A mutations [12-14]. Most
importantly, it has comparatively worse outcome
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in children and young adults than other T-
ALL/LBL subtypes [6,15].

The purpose of this case study is to highlight the
clinical, immunophenotypic and molecular
characteristics of ETP-ALL and discuss two
cases experienced at our institution.

2. CASE REPORT

We have reported total of 12 cases of T-ALL on
flowcytometry from July, 2019 to January, 2021
out of which 2 cases are of Adult ETP-ALL(16%).

Case 1: A 35 year old woman presented to OPD
with complaints of generalized lymphadenopathy,
fever and weakness for 1 months. There was no
significant family or past history. On examination,
she had pallor, with multiple small, painless
nodes palpable in b/l cervical, axillary and
inguinal region. Moderate splenomegaly was
also present. Respiratory, cardiovascular and
neurological examinations were unremarkable.
Complete blood count showed moderate anemia
(Hb-6.5 g/dl), high TLC (90,000/ul) and mild
thrombocytopenia (Platelet count-75,000//ul).
Peripheral blood smear confirmed leucocytosis
with approximately 82% blasts (Fig. 1). These
blasts were small to medium sized with high N:C

ratio, round nucleus with irregular contour,
condensed  chromatin, inconspicuous  to
prominent nucleoli and scant agranular

basophilic cytoplasm (Fig. 2). A provisional
diagnosis of MPO negative acute leukemia was
made.

Fig. 1. Leucocytosis with approximately 82% blasts (400x)
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Fig. 2. Small to medium sized blasts with high N:C ratio, round to oval nucleus with irregular
nuclear contour, inconspicuous to prominent nucleoli and scanty to moderate agranular
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Fig. 3. Scatter plot of flowcytometric analysis of ETP-ALL showing its characteristic
immunophenotypic profile

Immunophenotyping of the blasts in the
peripheral blood was performed by standard flow
cytometry methods, using standardised antibody

panels. Immunophenotyping was performed by a
FACS Canto Il flow cytometer with six-colour
reagent panels. It showed 82% cells gated in low
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side scatter and moderate CD 45 region which
was positive for cytoplasmic CD3, CD7, CD5
(dim and partial), CD34, CD13 & CD33 (dim and
partial) and negative for surface CD3, CD1a,
CD8, HLA-DR and cyto MPO. Final diagnosis of
ETP-ALL was made.

Case 2: A 20 yr old male presented to OPD with
complaints of generalized lymphadenopathy and
fever for 3 months. There was no significant
family history or past history. General
examination showed pallor with multiple small,
painless palpable nodes in b/l cervical and
axillary regions. Respiratory, cardiovascular,
abdominal and neurological examination was
unremarkable. Initial laboratory investigations
revealed pancytopenia with severe anemia (Hb-3
g/dl), Moderate leucopenia (TLC-1100/ul) and
moderate thrombocytopenia (Platelet count-
50,000/ul). Peripheral blood smear showed 65%
atypical cells, confirmed on bone marrow
examination which revealed cellular marrow with
marked infiltration by blasts. These were small to
medium sized with high N:C ratio, round nucleus
with irregular contour, condensed to fine granular
chromatin, prominent nucleoli and scant to
moderate agranular  basophilic cytoplasm.
Provisional diagnosis of precursor lymphoblastic
leukemia was made.

Immunophenotyping of the blasts in the bone
marrow sample was performed and it showed
75% cells gated in low side scatter and dim to
moderate CD45 region which was positive for
cytoplasmic CD3, CD7, CD5 (dim and partial),
CD34, CD38, HLA-DR, CD33 (dim and partial)
and CD117 (dim and partial) and negative for
surface CD3, CD1a, CD8, CD13 and cyto MPO.
Final diagnosis of ETP-ALL was given.

3. DISCUSSION

ETP-ALL is a recently described subgroup of T-
ALL distinguished by very early arrest in T-cell
differentiation, identified by a well defined gene
expression signature and immunophenotype
[6,9,16].

Normal early T-cell precursors (ETPs) are a
subtype of thymocytes, which have migrated
from the bone marrow to the thymus, and retain
multilineage differentiation potential, indicating
that they are derived from hematopoietic stem
cells [17-19]. However, recently, a mouse model
of T-ALL wusing a Sleeping-Beauty-based
transposon system suggested that ETP-ALL may
be derived from more mature T-cells [20].
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Thus, the exact cellular origin of ETP-ALL is not
clear.

Recently, a study attempted to make diagnosis of
ETP-ALL using the expression of CD5 and
concluded that CD5- negative T-ALL could be
diagnosed as ETP-ALL because CD5 negativity
was associated with positive myeloid/stem cell
antigens but not CD1a and CD8 expressions
[21].

Currently, precise immunophenotyping is the
most important tool to make a diagnosis of
ETPALL, distinguishing ETP-ALL from classical
T-ALL. In our case report both cases were
diagnosed by flowcytometric analysis.

Both pediatric and adult ETP-ALL show distinct
mutations. Pediatric ETP-ALL has a higher
expression of oncogenic transcription factors:
LMO1, LMO2, LYL1, and ERG [6,7]. Whole-
genome sequencing studies showed that ETP-
ALL has a high frequency of activating mutations
in the genes involved in cytokine receptor and
RAS signaling (e.g., NRAS, KRAS, FLT3, IL-7R,
JAK3, LAK1, SH2B3, and BRAF) and inactivating
mutations in the genes encoding key
transcription factors involved in hematopoietic
development (e.g., GATA3, ETV6, RUNX1,
IKZF1, and EP300) and involved in epigenetic
gene control (e.g., EZH2, EED, SUZ12, SETD2,
and EP300 genes) [7]. In adult ETP-ALL patients
whole exome sequencing revealed a distinct
mutation spectrum from that of pediatric ETP-
ALL, particularly in affecting genes involved in
epigenetic regulation with higher frequencies of

DNMT3A and FAT3 mutations [14].
DNMTS3A alterations in lymphoid malignancies
are limited to T-lineage disease.In all

cases, DNMT3A mutations increase in frequency
with age, and are extremely rare in children and
adolescents [22].

Collectively, characteristic immunophenotype
and distinct genetic profiles distinguish ETP-ALL
from classical T-ALL. The characteristic gene
profile of ETP-ALL may provide new therapeutic
strategies for this leukemia.

Coustan-Smith et al. reported that patients with
ETP-ALL showed a poor initial response to
standard intensive  chemotherapies  and
unfavorable outcomes [6]. Recent protocols for
T-ALL patients include consecutive phases of
induction, consolidation, delayed intensification,
and maintenance, with drug combinations that
commonly include doxorubicin or daunorubicin,



dexamethasone or prednisone, vincristine,
asparaginase, cyclophosphamide and
cytarabine, together with methotrexate and

intrathecal chemotherapy as prophylaxis for CNS
infiltration. In past, ETP-ALL has been
associated with poor prognosis. but in recent
years application of early response-based
intensification regimens has greatly improved
the outcome of these patients [23].

In the TLLSGL99-15 study, three of four relapsed
ETP-ALL patients were successfully treated with
allogenic hematopoietic stem cell transplantation
(allo-SCT), indicating that allo-SCT could be an
effective therapeutic option for ETP-ALL, hence
mandating the precise diagnosis [15].

4. CONCLUSION

Diagnosis of ETP-ALL needs combination of cell
morphology, cytochemical staining as well as
flowcytometric analysis. The main purpose of this
report is to make physicians aware of this entity,
its controversial prognostic significance and the
need for novel treatment strategies.

CONSENT

As per international standard or university
standard, patients’ written consent has been
collected and preserved by the author(s).

ETHICAL APPROVAL

As per international standard or university
standard written ethical approval has been
collected and preserved by the author(s).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Bene MC, Castoldi G, Knapp W, et al.
European Group for the Immunological

characterization of Leukemias (EGIL).
Proposals for the immunological
classification of acute leukemias.

Leukemia. 1995;9(10):1783-1786.

2. Ludwig WD, Raghavachar A, Thiel E.
Immunophenotypic classification of acute
lymphoblastic leukaemia. Baillieres Clin
Haematol. 1994;7(2):235-262.3.

Surabhi et al.; IJR2H, 4(2): 27-33, 2021; Article no.lJR2H.69015

32

10.

1.

12.

Ludwig WD, Reiter A, Loffler H, et al.
Immunophenotypic features of childhood
and adult acute lymphoblastic leukemia
(ALL):  experience of the German
multicentre ftrials ALL-BFM and GMALL.
Leuk Lymphoma. 1994;13(Suppl 1):71-
76.4.

Borowitz MJ, Chan JKC. T Lymphoblastic
Leukemia/Lymphoma. In: Swerdlow SH,
Campo E, Harris NL, et al, eds. WHO
Classification of tumours of haematopoietic
and lymphoid tissues. Lyon, France: IARC.
2008:176-178.

Pui CH, Evans WE. Treatment of acute
lymphoblastic leukemia. N Engl J Med.
2006;354:166-78.

Coustan-Smith E, Mullighan CG, Onciu M,
et al. Early T-cell precursor leukaemia: a
subtype of very high-risk acute
lymphoblastic leukaemia. Lancet Oncol.
2009;10(2):147-156.6.

Zhang J, Ding L, Holmfeldt L, et al. The
genetic basis of early T-cell precursor
acute lymphoblastic leukaemia. Nature.
2012;481(7380):157-163.

Arber DA, Orazi A, Hasserjian R, et al. The
2016 revision to the World Health
Organization classification of myeloid
neoplasms and acute leukemia. Blood.
2016;127:2391-2405.

Jain N, Lamb A, O’Brien SM, et al. Early T-
cell precursor acute lymphoblastic
leukaemia (ETP-ALL) is a high-risk
subtype in adults. Blood. 2015;126(23):4.
Wood BL WS, Dunsmore KP. T
Lymphoblastic Leukaemia (TALL) shows
excellent outcome, lack of significance of
the Early Thymic Precursor (ETP)
immunophenotype, and validation of the
prognostic value of end-induction Minimal
Residual Disease (MRD) in Children’s
Oncology Group (COG) study AALL0434.
Blood (ASH Annual Meeting Abstracts).
2014;124(21):1a.

Conter V, Valsecchi MG, Buldini B,
Parasole R, Locatelli F, Colombini A, et al.
Early T-cell precursor acute lymphoblastic
leukaemia in children treated in AIEOP
centres with AIEOP-BFM protocols: a
retrospective analysis. Lancet Haematol.
2016;3:e80-6.
DOI:10.1016/S2352-3026(15)00254-9.
Neumann M, Heesch S, Okbuget GN, et
al. Clinical and molecular characterization
of early T-cell precursor leukemia: a high-
risk subgroup in adult T-ALL with a high



13.

14.

15.

16.

17.

18.

frequency of FLT3 mutations. Blood
Cancer J. 2012;2(1):e55.

Neumann M, Coskun E, Fransecky L, et al.
FLT3 mutations in early T-cell precursor
ALL characterize a stem cell like leukemia
and imply the clinical use of tyrosine
kinase inhibitors. PLoS One.
2013;8(1):€53190.

Neumann M, Heesch S, Schlee C, et al.
Whole exome sequencing in adult ETP-
ALL reveals a high rate of DNMT3A
mutations.  Blood. 2013;121(23):4749-
4752.

Inukai T, Kiyokawa N, Campana D, et al.
Clinical significance of early T-cell
precursor acute lymphoblastic leukaemia:
results of the Tokyo children’s cancer
study group study L99-15. Br J Haematol.
2012;156(3):358-365.

Haydu JE, Ferrando AA. Early T-cell
precursor acute lymphoblastic leukaemia.
Curr Opin Hematol. 2013;20(4):369-73.

Rothenberg EV, Moore JE, Yui MA.
Launching the T-cell-lineage
developmental programme. Nat Rev

Immunol. 2008;8:9-21.

Bell JJ, Bhandoola A. The earliest thymic
progenitors for T cells possess myeloid
lineage potential. Nature. 2008;452:764-7.

Surabhi et al.; IJR2H, 4(2): 27-33, 2021; Article no.lJR2H.69015

19.

20.

21.

22.

23.

Wada H, Masuda K, Satoh R, Kakugawa
K, lkawa T, Katsura Y, et al. Adult T-cell
progenitors retain myeloid potential.
Nature. 2008;452:768-72.

Berquam-Vrieze KE, Nannapaneni K, Brett
BT, Holmfeldt L, Ma J, Zagorodna O, et al.
Cell of origin strongly influences genetic
selection in a mouse model of T-ALL.
Blood. 2011;118:4646-56.

Chopra A, Bakhshi S, Pramanik SK,
Pandey RM, Singh S, Gajendra S, et al.
Immunophenotypic analysis of T-acute
lymphoblastic leukemia. A CD5-based
ETP-ALL perspective of non-ETP T-ALL.
Eur J Haematol. 2014;92:211-8.

Bond J, Touzart A, Leprétre S, Graux C,
Bargetzi M, Lhermitte L et al. DNMT3A
mutation is associated with increased age
and adverse outcome in adult T-cell acute
lymphoblastic leukemia. Haematologica.
2019;104(8):1617-1625.

Bayon-Calderon F, Toribio M, Gonzalez-
Garcia S. Facts and challenges in
immunotherapy for T-cell acute
lymphoblastic  leukemia.  International
Journal of Molecular Sciences.
2020;21(20):7685.

© 2021 Surabhi et al.; This is an Open Access atrticle distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/69015

33



