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To the Editor,

Early T-cell precursor (ETP) acute lymphoblastic leukemia/
lymphoma (ETP-ALL) is a unique subtype of T-lymphoblastic
leukemia (T-ALL) characterized by its distinct immunophenotypic
profile and genetic signature. First described in 2009 as a type of
T-ALL derived from thymic cells at the ETP differentiation stage
[1], ETP-ALL was officially recognized as a distinct provisional
entity by the 2017 World Health Organization classification
[2]. The leukemic cells in ETP-ALL are committed to the T-cell
lineage, but not irreversibly, and hence they retain the potential
for myeloid/dendritic cell differentiation. This results in a distinct
immunophenotypic profile characterized by positivity for T-cell
antigens such as CD7 and cytoplasmic CD3, but also myeloid/
stem cell antigens such as CD34, CD117, HLA-DR, CD13, CD33,
and CD11b. By definition, the cells lack CD1a, C8, and MPO,
whereas CD5 is either negative or only expressed in a minor
subset of cells [2,3]. This typical immunophenotypic profile
has been shown to be highly specific for the ETP-ALL gene
expression signature, which, not surprisingly, shows a higher
frequency of mutations associated with myeloid neoplasms
such as FLT3, DNMT3A, and IDH1/2 and a relatively lower
frequency of more typical T-ALL not otherwise specified (T-ALL,
NOS)-defining genetic lesions such as NOTCH1 and CDKN1/2
mutations [2]. Additionally, the 2022 International Consensus
Classification recognized the disruption of the BCL11B locus as
a highly sensitive and reliable diagnostic variable in favor of
ETP-ALL compared to T-ALL-NOS [4]. Despite these significant
recent advances in understanding this disease's molecular basis,
the optimal therapeutic approach is poorly characterized and
overall survival remains dismal. The high frequency of myeloid
neoplasia-associated mutations in ETP-ALL presents a promising
therapeutic window, however, and novel targeted therapies may
help improve overall survival in the near future. We present the
case of a 58-year-old man with IDH7-mutated ETP-ALL who
attained prolonged and sustained remission with IDH1 inhibitor
therapy given in combination with standard chemotherapy.

A 58-year-old man with no significant past medical history
presented with a 6-week history of fatigue, bilateral lower

extremity weakness, chills, and loss of appetite. A complete
blood count revealed normocytic anemia (hemoglobin: 8.8 g/dL),
absolute neutropenia (absolute neutrophil count: 1100/uL), and
thrombocytopenia (platelet count: 122,000/ul). Morphological
review of the peripheral blood smear revealed 15% circulating
blasts, which were intermediate to large with irreqular nuclear
contours, fine chromatin, prominent nuclei, and a small amount
of vacuolated basophilic cytoplasm (Figure 1A, black arrow).
This prompted a bone marrow biopsy that revealed 73% blasts
forming diffuse sheets in the bone marrow (Figure 1B) and
markedly decreased background trilineage hematopoiesis.
Immunohistochemistry performed on the bone marrow core
biopsy sample showed that the blasts were diffusely positive
for CD7 (Figure 1C), with a subset positive for CD34 and CD3,
and negative for CD1a and TDT immunohistochemical stains.
Flow cytometric analysis performed on the bone marrow
aspirate sample revealed 70% blasts that were dim CD45+,
surface CD3-, cytoplasmic CD3+, CD2-, predominantly CD7+
(85%), predominantly CD5- (variable/dim expression in 10%),
CD4-, CD8-, CD16-, CD56-, CD57-, TDT-, CD34+, CD117-, HLA-
DR+, CD33+, CD13-, CD14-, CD64-, cytoplasmic MPO-, CD19-,
CD10-, kappa/lambda surface light chains-, and cytoplasmic
CD79a- (Figure 1D). In light of these findings, a diagnosis of
ETP-ALL was made. Chromosomal analysis showed a normal
karyotype (46,XY). Fluorescence in situ hybridization testing for
a T-lymphoblastic leukemia panel was negative for all probes,
including -9p21 (CDKNZ2A), t(9;22) ABL1/BCR fusion, 11923
(MLL), -17p13.1 (TP53), 7934 (TRB), 14q11.2 (TRAD), t(10:11)
MLLT10/PICALM fusion, and 1p33 (TAL1/STIL).

Given the increasing scientific evidence for a high prevalence
of myeloid neoplasia (AML/MDS)-associated genetic mutations
in ETP-ALL, we also performed comprehensive next-generation
sequencing myeloid panel analysis of the bone marrow
aspirate sample. The panel of 47 genes detected an isolated
IDH1: ¢.394C>T; p.Arg132Cys pathogenic mutation with
a variant allele frequency (VAF) of 42% and was negative
for all other genes tested, including FLT3, DNMT3A, TET2,
KRAS, and NRAS. The patient was treated with hyper-CVAD
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Figure 1. A) Peripheral blood smear revealed 15% circulating blasts, which were intermediate to large with irregular nuclear contours,
fine chromatin, prominent nuclei, and a small amount of vacuolated basophilic cytoplasm (black arrow). B) Bone marrow biopsy revealed
73% blasts forming diffuse sheets in the bone marrow (black arrow). C) Immunohistochemical analysis of the bone marrow core biopsy
sample showed blasts diffusely positive for CD7. D) Flow cytometric analysis of bone marrow aspirate sample revealed 70% blasts that
were CD2-, predominantly CD5-, CD8-, CD16-, TDT-, CD34+, CD33+, and HLA-DR+.

(hyperfractionated cyclophosphamide, vincristine, doxorubicin,
and dexamethasone) induction therapy. A bone marrow biopsy
after two cycles revealed no residual disease by morphology or
flow cytometry; however, quantitative /DHT analysis by droplet
digital polymerase chain reaction (ddPCR) was positive at 5.13%
(mutated/total IDH1). The patient was treated with an additional
two cycles of hyper-CVAD with the addition of an IDH1
inhibitor (ivosidenib). A repeat bone marrow analysis following
the fourth cycle detected no residual disease by morphology
or flow cytometry, and ddPCR was negative for mutated
IDH1 (sensitivity: 0.5%). This was followed by an allogeneic
hematopoietic stem cell transplant. The patient continues to
be in remission 26 months following the diagnosis. While it is
not possible to ascertain whether the prolonged and sustained
remission was due to the additional two cycles of hyper-CVAD
or to IDH1 inhibition, or both, the therapeutic inhibition of
a disease-driving mutation and the subsequent molecular
remission as shown by high-sensitivity ddPCR indicates that the
IDH inhibitor most probably played some therapeutic role in this
case.

Despite the significant recent advances in our understanding
of the genetic background of ETP-ALL, the optimal treatment
regimen remains uncertain. ETP-ALL is a rare entity accounting
for approximately 16% of childhood and 22% of all adult
T-AlLs [5,6]. That rarity, combined with the fact that it is
still a relatively newly described entity, has resulted in a lack
of large-scale investigational studies exploring the optimal
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therapeutic approach. Although the genetic landscape of ETP-
ALL is very heterogeneous and does not show a single unifying
genetic lesion, the differences between ETP-ALL and T-ALL are
quite striking and may, in the near future, open doors to novel
therapies. Genetically and immunophenotypically, ETP-ALL sits
at the crossroads of myeloid neoplasms (AML/MDS) and T-ALL,
NOS. It is enriched in mutations that are typically more defining
of myeloid neoplasia, including activating mutations driving
RAS and cytokine receptor/JAK-STAT signaling (i.e., FLT3, IGFR1,
JAK1, JAK3, KRAS, NRAS), DNA methylation genes (i.e., IDH1/2,
DNMT3A, TET2), histone-modifying genes (i.e., EED, SUZ12,
EZH2), and genes regulating hematopoietic development (i.e.,
RUNX1, IKZF1, ETV6, GATA3, EP300). In contrast, the frequency
of mutations in genes commonly involved in the pathogenesis
of T-ALL (i.e., NOTCH1, CDKN1/2, FBXW?) is substantially lower
[7,8]. Our case highlights the importance of myeloid mutational
analysis in ETP-ALL, which may detect a potential therapeutic
target such as IDH, FLT3, or EZH2. This may help improve the
prognosis of this otherwise dismal disease in the near future as
well as provide a viable biomarker for molecular residual disease
monitoring. In conclusion, testing for AML/MDS-associated
genes should be considered in all cases of ETP-ALL, and the
addition of targeted therapies might improve the poor outcome
of ETP-ALL.

Keywords: T-lymphoblastic leukemia, Early T-cell precursor
acute lymphoblastic leukemia/lymphoma, Myeloid, Next-
generation sequencing, IDH, Molecular



Turk J Hematol 2023;40:206-235

LETTERS TO THE EDITOR

Anahtar Sozciikler: T-lenfoblastik 16semi, Erken T-hiicre oncii
akut lenfoblastik |6semiflenfoma, Miyeloid, Yeni-nesil dizileme,
IDH, Molekdler

Ethics
Authorship Contributions

Concept- H.T., SS.; Design- H.T, S.S.; Data Collection or
Processing- H.T., S.S..; Analysis or Interpretation- H.T., S.S.;
Literature Search- H.T., S.S.; Writing- H.T.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Coustan-Smith E, Mullighan CG, Onciu M, Behm FG, Raimondi SC, Pei D,
Cheng C, Su X, Rubnitz JE, Basso G, Biondi A, Pui CH, Downing JR, Campana
D. Early T-cell precursor leukaemia: a subtype of very high-risk acute
lymphoblastic leukaemia. Lancet Oncol 2009;10:147-156.

2. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM,
Bloomfield CD, Cazzola M, Vardiman JW. The 2016 revision to the World
Health Organization classification of myeloid neoplasms and acute
leukemia. Blood 2016;127:2391-2405.

3. Castaneda Puglianini O, Papadantonakis N. Early precursor T-cell acute
lymphoblastic leukemia: current paradigms and evolving concepts. Ther
Adv Hematol 2020;11:2040620720929475.

4. Arber DA, Orazi A, Hasserjian RP, Borowitz MJ, Calvo KR, Kvasnicka HM,
Wang SA, Bagg A, Barbui T, Branford S, Bueso-Ramos CE, Cortes JE, Dal Cin
P, DiNardo CD, Dombret H, Duncavage EJ, Ebert BL, Estey EH, Facchetti F,
Foucar K, Gangat N, Gianelli U, Godley LA, Gékbuget N, Gotlib J, Hellstrom-

Lindberg E, Hobbs GS, Hoffman R, Jabbour EJ, Kiladjian JJ, Larson RA, Le
Beau MM, Loh ML, Léwenberg B, Macintyre E, Malcovati L, Mullighan CG,
Niemeyer C, Odenike OM, Ogawa S, Orfao A, Papaemmanuil E, Passamonti
F, Porkka K, Pui CH, Radich JP, Reiter A, Rozman M, Rudelius M, Savona MR,
Schiffer CA, Schmitt-Graeff A, Shimamura A, Sierra J, Stock WA, Stone RM,
Tallman MS, Thiele J, Tien HF, Tzankov A, Vannucchi AM, Vyas P, Wei AH,
Weinberg OK, Wierzbowska A, Cazzola M, Déhner H, Tefferi A. International
Consensus Classification of Myeloid Neoplasms and Acute Leukemias:
Integrating morphologic, clinical, and genomic data. Blood 2022;140:1200-
1228.

Mao J, Xue L, Wang H, Zhu Y, Wang J, Zhao L. A new treatment strategy
for early T-cell precursor acute lymphoblastic leukemia: a case report and
literature review. Onco Targets Ther 2021;14:3795-3802.

Jain N, Lamb AV, O'Brien S, Ravandi F, Konopleva M, Jabbour E, Zuo Z,
Jorgensen J, Lin P, Pierce S, Thomas D, Rytting M, Borthakur G, Kadia T, Cortes
J, Kantarjian HM, Khoury JD. Early T-cell precursor acute lymphoblastic
leukemia/lymphoma (ETP-ALL/LBL) in adolescents and adults: a high-risk
subtype. Blood 2016;127:1863-1869.

Zhang J, Ding L, Holmfeldt L, Wu G, Heatley SL, Payne-Turner D, Easton
J, Chen X, Wang J, Rusch M, Lu C, Chen SC, Wei L, Collins-Underwood JR,
Ma J, Roberts KG, Pounds SB, Ulyanov A, Becksfort J, Gupta P, Huether R,
Kriwacki RW, Parker M, McGoldrick DJ, Zhao D, Alford D, Espy S, Bobba KC,
Song G, Pei D, Cheng C, Roberts S, Barbato MI, Campana D, Coustan-Smith
E, Shurtleff SA, Raimondi SC, Kleppe M, Cools J, Shimano KA, Hermiston ML,
Doulatov S, Eppert K, Laurenti E, Notta F, Dick JE, Basso G, Hunger SP, Loh
ML, Devidas M, Wood B, Winter S, Dunsmore KP, Fulton RS, Fulton LL, Hong
X, Harris CC, Dooling DJ, Ochoa K, Johnson KJ, Obenauer JC, Evans WE, Pui
CH, Naeve CW, Ley TJ, Mardis ER, Wilson RK, Downing JR, Mullighan CG.
The genetic basis of early T-cell precursor acute lymphoblastic leukaemia.
Nature 2012;481:157-163.

Tarantini F, Cumbo C, Anelli L, Zagaria A, Specchia G, Musto P, Albano F.
Inside the biology of early T-cell precursor acute lymphoblastic leukemia:
the perfect trick. Biomark Res 2021;9:89.

Received/Gelis tarihi: April 4, 2023
Accepted/Kabul tarihi: July 10, 2023

DOI: 10.4274/tjh.galenos.2023.2023.0139

@@@@ ©Copyright 2023 by Turkish Society of Hematology Turkish Journal of Hematology, Published by Galenos Publishing House.
rrrmrm Licensed under a Creative Commons Attribution-NonCommercial (CC BY-NC-ND) 4.0 International License.

229





