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Abstract: Early T-cell precursor acute lymphoblastic leukemia (ETP-ALL) is an aggressive
and extremely fatal subtype of T-cell acute lymphoblastic leukemia (T-ALL), characterized
by the similar transcriptional and immunophenotypic profiles to those of early T-cell
precursors and positive expressions of myeloid antigens. Besides, the gene expression profile
in ETP-ALL is similar to that in myeloid malignancies. The clinical characteristics, treat-
ments and prognoses of ETP-ALL are significantly heterogeneous. In the present study, we
reported a 43-year-old female patient who lacked terminal deoxynucleotidyl transferase
(TDT) expression in immunophenotype and displayed mutations of fms-like tyrosine kinase-
internal tandem duplication (FLT3-ITD), paired-box domain 5 (PAXS5) and SH2B adaptor
protein 3 (SH2B3) (PAXS5 and SH2B3, the genes critical to B cell identity and function),
which represent myeloid and precursor B-lineage associated gene mutations, respectively. It
was a rare T-ALL or T-lineage case. Because of multiple poor prognostic factors in this case,
conventional induction regimens, like hyper-CVAD (cyclophosphamide, vincristine, doxor-
ubicin, dexamethasone), were invalid. The patient showed inadequate response, suggesting
that this treatment was not employed on the basis of the immunophenotype. FLAG-IDA
regimen (fludarabine, cytarabine [Ara-C], granulocyte-colony stimulating factor [G-CSF]
and idarubicin), which is usually applied to eliminate leukemia cells, was administered
combining with sorafenib as an effective induction chemotherapy. The case achieved long-
term survival following the allogeneic hematopoietic stem cell transplantation (allo-HSCT).
We recommend that adult ETP-ALL patients can be treated with a myeloid-oriented che-
motherapy (as frontline induction treatment) along with gene-targeting inhibitors, followed
by allo-HSCT.
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Introduction

Early T-cell precursor acute lymphoblastic leukemia (ETP-ALL) is a subtype of T-cell
acute lymphoblastic leukemia (T-ALL) recognized by the World Health Organization
(WHO) in 2016," accounting for 12.0-16.2% of childhood T-ALL* and 17.0-22.1%
of adulthood T-ALL.> ETP cells originate from hematopoietic stem cells, a subset of
cells that have just migrated from the bone marrow to the thymus, and therefore they
retain a certain potential of multilineage differentiation into myeloid cells and
T cells.>*** ETP-ALL is mainly diagnosed with the immunophenotypes of leukemia
cells. The expression of T-cell differentiation antigens is limited and the antigens of
stem and myeloid cells are retained, turning immunophenotypes similar to those of
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hematopoietic stem cells. Typically, the immunophenotype
of ETP-ALL is featured by limited T-cell differentiation
antigens (CDla, CD8 and CDS5), and the expression of at
least one stem cell antigen or myeloid antigen (CD34,
CD117, HLA-DR, CDI3, CD33, CDIlb, CD65)>*°
Moreover, gene mutations in ETP cells are complicated
with a high incidence of multiple mutations commonly
found in hematopoietic stem cells and myeloid progenitor
cells.* Briefly, incidences of acute myeloid leukemia
(AML)-related gene mutations, like FLT3, DNMT3A and
NRAS/KRAS, are relatively high, whilst those commonly
detected in T-ALL are less mutated in ETP-ALL cases.””
However, the ETP-ALL does not have a uniform or pathog-
nomonic cytogenetic aberration profile.' Owing to the mul-
tilineage differentiation potential, earlier-stage
immunophenotypes and complicated gene mutations, ETP-
ALL manifests high heterogeneous clinical features, aggres-
siveness, fatality, incurability and prognosis. In the present
study, we reported an ETP-ALL case with a typical immu-
nophenotype, deficiency of terminal deoxynucleotidyl trans-
ferase (TDT) expression, and mutations of myeloid genes,
the B cell specific transcription factor paired-box domain 5
(PAXS5) and SH2B adaptor protein 3 (SH2B3, a negative
regulator in the pro-B progenitors), all serving as poor
prognostic factors. Hyper-CVAD (cyclophosphamide, vin-
cristine, doxorubicin, dexamethasone) was invalid to this
case. After an induction chemotherapy combining an AML
regimen and targeted drugs, allogeneic hematopoietic stem
cell transplantation (allo-HSCT) achieved a favorable over-
all survival.

Case Presentation

A 43-year-old woman presented at a local hospital with the
chief complaint of fatigue for a month. Routine peripheral
blood examination showed white blood cell count (WBC)
2.61*10"9/L, red blood cell count (RBC) 2.36*10"12/L,
hemoglobin level (Hb) 83 g/L, and blood platelet count
(PLT) 147*10"9/L. But no diagnosis and treatment were
made. The fatigue increased progressively for half year.
Then the patient took a visit to the hospital and was
recommended to the department of hematology. Physical
examination results were unremarkable, with no hepatos-
plenomegaly or lymphadenopathy. Peripheral blood was
WBC 11.86*10"9/L, Hb 58g/L, RBC 1.37*¥10"12/L and
PLT 58*1079/L. Peripheral smear showed 11% blasts.
Bone marrow aspirate smears were hypercellular with
54% lymphoid blasts. The blasts exhibited round-like
shape in medium sizes, with less cytoplasm and granules

in the cytoplasm. Burr like or pseudopod like protrusions
and tailing could be seen in most of the cytoplasm.
Scattered plasma plasmids, round like nucleus and coarse
granules of chromatin could be seen, and 1 to 2 clear
nucleoli could be seen in some of the cytoplasm. Auer
rods could not be seen in the blasts. Cytochemistry
revealed these blasts were negative for POX (peroxidase)
staining (Figure 1). In flow cytometry (FCM), the results
were obtained by a FACSCanto II dual laser six color flow
cytometer (Becton Dickinson, CA, USA) in a panel with
32 markers. The immunophenotypes of lymphoid blasts
were displayed as CD7, CD117, CD34, CD33, CD38, CD3
(dim), cytoplasmic CD3, and negative for TDT, CD123,
CD36, HLA-DR, CD64, CD11b, CD13, CDI16, CD14,
CD15, CD64, CDllc, CD4, CD5, CD8, CD10, CD19,
lambda, kappa, CD20, CD22, MPO, CDla, CD99, CD2
(Figure 2). The FCM findings fulfilled ETP-ALL criteria.
4/10 of metaphase chromosomes had an abnormal karyo-
type with a +4; 6/10 of chromosome karyotypes were 46
XX; Breakpoint cluster/Abelson tyrosine kinase (BCR/
ABL) fusion was not detected by Fluorescence in situ
hybridization (FISH). The next generation sequencing
(NGS) was based on Illumina nextseq high-throughput
sequencing platform. A Ph-like gene panel was used for
NGS (Table 1). The NGS demonstrated mutations in
FLT3-ITD, PAXS, IL7R, SH2B3, and other genes were
negative (Table 2). The patient received hyper-CVAD (six
doses of intravenous (IV) 300 mg/m” cyclophosphamide
over 3 hours every 12 hours on days 1 through 3, 2 mg of
IV vincristine on days 4 and 11, 50 mg/m* IV doxorubicin
on day 4, and 40 mg of dexamethasone daily on days 1
through 4 and 11 through 14) chemotherapy but the treat-
ment course was complicated by neutropenic fever. The
chemotherapy failed. The peripheral blood and bone mar-
row aspirate smears did not indicate complete remission.
Bone marrow assessment at day +14 showed 25% blasts.
Then, the patient was given the second cycle of che-
motherapy with FLAG-IDA regimen (25 mg/m* IV fludar-
abine x 4 doses daily, 2 g/m? IV cytarabine [Ara-C] on day
1, 10 mg/m? IV idarubicin x 3 doses, 5-10 pg/kg granu-
locyte-colony stimulating factor [G-CSF] daily on days 0
through 5]) was given, combined with FLT3 inhibitor
sorafenib (400 mg po bid) from day +8. The patient
showed complete response (CR) and minimal residual
disease (MRD)-negative. Then the patient received pro-
phylactic intrathecal methotrexate (MTX) and Ara-C.
After 2 courses of FLAG-IDA, the MRD maintained
negative and FLT3-ITD mutation became negative.
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Figure | Cellular morphology of bone marrow aspirate smear and chromosome karyotypes. (A, B) Bone marrow smear showing a proliferation of blasts (Giemsa-Wright
stain). (A, B) The blasts exhibited medium sizes, round, round-like or irregularly shape, the cytoplasm were less with trailing and burr-like changes (100 x oil immersion).
(C) The cytochemiscal staining was negative for POX (peroxidase). (D) Chromosome analysis demonstrated + 4 (arrow) in 4 of 10 metaphases examined.

Subsequently, sorafenib ~ was  continued  until

a myeloablative (human leukocyte antigen) HLA-
matched sibling donor allo-HSCT was performed. The
bone marrow still remained CR, MRD-negative, and
FLT3-ITD negative at 12 months

transplantation.

current after

Discussion

The ETP-ALL is a unique, lethal, rare type of leukemia
that was first described by the WHO Classification of
Tumors of Hematopoietic and Lymphoid Tissues in
2016," with characteristics of distinct immunophenotypic
and genetic features.”*!' In ETP-ALL, myeloid and
hematopoietic stem-cell markers are expressed, such as
CD13, CD33, (D34, CDI117, HLA-DR, but
MPO- ...*'? Express CD7, dim CD5 (<75% positive
cells), other T-lincage markers, such as CDla and CDS,
usually negative or dim.>'> ETP-ALL shows diverse
genetic features similar to those of acute myeloid leuke-
mia, rather T lymphoid leukemia."'* The genomic muta-
tions of ETP-ALL are enriched in transcriptional
regulators (such as BCL11B, ETV6, RUNXI1, WT1), epi-
genetic factors (histone modification, including PHF6,
CTCF, EZH2, and SUZ12), and signaling genes (activa-
tion JAK-STAT, IL-7R and RAS signaling pathway,

including JAK1, JAK3, IL7R, SH2B3, NRAS, KRAS,
FLT3 and PTPN11)."" Compared with non-ETP-ALL, sev-
eral high-frequency mutation genes have been found in
ETP-ALL, such as FLT3-ITD, NOTCHI and PTEN."*"”
In ETP-ALL, some genes show mutations in DNA methy-
lation similar to those in non-ETP-ALL, including
DNMT3A, IDH1, IDH2, TET2, TET3, and WT1.>"!®
The three high frequency genes in ETP-ALL are FLT3,
DNMT3A, and NOTCH1.>'®

The case in this report showed the similar immunophe-
notype with that in other studies,'® but the TDT of the
ETP-ALL in this case was absent. TDT is usually
expressed in lymphocyte precursors, as a marker that can
be detected by flow cytometry in 95% of all T-acute
leukemia/lymphoma (T-ALL/LBL)
studies on TDT-
negative T-ALL/LBL are rare,”> and most of them are
case reports.”> >* Compared with TDT-positive T-ALL/
LBL, TDT-negative T-ALL/LBL is more likely to be
found in ETP-ALL patients (12% versus 43%).”* TDT-
negative T-ALL/LBL, especially ETP, has poor response

lymphoblastic

20,21

patients. However, large-size

to chemotherapy regimen containing prednisone, so it has
that the Hyper-CVAD
ineffective.”>** The patients without TDT expression in
T-ALL/LBL demonstrate a significantly higher rate of

been reported regimen is
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Figure 2 Immunophenotypic analysis of the blasts cells exhibited ETP-ALL. Through the flow cytometry analysis, blast cells were gated and showed in blue (P3). Normal
mature lymphocytes were showed in green for comparison (P2). The immunophenotype of blasts were CD7, CD117, CD34, CD33, CD38, CD3 (dim), cytoplasmic CD3,
and negative for TDT, CD123, CD36, HLA-DR, CDé4, CDI1b, CDI3, CDI6, CDI4, CDI5, CDé4, CDI Ic, CD4, CD5, CD8, CDI0, CD19, lambda, kappa, CD20, CD22,
MPO, CDla, CD99, CD2. The phenotype was consistent with early T-cell precursor acute lymphoblastic leukemia (ETP-ALL).

relapse and a shorter overall survival, hence, TDT is an mutations including IDH1, IDH2, DNMT3A, KRAS,
independent risk factor in ETP-ALL.*? NRAS, JAKI, JAK3, and IL7R associated with AML by

Fms-like tyrosine kinase (FLT3) mutation is one of the = whole genome sequencing. Abundant clinical evidences
most-common gene mutations in AML cases.”® Zhang et al*  have supported the great significance of activation and muta-
identified a high frequency of FLT3 mutation and other tion of FLT3 in the progression of AML, making it

3798 s OncoTargets and Therapy 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Mao et al

Table | The Ph-Like Gene Panel for NGS

IKZF1 JAK2 NOTCHI IL7R
TP53 JAK3 FRXW7 CREBBP
PAX5 CRLF2 PTEN NT5C2
JAKI PHF6 FLT3 SH2B3
Table 2 Gene Mutations in This ETP-ALL Patient

Gene Consequence VAF
FLT3 p-E598delinsDFREYE 25.27%
PAX5 p-T264I 99.93%
IL7R p-T244| 48.91%
SH2B3 p-W262R 99.66%

a biomarker of driving gene mutation and poor prognosis,”’
FLT3-ITD" AML is featured by the short survival, high
recurrence rate and low remission rate of induction
chemotherapy.” Serving as a growth factor receptor that
stimulates the proliferation and differentiation of hemato-
poietic stem-progenitor cells, FLT3 is usually expressed in
CD34" hematopoietic stem-progenitor cells of normal bone
marrow, but rarely in other types of cells. So far, clinical
study of FLT3 mutation in ALL cases is rarely reported, and
the incidence of FLT3-ITD mutation is relatively low in ALL
and T-ALL cases,”” " but significantly high in ETP-ALL
cases. M Neumann et al® found a high rate of FLT3 mutation,
as a poor prognostic factor, in ETP-ALL similar to that in
myeloid cells, and its sensitivity to tyrosine kinase inhibitors.

Interleukin 7 (IL7) and its receptor (IL7R) are essential
for normal lymphoid development and leukemia-initiating
cell activity, pathogenesis of T-ALL.>*** Besides the
oncogenic role of mutant IL7R, excessive IL7R-mediated
signaling can accelerate the course of lymphoid leukemia
disease and enhance its resistance to chemotherapy.®
IL7R overexpression and mutation in ETP-ALL result in
an aggressive ETP-like disease.*** Despite these, IL7R
provides a potentiality of develop feasible and effective
treatment strategies through targeting IL7R signaling
pathway.*

SH2B adaptor protein 3 (SH2B3) is a negative regula-
tor of JAK/STAT signaling in the homeostasis of hemato-
poietic stem cells and pro-B progenitors.*®*’” But loss of
SH2B3 increases the transducer and activator of transcrip-
tion signaling, promotes lymphoid cell proliferation, and

accelerates ALL development in a mouse model.*® In the
genomic studies, somatic mutations in SH2B3 have been
described at low frequency high-risk B-precursor ALL and
early T-cell precursor ALL.*** Recently, Geet al have
reported that high IL7R expression level and low SH2B3
expression level in B-ALL are high risk factors.”
Conversely, the association between IL7R and SH2B3
expression has not been found in T-ALL.>> In another
study, T-cell development is unperturbed in SH2B3-
deficient mice.*” The prognostic significance of SH2B3
mutation remains unclear and needs to be further clarified
in Chinese patients with ETP-ALL.

PAXS5 is a member of the paired box (PAX) family of
transcription factor genes, which controls the identity and
maintain the function of B lymphocytes throughout the
development from pro-B to mature B-cell.*'*? PAX5 is
the guardian of B cell identity and function.*' Hence, as an
oncogene in B-cell malignancies, PAXS is frequently
mutated by translocations, deletions and mutations in
human B-lineage leukemia.** However, only few studies
have demonstrated that Pax5 mutates in T-ALL or T-cell
lymphoma.***” So far, mutation of PAX5 in ETP-ALL
has not been reported. The loss-of-function of PAXS can
block B-cell differentiation at its early stages, which
causes multi-lineage potential of T-cell differentiation
and therefore may influence T-ALL pathogenesis.*’ *
Pax5 inactivation in B-ALL has different effects on
prognosis.’®>? Furthermore, when PAX5 mutates with
IKZF1, FLT3 is considered as a poor prognostic
factor.*>* The co-mutation of PAX5 and FLT3 may indi-
cate the poor prognosis in this case],”' but this indication
needs to be further confirmed by relevant studies.

There is no uniform genetic lesion in ETP-ALL, but
the presence of multiple lesions indicates a certain con-
nection between mutations during the development and
progression of leukemia.'' Therefore, patients can benefit
from a combination of inhibitors targeting the mutations
with chemotherapy.'' So far, there is no unified standard
and optimal treatment for ETP-ALL.'*>>7 The present
patient received induction chemotherapy according to
hyper-CVAD protocol, however, bone marrow (BM)
assessment showed 25% blasts at day +14; therefore, a -
different second induction regimen was given along with
FLT3 inhibitors.

At present, the ETP-ALL are
unavailable.”® Heterogeneity exists in the treatment
scheme for ETP-ALL.'® Because of ETP-ALL presents
a unique immature immune phenotype, a characteristic

guidelines for
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gene expression profile, and an increased number and size

of genomic lesions, ETP-ALL is more likely to develop

into

acute myeloid leukemia than lymphoid

leukemia.'®*>%" Hence, ETP-ALL needs a AML (acute
myeloid leukemia)-oriented and intensification chemother-

apy regimens together with allo-HSCT.>"~** Novel stra-

tegies, such as target therapy and FLT3 inhibitors should

be designed.”'" ETP-ALL is sensitive to cytarabine ther-

apy and high dose cytarabine may be a good regimen for
ETP-ALL.®"*? FLAG-IDA regime may be a potential and
beneficial schedule for ETP-ALL.!%¢0 Therefore, after the
initial induction failed, we turned to FLAG-IDA combined
with sorafenib, a treatment that achieved satisfactory

outcomes.

Conclusion
ETP-ALL is a lethal subtype of ALL with a weak response

to

induction chemotherapy, and a poor prognosis.

Diagnosis of ETP-ALL is mainly based on immunophe-

notyping, and its gene expression profile has also

a similarity with that of myeloid lineage. Sensitive prog-
nostic biomarkers in ETP-ALL have not been identified. In
this ETP-ALL case with multiple poor prognostic factors,

an intensive treatment combining targeted drugs and

sequential Allo-HSCT proves effective.
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