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ccepted: un
Published: 30 Jun 2024 However, the presence of mature DP T cells is indicative of cancer and abnormality in

peripheral blood. Philadelphia® (Ph*) T-ALL is extremely rare, but it holds significant
therapeutic and prognostic implications. The incidence and outcomes of BCR-ABL® T-
ALL remain uncertain, and distinguishing it from T-cell lymphoblastic crises of CML
can be challenging. The current document discussed a rare case of CD4"/CD8" BCR-
ABL" T-ALL in an 11-year-old Iranian male, detailing his medical conditions, laboratory
findings, and treatment. The patient presented with enlarged lymph nodes,
splenomegaly, anemia, leukocytosis, and severe thrombocytopenia. The blood smear was
nearly filled with irregular/convoluted and cleaved nuclear blasts with fine chromatin.
The patient received imatinib with induction chemotherapy. After two months, the
patient achieved complete remission with undetectable Minimal/Measurable Residual

Disease (MRD). By detailing the patient's characteristics and the required tests, the

Keywords:
P—19\(I) BCRABL manuscript contributes to a deeper understanding of this complex disease subtype.
Philadelphia Furthermore, by examining and comparing the current case with other available cases,
f/{lzl‘:gi acng‘g doublespositive TALL the study lays the groundwork for better characterizing the disease and developing more
effective therapeutic strategies.
1. INTRODUCTION cluster region (BCR) on chromosome 22's long arm,

Philadelphia chromosome-positive acute lymphoblastic creating a fusion gene, BCR-ABL. This gene encodes an

leukemia (Ph* ALL) is a subtype of ALL distinguished by a oncogenic protein with constantly active tyrosine kinase
(TK) [1-3]. Depending on the specific breakpoint within the

BCR gene that is fused with exon a2 of ABL, three different
products are formed. The BCR-ABL fusion gene can

specific chromosomal abnormality. This abnormality
involves a reciprocal translocation between the ABL-1

oncogene on chromosome 9's long arm and a breakpoint
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produce three different fusion proteins: p190, p210, or
p230. The fusion genes of b2a2 and b3a2 are the most
frequently observed fusion transcripts in CML [4]. The b2
and b3 are located between exons 13 and 14 or 14 and 15,
respectively. This results in the formation of an abnormal
210-kD fusion protein (P210BCR-ABL), which plays an
essential role in the malignant transformation of CML and
contributes to phenotypic abnormalities. The introns 1 or 2
of the ABL gene can make two other different fusions: the
first with the alternative BCR exons e2' and e2 of the minor
breakpoint cluster region (m-BCR), forming a P190BCR-
ABL (which is common in ALLs), and the second with the
-BCR gene, located downstream between exons 17 and 20,
leading to the production of a 230-kd fusion protein
(P230BCR-ABL) which is linked to the uncommon Ph-
positive chronic neutrophilic leukemia (Figure 1) [5-7].
P190BCR-ABL is linked to a poorer prognosis and is
present in approximately 20% to 30% of adults diagnosed
with ALL. Ph* ALL is more prevalent in older adults, with
up to 50% of individuals aged 50 or older diagnosed with
ALL. Patients with Ph" ALL encounter an increased risk of
central nervous system (CNS) involvement [8]. The
Philadelphia chromosome (Ph) is commonly linked to B-cell
ALL in older adults containing 15% to 30% of B-ALL cases
[9, 10]. It was first identified by a distinctive gene expression
pattern in patients with very poor clinical outcomes and a
high frequency of IKZF1 and other B-cell transcription
factor deletions. Based on previous reports, malignancies
characterized by the presence of Ph exhibit aggressive
clinical presentations especially when the patient is
presenting T-ALL. Ph® T-ALL/lymphoblastic lymphoma
(LBL) is exceptionally rare, with a limited number of cases
documented in the literature [11, 12]. Here, we documented
a rare BCR-ABL"/dual positive (CD4"/CD8") T-ALL with
de novo P190 BCR-ABLI as a cytogenetic abnormality.
Given the rarity of T-ALL associated with the Ph-positive
(Ph"), this cytogenetic abnormality's clinical significance,
prognosis, and impact on leukemogenesis remain uncertain.
This paper also aims to provide a comprehensive review of
reported Ph™ T-ALL cases, shedding light on the current
understanding of this infrequent presentation and its
implications.

2. CASE PRESENTATION

The patient is an 1l-yearold Iranian male with several
concurrent medical conditions, including enlarged
mediastinal and cervical lymphadenopathy (2 cm in
diameter) besides splenomegaly. Upon examination, the
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Figure 1. The specific locations of ABL and BCR gene
breakpoints, as well as the structure of the resulting chimeric

BCR/ABL mRNA transcripts.

patient appeared pale with bruising. He also presented with
ecchymoses, petechiae, and purpura with no prior history of
diseases. A complete blood count showed significant
leukocytosis with a white blood cell count of 287 x 10°/mm’
(normal range: 4-10), mild microcytic hypochromic anemia
with a hemoglobin level of 10.5 g/dL (normal range: 14-
18), and severe thrombocytopenia with a platelet count of
15 x 10°/mm’ (normal range: 140-440). Peripheral blood
smear analysis revealed anemia with some nucleated red
blood cells (NRBCs) and schistocytes. There was marked
leukocytosis with 91% blasts, some of which were medium
to large with abundant cytoplasm, irregular/convoluted,
and cleaved nuclear borders with fine chromatin (Figure 2).
Other cells like neutrophils (2%), lymphocytes (5%),
monocytes (1%), and eosinophils (1%) were decreased
significantly (Figure 2A). In addition, the bone marrow
aspirate exhibited a hypercellular sample with an abundance
of immature lymphoid cells, the lymphoblasts. These cells
exhibit a high nuclear-cytoplasmic ratio, scant cytoplasm,
and irregular nuclear morphology with an open chromatin
pattern and prominent nucleoli. The morphology is
characteristic of T-cell ALL (Figure 2B). The other
pathological laboratory findings were: LDH 1545 U/L
(normal range: <746), AST 288 U/L (normal range: 15-40),
and ALT 55 U/L (normal range: 10-55). The patient's blood
urea nitrogen (BUN) and creatinine levels fell within the
normal range; However, the blood uric acid concentration
was markedly elevated (8.6 mg/dL, normal range: 2.2-6.6).
Flow cytometry on bone marrow aspirate showed an
abnormal population of blasts expressing CD45%™ 100%,
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Figure 2. A) Peripheral blood smear (Giemsa stain) with irregular/convoluted and cleaved nuclear blasts. B) The patient's bone marrow

aspirate demonstrates a hypercellular sample with a marked increase in immature lymphoblasts. These cells have a high nuclear-to-cytoplasmic

ratio, scant basophilic cytoplasm, and a round to irregular nuclear shape with an open chromatin pattern. The nucleoli are prominent. The

morphological features are consistent with a population of immature, proliferating T-lymphoid cells, characteristic of T-cell ALL.

CD1a 73%, CD2 98%, iCD3 64%, CD5 96%, CD7 96%,
CD4 76%, CD8 96%, and dual CD4/8 60%. Other
markers such as CD 33, 117, 14, 64, 19, and 20 were
negative (Figure 3A). The RT-PCR analysis revealed the
presence of a BCR-ABLI ela2 rearrangement, leading to the
formation of a p190 protein. This fusion transcript type is
frequently linked with de novo ALL. Cytogenetic analysis
revealed a normal Karyotype: 46, XY compatible with a
normal male. PB and BM findings were consistent with
CD4"/CD8" dual-positive T-ALL with t (9;22); BCR-ABL1
(Ph"). He was started on imatinib at the day of diagnosis at
340 mg/m*/day besides following the Children's Oncology
Group (COGQG) protocol for treating T-ALL induction
regimen including vincristine (1.5 mg/m?), daunorubicin
(25 mg/m?), (Oncaspar®), and
dexamethasone (3 mg/m’/ dose BID). Following two
months, the patient achieved a complete remission of his
condition. Minimal/Measurable Residual Disease (MRD)
in total cells was reported to be undetectable (Figure 3B).

pegaspargase

3. DISCUSSION

Groffen et al. discovered a breakpoint on chromosome 22
within a 5.8 Kb region known as the BCR breakpoint,
leading to the BCR-ABL fusion protein formation. The
BCR protein characterized by a coiled-coil domain,
promotes phosphorylation and activation. On the other
hand, the ABLI1 gene, located in the 9p34 band, contains
alternative exons (la, 1b) and a homology exon (from 2 to
10) within its 230 Kb region [13]. The ABL1 protein consists
of three SRC homology domains (SH1, SH2, and SH3),

with SH1 responsible for crucial TK activity essential for
oncogenic transformation. On the other hand, SH2 and
SH3 are engaged in facilitating protein-protein interactions
and play pivotal roles in regulating and restraining the
activation of ABLI, especially within signal transduction
pathways. Importantly, the ABL1 protein does not impede
apoptosis even under conditions of severe cellular stress [14,
15]. The m-BCR then results in the production of a 7 kb
mRNA and p190 leading to the production of BCR-ABL1
tyrosine kinase. The constitutively active TK reduces the
SHIP1 expression in a SHIP1-Y1021 phosphorylated-
dependent manner with subsequent proteasomal
degradation. The phosphatase SHIP1 is a crucial suppressor
of the PI3K/AKT signaling cascade, frequently overactive in
ALL. Notably, SHIP1 protein levels are reduced in most T-
cell ALL cases [16]. The m-BCR breakpoint is observed in
most Philadelphia -positive ALL (Ph* ALL) patients.[17].
To differentiate between the p210 and p190, we provided
Figure 4. Generally, both mutations activate similar
signaling pathways, for example such as the Ras-Ref-Mek
pathway, leading to the production of Erkl/2. However,
P210 uniquely triggers STAT 5 activation, whereas P190
typically activates adaptors such as DOK-1. Additionally,
through AKT signaling, the Bad protein binds with the
BCLXL protein, promoting survival and anti-apoptotic
actions. These and other pathways may explain the differing
outcomes and prognosis between CML and ALL.

T-ALL is a highly aggressive and uncommon form of
leukemia that affects individuals of all ages. It often presents
with a notably elevated white blood cell count and/or a large
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Figure 3. A) Immunophenotyping of Peripheral Blood by flow
cytometry shows a mononuclear population (about 97% of the
cells analyzed). These cells show expression of CD1a, CD2, iCD3,
CD4, CD5, CD7, CD8, CD45, CD99 and they were negative for
all other markers. B) This diagram indicates that the patient's
minimal residual disease (MRD) levels became negative after two

months (LLOD <0.0006%, LLOQ <0.002%).

mass in the mediastinum. In T-cell ALL, a significant
portion of patients exhibit cytogenetic abnormalities;
however, unlike B-cell ALL or acute myeloid leukemia
(AML), no consistently recurring genetic abnormalities
define the disease [18]. The accurate identification of T-ALL
relies on the assessment of various CD markers expressed
on the malignant cells. Particularly crucial in this regard is
the evaluation of CD1a, CD2, iCD3, CD4, CD5, CD7, and
CD8, which serve as reliable indicators of T-cell lineage.
CDla is a cell surface glycoprotein expressed on immature
T-cells during the early stages of T-cell development. In T-
ALL, CD1a positivity is an important marker for identifying
the early T-cell precursor (ETP) subtype, which is associated
with a poorer prognosis. The expression of CDla helps
distinguish T-ALL from other acute leukemias, making it a
key diagnostic feature. Assessing CDla aids in the
classification and risk stratification of T-ALL subtypes,
informing appropriate treatment approaches. CD2 is a
surface glycoprotein expressed on mature T-cells and natural
killer (NK) cells. The presence of CD2 is typically used in

combination with other T-cell markers like iCD3 which is a

reliable and specific indicator of T-cell differentiation and is
crucial for the diagnosis of T-ALL. The assessment of CD4
and CDS8 expression patterns is essential for the
classification of T-ALL into distinct subgroups. Typically,
the presence of CD4 or CD8 individually would aid in the
delineation of helper or cytotoxic T-cell lineages,
respectively. However, in the presented case of ours, the
simultaneous positivity for both CD4 and CD8 suggests a
more complex phenotypic presentation. This finding may
indicate the presence of an immature or biphenotypic T-
ALL subtype, which can pose additional challenges in terms
of risk stratification and therapeutic decision-making.
Similarly, CD5 and CD7, in conjunction with other T-cell
markers, contribute to the comprehensive
immunophenotypic ~ characterization ~of T- ALL.
Furthermore, the implementation of molecular techniques,
such as the detection of BCR-ABL fusion transcripts,
provides valuable diagnostic information. The presence of
specific genetic aberrations, like the BCR-ABL fusion, can
aid in the precise classification and risk stratification of T-
ALL subtypes. Ph™ T-ALL prevalence is limited to being
documented in case reports, and this abnormality's clinical
characteristics and prognostic significance remain largely
unknown [12]. Lee et al. presented a unique situation of T-
ALL with t (9;22) in a patient previously diagnosed with
primary breast cancer. The interval between the breast
cancer diagnosis and the onset of ALL was 4 years. The
patient received treatment for breast cancer but later
developed bone metastases, resulting in the coexistence of
leukemic lymphoblasts and metastatic breast cancer cells
in the bone marrow [19]. Identifying and diagnosing this
condition can present significant challenges in some cases,
often requiring a comprehensive approach by medical
professionals as Dong et al. represented a 27-year-old man
with worsening abdominal pain, leukocytosis, and
thrombocytopenia. Imaging revealed several abnormalities
and a peripheral blood smear showed blasts, leading to an
initial diagnosis of AML. However, subsequent diagnosis
indicated BCR-ABL1" acute leukemia with T-cell
lymphoblastic leukemia and aberrant expression of CD33
and CD19. Fortunately, the case underwent chemotherapy
and stem cell transplantation and was reported to be stable
with no major issues [20]. BCR-ABL hybrid oncokinase
protein is predominantly observed in CML, and typically,
if CML progresses aggressively, it can transform into B-cell
lymphoid lineage (20- 30% of cases), although the
transformation into T-cell leukemia is exceedingly rare, but
not impossible. A 56-year-old male with a history of
hypertension, family history of Gaucher disease, and Ph”
positive CML treated with imatinib for eight years,
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Figure 4. Model of differential signaling networks of p210 and
p190 BCR-ABL.

presented with pancytopenia and lymphadenopathy. After
blood transfusion, his hemoglobin remained low, with
decreased platelet count and elevated monocyte and
basophil percentages. Imaging showed pathological lymph
nodes in the neck and chest, with no significant
abnormalities in the lungs, mediastinum, or abdominal
organs. The immunohistochemistry stains of his biopsy of
the cervical lymph nodes revealed positive for CD3, CD5,
BCL2, CD34, TdT. These histopathological findings were
indicative of T-ALL. Subsequently, the patient received
hyper- CVAD regimen A + B to achieve full remission as a
bridge to allogeneic bone marrow transplant (BMT), while
continuing Nilotinib at a dosage of 400 mg twice a day. Flow
cytometry results then showed no indication of an elevated
blast population in the bone marrow [21]. Through a review
of the aforementioned cases, we found a predilection for the
occurrence of T-ALL in males over females (Figure 5). The
same was reported by Li et al. with 25 males and 5 females
among 30 cases presented [22]. Lymphadenopathy and
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Figure 5. A summary of demographic data, physical

examinations, the most-used drugs and outcomes of the cases.

splenomegaly has emerged as the most prevalent
manifestations among affected individuals, although cases
without splenomegaly have also been observed. The
predominant-used chemotherapy regimen encompassed
Vincristine, Prednisone, daunomycin, and L- Asparaginase.
Despite the prevailing notion that the presence of BCR-ABL
tyrosine kinase greatly heightens the likelihood of utilizing
TKIs, it was only administered in half of the cases. Notably,
studies employing Dasatinib as a TKI have yielded more
positive treatment responses in the majority of cases,
although it is important to accomplish further research to
substantiate such findings. In terms of overall prognosis, the
survival rates and mortality rates among patients have been
equal. Lee and colleagues also reported that six patients
received a treatment regimen comprising both
chemotherapy and TKIs but the overall survival in all the
cases was reported to be unfavorable (ranging from 0.1 to 60
months) [22]. Figure 5 summarizes the available data about
Ph™ T-ALL cases. According to the literature, dual-positive
Ph" T-ALL is a very rare disease. No possible data are
available about this disease. Both a dual positive (CD 4"/8")
T-ALL and Ph* T-ALL generally show poor prognoses
therefore differential diagnosis from CML and other

leukemias are important.

4. CONCLUSION

The findings presented in the article shed light on the rare
occurrence and clinical significance of Ph" T-ALL,
highlighting the challenges associated with diagnosis and
treatment due to limited documented cases. The discovery
of de novo P190 BCR-ABL1 in dual positive (CD4"/CD8")
T-ALL with the Philadelphia chromosome raises
uncertainties regarding prognosis and leukemogenesis,
underscoring the need for further research to elucidate the
implications of this cytogenetic abnormality on the
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aggressive nature of Ph" T-ALL and to facilitate the
development of enhanced management approaches.
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