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Abstract

BACKGROUND

BCR-ABL1 fusion gene is associated with a poor prognosis and a high incidence in
central nervous system (CNS) leukemia. CNS invasion which detected at the
initial diagnosis is commonly with bone marrow infiltration. It is uncommon for
the leukemia cells to be located primarily in the CNS without bone marrow
involvement.

CASE SUMMARY

We here report the rare initial presentation of CNS-restricted BCR-ABL-positive
acute lymphoblastic leukemia in a 30-year-old female patient who clinically
manifested with leukemic meningitis, with no involvement in peripheral blood or
bone marrow. Identification of abnormal phenotypes of blast cells, and BCR-ABL1
rearrangement in the cerebrospinal fluid alone established the diagnosis of
primary CNS-isolated acute lymphocytic leukemia. The patient received a
combination of intrathecal therapy and high-dose chemotherapy. But the benefits
of the treatments were short-lived and she experienced recurrence.

CONCLUSION

Flow cytometry in combination with molecular genetic analysis improved
diagnostic accuracy. New approaches that may enhance the efficacy of the
existing therapies and cure CNS leukemia are required.

Key Words: Acute lymphoblastic leukemia; BCR-ABLI; Diagnosis; Primary central
nervous system leukemia; Treatment; Case report
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Core Tip: We report a rare newly diagnosed case in a female patient with BCR-4BL-positive leukemia cells
primarily located in the arachnoid surface and the subarachnoid space, clinically manifesting as leukemic
meningitis, without blood and bone marrow involvement. Given the rarity of this specific presentation of
B cell-acute lymphocytic leukemia, the diagnosis and treatment approach are challenging.

Citation: Chen Y, Lu QY, Lu JY, Hong XL. Primary isolated central nervous system acute lymphoblastic leukemia
with BCR-ABL] rearrangement: A case report. World J Clin Cases 2022; 10(13): 4242-4248
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INTRODUCTION

Acute leukemia (AL) is a malignancy hematologic disease of bone marrow (BM)-derived immature cells,
which most often involves the BM and peripheral blood but may also manifest in extramedullary tissue.
Acute lymphocytic leukemia (ALL) patients appear to have a higher incidence of central nervous system
(CNS) disease than acute myelogenous leukemia. CNS leukemia can be present at the initial diagnosis
concurrent with bone marrow involvement, but it also can develop at any time during the natural
course of AL, even after years of complete remission, as isolated CNS relapse[l]. In a few cases,
leukemia cells are isolated to the CNS primarily without involvement of bone marrow. However, these
cases are all non-lymphoid leukemia[2-4]. We here report a rare case of newly diagnosed BCR-ABL-
positive ALL primarily located in the superficial arachnoid and the subarachnoid space, clinically
manifesting as leukemic meningitis, without peripheral blood or bone marrow involvement.

CASE PRESENTATION

Chief complaints
A 30-year-old Chinese woman presented with 2 mo history of unsteadiness while walking starting in
May 2020.

History of present illness
A mo later, she presented with progressive difficulty in walking and both lower limbs dragging.

History of past illness
She denied a history of fever, wasting and night sweats.

Personal and family history
She had no personal or family history of malignancy.

Physical examination

On physical examination, no lymphadenopathy or organomegaly was detected. The myodynamia of left
distant and proximate limb were grade 5- and grade 3+ respectively. The myodynamia of right distant
and proximate limb were grade 5- and grade 4- respectively. Meningeal stimulation sign was negative.
Cranial nerve examination and sensory examination was within normal limits.

Laboratory examinations

Complete blood counts showed white blood cells 4.08 x 10°/L (normal: 4-10 x 10°/L), hemoglobin 134
g/L (normal: 110-160 g/L), and platelets 280 x 10°/L (normal: 100-300 x 10°/L). Peripheral blood smears
were negative. Lumbar puncture demonstrated increased opening pressure (220 mm H,O) and was
hypercellular with numerous large malignant cells in cerebrospinal fluid (CSF) (Figure 1). As central
nervous system leukemia was suspected, the patient referred to our hematology department for further
evaluation.

Flow cytometry of lumbar puncture indicated an aberrant lymphoblast population (92.8%);
expression of cells of differentiation (CD) 19, CD10, CD34, human leukocyte antigen D related, CD13,
and cCD79a; and absence of CD33, CD117, CD20, CD7, CD15, and cytoplasmic myeloperoxidase
(Figure 2). Immunophenotype was consistent with pre-B cell-ALL. Polymerase chain reaction (PCR)
screening covered 56 transcripts of myeloid fusion proteins and 15 transcripts of lymphoblastic fusion
proteins, and showed the presence of BCR-ABL1 chimeric oncogene, encoding proteins of 190 kDa
(p190) in CSF. This was quantified by real-time reverse transcriptase-PCR assay and found to be
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Figure 1 Atypical lymphocytes on cerebrospinal fluid cytology. Giemsa stain (Magnification: 100 x).
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24.061% (Table 1). Fluorescence in situ hybridization from the CSF revealed that 89.5% of the 200 cells
screened had BCR-ABL fusion signals (Figure 3). Next-generation sequencing for BCR-ABL1 kinase
domain mutation of CSF malignant cells did not show any mutations.

Bone marrow biopsies were performed several times, and were normocellular by flow cytometry and
cytological analysis. No genetic mutations were found in BM by next-generation sequencing (NGS).
PCR screening of the same transcripts with CNS was negative and indicated absence of BCR-ABL1
(p190).

Imaging examinations

There were no obvious abnormalities on brain and spine magnetic resonance imaging (MRI). Positron
emission tomography-computed tomography (PET-CT) scans demonstrated no hypermetabolic
involvement in other areas. There was no evidence of occuping diseases.

FINAL DIAGNOSIS

Primary isolated central nervous system acute lymphoblastic leukemia with BCR-ABLI rearrangement.

TREATMENT

The patient initially received chemotherapy on July 23, 2020. Treatment consisted of methotrexate (3.5
g/m?) on day 1 plus cytarabine (2 g/m? on day 2 and was combined with triple intrathecal
chemotherapy including methotrexate 10 mg, cytarabine 50 mg and dexamethasone 5mg twice a week.
After the treatments for 3 wk, she was free from symptoms. CSF cytology, flow cytometry, and BCR-
ABL1 (p190) transcripts remained positive. She then underwent three cycles of methotrexate (3.5 g/m?)
in combination with cytarabine (2 g/m?) twice daily on days 2 and 3, with repeating treatment every 3
wk and seven courses of intrathecal chemotherapy. CSF cytology became negative, but the disease
remained detectable by flow cytometry in September 30, 2020. Due to financial reasons, the patient
discontinued treatment.

OUTCOME AND FOLLOW-UP

She returned 4 mo later reporting the same symptoms with positive CSF cytology. Peripheral blood and
bone marrow continued to be negative by flow cytometry. The patient received dasatinib (140 mg/d) in
combination with steroids and intrathecal agents, but dasatinib was discontinued after 4 wk due to
hematologic toxicity. After myelosuppression recovery, CSF cytology remained positive. The patient
rejected further systemic drugs and only accepted intrathecal triple therapy intermittently. The patient
is currently alive, with positive CSF cytology in September 2021.
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Table 1 Detection of BCR-ABL1 fusion gene copy number by real-time quantitative polymerase chain reaction in cerebrospinal fluid

Test Result
BCR-ABL1(p190) Positive
BCR-ABL1(p210) Negative
BCR-ABL1 gene copy number 18580
ABLI gene copy number 77222
BCR-ABL1/ABL1 24.061%

p190: Proteins of 190 kDa; p210: Proteins of 210 kDa.
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Figure 2 Flow cytometry detection of blast infiltration of cerebrospinal fluid in the patient. The leukemic population is depicted in red. A: There is a
cells of differentiation (CD) 45-dim population of abnormal cells with low-side scatter (painted red); B: These cells are positive for human leukocyte antigen D related
(HLA-DR) and CD34; C: These cells are positive for CD34 and negative for CD33; D: These cells are positive for CD19 and CD10. Ssint lin: Side Scatter Lineage;
HLA-DR PB: Human leukocyte antigen D related; CD45 NGE: Cluster of differentiation 45 negative; CD45 dim: Cluster of differentiation 45 dim; Mono: Monocyte;
Lym: Lymphocyte; CD34 Percp-CY5.5: Cluster of differentiation 34 Peridinin-chlorophyll proteins-Cyanine5.5; CD33 PE: Cluster of differentiation 33 Phycoerytherin;
CD19 APC: Cluster of differentiation 19 Allophycocyanin; CD10 PC7: Cluster of differentiation 10 Phycoerytherin-Cyanine 7.

DISCUSSION

BCR-ABL1 fusion is associated with a higher incidence of CNS leukemia than other B cell precursor-ALL
[5]. Here, we report a case of BCR-ABLI positive for ALL that was primarily isolated to CNS with no
involvement in blood or bone marrow. Given the rarity of this condition, no standard diagnostic
assessment or treatment is currently available. The most valuable diagnostic procedure was the
detection of aberrant cells in the CSF. PET-CT and MRI can exclude brain parenchyma and spinal cord
occupancy. Laboratory techniques including molecular biology, molecular genetics, and flow cytometry
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Figure 3 The fusion of BCR-ABL1 loci of cerebrospinal fluid was detected by fluorescence in situ hybridization using the vysis extra
signal probeyielding red-green fusion signal. A: The image shows 1 green, 1 red, and 2 yellow signals a result of fusion of red and green; B: The fusion
signal indicates a reciprocal translocation between chromosomes 9 and 22 forming a BCR-ABL fusion gene.

in combination with cytology improved diagnostic accuracy in the ALL with unique presentation[6-8].
In the present case, identification of abnormal phenotype of blast cells, and BCR-ABLI rearrangement in
the CSF alone established the diagnosis of primary CNS-isolated ALL.

Because this is a CNS-restricted disease, treatment protocols were based on the diagnosis of primary
CNS lymphoma. The patient showed a clinical response to systemic and intrathecal chemotherapy.
High-dose chemotherapy with stem-cell rescue was strongly recommended, but she declined. Unfortu-
nately, the benefits of the treatments were short-lived and she experienced recurrence.

CSF blast cells did not show any BCR-ABL1 kinase domain mutation by sequencing. Imatinib does
not penetrate the CNS well[9]. Dasatinib has been reported to exhibit better penetration into the CSF
than imatinib in in vitro studies[10]. However, the use of a higher dasatinib dosage (140 mg/d) was
unable offer a proper control of the patient’s CNS leukemia. Other case reports also presented that
dasatinib failed to prevent CNS progression[11-13]. Factors except for ABL kinase domain mutations
might influence dasatinib efficacy in the CNS, such as dose intensity of dasatinib, lack of protein
binding, and comedications known to decrease dasatinib plasma concentrations, but data are limited in
this regard to come to a conclusion.

The mechanisms fostering primary CNS leukemia are unknown. CNS involvement is a difficult
problem in the treatment of ALL. In order to develop novel treatment programmers, it is essential to
investigate the molecular mechanisms of CNS leukemia.

Recent studies have shown that anti-CD19 chimeric antigen receptor (CAR) T cell effectively and
safely eliminate leukemia cells in the CNS[14,15]. Some patients who received no further therapy for
CNS leukemia after CAR-T cells infusion experienced sustained remission for more than 5 mo. Cellular
therapies may be able to cross blood-brain barrier in the brain. But systematic studies with larger
amount of patients are needed to evaluate the superiority of CAR-T cells in CNS leukemia.

CONCLUSION

CSF examination is the most useful laboratory test in the diagnosis of the rare primary CNS-isolated
ALL. Flow cytometry in combination with PCR/NGS analyses improved diagnostic accuracy and
facilitated subsequent analysis of minimal residual disease. Current CNS leukemia treatment strategies
are not specific and associated with long-term toxicity. CAR-T cell therapy is a new and promising
approach that may improve the efficacy of the existing therapies and eliminate CNS leukemia cells.
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