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Abstract

Background: Philadelphia chromosome-positive (Ph+) B-
lymphoblastic leukemia/lymphoma (B-ALL/LBL) is an ag-
gressive hematologic malignancy driven by the BCR::ABL1 
fusion. While many cases respond well to treatment, some 
patients exhibit persistent BCR::ABL1 expression after 
therapy, presenting significant diagnostic challenges. Case 
presentation: We present the case of a seven-year-old girl 
diagnosed with Ph+ B-ALL. Despite low percentages or nega-
tive results for blasts post-treatment, molecular and cytoge-
netic studies persistently detected high levels of BCR::ABL1, 
suggesting a high disease burden at the genetic level. This 
discordance supported multilineage involvement and the 
potential for retrospective revision of the initial diagnosis to 
lymphoblast crisis of chronic myeloid leukemia (LBC-CML). 
Conclusions: Classifying such cases as de novo Ph+ B-ALL 
with multilineage involvement or LBC-CML is challenging, as 
there is currently no consensus among experts. Further stud-
ies are necessary to clarify the distinction, given the different 
management strategies and treatment responses between 
these two conditions.
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Introduction
Philadelphia chromosome-positive (Ph+) B-lymphoblastic 
leukemia/lymphoma (B-ALL/LBL) is a subtype of B-ALL/
LBL defined by the presence of the BCR::ABL1 fusion on 
derivative chromosome 22, resulting from a translocation 
between chromosomes 9 and 22.1,2 This fusion gene en-

codes a constitutively active tyrosine kinase, which pro-
motes the uncontrolled growth of malignant cells.3 Given 
the aggressive nature of B-ALL, assessing minimal residual 
disease (MRD) has become a standard practice in patient 
management.4 However, discrepancies can arise between 
flow cytometry MRD analysis and molecular/cytogenetic 
studies, such as real-time quantitative reverse transcription 
polymerase chain reaction (RT-qPCR) or fluorescence in situ 
hybridization (FISH).5 These inconsistencies can complicate 
clinical decision-making and patient management. Our case 
exemplifies this challenge, highlighting the discordance be-
tween morphology, flow cytometry, and molecular/cytoge-
netic testing results in a pediatric patient with Ph+ B-ALL. 
The aim of reporting this case was to draw attention to such 
challenges and to advocate for further study to clarify clas-
sification.

Case presentation
A seven-year-old girl with no significant past medical his-
tory presented at a local hospital with symptoms of bruising, 
petechiae, and bone pain for three days. Physical examina-
tion and imaging studies showed no hepatosplenomegaly or 
lymphadenopathy. The initial peripheral blood (PB) complete 
blood count (CBC) revealed a white blood cell (WBC) count 
of 186×109/L with 76% blasts, a hemoglobin level of 7.3 g/
dL, and a platelet count of 7×109/L (Table 1). Her hemo-
globin and platelet counts improved after receiving packed 
red blood cell and platelet transfusions. Bone marrow (BM) 
biopsy revealed 93% blasts by differential count. BM flow 
cytometry analysis identified 73% B-lymphoblasts, which 
were positive for markers CD10, CD19, CD20 (heterogene-
ous), CD22, CD34, CD38, CD45 (dim), CD58, CD79a, and 
TdT, and negative for CD3, CD66c, CD117, CD123, and my-
eloperoxidase. Chromosomal banding analysis (CBA) showed 
a karyotype of 46, XX, t(9;22)(q34;q11.2)[12]/46, XX[8], 
confirming the diagnosis of Ph+ B-ALL. Cerebrospinal fluid 
showed a normal cell count, and cytology examination was 
negative for malignant cells. The patient was treated with 
induction therapy according to the AALL1131 protocol, which 
included intrathecal cytarabine, dexamethasone, vincristine, 
pegaspargase, and daunorubicin. Post-induction treatment 
with dasatinib was administered according to the AALL1631 
regimen (not in the study group).

On day 8, PB RT-qPCR detected BCR::ABL1 (p190) at 
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17.83%. By day 29, BM showed leukemia remission, and flow 
cytometry MRD analysis was negative (Table 2), indicating a 
favorable initial response to treatment. At the three-month 
follow-up, BM biopsy demonstrated no leukemic involvement 
by both morphology and flow cytometry. BM RT-qPCR meas-
ured BCR::ABL1 (p190) at 2.46%. Eleven months after di-
agnosis, BM biopsy continued to show leukemia remission 
by morphology. However, flow cytometry MRD analysis was 
reported as positive by the Children’s Oncology Group. BM 
RT-qPCR remained positive for BCR::ABL1 (p190) at 7.37%. 
Maintenance therapy was then initiated.

Approximately fifteen months post-diagnosis, the patient 
was referred to our hospital due to concerns about refrac-
tory disease. The CBC revealed a WBC count of 2.9×109/L 
with no blasts. BM evaluation showed leukemia remission by 
morphology, flow cytometry MRD analysis, and the clonoSEQ 
MRD assay (Adaptive Biotechnologies). The megakaryocytes 
demonstrated normal morphology. Central nervous system 
involvement was also ruled out. However, BM RT-qPCR de-
tected a high BCR::ABL1 (p190) expression at 24.95%. As 
a result, the patient underwent lymphodepleting chemother-
apy with cyclophosphamide and fludarabine, followed by a 
Kymriah (tisagenlecleucel) chimeric antigen receptor T cell 
infusion.

Approximately sixteen to seventeen months post-diag-
nosis, BM evaluation continued to show leukemia remission 
by flow cytometry MRD analysis and the clonoSEQ MRD as-
say. However, RT-qPCR revealed persistently high levels 

of BCR::ABL1 (p190), ranging from 40.45% to 59.02%. 
FISH demonstrated BCR::ABL1 in 90–99.5% of nuclei. A 
sample FISH image is shown in Figure 1. CBA showed a 
karyotype of 46, XX, t(9;22)(q34;q11.2)[19]/46, XX[1]. 
The persistently high level of BCR::ABL1 in cells other than 
blasts supported multilineage involvement and raised the 
possibility of a retrospective revision of the initial diag-
nosis to lymphoblast crisis of chronic myeloid leukemia 
(LBC-CML). Although BCR::ABL1 levels remained high, the 
morphological characteristics of PB and BM did not align 
with those typically observed in CML (Fig. 2). At sixteen 
months post-diagnosis, the CBC showed a WBC count of 
8.2×109/L with monocytosis and no blasts. Chemotherapy 
with vincristine, methotrexate, 6-mercaptopurine, and da-
satinib was restarted. The patient also received four cycles 
of blinatumumab.

A matched unrelated donor stem cell transplant was per-
formed two years post-diagnosis. Although BM continued 
to show leukemia remission by morphology, flow cytom-
etry MRD analysis, and the clonoSEQ MRD assay after the 
transplant, RT-qPCR revealed persistent BCR::ABL1 (p190) 
levels of 1.06% and 20.24%, one month and four months 
post-transplant, respectively. A third-generation tyrosine 
kinase inhibitor (TKI), ponatinib, was initiated two months 
post-transplant. At the last follow-up, nine months post-
transplant, BM was negative for leukemia by morphology 
and flow cytometry MRD analysis. RT-qPCR showed a low 
BCR::ABL1 (p190) level of 0.99%. Corresponding BM en-

Table 1.  Complete blood count (CBC) and differential count across the disease course, with reference ranges in the top row

Time after 
diagnosis

WBC  
(3.8–12.7 
×109/L)

Hgb (11.4–
15.5 g/dL)

PLT 
(150–400 
×109/L)

CBC differential (%)

Blast Neut 
(39–65%)

Baso 
(0–2%)

Eos 
(0–9%)

Mono 
(1–12%)

Lymph 
(27–50%)

0 D 186 7.3 7 76 NA NA NA NA NA

1 D 123 11.2 28 87 3 0 0 1 9

29 D 3.1 9.0 158 0 3 0 0 6 91

15 M 2.9 13.4 314 0 63.6 0.7 2.4 18.2 15.1

16 M 8.2 13.6 270 0 54 1.8 0.5 26.1 16.5

25 M (1 M PT) 3.0 9.0 249 0 54 2 0 12 32

28 M (4 M PT) 4.2 11 278 0 67.2 0.5 1.2 14.3 16.6

33 M (9 M PT) 6.5 13.2 279 0 66.4 0.6 4.3 10.8 17.7

Baso, basophil; D, days; Eos, eosinophil; Hgb, hemoglobin; Lymph, lymphocyte; M, months; Mono, monocyte; NA, not available; Neut, neutrophil; PLT, platelet; PT, 
post-transplant; WBC, white blood cell.

Table 2.  Flow cytometry, molecular, and cytogenetic monitoring across the disease course

Time after diagnosis Flow cytom-
etry MRD ClonoSEQ MRD BM RT-qPCR of 

BCR::ABL1 (p190) FISH BCR::ABL1 (%)

29 D Negative NA NA NA

3 M Negative NA 2.46% NA

11 M Positive NA 7.37% NA

15 M Negative Negative 24.95% NA

16–17 M Negative Negative 40.45–59.02% 90–99.5%

25 M (1 M PT) Negative Negative 1.06% NA

28 M (4 M PT) Negative Negative 20.24% NA

33 M (9 M PT) Negative NA 0.99% NA

BM, bone marrow; COG, Children’s Oncology Group; D, days; FISH, fluorescence in situ hybridization; M, months; MRD, minimal residual disease; NA, not available; 
PT, post-transplant; RT-qPCR, real-time quantitative reverse transcription polymerase chain reaction.
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Fig. 1.  A FISH image showing several cells with BCR::ABL1 fusion signals, including a possible segmented neutrophil (arrow). FISH, fluorescence in situ 
hybridization; RGFF, a signal pattern with one red, one green, and two fusion signals.

Fig. 2.  Peripheral blood and bone marrow morphology at 16 months post-diagnosis. Peripheral blood (a), bone marrow core biopsy (b), and aspirate smears 
(c, d) demonstrate morphology that is not typical of chronic myeloid leukemia (CML). Original magnification: a: 200×; b: 400×; c, d: 500×.
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graftment studies are shown in Table 3. The patient remains 
on ponatinib.

Discussion
This case presents a diagnostic challenge. Despite initial 
successful treatment and apparent leukemia remission in-
dicated by BM morphology, flow cytometry MRD analysis, 
and the clonoSEQ MRD assay, persistently high levels of the 
BCR::ABL1 fusion gene were detected. This significant dis-
crepancy raises critical questions about the true nature of 
the patient’s condition: is it a case of de novo Ph+ B-ALL, or 
should it be more accurately diagnosed as LBC-CML? Pedi-
atric patients with CML are more likely to initially present 
in the lymphoblast phase,6 making the classification of this 
case more difficult. Accurate classification of this condition 
is not merely academic but has significant implications for 
patient management and outcomes.7–9 Treatment regimens 
and dosages may differ. For Ph+ B-ALL, although TKI and 
concurrent chemotherapy are standard treatments,9 chemo-
therapy-free regimens combining immunotherapy (e.g., bli-
natumomab) with TKI might offer a promising option.10,11 
Ph+ B-ALL with hematopoietic stem cell/myeloid compart-
ment involvement is potentially resistant to blinatumomab 
therapy.12 Allogeneic stem cell transplantation is a potential 
curative therapy for LBC-CML,13 but it may not be offered 
early in Ph+ B-ALL patients.9

In recent years, researchers have proposed methods to 
differentiate between these two conditions. Chen et al.14 
described three main features to distinguish LBC-CML from 
Ph+ B-ALL. The diagnosis of LBC-CML is supported when at 
least one of the following characteristics is observed: a no-
table disparity between the blast count and the proportion 
of the Ph+ clone, persistent Ph+ clones despite remission of 
B-ALL, or the presence of BCR::ABL1 fusion signals in seg-
mented neutrophils. The rationale behind these diagnostic 
criteria lies in the biological behavior and cellular origin of the 
leukemias. CML arises from multipotent hematopoietic stem 
cells,15 meaning that the genetic hallmark BCR::ABL1 fusion 
in CML affects not only all the myeloid lineages but also the 
lymphoid cells. This multipotent nature is a key reason why 
CML can present with a range of cellular abnormalities and 
why it can progress to the lymphoid blast phase. In contrast, 
B-ALL typically arises from more lineage-restricted progeni-
tor cells, specifically committed to the lymphoid lineage.16 
Therefore, the BCR::ABL1 fusion in B-ALL is generally con-
fined to lymphoblasts.

In our case, after the blasts were eliminated following 
treatment, the remaining cells still exhibited high expression 
of BCR::ABL1 at the genetic level, indicating that the Ph+ 
clone is present in multiple lineages. There were no features 

such as dwarf megakaryocytes, absolute basophilia, or eo-
sinophilia to suggest CML, although it is important to note 
that not all CML patients exhibit these features.17 Many CML 
cases with the p190 isoform of BCR::ABL1 exhibit features 
such as monocytosis,18,19 similar to our patient’s CBC at 
sixteen months post-diagnosis. Our case involved the p190 
isoform of BCR::ABL1, which is less common in CML than 
the typical p210 isoform. The p190 isoform is predominantly 
found in most cases of Ph+ B-ALL and is more commonly as-
sociated with LBC-CML in CML patients.19,20 These features 
further complicate the diagnosis of this case.

Currently, there is still disagreement about whether cases 
of Ph+ B-ALL with multilineage involvement should be reclas-
sified as LBC-CML. The 2022 International Consensus Classi-
fication proposed a new subtype: “Ph+ B-ALL with multiline-
age involvement” (BCR::ABL1+ ALL-M), which seems akin to 
CML presenting in lymphoblast crisis.21 However, the 5th edi-
tion of the World Health Organization Classification of Hae-
matolymphoid Tumors did not provide explicit guidance on 
this matter.2 Multilineage involvement has long been recog-
nized in Ph+ B-ALL. Some experts refer to it as CML-like Ph+ 
ALL.22 The subtypes of Ph+ B-ALL with lymphoid-only versus 
multilineage involvement showed distinct gene expression 
profiles.23 For BCR::ABL1+ ALL-M, the transformation events 
occur in multipotent progenitor cells. When sorted using 
FISH, the fusion signals can be detected in cells in addition to 
the B lineage. In a study by Hovorkova et al.,22 between 12% 
and 83% of non-leukemic cells, including B lymphocytes, T 
cells, and/or myeloid cells, harbored BCR::ABL1 fusion in 48 
patients with childhood ALL who exhibited discrepant MRD 
results. This multilineage finding suggests a characteristic 
similar to LBC-CML,22 hence the term CML-like Ph+ ALL.

Before the introduction of TKI therapy, a minority of pa-
tients initially diagnosed with Ph+ lymphoblastic leukemia 
relapsed into chronic phase (CP) CML following treatment. 
Anastasi et al.24 reported four cases of Ph+ B-ALL with mul-
tilineage involvement, where three patients, including two 
children, transitioned to CP-CML post-treatment. Their find-
ings retrospectively support revising the initial diagnosis to 
LBC-CML. Patients with lymphoblast-restricted disease did 
not show these findings.24 As the response of CML patients to 
TKI therapy progresses through the stages of hematologic, 
cytogenetic, and molecular responses, complete reversion to 
CP-CML with typical hematologic features in the era of TKIs 
is uncommon. This is likely because TKIs effectively inhibit 
the BCR::ABL1 oncoprotein. In an unusual case recently re-
ported by Hu et al.,25 a patient diagnosed with Ph+ B-ALL 
experienced multiple relapses after discontinuing medication 
several times, transitioning from Ph+ B-ALL to genetic CP 
and then progressing to typical hematologic CP. Thus, we 
believe that Ph+ B-ALL with multilineage involvement is fun-
damentally LBC-CML rather than a subtype of de novo Ph+ 
B-ALL, regardless of the patient’s age. However, some be-
lieve this represents a subset of Ph+ B-ALL with multilineage 
involvement as undiagnosed LBC-CML. Further studies are 
needed for clarification.

Conclusions
Our case represents a rare instance of pediatric Ph+ B-ALL 
with the p190 isoform and multilineage involvement. There 
is controversy regarding whether it should be reclassified as 
LBC-CML or remain within the category of de novo Ph+ B-
ALL as a subtype with multilineage involvement. Accurate 
classification in the early stages of the disease is crucial, as 
it dictates the choice of therapeutic approaches and may in-
fluence treatment responses. We call for further studies to 

Table 3.  Bone marrow engraftment post-transplant analysis of donor 
cell percentage

Time after transplant Whole 
BM

CD3+ 
fraction

CD15+ 
fraction

1 M >98% >98% >98%

3 M 39% >98% 34%

4 M 70% 82% 66%

5 M 84% 97% 84%

8 M 95% 94% 95%

9 M 97% 95% 98%

BM, bone marrow; M, months.
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clarify this distinction, ensuring that these patients are man-
aged appropriately.
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