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Abstract: Acute basophilic leukemia (ABL) arising from chronic myeloid leukemia (CML) with abundant mast cells (MCs),
coexisting with a complex karyotype is rare. Here, we report an 81-year-old man admitted to our hospital with a history of ABL.
He was diagnosed with CML in the chronic phase in January 2018, and Imatinib was used at a daily dose of 400mg. Then,
transformation to ABL with abundant MCs in the bone marrow and complex karyotypes including 48,XY, trisomy 8 (+8),
isochromosome 17(q10) [i(17)(q10)], and derivative chromosome 22 t(9;22) [der(22)t(9;22)] were discovered simultaneously in
January 2022. In conclusion, the increased number of MCs in our case is a reminder that they might play an important role in the
prognosis of CML and trigger the development of complex karyotypes. Moreover, this is the first case report of ABL arising
from CML with abundant MCs, coexisting with 48,XY, +8, i(17)(q10), and der(22)t(9;22), during Imatinib treatment. Further
studies are needed to better characterize this rare condition.
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Introduction

Acute basophilic leukemia (ABL) is an uncommon form of acute myelogenous leukemia (AML), characterized by blasts
with basophilic granules. Different from mast cells (MCs), basophils show toluidine blue positivity on cytochemical
staining, an immunophenotype on flow cytometry with the expression of myeloid markers, such as CD13, CD33, CD34,
HLA-DR and a diverse group of cytogenetic abnormalities.

Acute basophilic leukemia arising from chronic myeloid leukemia (CML) is uncommon, and the simultaneous
development of complex karyotypes in the same patient, including 48,XY, +8, i(17)(q10), and der(22)t(9;22), has
not been reported previously. Here, we report an 81-year-old man diagnosed with acute basophilic leukemia
arising from CML. The patient was diagnosed with CML in the chronic phase in January 2018 and treated with
Imatinib at a daily dose of 400mg. Under this treatment, the disease progressed four years later in January 2022.
Toluidine blue positivity on cytochemical staining demonstrated there were 51% basophils in peripheral smear, of
which 22% resembled basophilic precursors. Acute basophilic leukemia was suspected. Then the patient under-
went bone marrow biopsy. Immunophenotype on flow cytometry and immunohistochemistry demonstrated 30%
MCs in the marrow biopsy. Chromosome analysis revealed an abnormal karyotype, including 48,XY, +8, i(17)
(q10), and der(22) t(9; 22). No ABL-associated fusion genes, elevated serum tryptase levels, or KIT D816V were
found. As a result, a diagnose of acute basophilic leukemia arising from CML was made.
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Case Presentation

An 81-year-old man with a history of chronic myeloid leukemia (CML) was readmitted to our hospital with leukocytosis,
serious anemia and thrombocytopenia. In January 2018, bone marrow fluorescence in situ hybridization (FISH) analysis
revealed the BCR::ABLI fusion gene and cytogenetic analysis revealed t(9;22). An initial diagnosis of CML in the
chronic phase was made. He was treated with Imatinib at a daily dose of 400 mg. The patient was readmitted to our
hospital because of a rising white blood cell (WBC) count and increased number of circulating blasts in February 2022.
Blood work-up showed marked leukocytosis (66.48 x 10°/L), anemia (7.9 g/dl), and thrombocytopenia (94 x 10°/L), and
blast crisis was suspected. A peripheral blood film showed that 51% of cells had the characteristics of basophils, of which
22% resembled to basophilic precursors, with a medium-sized, round nucleus and moderately basophilic cytoplasm
containing a variable number of coarse basophilic granules (Figure la), which were positive for toluidine blue
(Figure 1b) and negative for peroxidase (Figure 1c).

Bone marrow biopsy revealed a large proportion (more than 30%) of unexpected small round cells with sparse
granules (Figure 2a). The most challenging thing was the classification of these cells. Immunohistochemistry (IHC)
revealed that 10% were CD34-positive myeloblasts (Figure 2b), and more than 30% of the cells were most likely
a mastocytic differentiation, because they showed strong expression of CD117 (Figure 2c) and were negative for CD25.
Immunophenotyping up on flow cytometric study in bone marrow aspiration demonstrated that the neoplastic cells were
subsequently revealed to exhibit a bi-differentiation. In which group one accounting for 13.8%, expressing CD13 and
CD33 (Figure 3a) resemble to basophilic precursors; and group two accounting for 28.8%, strongly expressing CD117
and CD25 (Figure 3b), demonstrating they were MCs lineage.

Figure | Morphology and cytochemistry of peripheral and bone marrow smear of tumor cells. Basophilic precursors with medium-size, round nucleus and moderately
basophilic cytoplasm containing a variable number of coarse basophilic granules (a). Marrow smear showed these atypical basophils were positive for toluidine blue (b) and
negative for peroxidase (c).

Figure 2 Morphology and immunohistochemistry of bone marrow biopsy. Biopsy showed a hypercellularity BM. The tumor cells shared similar histology morphology
characteristics with the myeloid blast cells. And a large proportion of unexpected small round cells with sparse basophilic granules was discovered (a). Myeloblast showed
positive for CD34 (b). Immunostaining revealed there were more than 30% of cells strongly positive for CDI17 (c).
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Figure 3 Immunophenotyping up on flow cytometric study in bone marrow aspiration demonstrated that the neoplastic cells were subsequently revealed to exhibit a bi-
differentiation. Basophilic precursors accounting for 13.8%, expressing CD13 and CD33 (a); and mast cells accounting for 28.8%, strongly expressing CD 117 and CD25 (b).
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However, lymphadenopathy, cutaneous involvement, signs of hyperhistaminemia, or KIT D816V mutation were not
detected.

FISH analysis confirmed BCR::ABL fusion, and cytogenetic analysis revealed complex karyotypes: 48,XY, +8, i(17)
(q10), and der(22)t(9;22). All these changes were discovered after the transformation of CML to ABL. It is unknown if
these abnormalities arose secondary to the Imatinib therapy, or if they accelerated the blast transformation of CML
presenting with basophilic differentiation. Further studies are needed to better characterize this rare condition.

As a result, a diagnosis of acute basophilic leukemia secondary to CML in blast crisis with a complex karyotype
coexisting with abundant MCs was made. After this diagnosis, the patient was treated with Dasatinib at a daily dose of
200mg. At the time of writing, the patient was well, and his WBC count had decreased to 5.16x10°/L.

Discussion

Acute basophilic leukemia (ABL) is a rare form of acute leukemia, first described by Joachim in 1906." It was recognized
as a distinct entity by the most recent World Health Organization classification of myeloid malignancies. However, to
date, no generally accepted criteria have been agreed for the diagnosis and classification of ABL. Acute basophilic
leukemia cases secondary to chronic myeloid leukemia (CML) are rare and often represent blast transformation.” In some
patients, basophilia may be excessive and may even produce a clinical picture resembling (secondary) to basophilic
leukemia.

Morphologically, basophilic blasts are typically characterized by a high nucleus-to-cytoplasm ratio, round to indented
nuclei with an open chromatin pattern, and abundant basophilic granules. Cytochemical staining shows a unique pattern
of metachromatic positivity with toluidine blue or Giemsa, but are negative with myeloperoxidase. Different from
basophilic blasts, basophils expressing myeloid markers, including CD13, CD33, CD34, and HLA-DR.

Mast cells (MCs) exert immunosuppression and stimulate immune tolerance and tumor promotion. Xu et al found that
the number of MCs in CML patients increased significantly compared with the healthy group. The increasing number of
MCs in the bone marrow along with the development of CML may herald the transformation of CML into AML. The
number of MCs may have an important inverse relationship with the prognosis of CML. They might also act as a new
therapeutic target for the treatment of tumors.® In our present case, the bone marrow biopsy showed more than 30% MCs,
which is an increase in the number of MCs compared with the patient’s bone marrow biopsy from 2018. This suggests
that MCs might participate in tumor development.

In our present case, the most challenging thing was differentiating basophils and MCs because of their similar
morphological, phenotypic and functional characteristics. Basophils and tissue MCs represent two distinct lineages

within the hematopoietic cell family. In contrast to MCs, basophils usually develop and complete their differentiation in
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the bone marrow (BM) and are released into the peripheral blood (PB) after maturation. Toluidine blue activity can be
observed in basophils, while the same reaction is negative in MCs.* Mature basophils are positive for CD25 and negative
for CD117. Diffuse and confluent CD117 positivity and CD25 negativity in our case demonstrated that the cells were
mature MCs.

Ninety percent of patients have a typical t(9;22), resulted in the formation of the fusion gene BCR::ABLI; while 5%
have variant translocations, which can be simple (involving chromosome 9 and a chromosome other than chromosome
22), or complex (involving one or more chromosomes in addition to chromosomes 9 and 22). Additional chromosomal
abnormalities are reported in 5% 10% of cases, including double Ph, trisomy 8, isometric 8, isochromosome 17, and
isometrics of chromosomes 19 and 20.™° Our case was first diagnosed with CML in the chronic phase in January 2018
and was treated with Imatinib at a daily dose of 400mg. He visited our hospital in February 2022, when bone marrow
biopsy demonstrated progression to ABL, and chromosome genetic analysis revealed a complex karyotype 48,XY, +8, i
(17)(q10), and der(22)t(9; 22). ABL- associated fusion genes, elevated serum tryptase levels and KIT D816V mutation
were not found.

Because of the patient’s poor clinical status and drug resistance, he was treated with Dasatinib, and the percentage of
BCR::ABL1 positive cells decreased to 2.16% after eight months of treatment.

The therapeutic scheme currently used involves tyrosine kinase inhibitors (TKIs) associated with high-intensity
systemic chemotherapy. Imatinib has long been the first-choice drug for CML therapy because of durable responses and
prolonged patient survival. Unfortunately, clinical complications can occur during treatment, in particular the onset of
resistance due to point mutation of BCR::ABLI.

Dasatinib is used to treat Imatinib resistant patients with BCR::ABLI point mutations, except in the presence of T3151
mutation.” We suspect these changes might result from somatic mutation of blast cells during TKI therapy. It is unknown
whether the complex karyotype and the presentation of basophilic precursors in this CML blast crisis were related to the
Imatinib therapy, or if these changes accelerated this patient into blast crisis. There are no guidelines on treatment in this
scenario because of the rarity of this presentation, and it is assumed that patients with this clinical presentation have
a high rate of mortality after diagnosis. Further study is therefore needed to better characterize this rare condition,
investigate prognostic factors, and define optimal management.

Conclusion

The treatment regimen for acute basophilic leukemia secondary to CML still present a great challenge for clinicians,
especially when accompanied by complex karyotypes. The increasing number of MCs in our case is a reminder that they
might play an important role in the prognosis of CML. Further studies are needed to better characterize this rare condition.
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