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Abstract
Objective

To investigate the clinical characteristics, diagnostic features, treatment strategies and prognosis of patients with myeloid/lymphoid neoplasms with
eosinophilia and tyrosine kinase gene fusions (MLN-TK).

Methods

Clinical data of 13 patients diagnosed with MLN-TK from January 2013 to October 2024 were retrospectively analyzed.

Results

A total of 13 patients were enrolled, including 12 males and 1 female, with a median age of 42 years (range, 6—59 years). The initial diagnoses comprised 4
cases of acute lymphoblastic leukemia (ALL), 4 cases of myeloproliferative neoplasms (MPN), 2 cases of myelodysplastic syndromes (MDS), 2 cases of
acute myeloid leukemia (AML), and 1 case of mixed-phenotype acute leukemia (MPAL). Genetic detection identified FGFR1 rearrangement in 6 cases,
PDGFRA rearrangement in 3 cases, PDGFRB rearrangement in 2 cases, JAK2 rearrangement in 1 case, and ETV6::ABL1 fusion in 1 case. Eight patients
(61.5%) were complicated with eosinophilia, and 5 patients (38.4%) had extramedullary disease involvement. All patients were followed up until September
2025. Six patients received allogeneic hematopoietic stem cell transplantation (Allo-HSCT), among whom 5 survived and 1 died of severe acute graft-versus-
host disease. The 5-year overall survival rate of transplanted patients was 83.3%. Among the 7 patients who did not undergo transplantation, 4 died of
primary disease relapse and 3 were lost to follow-up.

Conclusion

MLN-TK is highly heterogeneous and easily misdiagnosed or missed. Tyrosine kinase inhibitor can be used as an effective bridging therapy. However, most
subtypes except PDGFRA-rearranged neoplasms cannot achieve durable therapeutic responses. Allo-HSCT is the core curative approach for long-term
survival of MLN-TK patients.

BACKGROUND

Myeloid/lymphoid neoplasms with eosinophilia and tyrosine kinase (TK) gene fusions (MLN-TK) constitute a group of highly heterogeneous clonal
hematopoietic stem-cell disorders. The 5th-edition WHO classification released in 2022 has renamed and expanded this disease category, which includes
rearrangement subtypes such as PDGFRA, PDGFRB, FGFR1, JAK2, FLT3 and ETV6::ABL1. Owing to its extremely low incidence, this disease frequently
presents with myeloid proliferation or lymphoid-lineage involvement at blast phase in clinical settings, resulting in a high rate of misdiagnosis. By analyzing
clinical data from 13 patients, this study aims to standardize the diagnostic workflow and evaluate the therapeutic efficacy of allogeneic hematopoietic stem-
cell transplantation (Allo-HSCT).

PATIENTS AND METHODS
Patients

A retrospective analysis was performed on 64 consecutive patients admitted to Hebei Yanda Lu Daopei Hospital from January 2013 to October 2024, who
were detected to carry rearrangements of PDGFRA, PDGFRB, FGFR1, JAK2, FLT3 and ETV6. Thirteen patients with incomplete clinical data that precluded
accurate diagnosis, 22 patients with primary acute myeloid leukemia (AML) or acute lymphoblastic leukemia (ALL), and 16 patients with Ph-like B-ALL were
excluded. Ultimately, 13 patients with confirmed or revised diagnosis of MLN-TK were enrolled (Fig. 1 for the screening flow chart). Diagnostic criteria
referred to the 5th edition WHO Classification of Haematolymphoid Tumours (2022)[1]and relevant consensus statements[2]. Chronic phase (CP) was
defined as blast cell proportion<10% in peripheral blood or bone marrow with chronic proliferative features; blast phase (BP) was diagnosed according to the
diagnostic criteria for acute leukemia[3]. All patients were confirmed to harbor tyrosine kinase (TK) fusion genes by fluorescence in-situ hybridization (FISH)
or quantitative PCR (qPCR). Secondary eosinophilia and other WHO-defined hematological malignancies were ruled out[4].

Baseline Observational Indicators

Complete clinical data of the patients were collected. Baseline assessments included blood cell counts, bone marrow smear, bone marrow pathological
biopsy and immunohistochemical staining. Cytogenetic and molecular biological examinations consisted of chromosome karyotype analysis, FISH detection
for gene rearrangements of PDGFRA, PDGFRB, FGFR1, JAK2, FLT3 and ETV6, qPCR assay for the FIP1L1::PDGFRA fusion gene, as well as targeted next-
generation sequencing (NGS) for hematological malignancies.

Differential Diagnosis
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Differential diagnosis from primary AML/ALL and Ph-like B-ALL: (1) MLN-TK originates from bone-marrow pluripotent hematopoietic stem cells, which is
frequently accompanied by eosinophilia and capable of differentiation along both myeloid and lymphoid lineages. Tyrosine-kinase gene fusions involve
myeloid and lymphoid lineages simultaneously, and components of chronic myeloid neoplasm (CMN) may emerge before, during or after ALL-directed
treatment; (2) MLN-TK differs from Ph-like B-ALL in the partner genes of tyrosine-kinase fusions, and is often characterized by multi-lineage involvement; (3)
The diagnosis of MLN-eo-TK applies to hematopoietic neoplasms carrying specific genetic abnormalities at initial onset, rather than cases that acquire such
abnormalities in the course of disease progression or evolution[5]. Detection of the corresponding gene fusions within myeloid cell populations via
fluorescence in-situ hybridization (FISH) helps distinguish MLN-TK from ALL.

Treatment Regimens for Patients After Confirmed Diagnosis

One patient with positive PDGFRA rearrangement received oral imatinib targeted therapy as bridging treatment for hematopoietic stem cell transplantation
(HSCT) after diagnosis; one patient was treated with imatinib monotherapy, and the remaining one patient received chemotherapy combined with tyrosine
kinase inhibitors (TKIs) including imatinib and dasatinib. One patient with PDGFRB rearrangement was administered chemotherapy plus oral imatinib, while
the other patient received imatinib monotherapy. One BCR::JAK2-positive patient sequentially received chemotherapy, blinatumomab and CAR-T therapy,
followed by bridging Allo-HSCT. One ETV6::ABL1-positive patient was given oral dasatinib prior to bridging Allo-HSCT. Among the six patients with positive
FGFR1 rearrangement, three received TKI therapy followed by bridging Allo-HSCT, one was treated with imatinib monotherapy, and two were treated with
chemotherapy combined with ponatinib and ruxolitinib. The disease course of the 13 patients can be referred to in Fig. 2.

Allogeneic Hematopoietic Stem-Cell Transplantation

HLA matching was performed for donors and recipients among patients who intended to receive Allo-HSCT. Principles for donor selection: matched-sibling
donors were the first choice, followed by fully-matched unrelated donors, and haploidentical related donors were selected as the final option.

Conditioning Regimens

Busulfan combined with cyclophosphamide- or fludarabine-based regimens were used for patients receiving matched-sibling donor transplantation. For
patients undergoing unrelated-donor or haploidentical transplantation, rabbit anti-human thymocyte immunoglobulin and semustine were added to the
above-mentioned regimens.

Mobilization and collection: Donors received subcutaneous injection of G-CSF at a dose of 10 pg-kg="-d-" for 5 consecutive days. Peripheral-blood
hematopoietic stem cells were collected on day 4 and day 5.

GVHD Prophylaxis

Prophylaxis was performed according to the Chinese expert consensus (2020 edition)[6]. Matched-sibling transplantation adopted cyclosporine A (CsA)
combined with short-course methotrexate (MTX). For haploidentical and unrelated-donor transplantation, the regimen consisted of CsA, short-course MTX
and mycophenolate mofetil (MMF). CsA was initiated at day - 1 or day - 9 before transplantation, with the minimal concentration of CsA maintained at 150—
250 pg/L.

Supportive Care and Engraftment Assessment

G-CSF and TPO were routinely administered after transplantation to accelerate hematopoietic reconstitution. Irradiated blood products were transfused to
maintain hemoglobin (Hb) = 60 g/L and platelet count (PLT) = 20 x 10°/L. Neutrophil engraftment was defined as an absolute neutrophil count (ANC) = 0.5 x
109/L for 3 consecutive days. Megakaryocyte engraftment was defined as PLT = 20 x 10°/L for 7 consecutive days without platelet transfusion support[7].

Efficacy Evaluation and Follow-up

Treatment responses in the chronic phase were assessed according to criteria proposed by the MLN International Working Groupl[8], while responses in blast
phase were evaluated using criteria for acute leukemia[9, 10]. Grading of acute GVHD (aGVHD) and chronic GVHD (cGVHD) followed the modified Glucksberg
criteria and NIH consensus criteria[11]. Overall survival (0S) was defined as the interval from diagnosis to death or the date of last follow-up.

Statistical Analysis

Data analyses were performed using SPSS 26.0 and GraphPad Prism 10.0 software. Continuous variables were presented as median (range/IQR), and
categorical variables were expressed as number of cases (percentage). Survival analysis was conducted via the Kaplan-Meier method, and between-group
comparisons were performed using the Log-rank test.

RESULTS
1.Clinical features and laboratory tests

Among the 13 patients with MLN-TK, 12 were male and 1 was female; the median age at disease onset was 42 years (range 6—59 years).
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1.1Tyrosine kinase genetic subtypes

Six patients harbored FGFR1 rearrangement (3 cases each of BCR::FGFR1 and ZNF198::FGFR1); three patients had PDGFRA rearrangement (all
FIP1L1::PDGFRA); two patients had PDGFRB rearrangement (all ETV6::PDGFRB); one patient was positive for BCR::JAK2 fusion and one for ETV6::ABL1
fusion, respectively.

1.2 Clinical diagnosis and revised diagnosis (Table 1)

Two patients were admitted with eosinophilia without prior treatment. One patient was admitted after receiving oral Chinese patent medicine, folic acid and
vitamin B12 for a prior external-hospital diagnosis of myelodysplastic syndrome (MDS). One patient was admitted with untreated chronic myeloproliferative
neoplasm. One patient was admitted after three cycles of ALL-directed chemotherapy for an external-hospital diagnosis of T-cell lymphoblastic lymphoma-
leukemia. Eight patients (61.5%) presented with eosinophilia. Initial diagnoses included ALL/LBL (4 cases), MPN (4 cases), MDS (2 cases), AML (2 cases),
and MPAL (1 case).

1.3 Extramedullary disease involvement

Four patients had extramedullary disease (EMD), among whom three had lymph node involvement (lymphoma-like morphology on pathology) and one had
central nervous system involvement.

1.4 Cytogenetics and concomitant mutations

Four patients had normal karyotypes and two had complex karyotypes. Other cytogenetic abnormalities included + 21 (4 cases), + 8 (2 cases), 1(8;13) (2
cases); single cases of 1(1;5), 1(9;22), 1(5;12), inv(5), and t(8;21). Five patients had no additional detectable mutations; three carried TET2 mutations; single
cases harbored U2AF1, ATM, KMT2D and RUNX1 mutations, respectively.

2.Transplant-Related Characteristics and Survival Outcomes in the Allo-HSCT Group (Table 2)

Six patients received Allo-HSCT (5 males, 1 female), with a median age at transplantation of 34 years (range, 16-60 years). Two patients with FGFR1
rearrangement and one BCR::JAK2-positive patient achieved complete remission (CR) prior to transplantation. The remaining three patients (FGFR1-
rearranged, ETV6::ABL1-positive, and PDGFRA-rearranged) were in partial remission (PR) before transplant.

2.1 Conditioning regimens, donor and hematopoietic reconstitution

Modified Bu/Cy regimen was used in 2 patients, TBI/Flu in 2 patients, and TBI/Cy and Bu/Flu in 1 patient each. Five patients received haploidentical related-
donor transplantation and one received matched-sibling transplantation. Five patients received combined bone-marrow plus peripheral-blood stem-cell
grafts, and one received peripheral-blood stem-cell graft alone. The median infused mononuclear cell (MNC) dose was 6.225 (5.01-10.42) x 108/kg, and the
median infused CD34* cell dose was 4.86 (3.37-12) x 10%/kg. All six transplant recipients achieved neutrophil engraftment, with a median neutrophil
engraftment time of 13 days (range, 11-23 days). One patient failed to achieve platelet engraftment at day 42 post-transplant; for the other five patients, the
median platelet engraftment time was 13 days (range, 12-34 days).

2.2 Transplant-related complications

Five patients (83.3%) developed acute graft-versus-host disease (aGVHD), including grade | in 3 patients (skin-only involvement) and grade IV in 2 patients
(intestinal and hepatic involvement). One patient developed chronic GVHD (cGVHD) with bladder involvement. Other complications included CMV viremia (4
cases), EBV viremia (3 cases), HHV-6 encephalitis (1 case), and TA-TMA (1 case).

2.3 Post-transplant maintenance therapy:

One ETV6::ABL1-positive patient initiated dasatinib maintenance therapy at 3 months after Allo-HSCT and discontinued treatment due to pulmonary infection
accompanied by cytopenia. One ZNF198::FGFR1-positive patient started pemigatinib maintenance at 7 months post-transplant, and another BCR::FGFR1-
positive patient commenced ponatinib maintenance therapy at 2 months post-transplant.

2.4 Follow-up

The follow-up period ends on September 30, 2025, five patients were alive and one died from grade IV intestinal aGVHD. The 5-year overall survival (OS) rate
of the transplant group was 83.3%. Compared with the non-transplant group, OS is shown in Fig. 3.

3.Survival Outcomes in the Non-Transplant Group

Among the seven non-transplanted patients: one PDGFRA-rearranged patient received imatinib monotherapy; another PDGFRA-rearranged patient was
treated with chemotherapy combined with TKils including imatinib and dasatinib. One PDGFRB-rearranged patient received chemotherapy plus oral imatinib,
and the other PDGFRB-rearranged patient received imatinib monotherapy. Of the three FGFR1-rearranged patients, one received imatinib monotherapy, and
two were treated with chemotherapy combined with ponatinib or ruxolitinib. Three patients were lost to follow-up and four died of primary-disease relapse or
progression. The 1-year overall survival (OS) rate was 75.0%.

DISCUSSION
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MLN-TK is a highly heterogeneous clonal hematopoietic stem-cell disorder, whose clinical manifestations and prognosis are markedly influenced by driver-
gene subtypes and concomitant mutations. The 5th-edition WHO classification and International Consensus Classification (ICC) criteria in 2022 further
refined the scope of this disease entity and formally added novel subtypes including ETV6::ABL1 and FLT3 rearrangements[1, 5]. In this retrospective study of
13 patients with MLN-TK, we aimed to explore precise diagnostic approaches and stratified therapeutic strategies based on real-world clinical practice.

The clinical manifestations of MLN-TK exhibit prominent subtype-specific features. In our cohort, PDGFRA/B rearrangements mostly presented in the chronic
phase, whereas FGFR1, JAK2 and ETV6::ABL1 subtypes were more aggressive and frequently manifested as acute leukemia or accompanied by
extramedullary disease at onset. Among the four patients diagnosed in blast phase, three harbored FGFR1 rearrangement and one carried JAK2
rearrangement; two out of four patients who progressed to blast-phase transformation had FGFR1 rearrangement. A registry-based cohort study by
Metzgeroth et al[12] involving 135 patients demonstrated that over 90% of PDGFRA/B-positive patients achieved favorable responses to imatinib (IM) with
rare disease progression, while other subtypes were frequently complicated by extramedullary involvement or acute leukemia (AL). In our series, two patients
with PDGFRB rearrangement progressed from chronic phase (CP) to blast phase (BP), which was considered attributable to poor treatment adherence and
clonal evolution induced by irregular drug administration.

Although eosinophilia represents a characteristic feature of MLN-TK, and marked eosinophilia is predominantly reported in PDGFRA-rearranged and
ETV6::ABL1-fused subtypes[12, 13], eosinophilia is not universally present. Approximately 10% of patients with FIP1L1::PDGFRA rearrangement present
without eosinophilia at initial diagnosis[12, 13]. The incidence of eosinophilia in our cohort was 57.7% (8/13). This finding indicates that routine screening for
tyrosine-kinase-related gene fusions should be performed for patients with suspected MPN, MDS, or biphenotypic/mixed-phenotype acute leukemia (MPAL),
even in the absence of prominent eosinophilia.

Accurate diagnosis of MLN-TK relies on genetic testing. Since this neoplasm originates from multipotential stem cells, it may exhibit dual myeloid and
lymphoid (especially T-cell-lineage) involvement[5]. Conventional karyotyping alone carries a high risk of missed diagnosis for MPAL or Ph-like ALL without
eosinophilia. Advanced molecular techniques such as next-generation sequencing (NGS) and RNA-seq play an irreplaceable role in identifying cryptic
translocations (e.g. FIP1L1::PDGFRA resulting from t(4;12) deletion) and rare fusion partner genes. Our study highlights that transcriptome sequencing
should be implemented early for special leukemia subtypes with suboptimal chemotherapy responses to identify potential TK gene fusions and avoid
delayed initiation of targeted therapy.

For PDGFRA/B rearrangements, imatinib remains the cornerstone of first-line therapy. PDGFRA-rearranged neoplasms achieve nearly 100% response rates to
imatinib (100-400 mg daily), and molecular complete remission (CMR) can be sustained even at low drug doses[14]. Grzegorz Helbig et al. reported a
median time to hematologic remission of 13 days, while the median time to molecular remission reached 10 months; molecular remission could be
maintained at a minimal dose of 100 mg per week for a median duration of 41 months, with a maximum follow-up of 71 months[14]. Julien Rohmer et al.
published data on 151 FIP1L1::PDGFRA-positive MLN-TK patients in 2020[13], of whom 143 were male with a median age of 49 years at diagnosis. Common
symptoms included fatigue, weight loss and persistent fever. The most frequently involved organs were the spleen (44%) and skin (32%), followed by the
lungs (30%) and heart (19%). All 148 patients treated with imatinib achieved molecular remission. Among 46 patients who discontinued imatinib, 20
experienced subsequent relapse; 17 rapidly regained molecular remission after imatinib re-initiation. Multivariate analysis demonstrated that the initiation
time and duration of imatinib treatment were independent risk factors for post-discontinuation relapse. To date, only two secondary imatinib-resistant point
mutations (PDGFRA T674l and D842V) have been documented[15-18]; switching to nilotinib or dasatinib yields limited therapeutic efficacy. The novel
targeted agent avapritinib shows promising activity against imatinib-resistant PDGFRA D842V mutation[19]. Therapy for PDGFRB-rearranged neoplasms
resembles that for PDGFRA-rearranged disease; most patients are sensitive to imatinib, and primary resistance-associated point mutations have rarely been
reported[20]. Nevertheless, Lucia Cavelier described one imatinib-resistant ETV6::PDGFRB-positive MLN-TK case in 2025[21], which harbored high-risk co-
occurring mutations including ASXL1, KRAS, NRAS, SETBP1 and SRSF2, together with one variant of uncertain significance (VUS) in IDH2. This suggests that
comprehensive molecular profiling and prompt evaluation for transplantation should be performed for PDGFRB-rearranged patients with unsatisfactory
imatinib responses. One PDGFRA-positive patient in our cohort exhibited a poor response to imatinib, which was considered related to concurrent high-risk
alterations such as MLL::PTD, indicating that concomitant gene mutations constitute an important factor influencing TKI efficacy.

FGFR1 rearrangement is relatively rare among MLN-TK, formerly termed 8p11 myeloproliferative syndrome, accounting for approximately 6% of cases. The
most frequent fusion partner gene is ZMYM2 (also known as ZNF198), located at chromosome 13q12, followed by BCR. Previous studies have demonstrated
that ZMYM2::FGFR1 is frequently associated with T-cell-origin lymphoma/leukemia or mixed-phenotype leukemia, mostly accompanied by elevated
eosinophil counts, whereas BCR::FGFR1 usually presents as an MPN or CML-like phenotype with less frequent eosinophilia[22-45]. Patients with
FGFR1/JAK2/FLT3 rearrangements or ETV6::ABL1 fusion harbor relatively abundant types and frequencies of concomitant mutations[46]. It has been well-
established that FGFR1 rearrangement combined with RUNX1 mutation correlates with disease progression and adverse prognosis. RUNX1 mutations are
detected in approximately 70-80% of FGFR1-rearranged patients[47]. In a cohort of seven FGFR1-rearranged patients reported by Paolo Strati in 2017, five
carried RUNXT mutations with distinct variant sites, and all presented with acute leukemia. Dasatinib, midostaurin and ponatinib cannot achieve durable
remissions for FGFR1-rearranged disease. The FGFR1-3 inhibitor pemigatinib can be administered for relapsed/refractory disease at a dose of 13.5 mg daily
for both treatment and maintenance, achieving a complete remission (CR) rate of 88.9% in chronic phase and 61.5% in blast phase; however, it is mostly
applied as bridging therapy prior to Allo-HSCT[48]. Kento Umino summarized 45 FGFR1-rearranged patients in 2018; 14 patients ultimately received
allogeneic hematopoietic stem-cell transplantation, including 3 transplanted in chronic phase and 11 in blast phase. The 1-year post-transplant overall
survival (0S) rates were 66.7% and 61.5%, respectively[49]. This finding suggests that transplantation performed before blast-phase transformation may
improve outcomes for patients in the chronic phase.

Six fusion partner genes have been reported for JAK2 rearrangements, among which PCM1 is the most common; the PCM1::JAK2 fusion can be detected by
conventional cytogenetic methods. First-line therapeutic options include the JAK-inhibitor ruxolitinib or Allo-HSCT. Among nine patients receiving ruxolitinib
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in Juliana Schwaab'’s report, five achieved hematologic remission, while only two attained molecular and cytogenetic remission, respectively[50]. Henry G.
Kaplan systematically reviewed 66 PCM1::JAK2-positive patients in 2022; 40 patients were in chronic phase and 24 subsequently underwent transplantation,
yielding a 5-year OS rate of 80.2%, which was significantly superior to that of non-transplanted patients[51]. Ruxolitinib can serve as pre-transplant bridging
therapy. The most frequent fusion partner for FLT3 rearrangement is ETV6, accounting for over 50% of cases. ETV6::FLT3 usually manifests as a
myeloproliferative neoplasm or CML-like phenotype and is prone to extramedullary lesions. Guilin Tang summarized 28 FLT3-rearranged patients; among 12
ETV6::FLT3-positive patients, nine mainly exhibited chronic proliferative features and ten had extramedullary involvement presenting as T-cell ymphoma or
myeloid sarcomal[52]. FLT3 inhibitors including sorafenib, gilteritinib and midostaurin have proven effective for treatment; nevertheless, responses are
transient and complete remissions are difficult to achieve. Early bridging to Allo-HSCT is therefore recommended. Alexander K. Chao reported one patient
with CCDC88C::FLT3-positive disease refractory to intensive chemotherapy, who achieved cytogenetic remission after two-week sorafenib monotherapy and
successfully proceeded to transplantation. Sorafenib was continued as post-transplant maintenance, and sustained molecular remission of primary disease
was maintained[53].

The formation of ETV6::ABL1 fusion involves translocations and inversions affecting the ETV6 gene at 12p13.2 and the ABL1 gene at 9q34. Marketa Zaliova
reported 44 ETV6::ABL1-positive patients in 2016, including 22 with ALL, 18 with MPN and four with AML[54]. Eosinophilia was predominantly observed in
patients with MPN and AML but was uncommon in ALL cases. ETV6::ABL1-positive disease confers poor clinical prognosis; imatinib, dasatinib and even
nilotinib achieve limited and non-sustained therapeutic effects against this fusion[50]. Hence, Allo-HSCT remains required for curative intent in selected
patients.

Allo-HSCT represents the core curative modality for long-term survival of MLN-TK patients, with the exception of the PDGFRA-rearranged subtype. Umino et
al.[49]demonstrated that patients receiving transplantation in chronic phase achieved significantly better outcomes than those transplanted in blast phase. In
our cohort, five out of six transplanted patients remained alive, with a 5-year OS rate of 83.3%, which was markedly superior to the non-transplant group. Of
note, one FGFR1-rearranged patient developed testicular relapse three years after transplantation. This observation highlights that prophylactic post-
transplant targeted maintenance therapy (e.g., ponatinib or pemigatinib) combined with minimal residual disease (MRD) monitoring is critical for relapse
prevention for such high-risk subtypes.

MLN-TK is characterized by insidious onset and substantial molecular heterogeneity. Clinicians should raise awareness for identifying cases without
eosinophilia and implement multi-omics technologies to achieve early diagnosis. The comprehensive therapeutic strategy should follow the integrated
model: targeted-inhibitor-induced remission followed by timely allogeneic transplantation plus post-transplant targeted maintenance. Although limited by
small sample size, our real-world cohort confirms the pivotal role of transplantation in improving prognosis for high-risk MLN-TK subtypes. Further
multicenter studies are warranted to explore optimal post-transplant maintenance regimens for individual molecular subtypes and clarify the precise
prognostic impact of concomitant mutations.
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No. Sex
1 Male
2 Male
3 Male
4 Male
5 Male
6 Female
7 Male
8 Male
9 Male
10 Male
11 Male
12 Male
13 Male

Age

59

23

26

47

42

16

50

26

44

52

47

37

Blood count at onset

WBC/HB/PLT/NE
(10%9/L)

32.1/86/100/N

26.36/143/315/19.66

18.88/N/N/N

80.6/148/217/58.1

26.8/104/11/N

75.11/133/163/5.28

17.18/139/158.6/3.59

8.47/109/117/N

50.62/137/156/N

59.35/101/88/N

27/109/60/123

32/146/446/22.6

30/210/85/N

EO
(10%9/L)

0.485

2.08

2.4

0.2

9.41

0.37

4.54

Splenomegaly

Extramedullary

involvement

Lymph node(s)

CNS

Lymph node(s)

Lymph node(s)

Initial diagnosis

MDS

MPN

T-LBL

MPN-ALL

B-LBL

B-ALL

Hypereosinophilia

Myelodysplastic

syndrome (MDS)

Atypical chronic
myeloid leukemia
(aCML)

Abnormal blood
count, pending
workup

Chronic myeloid
leukemia (CML)

Hypereosinophilia

Polycythemia
vera (PV)

Treatment
before
admission

Oral traditional
Chinese
medicine,
folate, and
vitamin B12

No treatment

VDLP + MTX
chemotherapy

Imatinib + VP

chemotherapy

Chemotherapy
+ HLA-matched
sibling HSCT

Chemotherapy
+ venetoclax +
blinatumomab

No treatment

No treatment

3 courses of
chemotherapy
+ oral imatinib

No treatment

No treatment

Glucocorticoids
+ imatinib

5 courses of
chemotherapy

Bone marrow a

Morphology

Hypercellularity
grade IV-V; 6%
blasts, 46.12%

eosinophils

Active
proliferation;
11%
eosinophils, 5%
blasts

Grade Il
hypercellularity
0.5% blasts

Grade IV
hypercellularity
3.5% blasts

91% blasts

Extremely
active
proliferation;
58% blasts

Grade Il
hypercellularity
20.8%
eosinophils

Grade IV
hypercellularity
2.5% blasts

Grade |
hypercellularity
granulocytic
series 81.5%

Grade llI
hypercellularity
12%

eosinophils

Active
proliferation;
11%
eosinophils, 5%
blasts

Active
proliferation;
10.5%
eosinophils

Grade |-l
hypercellularity
96.6% blasts

Table 1 (cont.)
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No. Revised diagnosis &  Treatment after diagnosis HSCT Outcome Cause of Survival after Survival after
stage death diagnosis HSCT
1 MLN-TK / CP Imatinib + HSCT Yes Alive 64m 61m10d
2 MLN-TK / CP Dasatinib + HSCT Yes Alive 10m 8m16d
3 MLN-TK / BP Venetoclax + pemigatinib + HSCT Yes Alive 23m 21mod
4 MLN-TK / BP VDP + ponatinib + HSCT Yes Alive 130m 128m7d
5 MLN-TK / BP (After relapse) ponatinib + CAR-T + Yes Deceased Acute GVHD  20m 54d
second HSCT
6 MLN-TK / BP CAR-T + HSCT Yes Alive 44m 15m3d
7 MLN-TK / CP Oral imatinib only, not evaluated No Lost to follow- m
up
8 MLN-TK / CP DEC + AA chemotherapy + imatinib— No Lost to follow- 3m
dasatinib up
9 MLN-TK / CP-BP Imatinib + chemotherapy No Deceased CNSrelapse  1m
10 MLN-TK / CP-BP Oral imatinib only No Lost to follow- m
up
11 MLN-TK / CP Oral imatinib only No Deceased Relapse 20m
12 MLN-TK / CP-BP Ponatinib + chemotherapy No Deceased Relapse 22m
13 MLN-TK / CP-BP Chemotherapy + ruxolitinib No Deceased Relapse 12m
Table 2
No. Gender Age Fusion gene Time from diagnosis Disease HCT-CI score Extramedullary Transplant type
(years) to HSCT status before disease
HSCT
1 Male 59 FIP1L1::PDGFRA 4 months PR 3 (coronary heart No Related
disease + haploidentical
diabetes)
2 Male 23 ETV6::ABL1 2 months PR 0 No Related
haploidentical
3 Male 26 ZNF198::FGFR1 2 months PR 0 Lymph node Unrelated
involvement haploidentical
4 Male 47 BCR::FGFR1 2 months CR 1 No Related fully
matched
5 Male 42 BCR::FGFR1 First HSCT: 3 CR 1 No Related
months; Second haploidentical
HSCT: 20 months
6 Female 16 BCR::JAK2 29 months CR 0 No Related
haploidentical

Table 2 (continued)
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No. Conditioning regimen Graft Hematopoietic aGVHD cGVHD Viral Post-HSCT Outcome
source recovery infection maintenance
therapy
1 Ara-C + decitabine + BuCy + BM + WBC engraftment: Grade lIl; grade - CMV No Alive
ATG (Fresenius) + PB day 22; PLT 2 liver, involving viremia
semustine engraftment: day 34  the intestine;
bladder
2 Thiotepa/Ara-C/Bu/FIu/ATG ~ PB WBC engraftment: Grade [; grade 2 No EBV and Dasatinib Alive
(immediate) / semustine day 12; PLT skin CMV (discontinued due
engraftment: day 12 viremia to febrile
neutropenia)
3 Thiotepa/Ara- PB WBC engraftment: Grade [; grade 1 No EBV and Pemigatinib Alive
C/TBI/Flu/ATG (Fresenius) / day 11; PLT intestine CMV
semustine engraftment: day 13 viremia
4 FLAG + BuCy + ATG BM + WBC engraftment: No No EBV Ponatinib Alive
(immediate) + semustine PB day 12; PLT viremia
engraftment: day 12
5 Ara-C + TBIl + Flu + ATG BM + WBC engraftment: Grade IV; skin, No CMV No Died of
(porcine) + semustine PB day 23; PLT not liver, and viremia aGVHD
engrafted intestine
6 Ara-C/TBI/Cy/ATG BM + WBC engraftment: Grade |; grade 1 No No No Alive
(Fresenius)/semustine PB day 15; PLT skin
engraftment: day 16
Figures
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Legend not included with this version.
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Swimmer Plot of HSCT Treatment in CML Patients
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Figure 2

Legend not included with this version.
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Figure 3

Legend not included with this version.
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