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Introduction: Mixed-phenotype acute leukemia (MPAL) is a rare disease with
poor prognosis. So far, no standard approach has been established as the "know-
how" of MPAL is based only on retrospective analyses performed on small groups
of patients.

Materials and methods: In this study, a retrospective analysis of the outcomes of
adult MPAL patients included in the PALG registry between 2005 and 2024 who
received the CLAG-M hybrid protocol as induction or salvage therapy
was performed.

Results: Sixteen of 98 MPAL patients received CLAG-M: eight as first-line and
eight as salvage therapy. In the first line, two patients achieved partial response
(PR), and six achieved complete remission (CR), of whom four successfully
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underwent allogeneic hematopoietic stem cell transplantation (alloHSCT). Two
patients who did not undergo alloHSCT promptly relapsed. Within the whole
group, the overall response rate (ORR) was 75% (n = 12/16). With the median
follow-up of 13 months, six out of eight patients remain in CR, however, two of
them died due to acute graft versus host disease. Out of eight patients who
received CLAG-M in the second line, four patients (50%) obtained CR. AloHSCT
was conducted in seven cases, six of which were in CR. Only two patients
remained in CR at the time of the last follow-up. Tolerance to treatment was
good. The median times for severe neutropenia and thrombocytopenia were 22
days (range, 16—24) and 17 days (range, 12—-24), respectively. Overall, grade 3-4
infections were observed in 12 cases, and all infections presented
successful outcomes.

Conclusions: CLAG-M is an effective first-line salvage regimen for MPAL with an
acceptable safety profile. Early achievement of CR with prompt alloHSCT allows

for satisfactory disease control.

KEYWORDS

mixed phenotype acute leukemia, ambiguous leukemia, induction treatment, MPAL,
hybrid regimen, methylome targeted therapy

Introduction

Mixed phenotype acute leukemia (MPAL) is a rare disease,
representing 2%-5% of acute leukemias (1-3). Contrary to the
established lineage-specific antigen expression in acute
lymphoblastic leukemia (ALL) and acute myeloid leukemia
(AML), MPAL is characterized by blast cells co-expressing
lymphoid and myeloid lineage antigens. Due to the heterogeneity
of this rare disease and the fact that patients with MPAL are usually
excluded from acute leukemia clinical trials, no unified treatment
protocol has been established. According to retrospective studies
and case reports, the outcomes of therapy based on an ALL-like
regimen seem to prevail over those of therapy with an AML-like or
hybrid regimen combining both approaches (1, 2, 4-8).
Furthermore, the united front is maintained for allogeneic stem
cell transplantation (alloHSCT), as outcomes in patients who
underwent the procedure are superior to those who received only
chemotherapy (3, 4, 9-11).

However, in light of reports implying the possibility of lineage
switch (12) and favorable response if treatment matching the DNA
methylation patterns of blast cells (13) is applied, the discussion about
the most appropriate induction regimen remains doubtful. Uncertainty
about introducing therapy based on immunophenotype, cytogenetic,
or molecular biology has led to the consideration of a hybrid protocol
combining both AML-like and ALL-like regimens. Notwithstanding
the studies strongly contradicting that approach (2, 7), some other
reports present the benefits of the hybrid regimen (3, 14-16). In
accordance with these findings, we retrospectively analyzed MPAL
patients who received the hybrid protocol based on cladribine,
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cytarabine, granulocyte colony-stimulating factor (G-CSF), and
mitoxantrone (CLAG-M). Based on the significant research of the
Polish Adult Leukemia Group (PALG), which revealed that CLAG-M
is a well-tolerated and effective salvage regimen in refractory or relapsed
AML (17), we assessed the advantages and safety profile of this
treatment protocol in poor-risk MPAL. Furthermore, the prominent
effect of cladribine included in treatment protocols for AML, especially
in patients with unfavorable cytogenetics and FLT3-ITD mutations,
has been proven in previous PALG studies (18-20), which enhanced
the advantage of CLAG-M.

Finally, we present a comprehensive analysis of the treatment
course and its outcome in MPAL patients treated with the CLAG-M
protocol as the first line of induction and salvage therapy.

Materials and methods

The present study is the outcome of the close cooperation of
hematological centers associated with the Polish Adult Leukemia
Group, which reported MPAL patients diagnosed and treated with
regimens according to the centers” individual experiences between
2005 and 2024. Of all reported cases, we selected and retrospectively
analyzed the group of patients treated with the CLAG-M regimen in
the first-line (Group A) of induction and as the salvage protocol
(Group B) in case of refractoriness or relapse after the first-line
of therapy.

The comprehensive database included information about the
patients’ state characterized by age, sex, Eastern Cooperative
Oncology Group (ECOG) Performance Status Scale, and presence
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of hepatosplenomegaly, lymphadenopathy, or central nervous
system (CNS) infiltration by leukemia cells. In addition, precise
data regarding diagnosis and treatment were collected. The
diagnosis was based on blast immunophenotyping according to
The European Group for the Immunological Characterization of
Leukemias (EGIL) (21)and criteria included in the World Health
Organization (WHO) classification and verified according to the
WHO 2022 classification (22).

All patients were administered the standard CLAG-M regimen
in both induction and salvage protocols, including cladribine at a
dose of 5 mg/m? intravenously (iv.) on days 1-5; cytarabine (Ara-C)
at a dose of 2,000 mg/m2 iv; on days 1, 2, 3, and 5; granulocyte-
colony stimulating factor (G-CSF) 30 MU subcutaneously (sc.) on
days 0, 1, 2, 3, 4, and 5, and mitoxantrone at a dose of 10 mg/m2 on
days 1, 2, and 3 (17). Furthermore, consolidation treatment with a
high dose of cytarabine (3,000 mg/m? iv. Every 12 h on days 1, 3,
and 5) and intrathecal prophylaxis or treatment with methotrexate
(15 mg), cytarabine (40 mg), and dexamethasone(4 mg) were
considered. For consolidation treatment, Ara-C was administered
at a dosage adjusted for patient age. Patients under 60 years old
received high-dose Ara-C (2 g/m>-3 g/m* every 12 h i.v. on days 1,
3, and 5), whereas patients above 60 years old received
intermediate-dose Ara-C (1 g/m>~1.5 g/m> every 12 h i.v. on days
1, 3, and 5). Eventually, all eligible patients were scheduled to
undergo alloHSCT. Furthermore, according to the results of
cytogenetic analysis, imatinib was included in the treatment of
two cases with BCR::ABL rearrangement.

Regarding the high risk of infectious complications associated
with intensive treatment, prophylaxis was implemented on the last
day of the protocol. The patients were administered levofloxacin
(500 mg orally every 24 h), acyclovir (800 orally mg every 12 h), and
posaconazole (200 mg orally every 8 h).

Treatment response was assessed according to the ELN criteria
(23). To evaluate minimal residual disease (MRD) multiparameter
flow cytometry was performed, and quantitative RT-PCR was
employed for the t (9, 22) MPAL type.

Furthermore, we analyzed the safety profile of the CLAG-M
regimen in first-line of treatment by examining the time to
neutrophil and platelet recovery and infectious and non-
infectious complications at the time of therapy. Considering the
reported prolonged hematological recovery following CLAG-M
administration and the consequent heightened risk of infectious
complications, two distinct time frames were evaluated for
hematological recovery (24). First, the durations of severe
neutropenia and thrombocytopenia were evaluated. It was defined
as the time from the date of induction implementation to the date of
the first stable absolute neutrophil count (ANC) above 500/uL and
platelet count above 50,000/pL. Second, the criteria for complete
hematological recovery time to ANC >1,000 puL and platelet
count >1,000,000 UL were calculated.

Overall survival (OS) was assessed from the date of diagnosis in
group A and from CLAG-M administration in group B to the
patient’s death or the last follow-up. Eventually, we incorporated
the overall response ratio (ORR), defined as the percentage of
patients who responded to a CLAG-M regimen with a partial or
better response.
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Event rate analysis

First, to evaluate survival, we incorporated Kaplan-Meier
analysis. However, due to the small group size and short follow-
up time, a specific parametric Weibull model was used
to determine whether the risk ratio for each endpoint was
constant over time. In this model, the survival function is given
as S(t) = e'“/”)ﬁ, t>0; 1, B >0; therefore, the mortality rate is
thepower function h(t) = nPBtP~!. These parameters were
estimated using the Maximum Likelihood Method (MLE). The
Weibull plot was used to determine whether the dataset followed
the Weibull distribution. If 0 < < 1, we are in the infant
mortality phase; i.e., the mortality rate is decreasing. For 3 =1,
we deal with random causes of mortality (constant rate), while for
B > 1, we deal with aging and increasing rates. The Weibull shape
parameter was estimated using 90% confidence intervals (CIs).
Due to the small sample size in both groups, we developed a model
based on Bayesian methods combined with profile likelihood to
increase the statistical power (see Appendix). Using Monte Carlo
Markov Chain methods, the estimator values and 90% credibility
intervals (Crls) of the shape parameter were determined. To check
the similarity between two posterior distributions of beta, we
calculated the overlapping index (OI) (25). All calculations were
made using R version 4.2.1 in RStudio 2023.06.0. To estimate the
parameters, we used the packages WeibullR, surv, survival,
flexsurv, and overlapping.

Results
The characteristics of patients

Within the presented period, 16 of 98 MPAL patients were
treated with the CLAG-M protocol. In eight cases, the CLAG-M
regimen was used as the first induction (group A) and also in eight
cases as salvage treatment (group B). In group B, CLAG-M was
administered after ALL-like or AML-like induction therapy, in
three and five cases, respectively. In all cases, there was no
response to first-line treatment and all patients were diagnosed
with refractory disease.

Half of the patients (n = 8/16, 50%) were diagnosed with B/
myeloid type MPAL, six patients in group A and two patients in
group B. T/myeloid type MPAL was more frequent in group B, as
diagnosed in four patients. One case of MPAL t (9, 22) was reported
in groups A and B. Additionally, in group B, B/T/myeloid type
MPAL was reported in one case. The median age at diagnosis was
44 years (range, 21-64 years). Nevertheless, the patients in group B
were younger, with a median age of 34. The entire research group
was characterized by equal numbers of women and men and good
performance status in all patients, with a median ECOG score of 1
(range, 0-2). Lymphadenopathy occurred in 43,75% (n = 7/16) of
patients and was the most common extramedullary involvement. At
the time of diagnosis, each patient underwent lumbar puncture and
optional magnetic resonance imaging (MRI) for signs of a cerebral
mass. Eventually, one patient was diagnosed with blast cells in the
cerebrospinal fluid (CSF) as the only case of central nervous system
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involvement. Intrathecal chemotherapy was administered twice a  patients in Group A met the criteria. Of the eight patients in this
week until no blast cells were detected in the CSF, and then twice  group, seven (87.5%) had platelet counts > 100,000/pL, with a median
per consolidation cycle. As for the diagnosis of recurrence, each  thrombocytopenia duration of 25 days (range, 19-44). Additionally,
patient also underwent lumbar puncture and optional MRI, but no  four patients (50%) had ANC levels >1,000/pL, with a median time to
CNS involvement was diagnosed. neutrophil recovery of 25.5 days (range, 23-28 days).

Half of the patients (n = 8/16, 50%) presented with cytogenetic Regarding infectious complications, the incidence and
aberrations; however, karyotype data were missing in three cases in  classification according to the Common Terminology Criteria for
Group B. Complex karyotypes were detected in four cases (n =4/16,  Adverse Events (CTCAE version 5.0) were similar in both groups:
25%), whereas the other four had single chromosomal aberrations.  six (75%) cases of grade 3-4 infection in each group. In all cases, the
One case of BCR-ABL rearrangement was detected in each group.  epidemiological factor was the bacterium, and all had successful
As far as gene mutations are considered, RUNXI and FLT3-ITD  outcomes. All infections were reported within an ANC >500/uL. No
mutations were most frequent. However, FLT3-ITD mutations were ~ noninfectious complications were observed. Finally, neither
only found in Group B. A detailed characterization of the patientsis ~ admission to the intensive care unit nor death during induction

presented in Table 1. treatment was observed in either group.
The safety of treatment The results of treatment with CLAG-M
The patients presented with severe neutropenia for a median of Six of eight patients (75%) treated with CLAG-M as the first line of

22 days (range, 16-24 days) in Group A and 24 days (range, 18-27  induction achieved complete remission (CR); however, three of them
days) in Group B, and severe thrombocytopenia for a median of 17 had partial hematologic recovery (CRy). The remaining two patients
days (range, 12-24 days) in Group A and 20 days (range, 18-25 days) ~ were evaluated for partial response (PR). Additionally, 67% (n = 4/6) of
in Group. B. Regarding complete hematological recovery, half of the ~ CR patients had negative MRD. The outcome of CLAG-M as salvage

TABLE 1 The characteristics of patients.

MPAL type Blasts in Genetic

mutations

Number Sex Age (WHO BM Karyotype
2022) smear (%)

Patients who received CLAG-M in the first line of induction

1. Female 51 MPAL t(9;22) 92.5 46 XX, t(9;22) [85%] None
2. Male 64 B/Myeloid 83 46, XY, t(8;21) del(9)/ 45, XY-, t(8;21), del(9) RUNX1
3. Male 37 B/Myeloid 73 46, XY None
4. Male 56 B/Myeloid 56 47, XY +8, t(8;21), del 11 RUNX1
5 Male 9 T/Myeloid 18 42~48, XY,del(9)(p21)[5],+l3{:;,;:]7121,5;,[;r]nar1x2[2] ,+mar2(8],+mar3[5] CEBPA
6. Female 43 B/Myeloid 50.7 46, XY None
46,XX,del(1)(p22p11),del(2)(q33)[10],add(3)(q23)[10],der(9)del(9)(p22)add
7. Female 35 B/Myeloid 78 (9)(q22),2dd(16)(p13.3)[5],-17,der(18)t(17;18)(q11.1;q12.2),+22[4],+mar None
(51[20]
8. Female 63 B/Myeloid 76 46, XX, t (3;8)/46, XX None
Patients who received CLAG-M as salvage treatment

1. Female 28 B/T/Myeloid 81 46, XY, del13(q12.31-33) RUNX1
2. Female 33 T/Myeloid 90 No data No data
3. Male 63 T/Myeloid 86.5 No data No data
4. Male 21 B/Myeloid 68 46, XX None

5. Female 36 T/Myeloid 76 No data FLT3-ITD
6. Male 45 MPAL t(9;22) 89 No metaphases None
7. Female 31 T/Myeloid 90 47, XY+5, t(6;14)(p21,932)[9] FLT3-ITD
8. Male 63 B/Myeloid 56.4 46, XX [20] FLT3-ITD

BM, bone marrow.
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treatment was less prominent, as only 50% (n = 4/8) of the patients
achieved CR. Unfortunately, data on MRD in Group B are lacking.
Finally, regarding CLAG-M administration, the ORR were 75% (n =
12/16), 100% in Group A and 50% in Group B (n = 4/8).

Regarding further treatment, in Group A, patients in CR and CR,
were prioritized for alloHSCT after a consolidation cycle with a high
or intermediate dose of cytarabine, depending on whether the patient
was under or over 60 years old, respectively. Two patients in PR
received the therapy based on the best physician experience; in one
case, another cycle of CLAG-M and hyperCVAD in another case. At
the observation endpoint, both were evaluated for CR2 with complete
hematological recovery, MRD negative and positive, respectively.

In Group A all patients were considered eligible for alloHSCT,
and successful qualification was performed in seven cases (87.5%)
(five in CR1 and two in CR2), as one patient did not consent to the
procedure. When the study endpoint was reached, the procedure
was performed in four patients who remained in CR1 before
allotransplantation. In all cases, the conditioning regimen before
alloHSCT was preferably based on a combination of chemotherapy
and radiotherapy. One patient in CR1 eventually did not undergo
alloHSCT due to the lack of a matching donor. Two patients in CR2
awaited allo-HSCT, as the matching donor was confirmed. Two
patients, who did not receive allografts promptly after
consolidation, relapsed. They qualified for salvage treatment with
azacytidine and venetoclax, with no response. Eventually, both
patients died due to relapse and refractory disease. Two more
deaths were reported in Group A, both due to complications of
acute graft versus host disease (aGvHD).

In Group B, allo-HSCT was performed in seven cases (87.5%),
including five with CR and two with refractory disease. The
conditioning regimen prior to alloHSCT was similar to that
Group A and was based on a combination of chemotherapy and
radiotherapy. In Group B, six patients (75%) died at the time of
follow-up. In four of them, the cause was the underlying disease:
primary resistance and relapse after alloHSCT, each in two cases.
The other two patients died of infections.

After a median follow-up time of 13 months (3-131), 10 of 16
(63%) patients died, six due to relapse or refractory disease, four
from infection or complications after alloHSCT. In Group A,
regardless of deaths due to GvHD complications, six out of eight
(75%) patients remained in CR. The median OS was 9 months
(range, 3-131 months). In Group B, two patients remained in CR
after alloHSCT, with an OS of 11 and 23 months. The median OS
was 21.5 months (range, 3-28 months). Details about the treatment
outcomes in Groups A and B are presented in Tables 2, 3.

Survival analysis

Survival assessment using the Kaplan-Meier plot is presented in
Figure 1. Regarding the outcomes of the individually created
statistical model, we compared the shape factor, . Probability
plots with 90% Cis are presented in Figures 2, 3 for Groups A
and B. Note that all the points are within the confidence bounds.
The numerical results are listed in Table 4.
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In both groups, the null hypothesis cannot be rejected. The
following results were obtained.

In Group A: B = 0.7078, Crl = (0.3182; 1.1756), while in Group
B: B = 1.2103, CI = (0.5703; 1.9913).

In Group B, B indicates that we deal with an increasing death
rate (since B >1). However, in Group A estimation of [} indicates
that the death rate is decreasing (since B<1). The overlapping index
(OI) is also calculated. Overlapping can be used to assess the
posterior distribution of a Bayesian model. In our case OI = 0.55.
This results in a 45% difference between the posterior distributions
of the shape parameters.

Discussion

The presented overview analyses of a homogenous group of
adults, whose age is predominantly over their 40s. Regardless of age,
sex, and MPAL type (B/mielo, T/mielo, or others), 75% of CR was
accomplished with CLAG-M in the first-line of induction
accompanied by low non-hematological toxicity and no
prolongation of severe neutropenia or severe thrombocytopenia.
As far as meta-analysis and most treatment guidelines preferably
recommend ALL regimens for MPAL treatment (1, 2, 4-8), selective
treatment may lead to clonal expansion of blasts resistant to initial
lineage-based chemotherapy. The substantiation of these doubts
could be found in the recommendations for administering an AML-
based regimen if no response to ALL-based treatment was observed
(4, 26). Furthermore, MPAL-like phenomena of lineage switches
cannot be neglected. The hypothesis presented by Hu et al. implies
that leukemic clones involved in lineage switching may be derived
from multipotent hematopoietic cells (27). Moreover, the pressure
of ALL-like treatment has been reported to be a potential cause of
lineage switching. According to published data, CD19 targeted
therapy of B-ALL with blinatumomab or ooCD19 CAR-T cells
may lead to myeloid switch (28-30), and B-cell precursor ALL is
prone to myeloid switch under standard intensive ALL-like
treatment (31, 32). These phenomena were additionally associated
with alternations in transcription factors, such as Pul and Pax5,
which have also been described as potential causes of lineage switch
(33). Considering these findings, hybrid protocols may be a solution
to prevent lineage switching.

Nevertheless, previously reported hybrid protocols combining
regimens from both ALL and AML protocols are too toxic (2, 7).
Therefore, we opted for a CLAG-M regimen characterized by less
toxicity and a more multidirectional profile of effectiveness
that may overcome the challenges arising from the complex
pathogenesis of MPAL without the potential selection of any
subclones. To date, the CLAG-M protocol has been widely
reported to be beneficial in AML with poor prognosis, but has
also proven to be well-tolerated (17, 34-36).

In terms of multidirectional activity, agents in the CLAG-M
regimen have significant cytotoxic effects on both myeloid and
lymphoid lineages. Their administration is an effective approach in
high-risk AML (37) and relapsed or refractory ALL (38), whereas
cladribine is commonly administered for the treatment of
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TABLE 2 The treatment outcome in patients treated with CLAG-M in the first line of induction.

Patient = Induction Treatment MRD  Consolidation CNS pro- AlloHSCT Relapse Relapse or Response (O}
number response phylaxis refractoriness state at the (months)
with i.th.ch. therapy time of FU
CLAG-M CR
1. K . CR Negative HD-AraC Yes Yes No No No 131
+ imatinib
2. CLAG-M CRy, Positive ID-AraC Yes Yes No No No CR 15
Yes, due to CR
3. CLAG-M CR, Negative HD-AraC Yes Yes No No bleeding in 8
course of GVHD
Yes, due to sepsis CR
4. CLAG-M CRy, Negative HD-AraC Yes Yes No No in course 9
of GVHD
Not done due to the Yes, d Relapsed disease
5. CLAG-M CR Negative HD-AraC No lack of Yes AZA+VEN toe:e’la “:e 10
patient’s consent P
6. CLAG-M CR Positive HD-AraC No Not done due to Yes AZA+VEN ves, due Relapsed discase 6
donor-matching failure to relapse
PR Not Will be performed after CR, MRD (-)
7. CLAG-M (from 78% to 1_0 bl Not applicable Yes reinduction with No CLAG-M No 3
6% of blasts) appiicable CLAG-M
PR Not Will be performed after CR, MRD (+)
8. CLAG-M (from 76% to applicable Not applicable Yes reinduction No HyperCVAD No 5
23% of blasts) pp with hyperCVAD

CLAG-M, cladribine, cytarabine, granulocyte colony-stimulating factor; CR, complete response; MRD, minimal residual disease; CNS, central nervous system; i.th.ch, intrathecal chemotherapy; alloHSCT, allogeneic hematopoietic stem cell transplantation; OS, overall
survival; CR, complete response; HD-AraC, high dose cytarabine; AZA + VEN, azacytidine + venetoclax; GvHD, graft versus host disease.
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TABLE 3 The treatment outcome of patients treated with CLAG-M in refractory/relapsed MPAL.

Patient
number

1st
line regimen

PALG ALL7 Ph

Response to
1st

line treatment

2nd
line
regimen

Response to
2nd

line treatment

3rd
line
regimen

Response to
3rd

line treatment

alloHSCT

Relapse
after
alloHSCT

Yes, due

Response state

at the time
of FU

CR after

oS
(months)

1. Refractori CLAG-M CR N - Y Y 28
(-)<55 y.o. elractoriness ° e e to infection second alloHSC
- Yes, d Relapsed di
2. DAC Refractoriness CLAG-M CR No Yes Yes e due elapsed disease 23
to relapse
- Yes, d PR after FLAG-
3. mini FLAM Refractoriness CLAG-M CR No Yes Yes 'es ge atter 23
to infection IDA therapy
- Yes, due to Refractory disease
4. DA (2+5) Refractoriness CLAG-M Refractoriness No No refractory 2
Not applied disease
5. DA + midostaurin Refractoriness CLAG-M Refractoriness HyperCVAD CR Yes No No CR 11
PALG ALL7 Ph -
CLAG-M CR
6. (-)< 55 y.o. Relapse . CR No Yes No No 23
L + dasatinib
+ imatinib
- Yes Yes, due to Refractory disease
7. DA Refractoriness CLAG-M Refractoriness No in Progression refractory 9
active disease disease
Yes, it i
8. DA + midostaurin Refractoriness CLAG-M Refractoriness VEN+AZA CR Yes Yes toe:eldpusee Relapsed disease 20
a

PALG ALL7 Ph (-)<55 y.o. - treatment protocol by Polish Adult Leukemia Group in acute lymphoblastic leukemia chromosome Philadelphia negative: dexamethasone, vincristine, daunorubicin, pegaspargase; DAC, treatment protocol by Polish Adult Leukemia Group:
daunorubicin, cytarabine, cladribine; miniFLAM, fludarabine, cytarabine, mitoxantrone (reduced intensity); DA, daunorubicin, cytarabine; CLAG-M, cladribine, cytarabine, granulocyte colony-stimulating factor, mitoxantrone; hyperCVAD, cyclophosphamide,

vincristine, doxorubicin, dexamethasone; VEN + AZA, venetoclax, azacytidine; alloHSCT, allogeneic hematopoietic stem cell transplantation; CR, complete response; OS, overall survival.
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FIGURE 1
Comparison of survival in Groups (A, B). Kaplan—Meier plot.

lymphoma. Another compound in the CLAG-M regimen,
mitoxantrone, may be used in both AML and ALL treatment
protocols. Mitoxantrone is a DNA-damaging agent whose
association with Ara-C and cladribine results in the synergistic
inhibition of DNA repair mechanisms (17, 39). The addition of G-
CSF potentiates Ara-C sensitivity, especially in cells with low
proliferative activity, thereby enhancing treatment response (40).
Cladribine increases the cellular uptake of Ara-C and potentiates its
intracellular metabolism, thereby intensifying the cytostatic effect
(41-43). Furthermore, cladribine actively inhibits DNA synthesis by
incorporating it into DNA strands and directly damaging the
mitochondrial membrane, leading to cell apoptosis (44).
Cladribine has also been reported to have hypomethylating
activity (45), which was proven in previous studies by Libura et al.
(46). Patients diagnosed with AML and coexisting IDH /2 mutations
leading to DNA hypermethylation and epigenetic dysregulation had

more successful outcomes when cladribine was applied in the
induction protocol. Based on the favorable results of the
aforementioned study, cladribine may be characterized as a crucial
agent of the regimen, especially since the investigation by Alexander
et al. (47) reported a significant contribution of the methylation
profile in MPAL pathogenesis. Furthermore, according to Takahashi
et al,, achieving a complete response in MPAL is more likely if AML-
like or ALL-like regimens are administrated according to the
methylation profile presented by blasts (13). Since methylome
examination is not a standard diagnostic procedure, it could be
challenging to use it as an eligibility criterion for treatment. Thus,
applying the general hypomethylating agent, cladribine, may restrict
methylation changes in lineage-defining transcription factor genes
responsible for mixed immunophenotype presentation (13).
Eventually, its general effects may limit lineage-specific clone
selection and resistance to therapy.
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Nevertheless, decisions regarding further treatment in patients
who achieve PR remain a challenging clinical problem. So far, the
literature and physicians’ experiences suggest that the next line of
treatment should be switched to a regimen specified for another
lineage than the previous one (48-50). Such a procedure can be
justified if lineage-specific treatment is administered; however, in the
first-line treatment, we recommend a hybrid regimen with a broader
cytotoxic effect involving both lineages. Thus, in light of insufficient
literature data on the management of PR patients who have received
hybrid protocols, we advocate CLAG-M as a reinduction.

TABLE 4 The numerical results of Weibull model for group A and B.

Notwithstanding the broad cytostatic effect of CLAG-M on
leukemia cells, the impact of some mutations on the course of the
disease, and thus treatment, cannot be neglected. Interestingly,
cladribine was reported to overcome the negative effect of FLT3-
ITD mutation and improve treatment response in patients
diagnosed with AML FLT3-ITD positive (18). A similar effect is
believed to be observed in patients with MPAL FLT3-ITD positivity,
which implies an additional advantage of the CLAG-M protocol.
Nevertheless, the administration of tyrosine kinase inhibitors (TKI)
such as imatinib and dasatinib in cases of MPAL with BCR-ABL

Estimates:
Est L90% u90% se

shape 0.743 0.416 1.326 0.262
scale 1467.49 482.02 4472.71 994.33
N=8 Events: 4 Censored: 4
Total time at risk: AIC = 69.49478
5877 (days)
Log-likelihood = -32.7474 df =2
Estimates: Group B

Est L90% U90% se
shape 1.196 0.653 2.194 0.629
scale 663.84 378.69 1164.32 226.70
N=8 Events: 6 Censored: 2
Total time at risk: AIC = 93.88921
4028 (days)
Log-likelihood = -44.9446 df=2
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rearrangement, has a significant impact on improving the prognosis
of patients’ lifespans (4, 51).

In this analysis, we proved that no prolongation of severe
cytopenia was observed in either research group. Although partial
hematological recovery was reported in half of the CR patients in
Group A, all infectious complications occurred during the period of
severe cytopenia and were successfully treated with empirical and
targeted antibiotic therapy; thus, no admission to the intensive care
unit was needed. All patients were able to continue further
treatment safely without significant interruptions due to
significant hematological toxicity of the protocol or prolonged
serious infections. The tolerance of CLAG-M in the second-line
treatment in patients who already received intensive regimens was
similar to that in the first-line treatment. However, infectious
prophylaxis and strict clinical supervision are necessary because
most patients suffer from infectious complications. Targeted
infectious therapy is likely to result in a successful outcome, even
in elderly patients, as proven in our study.

Discussions about MPAL treatment, including alloHSCT, must
be addressed. The outcomes of retrospective studies have
demonstrated the beneficial role of alloHSCT. In a report by
Heesch et al., the 5-year survival rate of patients with MPAL who
underwent the transplant procedure was 70% compared to 19% for
those who received only chemotherapy (11). Favorable results of
alloHSCT in MPAL were also demonstrated by Munker et al. (3-years
08 56.3%) (9), Shimizu et al. (5-years OS 48%) (51), and Liu et al. (3-
years OS 45%) (10). It is worth mentioning that MRD-negative CR
achieved by CLAG-M treatment significantly increased the chances
of success of the procedure and preserved reasonable disease control.
CR obtained with CLAG-M in the first line of induction in most
patients allowed four of them to receive allograft quickly and
consolidate the treatment response. Nevertheless, deferring
alloHSCT for a disease with such a high risk and unfavorable
prognosis as MPAL can lead to rapid relapse, as revealed by the
case of two patients in Group A. Nowadays, improvements in
alloHSCT methodologies and post-transplant care broads patients
eligible for allotransplantation, and age and comorbidities no longer
present strict limitations (52). Taking this advantage, MPAL patients
should be widely qualified for alloHSCT as the greatest change for
good disease control and prolonged survival.

On the other hand, regarding alloHSCT outcomes in patients
who received CLAG-M as salvage therapy, complete response was
maintained in two cases. It is clear that, although statistically
irrelevant in clinical practice, patients who undergo alloHSCT in
CR1 are more likely to remain in remission. These data contradict the
report of Munker et al., who demonstrated no difference in outcomes
of alloHSCT between MPAL patients who underwent the procedure
in CR1 or CR2. However, these results were not statistically relevant
(9). However, further studies are required. Nevertheless, our study is
illustrated comparatively to the general analysis of OS after alloHSCT
in CR1, CR2, and no response by Bolo et al. (53).

The limitation of this small research group required the
development of an individual mathematical model to assess the
significance of the impact of CLAG-M on MAPL patient survival. In
Group B, the mortality increasing tendency remained unaffected,
whereas the death rate was reduced in Group A, which received
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CLAG-M as the first line, thereby achieving mostly CR. Thus, the
differential factor between the two groups can be indicated as an
effective intensive regimen with a broad cytotoxic action in
induction therapy, which allows for a good response and prompt
alloHSCT. Ultimately, the CLAG-M regimen as the first-line
treatment may offer a significant opportunity for consolidation
treatment and lifespan prolongation. Considering the limitations of
this research, we hope for international multicenter cooperation to
revise the prepared mathematical model and establish an opportune
therapeutic protocol for patients with this rare disease with an
adverse prognosis.

Conclusions

Following our findings, we opted for intensive yet acceptable
safety profile induction with the hybrid protocol of CLAG-M,
which, with prompt alloHSCT, allows for reasonable disease
control. All patients included in the study were able to receive CR
in the first line of induction and proceeded to alloHSCT with no
deaths or serious complications. The protocol is intensive but still
well-tolerated, and in the case of a disease with such complex
pathogenesis as MPAL, treatment with a broad profile of cytostatic
action such as the CLAG-M regimen can improve the chances of
achieving CR. Undoubtedly, our study is limited by the group size,
comparability, well-documented nature, and short follow-up time.
Nevertheless, this study sheds light on possible approaches to
MAPL treatment. Further studies on the mechanisms underlying
MPAL transformation and ambiguous phenotypes are crucial for a
better understanding of the course of the disease and possible
targeted therapy. However, until then, CLAG-M protocols will be
a promising treatment scheme for MPAL patients to improve their
therapy results.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the local
Bioethics Committee of Wroclaw Medical University. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

MK: Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Validation, Visualization,
Writing - original draft, Writing - review & editing. AA:

frontiersin.org


https://doi.org/10.3389/fonc.2024.1395992
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Karasek et al.

Investigation, Writing - review & editing. MSk: Data curation,
Formal analysis, Methodology, Software, Visualization, Writing —
original draft, Writing - review & editing. LB: Investigation,
Writing - review & editing. KB: Investigation, Writing — review &
editing. JD-S: Investigation, Validation, Writing - review & editing.
EZ: Investigation, Writing - review & editing. PM-G: Investigation,
Writing - review & editing. MG: Investigation, Writing — review &
editing. JH: Investigation, Writing - review & editing. AK:
Investigation, Writing - review & editing. WP: Investigation,
Writing - review & editing. OC: Investigation, Writing — review
& editing. TW: Supervision, Validation, Writing - review & editing.
AW: Methodology, Supervision, Validation, Writing - review &
editing. MSo: Methodology, Project administration, Supervision,
Validation, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Shi R, Munker R. Survival of patients with mixed phenotype acute leukemias: A
large population-based study. Leuk Res. (2015) 39:606-16. doi: 10.1016/
jleukres.2015.03.012

2. Matutes E, Pickl WF, Veer MVNT, Morilla R, Swansbury J, Strobl H, et al. Mixed-
phenotype acute leukemia: clinical and laboratory features and outcome in 100 patients
defined according to the WHO 2008 classification. Blood. (2011) 117:3163-71.
doi: 10.1182/blood-2010-10-314682

3. Yang YC, Gao Y, Xu Y, Zhang Y, Zhu D, Fan Z, et al. Clinical characteristics and
outcomes of 82 patients with mixed-phenotype acute leukemia. Blood. (2018) 132:1124.
doi: 10.1182/blood-2018-99-114348

4. Wolach O, Stone RM. How I treat mixed-phenotype acute leukemia. Blood.
(2015) 125:2477-85. doi: 10.1182/blood-2014-10-551465

5. Yan L, Ping N, Zhu M, Sun A, Xue Y, Ruan C, et al. Clinical, immunophenotypic,
cytogenetic, and molecular genetic features in 117 adult patients with mixed-phenotype
acute leukemia defined by WHO-2008 classification. Haematologica. (2012) 97:1708-
12. doi: 10.3324/haematol.2012.064485

6. Lazzarotto D, Tanasi I, Vitale A, Piccini M, Dargenio M, Giglio F, et al.
Multicenter retrospective analysis of clinical outcome of adult patients with mixed-
phenotype acute leukemia treated with acute myeloid leukemia-like or acute
lymphoblastic leukemia-like chemotherapy and impact of allogeneic stem cell
transplantation: a Campus ALL study. Ann Hematol. (2023) 102(5):1099-109.
doi: 10.1007/500277-023-05162-0

7. Maruffi M, Sposto R, Oberley MJ, Kysh L, Orgel E. Therapy for children and
adults with mixed phenotype acute leukemia: a systematic review and meta-analysis.
Leukemia. (2018) 32:1515. doi: 10.1038/s41375-018-0058-4

8. Hrusak O, De Haas V, Stancikova J, Vakrmanova B, Janotova I, Mejstrikova E,
et al. International cooperative study identifies treatment strategy in childhood
ambiguous lineage leukemia. Blood. (2018) 132:264-76. doi: 10.1182/blood-2017-12-
821363

9. Munker R, Brazauskas R, Wang HL, de Lima M, Khoury HJ, Gale RP, et al.
Allogeneic hematopoietic cell transplantation for patients with mixed phenotype acute
leukemia. Biol Blood Marrow Transplant. (2016) 22:1024-9. doi: 10.1016/
j.bbmt.2016.02.013

10. Liu QF, Fan ZP, Wu MQ, Sun J, Wu XL, Xu D, et al. Allo-HSCT for acute
leukemia of ambiguous lineage in adults: The comparison between standard
conditioning and intensified conditioning regimens. Ann Hematol. (2013) 92:679-87.
doi: 10.1007/s00277-012-1662-4

11. Heesch S, Neumann M, Schwartz S, Bartram I, Schlee C, Burmeister T, et al.

Acute leukemias of ambiguous lineage in adults: molecular and clinical
characterization. Ann Hematol. (2013) 92:747-58. doi: 10.1007/s00277-013-1694-4

Frontiers in Oncology

11

10.3389/fonc.2024.1395992

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1395992/
full#supplementary-material

12. Béne MC, Porwit A. Mixed phenotype/lineage leukemia: has anything changed
for 2021 on diagnosis, classification, and treatment? Curr Oncol Rep. (2022) 24:1015—
22. doi: 10.1007/s11912-022-01252-w

13. Takahashi K, Wang F, Morita K, Yan Y, Hu P, Zhao P, et al. Integrative genomic
analysis of adult mixed phenotype acute leukemia delineates lineage associated
molecular subtypes. Nat Commun. (2018) 9(1):2670. doi: 10.1038/s41467-018-04924-z

14. Reid JH, Perissinotti AJ, Benitez LL, Boyer D, Lee W, Burke PW, et al. Hybrid
chemotherapy regimen (FLAG-IDA-vincristine-prednisone) for acute leukemia with
mixed-phenotype blasts. Leuk Res. (2021) 103, 103. doi: 10.1016/j.leukres.2021.106539

15. Zhang Y, Wu D, Sun A, Qiu H, He G, Jin Z, et al. Clinical characteristics,
biological profile, and outcome of biphenotypic acute leukemia: A case series. Acta
Haematol. (2011) 125:210-8. doi: 10.1159/000322594

16. Tian H, Xu Y, Liu L, Yan L, Jin Z, Tang X, et al. Comparison of outcomes in
mixed phenotype acute leukemia patients treated with chemotherapy and stem cell
transplantation versus chemotherapy alone. Leuk Res. (2016) 45:40-6. doi: 10.1016/
jleukres.2016.04.002

17. Wierzbowska A, Robak T, Pluta A, Wawrzyniak E, Cebula B, Holowiecki J, et al.
Cladribine combined with high doses of arabinoside cytosine, mitoxantrone, and G-
CSF (CLAG-M) is a highly effective salvage regimen in patients with refractory and
relapsed acute myeloid leukemia of the poor risk: A final report of the Polish Adult
Leukemia Group. Eur ] Haematol. (2008) 80:115-26. doi: 10.1111/j.1600-
0609.2007.00988.x

18. Libura M, Giebel S, Piatkowska-Jakubas B, Pawelczyk M, Florek I, Matiakowska
K, et al. Cladribine added to daunorubicin-cytarabine induction prolongs survival of
FLT3-ITD1 normal karyotype AML patients. Blood Am Soc Hematol. (2016) 127:360—
2. doi: 10.1182/blood-2015-08-662130

19. Holowiecki J, Grosicki S, Robak T, Kyrcz-Krzemien S, Giebel S, Hellmann A,
et al. Addition of cladribine to daunorubicin and cytarabine increases complete
remission rate after a single course of induction treatment in acute myeloid
leukemia. Multicenter, phase III study. Leukemia. (2004) 18:989-97. doi: 10.1038/
sj.leu.2403336

20. Holowiecki J, Grosicki S, Giebel S, Robak T, Kyrcz-Krzemien S, Kuliczkowski K, et al.
Cladribine, but not fludarabine, added to daunorubicin and cytarabine during induction
prolongs survival of patients with acute myeloid leukemia: A multicenter, randomizedphase
I study. J Clin Oncol. (2012) 30:2441-8. doi: 10.1200/JCO.2011.37.1286

21. Bene M, Castoldi G, Knapp W, Ludwig WD, Matutes E, Orfao A, et al. Proposals
for the immunological classification of acute leukemias. European Group for the
Immunological Characterization of Leukemias (EGIL). Leukemia. (1995) 9:1783-6.

22. Khoury JD, Solary E, Abla O, Akkari Y, Alaggio R, Apperley JF, et al. The 5th
edition of the world health organization classification of haematolymphoid tumours:

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1395992/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1395992/full#supplementary-material
https://doi.org/10.1016/j.leukres.2015.03.012
https://doi.org/10.1016/j.leukres.2015.03.012
https://doi.org/10.1182/blood-2010-10-314682
https://doi.org/10.1182/blood-2018-99-114348
https://doi.org/10.1182/blood-2014-10-551465
https://doi.org/10.3324/haematol.2012.064485
https://doi.org/10.1007/s00277-023-05162-0
https://doi.org/10.1038/s41375-018-0058-4
https://doi.org/10.1182/blood-2017-12-821363
https://doi.org/10.1182/blood-2017-12-821363
https://doi.org/10.1016/j.bbmt.2016.02.013
https://doi.org/10.1016/j.bbmt.2016.02.013
https://doi.org/10.1007/s00277-012-1662-4
https://doi.org/10.1007/s00277-013-1694-4
https://doi.org/10.1007/s11912-022-01252-w
https://doi.org/10.1038/s41467-018-04924-z
https://doi.org/10.1016/j.leukres.2021.106539
https://doi.org/10.1159/000322594
https://doi.org/10.1016/j.leukres.2016.04.002
https://doi.org/10.1016/j.leukres.2016.04.002
https://doi.org/10.1111/j.1600-0609.2007.00988.x
https://doi.org/10.1111/j.1600-0609.2007.00988.x
https://doi.org/10.1182/blood-2015-08-662130
https://doi.org/10.1038/sj.leu.2403336
https://doi.org/10.1038/sj.leu.2403336
https://doi.org/10.1200/JCO.2011.37.1286
https://doi.org/10.3389/fonc.2024.1395992
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Karasek et al.

myeloid and histiocytic/dendritic neoplasms. Leukemia. (2022) 36:1703-19.
doi: 10.1038/541375-022-01613-1

23. Dohner H, Wei AH, Appelbaum FR, Craddock C, DiNardo CD, Dombret H,
et al. Diagnosis and management of AML in adults: 2022 recommendations from an
international expert panel on behalf of the ELN. Blood. (2022) 140(12):1345-1377.
doi: 10.1182/blood.2022016867

24. Pan Q, LiJ. Efficacy and safety of cladribine addition to induction treatment of
newly diagnosed acute myeloid leukemia: a systematic review and meta-analysis.
Hematol (United Kingdom). (2021) 26:577-87. doi: 10.1080/16078454.2021.1962047

25. Pastore M, Calcagni A. Measuring distribution similarities between samples: A
distribution-free overlapping index. Front Psychol. (2019) 10:455421. doi: 10.3389/
fpsyg.2019.01089

26. Wolach O, Stone RM. Optimal therapeutic strategies for mixed phenotype acute
leukemia. Curr Opin Hematol. (2020) 27:95-102. doi: 10.1097/
MOH.0000000000000570

27. Hu T, Murdaugh R, Nakada D. Transcriptional and microenvironmental
regulation of lineage ambiguity in leukemia. Front Oncol. (2017) 7:6. doi: 10.3389/
fonc.2017.00268

28. Lee BJ, Griffin SP, Doh J, Chan A, O’Brien S, Jeyakumar D, et al. CD19-directed
immunotherapy use in KMT2A-rearranged acute leukemia: A case report and literature
review of increased lymphoid to myeloid lineage switch. Am J Hematol. (2022) 97:
E439-43. doi: 10.1002/ajh.26713

29. Rossi JG, Bernasconi AR, Alonso CN, Rubio PL, Gallego MS, Carrara CA, et al.
Lineage switch in childhood acute leukemia: an unusual event with poor outcome. Am |
Hematol. (2012) 87:890-7. doi: 10.1002/ajh.23266

30. Haddox CL, Mangaonkar AA, Chen D, Shi M, He R, Oliveira JL, et al.
Blinatumomab-induced lineage switch of B-ALL with t(4:11)(q21;q23) KMT2A/
AFFI into an aggressive AML: pre- and post-switch phenotypic, cytogenetic and
molecular analysis. Blood Cancer J. (2017) 7:¢607. doi: 10.1038/bcj.2017.89

31. Novakova M, Zaliova M, Fiser K, Vakrmanova B, Slamova L, Musilova A, et al.
DUX4r, ZNF384r and PAX5-P80R mutated B-cell precursor acute lymphoblastic
leukemia frequently undergo monocytic switch. Haematologica. (2021) 106:2066-75.
doi: 10.3324/haematol.2020.250423

32. Slamova L, Starkova ], Fronkova E, Zaliova M, Reznickova L, Van Delft FW,
et al. CD2-positive B-cell precursor acute lymphoblastic leukemia with an early switch
to the monocytic lineage. Leukemia. (2014) 28:609-20. doi: 10.1038/leu.2013.354

33. Batra S, Ross AJ. Pediatric mixed-phenotype acute leukemia: what’s new?
Cancers (Basel). (2021) 13(18):4658. doi: 10.3390/cancers13184658

34. Scheckel CJ, Meyer M, Betcher JA, Al-Kali A, Foran ], Palmer J. Efficacy of
mitoxantrone-based salvage therapies in relapsed or refractory acute myeloid leukemia
in the Mayo Clinic Cancer Center: Analysis of survival after “CLAG-M” vs. “MEC”.
Leuk Res. (2020) 90(2020):106300. doi: 10.1016/j.leukres.2020.106300

35. Yao H, Zhang C, Tan X, Li J, Yin X, Deng X, et al. Efficacy and toxicity of CLAG
combined with pegylated liposomal doxorubicin in the treatment of refractory or
relapsed acute myeloid leukemia. Cancer Med. (2023) 12:12377-87. doi: 10.1002/
cam4.5938

36. Palmieri R, Buckley SA, Othus M, Halpern AB, Percival MEM, Scott BL, et al.
Randomized phase 1 study of sequential (“primed”) vs. concurrent decitabine in
combination with cladribine, cytarabine, G-CSF, and mitoxantrone (CLAG-M) in
adults with newly diagnosed or relapsed/refractory acute myeloid leukemia (AML) or
other high-grade myeloid neoplasm. Leuk Lymphoma. (2020) 61:1728-31.
doi: 10.1080/10428194.2020.1728754

37. Boddu P, Kantarjian HM, Garcia-Manero G, Ravandi F, Verstovsek S, Jabbour E,
et al. Treated secondary acute myeloid leukemia: a distinct high-risk subset of AML

Frontiers in Oncology

12

10.3389/fonc.2024.1395992

with adverse prognosis. Blood Adv. (2017) 1:1312-23. doi: 10.1182/
bloodadvances.2017008227

38. Frey NV, Luger SM. How I treat adults with relapsed or refractory Philadelphia
chromosome-negative acute lymphoblastic leukemia. Blood. (2015) 126:589-96.
doi: 10.1182/blood-2014-09-551937

39. Evison BJ, Sleebs BE, Watson KG, Phillips DR, Cutts SM. Mitoxantrone, more
than just another topoisomerase II poison. Med Res Rev. (2016) 36:248-99.
doi: 10.1002/med.21364

40. Braess J, Jahns-Streubel G, Schoch C, Haase D, Haferlach T, Fiegl M, et al.
Proliferative activity of leukaemic blasts and cytosine arabinoside pharmacodynamics
are associated with cytogenetically defined prognostic subgroups in acute myeloid
leukaemia. Br ] Haematol. (2001) 113:975-82. doi: 10.1046/j.1365-2141.2001.02866.x

41. Gandhi V, Estey E, Keating M]J, Chucrallah A, Plunkett W.
Chlorodeoxyadenosine and arabinosylcytosine in patients with acute myelogenous
leukemia: pharmacokinetic, pharmacodynamic, and molecular interactions. Blood.
(1996) 87:256-64. doi: 10.1182/blood.V87.1.256.bloodjournal871256

42. Gandhi V, Plunkett W. Cellular and clinical pharmacology of fludarabine. Clin
Pharmacokinet. (2002) 41:93-103. doi: 10.2165/00003088-200241020-00002

43. Kornblau SM, Gandhi V, Andreeff HM, Beran M, Kantarjian HM, Koller CA,
et al. Clinical and laboratory studies of 2-chlorodeoxyadenosine +/- cytosine
arabinoside for relapsed or refractory acute myelogenous leukemia in adults.
Leukemia. (1996) 10:1563-9.

44. Robak T. Purine nucleoside analogues in the treatment of myleoid leukemias.
Leuk Lymphoma. (2003) 44:391-409. doi: 10.1080/1042819021000035608

45. Spurgeon S, Yu M, Phillips JD, Epner EM. Cladribine: not just another purine
analogue? Expert Opin Investig Drugs. (2009) 18:1169-81. doi: 10.1517/
13543780903071038

46. Libura M, Bialopiotrowicz E, Giebel S, Wierzbowska A, Roboz GJ, Piatkowska-
Jakubas B, et al. IDH2 mutations in patients with normal karyotype AML predict
favorable responses to daunorubicin, cytarabine and cladribine regimen. Sci Rep. (2021)
11:10017. doi: 10.1038/5s41598-021-88120-y

47. Alexander TB, Gu Z, Iacobucci I, Dickerson K, Choi JK, Xu B, et al. The genetic
basis and cell of origin of mixed phenotype acute leukaemia. Nature. (2018) 562:373.
doi: 10.1038/s41586-018-0436-0

48. Ségot A, Stalder G, de Leval L, Solly F, Schoumans J, Basset V, et al. Venetoclax
combined with FLAG-based chemotherapy induces an early and deep response in
mixed-phenotype-acute leukemia. Am J Hematol. (2022) 97:E91-3. doi: 10.1002/
ajh.26436

49. Wang N, He ], Liu F. Venetoclax in combination with hypomethylating agents
for the treatment of treatment-naive B/myeloid mixed-phenotype acute leukemia and
relapsed/refractory acute myeloid leukemia: A report of 3 cases. Chemotherapy. (2022)
67(3):178-82. doi: 10.1159/000519882

50. Wu D, Chen W, Chen Z, Li Q. Venetoclax Combined with Hypomethylating
Agents for Treatment-Naive B/Myeloid Mixed Phenotype Acute Leukemia. Case Rep
Hematol. (2021) 2021:1-4. doi: 10.1155/2021/6661109

51. Shimizu H, Yokohama A, Hatsumi N, Takada S, Handa H, Sakura T, et al.
Philadelphia chromosome-positive mixed phenotype acute leukemia in the imatinib
era. Eur ] Haematol. (2014) 93:297-301. doi: 10.1111/ejh.12343

52. Blazar BR, Hill GR, Murphy WJ. Dissecting the biology of allogeneic HSCT to
enhance the GvT effect whilst minimizing GvHD. Nat Rev Clin Oncol. (2020) 17:475-
92. doi: 10.1038/s41571-020-0356-4

53. Bolon YT, Atshan R, Allbee-Johnson M, Estrada-Merly N, Estrada-Merly N.
Current use and outcome of hematopoietic stem cell transplantation: CIBMTR
summary slides. (2022).

frontiersin.org


https://doi.org/10.1038/s41375-022-01613-1
https://doi.org/10.1182/blood.2022016867
https://doi.org/10.1080/16078454.2021.1962047
https://doi.org/10.3389/fpsyg.2019.01089
https://doi.org/10.3389/fpsyg.2019.01089
https://doi.org/10.1097/MOH.0000000000000570
https://doi.org/10.1097/MOH.0000000000000570
https://doi.org/10.3389/fonc.2017.00268
https://doi.org/10.3389/fonc.2017.00268
https://doi.org/10.1002/ajh.26713
https://doi.org/10.1002/ajh.23266
https://doi.org/10.1038/bcj.2017.89
https://doi.org/10.3324/haematol.2020.250423
https://doi.org/10.1038/leu.2013.354
https://doi.org/10.3390/cancers13184658
https://doi.org/10.1016/j.leukres.2020.106300
https://doi.org/10.1002/cam4.5938
https://doi.org/10.1002/cam4.5938
https://doi.org/10.1080/10428194.2020.1728754
https://doi.org/10.1182/bloodadvances.2017008227
https://doi.org/10.1182/bloodadvances.2017008227
https://doi.org/10.1182/blood-2014-09-551937
https://doi.org/10.1002/med.21364
https://doi.org/10.1046/j.1365-2141.2001.02866.x
https://doi.org/10.1182/blood.V87.1.256.bloodjournal871256
https://doi.org/10.2165/00003088-200241020-00002
https://doi.org/10.1080/1042819021000035608
https://doi.org/10.1517/13543780903071038
https://doi.org/10.1517/13543780903071038
https://doi.org/10.1038/s41598-021-88120-y
https://doi.org/10.1038/s41586-018-0436-0
https://doi.org/10.1002/ajh.26436
https://doi.org/10.1002/ajh.26436
https://doi.org/10.1159/000519882
https://doi.org/10.1155/2021/6661109
https://doi.org/10.1111/ejh.12343
https://doi.org/10.1038/s41571-020-0356-4
https://doi.org/10.3389/fonc.2024.1395992
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A hybrid protocol CLAG-M, a possible player for the first-line therapy of patients with mixed phenotype acute leukemia. A Polish Adult Leukemia Group experience
	Introduction
	Materials and methods
	Event rate analysis

	Results
	The characteristics of patients
	The safety of treatment
	The results of treatment with CLAG-M
	Survival analysis

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




