
ORIGINAL ARTICLE

Acute lymphoblastic leukemia–like treatment regimen provides
better response in mixed phenotype acute leukemia: a comparative
study between adults and pediatric MPAL patients

Eman O. Rasekh1
& Randa Osman1

& Dalia Ibraheem2
& Youssef Madney3 & Enas Radwan1

& Abdallah Gameel1 &

Ahmed Abdelhafiz1 & Azza Kamel1 & Sally Elfishawi1

Received: 21 July 2020 /Accepted: 17 November 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Mixed phenotype acute leukemia (MPAL) is a rare type of leukemia with a limited number of studies conducted to characterize
its clinical spectrum and most importantly the best treatment modality. MPAL blasts show more than one phenotype either
myeloid/monocytic with T- or B-lymphoid or extremely rare triple lineage associated phenotypic markers. This study aimed to
characterize MPAL cases with special emphasis on comparing adult and pediatric age groups, exploring treatment regimens, and
clinical outcome. Among 2571 acute leukemia patients, 102 MPAL cases fulfilling the 2008/2016 WHO diagnostic criteria of
MPAL were recruited in the study. The incidence of MPAL was 4% of acute leukemia patients. Pediatric cases were 54 (53%)
while adults were 48/102 (47%). Myeloid/B-lymphoid phenotype was found in 86/102 (84%), with BCR-ABL fusion gene
transcript detected in 14/102(13.7%) patients. ALL-like treatment showed better response rates as compared with the myeloid
based regimen (p = 0.001). MPAL behaves in a manner that resembles in clinical features, their lymphoid progenitor counterpart
leukemias both in adults and pediatric patients with superior treatment response to ALL-like regimen, especially in adults.
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Introduction

Mixed phenotype acute leukemia (MPAL) is a rare disease,
with an incidence ranging from 2 to 5% of all leukemias [1]. It
is characterized by leukemic cells showing multiple lineage–
associated phenotypic markers and thus not assigned to a spe-
cific lineage or phenotype. Leukemic cells show either mye-
loid with B- or T-lymphoid or involving the three lineages
together [2].

Immunophenotyping of cells is the cornerstone of the di-
agnostic criteria determined by either the European Group for
Immunological Classification of Leukemia (EGIL) scoring

system [3] or the World Health Organization (WHO) 2008/
2016 criteria for the classification of leukemia [4, 5].

In clinical practice, the WHO 2008/2016 classification
criteria have been adopted to diagnose the cases of MPAL.
It depends on the use of flow cytometric immunophenotyping
or cytochemical phenotyping for diagnosis. Difficulties in
proper lineage assignments represent the main challenge in
diagnosing MPAL cases [6]. One of the main differences be-
tween the EGIL scoring system and the 2008/2016WHO clas-
sification is the additional use of cytogenetic or molecular
genetic markers in the diagnostic scheme [7].

The 2008/2016 WHO classification was refined to en-
sure that cases which can be assigned to another category
as acute myeloid leukemia (AML) with recurrent genetic
abnormalities, the blastic crisis of chronic myeloid leuke-
mia, AML with myelodysplasia, and therapy-related my-
eloid neoplasm should be excluded despite the presence
of MPAL immunophenotype. Furthermore, molecular
markers were used in subgrouping MPAL into either
t(9:22) translocation harboring subgroup, KMTA2 genetic
abnormality subgroup, or having neither as not otherwise
specified (NOS) group [8].
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Due to the rarity of the disease, few studies, exceeding
100 cases, have been conducted about this type of leuke-
mia whose diagnosis and treatment is still an unsettled
area [9–11], with acute lymphoblastic leukemia–like treat-
ment regimen as proposed by Wolach to be used instead
of AML-like treatment [12].

The goal of our study was to demonstrate the incidence,
clinical, laboratory features, and outcome of this rare kind of
leukemia for cases that presented to the National Cancer
Institute (NCI), Cairo University, Egypt, over 5 years.

Patients and methods

Patients

This retrospective study was performed over the period from
June 2012 to January 2017. Among 2571 newly diagnosed
acute leukemia patients, 102 cases were diagnosed as MPAL
according to the 2008/2016 WHO criteria. MPAL patients’
medical records were collected from the department of
Biostatistics and Cancer Epidemiology, National cancer insti-
tute (NCI), Cairo University, Egypt. All patients were referred
to the outpatient clinics of the Pediatric andMedical Oncology
departments. The study was performed according to the dec-
laration of Helsinki and was approved by the Institutional
Review Board (IRB) of the NCI. Written informed consent
was obtained from all patients or their guardians.

Treatment

In our patients, AML-like therapy was the main treatment
from 2012 to 2016 and was replaced with ALL-like therapy.

AML-like therapy

AML-like treatment consisted of 4–5 cycles of chemotherapy,
induction with ADE (Ara-C, doxorubicin, and etoposide) for
pediatric patients.

For adults, induction therapy composed of 1–2 cycles with
(3 + 7) protocol followed by consolidation therapy of 3 cycles
of high-dose Ara C–based regimen for responding patients.

Those who were refractory to induction with AML therapy
were shifted to ALL-like therapy. Details of pediatric and
adult AML like treatment protocols are illustrated in
Supplementary Table (1).

ALL-like therapy

In pediatric patients, the treatment protocol was based on total
XV St. Jude protocol. Induction therapy included 4 drug reg-
imens (prednisone, vincristine, daunorubicin, and
asparaginase) followed by consolidation therapy of 4 cycles

of high-dose methotrexate (HDMTX) and maintenance phase
for 2 years based mainly on pulse vincristine, steroid, low-
dose methotrexate, and 6 mercaptopurine with two re-
induction cycles between weeks 7–9 and weeks 17–20.
Adult patients received the Dana Farber Cancer Institute
(DFCI) ALL/LBL protocol [13] which contains a combina-
tion of multiagents (vincristine, prednisone, doxorubicin,
methotrexate (MTX), and L-asparaginase). Responders con-
tinued DFCI intensification course with vincristine, dexa-
methasone, 6-mercaptopurine, L-asparaginase, doxorubicin,
MTX and triple IT; followed by 24 cycles of continuation
therapy with vincristine, dexamethasone, 6-mercaptopurine
cycle every 3 weeks, and triple IT every 6 months.

Philadelphia chromosome–positive MPAL received tyro-
sine kinase inhibitors (imatinib, 240 mg/m2 for pediatric pa-
tients, 400–600 mg daily for adult patients) that continued till
the end of treatment.

Hematopoietic stem cell transplantation (HSCT) was indi-
cated for patients who failed remission induction; however, no
HSCT was done for any of the pediatric group. HSCT was
planned for two adult patients, but it was not done due to
unavailable matched donor in one and early death in the other.

The assessment of response to induction chemotherapy in
patients was usually done on bone marrow aspirate and min-
imal residual disease detection (MRD) on day 28 induction if
AML-like treatment and on day 15 and 42 inductions if ALL-
like treatment was used. Complete remission (CR) was
established when less than 5% blasts in the bone marrow.
Shift from one regimen to another was only adopted in pa-
tients with refractory disease (> 25% blasts).

Methods

All cases were diagnosed according to the standard methods
including morphological examination of peripheral blood
(PB) and bone marrow (BM) smears, immunophenotyping
by flow cytometry (FCM), conventional cytogenetics, and
molecular studies. Cases were finally reclassified according
to molecular genetics markers.

Immunophenotyping

Immunophenotyping was performed on either BM or PB
specimens after lysis according to the standard techniques,
using Navios 6 color flow cytometry (Beckman Coulter,
Miami, FL). Blast population was identified by forward
scatter (FSC) and side scatter (SSC) and CD45
intermediate/low blast cells vs. SSC. Multiparametric im-
munostaining with monoclonal antibodies (Abs) was per-
formed. Marker expression was considered positive at a
cutoff of 20% for surface and 10% for cytoplasmic anti-
gens. Cases with borderline myeloperoxidase (MPO) ex-
pression (10%) were verified by chloroacetate esterase to
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prove myeloid affiliation. MPO expression in cases
ranged from 10 to 93%, with a median of 40.5%.

Routine cytochemistry mainly peroxidase was done for
all suspected leukemia cases; however, only cases with
borderline/negative MPO expression via flow cytometry
(10% expression by flow cytometry) were verified by
chloroacetate esterase to investigate the monocytic ele-
ment together with flow cytometric assessment using
CD64 and CD11c.

The immunophenotypic MoAbs markers were obtained
from (Beckman Coulter, Miami, FL). They included:

Myeloid lineage:MPO, CD13, CD33, CD64, and CD11c
B-lymphoid lineage: CD19, CD10, cytoplasmic μ chain,
and cyt CD22/cytCD79a.
T cell lineage: CD3, CD2, CD5, and CD7.

Details of the first and second panels are presented in
Supplementary Table (2).

Cases preliminary diagnosed as MPAL were further inves-
tigated by the following Abs combination panels
(Supplementary Figure 1a, 1b, 1c, 1d):

– MPO FITC/cCD13PE/CD33 PC5.5/cCD3 APC
(Supplementary Figure 1a)

– -MPOFITC/cCD13PE/CD33 PC5.5/CD19 APC
(Supplementary Figure 1b)

– -cCD3 PE/ CD33 PC5.5/ CD19 PC7 (Supplementary
Figure 1c)

All cases were diagnosed according to 2008/2016 WHO
guidelines for ambiguous lineage leukemia as follows:

Myeloid: MPO by flow, immunohistochemistry or cyto-
chemistry or expression ≥ 2 monocytic antigens (CD11c,
CD14, CD64, nonspecific esterase, lysosome)
T-lymphoid lineage: strong cytoplasmic or surface CD3 ε
chain
B-lymphoid lineage: strong CD19 + weak CD10, CD22,
or CD79a or weak CD19 + strong expression of 2 other
markers

Detection of fusion gene transcripts

Total RNA was extracted from PB or samples at diagnosis
using Qiagen RNA Blood Mini Kit (Qiagen, Germany) ac-
cording to the manufacturer’s instructions. RNA was reverse
transcribed utilizing high-capacity complementary DNA
(cDNA) reverse transcription kit (Applied Biosystems,
USA). The detection of acute leukemia–related fusion genes
was carried out according to the BIO-MED1 guidelines [14].
Fusion gene transcripts tested were t(8;21)(q22;q22),

inv(16)(p13;q22), t(9;22)(q34;q11) p190 and p210,
t(4;11)(q21;q23), t(12;21)(p13;q22), and t(1;19)(q23;p13).
All those translocations were confirmed by fluorescent in situ
hybridization (FISH) if necessary.

Statistical methods

Data management and analysis were performed using
Statistical Package for Social Sciences (SPSS) vs. 23.
Numerical data were summarized using medians and ranges.
Categorical data were summarized as numbers and percent-
ages. Numerical data were explored for normality using the
Kolmogorov-Smirnov test and the Shapiro-Wilk test. The ex-
ploration of data revealed that the collected values were not
normally distributed. Numerical variables for the 2 groups
were done using the Mann-Whitney test. Chi-square or
Fisher’s tests were used to compare between the groups with
respect to categorical data, as appropriate. Disease-free surviv-
al was measured from the date of first complete response until
relapse or death or lost to follow-up. Overall survival was
measured from the date of diagnosis until death or lost to
follow-up. Survivals were estimated using the Kaplan and
Meier method. Differences between survival curves were
assessed for statistical significance with the log-rank test. All
p values are two-sided. p values < 0.05 were considered
significant.

Results

Patients’ characteristics

Among 2571 acute leukemia patients, 102 (4%) were diag-
nosed as MPAL.

The studied cohort included 68 (67%) males and 34 (33%)
females, with male/female ratio of 2. Pediatric (< 18 years)
cases were 54/102 (53%). The baseline parameters of the
studied patients are summarized in Table 1.

Flow cytometric immunophenotyping

Immunophenotyping showed that 86/102 (84%) cases had a
B/My immunophenotype, 15/102 (16%) cases showed T/My
immunophenotype, and one case had evidence of trilineage
concomitant expression (My/B/T immunophenotype).

A strong trend towards an association between B/My and
T/My immunophenotypes with age (p = 0.05) was detected,
where the dominant immunophenotype in the adult group was
B/My as shown in Table 1. As per gender, T/My phenotype
was significantly higher in males compared with females
(22% vs. 3% respectively; p = 0.012).

CD34 as a marker of progenitor cells was expressed in 78/
102 (77%) patients.MPOwas positive in 98/102 (96%), while
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Table 1 Baseline characteristics of 102 mixed phenotype acute leukemia cases

Whole group (n = 102) Pediatrics (n = 54) Adults (n = 48) p value

Age(years) 16.0 (0.3–65.0)* 9 (0.3–17)* 29 (18–65)*

Gender

Female 34 (33.3%) 21 (38.9%) 13 (27.1%) 0.207

Male 68 (66.7%) 33 (61.1%) 35 (72.9%)

Hepatomegaly

Yes 50 (53.8%) 34 (66.7%) 16 (38.1%) 0.006

No 43 (46.2%) 17 (33.3%) 26 (61.9%)

Splenomegaly

Yes 50 (53.8%) 34 (66.7%) 16 (38.1%) 0.006

No 43 (46.2%) 17 (33.3%) 26 (61.9%)

Lymphadenopathy

Yes 50 (53.8%) 31 (60.8%) 19 (45.2%) 0.135

No 43 (46.2%) 20 (39.2%) 23 (54.8%)

CNS involvement

Yes 5 (5.4%) 4 (7.8%) 1 (2.4%) 0.245

No 88 (94.6%) 47 (92.2%) 41 (97.6%)

TLC (× 109/L) 27.7 (1.0-560.0)* 26.2 (1.0-560.0) 30.5 (1.4-408) 0.744

< 20 38 (40.4%) 21 (40.4%) 17 (40.5%) 0.993

≥ 20 56 (59.6%) 31 (59.6%) 25 (59.5%)

Hb (g/dL) 8.2 (3.3-16.0)* 8.1 (3.3-16) 8.4 (5.0-13.6) 0.781

< 8 39 (41.5%) 22 (42.3%) 17 (40.5%) 0.858

≥ 8 55 (58.5%) 30 (57.7%) 25 (59.5%)

Platelets count (× 109/L) 49.5 (5.0-257.0)* 52 (8.0-200.0)* 46.0 (5.0-257.0)* 0.662

< 20 14 (14.9%) 6 (11.5%) 8 (19.0%) 0.309

≥ 20 80 (85.1%) 46 (88.5%) 34 (81.0%)

P.B blasts 35.5 (0.0- 94.0) 40.0 (0.0-94.0)* 24.0 (0.0-90.0)* 0.033

BM blasts 80.0 (20.0-98.0) 84.0 (20.0-98.0)* 80.0 (25.0-98.0)* 0.065

Immunophenotype

M/B 86 (84.3%) 42 (77.8%) 44 (91.7%) NA

M/T 15 (14.7%) 11 (20.3%) 4 (8.3%)

M/B/T 1 (0.9%) 1 (1.9%) 0

CD34

Yes 78 (76.5%) 43 (79.6%) 35 (72.9%) 0.425

No 24 (23.5%) 11 (20.4%) 13 (27.1%)

CD22 0.036

Yes 80 (78.4%) 38 (70.4%) 42 (87.5%)

No 22 (21.6%) 16 (29.6%) 6 (12.5%)

Molecular genetics

t(9;22) (p210 and p190) 14(13.7%) 4(7.4%) 10(20.8%) NA

t(4;11) 6 (5.9%) 4 (7.4%) 2 (4.2%)

t(12;21) 5 (4.9%) 4 (7.4%) 1 (2.1%)

t(1;19) 1 (1.0%) 0 (0.0) 1 (2.1%)

Negative 78 (76.5%) 43 (79.6%) 35 (72.9%)

Response to induction therapy

CR 52 (66.7%) 35 (77.8%) 17 (51.5%) 0.015

No CR 26 (33.3%) 10 (22.2%) 16 (48.5%)

Type of chemotherapy
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in 5/102 (4%) patients who were negative by FCM; the blast
cells were identified to be myeloid by chloroacetate esterase
positivity together with CD64 and/or CD11c (5/102).
Therefore, there was evidence of myeloid commitment in all
cases. CD13was expressed in 100/102 (98%) cases and CD33
in 60/102 (59%).

T/My phenotype cases showed significantly higher leuco-
cyte count than B/My phenotype cases (median = 50 × 109/L
[5.2 × 109 − 416 × 109] vs. median = 25.4 × 109/L [1 × 109 −
560 × 109]; p = 0.012) and higher peripheral blood blast per-
centage (median = 70% [1–92%] for T/My vs. median of 30%
[1–94%] for B/My; p = 0.009).

On further analysis of phenotype within different age
groups, there was a distinct significant difference between
adult and pediatric MPAL cases; adult MPAL cases showed
predominantly the B/My phenotype, while the pediatric
MPAL cases showed both phenotypes. Pediatric MPAL pa-
tients with T/My phenotype showed higher frequency in
males compared with females (33% vs. 5%; p = 0.018) with
a tendency to an increased percentage of BM blasts at diag-
nosis (p = 0.05).

Molecular genetics markers

Fusion gene transcripts of 6 translocations were tested; the
most prevalent was t(9;22) detected in 14/102(13.7%) cases
followed by t(4;11) in 6/102 (6%), with t(12;21) detected in
only 5 cases and t(1;19) in one case.

Cases with positive molecular markers (24/102; 24%) were
significantly higher among females (35% in females vs. 17%
in males; p = 0.04) and showed markedly higher leucocyte
count at diagnosis (p = 0.006).

The two categories of MPAL with t(9;22) and t(4;11)
showed an opposite age distribution. While t(9;22) cases
were mostly adults (75%) with only 4 pediatric cases,
t(4;11) was found more in pediatric cases (66.7%) with
only two adult cases.

The adult MPAL cases with t(9;22) showed a higher prev-
alence of p210 transcript in 7/10 (70%) cases, while both
transcripts p190 and p210 were identified in one case (10%).

On the other hand, the 4 pediatric patients with t(9;22)
showed a predominance of p190 transcript in 3 (75%)

cases and only one case had p210 transcript. MPAL cases
with t(9;22) showed higher leucocyte count ≥ 20 × 109/L
(p = 0.012).

Subgroup analysis of cases with t(9;22) regarding age
showed a slight difference between adults and pediatric pa-
tients, where pediatric MPAL patients with t(9;22) showed a
trend towards higher prevalence in females (p = 0.09) and
higher bone marrow blasts at diagnosis (p = 0.07), while adult
MPAL cases with t(9;22) showed significantly higher leuco-
cyte count at diagnosis (p = 0.04).

Thefour cases showing t(12;21) were all pediatrics under
the age of 4 years.

Response to treatment

Eighty-seven of 102 patients received treatment, as 15 cases
completed treatment outside the National Cancer Institute due
to unavailable beds. Forty-two of 87 received induction che-
motherapy by ALL-like regimen including 30 (71.4%) of 49
children and 12 (28.6%) of 38 adults, and the rest received
myeloid regimen.

Seventy-eight of 87 cases completed 28 days of therapy
after excluding early induction-related mortalities (n = 9).
Forty-five cases were children, and 33 were adults. Fifty-two
(67%) cases showed complete remission: 35 (77.8%) children
and 17 (51.5%) adults. Twenty-six cases (33%) were refrac-
tory to treatment. Children had a significantly superior re-
sponse to induction treatment compared with adults (p =
0.015) (Table 1).

The association of different baseline parameters with treat-
ment response is illustrated in Supplementary Table (3). The
main factor that was significantly associated with a better re-
sponse was the type of treatment with a superior response to
lymphoid-based treatment as compared with myeloid based
regimen (p = 0.001). However, on a subgroup analysis accord-
ing to age, only the adult age group retained statistical signif-
icance (p = 0.009).

All cases with t(12;21) showed complete response to
treatment with no deaths encountered among this group
of patients, but the number was too small to be statisti-
cally analyzed.

Table 1 (continued)

Whole group (n = 102) Pediatrics (n = 54) Adults (n = 48) p value

Lymphoid 42 (48.3%) 30 (71.4%) 12 (28.6%) 0.006

Myeloid 45 (51.7%) 19 (42.2%) 26 (57.8%)

Data are presented as number (percentage) unless otherwise indicated. p < 0.05 is significant (in Italics)

CNS central nervous system, TLC total leucocyte count, Hb hemoglobin, PB peripheral blood, BM bone marrow, CR complete remission

*The median value with the range in between brackets
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Survival analysis

DFS

The median (range) follow-up period of the studied patients
was 6.54 (0.03–68.89) months. Adults had an inferior 2-year
disease-free survival (DFS) compared with pediatrics (55.5%
vs. 34.5%; p = 0.077; Fig. 1). Males had a better 2-year DFS
than females in the whole group (63.3% vs. 23.7%; p = 0.028)
and in pediatrics (72.3% vs. 26.9%; p = 0.007). The associa-
tion of different parameters with DFS is summarized in
Supplementary Table (4).

OS

At a median (range) follow-up period of 5.68 (0.49–
69.65) months, the 2-year and 3-year cumulative overall
survival (COS) rates were 35.2% and 30.7%, respectively.
Children had a superior 3-year overall survival (OS) com-
pared with adults (39.5% vs. 16.4%; p = 0.071; Fig. 2).
Patients who received an ALL-like regimen had a better
3-year OS than those treated with myeloid regimen
(40.9% vs. 18.5%; p = 0.024; Fig. 3). There was also a
tendency towards a better 3-year OS among males as
compared with females in the pediatric group (50.1% vs.

Fig. 1 Disease-free survival of
pediatrics vs. adult mixed
phenotype acute leukemia
patients (n = 102) (p = 0.077)

Fig. 2 Overall survival of
pediatrics vs. adult mixed
phenotype acute leukemia
patients (n = 102) (p = 0.071)
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22.2%; p = 0.076). The association of different variables
with OS is demonstrated in Supplementary Table (4).

Discussion

Mixed phenotype acute leukemia is an uncommon type of
leukemia with a very limited number of studies elaborating
its biology, clinical features, and most of all comprehensive
treatment approach for these patients with further focus on age
groups, especially when adopting the 2008 WHO classifica-
tion criteria for MPAL diagnosis [9, 11].

The incidence ofMPAL in the included patients was 4% of
all acute leukemia patients which is similar to the results pre-
viously published [10], yet a bit higher than 2.4% reported by
Yan et al. [11]. Incidence was higher in males than in females
in the studied cohort as well as in other studies [15].

The diagnosis of MPAL had relied mainly on the
immunophenotypic criteria in the EGIL scoring system and
then also on the immunophenotypic criteria in theWHO2008/
2016 diagnostic guidelines with the introduction of genetic
markers mainly for the exclusion of other leukemic entities.
However, molecular genetic abnormalities in MPAL are more
prominent and should guide treatment options and prognosis
decisions.

MPAL cases behave in a very similar way to their counter-
part lymphoid progenitor leukemias, and not the myeloid leu-
kemias, regarding molecular genetics distribution and clinical
presentation. Upon comparison between MPAL cases, in the
studied cohort, considering the lymphoid progenitor compo-
nent, the majority of adult cases were B/My as compared with
T/My in pediatric patients as it is the case in acute lympho-
blastic leukemia [16]. Also, the distribution of t(9;22),

t(12;21), and t(4;11) is indistinguishable from acute lympho-
blastic leukemia in both adults and pediatrics [16, 17]

Although the studied cohort was limited to only four
cases, and only very few studies have shown similar data
[9, 18], we suggest that cases with t(12;21) should also be
excluded from the MPAL category as they behave like
ALL with their pediatric age preference, clinical course,
and prognosis. Further studies in MPAL should focus on
exploring the possibility of excluding cases with t(12;21)
and diagnosing them as ALL.

The age of MPAL patients was a crucial prognostic factor
in all aspects of the disease as it is in all acute leukemias. The
pediatric group showed higher CR rates than the adult group
(77.8% vs. 51.5 %, p = 0.015). Also, pediatric MPAL cases
showed better disease-free survival in our studied group and
others [7, 9, 11, 19, 20].

Due to the rarity of the disease, there are neither prospec-
tive clinical trials nor consensus on the available guidelines
regarding choosing the optimum line of therapy for MPAL
cases; however, the evidence is accumulating for improved
disease outcome upon the usage of ALL-like therapy. In our
study, MPAL cases who received induction with lymphoid
regimens showed better CR rates compared with those receiv-
ing myeloid regimen (p = 0.001). The age-based subgroup
analysis showed also superior response rates with lymphoid
regimens in the adult group (p = 0.009); these findings are
consistent with recently published data [21].

The treatment of MPAL cases has always been debatable;
Wolach et al. proposed an algorithm for treatment adopting
ALL-like therapy followed by HSCT [12] which might im-
prove the response and survival of MPAL patients. However,
the adoption of HSCT as a standard treatment might be chal-
lenging due to difficulty in matched donor availability as we
faced in our cohort.

Fig. 3 Overall survival of 102
mixed phenotype acute leukemia
patients treated with lymphatic
regimen vs. myeloid treatment (p
= 0.024)
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In the current study, we observed that AML-like treatment
regimens showed inferior outcome when compared with
ALL-like treatment protocols which goes in the same context
with others [9, 22]. However, previous studies did not explore
the idea of age-related treatment regimens nor molecular ge-
netics directed treatment options. We recommend from the
studied cohort experience that it is not advisable to treat adult
MPAL cases with myeloid based treatment regimens, and this
was also supported recently with better response observed in
adults treated with ALL-like treatment albeit the small num-
bers of cases investigated [23].

MPAL cases with BCR-ABL fusion gene usually have the
worst prognosis among MPAL cases [9–11, 18]. These cases
behave like CML in their clinical features and prognosis [24].
Treatment options of these cases should be modified to tyro-
sine kinase inhibitor (TKI) therapy [1, 19, 25] and ALL-like
based treatment regimens.

Irrespective of age and type of therapy, the overall CR rate
in this study group (66.7%) was comparable with the results of
MPAL reported data (30–80%) [12].

We report 3 years overall survival rates of 30.7 % which is
comparable with Zheng et al. [26]. A meta-analysis published
in 2018 reported higher median survival rates with 3-year OS
for the combined 237 adult and pediatric cohort of 44 ± 3.7%
[27]. The survival of MPAL cases is a complex process with
diverse prognostic factors acting together mainly age, initial
TLC, and type of therapy. In the studied group, ALL-like
treatment regimens highly influenced the overall survival of
the studied MPAL cases.

Conclusion

To our knowledge, this is the first study on MPAL cases with
a special focus on comparing age groups regarding clinical
presentation, immunophenotypic, and molecular markers with
different treatment regimens. More studies on MPAL should
consider using molecular genetic abnormalities as a guide for
treatment modalities of MPAL likewise their closely related
lymphoid progenitor leukemia group. Thus, BCR-ABL
MPAL should be treated as CML and t(12;21) cases; MPAL
should be treated as ALL. MPAL adult cases in, particular,
should be offered lymphoid-based regimens.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00277-020-04354-2.
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