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Abstract 

Background: MPAL are rare, accounts 4% of acute leukemias. B+T MPAL are extremely rare. There is no robust 

information on the clinical and biologic features of these leukemias. Present study from kidwai memorial institute of 

oncology focused on MPAL rare types, especially B+T MPAL. Design and Methods: We attempted to classify MPAL, 

based on WHO 2008 classification and attempted to summarise diagnostic criteria, cytochemistry, immunophenotyping, 

cytogenetics & clinical features of B+T MPAL. Results: Most MPAL cases reported were B/Myeloid, followed by B+T 

MPAL, T+Myeloid , undifferentiated and unclassifiable leukemias respectively. Conclusion: Among MPAL unusual 

high incidence of B+T MPAL (38.4%) was noted. Overall median survival was 5 years. 

 

Keywords: Acute leukemias of ambiguous lineage, Mixed phenotypic acute leukemia, aberrant antigens, Lymphoid, 

cytogenetics, Flow immunophenotyping. MCP 841 Protocol. 
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Introduction 

Acute leukemias of ambiguous lineage (ALAL) are rare 

leukemias recognized by WHO Classification of 

Tumors of Haematopoietic and Lymphoid tissue [2008]. 

The majority of these rare leukemias (ALAL) are 

classified as mixed phenotype acute leukemia (MPAL). 

When the blasts express more than one lineage antigens, 

assigning to particular lineage is not possible with 

certainty, it is termed MPAL. MPAL by definition 

doesn’t fit into any category, either by clinical or 

genetic features [1,2]. MPAL accounts for 4% of 

Leukemias. Immunophenotypically Mixed phenotype 

acute leukemia can be classified as B/Myeloid, 

T/Myeloid, B+T MPAL or trilineage MPAL based on 

Immunophenotypic findings [1,4]. There is paucity of 

data regarding the precise biologic characterization of 

the disease as well as established guidelines on the 

management and prognosis of these patients, as these  
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leukemias are rare and the formal criteria for diagnosis 

have been established recently [5,6,]. B+T MPAL are 

extremely uncommon, comprise only4% of MPAL[3,6]. 

Present study of 10 cases of B+T MPAL is the largest 

reported series of B+T MPAL in literature till date. 

Material & Methods 

 

Our laboratory received 1800 of acute leukemias, 

during a period of 4 years from January 2012 to 

February2016, where flow cytometric analysis was 

done for diagnosis. We followed WHO classification 

2008 criterias along with, morphology, cytochemistry, 

immunophenotyping, cytogenetics and clinical findings. 

31 patients were diagnosed as AL AL. Out of these 26 

cases was MPAL. Study concentrated mainly on 10 

cases of B+T MPAL. These leukemias were equally 

distributed in 5 children and 5 adults. 

 

Treated Leukemias, that switch their lineage during 

therapy were not included in this study. All specimens 
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were obtained and morphologic examination was done. 

Airdried peripheral smears and bone marrow aspirates 

were stained with Giemsa stain. Cytochemical 

Myeloperoxidase was done in all cases and Periodic 

acid-Schiff, nonspecific esterase and specific esterase 

accordingly if required.  

 

Four color flow cytometry analysis was performed on 

Bone marrow aspirate using FACS caliber (Becton 

Dickinson. San Jose, CA, USA).CD45 vs side scatter 

gating strategy was used. Immunophenotype features 

are summarized in table 1 

Cytogenetic analysis was performed on overnight-

unstimulated cultures of bone marrow, later followed by 

G banding. 

 

Statistical methods: Probability of Event free survival 

was estimated using The Kaplan–Meier method. 

Petoetal. Method was used to determine SEs. survival 

comparison were performed with R software. 

 

 

Markers expressed inB+TMPAL (Table-1) 

Case B markers T cell markers Immature Markers 

  Specific  Other  Specific Other  

1  CD19 cCD79a, CD10 Cy CD3 CD5, CD7  

2  CD19 cCD79a Cy CD3 CD5, CD7  

3  CD19 cCD79a Cy CD3  CD5, CD7 TdT 

4  CD19 cCD79a, CD10 Cy CD3 CD7 CD34  

5  CD19 cCD79a Cy CD3 CD5, CD7  CD34 TdT 

6  CD19 cCD79a, CD10, Cy CD3 CD5 , CD34 TdT 

7  CD19 cCD79a, CD10, Cy CD3 CD5, CD5,  

8  CD19 cCD79a, Cy CD3 CD5, CD7 CD34,  

9 CD19 cCD79a, CD10, Cy CD3 CD5, CD7 CD34, TdT 

 10 CD19 cCD79a, CD10, Cy CD3 CD5, CD7  

Results 

During the study period of 4-years, flowcytometric analyses of 1800 cases of acute leukemias were performed and a 

diagnosis of ALAL, was made in 31 patients (1.7%). MPAL was diagnosed using WHO criteria in 26 patients (1.4%). 5 

cases were acute undifferentiated leukemias/unclassifiable leukemias. Among 26 MPAL cases, 12 cases were 

B+MYELOID MPAL( 46%) , 4 cases were T+Myeloid MPAL.10cases of T+B MPAL (38.4%), 5 were children <15 

yrs,5 were reported in adults. 

 

Male preponderance noted in ALAL cases and MPAL cases. B+Myeloid MPAL and also B+TMPAL revealed male 

predominance. Ultrasonograghy in 2/10 cases (20%) revealed hepatosplenomegaly. Lymphadenopathy was noted in 4 / 

10(40%) cases on clinical examination. Single case had mediastinal enlargement.Baseline investigations revealed 

leucocytosis in 5patients (50%), low hemoglobin (<10g/dl) in 8 cases (80%), and low platelet count in all patients.  

 

Mean serum lactate dehydrogenase (LDH) was 1099IU/L, mean serum alkaline phosphatase was 215 IU/L and elevated 

liver enzymes in (30%) cases. Serological studies for HIV, HBsAg were negative in all cases, except a single case was 

positive for HBsAg. Blasts percentage varied from 40% to 90%. 

 

All Cases of B+T MPAL showed lymphoid morphology, (FIG1) Table1 summarizes Immuno phenotypic findings. Flow 

cytometry scattergrams in fig2. Myeloperioxidase was negative both on flowcytometry and cytochemistry in all cases. 

 

Marker of early hematopoietic cells, CD34, was strongly positive in5/10 cases (50%). Tdt was positive for in 4 cases. 

cytogenetic data were available in all cases,4 cases had normal karyotype,4 cases did not yield any metaphase, 2 case 

showed abnormal karyotype and interpreted as hyperdiploid in one case,other case as malignant clone. 
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                                                      Fig 1: Lymphoblasts in B+T MPAL 

 

    
 

                                                                         Fig 2: B+T MPAL 

At the end of induction period morphological complete remission (CR) (<5% blasts in the bone marrow aspiration smear) 

was achieved in all treated cases and 8 cases continue to be in remission for median 5 years. Patients were treated with 

ALL regimens based protocol, MCP841 protocol in children and BFM95 protocol in adults, single patient relapsed with 

testicular infilteration, followed by cutaneous infilteration and bone marrow involvement. Overall mean survival was 5 

years (fig 3 & 4). 
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                                                              Fig: 3: Overall mean survival  

  

Means and Medians for Survival Time 

Meana Median 

Estimate Std. Error 

95% Confidence Interval 

Estimate Std. Error 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Lower 

Bound 

Upper 

Bound 

5.5 .468 4.583 6.417 5       

a. Estimation is limited to the largest survival time if it is censored. 

Discussion 

Acute undifferentiated leukemia are diagnosed when 

the blasts exhibit no lineage-specific antigens [2]. When 

the blasts express more than one lineage antigens & is 

not possible to assign to any particular lineage, it is 

called MPAL [2,7]. 

 

In the majority of patients with acute leukemia, blast 

cells can be assigned to specific lineage, myeloid, B- or 

T-lymphoid. However, in approximately 2-5% of 

patients, even after comprehensive immunophenotyping 

by flow cytometry (FCM), lineage of leukemias 

remains ambiguous. Historically various terminologies 

were used, such as mixed lineage leukemia, hybrid 

acute leukemia, bilineal leukemia, and biphenotypic 

leukemia [2,7]. Diagnostic criteria were modified by 

WHO classification of hematopoietic and lymphoid 

tumors (WHO 2008) &introduced a new designation as 

mixed-phenotype acute leukemia [2]. 

 

 

 

As the years passed more antibodies became available 

& it was found that aberrant expression of antigens of 

another lineage was common in acute leukemias. As 

these leukemias should not be categorized as 

biphenotypic acute leukemia, many researchers tried to 

address this issue by allotting a score for these 

leukemias. Catovsky et al. in 1991, Scoring criteria by 

European Group for Immunological classification of 

Acute Leukemia (EGIL), tried to address this issue and 

to define these leukemias accurately.Various markers 

were assigned with a score of 2,1or 0.5. Score of >2 for 

at least two lineages were classified as biphenotypic 

acute leukemia. However, this approach was questioned 

due to the lack of lineage specificity with available 

markers. Thus in 2008,WHO laid down strict criteria 

and defined the lineage specific markers for each 

lineage [7]. 
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B cell lineage can be chosen from cCD79a, cCD22, 

CD24, intracytoplasmic mu chains, CD20 or CD21. The 

expression of CD10 is also considered as B lineage 

marker [2,4]. So far cCD3 is the strongest marker 

indicating T cell lineage [4]. Immunophenotypically 

Mixed phenotype acute leukemia can be further sub 

classified as B/Myeloid, T/Myeloid, B/T, or trilineage 

based on immunophenotypic findings [4]. B+T mixed 

phenotype acute leukemia are extremely rare. 

 

Rarity of B+T MPAL is established by following facts. 

The largest study so far is by Heidrunn Gerr (2010) et al 

, he has analysed 92 children, involving multiple 

centers, over a period of 8 years however no 

B+TMPAL cases were reported [8]. Zhang et al has 

reported single case of B+T MPAL in his series [9]. 

Present study comprised 10 cases of B+T MPAL 

diagnosis of B+TMPAL, the largest reported 

B+TMPAL cases till date. 

 

Mixed phenotype acute leukemia is thought to arise 

from a multi potential hemopoietic stem cell that has the 

potential to differentiate into any lineage [10]. Most of 

the reported cases of MPAL, express early 

hematopoietic markers CD34 positivity. HLADR 

suggesting an early precursor stem cell origin [10]. In 

our series, 50%cases of T+B MPAL demonstrated 

CD34 Positivity 

 

Commonly described cytogenetic groups in MPAL are, 

compelx karyotypes, t(9;22), (q34;q11) and t (v;11q23) 

[2]. The occurrence of t (9;22), (q34;q11) and t(4;11) is 

considered an adverse prognostic factor in ALL patients 

also Presence of Phildelphia chromosome has been 

associated with poor prognosis in MPAL [8]. The great 

majority of, t (9;22) (q34;q11) positive MPAL are 

B+Myeloid [2]. There are occasional case reports of 

Phildelphia positive B+T MPAL reported [11]. 

 

20% of B+T MPAL showed abnormal karyotypes in the 

present study, however no Ph + B+T MPAL was noted. 

Single case of Phildelphia positive was noted in 

B+Myeloid MPAL. Analysis of cytogenetics is 

becoming increasingly important as potential targets for 

therapy in future Presence of the phildelphia 

chromosome should be checked always as it affects the 

treatment [2,5]. 

 

Given the short time these formal criteria have been 

established and the rarity of MPAL, there is paucity of 

data regarding the precise biologic characterization of 

the disease as well as established guidelines on the 

management and prognosis of these patients [5]. Mixed 

phenotype acute leukemia is rare leukemias. B+T 

MPAL are uncommon [6], comprises 4% of MPAL 

[12]. The lineage specific cytoplasmic markers should 

be included in the primary panel for categorization of 

MPAL accurately [7]. 

 

There are no set treatment protocols for patients with 

MPAL, thus evaluation of outcome becomes difficult 

[13]. The optimal therapeutic approach to B+T MPAL 

has not been defined. In 41% patients treated with AML 

protocol and 85% patients with ALL treatment, 

achieved complete remission, In a recently published 

larger analysis of 100 MPAL patients. The overall 

median survival was 18 months,in this series. Children 

had a better survival than adults [7]. Out data suggests 

that children, who received ALL directed treatment, had 

a better response to treatment than adults and median 

survival was 5 years. 

 

Submicroscopic chromosome deletions, amplifications, 

and unbalanced chromosome rearrangements are 

recognized frequently by Genomic microarrays in 

recent years and are widely used to identify cryptic 

leukemia-related genetic alterations, especially in 

hematologic malignancies [13,14].  

 

Study by Lingzhiyan et al is the first molecular genomic 

study of MPAL or biphenotypic leukemia [14]. Out data 

suggests that B+T MPAL are not so rare in Indian 

population and with ALL directed treatment, have a 

better response to treatment. 

 

Novel genomic technologies, such as next-generation 

sequencing, may helpto define the leukemogenic 

mechanisms in MPAL cases and to determine a 

standardized treatment for these rare leukemias [13,14]. 

 

Molecular explorations will be of great help in 

understanding of these strange leukemias, however due 

to financial constraints Gene sequencing was not done 

in these cases. B+T MPAL are relatively more frequent 

in India and molecular studies and multi-center studies 

to determine optimal regimens approach in Indian 

scenario will be of immense help in understanding these 

strange leukemias. 
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