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Background
Biphenotypic acute leukemia is a rare disorder that is difficult to diagnose. It displays fea-
tures of both myeloid and lymphoid lineage. There is still a lack of studies in biphenotyp-
ic acute leukemia in a Chinese population. We present here a comprehensive investigation
of the clinical and biological characteristics, and outcome of biphenotypic acute leukemia
in our hospital in over a seven year period.

Design and Methods
We retrospectively analyzed 452 adult acute leukemia patients diagnosed according to
French-American-British (FAB) classification and biphenotypic acute leukemia diagnosed
according to European Group for the Immunological Characterization of Leukemias
(EGIL) classification, respectively. Biological characteristics, response to treatment, and
outcome were examined in biphenotypic acute leukemia patients and compared with that
in acute myeloid leukemia and acute lymphoblastic leukemia patients with complete fol-
low-up profiles diagnosed in the same period. 

Results
Of 452 acute leukemia patients, 21 cases (4.6%) were diagnosed as biphenotypic acute
leukemia. Among them, 14 (66.7%) were B lymphoid and myeloid, 5 (23.8%) were T lym-
phoid and myeloid, one (4.8%) was T/B lymphoid and one (4.8%) was trilineage differen-
tiation. When compared with acute myeloid leukemia and acute lymphoblastic leukemia,
patients with biphenotypic acute leukemia showed significantly higher incidence of CD34
antigen expression, unfavorable karyotypes, and extramedullary infiltration (p<0.05). In
this cohort of patients with biphenotypic acute leukemia, t(9;22) was the most common
abnormality in chromosome structure. The median disease-free survival and overall sur-
vival in biphenotypic acute leukemia patients was five months and ten months, respec-
tively, significantly shorter than those in acute myeloid leukemia and acute lymphoblastic
leukemia patients (p<0.05). 

Conclusions
The prognosis of biphenotypic acute leukemia patients is poor when compared with de
novo acute myeloid leukemia or acute lymphoblastic leukemia. Biphenotypic acute
leukemia patients showed a much higher incidence of CD34 antigen expression, complex
abnormal karyotype, extramedullary infiltration, relapse, and resistance to therapy after
relapse. 
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Introduction

Most cases of acute leukemia (AL) can be classified as
myeloid (AML) or lymphoid (ALL) using the FAB classi-
fication1 and a panel of immunological markers.
However, even with morphology, cytochemistry, and
immunological phenotyping it is still difficult to differ-
entiate in some patients whether or not the leukemia
cells are derived from myeloid or lymphoid lineage.
These cases were classified as acute leukemias of
ambiguous lineage according to World Health
Organization (WHO) classification of hemopoietic
malignancies,2 including acute undifferentiated
leukemia, bilineal acute leukemia, and biphenotypic
acute leukemia, which account for 5% of total AL.
Biphenotypic and bilineal acute leukemia are also
known as mixed acute leukemia, in which both
myeloid and lymphoid cells are involved. By definition,
biphenotypic acute leukemia means one leukemia cell
lineage but expresses both lymphoid and myeloid
markers. On the other hand, bilineal acute leukemia
means that there are two or more subtypes of cells
expressing lymphoid or myeloid markers. Dual markers
are necessary to distinguish between biphenotypic and
bilineal acute leukemia, while in clinical practice, some
physicians3,4 didn’t differentiate between biphenotypic
and bilineal acute leukemia. They can be classified
together as biphenotypic acute leukemia (BAL). There
are several classification4,5,6 criteria for BAL diagnoses.
The most commonly used is the European Group for
the Immunological Characterization of Leukemias
(EGIL, 1995)4. In the present study, we retrospectively
analyzed the clinical manifestations, treatment, progno-
sis, and biological features of 21 patients with BAL diag-
nosed in our hospital during the last seven years. 

Design and Methods

Patients
Four hundred and fifty-two patients diagnosed with

acute leukemia in our hospital between January 2001
and June 2007 were retrospectively analyzed. This
study was approved by the institutional ethics commit-
tee of the Second Military Medical University and the
procedures followed were in accordance with the
Helsinki Declaration of 1975, as revised in 2000. All
patients (or legal guardians) enrolled in this study signed
informed consent according to approved protocols.
Diagnoses of AML or ALL were performed according to
FAB classification and BAL according to EGIL classifica-
tion. 

Immunophenotyping 
Flow cytometry immunophenotyping was performed

on fresh bone marrow or blood specimens. Single-cell
suspensions were incubated with combinations of
monoclonal antibodies in two or four-color immunoflu-
orescence using concentrations titrated for optimal
staining. Antibodies used in the analysis recognized
stem cell and panleukocyte antigens including CD45,

CD34, CD38, TdT, and HLA-DR; myeloid-associated
antigens including myeloperox-idase (MPO), CD117,
CD33, CD13, CD14, CD15, and CD64; and lymphoid-
associated antigens, including surface and cytoplasmic
CD3, CD5, CD7, CD2, CD4, CD8, CD10, CD19,
CD20, CD22, CD9, CD79a, and CD56. The myeloid or
B/T lymphoid makers were considered to be positive if
they were expressed in >20% of blasts.

Morphology and cytochemical analysis 
Bone marrow aspiration occurred under Wright

Geimsa staining, and 200 cells were analyzed, along
with myeloperoxidase, non-specific esterase stain, sodi-
um fluoride inhibition tests, and periodic acid Schiff
reactions for cytochemical assay. One hundred Giemsa-
stained peripheral blood cells were analyzed. 

Cytogenetic analysis
Direct and short-term culture methods were applied

in preparation of bone marrow specimens.
Chromosome banding was carried out by heating using
the Giemsa (RHG) method, with an average of 20
metaphase cells analyzed in each case. Karyotype was
determined according to the International System for
Human Cytogenic Nomenclature (ISCN, 1995).
Unfavorable karyotypes were defined as t(9,22) or
abnormalities of chromosomes 5 or 7, abnormalities of
chromosome 11q23, and complex abnormalities (≥3
types).

Treatment
Induction

Induction therapy included the DA (daunomycin 45
mg/m2 d 1-3, cytarabine 150 mg/m2 d 1-7) protocol for
most AML patients and VDCPL (vincristine 1.5
mg/m2d,1,8,15,22 daunorubicin 45 mg/m2 d,1-3,15-17
cyclophosphamide 0.8 g/m2 d,1,15 prednisolone 40
mg/m2 d,1-28 and asparaginase 6000 units/m2 d 19-28)
protocol for most ALL patients. The induction protocol
for patients with BAL is listed in Table 1. Three differ-
ent regimens were adopted in our study. Five cases
received DA protocol for myeloid lineage. Six patients
received VDCPL protocol. The other 10 patients
received VPDA protocol for both myeloid and lym-
phoid lineages. 

Post-remission therapy
AML patients received DA, IA (idarubicin 8 mg/m2 d

1-3 and cytarabine 150 mg/m2 d 1-7), HA (homoharring-
tonine 2 mg/m2 d 1-7 and cytarabine 150 mg/m2d 1-7)
and MA (mitoxantrone 8 mg/m2 d 1-3 and cytarabine
150 mg/m2 d 1-7) in turn and at least 4 courses of high-
dose cytarabine (1.5-2 g/m2 twice daily d 1-3). Fifty-
three patients received allogeneic stem cell transplanta-
tion (AHSCT) after complete remission (CR). The post-
remission therapy for BAL patients is listed in Table 1.
Salvage therapy after relapse: patients received original
induction protocols. If resistant to the original induction
protocol, AML patients received either FLAG (fludara-
bin 50 mg/m2 d 1-5, cytarabine 1-2 g/m2 d 1-5, and G-
CSF 5 µg/kg d 0 until the count returned to normal) or
HAG (homoharringtonine 1 mg d 1-14, cytarabine 50



mg d 1-14, and G-CSF 5 µg/kg d 0 until the count
returned to normal). Patients with ALL received either
FLAG or Hyper-CVAD (cyclophosphamide 0.3 g/m2

twice daily d 1-3, vincristine 1.5 mg/m2 d 4, adriamycin
50 mg/m2 d 4, and dexamethasone 20 mg/m2 d)1-4,11-
14. The treatment of BAL patients is listed in Table 1.

Follow-up
All patients were followed-up from diagnosis of the

disease until the end of May 2008. The median follow-
up period was 37 months (range, 12-85), 45 months
(range, 12-89), and 46.5 months (range, 15.5-89) for
BAL, AML, and ALL, respectively.
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Table 1. Induction therapy, post-remission therapy, and salvage therapy after relapse, overall survival, and disease free survival of patients with biphe-
notypic acute leukemia.

Case Extramedullary Induction Response Post-remission Relapse Salvage therapy DFS1 OS2 Outcome
infiltration chemotherapy therapy after relapse (m) (m)

1 Bone3 VDCPL4 NR5 − − − 0 1 Died
(heart failure)

2 VDP6 CR7 VDCP8, HD-MTX9, EA10 Y11 VDCP 28 34 Died
(Digestive tract 
hemorrhage)

3 VP12+DA13 CR VP+DA, VP+MA14 N15 − 39+ 40+ Alive

4 VP+HA16, VP+HA CR VP+DA, VP+MA Y VP+IA17, FLAG18 6 17 Died
(respiratory failure)

5 VP+DA CR VP+DA Y FLAG, Hyper-CVAD19 4 10 Died
(intracranial 
hemorrhage)

6 Bone VP+DA CR VP+MA N − 2.5 3.5 Died 
(fat embolism)

7 CNS VP+DA, VP+MA CR VP+MA N − 3 5 Died (sepsis)
8 DA NR − − − 0 1.5 Died 

(intracranial 
hemorrhage)

9 VDP CR VDCP Y VDCPL, FA20 5 10 Died
(respiratory failure)

10 HA NR − − − 0 2 Died
(heart failure)

11 VDCP CR VDCPL N − 15+ 16+ Alive

12 Skin VP+DA CR VP+DA, VP+MA Y VP+IA 7 8 Died
(respiratory failure)

13 CNS DA CR DA, HD-Ara-C21 Y DAE22, HAG23 4 7 Died (sepsis)
14 VP+DA CR VP+DA, VP+MA Y VP+IA 10.5 12 Died

(Digestive tract 
hemorrhage)

15 CNS VP+DA, NR − − − 0 6.5 Died
VP+ME24 (respiratory failure)
VP+ME, Hyper-CVAD25

16 VP+DA ,VP+DA CR EA, EA, VP+MA, EA Y FA, HAG 6 16 Died
FA, FA (Invasive fungal infection)

17 Testis HAE26, HA, HAG, MA NR − − − 0 6 Died(heart failure)

18 CNS DA NR − − − 0 1 Died (intracranial 
hemorrhage)

19 VP+DA CR No treatment Y VP+DA 14 16 Died 
(intracranial hemorrhage)

20 VDCPL CR VDCP, VMCP27 Y Hyper-CVAD, 13 22 Died
HD-MTX+Ara-C, FA (respiratory failure)

21 VDP CR Hyper-CVAD, allo-PBSCT28 N − 11+ 12+ Alive

1DFS: disease-free survival; 2OS: overall survival; 3bone: pathologic fracture and bone mass; 4VDCPL: vincristine,daunorubicin, cyclophosphamide,dexamethasone and L-asparaginase;
5NR: no response; 6VDP: vincristine,daunorubicin and dexamethasone; 7CR: complete remission; 8VDCP: vincristine,daunorubicin, cyclophosphamide,and dexamethasone; 9HD-MTX:
high-dose mitoxantrone; 10EA: etoposide and cytarabine; 11Y: yes; 12VP:vincristine and dexamethasone; 13DA: daunorubicin and cytarabine; 14MA: mitoxantrone and cytarabine; 15N: no;
16HA: homoharringtonine and cytarabine; 17IA: idarubicin and cytarabine; 18FLAG: fludarabin, cytarabine and G-CSF; 19Hyper-CVAD: cyclophosphamide,vincristine,adriamycin and dex-
amethasone; 20FA: fludarabin and cytarabine; 21HD-Ara-C: High doses of cytosine arabinoside; 22DAE,daunorubicin, cytarabine and G-CSF;23HAG: homoharringtonine, cytarabine and G-
CSF; 24ME: mitoxantrone and etoposide; 25Hyper-CVAD: cyclophosphamide,vincristine,adriamycin,and dexamethasone; 26HAE: homoharringtonine, cytarabine and etoposide; 27VMCP:
vincristine,mitoxantrone, cyclophosphamide and dexamethasone; 28allo-PBSCT: allogeneic peripheral blood stem cell transplantation.
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Statistical methods
Mann-Whitney U tests were used for comparison of

numerical values. χ2 or Fisher’s exact tests were used for
categorical comparison of small expected values.
Kaplan-Meier survival curves were used to compare
survival rates. Differences between the curves were
examined statistically using the log rank test and deriv-
atives. All data show as median (range) and differences
were considered significant at the p<0.05 level.
Statistical analysis was performed using SPSS 11.0.

Results

Incidence and immunophenotyping
From a large group of 452 acute leukemia patients, 21

patients were diagnosed with BAL using EGIL (Table 2);
the overall incidence was 4.6%. BAL immunopheno-

typing is shown in Table 3. One case was myeloid, T
and B lymphoid triphenotype (4.8%), one B and T lym-
phoid (4.8%), 14 B lymphoid and myeloid biphenotype
(66.7%) and 5 T lymphoid and myeloid (23.8%). The
rate of CD34 positive was 81.0% (17/21).

General information, peripheral blood cell count,
and karyotype

Patients’ general information, peripheral blood cell
count, and karyotype are shown in Table 4. In this
study, 12 males and 9 females were diagnosed with
BAL. Median age was 41 years (range, 15-73). The
median counts for WBC, Hg, and Plt were 19.4 (0.7-
450)×109/L, 80 (45-131) g/L, and 35 (6-207)×109/L,
respectively. The median prevalence of blasts was 86%
(53-98%). Among 20 patients with valid chromosome
profiles, a normal karyotype was found in only 2 cases
(10%), while clonal chromosome aberrations were
observed in 18 patients (90%). The most common kary-
otype was t(9;22) (q34;q11.2) (25%, 5/20). Two patients
had t(8;21) (q22;q22), both with complex chromsome
abnormalities. Ten patients had complex karyotypes, in
which 6 patients showed abnormalities in chromosome
7; 5 patients showed abnormalities in chromosome 5,
and 3 patients had -17/17p-.

Treatment and follow-up
Induction and consolidation regimens, overall sur-

vival (OS), and disease-free survival (DFS) are shown in
Table 1. The CR rate of BAL was 71.4% (15/21). Among

Table 2. Scoring system for the definition of biphenotypic acute leukemia.
Scoring points1 B lymphoid T lymphoid Myeloid

2 CD79a, CD22, CD3, anti-TCRα/β, MPO
Cyt IgM anti-TCRγ/δ

1 CD19, CD10, CD2, CD5, CD8, CD117, CD13,
CD20 CD10 CD33, CD65

0.5 TdT, CD24 TdT, CD7 CD14, CD15, CD64

1BAL is defined when the score from two separate lineages is greater than 2.

Table 3. Immunological markers of 21 patients with biphenotypic acute leukemia.
B-lymphoid markers T-lymphoid markers Myeloid markers

CD34 CD79a CD22 CD19 CD20 CD101 TdT1 Score CD3 CD2 CD5 CD8 CD7 Score MPO CD13 CD33 CD117CD14 CD15 CD64 Score

1 88 67 40 86 Neg Neg 30 5.5 36 Neg Neg Neg 30 3 Neg 49 25 23 Neg Neg Neg 3.0
2 Neg2 23 Neg 31 Neg 22 Neg 4.0 61 68 Neg Neg 65 3.5 Neg Neg Neg Neg Neg Neg Neg
3 98 97 Neg 99 Neg Neg 67 3.5 Neg Neg Neg Neg Neg Neg 23 88 Neg Neg 80 42 3.0
4 72 Neg 60 36 76 70 Neg 5.0 Neg Neg Neg Neg 82 32 26 90 27 Neg Neg Neg 5.0
5 74 72 ND3 90 Neg 70 Neg 4.0 Neg Neg Neg Neg Neg 29 66 74 Neg Neg Neg Neg 4.0
6 98 93 Neg 98 Neg 94 66 4.5 Neg Neg Neg Neg Neg Neg 92 95 Neg 24 Neg Neg 2.5
7 68 Neg ND 32 36 88 76 3.5 Neg Neg Neg Neg Neg Neg 85 93 ND 42 ND ND 2.5
8 96 46 32 65 Neg Neg 36 5.5 Neg Neg Neg Neg Neg Neg Neg 82 28 Neg 65 38 3.0
9 97 50 ND 76 Neg 84 52 4.5 Neg Neg Neg Neg Neg 23 Neg 42 Neg Neg ND ND 3.0
10 93 85 44 86 Neg 76 80 6.5 Neg Neg Neg Neg Neg Neg 27 79 Neg 56 Neg 36 3.0
11 99 35 Neg 99 48 42 Neg 5.0 Neg Neg Neg Neg Neg Neg 52 93 Neg Neg 32 Neg 2.5
12 90 46 ND 42 33 98 42 5.5 Neg Neg Neg Neg Neg 80 25 Neg ND 56 48 Neg 4.0
13 60 28 ND 69 Neg Neg 68 3.5 Neg Neg Neg Neg Neg 21 Neg 95 28 Neg Neg Neg 4.0
14 Neg 96 ND 85 Neg 11 Neg 4.0 Neg Neg Neg Neg Neg 20 89 Neg ND Neg ND ND 3.0
15 Neg 46 ND 28 Neg 95 80 4.5 Neg Neg Neg Neg Neg 70 Neg Neg ND 65 Neg 25 3.0
16 75 58 ND Neg Neg 86 88 3.5 Neg Neg Neg Neg Neg 36 82 Neg ND 66 ND ND 4.0
17 22 Neg Neg Neg Neg Neg 66 29 Neg 38 Neg 21 4.0 Neg 23 22 Neg 48 Neg 62 3.0
18 85 Neg Neg Neg Neg Neg 46 30 45 Neg Neg Neg 3.5 89 Neg Neg ND 80 36 ND 3.0
19 Neg Neg Neg Neg Neg 56 Neg 71 73 67 Neg 66 5.0 35 Neg 80 Neg Neg Neg Neg 3.0
20 40 Neg Neg Neg Neg Neg 68 23 61 Neg Neg 92 4.0 26 Neg 23 Neg Neg Neg Neg 3.0
21 96 Neg Neg Neg Neg Neg 56 98 Neg 99 Neg 99 4.0 46 Neg 97 92 Neg 96 Neg 4.5

1CD10 and TdT are also T- lymphoid markers; 2Neg: negative; 3ND: not determined.



21 patients, 12 achieved CR after the first course of
induction. Four of the 6 non-remission patients died
during the first induction. The other 2 patients were
given different protocols; however, no remission
occurred, and they died six months later due to primary
disease. Fifteen CR patients received consolidation reg-
imens after remission except for one case (Table 1). Ten
cases developed relapse during follow-up and were

resistant to original induction therapy, although one
case achieved hematologic remission but relapsed
again one month later. All relapsed cases died of pri-
mary disease or complications. Two CR patients died
of chemotherapy complications (patients 6 and 7).
Three cases survived until the end of follow-up.
Among them, one patient received allogeneic hemopoi-
etic stem cell transplantation ten months after diagno-
sis and had a good general status without severe trans-
plantation complications. Eight patients had
extramedullary infiltration, which most commonly
affected the central nervous system (excluding the liver,
spleen, and lymph node).

Biphenotypic acute leukemia
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Table 4. General information, peripheral white blood cell count, and
karyotype of patients with biphenotypic acute leukemia.
CaseSex Age Diag1 WBC2 Karyotype

×(103/µL)

1 F 73 MBT3 19.4 44,XX,del(5)(q13q34),del(7)(q11.2),
der(12)t(11;12)(q13;p13),-16,
-17,der(20)t(17;20)(q11.2;p13.1)
[3]/44,idem,der(X)del(X)
(q11.2q13)dup(X)(q13q22)t(X;12)
(q26;q13),add(11)(q10)[49]/46,XX[5]

2 F 35 B/T 3.5 46,XX
3 F 41 M/B4 8.4 46,XX
4 M 42 M/B 1.9 46,XY,t(3;3)(q26;q26.2)
5 F 26 M/B 85.7 46,XX,t(12;22)(p13;q12)

[6]/46,idem,der(2)[1]/46,XX[13]
6 F 50 M/B 4.6 46,XX,t(9;22)(q34;q11.2)[8]/46,XX[12]
7 F 67 M/B 101.1 45,XX,-14[10]
8 M 53 M/B 23.5 45,X,- Y,t(8;21)(q22;q22)[6]/45,idem,

del(17)(p10)[4]/45,idem,
der(17)t(17;21) (p11.2;p11.2) 
[4]/44,idem,dic(17;22) (p11.2;p11.2)
[5]/46,XY[9]

9 M 30 M/B 95.1 46,XY,t(9;22)(q34;q11.2)[25]
10 F 57 M/B 28.2 45,XX,

-7,t(9;22)(q34;q11.2),der(11)t(7;11)
(q22;q25),del(16)(q22)[9]/46,XX[11]

11 M 21 M/B 3.0 83-89,XXYY,+1,+1,+2,+2,+3,+3,+4,
+4,+5,+5,+6,+6,+6q-,+6q-,+6q+6q-
+7,+7,+8,+8,+9,+9,+10,+10,+11,+11,
+12,+12,+13,+13,+14,+14,+15,+15,
+16,+16,+17,+17,+18,+18,+19,+19,
+20,+20,+21,+21,+22,+22,
+22[CP8]/46,XY[2]

12 M 45 M/B 5.4 46,XY,t(9;22)(q34;q11)[3]/46,idem,
7p+[6]/47,idem,7p+,+ph[3]/46,XY[4]

13 M 30 M/B 62.6 46,XY,t(8;21)(q22;q22)[7]/45,idem,-
Y,inv(15)(15q22)[13]

14 F 21 M/B 181.4 46,XX,-20,+M[20]
15 F 31 M/B 450 46,XX,2p-,i(7q)?,t(9;22)(q34;q11.2)[10]
16 M 52 M/B 34.5 NA5

17 M 60 M/T6 0.7 44,XY,-5,7p-,11q-,12q-,17p-,
-20[7]/46,XY[23]

18 M 15 M/T 104.7 46,XY,t(4;11)(q21;q23)
19 M 45 M/T 4.6 47,XY,+8[6]/46,XY[9]
20 M 35 M/T 9.4 46,XY,add(5)(q13),t(6;16)(q15;q24),

t(7;14)(p15;q32.3)[12]/92,
idem×2[2]/46,XY[6]

21 M 27 M/T 2.8 46,XY,-5,-9,+18,+M[10]/46,XY[10]

1Diag : diagnosis; 2WBC: white blood cell; 3MBT : trilineage; 4M/B : myeloid and B
lymphoid; 5NA: not applicable; 6M/T : myeloid and T lymphoid.

Table 5. The overall review of the clinical features and outcome of
patients with biphenotypic acute leukemia, acute myeloid leukemia,
and acute lymphoid leukemia. 
Parameter BAL1 AML2 p (BAL ALL3 p (BAL

(n=21) (n=191) vs. AML) (n=101) vs. ALL)

Age(year, 41 41 0.472 22 0.000
range) (15-73) (13-78) (12-68)
Sex (male) 12 107 1.000 61 0.974

(57.1%) (56.0%) (60.4%)
CD34+ 17 62 0.000 34 0.000

(81.0%) (32.5%) (33.7%)
WBC4(109/L, 19.4 11.9 0.180 12.85 0.746
range) (0.7-450) (0.8-229) (0.8-483.3)
Hg5(g/L, 80 78 0.320 86 0.521
range) (45-131) (35-134) (32-152)
Plt6(×109/L, 35 42 0.129 44 0.747
range) (6-207) (1-370) (1-286)
Abnormal 18 111 0.011 61 0.022
chromosome (90.0%) (58.1%) (60.4%)
T(9;22) 5 0 0.000 19 0.526

(25.0%) (0%) (18.8%)
Complex 10 18 0.000 14 0.000
karyotypes (50.0%) (9.4%) (13.9%)
Unfavorable 13 29 0.000 33 0.023
karyotypes (65%) (15.2%) (32.7%)
Extramedullary 8 19 0.000 16 0.020
infiltration (38.1%) (9.9%) (15.8%)
CR7 after the 12 106 1.000 80 0.063
1st induction (57.1%) (55.5%) (79.2%)
therapy 
Overall CR 15 137 1.000 89 0.104

(71.4%) (71.7%) (88.1%)
OS8 (month, 10 16 0.0044 20 0.0003
range) (1-40) (0.5-87) (1-75)
DFS9 (month, 5.00 5.00 0.0119 14 0.007
range) (0-39) 12 (0-84) (0-84)
Relapse 10/15 53/137 0.037 46/89 0.282

(66.7%) (38.7%) (51.7%)
CR after relapse 1/10 27/53 0.017 21/46 0.083

(10%) (50.9%) (45.7%)
OS after relapse 3.5 9 0.000 4.75 0.013
(month, range) (0.5-8) (1-68) (1-53)
DFS after relapse 0 2 0.002 0 0.007
(month, range) (0-1) (0-67.5) (0-51)

1BAL: biphenotypic acute leukemia; 2AML: acute myeloid leukemia; 3ALL: acute
lymphoid leukemia; 4WBC: white blood cell; 5Hg: hemoglobin; 6Plt: platelets;
7CR: complete remission; 8OS: overall survival; 9DFS: disease-free survival.
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Survival analysis
Univariate analysis of OS including clinical manifesta-

tions and laboratory tests showed that age, WBC count,
extramedullary infiltration, primary induction treat-
ment, and whether or not patients achieved CR after
induction, were significantly related to patients’ prog-
nosis.

Comparison of biphenotypic acute leukemia and
acute myeloid leukemia in clinical and biological fea-
tures

Comparison of BAL and 191 AML patients was car-
ried out as shown in Table 5, excluding patients lost to
follow-up and M3 subtype because of its particular bio-

logical features. Significant differences were noted in
CD34 positive rates, incidence of karyotype abnormali-
ties, t(9;22), complex karyotypes, unfavorable kary-
otypes and extramedullary infiltration (p<0.05).

Comparison of biphenotypic acute leukemia 
and acute lymphocytic leukemia in clinical 
and biological features

Comparison of BAL and 101 ALL patients was carried
out as shown in Table 5, excluding patients lost to fol-
low-up. Significant differences were noted in age, CD34
positive rates, incidence of karyotype abnormalities,
complex karyotypes, unfavorable karyotypes and
extramedullary infiltration (p<0.05).

Figure 1. (A) The overall survival of patients with BAL (solid line),
AML (dashed line) and ALL (dotted line). The survival time was
analyzed by Kaplan-Meier curve. (B) The disease free survival of
patients with BAL, AML and ALL. The survival time was analyzed
by Kaplan-Meier curve. The x-axes are the survival time and y-axes
are cumulative survival. 

Figure 2. (A) The overall survival of patients with BAL (solid line),
AML (dashed line) and ALL (dotted line) after relapse. The survival
time was analyzed by Kaplan-Meier curve. (B) The disease free
survival of patients with BAL, AML and ALL after relapse. The sur-
vival time was analyzed by Kaplan-Meier curve. The x-axes are the
survival time and y-axes are cumulative survival.
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Comparison of the response to treatment 
and outcomes between acute myeloid leukemia,
acute lymphocytic leukemia, and biphenotypic 
acute leukemia 

Responses to treatment and outcomes in BAL
patients were compared with those of AML and ALL
(Table 5) diagnosed in the same period. No statistical
difference was noted in CR rate after the first induction
and overall CR rate (p>0.05). The incidence of relapse
in BAL patients was significantly higher than that of
patients with AML, while CR rates after relapse were
lower in BAL patients than those with AML (p<0.05). A
significant worse OS and DFS for BAL when compared
with that of ALL (p=0.0003, p=0.007)and AML
(p=0.0044, p=0.0119) is denoted by the Kaplan-Meier
curve (Figure 1). ALL and AML patients had better out-
come than BAL patients (Figure 1). The OS (p=0.000
and p=0.013, respectively) as well as DFS (p=0.002 and
p=0.007, respectively) of patients with AML and ALL
was significantly higher than that of BAL after relapse
(Figure 2).

Discussion 

Unlike commonly seen acute leukemias classified as
B or T lymphoid or myeloid lineage, BAL is a type of

acute leukemia with uncommon biological and clinical
features. We summarized several reports about the
clinical and biological features of BAL in recent years
(Table 6). To further understand the characteristics and
prognosis of BAL in the Chinese population, we adopt-
ed EGIL classification criteria to retrospectively analyze
452 adult patients with de novo acute leukemia admit-
ted to our hospital. Among them, 21 (4.6%) were diag-
nosed with BAL, which is consistent with previous
reports ranging from 1.3% to 8.0% (Table 6). Katsura16

proposed the myeloid-based model of hematopoiesis, in
which the stem cell initially generates common myelo-
erythroid progenitors and common myelolymphoid
progenitors. T-cell and B-cell progenitors subsequently
arise from common myelolymphoid progenitors
through myeloid-T and myeloid-B stages, respectively.
Most recently, Wada et al.17 and Bell et al.18 demonstrat-
ed that a substantial number of early T-cell precursors
in the thymus have myeloid potential. These results
provided evidence to support the supposition that BAL
arises from a pluripotent progenitor cell, which then
can differentiate into both myeloid and lymphoid line-
ages during the development of acute leukemia. In our
series, CD34 positive was predominant in BAL (81%)
patients compared to AML and ALL patients in the
same period (p<0.05). Other researchers have found
that the percentage of CD34 and TdT positive was
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Table 6. Clinical and biological features of patients with biphenotypic acute leukemia in different studies.
Present Owaidah Lee Carbonell Legrand Aribi Killick Weir Mi Shen
study et al.7 et al.8 et al.9 et al.10 et al.11 et al.12 et al.13 et al.15 et al.14

# of patients 21 23 43 26 23 31 25 19 19 63
Prevalence 4.6 3.4 2.1 4.0 8.0 − 3.6 1.3 3.4 −
M/BL (%) 66.7 65.2 72.1 69.2 69.6 71.0 60.0 47.4 68.4 58.7
M/TL (%) 23.8 26.1 23.3 23.1 26.1 29.0 32.0 52.6 21.1 31.7
B/T (%) 4.8 0 2.3 3.8 4.3 0 4.0 0 10.5 0
M/B/T (%) 4.8 8.7 2.3 3.8 0 0 4.0 0 0 9.5
Median age 41 15 38 29 51 47 26 18 35 34
(year, range) (15-73) (1-66) (16-74) (0-80) (19-82) (17-71) (3-46) (0.3-69) (14-57)
Sex ratio 1.3 1.6 1.4 1.9 2.3 2.0 1.5 1.7 2.2 1.3
(male/female)
CD34+ 81.0 95.7 85.7 64.7 82.6 − 68.4 − 43.8 −
TDT+ 71.4 78.3 90.0 92.3 82.6 86.7 88.0 − − −
WBC(×109/L) 19.4 35.9 7.4 − 78 3.7 − 38.7 54.0 40.8
(range) (0.7-450) (2.33-174) (0.5-520) (0.3-196) (1.8-523) (2.3-325)
Abnormal 90.0 68.2 81.6 84.6 70.0 43.3 90.5 81.3 58.3 56.9
karyotypes (%)
T(9,22) (%) 25.0 9.1 36.8 30.8 35.0 − 38.1 18.8 16.7 25.5
11q23 (%) 5 23.6 7.9 7.7 10.0 − 4.8 12.5 0 −
Complex 50 26.1 28.9 30.8 0 10 42.9 12.5 0 −
karyotypes(%)
CR (%) 71.4 − 80.6 − 47.8 82.8 70.0 37.5 31.6 34.3
Relapse (%) 66.7 − 50 − 63.6 − 21 83.3 − −
Median OS 10 − 30.3 − 7.5 − 6.4 − − −

(month)
Median DFS 5 − − − 7 − − − − 7
(month)

Abbreviations are explained in Table 1 and Table 5.
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more than 80%.8,10 These results support the supposi-
tion that BAL may originate from stem/progenitor cells. 

Abnormal karyotypes were detected in 90% of 20
BAL patients with valid analysis. This was higher than
in AML and ALL patients during the same period
(p<0.05). Notably, patients with normal karyotypes
(patients 2 and 3) had the longest survival period in this
study. Whether BAL patients with normal karyotypes
would take an advantage from normal karyotype needs
further observation in a larger scale clinical study.
Karyotype analysis showed that chromosome abnor-
mality was highly heterogeneous in BAL patients. In
our study, t(9;22) was the most common abnormality in
chromosome structure, occurring in 25% of patients (5
out of 20) without the history of chronic myeloid
leukemia. These 5 patients showed B lymphoid and
myeloid lineage antigen co-expression. The median sur-
vival time of these 5 patients was 6.5 months, which is
shorter than that of Ph negative patients with B lym-
phoid and myeloid lineage antigen co-expression (6.5
months vs. 12 months, p<0.05). This suggests that the
Ph chromosome might be a poor prognosis indicator for
BAL patients. Structural abnormalities of chromosome
11 were observed in 4 patients (20%). Only one
showed 11q23 rearrangement and corresponded to an
adolescent (the youngest in this cohort of patients) with
a T cell and myeloid phenotype. The incidence of 11q23
rearrangement in our group of patients was lower than
that in Owaidah’s7 report because of the younger
patients in their study, suggesting that the frequency of
an 11q23 rearrangement occurs more in infants than in
adults. Similar to other reports, we found that the inci-
dence of Ph chromosome and 11q23 rearrangement was
relatively high. This supports the proposal that BAL
closely relates to the Ph and MLL genes, as previously
proposed by Jenning19 and Thirman.20

Additionally, we also reported 2 cases with t(8;21).
AML with t(8;21) translocation is classified as a unique
category (recurrent cytogenetic translocation) according
to WHO classification (2001). Although the 2 patients
with t(8;21) translocation in our study were diagnosed
as AML-M2 based on pathological morphology, the
myeloid and B-lymphoid markers were all positive in
immunophenotyping. So we included these 2 patients
in BAL. He et al.21 also reported 6 cases of B-lymphoid
and myeloid lineages BAL with t(8;21)(q22;q22). By
analyzing the characteristics of morphology, immune
phenotype, chromosome karyotype and clinical mani-
festations of these 6 cases, they considered that BAL
with t(8; 21)(q22;q22) might be a new subgroup of BAL.
Miyamoto’s findings suggested that the acquisition of
the t(8;21) occurs at the level of stem cell, capable of dif-
ferentiating into B cells as well as all myeloid lineages.22

The survival times of 2 patients with t(8;21) in our series
were 1.5 and 7 months, which were shorter than those
of AML patients with t(8;21) (median survival time 22
months, p<0.05). We hypothesized that: (i) the particu-
lar biological and clinical features of BAL should be
taken into consideration, i.e., t(8;21) is not a favorable
indication of good prognosis in BAL, and (ii) these 2
patients also had other abnormal chromosome struc-
tures, which were classified as complex abnormalities.

The univariate analysis of prognosis in our study
showed that the prognosis of patients with BAL was
significantly related to age, peripheral WBC count,
extramedullary infiltration and whether or not patients
achieved CR after induction. But due to the small num-
bers of cases, it’s still difficult for us to draw any conclu-
sion from our series. A multi-center and perspective
clinical study will be critical to have a wider picture of
this rare disease.

Treatment of BAL is complicated and problematic. In
our series, the overall CR rate was 71.4%. There was no
statistical difference when comparing with AML and
ALL (p>0.05). However, the relapse rate in BAL patients
was significantly higher than that of AML patients,
while the CR rate after relapse was lower than that of
AML patients. We also observed a low CR rate after
relapse in BAL patients when compared with ALL
patients, although no statistical difference was noted
(p=0.083). Survival time and DFS after relapse in BAL
patients were also shorter than those in AML or ALL
patients. This may suggest that cross resistance more
likely developed in BAL patients than in AML or ALL
patients, causing a poor response to treatment and short
survival period. Nakagawa et al.23 found that the overall
expression levels of inhibitor of apoptosis protein (IAP)-
family proteins in BAL bone marrow cells were higher
than those in control, AML, and ALL cells. These results
partly supported our observations. 

Overall, the DFS and OS in our study were five and
ten months, respectively. These were much shorter
than those of AML and ALL patients in the same period
(p<0.05). The OS and DFS of BAL patients were also
less than eight months in other reports (Table 6). This
might be due to: (i) common abnormal karyotype in
BAL, high incidence of Ph chromosome, complex
abnormal karyotype, and high incidence of abnormal
chromosomes 5 and 7; (ii) high incidence of CD34 pos-
itive in BAL; (iii) high incidence of extramedullary infil-
tration; (iv) lack of optimized guidelines for induction
therapy; and (v) high incidence of relapse after CR and
resistance to therapy after relapse. Ottmann et al.24

reported that imatinib can improve CR rates in patients
with refractory and relapse Ph positive ALL. For BAL
patients with Ph chromosomes, imatinib added in treat-
ment regimens might increase remission rates.

In summary, BAL is a particular kind of AL because of
its rare incidence, difficulties in proper diagnosis and
rational treatment. Thus, it is necessary to carry out
multi-center co-operative studies in both clinical and
basic research to further characterize the features of
BAL.
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