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ABSTRACT 

Recently, mixed phenotype acute leukemia (MPAL) with t (9; 22) (q34; q11.2); bcr-abl1 was described as one kind of 
acute leukemia of ambiguous lineage in the 2008 World Health Organization Classification of Tumors of Hematopoi- 
etic and Lymphoid Tissues. However, treatment strategy remains difficult for this uncommon MPAL. In addition, this 
type of MPAL is at high risk of tumor lysis syndrome (TLS) because of high chemo-sensitivity. Here, we report a 
MPAL with t (9; 22) (q34; q11.2); bcr-abl1 case that suffered from life-threatening cerebral bleeding associated with 
disseminated intravascular coagulation (DIC) with TLS after bcr-abl positive acute lymphoblastic leukemia (ALL) type 
induction therapy who was successfully treated with recombinant human thrombomodulin (rhTM). This case reached 
complete remission without additive cerebral bleeding. In conclusion, bcr-abl positive ALL type induction therapy was 
effective for MPAL with t (9; 22) (q34; q11.2); bcr-abl1 and rhTM was effective against DIC with TLS. 
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1. Introduction 

Mixed phenotype acute leukemia (MPAL) with t (9; 22) 
(q34; q11.2); bcr-abl1 was described as one kind of acute 
leukemia of ambiguous lineage in the 2008 World Health 
Organization (WHO) Classification of Tumors of Hema- 
topoietic and Lymphoid Tissues [1]. Sometimes, patients 
are found to have high WBC counts of more than 1.00 × 
1011/L [2]. In addition, this very rare leukemia is sensi- 
tive to chemotherapy. Therefore, it is considered that this 
type of MPAL is at high risk of tumor lysis syndrome 
(TLS) [3,4]. If TLS happens, rapid release of procoagu- 
lant materials, or enzymes from blasts, or the fibrinolytic 
activity of leukemic cells themselves is thought to cause 
disseminated intravascular coagulation (DIC) [5]. 

DIC is a lethal complication because it is followed by 
multiple organ failure (MOF) or bleeding [6]. Conven- 

tional treatment of DIC has been administration of heap- 
rin. Other agents such as antithrombin (AT) and activated 
protein C (APC) have been used [7,8]. However, these 
are not better alternatives which have clear efficacy over 
heparin in the treatment of DIC. Furthermore, there is 
reluctance to use these agents in patients of severe 
bleeding. Recombinant human soluble thrombomodulin 
(rhTM) has been developed as a novel agent against DIC 
and has been examined in a randomized clinical trial in 
Japan [9,10]. The efficacy of this agent over heparin is 
that the resolution of DIC was significantly better in the 
group treated with rhTM than in the group treated with 
unfractionated heparin (UFH) and the incidence of ble- 
eding-related adverse reactions was significantly lower in 
that with rhTM than in that with UFH [10]. 

This report shows a patient with mixed phenotype 
acute leukemia with t (9; 22) (q34; q11.2); bcr-abl1 who 
suffered life-threating cerebral hemorrhage due to DIC *Corresponding author. 
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but was treated successfully with rhTM. 

2. Case Report 

A 49-year-old man with a month-term cough and slight 
fever was admitted to our hospital on November 4, 2011. 
Hematological examination revealed that hemoglobin 
was 8.8 g/dL, white blood cell count was 406,100/µL, 
blast cell count was 361,400/µL, and platelet count was 
3.0 × 104/µL. Other results of the coagulation test were 
as follows: prothrombin time (13.7 seconds; normal 
range, 10.5 - 13.5 seconds), activated partial throm- 
boplastin time (aPTT) (25.5 seconds; normal range, 25 - 
45 seconds), fibrinogen (393 mg/dL; normal range, 200 - 
400 mg/dL), FDP (55.0 µg/mL; normal range, <5 
µg/mL), antithrombin III (87.2%; normal range, 80% - 
130%), thrombin-antithrombin III complex (TAT) (≧60 
µg/L; normal range, 1.0 - 4.1 µg/L), and plasmin-α2-plas- 
min inhibitor complex (PIC) (18.2 µg/mL; normal range 
<0.8 µg/L). Results of renal function tests showed the fol- 
lowing abnormalities: blood urea nitrogen (33.4 mg/dL; 
normal range, 8.0 - 22.0 mg/dL), serum creatinine (3.20 
mg/dL; normal range, 0.60 - 1.10 mg/dL), estimated 
glomerular filtration rate (18.48 mL/min/1.73 m2), and uric 
acid (12.3 mg/dL: normal range, 3.6 - 8.0 mg/dL). Ex- 
amination of bone marrow aspirate revealed hypercellu-  

lar marrow with 93.8% peroxidase negative blasts, which 
were positive for CD13, CD33, CD34, CD10, CD19, and 
HLA-DR (Figures 1(a), (b), and (c)). These findings 
suggested mixed phenotype acute leukemia according to 
the WHO Classification of Tumors of Haematopoietic 
and Lymphoid Tissues. The patient was treated with 
acute lymphoblastic leukemia (ALL) induction protocol: 
cyclophosphamide (CPA), daunorubicin (DNR), vincris- 
tine (VCR), and prednisolone (PSL). Chromosome ana- 
lysis showed complex abnormalities, including +6, +8, 
and +der (22), in addition to t (9; 22) (q34; q11.2) (i.e., 
Philadelphia chromosome) (Figure 2 and Table 1). Fluo- 
rescence in situ hybridization (FISH) analysis for the 
BCR/ABL fusion gene revealed 100 (cells/100 cell). 
Therefore additional clinical and laboratory findings sub- 
sequently confirmed the diagnosis of MPAL with t (9; 22) 
(q34; q11.2); bcr-abl1. The patient was treated with 
imatinib when the Philadelphia chromosome was shown 
7 days after the start of induction therapy. Clinical course 
is shown in Figure 3 and laboratory data is shown in 
Table 2. 

After administration of induction therapy, the patient’s 
blast cell count decreased to 145,200/µL. However, the 
patient showed a loss of consciousness on the second day 
of induction treatment. Urgent examination with com- 
puted tomography (CT) showed cerebral hemorrhage and  

 

   
(a)                                (b) 

 
(c) 

Figure 1. Bone Marrow findings; (a) May-Grunwald-Giemsa—stained bone marrow smears showing a mixed-cell population 
of large and small blasts. (b) Blasts were negative with myeloperoxidase staining. (c) FACS analysis reveals that blasts were 
positive CD13, CD33, CD34, CD10, CD19, and HLA-DR. Furthermore, blasts were negative CD1, CD2, CD3, CD4, CD7, 
CD8, CD14, CD20, CD41, CD56, and GP-A. 
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(a) 

 
(b) 

 
(c) 

Figure 2. Chromosome analysis shows complex abnormali- 
ties; (a) 46, XY, t (9; 22) (q34; q11.2) 16/20 cells; (b) 47, 
idem, +der (22) t (9; 22) 3/20 cells; (c) 49, idem, +6, +8, +der 
(22) t (9; 22) 1/20 cells. 

 

Figure 3. Clinical course of the patient, Abbreviations: In- 
duction: induction therapy (cyclophosphamide, daunorubi- 
cin, vincristine, and prednisolone); Recomodulin®: recom- 
binant human thrombomodulin; PC: platelet concentrate; 
FFP: fresh frozen plasma; Fib: fibrinogen; FDP: fibrin/ 
fibrinogen degradation products; PT: prothrombin time; 
TAT: thrombin-antithrombin III complex; PIC: plasmin-α2 

-plasmin inhibitor complex. 
 
Table 1. Results of chromosome analysis. 

Clone Cytogenetic analysis Cells 

A 46, XY, t (9; 22) (q34; q11.2) 16/20 

B 47, idem, +der (22) t (9; 22) 3/20 

C 49, idem, +6, +8, +der (22) t (9; 22) 1/20 

 
Table 2. Summary of the laboratory results before and after 
treatment; Abbreviation; Plt: platelet; INR: international 
normalized ratio; PT: prothrombin time; Fib: fibrinogen; 
FDP: fibrin/fibrinogen degradation products. 

 Day1 Day2 Day3 Day4 Day5 Day8 Day13

WBC 
(X109/L) 

406.1 398.6 272.1 83.5 7.9 0.8 0.3 

Blast 
(X109/L) 

360.3 352.2 260.2 76.2 3.6 0 0 

Plt (X109/L) 30 52 32 34 20 20 22 

PT (sec) 13.7 15.5 20.2 14.3 12.3 12.2 11.7

INR 1.28 1.46 1.85 1.34 1.17 1.15 1.02

Fib (mg/dL) 393 109 26 111 139 133 176 

FDP (μg/mL) 55.0 366.9 157.7 127.5 129.5 23.6 8.6 

 
infarction (Figure 4(a)). On the same day, hematologi- 
cal studies showed the following severe coagulation ab- 
normalities: platelet count 25,000/µL; fibrinogen, 26 
mg/dL; prothrombin time, 20.2 seconds; aPTT was im- 
possible to count; FDP, 157.7 µg/mL; TAT, >60.0 µg/L, 
and PIC, 18.2 µg/mL. Diagnosis of DIC was made on the 
patient’s admission according to the diagnostic criteria of  
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Figure 4. Brain computed tomography (CT), (a) Brain CT 
shows cerebral hemorrhage and infarction (day 2). The 
arrow indicates hemorrhage; (b) Follow-up brain CT exam 
shows slight exacerbation of hemorrhage (day 8). The ar- 
row indicates hemorrhage; (c) No prognosis is observed on 
further follow-up brain CT exam (day 13). The arrow indi- 
cates the improvement of hemorrhage. 

the International Society of Thrombosis and Hemostasis 
[11]. Although the patient had already been treated for 
DIC with rhTM at the time of his cerebral hemorrhage, 
we continued to use rhTM as an agent for DIC control 
(rhTM, 180 IUkg per day). Even though on the 4th day of 
induction therapy, FDP levels increased temporarily, 
they deceased from the 5th day. Increased fibrinogen lev- 
els over 100 mg/dL were already observed on the third 
day of induction therapy. TAT and PIC levels were 7.1 
µg/L and 5.2 µg/mL on the 14th day of induction therapy. 
Consciousness was gradually recovered from the 4th day 
of induction. Although follow-up CT examination 6 days 
after the first exam showed slight exacerbation of hem- 
orrhage, no prognosis was observed on day 11 (Figures 
4(b), (c)). Examination of bone marrow aspirate revealed 
the rate of blasts was 0.4%, and FISH showed a rate of 
fusion signals of 5% on the 35th day of induction therapy. 
The patient achieved complete remission. 

3. Discussion 

MPAL with t (9; 22) (q34; q11.2); bcr-abl1is a very rare 
type of acute leukemia [1,2,12]. MPAL cases have been 
classified as biphenotypic acute leukemia (BAL) on the 
basis of the EGIL scoring system [13]. The WHO classi- 
fication has established and published new criteria for the 
diagnosis of BAL. It has also adopted a new designation 
for this disease, now termed MPAL [1]. Among them, 
MPAL with t (9; 22) (q34; q11.2); bcr-abl1 is catego- 
rized when blasts have either the t (9; 22) (q34; q11.2) 
translocation detected by classical karyotyping, or when 
the bcr-abl gene is detected by FISH or polymerase chain 
reaction. Sometimes, patients are found to have high 
WBC counts of more than 1.00 × 1011/L [2]. Sensitivity 
to induction therapy is good; however, the relapse rate is 
very high [2,14,15]. 1-year estimated overall survival 
rate was very low, even if patients achieved complete 
remission. There are no agreed treatment protocols for 
patients with MPAL with t (9; 22) (q34; q11.2); bcr-abl1. 
Some investigators reported that induction treatment with 
combined acute myeloblastic leukemia (AML)/ALL drugs 
led to a high rate of early deaths, so it was recommend 
that induction therapy should be with either AML or 
ALL drugs followed by stem cell transplantation for youn- 
ger patients [2,14,15]. In addition, the impact of admini- 
stration of imatinib has also been reported [2,14,15]. Fur- 
thermore, it was reported that there was no apparent dif- 
ference in survival between patients with bcr-abl posi- 
tive MPAL and matched patients with bcr-abl positive 
ALL [14]. Our patient was also treated with ALL type 
monotherapy combined with imatinib as induction therapy 
and achieved CR, similar to the literature. These facts 
may indicate that bcr-abl positive ALL type therapy fol- 
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lowed by stem cell transplantation would be standard 
therapy in the future for this very rare MPAL. Further 
study is warranted. 

TLS is can be a life-threatening complication during 
induction chemotherapy in patients with acute leukemia 
[3,4]. Risk factors of TLS were defined as high WBC 
count, high uric acid, high LDH, and high creatinine lev- 
els. In many cases, the rapid release of procoagulant ma- 
terials or enzymes from blasts or the fibrinolytic activity 
of leukemic cells themselves is thought to cause DIC [5]. 
Conventional therapy for DIC with TLC in hematology- 
cal malignancy used heparin or serine protease inhibitor 
(SPI) as an anticoagulant agent. However, it is difficult to 
use heparin for DIC with bleeding because of worsening 
of complications and SPI because of not being enough to 
control DIC. Thrombomodulin (TM) is an endothelial 
anticoagulant factor, which is a kind of thrombin receptor 
that forms a 1:1 complex with thrombin. In this complex, 
thrombin activates protein C to produce activated protein 
C (APC), which inactivates factors Va and VIIIa. Thus, 
TM converts thrombin from a procoagulant protease to 
an anticoagulant [16]. A phase 3 randomized study de- 
monstrated that the DIC resolution rate in an rhTM- 
treated group (65.6%) was significantly higher than that 
in a heparin-treated group (45.9%). In the rhTM-treated 
group, the number of patients which were not able to 
continue to be administrated rhTM was two of 116 pa- 
tients, because of bleeding related adverse reactions, 
while in the heparin-treated group; this number was 7 of 
115 patients [10,17]. TM also has a unique amino-ter- 
minal structure exhibiting anti-inflammatory activity. TM 
binds to high-mobility group box 1 (HMGB1) and helps 
to digest HMGB1 by thrombin. HMGB1 was identified 
as a lethal late-phase mediator and is suspected to be 
correlated with the development of DIC during sepsis 
[18,19]. Our patient was found to have high WBC counts, 
high LDH, high uric acid, and high creatinine levels. 
Therefore, we performed generous intravenous hydration 
and oral allopurinol before induction chemotherapy ac- 
cording to recommendations [3]. However, this case suf- 
fered life-threatening cerebral bleeding because of severe 
DIC with TLS. We considered the severity of DIC with 
TLS; therefore, we decided to treat DIC with rhTM and 
transfusion of coagulation factors (i.e. transfusion of fresh 
frozen plasma). Our patient achieved CR without addi- 
tive bleeding. rhTM is not only an anti-coagulation drug 
but also has an anti-inflammatory effect via the HGMB1 
path-way. 

In conclusion, bcr-abl positive ALL type induction 
therapy was effective for MPAL with t (9; 22) (q34; 
q11.2); bcr-abl1 and rhTM was a very powerful weapon 
against DIC with TLS. A prospective study should be 
done to establish treatment strategies for this very rare 

MPAL. 
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