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The t(9;22)(q34;q11.2) translocation results in a BCR-ABL1 fu-

sion gene located on the Philadelphia chromosome (Ph), caus-

ing a constitutively active BCR-ABL1 tyrosine kinase. This fusion 

gene is found in virtually all cases of CML, 5% of pediatric and 

15-30% of adult cases of ALL, and 1-2% of cases of de novo 
AML [1-3]. While mixed phenotype acute leukemia (MPAL) with 

t(9;22)(q34;q11.2) is rare, this translocation is the most com-

mon recurrent genetic abnormality seen in MPAL [4].

 Untreated CML typically follows a biphasic or triphasic clinical 

course. An initial indolent chronic phase (CP) is followed by an 

accelerated phase (AP) and/or a blast phase (BP) [5]. Only 

about 10% of patients initially present in BP [6]. Such cases 

can be easily misdiagnosed as acute leukemia with t(9;22) [4]. 

In about 70% of CML-BP cases, the blast lineage is myeloid, 

whereas the blasts are lymphoblasts in 20-30% of cases [5]. In 

addition, the blasts are of mixed phenotype only in rare cases of 

CML-BP [7]. Here, we report 4 cases of CML in mixed pheno-

type BP, diagnosed by FISH analysis performed on mature neu-

trophils, which were initially suspected to be acute leukemia 

with t(9;22). Splenomegaly, major BCR-ABL1, and peripheral 

granulocytic hyperplasia with all stages of granulocytes without 

dyspoiesis were observed in all cases. The clinical and labora-

tory findings at initial presentation are summarized in Table 1.

 CASE 1: A 60-yr-old man presented with fatigue, myalgia, 

chills, dull pain in the left axillary region, and weight loss of 5 kg 

over 15 days. Ultrasonography revealed splenomegaly. Labora-

tory tests showed white blood cell (WBC) count of 41.9×109/L, 

Hb level of 11.2 g/dL, and platelet count of 74×109/L. Periph-

eral blood (PB) smear revealed granulocytic hyperplasia, 17% 

blasts of moderate size, and 2% basophils. Bone marrow (BM) 

aspirates revealed 100% cellularity with 68% blasts. Following 

the preliminary diagnosis of MPAL with t(9;22), the patient was 

started on ALL-type induction chemotherapy. A cytogenetic 

study showed 46,XY,t(9;22)(q34;q11.2) in all 30 cells analyzed 

with additional chromosomal aberrations. FISH analysis using 

BCR/ABL1 probe (Abbott Molecular/Vysis, Des Plaines, IL, USA) 

showed fusion signals in 95% of the cells analyzed. In addition 

to blasts, mature neutrophils also revealed BCR-ABL1 signals. 

Therefore, a final diagnosis of CML in mixed phenotype BP was 

made.
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 A BM study after the first induction cycle without tyrosine-ki-

nase inhibitor (TKI) revealed 50% cellularity with less than 1% 

blasts; however, a cytogenetic study revealed 46,XY,t(9;22)

(q34;q11.2) in 28 of 30 cells analyzed. After dasatinib and con-

solidation chemotherapy, a BM study showed 10% cellularity 

with less than 1% blasts, and 1 of 30 metaphase cells showed 

46,XY,t(9;22)(q34;q11.2).

 CASE 2: An 8-yr-old girl presented with headache and myalgia 

persisting for a week. Physical examination revealed cervical 

lymphadenopathy and hepatosplenomegaly. Laboratory tests 

showed WBC count of 513×109/L, Hb level of 5.3 g/dL, and 

platelet count of 48×109/L. PB smear showed granulocytic hy-

perplasia and 25% blasts of small size, but there was no in-

crease in the number of either basophils or eosinophils. Her BM 

study revealed 100% cellularity and 68% blasts. Both blasts and 

mature neutrophils showed the BCR-ABL1 fusion signals (Fig. 1). 

A diagnosis of CML in mixed phenotype BP was made.

 CASE 3: A 10-yr-old girl presented with emesis for 3 days and 

hepatosplenomegaly. Laboratory tests revealed WBC count of 

376×109/L, Hb level of 6.7 g/dL, and platelet count of 33×109/L. 

PB smear showed granulocytic hyperplasia with 28% blasts of 

variable sizes and 4% eosinophils. Her BM study revealed 100% 

cellularity with 48% blasts. Following the preliminary diagnosis of 

AML with t(9;22), AML-type induction chemotherapy was started. 

However, FISH analysis revealed that both blasts and mature 

neutrophils were positive for BCR-ABL1. Therefore, she was ini-

tially diagnosed as having CML in myeloid BP.

 A BM study after the first induction cycle without TKI revealed 

80% cellularity with 8% blasts; however, a cytogenetic study 

showed 46,XX,t(9;22)(q34;q11.2) in 28 of 30 cells analyzed. 

Real-time quantitative PCR (RQ-PCR) also showed a high level of 

BCR-ABL1 fusion transcript. Therefore, the first cycle of imatinib 

was initiated. At 3 months from diagnosis, the patient’s WBC 

count was 5.8×109/L with 43% blasts. A BM study showed 80% 

cellularity with 78% blasts, and BCR-ABL1 fusion signals were 

detected in 97.5% of the cells analyzed by FISH (390/400). Flow 

cytometry revealed that the blasts were positive for CD7, CD10, 

CD19, CD33, CD34, cCD79a, and HLA-DR. This switch in blast 

lineage from myeloid to B-lymphoid after only 3 months of ther-

apy was surprising, but a very small population of B-lymphoblasts 

coexisting with a larger population of myeloblasts was noted after 

reviewing the initial flow cytometry results. A final diagnosis of 

CML in mixed phenotype BP was therefore made.

 CASE 4: A 50-yr-old woman was transferred to our hospital 

with abdominal discomfort and splenomegaly with likely MPAL. 

Laboratory tests revealed WBC count of 366×109/L, Hb level of 

8.0 g/dL, and platelet count of 208×109/L. PB smear showed 

granulocytic hyperplasia, 60% blasts of variable sizes, 1% baso-

A B

Fig. 1. Interphase FISH results of case 2. (A) FISH analysis using a BCR/ABL1 Dual color, Dual fusion Translocation Probe, which showed 
a green signal (native BCR), a red signal (native ABL1), a fused signal, and a smaller green signal, indicating BCR-ABL1 and a loss of 
ABL1 in neutrophils as well as blasts: nuc ish(ABL1X2),(BCRX3),(ABL1 con BCRX1)[390/400]. (B) FISH analysis using BCR/ABL1 extra 
signal (ES) Dual Color Translocation Probe, which revealed a green signal (native BCR), a red signal (native ABL1), and a fused signal with-
out a smaller red signal (ES) in neutrophils as well as blasts. The absence of the smaller red signal indicates the loss of ABL1. While using 
BCR/ABL1 ES probe, if there is no loss of ABL1, a fusion signal and a smaller red extra signal indicate major BCR-ABL1, and 2 fusion sig-
nals indicate minor BCR-ABL1. The results of case 2 indicate major BCR-ABL1: nuc ish(ABL1X2),(BCRX2),(ABL1 con BCRX1)[390/400].
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phils, and 3% eosinophils. Her BM study revealed 100% cellu-

larity with 77% blasts. Following the preliminary diagnosis of 

MPAL with t(9;22), ALL-type induction chemotherapy was 

started. Mature neutrophils as well as blasts revealed BCR-
ABL1 signals by FISH analysis. Therefore, a final diagnosis of 

CML in mixed phenotype BP was made.

 A BM study after the first induction cycle followed by imatinib 

revealed 10% cellularity with less than 1% blasts; however, a cy-

togenetic study still revealed 46,XX,t(9;22)(q34;q11.2)[20] due 

to resistance to imatinib despite good response to chemotherapy.

 Acute leukemia with t(9;22) and CML-BP have very similar 

clinical presentations and morphologic features. Therefore, in 

Ph+ leukemias, CML-BP should be considered as a part of the 

differential diagnosis [8]. The 2008 WHO classification suggests 

caution when making the diagnosis of MPAL with t(9;22) in a 

case of myeloid leukemia with maturation that also shows ex-

pression of lymphoid markers, because CML-BP may show a 

similar pattern [4]. Splenomegaly, peripheral leukocytosis due to 

maturing and mature neutrophils, absolute basophilia, and a 

clinical history of CML may support the diagnosis of CML-BP [5]. 

Although our patients had splenomegaly and peripheral leuko-

cytosis with all stages of granulocytes without dyspoiesis, 2 pa-

tients did not show absolute basophilia. In addition, CML pre-

senting in the BP is very rare in Korea (1% of CML cases) [9]. 

CML in mixed phenotype BP is also rare, whereas t(9;22) is the 

most common recurrent genetic abnormality seen in MPAL [4]. 

Therefore, our patients were initially suspected of having MPAL 

with t(9;22) on the basis of preliminary BM morphology, molec-

ular test results, and immunophenotype, but a few days later, 

they were later diagnosed with CML in mixed phenotype BP on 

the basis of the FISH results. The final diagnoses were also sup-

ported by follow-up cytogenetic studies and RQ-PCR.

 CML is an abnormal pluripotent stem cell disease, and t(9;22) 

is found in all hematopoietic lineages [5]. In CML, leukemic stem 

cells can differentiate, and neutrophilic leukocytosis is a domi-

nant morphologic feature. That is, BCR-ABL1 preferentially in-

duces granulocytic differentiation as well as CML blast prolifera-

tion. This is partially because c-Jun, a monopoiesis-promoting 

transcription factor, is downregulated in both CML neutrophils 

and blasts by BCR-ABL1. In addition, the c-Jun downregulation 

can be reversed by imatinib [10]. Thus, the BCR-ABL1 fusion 

gene is expected to be found even in mature neutrophils in CML. 

In addition, mature eosinophils and basophils carry the BCR-
ABL1 fusion gene [11].

 FISH analysis can be used to determine cell lineages with the 

Ph chromosome in patients presenting with Ph+ lymphoblastic Ta
bl
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malignancies to distinguish CML presenting in lymphoblastic BP 

from lymphoblast-restricted Ph+ ALL [12]. The cytoplasmic 

membranes of cultured BM cells are lysed and the nuclei are 

swollen during preparation for the typical FISH analysis per-

formed in our laboratory. Nevertheless, the lobulated nuclei of 

mature neutrophils are relatively easy to identify. Although these 

nuclei may occasionally be those of mature basophils or eosino-

phils, they stem from mature myeloid lineage cells with the Ph 

chromosome in CML. The BCR-ABL1 fusion signals in both the 

blasts and lobulated nuclei indicate the involvement of the Ph 

chromosome in multilineage and mature cells in our patients. A 

routine FISH report describes only the number of cells express-

ing the fusion signal from the interphase cells analyzed. There-

fore, while interpreting FISH results for leukemia with t(9;22) that 

also shows granulocytic hyperplasia in PB, care should be taken 

to identify BCR-ABL1 fusion signals in mature neutrophils.

 The follow-up cytogenetic analysis after initial induction che-

motherapy for case 1 still showed t(9;22) in 28 of 30 cells ana-

lyzed with less than 1% blasts in the BM. This data led us to re-

confirm the diagnosis of CML presenting in BP. Similar results 

were found in cases 3 and 4. RQ-PCR can be used at follow-up 

in a similar way. After an initial diagnosis of acute leukemia with 

t(9;22) and induction chemotherapy alone without TKI, if a cy-

togenetic study still shows a high proportion of Ph+ cells with a 

low proportion of blasts in the BM, the final diagnosis should be 

changed to CML.

 CML-BP has a poor prognosis and should be treated with a 

TKI, with or without induction chemotherapy based on the blast 

phenotype, with the goal of reverting the disease to the chronic 

phase and proceeding to allogeneic stem cell transplantation as 

quickly as possible [13].

 In summary, we reported 4 CML cases that initially presented 

in mixed phenotype BP, which was confirmed by FISH analysis. 

All patients were treated with chemotherapy combined with TKI. 

Differentiating CML that presents in BP from acute leukemia 

with t(9;22) may be difficult, especially in the case of CML in 

mixed phenotype BP; however, if BCR-ABL1 fusion signals are 

detected by FISH analysis in mature neutrophils as well as 

blasts, CML-BP is the most likely diagnosis. Laboratory hema-

tologists should make an effort to identify BCR-ABL1 fusion sig-

nals in mature neutrophils while interpreting FISH results for 

leukemias with t(9;22) in order to distinguish between CML-BP 

and acute leukemia with t(9;22). In future studies, this type of 

thorough analysis may help establish the diagnostic guidelines 

and guide the therapeutic protocol.

Authors’ Disclosures of Potential Conflicts of 
Interest

No potential conflicts of interest relevant to this article were re-

ported.

REFERENCES

1. Keung YK, Beaty M, Powell BL, Molnar I, Buss D, Pettenati M. Philadel-
phia chromosome positive myelodysplastic syndrome and acute my-
eloid leukemia-retrospective study and review of literature. Leuk Res 
2004;28:579-86.

2. Kurzrock R, Gutterman JU, Talpaz M. The molecular genetics of Phila-
delphia chromosome-positive leukemias. N Engl J Med 1988;319:990-8.

3. Specchia G, Mininni D, Guerrasio A, Palumbo G, Pastore D, Liso V. Ph 
positive acute lymphoblastic leukemia in adults: molecular and clinical 
studies. Leuk Lymphoma 1995;18(S1):S37-S42.

4. Borowitz MJ, Béné MC, Harris NL, Porwit A, Matutes E. Acute leukae-
mias of ambiguous lineage. In: Swerdlow SH, Campo E, Harris NL, Jaffe 
ES, Pileri SA, Stein H, Thiele J, Vardiman JW, eds. WHO classification of 
tumours of haematopoietic and lymphoid tissues. Lyon: IARC, 2008: 
150-5.

5. Vardiman JW, Melo JV, Baccarani M, Thiele J. Chronic myelogenous 
leukaemia, BCR-ABL1 positive. In: Swerdlow SH, Campo E, Harris NL, 
Jaffe ES, Pileri SA, Stein H, Thiele J, Vardiman JW, eds. WHO classifica-
tion of tumours of haematopoietic and lymphoid tissues. Lyon: IARC, 
2008:32-7.

6. Larson RS and Wolff SN. Chronic myeloid leukemia. In: Lee GR, Foerster 
J, Lukens J, Paraskeras F, Greer JP, Rodgers GM, eds. Wintrobe’s clini-
cal hematology, 10th ed. Baltimore: Williams & Wilkin’s, 1999:2342-73.

7. Yen CC, Liu JH, Wang WS, Fan FS, Chiou TJ, Tai CJ, et al. Immunophe-
notypic and genotypic characteristics of chronic myelogenous leukemia 
in blast crisis. Zhonghua Yi Xue Za Zhi 2000;63:785-91.

8. Döhner H, Estey EH, Amadori S, Appelbaum FR, Büchner T, Burnett 
AK, et al. Diagnosis and management of acute myeloid leukemia in 
adults: recommendations from an international expert panel, on behalf 
of the European LeukemiaNet. Blood 2010;115:453-74.

9. Kim DW, Banavali SD, Bunworasate U, Goh YT, Ganly P, Huang H, et al. 
Chronic myeloid leukemia in the Asia-Pacific region: current practice, 
challenges and opportunities in the targeted therapy era. Leuk Res 
2010;34:1459-71.

10. Kobayashi S, Kimura F, Ikeda T, Osawa Y, Torikai H, Kobayashi A, et al. 
BCR-ABL promotes neutrophil differentiation in the chronic phase of 
chronic myeloid leukemia by downregulating c-Jun expression. Leuke-
mia 2009;23:1622-7.

11. Lee W, Kim Y, Han K. Eosinophils and basophils carry the fused BCR/
ABL gene in chronic myelogenous leukemia: direct fluorescence in situ 
hybridization analysis on blood smears. Acta Haematol 1998;100:106-9.

12. Anastasi J, Feng J, Dickstein JI, Le Beau MM, Rubin CM, Larson RA, et 
al. Lineage involvement by BCR/ABL in Ph+ lymphoblastic leukemias: 
chronic myelogenous leukemia presenting in lymphoid blast vs. Ph+ 
acute lymphoblastic leukemia. Leukemia 1996;10:795-802.

13. Hehlmann R. How I treat CML blast crisis. Blood 2012;120:737-47.


