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Abstract
Chronic myelogenous leukemia (CML) is a chronic myeloproliferative neoplasm consistently associated with the BCR-ABL1
fusion gene located in the Philadelphia chromosome. The Blast Phase is diagnosed when blasts are ≥20% of the peripheral blood
white cell count or of bone marrow nucleated cells or when there is an extramedullary blast proliferation. Megakaryocytic blast
crisis as the presenting manifestation of CML is extremely rare and only 7 reported cases were found in the literature. Out of 34
cases of CML-Blast Phase between April 2015 and June 2016, 3 cases showed megakaryocytic differentiation. 2 of these
presented in Blast phase as the first manifestation of CML and the third case was a known case of CML-Chronic phase. Flow
cytometric immunophenotyping was performed on peripheral blood/bone marrow using 6- color flow cytometer Navios. On
CD45 vs SSC two distinct populations of blasts were seen in two cases and single population in the third case. All the 3 cases
were positive for CD61, cCD41, cCD61 confirming the megakaryocytic lineage. The clinical features, morphologic and cyto-
genetic findings help in the identification and distinction of megakaryocytic blast phase of CML from Acute Megakayoblastic
Leukemia. The diagnosis of such rare presentation of CML is essential for determining the choice of treatment. Therefore
including a megakaryocytic marker in the primary flow cytometry panel is important so that these cases are not under-
diagnosed as Acute myeloid leukemia because of expression of CD13 and CD33 only.
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Introduction

Chronic myelogenous leukemia (CML) is a chronic myelo-
proliferative neoplasm that originates in an abnormal pluripo-
tent bone marrow (BM) stem cell and is consistently associ-
ated with the BCR-ABL1 fusion gene located in the
Philadelphia (Ph) chromosome. Although the initial major
finding is neutrophilic leucocytosis with left shift, the BCR-
ABL1is found in all myeloid lineages as well as in some

lymphoid cells and endothelial cells. The natural history of
untreated CML is bi- or triphasic: an initial indolent chronic
phase (CP) is followed by an accelerated phase (AP), a blast
phase (BP) or both. The BP may be diagnosed when 1) blasts
are ≥20% of the peripheral blood white cell count or of bone
marrow nucleated cells, or 2) when there is an extramedullary
blast proliferation [1]. In approximately 70% of cases the blast
lineage is myeloid (neutrophilic, eosinophilic, basophilic,
monocytic, megakaryocytic or erythroid blasts) and in 20–
30%, Iymphoid. In BP morphological, cytochemical and
immunophenotypic analysis is recommended for characteri-
zation. Megakaryocytic BP as the presenting manifestation of
CML is extremely rare. BP with features reminiscent of acute
megakaryocytic leukemia (AMKL) is rarely encountered, on-
ly 7 reported cases were found in the literature. [2–8]. The
reason behind the scarcity of such cases might be their rarity
or even under-reporting of such cases due to the absence of
availability of extensive panel of flow cytometric
immunophenotyping (FCM) markers or electron microscopy.
In our experience of FCM of around 18 months, we have
come across 3 cases of CML in megakaryocytic BP, 2 as the
first manifestation of CML and 1 following CML-CP.
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Materials & Methods

A total of 34 cases presented with CML-BP between April
2015 and November 2016 out of which 3 cases showedmega-
karyocytic differentiation. All cases included in this study
were classified according to the World Health Organization
guidelines at the time of initial review [1].

The clinical, hematological, radiological, morphological and
immunophenotypic data in these 3 cases were reviewed retro-
spectively. Clinical characteristics of the patients included age,
sex, presenting symptoms and clinical examination findings.
Hematological data viz. Hemoglobin levels (Hb), Total
LeukocyteCounts (TLC), Platelet counts (PLT), peripheral blood
smear (PBS), bone marrow aspirate (BMA) & biopsy (BMBx)
and FCM findings were noted. Anemia was defined as Hb value
<13 g/dL in males and < 12 g/dL in females. Leucopenia and
thrombocytopenia were defined when TLC and PLT were <
4.00 × 103/μL and < 150 × 103/ μL respectively. Radiological
data included X-ray, CT/MRI and PET findings if any was done.
BMA& BMBx were performed on posterior superior iliac crest
using Jamshidi needle in all the cases. The BMA slides were
stained with Giemsa stain & BMBx were decalcified and H&E
stained sections were evaluated. The aspirates and biopsies were
examined by hematopathologists to study the cellularity, mega-
karyocytes, pattern and arrangement of blast cells and fibrosis.
Reticulin stain was done on the BMBx sections. FCM was per-
formed on peripheral blood in one case and on bone marrow in
two cases using 6- color flow cytometer Navios (Beckman
Coulter). Selected antibody combinations were conjugated to
fluorescein isothiocyanate (FITC), phycoerythrin(PE),
phycoerythrin-Texas Red conjugate(ECD), PE-Cyanine 5
(PC5), PE-Cyanine 7 (PC7) and allophycocyanin(APC). The
panel of antibodies to leukocyte-associated markers, included
surface CD1a APC, CD2 FITC, CD3 PC5, CD4 PC7, CD5
PE, CD7 APC, CD8 FITC, CD10 PE, CD13 PC7, CD14 PC7,
CD15 PC5, CD19 PC7, CD20 FITC, CD22 PE, CD33 PE,
CD34 APC, CD38 PC5, HLA-DR PC5,CD45 ECD, CD56
PE, CD61 FITC, CD64 FITC, CD235 PE, CD117 APC,
cytoplasmicCD3 PC5, cytoplasmicCD79a PE, myeloperoxidase
(MPO) FITC, terminal deoxynucleotidyl transferase (TdT)
FITC.

Results

Out of 34 cases of CML-BP between April 2015 and
November 2016, 3 cases of BP with megakaryocytic differen-
tiation were identified. The clinical features and hematological
parameters are summarized in Table 1. The PBS showed var-
iable percentage of blasts which were small, with high N/C
ratio, opened up chromatin, multiple prominent nucleoli,
agranular basophilic cytoplasm with some showing cytoplas-
mic blebs. Bare megakaryocyte nuclei (Fig. 1a), platelet

clumping and platelet dysmorphism was also seen.
Normocytic normochromic anemia, left shift with
leucocytosis, slight basophilia and normal platelet count was
seen in all the 3 cases. BMA turned out to be a dry tap in case
1; hemodiluted and aspirated with difficulty in case 2 and was
adequate in case 3.The BMBx showed grade 3 fibrosis in all
the three cases with increased and dysplastic megakaryocytes
(Fig. 1b, c).

On FCM the blast cells were gated using CD45 vs side
scatter strategy. In case 1 and 3 on CD45 versus side scatter
two distinct populations of blasts, one with negative and other
with dim expression of CD45 with low side scatter was seen.
The population of blasts with negative CD 45 expression was
positive for sCD61, CD7, cCD41, cCD61and the population
of blasts dim positive for CD45was positive for CD34, CD38,
CD13(in case 3), CD33(in case 3), HLA-DR. CD13 & CD33
was positive in Case 3 and cMPOwas positive in Case 1. Both
the blast populations were negative for CD19, CD20, CD22,
CD3, CD4, CD1a, CD8, CD14, CD15, CD64, CD117 and
CD235a.In Case 2 a single population of blasts with dim
CD45 and low side scatter was seen. The blast population
was positive for CD34, CD38, CD61, HLADR, cCD41 and
cCD61 and negative for all other markers (Fig. 2).

A diagnosis of Acute Megakaryoblastic Leukemia was
established. The Case 1 & 2 cases however, on further inves-
tigating turned out to be cases of CML in BP at presentation.
The presence of BCR-ABL transcript was demonstrated by
reverse transcription-polymerase chain reaction (RT-PCR) in
all the cases. The Case 3 was a previously diagnosed case of
CML-CP turned into BP.

All 3 cases were hence labeled as CML in megakaryocytic
blast phase, based on the presence of a BCR/ABL transcript
with a protein of 210 kDa together with the expression of
platelet-specific antigens CD41, CD61 on blast surface, slight
basophilia, splenomegaly and left-shifted leukocytes. The two
patients were started on induction therapy with etoposide,
cytarabine, and Adriamycin along with Imatinib Mesylate
and were maintained on Imatinib. The case 3 was lost to fol-
low up. No further cytogenetic studies for additional abnor-
malities was done due to money constraint.

Discussion

Owing to the TKI therapy, identification of CML and its var-
iants are very important for patient management. However, in
a minority of cases, diagnosing CML can be a challenge,
especially when it presents as a transformed disease (acceler-
ated or blast phase).

Our patients presented with features of de novoAMKL and
were classified as CML in megakaryocytic BP only after cy-
togenetic studies. Differentiation between de novo AMKL
and megakaryocytic BP of CML is difficult.
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Blast phase with clinical features quite similar to acute
leukemia, is the first presentation of CML in 5–10% of pa-
tients [4]. Megakaryocytic blast phase in patient with CML is

highly unusual, constituting <3% of transformed cases [8]. To
our knowledge only 7 cases of megakaryoblastic crisis have
been described as first presentation of CML [2–8].

Fig. 1 a Peripheral smear (Giemsa stain) showing a megakaryoblast with cytoplasmic blebs and platelet anisocytosis, 40X; b Bone marrow biopsy
(H&E stain) showing dysplastic megakaryocytes and fibrosis, 40X; c Bone marrow biopsy (Reticulin stain) showing diffuse fibrosis, 40X

Table 1 Clinical features and
hematological parameters in cases
of CML with megakaryoblastic
blast crisis

Parameters Case 1 Case 2 Case 3

Age(years)/Sex: 31/Female 70/Male 36/Male

Clinical features: Weakness, abdominal
pain, fever

abdominal pain,
breathlessness

Abdominal pain, fever,
breathlessness

H epatomegaly: Present present Present

Splenomegaly: Present present Present

Previously diagnosed case of
CML on Imatinib:

No No Yes

Hb(g/dL): 7.4 7.8 5.6

TLC(× 103/ μL): 37 56 20

Basophils percentage on PS (%): 10 3 7

Platelet count(× 103/ μL): 267 183 54

Blast percentage on Peripheral
Smear (%):

24 20 60
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Morphologically megakaryoblasts have higher nuclear to
cytoplasmic ratio, cytoplasmic budding or vacuoles. The size
of the blast cells is quite variable with a round, slightly irreg-
ular or indented nucleus with fine reticular chromatin and one
to three nucleoli. The cytoplasm is basophilic and usually
shows blebs or pseudopod formation [9]. The blast cells
showed similar features in all our cases. Bone marrow
showed atypical small megakaryocytes, high M: E ratio cells
and fibrosis. The role of flow cytometry is important in blast
emuneration and lineage assignment in patients in BP. On
FCM the megakaryoblasts express one or more of the platelet
glycoproteins: CD41 (glycoprotein lIb/llla), and/or CD61
(glycoprotein IIIa). The more mature platelet-associated
marker CD42 (glycoprotein Ib) is less frequently present.
The myeloid associated markers CD13 and CD33 may be
positive. CD34, the pan-leukocyte marker CD45, and HLA-
DR are often negative; CD36 is characteristically positive.
Blasts are negative with MPO antibodies. Lymphoid markers
and terminal deoxynucleotidyl transferase (TdT) are not
expressed, Cytoplasmic expression of CD41 or CD61 is more
specific and sensitive than surface staining; the higher

specificity is due to possible adherence of platelets to blast
cells in other types of blasts, which may be misinterpreted as
positive staining by flow cytometry [9]. Several technical
difficulties should be considered while performing FCM in
megakaryoblastic leukemias. As CD41 and CD61 are
expressed on platelets that can adhere to blasts or other cells
leading to a false positive result, repeated washing of the
sample prior to labeling so as to release adherent platelets is
helpful while evaluating expression of these markers [9]. In
our cases samples were washed twice before performing
cCD41 and cCD61. Our findings were consistent with the
markers of megakaryoblasts, except for CD42 and CD36
which were not available in our set-up. Surface CD61 includ-
ed in the primary panel was positive in these cases and this
was followed by cytoplasmic CD61 and CD41 which were
also positive. This confirmed the megakaryocytic lineage of
the blasts in our cases. Therefore including a megakaryocytic
marker in the primary FCM panel for eg. CD61/CD36 is
important so that these cases are not under-diagnosed as
Acute myeloid leukemia because of expression of CD13
and CD33 only.
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Fig. 2 a & c Case 1&3:Flowcytometry plots showing 2 distinct clusters of Blasts with positivity for CD61, cCD41, cCD61, CD34 in (a) and CD13,
CD33 in (c). b Case 2: Flowcytometry plots showing single cluster of blasts with positivity for CD61, cCD41, cCD61 and partial CD34



Distinguishing de novo acute megakaryocytic leukemia
(AMKL) from megakaryocytic blast phase of CML is impor-
tant as it has important implications in management of these
patients. Although patients with CML present commonly in
chronic phase, rarely, theymay present in the blast phase, as in
our 2 cases. The PBS and BM findings are identical in both
groups. Both the groups present with high TLC, fever, ane-
mia, bone marrow dry tap on aspiration due to marked fibro-
sis, megakaryocytic blasts in both peripheral blood and bone
marrow. However, the findings of massive splenomegaly, ba-
sophilia, and thrombocytosis point toward CML. Our patients
had massive splenomegaly and basophilia but a normal plate-
let count.

The distinguishing feature between the two groups is the
presence of BCR/ABL transcript with a protein of 210 kDa
together with the expression of platelet-specific antigens
CD41, CD61 on blast surface in patients with CML.
However, rare cases of Ph positive de novo AML have
been reported [10]. Clinical criteria suggested to differen-
tiate Ph + AML from CML-BP include an absence of a
clinical history of a hematologic disorder, lack of evidence
of chronic phase or accelerated phase CML after induction
chemotherapy, and a lack of clinical and laboratory fea-
tures of CML, such as splenomegaly and basophilia.
Some have suggested that additional cytogenetic aberra-
tions common to CML-BP, such as extra copies of Ph,
trisomy 8, trisomy 19 among others; are less common in
Ph + AML and that coexistence of normal metaphases
along with Ph + metaphases at diagnosis is more character-
istic of Ph + acute leukemias than of CML-BP. AMKL is
commonly associated with Down Syndrome and with only
one other chromosomal abnormality t (1; 22). In addition,
return to a normal karyotype following induction chemo-
therapy is more common in patients with Ph + acute leuke-
mias, whereas the t (9:22) persists in similarly treated CML
in blast phase. These patients do not have additional cyto-
genetic abnormalities, which can be seen in CML with
blast phase [11].

Progression of CML signals the development of more ag-
gressive disease with a significantly poorer prognosis when
compared to CP patients, even when treated with imatinib.
Although hematological responses are seen in up to 50% of
patients, the 12-month survival is less than 30% [12]. The
prognosis is significantly poor in both de novo AMKL and
CML with megakaryocytic blast phase. AMKL by itself is an
adverse prognostic factor for disease-free survival. However,
the treatment of CML patients in blast phase with a combina-
tion of Cytarabine-based induction regimen and the tyrosine
kinase inhibitor Imatinib, is less toxic and has a significantly
better outcome than when treated with induction therapy
alone. Also, the initial use of Imatinib helps to revert from
blast phase to chronic phase and further reduction of the
BCR-ABL1+ clone achieving a molecular remission prior to

stem cell transplantation (SCT) which brings an improved
outcome [5, 6].

Hence, AML directed chemotherapy in conjunction with
Imatinib; followed by SCT after complete remission promises
a better survival outcome in megakaryocytic CML-BP pa-
tients than induction regimen alone. An accurate diagnosis is
thus important in these patients.

Conclusion

Megakaryocytic blast phase as the primary presentation of CML
is very rare and requires Flow cytometric immunopheotyping
and additional cytogenetic studies to determine the diagnosis.
Use of clinical presenting features, morphologic and cytogenetic
findings help in the identification and distinction of megakaryo-
cytic BP ofCML fromAMKL. Inclusion of onemegakaryocytic
marker in the primary panel is important so that cases are not
under-diagnosed as AML only. Also the diagnosis of such rare
presentation of CML is essential for determining the choice of
treatment.

Compliance with Ethical Standards

Conflict of Interest None

References

1. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau
MM, Bloomfield CD, Cazzola M, Vardiman JW (2016) The 2016
revision to the World Health Organization (WHO) classification of
myeloid neoplasms and acute leukemia. Blood 127:2391–2405.
https://doi.org/10.1182/blood-2016-03-643544

2. Wu CD, Medeiros LJ, Miranda RN, Mark HF, Rintels P (1996)
Chronic myeloid leukemia manifested duringmegakaryoblastic cri-
sis. South Med J 89:422–427

3. Pelloso LA, Baiocchi OC, Chauffaille ML, Yama-motoM, Hungria
VT, Bordin JO (2002) Megakaryocytic blast crisis as a first presen-
tation of chronic myeloid leukemia. Eur J Haematol 69:58–61

4. Bryant BJ, Alperin JB, Elghetany MT (2007) Paraplegia as the
presenting manifestation of extramedullary megakaryoblastic trans-
formation of previously undiagnosed chronic myelogenous leuke-
mia. Am J Hematol 82:150–154

5. Campiotti L, Grandi AM, Biotti MG, Ultori C, Solbiati F, Codari R,
Venco A (2007) Megakaryocytic blast crisis as first presentation of
chronic myeloid leukemia. Am J Hematol 82:231–233

6. Pullarkat ST, Vardiman JW, SlovakML, Rao DS, RaoNP, Bedell V,
Said JW (2008) Megakaryocytic blast crisis as a presenting mani-
festation of chronic myeloid leukemia. Leuk Res 32:1770–1775

7. Al-Shehri A, Al-Seraihy A, Owaidah TM, Belgaumi AF (2010)
Megakaryocytic blast crisis at presentation in a pediatric patient
with chronic myeloid leukemia. Hematol Oncol Stem Cell Ther
3(1):42–46

8. Karkuzhali P, Shanthi V, Usha TA (2013)A case of chronicmyeloid
leukaemia presenting as megakaryocytic blast crisis (AML M7).
ecancermedicalscience 7:375

9. Cherian S, Wood B (2012) Case 31. In: Cherian S, Wood B (eds)
Flow cytometry in evaluation of hematopoietic neoplasms: A case

CML with Megakaryocytic Blast Crisis: Report of 3 Cases 1257

https://doi.org/10.1182/blood-2016-03-643544


based approach. College of American Pathologists, Northfield, pp
149–151

10. Soupir CP, Vergilio JA, Dal Cin P (2007) Philadelphia
chromosome-positive acute myeloid leukemia: a rare aggressive
leukemia with clinicopathologic features distinct from chronic my-
eloid leukemia in myeloid blast crisis. Am J Clin Pathol 127(4):
642–650

11. Jarmuz M, Kroll R, Przybyłowicz-Chalecka A, Ratajczak B, Gniot
M, Szyfter K, Komarnicki M (2010) Megakaryocytic blast crisis in
a chronic myeloid leukaemia patient with a rare variant of
Philadelphia rearrangement t(9;22;22) and a constitutional translo-
cation t(3;7). Cancer Genet Cytogenet 199(1):45–47

12. Morris EL, Dutcher JP (2005) Blastic phase of chronic myeloge-
nous leukemia. Clin Adv Hematol Oncol 3:547–552

1258 R. Khemka et al.


	CML with Megakaryocytic Blast Crisis: Report of 3 Cases
	Abstract
	Introduction
	Materials & Methods
	Results
	Discussion
	Conclusion
	References


