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Abstract:

A 64-year-old man with acute myeloid leukemia underwent umbilical cord blood transplantation (UCBT).
After 11 months of complete remission (CR) following UCBT, the bone marrow showed 7.5% myeloblasts.
CR was obtained after a single course of azacitidine monotherapy, but the myeloblasts gradually increased in
the blood. We made a diagnosis of acute megakaryoblastic leukemia derived from donor cell with a fluores-
cence in situ hybridization (FISH) analysis of the sex chromosomes and an immunophenotypic analysis.
Azacitidine was administered again and produced a therapeutic effect of stable disease. This case suggests
that azacitidine may be a useful therapy for patients with acute megakaryoblastic leukemia in situations in

which intensive chemotherapy and transplantation are not indicated.
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Introduction

Acute megakaryoblastic leukemia has been described as a
subtype of acute myelogenous leukemia (AML) (1) and was
incorporated into the French-American-British (FAB) classi-
fication of AML as M7 (2). The associated bone marrow
the proliferation of
megakaryoblasts identified by the presence of platelet-
specific surface glycoprotein and frequently extensive
myelofibrosis. Histopathologic evidence of M7 AML itself
is an independent poor prognostic factor for the overall sur-
vival (3).

Azacitidine, a demethylation agent, has demonstrated a
significant survival benefit in patients with high-risk myelo-
dysplastic syndrome (MDS) relative to conventional care
and has also been proved effective in older patients with
newly diagnosed AML with >30% blasts (4, 5). However,
whether or not azacitidine 1is effective for
megakaryoblastic leukemia is unclear, as it is rare in adults.

No reports are available on acute megakaryoblastic leuke-

characteristics include abnormal

acute

mia developing as donor cell leukemia (DCL) after alloge-
neic hematopoietic stem cell transplantation (HSCT) and
treatment with hypomethylating agents (azacitidine or decit-
abine). We herein report a case of acute megakaryoblastic
leukemia developing as DCL after umbilical cord blood
transplantation (UCBT) that was treated with azacitidine.

Case Report

A 64-year-old man had pancytopenia and was referred to
our hospital (Table 1). An analysis of bone marrow aspirate
revealed that myeloblasts comprised 49.5% of nucleated
cells with multilineage dysplasia, so we made a diagnosis of
AML with myelodysplasia-related changes. He achieved he-
matological complete remission (CR) after induction chemo-
therapy consisting of idarubicin and cytarabine and under-
went UCBT with a reduced-intensity conditioning regimen
from an unrelated female donor in first CR 8 months after
the initial diagnosis.

On day 28 of UCBT, a fluorescence in situ hybridization
(FISH) analysis of the sex chromosomes and a chimerism
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Table 1. The Laboratory Data at the Onset of Original Leukemia.
Blood biochemistry Fe 201 pg/dL

Total protein 7.2 g/dL UIBC 184 pg/dL
Albumin 4.4 g/dL Ferritin 144 ng/mL
BUN 12.8 mg/dL IeG 1,197 mg/dL
Creatinine 0.94 mg/dL IgA 400 mg/dL
AST 20 IU/L IeM 54 mg/dL
ALT 28 TU/L TSH 0.63 pIU/mL
LDH 175 TU/L Free-T3 2.63 pg/mL
ALP 210 IU/L Free-T4 1.22 ng/dL
UA 5.3 mg/dL WT-1 mRNA 9.3x103 copies/ugRNA
CPK 65 IU/L
Na 142 mEq/L.  Hematology
K 3.9 mEq/L WBC 1,100 /uL
Cl 108 mEq/L Neutrophil 12 %
Ca 9.6 mg/dL Lymphocyte 86 %
P 2.6 mg/dL Monocyte 2 %
Glucose 129 mg/dL Myeloblast 0 %
CRP 0.09 mg/dL RBC 275%10* /uL
PT-INR 0.97 Hemoglobin 9.6 g/dL
APTT 27.4 sec MCV 102.9 fL.
Fibrinogen 300 mg/dL Platelet 5.3x10* /uL
FDP <5.0 pg/mL Reticulocyte 11 %o
D-dimer 0.9 pg/mL

CRP: C-reactive protein, UIBC: unsaturated iron-binging capacity, TSH: thyroid stimulating hor-
mone, WT-1: Wilm’s tumor 1, WBC: white blood cell, RBC: red blood cell, MCV: mean corpuscu-

lar volume

evaluation by a short tandem repeat (STR) analysis revealed
the complete donor type of the bone marrow cells and the
peripheral blood cells. On day 56 of UCBT, however, a
FISH analysis of the sex chromosomes revealed that 2% of
all nucleated cells (ANC) in the bone marrow presented
with XY signals, and a STR analysis revealed that the donor
chimerism of T cells in the peripheral blood had decreased
to 83.5%. We made a diagnosis of molecular relapse of the
original disease and reduced the dose of the immunosup-
pressive agent.

Thereafter, complete donor chimerism was achieved, and
hematological remission was sustained for 11 months. Pro-
gressive thrombocytopenia appeared, and the amount of
Wilm’s tumor 1 (WT-1) mRNA in the peripheral blood was
2.0x10" copies/ugRNA as determined by a kit using quanti-
tative reverse transcription-polymerase chain reaction (RT-
PCR) (Otsuka Pharmaceutical Company, Tokyo, Japan; nor-
mally <50 copies/ugRNA) 11 months after UCBT (Table 2).
A bone marrow examination showed normocellular marrow
with 7.5% abnormal blasts, suggesting a relapse of the origi-
nal disease. However, an immunophenotypic analysis by
flow cytometry (FCM) was unable to differentiate the leuke-
mic blasts in the bone marrow sample.

The subsequent clinical course is shown in Fig. 1. The
patient was treated with azacitidine at a dose of 75 mg/m’
on 7 consecutive days because we initially assumed a re-
lapse of the original disease. However, a FISH analysis be-
fore azacitidine monotherapy showed that 100% of the bone

marrow cells had XX signals; therefore, we considered this
to be a case of donor-derived hematologic malignancy. On
day 27 of azacitidine monotherapy, a bone marrow examina-
tion revealed hematological CR. He was followed up as an
outpatient without additional treatment; however, the blasts
eventually reappeared and gradually increased in the periph-
eral blood with the elevation of lactate dehydrogenase
(LDH) levels. On day 97 of azacitidine therapy, we con-
ducted a bone marrow biopsy because of a dry tap in the
bone marrow aspirate and found that myeloperoxidase-
negative blasts had invaded the bone marrow (Fig. 2). An
immunophenotypic analysis by FCM showed the expression
of CD7, CD21, CD33, CD34, CD38, CD56 and human leu-
kocyte antigen (HLA)-DR on the leukemic blasts. The blasts
showed a normal female karyotype in a G-banding chromo-
somal examination. Another FISH analysis showed that
100% of the bone marrow cells had XX signals again. We
therefore made a diagnosis of myeloid/natural killer cell pre-
cursor acute leukemia (M/NKPAL) derived from donor cells.
Whole-body computed tomography (CT) revealed no extra-
medullary lesions.

Because it was not clear whether allogeneic HSCT could
significantly improve the outcome of patients with DCL and
because the patient refused to undergo any transplantation,
we did not plan to give him a second HSCT.

He underwent chemotherapy consisting of idarubicin (10
mg/m’ on days 1-3) and cytarabine (100 mg/m’ on days 1-
7). He demonstrated prolonged neutropenia, which caused a
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Table 2. The Laboratory Data at the Onset of Donor Cell Leukemia.

Blood biochemistry Fe 140 pg/dL
Total protein 7.0 g/dL UIBC 111 pg/dL
Albumin 4.3 g/dL Ferritin 417 ng/mL
BUN 21.4 mg/dL IeG 1,359 mg/dL
Creatinine 1.47 mg/dL IgA 249 mg/dL
AST 20 TU/L IeM 41 mg/dL
ALT 14 IU/L
LDH 233 IU/L Hematology
ALP 266 IU/L WBC 6,100 /uL
UA 6.8 mg/dL Neutrophil 49 %
CPK 54 TU/L Lymphocyte 39 %

Na 145 mEq/L Monocyte 9 %
K 3.9 mEq/L Eosinophil 3 %
Cl 110 mEq/L RBC 331x10* /uL
Ca 9.2 mg/dL Hemoglobin 10.8 g/dL.
P 3.6 mg/dL MCV 96.7 fL
Glucose 115 mg/dL Platelet 6.9x10* /uL
CRP 0.09 mg/dL Reticulocyte 14 %o
WT-1 mRNA 2.0x10* copies/ugRNA

CRP: C-reactive protein, WT-1: Wilm's tumor, UIBC: unsaturated iron-binging capacity, WBC:
white blood cell, RBC: red blood cell, MCV: mean corpuscular volume
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Figure 1.

The clinical course of the present patient. AZA: azacitidine, BM: bone marrow, CA: cy-

tarabine, IDR: idarubicin, L-ASP: L-asparaginase, LDH: lactate dehydrogenase, PB: peripheral

blood, WT-1: Wilm’s tumor 1

severe infection and acute kidney injury. After a single
course of intensive chemotherapy, a bone marrow examina-
tion revealed CR, and the amount of WT-1 mRNA in the
peripheral blood dropped below 50 copies/ugRNA.

The patient experienced a second relapse of DCL with
WT-1 mRNA 8.1x10" copies/ugRNA and the appearance of
blasts in the peripheral blood 2 months after achieving CR.
He underwent L-asparaginase (L-ASP) monotherapy (6,000
IU/m’ on days 1-7), which caused febrile neutropenia and
severe liver damage. After L-ASP monotherapy, we re-

examined the surface markers of the leukemic cells by
FCM, which showed positivity for CD41, as well as CD7,
CD21, CD33, CD34, CD38, CD56 and HLA-DR (Fig. 3).
This result led us to diagnose his DCL as acute
megakaryoblastic leukemia rather than M/NKPAL.

The L-ASP monotherapy was unfortunately ineffective;
therefore, we started azacitidine monotherapy (75 mg/m’ on
days 1-5, 8, 9) again. Following a single course of azaci-
tidine, the number of abnormal blasts and amount of WT-1
mRNA in the peripheral blood were almost unchanged, but
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Figure 2. May-Griinwald-Giemsa-stained (Wright-Giemsa-stained) bone marrow cells (A) and pe-
ripheral blood cells (B) at the first relapse of DCL. The bone marrow was filled with myeloperoxi-
dase-negative blast cells and a few blast cells were found in the peripheral blood. (x1,000, Wright-
Giemsa staining). DCL: donor cell leukemia
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Figure 3. A flow cytometric analysis of DCL at the diagnosis of acute megakaryocytic leukemia.
Blast cells were positive for CD7, CD21, CD33, CD34, CD38, CD41, CD56 and HLA-DR. DCL: donor
cell leukemia

Table 3. Main Characteristics of the Original Leukemia and Donor Cell Leukemia.

Original leukemia Donor cell leukemia
Myeloperoxidase stain ~ Positive Negative
Cell surface markers Positive: CD13, CD34, HLA-DR Positive: CD7, CD13, CD21, CD34,
Negative: CD7, CD33, CD41, CD56 CD33, CD38, CD41, CD56, HLA-DR
G-banding stain 47,XY,+1,der(1;7)(q10;p10),+8[13]1/46,XY[7]  46,XX[20]
WHO classification AML with myelodysplasia-related changes Acute megakaryoblastic leukemia

WHO: World Health Organization, AML: acute myelogenous leukemia

the patient’s overall condition improved with a mild de- as febrile neutropenia were observed during azacitidine
crease in LDH levels; he continued to receive treatment with monotherapy. He demonstrated disease progression four
azacitidine alone as an outpatient. He underwent red blood months after azacitidine monotherapy. He underwent low-
cell transfusions regularly, but no severe adverse events such dose combination chemotherapy and gemtuzumab ozogami-
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cin monotherapy, but they were ineffective and caused se-
vere myelosuppression and sepsis. He ultimately died of
brain hemorrhaging 28 months after UCBT.

Discussion

Acute megakaryoblastic leukemia can develop as DCL af-
ter allogeneic HSCT. Table 3 shows the main characteristics
of the original leukemia and donor cell leukemia in our re-
port. HSCT is an effective treatment for many hematologic
malignancies, but disease relapse remains a major cause of
post-transplant mortality (6). DCL is de novo leukemia de-
veloping in donor-derived hematopoietic precursor cells and
is a rare but severe complication after allogeneic HSCT. The
incidence of DCL may have been underestimated because
clinicians do not perform thorough examinations to distin-
guish between recipient-derived cells and donor-derived cells
in cases of leukemia developing after HSCT. DCL has be-
come well known, and a number of reports of DCL have
been published in recent years (7-9). It is important to dis-
tinguish DCL from relapse of original diseases when pa-
tients develop leukemia mimicking the original diseases af-
ter allogeneic HSCT, especially in cases where a decision
regarding treatment for the leukemia must be made.

In the present report, we diagnosed DCL through a FISH
analysis of the sex chromosomes, although we initially sus-
pected relapse of the original disease. Compared to relapsed
disease, which almost always occurs within 2 years post-
transplant, DCL is commonly diagnosed later, with a median
time to DCL of 31 months (range: 2-312 months) (10).
Shiozaki et al. reported that the characteristics of DCL oc-
curring after UCBT were different from those occurring af-
ter bone marrow transplantation (BMT), including the dura-
tion of time between transplantation and the occurrence of
DCL, and the types of abnormal karyotypes (11). DCL oc-
curred within a significantly shorter period after UCBT than
after BMT, with a median duration of 14.5 months for
UCBT and 36 months for BMT. The frequency of mono-
somy 7 observed in DCL after UCBT was significantly
higher than that in DCL after BMT. Greaves reported that
up to 5% of CB samples might harbor potentially pre-
leukemic clones, raising the possibility that DCL might be
disproportionately common after UCBT (12). It has been re-
ported that risk factors for DCL include the use of cells ob-
tained from elderly donors and cells obtained from cord
blood (13). In our case, the use of cord blood for the cell
source was a risk factor for developing DCL as well as for
the early occurrence of DCL.

Azacitidine may be effective for treating
megakaryoblastic leukemia. Acute megakaryoblastic leuke-
mia is a rare form of adult AML, occurring in about 1% of
all AML cases (14). Because of its low incidence, clinical
data on acute megakaryoblastic leukemia are limited.

We treated the present patient with anthracycline-based
chemotherapy, which led to CR. However, such an intensive
chemotherapy regimen caused severe complications, includ-

acute

ing prolonged neutropenia, severe infection, acute kidney in-
jury and severe liver damage. We next treated the patient
with L-ASP alone because of our initial diagnosis of M/
NKPAL, with reference to the reports of two pediatric cases
of M/NKPAL successfully treated with L-ASP-based ther-
apy (15, 16). However, we reached a correct diagnosis of
acute megakaryoblastic leukemia by re-assessing surface
markers of his DCL including CD41, after unsuccessful
treatment with L-ASP. M/NKPAL is negative for the cyto-
chemical myeloperoxidase (MPO) reaction, suggesting that
this leukemia is incorporated into the FAB classification of
AML as MO. It has been shown that some cases of CD7"
CD56" AML with MPO-negative were categorized as M7
because of CD41 positivity and infrequently showed extra-
medullary involvement (17). We need to discriminate be-
tween these types of leukemia by examining surface mark-
ers, including CD41, when a patient is diagnosed with CD7*
CD56" AML. We subsequently treated the patients with
azacitidine, which is effective in patients with high-risk
MDS or AML who are unfit for intensive chemother-
apy (4, 15, 18). Azacitidine actually showed some degree of
efficacy in our patient.

In conclusion, DCL should be considered in all cases of
acute leukemia developing after allogeneic HSCT and
should be differentiated from relapse of the original disease
by a thorough examination with a chimerism analysis using
molecular or cytogenetic technique in cases with leukemia
mimicking the original disease. Azacitidine monotherapy
may be an effective alternative therapy for patients with
DCL of myeloid lineage who are unsuited for intensive che-
motherapy because of various complications or organ dam-
age after HSCT. Further reports should be accumulated to
determine whether or not azacitidine is as effective against
de novo acute megakaryoblastic leukemia as it is for the
treatment of other types of AML.

The authors state that they have no Conflict of Interest (COI).

References

1. Von Boros J, Korenyi A. Uber einen fall von akuter
megakaryocyblasten-leukamie, zugleich einige bemerkungen zum
Problem der akuten leukemie. Z Klin Med 118: 679-718, 1931.

2. Bennett JM, Catovsky D, Daniel MT, et al. Criteria for the diag-
nosis of acute leukemia of megakaryocyte lineage (M7). A report
of the French-American-British Cooperative Group. Ann Intern
Med 103: 460-462, 1985.

3. Oki Y, Kantarjian HM, Zhou X, et al. Adult acute megakaryocytic
leukemia: an analysis of 37 patients treated at M.D. Anderson
Cancer Center. Blood 107: 880-884, 2006.

4. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Efficacy of
azacitidine compared with that of conventional care regimens in
higher-risk myelodysplastic syndromes: a randomised, open-label,
phase III study. Lancet Oncology 10: 223-232, 2009.

5. Dombret H, Seymour JF, Butrym A, et al. International phase 3
study of azacitidine vs conventional care regimens in older pa-
tients with newly diagnosed AML with >30% blasts. Blood 126:
291-299, 2015.

573



Intern Med 57: 569-574, 2018 DOI: 10.2169/internalmedicine.9005-17

10.

11.

12.

13.

. Ruiz-Argiielles

. Kumar L. Leukemia: management of relapse after allogeneic bone

marrow transplantation. J Clin Oncol 12: 1710-1717, 1994.

. Hertenstein B, Hambach L, Bacigalupo A, et al. Development of

leukemia in donor cells after allogeneic stem cell transplantation-a
survey of the European Group for Blood and Marrow Transplanta-
tion (EBMT). Haematologica 90: 969-975, 2005.

. Sala-Torra O, Hanna C, Loken MR, et al. Evidence of donor-

derived hematologic malignancies after hematopoietic stem cell
transplantation. Biol Blood Marrow Transplant 12: 511-517, 2006.
GJ, Ruiz-Delgado GJ, Garces-Eisele 1,
Ruiz-Arguelles A, Perez-Romano B, Reyes-Nuilez V. Donor cell
leukemia after non-myeloablative allogeneic stem cell transplanta-
tion: a single institution experience. Leuk Lymphoma 47: 1952-
1955, 2006.

Wiseman DH. Donor cell leukemia: a review. Biol Blood Marrow
Transplant 17: 771-789, 2011.

Shiozaki H, Yoshinaga K, Kondo T, et al. Donor cell-derived leu-
kemia after cord blood transplantation and a review of the litera-
ture: differences between cord blood and BM as the transplant
source. Bone Marrow Transplant 49: 102-109, 2014.

Greaves MF. Cord blood donor cell leukemia in recipients. Leuke-
mia 20: 1633-1634, 2006.

Kato M, Yamashita T, Suzuki R, et al. Donor cell-derived hemato-
logical malignancy: a survey by the Japan Society for Hema-

14.

15.

16.

17.

18.

topoietic Cell Transplantation. Leukemia 30: 1742-1745, 2016.
Pagano L, Pulsoni A, Vignetti M, et al. Acute megakaryoblastic
leukemia: experience of GIMEMA trials. Leukemia 16: 1622-
1626, 2002.

Nagata T, Higashigawa M, Nagai M, et al. A child case of
CD34+, CD33-, HLA-DR-, CD7+, CD56+ stem cell leukemia
with thymic involvement. Leuk Res 20: 983-985, 1996.

Tezuka K, Nakayama H, Honda K, et al. Treatment of a child
with myeloid/NK cell precursor acute leukemia with L-
asparaginase and unrelated cord blood transplantation. Int J] Hema-
tol 75: 201-206, 2002.

Suzuki R, Ohtake S, Takeuchi J, et al. The clinical characteristics
of CD7+ CDS56+ acute myeloid leukemias other than MO. Int J
Hematol 91: 303-309, 2010.

Thépot S, Itzykson R, Seegers V, et al. Azacitidine in untreated
acute myeloid leukemia: a report on 149 patients. Am J Hematol
89: 410-416, 2014.

The Internal Medicine is an Open Access article distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

© 2018 The Japanese Society of Internal Medicine
Intern Med 57: 569-574, 2018

574



