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Abstract:

Acute megakaryoblastic leukemia (AMKL) is a rare subtype of acute myeloid leukemia accompanied by
an aggressive clinical course and dismal prognosis. We herein report a case of AMKL preceded by mediasti-
nal germ cell tumor that relapsed early after allogeneic hematopoietic stem cell transplantation with myeloab-
lative conditioning but was successfully treated using salvage cord blood transplantation (CBT) with reduced-
intensity conditioning. Although several serious complications developed, sustained remission with a favor-
able general condition was ultimately achieved. Although an optimal therapeutic strategy remains to be estab-

lished, the graft-versus-leukemia effect of CBT may be promising, even for the treatment of refractory
AMKL.
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Introduction

Acute megakaryoblastic leukemia (AMKL) is a rare sub-
type of acute myeloid leukemia (AML) originating from
megakaryoblasts. AMKL is a well-known malignancy occur-
ring in children with Down syndrome (1); however, AMKL
is rare among adults, with a reported incidence rate of less
than 1% among all AML cases in a large study on patients
with AML (2, 3). Some AMKL cases are associated with
mediastinal non-seminomatous germ cell tumor (MGCT),
and fewer than 30 such cases have been reported (4).

AMKL in adults is usually accompanied with an aggres-
sive clinical course and is associated with worse clinical out-
comes than other types of AML (2, 3). Furthermore, its
prognosis is extremely poor, even after allogenic hema-
topoietic stem cell transplantation (alloHCT), compared with

other types of AML (5). The prognosis of AMKL associated
with MGCT is also dismal, and only a few cases docu-
mented in the literature have shown long-term remission af-
ter alloHCT (6, 7).

We herein report a case of AMKL that developed after re-
section of MGCT that relapsed early after the first conven-
tional alloHCT session from a human leukocyte antigen
(HLA)-matched sibling. However, subsequent cord blood
transplantation (CBT) resulted in sustained remission of
AMKL. To our knowledge, this is the first reported case of
refractory AMKL for which salvage reduced-intensity al-
IoHCT using cord blood resulted in long-term remission.

Case Report

A 26-year-old man who was an office worker and in good
health suffered from worsening dyspnea. He had previously
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Figure 1.
germ cell tumor at the diagnosis (a) and at the presentation at
our department (b).

Computed tomography findings of the mediastinal

been diagnosed with MGCT following detection of a bulky
mediastinal tumor by computed tomography (CT; Fig. la)
and elevated levels of serum o-fetoprotein (AFP, 811 ng/
mL). The tumor was curatively resected (Fig. 1b) and pa-
thologically diagnosed as teratoma with a malignant compo-
nent. There were no particular issues in the postoperative
clinical course. Five months after the surgery, he developed
a sustained fever, malaise, and anorexia and was thus re-
ferred to us due to suspicion of an aggressive hematological
malignancy based on progressive pancytopenia and the ex-
treme elevation of serum lactate dehydrogenase (LD) levels.

Upon presentation, he was generally ill because of his fe-
ver, malaise, and abdominal distention. Complete blood tests
revealed neutropenia with the emergence of myeloid pro-
genitors and blasts (2,900/uL, with neutrophils 37%, eosino-
phils 3%, lymphocytes 30%, monocytes 10%, metamyelo-
cytes 7%, myelocytes 6%, promyelocytes 1%, and blasts
6%), mild anemia (11.3 g/dL, corrected with red cell trans-
fusion by the previous doctor), and severe thrombocytopenia
(19,000/uL). Biochemistry analyses showed the marked ele-
vation of LD (8,664 IU/L) and C-reactive protein (CRP,
15.73 mg/dL). The WT1 mRNA expression was markedly
increased (2.4x10" copies/ugRNA). CT showed hepa-
tosplenomegaly and sporadic osteolytic lesions in the spine
and pelvis without recurrence or metastasis of MGCT. An
attempt to aspirate bone marrow resulted in a dry tap, but
large blastoid cells with marked nuclear atypia and baso-
philic cytoplasm were found within the barely aspirated
marrow (Fig. 2a). The blasts in peripheral blood and bone
marrow were CD45"™, CD36', CD41*, CD56", CD19, CD3,
CD13, CD33, CD34, and HLA-DR on flow cytometry
(Fig. 2b). A G-band analysis showed a complex karyotype

in one of four evaluable cells, which could not be assessed
as a significant finding. A bone marrow biopsy revealed the
marked proliferation of multinuclear megakaryoblast-like ab-
errant cells with conspicuous nucleoli and blastoid cells with
a high nuleocytoplasm ratio (Fig. 2c¢, d) that were positive
for CD42b (Fig. 2e) and negative for myeloperoxidase. Fur-
thermore, the expansion of interstitial reticular fibers was re-
vealed on silver impregnation staining, which was deemed
indicative of grade 2 myelofibrosis (Fig. 2f). Based on the
above findings, the patient was diagnosed with AMKL.

The clinical course of the patient is shown in Fig. 3. He
was successfully treated with conventional induction remis-
sion chemotherapy comprising daunorubicin (50 mg/m’ for
5 days) and cytarabine (100 mg/m’ for 7 days), and com-
plete remission (CR) was confirmed 4 weeks after the initia-
tion of the treatment. After subsequent consolidation chemo-
therapy with mitoxantrone (7 mg/m* for 3 days) and cyta-
rabine (200 mg/m’ for 5 days), he received allogeneic pe-
ripheral blood stem cell transplantation from an HLA-
matched sibling with a conditioning regimen consisting of
high-dose cyclophosphamide (60 mg/kg for 2 days) and to-
tal body irradiation (12 Gy in 6 fractions). Prophylaxis for
graft-versus-host disease (GVHD) comprised cyclosporine
and short-term methotrexate. Regimen-related toxicities,
such as febrile neutropenia and gastrointestinal mucosal
damage, were controllable. Neutrophil engraftment was
achieved at day 11, and full donor chimerism was estab-
lished at day 28. Stage 1 acute GVHD developed in the skin
but was well-controlled by temporary administration of cor-
ticosteroids.

However, from around day 60, he began suffering from
lumbago with progressive elevation of LD and CRP levels.
Although leukemic blasts could not be detected in the pe-
ripheral blood, the WT1 mRNA expression was markedly
increased (1.2x10" copies/ugRNA). A definite relapse of
AMKL with myelofibrosis was confirmed by a bone marrow
examination on day 74 (Fig. 2g, h), without the detection of
cytogenetic aberrations by a G-banding analysis. At this
time, biochemistry analyses showed the marked elevation of
LD (710 IU/L) and CRP (24.87 mg/dL). Thereafter, dose-
modified chemotherapy with daunorubicin (40 mg/m’ for 3
days) and cytarabine (160 mg/m’ for 5 days) was initiated
with the abrupt cessation of immunosuppressants. Skin
GVHD developed but was well-controlled using steroid oint-
ment. Although hematological CR was achieved temporarily,
leukemic blasts were increased (evaluated by a bone marrow
biopsy) after consolidative chemotherapy with high-dose cy-
tarabine (6 doses of 2,000 mg/m’ each). Subsequently, the
patient received CBT with a conditioning regimen compris-
ing fludarabine (30 mg/m’ for 6 days), busulfan (3.2 mg/kg
for 4 days), and melphalan (40 mg/m’ for 2 days). The
number of infused cord blood cells was 2.71x10"/kg (CD34"
cells, 0.66x107/kg). HLA of the graft alleles was mis-
matched at four of eight loci in both the graft-versus-host
and host-versus-graft directions. Prophylaxis for GVHD in-
cluded tacrolimus and short-term methotrexate. Neutrophil
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Figure 2. Diagnostic findings of acute megakaryoblastic leukemia in the bone marrow. (a) May-

Giemsa staining showed large blastoid cells with marked nuclear atypia and basophilic cytoplasm. (b)

Flow cytometry revealed an abnormal cell population, comprising CD45%™, CD36*, CD41*, CD56",
CD19, CD3, CD13, CD33, CD34', and HLA-DR'". (¢, d) Hematoxylin and Eosin staining showed the
marked proliferation of multinuclear megakaryoblast-like cells with conspicuous nucleoli and blas-
toid cells with a high nuleocytoplasm ratio (c; x10, d; x100). (e) CD42b positivity was detected by
immunohistochemistry. (f) Bone marrow fibrosis was revealed by silver staining. (g, h) The bone mar-

row biopsy at day 74 of the first transplantation showed proliferation of megakaryoblast-like blastoid

cells (g) that were positive for CD42b (h).

engraftment was achieved on day 21; full donor chimerism
and CR were established by a bone marrow examination on
day 28. Disseminated fusariosis, which developed during the
neutropenic period, was diagnosed by a culture of skin le-
sion and controlled with the administration of liposomal am-
photericin B. No apparent signs of GVHD were observed,
and tacrolimus administration was stopped at day 71. Al-
though several serious complications, such as hemorrhagic
cystitis due to BK virus infection and duodenal ulcer with
massive hemorrhaging, also developed during the course af-
ter CBT, they were all ultimately well-controlled.

The patient’s general condition improved gradually, and
he was discharged at day 165. He has been well without
AMKL or MGCT relapse for more than a year since CBT,
with continuous administration of posaconazole for fusario-
sis. Whole-exome sequencing using specimens collected for
the initial diagnosis, which were concentrated by CDG61-

targeting magnetic cell separation, did not reveal any signifi-
cant abnormal findings.

Discussion

AMKL is a generally chemotherapy-resistant malignancy
with an extremely poor prognosis in adults. According to
several clinical studies on AMKL (2, 8-10), the percentage
of cases in which CR was achieved is below 50%, and the
5-year overall survival rate is around 10%. Although cases
that received alloHCT were typically not included in the
above studies, the prognosis of AMKL after alloHCT is also
known to be extremely poor. In a Japanese retrospective
study analyzing 108 cases of AMKL registered in a data-
base (5), the 5-year overall and progression-free survival
rates were 17% and 14%, respectively.

However, there is room to improve this dismal prognosis
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Figure 3. Clinical course. Ara-C: cytarabine, BU: busulfan, CR: complete remission, CY: cyclo-
phosphamide, CyA: cyclosporine, DNR: daunorubicin, FK: tacrolimus, FLU: fludarabine, HDAC:
high-dose cytarabine, MEL: melphalan, MIT: mitoxantrone, Rel: relapse, Sib/PBSCT: allogeneic pe-
ripheral blood stem cell transplantation from an HLA-identical sibling donor, TBI: total body irra-

diation

by optimizing the transplantation methodology. Recently,
Yamamoto et al. showed that CBT preceded by a novel con-
ditioning regimen consisting of fludarabine, busulfan, and
melphalan showed significant antileukemic effects against
non-remission myeloid malignancies (11). They reported
that the 2-year overall and progression-free survival were
both as high as 54.9%, and that none of the patients devel-
oped graft rejection. In the present case, despite early re-
lapse after myeloablative alloHCT, sustained remission of
AMKL was eventually achieved after reduced-intensity CBT
preceded by a conditioning regimen comprising fludarabine,
busulfan, and melphalan, suggesting that this transplantation
protocol could be a promising treatment option for AMKL.
In addition, the peculiar graft-versus-leukemia effect associ-
ated with HLA disparities in CBT may be essential for
achieving long-term disease control of AMKL.

Various hematological malignancies are reported to be as-
sociated with MGCT, and the most common leukemia that
occurs with MGCT is AMKL (12, 13). However, this condi-
tion is considered rare, and fewer than 30 cases of AMKL
with MGCT have been reported in the literature (4). AMKL
emergence is often preceded by MGCT, as in the present
case, or both are diagnosed simultaneously. In a report that
analyzed 17 cases of hematological disorders associated
with MGCT, a cytogenetic analysis of leukemic cells de-
tected isochromosome i(12p), the most common karyotypic
abnormality of germ cell tumors, in some patients (13). Re-
cently, some cases of AMKL associated with MGCT, both
of which harbor PTEN and TP53 mutations, have been re-
ported, suggesting the existence of a common founding
clone (14, 15). Although such characteristic cytogenetic or

molecular findings were not observed with whole-exome se-
quencing of AMKL, and such analyses of MGCT could not
be performed in the present case, the consistency of clinical
features with the previously reported cases (4) suggests that
AMKL might have developed from a common clone of
MGCT in this case as well. AMKL associated with MGCT
is also reported to have an extremely poor prognosis (4).
The present case may thus be valuable, as AMKL cases as-
sociated with MGCT in which CBT was successfully per-
formed have been scarcely reported.

In summary, we encountered a case of AMKL preceded
by MGCT that relapsed early after alloHCT with myeloabla-
tive conditioning but was successfully treated by salvage
CBT with reduced-intensity conditioning comprising fluda-
rabine, busulfan, and melphalan. Although several serious
complications developed after CBT, long-term remission
with a favorable general condition was finally achieved. The
optimal therapeutic strategy for AMKL treatment, including
the methodology of alloHCT, remains to be established;
however, the graft-versus-leukemia response to CBT may
aid in achieving sustained disease control in refractory
AMKL. Overall, the further accumulation of clinical experi-
ence with such cases is necessary to improve the dismal
prognosis of AMKL.
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