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Abstract
This is a case report of a 60-year-old male patient with essential thrombocythemia (ET) that 
progressed to acute myeloid leukemia (AML) in approximately 9 years. His platelet count de-
creased approximately 8 years after ET treatment with hydroxyurea (HU) and aspirin. The dose 
of HU was reduced because of suspected myelosuppression due to HU; however, myelosup-
pression did not improve. Bone marrow examination revealed myelofibrosis; therefore, rux-
olitinib was administered. Approximately 1 year later, his leukocyte and blast counts in the 
peripheral blood increased; thus, ET was judged to have progressed to AML-myelodysplasia-
related change. Induction chemotherapy and consolidation therapy were initiated; however, 
the patient unfortunately failed to achieve complete remission. We then continued to admin-
ister salvage chemotherapy; however, his general condition worsened, and he died from ce-
rebral hemorrhage. The karyotype at the onset of ET was 46,XY, which changed to 
47,XY,del(7q),+8 at the time of AML diagnosis. In addition, genetic testing revealed FLT-3 ITD 
mutation. His histopathological analysis showed subarachnoid and intraparenchymal hemor-
rhages and tumor cell infiltration into the cerebrum, brainstem, and cerebellum. In this case, 
deletion of the long arm of chromosome 7, additional abnormalities in chromosome 8, and 
FLT3-ITD mutation were confirmed as risk factors for having developed secondary AML for 
approximately 9 years and death from cerebral hemorrhage 1 year later.
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Introduction

In essential thrombocythemia (ET), only a few cases have been reported of blast crisis 
transformed into acute myeloid leukemia (AML) during a long-term course. Regarding risk 
factors for blast crisis, the involvement of genetic and chromosomal abnormalities has been 
found in addition to the clinical background [1]. We encountered a case of ET that progressed 
to AML approximately 9 years after the first diagnosis and then had a rapid outcome approx-
imately 9 months after the AML diagnosis. Here, we report an interesting case of confirmed 
chromosome karyotype progression.

Case Report

A 60-year-old man had an increased platelet count in June 2008. Bone marrow exami-
nation was performed, and the blast ratio was 1.2% in the smear, and megakaryocyte prolif-
eration was detected in the bone marrow biopsy (Fig. 1a). The chromosome karyotype was 
normal, and ET was diagnosed. The platelet count was controlled at <60 × 104/µL by oral 
hydroxyurea (HU) and aspirin, but it decreased to 18 × 104/µL in November 2016. Consid-
ering bone marrow suppression due to HU, the dose was reduced; however, the platelet count 

Fig. 1. Findings of bone marrow tests at the times of diagnosis of essential thrombocythemia (ET), myelofi-
brosis (MF), and acute myeloid leukemia (AML) and chromosomal aberrations at the time of AML diagnosis. 
a–c Bone marrow biopsy. a ET. b MF. c AML. d–f Bone marrow smear of AML. g–k Flow cytometry analysis 
of bone marrow samples of AML. l G-band analysis of bone marrow samples of AML.
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continuously decreased. Bone marrow examination was performed; however, the dry tap and 
biopsy sample showed fibrosis (grade 1) (Fig. 1b). Therefore, the patient was diagnosed with 
secondary myelofibrosis (MF), and ruxolitinib (10 mg/day) was prescribed. However, the 
white blood cell and blast counts increased in the peripheral blood, resulting in AML diag-
nosis and hospital admission in June 2017. On examination, his Eastern Cooperative Oncology 
Group (ECOG) performance status was 1, the temperature 37.0°C, blood pressure 117/56 mm 
Hg, and pulse rate 89 bpm. His heart and respiratory sounds were normal. Palpation of the 
liver or spleen was negative. Palpation of superficial lymph nodes showed no abnormal 
findings. Rashes were found on the head, trunk, and upper limbs. Laboratory findings showed 
elevated white blood cell counts, anemia, and decreased platelet counts. Biochemical exami-
nation revealed a high level of lactate dehydrogenase (LD) (Table 1). Bone marrow exami-
nation showed a dry tap, and the blast ratio was 36.2% of nucleated cells (Table 2). In the 
smear, monotonous blast proliferation was observed (Fig. 1c, d). The blast cells were positive 
for myeloperoxidase staining (Fig. 1e) and for specific esterase staining (Fig. 1f). Flow 
cytometry analysis showed that the blast fraction of SSClow–CD45int was CD33 weakly positive, 

Complete blood count
White blood cells 34.2×109/L

Blasts 40.5%
Segmented 39.5%
Eosinophils 0.0%
Basophils 0.0%
Monocytes 2.0%
Lymphocytes 7.0%
Erythroblasts 2.0%

Red blood cells 226×104/μL
Hemoglobin 7.3 g/dL
Hematocrit 22.3%
MCV 98.7%
Platelets 3.3×104/μL

Biochemistry
AST 26 IU/L
ALT 15 IU/L
CK 38 IU/L
LD 1,318 IU/L
Total bilirubin 1.32 mg/dL
BUN 14.0 mg/dL
Creatinine 0.98 mg/dL
Total protein 7.2 g/dL
Albumin 4.5 g/dL

Coagulation system
PT 14.2 s
APTT 29.2 s
Fibrinogen 293 mg/dL
FDP 7.0 μg/mL

Immunochemistry
CRP 0.88 mg/dL
HBs-Ag Negative
HBs-Ab Negative
HCV-Ab Negative
HIV-Ab Negative
T-SPOT Negative

Table 1. Laboratory data on 
admission
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CD13 positive, CD34 weakly positive, CD117 positive, and HLA-DR positive (Fig. 1g–k). Chro-
mosome analysis (G-staining method) revealed the deletion of chromosome 7 long arm and 
chromosome 8 trisomy (Fig. 1l). Based on the 2016 World Health Organization classification, 
he was diagnosed with AML-myelodysplasia-related changes.

Genetic testing revealed that he had an FLT3-ITD mutation. Combination therapy of 
daunorubicin (40 mg/m2, days 1–3) and cytarabine (Ara-C; 100 mg/m2, days 1–7) was 
initiated based on the induction regimen for elderly patients (GML200) (Fig. 2). Bone marrow 
examination after the induction therapy revealed an incomplete remission. Since his general 
condition was good, reinduction therapy was performed with the combination therapy of 
idarubicin (12 mg/m2, days 1–3) and Ara-C (100 mg/m2, days 1–7) based on the JALSG 
AML201 regimen [2]. However, after the first course of consolidation therapy, a uniformly 
proliferated blast population was confirmed by the bone marrow biopsy specimen and flow 
cytometry, and he was diagnosed as having relapsed. From January 2018, a triple V therapy 
was performed as salvage chemotherapy; however, the number of blasts in the peripheral 
blood rapidly increased (day 2: 90/µL; day 30: 56,182/µL). Therefore, we decided to choose 
palliative chemotherapy. In February 2018, gemutuzumab ozogamicin therapy (9 mg/m2 on 
days 1 and 15) [3] was started as a palliative chemotherapy. Laboratory findings (white blood 
cell count and LD) showed a temporary improvement; however, the number of blasts was still 
rapidly increasing (day 1: 127,680/µL; day 9: 4,477/µL; day 20: 168,271/µL), and he died of 
cerebral hemorrhage in March 2018.

The histopathological findings showed subarachnoid and intraparenchymal hemor-
rhages (Fig. 3a, b). Tumor cells invaded the cerebrum, brainstem, and cerebellum (Fig. 3b–d). 
In addition, bleeding was observed around the tumor infiltration in the cerebrum (Fig. 3b). 
Immunohistochemical examination of CD33 expression on tumor cells during spleen biopsy 
showed diffuse expression, which was consistent with the clinical course of resistance to 
gemutuzumab ozogamicin therapy (Fig. 3e).

Discussion

ET can be transformed into MF and AML when the disease duration is long. The transfor-
mation rate is 0.8% in 10 years and 9.3% in 15 years into MF and 0.7% in 10 years and 2.1% 
in 15 years into AML [4]. Since the frequency of transformation into MF and AMF is low, the 
ET prognosis is expected to be the same as in healthy individuals [5]. However, in our case, 

NCC 3.1×104/µL
Megakaryocytes <3/µL
M/E ratio 20.8
Erythroid cells 4.2%
Blasts 36.2%
Myeloblasts 3.3%
Promyelocytes 2.2%
Myelocytes 10.4%
Metamyelocytes 4.4%
Band cells 3.0%
Segmented cells 31.0%
Eosinophilic cells 0.0%
Basophilic cells 0.0%
Lymphocytes 7.8%
Monocytes 0.8%
Plasma cells 0.0%

Table 2. Results of bone marrow 
aspiration at admission
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ET had progressed to AML in 9 years, and the prognosis was very poor. Risk factors for ET 
transformation into AML include morphology of bone marrow fibrosis, thrombocytosis  
(≥100 × 104/µL), history of thrombosis [6], increase in white blood cell count (≥15,000/µL), 
anemia [6], and older age (≥60 years) [7]. Genetic abnormalities such as p53 [8] and RUNX1 
mutations [9] have been reported. Regarding the karyotype, a SNP analysis of the chromo-
somal changes involved in leukocytosis in myeloproliferative tumors and compared with 
chronic-stage myeloproliferative tumors showed that loss of heterozygosity without alter-
ation of the chromosome 7 copy number and involvement of chromosome 8 trisomy was 

Fig. 2. Outline of the clinical 
course of our patient. Essential 
thrombocythemia (ET) pro-
gressed to acute myeloid leuke-
mia (AML) via myelofibrosis (MF) 
in our case. The timing of chemo-
therapy and bone marrow tests is 
shown. ① Daunorubicin (DNR) + 
cytarabine (Ara-C); ② idarubicin 
+ Ara-C; ③ mitoxantrone + Ara-C; 
④ DNR + Ara-C; ⑤ A triple V; and 
⑥ gemtuzumab ozogamicin. 
Note that the interval of labora-
tory data shown on this figure is 1 
month. Some variables lacked 
data, and daily changes in labora-
tory data during chemotherapy 
are not precisely reflected in this 
figure. WBC, white blood cell 
count; LD, lactate dehydrogenase; 
Plts, platelet count.

Fig. 3. Cerebral hemorrhage and tumor infiltration revealed by autopsy. a Subarachnoid space. b Brain pa-
renchyma. c Cerebellum. d Brainstem. e Anti-CD33 antibody staining of an autopsy specimen of the spleen. 
Black arrows in b–d indicate tumor cells infiltrating the brain. Blue arrows in e indicate CD33-positive cells 
in the splenic specimen. CD33, cluster of differentiation 33.
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involved in leukocytosis [10]. In our case, no risk factor for leukocytosis was detected at the 
time of ET diagnosis except older age (60 years); however, in the time course of 9 years, 
deletion of the long arm of chromosome 7 and additional chromosome 8 abnormality occurred. 
This strongly suggests that the leukemia progression in our case involved deletion of the 
chromosome 7 long arm and additional chromosome 8 abnormalities.

In a multivariate analysis of 183 ET cases performed by the Mayo Clinic, the presence of 
mutations in EZH2 near the end of the chromosome 7 (7q36.1) long arm was considered to 
be a poor prognostic factor for leukemia transformation [11]. Since most of the chromosome 
7 long arm was deleted at the onset of AML in our case, a heterozygous deletion of EZH2 was 
suspected to have been involved in the gene-level pathogenesis in our case.

This patient rapidly relapsed after reinduction chemotherapy and died of cerebral hemor-
rhage during palliative chemotherapy. Since infiltration of tumor cells into the brain parenchyma 
was observed on pathological autopsy, the central nervous system infiltration of the tumor might 
have been a risk factor that resulted in cerebral hemorrhage. High white blood cell counts and 
vascular elasticity changes due to chemotherapy have been reported as risk factors for cerebral 
hemorrhage in AML [12, 13]. A recent retrospective analysis suggested that increased LD and 
karyotype abnormalities such as trisomy 8 and FLT3-ITD mutation were risk factors for central 
nervous system recurrence [14, 15]. In our case, trisomy 8 and FLT3-ITD mutation were found 
at the onset of AML, which may have affected the invasion of the central nervous system.

Conclusions

Deletion of the chromosome 7 long arm, acquisition of chromosome 8 trisomy, and 
FLT3-ITD mutation may have been involved in the transition from ET to AML and the invasion 
of the central nervous system in our case. Therefore, the risk of leukocytosis in ET should be 
identified, and appropriate treatment should be selected, including palliative therapy for the 
group of elderly patients with a poor prognosis.
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