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Abstract

Juvenile myelomonocytic leukemia (JMML) is an aggressive clonal hematopoietic disorder of infancy and early childhood.

About 15% of these patients have CBL mutation, which is usually a germline mutation with a high incidence of CBL syndrome.

Conventional chemotherapy would be little benefit to these children, but epigenetic therapy with the DNA-hypomethylating

agents can make a great difference in disease control. Here we report two infants diagnosed as JMML with CBL mutation. One

case was treated with 6-mercaptopurine intermittently, but she was often hospitalized for pneumonia since the disease was not

well controlled. The other one was treated with decitabine. He achieved clinical complete remission (CR) after three cycles of

decitabine (20mg/m2/d×5 days, repeated every 4 weeks). Unfortunately, the patient’s symptoms were recurrent two months

later. Thus, JMML patient with CBL mutation has a good clinical response to decitabine, while how and how long it could be

used remain to be further explored.

Background

Juvenile myelomonocytic leukemia (JMML) is a myeloproliferative disorder of childhood characterized by an
excessive proliferation of cells of monocytic and granulocytic lineages with an incidence rate of 1.2 per million
per year.[1]The main clinical manifestations of JMML were splenomegaly, thrombocytopenia, peripheral mo-
nocyte proliferation, elevated hemoglobin F , and sensitivity to granulocyte-macrophage colony-stimulating
factor (GM-CSF).[2-4] Almost 90% of patients carry at least one genetic mutation of PTPN11, KRAS, NRAS,
CBL, or NF1. According to the diagnostic criteria of the WHO in 2016 and the latest relevant reports, nearly
15% of JMML patients carry CBL mutation. [1, 5, 6]

In recent years, it is considered aberrant methylation of specific genes leads to abnormal signal pathways in
patients with JMML, and the degree of methylation is closely related to the prognosis and complications
of patients. Demethylation therapy may relieve patients’ symptoms and prolong survival time.[7],[8]Here
we report two patients were diagnosed with JMML with CBL mutation. One patient was treated with
6-mercaptopurine and the other one was treated with decitabine.

Patient 1

An eleven months old girl was suspected to JMML because of abnormal blood routine, lymphadenopathy,
eczema-like dermatitis of the right leg, abdominal distention, the spleen were palpable 5 cm and the liver
was 3 cm below the costal margin. Complete blood cell count showed leukocytosis (52.01×109/L), thrombo-
cytopenia (68×109/L), anemia (99g/L), and striking monocytosis (11.35×109/L). The bone marrow (BM)
aspirate revealed no blast cells and karyotype on BM cells was 46, XX. No BCR/ABL fusion transcript was
found. The diagnosis of JMML was confirmed by the detection of a germline CBL (Y371H) mutation. Her
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mother has the same mutation, but her condition was relieved spontaneously. Since the diagnosis, the patient
was treated with 6-mercaptopurine intermittently according to the white blood cell count. Her white blood
cell count is controlled at 5-15×109/L, while platelet count fluctuates between 20×109/L and 150×109/L.
She still has splenomegaly and is often hospitalized for pneumonia and gastroenteritis.

Patient 2

A six months old boy was diagnosed with the JMML because of the whole body hemorrhagic spot, cough, pul-
monary infection. The spleen was palpable 2 cm below the costal margin. Blood routine showed leukocytosis
(53.4×109/L), thrombocytopenia (77×109/L), and striking monocytosis (15.49×109/L). The bone marrow
(BM) revealed with 3% blast cells. No BCR/ABL fusion transcript and karyotype on BM cells was 46, XY.
A genetic test showed that he had a germline CBL(C401Y) mutation, while this mutation was also detected
in his father and sister with no clinical symptoms. Then we treated him with a DNA-hypomethylating agent
which takes a course for every 4 weeks with 5 days of continuous decitabine (20mg/m2/d). After three courses
of treatment, the patient’s spleen was significantly shrinking, with no obvious granulocytopenia and no other
inflammation. He achieved complete remission. However, shortly after drug withdrawal, he developed spleno-
megaly again, accompanied by enteritis, axillary abscess, striking monocytosis, thrombocytopenia. Further
vascular events occurred six months later that he developed inflammatory optical neuropathy in both two
eyes, resulting in the loss of visual acuity. We treated him with glucocorticoid and gamma globulin in order
to restore his vision but failed.

Discussion

JMML is characterized by excessive proliferation of monocytes and granulocytes. The leukemia cells can
infiltrate the lung, liver, and spleen, leading to early respiratory insufficiency, hepatosplenomegaly, bleeding
tendency, and even the possibility of transformation into acute myeloid leukemia (AML), which may lead
to death in severe cases.[9],[10]JMML patients with CBL mutation generally have a higher survival rate and
spontaneous remission rate.[11]Locatelli, F and Tasian, S. K suggested that these patients could adopt the
”wait and watch” method, or the use of 6-mercaptopurine(6-MP) to prevent complications caused by tumor
cell invasion.[5, 12, 13]In our center, one patient was treated with 6-MP, but the patient was often hospitalized
because of thrombocytopenia, axillary lymphadenitis, enteritis, broncahopneumonia and other infiltrative
reactions.

The existence of epigenetic alterations in JMML was certified by pilot studies of DNA hypermethylation at
candidate gene loci.[14-16] Based on the degree of DNA methylation, patients in JMML are divided into three
risk groups, of which CBL mutation is classified as the low methylation (LM) group.[17],[18]Through genetic
testing, we found that there are healthy individuals carry CBL mutation without any clinical manifestations
in these two families. This situation was also reported by Kazuyuki Matsuda and Chiaki Taira .[19]This may
be related to the phenotypic differences caused by gene modification in epigenetics[8]. For those with clinical
symptoms, germline mutations will persist even if complete remission is achieved after treatment,[20] and
vasculitis is more likely to occur at a later stage of the disease.

By comparing other treatment options, JMML patients can be treated individually by judging the level of
DNA methylation.[4]Decitabine is a potent DNA methylation-specific inhibitor, through S phase in cell pro-
liferation irreversible inhibition of DNA methyltransferase. Decitabine can inhibit tumor cell proliferation as
well as prevent drug resistance. Some clinical data show that decitabine can effectively improve the response
rate and increase the median overall survival.[6],[10]In our case, we put forward for the first time in decitabine
for low-dose and short-term treatment of CBL mutation in JMML. Our patient does have obvious clinical ef-
fects after the application of decitabine. After three courses, he reached complete remission(CR) according to
the evaluation criteria.[20] A few months after he stopped using DNA-hypomethylating agents, his symptoms
were recurrent and developed into irreversible binocular blindness caused by vasculitis. Animal experiments
demonstrated that CBL mutation could lead to the corresponding protein deficiency in mice, accompanied
by severe vasculitis and other pathological changes.[5, 21, 22]The reason is that CBL gene can regulate the
stability and signal amplitude / duration of the JAK2. By transducing inflammatory signals downstream of
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cytokines to regulate the development and function of immune cells.[23, 24],[25]Aberrant methylation of the
target gene CpG island leads to abnormal activation of signal pathways, make massive abnormal T and B
cells infiltrate blood vessels and organs, resulting in inflammation.[5, 6, 14]

The treatment experience of these two cases confirmed the positive demethylation effect of decitabine for
children with JMML in CBL mutation, but the recurrence after withdrawal suggests that how to use it to
control the disease as well as to prevent the occurrence of side effects. It remains to be further explored
Whether DNA-hypomethylating agents can reduce the vasculitis in patients with CBL mutation.
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