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Introduction

Leukemias are among the most common white cell malig-
nancies in the children. White cell malignancies are broadly
of three types: lymphoid neoplasms, myeloid neoplasms,
and histiocytic neoplasms. Lymphoid leukemia is more
common and has a better prognosis thanmost of themyeloid
leukemias. The incidence of myeloid leukemia relatively
increases in the adolescent age group and is associated
with several chromosomal abnormalities. Lymphoid leuke-
mias have a better prognosis and survival rates thanmyeloid
leukemias. Increased supportive care and prolonged hospi-
talization are required in patients with leukemia.

Case Report

A 4-year-old girl was admitted with complaints of intermit-
tent low-grade fever for 15 days. Following the onset of the

fever spike, the patient started developing swelling around
both eyes (proptosis), which was symmetrical, insidious in
onset, and progressively increasing in size, which led to
protrusion of both eyes (►Fig. 1). This was associated with
conjunctival hemorrhage and dry eyes. Proptosis was not
associated with pain or diminution of vision. Also, there was
no history of significant weight loss or a history of malig-
nancy in the family.

Physical examination revealed positive findings of cervi-
cal lymphadenopathy approximately 3 cm in size in the left
jugular region and a firm spleen with grade 2 splenomegaly
according to Hackett’s classification. On complete blood
count, total leukocyte count (TLC) was very high (215.400/
µL), with basophilia (2.5%; normal values [n.v.]: 0–1.7%).

Peripheral blood smear (PBS; ►Fig. 2) was suggestive of
marked leukocytosis with increased blast cells and monocy-
toid cells. PBS also revealed the presence of myeloblasts (8%),
promyelocytes (3%) myelocytes (20%), metamyelocytes (18%),
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Abstract Juvenilemyelomonocytic leukemia (JMML) is amyelodysplastic/myeloproliferativeneoplasm. It
is a rare pediatric neoplasmoccurring in early childhood.Herein,wepresent a case of JMML in a
4-year-old girl admitted for primary complaints of protrusion of eyes and fever for the past 15
days not responding to any medications. With findings of splenomegaly and peripheral blood
smear showing severe leukocytosis and increased monocytoid and blast cells, a myelomono-
cytic series neoplasm was suspected. Abelson (Abl) tyrosine kinase gene break point cluster
(Bcr) gene (BCR-ABL1) was found to be negative on fluorescence in situ hybridization (FISH).
Taking into consider all these findings, the patient was diagnosed with JMML. Since
hematopoietic stem cell transplantation (HSCT) is not offered at our hospital, the patient
was referred to another medical facility for the required procedure. This case highlights that
bilateral proptosis could be a primary finding in early cases of JMML and should not bemissed.
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band cells (9%), and dysplastic monocytes (18%). Auer rods
were not visible in the blasts. Additionally shown were mild
thrombocytopenia and normocytic normochromic anemia.

Following a bone marrow aspirate biopsy, hypercellular
marrow with a predominately myeloid series was discov-
ered. Fifteen percentmyeloblasts (n.v.: 5%), a large number of
early myeloid cells, and relatively suppressed erythroid and
megakaryocytic series were seen, whichwere suggestive of a
myeloproliferative neoplasm.

Bonemarrow biopsy was also done, which showed hyper-
cellular marrow, with a myeloid series predominance and
marked suppression of erythroid and megakaryocytic series.
The myeloid series had progressive maturationwith a prom-
inent monocytic series. Blasts were 9% and a provisional
diagnosis of JMML was made. Fluorescence in situ hybrid-
ization (FISH) forBCR-ABL1wasnegative, strongly suggesting
JMML.

Thyroid function test and chest X-ray done were within
normal limits. Lumbar puncture and transpalpebral biopsy
were not done because the patient was not vitally stable.

Since hematopoietic stem cell transplantation (HSCT) is
not offered at our hospital, the patient was referred to a
higher oncology and diagnostic center for the required
procedure. Standard protocol treatment was initiated and

the patient has a relatively better general condition now as
per the telephonic conversation with the parents.

Discussion

JMML is an uncommon and life-threatening disorder affect-
ing hematopoietic stem cells in infancy and early childhood.
Formerly known as juvenile myelogenous leukemia, it
accounts for 1% of all cases of childhood leukemia with an
incidence of 1.2 cases/million with a median age of 2 years
and male predominance (male-to-female ratio of 2.5).1–5

In JMML, the differentiation pathway is directed toward
monocytic differentiation, and the JMML cell’s progenitor
colonies exhibit a range of differentiations, encompassing
blasts, monocytes, promonocytes, and macrophages.1 Most
JMML patients have mutations that activate the RAS onco-
gene pathway, like NRAS, NF1, and PTPN11; germline RAS
mutations have been linked to a better prognosis than
somatic RAS mutations. Somatic PTPN11 mutations are
among the common RAS pathway mutations in JMML.6–9

JMML is more common in patients with neurofibromatosis
type 1 (NF-1) and Noonan’s syndrome.10 Most of the patients
of Noonan’s syndromewith JMML have a better prognosis and
a high probability of spontaneous resolution.11

Fig. 1 Periorbital infiltrates leading to proptosis.

Fig. 2 The peripheral blood film (PBF) of the patient. (a) PBF showing leukocytosis with increased blast cells of all maturation stages.
(b) Myeloblasts. (c, d) Metamyelocytes and monocyte suggesting monocytosis.
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JMML patientsmay exhibit symptoms such as fever, rash,
cough, pallor, infections, and lymphadenopathy. Abdominal
examination usually has positive findings of splenomegaly
and hepatomegaly. The presence of splenomegaly is a
consistent feature in all cases and is essential for diagnosing
JMML. Eczema, xanthoma, café-au-lait spots, and juvenile
xanthogranuloma are a few of the skin lesions seen in these
patients.12 If the casitas B-lineage lymphoma (CBL) gene or
NF 1 gene germline mutations are present, then these
patients can also have café-au-lait spots.13 Eye/orbital
involvement is uncommon in JMML, with only a few such
cases registered in the published literature.14,15 Orbital
involvement ismore prevalent among children, particularly
those from nonindustrialized countries. Typically unilater-
al, it can manifest at any leukemia stage and may precede
systemic disease indicators. In a series of 32 leukemic
Ugandan children, orbito-ocular manifestation at the pre-
sentation constituted 18.8% of cases.16 Risk factors include
lower socioeconomic status, impaired delayed hypersensi-
tivity skin tests, diminished CD4/CD8 lymphocyte counts,
and monocytic leukemia. Cases with the initial orbital
disease often develop systemic leukemic features in a
year of diagnosis.17 Proptosis, mainly caused by a combina-
tion of orbital muscle infiltration, leukemic infiltrates,
venous blockage, and retrobulbar hemorrhage, is the pre-
dominant orbital sign in these cases.18

Respiratory distress with a cough secondary to intestinal
infiltrates is usually seen when the respiratory system is
involved. In others, tractable diarrhea, gastrointestinal infec-
tions with hemorrhagic manifestations are seen in patients

with gastrointestinal involvement. Central nervous system
involvement is rare in JMML.3

There are multiple infections that mimic JMML, like
cytomegalovirus (CMV), Epstein–Barr virus (EBV), parvovi-
rus B19, human herpes virus 6 (HHV-6), and congenital
intrauterine infections.19,20

These nonmalignant infections should be ruled out in
patients with high suspicion of JMML; chromosomal and/or
genetic aberrations and mutation of the RAS pathway can be
used to help rule out these infections.

Peripheral blood film (PBF) examination is essential in
establishing the diagnosis. PBF usually shows a shift toward
immaturity in the granulocytes with leukocytosis, mono-
cytosis thrombocytopenia (which can be severe), and ane-
mia. Absolute monocytosis of greater than 1,000/mm3 is a
diagnostic criterion for the JMML. At the same time, it can be
a feature of some underlying infection; thus, it is neither
specific nor sensitive.

Bone marrow examination has myeloid predominance
and hypercellularity. Myeloid progenitors and blasts are
usually increased, but blast counts are usually less than
20% and Auer rods are not seen. They also have an abundance
of monocytes (around 5–10%). In other lineages, erythroid
progenitors are megaloblastic and megakaryocytes are
decreased in number.21

JMML is diagnosed using the 2016 revision of the WHO
classification as a basis for diagnosis22 (►Table 1).

Cytogenetics for monosomy 7, genomic sequencing for
KRAS, PTPN11, CBL, and NF 1 genes to find molecular alter-
ations, and STAT-5 phosphorylation assay of CBL gene and

Table 1 Diagnostic criteria for JMML per the 2016 revision to WHO classification22

JMML diagnostic criteria

I. Clinical and hematological features (all 4 features mandatory)

• PBF monocyte count �1� 109/L

• Blast percentage in PBF and BM <20%

• Splenomegaly

• Absence of Philadelphia chromosome (BCR-ABL1 rearrangement)

II. Genetic studies (1 finding sufficient)

• Somatic mutation in PTPN11a or KRASa or NRASa

• Clinical diagnosis of NF1 or NF1 mutation

• Germ line CBL mutation and loss of heterozygosity of CBLb

III. In addition to the clinical and hematological features mentioned under I, the following requirements must be met for
patients without genetic features

• Monosomy 7 or any other chromosomal abnormality or at least 2 of the following criteria:
– Hemoglobin F increased for age
– Myeloid or erythroid precursors on PB smear
– GM-CSF hypersensitivity in colony assay
– Hyperphosphorylation of STAT5

Abbreviations: BM, bone marrow; CBL, casitas B-lineage lymphoma; GM-CSF, granulocyte-macrophage colony-stimulating factor; JMML; juvenile
myelomonocytic leukemia; KRAS, Kirsten rat sarcoma; NF1, neurofibromin 1; NRAS, neuroblastoma rat sarcoma; PBF, peripheral blood film; PTPN11,
protein tyrosine phosphatase nonreceptor type.
aGerm line mutations (indicating Noonan syndrome) needs to be excluded.
bOccasional cases with heterozygous splice site mutations.

Indian Journal of Medical and Paediatric Oncology © 2024. The Author(s).

Unusual Presentation of Bilateral Proptosis in Juvenile Myelomonocytic Leukemia Gohatre et al.



high hemoglobin F levels are some of the other investigations
done to support and classify diagnosed JMML.1,23

The following initial factors are associated with a lower
chance of survival: hepatomegaly, bleeding, thrombocyto-
penia, older age (>2 years), female gender, higher blast, and
normoblast counts in peripheral blood.

The only definitive therapy is HSCT for most of the
patients but has a greater rate of relapse of 30 to 40%.24

Intensive chemotherapy by acutemyeloid leukemia (AML)
protocols could induce temporary remission in JMML but is
very detrimental to the patient, and the European Working
Group of Myelodysplastic Syndrome (EWOG-MDS) trial
showed no major variation in mortality and survival rates
in patients on these AML protocols as compared to less
intensive treatment.24 As a chemotherapeutic agent, fludar-
abine in high doses (30mg/m2) has been used as a cytor-
eductive therapy in aggressive cases before HSCT.25 Prior to
this for many decades 6-mercaptopurine (50mg/m2) or
cytarabine (40mg/m2) was used prior to HSCT, but none of
these therapies have shown any improvement in the out-
come of patients with JMML.26

In March 2011, azacitidine had been approved for JMML
therapy by the Food and Drug Administration (FDA). Follow-
ing FDA approval, a study in Slovakia used azacitidine in
doses of 75mg/m2 as a bridging therapy before the HSCT and
observed favorable response with fewer adverse effects.
Another similar study used azacitidine monotherapy in
newly diagnosed cases of JMML following favorable out-
comes shown in the Slovakia-based study.27 In other studies,
Hashmi et al have reported the disappearance of monosomy
7 clones in JMML without HSCT and sustained remission
after azacitidine treatment. Therefore, the majority of
patients currently receive azacitidine as standard care prior
to undergoing HSCT.28
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