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ABSTRACT

Introduction: Acute myeloid leukemia (AML), constituting 30% of pediatric malignancies, is the most
common childhood cancer. This paper explores the rare presentation of AML with extramedullary
involvement, specifically bilateral proptosis, in a 15-year-old boy.

Case report: The patient initially presented with worsening shortness of breath, palpitations, extreme
fatigue, and bruising. Examination revealed bilateral proptosis, watery discharge from the right eye, and
petechial rash. Blood investigations revealed low hemoglobin, severe thrombocytopenia, and high WBC
count. Computed tomography (CT) revealed bilateral orbital infiltrative soft tissue lesions. Leukemia
fusion gene screening identified RUNXI1-RUNXIT]1 later. The patient was admitted, received
transfusions, and started on antibiotics. Despite initial improvement, he later developed sepsis, septic
shock, and severe pancytopenia, necessitating intensive care and specific AML M2 targeting therapy.
Conclusion: Bilateral proptosis in AML, termed myeloid sarcoma (MS), is rare but responsive to
chemotherapy. Orbital MS has higher responsiveness and survival rates in pediatric cases. The case
highlights the importance of identifying AML subtypes, like RUNX1-RUNXIT1-positive AML, for
tailored treatment strategies. This case underscores the challenges in diagnosing and treating pediatric
AML with extramedullary involvement. Early recognition of AML subtypes is crucial for prognosis

prediction and treatment tailoring.

1. Introduction

Acute leukemia, constituting approximately 30% of pediatric
malignancies, stands as the most prevalent cancer in children [1].
Specifically, Acute myeloid leukemia (AML), which is the second most
common form of leukemia, manifests in up to 15% of the pediatric
leukemic population [2]. Leukemia, defined as a hematopoietic system
malignancy, results in the infiltration of the bone marrow by myeloblasts
in AML. These myeloblasts disrupt the development of normal blood cells
in the bone marrow and are subsequently released into the bloodstream,
reaching distant extramedullary sites such as the orbit, soft tissues, and
bones, forming a solid tumor known as myeloid sarcoma (MS) [3]. While
extramedullary involvement is rare in AML, it is exceptionally uncommon
in bone structures [4]. Myeloid Sarcomas are most prevalent in specific
AML subtypes, notably M6 (Di Guglielmo syndrome), M5a (monoblastic),
MS5b (monocytic), M4 (myelomonocytic), and M2 (myeloblastic with
maturation) [S]. The incidence of extramedullary disease is low, accounting
for 2.5-9% of AML, with 60% of Myeloid sarcomas occurring in children
under 15 years old [6]. Notably, the incidence appears slightly higher in
Asia, the region of origin for our patient [7].

While extramedullary involvement in AML has been previously
documented, the presentation of bilateral proptosis as the initial
manifestation of AML with the RUNXI1-RUNXITI fusion gene is

exceptionally rare, with limited cases in the literature. This case contributes
to understanding orbital involvement in AML and highlights the
importance of early molecular characterization in guiding treatment
decisions. In this report, we describe a case of AML in a 15-year-old boy
who presented primarily to the Emergency Department with the chief
complaint of fatigue, dyspnea, and bilateral proptosis.

2. Case Presentation

2.1. History

A 15-year-old male patient from South Asia presented with a chief
complaint of worsening shortness of breath and palpitations on minimal
exertion and extreme fatigue that was associated with back pain for the past
15 days. The patient has been feeling progressively weak for the past week,
with no recent fever. Additionally, he reported associated bruising without
any history of trauma or family history of similar conditions. The surgical
history and medical history are unremarkable. There's no recent travel
history for three years and no known allergies.

The patient had been attending the gym for the past few months,
intentionally reducing weight from 98 to 92 kg. No chest pain, abdominal
pain, nausea, vomiting, changes in urine or bowel habits, melena, or blood
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in stool were reported.

2.2. Examination

On examination, the patient was vitally stable with a temperature of 37.1
°C, heart rate of 110, respiratory rate of 20, blood pressure of 106/60, and
maintaining SpO2 at 99% on room air. The patient has a patent airway,
bilaterally equal, and clear entry with no added sounds. The patient is
tachycardic, with the Glasgow Coma Scale at 15; however, he appears
extremely pale. As shown in Figure 1, bilateral proptosis of the eyes (right
more than left) led to a change in facial appearance that has worsened over
the past 15 days. There is a watery discharge from the right eye with lower
lid retraction and reduced hearing bilaterally without pain and normal eye
movements. No visual disturbances or ocular pain were reported. He
exhibited a petechial rash, mainly noted on the lower lip.

2.3. Investigations

The patient's blood workup revealed critical values: low hemoglobin of 2.9
g/dL. (Normal range: 13.5-17.5 g/dL), severe thrombocytopenia of
5,000/mm3 (Normal range: 150,000-400,000/mm3). High WBC Count of
33,500/mm3 (Normal range: 4,500-11,000/mm3). Further investigations
showed CRP: 13, MCV: 97, retic count: 0.97, LDH: 213, Haptoglobin: 2.46
g/L (Normal range: 0.3 — 2.0 g/L), INR: 1, and creatinine: 86. Liver
function tests were within normal limits.

Blood film results indicated predominantly normocytic normochromic
RBCs and leukocytosis with the following differential: Neutrophils 3%,
Lymphocytes 9%, Monocytes 2%, Blasts + promyelocytes 86%. Blasts
displayed characteristics such as Auer rods, Buttock cells, large size, scant
granular cytoplasm, high N: C ratio, irregular nuclear contours, immature
chromatin, and prominent 1-2 nucleoli.

The leukemia fusion gene report (Table 1) detected positive gene fusion
mRNA of RUNX1-RUNXIT] that correlates with the translocation in
t(8;21) (q22;q922), which has been associated with both de novo and
therapy-related AML and has a favorable prognosis.

FLT-3: negative, Flow cytometry post-Induction I: 3% CD34 positive,
CD117 positive blasts

Table 1: Leukemia Fusion Gene (Q30) Screening.

Translocation Gene Fusion Result

t(9;11) (p22;923) KMT2A- Fusion mRNA Not Detected
MLLT3

t(15;17) (q24;921) PML-RARA Fusion mRNA Not Detected

1(8;21) (q22;922) RUNX1- Fusion mRNA of RUNX1-
RUNXITI1 RUNXITI1 Detected

t(4;11) (q21;923) KMT2A-AFF1 Fusion mRNA Not Detected
t(12;21) (p13;922) ETV6-RUNXI1 Fusion mRNA Not Detected

t(1;19) (q23;p13) TCF3-PBX1 Fusion mRNA Not Detected
t(11;19) KMT2A- Fusion mRNA Not Detected
(923;p13.3) MLLTI1

1(9;22) (q34;q11) BCR-ABLI1 Fusion mRNA Not Detected

The Computed tomography (CT) Orbit Sella with Contrast (Figure 2 and
3) displayed bilateral, almost symmetrical enhancing extra-conchal soft
tissue lesions observed at both orbits' superior and lateral aspects. A biopsy
was not obtained to confirm the diagnosis of myeloid sarcoma.

Figure. 1: Ophthalmology findings at the initial visit showed bilateral
ocular proptosis, more prominently on the right eye, with lid retraction
(Left). The side view displays ocular proptosis (Right).

2.4. Treatment

The patient is admitted to the High Dependency Unit (HDU). Anemia
workup, TFT, occult blood, and blood film were sent. Autoimmune and
viral screens were sent. An urgent type of cross for four units of PRBC/4
FFP/6 platelets was requested. Two units of PRBCs and six units of
platelets were transfused, after which his HB improved to 6.5 and platelets

improved to 30,000. Pan cultures were sent, and empirical ceftriaxone was
started. Ophthalmology advised tobramycin-dexamethasone eye drops and
apan CT of the orbital region with contrast once the patient is stable vitally.
Blood pressure is monitored, and MAP is kept above 65.

The patient was started on Intravenous hydration along with an Intravenous
antibiotic given the blood workup, and the blood film showed the
possibility of acute myeloid Leukemia for further workup. The next day,
the patient’s right eye showed more protrusion and redness with dryness
compared to yesterday. The left eye was showing a new sub-scleral
hemorrhage but no ophthalmoplegia. Eye movements were preserved. The
patient was accepted to be transferred to a specialized hospital where an
Oncology service is available for Acute Myeloid Leukemia chemotherapy.

Figure 2: Sagittal view displaying poor definition of the superior and lateral
recti muscles of both orbits, particularly prominent on the right orbit
secondary to leukemic cell infiltration in a child with acute myeloid
leukemia.

LT ORBIT RTORBIT

Figure 3: CT Left (LT) and Right (RT) Orbit Sella showing bilateral orbital
enhancing infiltrative soft tissue lesions with subsequent bilateral proptosis
of eye globes, particularly the right globe.

2.5. Outcomes and Follow-up

After 1 month after admission, the patient was brought by ambulance as a
case of altered level of consciousness, lethargy, and loss of appetite and
presented with chief complaints of fever, SOB, vomiting, and generalized
weakness for one day. He vomited twice, but no coffee ground vomitus, no
blood vomiting, no cough, no chest pain, and no bleeding from any site. On
examination, the patient is vitally stable with HR: 78 bpm, BP 88/22 mm
Hg, RR: 16 bpm. SpO2: 96%. He was alert, conscious, oriented, chest clear,
and his abdomen was soft, not tender. The patient developed sepsis and
septic shock, acute kidney injury, and severe pancytopenia. Blood culture
was positive for gram-negative rods identified as Klebsiella pneumoniae
pan-sensitive. The patient required inotropic support and Intensive Care
Unit admission, as well as being managed accordingly with cefepime,
teicoplanin, and voriconazole.

WBC 0.03 x10(3)/mcL, HB 5.80 g/dL, platelet 9.00 x10(3)/mcL, he was
started on filgrastim 300 mcg SC OD till absolute neutrophile 0.5 and
managed with platelets and packed RBCs transfusion. Abdominal US
showed mild hepatomegaly.

One month later, the patient was treated according to the Tawam AML
protocol, which consists of standard induction with cytarabine (100 mg/m?
continuous infusion for 7 days) and daunorubicin (60 mg/m? for 3 days),
followed by four cycles of high-dose cytarabine consolidation therapy,
tailored explicitly for RUNX1-RUNX1T1-positive AML M2 subtype.

His chemotherapy was complicated by septic shock with gram-negative
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rods, which he recovered from successfully after prolonged admission and
PICU stay. Fungal infection of the lungs, with Chest CT suggestive of
fungal infection, was managed with Voriconazole. He had bilateral Retinal
detachment and is currently followed by ophthalmology.

3. Discussion

Bilateral proptosis, being the main presentation in an AML patient, has
been previously reported in some reports across the globe' Albeit far less
common than their counterparts’ presentations, unilaterally, Leukemic
cellular infiltration of the retro-orbital space is the main pathophysiologic
phenomenon reported behind proptosis in AML cases [8-13].

In our case, bilateral proptosis was observed as the initial presentation of
the disease. This aligns with several reports in the literature that describe
orbital myeloid sarcoma as an initial manifestation of AML, where orbital
involvement precedes the diagnosis of the underlying hematologic
malignancy [14, 15].

Other contributory reasons include retrobulbar hemorrhages, obstructed
venous drainage, and extraocular muscle infiltrates within the orbital space
[16]. This specific extramedullary manifestation of AML was recognized
by Allen Burns in 1811 as the green tumor and subsequently termed
granulocytic sarcoma (GS) [17]. The green coloration due to
myeloperoxidase concentration is variable, however, which leads to the
broader nomenclature of orbital leukemic infiltrates by the term myeloid
sarcoma (MS), or more commonly, chloroma [18].

Our patient, a 15-year-old male, presented with bilateral proptosis, which,
although consistent with orbital involvement, falls slightly outside the most
affected age group reported in the literature. Orbital MS is most frequently
seen in children, with a mean age of presentation around 7 years [19].
Moreover, studies highlight a predilection for the 3—10-year-old age range,
making it important to recognize that such presentations can also occur in
older adolescents. More importantly, orbital MS was more responsive to
Children’s Cancer Group (CCG) chemotherapy protocols, 96% of which
achieved complete remission at the end of the second treatment course
compared to other non-CNS MS (78%) and non-MS (78%) AML patients
undergoing similar protocols. Event-free survival (76%) and overall
survival (92%) were also markedly higher in orbital MS compared to other
extramedullary variants [20]. Independent survival rates, orbital MS was
proven to be more likely associated with the M2 morphology of AML and
t(8;21), which were noncontributory to the significance of survival
difference compared to other AML morphologies. These characteristics of
orbital MS were in consensus with another study conducted in Soweto,
South Africa, but prognostic data remain conflicted with another study in
Turkey on a similar population and is still a topic for further investigation
[21,22].

The significance of identifying the type of AML lies in the varying clinical
picture it presents. The M2 subtype has the lowest mean hemoglobin levels
among all other subtypes, reaching as low as 3g/dl, while having the highest
platelet counts, reaching as much as 1000 x10"9 platelets /L [23].
Immunophenotyping variation was also significant in AML M2, as CD7
positivity was most predominant, guiding toward the use of promising
targeted chemotherapeutic agents like the recent autologous CD7 CAR T-
cell therapy [24].

The CT of the orbits shows poor definition of the superior and lateral recti
muscles in both orbits, more prominently on the right side. This contrasts
with previous studies that demonstrated diffuse infiltration and
enlargement of all extraocular muscles without an associated mass [11, 25].

AML is a heterogeneous disease with various subtypes, each characterized
by distinct genetic abnormalities [26]. Two of these subtypes are RUNX1-
RUNXIT1 (previously known as AMLI-ETO) and CBFB-MYHII-
positive AML [27]. RUNXI-RUNXITI1 is one of the most common
genetic abnormalities found in the AML M2 subtype and is among the
initial fusion genes employed for the surveillance of minimal residual
disease [28]. It results from a translocation and fusion between
chromosomes 8 and 21. Patients with RUNX1-RUNXI1T1-positive AML
typically have a more favorable prognosis than many other AML subtypes.
This subtype is often associated with younger age, a higher likelihood of

achieving complete remission (CR) with treatment, and special
morphological features such as lower white blood cell counts, sizable blasts
characterized by ample basophilic cytoplasm filled with numerous
azurophilic granules, and Auer rods. There have also been instances of
blasts with exceptionally large granules, possibly suggesting a fusion of
these cells [29]. Treatment response in this specific subtype is primarily
reliant on anthracyclines and cytarabine, coupled with subsequent 2-4
rounds of cytarabine; treatment can be enhanced through the incorporation
of gemtuzumab-ozogamicin (GO), an antibody targeting CD33 [30].
However, long-term survival can vary, and additional factors, such as the
presence of other mutations, are taken into consideration [31].

Another AML variant belonging to the favorable risk subtypes is CBFB-
MYHI1-positive AML, which is associated with the AML-M4Eo subtype
and results from the inv (16) (p13g22) translocation. This subtype has a
higher likelihood of achieving CR and prolonged disease-free survival [32].
Patients with CBFB-MYHI1 1-positive AML tend to be younger and have
other distinctive morphologic features, including an abundance of
monocytes and a distinctive, atypical eosinophil element that defines this
particular AML subgroup, which is why it is often referred to as M4Eo
AML [33]. However, like RUNX1-RUNXI1T1-positive AML, the presence
of additional genetic mutations can influence prognosis. Response of this
specific subtype was specifically proven to be sensitive to high-dose
cytarabine-based consolidation regimens, thereby guiding treatment
modalities and options towards better and more specific regimens [34, 35].
However, it is worth noting that relapses affect nearly 50% of adult
patients, and the survival rate beyond five years is merely around 50% [36-
38].

AML characterized by t(8;21) or inv(16) is typically grouped under the
term "core binding factor AML (CBF-AML) [39]." CBF-AML comprises
about 25% of pediatric and 15% of adult patients with newly diagnosed
AML, making it the most prevalent cytogenetic subtype of AML [40].
Survival outcomes for pediatric CBF-AML patients, when compared to
AML with typical cytogenetics, show a slight improvement. However, a
subset with a less favorable prognosis exists within this patient population.
This suggests that there is diversity among these patients, and it is likely
that additional mutational changes can impact the development of the
disease [41].

Given the rarity of extramedullary AML involvement, especially in the
context of bone structures, additional diagnostic workup may be necessary
to identify the subtype accurately. This may involve cytogenetic and
molecular genetic testing to detect specific translocations, mutations, and
fusion genes associated with AML subtypes. Management of AML in
pediatric patients typically involves intensive chemotherapy regimens
aimed at achieving CR. For patients with RUNX1-RUNXIT1 and CBFB—
MYHI11-positive AML, standard induction chemotherapy, often including
anthracycline-based regimens, is the first-line treatment. Hematopoietic
stem cell transplantation (HSCT) may be considered for eligible patients,
particularly in cases of high-risk AML or relapsed disease. HSCT can offer
a chance for long-term remission and potential cure, but it comes with its
own set of risks and complications.

The patient developed bilateral retinal detachment, a rare but serious
complication in leukemic patients, often linked to leukemic infiltration or
hemorrhage. According to the updated Retina Society Classification for
proliferative vitreoretinopathy (PVR), retinal changes are graded from A to
CA/CP based on severity and location. Grade A includes mild findings like
vitreous haze, while more advanced PVR is classified as posterior (CP) or
anterior (CA), depending on whether the proliferative changes and retinal
folds are located behind or in front of the equator [42].

Given the risk of relapses and the potential for long-term ophthalmologic
complications such as retinal detachment, close and coordinated follow-up
is essential. The patient will require regular hematological monitoring of
visual outcomes and management of any late sequelae of orbital
involvement or treatment-related complications.

Although 15-year-olds may fall at the intersection of pediatric and adult
care, emerging evidence supports the use of pediatric protocols for
adolescents with AML. Studies have shown that adolescents benefit more
from pediatric AML protocols than adult ones, with studies showing
improved remission and survival rates compared to those treated with adult
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protocols [27, 43]. The use of the pediatric-based Tawam AML protocol,
in this case, aligns with current recommendations, especially given the
favorable RUNX1-RUNXIT]I cytogenetic profile.

In this case, the patient's clinical condition and response to initial treatment
would be critical in determining the appropriate course of action. The
development of sepsis and septic shock, along with severe pancytopenia,
indicates a complex clinical scenario that may require intensive supportive
care in addition to disease-specific AML M2 targeting therapy. Regular
monitoring, including minimal residual disease assessment, is crucial for
evaluating treatment response and guiding further therapeutic decisions.

4. Conclusions

To conclude, this case report sheds light on the intricacies of diagnosing
and treating Acute Myeloid Leukemia (AML) in a pediatric patient
presenting with extramedullary involvement and bilateral proptosis.
Recognizing the specific AML subtype, such as RUNX1-RUNXIT1 and
CBFB-MYHI11-positive AML, is pivotal in predicting prognosis and
tailoring the treatment strategy. Early and precise diagnosis, coupled with
a comprehensive multidisciplinary approach to care, can significantly
enhance the outcomes for pediatric AML patients, positively impacting
their overall well-being and recovery.
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