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ARTICLE INFO ABSTRACT

Article history: Rhabdomyosarcoma (RMS) is the most common mesenchymal tumor in children and ado-
Received 7 April 2023 lescents, with 10% of cases occurring in the orbits. RMS should be suspected whenever chil-
Revised 5 May 2023 dren present with rapidly progressing unilateral exophthalmos. Its symptoms depend on
Accepted 11 May 2023 the lesion’s origin and location. We report the clinical case of a 19-year-old male patient ad-

mitted to the hospital because of blurred vision and bulging eyes that gradually increased
over several months. Magnetic resonance imaging showed a mass located mainly in the left

Keywords: orbit, pushing and deforming but not invading the eyeball. The lesion had grown into the
Orbital rhabdomyosarcoma left ethmoid sinus wall. The histopathological incisional biopsy results were with alveolar
Soft-tissue sarcoma RMS.

Magnetic resonance imaging © 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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[1]. Histopathological classifications of RMS include Embry-
onal, alveolar, pleomorphic and spindle cell subtypes. The
Embryonal subtype is the most common, and the alveolar
Rhabdomyosarcoma (RMS) is a mesenchymal cell malignancy subtype is the least common, with PAX3/7-FOXO1 fusion gene
representing 5% of all pediatric malignancies, usually seen amplification in most cases and has the worst prognosis. The
in the first decade of life, especially between the ages of 5-7 presenting symptom is usually rapidly progressing unilateral
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exophthalmos. The rapid growth of lesions can mimic other
infections or tumors in the orbit. Computed tomography (CT)
and magnetic resonance imaging (MRI) are 2 necessary imag-
ing modalities for determining the location, size, and extent
of invasion and evaluating recurrence or residual lesions
after treatment. Understanding the clinical, imaging, and
histopathological features is essential for the early diagnosis
and management of these lesions.

Case report

A 19-year-old male patient with no remarkable medical his-
tory was admitted to our hospital because of bulging eyes and
increasingly blurred vision over the past few months. No fam-
ily history of cancer, and no history of chemical or radiation
exposure was found. The patient was examined at the eye
hospital with the initial diagnosis of an orbital tumor, then
referred for transfer to our hospital. At this time, the tumor
was still small with 3 cm in diameter and had not affected
the vison. However, due to the Coronavirus disease (COVID-
19) pandemic, he did not attend. After 6 months, the lesion
rapidly increased in size with bleeding; the patient came to
our hospital for examination.

A large lesion measuring 60 x 44 x 50 mm located mainly
in the extraconal of the left orbit was found on MRI. It showed
isointensity with the extraocular muscle in the T1-weighted
(T1W) image, hyperintensity in the short tau inversion re-
covery (STIR) image, heterogeneous enhancement postcon-
trast, and no internal cysts or calcification. The lesion’s bor-
der with the medial rectus muscle and ethmoid sinus’s in-
ner wall was unclear. It compressed, causing ocular deformity
but not invading the eyeball, intra-conal space, or intracranial.
The lesion had a strongly restricted diffusion on diffusion-
weighted imaging (DWI)/apparent diffusion coefficient (ADC)
images with a minimum ADC of 0.7 x 10~3 mm?/s (Fig. 1).
Systemic workup including complete blood count, urinaly-
sis, serum electrolytes, bone marrow aspiration, lumbar punc-
ture, bone scintigraphy, cervical and abdominal ultrasound,
abdominal CT and chest CT was unremarkable.

The patient then underwent an incisional biopsy. Micro-
scopically, the tumor was highly cellular, characterized by
primitive round cells with scant cytoplasm and large hyper-
chromatic, sometimes pleomorphic nuclei. Tumor cells were
arranged in nests or alveolars separated by paucicellular fi-
brovascular septa. Some areas showed a solid pattern. Tu-
mor cells showed immunoreactivity for desmin and myo-
genin. The nuclear immunostaining for myogenin was strong
and diffuse, unlike the focal staining pattern of other RMS
subtypes. Mitotic figures were easily identified, and the Ki-
67 index was ~40%. Histopathology and immunohistochem-
ical staining were consistent with alveolar RMS and PAX3/7-
FOXO1 fusion not amplified by Fluorescence in situ hybridiza-
tion (FISH) analysis (Fig. 2). According to European Pediatric
Soft Tissue Sarcoma Study Group (EPSSG) and tumor board
meeting (medical oncologist, radiologist, radiation oncolo-
gists, pathologist, surgeon), the patient was diagnosed with
Alveolar RMS high risk group G, T2bNOMO. According to EPSSG
protocol, IVA regimen (ifosfamide, dactinomycin and Vin-

cristin) was applied. The patient was treated with 3 courses
of chemotherapy and showed a partial response of over 70%
(Fig. 3); we decided to receive chemotherapy combined with
concurrent chemoradiotherapy according to EPSSG guideline,
then maintenance treatment for 6 months with vinorelbine -
cyclophosphamide. The patient has finished treatment with
total of 52 weeks, and the tumor has achieved complete re-
sponse. After 1 year of follow-up, the patient was completely
stable, no recurrence was seen.

Discussion

Orbital RMS accounts for 25%-35% of head and neck RMS and
10%-20% of all RMS [2]. The etiology of RMS is still unknown,;
however, some reports have shown that risk factors such as
X-rays exposure, parental drug use, vaginal bleeding during
pregnancy, and childhood allergies are associated with an in-
creased risk of developing the disease [3]. In addition, RMS
is also associated with several familial syndromes such as
Li-Fraumeni, Neurofibromatosis type I, Costello, Noonan syn-
drome, Beckwith-Wiedemann, and DICER1 syndrome [3]. Clin-
ical manifestations of orbital RMS usually include unilateral
proptosis, globe displacement, strabismus, eyelid swelling, red
eye, ptosis, chemosis or limited ocular movement, which can
sometimes cause facial paralysis. The acute onset and rapidly
progressive nature of the disease may mimic infectious or in-
flammatory etiologies. When a child has a rapid progressing
unilateral exophthalmos, RMS should be taken into consid-
eration [4]. These tumors are often diagnosed before distant
metastases, rarely involving local lymph nodes, possibly be-
cause the orbit has a small lymphatic system [5,6]. However,
lung and bone metastases were reported in some untreated
cases. Locally, orbital RMS can extend intracranially and in-
filtrate the orbital bones [2]. Compared to localized disease,
metastatic orbital RMS has a less favorable prognosis. Never-
theless, a joint European-North American pooled study found
the orbital site to be favorable [5,7].

Imaging plays an important role in lesion diagnosis. CT is
dominant in the evaluation of associated bone lesions. How-
ever, MRl is preferred because it is better at showing the orbital
soft tissues in detail, providing exact location, vascular flow
characteristics, enhancement patterns, intracranial invasion
without any ionizing radiation risk. Moreover, MRI with DWI
sequence is an ideal modality to detect residual lesions and
follow-up post chemoradiotherapy.

Orbital RMS is commonly classified as extraconal lesions
because they tend to arise from the extraocular musculature
or eyelid, although they can involve both intra and extraconal
in some cases [8]. In early stages, RMS presents as a well-
defined, homogeneous soft mass lesion homogenous with the
muscle and without bone destruction. Advanced lesions often
are demarcated, invade surrounding structures, have internal
calcifications (although not a common feature), and destroy
adjacent necrosis. After injection, it enhances moderately to
markedly with rare ring enhancement.

On MRI, the lesion is isointense with the extraocular mus-
clein T1W images. In T2-weighted images, the lesion is hyper-
intense with the extraocular muscle and intraorbital fat but
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Fig. 1 - On MRI, a large lesion (arrow) measuring 60 x 44 x 50 mm located in the left orbit was hyperintense in the STIR
image (A, B), isointense with extraocular muscle in the T1W image (C), and heterogeneously enhanced postcontrast (D). It
caused an ocular compression deformity but did not invade the eyeball, intra-conal space, or intracranial. The lesion had a
strong restricted diffusion in DWI/ADC images with a minimum ADC of 0.7 x 103 mm?/s (E, F).
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Fig. 2 - (A-C) Hematoxylin and eosin staining showed the lesion’s border was infiltrative (A; 400 x) and characterized by
primitive round cells with scant cytoplasm and large hyperchromatic nuclei (B; 40 x). The tumor cells were arranged in
alveolars separated by paucicellular fibrovascular septa, often with loss of cellular cohesion in the center (C; 100 x). (C-E)
Immunohistochemistry showed that the nuclear expression of myogenin and desmin was strong and diffuse (D, E; 100 x).

Ki-67 staining (F; 400 x) showed a proliferative index of 40%.

may also be isointense or hypointense due to its high cell den-
sity. Focal hyperintensity may be seen on T1- and T2-weighted
images due to bleeding. Comparison of pre- and postinjec-
tion images helps detect intracranial invasion and adjacent
paranasal sinuses. In some cases, especially in children aged
<2 years, the lesion is strongly enhanced because of its rich
vascularity, which can easily lead to misdiagnosis as capil-
lary hemangioma. DWI is a valuable sequence in the differ-
ential diagnosis of RMS from other lesions. Some studies have
suggested that the ADC is useful in the differential diagnosis

between benign and malignant orbital lesions with a cut-off
value of 1.14 + 0.33 x 1073 mm?/s [9]. In our case, with a low
ADC value (0.7 x 1073 mm?/s), the lesion tends to be malig-
nant.

Approaching the eye lesions, the combination of age, med-
ical history, clinical symptoms, location, and especially using
compartment - based approach is necessary for narrowing
the diagnostic considerations and determining the most ap-
propriate management strategy [8]. All in this case, the lesion
is located in extraconal space; some diagnoses may be listed
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Fig. 3 - MRI after 3 courses of chemotherapy shows that the tumor (arrow) decreased the size significantly.

besides RMS such as orbital cellulitis, idiopathic orbital in-
flammation, capillary hemangioma, lymphangioma, Langer-
hans cell histiocytosis (LCH), and lymphoma. Orbital celluli-
tis which is a common cause of proptosis in children is often
misdiagnosed as orbital RMS because of mimic clinical symp-
toms [10]. However, the absence of systemic symptoms like
fever and lethargic behavior is more indicative of orbital RMS.
On MRI, orbital cellulitis often shows thickening and infil-
trated fat, contrast enhancement without restricted diffusion
[10]. Orbital cellulitis may be complicated by an abscess that
presents with ring-shaped enhancement and restricted diffu-
sion in the center. Idiopathic orbital inflammation (IOI) often
called pseudotumor, which is the third most common orbital
disease, typically cause an increase in oculomotor muscle size
[11]. On MR, IOI shows an infiltrative mass, less often a fo-
cal mass, with contrast enhancement and lacks restricted dif-
fusion with mean ADC value of 1.15 (+0.37) x 10~3 mm?/s
[11,12]. In contrast, RMS with strongly restricted diffusion -
like this case- is usually close to extraocular muscles without
enlargement of the muscle belly. IOP shows an outstanding
response to corticosteroids. In some case with atypical pre-
sentation, trial corticosteroid therapy helps differentially di-
agnose idiopathic inflammatory orbital pseudotumors and tu-
mors [13].

Orbital capillary hemangioma is common in neonates dur-
ing the first month of life and progresses slowly, so that can
appear in young adult. The DWI sequence can help differen-
tiate these 2 lesion types; RMS is predominantly restricted on
DWI/ADC images, while capillary hemangioma is not [14]. In
our case, excluding hemangioma from the diagnosis is pretty
simple because of the age and strongly diffuse restricted le-
sion on DWI. Orbital lymphangioma often has many small cys-
tic structures with visible fluid inside, which is rare in RMS
[15]. Orbital LCH is rare, accounting for <1% of orbital space-
occupying lesions in children and adults, with a peak inci-
dence from 1 to 3 years of age. Most orbital LCH lesions involve
the frontal bone, typically anteriorly in the superior or super-
olateral wall. They can be confused with an invasive orbital
RMS since they destroy bone and invade the orbit via a direct
route [16].

One of another differential diagnose in this patient is lym-
phoma. Orbital lymphoma may be primary or secondary to
systemic lymphoma. While these tumors tend to affect adults

aged 50-70 or older, they can also affect younger individu-
als. The most common orbital lymphoma site is the lacrimal
gland. Lymphoma’s characteristics on TIW images are similar
to those of RMS, with the degree of enhancement varying from
moderate to strong and restricted diffusion on DWI. However,
lymphoma commonly presents as a homogeneously enhanc-
ing mass and typically envelops anatomic orbital structures
without invasion or depressing the eyeball [17].

Histopathology is vital for definitive diagnosis when orbital
RMS is suspected on imaging. Incisional or excisional biopsy
is performed in most cases to ensure a diagnosis. RMS is
histopathological classified into 4 subtypes (Embryonal, alve-
olar, pleomorphic and spindle cell) with different epidemio-
logical characteristics. Embryonal RMS accounts for 50%-70%
of orbit RMS cases and can be found in other locations, such
as the genital or retroperitoneal regions. Embryonal RMS has
2 peak ages: a higher peak at 0-5 years and a lower peak at
adolescence [5,18]. Alveolar RMS accounts for 20%-30% of or-
bit RMS, occurs at any age but is more common in adolescents
and young adults [5]. PAX3/7-FOXO1 fusion gene is a signature
genetic change of Alveolar RMS, accounting for 80% [19]. Pleo-
morphic and spindle cell RMS extremely rare appear in the
orbit. In addition, RMS pathology has been demonstrated to
be an independent prognostic factor. Overall, Embryonal RMS
survival was better than in patients with pleomorphic and
alveolar RMS, with 5-year mortality rates of 26.7% compared
with 45,4% and 53.3%, respectively [20].

RMS treatment aims to prevent local tumor progression
and distant metastasis. In the past, RMS’s overall survival rate
(0S) was 25%-30%, with the primary treatment being surgical
tumor resection. Nowadays, a multidisciplinary approach in-
cluding surgery, chemotherapy, and radiation therapy is pre-
ferred in the treatment of orbital RMS that has improved
the OS rate to approximately 90% [1]. Chemotherapy and ra-
diotherapy protocol is usually planned based on the inter-
nationally accepted staging system of the “Intergroup Rhab-
domyosarcoma Study Group” Or European Pediatric Soft Tis-
sue Sarcoma Study Group. Chemotherapy is considered as a
backbone in the treatment of RMS with 2 main chemotherapy
regimens used include the VAC regimen (vincristine, actino-
mycin D, and cyclophosphamide) and (2) the IVA (ifosfamide,
vincristine, and actinomycin D). Some poor prognostic factors
for orbital RMS include the age of onset (younger than 1 year or
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> 10 years), alveolar type, tumor size (>5cm), periorbital struc-
tures invasion, and distant organ metastasis, PAX3/7-FOXO1
fusion positive [1,19]. Regarding this patient, although orbit
was assigned as a favorable site, he had a poor prognosis be-
cause the age of onset was more than ten years old, tumor
size > 5 cm and alveolar type. Moreover, the late arrival of pa-
tients to the hospital due to COVID-19 also delays treatment,
causing rapid tumor growth with bleeding complications. If
the patient was treated immediately with an initial tumor size
of 3 cm (good prognosis factor) without affecting vision, total
tumor resection could be initiated at the beginning, prolong-
ing the patient’s survival time and helping to preserve vision.
Fortunately, the patient had PAX3/7-FOXO1 fusion negative, so
the tumor responded well to chemotherapy, and the patient is
currently stable after 1 year of treatment.

Conclusions

Orbital RMS is a common primary malignancy in children,
often presenting with rapidly progressing protrusion. Differ-
ential diagnosis from other intraorbital lesions remains chal-
lenging. A multidimensional approach involving clinical fea-
tures, imaging, and pathology is necessary for early diagnosis
and good management of orbital RMS.
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