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Abstract: Orbital Alveolar Soft Part Sarcoma (ASPS) is an extremely rare malignancy, with limited case reports. Diagnosis is
challenging owing to its slow-growing nature and non-specific symptoms. Furthermore, standardized treatment protocols are lacking,
and the long-term outcomes remain poorly understood. We aimed to address these gaps by presenting a rare case of orbital ASPS and
outlining the diagnostic challenges, treatment approach, and long-term follow-up to inform the clinical management. A 28-year-old male
presented with diplopia, restricted ocular movements, and orbital swelling. Magnetic resonance imaging revealed a 3.81 x 1.99-cm mass
adjacent to the left medial rectus muscle, which was histopathologically confirmed as ASPS. A personalized therapeutic approach
involving surgery and radiotherapy achieved stable disease, preserved vision, and no recurrence over a 3-year follow-up period. These
findings contribute to the existing body of knowledge regarding the clinical management of orbital ASPS, underscoring the importance of
individualized treatment strategies. Routine long-term surveillance and multidisciplinary care are essential in the management of rare
cases. This case further emphasizes the need for continued research and documentation to enhance the diagnostic accuracy and refine the
treatment guidelines for ASPS.

Plain Language Summary: Alveolar Soft Part Sarcoma (ASPS) is a rare cancer that can appear in the soft tissues of the body. It is
even more uncommon and difficult to diagnose when it occurs in the eye socket (orbit) because the tumor grows slowly, and the
symptoms are vague, such as double vision and eye swelling. There are very few reports on this condition and there is no standard
treatment plan. In this report, we describe the case of a 28-year-old man who developed orbital ASPS. The patient experienced double
vision, limited eye movement, and swelling in one eye. A magnetic resonance imaging (MRI) scan showed a tumor near the eye
muscle, which was confirmed to be ASPS through tissue testing. The patient was treated with a combination of surgery and targeted
radiotherapy. Over a 3-year follow-up period, his vision remained stable and the cancer did not return. This case shows that careful
planning using advanced radiotherapy techniques, along with long-term follow-up and regular eye examinations, can help to control
this rare cancer while protecting vision. Our experience highlights the importance of a personalized approach involving a team of
medical specialists. Improved radiotherapy methods, such as proton therapy, may further reduce side effects and improve outcomes.
More research is needed to better understand this rare disease and develop clearer treatment guidelines.
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Introduction
Alveolar soft part sarcoma (ASPS) is a rare malignant soft tissue neoplasm with a global incidence of < 1 per million
individuals annually. ASPS accounts for <1% of all soft tissue sarcomas.'~ It typically occurs in adolescents and young
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adults but may also be observed in children as young as two years of age.”> ASPS is characterized by distinctive
histological features and clinical behavior, presenting as slow-growing tumors located in deep soft tissues, particularly in
the lower extremities and the head and neck region. Its insidious growth and absence of specific clinical symptoms often
complicate diagnosis.® Despite its indolent course, ASPS possesses a high metastatic potential, most commonly in the
lungs, brain, and bones. Prognosis varies significantly, with a 5-year survival rate of 60-88% for localized disease,
dropping to 20-62% in cases with metastases.”

Although ASPS is rare, orbital ASPS is exceptionally uncommon, accounting for approximately 5-15% of all
reported ASPS cases.*> Orbital tumors exert pressure on adjacent structures, leading to complications, such as
progressive proptosis, pain, ophthalmoplegia, and visual disturbances. Lesions in the retroorbital space present additional
diagnostic challenges owing to their slow-growing nature, which often delays the onset of noticeable symptoms.
Consequently, tumors may remain undetected until they produce significant pressure effects. Imaging modalities,
including magnetic resonance imaging (MRI) and computed tomography (CT), are essential for identifying intraorbital
tumors. Furthermore, histopathological analysis is critical for definitive diagnosis, as ASPS can mimic other soft tissue
sarcomas. Features such as polygonal tumor cells with abundant eosinophilic cytoplasm and prominent nucleoli may
resemble those observed in clear cell sarcomas or metastatic renal cell carcinomas. Moreover, the alveolar growth pattern
typical of ASPS may resemble that of other tumors with similar architectural patterns, further contributing to diagnostic
uncertainty and the delayed initiation of appropriate treatment.

In this case report, our primary aim was to enhance the current understanding of orbital ASPS, a rare and under-
reported malignancy. Due to its rarity, diagnostic challenges persist, standardized treatment protocols remain undefined,
and long-term outcomes and recurrence rates are insufficiently characterized, complicating optimal clinical management.
We sought to provide valuable insights by documenting the clinical presentation, diagnostic complexities, and therapeutic
strategies in challenging cases. Our goals were to raise awareness, promote early recognition, and support the develop-
ment of improved treatment approaches to enhance patient outcomes.

Case Report

Overview of the Case

A 28-year-old male, with no significant medical or family history presented to a private hospital with left eye diplopia
and ptosis, which raised clinical suspicion of multiple sclerosis. Magnetic resonance imaging (MRI) of the brain and orbit
revealed no pathological findings. The patient was managed conservatively with local steroids, but no improvement was
observed. Five months later, the patient developed additional symptoms including redness, swelling, and restricted eye
movement in the left eye. These findings prompted a referral to a specialized ophthalmology hospital. Magnetic
resonance imaging (MRI) of the orbit revealed an enhancing mass (measuring 3.81x1.99 cm) along the left medial
rectus muscle, with no direct invasion of the optic nerve (Figure 1).

Figure | Contrast-enhanced T|-weighted fat-saturated magnetic resonance imaging (MRI T1 FS+C) of the orbits. An enhancing mass is visible in the left orbit, originating
from the left medial rectus muscle, without evidence of direct optic nerve invasion.
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Owing to the lack of availability of neurosurgeons at the ophthalmology center, the patient was referred to a tertiary
institution. Unfortunately, a delay of 3 months before the neurosurgical consultation was obtained. At this tertiary center,
the patient underwent intranasal biopsy of the orbital mass under general anesthesia. A staging workup, including CT
tomography of the chest, abdomen, and pelvis, revealed no evidence of metastatic disease.

Histopathological Findings

Hematoxylin and eosin-stained sections of the orbital mass revealed a malignant mesenchymal tumor, characteristic of ASPS.
The tumor sections were composed of large polygonal cells with abundant eosinophilic cytoplasm arranged in a vaguely
nested pseudo-alveolar growth pattern (Supplement 1A and B). The cells were separated using thin fibrovascular septa to
create a pseudo-alveolar architecture. Periodic acid—Schiff (PAS) staining revealed intracytoplasmic glycogen and character-
istic PAS-positive, diastase-resistant rhomboid or rod-shaped crystals within the tumor (Supplement 1C), a hallmark feature of
ASPS. This detailed examination highlighted the cellular morphology and further confirmed the diagnosis of ASPS, consistent
with clinical findings. No evidence of atrophy, metaplasia, or dysplasia was found.

Molecular Cytogenetic Staining

Fluorescence in situ hybridization for 7TFE3 was performed to confirm the diagnosis of ASPS. Abnormal rearrangement
was observed in the TFE3 gene region, which has been noted in ASPS and Xpl11.2 translocation-associated renal cell
carcinoma.

Treatment and Management

Diagnosis of orbital ASPS requires a comprehensive, cross-disciplinary approach to formulate an optimal treatment plan.
The patient presented to a multidisciplinary tumor board comprising neurosurgeons, oncologists, ophthalmologists, and
radiation oncologists. Two primary treatment strategies were evaluated: complete enucleation and surgical resection
followed by adjuvant radiotherapy. A critical consideration in the decision-making process is the high likelihood of
achieving a positive surgical margin.

The patient ultimately underwent surgical resection followed by adjuvant radiotherapy. Surgery was successfully
performed with uneventful postoperative recovery. However, postoperative positron emission tomography (PET) scan
revealed an enlarged cervical lymph node, necessitating close clinical monitoring. Owing to the social circumstances, the
patient was subsequently referred to our center for radiotherapy.

Postoperative Clinical Course and Follow-up

The patient underwent CT simulation in the supine position with the head in neutral alignment. Immobilization was
achieved using an S-frame mask and the patient was asked. A planning CT scan with 1.3 mm slice thickness was
acquired and co-registered with preoperative and postoperative MRI for accurate target delineation.

Target volumes were defined according to standard guidelines. The high-risk clinical target volume (CTV60) included
the tumor bed and regions suspected of microscopic residual disease. The low-risk clinical target volume (CTV54)
encompasses the entire surgical cavity and the adjacent orbital tissues. Planning target volumes (PTVs) were generated
by expanding each CTV isotropically by 3 mm to account for setup uncertainties.

Adjuvant radiotherapy was delivered using a Volumetric Modulated Arc Therapy (VMAT) technique with
a simultaneous integrated boost (SIB) approach. A total dose of 60 Gy in 30 fractions (2 Gy/fraction) was prescribed
to PTV60, while 54 Gy in 30 fractions (1.8 Gy/fraction) was concurrently delivered to PTV54. Treatment planning was
performed on Eclipse Treatment planning system. Two coplanar partial arcs were used with gantry rotation spanning 0°
— 179° and 179° — 0° in opposite directions, optimized to minimize the dose to the contralateral orbit and optic
structures. Collimator angels were set at 30 and 330 to reduce tongue and groove effects and enhance conformity near
critical structures. Dose calculation was performed using Anisotropic Analytical Algorithm (AAA) with a grid resolution
of 2.5 mm. The plan achieved good target coverage while maintaining dose constraints to the organ at risks. (Figure 2).
Organs-at-risk (OARs) were delineated and evaluated per QUANTEC and institutional constraints (Table 1).
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Figure 2 The image illustrates the radiation treatment plan for the case, demonstrating the simultaneous integrated boost (SIB) technique. The 95%, 85%, and 50% isodose
lines, calculated relative to the prescribed 60 Gy dose, are clearly delineated. The planning target volume (PTV) for 54 Gy is shown in dark blue, encompassing the low-risk
areas, while the PTV for 60 Gy is highlighted in cyan blue, covering the high-risk tumor bed and areas of suspected positive margins. The green circle at the bottom left (with
red, blue, and green dots) represents the patient’s orientation in the scanner.

The patient was able to tolerate the treatment satisfactorily. Acute toxicities were limited to grade 1 conjunctivitis and
excessive tearing, which were resolved with conservative management. No Grade >2 acute toxicity was observed.

Three months after radiation therapy, small enhancing tissue was observed at the posterolateral aspect of the medial
rectus muscle (Figure 3). At the 1-year follow-up, significant interval regression of this tissue was noted (Figure 4A). By
3 years post-treatment, imaging demonstrated further reduction of the enhancing tissue, consistent with postoperative
changes (Figure 4B). The most recent orbital MRI, performed 40 months after treatment, showed no evidence of local
recurrence. A PET scan conducted 21 months post-treatment revealed stable but persistent fluorodeoxyglucose (FDG)
activity in the left medial rectus muscle and resolution of the cervical lymph nodes previously identified in the
postoperative scan, with no new FDG-avid lesions elsewhere. During treatment, the patient experienced mild conjuncti-
vitis and excessive tearing, which were conservatively managed. Annual ophthalmological examinations revealed no
late-onset ocular complications.

Table | Dose Constraints and Achieved Doses for Organs at Risk (OARs)

Organ at Risk Dose Constraint Achieved Dose (Gy)

Ipsilateral optic nerve Dmax < 55 Gy Preferred 59.7
Dmax < 55-60 Gy Acceptable

Contralateral optic nerve | Dmax < 54 Gy 229
Retina (ipsilateral) Dmean < 45 Gy 372
Lens (contralateral) Dmax < 10 Gy 8.6
Brainstem Dmax < 54 Gy 36
Optic chiasm Dmax < 54 Gy 223

Note: All dose constraints and achieved doses are expressed in Gray (Gy).
Abbreviations: Dmax, maximum dose; Dmean, mean dose.
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Figure 3 Contrast-enhanced T |-weighted fat-saturated MRI (T FS+C) obtained 3 months after radiation therapy. A small enhancing focus is noted along the posterolateral
aspect of the left medial rectus muscle. (*) Indicates the beginning of the measurement.
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Figure 4 Contrast-enhanced T|-weighted fat-saturated MRI (T| FS+C) at (A) | year and (B) 3 years following radiation therapy. Interval regression of the ill-defined
enhancing tissue along the left medial rectus muscle is observed over time. (*) Indicates the beginning of the measurement.

The follow-up protocol included orbital MRI and chest CT every four months for the first two years, followed by
scans every six months for the subsequent three years. Three years post-treatment, the patient continued to demonstrate
excellent outcomes, with preserved visual function, good quality of life, and no evidence of local recurrence or distant
metastasis.

Discussion
The diagnosis of orbital ASPS remains challenging owing to its rarity and non-specific clinical presentation. In the
present case, the orbital mass was initially identified via MRI and subsequently confirmed via intranasal biopsy.
Histopathological examination revealed hallmark features of ASPS, including pseudo-alveolar architecture and PAS-
positive diastase-resistant crystals, consistent with previous reports.®’ Notably, this case demonstrated subtle variations
in the degree of pseudo-alveolar patterning and prominence of cytoplasmic glycogen deposition compared with
previously reported cases. These histological differences may reflect anatomical specificity or intertumoral heterogeneity,
as orbital ASPS is exceptionally rare and presents unique interpretive challenges distinct from ASPS at other anatomical
sites.

Molecular cytogenetic analysis confirmed the 7FE3 gene rearrangement, an established diagnostic hallmark of ASPS,
further substantiating the diagnosis. Prior studies, such as those by Schoolmeester et al, have emphasized the critical role
of molecular testing in distinguishing ASPS from morphologically similar neoplasms, underscoring the robustness of the

diagnostic approach in this case.’
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Management of orbital ASPS presents unique challenges given the proximity of the tumor to critical orbital
structures. In the present case, the treatment involved surgical resection followed by adjuvant radiotherapy, which is
consistent with the existing literature.®” Achieving negative surgical margins is particularly difficult because the tumor is
located adjacent to the medial rectus muscle. Despite the presence of positive margins, adjuvant radiotherapy effectively
reduced the risk of recurrence while preserving ocular function. The use of VMAT with SIB allows optimized dose
delivery, a technique rarely described in previous orbital ASPS reports.

Radiation-related complications such as retinal edema, telangiectasia, hemorrhage, and neovascularization typically
develop within 6 months to 3 years of treatment. It has been shown that doses exceeding 45 Gy mean retinal dose
(Dmean) or 65 Gy maximum point dose (D10) are associated with increased risk, particularly under conventional
fractionation regimens. Parsons et al reported retinopathy in nearly all patients receiving 45-55 Gy, whereas et al
demonstrated that hyperfractionated schedules can reduce this risk even at higher doses.'® In the current case, the patient
received a mean retinal dose of 35 Gy and maximum dose of 59.9 Gy. Notably, no signs of radiation retinopathy were
observed over the follow-up period of > 3 years. These findings support prior evidence indicating that Dmean doses
below 45 Gy are associated with lower toxicity, especially in patients without comorbidities such as diabetes.

During the 3-year follow-up period, the patient adhered to a standard structured surveillance plan involving orbital
MRI and chest CT every four months for the first two years, followed by biannual imaging. This approach enables
a comprehensive assessment of tumor stability and early detection of potential recurrence or metastasis. The follow-up
strategy aligns with the NCCN guidelines, which recommend imaging every 3—6 months during the first 23 years, every
6—12 months for the subsequent 2 years, and annually thereafter, based on individual risk.

This case highlights several novel aspects, including the application of advanced radiotherapy techniques and
a rigorous follow-up protocol, illustrating the significant advancements in the management of orbital ASPS. These
findings contribute to the growing body of literature advocating individualized treatment approaches tailored to the
unique anatomical and clinical challenges of orbital sarcomas.

Limitations

This case report is limited by its single-patient design, 3-year follow-up period, and splitting of treatment across two
different hospitals, with surgery performed at a separate facility. Furthermore, although effective, advanced radiotherapy
techniques may not be accessible in all settings. Larger, multi-institutional studies with longer follow-up periods are
required to confirm these findings and establish safe dose thresholds for ocular structures to further enhance treatment
safety and efficacy.

Conclusion

This case report underscores the diagnostic and therapeutic complexities associated with managing orbital ASPS,
highlighting the critical role of surgical resection and radiotherapy in achieving local disease control even in the presence
of microscopically positive surgical margins. The use of an SIB radiotherapy technique enables precise dose escalation to
high-risk regions while sparing adjacent healthy tissues, thereby demonstrating the safety and efficacy of this approach in
treating orbital tumors.

Furthermore, the incorporation of long-term follow-up, featuring regular imaging and annual ophthalmologic
evaluations, offers valuable insights into the ongoing management and surveillance of ASPS in this anatomically
sensitive region.

Future research should emphasize the refinement and clinical integration of advanced radiotherapy modalities, such as
proton therapy and individualized fractionation schedules, to further optimize the treatment outcomes. Personalized
treatment planningguided by multidisciplinary collaborationshould be prioritized to address the unique anatomical and
functional challenges posed by orbital ASPS. Further research into evidence-based dose constraints and their application
may enhance therapeutic precision and reduce toxicity, ultimately preserving ocular function, while minimizing long-

term complications.
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