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Abstract

Alveolar rhabdomyosarcoma (ARMS), a histological subtype associated with a poorer prognosis, represents an
aggressive form of the disease. In the ethmoidal-nasal region, the proximity of critical structures such as the orbit and
the skull base presents significant diagnostic and therapeutic challenges.

We report the case of a 15-year-old adolescent presenting with sudden-onset right exophthalmos secondary to an
alveolar RMS with orbital, sinus, and basifrontal extension. A multimodal treatment approach was initiated, including
ifosfamide-vincristine-actinomycin (IVA) chemotherapy followed by intensity-modulated radiation therapy (IMRT)
delivered concomitantly with chemotherapy. The treatment was overall well tolerated. Immediate post-treatment
imaging showed slight tumor regression, and at 18 months a marked regression of both the tumor and cervical
lymphadenopathies was observed after maintenance therapy combining actinomycin, cyclophosphamide, and
vinorelbine.

This case highlights the importance of a multimodal therapeutic strategy and multidisciplinary management in high-
risk ethmoidal-nasal RMS. Long-term surveillance remains essential to optimize prognosis and allow early detection of
recurrence.
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1. Introduction

Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma in children and adolescents, accounting for
approximately 5% of all pediatric cancers [1]. It arises from primitive mesenchymal cells with myogenic differentiation
and includes several histological subtypes. Among these, the alveolar form is distinguished by greater biological
aggressiveness and a less favorable prognosis compared with the embryonal subtype [2]. Head and neck tumors
represent nearly one-third of all cases, but sinonasal involvement particularly ethmoidal is rare, accounting for only a
small proportion of pediatric RMS [3].

Due to the rarity of sinonasal RMS, the literature relies mainly on small case series and isolated clinical reports. Optimal
management requires a multidisciplinary approach involving pediatric oncologists, surgeons, radiologists, and
radiation oncologists, in order to best tailor therapeutic sequences and optimize tumor control.
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We report here the case of alocally advanced ethmoidal-nasal alveolar rhabdomyosarcoma in a 15-year-old adolescent,
revealed by right-sided exophthalmos and characterized by orbital and intracranial extension. The patient was treated
with a combined chemotherapy (CT) and radiotherapy strategy, achieving good local control during follow-up.

2. Casereport

We report the case of a 15-year-old child with no significant medical history who had presented for one month with
sudden and progressive right-sided exophthalmos (Figure 1) along with transient spontaneous redness of the eye, the
rest of the physical examination being unremarkable, a cervicofacial magnetic resonance imaging (MRI) scan revealed
a lesion centered on the right ethmoidal cells measuring 55 x 35 x 50 mm (AP x T x H) with the following extensions
and anatomical relationships: laterally it breached the orbital floor and ipsilateral lamina papyracea extending into the
orbit and causing grade I ipsilateral exophthalmos and it came into contact with the medial and inferior rectus muscles
with loss of the intervening fat plane, medially it eroded the nasal septum and extended into the left posterior ethmoidal
cells, superiorly it eroded the right cribriform plate and the posterior wall of the ethmoid with intracranial basifrontal
extension, inferiorly it widened the right maxillary sinus meatus with intrasinus extension resulting in fluid retention
and eroded the ipsilateral superior and middle nasal turbinates, posteriorly it eroded the anterior wall of the sphenoid
sinus with intrasinus extension and associated fluid retention (Figure 2)

Figure 1 Clinical image showing right-sided exophthalmos

Figure 2 Initial T1 GADO sequence showing the T1 isointense tumor exerting a mass effect on the right orbit
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A nasosinusal biopsy performed under general anesthesia (GA) showed, on pathological examination, bone infiltration
by an undifferentiated malignant small round cell tumor. Immunohistochemical analysis supported a diagnosis of
alveolar RMS, with diffuse and strong nuclear expression of myogenin; the cytoplasm showed strong positivity for
desmin; CD99 expression was moderate and likely nonspecific; there was no expression of the lymphoid markers CD20
and CD30, no expression of HMB45, and no expression of synaptophysin or chromogranin.

A staging workup consisting of cervico-thoraco-abdomino-pelvic computed tomography (CTAP) revealed right lateral
cervical lymphadenopathies (levels 3, 2A, and 2B). Given that the patient was classified as very high risk (N+), the
workup was completed with a bone marrow biopsy (BMB), scintigraphy, and lumbar puncture (LP), all of which
returned negative results.

Due to the tumor size and the risk of local functional damage, surgery was not indicated, and chemotherapy was
initiated, consisting of six cycles combining ifosfamide, vincristine, and actinomycin (IVA). A treatment response
assessment was performed after four cycles: the orbital CT scan showed clear regression in the size of the tumor
centered on the right nasal cavity, now limited to the ipsilateral ethmoidal cells. However, there was an increase in the
size of the right spinal cervical lymph nodes (25 mm versus 14 mm). Two additional cycles of IVA were added, and no
follow-up imaging was performed at that stage

Radiotherapy was delivered using an IMRT technique following a strategy of hierarchical sequential volumes. The first
dose level consisted of 41.4 Gy administered to the initial tumor volume (gross tumor volume (GTV), pre-chemotherapy)
as well as to the cervical lymph node regions at risk. A first boost (total dose 50.4 Gy) was delivered to the residual
tumor visible after induction CT and to the right spinal lymph node. Finally, a second boost focused on the tumor residue
brought the total dose to 55.8 Gy (figure 3-4), concomitant with three cycles of CT combining ifosfamide and vincristine,
without actinomycin given the risk of pulmonary toxicity. During treatment, the patient developed bacterial
conjunctivitis of the right eye and febrile neutropenia requiring hospitalization.

A cranio-cervical CT scan performed immediately after concomitant radiochemotherapy (CRT) showed a slight decrease
in the size of the tumor centered on the right ethmoidal cells, as well as complete regression of the right cervical
lymphadenopathies. The patient then received maintenance CT consisting of three cycles of actinomycin followed by
six cycles of cyclophosphamide plus vinorelbine, with an evaluation CT scan showing disease stability (DDC on
09/08/23). Eighteen months after completion of radiotherapy, a follow-up MRI showed no evidence of recurrence
(Figure 5). A long-term radiation-induced adverse effect was right-eye cataract, which was managed surgically.

Figure 3 Dose distribution on the residual ethmoidal-nasal tumor volume
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Figure 4 Dose distribution on the cervical target volumes

Figure 5 T1 GADO MRI sequence showing complete tumor regression two years after treatment

3. Discussion

ARMS is an aggressive form of pediatric RMS, accounting for approximately 20% of cases. It is characterized by
increased aggressiveness and a high propensity for lymph node involvement, particularly in cervicofacial forms, which
often leads to an advanced presentation at diagnosis [4].

Head and neck locations are common, but ethmoidal-nasal involvement remains rare and presents diagnostic
challenges due to the anatomical complexity of the region and the proximity of critical structures, notably the orbit and
skull base [5]. In this confined anatomical context, the clinical presentation may become rapidly suggestive because of
the absence of a large expansile space: the exophthalmos observed in our patient thus reflects early orbital invasion,
which is frequently associated with ethmoidal tumors. Several series have reported similar rapidly progressive
presentations, including nasal obstruction, epistaxis, or ocular protrusion [6].
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Our case fits fully within this pattern, with rapidly progressive symptoms and significant locoregional extension at the
time of diagnosis. Parameningeal extension, widely described in pediatric ethmoidal and paranasal tumors, represents
a well-documented unfavorable prognostic factor: studies have shown that skull base erosion, intracranial extension,
and age >10 years are associated with a significant decrease in survival rates [7].

From a histopathological standpoint, ARMS is characterized by strong and diffuse expression of muscle differentiation
markers, particularly myogenin and MyoD1, which is a key element for diagnosis and helps distinguish it from other
small round-cell tumors of the ENT region [8]. Moreover, the identification of PAX3-FOX0O1 or PAX7-FOXO01 fusions
further supports the diagnosis of the alveolar subtype and carries important prognostic significance, as these alterations
are strongly associated with a more aggressive tumor biology [8,9]. In our case, although molecular analysis was not
performed, the immunoprofile (diffuse myogenin and desmin expression, absence of lymphoid and neuroendocrine
markers) was typical of an alveolar RM. This subtype, combined with the presence of cervical lymph node involvement,
places the patient in the high-risk group according to the European recommendations of the European Paediatric Soft
Tissue Sarcoma Study Group (EpSSG), thereby guiding the choice toward a more intensive multimodal therapeutic
strategy [10].

In our observation, surgical excision was not considered because of the major functional risk associated with orbital
and intracranial extension. This approach is consistent with data from the literature on RMSs arising from
parameningeal sites, particularly the paranasal sinuses, where surgery plays a limited role due to the proximity of
critical structures and the difficulty in achieving complete resection without significant morbidity. Merks et al. [7]
indeed report that, in these locations, the impact of surgery on tumor control is limited, thus justifying the preferential
use of chemotherapy and radiotherapy to ensure local control.

The patient was therefore treated according to the European EpSSG/Frontline and Relapsed RhabdoMyoSarcoma (FaR-
RMS) recommendations, which advocate an induction regimen of the IVA type, currently considered the standard
protocol for high-risk pediatric or adolescent forms [11].

Guidelines from the European Society for Paediatric Oncology (SIOPE) confirm that vincristine-actinomycin-
cyclophosphamide (VAC) and IVA protocols constitute the cornerstone of initial systemic therapy in locally advanced
rhabdomyosarcoma [12].

Similarly, recent reviews emphasize that vincristine-actinomycin cyclophosphamide/ifosfamide-based combinations
represent the conventional reference chemotherapy in RMS, including the alveolar subtype [13].

Local control therefore relied on radiotherapy, in accordance with EpSSG and FaR-RMS recommendations, which
advocate its early integration for all high-risk tumors, regardless of the feasibility of a surgical procedure [11,12]. In line
with these standards, our patient received irradiation of the initial tumor volume using a hierarchical sequential
strategy, a commonly favored approach for paranasal locations to optimize target-volume coverage while respecting
dose-constraint thresholds for organs at risk. The delivered doses fully adhered to SIOPE and FaR-RMS
recommendations for high-risk forms: an initial level of 41.4 Gy to the pre-chemotherapy GTV and involved lymph node
regions, followed by a first boost bringing the dose to 50.4 Gy, and then a second boost targeted at the residual tumor
reaching 55.8 Gy. This regimen is consistent with contemporary approaches recommending doses between 50.4 Gy and
59.4 Gy for unresected or incompletely resected tumors [11,12]. The technique used—IMRT/VMAT (Volumetric
Modulated Arc Therapy)—is currently the preferred modality for tumors of the skull base and paranasal sinuses.
Guidelines emphasize the use of highly conformal techniques to ensure an optimal dose gradient around sensitive
structures such as the optic nerve, orbital contents, and frontal lobes [11,12]. In this type of location, proton therapy
represents a potentially advantageous alternative thanks to its substantial reduction in dose to healthy tissues.
However, its indication depends on availability and on individual dosimetric evaluation [14,15]. In our case, IMRT
enabled treatment planning that met ophthalmic and neurological dose constraints while maintaining satisfactory
tumor control. Irradiation of the regional lymph node areas is also consistent with current recommendations, as any
documented N+ involvement must be treated with radiotherapy, with radical lymph node dissection now discouraged
in most pediatric cases [11,12].

The concomitant integration of chemotherapy—here vincristine and ifosfamide—is likewise in accordance with FaR-
RMS protocols and contributes to potentiating the locoregional effect of radiotherapy. As part of the continued
management and in order to reinforce systemic control, maintenance chemotherapy was initiated in accordance with
recent recommendations. Maintenance therapy has indeed emerged as an essential component in the treatment of high-
risk RMS, supported by the results of the RMS2005 trial, which demonstrated the efficacy of a 6-month regimen
combining vinorelbine and oral cyclophosphamide in reducing the risk of relapse [16]. In our case, the patient was
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treated following this therapeutic principle, receiving first actinomycin D and then a vinorelbine-cyclophosphamide
sequence in accordance with FaR-RMS protocols.

At the end of treatment, radiological assessment showed a marked regression of the ethmoidal lesion and complete
disappearance of lymphadenopathy an encouraging outcome in a location known to be particularly difficult to control.
Finally, prolonged surveillance remains indispensable, especially for alveolar RMS, which carries a risk of late relapse.
The absence of recurrence at one and a half years in our case is an indicator of good locoregional control, although long-
term follow-up remains an essential requirement according to international FaR-RMS recommendations.

Abbreviations

ARMS: alveolar rhabdomyosarcoma;

IVA: ifosfamide-vincristine-actinomycin regimen;

IMRT: intensity-modulated radiation therapy;

CT: chemotherapy;

MRI: magnetic resonance imaging;

GA: general anesthesia;

CT CAP: cervico-thoraco-abdomino-pelvic computed tomography;
BMB: bone marrow biopsy;

LP: lumbar puncture;

CCRT: concurrent chemoradiotherapy;

EpSSG: European Paediatric Soft Tissue Sarcoma Study Group;
FaR-RMS: Frontline and Relapsed RhabdoMyoSarcoma;
SIOPE: European Society for Paediatric Oncology;

VAC: vincristine-actinomycin-cyclophosphamide;

VMAT: Volumetric Modulated Arc Therapy

4., Conclusion

Ethmoid-nasal ARMS represents a rare entity with an unfavorable prognosis, particularly when associated with lymph
node involvement and complex locoregional extensions. This case highlights the importance of an integrated
therapeutic strategy based on effective induction chemotherapy, rigorous conformal radiotherapy, and maintenance
chemotherapy consistent with recent protocols. The complete response obtained underscores the impact of modern
therapeutic approaches, although prolonged surveillance remains essential given the risk of late relapse characteristic
of this aggressive subtype.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

Statement of informed consent

Informed consent was obtained from all individual participants included in the study.

References

[1] Egas-Bejar, D, and Huh, W. (2014). Rhabdomyosarcoma in adolescent and young adult patients: Current
perspectives. Adolescent Health, Medicine and Therapeutics, 5, 115-125.
https://doi.org/10.2147 /AHMT.S44582.

[2] Skapek, S. X,, Ferrari, A., Gupta, A., Lupo, P. ], Butler, E., Shipley, ., and Barr, F. G. (2019). Rhabdomyosarcoma.
Nature Reviews Disease Primers, 5(1), 1-23 https://doi.org/10.1038/s41572-018-0051-2.

[3] Radzikowska ], Kukwa W, Kukwa A, Czarnecka AM, Kawecki M, Lian F, Szczylik C, Krzeski A. Management of
pediatric head and neck rhabdomyosarcoma: A case-series of 36 patients. Oncology Letters. 2016;12(5):3555-
3562.https://doi.org/10.3892/01.2016.5072.

1877



[5]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

World Journal of Advanced Research and Reviews, 2025, 28(02), 1872-1878

Rudzinski, E. R., Anderson, . R, Hawkins, D. S., Skapek, S. X., Parham, D. M., and Teot, L. A. (2015). The World
Health Organization classification of skeletal muscle tumors in pediatric rhabdomyosarcoma: A report from the
Children’s Oncology Group. Archives of Pathology and Laboratory Medicine, 139(10), 1281-1287.
https://doi.org/10.5858/arpa.2014-0475-0A.

Thompson, C. F.,, Kim, B. |, Lai, C.,, Grogan, T., Elashoff, D., St. John, M. A,, and Wang, M. B. (2013). Sinonasal
rhabdomyosarcoma: Prognostic factors and treatment outcomes. International Forum of Allergy and Rhinology,
3(8), 678-683. https://doi.org/10.1002 /alr.21157.

de Melo, A. C. R, Lyra, T. C, Ribeiro, L. L. A, da Paz, A. R, Bonan, P. R. F,, de Castro, R. D., and Valenga, A. M. G.
(2017). Embryonal rhabdomyosarcoma in the maxillary sinus with orbital involvement in a pediatric patient:
Case report. World Journal of Clinical Cases, 5(12), 440-445. https://doi.org/10.12998/wjcc.v5.i12.440.

Merks, J. H. M., de Salvo, G. L., Bergeron, C., Bisogno, G., De Paoli, A, Ferrari, A., Rey, A., Oberlin, 0., Stevens, M. C.
G., Kelsey, A., Michalski, J., Hawkins, D. S., and Anderson, ]. R. (2014). Parameningeal rhabdomyosarcoma in
pediatric age: Results of a pooled analysis from North American and European cooperative groups. Annals of
Oncology, 25(1), 231-236. https://doi.org/10.1093 /annonc/mdt426.

Linardic, C. M. (2008). PAX3-FOX01 fusion gene in rhabdomyosarcoma. Cancer Letters, 270(1), 10-18.
https://doi.org/10.1016/j.canlet.2008.03.035.

Heske, C. M., Chi, Y.-Y., Venkatramani, R., Li, M., Arnold, M. A,, Dasgupta, R, Hiniker, S. M., Hawkins, D. S., and
Mascarenhas, L. (2021). Survival outcomes of patients with localized FOX01 fusion-positive rhabdomyosarcoma
treated on recent clinical trials. Cancer, 127(6), 946-956. https://doi.org/10.1002/cncr.33334.

Skapek, S. X., Ferrari, A., Gupta, A. A, Lupo, P. ], Butler, E,, Shipley, ]., Barr, F. G, and Hawkins, D. S. (2019).
Rhabdomyosarcoma. Nature Reviews Disease Primers, 5(1), 1. https://doi.org/10.1038/s41572-018-0051-2.

Chisholm, J., Mandeville, H., Adams, M., Minard-Collin, V., Rogers, T., Kelsey, A., Shipley, ]., van Rijn, R. R, de Vries,
[, van Ewijk, R, et al. (2024). Frontline and Relapsed Rhabdomyosarcoma (FaR-RMS) Clinical Trial: A Report
from the European Paediatric Soft Tissue Sarcoma Study Group (EpSSG). Cancers, 16(5), 998.
https://doi.org/10.3390/cancers16050998.

Merks, J. H. M., Brack, E., Ebinger, M., Minard-Colin, V., Defachelles, A.-S., Hladun, R., Rogers, T., Fuchs, ]., Godzinski,
], van Scheltinga, S. T., et al. (2025). European standard clinical practice recommendations for children and
adolescents with Rhabdomyosarcoma: A joint EpSSG, CWS and ERN PaedCan project. EJC Paediatric Oncology, 5,
100229.https://doi.org/10.1016/j.ejcped.2025.100229.

Miwa, S., Yamamoto, N., Hayashi, K., Takeuchi, A., Igarashi, K., and Tsuchiya, H. (2020). M,Recent advances and
challenges in the treatment of rhabdomyosarcoma. Cancers, 12(7), 1758.
https://doi.org/10.3390/cancers12071758.

Childs, S. K., Kozak, K. R,, Friedmann, A. M., Yeap, B. Y., Adams, ]., MacDonald, S. M., Liebsch, N. ], Tarbell, N. ], and
Yock, T. . (2012). Proton radiotherapy for parameningeal rhabdomyosarcoma: Clinical outcomes and late effects.
International Journal of Radiation Oncology, Biology, Physics, 82(2), 635-642.
https://doi.org/10.1016/].ijrobp.2010.11.048.

Dong, M., Wy, J., Wu, R, Wang, D., Liu, R,, Luo, H., Wang, Y., Chen, ]., Ou, Y., Zhang, Q., and Wang, X. (2023). Efficacy
and safety of proton beam therapy for rhabdomyosarcoma: A systematic review and meta-analysis. Radiation
Oncology, 18, 31. https://doi.org/10.1186/s13014-023-02223-6.

Bisogno, G., De Salvo, G. L., Bergeron, C., Merks, ]. H. M., Kelsey, A., Martelli, H., Minard-Colin, V., Orbach, D., Glosli,
H., Chisholm, J., Casanova, M., Zanetti, ., Devalck, C., Ben-Arush, M., Mudry, P., Ferman, S., Jenney, M., Ferrari, A,
and Gallego Melcén, M. S. A. (2019). Vinorelbine and continuous low-dose cyclophosphamide as maintenance
chemotherapy in patients with high-risk rhabdomyosarcoma (RMS 2005): A multicentre, open-label,
randomised, phase 3 trial. The Lancet Oncology, 20(11), 1566-1575. https://doi.org/10.1016/S1470-
2045(19)30617-5.

1878



