Adult High-Grade Head and Neck Cutaneous Rhabdomyosarcoma Misdiagnosed as Low-Grade Atypical Fibroxanthoma on Initial Pathology: A Case Report and Review of Diagnostic Considerations
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Abstract

Background: Adult head and neck rhabdomyosarcoma (AHNRMS) is an exceedingly rare soft-tissue sarcoma. We describe a case of AHNRMS that was initially misdiagnosed as atypical fibroxanthoma (AFX). 

Methods: A 61-year-old male with a history of cutaneous squamous cell carcinoma (cSCC) of left face status post definitive radiation presented with a history of rapidly enlarging masses on the left face and nose. Patient had three large, exophytic masses on the left midface with limited local invasion. Initial pathologic evaluation revealed atypical fibroxanthoma (AFX). 

Results: Final histopathological and immunohistochemical evaluation after surgical resection of the specimen revealed high-grade cutaneous rhabdomyosarcoma. Patient underwent adjuvant chemoradiation therapy.

Conclusions: Soft-tissue sarcomas have considerable overlap in histopathologic presentation, and our case highlights the importance of a thorough immunohistochemical evaluation. This case contributes to the current limited body of literature on cutaneous AHNRMS as well as radiation-associated sarcomas of the head and neck (RASHN). 




Introduction:
Rhabdomyosarcoma (RMS) is a mesenchymal soft tissue sarcoma that arises from skeletal muscle origin. RMS is most common in the pediatric population, occurring rarely in adults. Pediatric RMS is common in the head and neck region, whereas adult RMS occurs more frequently on the extremities, making adult head and neck rhabdomyosarcoma (AHNRMS) exceedingly rare. This has resulted in a paucity of data on the presentation, diagnosis, and treatment of AHNRMS. 
	We describe a case of AHNRMS that was initially misdiagnosed as atypical fibroxanthoma (AFX). AFX is a low-grade lesion compared to high-grade RMS, and initial misdiagnosis impacted the initial clinical course, treatment considerations, and patient counseling. We explore differences between diagnosis and presentation of these two disease entities, as well as similarities to undifferentiated pleomorphic sarcoma (UPS), which was a diagnostic consideration in the initial pathology report. We also describe the clinical presentation and treatment plan of our AHNRMS patient, which contributes to the currently limited body of literature on AHNRMS.

Case report: 
A 61-year-old male with a history of multiple sites of cutaneous basal cell and squamous cell carcinomas that underwent chemoradiation nine years prior to presentation for a prominent squamous cell carcinoma of the left nose and midface. The patient had a total of 70 Gy in 35 fractions. He presented to our clinic with a rapidly enlarging mass on the left midface and nose. The patient first noticed a red blister which progressively worsened over the course of four months until it was ulcerated and bleeding, leading to several emergency department and dermatology visits. An initial pathology report revealed immunohistochemical staining positive for vimentin and CD68 (weakly), and negative for CD2, CD3, CD30, ALK1, CD4, CD8, granzyme B, TIA1, CD20, PAX5, CD34, CD43, CD117, myeloperoxidase, MART1, HMB45, S100, p40, AE1/AE3, and CAM5.2. This was found to be most compatible with AFX, with consideration also given to UPS. 
Computed tomography (CT) of the neck with contrast revealed evidence of a bulky 8 x 3.5 cm mass overlying the nose and extending into the superficial tissues of the pre-malar area. There was an additional 2.2 x 1.5 cm exophytic and non-infiltrative mass lateral to the bulky lesion, as well as a superficial 1.6 x 0.5 cm lesion in the preauricular region on the right. An enlarged lymph node measuring 1.6 x 1.3 cm at level IA also noted, with additional benign-appearing, likely reactive, lymph nodes at level 3 and 5 on the right unchanged from an old study. Magnetic resonance imaging (MRI) orbit/sinus with and without gadolinium demonstrated three large, lobulated superficial masses with the dominant mass over the left nasal bridge and left midface (Figure 1). The lesions were contiguous with each other and growing along the dermis and subcutaneous tissues with no evidence of deeper extension into the bone or preseptal space. Enhancement was noted with T1 post-contrast and T2 STIR. Positron emission tomography/computed tomography (PET/CT) showed the left facial mass with heterogeneous fluorodeoxyglucose (FDG) activity, max SUV 12.3, with areas of necrosis. There was no additional adenopathy in the head and neck noted, and the remainder of the scan was unremarkable. 
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In the interim 3 weeks from the initial preoperative visit to the day of surgery there was noted to be extensive growth of the lesion as it was completely obstructing the visual field of his left eye and it was prolapsing over the left side of his mouth. Patient was taken to the operating room and he underwent partial rhinectomy with resection of the neoplasm of skin of mid-face with attempted 1cm margins. Facial reconstruction was performed with an anteromedial thigh free flap and plans for staged procedure for more complete nasal reconstruction. Intra-operatively, the deep margin of the dissection was within the superficial musculoaponeurotic system (SMAS), and superficial to the left orbital septum. The tumor was densely adherent to the entire lower third of the nose on the left, which was removed en bloc with the specimen. All intraoperative frozen sections were negative. 
[bookmark: _GoBack]Final pathology report revealed immunohistochemical staining positive for desmin, MyoD1, and myogenin, confirming the diagnosis of a 13.4 cm high-grade rhabdomyosarcoma (Figure 2). There was invasion of the subcutaneous fat and skeletal muscle, areas of necrosis, and close deep margins. Nuclei range from round to spindled, with some focal pleomorphic areas. Architecture ranged from solid to alveolar to corded, and there was abundant myxoid stroma. Fluorescence in situ hybridization (FISH) was negative for FOX01 gene rearrangement. The tumor was not consistent with embryonal, alveolar, or pleomorphic subtypes of RMS. The patient healed well post-surgically, and collaboration between medical and surgical oncology decided to treat with local field irradiation followed by systemic chemotherapy. TNM staging from AJCC 8th edition of the tumor was pT3cN0cM0, G3. Patient was treated first with local field irradiation of 3600 cGy over 4 weeks due to concern for patient compliance as well as close margins. Following the initial radiation, the patient started systemic therapy and radiation was finished with a boost. Unfortunately, after completion of chemoradiation the patient passed away secondary to unrelated disease process approximately 4 months later. 

Discussion:
	The definitions of both atypical fibroxanthoma and undifferentiated pleomorphic sarcoma have varied throughout history. Originally, the term malignant fibrous histiocytoma (MFH) was used to represent a variety of malignant mesenchymal tumors, of which AFX was either used interchangeably or considered a superficial variant (2,4). Since the introduction of more specified immunohistochemistry and microscopic exams, several neoplasms have been better defined from this category, such as liposarcomas, leiomyosarcomas, and rhabdomyosarcomas. The term MFH was then replaced with “undifferentiated pleomorphic sarcoma” (UPS), which is thought to be a diagnosis of exclusion, representing a sarcoma that cannot be better defined by histologic assessment (3,4). UPS can be further categorized into pleomorphic dermal sarcoma (PDS), which includes neoplasms only of dermal origin, whereas UPS can encompass those of internal organ, retroperitoneal, or osteoid origin (2). It is currently understood that since AFX and PDS have overlapping gene mutation profiles, histology, and immunohistology, they represent two ends of a common spectrum of neoplasms (1,2). Both neoplasms typically present in advanced age, are predominant in men, and are common on the sun-exposed skin of the head and neck (18). 
	
Atypical Fibroxanthoma
AFX is a rare, low-grade cutaneous neoplasm of mesenchymal origin. Cells of origin have been noted to be myofibroblastic, fibrohistiocytic, spindle cell, and giant cell (1,2,3). AFX presents on the head and neck region in 90% of cases (15) and develops as a red or flesh-colored nodule or, less often, plaque that grows rapidly and may ulcerate and bleed (1,2,3). AFX are typically small in size as less than 5% are greater than 2cm in diameter (15). AFX is a rare dermatological pathology with unknown disease incidence, but from a retrospective analysis of approximately 42,000 cutaneous malignant tumors the prevalence was 0.24% (4). Most of these tumors remain localized to the dermis with occasional minimal subcutaneous involvement (2,18). They rarely metastasize and may recur in 6-10% of cases (15). Mutations in p53 and UV-induced pyrimidine dimer have been found in AFX tumors, which suggest they are strongly associated with UV light exposure (15,18). Furthermore, in a study of 87 patients with 105 confirmed AFX tumors, 62.1% had a diagnosis of another skin cancer, with 34.5% being diagnosed with concomitant squamous cell carcinoma (SCC) (1). This parallels the clinical course of our patient, who had both a remote history of SCC of the face and a concurrent poorly-differentiated SCC removed at the right preauricular region that was also removed at the time of surgery. MRI findings for AFX typically show intermediate T1 and T2-weighted signal intensity, which helps differentiate from the higher signal intensity of other neoplasms such as SCC and melanoma (15). 
Antigenic markers that may be positive in AFX tumors include CD10, CD68, vimentin, smooth muscle actin, and procollagen-1 (1-3). There are no immunohistochemical markers that make the diagnosis of AFX unequivocally, therefore, it is thought of as a diagnosis of exclusion (3,15,18). Bitel el al. found markers positive for CD10 in 87.5%, CD68 in 85.5%, vimentin in 79.5%, and smooth muscle actin in 71.1% of AFX (1).  Our patient was positive for vimentin and weakly for CD68 in the original pathology report, which partially explains the initial diagnosis of AFX. IHC will help with differential diagnosis of AFX and other common pathologies. AFX will be negative for HBM-45, p40, desmin, pan-cytokeratin stains, CD31, and S100, although there is possible sparse staining for S100, which can help exclude melanoma, SCC, and myosarcoma as diagnostic possibilities (15). It is important to note in our case, desmin was not included in the initial IHC work-up. 
Histologic findings in AFX have been described as a dermally-based tumor with haphazardly arranged, pleomorphic spindle cells, and atypical mitotic figures (1,2,15), which is relatively nonspecific. Our patient’s original pathology reported a dermal infiltrate of round to focally spindled, discohesive cells, along with frequent mitotic figures. This further supports our patient’s initial AFX diagnosis. The features of our patient that were most useful in ruling out the diagnosis of AFX are the depth of invasion into the subcutaneous tissues, size of the lesion, as well as final pathology IHC testing positive for desmin, MyoD1, and myogenin. 

Undifferentiated Pleomorphic Sarcoma / Pleomorphic Dermal Sarcoma
In contrast to the dermal confinement of AFX, UPS usually demonstrates more extensive subcutaneous infiltration and is a high-grade soft-tissue sarcoma (12). Therefore, UPS are typically clinically larger than AFX, and they have higher rates of local recurrence and metastasis (15). AFX is considered by many as a superficial variant of UPS as they likely belong to a tumor spectrum (2), and some studies have discovered similar molecular phenotypes between these neoplasms (13,17). UPS is classified as malignant tumors of uncertain differentiation according to the 2020 World Health Organization (WHO), and was listed as the second most common soft tissue sarcoma after leiomyosarcoma by the Surveillance, Epidemiology and End Results (SEER) program in 2021 (12). Cohen argues that undifferentiated soft tissue sarcomas of cutaneous origin, such as the case in our patient, are more appropriately referred to as pleomorphic dermal sarcoma (PDS) because UPS can refer to neoplasms that arise from skin as well as internal, retroperitoneal and osseous organs (13). There are other papers supporting the use of PDS as a more descriptive term for this dermal-derived neoplasm (15,18-19). The etiology of UPS is still vague, and there have been various cellular backgrounds, mutation signatures, and altered signaling pathways reported (12). Radiation therapy is a known risk factor for soft tissue sarcomas, and in a series of 1068 patients with UPS, 5.1% had a previous history of radiation (12). The mean latency time between radiation and tumor diagnosis was 9.33 +/- 1.31 years (12). There have been reports of rates up to 28% local recurrence and 20% metastasis (2). 
Diagnosis typically needs to occur with a core or open biopsy, as opposed to fine-needle aspiration. Histologically these tumors may have storiform, fascicular, or sheet-like patterns within a fibrous stroma (12), and have pleomorphic, bizarre-appearing epithelioid, and spindle cells with abundant cytoplasm, hyperchromatic nuclei, and multiple nucleoli (2). Tumors are usually large, irregular, and may infiltrate deep dermis, subcutaneous tissue, superficial fascial layers, as well as skeletal muscle (12). Therefore, evidence of deeper tissue invasion, such as fixation to underlying tissues, or lack of solar elastosis, can point to the diagnosis of PDS instead of AFX (12,18). Histologic features, such as deep subcutaneous invasion, tumor necrosis, lymphovascular invasion, and perineural invasion, can also be used to point to PDS opposed to AFX (2,13,18-19). Due to these more high-grade features, it is not surprising that local recurrence and metastasis are also more common in PDS. Since the depth of invasion is an important differentiating factor between AFX and PDS, it is important to note that diagnosis can be difficult to make until the completely excised specimen is examined. 
Immunohistochemical and morphologic features, however, remain similar to AFX (2,3), and there are no IHC markers that can reliably differentiate between AFX and PDS (18). Positive markers that are not disease specific for UPS include vimentin, p53, and Ki67 (12). There can also be positivity for LN2, CD10, and ezrin IHC markers in both UPS and AFX (14). 
Although IHC cannot point directly to the diagnosis of AFX or PDS, there are other markers that are important when considering the differential diagnosis. Positive cytokeratin panel can point to SCC (18-19). Positive HMB-45, S100, and Melan-A can point to the diagnosis of a spindle cell or desmoplastic melanoma (18-19). Angiosarcoma will have IHC positivity for CD34, ERG, CD31; although, PDS may have some CD31 positivity (18-19). Dermatofibrosarcoma protuberans will also have CD34 positivity (19). Desmin, caldesmon, MyoD1, or mygenin can all point to the diagnosis of myosarcoma, such as leiomyosarcoma or rhabdomyosarcoma. Leiomyosarcoma can be further classified by positive IHC staining for vimentin, h-caldesmon, muscle specific actin, alpha smooth muscle actin and smooth muscle myosin (19). Rhabdomyosarcoma will additionally be positive for MyoD1 and myogenin (20-21).
Clinical and pathological features of our patient that are similar to those that present with PDS include rapid growth as well as invasion of the tissues beyond the dermis. Our patient’s tumor ended up invading into the subcutaneous fat and skeletal muscle, which would have supported a diagnosis of PDS rather than AFX, had the final diagnosis fallen on this spectrum of neoplasm. AFX and PDS could have been excluded as diagnostic considerations on the initial biopsy if the IHC testing encompassed more expansive markers for sarcomas, such as desmin, caldesmon, MyoD1, or mygenin. Although this was a pitfall in the diagnosis of this neoplasm, the number and type of markers that need to be negative to make the diagnosis of AFX/PDS has not been distinctly established in literature (18). 
	
Rhabdomyosarcoma
Rhabdomyosarcoma (RMS) is a soft tissue mesenchymal sarcoma, similar to AFX and PDS, but it originates from undifferentiated skeletal muscle tissue (10). RMS is considered a pediatric tumor, occurring rarely in adults; soft tissue sarcomas account for less than 1% of adult malignancies, with RMS making up only 3% of these soft tissue sarcomas (5). It is also extremely rare for RMS to present with cutaneous origin (20), and cutaneous primaries are seen in less than 1% of patents with RMS (21). RMS is common in the head and neck region in pediatric patients, however, it more commonly occurs on the extremities in adult patients. Due to the rarity of adult head-and-neck RMS (AHNRMS), there is limited data on the presentation, prognosis, and treatment guidelines. Clinical signs and symptoms vary, but they commonly have been noted to present as an asymptomatic mass, painful swelling, or symptoms due to mass effect on adjacent structures (9,10,11). 
Histologically, RMS is characterized by small round or spindle-shaped cells (22), and Marburger et al. states that primary cutaneous RMS should be considered in ‘small round blue cell tumors,’ as well as neoplasms with abundant eosinophilic cytoplasm (21). Classically, RMS is divided into four histologic subtypes: embryonic (ERMS), alveolar (ARMS), pleomorphic (PRMS), and spindle cell/sclerosing RMS (6). Histologic features of ERMS include mesenchymal cells in various stages of myogenesis, with a variable number of “tadpole-like” rhabdomyoblasts (6,10). ARMS demonstrates nests of small, round rhabdomyoblasts separated by connective tissue septae (6,10). ARMS is unique in the fact that about 75% have a chromosomal translocation of transcription factors PAX3 on chromosome 2 (or less commonly PAX7 on chromosome 1) and FOXO1 on chromosome 13, creating a fusion protein (6,11). PRMS is the most common subtype in adults, and demonstrates large, atypical, pleomorphic cells with areas of necrosis (6,10). Spindle cell/sclerosing RMS was previously thought to be a subtype of ERMS, and displays elongated neoplastic cells, sometimes in a “herringbone” pattern (10). The final pathology report for our patient showed variable architecture and pleomorphic nuclei, in addition to negative fluorescence in situ hybridization (FISH) for FOX01 gene arrangement, which did not support classification into embryonal, alveolar, or pleomorphic subtypes of RMS. More subtypes of RMS are currently being defined, however, routine testing for these are not yet available. 
An additional classification of head-and-neck RMS is based on the anatomic presentation, with 3 categories being described as orbit, parameningeal (including the middle ear, mastoid, infratemporal fossa, paranasal sinuses, nasal cavity), and superficial (scalp, face, ear) (5,6,10). In those tumors that have pleomorphic features, the differential diagnosis includes AFX, PDS, melanoma, and sarcomatoid SCC (21). Antigenic markers useful for diagnosis of RMS include desmin, MyoD1, and Myogenin (6,10,11). Marburger et al. suggest that initial screening with desmin is appropriate for initial diagnosis of myosarcoma, and subsequent reflex testing with MyoD1 and Myogenin can point to diagnosis of rhabdomyosarcoma (21). AFX are negative for desmin, although focal positivity can occasionally be visualized (21). MyoD1 and Myogenin will be negative in the case of AFX (21). Interestingly, there have been reports of primary cutaneous RMS with cytokeratin immunoreactivity, but desmin and skeletal muscle specific markers will be absent in sarcomatoid SCC (21). In the final pathology report, our patient was diffusely and abundantly positive for desmin and MyoD1, with scattered staining for myogenin, which strongly supports the diagnosis of RMS. These antigens were not tested in the original pathology report. Differentiation between common tumors, such as squamous cell carcinoma, melanoma, and other sarcomas, can be performed with judicious initial IHC testing (2). 
Radiation-associated sarcomas of the head and neck (RASHN) are rare complications that have been documented after therapeutic radiation treatment for other lesions, such as SCC of the oral cavity or oropharynx (16). Radiation is indicated in approximately 75% of head and neck SCC (HNSCC) cases, and due to improved long-term survival of HNSCC, the increased prevalence of HPV-positive oropharyngeal SCC, as well as increased attempts for organ preservation, the incidence of RASHN or other secondary malignancies may increase (16). Notably, our patient had a previous history of radiation for cutaneous SCC. Smith et al. noted that the cumulative incidence of RASHN at 10 and 20 years was 0.08% and  0.13%, respectively, and the average latency period was 124.2 months (16). For comparison, the development of second primary HNSCC is 14.5% over 25 years (16). There was also noted to be a much worse prognosis for those patients with RASHN opposed to de novo sarcomas of the head and neck (dnSHN) when matched for age, sex, stage, grade, and surgery; five-year overall survival 22.4% compared to 49.0%, respectively (16). The most common histologic types of RASHNs are osteosarcomas, fibrosarcomas, malignant fibrous histiocytoma, and sarcoma NOS (16), indicating the rarity of the presented RMS in this paper. 
	In general, the prognosis of adult RMS is less favorable than that of pediatric RMS. A retrospective study of 59 patients with AHNRMS estimated the 5-year overall survival (OS) to be 36% (5), with another study of 9 patients with AHNRMS reporting an OS of 44% (7). Metastasis are often found at diagnosis, most commonly in the lungs (9). Favorable prognostic factors include a tumor size <5cm, a superficial anatomic presentation rather than parameningeal, and negative cervical lymph node (CLN) involvement (5). CLN involvement is more common in AHNRMS than in other adult soft tissue sarcomas of the head and neck, making a thorough CLN examination an important aspect of workup (5). 
The NCCN Guidelines version 1.2021 recommend possible sentinel lymph node biopsy (SLNB) to determine the presence of occult metastatic disease. Although this is a consideration, evidence-based recommendations are lacking due to the rarity of these tumors. SLNB is typically considered in patients with SCC or melanoma that have >10% risk of regional nodal metastasis (2), therefore, SLNB would likely be prudent in patients with high-grade RMS. The generally accepted therapy for head and neck sarcomas is multifaceted, including pre- versus post-operative radiation and surgical resection with or without adjuvant chemotherapy. One study suggests neoadjuvant chemotherapy for intermediate or high-grade tumors (8). The current standard for chemotherapy treatment of adult RMS in the United States is the combination of vincristine, actinomycin D, and cyclophosphamide (VAC) (11), with some studies mentioning use of ifosfamide, doxorubicin, dactinomycin, cisplatin, carboplatin, and etoposide (9). 

Conclusion:
	In conclusion, there is a broad spectrum of soft tissue sarcomas with differing historical nomenclature and evolving sub-categories. If the original biopsy report returns as a head-and-neck sarcoma, it would be prudent to and have a pathologic assessment of the biopsy by an experienced sarcoma pathologist with access to ancillary diagnostic techniques, such as IHC, cytogenetics, and molecular genetic testing. It is also valuable to note that a limited amount of biopsy material does have the potential to underestimate histologic grade, and definitive diagnosis of AFX or PDS may not be possible until the entire specimen is removed.  More expansive initial IHC testing and correlation of clinical factors, such as previous radiation as well as depth of invasion past the dermis, may have resulted in accurate diagnosis of this tumor prior to surgery.  If the original pathology had revealed a high-grade RMS, then that could have greatly impacted the patient’s treatment considerations, such as preoperative CRT, elective neck dissection, or SLNB. Having a more accurate initial diagnosis would have also been beneficial for patient counseling. This report is valuable to add to the current small body of literature regarding AHNRMS, and it gives insight to the value of additional immunohistological testing if there is clinical suspicion for a more sinister neoplasm. Although a rare entity, cutaneous RMS should be a diagnostic consideration in adults with a rapidly enlarging mass of the head and neck. 
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